WO 02/ 44416 PCT/ US01/ 44475 SULFONATED DI ARYLRHODAM NE DYES 5 1. FIELD OF
THE | NVENTI ON This invention relates generally to fluorescent rhodam ne dye
conmpoundwo Mysgi16 specifically, this invention rel ates to BOT/USOIAt4€TS

di aryl rhodam ne dyes useful as fluorescent 10 |abeling reagents. I1I.
BACKGROUND The non-radi oacti ve detection of biological analytes utilizing
fluorescent |labels is an, inportant technol ogy i n nodem nol ecul ar bi ol ogy.
By elimnating the need for radioactive |abels, safety is enhanced and the
enviromental inpact and costs associated with reagent 15 disposal is
greatly reduced. Exan$EEFONAEEDDARYLRIODAMINE DYIES r adi oacti ve
fluorescent detection include 4-col or automated DNA sequenci ng,

ol i gonucl eoti de hybridi zati on nethods, detection of

pol yner ase- chai n-reaction products, immunoassays, and the like. In many
applications it is advantageous to enploy nmultiple spectrally

di stingui shable fluorescent |abels in order to achieve independent

detection of a plurality of_spatially 20 overﬁ ing anal ytes, e.g.,
si ngl e-tube nul tiplex DNA de&@Hé@ TBEINYE Naut omat ed DNA

sequenci ng mt’[‘ﬂ%ﬁvenltihg E&P%e% i erafl tcm’fﬁ(;rie a%@l‘g h igé ggeﬁ%og‘?gﬁvg%ﬁ’s. M¥re€MP! OYyi Ng

spectrally distinguls orescent reaction tubes
may be r epketfedlly, tthisimleyition reHtésity sulforated elidrpieiidaminer dyeouselid aafidoteseent i t at i ng
t he production of application- specific reagent kits. In the case of
4-col'®r Abehnaed®NA sequencing, nulticol or 25 fluorescent |abeling allows
for the analysis of nultiple bases in a single | ane thereby i ncreasing

t hr oughput over singl e-col or nmetthoBAGKERQAUNDI ng uncertainties associ ated
with inter-lane el ectrophoretic ility variations. senbl i a set of
mul 11 pl 6 spect APy THCETRG i esan P DriasL SR vl R PR

Ml ti - coligpodtdnd REBSASHY inHEIRET tERchIFPASEy.aBy kRR&atifd theHRVEF rAlISEVAI Nt S
on the 30 selection of dye |abels, particularly for applications requiring
a si ngl e labelsi sadety trenhpnped asdihecpyironmmenid] dopaco pinbeastsi assaseyberk with eagerdnd/ or

treatnpent,.with.en , t t S ing. First, it i

o BTSSR R A bl 1 v
02/ 44416 (Bt 43R d44-Lalor BREMbIA DN A s&fl%ﬁéiﬁg |ohi§oﬂ&§é6'ti&@ﬂybr§lﬁi&ﬁ§n the typical
em ssion band half-wi dth for organic | uorescent dyes i's about 40-80

nanonet emsetlfols) detestion nfipolpmenasd-¢hathyeeactivintgrodiets; immunoassays, and the like.

In many applications it is advantageous to employ multiple spectrally distinguishable
fluorescent labels in order to achieve independent detection of a plurality of spatially
20  overlapping analytes, e.g., single-tube multiplex DNA probe assays and 4-color automated
DNA sequencing methods. In the case of multiplex DNA probe assays, by employing
spectrally distinguishable fluorescent labels, the number of reaction tubes may be reduced
thereby simplifying experimental protocols and facilitating the production of application-
specific reagent kits. In the case of 4-color automated DNA sequencing, multicolor
25  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.
Assembling a set of multiple spectrally distinguishable fluorescent labels is
problematic. Multi-color fluorescent detection imposes at least six severe constraints on the
30  selection of dye labels, particularly for applications requiring a single excitation light source,
an electrophoretic separation, and/or treatment with enzymes, e.g., automated DNA

sequencing. First, it is difficult to find a set of structurally similar dyes whose emission
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over | appi ng em ssion spectra are identified, the set may still not be
suitable if the respective fluorescent quantum efficiencies are too |ow
Third, wveaozemes al fl uorescent dyes are used 5 concurrenPCYUSsl/4auist aneous
excitation becones difficult because the absorption bands of the dyes are
usual ly wi dely separated. Fourth, the charge, nolecul ar size, and

conf or maspPasiFa@re spesitallyyeselvedstingdhe yaigalaripsjonbandbpliyrdthdopegadphor et i ¢

Pk t he TRRhodf Sy 802l Pao-B0 R e el SOESRCEI iFURS wilion0® COMPAL Of €

with the chem s 0 Ccre analyte, e.g., DNA

synt hesi sveippidtemigich gg@a@eﬁé sdenhfiéd, GicSset 1PAY MHIEH@DE sEiEEbYTE e rbdpgabe 10
enzynes, and the like. Sixth, the d%e must have sufficient photostability
to wit hstlapres¢ens ewantuas efficiancienareen foantThirdawhen spyeal fugrescpntalyesigre usek s

suitable in 4-col or t omat ed sequ i appli iQns: I jre.blue or
b1 ue- r eaRm et Rl R0 b S Fe P bR BB gh SR 0 10

al | of t Qe asuBl widhli Rophifieds Fourtl the chafded AididcORr 8§ @hE corkésitnafibn B DI ue
or blue-green |asers in comercial automated DNA sequenci ng systens i s

di sadvantheybossuseod aderssly affest thie glectehoreiisdnotiihitiased thej anakytereligh, digch
L2901, i s b Sl GRS b By PSR SRR o o
D LSO T iR gy oty 8 et RSN L2
10  enzymes, and the like. Sixth, the dye must have sufficient photostability to withstand laser
excitation.
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

15 blue or blue-green lasers in commercial automated DNA sequencing systems is

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

III. SUMMARY
In a first aspect, the invention comprises sulfonated diarylrhodamine dye

compounds having the structures:



RI2” RIS R R | I+ RI2INNR2 R R3RL71 / Rs HR6 RI8 R16 R14 R21
R19 R15 R20 including nitrogen- and aryl-substituted forns thereof. At

| east onavoD2/Rl16 R3, R4, R5, R6, R8, R9, R10, Rl1l1l, R13, RIWUSH1E475R16 R17
R18, R19, R20, and R2' is sulfonate. Nitrogen substituents, R2, R2', R12
and R 12" maybe Cl-C6 al kylsul fgnate or CA-C10 .5 arylsulfonate In certain
enbodi nent s, alkylsulfonate i SRI(CK SCBR a nis an integer from1l to
6, and arylsulfonate is: G : mh%peln nis O0or 1. In other
enbodi nents, nitrogen substltuen '12 and R12' , maybe Cl1-C6 10
al kyl car boxyl ate or C4-Cl10 g : V@P02/44416 PCT/ US01/ 44475

- (CH2) C2H whereinnis 00
energy-transfer dye conpounds --r|ang : doaor dye capabl e of absorbing
light at a first wavel engt IR'¥nd ¥ t&I n@ 5 3
thereto; an acceptor dye capabl egof absorblnGSthe excitation energy emtted
by the donor dye and fluorescing at a second wavel ength in response; and a
|l i nker for |inking the donor dye and the acceptor dye; wherein at | east

one of the donor dye and acceptor dye is a sul fonated diarylrhodam ne
conmpound. Anot her aspect of thr"“i ngEntion RS ar’abelled nucl eosi de,

nucl eoti de, 10 polynucleothg § erein the |abel is a

sul fonat ed di aryl rhodami ne R ¥er gy8transfer dye conprising a
sul fonated di aryl rhodam ne aspgct of the invention is a
| abel I'i ng reagent, i ncluding

including nitrogen- and aryl-substituted forms thereof. At least one of Rl, R3, R4, R’ , R6,
Rg, R9, RIO, R“, RB, RM, RY s Rw, R”, R18, Rw, RZO, and R?! is sulfonate.
Nitrogen substituents, Rz, RZ', R and Rlz', may be Ci-Cg alkylsulfonate or C4-Cio
5  arylsulfonate. In certain embodiments, alkylsulfonate is -(CH),—SOsH, and n1s an

integer from 1 to 6, and arylsulfonate is:

— (CHZ)T_@
SO.H

In other embodiments, nitrogen substituents, R%, R* R and R'?, may be C;-Cs

whereinnis O or 1.

10  alkylcarboxylate or C4-Cyg arylcarboxylate:



phosphoram dite or active ester |linking noieties of a sulfonated

di aryl rhodam ne 15 conpound, which form coval ent attachnments with

subst r at av0 andi4met hods of |abelling substrates with the perngsma475Anot her

aspect of the invention is nethods for formng a | abelled substrate

conprising the step of reacting a substrate with the linking noiety of a

sul fonated diaryl rhodam ne conpound orenergy-t ransfer dye conprising a
0

sul fonat ed 20 di aryl rhodam ne PeUATT  her aspect of the invention is
met hods of generating a | abelled priner t€ngiion product by extending a
primer-target hybrid with an enzymatically- incorporatable nucleotide. The
primer omwhengnnucDeofli de nmay be | abelled with a sul fonated diaryl rhodam ne

conmpound or an, energy-trapsfer dye conprising a 25 sulfonated

di aryl r hodarni &< HPP‘&H&WE\E{O%%@PS et "ga’i‘%?fecﬁiei%ﬂlpf’%n%t hods of

pol ynucl | de: i ] : Bl f - of

pol ynucl ggﬁpg‘glg §%%$§2P%}%B@lgggﬁgg@%%g@tﬁ'zlé? Stﬁﬁ%vfefé%éth?gra%ﬁﬁgﬁngnucl eoti de
with a sektitnimhedegyan ydsphiedaindree; amnagoptod dye capablend absorbing drsf er dye

conprising a sul fonated diarylrhodam ne conpound, and the | abels are 30
spect r al ISfcifaogiepsigy emikebye dangrabie 29¢ fugeesting eht pesAng & enghen of

ol i gonucl Lde | i | T 4 : ing two
pr obes tggsg)tok%r’ ajle(]t1 9Ziélé%lrefﬁgﬁe{nlg%%lt@@@oﬁq@é@%ﬁ&%ﬁ@%ﬁgﬁg %éﬁeé%geﬁlgggg?&men t he
5' term nus oftheatvaopdwendainceptdralyd'is 4 eulfonatesl didryirhedaniihecorppamind. wher ei n one
or both probes are labelled with a sulfaonated diarylrhodam ne conpound or
an ener gy- t r afsfasier agpest ebihs invenien i alabslisdaueleosidempelerdani ne conpound. 5
Anot her 3 NV i i b i i anneal i ng
fo B¢ BSREGLIRkd A HBRAL Aelel BEIERFS Aoy BRRL iskRcBB, FONER o
by a pol ywoBhased orditerrgy-tcinsfed d9€ cempysing healfbnatadienyttabdaninecl eot i des
wherein at [east one of the prinmers or one of the nucleotides is |abelled
with a s¢Prwededkd diaryl rhodani ne conmpound or an energy-transfer dye
conprising a sylf -1 ! ng. t her aspect of the
invention is Ki Ostﬁ%% Ef%égﬁneﬁﬁ‘{eﬁﬁg% %%béﬂggfﬁgggrgtlealﬁ%%ar yl rhodam ne

conpou ng pRbspHorRMditg Yr hétbRSERS liflyife awifiids if 8 gudorsdd dingt@ddanthar yl r hodanm ne
conpound. ,
w 15  compound, which form covalent attachments with substrates and methods of labelling

substrates with the reagents.

Another aspect of the invention is methods for forming a labelled substrate
comprising the step of reacting a substrate with the linking moiety of a sulfonated
diarylrhodamine compound or an energy-transfer dye comprising a sulfonated

20 diarylrhodamine compound.

Another aspect of the invention is methods of generating a labelled primer
extension product by extending a primer-target hybrid with an enzymatically-
incorporatable nucleotide. The primer or the nucleotide may be labelled with a
sulfonated diarylrhodamine compound or an energy-transfer dye comprising a

25  sulfonated diarylrhodamine compound.

Another aspect of the invention is methods of polynucleotide sequencing by
forming a mixture of four classes of polynucleotides where each class is labelled at the
3' terminal nucleotide with a sulfonated diarylrhodamine compound or an energy-
transfer dye comprising a sulfonated diarylrhodamine compound, and the labels are

30  spectrally resolvable.

Another aspect of the invention is methods of oligonucleotide ligation by
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These and other features and advantages of the present invention wll
becone 15 better understood with reference to the follow ng description,
figures, vvod2zappended clains. |1V, BRI EF DESCRI PTI ON OF TMEI/EBGURES Fi gur es
1- 3 show exenpl ary synthetic pathways for the synthesis of the 1-am no-3-
hydr oxynapht hal ene i nternmedi ates of the invention. 20 Figure 4 shows a
gener al | zZagealipgitwemirebasde Avmgetsequenprand formeg asphosphadicstar hend betlsamni ne

dye compaudseal,Le (VS B o FLQULES.50 AN 6 DRAME CHRIDL AL0 S het i ¢

pat hways e sy enzor ye conpounds of the

i nvent i ofprofids@id Rbdl1&hOMS a %ﬂ%@tddtﬂié:gﬁﬁ@ddﬁimé exBp@Indet @HRhékY-transfer
di benzor hodam ne dye conpounds of 25 the invention. Figure 8 shows a

synt hesi glyetompnpognrdulignated-ilignddodaning wemaosydit hesi s of conpounds 57-61.
Fi gure 10 sho synt hesi.s of c ound, 67. . Fi e.ll shows.a nt hesi s of
compond 73, PRt ot Brdnet ot fHpRusd ot ine Feids G e 13
shows a symidie gﬁﬁle?sf tocé;t%éﬁggyﬁﬂcleotiﬁé aHd théﬂdiﬁ% Sprandty BY BPslycpdsecompounds

82-84. -5 WD 02/ 44416 US01/ 44475 Figure 15 shows a synthesis of
conpound 288 a rExgue of ddzystativallyacgmiahkesivsleofidesomipareindt Best onkiofjthee 17a shows

5 gur o P oL ENCoHBs angeoides Syberefanil s SEBtRR 00 208,
Fi gure 2Goaiianad 6PPesAdRd e Y8 coliplMng  3hBAUiEY Rhbdahien reactions to

form sul fonat ed di benzorhodam né conpounds (top), sulfonated
benzaonaphbtipoohddam ne conpounds (middle), and sul fonated 10

di napht hor hodajm ne conpoungs .(bot.tom... Fi gure 22a_shows sul f onat ed
i bonzor hodam ARtEBBBHR GLUE JOUEHSE 1 s i EPesnt T GMeE & SR UMb
benzo- napht)RhALHRHEE BEmFORVIRH $ndikd1bhSfer dye comprising a sulfonated
diarylrhodamine compound.
These and other features and advantages of the present invention will become
15 better understood with reference to the following description, figures, and appended

claims.

IV. BRIEF DESCRIPTION OF THE FIGURES
Figures 1-3 show exemplary synthetic pathways for the synthesis of the 1-amino-3-
hydroxynaphthalene intermediates of the invention.
20  Figure 4 shows a generalized synthetic pathway for the synthesis of the dibenzorhodamine
dye compounds of the invention.
Figures 5 and 6 show exemplary synthetic pathways for the synthesis of the
dibenzorhodamine dye compounds of the invention.
Figure 7 shows the structures of several exemplary dibenzorhodamine dye compounds of
25 the invention.
Figure 8 shows a synthesis of compound 18.
Figure 9 shows a synthesis of compounds 57-61.
Figure 10 shows a synthesis of compound 67.
Figure 11 shows a synthesis of compound 72.
30  Figure 12 shows a synthesis of compound 76.
Figure 13 shows a synthesis of compound 81.
Figure 14 shows a synthesis of compounds 82-84.
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Fi gure 22c shows sul fonat ed di napht hor hodam ne conpounds 117-120. V.

DETAI LED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS 15 Reference will now be nade
i n detai wWoo2zemué ai n enbodi nents of the invention, exanpbPewrusér/sanisch are
il ustrated in the acconpanying drawi ngs. VWile the invention wll be
descri be ggnéhunctl on Wi.th.the ill ggtrat ed enbodi mrents, it wll be
under st o PYE ¢ surthesine! OHROHA2E5t o 1init the invention to those
enbodi ne éohlﬁ; ntion is intended to cover all

al ter nat %gge%g??fggﬁ%ﬁsg%f e"&ﬁ@é& ents, which may 20 be incl uded

wi t hi n t hégimrevi&athons aSyrdleaefsmrtéd:ompouﬂitwmppended clainms. V.1 DEFIN TIONS
Unl ess stated otherw se, the foll ow terms and phrases as used herein are
i nt ended '8%§aV SP‘PIWSF(%W%WW%M% "Spectral resolution" in reference

to a set fl uorescent em ssion 25 bands of the dyes
S ﬁ%ﬂﬁ%&hg%%émé{}&{dsbﬁ% es( .

are sufficPentl St sufficiently non-overl apping, that

reagents Flgmevlﬁmsﬁbwgbanp@mqmqesdyes are attached, e.g. polynucleotides,
can be distinguished on the basis of a fluorescent signal generated by the

respect i VEgdg Sb@Wﬁgo@PalinﬂérlQﬁ-dIQBt odet ection systens, e.g. enploying a

fo.b fi hot b h d- | ed
devi g?f&?{%@%&?ﬁﬁ%& FopiEion AR R s BusEl give R R Srar B erms
described in |)__ Rﬁi{fonaﬂé@%enszrﬁ’a%ﬁt}ﬁﬁﬁ)daﬁnﬁalcjon?ﬂa%ndé)(mlﬁﬂlemﬁﬁ L@$shatld al ,

pgs. 21-76, 1 ow Cytonetry: Instrunentation and Data Anal ysis (Academ C
Pressl0 New Yordtmapb@mblodamme vpRinda fcdtoR(T/ USO1/ 44475 " Het erocycl e" neans

et or oat GBS aAT A Y BB BiFer TR FEnB AP B s 1A0Aa8 | [ m ¢ cd 0 pyirol e

i ndol e, fmg@:@az’@%ﬂ&% wlﬁiﬁatehme%ﬁﬁﬁtho?ﬁéhza&aﬂé ds ?143¥16 dyl, 3-pyridyl,
4-pyridyl, “2- quinolyl, 3-quinolyl, 4-quino -1 m dazo 4-i mi dazol e,

3- pyr azolEagur& 22y sbhawed mlfo&atp;lrdmt:ahihnmodpmmemodlmendeﬂa]zZOne ci nnol i ne,
pthala2|ne qU|nazoI|ne qgui noxal i ne, 3-(1,2, V)-triazolyl,

3- (1\1/) Zoiaigl) et Z)ZE?*XQLES Ikﬁé{:ﬁiﬁjfﬁ)g OEMP%% %I\QEN(II O

2- bengoxazol e R&éﬁ%ﬁ&z@ﬂhﬁ@% Bk Gnadéd 11( detAil ﬁ) de¥ihin BROFRHMEME PR in¥AHon,

benzi m dazol e. Li nker" neans a chem cal noiety conprising a coval ent bond
or a chai ﬂxanubl@tocﬁ mehichlge ulhatratcdwmtmlmbgtnpaliy&rghhfwmgh aBéiiletthe mvention will
pol ynucl ther ty" nmeans a

tjde, | abel Ki 1DI
cheni cal ﬁi% &ég&egxr}%gglﬁ&m%me OYthl tegre P nqs -dt ‘!ﬁﬁ‘”?funriiﬁﬁ(@éﬁmtl e or
el ect r ophhleare 8PRRRQto fififiGhd iﬁgeﬂﬁ&nﬁoi‘ﬁ&%@ﬁ{boﬁ%&%' 6n R dofifPyameoval ent

invention is intended to cover all alternatives, modifications, and equivalents, which may

20  be included within the invention as defined by the appended claims.

V.1 DEFINITIONS

Unless stated otherwise, the following terms and phrases as used herein are
intended to have the following meanings:
"Spectral resolution"” in reference to a set of dyes means that the fluorescent emission
25  bands of the dyes are sufficiently distinct, i.e., sufficiently non-overlapping, that reagents
to which the respective dyes are attached, e.g. polynucleotides, can be distinguished on
the basis of a fluorescent signal generated by the respective dyes using standard
photodetection systems, e.g. employing a system of band pass filters and photomultiplier
tubes, charged-coupled devices and spectrographs, or the like, as exemplified by the
30  systems described in U.S. Pat. Nos. 4,230,558, 4,811,218, or in Wheeless et al, pgs. 21-76,
in Flow Cytometry: Instrumentation and Data Analysis (Academic Press, New York, 1985).
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bond, or |inkage. The term "l abel", as used herein, means any noiety which
can be attached to a 15 substrate, e.g., an oligonucl eotide, nucleotide or
nucl eot i de0 82/44416 phosphate, and that functions to: (i) pPOVUSE/4475
detectable signal; (ii) interact with a second |abel to nodify the
det ect abl e signal provided by the first or second |abel, e g. FRET, (iii)
stabilize hybFereaeicomeans Cé/c lﬂm@vﬂfiwm%ﬁne ?rmreamgéaoenwwﬁ ty, e.g.
el ectrop icity,
RafBh i% qﬁé)l'létérb?to&rs EREhbIRAL lek Ibiud8%uChehgimiio ppheR. \

shape, or si cal par anet provi de a captur

e.g., af fihduld, furaﬁ,rlienhcfdmhathidpgare b@i‘zothﬁn‘phene; amytieylas-poridyl, 4-pubdloat e” is an
entity to which dye conpounds of the present invention are attached.
Subst r at é&inohdy Lgénolyly¢- Oewrplyio% imidarale d-ngdazols, $-nyBrglautPEdTelae, (ii)

i gand. SHCEoNS PHRFRAAE Pt el YRR bl SRS R RS o

used her V)rrinAAr $(1, Q4&V)ntﬁhﬁﬂy!| Stathessi, a- (cpnrf» 30K)- amzelehmr-@gemo azelbons are
replaced with one or nore non-hydrogen atons, functional rou s or

ol eti o5 A-(1FHA- J@X@r@p@, SéhSquQIﬂsM wCeenraarelgehbingothiEple, il pa-19-
substi tuted n|t gen, | Exenpl ary substituents include but are not
limited 5404 albdenlzr?} an and chlorine, (CI-C8) alkyl, sulfate,

sul fonate, sul ‘mﬂ&r” AFARY chRfRTAN bty 3bhPAsing b tbvdlent bhAIBF 2 Bhdk@ ¥ atoms
phenoxy, aromatic, phenyl, chycllc aromatic, heterocycle,

wat erlﬂsoltwlcwlecn’fb/ ajrachgs, a label to 3@olynnideotidonor @llqdabe‘lrﬂbhwlyr@l ic aromatic”

nmeans aromati G, drocarbgns havi erin res .i.ncl udi ng
b aryl o and. coMHEOIRnIarr 4 yBraLLBoie i S EGH T roicetd dnot d
conpoundsy¥ieepiflelorelcBiropik Scaphile §fﬁ}ﬁ@ﬂﬂg WieshoiRe alol@hlddy fémPi fglaRnbond. The
parent system -7 WO 02/ 44416 PCT/ US01/ 44475 of this class is bi phenyl. The

condensed:obé,rm@nba@ conpounds are characteri zed by two or nore benzene

rings fused t her ortho S|t|ons in suc air of
ings  shares iHraarBbelo = thuf e ot ngungy S see G i B3

nap htllgal ‘%Bﬁstra‘&! E% ta‘ﬁ%hr Hlﬁlﬁeoﬁd@%c?é&ttﬂé BEBNGestud Spﬁﬁi%gﬁl feBd tIFafJ‘Ch with
three rings. rreans a saturated or unsaturate br anched

strai glht fumuons ﬁb C(ire)rpccbmdh a detectalyle blgoahwrlumbwghraadqtmmﬂ la‘:czﬁ td m@dlfp?het IhE
renova n r ,
i keno. gletaipymenarg i ks A, o s ek S BReT €9 Saifed ot ea anaor
oo SRS o A AP ) SR BRG0P -

cell-permeability, by charge, hydrophoblclty, shape, or other physical parameters, or (v)

.\

20 provide a capture moiety, e.g., affinity, antibody/antigen, or ionic complexation.
"Substrate" is an entity to which dye compounds of the present invention are attached.
Substrates include, but are not limited to a (i) polynucleotide, (ii) nucleoside and nucleotide,
(iii) polypeptide, (iv) carbohydrate, (v) ligand, and (vi) any analog of the preceding (i) to (v).
“Substituted” as used herein refers to a molecule wherein one or more hydrogen
25  atoms are replaced with one or more non-hydrogen atoms, functional groups or moieties.
For example, an unsubstituted nitrogen is —NH,, while a substituted nitrogen is —NHCH3.
Exemplary substituents include but are not limited to halo, e.g., fluorine and chlorine,
(C1—Csy) alkyl, sulfate, sulfonate, sulfone, amino, ammonium, amido, nitrile, lower alkoxy,
phenoxy, aromatic, phenyl, polycyclic aromatic, heterocycle, water-solubilizing group, and
30  linking moiety.
“Polycyclic aromatic” means aromatic hydrocarbons having multiple ring structures
including biaryls and condensed benzenoid hydrocarbons. The biaryls are benzenoid

compounds where two or more rings are linked together by a single bond. The parent system
-7-



"Al kyldiyl" nmeans a saturated or unsaturated, branched, straight chain or
cyclic hydrocarbon radical of 1-20 carbon atons, and havi ng tw nonoval ent
radi cal oeavzssle derived by the renoval of two hydrogen aPpOmBSéwvgwist he sane
or two different carbon atons of a parent al kane, aI kene or al kyne.

Typi cal iyl i ncl ude,,  but are not
1 Sy i S i besd e FaddSa Btk Fo D aRRAS PR araetﬁnzeibwo Weans a

monoval e% r@%&%ﬁéﬁ EQLBEARG of 8BS Alsitifns & 4R G ag/%'a L Bir S ¥ed by

t he rermva one n dﬂogenéator% ?ﬁl‘lnﬁdmynﬁgre ca(}% atomo g rent
aromatic shamm‘gvcsgm}bcem Thy pingddst me;dbegrocﬁmjs gtonp Iamdm;)hthmkncarv\ethrtwb ringn;l ted to,
radi cal s dgri ed from benzene, bst i tut ed benzene, naphthal ene,

ant hr acerfgs @?ﬁﬁ}n Phepeniliens, pack wislpths “&MAedi yl " means an unsat urat ed
cyclig or pol yayghb Ynefa%@g 05 ARy uﬁgétﬁﬁ{ {mﬁo}?eﬁ tfa\?\%}ﬁ%ﬂaﬁt mﬁc}{eavwg a
conj ugat ed resonance electron system and monoval en radi cal

centers dgtlivedrdarbdreradeniodegivedby thWeﬂmdalag“me aydagerf stom frovn ad;irfgﬂeel’ ent
carbon atonms of a parent aryl conmpound. "Substituted al kyl", "substituted

al ky! di y|°arb0n§ms§f>f 8 peteat dlkgno; alkape, 08 alkyne. ¢ Tynieal alkyl aioyp%wcgnsmt sk 2al kyl |

aIkyIdlyI rogen
atons are élgab pen%tlug%t%(ycar‘re a@tg&l\é%g%/ Ruﬂa%épﬁll%astﬁgg?tﬁﬁueng'leprp%?cal

substi t uentg, aﬂaqh@ﬁge but are not limted to, -X, -R -0-, -OR -5,
-NR2, -NR3, =NR, -CX3, -CN, -OCN, -SCN, -NCO -NCS, -NO -NO2, —N2, - N3,

NC( O)IR, C(O)F?Alkoxcz(@)eamOB m)RlscCS(@))ztbbﬂ -S(O 2R, -0S(0)20R -S(0O 2NR,

AR 00 RIS e o oy brnch S} SRTEL RGeS Wk
- O{ NR) NRR, ydMOSHEn BRI X1-30 cirBes peREeHd Ravighnb mevﬁaﬁ 18864 cBhtéid

|ndependently -H, al kyl, aryl, heterocycle, or Iinking group. -8 WO
02/ 44416 dRETFAIS0ME 2emdBl of et hydmgeh etomsdfeona sl soge ontemdifferephesgipdradtemest er

a1 kvt phosprensrbARRaERia pIREE R R R b S Sietal &
(i11);sal ky) piy gmjup ﬁﬁyl 134@>utﬁa11 1Chn pink Yikphosphot ri ester; (i v)

phosphorothloate phosph orodlthloate I nt er nucl eoti de anal ogs al so
i nclude non 5 "|Ah1yi§ p’mansea moab@@;mtama@phydﬂoearbmgmdicpkmﬂﬁpmwebMunst is

repl aced hat.e . cont ai nj backbone structure. One type of
non- phos;ﬂbﬁﬁtf% ‘fagaf I@élygm%%g@nh%egéﬁmgmaa@% PR 2@ ParshicHO t
2- am noet ' Ly \"/I?pfé&! dryl eﬁpml%(der Sﬁ@%é ﬁ&t HnPted%o, A a(lb'li@ﬂix%ﬁ'ﬁoxﬂ 1991)

" Sequence- ecti recognition o trand di sp acenment wt
t hym di nebenzene substituted benzene, naphthalene, anthracene biphenyl, and the like.

20 "Aryldiyl" means an unsaturated cyclic or polycyclic hydrocarbon radical of 6-20
carbon atoms having a conjugated resonance electron system and at least two monovalent
radical centers derived by the removal of two hydrogen atoms from two different carbon
atoms of a parent aryl compound.

"Substituted alkyl”, “substituted alkyldiyl", "substituted aryl" and "substituted

25  aryldiyl" mean alkyl, alkyldiyl, aryl and aryldiyl respectively, in which one or more
hydrogen atoms are each independently replaced with another substituent. Typical
substituents include, but are not limited to, -X, -R, -O’, -OR, -SR, -S’, -NR,, -NR3, =NR,
-CX3, -CN, -OCN, -SCN, —NCO, -NCS, -NO, -NO3, =N, -N3, NC(O)R, -C(O)R, -
C(O)NRR -S(0)207, -S(0),0H, -S(O)2R, -OS(0),0R, -S(O);NR, -S(O)R, -OP(O)O,RR -

30 P(O)O:RR -P(O)(O),, -P(O)(OH),, -C(O)R, -C(0)X, -C(S)R, -C(O)OR, -C(0)O,
-C(S)OR, -C(O)SR, -C(S)SR, -C(O)NRR, -C(S)NRR, -C(NR)NRR, where each X is
independently a halogen and each R is independently -H, alkyl, aryl, heterocycle, or linking
group.



substituted pol yam de", Science 254:1497-1500). 10 "Nucl eobase"” neans a
ni trogen-contai ning heterocyclic noiety capable of form ng Watson-Crick
hydr ogen wonzissiiy pairing with a conpl enentary nucl eobasePOT/URuUci4¢Tshase
anal og, e.g. a purine, a 7-deazapurine, or a pyri m di ne. Typi cal

nucl eobases are the naturally occurring nucl eobgses_ adeni ne, i
cyt osi ne, ur ac itempggeRdsanalgl gmegnsiage Ig’ﬁitatcﬁ?r aﬂ%ﬁ’%P%"f‘I} 9/11%51?BEIIF8 ‘ngs

nucl eoba T ani ne,
D T A e S NS S S e
nebul ar i phosphiotangifyter Glipalkylphosphotiekter, e2: &rCafigiphoephdlri€stet evr) nopuri ne,
hypoxant hi ne, pseudour | di ne, Bseudocyt osi ne, 1[)::seudm socyt 0si ne

S

5- pr opy nphesphexethieats; arkiy) eBREOTOd BiggIea AR RBINCPO HEey s,Qénclude non-

(%6JE Pr:e?hyl ILI r%l:atlegﬁaﬁ% R;J?]'[ ﬁe%:ljﬁ% ﬁgar/ep Oglgia?et{?%%]? nﬁr Cﬁgp%{ %/t?n ne,
5,6 20 dlcbmdﬁﬁug B@kbone,dstﬂﬁtdwl enélcg@)leebfnaxm@h@gph@uamg&ﬁudn@tﬁdEaﬁmgs Kak289)

Practical Handbook of Biochem stry and Ml ecul ar. Bi ol Ogéh prp 385-394, CRC
Press, BegudRhnknage, ch as 2 2npeinedbylgbyeingaaiiscanonty sefrtred imas NAKYicdsena

Cubst i tulbe 07 SEfehBit et hecoRRiER D Bhu b SRS 8RR hen PR RS o7

not Iim tsgglstft@tedEb@g@ldd"bmg@elzqugmsmye or nore of the carbon atons, 25
e.g., the 3" -carbon atom is substituted with one or nore of the sane or

di ffdPent R -"ORcleobayRRmeanstalisegen- an@uptsg hqme%@heawhemcamblemfép@mg ntly
hydr ogen,,,C1- cl
Y ooy Mt Crigk ttrofen bt bk s} GRBF B a RIS RRSF nrlpausse
3" -chlor %hhl@g,sceg adpurinkf/T-HeRamRincCorth }%Im@nge‘l“?pibal nﬂcle@ba@%@ﬂie%aﬂually
nucl eoti des, -a-anoneri ¢ nucl eot i and -4' -linked and ot her

"| ocked" ocum:iyg hude@ag@rademnmmﬁn@&mosms, L(raqrr}aﬂlyshme ool ggiepegthe | nani shi
WO 98/ 3935 9/,1422 When the cl eobase e.g. Aor
G the r PEOLUDGRYrinE SRR e GOPHEME o GBI, (HETHEl eobase. vhen
the nycl %9 irleS7-Q¥hAaD8 -8 4A8eniffe Q(utﬁvn]- I@S bhtedtNo. BENDLOO) SHGRke, i S -9 WO

02/ 44416 USO1/ 44475 attached to the -position of the nucleobase

( Kor nber gle‘amidnﬁa km:mpy(n:b@@ 2jtrddiviole, Requhmopﬂmm 2, 62d1a1Ed10puﬁnfeé1m<DKanBam

Franci sco, " Nucl e8t e’ meang a ‘S’QOSN{)?Q?te est of a nucl eoside, as a
rmnorrer lPﬁ?‘f Fidige, PieAdoeyiosing BiRdaisp PORGE ytffrs’éleslé ¥$7¥% denot ed
as ni N deB8guantN fhio ﬁnﬁld?ﬁ’er blifidbRdide, Qfochfbtthﬁh'i‘he Lenidhifag! ur al
features o t he r|bose sugar . ucl eoti de 5 -tri pRosphate” refers to a

nucl eot i d#f —mt‘rﬂylmahme,dlvi%smﬁadademae 6@4—gneﬂlyhhyinlnbhfe6lﬁ1hypiwhymm, 55he _
E) ;;/8 nos pr@}@lrogriélﬁ 401%ﬁ@1é1fg)g,pfg cf etﬂenoa gAlIléJ {Fa?#lgr? 8988) });Qanc%chzlo i]argcg%o}c/ gl]li 1 ous
Biochemistry and Molecular Biology, pp. 385-394, CRC Press, Boca Raton, F1).
"Nucleoside" means a compound consisting of a nucleobase linked to the C-1' carbon
of aribose sugar. The ribose may be substituted or unsubstituted. Substituted ribose sugars
include, but are not limited to, those riboses in which one or more of the carbon atoms,
25  e.g., the 3'-carbon atom, is substituted with one or more of the same or different —R, —OR,
~NRR or halogen groups, where each R is independently hydrogen, C;-Cg alkyl or Cs-Cia
aryl. Riboses include ribose, 2'-deoxyribose, 2',3'-dideoxyribose, 3'-haloribose, 3'-
fluororibose, 3'-chlororibose, 3'-alkylribose, e.g. 2'-O-methyl, 4’-ai-anomeric nucleotides,
1'-a~anomeric nucleotides, and 2'-4'-linked and other "locked", bicyclic sugar
30  modifications (Imanishi WO 98/22489; Imanishi WO 98/39352; Wengel WO 99/14226).
When the nucleobase is purine, e.g. A or G, the ribose sugar is attached to the N°-position

of the nucleobase. When the nucleobase is pyrimidine, e.g. C, T or U, the pentose sugar is

-9-



5'-triphosphates. "Enzymatically incorporatable” is a property of a

nucl eotide in which it is capable of 10 being enzymatically incorporated
onto thewenmpus, e.g. 3', of a nascent pol ynucl eotide PoBUR/43TSUGh t he
action of a polynerase enzyne. "Term nator” nmeans an enzymatically

i ncorporatabl e nucl eotide which prevents subsequent i rporations of

nucl eot | @Bached ta e N cestiany (pomyRRiPE S s aRhOa (RPBBYA hal ¢

pol ymer a Shnd i.cal i spy ack a 3' - hydroxyl substituent
and incIéggﬁéégg'?BE@6E%§%§@¥§~%EQ%E§&$§§yﬁidehydroribose, and

2', 3' - di deoxyNudeotida! alchixasshosghate eskr of b HodlevsideMst erht@drhstainit,or &ithin a

ri bof uranose anal 381 coul d be used, such as arabinose. Exenpl arIy ,.hucl eoti de
t er m nat apeleiceidy dickeotides aie srapstipnasalenpted poNAEEnes\WNTP" and "ddNTP" to

(3- D ar ahi nof ur,anosy! - d Vee (3= D- i nof n C g g "

57" an nopatei AR oy e R hO F PR AGR! SRllieotide Sriphosphate

di deoxy- Jefefsltd@mBeledtid Witﬁ@ﬁ%ﬁﬁ%@ﬁ@té edt&irdge aBe 3'gobitid84 ThbluediRisshabei ds
Res., 12: 1671 20 1686; and i dgeavadze (1985) FEB. Lett., 183: 275-278).
Nucl eot i detet gonp nmyoncludd sofur swistitidions érdhsvdsloas nyrgenstd. gei-thee-nigigatistes

(Met zker lr%%gg Nucl eic Acids Res., 22(20): 4259). "Enzymatically

(
ext endabPg® I%Paf?ﬁoperty of a nucleotide in which it is enzymatically

i ncor por at abk a%ibﬁlgtiﬁédﬂ.&%bﬁf' i%h REpAOHSE LRl dedantwhiE it i§ Salablder

ext ended 25 pol ynucl edti de” can undergo subsequent 1 ncorporations of

nucl aot i demganzymaticatly interpaatad oge. thd teemines nsg. X, af garseetpdpoeleotdd "t ar get
pol ynucl ept.i de" nean a .pol ynucl eotide sequence that is the subject of
hybri di z&ﬁ?laﬁhwglhﬁ@ QEB%P%%WWEPS?)SIFWCI eotide, e.g., a priner or

robe. The s ] - f, 30
p ﬁg#ﬁﬂ&ﬁoﬁ%{é ?M%ﬁ%lg%%at%u&&tﬁ@%@& frBRn&O

i ncluding co nations thereof? r bil1zing group” 'neans a
subst i t ueniseqirint mcomorai@nest dutkeotiddsubithe regultndg gdguckongmoaindsandfthdrtley

i nvention jn aqueous solutign. enpl ary ter-sol ubilizin roups, -10 WO
03] 44410 PP DESTRS FHPBRION. MR BRI aRh S RS bétl‘%fﬁ'gtag?l H&flgﬂeam ne,
sul f ate, skl f ' ROy ]%gﬁm a QSRS byVRIRST
pol yﬁ;g/drg@llc{l@ég% Ogg’gzrfgtaé?{é us?gg”@%‘g@%{gn?ﬁ?%xé}’)?g% " oT’ieggnufg%oedti de" and
" pol ynucldasmaeelyas eibufigshose ahdog bandgbdabied, antl asembimisagEremplaanded and
doubl e- stranded pol yners of nucleotide 5 nononers, including

2' - deoxy muplsniidy Eaningess noidy 224 adideponbrd?-sbefuganesyIRAY-arabiederapgsyl, 37
| nter nuclgot | de, phosphodi esf e Bandol inikages, o 95 hOkSIUG! orde. anal ogs,
dideoxy-3’-fluoro-p-D-ribofuranosyl (Chidgeavadze (1984) Nucleic Acids Res., 12: 1671-
20  1686; and Chidgeavadze (1985) FEB. Lett., 183: 275-278). Nucleotide terminators also
include reversible nucleotide terminators (Metzker (1994) Nucleic Acids Res., 22(20):
4259).
"Enzymatically extendable" is a property of a nucleotide in which it is enzymatically
incorporatable at the terminus of a polynucleotide and the resulting extended
25  polynucleotide can undergo subsequent incorporations of nucleotides or ﬁucleotide
analogs.
The terms "target sequence" and "target polynucleotide" mean a polynucleotide
sequence that is the subject of hybridization with a complementary polynucleotide, e.g., a
primer or probe. The sequence can be composed of DNA, RNA, an analog thereof,
30  including combinations thereof.
"Water solubilizing group" means a substituent which increases the solubility of the

compounds of the invention in aqueous solution. Exemplary water-solubilizing groups

=10 -



counter ions, e.g., H+, _HA+, trial kylamonium Mt+, Na+ and the like. A
pol ynucl eotide nay be conposed entirely of deoxyribonucleotides, entirely
of ribonwodevtdsdes, or chineric m xtures thereof. Pol ynueCrOSIdas7snay be
conprised of internucleotide, 10 nucl eobase and sugar anal ogs.

