‘e3e& $ H %6%T& 6Ba7 ,ai ! . . WO 02/~~~1G SULFONATED DI ARYLRHODAM NE-

DYES |. FIELD OF THE I NVENTION PCT/USO1/.1.1.17S This invention relates *._ ..
gener al | ywo o2/444uor escent rhodam ne dye conmpounds. Mre sp®CTAISGHIHYS this
invention relates to sul fonated diaryl rhodam ne dyes useful as fluorescent

to | abeling reagents. |1. BACKGROUN fimdi oacti ve detection of
bi ol ogi cal anal ytes utilizing fluor mmmmwm is an inportant technol ogy
in modern nol ecul ar biology. By elimnating,the need for radioactive

| abel s, safety is enhanced and the environnental inpact and costs
associ ated with reagenSULFONASTEPDIARYIRIFODAVENERYESEXanpl es of net hods
utilizing such non-radi oactive fluorescent detection include 4-color

~aut omat ed DNA sequenci ng, oligonucleotide i di zation nmethods, detection
of po%yrrer ase-chai n-reaction pr oduﬂmwmwm%wsays, and the like. In many
applitations it is advantageous to | pl e spectrally

.di stinguishable fluorescent |abels in oc@#e* to achi eve i ndependent

detection of a plurality of spatially 20 qver| ing anal ytes, e.g.,
si ngl e-tube nultipl ex DNA ploBEEERQ J%JNXFégfﬁ:)ﬁautormt ed DNA sequenci ng

G st ngui shabl 974 FogrEeoBe: pRisEly ™ AulreRt AREam. Y o e he

di sti ngui shab escen e nu ti tubes may be

reduced tsh&sighlysthEahvdnyion geladpersufemital dipryirhod:miae dymd ubefol 4siflumrdsnentt he
production of applicationspecific reagent kits. In the case of 4-color

aut ortat edatBNnag seageddhici ng, nulticol or 25 fluorescent labeling allows for the
analysis of nultiple bases in a single |ane thereby increasing throughput
over single-color nethods and r dduBAGKGROUMND nti es associated with

inter-| | ect rophoretic nobilit i at i bl
mul £1 pl o spect Hie o aig g APere 4 telogrtiaBanes Mabare na ot Rhsigls o
ML - ©0 iftbotta ARG H&g&ﬁ% hf¥ech? By 215y it tho BURITDr 1@dRaR Nt S

on the 3 ectron o , particularly for applications requiring
a singl e 1abets, safeiydn enliagldd aduhcenvimnmentetimpaptrmdeosts assepiated witbyreagentl/ or

I R CRORT MCSTMET (7 N NS TE REAE b
detection include 4-color automated DNA sequencing, oligonucleotide hybridization
methods, detection of polymerase-chain-reaction products, 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 eniission
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WO U2/ ~~~1G PCT/USI Il /~.1~75 spectra are spectrally resol ved, since the
typical em ssion band half Wdth for organic fluorescent dyes is about

40- 80 nanayei/efiss (N . Second, even if dyes with nonover| agpiuson/exdissi on
spectra are identified, the set may still not be suitable if the respective
fluorescent quantumefficiencies are too |ow Third, when_ several

f | uor es ceprcird pesspacteallygesoved comsithe @ntcabe,mml%b@élﬁ@lfu‘@dék@r PLEAMSN becones

di fficult because the  abs i on band f &h . wi del

separ at e&UOKESEHME &Yest%@oehgé'gé,‘mm%@ﬁf@' §e gndjéﬁ%l 12%%5&?1 Hnﬁ%ngn of t%e dyes
must not o@&}’aﬁ_’%ﬁg %i@icﬁxﬁﬁ%c&ﬁ@re%ﬁﬁﬁécﬂm&fﬂa st hbt HetsusblOff thdrespoavey/t €.
Fifth, the orescent

yes must be conpatible with the chem stry used to
create oflubrestqnt @dreurh bficiemaley tue, toelayv. , THidAvden senesil Slugisserahdygs gisgised
‘reagents, buffers,  polynerise enzynes, ljgase.1l o enz S,..and th | ke.
Si xths t Ken@yenHySIMAEREOw FFFIRi0B C%?ﬁddgf‘saﬁ PFTRSe ?18?‘/‘%8‘3{1?%%“2’88&% Gshs
.excitati 3‘96\% ﬁgl?aﬂglv}‘ldﬁggéja L€ HBkth! ML Barsl, Snci&dutar Sitk [ A8 cBnfofindicnaifor

aut ormat e sequenci n ppl'ications require blue or blue-green |aser

li ght t o fadl@ms aiet Notereirtady iffew festenophadicsobitities ofdhe amplytef Fiflhe thges
maki ng up the set, e.g., argon-ion_|asers. . | ue or. - green

Us 15 |
| asers i Aluoessaer dyes mussbe penpaibisita ﬁ‘@i%%%?é’ﬁ?%%”ﬂ@é ?}u fageous
b f hi 1T i i f ; SUMVARY
Tt rr analyl el ONK SHin@tohesafi bt e plEGuenaRles e ve

conpayndsnbamed)and ke kb Sith) tiesdyendust ha@ sOFlcidnt photbStahilite withstead laber| +
Rt2~N~O/_N.~|"?ZRt t\1// RBRol/ RRHR-\1l RRR-RS Rz, R3R
Rz | |+ Rxgtioh. O/ N~NRz Rt t \' | / / RS RR7 1 /| RS HR-\ | Ra R5 Re /

Rta Rts PCT/ USQl/ ~~~75 . S, Rt : ~ t N7
R Re | T Re ey eyl miRiatiy s buitieTh A Bidr lomalidBNR L[
nitr Ogen'se&ﬁ%gﬁfg)lgbpﬁ%??hé ﬁe?ﬁi@@blﬁ@bmlué-lgﬁi’eﬂdﬁser 18tht teeatetjuatelg exditeR1l, R3, R4,

R5, R6, RS, Ri1, RI3, Rl4, RI5 RI6 _Rl7, RI8 RI9 R2 and R1is
sul f onat efludgscenngemissians fiomyalhokthe fyes mgking yp he spteic. &1 STEORAQlasers: 158 0

al kyl sul fgnate .or C4-C10 5 aryl sul I ' pent s,
al k§| ’éﬂ| f H%?’gblP%'gte(’ 7rﬁ%6§ﬁ}?%%hagg%g%“§te§%ﬁﬁ%% ‘gebaf‘g OE%E%%{{E 6, and
aryl sul f ofjgl@ahtizeons b&d@ade 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:



( SO3H wherein nis 0 or 1. ' In other enbodinents, nitrogen substituents,
Rz, RZ~, R' and R 2~, may be Ct-C~ to al kyl carboxylate or Ca-Cto
aryl car b(W(yhmal(, -3 WO U2/ ~-1-11G - (CH-) n COZH wher ei n RCTAISOI/6HTI. PCT/ U
SO 1 /-1-1~ 75 Anot her aspect of the invention includes energy-transfer dye
conpounds conprising a donor dyg caBabIe of ;absgrbing light at a first
wavel ength and em tting excitagion energy @n ponse thereto; an acceptor

3 i1ted by the donor dye and
fluorescing at a second wavel engl ; and a linker fox |inking

\ | e@st one of the donor dye

e conpound. Anot her aspect
ot i de, to polynucl eotide or

and acceptor dye is a sul f onat
of the invention is a | abel |l ed
pol ypeptide wherein the | abRfj di 2yl r hodami ne conpound or
an energy-transfer dye conprising®a sul fonatgg di aryl rhodam ne conpound.
.Anot her aspect of the invention is a |abelling reagent, including
phosphoram dite or active ester |inking noieties of a sulfonated

di aryl rhodam ne I S conpound, which form coval ent attachnents with
substrates and net hods of Iabemq ng'substrat’es M th the reagents. Another
aspect of the invention is +I bel |l ed substrate
conprising the step of reaC%lng Ee | i nki ng noi ety of a
sul fonated di aryl rhodam ne ganpo i Si

aspect of the invention is
nmet hods of generating a Iﬁbel bn product by extending a
priner-target hybrid with™a i porat abl e nucl eoti de. The
primer or the nucleotide may abel l ed wi th,a sul fonated diaryl rhodam ne
conmpound or an energy-trap®¥ ‘
di aryl rhodam ne conmpound. Anothgy aspect of the invention is nethods of

pol ynucl eoti de sequencing by formng a m xture of four classes of

pol ynucl eoti des where each class is |labelled at the 3' term nal nucleotide
with a sul fonated diaryl rhodam ne conpound or an energy transfer dye
conprising a sul fonated diaryl rhedagmsne congoungy and the | abels are 30
spectral |y resol vabl e. Another laspeft of t he |n¥9nt|on i s methods of

ol i gonucl eotide |igation byr4N ‘ ~R?
P

including nitrogen- and aryl-substituted forms thereof. At least one of R!, R, RY R, RS,
R8, R, R'O,R', R, R™ R, R'S, R, R, R"®, R?, and R*' is sulfonate.
Nitrogen substituents, R% R?, R and R'?, may be C;-Cs alkylsulfonate or C4-Cio
5  arylsulfonate. In certain embodiments, alkylsulfonate is (CH2)y—SOsH, and n is an

integer from 1 to 6, and arylsulfonate is:

—(CHZ),,—@
SO4H

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

whereinnis O or 1.

10 alkylcarboxylate or C4-Cio arylcarboxylate:



WO (12/i-t-t1C PCT/USOL/ - 4-175 annealing two probes to a target sequence
and form ng a phosphodi ester bond between the 5 term nus of one probe and
the 3' tevoomugiof the other probe wherein one or both praGEdSare4rabel | ed
wi th a sul fonated diaryl rhodam ne conpound or an energy-transfer dye
conprising a sul fonated diaryl rhodam ne conpound. Anot her aspect of the
invention is nethods of anplification by agnealing two or nore prinmers to a
target pol ynucl eoti de and extendi(ﬂ@z)rs by a pol ynerase and a

m xture of enzymati cal | y-ext endabl e nuchest rdestiwherei n at | east one of the
primers or one of the nucleotides is |abelled with a sul fonated

di aryl r hegdrrina icowpound or an energy-transfer dye conprising a sul fonated
di aryl rhodam ne 1o conpound. _Another aspect of the invention is kits of

‘reagents i ncl Jbioteer asiast pHikg dmenEeR mPIYdes GRGFENLABYRY oug
energy-transf.er dy [1.8l : =T Y, ] nd. These
,and ot herco?lé’gtsﬁg35‘1%3%82605\/@?1@%82?%%&?%g%@'(rj%gef%%t\%V"!ri]‘}\}en |o{rl1}ﬁivméﬁlq)il econe 15
bett ek unrdelfioaQaemiytih résgf)@éfe&ﬂ&etot an hévepfopldyevipagleddabsdrbingdine i gures, and
appended clainms. V. BRI EF DESCRI PTI ON OF THE FI GURES Fi gures 1-3 show
exenpl ar yexsijationenergysaitohlys theslonendyesapd: fosessingrat g jsecopd yyavgisngth n

hydr oxynapht hal ene inger iates of the inv i | Wws a
general i # OQ%Fﬂ‘g?il@kﬁrﬁaﬁv’lg ﬁ}e ‘{Oﬁlgr g;%?‘ﬁﬁ@%é %Ptq%%ggd‘%%ﬁi?é} E%%am ne dye
conpoundsg,,@forifieadnBy 8% AfaccEptaldRSis a salishReddiawibyéapindicympyidiet i ¢

pat hways for the synthesis of the di benzorhodam ne dye conpounds of the

i nvention. Fi ghmashét aspeniof thednwemtion iz labelddd muolenside, @ucdenhidsy v

di benzor hodam pe .dye c ounds.of .25 the.invention., i e,.8.shows a

synt h8si é’ogmuﬁgﬂﬁg%ﬂﬁp‘ﬁgepgaﬁwpge@ E‘ﬁ&%\\%el ¥ f(ﬁlgis%ldsd 1% c%dr?gléﬁynds 57-61.
Figure 1%%{})%% 8r &Y a&é?gyi&rangér BRBRIRFING 4 sulfofatee diblylafawmiR Synt hesi s of

conpound 30 Figure 12 shows "a synthesis of conpound 76. Figure 13 shows
a synt hesiompoindonpound 81. Figure 14 shows a synthesis of conpounds 82-84.

-5 WO 112/~~~ 1 G Figure 15 shows a t hesis of coppound 85. Figure 16
shows a synt heé“%th@TaSEE‘%ﬁg dn@tloﬁilﬁﬁ}az’%ﬁ% TE465 ‘lgﬁ‘é‘ﬁﬁ% hesis of conpound
90. Fi gur ! QS B HORRAUSD Rffonted dBwYithok8mSdows
corrpoundsrﬂ'@%‘-ﬁgjsse.§IH I guoﬁ‘eaa?r‘r{}t shov&s {cgnpounds 100- 105. Yy )

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 diarjlrhodamine 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

_4.-



Figure 20 shows conpounds 106-109. PCT/ US111/~~~7s Figure 21 shows
cyclization reactions to form sul fonated di benzorhodam ne conpounds (top),
sul f onat &do benaes napht hor hodam ne conpounds (m ddl e), andPsmldsoriaszd t o

di napht hor hodam ne conpounds (bottom. Figure 22a shows sul fonated

di benzor hodam ne conpounds 110-1l 3. Figure 22b shows sul f gnat ed

benzo- napnhérlingddamroesdo mpageidsquente andforming @ Bhospbodipdisrond PEBYRER ed

di napht hoy hodami.ne conpounds -120. V. Al LED - EMPLARY
EMBOD VNS T8RS S EERTAPT e 156, Spermidies O e P PR g Ry e SEROR G ot &
of the i []:)fgﬁgsia?é‘lab@l’f&fmitﬁ%_sﬁffoﬂ&?%cf&]a@ﬂxﬁohéﬂmhﬁ@fcbﬁﬁnﬁdnd & dnheheRgaemRRRAY I NQ

drawi ngs.” Waile the invention w be described in conjunction with the
_i Il ust r atdye centpadingersutfonated diahylrhodamimgerostpouddt hat t hey are not i nt ended

tolimt the invention to _thase enbodi nent.s. .On fhe . contrary,. the invention
i s i nfended t cARYYEasgact of thedp ‘i°9é§‘,ngﬁ’6’(f}?f’f%‘8?flﬁ?‘fglfm§ﬁ&mé eV ent s,

Wwhich may_ Hl,% QE%& Qfs, Bu id 1ABindShéshinBeed dHiReragpended
cl ai ns. \?I%R@I% %C\ijg I gs s‘%lg?gg@gﬁﬁse(re\gm&sng? tﬁlg lf ol Iy(t?\)//\% n%}ﬁ%er nms and
phrases amdusaiktireofictizynisicaliy-extdrdhbl onivdecidebh wherell adeasgomeefithegs:
"Spectral resolution” in reference

to a set of dyes_neapns.that the
f | uor escatmeRoE eneAf ths nyglgaldess {aﬁél?%‘éghéﬁﬁffg‘%%?qs@?@ﬁ'gibwgti nct, i.e.,

sufficient]| - L I t Bgﬁ.g heahriiRRdagsRect i ve dyes
are attacﬁ?géoq&g&é)?&gé%%%@g%fﬁt%sc,o anﬁ%te ﬂ@?ﬁ%gu%gﬁ on the basis of a
f | uorgscesimpovgdal generated by the respective dyes using standard

phot odet ection systens, e.g. enploying a system of_ band pass filters and
phot omul ti pl i efnethpeaspeeiiod el e Ritg el feagantamgludiied yoPalshs, or the

l'i ke, as exemplified by th S 1 ' L Nos.

4, 230, 558,‘“1?%9‘1?“2‘1‘&,"0%1 o] d@&?ﬂ@ﬁ%@"’é%l@%%é@é%P?%?“‘f?‘%t‘?% ow Cytometry:
| st r unenadiakyli®odanthePohpodidl ysi s (Academ ¢ Press, New York, 1985). -6 w0
02/ ~~~1G PCT/ USQOL1/ - 4. 175 " Het erg::&/cl e" nmeans_cyclic _ conpounds i n which one

or more ring aTbess and ethesfeatirepan advantagespidhepresens svsHEon Bk henogtey
het i nclude.b i_A . ] e el |
TR SITITARE NG (ROt R A

2qui nol yl gladagui nol yl, 4-quinolyl, 2-imdazole, 4-imdazole, 3-pyrazole,
4-pyrazol e, pyridazine, pyrimdine pyrazine, cinnoline pthalazine,
qui nazol i ne, quiiioxaline, 4-1V)-triazolyl,

5-tetrﬁzol y:, 4-(1-0 BV 3_h11’9%§?3 Hi&b%géy{lﬁl?gﬁgfelﬁs 4-(1-S, |
3-N) - t hi 5:(1-S, 3-N)-thi - - i ,
o (1 o R 03 bbbl ShARG: el R ORGSR EAROAEC O

noi ety conpri ShidroRypUMatRt ikemtbditesiofth@invenfiodt ons 1 o that covalently
attaches a | abel to a polynucl eotide, or one |label to another. "Linkjng

noi et 90 nEiguse 4shivena gerleralized sptthstic pptlovay, fox thestynthgain o1 the dipngeshodanige™ 5
nucl eophil e or el ect rolg_‘lt&i I ? ca eanli).l e of reacting with another nolecule to
form a coval enfYBEFHPOUIS Of e MPRe t erm | abel ", as used herein, neans

any noi et y; il ONaikP siRfy Bkdnsiighyhetic 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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15 substrate, e.g., an oligonucleotide, nucleotide or nucleotide

S -triphosphate, and that functions to: (i) provide a detectable signal;
(ii) intevaoct4smde h a second | abel to nodify the detectabl @CEIUgnE#4pF ovi ded
by the first or second |abel, e.g. FRET; (iii) stabilize hybridization,
i.e. duplex faormation; (iv). affect i_lity, e.g. electrophoretic nobility
or cell -p@g%a}éirgﬁf”ﬂ’?,aSﬁé‘i’éﬁ%?é‘é’,mﬂ?\}‘gggﬁhobi city, shape, or other physical
par amet er M Q der @ L{gg moiety, e. g., affinity,

anti body/%ﬁ?‘i gleGﬁQ'}llzw(grg i ntlﬂgélggtrrpl gxat?on. "Substrate" is an entity to which
dye conpadtigate 10k shdwes pe@skeis dfiveaipoundoar e attached. Substrates incl ude,
but are not limted to a ﬁi ) pol ynucl eotide, (ii) nucleoside and

_nucl eot i dagutE;i7bshpws ¢ suphesdeof mpousdPBohydrate, (v) ligand, and (vi) any
anal og of..t he ;precedin i )4t V). "Substituted" as used herein refers to
a nol cuIFelgWﬁelr esiﬁﬁwgrclg%ggmhrr&pg'é?ydr ogen 25 atons are replaced with one or
.nor e non-MgQ[req@egﬂO@gQaﬁpoﬁmqtgbqr@g! groups or noieties. For exanple, an
unsubstituted nitrogen is NH2, while a substituted nitrogen is NHCH3.
Exenpl ar yFigutest0i shown cemippundsd®6H@9. are not linited to halo, e.g., fluorine
and chl orj.ne,

Cl- C8 | kyl , sul.fate,. sulfonate,.sulfone, am no, a ni um
Al R g s B R R I T A RS G

aromatic, het e4t§§)y§dlﬁn WatRhze RAphRid '&i?!ﬁﬂ 9&%&1 ng?tﬁﬂé i:fHﬂi ARLGLY-
"Pol ycyci c arohatl c” Teans aromftﬁl crﬁy focar oﬁ%urﬁa I ng r%iJ tis[rial e r%ng
st ructour es i ncdinablnigorbodanyins camgowals desiteen). benzenoi d hydr ocar bons. The

bi aryls are benzenoi d cqonpounds where two or nore rings are |inked together
by a si ng’*ﬁ%ﬂl&?&?ﬁ.sh‘?‘f‘fés‘ﬂg?*@??@ @We@pgammcewpm?sllﬂ@- / USO 1/ ~- 1- 47s of

this cl asg.i i )| §]?ﬁh I EB% _43ke characterized
by two o?ﬁ%tr%eﬁggﬁggﬁgulﬁqr%geﬁggig Og@@ﬁ%ﬁﬂ@%%@p 0 pggiatlﬁg'ns in such a
way that Egoak 22ishows sulfdigtedstigdpbthorimlagafideiifipouhde 157-4pd.est nmenbers of

this group are naphthalene, with two rings, and ant hracene and

phenant hrene, each with three ri n&s. "élg?k | " nmeans _a saturated or
, r%ﬁ@

unsat urat ed, b¥arf¥REAILED BE§GRIPFION FERLARY EYBOPIMFNER ar bon
di deri . | . - i b
Lom B & par ekeenkl 8l SR e (RGNS LOREH ALARL ANk E DT

1-12 sat ug:ahglesasToiideh RS Bhdtfabddae thadideompanying itasiing. While thetinventibh &dlit o,
met hyl, ethyl, propyl, butyl, and the Iike. 10 "Al koxy" neans -OR where R

i s (Cl- cehe @asripped ingopjpngiion withihmidlusiraied embediments, it wal bavpdessfoodthahched,

naving. tvlioRbirda SR Saittf B BheRPes RESR et tikilsr DRIORr BT 1y

hydr ogen iaeston ik afeiided t6 a6%erall attemativés alodificatiand) aid aqivaed, vehiflahrRnt
al kane, al kene or al kyne. Typi cal alkyldigl radi cal s i nclude, but are not
g

limted theinglded svithithipedpyention agdefingd\pydhe appendef ¢dgimp di vyl , and the |ike.
"Aryl" means a nonoval ent aromatic hydrocarbon radical of 6-20 carbon atons

derived bVlt ﬁﬁnﬁﬁ%ﬁs of one hydrogen atomfrom a single carbon atom of a

parent ar Mg system Typical aryl groups include, but are not

limted to, raUnksséstardarotieedisk] efélRwianeermsuls bhiagésed usedi&sif, are
napht hal ene, ant hracene, biphenyl, and the like. 20 "Aryldiyl" neans an

unsat ur at @endge fq kavsrthp Sillppgieg meamipgiocar bon radi cal of 6-20 carbon atons
having a conj ugal &g, ESANANE & REEGIE 9 S4B ARG that £3HuoledRnIBARYRL €N

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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radi cal centers derived by the renoval of two hydrogen atons fromtwo

. different carbon atons of a parent aryl conpound. "Substituted al kyl",
"substit w@d/adke! di yl ", "substituted aryl" and "substituPet/uRBl/a4y3 di yl "
mean al kyl, alkyldiyl, aryl and aryldiyl respectively, in which one or nore
hydrogen atons_are each i ndependently repl aced with another substltuent

Typi cal subst i “‘HeErmycleh siegpreychutorap@Imgs in Whigh pRg oy goreiag alqys argnot _

DN e ooy et §fppathetgtyes e g e to%&?%%“oépe

- S( O zNRjndoB, ik, beﬁ?&f@a@*tﬁi%ghe&%&(z@)}@@ﬁ@ne , RCSider, B pyridA( @)psrﬁlﬂ)hz- AOR
(O X, -C(S)R -C(OOR - C(S) OR, O SR -C(S)SR -C(O NRR,
- C(S) NRR qu1r©(th%-mRR91theqlmCéﬂc?rlrmda§01ﬁrﬂjwé ﬁrgyrmlﬁaﬂmoland each Ris

dependent.ly.-H al k het | |
021 - a B priing. ot o fhg e ik hd tuderiBie, 22 Fos phat o
.ester anahqafiiy124.( £ 4Pk AL SQéiraéUBrh 48@ 20(3 N)-@U{z\élao BQ$WQDNI—6vaSIeQ

Cl- Ca al kyl phosphonate, ‘especial 'y nethyl phosphonat e; (i1) phosphoram dat e;
(iii) al ky(lphSsihthiazotesb-€t-S, 2N-thielolG2- bdquahbs%bmotlewée 4-(Li2-N)-
phosphor ot hi oat e hor odi t hi oate. Internucleotide anal ogs al so
i ncl ude r‘i’G if‘a?%‘?]é‘?({ggr@g erein the sugar/phosphate subunit is

repl aced by an él%hﬁca@ @tZ%bﬂ@n?ﬁg‘ﬁ%OﬁeﬁtHdﬁﬁw ’é%hax% afore of
non- phosphate 0 |gonuc eot 1 de ana has an am de |inkage, such as a

2 am moetihatl gk ylentheattachés a belrto lalpplmmb}eondnj ot onakbeINg afidihet. sen (1991)

" Sequence-sel ective recognl tion of DNA by strand di s Iacerrent wth a

t hyni di nesubst THUHBYMGFLY FRegEac Q@FC@Hbféeaﬁg‘lF gra'eps Syehiient ‘i’dm‘ﬁﬁ}'eF -€obase"
means a r}{utc{?f}ﬁl@%rog%gﬁﬂ'h@%%gcﬁ%ﬁ ?F%Einﬁﬁvﬁﬁ hlg(;t%{%rrqrg@@ﬁl@to%nﬁ QIeBYd1cht

Wat son-Cric I'n palring enmentary nucl eobase or
nucl eobagwpndy@ll@gages. 9. a purine, a 7-deazapurine, or a pyrimdine. Typical
nucl eobases are the naturally occurring. nucl eobases adenj ni ne,

cytosi ne, uracth ete’tlhy}ﬂ)ﬁe asgised heraine eant anyeoishy: Whigh PS’P% tﬁcﬁ?‘ﬁ

nucl eqgbase e A= aguani ne,
7 deada. subynind i AR e iRRAMARNAR > SoBRARRE aha (RATT

nebul ari nnctitink kO r}:rr@hae aldefec@bRARl; () mwraamitt Nscodd Bbel amaedifuhe ne,
hypoxant hi ne, pseudouri di ne, pseudocyt osi ne, pseudoi socyt osine,

5- pr opy nydetsetabds signalipseigecoy the first s genamr debel, .1 dTREdG (askbilize|

2-t hi opyr,i 6-t uanin

06- et Pt eI AGon s TR Pt ew SRR R it el P Glemoniipion s e
5,6 20 di &1\ydiopEebitity, 2R bh@me@pl@ai A EﬁStBﬁ 89
Practi cal%nég%ggﬁhfoy %ldgf e?nb/sto?y aln]<’1tly I\/bﬁgdgul ar Biol c?g]?,)a(rpp 33%1(%,34 )CRC

Pr ess20 Bouavida@sapturs mmetmcg 58N antipedyéansigen 95 RIHY CRBRISKEiAIng of a

| eobase | ik b
Cubstiruted oSufeliat fronihte SRR imfbuplip §fe BiSAN mmlhipl fBAREHIRY 0°
not i m t @hstrtes ORDAL, bult mhmﬁtem £(1) FoISm@leotiBe, Qu))ﬁudlé&)@ld@ andaiciedtides, 25

e.g., the 3" -carbon atom is substituted with one or more of the sane or
di fferent (lnmolyp@ﬂhd% NRRceoboleraég €n 1@’&0@5[?@(1 (vilhemeanalpgpfithe presadingdOriaént | y
hydr ogen, or 1a ,

2 - deoxyr i bose ”%Smé edy %I%??Q&Ffe% ef“fa fegﬁllelgvglé%ree%gnq‘(%rﬁg?rgrh visee

- ChhOr OfthRR AR reﬁace@' \%Mi bndiShore Rof-hydrogh 6Ly ﬁmcﬂona@gﬁmpm th6ieties.

nucleotldes 1' -a-anoneric nucleotides, and 2'-4'-1inke nd ot her

"| ocked" , Fix exyumplec ars ungbstButedoitioge s, Whﬂm pehstitugd wepgenises-NHEghi shi

ot 8139: smlenapstients palie R Pl By S8 BFoite Rk REBRaS. When
the nucl egbagey hiRyIPMiifafd, SiiRfatcCsudfont; andind) ankhoritkd, ARTRIOOSR18U6REr diRoxyd

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-



WO 112/-4~-11 C PCT/USI | 1/-1-1-175 attached to the N -position of the
nucl eobase (Kornberg and Baker, (1992) DNA Replication, 2nd Ed., Freenman,
San Frand¥@e444GA) . "Nucl eoti de” means a phosphate ester 8CTASAUEHEDSI de,
as a nonomer unit or within a nucleic acid. Nucl eotides are sonet i nes

denot ed d Pt t I t th
St 1 et ur 8t s Srbrngbs FbeRsed tpmenoeob i shrfing B 6°

refers t I bk 20K tdack P& sition.
The tri p%?)(g% Egltg gﬁggitl é\érdt)tg%éthrrér;a{ya!t Pﬁg&gﬂ%i@j ﬁ? uL?dhs u béét\:?% ut |C 0 nsr (?forrlﬂt%‘3

vari ous cshzyrgsanm cagbqns. The kintplest oleediersod tlfis gtauppirosphtitiese, Wlﬂnmormlgscal |y

i ncor por at IS aproperty of cleotide in which it is capable of to
_being enz”?&ﬁ?ﬁg{é‘éﬂf’}ﬁq d’(}E’S?%F’(S}FS‘PGeGa“gh‘Y fhEee RESi nus, e.g. 3', of a nascent

pOl ynycl eot ' de‘Aq b O JdaflS QUG Hat acrr%tsﬁtgﬁté@c bfanBR a%c?/ Q@zﬁlgﬁtl-chﬁﬂlzgfﬁv\%ed or

"Terninator" mears an enzymatically | ncorporat eotr

-prevent s celbsieghiesabinmn@adicabdeaivied by tios remmhbmﬁ omgéydiopeh bont fomld smge
pol ynucl eoti de chai n and therebﬁqﬁhal t pol ynerase extension. Typi.cal
t er ni nat seBopztm af 3 parpphallang. allgpatora @ Anercalrpdlo geoups consist of 1- 12

2', 3" -di detglga)fed dzof gq%at?)? oL 45 d{n%idd{?&j%}u %qm%iebd%f’ulggngp)éﬁlg L A)F%pdllcoul d

3 hanrrB uor 0. terna ari

be used, paHgharAsh@liR®i nose. Exenpl ary nucl eotide term nators include

2', 3 d| deoxy- a- D-ri bof uranosyl, (3-D-arabi nofuranosyl,

3 deo‘bOy [ 3- Ddlﬁélmvryéﬁrmaame@?-lwh@eRaﬁ{GrroCQ alleyl- di deoxy- (3 D-ri bof uranosyl ,

and 2', 3'di deq ,,I uor o- bofuran y i,d ea 1984) Nucl ei c
Aci ds Res. )ﬂlﬂgé‘i’ Zﬁeaféé 5‘5@1&8% {2@‘(“% 8%’) %wnt qyehic | g3.