Pol ynucl eotides typically range in size froma feM/nDnoneilc unLts, e.g.
5-40, whépelydedipt gicaof Haifad it quptaaae PN, sudteles SUImgEntAP At eROSPheNA Ry er al

thousand%go%éﬁféohﬁog?%%%rfgégﬁgdg%%dB&jo}iéte. Unl ess denot ed ot herw se,

whenever S nce s represented, it will be understood

t hat the nucl eghisdéserdingthieerhis "bgadiucleotid’ ahd tpolydvefebtidle aré glotl and t hat " A"
denot es deoxyadenosi ne, "C' denotes deoxyc%ti dine, "G denotes 15
deoxy guaneisichengeahly andmearesinglestrandpriond deublepradsd Belymer of auslertily.

odam ne d refers 1, es 1 nel ydi t : Ik & t
Ao DS R ST A RSP PHRLG et or e
1- AM NO- 3ntMETEIMMNTITIp i RNr BhiA IMNAEEASENEmu Roti 0 fMos) ahlilgsobiacddass of

1- am no- 3- met hoxynapht hal epe (FORMULA 1) and 1-am no-3- nethoxyant hracene

-+

( FORMULA chijtecionheigndt , Mk, udakyipmaenjum, M gedVaaad theliken e palypiolosids of

sul fonat ed di aryl r hodam ves. The co und f [ mul Joa [l further
el ude. Ji9H B Safrpary e SiESprbGReaSE R Rl ebfRBRulena Al

ol ecul archih&MChiigSs ARrdyrOPbRAtc1aRId8) ﬁaﬁb@cérﬂ%ﬂéﬂ%ﬂiﬁ@n@cﬂé‘&ﬂ&ass not only
the exact electronic structurés presented, but also include all resonant

st r uctour esiclepbast andistigonarsicese Bolndclenislot iyaicellly wogmineizediem aiféye mopmpric 11 WO

02/ 44416 PCT/ US 44475  H2N 123 HI1. N 3 OCH3.11..1 11 0 8 17
0 16 15 PERALA-10: REERAIERAY ﬁqﬁe@ﬁe@%ﬁﬁ%m TRl S bt
For mul as Jr ngddndetic nhélBotfdeitD ODHRE dehblel QBRAVBE dviidievdra balyaticledidt3 carbons
may forma first ring structure having from4 to 7 5 nenbers, and/or the
C- 12- bondegueni:¢ isogmaseated, it el B tddeastobdthatZhe nudentides ae in 3 te d'coday from

left to right and that "A" denotes deoxyadenosine, "C" denotes deoxycytidine, "G" denotes

15 deoxyguanosine, and "T" denotes thymidine, unless otherwise noted.

“Rhodamine dye” refers to dyes including the general polycyclic structure

+
NH, 0 NH,

including any and all substituted versions thereof.

V.2  1-AMINO-3-METHOXYNAPHTHATLENE AND ANTHRACENE
20 INTERMEDIATES
A class of 1-amino-3-methoxynaphthalene (FORMULA I) and 1-amino-3-

methoxyanthracene (FORMULA II) compounds are useful as intermediates in the
synthesis of sulfonated diarylthodamine dyes. The compounds of Formulas I and II further
include aryl- and nitrogen-substituted forms thereof. (Note that all molecular structures

25  provided herein are intended to encompass not only the exact electronic structures presented,
but also include all resonant structures, protonation states and associated counterions

thereof.)

- 11 -



ring structure having from5 to 7 nenbers. The first and/or second ring
structure may have five nenbers, where the five nenbered ring structure
may i ncl wdeoomaigem di substituted carbon. The gem substi POBRUBGL/4¥835 be

al kyl, e.g., nethyl. In another enbodinent, the five nmenbered ring is
substituted wth a |inking n?%?ty. In this 10 enbodiggnt wherein the

C-12- bonded ni trogen the'-12 C- 13 car f frst ring
structure having fronﬁgﬁgsﬂ ~v-g&§% and/or t Al 7. 8§f3nitrogen and
the GC 11 and C 12 carbons a second ring strud having from5 to 7

menbers. N trogen substy , Ry, 1 ncl ude al kyh, pRepyts mati c,
=tic¥}§§ter-solubil 0 gro&%ﬁylinking
5 t hereof. The 1§ nit gen substituents may be

het erocycl e, polycyclic
noi ety, and substituted,t

al kyl, phenyl, or substit 8f orns thereof,1 v h 3substituents may be
| i nki ng i ety, sulfonate or water-solubilizing group. Exenplary

wat er - sol ubi | i zi ng groups are carboxyl at e, s et e4 phosphonat e,
phosphat e, quaternary amne, sulfate, polyhydroxyl, and water-soluble
polymer. In one enbodiment, the nitrogen substituent is -1-R, wherein L
may be any linker and R isfﬁmﬂwﬂﬂﬁ*ﬁniety or 20 wgﬁgiﬂg%ﬁﬁbilizing group.
In certain e | : | Seuts fq to 8. The
conmpounds ofngggﬁgﬁgé&?n%%%ﬁ?vaéﬁ in% ﬂgg»@ﬁggégm%gggggh:égﬁ%%%nts at one
or nore aftybgepead theo0s2 BAE-1TcBbbms Gayl formenfirsCriiG stnfitins thiating fitosn 4néry 7

i nclude fornyl, 25 h¥drox fluorine, chlorjne, alkyl, sulfate, sulfonate,

|, ]
sul f ofie. BUThsHERTOE hedeilPoiomded nisogsiband the 5-Wirpusb A saeb PeRTERbIoRRd 75
o oy e RO Shidd Sorm WO mBSELY THE BRI or K OMBLbE suRBE—bgy

moi ety, ihacé Gee AGnEhS whbretthel fil @ iembetddaiafiructuie o itidetine®ain, t he
conmpound includes a fused aromatic ring bonded across the C9 and C 10
car bons, digubsiittsdsarhen. Ehe@emyrybstityants Bk &a dlkyl. e3-varthyl dnBaethetut ed forms 5

t her eof, %ﬁ%n%tftﬂ?%%%?e%%er%ﬁﬁ is%%gtﬁtgé %&th%ﬂ%{h?%ﬁ%le%.eﬂtﬂigr sions of

FORMULAS % ar e rntermedi sS’In cliz reactions to form

the syl f easRAENElt arnerdif adani Doodiiebnitidgéraddatle 021 Dind Rapragent &rinve
1- am no- 3- hydr oxynapht hal ene and 1-ami no-3-hydroxyant hracene conpounds of
t he i nvedirsloimaytaiciiohpving fiemghtoesmempersj and/or tb@ﬁ%b@;h@mied,mfmgfs,an the 22 27

é? gﬁpg s 2 %é—_l g éﬁ&l IE?‘?IZZ g‘a(%f)g'r?s’ foirn'l %'séco%%@n%us?rglgtu?ezhav(%ég frg% 5 t?)?’] %Qﬁbgrg.; and
Nitrogen substituents may include alkyl, phenyl, aromatic, heterocycle, polycyclic
aromatic, water-solubilizing group, linking moiety, and substituted forms thereof. The
15  nitrogen substituents may be alkyf, phenyl, or substituted forms thereof, wherein
substituents may be linking moiety, sulfonate or water-solubilizing group. Exemplary
water—solubiliiing groups are carboxylate, sulfonate, phosphonate, phosphate, quaternary

amine, sulfate, polyhydroxyl, and water-soluble polymer. In one embodiment, the nitrogen

substituent is , wherein L may be any linker and R is linking moiety or

20  water-solubilizing group. In certain embodiments, L is,

~ O OO,
or

> 2

where n ranges from 1 to 8.
The compounds of Formulas I and II may include one or more substituents at one
or more aryl positions, e.g. C-8 to C-11, and C-13. Substituents may include formyl,

25  hydroxyl, fluorine, chlorine, alkyl, sulfate, sulfonate, sulfone, sulfonamide, sulfoxide, amino,

-12-



conmpounds 86-109. Those of skill in the art will also recognize that the
conpounds of the invention may exist in many different protonation states,
dependi ngvon2/4|m®ng ot her things, the pH of their envirobpaeuso/Mhisl e the
structural fornulae provided herein depict the conmpounds 15 in only one of

several possihle protonation states, jt wll be, understood that these
st r uct ur SEMYHE; » PRileyIgWEHRLiFOXYa REENOK %t 2T PREIC, RYRIT PBRYCYLIC AB¥™ATChi t ed t o

any parti g : j - : all. ] of the
compounds o RO GbhE Rl o, gt AR L By Db AR bR g
conpoundsh&éofl Meonduratidientmhy chpsundihdliddse fpsediskdrugticaing@gadd aceoss ktar ges.
20 The net charge of the dyes of the invention may be either pasitive or

negat i ve.C-138d Eolfhgaghons; gasrossthe &-59 ang Gild ipatbeas, dcdeding aibstigied 0138 di ct at ed
by the s i s i hods by which the conpounds are

obt ai S\edwéfgog'i%cjg?rggg{d%t@&?%lﬁb?%f:lfotq}g%; but are not limted to amoni um
sodi um pot asSNaiforhmiylatedweisidie bf BORMELABdtkAad MTtakd intdipediaeeithecydtitation and
m xtures thereof. It wil|l be understood that the identity of any associ ated
count er ireastions fodompthegubipnatedcdifryirbedagree dfestdetriledbelai on, and that the

i nvention enc asses.. t dyes, ih. assochailon wth.any.type of nt er
on Mo eover RappRat B i R R it e R R PR

forns, tRenipousdidfAhe inYehtineE SEbwWPIENERRP 23S i.BOtoRpduhdE A 978 501 7,the27 dyes
that are in association with counter ions (e.g., dry salts), bu; al so forns
t hat 18r e and29j Rigures d O¢li3at.¢.oeompaumds 62urfi3e 68, Brand(89; gnd Figyrasd@<20ot-¢.o0r gani ¢
solutions). 30 (}/a!{ﬁ f‘gﬁn aspects of the above-described invention achi eve one
or rmore SPTPREPCKYTOW ng i nportant advantages, which are unexpected and
surprising, OVEfskpPWA if ihdQkSSITEMKo &M&gn%rfﬁ&ttﬁéiéoﬁﬁ&ﬁidk of 8k i#ehiibp! ex
fluorescent detection: (1) the subject dye -conpounds nay be efficiently
excit ed byayeedishin pesy diffaledt psaonatpnrsiptesadedeadgighom, anong othg3things,0h¢ g4 16

PCT/ USO1/ 44475 ab 6 t h I §Si t f.t bj d
compounds§! S B TABGR G HEE e SRS RIS GRYSPR RS St e mASUA0S on of
nitrogen ;g Bﬁﬁ}drfe%?@&\?eré?}%és‘?ﬁle?E&’tbneftfbﬁ%%a’tééﬂﬁ%ﬁ,be AL RWol Fndt Besd Bﬁ?c?ﬂif@@t I on

of dye sets having simlar absorption characteristics yet spectrally
r esol vablage fllustvateeceiy; ené thas iednvapieatis oyt Hndited: thenyg phitiectar pypeonatiopsateds

maybe easily 5 attached nucl eosi des, nucl eoti des aqr._ pol ynucl eoti des .

wi t hout cotprdf iH’i@t"Pﬁéﬁa ?omwsﬁm%ar@w%%re%@f@é ta?%lbwlﬁ%é € SGORg 0? he

subj ect %fﬁm%@ unds have narrow em ssion bandwidths, i.e., the em ssion
bandwi dth has a full-width at half the maxi numenission intensity of bel ow

about 70 nm (e dohgposndy Ethe thyentt@npeybels narldpleipghikiye sohegatiee ¢harges.

20  The net charge of the dyes of the invention may be either positive or negative. The counter

ions associated with the dyes are typically dictated by the synthesis and/or isolation
methods by which the compounds are obtained. Typical counter ions include, but are not
* limited to ammonium, sodium, potassium, lithium, halides, acetate, trifluoroacetate, etc.,

and mixtures thereof. It will be understood that the identity of any associated counter ion

25  is not a critical feature of the invention, and that the invention encompasses the dyes in
association with any type of counter ion. Moreover, as the compounds can exists in a
variety of different forms, the invention is intended to encompass not only forms of the
dyes that are in association with counter ions (e.g., dry salts), but also forms that are not in
association with counter ions (e.g., aqueous or organic solutions).

30 Various aspects of the above-described invention achieve one or more of the
following important advantages, which are unexpected and surprising, over known
fluorescent dye compounds useful for multiplex fluorescent detection: (1) the subject dye

compounds may be efficiently excited by a low-cost red laser using wavelengths at or
13-



buffered aqueous solution while retaining a high quantumyield; (6) the
subj ect dye 10 conpounds are relatively photostable; and (7) the subject
dye conmpovodz4faae rel atively large extinction coeffici er€BUSIVE4T5 great er
t han about 50, 000. Several synthetic nethods are available for the
synthesis of the 1 -am no-3 - hydr oxgnapht hal ene conpounds descri bed above,

di f f er enteberes GR8ENYE) thy enriesien snedtra gbihe subise dys compownds sre bemodplated

structure_.and the nitr n substitue t i dt
e Syt neundetiiof hROERs BHERIEAHEN Bisdien MERBLHS B RlangpRAMRRL S 1 ©
1- subst i taubEhgdat the-cBeatiod GF A%y mliﬁvhftd, SME2€LB¥PHIEdE Thar@etristics yet spectrally

1-di et hyl am no- 3- hydr oxynapht hal ene 4, is showmn in Figure 1. In this first
met hod,  aes@lvablehdoyedcetmedmgssiomsnshirid P ihe subjiee dyegempdundstpaydroyeasily
triethylamne . and trifluoromethanesulfonjc..anhydride to for.mag crude 3 20
et hosyn B R Rcteesidet T ESS PR PR Eorfioril ey Wt an
am ne, e.fiyorale 1860RHBE YropBHRE, (4@ subjebtelyRXbABLMRIs HaSé AfirRAMRdioAM
catalyzed triflate/am ne coupling to formthe substituted am ne conpound
3. Conpoladdgidils, i.¢ethe dopsstieandwidik haga fullbwrdsin at half the orixadeudeprisiiett | on

LG ot hy RGO DR PG G0 L0 Rk D S eV S RO e Ry SRS & 1
provi ded phfercd g RARRb Rribn MR feraifir L RIOH gamm%ﬁéﬁ; @5 tladnRet dyabl e for the

synt hesi s of benzoi ndol i ne conpounds, ,

N- phany| <8mpeundserdydlatid-ehymirotosyabie nnd (Hdbe subgecd dy¢ somapamds horerrelativélygure 1.
In this _nethod, the 3-nethoxynapht hal ene-1-triflate 2 is derivatized with
a pri mar yAgREREctign goctficients; 1'%95%%@? ngb?}glsbz%bum catal yzed triflate

coupl i ng reactd.Qff agk‘t’i@ n?etﬁ&ﬁ%?éi@xrﬂla@i@jf&ﬁhe 3thtfesd of the ]-amino-3-

1-ani | i no- 3- net hoxy thal ene 5. The secondary amne 5 1s acyl ated using
an aci d hytitoaynaphthateng.compouids deaadied|abbiv e difeenttmethiodsdbemgtirefiebsd i t ut ed

am de, e.g., 1-am do-3- nethoxynaphthal ene 6. The tertiar ide 6 |s

cycl i zed daBFIfERECT 'nétva%s)%theamgﬁﬁa%re TheiairogsmpibstipgRs nglﬁpéﬁmb‘:l%cedur e
to give 4 . Using Al C13. Compound 7 -14 WO 02/ 44416

PCT/ d§01/%§ﬁ%§gwﬁosbetsﬁgﬁmﬁ% uced, e.g., using (lithium alum num hydride)

LAH, to give cofipundhdis m&hba euajtbid fordicsyuthesis ol p-sdiepitwb@amim@n3-by a boron
tribrom de deprotection procedure ives the benzoindoline, e.qg.,

N- pheny| Dydmxynapbihalene £oRparass,-ant dicHybamne-3ohydsprynaplihalere bf isishpwn

e e R
(t et r ahy driehbrpaecaidieilus®ntoaestibsic @hgdriddNomeih lenftetsy dr oxy-

20  methoxynaphthalene-1-triflate 2. The triflate 2 is then reacted with an amine, e.g., a
secondary amine, e.g., diethylamine, using palladium catalyzed triflate/amine coupling to
form the substituted amine compound 3. Compound 3 is then deprotected using a boron
tribromide deprotection procedure to produce the 1-amino-3-hydroxynaphthalene product,
e.g., 1-diethylamino-3-hydroxynaphthalene 4. An example of this synthesis is provided in

25  Example 1 below.

A second synthesis method suitable for the synthesis of benzoindoline compounds,
e.g., N-phenyl-3,3-dimethyl-4-hydroxy-benzoindoline 9, is also shown in Figure 1. In this
method, the 3-methoxynaphthalene-1-triflate 2 is derivatized with a primary amine, e.g.,
aniline, using a palladium catalyzed triflate coupling reaction to give a secondary amine,

30  e.g., l-anilino-3-methoxynaphthalene 5. The secondary amine 5 is acylated using an acid
chloride, e.g., an haloacetylchloride, to give a disubstituted amide, e.g., 1-amido-3-
methoxynaphthalene 6. The tertiary amide 6 is cyclized using a Lewis-acid-catalyzed

Friedel-Crafts cyclization procedure to give compound 7, e.g., using AlCl;. Compound 7
-14 -



(tetrahydro)benzoqui noline 15, is shown in Figure 2. In this method,
conpound 10 is synthesized from net hoxy- napht hal dehyde by condensati on

wi th mal owd 02/&i1€@ using a piperidine catalyst in pyridi nBCT/CSoapaursd 10 i s
t hen reduced with hydrogen, followed by 10 LAH reduction, and,reacted with
trifluoronethanesul fonic anhydride to give the triflate 11. The triflate
11 i s redchayrsiresl Renasing (§ @B&?ﬁ&ﬁﬁdﬂ@dﬂé@‘i’ﬁo@rﬁvq@m@ueéﬁp| exed wth

a Lew s gﬁﬁéﬁggﬂ %%erﬂ?%g@%p q%)?otkgt%&%ﬁgbyljoﬁ %Ijaﬂli&%cgetpl é‘t%ti&ﬁ)‘ijoced&fe d, e.g.,

benzoqui no , @ nrtrogen su tuent Is a

the nitrghenthesheakdisilidimde gsi Nghanyl@ohdandthdnahydbkybaizoarloinogednr e,
e.g.-, the benzoquinoline derivative ' 13 is reacted wwth n 15 butyl

|i t hi um aremple ohfhiy sathasts ingeovideddn gixample 2 bedowi ve conpound 14 or propane
sultope to giyve. GO nd_16. .Th h i a boron
ri bromi de pr o GHRURBIS mfiod MUtTR S BB R A B AR AR §

conpound (&aiydrdBenAquidsBAPESnSSuridb] Sg., Nynéthess-Bydsxpr ovi ded in Exanple 3
bel ow. A fourth synthesis nmethod suitable for the synthesis of _
N- subst i (tetrehiudeg)bemzoqrimoting hdt isysho®n finy Higuxe 2 blrfhisquéthed. icampewrpbliisds, e. g

f Nnmethyl-2.2 4-tri t hyl - 5- . hyd -(t hyd i | i 22, i
Shown T n MG o Y R e S R SR BT R ey
(1965) J ggferidge%atagﬂ?ﬁi; py3Rird888mpansd 16 iﬁh&ﬂ%@ﬁcédh@ﬁﬁhfﬂroéen, followed by

am no- 3- et hoxynaphthal’éne 18 is reacted with acetone catal yzed by i'odine
and tthen LAG exlobtexh, wid teastatl wvitt tedluNa2821c8 1w fagiio/anhyiedbergeeiie ioflatae

compound 19, Compound. 19 25 is al kyl ated w n al kylatin ent,
oo el Bt s o tnth NNArRgherRoud 1 cammeutd LB tdiund
20. The %1&13% It?ﬁﬁg a&ﬁmg.};'_ﬁchgaﬂcﬁreﬂﬁg?!gﬁgldg‘iftthe Ec158d BL8§8inotye Pd/ C to give

a N-nethyl - oxyqul nol'i ne "I nternme , and subsequent net hoxy group
depr ot ectdeivathy 13. axeraalitrbgencrubstitiéntdnadiedpe.gcthawmiteogenas alkylpted using a

N-substituted-2,2,4- trinethyl-5-hydroxy-benzogui poline conmpound, e.g.,
N- et hy| conventons] plaqation procsgursy ggo ke R%?Q%Wm%i;ﬁ@%%d& 18 mapwg Vﬁg? g-An

ynt Reei LA Py AR AR RSB RE. 82 LR to VBT POt Brofpr'sifihtener @
di met hy| gielipiponid b6 melbbkygroup iPBEN esnoved By a boron tribromide procedure

N- et hyl -3, 3-di net hyl - 4- hydr oxy- -15 WD 02/ 44416 PCT/ USOL/ 44475
benzoi nd@ivinga MNralkyergoguinotinagderi vatiwp.gis-ecozupquad lfios 1fepnsyample pf #H$ no- 3-

o o SRR S5 fed i MR S 0 2L el o 0 0. 2 brom-2
rL %CE :) 0 gi V\é\n E hmefbhﬁh%yﬁmegs MRIGAEAEE fadhe Sameisst N4ulstinitéen 2ieduced with
20  trimethyl-5-hydroxy-benzoquinoline compounds, e.g of N-methyl-2,2,4-trimethyl-5-
hydroxy-(tetrahydro)benzoquinoline 22, is shown in Figure 3. In this method, following
the procedure of Rosowsky (1965) Jour. Org. Chem. 30:1832, and references therein, 1-
amino-3-methoxynaphthalene 18 is reacted with acetone catalyzed by iodine and then
quenched with saturated Na,S,0s to give the benzoquinoline compound 19. Compound 19
25  isthen alkylated with an alkylating agent, e.g., Mel, according to a general alkylation
procedure to give compound 20. The alkylated compound 20 is reduced with H, catalyzed
by Pd/C to give a N-methyl-methoxyquinoline intermediate 21, and subsequent methoxy
group deprotection by a general boron tribromide procedure yields the N-substituted-2,2,4-
trimethyl-5-hydroxy-benzoquinoline compound, e.g., N-methyl-2,2 4-trimethyl-5-
30 hydroxy-(tetrahydro)benzoquinoline 22. An example of this synthesis is provided in
Example 4 below.
A fifth general synthesis method suitable for the synthesis of N-substituted-3,3-

dimethyl-4-hydroxy-benzoindoline compounds, e.g N-methyl-3,3-dimethyl-4-hydroxy-
~-15-



5 3, 3-di net hyl - 4- net hoxybenzoi ndol i ne 25. Conpound 25 is then al kyl ated
with an alkylating agent, e.g., nethyl iodide, to give a

N- net hyl 330 82/¢ii4met hyl - 4- et hoxybenzoi ndoline, e.g., conpPUONUS@BL4475
Subsequent met hoxy group deprotection by wth boron tribrom de gives

conmpound 27. An exanpl e of this synthesis is provided i.n _Exanple 5. 10 A
si xt h gemSpZAINdSIRERd s i alse shayn ’é’tﬁylg'é}’ﬁl?’e Ip gpis pigthody i { REUPY-3pf

am noant i QYA j ! 7 I LS net hod,

am noant B{@gefge a%%ﬁr%ﬁgﬁynyﬁ(aﬁz a?gxyna%rﬂ%cﬁ%?wégﬁ%ﬁg%" gorbré\lgg%pr epar ed

demnet hyl ahéthgpiopforti BEbHEX tagivercaapoend 23, Conipuad 28tisyyciizedby maetiaf t he
hydr oxyls to formation of the triflate 124, and _displacenent by

i ve 123, i
hydr azi nevitlo Pglﬂﬁgo £, compduag oie Comennd &k isthemradgens vih hidbtoyaes thes

Fi scher i | i cycli.zatj on and,.reducti on w sodi u rohydri de
gi ves%90 f?%@%lélﬁhoxxw}ﬁﬁ’g%?%g#eﬁ%mg?\ﬁldta% lﬁglgeﬁ'tarﬁf}g%%@g}?@c?ﬁpounds can
be sul f onat@sind debint, 88!, BBAYI REiRILNISe 2 NUSBheE3 ghligedsulf oni c acid. For
exanpl e am™nonapht hal ene conpound 86 is first nitrogen-protected as the

N- sul f onanettexybenzmouddingye. & Froupeuntie26. SubEscuent recthayy gionp depretectieibyn t h

chlorosul fonjc acid in. acetic acid d, di chl or onet.hane, at . | ow. erature
and depr oVl pegn rbrgpyde %F%m%dggnﬁﬂﬁﬁﬂn .or%g?lﬁflfrgl?eisiﬁls p%‘i?ggﬁt hr acene
conpound ]%grﬂr@e protected as trifluoroacetylated conpound 91, then

sul fonat ed and deprotected to give 93 (Figure 17b, Exanple 15).

| nt ermedi at es A%ixdngder@l sgmthesismthodisnitdtie fosyind $yatliesis of amirwasgihkfconat ed

di aryl rhodam ne conpounds,. 25 \, 3 S%FO\IAT D DI ARYLRHODAM NE DYE COVPOUNDS
A novel cqoRRSUREs 1§ Shown it Biguer Liay IR fijmicihod: FuoRd SR ROM O sef ul as

nmol ecul ar L hg: L | abc
S S b R S S e

02/ 44416 Red-ShilAii4 6ne oRIHE Hylidoxls tRRiveRD3-frRatioRo £thRErifldte 424, andRo R10 RO

R5 R12' R13 R R2’ i ) ) o
displacement by hydrazine to give 125. Hydrazone formation with isobutyraldehyde,

15  Fischer indoline cyclization and reduction with sodium cyanoborohydride gives 90
(Example 15).

Aminonaphthalene and aminoanthracene compounds can be sulfonated with
sulfonating agents, such as chlorosulfonic acid. For example aminonaphthalene
compound 86 is first nitrogen-protected as the N-sulfonamide compound 87 (Figure 16,

- 20  Example 14), then reacted with chlorosulfonic acid in acetic acid and dichloromethane at
low temperature and deprotected to give sulfonated compound 89. Similarly,
aminoanthracene compound 90 is protected as trifluoroacetylated compound 91, then
sulfonated and deprotected to give 93 (Figure 17b, Example 15). Intermediates 89 and 93

are useful in the synthesis of the sulfonated diarylrthodamine compounds.

25 V.3 SULFONATED DIARYIL.RHODAMINE DYE COMPOUNDS

A novel class of sulfonated diarylrhodamine dye compounds are useful as molecular
labels having the general structures shown as Formulas Ilabc below, including aryl- and

nitrogen-substituted forms thereof.

-16- -



R2 RI25/ O R R31Ilb RI7 RHR4A RS R16 R4 R15 R12' R13 Rl R2, |
I+ R" N R RI RBIlIlc Rl17 RB HRI8 R Rl16 ' R4 R21 " R19 R15 R20 At
| east onavanyisasaubsti tuent in Fornula Mabc is sul fonate. FoPUpsieEersce of at
| east aryl-sul fonate group may confer unexpected and beneficial properties
on di aryl rhodam ne conpounds, sych as npdul gted sol ubility,

el ectrophoretic nmobility, aiﬁ spectral % enBancenents. |n one enbodi nent of
t he conpounds of Forrml‘q{l;U,Na joncl udes a first bridging
group whi ch when taken toget hg - 12-bonded nitrogen and the G 12
and G 13 carbons fornms ag'tirs refdiaving from4 to 7 nenbers,
and/or a second bridging gi
C- 2-bonded-ni trogen and the 1 carbons fornms a second ring
structure having from4 R'G7 Roth of the first and second
ring structures may have fivegrfenbers. Inganother enbodinent, the five
menbered ring structure includes one gemdi substituted carbon, -17 WD

02/ 44416 PCT/ USO01/ 44475 wherein the gem substituents are alkyl, e.qg.,
methyl. In an alternative enbodinent, the five nmenbered ring is
substituted with a linking B e®Rf |In amdt he&® enbodi nent, the five
menbered ring includes oqg/@r jre py traggen }'gsijbzstituents, as descri bed

bel ow. Exenpl ary sul f odated ¢ 't hodam#e conpounds with bridging ring
structures include:

IITb

e

At least one aryl-substituent in Formula Ilabc is sulfonate. The presence of at least
aryl-sulfonate group may confer unexpected and beneficial properties on diarylrhodamine
compounds, such as modulated solubility, electrophoretic mobility, and spectral

5  enhancements.

In one embodiment of the compounds of Formula Ilabc, the compound includes a
first bridging group which when taken together with the C-12-bonded nitrogen and the C-
12 and C-13 carbons forms a first ring structure having from 4 to 7 members, and/or a
second bridging group which when taken together with the C-2-bonded-nitrogen and the

10  C-1 and C-2 carbons forms a second ring structure having from 4 to 7 members. One or-
both of the first and second ring structures may have five members. In another

embodiment, the five membered ring structure includes one gem disubstituted carbon,

-17 -



R12-L12-No NL2-R2 / / / RI1 R3 ROl / RERHR6 | RA 9 5 R12-L12-Np
NL2-R2 R11 R3 R17 RB HR6 | R4 R16 R14 Rs R1I5 R12-L12-N p NL2-R2 RI11

L1 ./ RORI44A8 H R6 Rls | | R16 R14 R21 R19 R15 20 5prCPUandi4bE?2 ar e
| i nkers including al kyldiyl, substituted phenyl, substituted benzyl,
substituted bi phenyl, and substituted naphthyl. In yet another enbodi nent

of the i mherain the, gethatbstimpoaatsallfl, &g+ mgthyl | Inl aardternatize gapodiment tharor e
ni trogen substituents,. R2 ' R12,..and R12 . Such.subsiit.uent e 10
el et od TP ISk CRERSt My Py B Pk P B Rt slifocycl e,

pol ycycl 'n?emb‘!e'%&i’ﬁ’ﬁ% fcluied Sk GQhMRinlitkddeR Quikiiditiits, hé McABIRiISLY, and
substituted forns thereof. Also, the nitrogen substituents may be al kyl,
phenyl , FExepplacy sulfematedatiaylthalansubempamdsiwith bmeging rgg\aDuoiRtes4adlade:

PCT/ US01/ 44475 thereof, where exenplary substituents include |inking

noi ety, and water-sol ubilizing . I'n anpt her enbodi nent of this second
aspect of the invention, the ¢onp \Wha, Habc include a third
bri dgi ng group whi ch when 't aken he "C-12 5 bonded nitrogen
and the G 11 and C 12 car bonsI for ng structure having fromb5
to 7 nenbers, and/or a fourtharj nk{ ciR'when taken together with
the C 2- bonded nitrogen and th¢ bons fornms a fourth ring
structure having from5 R0

L2 and L'? are linkers including alkyldiyl, substituted phenyl, substituted benzyl,
substituted biphenyl, and substituted naphthyl.
In yet another embodiment of the invention, the compounds of Formula Illabc
include one or more nitrogen substituents, R*, R*, R'?, and R'?. Such substituents are
10  selected from the group consisting of alkyl, phenyl, aromatic, heterocycle, polycyclic
aromatic, water-solubilizing group, linking moiety, and substituted forms thereof. Also, the

nitrogen substituents may be alkyl, phenyl, polycyclic aromatic, or substituted forms
-18 -



to 7 nmenbers. One or both of the third and fourth ring structures may have
six nmenbers. The six nenbered ring structure may include one gem

di subst i two ezl4aa¢ bon, wherein the 10 gem substituents ar BCEURYI44475. Q. ,

met hyl . I n anot her enbodi nent of the invention, the conpounds of Fornul a
Il1labc include aryl substituents at one or nore of carbons C1, C3

t hrough dhasofcvgerelpxemghncsubptitugnig incudedinkinougietcapd WaBEéﬁ%‘PdTrZV\%ar yl
substituents include but are not limted to hydrogen, fluorine, chlorine,
al kyl , s&??%% sul fonate, sulfone, sulfonam de, sulfoxide, am no, 15

ammoni um  ani e anthbr dthBodifneMEIE tiik k&veyd afeneikitie irfVeali®y, itis capli@uyls of
polycyclic aromatic, water-solubilizing grou het er ocycl e, and |inking

noi et y, |E@@nu@mgb%mb@ﬁ¢@mhlé@bmdglmgrwpévbe@fW o takemtge éwsthw&@%su t uent

| noi ude opdnaBaind e BT RO M2 idhs SEPRAED 50 s Qi halinshEn S, e
C- 4 - and (£7 &9 Ngnd/defobrd bﬁﬁ%x %‘gﬂ&pﬁ@lﬁl@ﬁ) Réhen @dkeh W@e@[@l%ﬂ%ﬂﬂe € 21-1

carbons, including 20 substitute ornms thereof. The fused aronmatic ring
may be b droddel! it pesaridbe C-3 anhf-Tsatbons fotyems founid rigsti@etuge bavingFram 5

bons, b the C d . C-5 carbons,
CRetud: ngS apsites, DS pobert ¥ s e sn i e AR g B ctpimhie
accordi ngnfe%ux B'eﬁlbéﬁﬁ(%{l% BABRE meY 1rkhﬁ1e'oﬂ¥%@ﬁ1' REubsBRuEe AL, wnel%mwa es 7

and 10-13, i.e., conpounds 41-47 and 67, 7 76 and 81; and’ in 25 Fi gures
21, 22a, g@ﬂbs,ubﬂﬁuents ae. allcdnpgumathyl10- 120 whi ch have unexpected benefi ci al

t | rt t ffi t ,
b 1 Ght nesb. ar dn apsthes Eveee i ReGgtry i SoBPouTcs GiRrBA e %@de
Corrpound%r};]ljsﬂtbstljf&e%ts a]tjo%e ot hdre é@&rbcﬁ@@@r@d} hduznid18! c-snarugl cenak

anal og di aryl rhodam ne dye conpounds. Aryl-sul fonated / Non- arylsulfonated
Conpound x4 ithrotgho@-Xo el feingil &y taryQuebrstirends ietld d&Rbnt ape Boti lghiteteehiytingerase

Ratio 111 1.16 1 29 1. 2/ 44416 PCT/ US01/44475. 114.2.3 0.88 2.02
178 1. 26 Hpogge, phipgine eyl suligte; stopatesulipne, S4lferpmidd, SUASHE, BRIO. reasur ement s

wer e ,GoNdyeh &b Mo M Ukieifle 388 Ao -gté/ éli 1HBIYA‘a{:HﬁfleItf3 q%heﬁyle rﬁoﬂ;&ﬁlcaak’&ﬂﬁlcrm asures

t he deferences in the extinction Icr’ents
water-solubilizing group, heterocycle, and linking moiety, including substituted forms

thereof. At least one aryl-substituent is sulfonate. In another embodiment, the compounds of
Formula Mabc include a fused aromatic ring bonded across the C-3 and C-4 carbons, the C-4
and C-5 carbons, the C-9 and C-10 carbons, or the C-10 and C-11 carbons, including

20  substituted forms thereof. The fused aromatic ring may be bonded across the C-3 and C-4
carbons and the C-10 and C-11 carbons, or across the C-9 and C-10 carbons and the C-4 and
C-5 carbons, including substituted forms thereof.

Several exemplary dye compounds according to this second aspect of the invention

are shown in Figures 7 and 10-13, i.e., compounds 41-47 and 67, 72, 76 and 81; and in

25  Figures 21, 22a, 22b, 22c¢, i.e. compounds 110-120 which have unexpected beneficial

' spectral properties. The extinction coefficient, quantum yield, and brightness are all

increased in the sulfonated diarylrthodamine dye compounds 111, 114, 118, 119, 120
compared with their non-sulfonated analog diarylrhodamine dye compounds.

Aryl-sulfonated / Non-arylsulfonated

Compound | Extinction Coefficient | Quantum Yield Ratio | Brightness Increase
Ratio
111 1.16 1.29 1.5
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yield, and brightness caused by the two aryl-sulfonate groups in the five
exenpl ary dyes, relative to their non aryl-sul fonate anal ogs. The

bri ght nesOobnene@se i s calculated by 5 nmultiplying the expCHUBIIONR4TS
coefficient and the quantumyield. Cenerally, the sulfonated

di aryl r hodam ne-dyes—of the present+nvention—-are—synthesized—as—+qgll ows
(Figure|434 An anhydtide derivativeO38, e.g., a pht hal? anhydride, | is

m xed V\n\t%}: T=—am nc-fiz-dlet hoxy T Titer foates 3t —and 341 nd—tewis acid, e.g.,
Znd 2, %re t he Fl—' substituents in"conpound 30 may be the sane or

di fferentjjobut are ypseferably 1o the ssane. Exenpl ary2Rssubstituents |i ncl ude
but arelnot limtdd to acetylene, alkyl, phenyl, heterocycle and
substit ¢tld8 forns |th#keof . The nmix{drlé is heated br{&PBy until neltijng is

obser ved—A—solret —2—eH—ehi i-s—adde

t——e—¢—12-diehlprohenzene—i ¢ t+o—the—reacti on
m xture, and ﬁ%bmeﬁ%lfgﬁ%ﬁ%wsmnﬂw (Eﬁnegﬁélr‘??eaé‘fie@g ?HS/E‘E)OFIjAt Ej‘i‘%@' C to about

180 T. The crudg fifaghdine hyet eredifféreﬁ%liﬁ%fé%gin i ddefitkidtts, ARAATRI Phase

flash chronmat ography to yie dye 15 conpoun en the anhydride is
part of #ieidihat biightdssdatibeal bycthatiy airyl-sd formtggrpupstianipofivdex@mplarywdyess oner s
are formed (Figure 5). The .isoners 35 and 36 are separate PTLC. The

i somer i caPpYVeiartheinpe aryt-gulfonaisianalogy b e‘gpg,lgp@sg%é%e bgrf’afﬁﬁ‘?%‘é‘ b%nd reverse
phase.TL ﬁg& i i | R tra and their |ong

wavel gng%ﬁ V%rtggg}gmc%ég{)ﬁ?ﬁe%nﬁgﬁgé% Ssi on (g'pect ra. 20 An alternative
procedure for Gédneradlynthbesifenatdd disrytrhedaniae dyakyodf tihoppoumn is/enton abown i n
Figure 6. In this process, an anhydrjde derivative, ht hal i c,

an hlyd ] i deyghesized asdphass (igwe é}iyAﬂiaflmié@ﬁzﬂéﬁéatW%@gﬁ 3 phitplig anisdidee | s
t _ . . . fHssPddre |
Sbsequer Rl RRaRAhAA IS ARMMEANS 356d 3 ARl et 1O

and the r@red iheR-istbdiradrdin cHRHOUEESH Y beShE aRhesH dffekesit) Sipeie pebicablyn
Et OAc. The organic layer is washed with saturated NH4Cl, brine, dried over

Na2Saa, the sante: dikemmidrytRreubsttugnls inglededvwe @rq metviguited. to Tertylerss alkyh Aeemvbt one

internediates 37/ 38 are. ified and.separated.int LSt i rs 37
and 55 ( ARsEpY s oo e Herp TRERRAGHER sl M A b IRTR
subst i t ugBtsrval. ACsolPerddls. 7 2 Micias@béiens a8Rdded Yo tHeashictiod nikdré) 2hd 41461 6
PCT/ US01/ 44475 chromat ography or recrystallization. The nmethoxy group of

t he i sombetecegengoysunistice ivrateditoeboutddD a€do alousr 888Ci Ehe ndsisdetiancor di ng t o

heCam noEREF B RlEdeHL SR g s fadi drgnsiagphy to SielTRgEnd 36 ot ves
Am ngs hy dexyRarss hairAehkai9a8dd @?@ﬁ'&qisﬁbﬁiﬁ_@d bathhhemHyaAgs @b Wi th a

1-am no-3 5 nethoxy internediate 32. The reaction is cooled, giving
i soner i cabhmpopnrt 34,8wd isomers are formed (Figure 5). The isomers 35 and 36 are separated by

PTLC. The isomerically pure dyes are identified by single spots on normal and reverse
phase TLC and by their UV/Visible absorption spectra and their long wavelength
fluorescent excitation and emission spectra.

20 An alternative procedure for the synthesis of asymmetrical dye compounds is
shown in Figure 6. In this process, an anhydride derivative, e.g., phthalic anhydride 34, is
mixed with dry nitrobenzene and heated. The mixture is cooled to room temperature and
anhydrous AICl; is added with stirring. Subsequently a 1-amino-3-methoxy intermediate
31 is added with stirring and the reaction is heated. The reaction is cooled and suspended

25  in EtOAc. The organic layer is washed with saturated NH4Cl, brine, dried over Na;SOs,
filtered, and the solvent removed in vacuo. The resulting ketone intermediates 37/38 are
purified and separated into distinct isomers 37 and 38 (except where substituents at C-14

and C-17 are the same and substituents at C-15 and C-16 are the same) by flash
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asymmetrically substituted product 40 that nay be further purified by PTLC.
I n anot her nethod for synthesizing the di benzorhodam ne dyes of the present
i nventi owanz4gasticularly suited to the synthesis of dyeBChOSoIsMbE it uted
at the CG7 position, i.e., pyronine dyes, the dyes are synthesized from
hydr oxybenzoi ndoli ne 10 internedi ates generated from O protected

N- subst i chtostht@riphgraxybesidbiaival Themethony grove et isoneneplldeproteens on of

t he oxyge rotectin roup, e g. t hyl grou depr.ot ecti on a

donet nyt StpRr s aLAr ¥ s Tghosrd fheatine o GeT e EE R e KB

phase ch Em&&gr FROE, CoRtpbliid §8EHENthe ARRRS-HLMBxiRaphihGlehY REBESinfornRdiate

hydr oxybenzoi ndoline 1 nternediate, corresponding to one half of a dye

nmol ecul e 39i Anfina-Bydroeaephifialent ketand mtdrovediatcadd is ghaneagret witk ad-amino-3-

met hyl f onnani | i de/ POC13, and the. ensuing_ fornylated hydroxybenzoindoline
i nt er fredieatoxydnicEnedialg 3di FlactepSHam 16 Folcdi FYiR évmericplispire pi

hyd b I I i ! 1 . hal f of th
dve o eonraneEfty Sk EBa Rt fo RS RN IERAEPTLET N5 1 ons,
e.g. POCL13, angah®hér,mé&hed fok2PnthédzinEiHealiinweriodemieudyes 6tthdpregeritc aci d

ester derivatized benzogé;onine dye. In sone cases, 20 the
net hoxy bérestion and pastipHady sritedde Bie synthgsippf dyesdopsubstituied atefyi’ group

ot vat 1 Vosn g e e JEC 55 8¢ RHRhRloel HEpL BN RPLEEMRARE Y 1T

i nt enpedi@tenddidtey géneratifdrh Mpwitddied Naubaiaied 3-18dtixyBérdindefine
hydr oxyi ndol ine to give the pyronine dye . The pure dye is isolated after

aqueous wemROUPIsdpdovBEHgPropiviisR OF MeonygaypIapeiing IoEr; g anetedigew dye

car boxyli,c 2 cid ester..is.then hydrol vwsed w id, .i.e. HB ive
Che ' ve EmPRrioh Sy B Rry bR el L HEGHot iMoRE dngrofued B noghfi g
chr omat oghaRthrorhitbH@pNik patBsitidnUAeebraing o MRysyRtesis,HisRaseBEdpislihonat ed

with a sulfonating agent, e.g., CISGBH to give a final dye  derivative
af t er aqirtouredige.lcomgspondingde waé hpli afe dphmolmstlsgisdisstycactedwiiINERGY TRANSFER

DYES LN ORATI NG THE SULE ED . YL AM NE DYES . The present
Cnverf on COMESEEBh e o TR AREP R a5/ B SR Ide o B HBPA g ¢ ho

sul f onat %gdx%kv\%ﬁéﬂzbi%%&% Merf¥@acqv AR HiRk Rt dffdrbhidBEsanfegner al 1y, the
energy -21 02/ 44416 PCT/ US01/ 44475 transfer dyes of the present

i nvent i omyémozlbaheoiaddomomtaiyediat, cdrresheudingtd thghthenhalfof the dye madagaleengt h
and emtg, excitation energy.j.n.response, acce r.dye i.ch-is capable
of " absomeAgrelR oRE A Bt ALRg acppEoRy h O R gt S 20T

f 1 uor esciopg, gLveqhéeﬁlagqarb\s\%ﬁ;'tﬁ{@és%ﬁ'd@ﬂbame%éﬁzop%&mrIn%xﬁleraayes,be

attached to e acceptor d rough a
20 the methoxybenzoindoline intermediate is formylated prior to methyl group deprotection

and then the methyl group of the formylated methoxyindoline derivative is deprotected to
give the formylated hydroxybenzoindoline intermediate prior to reaction with the second
equivalent of hydroxyindoline to give the pyronine dye . The pure dye is isolated after
aqueous work-up and normal phase chromatography. The intermediate dye carboxylic

25  acid ester is then hydrolysed with acid, i.e. HBr, to give the free acid dye derivatives after
aqueous work-up and normal phase chromatography. N-phenyl substituted dyes may be
subsequently sulfonated with a sulfonating agent, e.g., CISOsH to give a final dye

derivative after aqueous work-up and normal phase chromatography.

V.4  ENERGY TRANSFER DYES INCORPORATING THE SULFONATED
30 DIARYIRHODAMINE DYES

The present invention comprises energy transfer dye compounds incorporating the

sulfonated diarylrhodamine dye compounds of Formula Illabc. Generally, the energy
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5 linker, the linker being effective to facilitate efficient energy
transfer between the donor and acceptor dyes (Lee, "Energy-transfer dyes
wi t h enhaneetl4f4iwor escence”, U. S. Patent No. 5,800, 996; PE€EUS01/44475
"Energy-transfer dyes with enhanced fluorescence", U S. Patent No.

5,945, 526; Mathies, "Fluorescent |abels and their use in separations”; US.
Pat ent Ndransfey B4 of 1l preseat nyogion inclotle p dorgidys wrach abpsrbg dipet at2)first

Al ternatively, the . donor dye. and 10.the accept or e.may, .be.| abel.l ed at

G {1 er otV eI hEhABH TP CEE I e S i SPATG: MR B el i (BRI S

ol i gonUC|a§§3rbﬁilg thPYREali &P el dr &eitich b9 HROMRor dy&art fildiBscing 4t@1sBEdHAS and an

acceptor dye at the 3' termnus. A polypeptide nmay be | abelled wth a donor
dye at t hveaveleagthan yéspoeseniThesloamdd@macheptachedipaghatccaptor dyethnaighay st ei ne

| Usine. si d ' K Ty " Clog ; b of Ay ; t
"1 b 81 ogirkh teite bR o RIS SIS ey grstor vvp BREOR
>, 605, 80%hg abdk &J?%P’ggs&&gy' ﬁn&ﬁy@ﬁﬁ{sgeggfemitﬁ Bhank &V Bt RBncAl Ulsepglenpne of

t he donor or accep yes a substrate Is a sul fonated

di aryl r hadanise,¥vel eotfreundtraiSfdrelyecyah enltamped Sumgsdehee"ees. dputent Wosf er dye
may be any fluorescent ety i ch yndergoes the ener transfer process
with a sub Aén%’@éwaﬂaf%rﬁg%e%m% aaaél}%wdaﬁ%earfﬁweﬁugfﬁglgaéemﬁffbrescei n,
rhodol , %?&4%1@?89%{@9) NELIBRrAGSs ﬂ¥s¢§5!2@%~‘2§§ ﬁit&ﬁ%gelffthé {1}&8& ape sl dyes
such as cyaniné; phthalocyani ne, squarai ne, odi py, betrizophenoxazi ne,

f | uoriescehdaccepiar e nagbeiabelleddt differdarittachmetfnegyn theansderte. Boes have

advant ages for use_in the sinultaneous, detection_of nulpiple | abel | ed
subst r at e¥applegampligopugleotdmay e fRallekyit adoner dyg & thegY' EeragmBAnd#8 can be

used in aacc?ei){torgc{ye %Eﬂ%@fe%ﬁﬁﬁ rpecﬂﬁ.ﬁa%gfa?%% 162604 gl%tg a?ﬁ%o?&};eoﬂ %he

absor ption onmon wave hen varyi acceptor dye in
t he ener gyrboxgnsfminhus eiid ad fitepor &y Arandtemat aysidinge Giiesihé sildbohainesol ved by
their respective em ssion maxi ma. Energy- transfer dyes al so praovide a

| ar ger ef(Kemoriva "Sioprositions far thhdgieiion-of perteases indhiglogicakisaaeples apde St okes

i Thyst o SRR L AEE DTINBRLONE SRR A IRILY B iegayalenath at

which™th onor max| sor énl SSi on maxi mum the

wavel engtiflvenBignadt 1843t 6dt dfiBe a6HL PE scepRyX @ Wiyick MbkBa hitghthte iSEnafoabiey t he
| i nker between the donor dye and acceptor dye has the structures: 0 O

-R21- Z- dewylshodamine dye.coppremd. Fther des womprisiang Axeerpel- seir dya vBy bgherei n Z
B e T
consi st i N@ar9frh@amine dye compound, including a fluorescein, rhodol, and a rhodamine. Other
20  dyes include classes of fluorescent dyes such as cyanine, phthalocyanine, squaraine,
bodipy, benzophenoxazine, fluorescein, diarylrhodamine, or rhodamine.
Energj—transfer dyes have advantages for use in the simultaneous detection of
multiple labelled substrates in émixture, such as DNA sequencing. A single donor dye
can be used in a set of energy-transfer dyes so that each dye has strong absorption at a
25  common wavelength. By then varying the acceptor dye in the energy-transfer set, the
acceptor dyes can be spectrally resolved by their respective emission maxima. Energy-
transfer dyes also provide a larger effective Stokes shift than non-energy-transfer dyes.
The Stokes shift is the difference between the excitation maximum, the wavelength at
which the donor dye maximally absorbs light, and the emission maximum, the wavelength
30  at which the acceptor maximally emits light.
Generally the linker between the donor dye and acceptor dye has the structures:

0] O

i
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Cl-C12 al kyldiyl, a five and six nmenbered ring having at |east one
unsaturated bond and a fused ring structure which is attached to the

car bonyl wanben1e and R23 includes a 5 functional group whpchusttaetses t he
linker to the acceptor dye. R22 may be a five or six nenbered ring such as
cycl opentene, cycl ohexene, cycl opentadien cl ohexadi ene, furan,

t hi of ur anvhepsin Zds ecleted fym bt groupsonsising Ofﬁ%la%@lllfb() R&os tillaCol dkyl pyr an,

pyrone, b i di yridazi i ne ra2|ne i ne,
i ndene, aﬁéﬁ%@%ﬂ%‘{ 5%% hiSHett Stﬂ}l‘ﬂﬁ&%‘ﬁ “giﬁm B Oéllpecr‘i’BSlStgf:?egfzafl cal ly,
the 1inkef_ g‘?zyalmﬁﬁd a]ﬁ.’vet ﬁ s%l ﬁl‘éﬁltbls'lre@n hatihg at {dabiong uwﬁt&ate\m)%hg n_ranges
from2 to'l Gene ve the structure: 4-7-C 15
wherei n Ra4 alfﬁsearlﬁgsﬁilaturé Whmhes etl:dchetl methe parbhmyllcanbbayarﬂdi%deeha donor
dye and accept or dye includes a functional group which gjves the |inker

P

fsorre éegrf@ac oralsarpt which atiaphys dhe Jjnker &9,ihg ageeias dxp anénabaPEﬁbve 3& al kyPe 3
g ot aB BeMBRE i bl ORKRHR oy ERRL AR cBERAIERL T D00 0L 2 TUse

6, 096, 87Z)clofibaditanofuraaly thicfuchn perrélecieqiydrold] y®andle tfyeaele iggymidazsisf er dye

may be attached by |inkers which have the exenplary, structures: O O DONOR
- C112- 1- &Yyan] pyrong+benzsnegprite, pyasiazine, poRlies-pyraznepxagme, lppes. ACCEPTOR

CRDCNCHR %'é'%io%lfa& ﬁllo%%ﬁtﬁg%?r-lr(gl% arfdzri;ap%ape%é.d'gééc@ﬁ(gﬁy tﬂl?%’lf(éiﬂfﬁ%ﬁhavg ©O

10  the structure:

Il
——(CHp)n—NH—C—

where n ranges from 2 to 10.

Generally also, R* may have the structure:

O
—R¥_ z—g—
15  wherein R** is a C;—C1a.

In one embodiment, the linker between the donor dye and acceptor dye
includes a functional group which gives the linker some degree of structural rigidity,
such as an alkene, diene, an alkyne, a five and six membered ring having at least one
unsaturated bond or a fused ring structure (U.S. Patent Nos. 5,821,356; 5,770,716;

20  5,948,648; 6,096,875). The donor dye and the acceptor dye of the energy-transfer dye
may be attached by linkers which have the exemplary structures:

) O
Il I
DONOR -——CHZ-—NH—C—@‘NH—-C—ACCEPTOR

O

O .
I
DONOR——CHZ—NH—H—Q—CHZ—NH C—ACCEPTOR
0
DONOR——CHZ—NH—g‘Q—CHZ— ACCEPTOR
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It/ V11 11 D CH2- NH - CH2- NH (C- CH2NH )n CG A wherein Dis a
donor dye, A is an acceptor dye and nis 1 or 2. The phenyl rings may be
subst i t utved omi4ine gr oups, such as sul fonate, phosphonate, padustiar7scharged
groups. The attachment sites of the |inker between the donor dye and
acceptor dye of an 5 energy-transfer dye may be at any position where one
or both of the donor dye and fl)acor dye is B/ C und of the?present

i nvention. Exenpl arp—ait-acined % caginmle( C Bﬂig\]}a)@d-(élg . The
energy-transfer dye conpound is seavalently attach 0 a substrate through
a linker. The linker may be a bond, Cl1-Cl12 al kyldiyl or C6-C20 aryl diyl.
The |ink r Ci. "Nl I $19 ] , urea,
t hi our easﬁhel?%}s{gﬁ%? ed,on%ﬁg%és o%gg g,eéegg{rggﬁg?de?%pﬁgfs%hgﬁlﬁ% gﬁgg,sqg%gﬁfhe

| i ke. Exenpdtantgd withkgrospsisach adailfon2tegpivgphionate, amdlotheHehahedydralipgl . The
attachnment sites of the |inker between the energy-transfer dye and the
substrate may B® sHechpgnt sHes ?ﬁtb?lllﬁlﬁPrt%ﬁB"eéﬁéh‘b‘iﬂ-nPF QYFS?I@raCS%S’“SW é%one or

both qQf t ( : I i ar dam ne dye
of the pragEnaRse: Heman e AaRRl ol e ok G PR E A e T
nucl eot i decepbiialyatid achmpmnindsifitie presdnd tnventsrgyEtengsiadyattachgent sitesancltifie

nucl eobase, L,he nqrc]l eobase is a purine, the linker nay be attached at

f
the 8- pd%b&kolﬁ. apfl R he nucl eobase is a 7-deazapurine, the |inker may be
Hed ot e 15 I .
xachel ot 1Tl O Sl SR IUE P

positi on.
subst r at ginker. arhedinkgofiagbe attiode, CACT 2tyIgiRt 01SCH-€s, dritdlyUdEhé ligked magidad’ 20
terminii. Oher oligonmcleotide attachnment sites include the

i nt erluc|iBettional gheRReludingramige,carbarmate, Beal bipurean Rbepehater Phosphpnatssi t i on on
th g, .2 . t j i i d
or ot ot oy ol shonfloctpioatd ik Men EXGhORL G BeRBL YPORhUAR LRPEELCE O

| ysi ne r agkoldfy1aThée gttabheienssitey o tHEEHHED e tiEerl hBk aBSfed iR paesent
invention conprises |abelling reagents wherein sulfonated diarylrhodam ne

conpoundsubstete may baet anyeposiiomon; the enexgy-framsier dyri waeraone pyboth of thealopor wi t h
substrat es

. The present.invention.also jncludes substrates |abelled, i.e.

Con; ugat o8 T PR o hbnae R ERE i B MR LT Wit 2 s
can be Mhé subirhtd 198 ¥udBéLddbranRleo i) Dnd Ak ShRnItCb thdehedyesaferldpeis
invention can be 30 conjugated, including by way of exanple and not
limtati omthanpdeghase| g eileokase ig 4 pwine 2heiukes npgheagedied 44 ¢ 8-

position. If the nucleobase is a 7-deazapurine, the linker may be attached at the 7-position

or 8-position. If the nucleobase is a pyrimidine, the linker may be attached at the 5-

position. Where the substrate is an oligonucleotide, attachment sites include the 3' and 5’

20  terminii. Other oligonucleotide attachment sites include the internucleotide phosphate or
phosphate-analog linkage, or at a position on the sugar, e.g. 2' or 4. Where the substrate is
a polypeptide (peptide or protein), attachment sites include the amino and carboxyl

termini, and lysine residue amino groups.

V.5 METHODS OF LABELLING

25 The present invention comprises labelling reagents wherein sulfonated
diarylrhodamine compounds are in reactive form, i.e. with a linking moiety, to react
with substrates. The present invention also includes substrates labelled, i.e.
conjugated, with the compounds of the invention, Formula Illabc. Substrates can be
virtually any molecule or substance to which the dyes of the invention can be

30  conjugated, including by way of example and not limitation, a polynucleotide, a
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nucl eoti de, a nucl eoside, a polypeptide, a carbohydrate, a ligand, a
substantially enantionerically pure conpound, a particle, a surface, a
l'ipid, awobtddsupport, organic and inorganic polynmers, ROUUSardi#Tsat i ons
and assenbl ages thereof, such as chronosonmes, nuclei, living cells (e.g.,

bacteria or, ot her m _crqorganisns, ma n 5.cells, tissues, etc.), and
the |ikeMuglepfide; » Bpgleasde, eiobpaetids, ﬁggfgﬁlék‘dfrf‘t@i gligandng %‘i’bé?ﬁ‘ﬂél;ye a bead, or

a |iposogg,, é@n%;&%&%gﬁffg@gmgsuﬁ partRe Qthghen90 m})ﬂga@ﬂmm B! orfR igrial.

The. conpoun Fon’are conj ugated strafe via an
opti onal and indkgmidyolgmenl arel gontindtivanand hssemblisexthbiedf, epdiods ¢ at traction,
ionic attraction, and _covalent attachnent. 10 Labelling typically results
from m xCHYmOSSTEs. oWaled dIvaneqolls (h e AFHE GO FYCIOTgaNIFRISEEREIRR) o

subst ¢ at a v known in
the art Chb MomEe it BB G oh PbetR e 50N R BhAITE, A3 iicre e

Di ego, CAbeadRr a4#pobdme.6AIurtdde mhpbd gascoriha epapatdug pldfar iharrianbel | ed
substrate, conjugate, fromany unconjugated starting materials or unwanted
by- pr odudihs compeungsief fepinsention asecaryegaiad Wit thesgbgrats viagsloptipra for | at er

he syl f d_di aryl rhod | ki
the  subdurrudrt sl ol Bt RERT kTR BF 8By bRS Rl 8t ophi 1

functi onabyféRuRachgaiabl e of formng a coval ent bond by reacting wth
nucl eophilic functionality on a substrate. Nucl eophilic functionality may
i ncl ude, for dxbeiping | tymad;lah@ﬂuﬁs frakoxiioes Sulﬁmamdiwlrhmlbﬁwa@hﬁ Bnes, and

t hi ol s. t. I d I

Funct | ondPKES STy § Sibsfan s ik S by ot is R BB it
Exanpl es jn e akﬂ(ﬂéhﬁ%é&ﬁ'&bb&ﬁuga?&i"é&ﬂﬁzq@@s' @1@96)1;15@%141&@%5@5@1@1)% ngay am ne,
di substituted secondary anine, thiol, hydroxyl, halide, epoxide,

N- hydr oxpputes hiorB-dit), feBowed bxmpbm)‘ayn of th@d@bﬂlbéy@ﬁ;aﬁ@; ccguugama;ﬁnoncmor i de,

sul fonate ester il hal i d chl orot.riazin cci ni

et af | ugPGpHGHA Seae T s e tydenne. DiSrRie Rt eSS a1y
hal i de, Oghgm%fog%&qge acyl azi de anhydri de, iodoacetam de and an
activated ester. One linking noiety is N-hydroxysuccinimdyl ester (NHS) of

a carboxyl gr di suoieed dianthoddmink enayiihdlodas buokidg arojpdty hbokzemfike conpound
(Figure 1 The NHS ester. form .of .the c abeII r eagent .

The NHS Subgrgt pRBody e fianB it PRsaly SocPoumiBangel $RED. andl or
charact efh, ﬁj%oiof"onhfn gB6vRRnl B k&tﬁgtﬂt}ﬁ%léoﬁﬁﬁfc%éﬂohghﬁ onucl eophilic

group of a substrate,” such as an ol i gontcl eotide, a nucleosid a
nucl eot i debstate. ﬁ@hql@mhhhod@nctmnaht)anhy ineluﬁarﬁonbtaaamle I\aﬂco(tﬂ)BsQﬂ)m)Bdcﬂ;onj ugat e

?222}[ pﬁg%mjfg%, gllﬁn%%/ ﬁaa(ngawo@far boqglatié(felc;lt gﬁio 'ntg rr]r(;"oié:j %nltyslnc uél vated by
nucleophilic functionality that reacts with an electrophilic group on a substrate. Examples
of linking moieties include azido, monosubstituted primary amfne, disubstituted secondary
amine, thiol, hydroxyl, halide, epoxide, N-hydroxysuccinimidyl ester, carboxyl,
isothiocyanate, sulfonyl chloride, sulfonate ester, silyl halide, chlorotriazinyl, succinimidyl

25  ester, pentafluorophenyl ester, maleimide, haloacetyl, epoxide, alkylhalide, allyl halide,
aldehyde, ketone, acylazide, anhydride, iodoacetamide and an activated ester.

One linking moiety is N-hydroxysuccinimidyl ester (NHS) of a carboxyl group
substituent of the sulfonated diarylrhodamine compound (Figure 14). The NHS ester form
of the compound is a labelling reagent. The NHS ester of the dye may be preformed,

30  isolated, purified, and/or characterized, or it may be formed in situ and reacted with a
nucleophilic group of a substrate, such as an oligonucleotide, a nucleoside, a nucleotide, a
polypeptide, or the like (Brinkley, M. (1992) Bioconjugate Chem. 3:2-13). Typically, the
carboxyl form of the dye is activated by reacting with some combination of: (1) a
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-25 WO 02/ 44416 PCT/ USO1/ 44475 carbodiim de reagent, e.g. DCC

(di cycl ohexyl carbodiimde), DI PCD (diisopropylcarbodiimde), or a uronium
reagent, veO@244iETU (O (N-Succinimdyl)- N, N, N , N -tetranePQyUseionit1sm
tetrafl uoroborate, HBTU (O benzotriazol-1-yl)-N,N, N ,N - tetranmethyl uronium
hexaf | uor ophosphate), HATU (O (7-azabenzotri azol @&N N,N,N 5

t et r anet hwbgdmmdmﬁmnafelgj&Qibém@pmgylcarbganmeh&l% 1 such as 1-

hyd benzot d. hyd de. t the NHS
Xyt SEShBal B e AN L) M AL ORSHER K b v, the NS,
15. I'n s r@@eﬁetrahie&ywbﬁﬂﬁ%ﬁ@lﬂm@w% hggan (@@®beapResaL 1 3NoNNIET N'-

substrate nmay be coupled by in situ activation of the conpound an
r eact i on tetrapdethyherosins hexatflsotophdsphate), FRATWA Os(1H4zehenzettiazol-1-yl)-N,N,N',N'-

a1 ar YL T hoga e SURaLY RLE CONORLE |11, P00, SR, LLg! 20t vating and

(2-(1H b | r o
TFFH (N, EPARk o érﬂ%efbﬁ* Ind(H NS fk%f%‘?ﬁﬂ*gigé Fﬁgf%épﬁggpﬁgfgfﬁﬁpyg

(benzot r idge @ € chmpbuwds)82t 83 584pwfhg11re dit mnd phasPigord 1im hexaf | uor ophosphat e,
EEDQ ( 2- et hoxy-1 - et hoxycar bagnyl -1, 2-di hydr o- qui nol i 15 DI PCDI ,
MBNT (1 - (mesﬁ@ §91BR EasS.11¢ Ffrppte I3 igmine wmmuggén{i fe-sabpteate By g y|

SU'fO.ny' |n 44 ?nszﬁuﬂ:uvaﬁdﬂ%fﬁﬂé pfﬁxg; ﬁﬁtagé#hmw@tﬁ% st -to ANAE thET

reactive roup i s 0sS orm o nat ed

di ar ybr headldshanel ch@ﬁﬂthddﬁiﬁme@hlﬁtﬁmwoamgdtetm otly step £ &yleertastieatmpgpad cowplingr | y
useful for the_ autonated sYnt hesi s of oligonucl eoti des | abell ed with the
dyes of tergeRisrshedeohB TN (1Hcpenzpiviaz- éﬁ/ﬂ)rgl 3phirSEAsHYRIENE dye reagent s

may b CQUplffhrdfhol ﬂagab*gﬁ#ﬁ?g' i érgﬂva&ge%%%oﬁfa@oglfgﬁp&o” during the

normal course o ase es are commonly

synt hesi zle@bmma;mosﬁmwppmop (lhanzbﬂﬂﬁzcﬁthSjﬂkmaya:nisdiyhehmﬁbhmdsﬁlﬁﬁm hers, M

and Beaucage osphoram dite corrpounds and processes’ Pat ent No.

4, 415, 732 exerfh}omn%@ﬁghawlim (dvathoryrd cythoxyparbemyileX-diltygro- ﬁweglarrq)ﬂaCC
pol 535 BRSNS AeORRD D Mive ) 458,068 1 Bau AWEAGE ard UMbl R

(199 ances esi’s ol onuc ebtl

phosphor &g)igkst &g (?ﬁgﬁy‘iben{@ieg@hﬁ@[ Qﬂoﬂ@e 2223-2311). Phosphor amdite
sul fonat ed di aryl rhodani ne reagents can be nucl eosidic_or non- nucl eosidic.

Non- nucl eosi d .@m]mrmc@ye {inking BemipHis p ahophoenpdie famsofisalfenatedt gener al

Formul a Idvaryhr odamlne compo XE Phosphoramidite dye reagents are particularly useful for the

automated synthesis of oligonucleotides labelled with the dyes of the invention. Most

20  conveniently, phosphoramidite dye reagents may be coupled to oligonucleotides bound to
a solid support during the normal course of solid-phase synthesis. Oligonucleotides are
commonly synthesized on solid supports by the phosphoramidite method (Caruthers, M.
and Beaucage, S. “Phosphoramidite compounds and processes”, U.S. Patent No.
4,415,732; Caruthers, M. and Matteucci, M. “Process for preparing polynucleotides”, US

25  Patent No. 4,458,066; Beaucage, S. and Iyer, R. (1992) “Advances in the synthesis of
oligonucleotides by the phosphoramidite approach”, Tetrahedron 48:2223-2311).

Phosphoramidite sulfonated diarylrhodamine reagents can be nucleosidic or non-

nucleosidic. Non-nucleosidic forms of the phosphoramidite reagents have the general

Formula IV:
R30
AN
N—P—O—L—DYE
{1 (|3R32
30 R v
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R OR12 30 IV -26 WD 02/44416 PCT/ USO1/ 44475 where DYE is a protected or
unprotected form of sul fonated diarylrhodam ne Mabc, i ncl uding

ener gy-t veost/entigdlye. L is a linker. R30 and R31 taken sepR€BUSIy44ar5e Cl- C1l2
al kyl, C4-Cl1 aryl, and cycloal kyl containing up to 10 carbon atonms, or R30

and R31 taken_to ether w th the phosphorg%%lte |tr gen atcige may forma
sat ur at ed"hsre PY&eis amselerise gk meproietsd ifqmyobsubionatsd diasylgodamne 14ebe t i ng gr oup

whi ch_Pr SAkSe MBRLAREXLENT! 00 1l e 0 RDINUG KOS arllener,alit, 32

i s stabl cleoti synthesi's conditions 'y

renoved f04®oarﬁ,mﬂf¢9¢1bﬂkﬁldogmﬁmg wotol Idesaronditums, or R aaleéhgk:m togéthér does
not adversely affect the integrity of the oligonucleotide or the;dye. R32

may be: (VYl§h ]qugﬁ]phoqamlqlte 1ptregea R Ay fompsatygaied nitgreep |hptie5ocycle R* 1s a
2. ( 4- h h d
- eagent s TRATG: ahapseetnf Pruonauh eyl pd o TIRORLRRI SOt P R0 e ©

R31 t akerbhtg@mﬂéwdel SeRBRIN®R T fostafle td dlidonusle&ildeGhAthabik xcbndl(mn/s)yeR&abnes
2- cyanoet h% and (v) DYE is attached at R18 or R19 by a |inker. The
l'i nker, ﬁﬁ@}nweﬂéfqm@|SV@h9t1%élgOGUC1eQ@m@l@} WJ@QZ@P’@W &%k n ranges

f 1 to,10, A di.t t
ity R
ef f ect @b@Jahbaﬂyldcaz@Hm roatlﬂ) W(Mﬂltﬁ)pﬁﬂrh}fl}éﬂ@'l e@szJI-B(pYNUEHQam ne conpound

of the invéntion. Were the substrate is an ol |2]g cleotlde the dye wll
be atlpac Hzobatimente onthSElnqramudste ofageiie mﬂlidgo’fh@tﬂ Ris age %@n@@l@f@ﬁﬂce of

the t 20 t 3' At f
Lhe of § odnLRT B Ric BRuioErhE s mRpy RS GDER G o%zswtﬁ@ﬁ”l R ©
practi Ce%&\(‘éfmﬁzlé #9RHKd HECP 60V Bo% lﬁquUCF}@QﬁleﬁE ey AeSdative@)be: Reagent |V

may be coupled to a pol ynucl eotide which is bound to a solid support, e.g.
through the 3" termnus. O her phosphoram dite dye reagents, nucleosidic
and non- nucl eosidic, all ow for labelling at other wsites of an

ol i gonucl eotide, e.g. 3 eLmE Aynauehgehasen-Loter nucl eoti de |inkage,
sugar. Labelling at the nucl (EH e, |nterrucl eOt i de

where n ranges from 1 to 10. An example of phosphoramidite reagent IV has the
15 structure:
H

|
N— II)—O '
OCH,CH,CN

Phosphoramidite dye reagénts IV effect labelling of a substrate with a sulfonated
diarylrhodamine compound of the invention. Where the substrate is an oligonucleotide, the
dye will be attached at the 5' terminus of the oligonucleotide, as a consequence of the typical

20  3'to 5' direction of synthesis, or at the 3' terminus of the oligonucleotide when the 5' to 3'
direction synthesis method is practiced (Wagner (1997) Nucleosides & Nucleotides 16:1657-
60). Reagent IV may be coupled to a polynucleotide which is bound to a solid support, e.g.
through the 3' terminus. Other phosphoramidite dye reagents, nucleosidic and non-
nucleosidic, allow for labelling at other sites of an oligonucleotide, e.g. 3' terminus,

25  nucleobase, internucleotide linkage, sugar. Labelling at the nucleobase, internucleotide
linkage, and sugar sites allows for internal and multiple labelling with fluorescent dyes.

A sulfonated diarylrhodamine compound of the invention may be converted to a

non-nucleosidic, phosphoramidite labelling reagent by any known method of
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| i nkage, and sugar sites allows for internal and nultiple labelling with
fluorescent dyes. A sulfonated diarylrhodam ne conpound of the invention
may be covoerd@ado t o a non-nucl eosi di c, phosphoram dite | aberUboigi4etsagent by
any known nethod of -27 WD 02/44416 PCT/ USO1/ 44475 phosphityl ation of
nucl eophilic functionality with trivalent phosphitylating reagents. For
exanpl e, piwsphityltior efpeienphdsriastinnahtycuitbbiilentplnsphitdatgig reagents o, t he

car boxyl be gctiyvated, e.qg. to the NHS, _and am dat it

6- ani no- f{gﬁé’%’}@?’:“’heﬁﬁ e?@%‘ﬁ{qdﬁﬁnﬁyﬁr% S?OWE?OB%’ ep%o@ﬁﬁ‘u%y&‘%t ed with 5
bi s(di i sQpLBRYIRL RPIENERASE H)th BRROSARI 4Rl Mhidsll Hir HlhmERPT-AeNEW8M No-
cyanoet hyl phosphi'ne to gi ve The phosphoram dite dye-labelling reagent IV

( Thei sen Th¢ 1@eRng HHidumyéseg bt pgsphpiletdhvattan dite | abel | i ng of

ol i gonucl eot.ides",. i n Nucl ei Aci d. osi um.' Series .No. 27, Oxford

Uni ve? si tbiﬁ?‘i’?'SQBEOPYB}?PB‘?)B}WIBB&‘yb’é@ﬁfg@t%%ﬂf’@'a}éﬁopﬁy MIPYe car boxyl group of

the conmp : : . 105 Lyl ated. The
%%}%ie@lbrhgg%}gﬁ?%%% {8 phB&HIYAAY l‘i}ée faBellhillg red3Enth qugq H- g&géry

phosphor a reacts 'wth a hydroxyl group, e. " term nal
OH of an (M92)6Rluotescdnt dge hlmspboramiditeslabélting o @onycletites”, i Ndclaii d

activation, to form _an internucleotide phqsphite. group i.ch is then

oxi di zed 4t FRARHE} 'ﬁ“iféﬁlsé\gﬁ'ﬁ e(gﬁ%%g ‘feéé%ér 6%62 6?‘159%@{9?391&%96 nces, the

sul f onat i i j i rqups t hat
A S T AR S S G AT s K
reageot oe pusphitglatdds subsequent use to | abel nol ecul es such as

ol i gonucl eoti des. ' The protecting group(s).used wil| depend on.the nature
of the funct i%é’lhoﬂ?l@%%lﬁltéﬁ@gwtﬁlv rS%c(t%Waarazﬁé(@f%{ gfﬁB%eﬁ-&a?\‘j eﬂﬁméti Il in

the art . . : Y i j t hesi s,
2nd Ed., (C%ﬁﬁ%ll%o;l ugﬁg%%%%gﬁgfég%%ﬁﬂdfg@ﬁ;ﬂgigflaec?({]a?ci y, t ’go ?rhglt ecting
groups usadntshinuledtibeplsdsphitegronp @hidhhie tlani idizedcondiihtennsleotde.
trichloroacetic acid,_ dichloroacetic aci d%Y comonl y enpl oyed in

ol i gonucpbetnhge Fowr-hBssometigstanseptbe srliony ﬂ@mlr%dé%m SHPYROIRY (e. g. ,

RSy ) B il I S S S o

{r
aqueous ne epr ec ave - 'synthetic

ol i gonuclppeéghdesnitifte ragentiod ddhing itp PebstGuenPmdeytp el BetecukBbidhadi es, and
ot her biopolynmers conprised of am no_acids_and amno_acid anal ogs may be
coval ent lojigpausdeatides. byhepinjegting Boup®) beediwidl depprdwendhe ngiegsfithodani ne

compound %ur?gtio':[na egri)lrl]ﬁ/s? A . Rt bér X}%ia(r:eanlt koy fhogé.'l?av(i:ﬁ)gn‘s}?(?l'f' ﬂ1dthie %ﬂi(@rgehgelt. LRP hilic
Wauts, P. Protective Groups in Organic Synthesis, 2nd Ed., John Wiley & Sons, New

20 York, 1991). Generally, the protecting groups used should be stable under the acidic
conditions (e.g. trichloroacetic acid, dichloroacetic acid) commonly employed in
oligonucleotide synthesis to remove 5'-hydroxyl protecting groups (e.g.,
dimethoxytrityl) and labile under the basic conditions (ammonium hydroxide, aqueous
methylamine) used to deprotect and/or cleave synthetic oligonucleotides from solid

25  supports.

Polypeptides, antibodies, and other biopolymers comprised of amino acids and
amino acid analogs may be covalently labelled by conjugation with the sulfonated
diarylrhodamine compounds of the invention. Typically, the compound is in electrophilic
form, e.g. NHS reactive linking group, which reacts with a nucleophilic group of the

30  peptide, e.g. amino terminus, or amino side chain of an amino acid such as lysine.
Alternatively, the dye may be in nucleophilic form, e.g. amino- or thiol-reactive linking
group, which may react with an electrophilic group of the peptide, e.g. NHS of the

carboxyl terminus or carboxyl side chain of an amino acid. Labelled polypeptides
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form e.g. NHS reactive |inking group, which reacts with a nucleophilic
group of the 30 peptide, e.g. amno term nus, or amno side chain of an

am no aciwosuefdi@s |ysine. Alternatively, the dye nay bePCTURuci4emphilic
form e.g. amno- or thiol-reactive linking group, which may react with an
el ectrophilic I%’houp of the pe%tl de, e.g. NHS of the car box%/ term nus or
car boxy!| psiferablyheptain ﬂTelraﬁ@e%lﬁP ding and remmtmdvramry@%lﬁtm@@@ wgwithoelh2/ 44416
PCT/ USO1/ 4 retain eir | c ition
properti &r%lce anﬁtn%tFacg{l‘T% Wl?%egtgl I eSUI Iﬁge% ‘M’l&h %@%F%ﬂfar ﬁt%‘grr% Snent s.
The sul f apatigd Hbaas d&&é&q@h'&%m@éﬁ'ﬁﬂﬁ%&lmﬁ@ ViGalizase, andiy@ntiptiay ides a
detection elenment for localizing, visualizing, and quantitating the

bi ndi ng @nnd&@@gmqgndmwgm Pqi’mepbé?ﬁtqad@boé@da@llgé“b@ tivalredipieas, & t h t wo

noi eties,, a 5 fluorescen ort er, ~whi ch together undergo
T uor &eciBip et BRaREL T mieg e Fhink Fiee 20 SRR SEfve TR L or
may be pafhifet QPBREDI") Sihg Mubl<38dH: Eébo%ﬁﬁﬁ?ﬁgpmlally BEsigMEBSIR queRiRH byl N an
i ntact pol ypepti Upon cl eavagé of the polypeptide by a” peptidase or
pr ot ease thaqtcbablmmetg 11n pIC i @olypertidgo l{émeﬂmgagﬁaqu thepotypeptide by @Kni ght ,

1995 |rretr| S 0 Proteol cEnz nmes Met hods .. n Enzynol ogy,
Noadoni ¢ PeREATEE Butotesis 5 HstesAble Mo e AR D LT RPe PR el Cepgae Oy - 0%

| abel | ed fir SO CMVRAS ﬁi}gn ides that
are | abeI(Fge%%wF?Eﬁ]t%ﬁte&g%I&fqgsnat ed&ggxggan?%mggm ne gg?rl%gunds&gg %ané;ﬁl%

i nvenoi oPresSu248:18-38el | ed nucl eosi des and nucl eotides are particularly
useful for labelling polynucleotldes 15 formed by enzymatic synthesis,

e.g., la phosphates used in the context of PCR
anpl i fi catren—Sange | eoti de sequenci ng, and nick-translation
reactions. Nu @&Qﬁés‘é' ©% la%@ﬂed’é%ﬁ%t%%&é Hemde %&Jﬁgatésa&%lulcfe@sﬁ&s gldRRlcendéshe
sugar or nucl eobase noieties. Nucl eobase ling sites include the 8-C
of a pur |t1ma51,r amlobd Edagith thelyelfGhafedodia@lBod@dine tompFurdie &1 &mnvem&lonu Sheobase,

dth - t dj X cl
L, Ryl BB SR S B B
d b d b
comasr g@aﬁ?y Y Basibionnyile, LavsbLach melag eyt sl oy b

10

enzymat i ly e Nucl eosi des or
nucl eot i cbeﬁtekadifémilédnmhﬁbatm;rﬁmged&;yp@fpolymﬁcleaﬁde seqeercig) amdyickdmeslatoomul a
V: 8250

reactions.