275- 278) py Pﬂ%la%eﬁ kéiﬁcatr 8f MO%Bl%ﬁ a@n%oaﬂdl?ivk&@mfo%@ﬂoiﬂaﬁhﬁraﬂiéﬁﬂ Baierde

term nat ors (Met zker (1994) Nucleic Acids Res., 22(20): 59).

" Enzy mat ideeived/byethe ecrdail of tweshyalrpgenptomy/fiom the $oTs] GAWD d&ffﬂrcnt\mboh afoms s
enzyrratl I ly inc oratable at t s, of pol | eoti de. and .t he
resul ti nd %‘gm% %6‘1" RAUDSt i &B‘cg]aﬂlﬁlqaﬁ&rl‘éﬂeﬁaﬂ‘ﬁa]é%‘é{t}ué‘?ﬁ ‘?I?ﬂ’iglf'ﬂgﬁé?’r ons

f | eqt t "t t d
of nug eq% d%otr ﬁﬂﬁdl glgrﬁhﬁgﬁ, aﬂ@ﬁlel oI5 arget sequence" an

"target pély eoti de sequence that is the subject
of hybri di zat [ tm—ywmehnaa nmmp{/zdarﬁmhangtlcmyﬂmarbloemdldﬂzpf €-20) carban ptomser or
probe. The seguence can nposed of an anal og t her eof 30

i ncl udi ngieél?ﬁ%‘)h@ﬁr@fﬁg"%l HEP%IPYdmgP’éta@}m ?8%?1%5 CRARGOR AtSILOT ARAEFE appmatic
Subst | L uGiHs e T RREPASPSbASRERL Rl h%%opﬁmitgﬂiﬁ  pARANRAR A fdHC

i nvention |°n aqueo enpl ary wat er zing groups - 10
WO 02/ ~~.behtencPaibbtiihtal benzent 7rﬁphﬂnraleuelembmiceae diplehyl, amd thedikeé.o quat er nary

am ne, sulfate, sulfonate, carboxylate, phosphonate, phosph et her
pol yh%Pdr oxyl , AT BaRsen ysa Wé‘“é?rrpﬁl’%@“i laydrecarhonir @%Fﬁﬁ@fg and

" pol ynucl c%ﬂ)tohql‘?omé”‘ﬁﬁuﬁgf gonjugated 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 imited to, -X, -R, -O’, -OR, -SR, -S’, -NRj, -NR3, =NR,
-CX3, -CN, -OCN, -SCN, -NCO, -NCS, -NO, -NO2, =Ny, -N3, NC(O)R, -C(O)R, -
C(O)NRR -S(0),0", -S(0),0H, -S(0);R, -OS(0O),;0R, -S(O);NR, -S(O)R, -OP(O)O:RR -

30 P(O)O:RR -P(O)(0)2, -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.



i nt erchangeably and nean singl e-stranded and doubl e-stranded pol yners of
nucl eoti de nononers, including 2'-deoxyribonucleotides (DNA) and

ri bonucl e pzles1d RNA) | i nked by internucl eoti de phosphodi @TaSILHOHTS

| i nkages, or internucleotide anal ogs, and associ ated counter ions, e.dg.,

H+, NHa+, trial kyl ammopi um. Mg2+, Na+ and the |ike. A pol.ynucleotide. may be
conmposed ent i rE]tWBqlle%ﬁ??lP%Ngo‘ﬁﬁﬁsé‘dﬁo te %ﬁtﬁria}"éf’g Oéflg Pilé‘&}m&LﬁPgé‘? BUfbs,  or

chimeric pxt : ' s RS0 TRth te: (i

i nter nucIaEér']o@i agﬁeﬁ ﬁ?&ggﬁé@%&ggé@%ﬁ}g@gdas IEIgnnaa ’oa%.elanl ynuilﬁg%s?lﬁ%nease’t(i;)pi cally
range i nphbdMofdngitnie; (igyalkpiphoephbeicster,tess. (7-@) allylgfhsphteissteh €iy) ar e

frequent referred to as oligonucl|eotides, to several thousands of

_mononr r i ehesrbloeaskiogts; ard €19 phespherpdithiagtn: dategusisolife analograen weluge non-

| oot . v
el o5t | GLoipie AR Shstein DERLERAMoGhat oty s RGO 55 RAPnPARRES, o
-deoxyadeRrggtaiifing bdekbegh&hReure e ORY Eyfiel dFindA-phosphattaslitoatcldstidtemilogs annsi ne,

and "T" denotes thym dine, unless otherw se noted. "Rhodam ne dye” refers
to dyes iamideitikage: svshgeadraminpethylelysineqmit eeramenly migpred toay PNANPelsen

i ncl udi .and all ti tuted. ' t f.. V.2 : o
1A No. 3G SR Rp ST e A RN AR D ek et syt o
1- am no- Cgugﬁ;ta%}{,gg@ﬁﬁ&a[ Sﬁ@n&erz@ﬁ!\ildbﬁt_%mﬁnd 1- am no- 3 net hoxyant hr acene

(FORMULA 1T) conpounds are useful as intermediates in the , synthesis of
sul f anat ed di diNpcleobakalrineanshymitrogenheontainipg betawcydlicraeiatylcapatile ehfrmingf ur t her

i | ud | - dnit -suhstituted f h f. te that |
ol eoul aPVEEPREGK o POUIB @G R &P TER R MBS LBREE onl y
the exaCtangllog,Cé. Oaﬂhﬁin%} & YQbApSin, S58PrRAidiTRY TyBlcalnicRobALS adlthe AASANRANT

structures, profonation states and associ ated counterions thereof.) -11

WO 112/ e-obdirihg niAbblasés @CkiBe, Ighanin€H@dsmej urgcif) tHOmRKNEIand lan#legy afthed 1/ - 1-t ~7S

13 H2N 12/ %11 ~ CHO 1~ 16 ~ %é 15 C]Rl\/Uhéall In.ong (genbo i ment of the

conpoundaBraliseceiring nuclepbpsey, e.g; Felefadden g, f0gaaePg: {14546k %and the G 12

and C:13 i I Sl ay/ i OfRodinkO 7

menb g r5 S, agn gé}%ﬁ z’?ééaig q%%r(]l gfgg e Klf’%iﬂlyg‘gghﬁasjh ghttéﬁgN?: %gf%%%d)t{ﬂfgmg’ar bons form
a second rebn@riat,rittopyreolfanireigd éle Aramiropuiineehd dramindheink] hgoxanttimer second

ring structure may have five nenbers, where the five nenberd ring structure
may i ncl (REELENEIHISH PERUSBAPTRG PEPILBPBYASINGRPIGRREEHSNG mwfé’swgy be

al kyl , e.. | ef.: i e five : I B
Subst] i SRR Y apr kB AR SR BTRRAE R il LU TRIRBARE o Rl
C- 12- bondetimatiyla@ameaNtinidie/ fdcheatt nistiydthy il §5-dibydiothyining t5,6-i ng
structure having from4 to 7 nmenbers, and/or_the C 12-bonded njtr n _and
the G011 dihvirouraoil. drmsdid-mdolenand sthepeatiening gFasmandd 949 Eﬁ'aw%%ﬂéﬁf?@qfﬁ 7
menbers. N . ' s 8y | I | tic,
o ooy gAY BHP ML FiolFRY, " 384984 R predd 180N RatBh TR

"Nucleoside" means a compound consisting of a nucleobase linked to the C-1' carbon

of a ribose 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-Ci4
aryl. Riboses include ribose, 2'-deoxyribose, 2',3'-dideoxyribose, 3'-haloribose, 3'-
fluororibose, 3'-chlororibose, 3'-alkylribose, e.g. 2'-O-methyl, 4’-o-anomeric nucleotides,
1'-o~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 N9—position

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

-9-



aromatic, water-solubilizing group, linking noiety, and substituted forns
thereof. The 15 nitrogen substituents nmay be al kyl, phenyl, or substituted
fornms t hay@ot/44wherei n substituents may be |inking noi etyPCTUShoHET® or
wat er - sol ubi I'i zi ng gr oup Exerrpl ary vvat er sol ubili zi ng groups are

car boxyl ate, sul fo onat e, hat e, sul fat e,
pol yhydr 8tggh eg&hﬁ‘e t'lé?m%‘tﬂ QfﬁF%n%F ‘F b%ﬁé“&#ﬁa% {t@ﬁ%) Bg}ﬁle ni trogen
substitu d; inker and Ris linking noiety or
20 wat er(kIg l&ﬂ?)wh i?l rltaéiwrg}?%eﬁ%% S%Hg)e{arntggfﬁr%njoodi ments, L is) -( CHZ?nor whgre

n ranges fr ofNdcléaid8" mEhss af:phmplwwlest@fof Eanciedside, hs aanﬂndnhe]rmyt orrvathide one or
nmore substituents at one or nore aryl positions "tﬁ\ﬂ? to G 11, and

.C-13. SuButlpicgeid: qutlﬁwg%netwmenotgg ah\NF IS 9T Pd'cﬂnid dINER 6r i ne
3 6515 Wl Byl SR P e 0R Rt bt OOBHLID R U O ERe 5Pl

phenoxy, réfeftBhinticlebi@With aRahsphite @star &aap hiCthe Sepditichol THe thptzospﬁater OUIO

het erocycl e, and linking noiety, including substituted fornms thereof. In
one enbodstergionp miwy indmposifir swestitatss forfthe vaticusGRHEINS, ¢- gnytlbom@leldohdﬁr 0ss
the CG9 dlgalﬁ?& car bons, or across the G 10 and C 11 carbons, including
substitu cHRIGP E'tshereof where a substituent may be sulfonate

Non-f onnyl at 2BLARSIn S pbiaRMd A +rog&@ly bt a Aledtidb i WRSHAL RTapdblé BE
cyclization reacCtions to frgrm the su nat ed di aryl rhodam ne dyes, detail ed
bel owo Rdapmgsaaﬂylaatloaﬁyin@mpmateaoh;odhekwrwphtdng,l B aamadeent polynucleotide

1-am no- 3- hyd é& t hracen 1[;,pnounds of the invention are shown in Figures
1-3, i.ef a‘Bd{ﬁ%B agl109 01 9. %GGW% and 29; Figures 10-13, i.e.,

conpounds 62,. " ]%%] ! StabiB n8QeotidelvhiERPROLRES 86- 100.
Those of Skl| |n t enger%t@%? aas§ﬂ ‘g’gﬁz% at e(t)?tg corrpglTé ‘gs of the

i nvent i osubseyuedx irkbrporativasn yi whicldotidento tlp)er w©ehdtiag pmiym&tlemnds chate pehitieneyy on,
anong ot her things, the pH of .their envi ro ment . Wi le the stryctural

f or mul ae hﬁF@OIYH@BaSﬁé?‘@PﬁO’HeM?a terminaier gk a s -hwiroxy] spsiitusaandindude o
! d
PPe P oby SRR 3 Biiehyidrorfiose, .aﬁ%%t‘?@%é% 3 diiNosk RS At T e

par ti cul Kltepiinivenah iribofifiusise analag yowld beakdd, pmtazmazttﬁﬁbséonammtm he
conpounds are intended to fall wthin the scope of the invention. The
corrpoundsmgteotmhetennuemm owludgy?’ :Be-étdeﬁﬂ}"ﬁr@tfé’oﬁﬁéilqsb’hﬁ lararﬁ@gfsfvmessdh%tr ges.
20 The net ch e d of the,i,npventio e et itive or
negati ved ﬁ‘ch'l?Fﬁ% $@H§Xyi%@6?139§d3wdt‘ﬁopﬁg’]§'§é§ pROSY ﬁt“!: I’ y dictated
bytheS)ﬁnq;.QJ inS Ml dsy.age.

obt ai ned §?(Sq’alﬂfﬁclz:ncjéj t%rrﬁ):ack}%éﬁ(% l{aggé}qg%&t% lNutcP?c g?feﬁg%tég grr?rioﬁlum
sodi am ntﬁtsésﬁtdt(mtdgeatvhdwﬂl%ﬁa)lHEBasLetta,dGBaZE 2’1&)1 Nmmbndemrmhmtorealso and’
m xtures thereof. |t will be understood that the.] dent ssoci ated
count er iiBFiugesreversive nacleqtidejterarnatars (Yetzksr (19948) Nugleist 4 ‘b‘ﬁs ﬁﬁ?\dﬁt% t he

i nvention ggforrpasses the dyes in association with any type of counter ion.
Mor eover, the conpounds can exists in a variety of different forns, the
invention is "Entyemdiedly emaniablep&seSpmpért}omﬂ ymicteotise i whivh 1dys@azyrhatcaﬂye in

association with counter ions % y.salts but. al so forns that are
not in adBeriperetable alitetepminys @ aiPBk@“‘{lEOtgie anéé‘%‘j%’&é‘élnt e¥egdsst ¢ sol utions).

the 151 | GuLBRELE: P dr e AERARL AL LT A ROAIA BT, TP1E,

nta are unexpec surpr|S|ng,
over knovunafdgstor escent dye corrpounds useful for multiplex fluorescent
detection: (1) the subject dye . )
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 -



conpounds may be efficiently excited by a | owcost red |aser using

wavel engths at or -13 WO 02/ 44-41G PCT/ USQL/ 44. 175 above 630 nm (2) the
em ssi onvapexiws of the subject dye conpounds can be noduPETRSOWA4M nor
variations in the type and | ocation of nitrogen substituents and/or aryl

substituents, allowng for the creation of_dye sets having simlar

absor pt i diludedihaiearof Bmited tQ Qatenark amisle) ﬁllfa&g6‘}@5’8&9%%?}8’?%%@518?308?{?’3si on
spectr a; e i ec g¥%|. y be easily 5 attached to

nucl eosi géés;%ph%%’cﬁ’ogg%%béd r p%&%ggpg%?%és Wi t hout conprom sing their
favor abl e fl usase€peeinpihepaiisi"elgorfudleotided and Bpedgiucibptide’ommposedds have

narrow em ssion bandw dths, i.e., the emni ssion bandw dth qt}\t_as a f.&” | -wi dth
.at hal f tnferchengeshlyardrnsen singlerstrapdediapd doubiestspdsd saymess ofuciealids ne

et ot 5 ndHRh Rt A B B AECL AR ST g v e
el ati veliyephieleStideiitosphoasdtet Bond ftkaGes beintertiyteotidapauloghs atbassociatdat i vel y

| arge extinction coefficients, i.e., greatey than about 50, 000. Several
synt het i consthiots ca.d1 alNaldl dtalkylammanien.dylgt hia|anddhe ki A polynucleotide

1-ami no- 3h ht hal ds_.descri bed e dif f t hod
bei g or SRS ICEPTIEBEN RGP D TRCaHE e LT P AEBom e BB B | P >
ni trogen fuhekd hu&ies t}i%fredfh?oﬁﬁﬁ?l&@clﬂeﬁfna&@e@@Iﬂpﬁwﬂd)fﬁlﬁeﬂh@clﬁwﬁebeSi zed. A

first synthesis method suitabl’e for the synthesis of )
1- subist | tuickedbasaiand sy eimadogsn Ephnhelbetides tpinaby range in §zgyfrom a few monomeric

Lo Ao & DYhornse Belens, ek GO LR ELH oLkl b T
triethyl gp thehnbbibbitr @FE! DRANGPAo0R EhaRi dihélievirs fitRogadide 3 20

met hoxynapht act) ene-1-tr ate 2. The triflate 2 is then reacted with an

anmi ne, e.s@quende Baemeskated, AWillde uadgstpodithet thy nacteotides axsiing' o vrden fiom
catalyzed triflate/lam ne coupl i tq formjhe, supstituted.amne . .compound 3.
Conpound lsftterighiend thabr ot dero ‘{‘]?81‘3!‘?33%955’& dﬂ qenp Fg?ﬁxé'gﬁﬂjé’b‘?’o ¢}
procegdure ; : 1.0 Qrodas r product, e.g.,

1-di e&hyl%tr?’lg%%{ag- yegﬁ%)&;%g%%%gﬁlﬁﬁ%g’ %éégggﬁrrwgé g(?t&% his synthesis is

provi ded i n 25fhodapie dyebedfanto dyes andunlingthn ghesalpolyeytiobstsniutabl e for the
synt hesi s of benzoi ndol i ne conpounds, e.g., N

N- phenyl - 3, 3- di net hyl - 4- hydﬁ\ﬁ%(%- benzoi ngol i ne 9, *ﬁzal so shown in Figure 1.
In this nmethod, the 3-nethoxymnap : 3 ate“2 is derivatized with a
primary amne, e.g., aniline, usi catal yzed triflate coupling
reaction to give a secondary am g. ani | i no- 3- met hoxynapht hal ene
5. The secondary amne 5 is acylated using an acid chloride, e.g., an

hal oacet yﬂr?g{ﬁlﬁg%laﬁgsﬂ% ﬁé Pﬁb\éﬁnﬁe@ dhstthdded amde, e.g.,

1-am do- 3 ene 6. The tertiary anmide 6 is cyclized using a
Lew s-aci d-catal yzed Friedel-Crafts cyclization procedure to give conpound
7, e.g., ¥sgng VIRTHOX YNARY MENE AND ANTHRBOBENIS| | |/ ~~~75 is

than reduced. e, Q.. i ng it hi um al um num hydri de) LAH, to give conpound
8. Su%eq%@@éﬁgroup deprotection by a boron tribrom de deprotection

procedure give LpvAsTlcToliY halene (FORMULA 1) and 1-amino-3-

N- phenyl - 3, 3- d?‘nﬂ%ﬁﬁ?%ﬁwg’gﬁiﬂﬂg’éﬁ’?ﬁtﬁﬁ%ﬁ %eog. An e)xarrp! e of this

synt hesi smiethomyanthreehei (FORMDBAelIPcdyapands Aretusefodl asiptarmediatesitlitod sui t abl e
for the synthesis of N substituted:5-hydr tetrah 0) benzogui4el i ne
conpounds Synshesis Olellrf@E"H?‘ij E@Q@HpWWtJ%? aﬂ%%&%ﬁ?& éﬂf?&ﬂ'ﬁﬁé a%é 11111%?%% own
in Figure, hi Jsub SRR ESf. ' dduRistructures

nmet hoxy- né%%%%%@eﬁ@dgﬁge&c%ﬁdensg;{%]ég\fﬂfﬁf ﬁﬁ%?ﬁ%gﬁ’é using a piperidine
cat al yst providedilaieheare Gotopdzdriol efiddnipmsy e onlydtie oedt olecttonig/sirustyees, Présghtedamed
by to LAH reduction, and reacted with trifl uoronmethanesul fonic.anhydride to
gi ve the bHiglsaingludq all jesnant stryciyres, protpration siates g ASRCIRIEREOEECE e conpound
12. Corrpohr]%geojf% is conplexed with a Lews acid, e.g., ALCl13, and refl uxed
.yi el di ng e cyclized benzoquinoline derivative 13. Next, a nitrogen
substituent is added, e.g., the nitrogen is al kyl ated using a conventi onal
al kyl ati on procedure, e.g:, the benzoquinoline derivative' 13 is reacted
with n 15 butyl lithiumand an al kyl ati ng agent, e.g., Ml to give conpound
14 or propane sultone to give conpound 16. The nethoxy group is then
renoved by a boron tribrom de procedure giving a N-al kyl benzoqui noline
derivative, e.g., conpound 15 or 17. Aatexanple of this synthesis is
provided in Exanple 3 below. A fourth synthesis nethod suitable for the
synthesis of N-substituted-2,2,4 20 trinethyl-5-hydroxy-benzoqui noline
conmpounds, e.g of N-nethyl-2,2,4-trinethyl-5

hydr oxy- (t et rahydr o) benzoqui noline 22, is shown in Figure 3. 1n this




Exanple 4 below. A fifth general synthesis nmethod suitable for the
synthesis of N-substituted-3,3 dinethyl-4-hydroxy-benzoi ndol i ne conpounds,

hnd 23 is

e. g N metwyb2/8486 di net hyl - 4- hydr oxy -15 WO (12/i-4-41C PCT/USBI/34415 4- 475
benzoi ndoline 27, is also shown in Figure 3. In this nethod, a 1-anm no-3
nethoxynaphthalene 18 is acylated with an acid chloride, e.g.

2- br ono- 2net hy! pr opi ony| | 3¢ i de é}?x gi ve cong 33

cyclized by reaction wt I}I'I e/? 340 give compound 24~ Compound 24 is then
reduced with LAH to give t -d| met hyl - 4- met hox ¢i ndol i ne 25.
Conpound 2S is then al g w al kyl ati ng_ages nethyl

iodide, to give a N me!:lﬁ 3- di myl 4met hoxy ndol(%?%

.conpound 26. Subsequent,,liE hoxy group deprotgcu Qn by with boron tr| brom de
gi ves conpound 27. An exanp FeSof this synt he pr dvi ded in Exanpl e 5.
to A sixth general synthes’s met hod suitable f e synthesis of

.am noant hracene conpounds is shown in Fi gure16_L n4t hi s net hod,

am noant hracene conpound (et hoxynapht hoi ndol i ne) 90 was prepar ed
denet hyl ati ng 1, 3-di met hoxyant hracene 121, nono-nethyl ati ng one of the
hydroxyls to give 123, for ReR¥WlgkIthe triflate I E%JQH :ﬁlsplacenent by
hydrazine to i i I

Fi scher i ndol %neﬁ%yc? ﬁ%ﬁ%ﬁ%ﬁ%@éﬁ% ?@ﬂ’%gﬁls ?Eﬁ]gggggg%%ohydrl de

gi ves 90 nifexgeiaing tHé(-12Amdre3phbbas fag f@nda firdt iagstrictandnsinpdinmurtds can
be sulfonated with sulfonating agents, such as chlorosul fonic acid. For

exanpbe ansmbarandies ltla;enG 1@6@@ %alt%em ang thedi-1hpnd Sgle?ncqsbwée%a sgeondhe

et o osur PR it B o abes, e ARIPORE Romd BV AERR AR L e

and depr 4296 196l ndethtls/ Whetd th@ b ek st@fRtarSintdyl in¢lhde meergeﬁoant hracene
conpound 90 is prot ected as trifl uor oacetyl at ed conpound 91, then

sul f onat elisubstitutbdimathosc e geo gybetatuents mayg]mraéksi,mg methyp| b ansther

Internedlate .89 a 3 ar us f.ul n S of t fonated

di aryl i hé&h e%%éﬁﬁa% Mo FIBe &i“?%ﬁ%ﬁ‘?%’ ‘%HNE‘ COMPOUNDS
A novigl  cn@sRliREntSk QR ME0-19L5vndbd iR Bed ﬂﬁé@-@@ AR @@cﬁbﬁlslﬁsﬁﬁ al as

nol ecul ar | abel s having the general structures shown as Fornulas |I]abc

bel ow, i rfu’stmlmgls},rlml;rb having fion 4 ty@ memiess, and(peﬂlefcbﬂaﬁ)onw@lﬁﬁgenmthe WD
02/ 1.1- R HRo/ Rs

4
e fel ﬂa&“éatczﬁ; il OIP&%%‘ o g AR VIRE G5k fo L feribelS ph (v O |
RS HR6 ~ | Ragfgdgbh Subdstifffeftshay 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-solubilizing 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 OO0, e
or

where n ranges from 1 to 8.
The compounds of Formulas I and Il 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-



l[1la lllb PCT/USQOL/-t~~7S Rtz, RR3 Rt Rz, | I+ Rt2~-N/ O/ N~\Rz R = ~ 1| [/
~R3Illc Re | / REHRG~1 Rs |l | RRs/ Ra Rt ~R9 R s Rzo At |east
one aryl wolbsisieent in Fornula Illabc is sulfonate. The BCEASAUEHDT at
Ieazt ar?/l hsgl fonate group may confer unexpected and beneficial properties
on di aryl rhodani ne conpounds, such as_ nodul at ed.sol| ubi I| el ectrophoretic
mobi | i t y amiReREPe ERGY, DHIIENIONSE alkewy. :E’heﬂoﬁyﬁ@né%ﬁh?%rﬂo Cl’ccr?émE?fH'gounds

of Formul a III? .1 he co u Cln dq e“ga}mf)l% cdi Q éPH)?m i ch when
t aken tod‘éﬁ“ﬂésf’ FNg FRuR Rde r Ggen C- 13 carbons

L or (rjns a fthdr&df. Mh V\Eﬁb i{hm!ﬁlh&ﬁteﬁlﬁ%ﬁmﬁ&ﬁc{]lﬁﬁmdestzﬁfuied’@ﬁh&ﬁcﬁmn@btdided a@ossehend
ridging group I C en taken together with the C 2-bonded-nitrogen and

the 1o CG9and C‘Ei@ca@bnlbo@@q%ﬁﬁ@%?géﬁd)ﬁdl 1rqaﬁ§)n§»tlflﬂéfllﬂgé“b§§mt‘?¢gf°¥l¥‘gm 4 to 7

menbers. e bot h of.. second ring structures may have five
menbers. ﬂi“?{e%fogpﬁr&rasg Erg’r'i\?'%etng {%e menbered ring structure includes

-one gem di SUbSl‘IJd)ﬁ-fﬂlﬁl?la?éﬂr\Q%ibns &?ORNNJQA@ZI/a‘ndﬂ ak8 irftérhiddiateb/inr the Ccliadori n
the gem substituents are al kyl, e. g., thyl. In an alternative
enmbodi mentactibhetof fowre thessutfonaed dlary@rhoéarmubdwst dataitpdibieldw.a 1i nking moiety. In

anot her enbodi_ment ive red ri n
Sbst t uont o epTeseuiahYe LR S oRTRAR e an draB aRrRRRahe "

corrpound L R' R~
S RS TN, 8

subst1iot uted 200 Biprkes 19uUlBs tiiet, uomgolnets 2] 63,968h%3 andi8ehndifteey16-2Gn¢.

substituted naphﬁﬁ/ In yet another enbodi nent of the invention, the

%gnpogggscompgpﬁé -409.| | abc i nclude one or nore nit rogen substituents, R2,
' an

consi sting of @ilcf%e Of%ﬁqnﬁ%,ba{a{rvg?m? 80 §ecgﬁrﬁtz %&gﬁ?g%&hﬁ)@uﬂ/ﬁ%ﬁ%‘@vgﬁt%t i C,

wat er - sol hy bxtigt il gnahy@iffereht pl'btolilgtlm)!;teﬂesg,depeldlllsgjbxs,talrnoﬂge)dihdrdinngs, thepléof .
Al so, the nitrogen substituents ){L al k phen pol . lic aro tlc
or subst i efitheid eiramnent.gWigdephe structural forrnu ae prov1dedyherem deplc%/ the compounds

)

15  in only one of several possible protonation states, it will be understood that these structures
are illustrative only, and that the invention is not limited to any particular protonation state
— any and all protonated forms of the compounds are intended to fall within the scope of
the invention.