Nucleosides and nucleotides can be labelled at sites on the sugar or nucleobase
moieties. Nucleobase labelling sites include the 8-C of a purine nucleobase, the C-7 or C-8
20  of a 7-deazapurine nucleobase, and the S-position of a pyrimidine nucleobase. Between a
nucleoside or nucleotide and a dye, a linker may attach to a sulfonated diarylrhodamine
compound at any position.
The labelled nucleoside or nucleotide may be enzymatically incorporatable and
enzymatically extendable. Nucleosides or nucleotides labelled with compounds of the

25  invention may have formula V:

25
R™O 0. B—L—DYE

where DYE is a protected or unprotected form of compounds Ilabc, including energy-
transfer dye. B may be any nucleobase, e.g. uracil, thymine, cytosine, adenine, 7-
deazaadenine, guanine, and 8-deazaguanosine. R is H, monophosphate, diphosphate,
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O B-L-DYE R26 27 V where DYE is a protected or unprotected form of
conpounds Il labc, including energy- transfer dye. B nmay be any nucl eobase,
e.g. uraovop2/443yen ne, cytosine, adenine, 7- deazaadeni ne, PUERIIMI475and

8- deazaguanosi ne. R25 is H, nonophosphate, diphosphate, -29 WD 02/ 44416
PCT/ USO01/ 44475 trjphosphate, thiophosphate, or ,oho ate ester analog R26
and R27, tiphasPhaig dhiophesBate it PhosRIRLS o7& FBHASNRT yartﬂlsfgZta

ph 0sp hor %[Hng' 5E eacﬁhﬁ&%eﬁaglt H @6 F 3And B gﬁé@?gfﬁﬂgﬂé L W’heﬁzﬁ2 6'0? Rlanls

aci d-cleavabl e h protecting grou I met hoxytrityl, which

all ows s lphsqﬂjlbﬁﬁﬁtdﬂ@Iﬁﬁiﬁamupbieﬁl@bwmeﬁo@ﬂlpmmﬂm@ dhowpyaighesi s condi ti ons
(U. S Patent Nos. 4,415,732 and 4, 458, 066; Beaucage, S. and Iyer, R.
(1992) " Aimethewdrityh wineh aljowhabisedusnt BPRYBeIONBLRS wader pytomsted

phosphor agh i ke ARRQREN e} (BhOCk A 43,3222 Lo MIEE S Ll | abel I ed

nucl eosi nuc ernth are ected to

bl ock po |I§’éfBRa?99ZTFd%@hﬁ€bst1ﬁ e Fheresls besﬁgﬂmpebﬁmmyza& pedsphéramidite
term nator nucl eotides, R26 and R27, when taken al one, are each

i ndependeanpiogcl], Tetrahedran 48: 2&%3e2%/110w ch bl ocks pol yner ase- nedi at ed

25 i dehyarbpen BERRt AGRe GohARRb FRFRARATR " H LR e oxyt
the resulstRped @@HIB@MB@*@m@fa@,e&x@éﬂ@ité@@rﬂﬂla&t@ﬂﬁ@éte@gblglﬁenmmnr iRonucl eot i des
(NTP). When R27 is hy drogeg and,_R26 i s hydroxyl, the resultant conpounds

are 18 | apelinagor miclaptidsesy R hanliR{ ewbtnitakeanlannuct eashiiodependmiipyL, F, When R26

d Rz7 h h I t d
" dEOA DB or e A R B BRI Flmeedan e 11 na
parti cul ayhed8keBIosFhdP O 9L P-didkh bset PR VSORERh RS ARtErdds
utilizing fluorescent detection. Label

2' - deoxy rirdoyinetddabe d@uﬁanttcpmphmtstm ebelém‘@nuﬁlenmdmtdt rdqsplnacrlecttybs as

bl yror adt T Bhalvhp E L BRoRR R B T TErar o e gL gt af & v 1 17L0e
ri bonycl q&&eu@@25deo&9h9&%%ahe§aﬂdmaeotluad(mr Wihe R Une Réﬂsare gagents for
| abel I'i ng RNA pol ynerase extension products. 0°0 0 0 0 0 I [ I O I O A

(ONO) hydrogen, the resultant compounds are 2',3'-dideoxyribonucleosides and nucleotldes
(ddNTP). Labelled ddNTP find particular use as terminators in Sanger-type DNA
sequencing methods utilizing fluorescent detection. Labelled
2'-deoxyribonucleoside—5"-triphosphates (INTP) find particular use as reagents for

20  labelling DNA polymerase extension products, e.g., in-the polymerase chain reaction
or nick—translation. Labelled ribonucleoside—5'-triphosphates (NTP) find particular

use as reagents for labelling RNA polymerase extension products.

0 0 0 0 0 0
em#m%w# o B @w#m%m# o B
0 0 0 0 0 0
°© © ° O_X?;:j dNTP ° ° ° O_§;;7 NTP
OH OH OH

0] e o) O O O
i 1

1 I I I
©0—P—O0O—P—0—P— o B em%w%w% o B

NN

© © ® . ddNTP © © © —

2',3'-dehydro-ddNTP
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pOP_OPOP_B Q-P-0-P-0-P- B OOOO_~dNTPe OONIP OHOHOH40 00

000 I T 1L 1L 1l 1l OOP-OP-OP- 0 BOOP-OP-OP- 0BOOOOOO
O O e ddW@@EO 2' , 3' - dehydr o- ddNTP - 30 WO 02/ 44416 PCRCTUSOW/4447575
Al kynyl am no-1i nked conpounds V, where L includes an al kyndiyl group, are

useful for con gat| ng sul fopnated di aryI r hodam ne conpounds to nucl eosi des,
nucl eot i des am kst comppounrgs v rWWﬁtlh@éluges@l%lhml goPPEpre

87305844. eﬁrf' ﬂ)rngggatlr%%wat%% odgﬂﬁ{g co ﬁf}(?sot‘g %@%0518 rﬁ‘%@q&gfﬁegg

nucl eosi nono- ES are obtal ne

t echni quemd(ahﬁibgeohamm eThélhgeynmiad@Iauglﬁaﬁ BP0 $u 4D &ad Hablm(wrge)ﬂ Org.
5,821,356; 5,770,716; 5,948,648; 6,096,875). Mthods for synthesi Zb@g
conpound<ChemwiSt428d The eerrespondiag Q}lﬂé@&mﬁd}ﬂamﬁ oli+ perkiepbospheten argl abitaibed f ound

synt hdst 2Dy Rasstimetea 8 eurigler Be ot nilb Qearor g PRRRENGS Gt e
for exanm £70,71%; @9@8@18(@@%)&7 UQJ![eth&fs'f@?s&?esm%%&ﬂlﬁﬁmﬁ&@‘?m@?ﬂﬂ%&ﬂféﬁ 10

(1987) Nuél. Acids Res. 15:4513-4535; Haral anbidis (1987) Nucl. Acids Res.
15: 4856- mﬂmgﬂlethgmyanml@aekermmaa@t_spdneiomdjlnrth@b@atenwes%dcﬁt@l)al 9Bthegis] ;

1,555, 20306 551 s Elty eyt Sea"fwﬁ oS e vy
e b A e R R

nucl et | c{e987)am;1 am&@gss demns%sbﬂwa@mdl@wwmm Mevids Rés. t he al kynyl
i nker n‘i/ﬁ‘ -CrCG-CH2- (OCH2CH2) "- NH-C wherein nis O, 1, or 2.
Ener gy-t rlé 5ér48ﬁﬁe Nﬁéﬁonél%%d Nwslaosidps gyt Wacleasides if3): 2511246 Bergstranphosphat e

by 20 11 0kig A ouah 3.nugleohase, LR, GHAUR, 485 bl A AR 4t ed ester

of a ener
5,449,767, which are incorporated herein by reference. Any of these methods can be

routinely adapted or modified as necessary to synthesize the full range of labelled
15  nucleosides, nucleotides, and analogs described herein.

One embodiment of the alkynyl linker L may be:

—CEC—CHz— (OCHzCHg)n—" NH -——-E‘ -

whereinnis 0, 1, or 2.
Energy-transfer dye pairs can be conjugated to a nucleotide 5'-triphosphate by
20  linking through a nucleobase amino group to: (i) an activated ester of a energy-transfer
dye pair, or (ii) stepwise coupling to one dye, e.g. R''-protected aminomethyl, R'®-
carboxyl fluorescein, then coupling the unprotected R''-aminomethyl to the second
dye of the pair.
Alternative synthetic routes to energy-transfer nucleotides and polynucleotides,
25  with different convergent schemes may be practiced. The substrate, dye, and linker
subunits, or synthons, may be assembled for coupling in any order. For example, the
energy-transfer pair of donor dye and acceptor dye may be covalently attached through
a linker and then coupled to the nucleotide or polynucleotide. Many different synthetic
routes can be practiced which result in the labelling of nucleotides with the dyes of the
30 invention. Reactive functionality, such as carboxylic acid, amino, hydroxyl groups,

may require protection, utilizing the vast art of organic synthesis methodology.
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dye pair, or (ii) stepw se coupling to one dye, e.g. Rll-protected

am nonet hyl, R18- carboxyl fluorescein, then coupling the unprotected R1L 1
-am nometWw@ b2/4431¢ he second dye of the pair. Alternative BgNMURE44¢75 out es
to energy-transfer nucleotides and pol ynucl eotides, 25 with different
conver gent scherres maIX be practl ced The substrate, dye, and Iinker

subuni t s Y- 2EY, 31 RRE S MBS for coupling in any order. For

exanpl e, the e dye may be
covalently at tcggﬁhgéi?%&%ﬁ éonﬂﬂnﬂzg&m Hﬁ%ﬁ@%@ﬁ%&&@%@&&{]e nucl eoti de or
pol ynucl @hbspmerarﬁﬂnynﬁtﬁofde{[m@aseﬁmmem £15 7321,:21;99:3;55{9 hé58065; Beavhget§.ch
result in the labellin | eotides wit he dyes _of the 30 invention.
React i ve apg i RBr4P92) eﬁ@b@fko%lég@83%8%/%”@1%(90@1“5%% vaakbleoxyl groups,

ot hodol Say P ey Btadfide: S AR oA B0 ol AR Y Ml om pes

d i gonuc I4er518| |06 el 19@9%&@(& SSPatehiESoZ 6 940325 ahd 6,260 5B0) 41kl ddyonied
phosphoram di te method gu S. Patent Nos. 4,415,732: 4,973,679; 4,458, 066;

Beaucage syshesizaisi(Modals 392, 3049378 DMAfPéﬁécﬁyaﬂlemgelzzéBplzﬂ@psxam@
|1 | ab 5 h d | d |
commer o1 syl 5 ERSBANLAT  BUSLEGEAAeR PUBBER R S ) L o

Pat ent  NQsmpout bof PrdindBistion. 2iéh eSPhgABmapHindrati Y asWA@&%ieﬁ@hg (Model s
392, 394, 3948 DNA/RNA Synt hesi zers, Applied Biosystens not her cl ass of

| abeliped psinisss, iP&tReprimexs) d@muebnildﬂg@tb@shzaﬁo@pm@& @bg@mqlfw,de Hpdtianhe

sequenct MEEbEs Brplreibctiesdenriraes LotV e te FOMAADEG  on pr obes,
ol i gonuc 'eféa&b@%rég gé.g.sq e @&Rﬁf‘d%v ofi%}?é fafkeRe) a{n%qhéhk@mﬂgqj gaﬁﬁeﬁtw ManTM

probes, size or electrophoresis, i.e. "lane standards” or "lane
mar ker s" 4,710 46 handruke' Qheamical ndiids Pat ¥ non-Motopictab8lfing 41 PCRrpobes,and Cheni cal

POR 2. APBIIEY| A9 AR Bt Frsekise LA ITP Ul CPg BB e OCReEr G P 39, 54
op. 9028 % ?%ﬁﬁ%fﬁgwf’&ﬁﬁ@éé‘%@w&%%g APl EEmente s oRp . &

dye | abeld0esd, 641- ngviabxlyﬂ@b@)ﬁEﬂﬁemm gdathesiebédowbld dydbellaippl i cation in a

real time PCR assay",  Nucl Acids Res. 26;1026-1031). A | abel]|ed
ol i gonuclokigpicpxyHagnusleptde prabgs andiberr pprfisaiomin a fspkiime PCR assay”, Nucl.

Acids Res. 26:1026-1031). A labelled oligonucleotide may have formula VI:

29
R™O0 0. B—L—DYE

28 27
R R VI

20  where the oligonucleotide comprises 2 to 1000 nucleotides. DYE is a protected or
unprotected form of compounds I or I, including energy-transfer dye. B is any
nucleobase, e.g. uracil, thymine, cytosine, adenine, 7-deazaadenine, guanine, and 8-
deazaguanosine. L is a linker. R? is H, OH, halide, azide, amine, C;-Cs aminoalkyl, C;-Cg
alkyl, allyl, C,-Cg alkoxy, OCHj3, or OCH,CH=CH,;. R*is H, phosphate, internucleotide

25  phosphodiester, or internucleotide analog. R* is H, phosphate, internucleotide
phosphodiester, or internucleotide analog. In this embodiment, the nucleobase-labelled
oligonucleotide VI may bear multiple dyes of the invention attached through the
nucleobases. Nucleobase-labelled oligonucleotide VI may be formed by: (i) enzymatic
incorporation of enzymatically incorporatable nucleotide reagents V where R* is

30 triphosphate, by a DNA polymerase or ligase, and (ii) coupling of a nucleoside
32



Reg 27 VI 20 where the oligonucl eotide conprises 2 to 1000 nucl eoti des.
DYE is a protected or wunprotected form of conpounds | or |1, including
ener gy-t ve@ot/eigdye. B is any nucl eobase, e.g. uracil, thgTURE/44¢35t OSi ne,
adeni ne, 7-deazaadeni ne, guani ne, and 8- deazaguanosine. L is a linker. R27
is H OH halide, azide, amne, Cl-C6 am ngallcyl, C1-C6 |.kyl, allyl,
Cl- C6 al PBSPhotertidlle rasentiy epfoaied spdicss. ﬁﬁ%ﬁ%ﬁﬁ%@@?@ﬁ it coti e 25
phosphodi i r ek : i ,
i R TN S R e e K U B
enbodi mefdcorpdigtalbie alelebadeV| abdlihg diithal dygdahet Feagtitdech/as Ivhleadrsatarsingly t i pl e
dyes of the i nvention attached through the. nucl eobases.
Nucl eobaéelﬂpélﬂ%]lql’éﬂnkb?l%fbjf%(ﬁcé@@i%o%?n%?vyé formed by: (i) enzymatic
i ncorporation of enzymatically i ncorgor at abl e nucl eoti de reagents V where
R25 is 30 triphosphate, by a DNA polynerase or ligase, and (ii) coupling of
a nucl eosi de -32 WO 02/ 4pVI6—PSTO /5 ~phosphoram dite reagent by
aut omat ed synt hesis. \Wereas, nucl eo(’l}gse-l P ol i gonucl eoti des VI may
be nultiply |abelled by incorporatiorgof noAne than one incorporatable
nucl eotide V, labelling with a dye |abel re { such as IV leads to singly
5'-label | ed oligonucleotides, according tg28ormgba VII: O 11 DYE-L-OP-X
OB E} R28 27 VI where Xis 0, NH or S i ¥IIH, OH, halide, azide,

I

5
i , Cl-C6 i | ) | . | ] , Cl- | k
OO o308 DoNil. 0 o&eriath OHfulith deicbolme Cohoaiebtercs g
I ntenmucl egly de.aRAlRY; o@ﬁg, dr cgcgﬂ%ﬂegéﬁz,qw Y, ﬁ@é}éhate,rinﬁﬁmé%haé eneoxy of

up to 100 et hyl eneoxy unifts. inker L ih romulas VI or VII may be
at t ached pabsphogiestet, er aneinhelestidef amakigeend disCyCialkidnanyk oc polyethpldnédxlyabe  of
the invention, DYE In a first method for labelling synthetic

ol i gonucleEYPit} L ,ethylﬁﬁ‘?ﬂx@dﬁl‘fﬁ-l ic functionality, e.g. a primary aliphatic

am ng, is intrgdyeed Ain ArndRENIRYTPHER6E TRhed Wi S1y¥e on the sulfonated
diarylrhodamine compound abc of the invention, DYE.

In a first method for labelling synthetic oligonucleotides, a nucleophilic
functionality, e.g. a primary aliphatic amine, is introduced at a labelling attachment site on
an oligonucleotide, e.g. a 5” terminus. After automated, solid-support synthesis is

15  complete, the oligonucleotide is cleaved from the support and all protecting groups are
removed. The nucleophile-oligonucleotide is reacted with an excess of a label reagent
containing an electrophilic moiety, e.g. isothiocyanate or activated ester, e.g. N-
hydroxysuccinimide (NHS), under homogeneous solution conditions (Hermanson,
Bioconjugate Techniques, (1996) Academic Press, San Diego, CA. pp. 40-55, 643-71;

20 Andrus, A. “Chemical methods for 5’ non-isotopic labelling of PCR probes and primers”
(1995) in PCR 2: A Practical Approach, Oxford University Press, Oxford, pp. 39-54).
Labelled oligonucleotides VII may be formed by reacting a reactive linking group form ,
e.g. NHS, of a dye, with a 5'-aminoalkyl oligonucleotide (U.S. Patent No. 4,757,141).

In a second method, a label is directly incorporated into the oligonucleotide during

25  or prior to automated synthesis, for example as a support reagent (Mullah, "Solid support
reagents for the direct synthesis of 3'-labelled polynucleotides”, U.S. patent 5,736,626;
Nelson, "Multifunctional controlled pore glass reagent for solid phase oligonucleotide
synthesis", U.S. Patent No. 5,141,813) or as a phosphoramidite reagent IV. Certain
fluorescent dyes and other labels have been functionalizéd as phosphoramidite reagents for
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an oligonucleotide, e.g. a 5 termnus. After automated, solid-support
synthesis is 15 conplete, the oligonucleotide is cleaved fromthe support
and all pyovmeddicg groups are renoved. The nucl eophil e- oPCTHORUCA4eSt | de i s
reacted with an excess of a |abel reagent containing an electrophilic

(NHS) ) untBbe B bR oL et el mit e Serist Mg Lo SRRt e

Techni qugSess (39R cagleghe Press, San Diego, CA. pp. 40-55, 643-71; 20
Andrus, A es'$’(}é1)em§ac’£? met ho)gls for 5 non-isotopic |labelling of PCR probes

and priners" Geho@ly, ifthlaRlIRd oigPmadd¢dtidalis vppe by etvyn@Kt oymdhddis, ter si ty
Press, Oxford, p 9-54). i gonucl eoti de may. be fornmed by

p. 54 Label l ed oligo VI,
reacting f%“‘f"é‘&éﬁ’mf@g‘i‘ﬁeﬁﬁw ‘{ﬁeguﬁ‘ tﬁ{thPN%x Is dgnatnged fanglhg cleghidf 4
5' -am.noa| - 0l] i A P 1 econd
met h?é, g’%%éﬁ@%%??i&%éﬂﬁ%%g? lgér' <'51/thEI gﬁ%ﬁt 0 ?“%%‘z‘gﬁz‘iagﬁﬁ% r%d;r? 1i%‘td)% during
25 or prindtlebdedwi aneleetidesynaldye shsabld eff suppating eomnuaus topdate-direetgént
(Mul l'ah, "Solid support reagents for the direct synthesis of 3'-]abelled

pol ynuc| eBeyraeisexteysion qffeepiimsd taueet §og, 2 Mty ancliding AT Enea Thra TP

troll | . i : : s,
08 Pat SHORTP bR ESAMRE 0 L nriied €h BEARAGAPRUGH B0 el UM ARS ! ©
f | uor esceielldy esmangors V) elg. daNTPSr BEvENDRdabdlledciittonallionatdas

phosphoram dite reagents for -33 WO 02/44416 PCT/ USQ1/ 44475 5' |abelling
( Theil8en diargigmdaming dyecllabs-dADphpesperansane issnagbadded to thermpdreMnder sity

oS, ok en e oo B0me B Ay ol ol bisyglaamigigmce [

DNA i s deyjahéiRerpaidioarnfahd Ebelld molebtes & t@hiin@brsi duriap peBhethstanddiged
tenplate DNA. A m xture of enzymatically-incorporatabl e nucleotides or

nucl eot i dEaathamdipsise p ab pleraptie gapnaiingyntnsisimelbed tve ppimereargupett ed

enzymati ¢_extension of th i e arget . i Ire 4 ncludi ng dGIP,
aarh,acHe e et S o T ot & g el Eheb A Cast 2
f ractiison @fnpldifentits 1€ e (Hagradd 6f tHeakgbl, 81 Jobyritradd 96 Shévinostable pdBIdaser
3' F-dNTP, | gbel I gddﬁv»i th (a sul f onat g%’glo di aryl rhodam ne dye I[labc. A

pol yner ased drsgasicngdempsiatuae thetycled betreceniadenptaraing éempeaing andgms where t he

| i ive. A labelled ol leotide is formed. by th
ncor por aRGRoBrEpEa AL e SEPase st th s piRs G el o e 1

pol yner aggppRedhadRd by PORIENS Y 1908 PCR Phdtocdll, Blik.SABaddn1E PRRZY Mat i C
synthesis method, two priners are used instead of one: one conpl enentary
to the (+) st rRudghuofeotides latwmtlgdwithriet sutfonsted diesyldwdpmaneeonmpoyndsofilee (-)

St anz% Ofprc-tzsggt i}n?ern 1%}1 ’maty 7 a%gfti%ggﬁyalg‘t?elfea w?thtmhggggs%e%%lﬂ%ctQ% tafeof>®
electrophoretic migration, i.e. mobility-modifying labels. Mobility-modifying labels include
polyethyleneoxy units, —(CH,CH,O),— where n may be 1 to 100 (U.S. Patent No. 5,624,800).
Preferably, n is from 2 to 20. The polyethyleneoxy units may be interspersed with phosphate
groups. Specifically labelling sulfonated diarylrhodamine-labelled polynucleotides with

25  additional labels of polyethyleneoxy of discrete and known size allows for separation by
electrophoresis, substantially independent of the number of nucleotides in the polynucleotide.
That is, polynucleotides of the same length may be discriminated upon by the presence of
spectrally resolvable dye labels and mobility-modifying labels. Polynucleotides bearing both
dye labels and mobility-modifying labels may be formed enzymatically by ligation or

30  polymerase extension of the single-labelled polynucleotide or nucleotide constituents.

V.8 METHODS UTILIZING THE SULFONATED DIARYT RHODAMINE DYES
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and the reaction tenperature is cycled between a denaturation tenperature
and an extension tenperature, thereby exponentially synthesizing a

| abel | ed wonpieament to the target sequence by PCR (| nni sPCT/O9Q)44PGR
Protocol s, Eds., Academi c Press). Polynucleotides |abelled with the

sul fonat ed di aryl rhodam ne conpounds, of the_ 20. present invention may be
addi tional |y MEBPISEIRRR SHE: BRPRs QEFFQEIO%PJF@B%PE%@E‘F% 360}5?fﬁlppmg

el ectrop i i i j il i i I d
Vb1 1 o AGhcs P gt O shitfha ek oaaiBfl LYSnE IIRRE The sifonoted. L
n may be dlariiehddathifd bdmpdRatienf thhipresbntGavienBion pre wélt efitxdebt any methed from 2 to

20. The pol yet hyl eneoxy uniits maybe interspersed wth_phosph j%e . groups.
Speci fi catiligingABOresreny deiertiom sHGRSROMAY AFTARH rﬁéQt}Oé}HBEBgamﬁg %19%} eoti des
with 25 it l. | a f I ' ize
A e e S

nunber ofgendtld Latysesnd DNAgopebysrd digabititaesting(®iicks, L. (ragghohBotopties of
the sanme | ength maybe discrimnated upon by the gresence of spectrally
r esol vablRNAysoheFrsphuiqaay A%é?mlptheﬁﬁo‘gquieg@, nrabéP)s . Flppresceneq debectigr of

bearing hoth d | abe ad bty £yl e

enzynmat i orvcﬁ%P/?-gag}e}dgc}]gfégonggll%%%{ieﬁﬁse{ﬂgg%g&é; er#g %gcnécg(% %Sgcgi%gcg??abel | ed
pol ynucl egdavegudirastiet @Rkticde RRILiMakeULss Patelt o METHODS ) UFRET ZI NG THE
SULFONATED DI ARYLRHODAM NE DYES -34 WO 02/ 44416 PCT/ USO1/ 44475 Met hods

r equilpi ndwbiidizktiemdyasi. §etsbiKtanrer.df. (KA i'Modecya Bieagang: Brobes thgflusgesanal yt es

may benefit from.sulfqnated gi aryl rhodam es _as 4. ] f onat ed
di aryl rhd@ﬁﬁ%ﬁ@jn%aﬂﬁ&gggt%efﬂ ]toﬁeégwlggléﬂgbi%ﬁvde% e(r)“%mafr1 e %ﬁa@@gt@w for any
met hod i 996) ZiAN@nlremsie @ohetdeh SLSA tROhwRLE BerddIdsydrBi 8964 Cchai n reaction
(PCR) anplification, 5 DNA sequencing, antisense tl’anSCI’Ié)tl onal and

t r ans| at inoieedsaielites” oNatwfe Hnbs2eXprand sligenucleptifedigatiemansgis(Grossansa (BRI

be-b di tic testi ' L, (1992 i i . b
Beohn quesieiiritBplg Sl Sl skt sfobB et P ALt AR diealabion® o
f1 uorgscenl sey@ntabsddiadp/hiidPNNGLIeALiddResi B:492g-psis for nucleic acid

sequence detection assays such as 5' exonucl ease assay (Livak, U S. Patent
No. 5, 723, 591)TheRResEnt Bivhytiom id paricilerly (WEflagited ®r dgtedting elasses ofdifferpotiy) -

"Ml ecul ar, Beacops: Probes that fluoresce, uppn bridi zatj.on" ture

81 ot echndMstizd PeRtarsv by ha Baes bect hTRdce A BRehmH o Shupodfite

conpr eheng) ' RRRicwho B8 BAC B LRREF MDreRisaf Nucleic Acids:

m cr osat ;)S?F]?{tgsegg&%ﬁﬁgg 380: 1?%%) arel ol i ggnucl e(ﬁz?ael-sl%?ggf ielgn C(;llsssay

( G ossmaM Piagd)! Apprbaih; BRanBiessyLimutet.i lpndsn,dO8 )k t Therelasfropharétes moates inghy

:28;%5 ie?h:ﬁ:naoslielw Onﬁ)Jo )lggglé Igggglgés% L I_d?fgilggsrga i' eSd So’lﬁ'ao?ﬁ%%%@f c?fo?l?eg gl%ide-

containing polymer, having a concentration (weight to volume) of between about 2-20
weight percent (Madabhushi, US Patent Nos. 5,552,028; 5,567,292; 5,916,426). The
electrophoretic matrix may be configured in a slab gel or capillary format (Rosenblum,
(1997) Nucleic Acids Res. 25:3925-29; Mathies, US Patent No. 5,274,240).

25 Subsequent to electrophoretic separation, the dye-polynucleotide conjugates may be
detected by measuring the fluorescence emission from the dye labeled polynucleotides, e.g.
by high intensity illumination mercury vapor lamps, lasers, or the like. The illumination
means may be a laser having an illumination beam at a wavelength above about 600 nm.
Also, the dye-polynucleotides may be illuminated by laser light generated by a He-Ne gas

30 laser or a solid-state diode laser. The fluorescence is then detected by a light-sensitive
detector, €.g., a photomultiplier tube, a charged coupled device, or the like. Exemplary
electrophoresis detection systems are described elsewhere, e.g., U.S. Patent Nos. 5,543,026;
5,274,240; 4,879,012; 5,091,652 and 4,811,218.
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The present invention is particularly well suited for detecting classes of
differently- |abelled polynucl eotides that have been subjected to a

bi ochem o0 oxéegad ati on procedure, such as el ectrophoresi BCT/Rsekiassd and
Hai nes, Eds., Cel Electrophoresis of Nucleic Acids: A Practical Approach,

| RL Pres i mt London, 1981). The el ectrophoretic matrix may 20 be a
si evi ng > E ked or uncrosslinked pol yacryl am de, or other

i de- tai ni nal i te) j ool Qe | f
ot ween about 3SR ERAE b mBRNIACEAIRERN LS A EL ISP HARHTE) o,
5, 567, 292nalysi9lbethadds, polihaclestide dtapmpine tabeilal wilkh fuaresmyit deesciaclidagred in a

slab gel or_capillary format (Rosenblum (1997) Nucleic Acids Res. .
25: 3925- ylfonatedydliaeyIrhodapme samprndssare ganepatey thrgughdemplatsrdireeted gnzymatic

el ectr.op I: 1100 - y I: | e be

det ectsedQg@tﬁ%rgésg%%r%oﬁéateﬁg)%ﬁe&%&eng%%%@gés’e%goél iehgr%ﬁ&f% %g%éﬁ eg%él ed

pol ynucl geimdlestengod. A poiynddoBforiubleetids Hybritizba by EuthplementRy GuseypanamOwith anps,
| asers, or the like. The illum nation nmeans may be a | aser having an

i 11 um natd taigetrsawsnge tafoiaadirergtiareeitobuad. Biwat cxgasionipseducis aspgenetgeed by
dye- pol ynucl eqti.des be.il]um nated,by |aser.Light generate a He- Ne
gae 50 | 20amngle BT Rlor Gl A MmO, o Bl BB ARG,

det ect ed thypi@mbd @hucieeidd i labelled@iile s kllfonad GiarylghdaR@iR Ayt bf Pkigfentit)e, a
charged coupl ed device, or the like. Exenplary electrophoresis detection

syst difs dakellgé pimebedensionapducts aregenerated. Shespadmuciotde SaBatonay be
5,274,240:. 4.8 012: .5, 091,652 d 4,811,218. -35 WD 02/4441
Der Usor ibied B e ARiREs SRAERER eiverts &8s e Rlar s o R RSB MY or r e

to herei npashe’ ?ﬁgt@&'ﬁtagﬁl@ﬁtls)ﬁ&i(ﬁ'fec&ﬂ_sﬁ&@ k fo the B&Havesioh, e SSRGS -induced
pol ynucl eoti de fragnents | abelled with fluorescent dyes, 1 ncluding

sul f onat dtioekisesngt (Hhwakapilles, B.SnPaenidse. 4a81d ,2j8heMartipde ¢lhsseuigfipolynucleotides
tenpl at e-di rect ed enz) ic 5 s hesi.s using | abel].ed.pripers or

el eot | daby Seeegatagl SR oy P U e R e Pt PR B PG on.
pri meys ol bGPRue 1804, SRS dvts 28 the R AQER ! BIERREBHNOrERS BreRMsEdsREpathtt Bn @
target sequence to forma priner-target hybrid. Primer extension products
ar e generibg badismf cleetrgphvatticonigrationpae.at i on of nucl eotides at the 3' termnus
of the primer in the hybrid. Wen the primer or nucleotide is |abelled
with a sq& nnat.ed i a pdam ne dye of the invention, 10 | abelled priner
ext ensi on™ tCts o Fete ated. These pol ynucl eotide fragments may be
subj ected to anRisafoAfREIREHhoSRRERbIPBuRIQEE N3] sBitdh for BEIRLURRNAEES) S Of
chronat ography, and the separated fragments are detected subsequent to the
separ at i aejordNA seqencimgeystems wethdnulfitcotnrdboesscent delgntiapédphigtity. U8,  Pat ent

No. 42’08 1 1s’ys %%)maywllljsleta}l%xgitgtio%ﬁfg%% sgufrcép}?alvqlnngué: \l)vg\(/)etlérgg%ﬁ greater than about 630 nm,

)

e.g., a helium-neon gas laser or a solid state diode laser.
The chain termination methods of DNA sequencing, i.e. dideoxy DNA sequencing, or
Sanger-type sequencing, and fragment analysis may be employed (Sanger (1977) "DNA
sequencing with chain-terminating inhibitors", Proc. Natl. Acad. Sci. USA 74:5463-5467).
25  Exemplary chain-terminating nucleotide analogs include the 2',3'-dideoxynucleoside 5'-
triphosphates (ddNTP) which lack the 3'-OH group necessary for 3’ to 5’ DNA chain
elongation. Primers or ddNTP may be labelled with the sulfonated diarylrthodamine dyes of
the invention and detected by fluorescence after separation of the fragments by high-
resolution electrophoresis. Dyes can be linked to functionality on the 5' terminus of the
30  primer, e.g. amino (U.S. Patent No. 4,757,141), on the nucleobase of an oligonucleotide
primer; or on the nucleobase of a dideoxynucleotide (U.S. Patent No. 5,770,716; 5,821,356;
5,151,507).
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may be separated simultaneously and the different classes are distinguished
by spectrally 15 resol vable | abels, including dyes of the invention. In

el ectrophvop ezi#16 t he cl asses separate on the basis of el BECTUSPMINESL | C
mgration rate. V.8B DNA SEQUENCI NG The sul fonated di aryl rhodam ne
conmpounds are well suited for use in autgnated 4- col or. DNA sequenci ng

systens with rirh plthetaminaierspeass & dtfegat Buoresnentdysane colsstiveinieog system
may use i i i r i J AR, about
530 1, hliblie BB kol BOUASE AP HBKRL I A A B
chai n t efofit bbb LR sinfdaated diaiyirhedgtimn diehf the Bverdiotle bxyn EdApieguenci ng,

or Sanger-type sequenci ng, and frag]irq%nt_ anal ysis maybhe enpl oyed (Sanger
(1977) " Brameniagakyssmrihod fRemems libeltadvindyes grq igentiied by selatiyosize, Lat | .

Acad. _Sci 4 - . . - i N ' [ id
el ogs. PHATGLCIHE GeR e opndtyn oy CORRLRLAELERIET RaBHERRY) L o
| ack the agd sé%?eﬂfeﬁyéstﬂﬂﬁﬁe&ﬁ@ﬁhccfrpéraﬁbn 50h® fouldNAssitlatoiminalignai@ddotides Pri mers

or ddNTP may be | abelled with the sul fonated di aryl rhodam ne d%/es of the
i nvent i off"temeingersSoddhapembers pés e ok epcgiraldy resdparadyes (Uot: Peteat Neagment s by

hi gh- re tJ ectropho I S. s.can be . linked to functionality on
the's 't aritbrirDoFh fi CEBPHSleRRL Roolghie o indat LNEROR WRERE e 43
on the nugdr-RARARIR coathoahd 00RY 6dtP b HSul fBRdtePdiarydho@ninb Ayauciieaase of a
di deoxynucl eotide (U.S. Patent No. 5,770,716, 5,821, 356; , 151, 507). -36
WO 0204444®MREEMiISIATson35ts ofAtd, 18, 115 20él b (hgwres2lredrk, 22chi Ahetherset
fl uorescent .dye l]ecti e termnators o . ri bear a
set of sﬁ8’&§1gg9f§i¢éigi bFl_é&/ﬁQ/uo#%saBB r?%_ﬁ%’?séss[f’ ﬂi}]t?g&é)&qgnaé‘ragl:}tonore of
the sul f apatgdyal ALy i{dMRAaN REmB%RRoR br 8R] 110M0! b0y shlfoRflexenpl ary
fragnent anal ySis nethod, fiagnents Iabeﬁll ed wth dyés are identified by
rel at i ve didrglehodaméne dycsequaaitye A eeighly inghwdeone et swfsinoted siigyldmddininons .
Correspondence, bet ween fragnment, size . and, sequence is established b
PCor por A FORe RS ta dre HOBSH BT STOE T U age i Eger Ao G iRhat or )
and the g§5@_%ﬁﬁesgg¥ H ,tsqﬂgraﬁﬁﬁ,l%lﬁ%hé}fké.esm vabl e dyes (U S. Patent No.

: y

5, 366, 86 e Set of spectra resol vabl e dyes includes at |east one
sul fonated dilabylledhmdiutides ¥ ongychenaoployel inastquehcingas asel dfdoattedhninators

di aryl rhqodam ne dyes with well 10 resol ved_em ssions _consists of 110, 114,
115, ~ and Walelingihs fougnucieobases,B w@&n\ {hend saplogy Bpesps Lhggombipationy 4.

116, and - et : ' a i £ @;‘qu]u pets of
dyes may Oﬂ%?lﬂl % Léﬁggg%\%frﬁg%P%ﬁ rﬁ?)éf agéreog)ﬁlfljl% I%%bﬁ% ’1%3'0?a}}1 S ? %I’D]g.?gd
fragments, spectral resolution, and the rate of incorporation by polymerase during primer

20 extension.

V.8C LIGATION

The covalent joining of nucleic acid probes by ligase enzymes is one of the most
useful tools available to molecular biologists. When two probes are annealed to a template
nucleic acid where the two probes are adjacent and without intervening gaps, a

25  phosphodiester bond can be formed between a 5' terminus of one probe and the 3' terminus
of the other probe by a ligase enzyme, (Whiteley, U.S. Patent No. 4,883,750; Landegren,
(1988) "A ligase mediated gene detection technique”, Science 241:1077-80; Nickerson,
"Automated DNA diagnostics using an ELISA-based oligonucleotide assay" (1990) Proc.
Natl. Acad. Sci USA 87:8923-27). Oligonucleotide ligation assays detect the presence of

30  specific sequences in target DNA sample. Where one or both probes are labelled with a

dye, the ligation product may be detected by fluorescence. One or both probes may be
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di aryl rhodam ne dyes generally. A set may include one nore sulfonated

di aryl rhodam ne dyes and one or nore dye from other structural classes,
e.g. fluovesveidms, non-sul fonated 15 rhodam nes, cyani neBCTAqUaHEISNnes, and
the |like. Labelled nucleotides V may be enployed in sequencing as a set of

four term nators_ including the four nucl epbases, B = A, T U) and

anal ogs tipRslledrithrhailiopatsd Aigtylgrdargme gye.| fﬂl@%‘i’n E{Odaﬁﬁnwgei%ﬁﬁef’é'iahé’es t he

el ectrop i i b eqt i f : al

Fesol Ut aRTE g e P R e 20
extension. V.8C LI GATION The coval ent joining of nucleic acid probes by

| i gase erzgesAMPLOFAEASIIOMNe nost useful tools available to nol ecul ar
bi ol ogi sts. When two probes are anneal ed to | at e ucl ei c. acid where

, te
the two probeslhersuligegteddarylrhpdpnpng Fppoynds Q?U‘@HP t‘@%é@g agpliggtions as
phosphodi.est ] ' ] and
Phe 5"t dituth by P FRbIRGFETRE REAERR % b Bl i Qg RSP ERI o &
Pat ent Nothé,B8Bic/aid athphflegioannd s€1dQBB)méEhods. SR apEithtdesdngedethdetsect i on
techni que”, Science 241:1077-80; Ni ckerson, @ "Automated DNA di\%%ngiti cs
usi ng an Ellatsied aligenusiaodenfor senatyang 8y ¥griable mypher tengem repgat (YNARAG.  Sci

USA 87:8923-27), Qi i i.gaki o ©ct: 30
speci 1o Sayemcas PRt FRERb b iR RRag CutitiRiod PR SARGR &
| abel | ed giuble-Aran@yEDNAGat t@adih adjapaddudiiplerypibeofiepatitar eyuddcaorlcence.