The compounds of the invention may bear multiple positive or negative charges.

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-



RBR~LZ RRP RBRA Ry R WO t12/ ~~~1(i PCT/ U SO1 /.4-1-47S thereof,
where exenpl ary substituents include |inking noiety, and water-sol ubilizing
group. | weanpifies enbodi ment of this second aspect of thePCHUSAYAER t he
conmpounds of Formula Illabc include a third bridging group which when taken
together with the C-12 bonded nitrogen and the C| | and C. 12 carbons forns
a third mbexe &0rmues: (@) theremvission snesie 51 the svbm%@w@mpéeﬁwcﬁané’eﬁ%ﬁﬂ*%ﬂbgy dgi ng

whi ch when..t aken. t oget het wi.th the C . ! y
o & 3 chppeaibTE et RSP oMb ol Mool BRSNS o/ AERRGubAE, T2
One or bgjbwhls fobteldiididndndyé Qs haVing AeikE AbsoipHdRShaRY chaN® Yot spearaler s.

The six nenbered ring structure nay include one gem di substituted carbon,
.wher ei n tréselvablegfmresshsds duiesiows spactraz3k fHe, subjegt dyerpenippindy manbo edsdy
enbodi ment of the invention, the conpounds of F la |11abc include aryl
subst Pt udHagegio Bﬂ‘ée‘&ﬁ‘&]q’?n?‘éﬂ?ﬂ‘“}&é%@‘b@@‘ﬁ??}ﬁ@ ?ﬁg“{’\%{&ﬁﬂwr@]@f“géﬂ Tt hrou g%
-G 11, ang, &5 1 tlbRUERCpfobert b b REY dyeoRiduh MERivE naft6l eiifisdior ar e
not lim t%@r%eﬁygrogeﬁ%ﬁﬁo%ﬁ@ chl oj%i ne>: al kylfl sul fe?t e, sul ?onat e,

sul f one, banfwitai.cethesnifsion bieydwadthrias a fill-syidtbrat balf theratomun emissien | ower
al koxy, phenaoxy, aromati phe clic aro ol ubi l'i zi ng

) | . iC,. -
o oun.” haplergUAbEIovRRR AR 4} Beiteive hmpacs grsbisl g bR

t her eof . VAR ' ' . : nbodi ment ,
the compdissA3ppaRSo i R ELARE ieh QAN FER, (IR T 0ss
the Go3 apehpouddseas bdamsvely pleotsidblemhd 7 bthe anbjectslye chmpudisdade ©latively
carbons, or the C 10 and C 11 carbons, including 20 substituted forns

t her eof . lauge ektiR@@NLOBHIGNES, i-Pn groatey thie BERRE,r 0ss the G 3 and G 4

gﬁgbfﬂz acflg ;n vt QufdicTndiho SR QDS 1abfY foP HedSRthkaE of? 13finGz310 car bons

hydroxynaphthalene compounds described above, different methods being preferred
depending on the nature of the ring structure and the nitrogen substituents of the particular

15  compound to be synthesized.

A first synthesis method suitable for the synthesis of 1-substituted-amino-3-
hydroxynaphthalene compounds , e.g., 1-diethylamino-3-hydroxynaphthalene 4, is shown
in Figure 1. In this first method, a 3-methoxy-1-hydroxy naphthalene 1 is reacted with dry
triethylamine and trifluoromethanesulfonic anhydride to form a crude 3-

20  methoxynaphthalene-1-triflate 2. The triflate 2 is then reacted with an amine, e.g., 2
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 aniine,

30 e.g., 1-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 -




C-5 carbons, including substituted forns thereof. Several exenplary dye
conpounds according to this second aspect of the invention are shown in

Fi gures wanu44d6 13, i.e., conmpounds 41-47 and 67, 72, 76PEmMASBUH4ENd in 25
Fi gures 21, 22a, 22b, 22c, i.e. conpounds 110-120 whi ch have unexpected
beneficial spectral properties. The extinction coefficient, quantumyield,
and bri gHttherseedyeed, 883 uspe Hvwn alymngm hydrd tagi%e GPPRIESH ne dye

conmpound 4 r ' ' = Sk anal og
o T Sufblnert Hetoly dratly adizOtsEOOPRY £ Hotthyelurolifing alifibeentiod B84t
Conpound %ﬁfeh Ml efPoib0aiid, 6ig8 rug\gﬁahﬂ@tanhunywhamoﬁe@bb@ﬁmﬁmha OSAn

| ncreasel111. 161.291.5 -19 D 02/ -4-1~1C~ PCT/U S(11 /-t.1-47s

,1142. 30. szanple of dus gethesgiis provided ig Fxagplerbhelow. 913, 135. 98 All neasur enent s

wer e conducted jn . 8Murea_and 1X. Tri s/ EDTA buffer.., The.] € measures
the of 71 er encastfty DhiegR nfior it Biie et SRR ABRES

-bri ght neggaiaKRS8e qhﬂl%lihé!\@orﬁﬁéﬂrrd%Ué.é.?N&h@thgr-%@&roix.?_- the five exenplary
dyes, relative to their non aryl-sul fonate anal ogs. The brightness increase
i s cal cultatreltydoy)bemdogirjioline §5t fsshewniin &iguon2 c bethis metbnd, compouhed 18 dsant um

! vent | oRReA o Bl AR hGRI i eafon ki indlorb e BER e i ve
0t er na PRI Bk o AOMIAS Conlsbull 1% b R AT A A BBLN Bilowed by
substio t ugIs redactimnpad nehcd widy trifiordreethamsulfonic adliyeridatq givethedridlate

P B N AR otret it Eond S nr B
sol vent ; "Hige TR AER, b 2Ly S R e RS e, and

t he het eidegesiBeUs. Mokt W Kitroger@bdbideiitds alidudt e.§3 thehitrogabio utkyladé singrhe
crude reaction mxture is cooled and purified by normal phase flash

chr omat ogeaysmional ajkydatipndyecerigres 6igpdimbergsquivplite daatirmidisiraetesWERM of a
P R MBS 1, AR AR PR BB B
pure dyegivi &nifdand ki BEk R¥thokPetipSPaich r@ol YA beoA trireRiideeprocedure
giving a N-alkylbenzoquinoline derivative, e.g., compound 15 or 17. An example of this
synthesis is provided in Example 3 below.
A fourth synthesis method suitable for the synthesis of N-substituted-2,2,4-
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,0; to give the benzoquinoline compound 19. Compound 19
25  is then 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-



phase TLC and by their UV/ Visible absorption spectra and their |ong

wavel ength fl uorescent excitation and em ssion spectra. 20 An alternative
procedur avé oz4the synt hesis of asymetrical dye conpoundsPC3/USAE#73 n
Figure 6. In this process, an anhydride derivative, e.g., phthalic

anhydride 34, is mxed wth dry nitrobenzene and heated. The m xture is
cool ed t depzindaliag?ds as alse sheyw mﬂﬁcﬁagﬁﬁ\ﬁl&f@%@jégmnﬁi "h stirring.

Subsequently a 1-anino-3;net i i bS-addg@d-mith stirring and
t he reactm?}ﬁo’f@aﬁlgtgl?lgﬂ‘? f%hseacp%géét‘%@tr‘lgﬁq g& ggoﬁ;)ggg’;eh%’ s?ass;lgended 25 in Et OAc.
The or gan,gm|Bydpiorys cMRSAE o Witebongiound 28 dChiidéiind 13 is ngclizid bgdeasien Na2S04,
filtered, and the sol vent renoved in vacuo. The resulting ketone

i nt er mediwitie AIEH B&ivr eomppaintli 24 Gomapoziad 2d ag ten refusedvath; t9 gy 37 and

Subst Bt aehbdTae T A b Seute rS. Chfes ] 2F LR SRR B, o
-PCT/ USOL ﬂﬁggﬁf’rt%&%ﬁﬂ%?gﬁ,gﬁéﬁ@h&ﬁdéﬂ?& 6 bal-hicafl3@dinkieylet hoxy group of

the isomeri ure Ketone internmediate 37 or 38 is renoved according to
a gener al mbbeybehzdindelinee.gdepmpbend 2@ nSrsoquentimsthoxl gsouprcdsppieriondy gi ves

t he am no- hydr oxynapht hal ene ket one termedi at e. 39. .. ey s

Ani no- hydwsﬁyﬁ@pﬁnhmr@ﬁ@ SR8 GABPPHICLA el XD Oﬁtglst%‘ilﬁe?lw&r%‘d%l th a
1-am no- 3.5 g?oxy internediate 32. The reaction is cool ed, givVing

i sonerica *%}nr%u e and asymetrically substituted product 40 that nay be
furthgy purifi gdihm oBIdrel syhthesis aidiesd swtkbledor the sgythediest aninganthracene

di benzor hodam ne dyes of the present jnventjon . and particularly suited to
the synt hewigountls tyshowngn Figise i 72 uindhisaethefh 2puno3ifupeang ﬁ?mPP‘é'%/d, pyroni ne

dyes, the, dyes ar nt.hesized fr } NEgy: ih&meadi at es
gener at e d(m%ﬁ?ﬁy@aﬁk?%gl@g?@%e) h%sﬁﬁﬁqﬁ%%gﬁa@gﬁ% gg ;Hrllfélg?lr? ;égaiﬂlt ne compounds

f ol I owi ng AapnatiRakiigon oftthe hpdUMAB tgiot 223, fogngionuyf thetriflaterk4nghd gr oup
deprotection by a denethylating reagent, e.g. alumnumchlori %e, C@nd

i sol at ed Hisplosmait hythadeszirierto gated@Sa Fhidzazeue farmation gith 1 aldlydeo t he
synt hesi s, . a hydroxybenzoi.ndol i ne, i nt er nedi , I one hal f
of s e FEPRERIS AGen AL R PR s Rt SRRRE R gk 90NC

nmet hyl forgﬁmnﬂlg% OCl 3 , and the ensuing fornyl ated hydroxybenzoi ndol i ne
intermedi afe I's reacted directly with a different (or sang) .

hydr oxybenzoi ndahinoreghtitaderestidanenoantireemnp soapaundssan jpe sutiorated#th of t he
dye nol ecule. The reactiqgn is.run under .acidi ¢ dehydrati itions, e.g.
POC 3 , andlionaging agenys, SE@D@Slééorés'fl Ny ?Fé&t h%r W&g%%{)l%tﬁ%]%ci d ester
derivatizg | ! eSlfoRAnideRonRbhexsPENZEeNdp! i ne

i nt er medi ﬁgggﬁw{?yq}}g{}ggg%% %l]rogstcgéarr%\;ttlﬁilﬁ grgup .dep_?igat%ect.i on@;%d t hen the
met hy bo gr @xam@fe 14)ethbn eangtedtveith cidotosudfonicladif ireacsticiavidiandalichiorgmsthsngat ed to
gi ve the fornyl ated hydroxybenzoi ndol i'ﬂglél:ﬂnt er nedi a@g9 pﬁi or 10 reaction
With the JevTEPSHUTSHNIHPTILCI I GXGH el SOROYNS 8¢ an%%f oni ne dye .

The pure dye 1S.isolat ARAN, then

chr onmat ogr‘/’éﬂﬂ?fi‘thfagen?r??gl géltclffg? gﬁgg@g}gg}%ﬁ@g 1d;§:ti{gaggte'r is then

hydr ol yseguWhidle®&iddeprotectediBy give 03 {Figeret 170, Exmeplkdis) yengdiates$9iand P3af t er
aqueous wor k-up and nornal phase chr orrgt pgrﬁlglgg. N hen)(ll substituted dyes
may be sulseysedHin jhesynthsaisodthequiienated diary ngea%étmo nds. o C1S03H to
give a final dye derivative after aqueous work-up and normal phase

chr o 0grg Ry ;i A0 ROBRSY DTRINSAEROBYRINIABRRPERATPOENIHE SULFONATED 3o

DI ARYLRHODARH-NE DYES ftie preserit Tnventl on conpri ses energy transfer dye

conpounds i ncor Rabadlich@s bhaleuhbd datghodiming dyé odapoursls dyeusshies

Formula Illabc. Cenerally, the ener -21 o 15 20 . .
labels having the geng{'al structures shgv)s//n as Formulas Iﬂlabczbelow, including aryl- and

nitrogen-substituted forms thereof.
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WO (12L1-t1G PCT/ LI SO01/ ~~~75 transfer dyes of the present invention include
a donor dye which absorbs light at a first wavel ength and emits excitation
energy i wWoexpense, an acceptor dye which is capabl e of aBEBUSPHEHHTHe
excitation energy emtted by the donor dye and fluorescing at a second
wavel ength in response. The donor, dye nmay be,attached to the acceptor dye
through a linker, the |inkeRbefng effe ‘|vé‘to faC|I|tate efficient energy
transfer between the donesr &nd 2 \( e, "Energy-transfer dyes
wi t h enhanced fl uorescence”, , 800, 996; Lee
"Energy-transfer dyes wi! ance ce -e", U. S. Patent No.
5,945, 526; WMathies, "Fluorey [ heir use Ilim separations”; U S.
.Patent No. 5,654,419; Lee Nge1e|o ds Res. 25:2S816-22).
Al ternatively, the donorRoye hd ®he BEcep or'%ye may be | abell ed at
different attachnment sites ongPhe substratgg. For exanple, an
.ol i gonucl eotide may be labelled with a donor dye at the 5 term nus and an
acceptor dye at the 3' term nus. A polypeptide nay be | abelled with a donor
dye at the carboxyl term nus and an acceptor dye at an internal cysteine or
| ysi ne sidechain (Komoriya, R'"®Comdbsitiorms fok* the detection of proteases in
bi ol ogi cal sanples and ne;héps af usg thereoﬁ US Patent No. 5,605, 809).
In the energy-transfer dy& of\# nve OF, aF | east one of the donor or
acceptor dyes which labejna s € gl sul fonated di aryl rhodanm ne dye

§ E € ansfer dygpray be any

conpound. O her dyes conpri
fluorescent noiety whigh unde transfer process with a

sul f onat ed di aryl r hodar s 8 ; t AcI URt ng a fluorescein, rhodol
and a rhodam ne. O her dy ss of fluorescent dyes such as
cyani ne, pht hal ocyani nglé-squar aiglt, bodi py, benzophenoxazi ne, fl uorescein,
di arykhodam ne, or rhodam ne,is Energy-transfer dyes have advantages for use
in the sinultaneous detection of 25 30 nmultiple |abelled substrates in a

m xture, 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 conmon
wavel ength. By then varying gihe geceptorgdyegtn the energy-transfer set,

t he acceptor dyes can be spectrally [ €S0 vedlby their respective em ssion
maxi ma. Energytransfer dgBs 'z z 5¥gér effective Stokes shift

t han non-energy-transfer des shift,is the difference between

t he excitation maxi num 3! ﬁ t he dodBbe dye maxi mal |y
absorbs light, and the e ss wavelegngth at which the
acceptor nmaxi mally em ®s~ gt Rker between the donor dye
and acceptor dye has the sjf : z- ~- O -R21- Z- CGR22-R23
-22 WO 02/.1-41(i PCRidJEO R hgisel ected fromthe group
consisting of NH S and O R2 < attached to the donor dye;
R22 is a substituent selectel” fronlthe groupRconS|st|ng of aC~C~ 2

| kyl di yl d
go né alné a f us'lé‘gfefagtn Pge é‘fyﬁ ﬁﬁ% Qﬁmlug @?‘?c IS lggntao ?ﬁi’tg Pg%r éé%%?{ }égﬁggn
and R23 i pol WARSaR g}a{pqhhyowfeﬂﬁemcv&alaﬁ@ bakdrier popbities bih ﬂiﬁgﬂrhbd:axﬁiile

acceptor dye. R22 may five or six menbered ring such as cycl opentene,
cycl ohexecmmpands, cp«dnmuo@ﬂ@:ed s9lubitive slactrapheretie mabHitys i spestah, pyrrol e,
i sopyrrole, isoazole, pyrazole, isoimdazole, pyr an, pyrone, benzene

pyri di he, CHWWFE e, pyrini di ne, pyrazine, oxazine, indene, benzofuran

t hi onapht hene, i el RNHM P RhPRdsHFOhhIE ATAYE, theRembbinidanclmds have |0
the structure: Ol | -(CH2)n-NH C where n ranges from2 to 10. Generally

al so, R23firstprifiging grévep which sthendaketogettet with-the 51 2vhendsdmilogenjagd shasg: C~7.

I nmbod k th d t
el udes 42 AEEE | bibon GRS BTG TR e el B m fE BByt
structurake g 'bﬂldg%g ﬁ%ﬁ&h%&'t&l&m@%&h&%ﬂﬁﬂﬁe@ -b H¥h@ad- ﬁtrf)géfﬁaxﬁﬂﬂeSI X

mer nbered ri1 ng east one unsaturated bond or a fused ring
structor e Q- Vaisl CPRaba&hdmsl\ﬁmns 5 s8h(d 3@ strbctihav g frow 430 J48eBlgs. Ene9s, 875) .

The d d d.th d f th f b
At tacheq. By oliRe it and strond poe elEcisEs BB et aurpas: O EhRGR -
NA-C ~ \ N G EERE OB CmenfBeXdNHR: Shiknite incluideSbRe Q@’I'n@lsﬁggfﬁﬁﬁ@arbon,

-17-



O DONOR- CH2--~-~ 1 ~ ~ CHI---ACCEPTOR - 23 WO (12/-4~-111 PCT/ USQOL/ ~~47s
OO0~ 1]-CHz-NH CHZ-NH (C~CHZNH)n G- A wherein Dis a donor dye, Ais an
acceptor V@&t n is 1 or 2. The phenyl rings may be sub®CT{USDHEH4G t h
groups~such as sul fonate, phosphonate, and other charged groups. The

attachnment sites of the |linker between the donor dye and acceptor dye of an
ener gy- t WRSETR the g subptitpents preikylpe 8 medylwheanealtsmeatiye egbopingmt.tthe” donor

dye and 2 S .a ~.-ni dh-of the.present e ary
at ¢ achme e eplerdfnd SRS vl Kind MBIl “Rfonle SR04 b TERWL T

conpound niemepstadi@Ninkdades bachatoleRittoget REbstRdentd, BE au@hibad bélpker . The

l'i nker may be a bond, C1-Ct Z al) yldiyl or C--C20 aryldiyl. The |inker

.may bear Exemplancsulfonatedgliayipkodanihechmppuads wath brkigingrngstrughees inchideur ea,
phosphat e, phosphonate, sulfonate, phosphorothioate, and the Ilike.
ghexyl diyl . The attachnent

-sites of the |inker betwengz_érhg
be at any position on the enetgy

donor dye and acceptor dye is]a S @
>URS 3

enekgy-transfer\dye and the substrate may
present invention. Where 15 Rhe

Sk dye, e-one or both of the
yI rhodam ne dye of the
2 R'eosi de or nucl eoti de,
one attachnent site to the energ o@ on the nucl eobase. |If the
nucl eobase is a purine, the 1gio %L kached at the 8position. If the
nucl eobase is a 7-deazapurine, the |inker may |be attached at the 7-position
or 8-position. If the nucl eobase RS a pyrinidﬂﬁe, the |linker may be
attached at the 5position. Wiere the substrate is an oligonucl eotide,
attachnment sites include the 3' and 5 20 terminii. Qher oligonucleotide
attachnent sites include the intenipcleotide|phosphate or phosphat e-anal og
| i nkage, or at a position on the /sugar, e.qg - or 4'. \Were the substrate
is a polypeptide (peptidalerLP i
and carboxyl termni, and |ysine
LASELLI NG 25 The present invgntio

abel }i ng reagents when ein
tive form i.e. with a
sent invention also

Wi tk* t he conpoi u~ds of the
jsrtual |y any nol ecul e or

e rifventi on can be 30 conjugat ed,

i ncl udi ng by way of exanple andRmot limtation, a polynucleotide, a -24
WO 02/.~~.~I Cr PCT/USOL/-1.175 nucl eoti de, a nucl eoside, a pol ypeptide, a
carbohydrate, a ligand, a substantially enantionerically pure conmpound, a
particle, a surface, a lipid, a soljd supporf, organic and inorganic

pol ynmers, and conbi nati ons and as eLbIages t gﬁfOf’ such as chronosones,
nuclei, living cells (e.Qu aghéffs Tgifg&ganisns, mammal i an
cells, tissues, etc.), and trie I'inke g may i nclude a nanoparticle,
a mcrosphere, a bead, or a |} posc "ﬂ% be gl ass or other

non- porous planar nmaterial . R FAventi on are conjugated
with the substrate via an optio ariety of means, including
hydr ophobi ¢ attraction, ioRie_z 2N g al eft attachnment. to
Labelling typically results f i xing a sulf d di aryl rhodam ne
bearing a |inking noiety, 65 atg@s  and pang Dl gwsol vent, using

conj ugation nethods wel | -known ijn the art r mnson, Bi oco~aj ugate
Tecl zgi ques, (1996) Acadenmic Pré&ss, San Diego, CGA  pp. 40-55, 643-71),

foll d:b i f | abel. |.ed b i. f
uncong ugdt Sa3¢ 2 tinf ks Joabie e oheR R R, SERHLE Rt o Gar e can
be st or edyfiduted biphenyl, and substituted naphthyl,

i nking noiety, to react w,izth sy
i ncl udes substrates | abel |l ed ™
i nvention, Fornmula | Tlabc. Sul
substance to which the dyeg's

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 -




15 or in solution for |ater use. The sulfonated di aryl rhodam ne may i ncl ude
a linking noiety at one of the substituent positions. Alinking noiety is
typi cal | Waoe/eHect rophilic functional group, capabl e of feecwusg/aizoval ent
bond by reacting with nucl eophilic functionality on a substrate.

Nucl eophilic functionality may include, for exanple, alcohols,  alkoxides,
20 ani nediersfdwBsy IcxpmREY Sl&qém@ms ancdudedibkingmoishislapd watqrisalubHigingi ety nmay
i ncl ude eophilic functionality that reacts with an el ectrophilic group
on a subStrate. Exanples of linking noieties include azido, nonosubstituted
prinmary am neln dh@hESdrhiiddiRentSFesn seold aspedtef thB iblentibiy,dh®¥dthpoudh bfle,

epoxi de, N-hydroxysucci ni m dyl ester, carboxyl, isothiocyanate, sulfonyl
.chl ori de FognplpdHahcamekde p thisd brdging piodp whieh when taken taggther withdhaCriZdy| 25

a1 kyl hal paRceg PhA R e €L Cle SoiPobt et G s SR A g from
i odoacet A5 dfaéh, AaRGtd kG S i Lo it AR SIER i Slald: ith the C-2

N-hydr oxysucci ni mdyl ester (NH a carboxyl group substituent of the
sul f onat édndiidaniird gdnoatalrthe €-2 ampCtinchridrisdomas 4 fjurthTheg dtikstueshaving fom f t he

conpound i s a l.abellin e t.. .The ster of the d may be preforned,
S0 T sol atdmegtiirs Qb oxfih oF Meitardnd st a e gy et B f f ¢
and r eactigd s thBmBerdd Hr3 Rtk Emy Rldideiond géﬁmﬁmb@ﬁﬁaem%n%h%m the.

ol i gonucl eoti de, a nucl eoside, a nucleotide, a polypeptide, or the |ike

( Bri nil egemnbgtitoaRy ai abiodng.ggaethyChem 3:2-13). Typically, the carboxyl
formof the dye is activated by reacting with sone_c inaL}ion of: (1) a -

(0]
25 wo 02/ . 10 #ghescembediment of thegventiony e compeupdsefdigrmula Iabgymelude

di cycl o : ; ich r rdbQdii g roni um
engont | AHSERIEAM 4 BERLmdY Pkl G NPORGAICRBCC ARl CO1 1 A ON! ¢
t et r af | u@-bdbdraigh CIBT Excplanant sutstialents-ineiddNbin O nd limitedwoetydydgenoni um

hexaf | uor ophosphate), HATU ) . .
(O ( 7- az Aerne chliosng) allylyquifate, sylignatey sulfppe salfonamide, sukfexide, amino,

hexaf,L uor, ﬁ”ﬁh' . L \at - trl e
(HCBtlk; ang f§§ y&%@%’ﬁ@g%&ﬁ@éﬁ{e&oﬁ\% ﬁg}%@&@ﬁé@? 9(531% E[réllg&tg‘l'ye, e.Jg.
conpoundsvafs?,sofiBilizifg g1ouf;ihgtetceydid, andlliBdng moldty uictudibg subetitedgosases, the
sul fonat ed di aryl rhodam ne conmpound and the substrate nay be coupled by in

sitar acthayepfi o lesst aneeardonpyiivent ifylfpeaiet Ingother emborimship the camporrpisiay m
the 10 SYCLANATRMAAALAL § RREAIOAGHSHRS hE AL O HIR S ahd O EurBSRPme & 2€T

activating and coupl'ing reagents Tnc _
(2- (1H bend ot 5 taBéens] thel Q-9 hnd C31 Bedriedns JFBAOEL 10 HIAICIM Bakahd, uRhplyosphat e)
TFFH (N, N , N', N'' -t etranet hyl uroni um 2-f| uor ohexaf | uor ophosphate), PyBOP

(benz26t r isubssifused fogms gheyeafy The ﬁ?ﬁﬁ‘il momgtiﬂ ﬁilcllg sy edbanded aseosa thefoBapi Esphat e,
EEDQ ( 2- 1 21 2-di _qui nol DOC ,
VBT (o ey iR LY B G Fohng of hit¥ 4G 840 B0t A mundbanaiie PP

sul fonyl chakin@iess, ifheing &ubssapdgeidreaeenesul fonyl chl ori de. Anot her
reactive linking group I's a phosphoramdite form of sul fonated

di aryl i hodam rféverehpeumdyy dpheupprndsiaprdingipehis segpad agpest of thainveatidnar | y
useful for the automat S sis of ali | eqt | abelled with the
yes of Oyt ERRRETBE 68 Som odimainef 140 a8 o 276 BRERL:E0a % egent
My be cauaie® It 02910g0Mmuc] € binleend2a904 20 WiAcHSIRIvVE dnSkRBIeA bertbificiang t he
normal course of solid-phase synthesis. O igonucl eotides are commonly

synt hesi 'ﬁp@th@hpwofﬂtid&s'ﬁmmﬁill_stic_bycqefﬁ;iqmwpht@n’aﬁﬂdi gl br@htmds gr€allut hers, M
3 215, Toanciespinbp SR hedeen S eppruepriaad. T6E TEpast ey~ o

pol ynucl %@%/dggl%a"wiﬂ%eig %oﬁ’-@ﬁl%ﬁatéﬁ%al?ﬁ g 4pBy1RRamBRANE 3Gfporndsand Iyer, R

.(1992) "Advances in the synthesis o

Aryl-sulfonated / Non-arylsulfonated

Compound | Extinction Coefficient | Quantum Yield Ratio | Brightness Increase
Ratio
111 1.16 1.29 1.5
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ol i gonucl eoti des by the phosphoram dite approach”,

48: 2223-
nucl eosi W@ox¥44nvon nucl eosi di c.

phosphoram dite reagents have the general
~=~-A1G PCT/ LI S(1 1/ ~~=~7g where DYE | s-a-protect

30, nr
unprot e
ener gy-
al kyl ,

and R31
sat ur at

.which pr

st abl e

froma synthe
.adversel y aff%

be: (i)

2311).

Tet r ahedr on
Phosphoram di te sul fonated di aryl rhodam ne reagents can be
Non- nucl eosi di ¢ forns of POEUSO1/44475
Formula 1'V: R30 N-P-O L-DYE R32

ad

=26 \\D 0P
"H&‘Hformc

2.3%ul fonat ed di ai

P188nodani ne 111ap

rJl AYA A A AT v |

302|nclud|ng

:91 ster

and cycl oal kyl

tizd_ s—a tinker 1%%

and—R31take
containing up t

ll?gpar atety are
D car bon at onsj

tlhsej with the phe

pghoramdite nit

oggn atom may fo

1 aryl
jpen toge
=d nitrogen
@Y@ents uny

Al i annuad

het erocycl e. R3]
vdr&led extensi on @

l ooty

P 1S a phosphite
. 1t3he ol i gonucl e

ester _protecting
96i9@e General ly,

O
L O A A I | muv

met hyl’,

Y COERSUERIRERS Wete 9B

atgVeastuts e diftfreBlesIA

2 éﬂ??

I\/ULIU\/ J III.II\/

T o

3%313@&7\4\}&%@9’ lﬁéaaé/ﬁiﬁ‘% itk

lJC | CH

tloes not

2-(4-nit ymmeﬂ& byighthyss, cansSdAGHEE nvcb\lﬁZ;Pbl)lfoxﬁte)gIEnﬁa)ﬂi thefivs exdimplary dyes,

R31 are each i sopropyl,

phosphorani dite reagents include when e:
(ii) R3 widiw3e theikaen agylaul fRS'@tel analogpphB

F 2o

ranges from 1Geﬂer5hﬂy, he s@l’f@{ﬁﬁld&h
H N DYE N P-O OCH2CH2

| abel | | ngymhesazedwas”@lﬂfa’t/%(ﬂmurh 4% Aplanbytht deaw?tﬂxq 3 6ta arahiaalis
bt e iglst o 1B S

R32 i
The |

structure:

i nvention

Lt aoheq kgt Mt

ret

fHfhoh ¥

rna IVE

e sub

8 or
n- CHI

an
?gﬁehtne%smreise .1%69@{1 atedby) ky| |

Bl Bt Rt

or

Cl-Cl12

or R3

rma

roup
R32 is
ved

é}&ﬁ’i%h@fgd%‘fﬁ&@lﬁs,%ﬁntuﬁﬁz may

(iv)

~ by a i nker .
CHz NH- C where n

rRbRSRIAG A8 ofi thepleeag aiventioh fires the 15

Phosphorai nidite dye reagents |V effect

t.he

eWIaa%@hs%q uBJﬁEZe

of the

of the

typical Ghed the R-2ubdlith&fi! in®dnfHoufd B0 RES bR thOardd 01t differ@nt, baf 4fe Prsterablyt he

ol i gonucl eot i de

when

the 5° to 3'

di recfion synthesis method

is practiced

(Wagner (H9e. rmmnmydewbanumusemlu@emm 1@ 3inaigd. to Reetylend, alkyl, phgnybe

coupl ed
the 3

e.g. 3

term nus

« BPiefochde yﬂ@ﬁ%ﬁ%ﬁg e
nonnucl eggLh &, Aaédweeitf@g 1 8t
25 nuc

ase,

o 4 i

eot i de

I i nkage,

sugar .

ARl B Eniny "

Qﬁéﬂlbﬂ%ﬂm%n@t Qlidedl th e RhctiM MixngeuHalgOt i de,

i nt ernuc Label I'i ng

at t he nheteenpeasmys mixtee ivindacdtto dbouti13RAGep aboutd SQQ@aThes cudsreabtians f or

i nt er nal

di aryl r hSHEHTSES C@BEP&O%W&’ tlletdﬁ?é’

non-
-27
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25

and nul ti

with fluoresc

norpahrhass ﬂﬁﬂy&a
el ¢8Rt 32N AR SMHILEe 1sPR! I Ab&RARE Phirike almyd%ae,vwgw hod of

%me

A sulfo ated

compound 34, two 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.

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 AlCl;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

in EtOAc. The organic layer is washed with saturated NH4Cl, brine, dried over Na;SOas,

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

-20 -



WO 02/ . 4-4-41~~ PCT/ USQOL/ ~~- 47S phosphi tyl ati on of nucl eophilic
functionality with trival ent phosphitylating reagents. For exanple, when
t he conpswumoz/elant ai ns a carboxyl group, e.g. 110-120, theprcamsonyds7sray be
activated, e.g. to the NHS, and am dated with 6-am no-1-hexanol. The r
esul ting hydroxyl may be phosphitylated with _ _

bi s(di i solmovpydgaanhyer csaysiatinatioph 6 miethoxygroup of the isomerically pure ketone

chl oro-diisopr,0 m pocyanoet hyl phosphine to.gi ve the phosphoram dite
yer| anelFHEES LT 58 PemaerCiPRostly 4 smsty Bt oy BOL AR ai t o
| abel | i ng pbq@k! FRAICHLAEBLLALSS givbtHUG]iR hyACk dnaphiRRSL ¥BRNSRkGRdRe 27,
Oxford Uglrd\%ersi ty Pr’ess?t)&qforél,v pp. 991- 106). %Ina?ér nati vel )rll t he car%oxyl
.group of 39 hemianpwriroxiynaphthblent ketonethtérmetiiage 38/ drtbenyieactedwith ableamino-3-

phosphi tyl at ed.. The phosphoram dite reagent 1V reacts_w th a_ hydroxyl
group’ emgthoxy intennediatg 2. The waction isicpejetugiyiastsamerisalinpunedngd sol i d

.support, under, m.d aci. tivati to f.or n. .1 nter. i de phosphite
group whieh™T trkc?llbhsu(;%)%h@ﬁtegdg;aoif%cttgﬁ?l?af%gr.éafynb cﬂgg?ripdlgl ﬁ%ﬁ(@gm%e group. In sone
i nstances, then gidthéHiaétRed iraythedifida M Eb&ORRIdat iR ed f BOPiaEM
functional groups that require protection either during the synthesis of

t he phospivsnien and partiedady suited tel the sygthesis of dyesapt suhstitiied atdhe @hel nol ecul es

such as oli.gonucl eotides, T rot ecti r s)used will. end upon the
nat Ur o oPOHHET G evTas rop BVt viherisd TR A ERD b eaind8B® NGy g ski 1
in the aijtelnidd®fCaentrat@Goid-protédteNOMBSHINE 3@5}@#&?&%2&‘&&0@@8' c
Synthesis, 2nd Ed.; John Wley & Sons, New 20 York, 1991 ). Cenerally, the
pr ot ect i ngmgowmgdsJollsenigsieprgtettioe of theuhxygempmtecting gewipdé.g. mothli growms (e. g.

trichl ti i d, dichlo ti i d) . . .oyed. |
of | gonucABIPISREoR ik FHeRet I n Sraase. 5 FYMVOH PRSPl cRRE) Bpermal o

di met hox Il 4]l r i ki ii :

Py oxi B e e Bl ot
ol i gonuc lirmetmeliése, foonmsmmiding taone hplf of & sye Polscpbepis fitstsreacted withai es, and

ot her bi gpol yners conpri sed of am ng aci an m no. aci d anal.ogs may be
covallgnt E‘}E;T’Féﬁ&gl TEREWY o H}%Qmﬁm&\d?/ﬁ’ qq:ﬁé’ @(}I tﬁ% AAE fl&f‘ﬁf"lﬁﬁefi hodami ne
conpound L i e t LSnd trophilic
Form o, oY quezbmibihs bRl S rted ity WAL ol o SUESE LOPN 11 ¢
group of hytexgeenpemtdotine intergiedaty, narrésponding so therotlaarhalf of thbalye madlecudd. an

am no acid such as lysine. Alternatively, the dye_nmay be in nucleophilic
form e. dheapacHen Igrnmen acidia dehydgating fondiions.Sub PO ndrhest: £€att0-dP9 h an

el ectrophlil.ic.ar f ti e N I.QuUs or
car boxy! G0 g Bl chRBxPRElCBner dePuyalb i e B AR s Gy

02/ | 28~ b zotgneinek e dalcys Esiiidied fior to el dupiopetagionnd
recognition properties in interacting with cell surface and intracellul ar
conponentsd themdhe methyh g ofithe fprmpletedmetboxssndrdms derivativerig depsolgelgd &0

Phe. bi naehs B Wb e bRERR bR nd iR Rt bRARd it RSB L O

two noi efehgivaledt & hidiokyiaasiaitito lc@Rahé pyroaiid dyee i ure W € isolnegbifhar
undergo fluorescence r esonance energy transfer (FRET). The fl uorescent

r epor t er agugousavasigrup;aat inprioal phiasmetrpmatestaphsiudhe tdermpdiathdyepaeretilie noi ety

in an_intact paolypeptide. Upon. cleava of the.po ept i, de . b ept i dase
or pPat odts o BB hEPLrh I BelY R9TRE L OB REEN i el B ohe
C. (1995)quédud HdrkRip'and ndERAsha®d cHEb@h iy CN EhenyTREbstithéed Bostsmaybe
Enzynol Og§llf1 Académ'.l(i:3 1 o Press, 2318:.18%(3)’6.hyv. ?%A%ELL_ED N EOT>}}§I)ES One

cl ass of shbdpah¢rdly ssilfonatedwith 4 sutfovatingagshtugat €ISOEHAagiveasfinad dyaand

nucl eotides that aare |abelled with the sulfonated diarylrhodam ne conpounds
o the. | HEBHEBRESueRS T U wh P e B HaBRBBY e are
particularly useful for |abelling polynucleotides 15 formed by enzymatic
synt hesi sy 4e. ENFReETR ANIHHH PYVHSIEOR PORNTIBRNFHESWISEONATHNE cont ext
.of PCR anplification,.Sanger-type polynucleotide sequencing, and

ni ck-30r ad2lARYORHODAMINEDYRSc| eosi des and nucl eoti des can be | abel | ed at

sites on the ar_or, nucl eobase .noi eti es. cl eobase | ahelling.sites
nel ude the. . HegrednLaYHER FiEPERR cotrey it SRGPRES G gyttt b8

7- deazap %ﬁltﬂ&até&'d&bx?ﬁh@éﬁmin@ﬁ?e ¥EpoanBOSH FdramiflaBe. PEdFIN fhe eﬁwgkeobase-
Bet ween a nucl eosi de or nucleotide and a dye, a linker may attach to a
sul fonated di aryl rhodam ne conpound at ,any position. The | abelled

nucl eosi de or nucl eotide may be enzymatical ly incorporatable and

enzymati cal | y extendabl e. Nucl eosi des or nucleotides |labelled with
conpounds of the 25 invention may have fornmula V: R250 O B-L-DYE R26 R27




V where DYE is a protected or unprotected form of conpounds I Babc,

I ncl udi ng energytransfer dye. B may be any nucl eobase, e.g, uracil,

t hym ne, wayonsidne, adeni ne, 7deazaadeni ne, guani ne, and SPABASGGUHATIOSI ne.
R25 is H, nonophosphate, diphosphate, -29 WO 112/~~~ 1 G

- PCT/USQL/ - L- 1~7~ triphosphate, thiophosphate, or phosphate ester anal og.
R26 and Rahsferdyen of teqmesshbimaentmmaneladha denspsiya cdnet gbsprbsiight #t aofiigt o
phosphorami dite ere R26. or R2' is phosphoramdite, R25.1s an

Do d ol e aEIeREth i g CBPERIOBETHGY o BRIROIeE: 9 arhiet BsRieh sy fPableiofi

all ows s a@m&l\&g e SRAMTES eriePBiPlrhit@d ‘Bg‘iil% dHE QUBRLRA SBINRSAIS el ti ons
(U. S Patent s. 4,415,732 and 4, 458, 066; Beaucage, S. and lyer, R (

11992) ﬁdsxaaalenghiﬁméetspensyﬂthh@sh@@fe nody poattachebtoi te acdeptor Hyge hinoghivor ami di t e
approach”, Tetr ron 48;2223-2311). re the | abel | ed nucl gosj de or

ol ogt 1 diskers s TGP OIRE HectRE Lviltis ol en egougy RREHEEoR o0t Brioror

.pol yner a ' s - di ' ' ryig

! cot ; A8 it Set EFP, i (AREetyRIRERAERL fbreschl 2 ORI .
and a noiNed. ¥,800j9006; béotHirrpoiryztsr dyes withieahaded dnplesdenedi Tk tRatknt No.

pol ymeri zation, or when takeh together form 2' -3'-didehydroribose. In

fornul a V,94%%248; MathieRIBlugrrgcew labels and theipuseyig separationstid) SeRYepiaie

q : . ) ; .
o hydr ogdirigHa? BEL Y7 MARASAPRESD 53R 6 b ORKEmERY A8 fe (e HED P2
2' - daoxy nhdaresibeasd e banbeNeCiteifftrdfsatadhhEt sites Whee sBBGrandid2’ are each

hydrogen, the resultant conpounds are 2',3'-dideoxyribonucl eosi des and
nucl eot i ¢ssmplgdameligonuglsetidemay bniabeledyithardonerdysat fheed sgmigsandor s i n

Sanger -t ype seguengci ng. net ho il zi f r { |

Label | ed Ce-p%f/Fpﬁlgﬁutﬁnﬁ@?dg%ﬁﬁeﬁlgﬁﬁa ﬁ)aetl'Jila&sgi)l(3 giﬁ'@)nd ?(gl%éﬂg%étﬁ ﬁ%ul ar use
as reagethhok 9l tehrRings bhdgh AAEpBLOYIR AT At eys‘ﬁéiﬂéloﬂ?ﬁﬂaﬁidacham g., inthe
pol ymerase chain reaction or nick-translation. Labelled

ri bonuc| éBsimseiys, "Conigsisisioph fardbe de@eionfafipgotpases inchiplagiaak saraples asgent s f or
|50, 19 N 55, LA oY AU S IS G e o b o
OH CH O"_iQ/éRti_Qh,' dt léd_st dde &h& ind?‘oQaECe}Z)Qr Ry& “hich el HOsubstdNiFa Guiddiaidd ||
Il OOP- OP- O P- OBOOOOOO 2,3 -dehydro-ddNTP -30 WO
| 12/ - 4. 1-ddrghiREEMS( dyk/cotpourky Diliek dynglcamprising thik exbreotrpeaierdlye wayititer e L
' ncl udes a%?l ﬂ%lolr%gggnit %oigrgr%vurﬁéh gxgd%rgoes the energy transfer process with a sulfonated
diarylrhodamine dye compound, including a fluorescein, rhodol, and a thodamine. Other
20  dyes include classes of fluorescent dyes such as cyanine, phthalocyanine, squaraine,
bodipy, benzophenoxazine, fluorescein, diarylrhodamine, or rhodamine.
Energy-transfer dyes have advantages for use in the simultaneous detection of
multiple labelled substrates in a mixture, 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:

O

O
_jr_g or _ Ry L g gm
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useful for conjugating sul fonated diarylrhodam ne conpounds to nucl eosi des,
nucl eoti des and anal ogs therein. Their synthesis is taught in EP 87305844.0
and Hobbayo 01/289%) J. Org. Chem 54:3420. The correspondi ngcmasheosirde
nono-, di- and triphosphates are obtained by standard tecl m ques (for
exanpl e, the nethods described in U S. Patent Nos. 5,821, 356; 5,770, 716;

5, 948, 648hein@ds 8518)ted fbtnthd grauprcossistitgst MHNY andMp Binids: Ci—fit dlkyiodi f i ed

propar gyl et hoxyani do |inkers, L cap also be fqound in these patents.
Addi ti onéfta%ﬁtt%g}ﬁicgmm%‘é ! B Sl scesed fom i %%H‘P?é’é‘i“ﬂ%@f Zonpounds

accordi ng«t e ShEUgLur f.or i i in <G bson {
1957)  nudi- Cretldivhe o MRS e pBleR HEIGLIHSE toor oI e "Roc
.| 5: 4513- 435 fudddrlgamatfirewhibd8d hitdued to e cdboRATarbbnbartBRE-iAdUdes aNel son
(19S6) Nucl eosi des and Nucl eotides. 5{3):233-241; Bergstrom (t_19S9) J. Am
Chem 5 Sodunctipnalzrausybichiattacheshe hukexds theacemioralys; RS, w3y bg ojfive ed

5,449, 767, whi ﬁh gre ingﬁ)r{)or ted hereiln g){ refe ence.. Any of these nethods
can be rSB(trflﬁlg ?/re Eéﬂﬁtsa R R AN A OH egg’s%?llp{?pf%ailﬁﬂ?’hesi ze the full
range of cyabﬁéﬂaa@pé,%mgtlﬁ@mﬁﬁ? SN CisOPTIIE Ss0a2608, RRM A SsoidsTazbleed
herein. One enbodi ment of the a K?{nyi_ l'i'nker L may be: O

- C- C- CH2 pyaaiHa@biag, hiendne-pyvkding ipyridazise, Oyriidine, pIrazifiveoxpring dndsher dye
pairs can be conjugated.to a nucl epti ' -triphesphate by 20 || nking
Phr ough BeRpanpaLRehhes, e e ialear; Sebitoc Bae et Gy hive

ener gy- t RghshiLEye pair, or (ii) stepw se coupling to one dye, e.g.

R'-protected aininonethyl, R gcarboxyl fluorescein, then coupling the
Lul protected R'-am nonmethyl to the second dge of the pair. Alternative

synthetic routes to energy-transfer nucl eot¥des and pol ynucl eoti des, 25
with different convergent schen&&g?g_bﬁHp_L ctjiced. The substrate, dye, and
| i nker subunits, or synthons, nmay assenbled for coupling in any order.
For exanpl.e. the energy-transfer pair of donor dye and acceptor dye nay be
coval ent I‘X}’esei?ba@ﬁgsdﬁ?rﬁ?ﬁotﬁ& “a linker and then coupled to the nucl eotide or
pol ynucl eot i degenpully alidf RET @By havwthBsirhdtureout €s can be practiced which
result in the labelling of nucleotides with the dyes of the 30 invention.
Reactive functionality, such as carboxylicOacid, am no, hydroxyl groups,
may require protection, utilizing thes v??_t_&rt of organi c synthesis

(117 ~.

met hodol ogy. -31 WD U2/ ~~~1G PCI/ T475 V.7 LABELLED

aLl UCLEQTES 20 i genyc| eoti des are commonly synt hesi zed on solid supports
by tHh p%ﬁéer?}{}ianfsd’g@e%t hod (U.S. Patent Nos. 4,415,732; 4,973, 679;

4,458, 066; BegHeagembodinhe thy BhkerBetvekB IR ddidl AN QS Aepi dye? 3- 2311) usi ng
conmerci al Iy avail abl e phosphoram dite nucl eosi des, supports e.g. silica,
cont r ol | declpdgse fyhetsonal group wipeh gives e linkevpmaobaiecaigtrpeinad rigidétye (L1. S.
Pat ent Nos., 5,047. 524 .and 5, 262 53 and .aut omat ed .synt hesi zer Model s
262 " 300 SRR ARES MR es OV AP PR R S S T RS BT 2o s o
| abel | ed ygiyhatatat hd 2 Gl MERISHEORUERE BF.S0Patehi WeNYE2e Bls6de 7@ MGt he
conpounds of the invention. Such conjugates may find utlilty as DNA

sequelci rigP4B648; b6 SB7SPCRivpdonee dye ary thgaacaptarsive o€ theyaneradttransieo dypr obes,

ol i gonucl eot.ide |I]gati robes,. doubl e-| abell ed 5' -exonucl ease (TagManT"')

pr obes, ﬂ?eb%ﬁgﬁh%f@éﬁ%% g?‘bcilt}}agﬁ reé‘&n??ar}' SEUCNIEY he st andar ds” or "l ane

mar kers", and the |ike (Fang, U S. Eent No. 4, 757,%41; Andrus, "Chem cal
ngj es

nmet hods for 5 non-isotopic |abelli of prob nd primers” (1995) in
PCR 2: A P~-~acti calDONORashCH, N\ Hr-egs-,AQngTrQR pp. 15
39-54; Hennanson, Bioco~ jugate Techni gues,—(1996) Academ c Press, San

Di ego, CA. pp. 40-55, 643-71; Mullah (1998) "Efficient synthesis of double
dye-1 abel | ed ol i godeoxyri bonucl eoti de probes and their application in a
.real time PCR assay", Nucl. Acids Reg 26:1026-1031). A |mbelled

ol i gonucl eotide may have fornula Vl: I
DONOR—CH;—NH— CH,—NH-—C—ACCEPTOR

o)
DONOR—CH,—NH —y,“@—CHg-— ACCEPTOR
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R20 O B-L-DYE RZS R2~ VI 20 where the oligonucl eotide conprises 2 to 1000
nucl eotides. DYE is a protected or unprotected foam of conpounds | or ‘|1,
i ncl udi nv@ 4416t ransfer dye. B is any nucl eobase, e.g. BEEUSHI/HETY M ne,
cytosi ne, adeiune, 7-deazaadenine, guani ne, and 8deazaguanosine. L is a
linker. RZ~ is H OH halide, azide, amne, C--C6 am noallcyl, C~-C6 al kyl,
allyl, C--C6 allcoxy, OCH3, CH=CH2 RZZP phosphate f,)

i nteni ucl eoti de 25 phasphoui iCF[;-e«chdl: Q 2 CALNI)—F2=A S H,
phosphat e, internucleotide phosp adi ester, or integ cleotide analog.. In
thi s enbodi nent, the nucl eobase-| abel | ed oI i gonucl eotide VI may bear

mul tiple h AsERay

.Nucl eobag&gbéfébg1|sggﬁ%?gﬁ%ﬁ%?&%@%&%@%ﬁ@gg&ggrr%E?hé‘idﬁérf(%?ﬁ enz?/n%?l C

i ncor por atbstitmted withzzyomgtsisoelh hysilfonetepplicsphdiiate, rannhb'émt clhegademgepst s V where

R25 is 30 triph hate, b | d | f

2 nuct eosi de 198 Haning seotRhedibker boBtse e donsr Ao ShHBE MBS tABagent by
t t ' W

aut oyt e Dl Agoh.s v e 605, arfyj)%%ﬁﬁﬁ%ﬁferé -y t6th 6F 1 99BHS) GRLdes VT may

be mul'tiply ncor Ion nore than one 1 ncorporatable

nucl eot i deceptorldybid 4 boagpamidfbfahaylesdmhﬁzlenﬁ@agExﬁmlﬂu@mttashm&m lskexciaclude si ngl y
5' -1 abel léa pllgonuclgotldes according to formula VII: Ol | DYE-L-OP-X O
BOORa8 B AR & e X is O NH, or S R is H OH halide, azide,

e o S B by Ty S ol

i nt er nuc g dﬂleﬂﬁﬂdeﬁﬂl,ay@@d HenﬂSCF@mQﬂIZylaiykyﬂ CG-GEQYelryldQ}l mat yigkdrrharteaxy of
up to 100 et hyl eneoxy units. to The linker L in fornulas VI or VII may be

at t adfed fanctigngl gpeps ippluding anmile, sateate umayihﬂmts@panhﬁwhé@nﬂmn@nam, abc of

th t od f 1l
ol gonuc relb T Phosptisihfioslsh iq BRpRR: FrBmal Y Ptk Rl b g 1
am ne, | SiekylilydvESshtahnient ARSIOF tHedirket B&vRAESINe eﬁbﬁg@-t&ﬁisﬁf' ded érﬂQHélC| eoti de,
e.g. a5 termnus. After automated, solid-support synthesis is 15

conpl et e, subditeingy be atdnyqostionion the eeargyHangen Yeewbergpoe or heitl of tiie donor

t t T | 1 ted
i han e duduheol: fup BT RiGpat Fariifo iR 5 b SRRbG RS o Pl e g,
i sot hisoCYRO@IRIAE i95 hhMBs Lk GShRleotife, Dne MthHHSX Vitd eGhe bl%rgﬁtrﬁl'ﬂf@)dyelwder

honbgeneous sol uti on conditions (Her manson Bi oco~zj ugat e chni ques
(1996) Acadbeineclerbess, If Ssnudlepese iCa pupipe, the)hb‘lssr r@é@?emtaclz@l ablati 8—us A

" Chem cal th f 5' t opi c.| | Li f. P "
(1095) | POPBR2 T BiclgphBt 8 Apraninas. TisPamayp ety e darosiarr o,
pp. 39- 54) g dRARM qgth@'ﬂu@f@@b‘ﬁe‘?@& bﬁ@ﬁld‘(ﬁé tlE@]Ynlé%?ﬁa?ﬁa%ﬁaQ%dra?ﬁi@tS'—ng a

reactive linking group form, a dye, wt -am noal kyl
ol i gonuclpesitiode WlSIhel%mbsimteNmnodxgbﬁﬂqlwti@e attawhmentesltenmqhmiehhﬂ? aadl5abel is

directly incorp ate intg the oligonuc)eaqtid urin to

aut ordt ede%%}ﬁ’clhg)é '88?“ selifigatlachin té’tﬁ??dﬂ?lflg‘? g“ﬁd’étﬁg“‘(:%BPﬁ%ﬁ‘osp f Pu
support . i | 4 iides”
SuRPor! RGN SyTGs RS SRR ENLRBRR O 30814 Sl pyalfeted
reagent fapolgmplide (eptide of pryosinic htavhintet sijes imdedesthe aldin® andatagroyNo.