One or both probes may be -37 WO 02/44416 PCT/US01/44475 |abelled with a
sul f oifat ettie givabern afireprating anigs/eeing vayiable insreiBeRcrelyPBHE nerdlaqds: g

el ectrophoresi s, ch t.ogr.aph L het, size- - based separation
met hod.  RPABE TAREYS %ﬁ%\%@ gﬁ%lfos?%fefi %%%?%%Psdglﬁ] gr%eyqqit%%%gén&ﬁ)g “compounds of the
invention findpapelehbatins, afoattdighhodandne tahpbindd nelyibg@setineot i de
primers for the polynerase chain reaction (PCR) and other nucleic acid

anpl i i caquaotitativelms#iods ehdreagents s propuir rapfime ot nerRointiReaTHeMeHs odfise  of

| abel | ed ol i.gonucl eot, des, f.or n i.n } . d t
el | e ghiSentcl E0Lh.0eu 0L pERNEIVRY A Y, Y313k, Dutbey, fpdem epea
anpl i {4 Caé)aopﬁcleése SRS AT 24BN O SnPlbyin@ THblRe &t e @shc RV prb bR USTtatt N

adj acent multiple copies of a particular sequence, with 10 the nunber of
r epeat i ngs,u2s,5%!; Déuliedy, (ERISRHE FicienhsweititdsisRERogkleslyypibetjedret hods, t he PCR

prinmer may. be labelled with sul f onat ed_.di ar yl r hodam f the.inyention.
In one endiggdrenribonugleciidsmaopegiagd g*l‘et‘rl‘ﬁ?@gﬁ?tﬁ’él lﬁ&ﬁﬁgﬁﬂﬁrﬁwgﬁsg‘ﬁﬁ&% in
Acids Res. 26:1026-1031) gives direct detection of polymerase chain reaction (PCR)

products in a closed-tube system, with no sample processing beyond that required to

20  perform the PCR. In the Taqman assay, the polymerasie that conducts primer extension and
amplifies the polynucleotide also displaces and cleaves a probe annealed to target sequence
by 5' to 3' exonuclease activity. In a Tagman-type assay, the probe is self-quenching,
labelled with fluorescent dye and quencher moieties, either of which may be dyes of the
invention. Spectral overlap allows for efficient energy transfer (FRET) when the probe is

25  intact (Clegg, (1992) "Fluorescence resonance energy transfer and nucleic acids”, Meth.
Enzymol. 211:353-388). When hybridized to a target sequence, the probe is cleaved
during PCR to release a fluorescent signal that is proportional to the amount of target-
probe hybrid present (US Patent Nos. 5,538,848; 5,723,591).

The progress of amplification can be monitored continuously, i.e. real-time

30  detection. Spectrally-resolvable sulfonated diarylrhodamine dyes of the invention are useful

in genotyping experiments after PCR amplification of target. In particular, a set of primer

oligonucleotides, labelled at the 5' terminus, each with different dyes, can amplify multiple
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gquantitative nethods and reagents that provide real tinme or end-point
nmeasurenments of anplification products during PCR (US Patent Nos.
5,210, 0130 52/538¢ 848). The 15 exonucl ease assay ( TagnanO) PEWPROY44HTH
fl uorescent dye-quencher probes (US Patent 5,723,591; Millah, (1998)

"Efficient .s hesi s of .doubl e dye-1I.abel | ed i god rihonucl.eoti de
probes an®f! ?ﬁ@hﬂsc%‘&ﬁeégﬁ? Cfer?tl ‘?P%lé{‘lnomhhsémﬁggp gé‘%‘ﬁ@geslf\lﬁqc&q_ﬂﬁﬁtifs Res.
26: 1026- %%latioa: o‘f%?edd%leflglgélle&' %gﬁﬁéa%n ﬁiodlaetg,y asesaiBtd, LeaGinea (PCR)

products i'n a closed-tu system wth no sanpl e processing beyond that
requi r ed prafil2 Or gerdcoaristit Haea RERdi¢ating heclag gamtgeskpendehteonpbt yeref psmet hat
conducts priner extension and anplifies the polynucleotide also displ aces
and cl ea?E¥HYr obe anneal ed to target sequence by 5 to 3' exonucl ease
activity. In a Tagman-type assay, the probe is self-quenching, |[|abelled

with £l UW.?EC%T“I’B%%@GN%@?F@FS noi eties, either of which may be dyes of
the 1 nvéntron. ral overlap allows for efficient energy transfer
(FRET) when t IeerpimfieoreseRtdyienfuanthet flabgg whichd9B)idizE taitar ges aecieie acws areance
energy transfer ygnd nucl ei ¢ acids", Meth., Enz 211: 35

ol . -388). Wh
hybr i di z&geibindhybrdiration assawsn cWhen fhe prelais npishy E'ég\?éao toggts th@P‘iﬁ%Rnﬁéfen

rel ease j - 1l L target -
pr obe hy%ﬁtlEl %%%gg@%p&@g%ﬂto&{ﬁk%@ o@?ﬁ@@{e@%@e?ﬂh? 9@%%&@#& ﬂgér ogress of
anpl i fi cajueshermdidiies rasultingrie duciesicnoeiquesicing] Upon hebididikation t3@ardett thet i on.
Spectral | y-resol vabl e sul fonated di aryl rhodan ne, d%gs of the invention are
usef UP  iOIgaHEGPRysErally senaratet gy cRghing copesR o4 #pRinisies And Hlugresqelfget . | n

ticul ' ' ' : t ' term nus,
ach it nsieRpSr ible BE (RBleaccbl BAMMERER, brtiRnita Aot Risop former |71 1S
PCT/ US01/s84ufehibe inl the sarapid iliatucedn Tied @il®hiagd dianlbbéating dy@aliYiinpaitions ( SNP)

and alleles. Electrophoretic separation of the dye-labelled anplification
pr oduct s, canilsp bgiepwlaesied g Hicdiuoresseniiive ok e aenghepiioiedy.oF luerpseent 83 sti ¢

data set j ndi ' certai 4 t pri
sequonce PGP b R SHUR Pl ERRLAD SRR MR Rl cRBeff vl bl
probgs whividleditdbeadone" (’Eyagiaa[r@@traﬁié? @idergdahé Suerescentidhpd upsh hybri di zati on
assays. Wen the probe is not hybridized to target, the probe may attain
conf or mathiybrdizetien togh¢ip pprsplamicatarspiarset pEqUyndse e-Be@sity mgalitltamne@,fcréﬁl\lﬁdyle and

the quencher ieties. resulting in flugr en uenchi ng.. n

nyor i i s nGhe PR ehaobttabfice Bl GPERDE FuPERR(A T iRy me

quenchi ngyFeRIQBdiNIrHIAHNTHS 8RS of ARbn{énHnESRBRGAUltpRK! Bai6Sonedfier € the

fluorescence is defectable or quantitated, the presence of target
hybridization assays to be carried out in sealed reaction tubes.

20 Hybridization assays can also be carried out on solid-phase arrays of probes
immobilized in pre-determined loci, addressable by specific reagent delivery or
interrogation/detection. For example, a sample containing a target polynucleotide labelled
with a sulfonated diarylrhodamine dye may be delivered to an array of immobilized
probes. Where the polynucleotide hybridizes to an immobilized probe by base-pairing, the

25  fluorescence from the target-probe complex at that location may be detected. From the
flnorescence detection pattern and/or intensity, the sequence of the polynucleotide may be

deduced, and the presence of absence of a particular polynucleotide sequence in the sample

may be determined.

V.9/ KITS
30 The invention includes kits comprising the sulfonated diarylrhodamine compounds
of the invention and/or their labelled conjugates. In one embodiment, the kits are useful

for conjugating an sulfonated diarylrhodamine compound with a linking moiety to another
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sequence in the sanple is deduced. The sul fonated diaryl rhodam ne dyes of
the invention can also be enployed as the fluorescent dye or the quencher
noi ety. Mvaorestent dye- quencher probes with sel f-conpl er€nUasys4gE5quUences
that forma "hairpin" region, so called 15 "Ml ecul ar beacons" (Tyagi and

Kramer) undergo.the fluorescent. change upon . hybridi zation to their

conpl erreﬁ‘%%{?%}'l?  hF fetubsEdGe nteh kKigs geney Y§P’F‘H“§ﬁ1§1ﬁqlgéﬁt?§)ﬁla@fh ng_f | ving
cells. 1 di i : . it di r dyes,

i ncl udi Eélpe{lhgé‘ﬁ‘z’%l@@Hgﬁﬁlggg?#é?‘%?hlhgg‘é?ﬁﬁgﬁgtyg‘bgg&gg‘ﬁ%’h%& n\%ﬁ’tﬁuﬁ%’, enabl e
mul ti pl exelvbaispge zenatse forybnjudhtiat the dyassaypshelr mddeuteaoitsubstamet Tiha seal ed
reacti on tubes. 20 bridi zation assays can al so be carried out on

sol i d- phagkongtedsjaylshodsrnranay berm RicePtEEar donopphanereagyrirpesder dys; |
addressable b ifie r . i \ i 1! fon. For
xanpo. a saprBe bR R IR WMo Olanelkl SRR HBEGR 7

sul f onat eggelnalaotiabogaNp dighuddtiaEsywitle tHdahl freiteiiiigirasdaalifieyofdie | mobi | i zed
probes. Were the polynucl eotide hybridizes to an i mobilized probe by
base- pai iivegtion.hdughokify geseraly epreprise dlebelind angymeticayororperaighéx at t hat

| ocati on be detected. Fromthe. fluprescence detgection .ern and/ or
ot onsit yioad SR i R BRune LR FRERREE ) SRR bOMBRRNENS- o

pr esence iglorpaapieeueleoBdRa uElebidde HAlALE de)BRL dfda HEBSRinubud femsanpl e
may be détgpﬁ?ned. &.gf KITé 30 Thézinégﬁt?%n inplﬁ%gg %itslco%pgﬁging t he
sul f dAat edtedsian phad hodbmense corypaunbes labslledieazymatioatly-anrompnaateble mieleptide

| abel | ed conj,u es.. |l n one embodi nent, th it e useful . f

coni ugat Ih LI PalREcs A SRR Aouaa e SEB e R moi ety 1o
anot her e 39ndQ?. A1férh6esiialy BAAAAAGDR, sildH RCANPLITAQ® DNAPoRiadi®e FSSuch
kits generally conprise an sul fonated di aryl rhodam ne of the invention

i ncl udi ndAapligshBiosyséms, iFoktengitydPA).y and reagents, enzynes, buffers,

solvents, etc., suitabl e fqr, conjugati ng the dye to .another nolecul e or
subst ance. Thé”§§ﬁﬁ?ﬁhh#5ﬁﬂﬁmﬁ¥ Cﬁﬁ%dﬁgpﬁgmﬁ% ﬁﬁﬁuﬁﬁ°5%6§ﬂ?%? ﬁ ®donor of
an ener gy 20shebhe htllePwith s@l@(ﬁla@e’m&}}rﬁﬁ‘&famiﬁéﬁ Anf bhoRt@ndteedyss for
| abel i ng enzymatically synthesized oligonucleotides and pol ynucl eoti des

wi t h t he isalidiog sitlévhattdaliar)Irivddamenes of the invention. Such kits generally
conprise a |labelled enzymatically-incorporatable nucleotide or nucleotide

anal og acgcordi invention, a mxture of enzymatically
incorporéﬁéb%éﬁaﬁg% des or nucleotide anal ogs capable of supporting
conti nuous prifRlinvehBof iR BE e Bihri%icR BY ¥ ¥BhASG RN Re follbvihg@bel | ed

enzymati cal | y-1 ncor porat abl e nucl eoti de
examples, which are intended to be purely exemplary of the invention and not to in any

20  way limit its scope.

EXAMPLE 1

Synthesis of 1-Diethylamino-3-Hydroxynaphthalene 4 (Figure 1)
3-Methoxy-1-hydroxynaphthalene 1 (1 gm), synthesized from 1,3-

dihydroxynaphthalene'by the method of K.H. Bell and L.F. McCaffery (1993), Aust. J.

25 Chem. 46:731, was suspended in dry CH,Cl, (30 ml). Dry triethylamine (1.2 equivalents)
was added and the reaction was cooled to -5 °C. Trifluoromethanesulfonic anhydride (1.1
equivalents) suspended in CH,Cl, (15 ml) was added dropwise with vigorous stirring over
a period of 2 hours. The reaction was allowed to come to room temperature and subjected
to aqueous work up using 5% HCl and CH,Cl,. The resulting crude 3-

30  methoxynaphthalene-1-triflate 2 was purified by normal phase flash chromatography
employing an EtOAc/Hexane (1:10) mobile phase.
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or nucleotide analog is a conpound according to structure V, for exanple, a

| abel l ed term nator. Pol ynerases nay be thernostable, such as AVPLI TAQr)

DNA pol yiveo ayedis  (Appl i ed Bi osystens, Foster City, CA).PATAUSIMEITVEl Y,

the kit may include one or nore oligonucleotide priners. The 15 priners

may be | abelled wi th sul fonated diarylrhodam nes and ene; g%transfer dyes
th

i ncl udi ng sul fldaarEded; hmphoryeppiheiane- viriflapdaps exgveried [hPerdtion wil |~ be
furt her %tegﬁ%;eﬂlgféfégﬁqf %&%haeaﬁ&fe}soﬁ% tlh%]@glrll{d%h%‘é‘la i Wi Ch are

i nt ended EX ry o I'on an ﬁ%t 0 I'nany 20 way

limt itso mggm@&ﬁi\é%ﬂll Wyt hesS$ 3. BlucHwal €1996) asirnord-Giedr. exynapht hal ene
4 (Figure %1 - Met hoxy- | - hydr oxynapht hal ene 1 (1 gcir) msj)ynt hesi zed from

1,3- di hyledxpaihphy-haphshalesy ] tnBatad(hatrnorwas MspeBéed maH ml of dryteiaereer y
1993), Aust 25 - 731, . ded. i 2y CH2C1 . Dr
et et hyl M RopscSTeiof GG 22 MRt el L) Lo o

-5 T. Tr iofdoscerqamreh@s(rjtg?ai&(gwah@ylﬁiraﬁégéeﬂoa@_d{piauadiuﬁqpbxab@g»t, fid SegaeNERd i n

CH2C12 (15 m ) was a ropwi se with vigorous stirring over "a period of
2 hours. ofbry diethyl droimend e s¢dctioe was purgedevithargan mnd 3gmaptvalents disdlidubj ect ed

t A .USi % H d Cl2. .Th [ ti 0
ot hoey nantRy Bl WRP pidn SEng Fie Eacon v isapsieaiia gl iz or
chromat 0gk3RIk at 80PEQY LR Si1MAHETREELAE SR MEs bilowdd) toPBRIC!tE r&EIA $@nperdtfre VO

02/ 44416 PCT/USO1/ 44475 The purified 3-nmethoxynapht hal ene-1-triflate 2 was
convent ednd sulijbaed todigaebyd wonkng- Bingei %h direag iHhalle mesuBingsh ngcrufie 1-

S 7 Buc MRS e P e b W v asypttiod pygional phase flasn ' | € A
ol ueng, SrRARIbGRIEARRIOLRE EHOLE: Kolale 0. 5) od 2 nbHRPRARH HRMIBLBELY OTY
(S)-(-) - 2,20 (bboasl(dil vy b ) SpR (boded 1, 1'H, Bi=nApithyT.43 BINAE) J = 12,005
equi val ents of tris(dib lid i pal |_adi Pd2( db d 3
Cou v SR P4y 1SR LRSS AL A LR LD o
. ui sqad - NE Wi stirring. e
reac'?llgon\é\?éa%@tigﬁ’ %ggk%&H’aﬂgvgmﬁr)F ggggﬁélpq%f\gaz%l?%?at 80 Cin an gil bat h.
The reaction Waxtahé ewed] gup@rehd b-dietignatriiig 8madthis:e/-ddphtratens Bbyect ed t o

aqueous Vr\glgaléveu byubsoirgr? u?gﬁ)rg%le c?eggotg?izoglag f(gl?osvysl. t"_li“hré -ilnr;in%—??—;n%g}%X%/:
naphthalene (100 mg) was suspended in dry CH,Cl, (5 ml) and the mixture was cooled to -
70 °C in a dry ice / acetone bath. Boron tribromide (10 equivalents) was added dropwise

20  and the reaction was stirred for 30 minutes, then placed in a refrigerator (0 °C) overnight.

The reaction was quenched at -70 °C by careful addition‘ of MeOH (10 ml). Solid NaHCO3
(30 equivalents) was added and the reaction was warmed to room temperature, then briefly
heated to reflux. The mixture was cooled and filtered, the filtrate was acidified with
AcOH, and the solvent was removed in vacuo to give the crude 1-diethylamino-3-

25  hydroxynaphthalene 4, which was purified by normal phase flash chromatography
employing EtOAc: hexane (1:4) as the mobile phase.

EXAMPLE 2
Synthesis of N-Phenyl-3,3-Dimethyl-Hydroxy-Benzoindoline 9 (Figure 1)
The 3-methoxynaphthalene-1-triflate 2 was derivatized with aniline according to
30 the palladium catalyzed triflate/amine coupling reaction described above in Example 1 to

give the 1-anilino-3-methoxynaphthalene 5.
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di et hyl am no- 3- net hoxynapht hal ene 3, which was purified by normal phase
flash chronmat ography enpl oyi ng Et QAc: hexane (1: 49) as the nobil e phase
(1IHNVR ©®DBC23844316 8. 20 (broad d, 1 H, J = 9 Hz), 7.72(broaBCOUSM/44475] = 7.8
Hz)743(dt1HJ-72 1.2 Hz),734(dt1HJ:77 1.2 Hz),
6.88 (d, 1 H, = ﬁ6.82(d, H J = Hz), .15 3.93 (s, 3 H),
3.21 (g, 4 H leei~871112nq=|éjrn€t oxygaphthalgng § w3s acewlﬁteihby?n aNENQ SOMPe et hy
group of bor on
O br om de-iadofbSLPls BB TH DU SRt B s (SRR, 200
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9 (Figure 1) The 3-methoxynapht hal ene- 1- trlf ate 2 was derivatized with
ani | itae accor dihed -fooom8gkylhamidat3-meihory-vaptahaleredd was Eyclived asmgman AHlpl i ng
reaction descri ed v to ,ve the . .

Sani | neabaed ROt T prSeetug S 1o AU e

1- ani I'i ngsAHaRY NEIATRR d 1Rfc §PULP

acetyl at :i’%tr:b pr O@gﬁd}gﬁ?i@%@@g@ Th(la 1- arﬁh(ggq% M?ﬁ%?%pht hal ene 5 (500
nmg) and ted2tiorsuas hedtedtos] A *CGand EL3ed o dros sﬂgpnadm:lwonk dOushg NH.Ql andCH2C12

and cooled to -5 C usi n i.ce/ NaCl path, 1.1 equjival.ent of
2- br ono- ;E%ic Y%ﬂ’@ﬁ%“b‘%&ﬂ BbgRzARdomgne it W@Ws igh et REiHEERY i on was

stirngd f %chdﬁﬁ chPorfrat grq%ﬁ'} érhﬁl%ﬁn &’Eég%%”héx‘%ﬁp?lr 2 Y5 fhe nfl@&legﬁ‘lase

addltlona e react was a to cone'to’roomtenperature and

subj ect edh%@nﬁdwmb&yl\@fdupmthqgleﬁ%Hdﬁtmamlmtlhmha&aa1at7amsetheﬂ iedﬁ@adl n t he
crude internediate 1-(bronpal do- 3- met hoxy- dSTht hal ene 6,

puri fi ed YBih LABrtagiveseazound 84 r%%brda%m(%&ﬁﬂ A§ IEDOAS2 (Iﬁe%‘aﬂe (1
0) §25 oL e i el anb,gigqgﬁ % 5Y 8TRA K ) AB A% 3R LY PR gene 6

was cycl iz
2 H), 1.44 (s, 6 H).
20 Methoxy group deprotection of compound 8 was effected using the boron
tribromide deprotection procedure described in Example 1, resulting in the N-phenyl-3,3-

dimethyl-hydroxy-benzoindoline 9.

EXAMPLE 3
Synthesis of N-Methyl-5-Hydroxy-(Tetrahydro)benzoquinoline 15 (Figure 2)

25 Compound 10 was synthesized by condensation of methoxy-naphthaldehyde and
malonic acid employing piperidine catalysis in pyridine. Compound 10 was reduced with
hydrogen over 10 % Pd/carbon, followed by LAH reduction, and reacted as outlined for
the synthesis of compound 2 above with trifluoromethanesulfonic anhydride to give the
triflate 11. Triflate 11 was then reacted with NaNj3 (3 equiv.) in DMF at 100 °C for 6

30  hours. Then, the reaction was allowed to come to room temperature and subjected to

aqueous work up using pure water and EtOAc resulting in pure compound 12. Compound
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catal yzed Friedel-Crafts cyclization procedure as follows. 1 to 3

equi val ents of ALC13 in nitrobenzene was added to the

1- (br omoayv@yt/a4mé do- 3- hydr oxy- napht hal ene 6. The reacti orCWaSOIMgatsed t o
130 C and reacted for 1 hour. Aqueous work-up using NHAC and Et OAc gave

t he crude N-phenyl - benzoi ndol i none | nt er medi E)uri fied by 15

nedi ate 7, which wa
normal pAAsEsspsrendehingiu (b e RymBlsHEbYithg tEtSme%va#ésééﬁéOﬁA Gy, ad t he

nobile p ] r@up of the N-phenyl -benzoi ndoli ne
i nter msdir;lai e69 f%h@%&%}cﬁﬁ%%&éﬁ&uﬁt R LAH to give conmpound 8 (1HNVR CDC13
d 7.71 (d, 1 Kondpound.18 wik)alkylatePwltiiMel abording.t@4 gefralanidho glou®7 (bt, 1 H,

J =6.6 H), 6.96 (m 3 H, 6.84 gs, 1 H, 3.9_70&3, 3 H, 3.92 (s, 2 H,
1.44 (s, a&w@tlonmoqvﬁum;%@mﬁhé prethexstbepzpquinadioageiivaiive (smer t2ct ed

ing_the b tribrom tecti d i bed j le 1,
esul s ngrauiiaaid ey pt v AR TR T S TRl e
Synt hesi $ufi 1iEMBL WY wad M@ Wopwis, badideddiien zrd utined fore nbar.GFi gure 2) 25

Conmpound 10 was synthesized by condensation of methoxy-naphthal dehyde and
mal oni ¢ &quidakenislofyhiaepalglating agent weahddsid slawly pyd ihgiraectiotovapellodied ® was

antea 3ot BupPHEaRRaRRY i Ryt RELFERI il Bpbaighgast aon and
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was then reactéd wth Na (3 equiv. C for 6 30 hours. Then,
t he rleactpudfiedvhg natrhal\whdset ftash chntatogragm dngripenga O Ac:dredasail 190 e thet o
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general @& Ha),draum, 22HRySdiseqrenpmethedy gepuasichmitéoting by Thmegeneral boron

3- met hoxyhenzaqqui nol i ne derjvative, (100 ng), 13 5 was, suspended in 5 m of
dry THE ARrogdds Bgcedire deseripplebove gy wplf.llreéa%?%ﬁ%ﬁsmstﬁwlﬁ-' but yl

l'ithigm dM):B@% : and the reaction was stirred for 1 hour.
3 eqlgi varents o Ogﬁggﬁ}ﬁj&%ﬁ%} E'g%sl'ng agent was added slowy and the

reaction was al.lowed to stir at roomtenperature for 2 hours. Aqueous-
wor k- up (BXANPENHAE and Et OAc gave a crude al kyl at ed
3- met hoxybenzoquinoline intermediate 14, Internediate 14 was then 10

puri fi ed Bythesis 9 P-(prihEoribsareqamoldr Yy propayesupmis pridd THEemes Zhexane

(1:19) as the Compound 13 was synthesized according to the procedure outlined above in

Example 3 for the synthesis of the N-methyl-hydroxybenzoquinoline derivative 15.

20 Compound 13 was ther; alkylated according to the general amino group alkylation
procedure described above in Example 3, this time using 1,3-propane sultone as the
alkylating agent rather than Mel, to give a 5-methoxybenzoquinoline-N-propanesulfonic
acid intermediate 16 (‘HNMR: CDs0OD d 7.94 (d, 1 H, T =8.7Hz),7.65(d, 1 H, =84
Hz), 7.32 (t, 1 H), 7.27 (t, 1 H), 6.85 (s, 1 H), 4.89 (s, 3 H), 3.20 (m, 2 H), 3.08 (bt, 2 H, J

25 =6Hz),291 (m,2H),2.72 (t,2 H, ] =6.6 Hz), 2.33 (m, 2 H), 1.89 (m, 2 H). Subsequent
methoxy group deprotection of compound 16 by the general boron tribromide procedure
described above in Example 1 resulted in the 3-(5-hydroxybenzoquinolin-1-yl)

propanesulfonic acid 17.

EXAMPLE 5
30 Synthesis of N-Methyl-2,2,4-Trimethyl-5-Hydroxy-(Tetrahydro)benzoquinoline 22 (Figure
3)
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1 H, 8.1 Hz), 7.68(dd, 1 H,

nobi | e phase (1HNVR CDCl13 d 8.1 (broa J =
6. H, 3.92 (s, 3 H, 3.21 (m 2

J =281 1.8 Hz), 7.34 (m 2 H), 1

H, 2.94WQp2/8u4ihy, 2.77 (t, 2 H J = Hz), 1.92 (m 2pr&/psoiBubrsequent
nmet hoxy group deprotection by the general boron tribroni de procedure
descri bed above in Example 1 resulted in the N-nethyl 15

hydr oxybenz oq Jr ABHRQré- n&“éh‘?%ﬁ?@éalﬂ@ ‘EWE}ES%EWFFB% thegyocedure of

3- (5- Hydioxyhe i

Conpoun déﬁ was S%#P@I gva}il icco % gq%ﬁégg ura%ag%tﬁrﬁ{él?%&e in

Exanpl e 30f Gbllb\hﬁlg&h@pﬂﬁsdtﬁre of At Resd\ivsrltgrah&E Jhbdexty(he6®) dgut. Kok, Cieem.
derivative 15. ound 13 was then al k%o ated according to the general

ani no gr éQd 8é}2:k1ﬁ @tg%hwa%ﬁlé%)é‘d’drlé deeasetongée e ged PR1 Eﬁweét o iodiRes tine
usi ngs Rans tﬁé’ regc‘uo%l h%gteHQnggt%%d fo tl@ Hour l%glzcht 0 give

a 5-net hox gnzoqw nsc’ﬁ1 tﬁ%l @}?ro anesu fon| C acid errre HNVR:

CD3CD d ?he%ﬁdeﬁehell with s]aturat%dNa‘zBQ)Og Th@fcaé@on ﬂnni‘thre&vas tﬁerﬁsubj'él:ﬂed td. 32 (t, 1
H, 7.27 (t, 1 H, 6.85 (s, 1 H, 4.89 (s, 3 H, 3.20 (m 2 H, 3.08 (bt, 2
H J 25 ﬂq@ew)worlgugusmgpatzraﬁgd N2S70; {nd EtDA4 rgpubting i thergrude. 33 (m 2 H),
1.89 (m Subsegu hox u r.ot ection of nd 16 by the
genergal %?@?YP?'?ZS%&Oﬁ gié %‘og ?2? 18 Vet %W@?ﬁ%ﬁ% resul %/ed
'38 tSyhﬁt ﬁecgll%s O%W%Wt@id/ﬁbx%ﬁé/hb mEBiIRAAAES W dni¥ufid 39 hs Hfen EXAMPLE 5

N- Metiby| alkyPatetl With iielagtorBingita thexgen¢rabamadoygiow) depzboupreotdumed@eribéd gur e
3) -43 WO 02/44416 PCJ/ US01/ 44475 A no- 3- h 1

St hasi 200N GBLSRHIG? (HEVE FOEEMKL 30t Celmpornb b A IGCH Wih o dné ptoso) |
J. Chem 158G gedatox ajtj7wgysl ad @@%@Qﬁ@ rch‘@gfgls'tg %R%%rm |n?eth§192 2 EQHn@%‘MyPg- the

procedure”of "A. Rosowsky and Jour”.
30: 1832, h&th&y@aﬁzoqamoﬂnsaﬂaémdlatamd HI\Eth 6E€13(<58 201())(,1 laHdJ€7(5]HIe)qU| val ent

oL 00 g AN B L e e AR s ke el

reaction g ed_t L i r
Nazsiéﬁ and ch\?g&r}@%?@f{ﬁ?ﬁ jjcrglcj)7 eflq?rg?hgzlg%eﬁz%% r§1(5?’lm'|q :ﬁqgl

met hoxy b A0 iSnbsdqaent klethas, guup ﬂ@;edtebtyorf bfdimpoohd afrbdy olgy whml bisrong an
Et OAc/ hexane 1:9 nobjl e phase, und 19 was then 10 al kylated with Mel

accor di ngnl@r@rrxl%pr@é%%fiesaﬁb%awé upEerWét go1e the DewgthybSdydwexybed
(tetrahydro)benzoquinoline 22.

oad d,

8 (s
66
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EXAMPLE 6

20  Synthesis of N—Methy1-3,3-Dimetilyl—4-Hydroxy—Benzoindoline 27 (Figure 3)

1—Amino-3-methoxynaphthaléne 18 was acetylated with 2-bromo-2-

methylpropionyl chloride according to the general amino group acylation procedure
described above in Example 2 to give compound 23. Compound 23 was cyclized by the
Friedel-Crafts cyclization procedure described above in Example 2 to give compound 24.

25  Next, compound 24 was reduced with 3 equivalents LAH in THF to give the 4-
methoxybenzoindoline 25. Compound 25 was alkylated using the general amino group
alkylation procedure described above in Example 3 using methyl iodide as the alkylating
agent to give a N-methyl-3,3-dimethyl-4-methoxybenzoindoline intermediate 26 (‘"HNMR:
CDC153d 8.07 (bd, 1 H, ] =8.4 Hz), 7.69 (bd, 1 H, ] =8.1 Hz), 7.33 (bt, 1 H, J =7.8 Hz),

30 7.22(bt,1 H,J=8.1Hz), 6.70 (s, 1 H), 3.92 (s, 3 H), 3.32 (5, 2 H), 3.32 (s, 3H), 1.44 (s, 6
H). Subsequent methoxy group deprotection of compound 26 by the general boron
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above in Exanple 3 to give conmpound 20. Conmpound 20 was reduced with H2 in
a Parr hydrogenator at 70 psi and 10% Pd/C catalysis to give a

N- net hyl 320 82/44416 | net hyl - 5- et hoxybenzoqui nol i ne i nt er neBCBUS0 1244 51 HNVR:
CDC13 d 8.20 (bd, 1 H J =7.5 H), 7.65 (bd, 1 H J=7.5Hz), 7.33 (m 2
H, 6.8 (s, 1 H, 3.94 (s,.3 H. 3.14 (b sextet, H J 15 = 6,6 Hz), 2.80
(3, 3 H)ribroggdg procedyre degscrbgd %E,X%nn@l(f%ﬁuftgd iy the é‘%@@’#&?‘fh@‘?@ﬂ' s, 3 H),
1.05 (s, . nmet hoxy group deprotection of conpound 21 by the
gener al ggﬁg#&}Fﬁggﬁgﬁyggﬁbrocedure descri bed above in Exanple 1 gave the
N- net hyl - 5- hydr oxy- (tetrahydro)benzoqui noline 22. EXAMPLE 6 20 Synthesis
of N-Met IBXAMP3-HOMet hyl - 4- Hydr oxy- Benzoi ndol i ne 27 (Figure 3)

1- Am no- 3- met hoxynapht hal ene 18 was acetyl ated with 2-bronp- 2-

met hy| pr cpindhieyis of N-BHivée, e bertaylryHygroxpeaBegepiadalinedR Fe2we dLp acyl ati on
procedure desgriped.above in ' : 23
was cgcl i zed E@het @et@ﬁﬂ%fnp&%ﬁn@ \21}&}%3}11?%&%2%@ a%?%@ég’gél}faeb?oggérg% %@@@gbove

i n Exanpl @mpduRd PsueascOonaundy A gederaNexino gompauidtiddprasduredesetitleddnt h 3
equi val ent s EAH in THE to giv% tﬁ% 4- nethoxgﬁﬁnzoindo?ine 25. Conpound 25

was al kyl|Exasthles emplayieg efbyldpdide anthealiglaing agantkin give B Npedokddre descri bed

N1 met nyl PSR o Rt e Lo PR e 7B Hhli ©

CDCL3 d 8&.§Jﬁz§,bzd68(3d i J =8 8 1) Hz X2 (of; BB (N5 Hobl7.2h Bt 8 &, He b9 Hz)33 (bt, 1
7.8 Hz), 30 7.2Z2°(bt, 1'H J =8.1Hz), 6.70 (s, 1 H), 3.92 (s

H J = , . 3. .3
H), 31032 §.69 (21 H), 38332 3(1), 3321y, 2 H 14 7(5sHz)63.3BI)(s, 23dh d elpuent Hxdt 2btty3 gr oup
deprotectio f ound 26 by th I -44 44416

POt Uso1 /a3 T, RO Bl RIGEEr PR Ao meaipl 25 0 HEarea i n ¢ he
N- net hyl - 3 FHoIE ke 5 feedivech s i ' }Emw%' - Hesl f
N- Et hyl>/- 3%{)”15&1%,[ hﬁé -pé{féﬁc}dr oxeg%&%beeﬁgg?%g% ifélnje @g%&(zH gure 53% %{ 20

4- met hoxydnzotbeatabindeliid®29%as synt hesi zed as descri bed above in Exanpl e 6.
Compound 25 was al kyl ated by the general ami no group al kyl ati on procedure

described_jn |l e 3 enpl oying ethyl iodide as the al kylating agent to
give the , 3- di net hyl - 4- net hoxybenzoi ndol i ne internedi ate 28

( IHNMR: *F- R A Dibeddorhbdamitt Dyd€dmpduR (d, | H J = 8.1 Hz), 7.32
(bt Hé%ﬁiﬁiesg_oé H%C, 73R T Y =8P ), 10 6.69 (s, 1 H), 3.83

(s, 3 H, 3.52GémpralProteliure X (Bight)3). B.s88d phthalic kjhydtidd Berfwtive 3Mwas1. 27 (t,
3

mixed with 1.4 equivalents of an aminohydroxy intermediate 31 and 2.8 equivalents of

ZnCl, . The oven dried reaction vessel was capped with a rubber septa and purged with
Argon. The solid mixture was heated briefly at 130 °C until melting was observed, e.g.,

20  after approximately 15 minutes. 1,2-Dichlorobenzene (approximately 10 equivalents) was
added by syringe to the reaction mixture, and the heterogeneous mixture was heated to 130
to 170 °C for 4 hours. The crude reaction mixture was cooled, suspended in a minimal
amount of MeOH: CH,Cl, (1:19), loaded directly onto a normal phase flash
chromatography column, ’and the crude dye was eluted with an MeOH: CH,Cl, (1:19)

25  mobile phase. When necessary, the dye was purified and separated into distinct isomers 35
and 36 by PTLC developed with MeOH: CH,Cl, (1:9). The isomerically pure dye, which
migrated as a single spot on silica TLC eluting with 1:9 MeOH:CH,Cl,, was identified by
its UV/Visible absorption spectra and its long wavelength fluorescent excitation and
emission spectra.

30 General Procedure B (Figure 6). In the general procedure outlined in Figure 6, a

solid phthalic anhydride derivative 34 (100 mg) was placed in a round bottom flask capped
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H J =7.5 Hz). Subsequent nethoxy group deprotection of conpound 28 by the
general boron tribrom de procedure described in Exanple | yielded the

N- et hyl - 3yGozti4aes hyl - 4- hydr oxy- benzoi ndol i ne 29. EXAMPLEPGT/US01BM#Ishesi s of
Sel ect ed D benzoThodam ne Dye Conpounds General Procedure A (Figure 5). A
solid phthalic anhydride derivative 34 was mxed with 1.4 equival ents of
an ani nofiEy dupbercataandiparged It dry . Dayipirobengege b4 miesy Fle‘¥ﬁ%‘f oven
dried re ' i I TToE

A gon. | TREMSBT HSAAE, e AARRCThd R it oElea 5 R RRThPHESRA LY.
obser ved eqeivglents2 aafigdeousaigi Pwagamidet yvithSstinging HoedissolveZ2hddalfdl or obenzene
(approxi mately 10 equival ents) was added by syringe to the reaction

mi xt ur e, SaReequERtlndeapglenbels 1 amirard ancihexhaphtby crcintesgediats A aasC for 4

hours,. The.c . ti i xt.ur o e ' 1N ‘
amoun? of AR fBREA ISR 170 S SRPCRAR, LB hon,
chr omat ogbaRAYnE ehspeRdeddn EtORL. Thasl@afly tayopsasivaiied With ananed/B@HC] @l Cl 2
(1:19) 25 nobil e phase. Wen necessary, the dye was purified and separated

i nto di stbrimes drissarver Nagi)., SHeredcangythelrem aves repetrdin vacude Benmepessay( 1: 9) .

The iso icall. ure dye I C igrate S singl.e spEt. on sili TLC
el ut1 ng i troutife Rlef BB met dusk ik BhiRediSrola iSRG 582 pi i on
spectra 3pd 38tSinkAREmIBHALENSH L AL SBFI8Misi S CMBIH: TH AN 181Y) §$iten’
spectra. 30 General Procedure B (Figure . I'n the general procedure

out | ilAed mobilei phase 08by recrstillizitipht Rk imethaoxnedeipdef theispmatically Bde (100 ng)

was placed in a rqund_phottom flask c ed  -45 02/ 44416 . / US01/ 44475
W h v apsanedup o] o5 18 PGBV OIS (B AR oA HUBBNISHETBD) v
added an ro&aa%e%sé&eg'iﬁ $Qb¥Blet @ AWML ARdrokRafHidideqk A8 390phed to room

tenperatudre and 3 to equl val ent’s of anhydrous 'A1C13 was added with
sti rri ng anineihsdrokymaphtialene kitne 3Sb3aggewhs then readed atd3615€ voth

1- am no- 3- met hoxynapht hal ene i nternedi ate, 31_was_ 5 added with stirring and
the r eactquBWaWééOff?eg‘la@é‘“t'%’nﬂ@@héeﬁ‘%mtwe@ﬁ 3pedry éézc‘%?lblﬁr%ﬁ%zepﬁ é%mll: ool ed
and sp i : I Gl ay i ted NH4C
and e agr 2 fobd Pl efoioh o a, B B e e 1

vacuo. Wsebstheteée paaiuyi 40 thaewiesurfiddng ik Genaial Protatuiedi sbbee.37/ 38 was
purified and separated into distinct isonmers 37 and 38 using normal phase
flash chromat cymesiy of Dlibenzomedpmineipeidd (Figura). freneiabprogediin i ¥asphase, or

by r ecr y§t Al i abh 8 ing HSISBLI, GO LRHRE oL BE JARRELhRAY B Sive, i.c.,

compound 34 where the substituents at C-14 and C-17 are C1 and the substituent at C-15 is

20 CO;H, and 1-diethylamino-3-hydroxynaphthalene 4 as the aminohydroxy intermediate 31.

Synthesis of Dibenzorhodamine Dye 42 (Figure 7). General procedure A was

followed employing dichlorotrimellitic anhydride as the phthalic anhydride derivative, i.e.,
compound 34 where the substituents at C-14 and C-17 are Cl and the substituent at C-15
is CO,H, and N-methyl-5-hydroxy-benzoquinoline 15 as the aminohydroxy intermediate
25  31.
Synthesis of Dibenzorhodamine Dye 43 (Figure 7). General procedure A was

followed employing dichlorotrimellitic anhydride as the phthalic anhydride derivative, i.e.,
compound 34 where the substituents at C-14 and C-17 are Cl and the substituent at C-15
is CO,H, and 5-hydroxy-benzoquinoline 17 as the aminohydroxy intermediate 31.