5, 141, 813) or, as ? grgosgaor amdite reagent IV. Certain fluorescent dyes and
ot her | atfEmang, 2d lysIeTesiRe ERERAPRSd as phosphorani dite reagents for

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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-33 WO 02/.14.11fi PCT/USOL/ 44475 5' |abelling (Theism ( 1992) Nucleic
Aci d Synposi ztna Series No. 27, Oxford University Press, Oxford, pp.
99-100). Weep4ldy, if the | abelled oligonucleotide is naBETRBOBRRAYIAL I C
synthesis, the follow ng procedure may be used. A target DNA i s denatured

and an oI| onucleotrde rirre nneal e o th te . A mxture of
enzyr nat rlegrqtyierra%? FoVdR eeéfilr&@gy‘{i'f‘ten% g‘g’(’i‘t 8 S s capabl e of

supporti o] pri med
(%n%%h@%rﬁm%%ﬂﬂ@rﬁe d AR RN Sl |
added t oafidopganiEsblidegeind Ambiedins and aaeinbligentheidd€ sncicheot i des are

| abel l ed termnators V, e.g. ddNTP or 3'F-dNTP, | abelled with a sul fonated
10 di ar yFhiesaemas Iw]@l Yizingsells fe. 5o basieiaarotherayisroreanians, nuaadiang t he

m xtuge er ndj n e th I | abel | ed
ol i goéruc ngt %8? ¢ %nécﬁ@t}ﬁ( % HAe i%rcrlg%rr%c}nl ﬁggao%ﬁlﬂgﬁ“‘%labgﬁ&oﬁlﬁﬂg eoti des
or term pakad, or d%@bmlémmgnﬁn@iﬁaﬁs@l bRtLst cihéradd-poyd\isiRaias makdtian
alternative enzyrratl c synthesis nmethod, two priners are used instead of
one: oneTheapnpousnsafyhe ipverion(ary conveatesl wﬂhrhresubstrajewamd)p@nmlher 15

g R e A e R T e W

denaturagj)@dpel{tgﬁmﬁﬁgrﬂre and an extension tenperature, thereby
exponentially synthesizing a |abelled conplenent to the target sequence by
PCR (0 nni s ( 198lliRgRpiRvatly semits froBusixing\e adéonatedriiaybhoddpuing heaingat | des

| abel | ed th the sul fonpated di al r hodanm ne co 0 ds of . t resent

| vent | ofinkig MRS AE 10 3 SHIUPIE SO e RORG D NEL PR bR P ERET ot o
of el ect rm@%(Heﬁn%&ﬁaﬁzbearyugateereamguw rmambédéhﬁapre@é)elaﬁ Diego, CA.
Mobi | i ty-nodifying | abel’s i nclcude pol yet Ayl éneoxy units, -(CHzCHzO) ~ where
n nmay bepfp. 4(1955L(6@3{7|1), fElloxPed:bmephmtloﬁpﬁﬂxt 18000ed stpsidate, artnijygatn franfnym 2 to

20. The pol yeth Ieneox uni terspersed with ate
Speci fi cﬁP‘I’ JY. gé‘lﬂ? ?r YrQHUHs- n b casdy %%0%31 g‘ﬁgﬁfr des

wi th,25 Ggﬂ{Mlﬁﬂﬁ‘ffoW:ﬂ SeO0f polyet hyI eneoxy of discrete and know i size
al l ows for separation by el ectrophoresis, substantially independent of the

nunber of nucImetsulfeﬁatemdmmrhp@émmmh@ohﬂdée a]ih‘mhgmmemlt pielef thot | des of
the sanme | ength may be dj scrim nated upon presence of spectrally
r esol vabsebsiuent H‘b’%’ﬂ%nsan"dhﬁ’ﬂ!}g rnqwm«rpwllhan P&B%r@llupﬁwﬂwa EWPdes

beari ng I d

enzymat i §%$§§%§Oﬁggf?ﬁg%P ‘8{%'53; r&um?lgsv]:eﬁ‘ﬂe en@ﬂgn OH&ﬁ{Bﬁ?ﬁ 2P‘eE | abel | ed
pol ynucl egbstdes. Mudieshelid ﬁ‘udeticﬁﬁn@tmhjuﬁmhﬁie Mr 8x dMdlElQISHHJTY, la]kai‘d@s THE
SULFONATED DI ARYLRHODAM NE DYES -34 WO U2/ ~~~1C PCT/ USOL/ ~. 1. ~75 Met hods
requiPi ngminesulydspeyamingsandithihs. Ghltarpativehl @ lisfmeimeiely maercgpi ng anal yt es
may bene l.r-ho nat ed
diarylr hglgﬁlegé]eﬁ%gﬁﬂcfui}ﬂ%ﬁ?ﬂ}ag %@é ‘é@sgﬁg&&%\% fc Bn a%)ﬁelg\%le? ragé[]e%,ag{ prf‘lé(;sr any
met hod UTolfllhKllng@‘161btﬂéﬁ’lﬁ&lﬁ&@ﬁzld@trﬂ@idsmtmﬁﬂ@bnﬁﬁry}imhim;&hﬁ&ﬁtlm gecomdey | on
(PCR) anplification, DNA sequencing, antisense transcriptional and

transl at i2avag, teghhyéroxgk, hglécire epeife dshpdroxyasenigidylesteystasboxahd  DNA

el zr 2 JRUOARRRE b Bl e b A RO, CRRIOTHRR, G RIVE

of flagor esiegpentdfieotophedtyll egtelo hnamﬁmd nﬂbu@&g epoxides altghiaHdé, @llyiratidej ¢ acid
sequence det ecti on assa}/s such as 5' exonucl ease assay (Livak, U. S. Patent

No. 5, 7231dsbyge, kewms, acylagider sndiyduds. dedoaustaggide and anpgtivatedipser, F. (1996)
"Mol ecul ar B Probe f
Bi ot echnol ogy OBAgHE BRI bl mwtiet PRt R S R 8 el S0 ©

conpr ehe%ﬁbétﬁueﬂl@Bﬁﬂecsul[fﬁﬂﬁe@ﬁlay‘lﬁmhb!rﬁﬁi&c@ ﬁﬁd{lﬁ?ﬂd 195 Ph@KHS ester form
‘mcrosatellites”, Nature 380:152-54) and oligonucleotide-ligation assay

(G oss rramf@mml)duﬂdgﬁa thbaBingyeagent. |BleeNHa@sf@tof e dye may de graforesdd
sequences: onucl.eotjde.li atl assay ,15.and.se

separd i ipiieq oot Pl paredBah 7R3N B pBRe BEACRIT AR B s

parti cul gbikopmlib gpdlipg &k sfugétréi@tsesﬁ hd'h &ﬁ%ﬁrﬁé‘ﬁoﬁﬁe dinhiflR6884, |a)ﬁucleohé@%| | ed
polynucleotrdes t hat "have been subjected to a bi ocheni cal separati on

procedur epolmqphdewr &leeldter@pmh}eesMs (IQQZE) Biavoojigated_hidamBs2- 184 sl ypicadly, the
El ectro hore5| |c Acids:, A Pr ctl [ r~oacl a Pr ess
L e e na e Befls aiiad Buraetie Ehathf bompaten of 1)
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20 be a sieving polyner, e.g. crosslinked or uncrosslinked polyaciyl am de,
or ot her am decontaining polyner, having a concentration (weight to vol une)
of bet wed¥D 8¥bi6 2- 20 wei ght percent (Madabhushi, US Pat eRCTMNS81/4487652, 028;
5,567, 292; 5,916,426). The el ectrophoretic matrix may be configured in a

sl ab gel or capillary forma &éRosenbl um g1997) Nucl ei ¢ Aci ds Res.

25: 3925- eabodihide agages efma Pt (digyclobepylgarbadijmidey IIRERIquent t o

el ectrop ates y be
et oct oa iy By EARRIRE o e R R L AT TR TR RS BN BB o
pol ynucl Em;w@ rteaaﬂletﬂyml bhigh teRifaRTbBotate] HBMUNGS-berkzofiZoWN Y MRROKN Nanps,
| asers, or the like. The illum nation neans nmay be a | aser haV|ng an

i1 umi nateir@meﬁéfélﬁpaﬁmahmﬁebl@nb@ﬂphaibb\HaAEUd@EU@I@bmnotrmzsb;l yDRS,N,N',N'-

dye- pol | d | | um nat | [ ted b He- Ne
e 50 T BEm R ST e o b irRpaFd2 b ek Eoriueh as Bence 1< thon”

-det ect edhﬁi{‘oﬁyﬂeh%haﬁﬂ@ﬂiOBY)e aﬁ@(iﬁ(ﬂ oﬁy&cclnﬁnﬂ@% o lhd NHSeersgffr WPhe 2

Abd
charged coupled device, or the |ike. %xenp | ary el ectrophoresis detection
syst ens dvaae@smnpdumﬂs&s&&vr%neﬁmglé} atdl 85 irPBigere 1MNos. 5, 543, 026;

5,274, 240; 4,879,012; 5,09l , 652 218. -35 02/ - 4~~1( V. BA
PRI MER EXTENS R GeseRs iy sul D?tsg BW’@H@%G%WO&N%VEMW&%ISW&% o her
ein as @gém z\%:aXﬁ{r?? onQUf thdEIHH dﬁd%ﬁ@!ré’aﬁl “fféﬁttﬂé)gl?ostrg '%%iﬁl fatide

fragnents UOI’ escent II’lC udil n

di ar ¥ r hadfomiated chmhbmﬂmksneamlfsug&rmnﬁtgaté ihlonesigh. mlmlaatlﬂatﬂigraﬁﬁbeabhno
enzymati c synthesis usin primers or nucleotides, e.g. by ligation

Y pades o R B Bet o yD A Sy ety B aBEbL | do
hYor | O 2 aRof IBAARS ﬁmh@;ﬁw-wé&qm% Akl 9k eduence to forma

priner-target riner “extension s are generat ed by enzymatic

i ncor por hmalﬂunr@hosp]ﬂteg RyBIBE (&hzéth@zéie—1t}ﬂ¥d7iy¥td§-p§>froh(ﬂlﬂo-ﬁihb§13‘}fonium t he
hybrid. Wien the_ priner _or nucleotide is labelled with a sulfonated

di aryl r hbeaflyprophagpbates EERQ (%%wey-éwthomcarhwhle%rdmyﬂmequus&h@b,slbaﬁ,
d f d
o oot o NISKR o FRAES: BRLHONAL i L FUTRR) TR B siBEt o to

chr omat ogaﬂﬁieb,yecaﬂcgopf@ynﬁﬁﬁnaglﬂﬁnyr@gms are detected subsequent to the
separation, e. by | aser-induced fluorescence (Hunkapiller, U S. Patent

No. 4,811, 218)‘\noth9r tdaplive bmlﬁggé@upflq)@pmbo@mldmmw sbh”owghr ated

S|rrultan | andthe dif &r nt_.cl ass re distin d.b ally 15
resol vab Qr}fh]%) Feme ST Yy ho(f?’mf(ﬁtg ‘ﬁ'ﬁ\?‘aéaﬁfa?% ﬁreql?ar{"scé‘ﬁgr& g‘clf%‘ﬂg‘c’éélf t he
cl asses a&a@mﬂ%yﬂm&lbefa@g&dnﬁcmu@és%dn@@h@thqhe @yd¥ SRS irRenticH, o BB DNA

SEQUENCI NG The sul fonat ed di aryl rhodam ne conpounds are well suited for use

i n akft onearvgniend | phospiiesamisife diie reagenty stagrbe oplplad tabligonnoleotiddsiboonésxent

det ect bilit 20 t A | 1
navi no. ohSA0ERBRgtdiE Mo tRL O R P Bt DB e Ay
| aser or ccﬁnﬁ@hly@yﬁﬂﬁh@edjb@ﬁ’(ﬁld PBbrts g@ﬁe%@éﬂh&ﬁﬂl‘&[t@ Aldtsl MRhhRds, af DNA

sequenci ng, e. “di deoxy DNA sequencing, or Sanger-type sequenci ng, and

f ragnment armrﬁtwase, ISBVPIMPWMMO(HSMQ& af{dg3FgssesDNA. S é’qteahNDng Wi th

Eenpl ar o ahars Cap a3 NefhEE: MEbinsrtsgr rediataqiiuicleotdes’ U0 22
2', 335 di PaexyRed msoq@ B%aﬁé ﬁe@%ah@e@qz(adbﬂspmm@éa ih ﬂ%&'lgrﬁl%sé ofOH group

necessary for 3" to aui el ongation. "Prinmers or
| abel | edOh\anmbhbd@ahyftbnahesj)hdraansﬂw maamﬁeT@msdmh %tﬂQZBrﬂzém) i on and

esal uti on ol EROPRRFOMALs Silpisd Sy oK EABE P RS UG O he 5

ter m nusy@fiedsific. 3§Uoﬂfdu'3ﬁ:'bs1dﬁ: Brm&7 Me ﬁbépﬁoraﬁﬁﬁﬁﬁ?ea%@n? ﬁeﬁ e%én?e)ré on the

~nhucl eobase of an oligonucleotide priner; "or on ase
di deoxynboimmadalde (U.S. Patent No. S, 770,716; 5,821,356; S,1 S 1,507). -36
WO 02/ ~. ~~16

R30
AN
/)$—$—{}—Ir—DYE

3! OR*

30 , AY
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PCT/ USO11~. ~~7~ Each of the term nators bears a different fluorescent dye
and collectively the term nators of the experinent bear a set of

spectral wo teslovabl e fl uorescent | abel s including one or PabiisoBi44The

sul fonat ed di aryl rhodam ne dyes of the invention. In an exenplary fragnment
anal ysi s netho

d, fragments labelled wth dy ar a.identjfie r elative
size, i.aheryErisa Pretagied or wipreferted fermy 9%&3’2@91%@? glaéﬂﬁ%ﬂdﬁwwgﬂﬁg@

Co . . t. i i i shed
Cocor por Bt BRI HANTE His AR Rt I SROKESEN SoFRLR Mo CLER AL, o
and the wgrhgasl,ehd aydeilkAlcosaneid @ loyl Orcason\aedihs of R&¥andRF! BkeiPaigethtr No.

5, 366, 860) . The set of spectrally resol vable dyes includes at |east one
.sul f onat &dthdhephachberamidite niegss@tam mEydomre s@praiedurtregeneiercyele. R isa

di arylrhodam. ne es w t.h well .0, resol.,ved 1.$S1.0N ists of 110, 114,
T Vs PGPS e Brobictils ¥y ofhiCh b ek e Ak HhASar 8FES" 5 °1107 104
‘116, and ofidSnuckRtidanofeherhllp at’> eosiis i oldfonhdRotidelnthkdi8 condilodsAfdt isSafle  of

dyes may include any conbi nation of dyes 110-120, or any sul fonated
di ar yl r heelbaninmyedfssn gepethetid oligoaueleotidegyodwnt Mithea xsagenttiras degsifobnat ed

di Il rh 1 i d f her, s | ¢l ,
c o "F1 uaregEel At R RO ALPE VB dR P  vEy Bt ek bodap YR and
the like %.daglt@)@éﬂksﬁy_m{dﬁz@m%?ﬁii 2 Btk heaR)ayed-d gnzgélmbm as a set of

four ter ors including the four nucleobasés, B 1C,T (or U and
anal ags tAnerelahentTbeplropinramatdite neagentBjnchidetvererd: (i) Rid iare dagkesopopyhe
el ectrophQresi c. mepi|ity of the pql ynucl. ti({g ra Is_sspectral

resol uti H),Rar‘i’adgﬁetai‘%ﬂég%elilﬁw ’§P1d‘.)‘§%b&$ a‘?yﬁ@&gzﬁﬁurﬁﬁg%‘mem 20
ext ensi onng %k%@& e &%’albg'&tl%dk&'. PFRGirREr, MUHa§ bierft Wl pieobes by

| i gase enzynes 1s one of the nost Userul tools available to nol ecul ar

bi ol ogi sts. When two probes are annealed to a tenplate nucleic acid where
the two probes are adj acent and without intervening gaps, a 25

phosphodi ester bond can be fo ee e hginus of one probe and
the 3' term nus of the other %éﬁq%ﬁg?/%\g PF%%?& 1gﬁ;yme, (Whiteley, U S

Pat ent No., 4,883, 750; ndegr.en, (198 "A.liga nedi ne detection
t echni qué¥hersg faug %‘Elllat.ocl1 7%%?%@@@%“%@5%%@%@%9%agnosti cs
usi ngsan ¢gLigR- based ol i gonucl eotide assay” (1990) Proc. Natl. Acad. Sci
USA 87:8923-27). Aigonucleotide |igation assays detect the presence of 30
specific sequences in tar@et DNA sanple. Wiere ondlor both probes are

| abel led with a dye, thf__ﬁgati on product may be L‘iﬁ(ﬁd by fl uorescence.
One or both probes may be *gJ7 p_\ - [ 117 =~~75 | abelled with
a sul fonat ed di aryl rhodam ne dlfle. Li gation products may be detected by

el ectrophoresi s, chromat ogr apl9CHaCHa€Ner si ze- or charge-based separation
met hod. V. BD AMPLI FI CATI The sul fonated di aryl rhodam ne conpounds of the

i nvention find,apglicati | ' il | i i.de
priners for tg"é“’g@}%%‘r‘fﬂfg@%%ﬁ?ﬂ‘%@égﬁ@g Il’la%f ]E}&}%;%?gﬁ@%g? '{?é’g a{r}%(&:‘{@%&gci d
anpl i fi cafia9ihediehiseteboail k@ entionCRVRGRS tiesabitRisisian olipsiticldbtidd)siee of

| abel | ed ol i gonucl eoti des for g_enotégl ngg by variabl e nunber tandem repeat
(UNTR), shemillbapatiached epthat' tesTiRys ofthe ohganuelsatids, ps & eonsequesersoighe typica
anplific ans

i op Of repeat regi f doubl e- nded that €0 KN adj
cent g 17 Svealsrag svh S, AT, Bt ARER Bihe STEREH o i f08A0C,
repeat i NGikptibSsyReiesid nYhiddib factibddl (Wadhe PGB DENGIIdRIdeg &N hdlesiRles 1 r@6FLR
primer may be |labelled with a sul fonated di arﬁ_l rhodam ne of the invention.
I n one erfifddReegent I\smiay baseeledtioarnalyrveléatdmwhich aphnwnd $0 Araglidsappeib®-8-n

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, intermucleotide
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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gquantitative nethods and reagents that provide real tinme or end-point
measurenments of anplification products during PCR (US Patent Nos.

5,210, 01wo &/E3fh 84S). The 15 exonucl ease assay (TagmanO) PETISGY44ATS

fI uorescent dye-quencher probes (US Patent 5,723,591; Millah, (1998)
"Efficient synthesis of double dye-|abelled oligodeoxyri bonucl eoti de probes

and t hei phcaspbitylamn oﬁnuCﬂﬁoahﬂl@@mttlomehwmﬂawgkﬂn’f phasphitylaigngireagrats.

26: 1026- 031 i ect detection of rise c reaction (PCR)
product s P‘he “8’11 ’c?nttﬁ%%on%%{‘@ﬁlonwnﬁﬁ %@"’é&ﬂgrlo@p’p‘?%ggggﬁzrqgﬁl’ﬁeyond t hat
required, erN-%{ exnPRNR 6-abll-PREYABLI se that
conduct s e{pr??ﬁg x]{eg%g}%tﬁganﬁ I ?e%n t he gtgla?ﬁ% goltl de al so di spl aces
.and cl eaTﬁslaunmgb@'dmemhﬁﬂepbosphrtglateds;aquence by 5 to 3" exonucl ease

activity. In a Tagman-type assay, the probe is self quenching, |abelled
wi t h § | ubistdiisepropyirBingayapgethyin psphite ox chigro- éﬁlﬁoﬂ?é‘?PY&ﬁm’%m ch may be dyes of

.the |nvent| fer (FRET)
when the® hyl%%%{l ttoagt:‘?é’%%% dJ hg}(%lggéﬁ% ]{_a?ygl(l)@g nce r@%ﬁ%ﬁce ener gy
transfer (@m) nplﬁbx%b@enaayéiphospn@tamd@uvmg oﬂdlﬂgoaﬁae&&&)s” iMMealelry br i di zed
to a target sequence, the probe is cleaved during PCR to rel ease a

1;] I gor gscént Simpesiun baxiesNg. B?o@lﬁfoﬂ bagyersity Rrpss, Qmﬁipﬁap% 19PYet probe
ool |11 CATREHE thE Lo b up SRR ot méf B Rthbeq B BRI o1

Specijgal by phesphitymkidge sul fonated diaryl rhodam ne dyes of the invention are
useful in genotypl ng experiments after PCR anplification of target. In
particul ar, aThepho$phoramidite odagemdiarecss withe hydetral B@@Peﬁgt%tﬁlﬁ@maﬂ erm nus,

Cach b S0 SRR bl e B st Bl o
(SNP) andy, alibglRotidd MIsPRRNGLR khicHEB Bendxi@Pedio snNftetiRIdoAl! | ed

anplification products, With size standards, establishes a profile or
char act ephsiphatedzoup. slatsomdnstmqes;gheswm@drdlagﬁhhﬂdppnn@l@pEM@dtm&yn t he set

f V. BE Rl DI ZATIL ON AS | t
Gy 4h o rERRAR R DiichBosRs RIbeaBts B oneas: cnne o a8 ST RE leer i 1
hybri di Z?ﬁb%n?a?rﬁaﬁére ﬁrbrﬁﬁﬁn ﬁQQxﬁasb&uéﬁPﬁsM%ﬁe@hﬁﬁ&uI& shed Qset the probe

may attain mat | ons t hat owspatla proxinmty between the
f | uor esceiipomlycdeotides. t Hlee pmmnuhg growp(sg usaeiswilledapknd wepn the bty efshence

quenchin Upon hybri on to targ t he Q, oj eties are ically
separ at eg‘-‘n HOBAAP RS é'é‘ﬁ L%?pﬁ?i“?ﬁtf;ﬁg’ﬁé%ha"éﬁ‘ﬁjs@]ll ipthsaedGiree nﬁr‘%as es.
VWere th r Atddt abeEwited & Bﬁssg;@g,e of target
sequencew{rl\tjs’?ﬁégé%gﬁfeg(#laz "gﬁ{j@ eaw@hﬁkszg onat eg dy\gregl r hodam ne dyes of

t he i2oveniork90a) @Gtisoalbe tlemrbieyiing mupmseﬁ Ishoulé be stabledynelenthetabidiqquencher
noi ety. Fl uorescent dyequencher, proB s wth conpl enment ary sequences

that fonsopditipgs (e Arichiergacstic agid, dig %Pciﬁc %WPB’FIYGBE’&WQ "N (Tyagi and
Kr amer ) %gsg&l;&%o&%a@ si,ﬁtu&rl&%q%ﬂfovgaaﬁggﬁompfbtéuiﬁr dhgRlkon to their

conpl enen sequence tu qu Itat1on of mRNA in |iving
cells. deli)rhbﬂﬁbiﬁht}d}laml I(ab@Suli@bdiel tedicwiohitidié (mnm’uufnl h.}«ircesd:fe aquapes,

i ncludi ng the sul fonat ed di ar>tll r hodam ne d the in i on, I.LFf:nabI e

mul ti pl exnethyawie) 8skk 24/ PHfieReSY efl‘bo %‘ﬁ]rePP i seal ed
reacézl on élp X 20 Hybrl di zation assays cail also be earned out on

sol i phas arrays of probes imuobilized in pre-deterniined |oci,

addr essabl e byrsipeptities; atititrdést astedthsrebiypalymenstcempeigad ofumide taeids . For
exanpl e, a sanple containing a_targe ol ynuc]| eoti de I abel led with a

sul f onat e@ige a¢1§1|arlhl@a&maﬁéea9&a1?f&!ygla E@IQY\FQFB‘@E“EW with dhe syfoggted b | i zed

probes. g ﬁh?{aémﬁe LSAHGLREL R PRI 5BRaltY, tROCI PR AP dtfcBREIPY

lbase-palr
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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25 fluorescence fromthe target-probe conplex at that |ocation may be
detected. Fromthe fluorescence detection pattern and/or intensity, the
sequence Vs 02/ Hdt@ol ynucl eoti de may be deduced, and the prPesaisee+4ais absence
of a particular polynucl eoti de sequence in the sanple nay be determ ned.
V.9 ! KITS 30 The invention _includes kits conprising the sulfonated

di ar ykhoBESTARLY cistal theispesific hinding andtreengniiiny mppariies i ingmstingwitbes/lugat es.

In one e i s i r S [ o] j i n_sul f gnat ed
i ar yi v e B8 ek R o> Kot e lsr Ry BRLRE Poblig b Gt
02/ - 4. 1- 346 A prdd@ds)aldetdetifn 4 Teendi® F Gl aizinlg, BisuizSit)Shd ghfitathgndi t s
general | y conprise an sul fonated diarylrhodam ne of the invention including
.an opt i ohEding gTREgnHnevgnta Rplyneptdestoon alsabpdehslled writhaiv, meiglicseat s, et c.
Sui tag)l efor cop* Uﬁ%’[i ng the .dye t.o ?noﬁjger Ieﬁul e or substance. The

sul f ohat SYCFFEM TPREGS rf‘é‘eﬁﬂﬁ’ yEgh Wogethep Paderey gepigengs regopance eriergy

-ener gy- t (anFEEIFRING. The fI0BRsEHP RYoRB fhay b Barkihlly ofLinitR Sl qJeﬁéhe!d%ﬁﬁl ling
enzymati cal ly synt hesi zed ol i gonucl eotides” and pol yhucl eot’i des with the
sul f onat 8u qiicacher nivaetpm memtat polypeptivee Aifoorrlea8agehoikhe polypeidablyy conpri se

a |abelled epzymatical | y-ji ncor parat abl.e nucl eotide or nucl egtj de. anal o
accor di nBeRUSAY.SF HTRFAST P datec@bleindiess ip AgresSAGE Ma e RewepGKBEHb o

nucl eot i 5PFFINSThERT! AR AHH 2 P " k4 j i mer
| O extengfii%n?ang a gﬁtyrre?ase eg%c;%@. %%ih%l?gabgéﬁ%gg ﬁﬁﬂzﬁ?&Bgﬂ‘A%Hﬁexﬁfc
enzymat i adsb\248@e34)or at abl e nucl eoti de or  nucl eotide analog is a conmpound
according to str~.ichire V, for exanple, a |abelled term nator. Pol ynerases

"may be t nost , TAQ-" DNA polynerase FS (Applied
Bi osyst emgﬁéﬁﬁl@—m%r natively, the lcit may include one or

more ol i gonucb?x@tciéggopfai)%dss-ubg-tgﬁes]iﬁclﬂﬁé @%ﬁg@ofﬁ?eie@gﬂ% i ﬁ’&cie@tifi?s

sul fonat ed di aryl rhodat ni nes and energy-tr es I nc I 'ng sulfonated
di ai yl i hitichhaierletselled withEXéMRfdratcthdianyhiediuniiaa compburtds of thietihesntiohaSuéh ed by a
n. of the follow ng exanples, which are intended to_ be purely
k2t

YL : 1
Zggfr;n S? ?ﬁtblsﬁeé Hisleasides and puch idﬁ%ﬁremﬁrtfwl ussBil farlabsling polyucicogides

EXAMPLE t j - By et h b 00 3= : { Fi 1
e T e S R e T

di hydr ox yowtptitdf @GR emplfiddtien) ingectypt pblynttle@idd segnehcing; andvhicRtfa@sixtidn
1993), Aust. 3. 25 Chem 46: 731, was suspended in dry CH2C12 {30 m ). Dry
triethyl E#CR&S( 1. 2 equi val ents) was added and the reaction was cooled to -5
C Trifl ' ' ' d _in CHzCh
(15 ) s asHoRogRi R BRI AR it BT SleabBPRERASES " L

The r eachioMtiesdSudédbaveibtiling N8 holubO NS € HPe hatibk RucltBaseitie BTbed-g 0
aqueous work up using 5% HO and CH2C 2. The resulting crude 3 30
net héky n8pnt 1spzenedne rucleopageearg the 8-positipe pEYPHUnidinaricleohasse Beivegsh a

chromat Oﬂﬁ&@@deem&)/eioﬂge A Eﬁ%%/ hlfliﬁélaiggy ét&acﬁ QC} a %Poinlafeed%]&?ﬁhodaﬁn%e

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:

R0

where DYE is a protected or unprotected form of compounds IlTabc, 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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WO Ill2/~1-L 1 G PCT/USQOL/.~~~75 The purified

3- net hoxynapht hal ene-1-triflate 2 was converted to the 1

di et hyl amoma/8-+net hoxynapht hal ene 3 using the pal |l adi um cBRCEUBEIREI475
triflate/am ne coupling procedure of J.P. Wlfe and S.L. Buchwal d (1996)

Jour. Og, Chem 61:1133. The 3-net hoxy-napht halgne-1xntrjflate 2 (1 gram
was sus pgﬁﬂ@@haﬁpa 1mephﬁ§pbatemr;pma?h§m¥%apﬁb& §1Sa‘é’q%?v‘é{11@hﬁa§erbf

-y Lot Feme e _ A 02005
caui val eficBege B REHBUGNRRE NODK af U, SR TR
equi val eph&sphbradtidité]iRét hydn Afd-Bleavabiehydeao] pestesing gouged. wi t h ar gon, and

3.3 equivalents of solid sodiumt-Dbutoxide was added with stirring. The
.r eact i on dimagthexiéntyhedtiehiallewssubsequeatmppemarroypling uader gptomated an oi | bat h.

The reacti was allo 0 to te n jected to
aqueous \ﬁﬂﬁﬁesﬂﬁpco&g}tf?ﬂg\?&ﬁtﬂ%ﬁ%&ﬂﬁob%%ﬁz e ﬁﬁf{%bgﬁﬁ Btgg%cﬁaﬁgg 48

-1di et hyl gyd:nR-FooB-yncRHh Bl SAMess of\bliEdhuoRstidey by the @hophdanii@ite phase
flash ch?%grrrht o(grg%hy enpl oyi ng %?Ogc:sohe;%lhg (1:1 49))1‘ asgtﬁ% nobi | ee phase
(1HNVR:  @pBioschy, Betedhe@tomodfd2223-2314). J = 9 Hz), 7.72(broad d, 1 H J = 7.8
Hz), 7.43 (dt, 1 H = 7.2, 1.2 Hz), 7.34 .(dt. 1 H = 7.5 1.2 Hz), 6.88
(d, 1 H J = Wfﬂﬁ)eﬁaﬁe}le%ﬁg‘ﬂe‘(sb@eof nuclegtide 1% ?‘ié‘ll&lj‘%“’rié ?I’é‘ﬂ (& 3 1 '3 21
(0. 4 H gdest ExmedPattll tefapTaté-direbiéd polybR¥ibatidi@nmet hyl group of
the 1-di gglﬁf/tfggorznblg%l%gqlr}}ne]?%gx{rf-wnapht hallpzahe BCWasb?ermve%lby boron tribrom de
depr ab ec tératinaer fueldotides, RthandR Hpivhen Gken tloosyana pirhhiadeneaddntlydh) Fyg) was

suspended in dry CH2Cl2 (5 m.)) and the, m xtur s copled to 70 Cin a dr
i cep/ acéflgﬁé‘_’%é’b’I’Whlﬁb‘i’]&l(%kstE"?I%S‘PS'FE‘?%Eleg%‘ﬁt&@?&é%ﬁ?‘gﬁgﬂéylﬁﬂ{éﬁnd?rppvvi se )2/0
and- the %ﬁ%ﬁ%ﬂ{éﬂ téﬁﬁhe?tfbﬁﬁ de'fd?(‘ie}%rdﬁbB}kgé gﬁgc%&r{&%vgbvﬁ&?gothwaaﬁcﬁﬁ”' gerat or

(0 © overnig e reaction was quenc by careful addition of
MeOH (10 ard Bydr&oll,i tHe NaHITAR coBpoends aralabolle) rib@sichddidds anbritdnecleetaddsi on was

war med to room.tenperature, then jefly heated to reflux. The m xture was
cool ed af¥TF) Wé’lcéé{i 5 tSHB’df‘?gePra§fl3%/\53‘3'3@"&&2]?%‘&5%3(%C%E‘Ei’-\}ndéﬁf? the sol vent

o . I e b Do .
hylr Oy AR P EE it e e T h TR S eBO Y ot
chr omat ogiapipen, 8HPFRNIIY cBinphendshex 2(B-didéokyribSmichesided i Enypisides EXAMPLE 2

Synthesis of N Phenél -3, 3-Di et hyl - Hydr oxy- Benzoi ndoline 9 (Figure 1) The
3- et hox (AN EPhdlabaled dANTP [fimdeartiondes e ps igamingtogs i Sangentype PNAccording to

30 the pal | adi d.triflatelarni | j tion described
above | h SESRGIE Mg sg e ior B eshEn AR L ane 5 Lt wo
(12/i-1. 1okl egg{ﬂdﬁgcl%oéidé—-?—ﬂigha_ Batls @NTP)%&%&M%@%PF%%{@%ES was

acetylated by an am no group acetyl ation procedure as f )
1- ami200- JabedinpRNdapdlyinatase extEngia prodggts.ang, i the polymezdse chain ofactioy Et 3N

wer e suspended in 10 m_ of dry CH2(C z ang cooled to -5 C.usin n i cel/ NaCl
bath. 1. Préléfﬂﬁ‘Vé!‘séﬁfonofLa%ﬁg‘F‘{)%Q@lc}?é’ﬁ‘ﬁﬁT r‘élﬁga Pﬁl@&?b@naﬁ%f%a Ed

dropw se t -lggﬁ}@t' gusgapé tets® C and stirred at
room terrpue%reg?térageﬁf'tg?&%@l ti on%‘flg’l?gﬁgﬁé)ft e rggc%ison was allowed to cone
to room tenpeyature and subjected to aqueous wWrk L|(P usiICIJng 5% HCO and

et hyl acet?be_cg_eégl'i',t_i lin,the crgde inter rrg)@_a’]{_eo_p_o_p_ B

1- (brompal’kyl]) am do- 3- met ho ht hal ene 6, which was purif nor mal
phase fl ash ron‘@ ogrgphy i ng Et CAc: he%ane 1 @ as \t he /nobi |l e
phase. 1o The 1-(bronoal kyl } am do- aNTRet hoxy- napht hal ene 6 was] cycl i zE®
using an ALC13 catal yzed Fri @Hel -Crafts cyclization procedurePdsOHol | ows. 1
to 3 equivalents of ALCL3 in nitrobenzene was added to the

1- (bromoal kyl ) am da- 3- hydr oxy- napht hal ene 6. Theg, reagtiongwas heated to 130
C and reacted for % houfi. Aqueous wor k-up usi ng uINH4Cli andi Et OAc gave t he
crude N ph@ﬁyﬁ%’%?ﬁi%g: e g.nBernedi ate 99 hi B iweld—pm Ty ed by 15

nor mal phase fd ashgchr ogat ogkaphyy enpl oyi ng Et O&: hexaneO( 1: ay the
mobi | e phase. erhe ami deocar bo gddNil? of t he NShen@ - beRzoin e
.intermediate 7 was then reduced with LAH to give conpound 8 (1H VNR 13
d7.70(d, 1 H J=78H), 7.32 (m 2 H, 7.24 (m 2 H), %’%;{G'ty%@ddﬁ, J
= 6.6 Hz), 6.96 (m 3 H), 6.84 (s, 1 H, 3.97 (s, 3 H, 3.92 (s,
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2 H, 1.44 (s, 6 H. 20 Methoxy group deprotection of conpound 8 was
effected using the boron tribrom de deprotection procedure described in
Exanpl e Woomsdiding in the N phenyl -3, 3 dinethyl-hydroxyPOEASHI/HEE | ne 9.
EXAMPLE 3 Synt hesis of N-Methyl -5-Hydroxy-(Tetrahydro)benzoquinoline 1 S
(Figure 2) 25 Conpound 10 was synthesjzed by copdensatj on. .of

met hoxy- napht H¥kysgmmogHakedgogmoun %degﬁ‘ﬁl%ow ef)?‘b%lk‘mlﬁ]eg@%’éﬁ/si s in

ridine. . . i 0 :
P11 owed U5l R DA AR f R B idaa i ORERALEL, o8I ABEIBONes
conpound a3d ahgl¥gs thetdin.t Thdit sigfieRBlif anghiih B8 730484y d andiElobbs, §1989) T herg.

triflate 11. Triflate 11 was then reacted with NaN3 (3 equiv.) in DVF at
,100 C f orCleng84413ddp s Thykemespphding axeleoside Wasoaldiowsd trinhosphiatestars otgained

emmerat e, S0 S SOLS0r o BOHEOHS MBI LRSS, IC ot s 4o EL
-PCTI USO1/s §7odS 5 b4§,6\ﬁ!§§6,§9§,§md WMothBdHoY srlidlelzng e&ﬂ%ﬁaﬁgqv With hodified 5

equi val ent's &f 3$ol'id ALCI3, 'a refluxed for 2 hours yielding compound 13.

Conpound pi8patggethbkydnsitie dinkers f. ddalalsadedoundhin thesegpatgmie rAdditionah syrghesiso

al kyl ati on procedure azﬂ_f ol Lows. The 3-net hoxybenzgoqui noline deri ya jve
b il

(100 ny) Preceguigs suitahle i1 yise in synthesizig compeuRiliFacenriing,ig stgefugal fermpla Ve o
NaCl ). 1. i . : I, i . i d
Mo ) acitte SEHLNAL B Safliond] i Hiton 1 863) Wilch. AciddRIET 5 BARE AT Ay 210

agentjoway1esiiathcs! Avitly Ragd 5t43e 3+ 4535t Harlmabidal (198BdNdw. Atids Res. room
tenperature for 2 hours. Aqueous work-up using NHaCl and Et OAc gave a crude

al ky at ed 5348f6t-#%76; Datsond( U9 3 Nundedsiviee and Hiuelcetides. 5@3):283-ra4di Bewstramwas t hen
(- Doy " 1550 Tromii e 08 (LIRS Sxbp Baro 965 B SR dy 5 21 IOk o7 Foy
7.68(dd, = e ese;m s , 3

Ciy 50 St e, tfetorg el fordh 6FRefieddy: i/ bilisse Indthodsdaflgs (2 2,

H)). Subseqtidy adepidiborymedified asipgresdaegiol synthayize the fglnargelofliabetied t ri br omi de

procedure described abgove in Exanple 1 resulted in the N-nethyl 15

hydr obdy betnetrgsidas inugleotides; gnd anplogslesqribabpreiny Synt hesi s of

3- (5- Hydr oxybe i i - i.c acid 17 (Figure 2) Conpound
13 was synt hesclﬂéée)%ﬂg%g@?@tl ngtﬂ%%lkmﬂgl?%zéﬁéfgéoutl i ned above in Exanple 3
for the synthesis of the N-nethyl-hydroxybenzoqui ngline derivative 15. 20
Compound 13 was then al kyl ated according taq the_gefleral am no group

al I cyl ati on procedure d'ers@ﬁ%?d:%b?)(%c}i{g:@aﬁ"p 3>-This tinme using

1, 3-propane sultone as the al kylating agent rather than Mel, to give a

5- met hoxy¥sberginguisMelli @fe2-N- pr opanesul fonic acid intermediate 16 (~HNVR:

CD30D d 7.94 =. 8. 7. = 4 , 1
o7 27 (0 ey taglerast spiin j udipdleato fhucle stulifbynirelfoit 1
H J 256 JikkihihrowshOdnidiRobdsdimind.gfauy fo; (iLaactivatedGester bi2) endtgpBafsfer 2 H) ,

1.89 (m 2 H). Subsequent net hox%/cégr oup deprgtection of con*ﬁoung, 16 by the
general bdyedrin o1 G GHPBEsqfoypbag Feonfalyer ¢-Be apeigeted amisomethd. B resul ted in

the 3- (5- DAL HRSAEOSH RS Ldliphny e IpPRBNES R L ARibnRA td fhe 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.

-31-




EXAMPLE 5 30 Synt hesis of

N- Met hyl - 2, 2, 4- Tri met hyl - 5- Hydr oxy- ( Tet r ahydr o) benzoqui nol i ne 22 (Figure 3)
- 43 We/u2iA4411) PCT/ US( 11/ 44475 1- Ami no- 3- met hoxynBEFURG/BHE 18 was
synt hesi zed according the procedure of G T. Mdirgan and E.D. Evans (1919),
J. Chem Soc. 115 1126 or as descri bed in Exanple 10. Follow ng the

pr ocedur g RO GINECBEONARES t (1965) Jour. Org. Chem 30:1832,18

(1 gcn vv(;ls di slvd i al ent of iodine
5 was ;dded tgﬁ’tgﬂguc%ttf?? eyc(%c%g ggétiﬁ%higdv\ggs eat‘gpcf%l11 S’gg}tl%/rred for 16
hours, cgRbPHoraaiditd ARMoAYENS TREnNGE. 5413732 a®78i67974358,166 Beaacigeoh.

m xture was thensubjected to Ii{(gueous wor k up using saturat ed Na2Sz03 and
(Et QAc r esud BiendR. |(h992")éf etnabetbonéds ﬁ@%%éhlz)oﬁmgrwnmmfby aygable

met hoxybepzoqui nal.i rified an

it Ohcs heRRrBIr D oS SRR, £ er ARDIEHAANT LAY QPR AR A",
-according 45‘8 %B?aﬂﬁ&ﬂ&ﬁ&reﬁmg Bﬁt@ﬂmad metsam@nasmmopmdmmmiaed above
in Exanple 3 to give conpound 20. Conpound 20 was reduced with H2 in a Parr

hydr ogenamhesaaersmv{pdnls vy SEQ%WIENAMA)&W@GBEG@ $eplied Biosystems).
LY S SRR I,

, b.89 \ 6 Hz 2.80
( 3 3 H cgl%pgléxdg)c?f tlge %%el(tﬁj_n ‘?Su@;l co%u%ﬂes( ﬁia? htl %.hhtylas"]bNA s@;éuencﬁlgdf (s) 3 H)
1. 0516¢s, pdintdys, PSlR)plemHsnbhgmtuhmmydghmpthn ptcvéw@s,l Qirgomﬁclwldpdlgnhloml by the

e | b t b de d d Exa 1 th
ot hy PEEtspaRlp-obs qdaﬁv%%oi%% OO o5, SEXAAPLECE B0 Synt hesi o of
N-Met hyl flq’éﬁgr{)%o”gsas 3{ Q%dsB%PzﬁhQ a &e?s‘a &fd tﬁlE'th Eﬁ“%DU'ZS' Patent No.

1- Am no- naphth ene etylated wt
et hyl pr aprsgngl,; AhJi@ll’sl 'dﬂleaﬁealrrﬂbtn@istfer 5 imengam@m[labalhngmfg%(ﬁmrohwdmi ion

procedur e descri bed above in Exanple 2 to give caonpound_ 23. und 23 was
cyclized pblynqrﬁ'e(lﬁi’i)eldé?CR)?axfltPsa@WfﬂE@ltOiaélh%ﬁ? el niversis £&gss M@Pe in

Ex I t d 3

caun 0a1 eroe AR RRED o PR e (SR AR pIRE S AL B 1 o

was al ky|4’®t§516w§l7lﬂg\/fhh§h g@%z%fmmnmgymmmf@bme@tybmeue@cedure descri bed
above in Exanple usi ng net i odi as the al kyl atleag agent_t ive a

N- et hyl -cmgsd@nmbmwclwndmpmbcyl@edmﬁmurmlwai@nulmé@%m @Rzasa ¥l . CDC13
d 8.07 ( H, ) 33(bt1H,J
= 7.8 Hz)‘gmé Res. 2% 1(%? 1%:?% Aigbﬁﬁﬁi ‘gl )‘gle‘éid?ém{y I%V%f ‘1"3\/{9 3 H),
3 32 (s, 2 H, 3.32 (s, 3 294,. 44 {s, 6 Sbygquent met hoxy group
deprotection of conpound 26 by the |:er WO 02/-4.t-t16

0 [/

PCT/1JS01/ ~~~75 tribrom de procedu cribed in Exanple 1 resulted in the

N- net hyl - 3, 3-di net hyl -4 hydr oxy- beng doline 27. EXAMPLE 7

VI

20  where the oligonucleotide comprises 2 to 1000 nucleotides. DYE is a protected or
unprotected form of compounds I or II, 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,-C¢ aminoalkyl, Cy-Cs
alkyl, allyl, C-Cg alkoxy, OCHs, 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-



Synt hesi s of N Ethyl-3,3-Di nethyl -4-Hydroxy-Benzoi ndoline 29 (Figure 3) 5
The 4-net hoxybenzoi ndol i ne 25 was synt hesi zed as descri bed above i n Exanpl e
6. ConpowwlozZf+was all cyl ated by the general am no group BCRASeNw4H4TH
procedure described in Exanple 3 enploying ethyl iodide as the al kylating
agent to give the N-ethyl-3, 3dinethyl -4-nmethoxybenzoi %dol Hﬁ internedi ate
28 (1H VNRspopanaditereagent fy autoppates! synghesis. giher .SGWC%E?, ase-labelipd— g 1 )

7.32 (bt,..1 H.J.x 7% : = B 89 (s, 1 H,
3.83 (s, OUSqUeleRtidss Ygr,“ggi’ﬁm}“ﬁﬁ%_{%teuﬁﬁll?ywé‘."é‘ér’Of@fO%zJ#ﬁ%?m Jfg‘i‘es (s, 6 H), 1.27
(t, 3 H indoipofatibléiBhcleSiRsEMdbellingeihfhaxdye il peageirsatiead Mofeadd tocsingipund 28
by the general boron tribrom de procedure described in Exanple 1 yiel ded

‘the N et hylabd]ed-adignnudigetidesagaerding-todomsiladdli ne 29. EXAMPLE 8 15 Synt hesis
of Sel ected Di benzorhodam ne Dye Conpounds Ceneral Procedure A (Fiy-e 5)_:
A solid phthalic anhydride derivativg 34 was m xed with 1.4 equival ents of
.an am nohydr oxy i nt er nedi ptys-31 -apd-P-—-8K-equi vgl entgg of ZnCz . The oven
dried reaction vessel was capped with a ru ta and purged with Argon.
The solid m xture was heated bri efIyO@t 130\C until nelting was observed,
e.g., 20 after approximately 15 m nutes. 1, 2-Btchl orobenzene (approxi mately
10 equi val ents) was added by syringe to thgsreagfzron m xture, and the

het er ggeneous m xture was heated to 130 to 170 C foWI4 hours. The crude

reaction m xture was cool ed, suspended in a m nimal anouynt of ) 2C z
(1:19), Mmowtey gDy DEL oy SoRtg’GSJrL rhalidpgide, wna@h%ﬁ%séﬁﬁw&fyépagggﬁ‘kﬁ:n,

land th t £0 Mt 3 ¥ il e phase.
when necalshly Cebfie R RC O HCHECHITR s B Bidpnik SR ahRE' | S PS5
and 36 byhEYiHGdReKE 0P RaemutlebtiddalogTHiiOL s C1-09) alkyh eryil sepelyetgldngoxur e

dye, whiCh m'grated as a single spot on silica TLC eluting with 1:9
MeOH: CHZOLBp tevh@0 ethilenedxyathitsy its UV/ Visi bl e absorption spectra and its

| ong wavel eng fl uorescent exci.t ati.on and 1,551,000 C Geper al
Procéflure B ( 'Qlﬁlﬁgﬂgfl (irﬂm_ﬁﬁ&l;o r}}e &ayé’reé‘?g& tfraea?(%rffgﬁzn&el{dﬁfﬁ%%ngure 6, a
solid phtdglicRRNAEdHSIRITINGES fiBe fehdé) DYE. Was pl aced in a round
bottom fl ask capped -45 WO 02/ ~.1~1G PCT/US(11/~. ~. ~7s with a rubber
septa and pur dad fisstithettiog ferrlgletlingrypthetic obiserncisotides ampupleppliliadded and

heated to, di ssol.ve the anhydride. The m xtur cpl .

t enper at JHRCURAIEY, ¢ %pf‘mééml\?g?té%%m& 15 é‘ﬁtﬁ?fﬁ’rc \é@gt %%%ilgg%/tg{s%aca %(%Sl\t/ﬁ Th
stirring ' tog £ fefninay DAGEHARbMYted JsofidLEuBPE Byntidsisd

1- am no- Saﬁlﬁrbé%hgxﬁ%%%ﬁiﬁgl iﬁeﬂeﬁ?lltnggnedi ate 31evvas 5 agg&édayvﬁ t ﬁl s?i rring and
t he ri@actdoatplstashhehgeuicteotid83 oaved fronhiba suppRirbandedlcprotpatingigroupeecool ed
and suspended |n_Et OAc. e grganic l.ayer shed wi t t yr at ed NHACL
and bri né?me?/%dwamggwﬁg%?‘ﬁe@PQB?(s é%ﬁm?eﬁﬁ’\éﬁbﬂ} OEfES ?%aa:lgt?eg ﬁ%%gt in
vacuo. - ic frfosdiltd &) eV Qb AR Peter3d £ 38- was purified
and sepgbg’ptea%ﬁlﬁgﬁ)gﬁiggﬁmng% |soir’feéré;g%d;ﬁgﬁ%b%%§_usi ng nor m;i phase fl ash

chr omat odrydpiysuinigiddV@TES), ChiEhamopen@ys selutioe coglitiaisi (Herphsea, or by
recrystallization._The net roup .of the isonerigcally Lntermedi at e
37 or 38 %gorv%%?awes%féf%> 363%%8‘3%5&5%3&}1%%8%% ‘At'PPbL}Og#&g’k%gprot ection
procegure rA beg ] m G LN oI 1N TS OXTR PRIHER ah @ pemk g one
39. e aéngﬁg-g’r%d?glfgﬁ%pht hla c%r{ér%(g%cglnl\é&ggl (100 gjl()6 was%t hen reglglgled at 130
Cwith 1 @qofMalRGR 20#l Pxadticahidppra@ehdpriotibUsiversitytPeesseQk ford pp239-24Hr y

1, 2-di chl b 2 2 i S f 2. h . _Th tion. | ed i Vi
12 e prerenne (o 0 08 o 20U, et ceclionieg st 0 i
purified ég.ﬁﬁs%%gcg}ge{, WithQF 9L H{iﬁo@(ﬂg@iﬁ 611.%@‘%@@ PafenPNBENZ97, npdam ne Di e

41 (Figureé procedure | owed "enpl oyi ng )

di chl or ot ri mel I 4 decordhietiodde 12bs] is kiéreptityt inadiporaethintty ihdeligemiclentide duripg e. |,
conpound 34 where the substituents at C-14 and C- 17 ar &I a,g(glbihe

‘subst 2% uepitpriar teautgniatedrynthepis fop pxpmMplgpS R AYIPOR, THRLoRt @H Py YPRCERe 4
as the am nohyd P ial & 3. ' ' klsegDye 42
R e A s R O e b e R ot ry ool 11 1
anhydr i deNggoh e1ut filietibsal aohyelidddmre glabsnabgane for sotid pherigometitidgher e t he

substituents at C 14 and C 17 are C and the substjtuent 3.& %—15.is COzH,
and N- et swithasishydSeR9teBEN? ot ld hdl 1) ieE a4 8 PRSSPhREYAR 5P IXy GHPEY medi at e

25 31. Sygthesis, of D i i Al re A
ves Tol | ohuaresndt By B SMR RS Bp Bt G rblon FRAREC rp cROH
anhydride derivative, i.e., conpound 3433where the substituents at C 14 and
C- 17 are d and the substituent at C15 is CO-H, and

5- hydr oxy- benzoqui noline 17 as the am nohydroxy internediate 31. 30

Synt hesi s of Dibenzorhodam ne Dye 44 (Fig urn- a 7). General procedure A
was followed enploying dichlorotrinellitic anhydride as the phthalic

o . o, . o




WO 02/ ~~~1G PCT/ LI SO1/ - ~~~75 is COZH, the

N- et hyl - 2, 2, 4-tri nmet hyl - 5- hydr oxy- benzoqui nol i ne 22 as the am nohydr oxy

i nt e~~r n&D e/ B481. Synt hesis of Di benzorhodam ne Dye 45 ( FCTAUSH/BHT) .

Gener al pr ocedure A was followed enploying dichlorotrinellitic anhydride as
t he phth

at C 14 r}ab @,eés%%(?ﬁ?a\j@ﬁ% ‘ﬂﬁ&‘f’i”ﬂ@ﬁ’("%”&*@ ?Aé/f%{qlae sut st i tuents

N- et hyl pgyd (g*fgp& Bﬁ ogt1pyydr oxy- benzoi ndoline 27 as the am nohydroxy
i nter madl at€ 31. Syhthesrs of Dibenzorhodami ne Dye 46 (Fi ug re 7~, General

procedure A wéknérallyafic lebgledyliggnucddatiat lismndpby hrazlyncatlarsymthems dle as the

pht hal i ¢ _anhydri de derivati ve, d 34 th bstit t
At G 14 fRlaingpiacedie maypawskd hwargersﬁawéffq%;%‘tuw SO eBBSIHRl | ne 29
as the a 47
Uh b o TR B SLTEBL D, DUl ol OpnsReliptiahe D

-di chl or on¢le®ides b ﬁuaadstyd#andmg%apdbe qﬂmbpcbrtmgamhmdroudecnqj;atbmmé i.e.,
conmpound 34 where the substltuents at CG14 and C- 17 are G and the
substit u@mynggtlc@xg_egmpg of shegmprped tanget (e.g., 2 mixture including dGTP, dATP dCTP

N- phenyl - 0 I A

I nt er medi 34 éTgii @%ﬁ&a@%g% 91%? %g?t‘{\{;%a%fa afgae?lggto gg} &%Epeéﬁégérgh%%am ne
Dye CO”p%éﬂédehﬁlrfaﬁirbW@d&lﬁ@P%rBfPem’DPslabéImrvhﬁﬂé selpg@atedal properties of
several representative 20 di benzorhodam ne dye conpounds of the invention.

All S@ecﬂraaylvmdenmmﬁ;dyedaabfatArp@bmnqr@emﬁ@zmlg tsenexi ad dﬂoﬂmnbiﬁ‘#l‘pémd@nd 8 M

urea, fox t VI n 0 05 absor o) t,.1 )
concent rﬁ?’i‘%ﬁo%‘gﬁ%{ﬁﬁ? S R %y KEE%FB‘%CP@}%"K}BW%C}% A % SSi on
Maxi mum ﬁag'ﬂitﬁﬂh& WYagibh o@&hdﬁﬁélle@ﬁf&cleotldes or terminators durin % erase-mediated
(nm 41585614594260963442435976374744598640504563965031 86 9652334763267666

WO |12/ swarnd~synt1(es1sP@Tam\wm_tw%mmw syxthepismmatbodyiwp psness g used
e Do LR 15 20 F P BB B TS, 2.0 e
) g i, B el il
8) . and the reaction temperature is cycled between a denaturatlon temperature and an
extension temperature, thereby exponentially synthesizing a labelled complement to the
target sequence by PCR (Innis (1990) PCR Protocols, Eds., Academic Press).
| Polynucleotides labelled with the sulfonated diarylrhodamine compounds of the
20  present invention may be additionally labelled with moieties that affect the rate of
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 diarylthodamine-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 DIARYLRHODAMINE DYES
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The 3-net hoxy-napht hal ene-1-triflate 2 (25 g) was m xed with 0.013

equi val ents of tris(di benzylideneacetone)-dipalladium {Pd2(dba)3), 0.04
equi val emtcsomfs4reacem ¢ 2, 2' bi s(di phenyl phosphi no) -1, 1' - bPEEHYROIMARTS( ~
BI NAP), 1.3 equivalents of potassiumlo carbonate, 1.3 equivalents of

cesium carbonate, and 1.5 equival ents of bepnzo enon mnpne, A ternatively,
pot assi um or mhqﬂml@q%f%ﬁma%ta@%% d@@ﬁ?%?ﬂ‘m‘g‘)p F?Jh)b8vﬂk188m§s a

substitute Glih OBy dEaX 14HeR. AR sasRgared in 75
m of dr @?uen&%ncfn%n?nﬁﬁﬂng%gy&{t tr&% dr Oéfi'}l/” an ar?d sti rsr ed for 24 hours
at 120 CgiapyleHbd@inindxdinthouAdaibixthel peesadt 117\5311f[bn afe \helkanmdé’bmdy metbodt e (9: 1)
was added to the reaction m xture, and 15 the m xture vva géed t hr ough

_si | i ca getilizing flunreseané detepiyon, a‘é,félt%ﬂi@h(l@f%e chmweregqt@pa(ﬁp F48 ed and

t hen con rated .under. reduced

hexan&/ eﬁi\% SSEEPare waﬂse&ﬁgscﬁdeﬁﬁté égct:rra Iég?ﬁcﬁ%ll gée)rﬂgoﬁ{a i‘%@rt E%S%%g?\one

- mi no- 3met NoxVRARA haldaR AdStoBE bakel |dmgn6§ti>éstbﬂinfg (K2RkA), Iy (1992) wo%sotophe

not her |iquor was concentrated and hexane/ ethyl acetate éﬁtvvas a ded to

cryst al | iDféd Bubbeal esbuignes, dycofernit Pess 3anddiege) ipoiv28) y@lﬂaqegcepse grlop®ig

Give 18" 'giLSemSn%aie—f%sn%&'@%ﬁ&e@%éwe&agﬁLf%rgﬁé%E@%&é s@fifo i bhons to
1, 4-di oxg h]ag% EElon%leésé)a%&Hyf(%}aﬁ BE. Balchi2N643 723 bel) BRETI on was t hen
heat ed an tlrre hour at 50 Cin an oil bath. The reaction m xture

was qool Ehgbmzdlzammm_rh ’ItyelglpSr atdiK smeen . \A/wﬁéd?/im@c{ﬂlaxﬁhtamnsol’mbis ﬁé&ﬁ%ﬁ%@l\g&
acetate (3: e sol ution i with.ice cold a to
pH 10- 11 upa%iw‘@ﬂl?%t ?tHFeeé%ch §l ﬁ% 3@#’%&9 %1%’8?%1 ag?ﬁ‘éapé?gﬂ%g?jr@d

organi ¢ r%én@ﬂlegeﬁalcﬁﬁﬂi Sthé Hhindh geﬂd}ﬁ@@%@ oABheavapor at ed under

reduced ure t ive 18 as pal'e brown oi [ which crystallized ugon
st andi ng xﬁléﬁ;sategueslpmaﬁ&e 380y sdichnd BligsmBlatitidetligatiomgssry (Gropumandil A i ne

Exanp! o Giigh-dgisty oyyiplen deipeiiy ORI 114 sodbe eethsop s e RR G of
e Subst! ta%ﬁ%g%lgﬁw%y SREALAAP! NEL helS iRk 257 61 (Figure 9) Compound

n internediate to synthesize the N substituted
derivati ves 57f1&]prbseneirtvbﬁtﬁorejlslpyita:hlaylg veallbsnnted fieri detecting plakseadf diffescntlyt ysed

coupling to the secondary am ne group e 9 hesi
N ( 6- hex dnbﬁll@d@@b@)mlso@dwhfﬁtlﬁwg uBb@&}te %B@?&S‘FSI}I%LSQW&%@%W&B‘HHGQ5 (2.3
cYezcay‘ﬁdeabl e

9) vas al ol 2L 80cPoniof &R (KA ok ind HEFHIL RS OloP PR BOMIBNCY

net hyl - IR aC| equi’val énts o pr py% et hyl am ne.