30 Synthesis of Dibenzorhodamine Dye 44 (Figure 7). General procedure A was

followed employing dichlorotrimellitic anhydride as the phthalic anhydride derivative, i.e.,
compound 34 where the substituents at C-14 and C-17 are Cl and the substituent at C-15
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internediate 37 or 38 was renoved according to the general boron tribrom de
deprotection procedure described in Exanple 1 to give

am no- hyavoxysapht hal ene ket one 39. The am no- hydr oxynaph€hakena4¥set one 39
(100 nmg) was then reacted at 130 Cwith 1 equivalent of a

1- am no- 3- napht hal. ene internedi ate 32 in dry 1, 2:di.chl enzen 2

For 2" Mot 6O ibenGaetom W TEag 3 RGOy e aSGBITE 38 £y g dranatios
asyrmetrlﬁ%h{l% HiatSYlpstituted product 40 that was purified as in General
Procedure ove. Synthesis of Dibenzorhodam ne Dye 41 (Figure 7). General
procedure A wasmtHesis Ioﬁwe@blﬁamwymﬁ@ Idsrecztsl ((Fi@lrdf Teslehéral proastiydAivae as t he

pht hal i ¢ anhydri de derivative, nd 34 where the substituents at
C 14 and feﬂlqwecheréplewnaﬁlephlwetrgn@htw @Jﬁé/ﬁﬂda@s t@ﬁplathabc aohydogeideryagive, ie.,

1- di et hyl t te 31.
Synt née) SOBPORD Hh Y BPR AR B o il 7 RPN BAGFE Y 2
f ol | owed jgy),ply bitONCth&hl 108, QIdiﬂn wrl’{I - hiygroRibeadistdLias 2t e tmmﬁbnﬁr ydri de

derivative, i.e., conpound ere the substituents at CG14 and C 17 are
O and t HetesubditeBlient at G 15 is C2H, and

N- net hyl - 5- hydr o ) u! ternmediate 25
31. Synt hesi s BRSSO AP HEEHINEHE 81 U %%era&%g?c&r ﬁ%%sedure A
was ol | giedeCampRYingd t?dfﬁm h@ﬁa!i 'craﬁh drfd!e(é %H?J}}Hi‘lﬁdlfé ReichbihR! L€,
anhydri de derlevat+ yﬁl@l? e., (% olund %4 whgre t he subsfdr% uer?ts at ' C14 and

C- 17 @r e oCmpandd 8hehsteihe smhsatIIen’estat C-libto G4 7 @R, and MNtethyl-3,3-dimethyl-4-

5- hydr oxy- benzqoqui noline 17 as the am nohydroxy.internediate 31. 30
Synt hesi SYEFOX ISBFABANBE M a1 epming gy rP?‘yF’éWd :}’]General procedure A was

fol l'oned enpl %msﬂ'&h’dlﬂ@g&@gg%l mg% @g‘?{%%é?ﬁ(%ﬁefahgrtog%@wﬁa nhydri de

derivative, i. uents C 17 are
G and t Hellswbd tinplogitic cmhl@aﬂxﬁnelhﬁﬁ anifydoidé 4&4&@)hﬂﬁﬁb Uﬁﬁb&i&ﬂédéﬁva’c&eﬁ@ﬂ t he
N- net hyl - 2, 2, 4- tr| met hyl - 5- hydr oxy- benzoqui nol i ne he, am nohydr oxy

i nt er medi@pwognd 3 Wetbf: gubstitusniseh Lol harkiriliearpld aaé ﬂ(ﬁﬁﬂ@ﬁﬁ%@lﬁﬁt Cdener al

pr ocedur s the
pht hacgl C ae‘hdvgr’ I rclf{ ﬁé’l\@ijg, i"v ”&Ir%(ﬁ}ﬂg, lwdg&(ygt;e%&hgg% %Scthgg{ﬁ%%%ﬁ%s?i tuents
at C14 &ﬂt&n@edﬁte@le d and the substl tuent- at C-15 is CO2H, and

N net hyl - 3, 3-di net hyl - 4- hydr oxy- benzoi ndol i ne 27 as the am nohydr oxy
internedi ate 31. Synthesis of Di benzorhodam ne Dye 46 (Figure 7). General
procedur EXAMILE 9ol | owed enpl oyi ng tetrafl uorophthalic anhydride as the

pht hal i ¢ Saprérc}%grﬂrope & (J)P/S%tleCYG% ' Divefizorhodamine Dye Compounds
The following table presents important spectral properties of several representative
20  dibenzorhodamine dye compounds of the invention. All spectra were recorded at room
temperature, in 1 x TBE buffer and 8 M urea, for the free dye having 0.05 absorption at

the dye’s Amax, abs - Dye concentration was approximately 10 M.

Dye Absorption Emission Full Width at Half
Maximum (nm) Maximum (nm) Max (nm)
41 585 614 59
42 609 634 42
43 597 637 47
44 598 640 50
45 639 650 31
46 639 652 33
47 632 676 66
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10 conpound 34 where the substituents at CG14 to G 17 are F, and

N- et hyl - 3, 3-di net hyl -4 hydr oxy- benzoi ndol i ne 29 as the am nohydr oxy

i nt er mediva® 62/8M16 Synt hesi s of Di benzor hodam ne Dye 47 (Fi BOT/@SWy444Bener a
procedure A was followed enploying dichlorotrinellitic anhydride as the
pht hal i ¢ anhydride derivative, i.e., conpound 34 where the substituents at
C- 14 and C 17 are d and the substituent at C15 15 is CO2H, and

N- phenyl - 3, 3- di net hyl - 4- hydr oxy- benzoi ndol i ne 9 as the am nohydr oxy

i nt er redigt gvipl g IXAMPLE 9 Spectral Properties of Sel ected Di benzorhodamni ne
Dye Compounds The follow ng table presents inportant spectral properties of
sever al ébpﬁegenf&BHﬁewﬂ@@h@hbeybammmﬁ@ﬁhaéSﬂﬁgm@sﬁmndﬁms of the invention.
Al'l spectra were recorded at room tenperature, X TBE buffer and 8 M
ur ea, for t he (anerouag @ wm@el@ﬁdds 1%@%@6@@&%@%6&%%8%&9& abs . Dye

conce Ful |l wdth
S rars " Thlehbe APRN R Mol Mnd M JRA PR EEBAGHAI 1 n, U
43 597 6$Euéli<wa1&fs B98 aﬁ@@trﬁ&dro&ﬁcﬁﬁé& 6997, 38/3646367363 70D as B3lowd (Figat 76 66
-47 WD 02/ 44416 PCT/ US01/ 44475 EXAI\/PLE 10 nt heS| s of

3, 3- di et hyl - FipaPomgthesraaphibdpRmb-tfate Ri(gugbyagmarnd vglyh BohD sl A S

converted Xy a
pal | adi um ca (& é’cﬁa? rela?c?[ 8{@/ %gﬁl%b{]}%lz@béﬁé%?él %siS%frB?e(l)ncl%gUr"e of
Buchwal d bu((& ﬁ&wmpﬁnbﬂ et badapielT @I AP, L@terqafvalenﬂsa%maaﬁﬁﬁﬁ

6367-6370) as foll ows (Flgure 8 The 3-net hoxy-napht hal ene-1-triflate 2
(25 dP wesrhensiedl. Wequgle@tﬁ of é@ﬁwmgga@,que afl 1.5 equivalents of benzophenone

I e ke R T L

equi val ertiBstRiite B tHéTeddiogaT Mﬁtﬁm kixBure Gtak ‘é@dp%ﬂ(ﬂ@i iaf7sagsdfdny car bonat e,
and 1.5 equival ents of benzophenone
toluene and 75 ml of dry tetrahydrofuran and stlrred for 24 hours at 120 °C in an oil bath.

A mixture of 75 ml of hexane/ethyl acetate (9:1) was added to the reaction mixture, and
15  the mixture w‘as eluted through silica gel with hexane/ethyl acetate (3:2). The elutant was
collected and then concentrated under reduced pressure. To the concentrated oil,
hexane/ethyl acetate (9:1) was added to crystallize out 1-benzophenone imino-3-
methoxynaphthalene 49 as yellow crystals (20.0 g, 72.6 %). The mother liquor was
concentrated and hexane/ethyl acetate (9:1) was added to crystallize out a second crop of
20 49 as yellow crystals (3.0 g, 10.9 %). (Total yield: 83.5 %).
Compound 49 was hydrolyzed under acid conditions to give 18 as follows.
Compound 49 (27 gm) was suspended in 150 ml of 1,4-dioxane and 100 ml of 5% sulfuric
acid (H,SO4). The reaction was then heated and stirred for 1 hour at 50 °C in an oil bath.
The reaction mixture was cooled to room temperature and washed with 150 ml of
25  hexane/ethyl acetate (3:2). The solution was then basified with ice cold aqueous NaOH to
pH 10-11, and extracted three times with ethyl acetate. The combined organic extract was
dried with sodium sulfate (Na;SQ,) and evaporated under reduced pressure to give 18 as
pale brown oil which crystallized upon standing (13.9 g, 100 %).
Compound 25, 3,3-dimethyl-hydroxy-benzoindoline, was synthesized from 18 .

30  according to the procedure described above in Example 6.
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imne. Alternatively, potassiumor sodiumt-butoxide (2.6 equival ents)
could be used as a substitute base for the reaction. The reaction m xture
was suspevidezi444me 75 m of dry toluene and 75 nl of dry tRCT/aRyduatsuran and
stirred for 24 hours at 120 Cin an oil bath. A mxture of 75 m of
hexane/ et hyl acetate (9:1) was added to the reaction m xture, and 15 the

m xt ure \ﬁéﬁﬂk@érithrough silica gel with hexane/ethyl acetate (3:2). The

el ut ant col d n e sure. To the
concentr ty%lesm %ﬁcilﬁ) tlﬁ%?d W%O &%8@%%@6%@% gqgﬁe@ g@ry tallize out
1- benzophenon@dnmdmgdawa'g&&ﬁpnfyeaaa@atcbﬁ]&@iﬁnfbsm@&aﬁe&b lsphesizeahelNs (20.0 g,

72.6 %9 . The nother liquor was concentrated and hexane/ethyl acetate (9: 1)
vvas addedubsbltldﬁ@/écra\raltllvze?bﬁﬂ ba etboadid/givepubstiteiiome rmdladian @ielysegst al s (3.0

10 83 5 0 d 49 was hydrol yzed under acid
condl fi or‘fgulflg" up %Sgﬂ

d 49 (27 gin) was suspended in
&gg TheﬁfSHgt’eh%s@ pra@%&ragmé%dyb %fqymyw%q,enﬁﬁmm@gsm) The reaction

eated and stirred for 1 hour "at 50 in an oil bath. The
reaction mxt tﬁompmmdaSc(Eécg)tvmsradiqﬂatecbbm‘ecmmtmdqlwaslhmsl ofedrmefsialiyl of

L
The conbi r I i and
evapor at gﬁﬁﬂﬁﬁéﬁé&% 843 857 af b B haRU MG & hEfoil BRERID)

crystial | isggthgufooh8 hbmdi’ﬂhg s()]iantQV@,evﬁﬁkﬁai%l und?trrrpd)wadl pB&Ssure to give crude N-
3, 3-di rret h | - hydrox - benzoi ndol i ne, synt hesi zed from 18, 30 accordl ng

to the p 3.8 e bhdrpry- E?é&ﬁiﬂdéh%e ST481ufie I 27 2 4lispplved
Pl S0 é{dgﬁ&%%\%&ﬁ YN REHaP e My B OSLREERARYERARE YAGN 20! ol ne

i nt er medihakneldthyd ¥ioéthRD2:¢)(tHeld N 55547404 Y. ut ed derivatives 57-61 by either
al kyl ative substitution or palladiumcatalysed 5 coupling to the secondary

am ne group (Figure 9) nt hesi s of N (6-hexangic¢
aci d) - 3, Syathesis R{N- Mﬁm%ﬁb%ﬁwthﬂd}wywm%ﬁﬁmﬁ? 25 (2.3 q) was
al kyl

met hy1 tgdl géohée(’%%%}%g 2\agl‘c(l&g %2& and\‘{@h%g%? %ﬂa ?'{Hir% %tﬁf(y@élds%ogp ﬁl\fp@%lécg m ne.

The m xtipe estamishssieatee (ButhdAldlet 4. OFy, 197U6N&0868G068 4Bl s; 130 Cin
an oil bath with 10 stirring for 18 hours. The sol vent was evaporated under

reduced pramspawnd 26d?2 @) veas onxebwith l(éleeq’qlgz;am @f 4-bromo-b1pheny1 7, sodium t-
acid)-3, %ugoxqg Pg lequlxdfegéy Ob G5 %u?v%?ents oei" tns(dlbenzy Eieneac\/\%ne)(alpaﬁof!hved in
(Pdy(dba)s), 0.04 equivalents of racemic 2,2-bis(diphenylphosphino)-1,1-binaphthyl (+
20 BINAP). The reaction mixture was suspended in 100 ml of dry toluene, stirred well, and
heated at 130 °C in an oil bath overnight (16 hrs.). The reaction mixture was qﬁenched
with aqueous ammonium chloride (NH4Cl) and extracted (3x) with ethyl acetate. The
(;rganic extract was dried with anhydrous Na,SO,. Hexane (equal volume) was added to
the crude reaction mixture and it was eluted through silica-gel with hexane/ethyl acetate
25 (1:1). The solvent was evaporated under reduced pressure and the residue was purified by
normal phase flash chromatography eluting with hexane/ethyl acetate (98:2) to give N-
(biphenyl)-3,3-dimethyl-hydroxy-benzoindoline 58 ( yield 85% ) as white powder.
Synthesis of N-(carboxybiphenyl)-3,3-dimethyl-hydroxy-benzoindoline 59.
Compound 54 was synthesized from commercially available brdmo-biphenyl—
30  methyl ketone by a haloform reaction to give the bromo-biphenyl acid, followed by
esterification employing established procedures. Compound 25 was N-arylated with 54
according to the established procedure (Buchwald, etal Tetrahedron Letters, 1997, 38/36,
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di chl oronet hane and purified by normal phase flash chromatography el uting
with hexane/ethyl acetate (99:1)( yield 2.55 g, 74% ). Synthesis of

N- ( bi pherw® p2/84436 di net hyl - hydr oxy- benzoi ndol i ne 58. 15 Cop@DuURU/QA%75 2.3 Q)
was N-aryl ated by pall adi um catal ysed coupling according to the
establ i shed procedure (Buchwald, et al J. O.g., 1997, 62, 6066-6068) as
fol | ows: 035LERpDASAOBEVE A qmypanad 2/i(4d) wes mizediwidh did cauivpleiset

of 't 11 9( QP RBRO $4 0Dkt Belcnur Rl IR R R Bl LR, U1 7t
racem ¢ 2, equiva{ditphEaydmpio esphisi@iphdnylphobplia@ht, iy binapREyRENARAP) Thel

reaction m xture was suspended in 100 ml of dry toluene, stirred well, and
heated af’ ensivalenispinesign cashanatco Fae Faghan mbdulervas) susperded amdq mhohdit ur e

w e et non st Do GHE RO P hESANLE G BRI PEN SNt

Hexane ( ggiupd hot?s. UIRY reédeforadtakesbolddl antitex &leUde nilPaat h@ledth Melbiredeftkthre. wWas
el uted through silica-gel with hexane/ethyl acetate 25 (1:1). The sol vent

was evapdhgtcaaieprodiuct mad iebetdd Prrewgh sikcaagad withchexand/efhyl aseiotaldid) f el by
normal phase flash chromatography elutin ] hexang/ et hy| etate (98:2
Lo orve” REVER Wiy S UB TRARRY piyts SRy Mhohufa R el S5 bRk toy o
whi t e powgefoxy-beyi@sin® $®fwas purified by normal phase flash chromatography eluting

N- (car boxybi phenyl ) - 3, 3- di et hyl - hydf oxy- benzoi ndol i ne 597 Conpound 54 was
synt Hesi xeth fiexene/cthyhasetital(9y:5 plbaightyrllowhsotidyidld pr2ergyB2%30 net hyl ket one by
a hal of orm reacti to gjve.the brono-bjphenyl ..acid, followed by

esterifi éfpﬂ]&ﬁseﬁ%ﬁ%&ﬁggéﬂ%ﬁﬁyg—ﬁ&ggwh@%ﬁ@@e éﬁ'npound 25 was N-aryl ated
W th 54 accor@t&é@;%m 251889 L é&&@?@h@&&%ﬁ%@%&%&ﬁ@ﬁ&% aghiddcribed r ahedron
Letters, 1997, 36, -49 WO 02/44416 PCT/ USO1/ 44475 6359-6362) as

fol |l ows: aBonpfounsghtREsi{ & cbnipound 88 fiioxecbmpduind 254PwegN-phérghB S-difnethydnpound
54, 0.013 equivalents of tris(dibenzylideneacetagne)di pall adi ﬁm (Pd2(dba) 3),
0.04 equilygrazatbsnggndelme wagisotatodiadiermesmahphass Slephhigmatogiapk ysmﬁgopymaqw (
Bl NAR)., [ e of cesium carbonate. The reaction m xture was
suspe%degl%?%ne?%ﬁq%cg%# Q}r8§2)5 tol uene and 100 m of dry tetrahydrofuran ,

t hen heatRdiatis b8N-Earbsiyphenili3, Paintetidydioxttetdzoihdslink®1hours. The reaction
was cool ed and hexane (30 m) was added to the crude m xture. The crude
product was elGareppundr2duyts Niaryletad yath mgthyl ipdobsheyady ermethyliramebgnzoate.  The
sol vent was re under. r.educ ress nd.th .

N (car boxs QFSTERy Ry 4 TS ey o RpERELST ERRN AR s Py Flme ¥ 1 e by
nor mal  phaarxhliRe oiads181E¢1004RE Y e laktt: Mpggusé MafieNaeRARERAYhy acet at e:

(95:5) (bright yellow solid yield 0.25 g, 32
20 employing hexane/ethyl acetate: (95:5).

EXAMPLE 12
Synthesis of Dibenzorhodamine Dyes 67, 72, 76 and 81 (Figures 10-13)

Synthesis of Dye 67 (Figure 10). Hydroxyindoline 62 was obtained by

demethylation of compound 58 using aluminum chloride (AlCls) according to the

25  following procedure: Compound 58 (2 g), and aluminum chloride (6 g) were thoroughly
mixed under a strong stream of argon and the reaction mixture purged for 10 minutes with
argon. The solid mixture was heated under Argon in an oil bath from 90 °C to 120 °C over
20 min. The reaction mixture was cooled and the solids suspended in dichloromethane and
transferred into a solution of ice and dilute H,SO,4. The aqueous layer was extracted five

30 times, the combined organic extract was washed with saturated sodium chloride, and dried
over sodium sulfate. After filtration, the solvent was evaporated under reduced pressure

and pure 62 (0.13 g ) was isolated after normal phase flash chromatography eluting with
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Synt hesi s of N-phenyl -3, 3-di met hyl - hydr oxy- benzoi ndol i ne 60. Conpound 25
was N-arylated with i odobenzene or bronobenzene as described above for
synt hesi 3wob2/¢gmpound 58 from conpound 25. Pure N-phenyl - BCBUSIIHa815y| -
hydr oxy- benzoi ndol i ne 8 was isol ated after normal phase fl ash

it kL ACTTE WS R L Ty
N-aryl at %ﬁgo;%r?;lﬁ%fﬁ%ts%% p&&%@ﬁ%rﬁéa@g%r Bn{?&}\@}{ lor R Wﬁg ny?)?&&) %m@%%cr i bed

above for SI's of “compoun ure car bo I met
hydr oxy- benzoiNge|dneeqbil-alsasof DI &bm@leafdfef-nfw{ymﬁhnmhhdeaﬂd I&Eprhorous
chr onmat ography 20 enpl Uél ng hexane/ etrziy acet ate: 2% EXAMPLE 12
Synt hesi §Xw loyidreinAsy Hisataipmethpyewasadded so 017566%%131@1 of % gup &gall pear 3)

Synt h [ y
derret% Fn ofmg Iggun(Ljﬁ aglé)lﬁ%e ﬁmgélﬁﬁnﬂﬁﬁ%o‘gﬁ agé Y\?il@%g%{ gggo@dl ng to
the 25 fmhﬂa\m ﬂﬂ:aﬁrat&%uﬁ@nummwo&&héﬂe as eisbrabd Matimmaciatiofreddel. (6 g)
were thoroughly m xed under a strong stream of argon and the reaction

m xture @Iltrgb@lzﬁm (31)@ Uﬂﬁ ‘ﬁ@ﬁ %@ed\fqlbweért@mddltfm@f goiqniyalenistai PO asTo g ed

under Argon in

o eur o ARV s i obf Pt ety ok 83 SEperaeifringPeets o0 Sl §RE ' "

transf er regtibhindxRrSRhshéAH Fonl SE°@AA IH IU§wr DB FGH. anlitBerPldpeUSS S @y er was
extracted five 30 times, the conbi ned organic extract was washed with

sat urlat edosbdingmtesh I’J&relrd@ctloa ehsdppled and transferoedi with dichfasoracthaet tors % ‘
filtrat t I t d d du 62
(0, 15" ) Wk MegRaraf Tayet B SRR YD R P RS bR SlhrafBely i i
-50 WO 02444 fiRE Urbieid ety erd 'séfﬂhlra%d)ﬁﬁi é\%ﬂ@t’af@%itlﬂﬁeﬂledﬁ&a p}éssure to

Hydr oxyi ndol i ne 63 was generated from conpound enpl oyi ng "t he sane
pr ocedur eiwsthe katdefdye denvatioe $4 oGrude Géomscsumnaal mCetmcmgmil (fdmb2nd %t , one

equi val e co t hy] formani | i de and phosphor.ous

oy chtor MG G TR B8 E P B ia b FAGE R TS U PR B 52 1 n a
Poat dd at BoE TR, et eMaghibed sauilin AR R S A T e "

di chl or onktierometimae e%ﬁtpoe‘aapemtlbna‘fthw@ombdwdlorgadc triybcs, thhlptreabemzene (300

ul) was added followed by addjtion of_ 2 e ui va of POC13. To the above
sol uti on SHEROXHHE &sm&e@eﬁﬁ? ewigtsrouasl E%B ?f‘t romhs FBBRPene (500 ul).

The 1 ea%g@&%tﬁé & Br8adas, RERE BRI DisedBoxyBbHenQVEks, b3 ndtHal Ak t hen

kept at
flash chromatography eluting with dichloromethane/methanol (9:1).

20 Finally, the purified dye derivative 65 was sulfonated to give dye 67 as follows.
Dye derivative 65 (30 mg) and 3 equivalents of anhydrous sodium sulfate were suspended
in dry dichloromethane (50 ml) at 0 °C under Argon. To the above solution, 5 equivalents
of chlorosulfonic.acid (CISO;H) were added and the reaction mixture was stirred at room
temperature for 18 hours. The reaction mixture was quenched with saturated aqueous

25  sodium chloride/5 % HCI and the aqueous layer extracted 3 times with dichloromethane.
The organic extract was evaporated under reduced pressure to give crude dye 66. Crude
dye 66 was suspended in a solution of dioxane and 5 9% HCl (2:1) and stirred at room
temperature for 20 hours. The solution was then concentrated under reduced pressure,
suspended in saturated aqueous sodium chloride and extracted 3 times with

30  dichloromethane. The solvent was evaporated to give crude dye 67. Pure dye 67 was
isolated by normal phase preparative thin layer chromatography (PTLC) developed with
methanol/dichloromethane (1:4) or flash chromatography eluting with

methanol/dichloromethane (1:9).
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10 for 15 mnutes. The reaction was cooled and transferred with

di chl oronethane to 5 % HCl. The aqueous | ayer was saturated with brine and
extract edw@n2/4i4td di chl oronmet hane. The conbi ned organi c BKTAUSCE475€er e
separated and evaporated under reduced pressure to give the crude dye
derivative 64. Crude 64 was suspended in acetic acid (3 m) and 5 %

HC1( 3nl) SyRthesis gt Bye 42 (Bgue 1flgr 1 hour. The reaction m xture was then

poured into a i f o] : S i i.de, and
extracted 3 ti%ﬁ%@ﬁ“‘%@ﬁﬁgﬁ@%ﬁ% é%%ﬁ@ﬂg%bgﬁgﬁ%%@ugﬁlbt a{éq' conbi ned
organi ¢ ldayethslatéde giv enifdtad 9¢Bsthoshlaliag tiksylomixiui chldyée deioteaionve 65
was then purified fromthe other two symretric dye products, the

bi s- bi phemgdedansdlepirded aboedpb Fereryon efesmpoypd A8 toraemporEsd2. Cpmpaund

h t h | ugi it ichlor. [ meth L (9. 1), .20 .Finally, th
pur 17 ed ety derr oy 1 S S BRE O oMol MRy e P ions. “bye
derivat i \8nPeuk®® idBonefidld @vaNa BNASIRERaNBEIRUSHBed: braRuetiahgvenrer

suspended in dry dichloronmethane (50 nl) at 0 C under Argon. To the above

sol ut i on, 645 uompdEmnis$2 apfl 638 Corde syt Aemvativadd avas BySOByded by pad dalgivd and t he
reaction mxture, stirred at roo t erature for .18 hours.. Th

r eact | on G RETYEVRAd aa%ﬂ@ﬁéa%ﬂrﬂce?m_ﬁ%&r%w&e Sl R TOR B i de/ 5 9%
Ha _and g, AqueBus, dPrRlonRXARKSick 11 WESpIKAD W SiY chephbals.  The
organi ¢ extract s evapor at €d under reduced pressure to give crude dye 66.
Crudeao dyemafeinelsisphsipg ndédistaarisoxyphatlyl dye mbdaitoXdeeusifidd 8y@dHuhs {i2nl) and
stirred at,_ room tenperature for 20 hours. The_sol ution was then

concent r stHenaierad hvdmlved tpeeespde dye < dpereiled abave for a3nsErtiaB 9€8¥% sodi um
chl ori de i i -di t was
evaporatéﬁqﬂggé%%@%%%§g§G%ygﬁ%fw%BgP%ngg&géggggﬁﬁ?ggggﬁggﬁgéﬂﬁg?@nl phase
prepar at ilyer thiohat@yehyq RTDCR Hod Gl wifhebhnclali el opatttivint I(1:4) or flash

met hanol / di chl oronet hane (1:4) or flash chronmat o%{z_?_phy eluting with

net hanol /cHrespatesTaphst ¢uties with gyethangldipiopamethancg 1PYT/ USO1/ 44475  Synt hesi s
of Dye 72 (Figure 11) Conpound 61 was denethylated to gi ve conpound 68, and

corrpqlslnd ﬁ%??&g%g?,ﬁ%@%ﬁg}o gi ve conpound 9, both enploying the

al umnum procedure descri bed above for conversion of
conpound 58 t CHAFRMURT ok defFRIPAaT o BScoMmsound a3t B thotbi titkfigideet hy|
formani | i de/ POC13 conpl ex, and subsequently with conmpound 9 to generate
dye der i \igpiojestipn, and coapornd8avas demetlatgiiptased S ewploging theplipdume 64 from
Conpoundsch?ozrid%%gpr% e'cti% %go%e e d(e::Isecrnlb\éc(f1 ELII)SIV% fgp calrvgl%rsri]c}ﬁdcgfo clo}lnsp%gm(;) 43 &' d to give

compound 62. Compound 57 reacted with the methyl formanilide/POCI; complex under

20  the standard conditions, and subsequently with compouﬁd 9 under the standard conditions
to generate dye derivative 74 as described above in Example 7. Crude dye derivative 74
was hydrolysed by standard acid hydrolysis to give dye derivative 75. The pure
asymmetric dye derivative 75 was purified by PTLC from the two symmetric bisphenyl
and bis-hexanoic dye products. The purified dye 75 was then sulfonated by the standard

25  procedure described for formation of 67 from 65 to give crude dye 76. Pure dye 76 was
isolated by normal phase preparative thin layer chromatography (PTLC) developed with
methanol/ dichloromethane (1:4) or flash chromatography eluting with methanol/
dichloromethane (1:9).

Synthesis of Dye 81 (Figure 13)
30 Compound 57 (0.313 g) was saponified by treatment with 7 equivalents of 1M

KOH in methanol at room temperature over 3 hours. The solution was concentrated to
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dye derivative 71 according to the procedure for generation of dye
derivative 65 from64 above. The pure asymmetric dye derivative 71 was
purifiedwyord4® fromthe two 10 symmetric bis-phenyl andP@TAseaubsxyphenyl
dye products. The purified dye 71 was then sulfonated and hydrolysed to
gi ve crude dye 72 as descri bed above for generatl on of dye 67 fromdye

deri vat i Visy®%s a%"ﬁlé o@y@tragemlhvg@ @bﬁé@cbﬁﬁtwm hmfaghiom apdpdttion thin
| h t d | 1:4
v e eaieal (ETLE ey ORRR DT NaRe, 8 S akanet s (1.2

or flash hotr% ut | Or Oe
Synt hesi Wmaﬁﬁa’%@ b@/lﬂo%ﬁlq;)hllgé Cl‘@l’ﬁﬁ@@ﬂ@h? Zlu‘ﬂﬁg wieneh dtadnenl to give

conpound 73 by boron’tribronide deprotection, and conmpound 8 was
denet hy| atiddotometfiane/ @ 1%rasky rand (Yield Cad43gi Btl. chl ori de depr ot ecti on

Corpodnd 57 r SSEEPREHOTRS R o ety G PBCEL SR giEi g A ULAID + he
standard S%ﬁﬁghtdfﬁ{b‘ﬁloraﬁgg@gﬁétﬁﬁ% . 6\@9&%&%})% fudeesiad (¢ standard

conditions to generate derivative 74 as descri bed above in Exanple 7.
Crude dyequiaients).i The Felutioawahyediuzed fed . DiyssTndataeacsextpdedivithictiyi o gi ve

dye derivative 7 met.ri c e derivative rified by

p¥Lc frbrﬁcﬁ% %@%H%}évhle%?@ ﬁ@lﬂypr'l Eﬂ OW@C?%%%F Xvag‘gﬁga‘w ua%fén The

purified yyg ?m% %ﬂ@rm&grﬁg@@a%npaﬁt%{a@ &éaﬁ‘ﬁﬁ%ﬁ weed RA@6 CQ@&W bed
o) .

for forrratloh to give cru Pure dye 7 I sol at ed

by noromal Thzhases i ggaosiinavedy bd[ulmolamxmdsmbcrmm}ngmdﬁman(l P&’Iaﬂ}hmmmi oped with
nmet hanol /. di chl gropet hane (1:4)_ or_flash chronmatograp eI ut| g vm'éh
met hanol /basefl ehiben et dasreaiograghy. Tymethwas dissplves i érﬁ )3( 0

compound g 4 bbbl HET. S3ROLILESh BYnt LERhIPALS dhify gﬁlt%&%s‘ffdlﬁﬂéf of 1M

KCH i n roomterrpera re over
concent r &§o@sh fribromfié piéddted 4¢ Jel RChMER W Ehioundd YN LSBS® Mhe rérRlt@ht

extracted well with ethyl acetate and 5% hydrochloric acid solution. The

organic I@y@frolwgs dispadueduintdiy dishiaromstpnent nﬂh@dﬁw&ﬁmm%@)@y@hkoada(éol orl ess

oi | ure i sol nor ase.chr t el ut.i ng th 5%
nmet haﬁol /equbvazﬁ?l Z ﬁ%&ﬁé‘}ﬁ%’eﬁ%ﬁngié Fﬁﬂwg% hc?n €§ ggf)%m W%%B (K%xt
conpound gOﬂoﬁS@"é@QeM@mWﬁes%ﬁ ﬁ@yieﬂld%bf ﬁ@%ﬁ@a@%&iﬁﬁ@aﬁd&s@l‘aﬁoﬁnd a
sol ution of dichloronethyl nethyl (2.6 equivalents) and tin

t et r achl owadeerfordied eqin Feengpie ﬂ for‘lfhesyaﬂihasiﬂ afcompeundéT toxeeldfcordeldys 8rs. The

m xture vvas extracted wth et
Pure dye 81 was 1solated by PTEC as described in Example 12 for the synthesis of

compound 67, yielding 32 mg.

20 EXAMPILE 13 Synthesis of Dye Carboxy N-Hydroxysuccinimide Derivatives of

Compounds 67, 72, 76, and 81 and Coupling the Derivatives to Nucleotides and
Polynucleotides
(Figures 14 and 15)
The N-hydroxysuccinimide (NHS) derivatization of the carboxylic acid dyes 67,
25 72,76, and 81 was accomplished by one of two methods. For synthesis of the NHS dyes
82, 83, and 84, Method A was employed with O-(N-succinimidyl)-N,N,N’,N’-
tetramethyluronium tetrafluoroborate reagent, while for dye 85, Method B was employed
with dicyclohexylcarbodiimide (DCC) and N-hydroxysuccinimide.
Method A: The dye was suspended in dry DMF (5 mg dye: 300 ul DMF) with 6
30  equivalents of diisopropylethyl amine. To the dye solution was added 15 equivalents of O-
(N-succinimidyl)-N,N,N’,N’-tetramethyluronium tetrafluoroborate and the reaction was
stirred for 15 minutes at room temperature. The reaction was transferred with
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acetate and 3M hydrochloric acid solution. The organic | ayer was washed
with water and brine, dried over anhydrous Na2SO4, concentrated to an oil,
and usedwdbhioits purification. 10 There was an approxi mat BCY/USQuH4nTs ar

m xture of conpound 77 and 78 at this point, based on thin |ayer

chromat ogr aphy. This. oil issQlyed in dry dichloro hane. (8 , and
cool ed t 10?1%@?16%@%%?/Péﬂtvﬁgh&&fmﬁhﬁherﬁwwségméyaéﬂ%@eggﬁ%‘%f adé@“‘é’s? %)I i shed
boron trisby o - yi.eld & m %Hﬁr f BRAM : . The
resul tantS cru ea(glﬁ?ﬂ\;\%g? agti%ggan?/éesginﬁln@lg% I gﬁ?%f g%t hangg(?oré%lnﬁél)?%ae%g
phosphor werozgchhtoatedis dryesi ane thei cvadestyeSYHS@serifiddibyinomia pbiserdlzeine (5 nl)

was then added. The m xture was _heate rom 80 to 150C over 45 m nutes and
pronpt | yCP@%%aRWYW%WthMF@%H@GSZ éha)'i solation was performed as in

Ex 12 f i 3 i . p
dye B was | SoISRELBYThEAR Ml SATRRME OB RLE RIS Y icfilnded 0T ¢ o
conpound i®dry Jittdbdinteghane (Feng: 300 EXEMPCE). NanSydiibasits oof Dye Car boxy

N- Hydr oxysucci ni mi de Derivatives of Conpounds 67, 72, 76, and 81 and
Coupl i ng didvelobexyleaabedisaide svergiedded end g raspdionpuisyphued &utli kpws a{epgur es 14

201 d dyesopai TBEYSESn Hatuihelpl S e bk 3T G e e SR N ouc.
For synthesis QfachRentNISheNES deBidativd.to alsleSifies Med pomi1RIceWRS oOyed Wi t h

O (N-succi ni rrigéll)-N, N,N,N - tetramethyluroniumtetrafluoroborate reagent,
whi | d0f operfpanagbas fvlotis dABin@ grogmsitsjituied oligdmatios jermanatoryw asastepsailedrinde

(5 my aydonisggor Coha) Ml e by e p M EBRRSHSREERGH At ne” o

the dye Qbdik '(5|1')i‘0 ‘ﬁ@%vﬁlgﬂﬁl\fgti@equS‘éﬁéﬁ%H&& RDNPSO (5mg/ 60 1) were added with

(N-succi ni mdyl)-N, tetramet hyl uroniumtetrafl uoroborate and the
react i on stitng & room éanperatudes The meateen whs stooat 4t eoqe teanperaurcThed hewst Ton was

transferred with -53 WO 02/.44416 / US01/ 44475 _ dj.chl oronet hane i nto 5%
HC (20 g Teagtind mpdusyesedget 31%@%@&@ gwe@g%NaQ&ctf%ﬁ tigtes (hefeartiffed
NaCl ,and i i .G . a j ni c
Iayerlg m@ﬁﬁ%ﬁ%gﬁtﬁ ‘rvtg% eg 'f @%%4‘%}1%%2&%%%%@%3&5%?2@%%& urlﬁe?%ld by

nor mal phiigembl wadisokxtuddyateatyifagitivnahd purifiedby tevitsOphGSeMPIZL (latin®with Met hod
B: The dye and 20 equival ents of N hydroxysuccinim de were suspended in

dry di chi38ronetNdhEX(EAgbusfgb | CH2C12).  Nine equival ents of

Example 14 Synthesis of Sulfomethoxybenzoindoline 89 (Figure 16)
Methoxybenzoindoline 86 (1 gram, 0.0044 mole) was suspended in 50 ml of dry

20 CH,Cl,, and the solution was cooled to -20 °C in a water/acetone dry ice bath and purged
well with argon (Figure 16). To .the stirred solution, 1.1 equivalents (0.82 ml) of
trifluoromethanesulfonic acid anhydride were added dropwise . After addition of the
anhydride was complete, the reaction was maintained at -20 °C and stirred while 2
equivalents of dry triethylamine (1.2 ml) were added dropwise. After one hour the reaction

25  was quenched at —20 °C by addition of 5% HCI, and the aqueous phase was extracted 3
times with CH,Cl,. The combined organic layers were washed with saturated NaHCOs3,
brine, dried with NaSQO., filtered, and the solvent removed under vacuum. The crude
product was purified by normal phase chromatography eluting with hexane:CH,Cl; (3:2)
to give 2.3 grams of the sulfonamide 87 (68 % yield).