The m Xt Ui ®r maﬁwm@m Breaﬁleﬁuear Laﬂdpn; tﬂ&m n’éhﬁdflebtiwhmetic aatrﬂxaﬂa)c in an
oil bath vc~ith 1 0 stirnng for 18 hours. 3 sol vent t ed under
r educasd mmwreg p@y@m@ 2 proewdinked e uissessligvked polyacrylamide >or other amide-

aci d) - 3, dh‘é’}}' héﬂlamé rfh%?ﬁﬁé% @ﬁ&h&gt%ri @%@g t60 ﬁl TheWfendbsgolyed in

di chl or on&® nor ma chr omat ogr aphy el uting

wi th hexag %mtsﬂw enaa\ﬁ@uaﬁus(t&%ﬂrﬁtemmsds zsaazsgssmm)z 5,9¥6142®s The of
N- (bi phenyl 3-di et hy I-hgdroré_y- benzoi ndol j ne 58. 15 Conpound 25 (2.3 Q)

was N- ar yé¢leateopphorptip alafrding syedan a slapigekRy capdlandrrpatBosRBUBS t abl i shed
procedure lg%%ﬁl\ﬁelc Actls B, 2536590, Matitds, (Prar8l 865, 8998)485 Tol | ovs;

25 Subsequent to electrophoretic separation, the dye-polynucleotide conjugates may be

detected by measuring the fluorescence emission from the dye labeled polynucleotides, €.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, e.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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Conpound 25 (2 g) was mixed with 1.4 equivalents of 4-brono-biphenyl 7,
sodiumt butoxide 1.3 equivalents), 0.013 equival ents of

tris(di bawayl/dddeneacet one) di pal | adi um (Pdz(dba) 3), 0.04 efGTAEIEBAS of
racem c 2, 2'-bis(di phenyl phosphi no)-1, 1' - bi napht hyl (~ 20 BINAP}. The
reaction mxture was _suspended in 100 m of dry toluene, stined well, and
heat ed aY- SMOPMERMh over ni ght (16 hrs.). The reaction m xture
was quenched {d.& (3x) with
et hyl acet at evMl é%,?ﬁ?cﬁg@ &rigalléggn\%gi& élglgl Nﬁﬁ% “ﬁ%@ﬂ?ﬁﬁs& %r%gﬁ Hexane

(equal vahalysy” mlatﬁoétd@e@nﬁ@edthle fiepindsats labatied with fiustescent dyeb, includasg el ut ed
through silic @f’ w th hexane/ethyl acetate 25 (1:1). The solvent was
_evapor at sdlfopad dlg@@qb@é@;nmeéggmpgn nefetZraerpted F}Hﬁ‘ég}\/\t/é@Pbﬁﬁ"ihf scisd eﬁ%yrﬂ‘%ﬂcnal

N (b Bhenyipes S RRORPHTa SRS, RESAIRabaY drhAlGuipity 7 0
-powder . %&ﬁ%e%%ﬁs:&i Nﬁﬁ%r@ﬁé&ﬂc&hﬁd%y)brﬁxz%s By sehplemehtter sy piging eithdol i ne

59. Conmpound 54 was synt hesi zed from comrercially avail abl e brono- blggenyl
30 net hyla thuget sspesnisy toafomal axfronentergaidbod. Pomgr exensien npdiass B gerskaied

foll d t f blish d 25
was o yPhBeeasbeRioR SuRieRg T e Blnisne SRRt AR A REC RS, 5
etal Tet r?@gﬁ‘:ﬁ?ﬂbﬁﬁ&k@ﬁ& 1si§)%ﬁed %ﬁﬁ%@ulfonafe% diary¥d PRlinedyefofifeliblldbh, 4~. 175
6359- 6362 | ows: Conpound 25 (0.4 (g( was mixed with 1.4 equivalents

of cawpoualstlisd pritieDdBemipr praflents ge génd:ate Bhdsepqunudmh@a@@gmmty may &el adi um

(Pd~ (dba)3% 0.04 equi.,val Snts of racemc ﬂé heny Q)-1,1"-
bi napht hybiectegfappre-depeg ?téaRﬁr?}QPé’ﬁ??S%F gc@?ic Sbso(ﬁ a’sl"ﬁ% action
m xture i:8 ét¥induced

tetr ahyd\r@? tﬁl?éja% %@@%dg?g%&%ﬁ@%ﬁt&fi%cg{ulése:qﬁé%ﬁ@glle% at ?II a‘rar elclél1 ?ch 18

hours. Thituoresaeatce (HumkapilbaroUeld Patedt Nexta&bl 2B). Mgltm}aslaa@deﬂpcnlynuq@tldm de
m xture. The crude product was elu hro h silica-ge hexane/ et hyl
acetat e (/Bayhe semf@teééw@#ﬁn%iv ‘?/ S%e%?.fi?@éstﬂ‘“g‘r‘ él%‘g.}’ryé ﬁﬁ‘ﬁ?’

N- (carboxylop %Fé;%héls qnglu&,ihgﬁ& (ﬁ Iﬁi’eq]ﬁ 1096%8%%%51)1%?15 e %%e@é&bhlfa’t% by

nor mal® phase chr omat uting hexane/ et hyl acet at e:
(95:5) (bthbgliﬁiscytEdléoquBcﬁrbndn]ygrahdu@teZS g, 32% . Synthesis of '

N- phenyl - 3, 3-di net hyl - hydr oxy- benzoi ndol i ne 60. Conpound 25 was N-aryl ated
with |odobenzene or br ormben ene as descri bed above for synthesis of
conpound B&E cRRRBENCENG pyre N- phenyl - 3, 3- di net hyl

hydr oxy- benzoi -

chr omat ogr ap hyﬂgé)rr%) 1%3]? %8 Tﬁj E%@gﬁgﬁéejt 3}? &glgg%tr@é . Qﬁég ?O;dsgy%g?lﬁg?laged(%

N- car boxygheryNAZsequeticineg Mteiﬂ‘s}wlnﬂom}altbeasizoﬂuohabqenledﬁdghoﬁ@apﬂbum Thewas

N-aryl ated with nethyl iodqgbenzoate or nethyl enzoa ri bed
above2(f or SYSigHt HaY 1se &t e’E%tﬁ’B%ﬂ t@urcp@pgngl_a@éﬁm{g:gg&%w?r 5%%"&@?@

hyd b | ph fl ash
c%rg%?ogggpﬁlhg%y&gp%?%xg&h%)%%ne ﬂlggilg?%{ga (SSaE)e E?(ZNPLE 12

Synt hesi s of Drheszix kadhatioenbteds BHDleZseqﬁcﬁlcmgdl & HidebxgiNessehj0erkd)g, or
Synt hesis of Dye 67 (Figure 10). Hydroxyi ndgline S obt ai pe;

denet hy| aBingsr-bpe sessacing a5g Gagmest anplypis mﬁ%b@h%?lm%lv@ é@@; ﬂ?}%l ng to
the 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 diarylrhodamine 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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25 foll ow ng procedure: Conmpound 58 (2 g), and alum numchloride (6 g) were
t horoughly m xed under a strong stream of argon and the reaction m xture
purged f oo dfuamienutes with argon. The solid m xture was heET/A8WHdEY Argon
inan oil bath from90 Cto 120 C over 20 mn. The reaction m xture was

cool ed and the solids suspended in _dichl qronet hape aag 1Hranslfﬁ{red into a
sol ution of i@écfamh@ltqrmm@tq@ls‘@nsa#@f%ﬂé@fﬁgcema@y&an QllecliveBed five 30

ti , t i i t i i
chi'or' de R PEe SHEPMGL AR 36 o PRty AR FMERLERIBAS SRR
evapor at gde $ngisre JreiliEeBnREE8iHIBoandinB e di2hd Bivddiod. Jn wasxenmpddrat ed after

normal phase flash cl u~onat ographébel uting with -50, . WO [12/-t-4-416
PCT/ US| ) fisgimentkaglysidimstiiads Gagménintabettadiaiftollyes oo identifiedyhyelpyeaast i-fre 63 was

ted f d 59 | ovi h
Convers: srgreslongbuideedonSPbungs fihdaSs” Al RiER e iBhed Yee, |
-conmpl ex gf4 F%a 3 Jayh EQEUTRAA tydBcapstaRbRsfine E&H?)O@SKM_Q BrRiriadag hiiclébtides

di chl or onet was added to one equivalent of 62 in a small pear 5 flask
(100 ng i(termibatods" ) and shd meffihers éasttiof spasirallyiresolwalle Hrest(BeS. dtategbNe: i n an oi |

bath under_a stre of Argon until. the dichlor.onethane orat ed

| eavi ng éﬁtﬁér%o}-eﬁﬂ%ﬁt.Ofﬁ]?ethrBIEPéWf‘élH@ S8 0f udﬁggt 18%38%@5@505%\%«2(1 by

addi tion E f iR heswatdadl one
equi val er??a[r%lf‘“’?%“%ﬁﬁdﬁgﬁ}é’gﬂgi Qgﬁtﬁgggﬁz%ﬁn?gggﬁmﬂﬁﬁ%he rdeggc\tNi on mxture
was heat eekolvedmnftsichst @ndiSE of190,e414251 Friand 149 (Fighees 2R3 22ba22c).58n@hepsdtor 15

m nutes. The reaction was cool ed and transferred wiith di.ch]oro ne to 5
o o canaebaeT 1 Codd Tk SaR1 L. of Bpattih g ePRESa NG L bt Aot Sy AL 37

di chl oronget hane. The.combi r i S g and

cvapor at St agrs PRG IREAS o AR P U LA L RS T ve o4,
Crude 64 IrBotRRARE 8gks gen@aRY.i & seCindy (it lude)onemord shifbnatRndiyryhrhoddngiat ed at
60 C for 1 hour. The reaction m xture was _then pogred into a 1‘afSO| Htion of
i ce, sat ulyas ail enguaraneresiyelfignm SHPOTTUSRITALAISES £18a HEYIGSOFINS; RIsSYijopate

di chl gronet hane. After evaporati f 4 he conbined organic | ayers, the

pt u~e”nor Oclgaé?lﬂﬁ%iy?y%{?%%f’ %&L@ aﬁ%ét %bct%&l/%gderi vative 65 was then purified

from the ot hery d,anednieIBItides Vaigy Bs ogpliad i ftquéticindispheenyf foanttrminators
bi s- car boxybi phenyl dyes, by normal phase flash chromatography eluting with

di chl or onetlhdme Tinefouanotlegtgisas) B =24.GiGiRIonU)) ankansings thesepty Jde gempigtiple 65
was sul fonated. tao giv e 67 as follows, e deri.vat i ) and 3
equi val erﬂnf ’g’f‘ﬂiﬁrrﬁwpﬁ%gl\éé%@fe&ﬁ? %F Flﬁcgo%oir tlcslggélél\rfpg%gﬁlg}%gg'?ééQOt{&

di chl oro g;l,?e#, i f8brpdRtibh 8y pbBuRraelduiih@prink

equi val eﬁé 0 ?S(’:%ﬁ%}lg!s%ﬁsggﬁig%ggg?ﬁag%%H)rpwepe aggegﬂﬁd t he ?ggctiron

m xt woe weaderstanrred at roomtenperature for 18 hours. The reaction m xture
was quenched with saturated aqueous 25 sodiumchloride/5 % HC and the

aqueous Md 3 tinmes with dichloronethane. The organi c extract
was evap _ educed pressure to give crude dye 66. Crude dye 66
was suspended The @ vaintjdiging of nalieis i okesTy 198akknydicd s @rechfshe mostd at
roomtenperature for 20 hours. The solution was then concentrated under

reduced pusefiddods availplaideedlpovlardielogistsd Whenbnsprober aprerialidita @ teplate

extracted 3_tine i th_ 30 dichl oronefhane. .The, sql. ] vaporated to

gi ve crud@idgieag .W%ﬂ? gxegvgp SRAE 19H° f%}ﬁl ﬁh?]ugrl%g&%%]ﬁgég&prggpar ative

thin &élye{,x?&gﬁ&dleét&gf&aﬁwn bETdrRed Rupdeane tthiifusaTidna pedbleding ies’ asratibane
a

{1:4) or chromat ogr aphy el uting w th nmethanol/dichl oronethane ( 1:9).
-51 W CofXRk othett prisbeBySyligahe sizymsi (Whitele, 1Si Batent Na)4.8831710; Sandegreny 175

Co d : t hyl.ated t i V. d 68 ) '
Gompe byt ot 1S85] o BETE mediab echlBn T TBRIEE s e 241 0T RRN N Rertls

d t ect i : Edhash Bbh ik Bidct
B e i i

conpl ex, iad. AvdkSqUERA 87:3923H270 o Pigenucleotids ligatien asseysidateat e prageleeol7 0 as
described for_the synthesis dye derivative 64 fjiromco ~. . and
3.~ CPde SERPUICEANGe? VEnet BV Faramiet Yat B Svath pEbRst 0 S e ve
71 accordi - ' d boAirbld 8%y e om 64
above. Thgp%ﬁ@l%{ﬁsﬁ%%ggwéggéggtre?@gﬁ‘y \E/ﬂéi ogé%caw{a(.:g éﬁlrei%?i egﬁ%y PTLC fromthe
two 1 o synmetric bis-phenyl and bis-carboxyphenyl dye products. The
purified dye 71 was then sul fonated and hydrol ysed to give crude dye 72 as
descri bed above for generation of dye 637from dye derivative 65. Pure dye
72 was isolated by normal phase preparative thin | ayer chromatography
(PTLC) devel oped with net hanol /di chl oronet hane (1:4) or flash

chromat ography eluting with nmethanol/dichl oronet hane (1:9). 15 Synthesis of
Dye 76 (Figure 12)



Compound 57 was denet hyl ated to give conpound 73 by boron tribrom de
deprotection, and conpound 8 was denethylated to give 9 enploying the

al um numwahoxdtle deprot ecti on procedure descri bed above POT/USHYHATSI on of
conpound 58 to conpound 62. Conpound 57 reacted with the nethyl

formani |l i de/ POC13 conpl ex_under 20 the standard canditions,, an
subsequeabelledith acy a@%d@ﬁha@mmﬁéygt HEAUPHPTO H‘c‘f?ﬁ%’ﬁ? df%cggr]?é'r ate dye

derivativye 74 | e EX AR & hdroe Pabidiesc i e MRl Ve 74 was
hydr ol ysggecgr).@/p@?%sﬁ%%ﬁf@g%?ﬁ%%F{)l;lgff%sﬁ torglhvr ed)e/le dg?i véti ve 75. The pure
asynunetric dye derivative 75 was purified by PTLC fromthe two symmetric

bi sphenyly gpd AVPLIECHNKION dye products. The purified dye 75 was then
.sul fonated by the standard 25 procedure described for formatjon of 67 from
65 to gi ve cr Ude syifenaped le’G’F@"‘&Vé‘“‘? gorppRunds o thedfvenion SidapPieaLQns as

ti thig .l | WL By
i e o oot G cROAERRAE ARMers of wic pUiElaRP it TGP LR
di chl or ongdpa8lefclacR) amPfiédtioniafd eéledhon Méthodd. RCR apFlcalonCincinde tt (s¢
{0.313 g) was saponified by treatnment with 7 equivalents of 1M KOH.in

met hanol cdtlabeledroligonyelestides far scuntymng by vadablopambes terdeghrapgal (VdHEInt r at ed

to -52 112/ .| - 4- PCT/.US111/.- 4e . ' - ed
wel 1w 1R AgeLEp S TR BT PR Aol HRART ARk P lh LR

| ayer wasbictdratiid DS it sitdih aiRca dnaapleenbied bed piticalat sdqoehas withi | .
Pure 77 was 1sol ated by nornmal phase chromat ography eluting with 5%

met hawol /thelnainberafirepdating inids heing vereable lacugh PERegeaotypmgggethedsyghe Rigk |

conmpound 77 0. 360 was, di ssol ved,.i ry dich qane (2 mM) and
SOFEti on IB?m"EIiIEW %?]&Bréaqﬁ]y‘i"ﬁlé? ﬁ's‘s/l?o eﬁeqm(n]?ﬁ B Q/fgtﬁéeﬁ{%?&%ﬁd gi n :
tetrachloride o%e%ﬁ?oﬁﬁ%ﬁﬁ%ﬁfoni@&dﬁﬂjhﬂbﬂﬁﬂl WRSmpSindd el Beised i hrs. The

ir
m xture was extracted w yl acetate and 3M hydrochloric acid sol ution.
The or ganjentiayies metodsmnd ezhgmits thahpteyideaneal thne arenddpeinomenssrerzgmsefr ous

Na2S04, concentrated to Ol a sed wit riti IO 10 There was
an appr oqu’(ﬁt@a?méa{ﬂdﬁﬁﬁsﬁmﬁgi%@?%Patsﬁﬁﬁnﬁﬁsg{?’ﬁgn%%%§§%$)'t °s poi nt,
based, on thi T ' Gl ' PMent
i ohi B o Onlels R A RE] BRBkyinE MDpBtaBS diRICt Ybed (UTBMENL o
was ear nesi72)3l,§9b,)lv1&1$zth’;lblQQWEEmeEyﬁthésﬁwmﬁﬂomblqai}@dehmeés toyield a
m xh~re of Conpounds 79 and 80. The resultant crude o0il S d|y$,s | ved i n

e

dry di chl oligndeexarbenyclsotide)prabrs a9d dhsinumlication m 15k time PCR a58aye oPClal ent )
dded; ni - it ted f
80"t o o0beils RSB FERS A Hlvks WS WRRRAEAE P APl oA R ESD), B0 11O

i sol at i ONp\WARCR R 4 BloBRTINBS syl R h6 sddpfeqirotdssing paydndshat refuirdipound 67
to yield crude dye 81. Pure dye 81 was isol at edgbaé PTLC as. descri hed i
1P

Exanp2® 1perfarm thh@CR/ninHbe Taqmen awapdimpolgmerase oRglugts pgner SYICRFIPARPL E 13
Synt hesi s of..Dye. Car hox 0 i.0km i i 67,
75 70, aMAPBIG POBRT R s S R A b el ® RiTRO R

Pol ynucl e@% 5483 &Finfiblegse abfivandinldTagihm-typb yskagxihs peahieiisissl flquenbhiBy,
derivati zation of the carboxylic acid dyes 67, 25 72, 76, and_ 81 S
acconpl i skbdlleslwithdluoteseans e ertbenencimsmeighies, sdlaar of phighaniy ke %9\@’2 83,

d 84, Method A | oyed, w NN :
ot r et hyIERG ESET SherHD Fupt R g QeRnblad dih Ot frrlbt) dheplihe probes,
vas eppl oyfsbi\Ciddg 41992 'Fhevridcerddresinatit dénetEEnstirdndinbigldicaxidst ddethi m de.

£t
Met hod A: The dye was suspended in dry DMF (5 ng dye: 300 pl, DMF) wth 6
Enzymol. 211:353-388). When hybridized to a target sequerice, the probe 1s 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

-38-



30 equival ents of diisopropylethyl am ne. To the dye solution was added 15
equi valents of O (N-succinimdyl)-N N N ,N -tetranethyl uroni um

tetraf | umooizoiatee and the reaction was stirred for 15 m nREBYSE{+H#EBTom
tenperature. The reaction was transferred with -53 WO 02/.1.1411

s madelosaindAiginase EEI D coHdeRABAIRTE (SN S Hlsl o SR et
di chl or 05@3@@8@3@%@8@%@@%@ '&%ﬂbﬁ%@ﬁgﬁmﬁi& SORGRR! EdlbBehds@ dryness

and the puri y nor ase flash chromat ography el uting
Wi t h MeOp¥oBit-6lchatatteriflic ddvtdadlid@ting heendyie gandyp2Qlependentainetht setof primer

N- hydr oxysucci ni m de were suspended in dry dichl oronethane (S ng: 500 p,|
CHzC12) . sequaecegqui val ents of di cycl ohexyl carbodiim de were added and t he
reaction was stirred for 1 hour at roomtenperature. The reaction was

quenc?edggﬁ égéwﬁgcﬁ@;]ﬂ@g@@ ated as for Method A Attachnent of the
.NHS deri pol ynucl eoti des was io perforned as
fol l ows. A n@egamUBucreseeht dydtqrencer probes whichtigbritiza totarge audeispeildat i n

fornlam de (S x 10-4 M and 15 equival ents of diisopr o%éet hyl am ne were
added. Awsefedwbridizatonassaysal Whensthe prokpyis naHybsidizsd (e waest thpRESOe My 60

) were added with.stirri at._r.oom.t. ti d
gt ) room & WB@PH%&P&WWFB% our Sé).a{l%id) "THE eaeg\%]%ﬁtllﬁlﬁgﬁﬁ %cgeﬁg\g%eo%g‘éi’gg :S% Il\/Ir e
NaOAC t 0 o@éntBicPmBicMedNatiting F® Alolekddnse fichingc Upon hiybridiehtiveroairgtt Bd ver e

g
added ané1 the m xture was cool ed. The precipitated dye |abel ed ol igoner was
i sol ab ed ninjetimsrrs plivsigatly sepasated, guendhingicasgesras viniisheh a6 Tpresce@Icat i ng wit h

30% AcCN.0. 1 x TEAR buffer. Exanple. 14 nt hesi. f
Sul f onet RYX§ASEHZ B FfotHF JOYE§C n&ffé eci%’?él%‘i%BﬁéBegihtzhgipﬁ%isgP?enoeftgr@et( 1 gram
0.0044 ”@Ecﬁ)zeglé@cﬁl R SARPIEddtduce® The afiforlatsd ARrfEdEdRine @pek 6itBe fvenibon Was

cooled to - in a water/acetone dry ice bath and purged well with argon

(Fi gt u- e cifilso be etripdoystlias thefleuesseitalys of the qugnihesmoiety. Finogascent dyert

2ldi 1 on GSPIGIRED R A ae AP EH Y S ERES BarTon TR hahic Rubted 20
i opu s g o B e 8o by ol 11 0n
of 5% HChybrdidatidretoatieie compleea@rysgat sequRte d. 2317t ditmgraniitatio NAY e

W Eh Nasdyg saliee mdzaton Reveopoeke Vahaie rHereseu gyt el He
Pexane: CHOEY G i BeriRe B GRIRC A GRAGTEARMK BRIMICL YoBHeltbl il o).

30 I n a 2BBridizationadapoiothercafricdsiut irssdafedaantide tdes(1 gram 0. 00279 nol e)
and granul ar anhydrous NayS04 (0.1

( ran) ,were suspended in 100,m of dry
CHZCE®. The r A¥inddeAtionastive C%%ls%hﬁg TP Ongg ‘ﬁ'Pj‘P@,%?F"aYﬁ ﬁBE?@F%d to 0 C.
To the rapj disdd 58 defmined focD diliressdbld by spbifRdddehRddiivefy orl- 175
P

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
fluorescence 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 diarylthodamine compound with a linking moiety to another
-39.



sol ution, one equivalent of chlorosulfonic acid (185 p,l) was added

dropwi se. The reaction was allowed to warnz to roomtenperature and stirred
under ar yamo¥ 1616 hours. The reaction was quenched by addcriusom/eft750 m of
THF, 75 m of 1 M NaCOH and stirred for 2 hours. One equival ent of
tetrabutyl annnoni um hydrogensul fate (1 gran), was added to the 5 m xture and

the aqueBlpecHiate 4 pbsEer E‘flblﬂt%é?nﬁﬁailbi canz@&tzan shengfed disndgdammends
concentr d sO her

o o o QSRRSO kb SRULS s el
MeOH: CH2 6diZer(t8: e%buwef@menjgg@tmgothe ﬁyé ® ABtHed hdlecnledthubsame. The
tetrabutyl ammoni um salt. Sul fonam de 88 tetrabutylamoniumsalt (1 grant)
was suspéiéuated dizspirkgdaginegngy he en quqeptor pE ¢onorehPu pReAENTiRYafer dve- (20

| ent f ul.l h f J uxed
cnder Sargon' 1 1 Al Oeft BB birrplo BB shSRTHARD MM BR acai ¢ 1 on
-of ice aaﬁgsﬁh%ﬁoa@emndqiounuwleua@d wffl?EHeaslﬂﬁbﬂdt@dﬂm@'hHmdﬂMﬂéWU' fate (1

gran) was added to the mXxture, and the m xture was concentrated under
vacuum t inveahey eSunbiskitscfenetnlly Wﬁpnmlahvliqdmneyxmtscaﬂlyanwra@blet 0 a

t f | tr t d 15.5 2C12. nbi i
Tayer s valdetilistplio B Bt Ropingindhe fugh &ﬁ‘&‘x Xhie SFraaBeslbina
phase chiouplRasRBMYCcRbHdds Q)B n‘ﬁblE@hM"lo SR AoTe & 833rt1§1% cShtifiols gBdedl am of

pure 89 (89 %yield) tetrabutylamoniiun salt. Synt hesi s of
sul f afret hmymalpmmmpnkymerase eBg/nidi ”Eﬁlajabellleﬂa:nayrdaticﬁﬂy—mmlbmm}hhpiwhotldmoI i ne

90 was prepared. by heating 24.9 gmof . 1,3 20 di anthr 121

(Fi t 2ger 87 G898 ng58is & Grpo iAo sE0oie VrfoR SHRTRP 4 0981 ) and

gl aci al @ tion
Tt ure amdort ERmhaateTay (thednditic, St SPLINOR DR Rl ate®t o
of 1, 3di kiXxpipleedyBiosysteniss festd2@ity,dfA).ed | nmedi ately, wl uch was filtered,

washed with 300 nml cold water, and collected as a brown solid. Corrpound 122
was added to édtemativeky thekitmayinchssone gf mereoligppugledtideprigerss 88 3 hour s

under, s ar égacg Safi 1000 m)
and extrgﬁplee @%B%@%ﬁ%’@%ﬁ%&g rﬁ'lhﬁturgnofahﬁggghg:ﬁg?%}tg{ zf(c?et ate. The
conbi ned imhghng sulfabted digylvirdenwrshed with sat. NaCl and dried with Na2SQa.
After filtering, renoving solvent under vacuum and normal phase silica gel

chr omat ogr aphi el uti ng w th hexane and ethyl acetate, 123 was obtained as a
bright y (6.93 gm 669 . Trifluoronethanesul fonic acid

anhydride (6. : ti L 3 (7.0 gm
. 031 nol es) aﬁg%c%@g??%gwhane ?g%gtﬁ%gj%ygltdoﬁégge:ﬁ &c;igrhgg?lg({)vﬁﬁg 55 WO
112/ ~. 1. exdmples GIHitIbhik/ inteads] 1Bftlegurdl) exempiassof the infthtydreanidni®t (Gintmyn ) was
added dropvm se to the reaction. The reaction m xture was stirred at -30 C
for 30 miwaytailits pePepoured in 5% aqueous sul furic acid. The mixture was
then extracted with 400 mM of a 2:3 m xture of hexane: di chl or onet hane,
washed W%Q%@LE NaCl, dried with Na2S04, filtered, and concentrated under
vacuum se silica gel chromatography eluting with hexane and

et hyl acetSghihesigad -Higthytsino-Biifydroy@alapbtivalent 4 \{Rigate ol i di fi ed upon cool i ng.
Hydrazine (6 nml) was added to a stirred solution of 124 (6 gm 0.017

rml es), CszC03- 1%43@1()@%1 bdiz?wplsthelen%(bw) SBPWWf(dlfr‘Bmdn% t ol uene (100

d ted at
00 100 cobRrG ek ol b SRR S R E AL T N g o) Ve
renoved (QHRAL 4661 LWRY Suspénded 12 8ryeGHECIR (30nl)s Wriydriethylaming (1@ eqaifivaléitis)i n

absol ute ethanol and isohutyral dehyde {14 m& was heated at 90-100 C. The
sol ut i on Weagddsdbgnst the sepction Wiey peals tmé Qﬂn usgonpstharnsiifanic pptygisidsi(llca gel

brignt yennaeaf) HlpRidlih GRS B E LA bl il e

heat ed ata R8ofof 2holrshTHE rebbtiswias awcrv@smm@bhia t6 koo tdmﬁperﬂfhﬁ aﬁlalsubje@uadwas
cooled in an ice bath and NaCNBH3 éﬁﬂng} was added in portions over 15
2