30 In a 250 ml round bottom flask, sulfonamide 87 (1 gram, 0.00279 mole) and
granular anhydrous Na;SO4 (0.1 gram) were suspended in 100 ml of dry CH,Cl,. The

reaction mixture was purged well with argon and cooled to 0°C. To the rapidly stirred
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di cycl ohexyl carbodii m de were added and the reaction was stirred for 1 hour
at room tenperature. The reaction was quenched and the pure dye-NHS

i sol at ed ve@ 0t/ot41dvet hod A. Attachnent of the NHS derivati VBETAIS0IM44T5e0t | des
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stirred solution, 1. ui val ent’s .82 m) of rifluoronmet hanesul fonic
acid anhy%qmﬂép%ﬁﬁrsé ééggwe@m%@%uﬂﬁﬁﬂoam f"{rbn of the anhydride was

conpl ete, the i i i i R ,
equi val ent s ofgil g?g%ﬁ%egtgﬁsﬁr %@"ﬁk}ﬂ%ﬂ%ﬂ%ﬁ%ﬂﬁﬁﬁ @%ggngﬁgséﬂkgé%%g\nlﬁb h,%fot% g]rry one
hour 1he THRAdthom ahmwasmdiydridh @ egnivaRtsC] pyaradwiad addad odrebdly lHEH theand t he
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| ayers wapastia g setliixef vader frgandigr Kbppisg, Theppachen was Aughclipd by s seve:

filtered,, 4@ t : qg,gr toawas

purified aﬁ%ﬁ%&ﬁa esd%hgfs?égl Sc%r%gg n%fgggggﬁl; T(;%PI gan\%g(?ﬁ&ﬁe anogzgléﬁg%%z(l( 3:2)

to give Zyanpwamided té the mithiremaditikemkiuletfastitonceitdied vadded vacauzd®@ n round

bottom fl ask, sul fonam de 87 ( ?ram 0. 00279 nol e) and _granul ar anh%drous
n

1
Na2SO4 ( @emmovs mayt aldhe THES Jos auyiurs wapanglergrd tg apepgipionpfunneg and cxbegts

m xt ur.e . i i

R e S A R R A R

chl or osulahe pugifieCbendrh@h phasewhsordsdogdpldr apibswith MO s@H}Clo(B:92)as gitd owed
to warmto roomtenperature and stirred under argon for 16 hours. The
react i on OB gerewdpete $}/(8addividldretpgbubdarmogfunysgt. 75 m of 1 M NaOH and
stirred for 2 hours. One equival ent of tetrabutyl amonium hydrogensul fate

(2, 9ram asALAed ARuLOR of BHUES AN DRSSP G ARRSPRE 198) oot od 5%

Methoxynaphthoindoline 90 was prepared by heating 24.9 gm of 1,3-
20  dimethoxyanthracene 121 (Fitzgerald (1992) Jour. Org. Chem. 57:7122-26) in 48% HBr

(175 ml) and glacial acetic acid (450 ml) for 1 hour at 90 °C (Figure 17a). The reaction

mixture was poured slowly into ice and water with stirring. A precipitate of 1,3-
dihydroxyanthracene 122 formed immediately, which was filtered, washed with 300 ml
cold water, and collected as a brown solid. Compound 122 was added to 0.14 M HCl in
25 methanol at 5 °C and kept at 5 °C for 3 hours under argon. The reaction mixture was
diluted with cold water (1000 ml) and extracted three times with a 3:2 mixture of
hexane:ethylacetate. The combined organic extracts were washed with sat. NaCl and dried
with Na,SO4. After filtering, removing solvent under vacuum, and normal phase silica gel
chromatography eluting with hexane and ethylacetate, 123 was obtained as a bright yellow
30  solid (6.93 gm, 66%). ‘
Trifluoromethanesulfonic acid anhydride (6.8 ml) was slowly added to a stirred
solution of 123 (7.0 gm, .031 moles) and dichloromethane (600 ml) at -60 °C under argon.
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concentrated under vacuumto an oily solid m xture of 88 and ot her

regi oi soners. Purification by normal phase chronmat ography eluting with
McOH: CH2®Q 02/8t492) gave one gram of pure 88 (53 % vyi el d) PEDUS01/44475
tetrabutyl ammoni um salt. Sul fonam de 88 tetrabutyl ammoniumsalt (1 gram
was suspended in 50 m_ of dry 10 THF. Lithium al um num hydri (20
equi val edfter 29 nypuiey. tigdyliauas(Scty BHUYas2ddad dopwiserta Hq 1eat i Ra ?'%eef | uxed

under ar . . . r i X . dition
o e o A b iR stinidie LRERE R0 MR RUSAGT Behe B i 7 oA i RC |
gram wasciddded mhietirb e agithehxeactad orithe0mddfare3 wastueomt ent r at ed under
vacuumto renove nost of the THE The m xture was transferred to a

separ at omgxangithelorometiape, wathed with s3t NgGlydregdoaitpNagi ey, Elpistridd or gani ¢

| ayers were concent r,at i .V i4f J: I
phas e§chr08ﬂ%eff1 i 6‘?&‘96%‘%%%“?19&;;%“%%! Iﬁ}/}%ggg 5‘&5@%@“&5 g%?ﬁjf%élgﬁ"%‘”ﬁ% h%@ggr am
of pure 884 681¥etiteebile 12atdsANINY LsWHil Whichadolidifledamph CodingSNdigshs of
sul f onet hoxynapht hoi ndol i ne 93 (Figures 17a and 17b)
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with stirring. A precipitate of 1,3- dihydroxyanthracene 122 forned
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with a 3:2 mxture of exane: et hyl acet at e. e conbi ned organi c extracts
wer e was llrbrdtograplat elufilagivith hex ateiaad ethyildchtala BEgi4e 126 hea bfighttyetlowgolid.

renovi ng sol vent under vacuum .and normal phase silic el . chrqmat ogr aphy
eluting with h‘%ﬁ@ﬁ@o%ﬁﬁl%ﬁlﬁﬁl%‘étaﬁ?t&acg@ 138‘@?5‘?%%3&38 z?sz?Fil yel | ow

30 li d 069 . Tryf | l: ! j i y8 m
was. P owBeiied e il SRERTHAI0GRH L 401 1B hadWUBLES () D 1)
di chl or oneishdded {nGaRtichs) ovat 15 GimGesimuiegtiradgo room tenipeyiun@Ibhdvddlitional 15

PCT/ USO1/ 44475 After 20 mnutes, triethylamne (5,65 nm) was_added
dr opwi se miguteRe The geaticaid wiseremongd tpdss VasuLpythe 1esidus tas pesperdedi80 C for 30

m nutes, f{. 0 ' %% [.C i Xt t hen
I e, ARSRRMEE b, SRARIN SILILTACyERe] o T Ratne 0D
Wi th sat .reiNatdd urilel @sbutht dhdNae Sfuctwdstpakigidd b Adrmal phase silica gel
20  chromatography eluting with hexane and ethylacetate, to give 90 as a light yellow solid
(2.5 gm, 53%).

Methoxynaphthoindoline 90 (1 gram, 3.6 mmole) was suspended in 40 mi of dry

CH,Cl,, the solution was cooled to 0 °C in an ice bath and purged with argon (Figure 17).
To the stirred solution, 1.5 equivalents of trifluoroacetic anhydride (0.76 ml) were added
25  dropwise. After addition of the anhydride is complete, the reaction was maintained at 0 °C
and stirred while 2 equivalents of dry triethylamine (1 ml) were added dropwise. After one
hour the reaction was quenched by addition of 5% HCI, and the aqueous phase was
extracted 3x with CH,Cl,. The combined organic layers were washed with saturated
NaHCO;3, brine, and the organic layer was dried with NaSQy, filtered, and the solvent
30  removed under vacuum. The crude product was purified by normal phase chromatography
employing 1:4 EtOAc: hexane to give 1 gram of 91, a yellow solid (yield 74%).
The trifluoroacetamide 91 (1 gram, 2.7 mmole), was suspended in 60 ml of glacial

acetic acid and 6 ml of dry CH,Cl,. The solution was purged well with argon and cooled to
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5 concentrated under vacuum Normal phase silica gel chromatography el uting
with hexane and ethylacetate, gave 124 as a |light yellow oil which
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Met hoxynapht hoi ndoline 90 (1 gram 3.6 mmole) was suspended in 40 ml of dry
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equi valents of dry tTriethylamne (1 m) were added dropw se. After one

hour t he sndamtihoryneapbthgirelobihed3 (33 Htlghiam, yield3 7B WkiCGiepamid frdre thequeous phase

was extracted 3x vvitt% CH2C1 2. Thc—%conbi ne gf\ni c |layers were vva%zbed with
I )

or .

sat ur at e@YPIRIPEIGROMESS by QoA Phashe ?laafﬁgepﬁw@- WS PTG SRR fregs
filtegred,,andhi S@H 30 empved under vacuum The crude product was
pur i ﬁljed %3 nortr?g p gg%t(lf:%ronaei{gggraphy enploying 1:4 Et OAc: hexane to
give 1 gramof 91, a yellow solid (yield 74% . The trifluoroacetam de 91 (1
gram 2. Exanple)q Vamtlesspd hoted]-isulfGoethbxyfenzdindilme 106¢Eitzue 240i d and 6 ni
of dry CH2Cl2. _The sol ution s.purged well w th argon and cool ed t - 56
WO 027 44416 PRTMEAFaosBex Y- elomeIos i iBRO eI F%‘F%élg&m% Drgpgged by
chl or osul i i ] i - . i
Feact i on s g oy BLEHUALADE b A2l 1R 180 BMLER) poHin

flask, one gram (918, 1.1 mmole) of 94, as a tetrabutylammonium salt mix, was suspended

20 in 25 ml dry CH,Cl,. The solution is purged well with argon and cooled to 0°C in an ice
bath. To the stirred solution was added dropwise 5 equivalents of a freshly generated 1:1
Vilsmeyer complex of POCls/DMF in CH,Cl, (5 equivalents complex in approximately 1
ml CH,Cl,, see below). The reaction was removed from the ice bath and stirred for 1 hour
at room temperature. The reaction was quenched by addition of saturated NaHCO3 (10 ml)

25 and THF (20 ml) and stirring at room temperature for 30 minutes. The mixture is
transferred with CH,Cl, into a separatory funnel , the organic layer was removed, the
aqueous layer is extracted 3 times with CH,Cl,, and the combined organic layers are
concentrated to give crude 106 (Figure 20). From the crude oil, pure aldehyde 106 was
isolated by normal phase chromatography employing EtOAc: hexane (1:2), as a yellow

30  solid (0.222 gram, 42% yield).

Example 17  Synthesis of formyl-sulfomethoxynaphthoindoline 108 (Figure 20)
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days. The reaction was quenched by addition of a m ninmal anpbunt of ice

(approxi mately one gramy. The solvents were renoved en vacuo with addition
of toluemeOovw4faed p renove 5 the acetic acid. The crude reBCTUSM/4IMIS ure was
suspended in a mniml anmount of 1:4 MOH CH2A 2 and partially purified by

passage through silica gel plug, eluting first wwth _ CH2Cl12 and_then
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Synt hesi s _of fornyl-sul fonet hoxybenzoi ndol ine 106 (Figure 20)
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W th CHZClé into a separatory funnel, the organic |ayer was renoved, the
aqueous Y& @& is extracted 3 times with CH2C12, and the conbi ned organic

| ayer,g are ¢ %gg;,\jg i L Gh T h e oil,
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17 Synthesis of fornyl-sulfonmethoxynapht hoi ndoline 108 (Figure 20 -57 WO
02/ 44416 sheyd sadgton way sdded drersrise RO i hetdi?Gloi Heroier¢tontoss stiFedat @ &Y was

& (or onorerPEE RS b g Fbigie B SPoodbht i R e it apinee =

needed.

20 Example 18 Synthesis of sulfonated dibenzorhodamine dye 111 (Figure 22a)
N-propylsulfonate benzoindoline 96 (Figure 18) was prepared by alkylation of 89
(Figure 16) with 1,3-propane sultone with heating. Into a 20 ml pear flask were added 50
mg of formyl benzoindoline 106 (Figure 20), 1.2 equivalents 96, 5 ml dry CH,Cl; and 3 ml
dry nitrobenzene. The mixture was stirred and heated to 110 °C under a steam of argon
25  until most of the CH,Cl, was evaporated. Excess phosphorus oxychloride (300 ul, 60
equivalents) was added in one portion and the reaction was heated with stirring for 2
hours.
The reaction was allowed to cool briefly, then 5 ml of MeOH were added and the
reaction was heated to reflux for 5 minutes. The MeOH and some excess nitrobenzene
30  were removed en vacuo, and the crude mixture was loaded onto a normal phase silica gel
column. The dye 111 was eluted by gradient elution from 100 % CH,Cl, to 1:9 MeOH:
CH,Cl,. The fractions containing esterified dye 111, as indicated by the visible absorption
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flask, one gram (1 mmole) of 101 as the tetrabutyl ammoni um salt was
suspended in 25 m of dry dichloronethane. The solution was purged well
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of 89 (Figure 16) wth 1,3-propane sultone with heating. Into a 20 m pear
f | askiowerBxaanhiteth 5@ ynitgsisfof fwlfonatedienzenagivhirhedahtifie (FsgliSeFizyeg 22b) 2
equivalents 96, 5 mM dry CH2CG 2 and. 3 nl. dry nitrobenzeng. %%21 m xt ure was
stirred and h&kPEpywifonge naphibripdeling 02 FignrelYarasPsensrrd by Hodetigsy of he
CH2d 2 Vi t XV.C ' : il .
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sti rring MIFZurd @) eas pfiRrddemcloraplaies of93 @Aade 16) bypthe poodetidey of t hen 5 m
of MeOH were added and the reaction was heated to reflux for 5 m nutes.
The MeOHEwtpdohe excess nitrobenzene 30 were renpved en vacuo, and the

crude .m xture S aded to._a no l.nph inl . dye 111
was eljsut ed by L\é\foaa_(j#(gﬂﬁlp%"}rg%g%ﬁve er%d’%g?%%%a%ﬁ_zéz_zé qt%%a%%s %@Oglm%gg% 2. The
fracti onsn@onhphifoBeh78RS. AmicinhithrélWas dthted A8l Heawdt Gal 20I°DYinddie svdaii & €
absorption -58 WO 02/44416 PCT/ USQ01/ 44475 spectrum (Absorption maxi num at

638 nm i rargdnOkdtil ant 6f the GFRCENves erpewiadn Bxpesstphasphorous oxychloride (300 pl,

60 equivalents) was added in one portion and the reaction heated with stirring for 2 hours.

The reaction was allowed to cool briefly, then 10 ml of MeOH was added and the reaction

20  was heated to reflux for 5 minutes. The MeOH and some excess nitrobenzene were
removed under vacuum, and the crude mixture was loaded on a normal phase silica gel
column. The methyl ester of dye 115 was eluted by gradient elution from 100 % CH,Cl,
to 1:9 MeOH: CH,Cl,. The fractions containing methyl ester of 115, as indicated by the
visible absorption spectrum (Absorption maximum at 656 nm in MeOH), fluorescence

25  emission spectrum (Emission maximum at 672 nm in MeOH), and mass spectrum
(Molecular ion plus 3 methyl groups equals 885.3, calculated 885.2) were collected and
concentrated to an oil. The sulfonate and carboxylate methyl ester groups were hydrolyzed
by suspension in 100 ml MeOH, 20 ml water, 0.85 grams LiOH hydrate, and heating at 80
°C for one hour. The bulk of the methanol was removed under vacuum. Three equivalents

30  oftetrabutylammonium salt were added and the aqueous layer was extracted 5x with

CH,Cl,. The combined organic layers were concentrated to an oil and reverse phase

-59-



(Em ssion maxi mnumat 651 nmin MeOH), and nmass spectrum (Ml ecul ar ion plus
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20 nl  peapg (Figgde 205 Was PEGSR-IH BEnIOHon df W1q@ituyal @by tAdproc&duts EH2CA 2
and 3 ml nitrobenzéene. The m Xture was stirred and heated to 120 C under a

st eam of Exampbnl7unti| nost of the CH2A 2 was evaporated. Excess phosphorous
oxychl ori de (300

| 0 i.val d i I h
Fencti on heat o Z0mERs PRy gRdst el BE. A e det . 80 GRhGHelS, o
cool bri ?fl#lynitngﬁﬁeﬂ@ THe RxtlYe Hs W8S e RalgRERAd0 116 °C @RAE DfHeatY P @SR eat ed

to reflu or 5 mnutes. The MeOH and sone excess nitrobenzene were
renoved wntiemostadtiunCHa0H hhhevaporadke. rBxcessrphosgmréusadydhlonda(300nixi0 phase
silica gel . colum. The nmethyl ester of dye 115 was el uted. b radi ent

el uti on PABNAIEDE) vaTadderdan opgpariign gadihe reggsion vashgatef wy ﬁt%'é% p&aﬁt ai ni ng

methyl eghels Ghe lRriofi%akalbsal ﬁ%&ﬁ‘&& ey Bl 6 PREAT Bh AllicAARE U™

(Absor ption maxi num a | 'uorescence em ssi on spectrum
(Em ssi oRedeeish Mashedte®ibZeflux ifsr Matidies. Thel MeDis aspeahe envesy ditblemmabr i on
plus 3 nethyl groups equals 885.3, calcul ated 885.%25{ were col | ected and
concent r BRI VER UBHET VarHEn sBIdfihe ide BHEERY Boloptled o #BeRAl PBasesHicdr oups

wer e _hydr g ed us S| ] 0 req Q. Li CH
e 4 &, eae5t i, M 2UF PADTaE el o Ry KETAn i Fhosteation B ROMIGHE o

removed WHLEN,. VREWBLiohd EQBaialis cveekigiad Sye 820, @k itdadatadiit the aisiBlabbydystRint  Wer e
added and the aqueous |ayer was extracted 5x with CH2CO 2. The conbi ned

or gani ¢ Isagatrum (dyserpiivngeanimaned 686 naningVieO5h and Spateseensn siissios gpeaum

02/ 44416 (E%Is/s%%or%éxdiﬁn%gat 695 nm), and mass spectrum (Molecular ion plus 3 methyl groups
equals 991.5, calculated 991.3), were collected and concentrated to an oil. The sulfonate

20 and carboxylate methyl ester groups were hydrolyzed by sﬁspension in 100 ml MeOH, 20

ml water, 0.85 grams LiOH hydrate, and heating at 80 °C for one hour. The bulk of the
methanol was removed under vacuum. Three equivalents of tetrabutylammonium salt
were added and the reaction was extracted 5x with CH,Cl,. The combined organic layers
were concentrated to an oil and reverse phase chromatography employing 1:3 CH3CN:

25 H,0 gave the pure dye 120 in 20% overall yield (Figure 22c).

Example 21  Sequencing of pGEM with sulfonated diarylrhodamine-terminators

Following the conditions of U.S. Patent Nos. 5,770,716; 5,948,648; and 6,096,875,
terminators labelled with sulfonated diarylrhodamine dyes of the invention are used with
other standard reagents in Sanger-type, four-color automated DNA sequencing

30  experiments.
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chr omat ogr aphy enpl oying 1: 3 CH3CN:. H20O gave the pure dye 115 in 20%
overall yield (Figure 22b). Exanple 20 Synthesis of sulfonated

di napht hovdozlarice dye 120 (Figure 22c) N propyl sul f onat BCHaERM4IeTsSndol | ne
102 (Figure 19) was prepared by al kylation of 5 93 (Figure 17) with

1, 3-propane sultone wth heating. Fornyl-benzoindoline derivative 108

(Fi gure 20) wa¥epfepasrioy SWW%?W%@W@@%P“%’Te e %nglb’fla)q At he

pr ocedur : | r . ng 108, 1.2
i val encbhies BTy bbbl P ERA VR DRCERRID S
stirred @6t @CILKEMIMEET (ADplitEBMsOéteds §41U02106)rBdglier®igtofof t he
CH2C12 h:;rswevaporatle%). Excess pho(ggﬁorous ngschFori de (goodqlf 60 °

equi val erlbs)GRk3aitkgnipetowes perducsd vaivulthelled aZk Mda segienpiagt ed wit h
stirring f.or hours, The, react.i o s allo t.o _caqal i , then 5 m
of MeGH \Bgyeﬁ@é‘ﬁa@a‘d%%ﬂmr @ﬁﬁ@f%ﬁ“&%& %i%teﬁ%g%’%m?ré%mﬁlﬁa@ﬁ&gx ninutes. The
MeCH and pRerseC BS Smhy bé BBRNGEABT PRESNE™ B@Q‘I@Hni%ﬂﬂ?Coi/@Kﬂl@%pl@ddd the crude
m xture was | oaded on a normal phase silica 15 gel col um. e dye 120 was

el ut ed byBigsyattismyn d0211i7onThe dNTE @@senCHXODSIst of 2im)] pacbref dAGR2 42T, The
fractions nt ai ni e ified dye 120, as indicated by .t.he visihle
wbsor pt1 KPR CEEES  hoforisairistin Smagierfis e udhs:

fl uoresc j 35| t e(,[ﬁﬂ’é PRy , .mass
spect rum (%Irg?#?“ é?ﬁﬁgﬁtﬁ gﬁclugﬁ%nTrret ytI%:%gr ouﬁ?ﬁ@z’?él@%g/gg%'gmégﬁ@gf'at ed
991. 3p, wer dIicalidmeatdsloshthalils etk wiatAdpk DaDNA Polymbmss HS, 0153tlg 20 and

car boxyl ate net hgl ester groups were hydrolyzed by suspension in 100 ni
MeOH, 20 angiH>(ad-epnl, whewinglhguantiticypm giieaton, a pendedstion pags-at 80 ' C for one

hour. The bul k, of the t hanol was. r.emved der . v I equi val ent s
of tetrabutyl Q%ﬁ?ﬂmtlm%agﬁ?ns %F%eﬁkgd@hseﬂﬁ‘ % %%@?eﬁgﬁmv]{lﬁyégﬁﬁr acted 5x
W th CH2Gliger J8EDBPhEBhI OF 8RB Spplidl BiSsysteRis /£ NORNDO 8t 84 rilqueds oi | and
reverse phase chronatography enploying 1:3 CN. 25 H20 gave the pure dye

g
120 in 200 e ypplied PiesystenFiGeue AnEPBER Sxstenp? 2001 Fwe i doréphgmel ofglBEM wi t h
sul fonat ed di ar.yl r hodam ne-ter,m nat or Fol.l owi 1 he .conditions of U S.
oot et NGB I AOR TG Aldsga ogisacinTy 36 HGEEHGALoil Badiftheare P Rel | ed wi t h
sul f onat i ) . Of i: t A A khh ot her
st andar d%gglgg%ﬁt{{ésﬂéaﬁgggggggaﬁ%sﬁgﬁ (\%Vg%?]-lééo %r@ A&%{ﬁ S%B?%%%Dgl\ﬁwggquenci ng 30
exper i mentigermalGOycip). OR éab4iéil GoRbabs LE0A0 B A#dluding a5t dr of thatbsveseagtionci ng

react] Ons‘;)rgnrlg(, g%ralfie(t)glge argloggti or%%yeA la lellledat%rmDil;llﬁtor, and a sufficient volume of water
to bring the total reaction volume up to 20 pL. Reactions are thermocycled as follows:
20 96°C for 30 sec, 50°C for 15 sec, and 60°C for 4 min, for 25 cycles; followed by a
4°C hold cycle.
All reactions are purified by spin—éolumn purification on Centri-Sep spin
columns according to manufacturer’s instructions (Princeton Separations p/n CS-901).
Gel material in the column is hydrated with 0.8 ml deionized water for at least 30
25  minutes at room temperature. After the column is hydrated and no bubbles are trapped
in the gel material, the upper and lower end caps of the column are removed, and the
column is allowed to drain by gravity. The column is then inserted into the wash tubes
provided in the kit and centrifuged in a variable speed microcentrifuge at 1300g for 2
minutes, removed from the wash tube, and inserted into a sample collection tube. The
30  reaction mixture is carefully removed from under the oil and loaded onto the gel
material and the tube re-centrifuged. Eluted samples are then dried in a vacuum

centrifuge.
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Pol ynmerase, FS follow ng protocols provided in the ABI PRI SMIM Dye

Term nator Cycle Sequencing Core Kit Manual (Applied Biosystens p/n
402116) . vBequenté ng of the pCGEM 3Zf (+) tenplate was condRCT/@E0MI4815

unl abel l ed -21 ML3 sequencing 5 prinmer (forward). Reagents, including
buffer, unlabelled prinmer, AnpliTaq DNA Polynerase, FS, may be from an ABI
PRI SMIM Dye Té&¥ier raloedingonte asaquensyid seddhe giiodsasnmesarpresugrpdadin 25The  dNTP

m X may consi st of nM each_of dATP, .dCIP, dI TP UTP_or dTTP. A
b o of L ae SuRsRa Roes iR P R s e Bree s o “ante
m x 1.0L; i : , . ; i : 3
(forwar d)h,e ;&g&g& %5;3 %%%%1&?1%@,%{06% ?%%%%%P F%ﬁ%%éségﬁ{ﬁﬁgé@%gi?bew and H20
3.5 L, whigred pLafkhapeanpeidedsanpr ig aNQibtahine peiplé east(iApplibhsi s. Exenpl ary
reactions are assenbled in 0.5 m tubes adapted for the Perkin El nmer 480

DNA Ther rpsysigatsayn (A7) adppBidoiey theeWRl PRISMBOALO Genedie Aqadyzei t ubes  for

the Applied Bi psystens yst e 700), F 50 pnol of the
15 dye tégﬂPﬁ%(f% S ﬁ?e %@glggowle@a? O?‘egizetcfpco)%ghor%%s P %f%r?rlrl&r%er%g “oil is added
to the tQmaBlzePRGRrHOAASE WRR sleQing RV ERrs BNEHPiIRried Bpdcighdbstkd &rt he Appl i ed
Bi osystens 480 her mal Cycl er)n.%plgeacti on vol urres@%re 1?0 E}& i ncluding 15 pL

of the aB¥Vé seqmoringrnalysie (Arplicd Riasystaniseo/aABIH @i4343e87 @pbmcsand

t i t figi t vol f to bri t he total ti
vol une- ugt A5880Restiharyf} Ghe sitPirtiRi P uRles bRl Bieis®ec {or a0
sec, 190C §aﬁfp/16\|c-:]sl5dr§ S ctrafetRGy ffdctdl dhtd thef @pilidRy oy 8b s ath20d kpwed i a  4C

hol d cycl e. reactions are purified by spin-colum purification on

Cent ri - Sdpr ypior? hrcas| 10rm 42 2dddwathrile ewsidemwatlad theraapillery meintaiead ans

(Pri nceto&ogg(garationsﬁgfn -901).  Cel matgrial in the colum is hydrated
with 0.83 EUITYE A0 GSCEPPICHISYR af SSAUPNARE 68a i nut es at room t enper at ur e.

After the col i ; 1 i
ek ori ol §ne T suBO MG Ao Be BYRRN6S et RRRC Ao b

enoved, and the
col um i $' kimee df primer axtandiyn, pohwirtlyotidenfeagnaintsnduring folrecolomssgudanethgi nt o t he

wash tubes provided in the kit and centrifuged in a vari abl eed
m cr déentPactigpe Rutngfogmers fom hihihous 1 0¢0basG ey 418 drterisd fad Aot Anand

inserted J | Qllc)ié LR tube oThe 304 heagd d myture is
carefull fﬁ#rgﬁg@eer%o@noﬁn eﬁﬁ(ﬁljﬁe g‘?ﬁl{ and oa%%g gnt 0 u?ﬁrel gel material and
t he t ube digykksdaniihei@roof tht Libeltedsagphedss cuting helengthiasd fumct@n\od titem
centrifuge. -61 WO 02/44416 PCT/USQ1/ 44475 .
during an electrophoresis run on the ABI PRISM™ 310 Genetic Analyzer.
All publications, patents, and patent applications referred to herein are hereby
20  incorporated by reference to the same extent as if each individual publication, patent or
patent application was specifically and individually indicated to be incorporated by
reference.
Although only a few embodiments have been described in detail above, those
having ordinary skill in the chemical arts will clearly understand that many modifications
25  are possible in these embodiments without departing from the teachings thereof. All

such modifications are intended to be encompassed within the scope of the following

claims.
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Prior to | oading onto a sequencing gel, the dried sanples are resuspended
in 25 L of Tenplate Suppressi on Reagent (Applied Biosystens p/n 401674),
vortexedwOhratsedl to 95C for 2 m nutes, cooled on ice, vorPCEYSa/HAgH n, and
centrifuged (13,000 x g). 10 L of the resuspended sanple is aliquoted into
sanple vials ( | ied 5 Biosystens p/n 401957) adapted for the ABI PRI SMIM
310 Genet’€ zer (Applied Biosystens p/n 310-00-100/120).

El ectrophoresis on the 310 Genetic Analyzer is performed with sieving
polymers and capillaries specially adapted for DNA sequencing anal ysis
(Appl i ed Bi osyist emSupfonatéd aBsyirhodadBiE208ipopds haverg)thastductypen 402840
(capillary)). The sieving polyngr i@pludes qucl%jc acid denaturants. 10
Sanpl es are el ectrokinetical | yRi'nj &ted onto tHe capillary for 30 sec at
2.5 kV, and run for up to]@LhN'at 2 K jth the outside wall of
the capillary maintained at™ 50
sequenci ng data. The sul fongted g ddantlge tgrmnators are
specifically incorporated onto of prinmer extension,

pol ynucl eoti de fragnents durlnu 0 r-g@iq; S -n%ing 15 reactions. Eluting
fragments from1 to about 1R00 base Pai rB ar g detkcted and plotted. An

el ectropherogram plots the fluorg8cence intengity emtted by the sul fonated
di aryl rhodam ne dye of the | abelled fragnments eluting by length as a
function of tinme during an electrophoresis run on the ABI PRI SMIM 310
Genetic Analyzer. Al publications, patents, and patent applications
referred to herein are hereby R¥O iRfcorpor atled Iy reference to the sane
extent as if each individual, pgpl "oy patent application was
specifically and individual®y i g ncBrporated by reference.

Al though only a few enbodi ngnt s 'q?d in detail above, those
havi ng ordinary skill in the Cf clearly understand that
many nodi fications 25 ar§npos- bodi ments wi t hout departing
fromthe teachings thereof. ™M &' are intended to be
enconpassed within the scope he foll ow ng,s clains. -62 WO 02/ 44416

PCT/ US01/ 44475 WE CLAI MRr'®” Syf'f omat ed diarggrhodanine conpounds havi ng
the structures: R12! R13 Rl eghs | +

5 wherein R, R, R? and R'? is hydrogen, C;—C;» alkyl, C,—C;; alkyldiyl, phenyl,
substituted phenyl, benzyl, substituted benzyl, biphenyl, substituted biphenyl, naphthyl,
substituted naphthyl, heterocycle, substituted heterocycle, water-solubilizing group or linking
moiety; and

R, R3, R RS, RS RS, RS, RIO R, R, R RIS, R'S, R'7, RS, R'%, R?, and R? is
10 hydrogen, fluorine, chlorine, C;—Cs alkyl, carboxylate, sulfate, sulfonate, alkylsulfonate,
aminomethyl (~CH,NH>), anﬁnoalkyl, 4-dialkylaminopyridinium, hydroxymethyl
(-CH,OH), methoxy (~OCHj3), hydroxyalkyl (-ROH), thiomethyl (-CH,SH), thioalkyl
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R12-- NONR2 RI1 R3 RI0j RB HR6 Ra 9 5 R12' RI3 R1 R2" |+ RI12iN
NR2 RI11 / RBRI7 R H6 Ra Rs Rl16 R14 15 R12' RI3 Rl R2 I+ R12-- N
R2 Rl11 W®B2RsT6 R8 H R6 R18 R16 R14 R21 R19 R15 20 5 wheT/@®so/4a275 R2'
R12 and R12' is hydrogen Cl-C12 al kyl, Ci1-C12 al kyldiyl, phenyl,

s AP R e S0 i
. Fe, b 4@%@?@%155%%%%0 47“ % B R Mgy v, 10

hydr ogen (—fHy9! dnfigo (CHONR,Y) ﬁhlm%@\natmg, all€cﬁd’yQ0®R|) ShenoxsAibicabEe, tolyl, f onat e,

al kyl sul fonate, am nonethy 2NH2) , am noal kyl

4-di al kylpamyh@xlrb@zmh hq:tvrohydw @hymphgtb, pl(osmlaz@qyaten@tmme(w@aas)

hydr oxya (- CH2S t hi | kyl -63 WO 02/ 44416

P R Pl e c syt A bl A5 o BBRS ORI t 1 o (~ SALL . arysul f one
(-S2A) . sul Sanantdovids SEPAREY: ol ot 10X R xSGR) eyl syt fo) e

(-SQAr), amino (- anmoni um (- NH3+ am do (- nitril’e (-CN),
Cl- C8 al RI%R'(; ldﬁz)ngme’nR%yanqaR%nssulﬁgnatem yl, phenyl aryl, benzyl,

het er OCyCl © %hOSp%g%toglpo n P(r:]mm 1w %?etiggt Gadt onie opﬁz Slui{ﬁ and' R is Ci-
Cs alkylsulfonate or C4-Cyg arylsulfonate.

10 3. The compound of claim 1 wherein the alkyldiyl, substituted phenyl,
substituted benzyl, substituted biphenyl, substituted heterocycle and substituted naphthyl is
substituted with sulfonate.

4. The compound of claim 1 wherein the alkyldiyl, substituted phenyl,
substituted benzyl, substituted biphenyl, substituted heterocycle and substituted naphthyl is

15  substituted with carboxyl.

5. The compound of claim 1 wherein the linking moiety is azido,
monosubstituted primary amine, disubstituted secondary amine, thiol, hydroxyl, halide,
epoxide, N-hydroxysuccinimidyl ester, carboxyl, isothiocyanate, sulfonyl chloride,
sulfonate ester, silyl halide, chlorotriazinyl, succinimidyl ester, pentafluorophenyl ester,

20 maleimide, haloacetyl, epoxide, alkylhalide, allyl halide, aldehyde, ketone, acylazide,
anhydride, iodoacetamide or an activated ester. .

6. The compound of claim 1 wherein the water-solubilizing group is
carboxylate, sulfonate, phosphonate, phosphate, quaternary amine, sulfate, polyhydroxyl,
or water-soluble polymer.

25 7. The compound of claim 1 wherein the heterocycle is pyrrole, indole, furan,
benzofuran, thiophene, benzothiophene, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-quinolyl, 3-
quinolyl, 4-quinolyl, 2-imidazole, 4-imidazole, 3-pyrazole, 4-pyrazole, pyridazine,
pyrimidine, pyrazine, cinnoline, pthalazine, quinazoline, quinoxaline, 3~(1,2,4-N)-triazolyl,
5-(1,2,4-N)-triazolyl, 5-tetrazolyl, 4-(1-O, 3-N)-oxazole, 5-(1-0, 3-N)-oxazole, 4-(1-S, 3-N)-

30 thiazole, 5-(1-S, 3-N)-thiazole, 2-benzoxazole, 2-benzothiazole, 4-(1,2,3-N)—benzotriazole, or
benzimidazole.

8. The compound of claim 1 wherein Rl, R3, R6, Rg, R“, RB, R14, RIS, Rm,

RY, R, R®, R and R* are hydrogen.
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5 pol yet hyl eneoxy, water-solubilizing group, or linking noiety; with the
proviso that at |east one of Rl, R3, R4, R5, R6, R8, R9, R', Rll1l, R13, R14,
R15, R16W®RLZ444R18, R19, R20, and R21 is sulfonate. 2. ThepCTOSpoUnt of
claiml1l wherein at |east one of R2, R2', R12 and R12' is Cl- C6

al kyl sul fonate or ¢4-C o arylsulfonate 10 3. The conpound of cI iml
wherein the al%k yIdﬂ?ﬁcogmﬂgﬁi?ﬂ%@ﬁlbﬁ@ﬁ?ﬂmng§§%§$F@&W§d¥%§H¥VP Wal§Bsti t ut ed
bi phenyl , t tuted
i h-sul FARHEEMA G BE L BRE S AR SRR W IR IRRT) Bbolomit Rk

Substltu&ﬁ@sﬁhﬂﬂﬁﬂuwn@ﬂﬁ&hmuuWQdthﬂﬂthAﬁubst|tuted blphenyl substituted
het erocycl e and substituted naphthyl is 15 substituted with_ carboxyl. 5.

The co gpo und @¥seeqnsl bridingnerep whidhevhanipkangoggihestwith the47¢-dgnded-nitrogen
t
wgfzgyls . ﬁf g—é d@&ycarg)glng %ﬁ‘g d:§ yel%gltl(!i M’fé gtguc %%%”9%%3&0%{'11 g(% En{epr}b%s’

r oxysucc

i sot hi ocyanat g, sulmrtxéinp@bhwa @l@l,m 9 Sdﬂefdﬁﬂéﬁ@oﬁﬁiﬂ@bfth%lﬂré/ﬂanl‘ll@édoﬂ& ring
chlorotriazinyl, succinimdyl ester, pentafluorophenyl ester, 20 nalei m de,
haIoacetwhudéﬁﬁimﬁﬁveﬁwn¢5ﬁal|de aIIyI hallde al dehyde, ket one,

acyl azi de, ydride, iodoa m d vate

conpound of cInl fm1l Qpé’oﬁn‘?ﬂfﬁ\?&kﬂ 29 wijslie ° r%en%?% n?%Strtmg‘F%oxyl at e,
sul f onat gc1pNQATRB @At EsubRiRENAlRN. quat er nary am ne, sulfate, polyhydroxyl,
or water-soluble polyner. 25 7. The conpound of claim1l wherein the

het erocycle is pyrrole i ndol e, furan, benzofuran, thiophene,

benzdbhi ophend,2. 2- piheiadyipougd pfwlamyﬂl W&lemtihd)glem S@bsﬂtumﬁ ge (CB-CBQM nol yl ,

4- qui nol y 12 i m dazol e, 4-im dazole, 3-pyrazole, 4-pyrazole, pyridazine,

pyri m di Ypyrazine, cinnoline, pthal azine, quinazoline, quinoxaline,
3-(1, 2, 4- N) tr1'3aZO|',I§7ﬂe,con§)o(1ﬂd éf él’aﬁﬁ 11 Wh@?em e geﬁh stuﬁﬁt[tﬁ@rﬁé Xﬂe,m&h}(ll O,
3IV) oxazole 5-(1- -N) - oxazol e, 4- hi azol e, 5-(1-S,

3-N) -t hi azol e,142- be"lﬁmcmamhad erlbmmi@thlaazrothe,ﬁV4mﬂn®I@1Mg isenbiitutedzol e,
or ben2|n1d§ Qle 8. The co o d.of claim1l wherein R1l, R3, R6, R8, RIl1,
RL3, R14,Wifybnkipg goietyerwaigisoupleingBenp and R21 are hydr ogen. -64 WO

0214410 PCT 0 A bR SRR S RIS,
the C 12 talet tGgclBeromitibiie €-12bomdeal fiirogn and the C-11 and C-12 carbons forms a third
ring structuré having from 5 to 7 members; and/or
a fourth bridging group which when taken together with the C-2-bonded nitrogen
and the C-2 and C-3 carbons forms a fourth ring structure having from 5 to 7 members.
20 16.  The compound of claim 15 wherein one or both of the third and fourth ring
structures has six members.
17.  The compound of claim 16 wherein the six membered ring structure
includes one gem disubstituted carbon.
18. The compound of claim 17 wherein the gem substituents are (C1—Cy) alkyl.

25 19.  The compound of claim 18 wherein the gem substituents are methyl.

20.  The compound of claim 1 having the structures:
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ring structure having from4 to 7 nenbers; and/or a second bridgi ng group

conpound of claim 11 wherein t1;1er1|\I ge

whi ch when taken together with the C 2-bonded-nitrogen 5 and the C-1 and
C-2 carbov@ot/oums a second ring structure having from4 tepCTUsermaerss. 10.
The conpound of claim9 wherein one or both of the first and second ring
structures has five nmenbers. 11. The conpound of claim 10 wherein the five
menbered ring structure includes olne gem di Eubstitut ed carbon. 10 12. The
substTtent s are (Cl-C8) alkyl. 13.
The conpound of claim 11 khefei st tuent® are nethyl. 14. The
conpound of claim 10 wherein the @ ri ng is substituted wth
l'inking moiety or water-sol ulbt } oups IB15.R°The conpound of claim1l
conprising a third bridging gro dken together with the
C-12-bonded nitrogen and the lg and CHL2 earhons ,fornms a third ring
structure having fromb5 to Rnenbérs; Ran or 5 fou.ﬁth bri dgi ng group which
when taken together with the C 2-Bdnded nitrogén and the C-2 and G 3
carbons fornms a fourth ring structure having from5 to 7 nenbers. 20 16.
The conpound of claim 15 wherein one or both of the third and fourth ring
structures has six menbers. 17. The| conpound|of claim 16 wherein the six
menbered ring structure include suhstituted carbon. 18. The
conpound of claim 17 whereing ehel gen suta)stlt enhs-@rg? (C1-C$) al kyl. 25
8 z dbstituents are nethyl. 20.
The compound of claim1l haV| » WO 02/ 44416
RBHR6\ | R4 9 Rs

PCT/ USO1/ 44475 RI12-L12-N p
R12_L12-N + p N-L2-R2 RI1 \p

wherein L and L' are linkers selected from the group consisting of alkyldiyl,
substituted phenyl, substituted benzyl, substituted biphenyl, substituted heterocycle and
substituted naphthyl.

5 21.  The compound of claim 1 comprising a fused aromatic ring bonded across
the C-3 and C-4 carbons, the C-4 and C-5 carbons, the C-9 and C-10 carbons, or the C-10
and C-11 carbons, including substituted forms thereof.

22.  The compound of claim 1 comprising a fused aromatic ring bonded across
the C-3 and C-4 carbons and the C-10 and C-11 carbons, including substituted forms thereof.
10 23. An energy-transfer dye comprising:
a donor dye capable of absorbing light at a first wavelength and emitting

excitation energy in response thereto;
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Rs R16 R14 R15 R12-L12-N NL2-R2 R R3 R17 R HR6 R18 Rl16 R14 R21 \ R19
R15 R20 wherein L2 and L12 are linkers selected fromthe group consisting
of al kyl WW@b2/444¢ubsti tuted phenyl, substituted benzyl, subETAUBUIEETS

bi phenyl, substituted heterocycle and substituted naphthyl. 5 21. The
conmpound of claim 1 conpri sing fused aromati.c ring bond cross the CG3
and C-4 car borf8 20§9RpoT YQC%R?@’I%Q@I’E%F H’(Sﬁg‘? Sxqyiglien gney e’@tﬁe‘gc{’é’é %bons, or the
C 10 an - i ' i hereof. 22. The
corrpound(aggoc g%?n&?ﬁggeﬁ%lrnggf %gécgg?Edégﬂgg‘%tg%rg%%&{rsﬁaé{dbonded across the CG3
and C 4 car bondinkadfor hi@kidgihe dncbr Qy¢ atd thambaspsor dyacl udi ng substituted forns
thereof. 10 23. An energy-transfer dye conprising:. a dgonor dye capabl e of
absor bi ng | i ghthezgin gt keastone ghthe dongt fVeand 2eeaptaridyf is exdfangtedon energy in
response i =6 / 75 an acceptor dye capable
of abgor g?%g‘%%@&%%%@ﬁhéﬁé%gggg%}ﬁgﬁg’é&ﬂéét he donor dye and fl uorescing
at a second wavel ength in responsg? agé a |inpkergFor |linking the donor dye
and the acceptor dye; wherein at | eas I|\Idonor dye and accept or
dye is a sulfonated 5 diaryl RHodanj# aviRig one of the
structures: RLT R13 R1 RT Rl%TlN R2 R£9 9 Rs R12' R13 Rl R2,
| +

including nitrogen- and aryl-substituted forms thereof, with the proviso that at least one of
R! R3 R* RS R® R® R% R R'. R RM R RIS R R'8 R R and R* is

sulfonate.

10 24, The energy-transfer dye of claim 23 wherein the acceptor dye is a

sulfonated diarylrhodamine compound and the donor dye is a cyanine, a
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RI2ZNONR2 RI1 1 RB 17 HRR RBRRMA Rs R16 R14 15 Rl12' R13 R1L RT |+
RI2~N NR2 RI R3 RLl7 R HR6 Rig R16 ' R14 R21 R19 15 R20 i ncluding
ni t rogenwanzl44ne/| - substituted fornms thereof, with the prperT/Esot4ars at
| east one of Rl, R3, R4, R5, R6, R3, RO, R10, R11, R13, R14, R15, RI16,
R17, R18, R19, RZ0, and R21 i .sul fonate. 10 24. The energy-transfer dye
of cl ai mPhthalgey¥Eneg, a@ﬁgﬂg@@ﬁ,ﬁ%ﬂlp}d@epgo COZKATENAL B i W r hodani ne

conmpound ;8§ REIHARET or ViR olisnRe G¥&NI ne, a -67 WO 02/ 44416 PCT/ US01/ 44475
pht hal ocyani ne, "a squarai ne, a bodipy, a benzophenoxazine, a fluorescein,

a. di benzorhodam ne, or a rhodam ne dye. 25. The energy-transfer dye of
cl ai m 24 wher €5n t fitheanerpitansfdydyeiof chim 24| Wwinmmaih élae aticeptyt dyeaslami ne conpound

and t he donor d is a_fluorescein, or rhodam nge Iinked to the acceptor
dye and Bl %‘l%ﬁﬂy @m@ﬂ*@%@n@s@@ewﬁ@%ﬁﬁ@}ﬁr@ygﬂ%& g?“ﬁ%?émo‘fracl aim 25

wher e§n Ui AOROAYRo e AicBBHafind 8 pBpvulergqus of the pol ynucl eoti de.

27. The energy-transfer dye o alm ein the donor dye is linked to
the 3" -term nus of the polynucleotide. 10 28. The energy-transfer dye of
cl ai m 25 wher €i6n t Hghecmeangy-tonefer dyel dfcledd 2ASovizereintled dwivadge sflinkbdto

pol ynucl eotide, wherein if the nucleobase is a purine, the linker is
attached tl&@t@?@”@%@‘iﬁ‘??@ﬁ?“&?“ﬂ%e nucl eobase is a 7-deazapurine, the

i nker is attached at

27.  The energy-transfer dye of claim 25 wherein the donor dye is linked to

the 3'-terminus of the polynucleotide.

10 28.  The energy-transfer dye of claim 25 wherein the donor dye is linked to a
nucleobase of the polynucleotide, wherein if the nucleobase is a purine, the linker is
attached at the 8-position; if the nucleobase is a 7-deazapurine, the linker is attached at
the 7-position or 8-position and; if the nucleobase is a pyrimidine, the linker is

attached at the 5-position.

15 29.  The energy-transfer dye of claim 23 wherein the linker has the
structures:
O O
_RM_ g g__ or _ Ry |(|3_R22_R23___
wherein

Z is selected from the group consisting of NH, S and O;
20 R* isa C1—Cy, alkyl attached to the donor dye;
R* is a substituent selected from the group consisting of a C;—C;; alkyldiyl, a five
and six membered ring having at least one unsaturated bond and a fused ring structure
which is attached to the carbonyl carbon; and

R? includes a functional group which attaches the linker to the acceptor dye.

25 30. The compound of claim 29 wherein the linker has the structure:

I
——(CHy)n—NH—C—
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the 7-position or 8-position and; if the nucleobase is a pyrimdine, the
linker is attached at the 5-position. 15 29. The energy-transfer dye of

cl aim 23 wihereidme t he |inker has the structures: 0 0 - R2RET/HSON444750r - R21-
Z- C-R22-R23- wherein Z is selected fromthe group consisting of NH, S and
0; 20 RR1 is a,Cl-Cl12 aI%gl %ttached to the donor dye; R22 is a
substituent s@PBEEE 8% W lr oup consisting of a Cl-Cl2 alkyldiyl, a
five and six menbered ring having at | east one unsaturated bond and a
fused ring stryct ur@e etBicGrah§eddybd?RREN 10O Wilkeeif R2PRMMhe 6RIdGH; and R23

i ncludes a functional group which attaches the linker to the acceptor dye.
25 30. The conpound of claim?29 wherein th@ |inker has the structure: O 11
-(CH2)n-NH C -68 WO 02/ 44416 PCTLyggm/4éﬂZ&__§nd n ranges from2 to 10. 31.
The energy-transfer dye of claim 29 whef'ern R23 has the structure 0 -
R24-Z- C wherein R24_s. a C1-Cl | kyl. 5 32. The energy-transfer dye of

cl ai m 23 wher &/ ERE I]lsr?k(gr_‘:g%iék?lhe structure O O 11 DONOR - CH2- NHC \
NH- C- ACCEPTOR 33. The energy-transfer dye of claim 23 wherein the |inker
has the structire 1ReQnehNaRsGHiyNDfClotm 23GhRrdih e HACERER: stddbturkhe

energy-transfer dye of claim23 wherein the Iinker has the structure O
0]

0O
| |
DONOR —-CHZ—NH—C—Q—NH—C—ACCEPTOR

33.  The energy-transfer dye of claim 23 wherein the linker has the structure

)

O
I
DONOR—CHz—NH——8—©—CH2—-NH—C—ACCEPTOR

34.  The energy-transfer dye of claim 23 wherein the linker has the structure

0
DONOR—CH,—NH —H—Q— CH,— ACCEPTOR
10

35.  The energy-transfer dye of claim 23 in which the linker has the structure:

0 0 7
]
D— CH,— NH_C_QCHZ-NH—( C—Q CH,NH )—C— A

wherein D is a donor dye, A is an acceptor dye and nis 1 or 2.

36.  The energy-transfer dye of claim 23 wherein the linker is attached at R?,
15 RZ, RYor R of the sulfonated diarylrhodamine compound.
37. The energy—transfef dye of claim 36 wherein a linker to the donor or the
acceptor is attached to R” or R?, and a linker to a polynucleotide is attached to R'* or

R12'

38. A labelled nucleoside or nucleotide having the formula:
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DONOR- CH NH- C CH2- ACCEPTOR 10 35. The energy-transfer dye of claim23 in
which the linker has the structure: OO0 O nuD CH2- NH n/ - CH2- NH
(C - CH2NWOYn44316 A wherein D is a donor dye, A is an acchOr/osoldpe’sand n i s
1 or 2. 36. The energy-transfer dye of claim23 wherein the linker is
attached at R2, 15 R2', R12 oy, R12' of the sulfonated diarylrhodam ne
conpound. 37. The energy-trari&5 e f chaimp-3bymherein a linker to the
donor or the acceptor is attached r RR', and a linker to a

pol ynucl eotide is attached to R12 or 38. A | abel |l ed nucl eosi de or

nucl eotide having the formula: -69 2/ 44416 PCT/ US01/ 44475 R250 p
B-L-DYE R26 27 wherein DYE is a sgkdonap@®d di aryl rhodam ne conpound havi ng
one of the structures: R12' RI13 R2, | nBRRZ-NR2 Rl R3 0 R4 R1 95
RIT R13 R R2'yordid DYBE & NubloRéed aa{’ylﬁédalgiln% condpofa FhvRS dnd¥t thES

structures:

5  including nitrogen- and aryl-substituted forms thereof, with the proviso that at least one of
R' R RY RS R® RE R% R R R RM RS RS RV R™® R R and R*'is
sulfonate, or

DYE is an energy-transfer dye comprising a donor dye capable of absorbing
light at a first wavelength and emitting excitation energy in response thereto; an

10 acceptor dye capable of absorbing the excitation energy emitted by the donor dye and
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R16 R14 Rs R12' RI3 R R2 | I+ RI2~NNO RI R3 Rl7 RP HR6 Rg RIl6
R14 R21 R19 R15 R20 5 including nitrogen- and aryl-substituted forns

t her eof , wbhatale provi so that at [ east one of R, R3, RACT/BS)U/4R4675 Rs, R9,
R, R11, R13, R14, R15, R16, R17, R18, R 9, R20, and R2' is sulfonate, or

Drent ar Taoresrigy daast SR anlh ahTEPTG: S Rer S Tkiedpe oty Bbonse |
thereto; aﬁ@t}g]eoac%m m{&% g%{ 6o fécfl%%%cg'dgg a?ch@cc% o b fs%aﬁnergy

emtted by t ye an CT. USOl 444 fl uorescing
at a secooffomaddieryfthbdimine espposet, and a |inker for [|inki ng t he donor dye
and t he acceptor dye; wherein at | east one of the donor dye and acceptor
dye is a said @lﬂ%?ﬁ?&béﬁ?’dl aryl rhodam ne conmpound; B is a nucleobase; 5 L
is a kLinker; nonophosphat e, di phosphate, triphosphate,
t hi opﬁosphate or C)sphate anal og; and R26 and R27, when taken al one, are
each i ndependadf lsyH Hnoﬁ@hoEphaamdl;mogmia&t, Yriphalspicie, lﬁhep}im}o]mé yarer i se- nedi at ed
target di rected pol ynerization, or when taken 10 together form

-3 - di d@ﬁy@ﬂ@rﬁ%@geaﬂ@Q The | abel | ed nucl eoside or nucl eotide of claim
58 wherein & s 3871 874 Sflen [A2MIE. AL oUR 660 8L% Ao U Ak hmdim ne:

cytosi ne, ade deazaa enlne guani ne deazaguanosi ne.” 40. The

| abel | ed wHied plRSksd® I AhembehReiatede Et Giréted Sy erixfibs orlwhentakenO | 15
- C=C- CH2- G:HZCHsgﬁ) %NH- G e #l
10 together form 2'-3'-didehydroribose.

39, The labelled nucleoside or nucleotide of claim 38 wherein B is selected
from the group consisting of uracil, thymine, cytosine, adenine, 7-deazaadenine, guanine,

and 7-deazaguanosine.

40. The labelled nucleoside or nucleotide of claim 38 in which L is:

— C=C—CHy~ (OCHZCHp_)n——NH—g—

15
whereinnis 0, 1, or 2.
41.  The labelled nucleoside or nucleotide of claim 38 which is enzymatically
incorporatable.
42, The labelled nucleoside or nucleotide of claim 38 which is a terminator.
20 43, The labelled nucleoside or nucleotide of claim 42 which has the structure:

25
R™O 0. B—L—DYE
R26 R27
wherein R?® and R*’, when taken alone, are each independently H, F, and a

moiety which blocks polymerase-mediated target-directed polymerization, or when

taken together form 2'-3'-didehydroribose.
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wherein nis 0, 1, or 2. 41. The | abell ed nucl eoside or nucl eotide of claim
38 which is enzymatically incorporatable. 42. The | abell ed nucl eosi de or
nucl eot i deoot/4ah@i m 38 which is a termnator. 20 43. TherChnbsdladrs

nucl eosi de or nucl eotide of claim42 which has the structure: R210 O B-
L-DYE R26 27 wherein R26 and R27, when taken al one, are each independently
H F, and a i et YhetiheHedhusdtosidser pueleaiisle ofelaina B whickigenzyaiatiedlyed
polynerizaﬁi%% or when taken together form2'-3'-didehydroribose. -71 WO
02/ 44416 © §61/44475 44. The | abel |l ed nucl eoside or nucl eotide of claim
38 which is engynmatAd Gdklidd pdyieREIAN @mARingA JodhRbleetid el yiensl eot i de
conprising a polynucleotidé covalently attached to a | abel, wherein the

| abel i s attachel] tombabel wieeaity theHalutd s el bonted divdy wdrmine ®mmesndhaving

structures: %‘% RI3 R1 RR" I+ R12~/ /| N~ Il NORR3 RIOI / RSB HR6 \
| R4 SRYBEORYP SEYSUEP Ro' 1+ RI2~-N/ O/ N, R2 Rl R3 RIZTREHG6 4 R5
R16 R14 RZ RB r! R?

| 4+

including nitrogen- and aryl-substituted forms thereof, with the proviso that at least one of
RLR3 RY RS RS R R®. R R R RM™ R R R R® R R? and R?'is

sulfonate, or

10 an energy-transfer dye comprising a donor dye capable of absorbing light at a
first wavelength and emitting excitation energy in response thereto; an acceptor dye

capable of absorbing the excitation energy emitted by the donor dye and fluorescing at
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15 R12' RI3 RL R I+ Rlz-N/ O/ NR2 RI1 RBRI7 H6 RRg | RB RI RIl6

- R14 R21 R19 R15 R20 including nitrogen- and aryl-substituted forns

t her eof , wbhatale provi so that at [ east one of R, R3, RACT/BS)U/4R4675 Rs, R9,

R10, R11, R13, R14, R15, Rl16, R17, Rig, R19, R20, and R21 is sulfonate, or

10 an energy-transfer dye conpri si n(Iq a donor .dye capabl e of absorbing |ight
1

at a fi redecapdeaveirgeth miesronss; entha lakeifonkinkang theclogyr 4y anddionse t her et o;

an accept . | e ta&gor ' e cai t% .emtted by the
donor dyeaeéleﬁg&?dly El’g\rgfe?%%lnnaé?%ts 2P f&%’é‘}) ggﬁel ‘iﬁ%ﬁﬁ%%d a second
wav el engtshlforintéediReMBedaraing cambbitker for |inking the donor dye and the
acceptor dye; wherein at | east one of the donor dye and acceptor dye is a

sai d sul fonat di I ! C?é&@;g : : ol ynucl eoti de
of cl aim 45 cgl@rrbri g‘}%éél{bﬁg@?%lm a: 9%%%%890%\5@%%&%%&5 wher ei n DYE
is a sulfonated diaryl rhodam ng conpound or an energy-transfer dye; Bis a
nucl eobase; L is a linker; 18 (s &, OB—bhatDWE&, azide, am ne,

al kyl am ne, Cl1-C6 al kyl, allyl, Cl- oxy, OCH3, or OCH2CH=CH2; and R28
and R29when taken al one, are each indepenhdently H, phosphate,

5
wherein DYE is a sulfonated diarylrhodamine compound or an energy-transfer

dye;}
B is a nucleobase;
L is a linker;
10 R* is H, OH, halide, azide, amine, alkylamine, C;-Cg alkyl, allyl, C;-Cg alkoxy,
OCH3, or OCH,CH=CHp,; and
R?® and R*®when taken alone, are each independently H, phosphate,
internucleotide phosphodiester, or internucleotide analog;

wherein the polynucleotide comprises 2 to 1000 nucleotides.

15 47.  The labelled polynucleotide of claim 46 wherein B is selected from the
group consisting of uracil, thymine, cytosine, adenine, 7-deazaadenine, guanine, and 7-

deazaguanosine.

48. The labelled polynucleotide of claim 46 comprising the formula:

I
DYE—L—0—P—X o0 B

%

R28 R27
20 wherein DYE is a sulfonated diarylrhodamine compound or an energy-transfer
dye;
B is a nucleobase;
Xis O, NH, or S;
L is a linker;
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wherein the pol ynucl eoti de conprises 2 to 1000 nucl eotides. 15 47. The

| abel | ed pol ynucl eotide of claim46 wherein Bis selected fromthe group
consi sti mgoot/4un@ci |, thym ne, cytosine, adenine, 7-deazaRdeusoie4THuani ne,
and 7- deazaguanosi ne. 48. The | abell ed pol ynucl eoti de of claim46
conprising the formula: O 11 DYE-L-O-P-X OB OF) R28 27 20 wherein DYE
i s a sul fonat & WifdrQHy ganszide. eminso alkolagring 1iehetlsyl eMdnSt<rs dye; Bis a

nucl eobasg; hef, NH, kS, a4l inker; -73 WO 02/ 44416 PCT/ USO1/ 44475
R27 is H%ﬁ%ifé’ﬁgﬁ?’ggé,&g%%%,dé?ria%‘él, al kyl ani ne, C1-C6 alkyl, allyl, Cl-C6
al koxy, OCH3, ot isQldGiordctide pRaghRBSstérSoriiteRublecti@Ohnles; phosphodi est er or
i nternucl eoti de anal og; wherein the pol ynucl eoti de conprises 2 to 1000

nucl eoti des. Svhggein theepdlaivelaotide puhyinge Pdot Peenwtleatidgs-m 48 wherein B is
selected fromthe group consisting of uracil, thym ne, cytosine, adenine,
7- deazaadeni nd9. guderighellad doFnudestidegd aladmiddevheséin Bliseeleabdirbmdhe
pol ynucl eotide of . claim48 in which L is CL-C12 al kyl diyl or
- ( CH2 CH2 @joup-congigtiigeptiracl, thypgne; giosing a@@snemd&%@@%wp SYasp e
conpri si Fﬂﬁ .neptide coval ently attached to a " sul fonated
diarylrhg%g% neb%gﬁpound havi ng one of the structures: -74 WO 02/ 44416
PCT/ USO1/ 44475 R12' R13 Rl R2' Rlz~-N R2 Rl11 R3 :

50. The labelled polynucleotide of claim 48 in which L is C;-Ci; alkyldiyl or

_(CH2CH20)H—, where nis 1 to 100.
10 51. A labelled polypeptide comprising a polypeptide covalently attached to a

sulfonated diarylrhodamine compound having one of the structures:
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1 KRR RIO Rs RI12" RIBRLR2, | I+ R/-- NRR RI1 RR 17 R/ RB HR6 ~
R4 Rs R16 R14 R1I5 RIT RI3 R1 R2, | 1+ RI2iN/ O/ NR2 Rl11 R3 R17 R8 H
R6 R18 RNORIMAIR2]1 R19 R15 R20 including nitrogen- and BeVUSGHagts t ut ed
forms thereof, with the proviso that at |east one of R, R3, R4, R5, Re,

Rs, R9, R10, R11l, R13, R14, R15, ng,6, 517, R18 R‘g, R20, and R21 is

sul fonate, or 5 the pol ypeptide dl?eval 1ntIy at z'ich%g to an energy-transfer

dye conprising a donor dye cgpalte | absorbing N ght at a first

wavel ength and emitting excitation g gSponse thereto; an acceptor
dye capabl e of absorbing the exgcit al em t Réd by the donor dye
and fluorescing at a second wave ; and a |inker for

|l i nking the donor dye and the a wherkin at | east one of the
donor dye and acceptor dye i sRY10 onated &4aryl rhodam ne
conpound. .52. A phosphoram dite co g>the formula: -75 WO

02/ 44416 PCT/ USO1/ 44475 R 30 NNP-OL-DYE R 13 OR32

II{12' R13 Rl RrR?

including nitrogen- and aryl-substituted forms thereof, with the proviso that at least one of
RL R RY RS RS RE, RO, RO R RE, R RS, RIS R, R'®, R, R?, and R%is
sulfonate, or

5 the polypeptide covalently attached to an energy-transfer dye comprising a donor
dye capable of absorbing light at a first wavelength and emitting excitation energy in
response thereto; an acceptor dye capable of absorbing the excitation energy emiited by the
donor dye and fluorescing at a second wavelength in response; and a linker for linking the
donor dye and the acceptor dye; wherein at least one of the donor dye and acceptor dye is a

10  said sulfonated diarylrhodamine compound.

52, A phosphoramidite compound having the formula:
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wherein DYE is a sulfonated diaryl rhodam ne conpound havi ng one of the
structures: R12' RIS RLR2. | I+ RI2Z~NONR2 RI1 R3 RIOI RB HR6 \ |
R4 9 5 RQ2RUBRL R2' | I+ RI2Z~-N NNR2 Rl | / R3 RL7PREUBDIGHIRAE RS
R16 R14 R15 R12' RI3 Rl R2, I+ RI2 -NNR2 Rl11 R3 Rl17 RB HR6 Rig Rl6
R14 R21 R19 R15 R20 5 including Q)itrogen- and aryl -substituted forns
thereof, with the proviso that R’ east one of Rl, R3, R4, R5, R6, R8, R9,
R, Rl1, R13, Rl14, R15, R16, R17,\R18, R19, R20Q, and R21 is sulfonate, or
DYE is an energy-transfer dye co FégﬁgpildﬁWEdye capabl e of absorbing
light at a first wavel ength and gm ttHReé excitati on energy in response
thereto; an 10 acceptor dye capable of absorbing the excitation energy

emtted by the ,donor €. an - 76 WO 02/ 44416 PCT/ USO01/.44475 | uoresci ng
ot & second waVETORGYHE P lopakd QT el TN St e onor - dye

structures:

5  including nitrogen- and aryl-substituted forms thereof, with the proviso that at least one of
R! R3 R* RS RS R® R R R' R R™ RIS RIS R!7 R8 R R®. and R%is
sulfonate, or

DYE is an energy-transfer dye comprising a donor dye capable of absorbing
light at a first wavelength and emitting excitation energy in response thereto; an

10  acceptor dye capable of absorbing the excitation energy emitted by the donor dye and
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and the acceptor dye; wherein at |east one of the donor dye and acceptor
dye is a said sulfonated diarylrhodam ne conpound; L is a linker; 5 R30
and R31 tvetren4separately are selected fromthe group consPeT/URQ/43#75C1- C12
al kyl, C1-Cl2 cycloal kyl, and aryl; or R30 and R31 taken together with the

nitrogen atom_ forma saturated nitrogen heterqcycle;, and 21is a
phosphi t dluessseing gt & eeend ngvelepsip in %Porﬁﬁéaﬁgfﬂ)]érgﬁ%foé edhe GoRPEANE of cl ai m

52 wherei [ c § St : |,
> cyanoety sk BENGE WEhel] A hacf the RpOBGYR PR BLAR: Bl IESH - onpoun
of cl ai msbRoni@r @aryiR3danide B3thpeuel; each i sopropyl. 55. The phosphoranmi dite

conpound of claimb52 wherein R30 and R31 taken together is norpholino. 15
56. The phospﬁdﬁ&ﬁm@}%e conmpound of claimb52 wherein L is Cl1-Cl2

| kyl di yl . 57.53Th h .G t f i : i Lo
attached at RE SR YA L, SRR Bk LB AT i 1 o
cormpound a@ifyl, @t \aC MchlodlRyl] 4@ drfSoskY dad RP 'eakenHogdther it théMEropbn dtor@CH2 CH2CN

20 59. The phosphoram dite conpound of claimb57 whereinLis 0 11
- ( CH2 CH2 Bpim esptmtediifragen fgigrasyelenfgds from 1 to 10. 60. A nethod of fornming

a | abell ed suhgtrate ¢ rising,.the step of reacting a 25 substrate
sel ected fromth® aﬁgg@%gﬁ%g%teﬁgn%groggpol ynucl eoti de, a nucleotide, a -77
WO 02/ 4 . .
44le chg/ - /eAi)%gZpiormnidite compound of claim 52 wherein R is selected from
10  the group consisting of methyl, 2-cyanoethyl, and 2-(4-nitrophenyl)ethyl.

54.  The phosphoramidite compound of claim 52 wherein R* and R*' are

each isopropyl.

55.  The phosphoramidite compound of claim 52 wherein R*® and R* taken

together is morpholino.
15 56. The phosphoramidite compound of claim 52 wherein L is C;-C2
alkyldiyl.

57. The phosphoramidite compound of claim 52 wherein L is attached at R?,
R*, R orR'? of the DYE.

58. The phosphoramidite compound of claim 57 having the structure:
0
NN N N—DYE
N—P—O

l
OCH,CH,CN
20

59. The phosphoramidite compound of claim 57 wherein L is

|
—(CH2CH,On—CH,CH,-NH—C—
and n ranges from 1 to 10.

60. A method of forming a labelled substrate comprising the step of reacting a

25  substrate selected from the group consisting of a polynucleotide, a nucleotide, a
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nucl eosi de, a pol ypeptide, a carbohydrate, a ligand, a particle, and a
surface, with the I|inking noiety of the conpound of claim1l1 or the

ener gy-t veost/entigdlye of claim 23, whereby a |abelled subsperwso/a4fsor ned.
61. The nethod of claim®60 wherein the linking noiety is N 5

hydr oxysucci ni m de. 62. The nethod of claim60 wherein the |inking noiety
is a phowplsesideradiolwepBde, aTabohEdBisda frand, aipaiticte, apd e sirdaceheith i icle is a

nanoparticle a. m sphere. .acbead, or. a |iposone. 10 64, .T t hod of
ciai m 60 (M dieariePl & BERP R Dty Haafere R RTer b P of ik &7 TGS

| abel | ed jpabharrychiseiatde fgaEari sing the step of coupling the

phosphoram dite conmpound of claim52 to a pol ynucl eotide, wherein the

ol ynucl eot i des;i s byl &r il 6o SHBRA the 1MREEGRYA ik je! | ed

pol ynucl eotide is for met generating-a bel l ed prinmer
ext ensi omyproagsictinimaipri sing 15 the step of extending a priner-target
hybrid with an enzymatically-incorporatable nucleotide, wherein said

priner or sai ¢anuclERthélBod 6f ¢LaRebd QUheid thedinkPFRAGIGH iggcording to claim1l
or an energy-transfer conpound of claim 23, whereby the prinmer is extended.

67. The mpbpspirashidge.ai m 66 wherein the nucleotide is enzymatically-

ext endabl e. 20 68. The nethod of claim66 wherein the prinmer is a |abelled
pol ynucl eot i de3. corffiteiraéthgd dhelaio60mhareirtChe barticRVisa danpdrtidle@ B OE) R28 27
wherein DYE is a sul fonated di aryl rhodam ne conpound or an energy-transfer
dye; 25 BUICEOSEhGIEA Regha¥e [§0se®Eed from the group consisting of uracil,
thym ne, cytosine, adenine, 7-deazaadeni ne, guani ne, and 7-deazaguanosi ne;
- 78 O 02/ 44418 PCTThgsoathadiaf7gaink6 whereitibe surag;is glass.

65. A method of synthesizing a labelled polynucleotide comprising the step
of coupling the phosphoramidite compound of claim 52 to a polynucleotide, wherein the

polynucleotide is bound to asolid support, whereby a labelled polynucleotide is formed.

66. A method of generating a labelled primer extension product, comprising
15 the step of extending a primer-target hybrid with an enzymatically-incorporatable
nucleotide, wherein said primer or said nucleotide is labelled with a compound according

to claim 1 or an energy-transfer compound of claim 23, whereby the primer is extended.

67. The method of claim 66 wherein the nucleotide is enzymatically-

extendable.

20 68. The method of claim 66 wherein the primer is a labelled polynucleotide

comprising the formula:

wherein DYE is a sulfonated diarylrhodamine compound or an energy-transfer
dye;
25 B is a nucleobase selected from the group consisting of uracil, thymine, cytosine,

adenine, 7-deazaadenine, guanine, and 7-deazaguanosine;
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Lis alinker; R7 is H OH halide, azide, am ne, alkylam ne, Cl-C6 al kyl,
allyl, Cl1-C6 al koxy, OCH3, or OCH2CH=CH2; and 5 R28 is internucl eotide
phosphodive@bz#4406 i nt er nucl eoti de anal og; wherein the poPgnusSdieasisde
conprises 2 to 100 nucl eotides. 69. The nmethod of claim®66 wherein the
enzymati cal | y-incorporatable nucleotide is a |abelled nucleoside or

nucl eot i de havt BP+INe: ¢1o¥bmul a: R250 O B-L-DYE R26 27 10 wherein DYE is a
sul f onat ed di gr larligﬁ% m ne conpound or an energy-transfer dye; Bis a

nucl eobase selecte romthe group consisting of uracil, thym ne, cytosine,
adeni ne, 7- degZaad@nDHghalgleaniife anine alkyteazaaiadodkyleallyl, ¢sCa |inker; 15
R25 is H, nonophosphate, di phosphate, triphosphate, thiophosphate, or
phosphat alkgxsl QgH: i PFECHEAGHRand when taken al one, are each independently

H HO_. and F. %0. .The thaod pof claim66 .further .conprising a term nator
nucl 68t de. R IsiRETRETeea sposeRu e b b ReRSE IS T “when t aken

al one, are 20 v@aedn kdenen@esstity céinpfises2 60 hMclvbides. bl ocks

pol yrmeri se-nedi ated target-directed priner extension, or when taken

t oget her formgd - 3'mdi I: q?()ew ] ; oti de
sequenci ng cor?%ii sil;ll%n?ﬁg&g(%%gés}&o : ?%%rr%iﬂﬁegé%&?ng%ag é o#ydgé{%lfgst, a second,
a third, naddotalefiouidtelled asdeasidepal npnlcotiéohdvikesthe oreiula:hat ©: 25 each

pol ynucl eotide in the first class includes a 3" -term nal di deoxyadenosi ne
and is labelled with a firstpeye: -79 WO 02/44416 PCT/ USO1/ 44475 each
pol ynucl eotide in the second 1(:{I ass Oyude$al3 P& ni nal  di deoxycyti di ne
and is labelled with a second dye; gach/pol ynucleotide in the third cl ass
i ncludes a 3'-term nal di deoxyguanosi nd is labelled with a third dye;

and R2®  RY

10 wherein DYE is a sulfonated diarylrhodamine compound or an energy-transfer
dye;
B is a nucleobase selected from the group consisting of uracil, thymine, cytosine,
adenine, 7-deazaadenine, guanine, and 7-deazaguahosine;
L is a linker;
15 R* is H, monophosphate, diphosphate, triphosphate, thiophosphate, or
phosphate analog; and
R? and R?, when taken alone, are each independently H, HO, and F.

70.  The method of claim 66 further comprising a terminator nucleotide.

71. The method of claim 69 wherein R*® and R?’, when taken alone, are
20  each independently H, F, a moiety which blocks polymerase-mediated target-directed

primer extension, or when taken together form 2'-3'-didehydroribose.

72. A methdd of polynucleotide sequencing comprising the steps of:
forming a mixture of a first, a second, a third, and a fourth class of polynucleotides
such that:
25 each polynucleotide in the first class includes a 3’-terminal dideoxyadenosine and is

labelled with a first dye;

-79 -



5 each polynucleotide in the fourth class includes a 3' -term nal

di deoxythym dine and is labelled with a fourth dye; wherein one or nore of
the firstwoseremed, third, or fourth dyes is a sulfonated pdr/as§lwtzsdam ne
conmpound according to claim1 or an energy-transfer dye of claim23, the

ot her dyes are spectrally resolvable f h her ; i

pol ynucl>/eot i dé@%lﬂ%wg@piﬁéﬁ%&%r}de‘#@;%&@%ﬁ@%&?&l"%é”fal ¥ g?&%igﬁgﬁ'?%épg the
conpri si .ecting the separated polynucleotides by
fIuorescgﬁggaﬁgﬁgggﬁgﬁégg%. The nethod of claim 72 further conprising the
step of ident ichahi podyriudRoBde intike fhird@lashincluded 4 SfetenhinhlBdgpalyyrancdisodriddes by
the fluorescence spectrumof the dyes. 15 75. A nethod of oligonucleotide

|i gat i on labsHed Wih adhitdhdyesdhs of annealing two probes to a target sequence
and form ng a_phosphodi er g er1; s plgobe and
t he 39 terninSgﬁﬁiﬁ?ﬁ§k§ﬁﬁ%w‘§?§%8?%&ﬁ§@§W§Q§%g‘8¥&§@3%&%§ S are dabelled

W th a ceqaedlrd vdtcofodithdyé;o claim 1l or an energy-transfer dye of claim
23. 20 76. A method of fragnent anal ysis conpri si n% the steps of separating
A

| abel | ed pol yiderenensier megehthefstosecand ithied, gefourbdies is 8 sakienatedn process,

and detecti t he separated | abelled:.po cleot| . uent
fo the. saphadgt SRRAhE ke B T olaRF | YOHERELL F R RPREG At 550
conpound o@fer 8fediaf sheBtalBtefMRbBY froth kadhsdtldr; #hde of claim 23. 25 77. The

met hod of claim 76 wherein the fragnents are |abelled with a

nobi 10t y- nodi fepangingghepolymleotides hyedl¢strapledresis-ai m 76 wherein the fragments
are fornmed by ligation. 79. The nethod of claim 76 wherein the

si ze- dependent,,sepat at i r SS.l I . i g
ol ynuch eot | 4431 r agrem e e EaT R Bund SIS R Heatebor s G SRR
PCT/ USOl/pﬁMﬁaeotﬁﬁsbﬁﬂﬁ&teh&ﬁc@d’let&jﬁbh_i fication conprising the steps of

annealing two or nore priners to a target polynucleotide and extending the
prinmers by a polynerase and a m xture of enzymati cal Ify-extendabl e
[

nucl eot i des; wher eiTheanethateficlame 2otthereoppripge the stepepfiidgndiegithe 3-
pol ynucl Eé:t, ingag n?@%%é&'oo? %}iet goég‘]ltﬁ%%gﬁ&le\%g%gl}e %rg@eﬁ@tsg&w oquPJl§efs.' cation

conpri si

b=t

15 75. A method of oligonucleotide ligation comprising the steps of annealing
two probes to a target sequence and forming a phosphodiester bond between the 5'
terminus of one probe and the 3' terminus of the other probe;

wherein one or both probes are labelled with a compound according to claim 1 or

an energy-transfer dye of claim 23.

20 76. A method of fragment analysis comprising the steps of separating
labelled polynucleotide fragments by a size-dependent separation process, and detecting
the separated labelled polynucleotide fragments subsequent to the separation process;

wherein the fragments are labelled with a compound of claim 1 or an energy-

transfer dye of claim 23.

25 77.  The method of claim 76 wherein the fragments are labelled with a
mobility-modifying label. '

78.  The method of claim 76 wherein the fragments are formed by ligation.

79.  The method of claim 76 wherein the size-dependent separation process is

electrophoresis and the labelled polynucleotide fragments are detected by fluorescence.
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prinmers to a target polynucl eotide and extending the priners by a
pol ynerase and a m xture of enzymatically-extendabl e nucl eoti des; wherein
at | east vome2/0f41¢ he nucl eotides is a | abell ed nucl eoti de BCTORUI/43g7st 0 cl ai m
38. 10 82. A nethod of anplification conprising the steps of annealing two
or nore priners ar&j a_fl uarescent. dye-quencher a target nucl ei c

g

aci d and ext eflli ng 4t MEMOPf AEPLIEioBsPpRETAS B i85 8 %?antﬁﬁmgéWBP more )
pol ymuc] oI R R o o B PPk B 2PPLe

conpri si ndelidymasitdlysextdndable @atlestilesy t ar get 15 pol ynucl eotide to an

i mmobi |i zed praobe and detecting the fluorescence fromthe target-probe
conpl ex; wher &hsrgihgl least gt offhe prmelsdbe jagellsdpadynugiseiie acoortinh it @Bt i de
accorgi ng<to claim45 and the immobilized probe is covalently attached to
a planar Surface. 84. The nethod of claim83 wherein the planar surface is

Corpr 1 sing a S f orneliodar Ay SR SPHET SRR B SIS PrERSHPEa O FIT ng
noi ety ag)?iﬁ{egé: 8% th@eCPAMiicRoBM R exRAUMBYES SRhidBy a@Blynfdrdsk ind #Pmittakel | i ng

a polynucl eotide, cCornprising a energy-transfer dye "according to claim 23
and a polof ammyietitaljeext@mlaBlg nudledtidesf or | abel i ng a pol ynucl eot i de,

ol ynucl cot | oot SeR oy 6 BEBHaraeHS dhedperaeh g Arveroias P
product, conprising one or nore enzymatically-incorporatabl e nucleotides
and dOprimer, Sher e} methwd@f gripkaeation camprigipg thestepp of Sngelingdive & M or di ng
to claim45. -8 4 4 L: r ing a
0! o BB TIPS Tl i g B

enzynat i gﬁlrﬂe)'slb easd aldl emixuat epéileatiaiiy-aatdpdibeauclsdidegi n at | east one
nucl eotide is a |l abelled nucl eotide according to claim38. 90. The kit of
cl ai m 89 wher evhereinthel paples isedabaliel @ebnddeotidepcerdiigtacim 43- 91. The kit of
cl ai m 90 which conprises four different termnators, one which 'terninates
at a target AB83one Aiettodiofhpbndizationabmarising thetsteBs obmmenlmgztatget ni nat es at

a target C and ope which termnates atarget T or U_. 92, A nethqd of
synt Hégi Fohmu mq%ﬁ%@%mﬁ#ﬁ@%m%ﬁ amcgﬁipéecgﬁa th% uorescence from the targng%-prc%e

complex;

wherein the target polynucleotide is a labelled polynucleotide according to claim 45

and the immobilized probe is covalently attached to a planar surface.
84.  The method of claim 83 wherein the planar surface is an addressable array.

20 85. A Kkit for labelling a polynucleotide, comprising a sulfonated
diarylrhodamine compound including a linking moiety according to claim 5 and a

polynucleotide.

86. A kit for labelling a polynucleotide, comprising a energy-transfer dye

according to claim 23 and a polynucleotide.

25 87.  AKit for labelling a polynucleotide, comprising a phosphoramidite compound

according to claim 52 and a polynucleotide.

88. A Kkit for generating a labelled primer extension product, comprising one or
more enzymatically-incorporatable nucleotides and a primer, wherein said primer is a

labelled polynucleotide according to claim 435.

-81-



am noant hr acene conpounds conprising the steps of: 10 protecting the am no
group with a protecting group reagent; reacting the protected am no
conmpound wé vri4@iné or osul foni ¢ acid; and renoving the am npCPUStIEESTSNY
group. -82

89. A Kit for generating a labelled primer extension product, comprising one or
more enzymatically-incorporatable nucleotides and a primer, wherein at least one

nucleotide is a labelled nucleotide according to claim 38.
90. The kit of claim 89 wherein the labelled nucleotide is a terminator.

5 91.  The kit of claim 90 which comprises four different terminators, one which
terminates at a target A, one which terminates at a target G, one which terminates at a

target C and one which terminates at a target T or U.

92. A method of synthesis of sulfonated aminonaphthalene and
aminoanthracene compounds comprising the steps of:
10 protecting the amino group with a protecting group reagent;
reacting the protected amino compound with chlorosulfonic acid; and

removing the amino protecting group.
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