.M nutes 4naqugops meek Bp upins AV Hpan dhegesulitngi arpdndxl 15 minutes. The

acet ac was I ed.yngder ,vac e residye e d

R R A IR R S

Sol vent 1(5}Qﬁl%)é{@d5t@me)§éﬁgQplﬁbﬁlﬂgbﬂé’lﬂld’sgsI due was purified by normal
phase silica gel 2o chromatography eluting with hexane and ethyl acetate, to

give 90 as a light yellow solid (2.5 gm 53% . Mthoxynapht hoi ndoline 90 (
1 gram 3.6 mmvle) was suspended in 404¢i1 of dry




CHzCl z, the solution was cooled to O Cin an ice bath and purged wi th argon
(Figure 17). To the stirred solution, 1.5 equivalents of trifluoroacetic
anhydri devq @2/#461a11 ) were added 25 dropwi se. After additi oRCEUSEMEHZENhydri de
is conplete, the reaction was maintained at 0 C and stirred while 2

equi val ents of dry triethylamne (1 rnl)- were added dr ogwi %g. After one
hour the reaciThepurified 3ymethormerpbihalaeilrirdlatet wessepverted iitheds agueous

phase wag. extract 3x W th Ch., . The ' C Jo§ i yere washed
N Th sat iDL RArOE Ry bR A % v FE RRl AR taERple e o e
filteredcydithelh6cedttesatp. 30olre RV S Y. BabEK M ALI96)TodhOrg.Cliben. B AdG3!  was
purified by normal phase chromatography enploying 1.4 Et OAc: hexane to give

‘1 gr am offh® 3;methyxy-haphtsaleied 1 (yflat @ (¥20%9m) Wesesuspended it bt e af divdelugre (1

2.7 . , in 60 | aci al ' i 6 m of
0ty i b S ot Vil obB9 B dwsparen e by, CAghutRE EpdLe M 1
02/ ~~- 11()iOog%ﬁfv%leﬁggof’cﬁffd%ﬁzﬁio@neég%n%;iﬁhqlia@iﬂnym sy, @d BRlhivalests

b
chl orosul'toni ¢ aci 20 equi val ent’s) was addeé@dropw se. The reaction
was al | owedryt diethghamine. Mhemedctinpeaspurged avith agon, ahd 8.3 ¢nueleadsef sofide
reacti on was quenched by addjtjon.of m ni mal anount . of jce.(a xi mately
one gr anpodiTaE-BHeXIdR s gd ?éf‘i"g%mge 18 EERRHPR @%H%H?qt?%ﬁn%%tn?%{ ﬁ’éne to
help re €. AR8H b T j ) ntH B 1985 tSMsRangded in a
m ni mal ngéglg‘ﬁ{k a(_g 61?48@2311—196&}&@%%9%# S%g%??gi)?f/a?uri T eolr by pagsage t hr ough
a si lipca agekutbetad teehquicbngwbik i using 54CHZCirel GHLCH hesuliimem easided-to 1: 20
MeOH : CH?Cl z to give a mxture of_ 92 and other sul fona eg rgﬁi oi soners.
The ni xt @ieshylpineds-weptoxynaphthelprod. adhiehywag Pugtisehengmal REass AR of MeoH 10

For a0 meAvago R Pt isa0At BohRlF &) g el konilejhateC AR, OIS e

e reaction m xture was passed

through & 1 @gosd d, 31 Hi T2 9g8), BI70brdw dyiltH, Me I8 Hrd7 4B ddss dlHdrt 7.8a8.2r enoved
en vacuo. The desired isoner sulfonethoxynapht hoi ndol i ne 93 (O;iggégram
yi el d 37%z)y\&.§4£@tpér}at1e?d7.f7rbﬁ]Hzietﬁ-%%i,dcﬁoF%oH@pé6@%2 tal D )

(7 guve. 2 O aRIaRL G & FEElhel 08 G AR P53 BRlt hoxybenzol ndo i ne- 106
(Figure 20) N-BlithpeGai@erbaxyt ths wldianpt e Bemegiongdabphithalde § Wagur e 18)

was prepared by al kyl ation of 89 with nethyl 6-bronohexanoate with heating.
In a 100 mmovedibgboronttabroitide deproteetiep amfotlows, The 1-aminePanehpxv4, as a

tetrabutyl i It i’ 2 : h
ol ut T on eehiiarge T UERe) wht Risarie AR EEE L pl g iR imishte Mh¥dea B
stined sojgdd QY ¥89cAAERhN HAMMBS forPtridasthide |(BMédui vdlerts) wastidyd gesperiad ed 1: 1

Vil smeyer conpl ex of POO 3/DMF in CHZClz (5 equival ents conplex in
appr 020 medndll thie feantiorOMaCstiredsfor 30 etinwips, teplaeaddn jagpfrigsetordRo e aVITRIgh -t he

qaenched Ty ratHan o grenthdntar Ger REBsT AREtAR Pt S1s0f1 0 ERT SRR O,
stirring d% nARMhETRAE 3hd EarfdQhe ﬁs(alcﬁé)rwh@ﬁzanﬁéaetorfbesﬁauémpé@nﬁé,mﬁaﬂﬁierfgd

wth CH2Az I'nto a Separatory fumel , the organic |ayer was renmoved, the
aqueous | maesd tosefbuot. IThetneithiBe wasesoled aid flpreiAhe filtrate Wes edidifiedadtlor gani c

| trated t i de 10 Fi 0).,.E t h id il,

b o al qehgall subiiaeeubvar gt i parsd e Sk PRS0yt ng

Et OAc.,. h . | { b . Ex |
C :Efdg&#Pﬁhaleﬁ§ gawv%%h vﬁ%’ g%ﬁﬁ%@ b%r Aofiflal $Rdsef AMchibiiatygrapie) anpl e

17 Sy%sth or ny me ynapht hoi ndol i ne 108 (Figure 20) -57
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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WO U2/ -4-4.116 PCT/USU /. 1~.17s Sul f omet hoxynapht hoi ndol i ne 101 (Fi gure 19)
was prepared by al kylation of 93 (Figure 18) with nethyl

4- (br onowss dydd¥tsenzoate with heating. In a 100 m round bBETOMHHAEK, one
gram (1 mmol e) of 101 as the tetrabutyl ammonium salt was suspended in 25 n

of dry dichl oronmethane. The sol ution was pur gecf V\@U wi th argon and cool ed
to 0 Cin an iBelsatlno-Fanathpxyapphthalenesyvas phy e b% AUaHE EEUP val ents of a

freshly ge e Vi r G0 9l j (
equi val e%fegﬁ frltﬁ&na%ro)%%(ggr?rg% gollﬁ;é%? ]r#e %%Z?E%@%éé%?w% ﬁ%@;ﬂ? ‘?’)rﬂ?ildrllgi]2 for
one hour eg@livdlefsof NtWH’resus%ZBﬁieﬁﬁiﬂQDinﬂl’bi\&a)‘BCHI@EBCBJﬂ&doblﬁd&dtﬁ 0 asingf

saturated NaHCO3 ( 10 m) and THE (20 nl) and stirred at roomtenperature
for 30 nkmice8¥aCliath. nl X eavivalgaisoft-bregice?-mahylprogionylshlosidswaspddeel with 1 o

CH2Cl z, th ic | d .t ed 3
s v ErpouiiEad e Bomtas O e e ay re M BBEL R SRS Ve
-crude 10&;(hi@{tRNn40) hodEhé FddeorPWasadwalas comeji6 el tdntherfirdaindphase

cl u- omat ogr aphy enpl oyi ng Et OAc: hexane { 1:2), to give 0.497 gramof pur a
al dehydesuhjededto ayd8ouswerkyupl using Lo/HEA andethyacetaty resulgny/in heeyusde Reagent: A
10nl flask was.charged with 8. of dr | z and. 660 ul dry DMF. The
sol ut i onTiErEESHEs g’égfogl(\éﬂ@%ﬂﬂgﬁigjﬁﬁggo%ﬂ){arp%zafwezfl? &'g‘fﬁwf%s quj’sedg)?'i rred

sol ution,uas, | X i . H88nE EROY Lo heWRshiRIHakLd at 0
C for 15nm n 1%?%ﬁ%g%%ﬁﬁﬁgﬁye%ﬁlgﬁpg%ﬁnt o? gfgrr?)l ex ei S tlheljn]ar enoved
wi thia syri ng&had-(beadedkylmifx-3rmethot Bnsynhiies 6 was cglizédngngan AlCly

di benzor hodam ne .dye 111 (Fi.gure 22a). N-propyl sul fgnate benzoj i ne 96
(Fi gure Seplygedlnedsiiralls explizatan posesiyresss f8§°‘(’?3ﬁgtﬁr3eeqi‘6‘5a??/ﬂt§?fgﬂ§3‘b‘r opane

sul tone ing. ( -ASK g fornyl
benzoi nd@%"%&%@%%iaggﬁ%ﬁgﬁ?%@%ﬁ%ﬁ%‘@‘?\? s\eg%&@gﬂﬁﬁlgrﬁge ggg 2 and 3 m
dry nitrebengenas hddred 16 ¥0NCantasacéd fordthoandqueatedotkouy difingNihiGeanda st eam
of argon 25 until nost of the CHzZCl2 was evaporated. Excess phasphorus

oxychl or E#AL Zave the crale Mplewdrbsataindelimena seranadinte Aavivgh tyas puafied bre

reactLon_was_.heat e it h LLL] i 1S« I [ e dto
cool 'Bri é’]oma}l p?iﬂ%enﬁ%swrﬁt}n%ﬁétﬁé@%r;goﬁélﬁééﬁdh%{@e #ggﬁia:sg% Wasl e}lgtg %ﬁ to
reflux f qheaniiildeHBsnyl BRI Bithef BneXiaesiind thish@bdiarenwashenMpddacednoved
en vacuo, and the crude m xture was | oaded onto a nor malglﬁhase silica gel

col unm. Tith 4 to giverensnpsiund 8 BYMR 4aPEhtd BIL(d.drHs I Bh81be), Joer@ckH) o 1: 9

i o B R AR, FOR SR s b L eR Ul oG Rt >
(Absor pt izqtil)’ qapgfi( t 638 nmin MeOH) and fluorescence em ssion spectrum

(Eni ssi on maxi num at 651 nmin MeQH), and mass spectrum (Mol ecul ar ion plus
3 metbyl gr oupdetboxyaprod®p Heprotasctibn of aorepoidR Bis et%@nt@i ustng bebernai | d -

et o nyarePpEde SrelseriomBREHFn RaUoH EGPIS Fe e O BEe R Ll on

hydr at e, dﬁggthg}ﬁﬁytr -r%—ﬁgnz%g‘ldbﬁnégr one hour. The bul k of the nethanol was
renoved under ~vacuu Three equi val ents of tetrabutylanmonium salt were

added and the aqueous | ayer was extracted Sx with CHzCl z. The conbi ned
organi c |IEXAMPIEER e concentrated to an oil and reverse phase HPLC enpl oyi ng

1:3 CH3 . HZO t h d 111 i.n..20% | 1. yield i 22a). t

Ecarpl o tndioobd Bttt nat SR bR e R e tagls 218 (7 aure”
b I ar oo pht ]

22b) - propy %ﬁ%&@%ﬁ%eﬁg% !)g@oril&gsa@%hg)‘ﬂrlﬁetiig)}y WASHt GMFAE SndY

al kyl'ati on of -propane sultone w th heating.
For ny| - benziohiecold emepldeing piteridmeldaialysi igpyedize) Compomrdchwesiredyceddomtly | at i on

of 95 (Figure 18) by the procedures of e 17. 15 Tijto a 20 nl. pear
flask wer®dEResBAvEol %@rﬂ}rbqn,%g‘é(amdcﬁéx Exﬁiaﬂ%%‘é{ons TERE| 2 oY |

Jiutroben i ' gl : Liva tfd eam of
argon an i YRR P i Bl 23St b i A oERL A Bnt A T B

oxychl or ite@ate3q0 Triflate 60 waq thenateactes vitkaSardo@eduivn) ariaViart t10o AC dord t he
.reaction heated with stirnng for 2 hours. The reaction V\gg al.l owed to cool

bri efl%y, hoven Henphegpagionyaialioysd ycemetamenyisnpeiabie o8¢ fcHREPed t o
reflux fof Bl WitkSS uslilEpdtE Vet 3a B8R FAGRER RiphPRHIFRRE 198 Empound
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removed under vacuum and the crude m xture was | oaded on a normal phase
silica gel colum. The nethyl ester of dye 115 was el uted by gradi ent

el ution wee/udk % CHzC 2 to 1: 9 MeOH CHZCl2. The :fract PERYUSEBHHZE ni ng
met hyl ester of 115, as indicated by the visible absorption spectrum
(Absorption maxi mrumat 656 _nmin

Me fl 25 emnj.ssi t
( Eni ssi o2 yegiswipendad ey fkLhe, W@#%jg%wrtb %ﬁégieiﬁﬁéfepmﬁ%"m@& 3‘?‘? foL“m
plus 3 netttuéile 5roijl?osure91%%]ni§ g(%? ésmdcl%l.cul ated 885.2) were collected and
fl P: 18 &P

concent r &¢ an ol onat'é and carboxyl ate met hyl ester groups

wer e hydrol yze;%nﬁsbuﬁuasmiaqgmtéumﬁmldve@tﬂingae ardenwval &hinoQr&@fp gr ams Li OH
hydrate, and heating at 80 ~C for one hour. The bulls of the nethanol was

removed atiyition prongturemsifeldowsy Jihe dmathexgonssquiralingtsigriyathiedpl we) 431 t were

dded and th us, | ¢t ed i t Cl~. Tk d
or gant o M5 RPAILD O B A TG S b Et A AN ALE et 5
.02/ -t-L. 5 WelaTd ; [ : BhdrBCN: H20
t he pur elbgéyéﬁgﬁlﬂéﬂ{i%&%%%;?So%ded%glall&ﬂqyf]%{l?gegﬁ%wgﬁsﬁgx@g% e 20 Synt hesi ga\(;;a

sul f onat equisthleatshif e Medl alixy lating ggent 3@s addegislevizaoy the 1saeimpl was allowad éo
ht hoi ndol i 102 (Fi 9 d by .al i 93 (Fi
b S s rppgsacianite B e ruBrrngo ke tyre SEChRTELARSEA Jat i ve
108 (Fi g~ oyl at : 0 i th
(Fig cﬂf“de?a%@éfa@n% Pgﬁ%@@i;&%ﬁ&@%&%ﬁ&&%@% 14 O0tnté it e14Qds theRY the

pr ocedur s of pear ask are added 50 ng 108, 1.2
equi val epusified By nbrrivhl phaRIlahahtbrdatographyt ¢mjleping O AFhkexanz (Lt ®) asdbe stirred

e s HRSIE LB B 50 5 b, T 5 €153 7,
e P S PRSPl e amd o

t he reactd®HzyaOI@aAIEH)) Subsijhent nfethioxy groupdepsotediivn Byetiiki gametaldonen excess
ni trobenzene were renoved under vacuum and the cnide m xture was | oaded on

a nor mal tpheeside pracedure Slegpatbed abanerin Expmplp b rasdedanstheNrpsthly gr adi ent
elution frgm 180% CHZCiLZ ao. 1:.9 IYSCH CH2Ch. The fractions containing

est erlPf | e‘ﬁ’g{ﬂfé{ qurgaunolpe dervati¥e 18y t he visi bl e absorption spectrum
(Absorption maxi'mumat 686 run in MeOH) and fluorescence em ssion spectrum
(Em ssi omgyARX Py at 695 nm), and mass spectrum (Mol ecul ar ion plus 3

met hyl groups equals 991.5, calculated 991.3), were collected and
concent r yathesis 3 -Girlydrpxebesgodquiralinel 2 paerinesliomg acid b7 (EEHFI2) est er

o oo Lo ny o aReS R NaS PR Beohu gy M plbceblneShled @b g, O, 1O
met hanol  as, 16 BQ¥EM e YPRtREsiY SCHE N-mEMyREy@aR BEabEdiisolte degivataleutsyl anunoni um

salt were added and the reaction was extracted 5x with CHZCl2. The conbi ned
or garioc | Gympsundelleweoihen atkylateaccording toithe gengral apdne gropp adelat®romat ogr aphy

enploying 1:3 CN.,, 25 HzO.gave th re.dye.120.in 20% oyerall, vield

(R o o s cangs despribebibes A ENERHE JorH R T TP EmE calfore s nd

di aryl r hogpai pes ' | QWi §SRMELI0R R0 he-N-FropHk@fénidos .
5,770, 716@@@%% A}g}dﬂgéﬁgﬁagng%%tg%% Sejrﬁﬁalti nat glﬁisoal at())el ?edﬁv‘inpt h sulr?onat ed
di ar yl r hostadrimenddate v6 (VRN CEROTba 794e(dub Bd T wi & i Had 17e65 6% ddbdru8-Aeagent s

In Sanger-tyng, &OUn PP, PHYAEE &1 B Y IS, 3070, DB 5 I0RTBE 31, 150
25 =6Hz),2.91 (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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WO 02l -4~-411 PCT/ USUll1~~. ~7s Dye-tenni nator sequencing reactions are
performed using Anpli Tag DNA Pol ynerase, FS follow ng protocols provided in
the ABI W @&Et6 Dye Termi nator Cycle Sequenci ng Core Kit PURNSE/HERppl i ed
Bi osystens p/n 402116). Sequenci ng of the pCGEM 3Zf (+) tenplate was

conduct ed wi IE@IJJIIIQ?)&?I Ifgh?qxé'égqﬂ%ai@}sﬂel u\ﬁgﬁc%}%gﬁg L(%wﬁé%&ggg%ge%ﬁgent s,
i ncl udi ng buf ) " A ; ) y be
froman _ﬁg@g@% BYS. E&ﬁlg‘;gfﬁb ,rJ(.)?B &. Kb¢. 1050RbE &5 2Bidesybb@ PERinible

402117). M X nmay Cconsi s mM each of dATP, dCTP, dI TP, and
dUTP or ¢d.TRolléwinizehsé prooédureat Al Roscasitpané ittls Maleptr @pa¥)dour. dugudihangy: SX
Buffer 4.Op,L; dANTP mx |.Op,L; Tenplate: pGEM 3Zf (+), 0.2yg/pL,. 2.0 p.L;
Primer: B0J83218\l ) wenrdigsodned in dey gnsisme b0 md), ang 0{01 eﬂHﬁIé‘Pe‘I*g&flﬁﬁIRe

Pol ynerase, ES,,.0. .- and,H20 3. [ L] ,eq0i ven
on a per Wragﬁg‘%dotﬂ tﬁ%\gqllgt.lOnExdléII‘?prIe%c??%rvgaaSéIeﬁIgﬁ§B§r5 Igngdééoéﬁgﬁéghf Iﬁl&ge(g aﬁ? t ubes
-adapt ed {15 c%llaﬁcﬂéardﬁhﬂsaﬁhraﬁa Ne3S, N d hactigd mGytateesas(tApwbitgettdd tosyst ens p/ n
N801-100 or 0.2 ml tubes for the Ap58I i ed Bi osystens Gene Anp PCR System
9700) . Fagwaols work Bp upinglsaturatedia:$50grd E€)A¢ datudingindhedyds to each

tion. 30 f i i| is.added to .the t tiomt
by event | BEBhERORORER L 4o T he rERR T ub it GlvE R SRR W BB °F el es)
Reaction cﬁel%llerﬁ{?ﬁiram ?ﬁ%]f’usﬁ%e toAc?Hé;&AHE N9 rhobild-pike tdEnphRda ovwaahéon premi X,

a vari abl abelled term nator, and a sufficient vol une of
vat enot o alkyilagl with Meltaabondiado ittengenetal maingqgroup 2ikylation precgdure daserived

t hennocycled as follows: 20 96C foc£1 %0 ec, 5192 for 1(? s(«ic. ?I'Ezd 6 for 4
min, for abeveipdixanple 3tp giveGompound; @0y, Gognroyafl 20 wasrequesd with Ho g a kgt i £ i e
by spi n- P0Gt | tolad fdh NOhHRDE2 20Cemstung-5. 0

manuf act @g@%@g@ﬁg%@gﬁ I&)IIII; 1?‘&1@?@@%1 %&8}%{? onggﬂgyn CS-901) IbgGeI

mat eri al ndthéhidesAlquitioling ityitiedistel2 W TFINIIRS GDCld disa ) thdd1 Wad er7.§ Biz).at | east

30 25 m nut t t t . Aft th I i dr at ed

UbbT o5 4HE BaabFbd T hoHD i3l (ed B01 49 (& ReDugae-ara)-FvlD Bt ddhd o
th I , I ' I L | ifgs Th
col it 1 & ¢ REP! FERNESTT QR HRASTR LR GPETr Ao TP Yo B o The

centrifuged H?' Qub¥@fueihethsRE edupidepoetibh of t@apaindAMHght gene?alrtionart es,
removed fromthe wash tube, and inserted into a sanple callection tube. The

30 react itghromiisde prasedure dascaibed pjovedrdixemple breavie herN-uahydiI-hkeryY-oaded ont o
the gel nat %I?I%IP and the ltr%?ez- re-centrifuged. Eluted sanples are then dried
in a vacdffiabydie)hengnoling22. - \wn 02/ -t-4. 11 G PCT/ LI S(| 1/ - 4- 4- 47S Pri or
to | oading onto a sequencing gel, the dried sanples are resuspended in 25
p.L of Tenphat® Sgppr essi on Reagent (Applied Bi osystens p/n 401674),
vortexed, heated to 95C for 2 m'nutes, cooled on ice, vortexed again, and

cent riof udismtifes®, cFOb-Metlyl-3,3-Dimethyl-dfHydsex y-Benappededivg 24 4K s al i quot ed

i nt I ials . lied Bi | /n 401957 f t he ABI
I S SR P R ST oA SR R 2B e oL 0
El ect r ophge@$ipsoRbnia1o3ke abeiaink o MpadeneRl ammongblpadyiaioni procedinevi ng

pol ymers and” capi |l l'ari es speci al fy adapt ed fox DNA se(r]éenci ng. anal ysi s
(Appl i ed disoslyst abose pi Bxa0pis 27toogive guBpamd( pdI Gerapund?d wiseyslizeldy the

i || " The_ si ey | i ncl.ud | eic acifl, denat
Sanbl o5 ke CetnspriietiaapiofeRy ot Mg fuff 1 of SRR 2dS
2.5 K% ot binbAindt 8k Rafileqdlindd b Avand Ik Wi Thtberathelde wall of

d
the capillary nmaintal ned at SSC to generate an el ectropherogram as
sequenci ngethakgbentbindslihd 25 lortbatind 2§ lwdsadigiited using tergenorabaming group
specifically incorporated onto the 3'_ term pus of primer.extension,.
pol ynuc| edJkyladon pg{gﬁ@ﬁ?@%ﬁ#&@bqv&d}l%m@?é gﬂﬂﬂ% W lcfgd? %Satﬁ? I‘II(B(PI@IIHEI uting
fragments, from ] 300 PRk x H Sz 0RleR St dinleOld :
el ectropha e&g%@%?%‘?@?ﬁé%ﬁo@ore cence hI%II engi ty emtted by the sul fonated
di aryl r hodaaine geyre(baf 1 By = sablz), erbd (hagiréh s 1 &) H3dbt) BHGT Fr & Ha),
function of tinme during _an electrophoresis run on t PRI 0
Conet 5o ARGRboR Fdi T SO GabTordD, ditebe sHI ol (e bt DB ihCdih i s, 6
referred rein ar ' f hPpdBg sane
ext ent asiﬁfgégg%uelnn 1?5@%&?%8%@%%0@%&%%? 8‘2%[(1 %?B%g?er%%tﬁ © applri cati on was
specifically and individually indicated to be incorporated by reference.
Al t hough only a few enbodi nents have been described in detail above, those
having ordinary skill in the chem cal as4s wll clearly understand that
many nodi fications




25 are possible in these enbodinents w thout departing fi~omthe teachings
thereof. All such nodifications are intended to be enconpassed within the
scope of wdne2/f4eld owi ng claims. -62 WO 12/~ ~ ~ 1 C WEPCI/NPR/AHHTS

PCT/ USQL/ - 4- 4-47s 1. Sul fonated di aryl rhodam ne conpounds havi ng t he
strictures: R12

Ra H Rs \m‘tpromdqqlropg:lq%' de;R%nb?@an)@glph%\l Q/resu@@d }Né %qﬁ%rﬁt;thﬂ%ﬁ—ﬂﬁy%l- - %
Ris / RlRﬁ?’@C&P'tbe%mégOl& 2F7’2 | 4 ~RRs Rt2, RIS R Rz | I+ RI2~-N/ O

I N~R2 /RsHRG\IRtsIIRlG/R14R21\R19Rt5
Rzo 5 wherein R2, R~ Rz and Rt'~ is hycli-ogen, &-C2 alkyl, C-Qz
al l cyl di HXAPIPERYY, substituted phenyl benzyl, substituted benzyl,

bi phenyl, substituted biphenyl

t hyl
het er ocy(ﬂ}@theglélﬁN Ethykd, Dh@ﬂ’é‘?t@%lyf& dr%tg&g‘%tpbﬁqtgqﬁéﬁﬁﬁgup or lit~lcing
‘&D;Et ?nd RtTlg'%irﬁ%’xyl?sﬂfoﬁﬁﬂ %25 Ras s*%&l?esm@&tas d%ﬁcﬁﬁe&l?oveaﬁ Exaﬁbléﬁ Rt ~~

ogen, uori ne lori ne al kyl ,

car boxyl A fnpitil 231 Ras kY1408 BY he nkrl bsild sroap alkymnibn pretiyk d soﬂH@NHZ
am noal kyl, 4 diallryl akrjr}: nopy§l| d|% um hydr%xapmat%l | p M ° thoxy)

(- OCH3), Emnpj«gfammymg @ma)lodﬂp@@ﬁmnyylat(nmmo B lt?alﬂT 3,353

02/ 44- 41
aryl sul f et § %‘OX@E‘P?Q} nﬁém(zglg%ﬁ?? JWI@% ox| deyd tlgggzé SAr)

aryl sul f gx thm @q Hz)NriZ) (bammni=t Ue HA)NH3H bt, B, de 6.9
nitrile (- CW) 7% Z)CR) , (phenox prll{ez?lol | cIbt 96}() SRJFZ) aryI
benzyio, rfem(mﬁ)l,983mndsl]ahc3rfazt(q,2,5hb§ﬁhsaflé) 3eﬁ§a(§e% Héerly"f@l(ﬂ ﬁél) ku?ﬁa?e

ol yet hyl eneox t
POLYELY H,J= ¥5 H\z,%a %Lse%lglerﬁtﬂlelzt Z ngq'ogp degtotecti ono chﬂll%unBIﬁW’the general

boron tribromide procedure described in Example 1 yielded the N-ethyl-3,3-dimethyl-4-

hydroxy-benzoindoline 29.

EXAMPLE 8
15 Synthesis of Selected Dibenzorhodamine Dye Compounds
General Procedure A (Figure 5). A solid phthalic anhydride derivative 34 was

mixed with 1.4 equivalents of an aminohydroxy intermediate 31 and 2.8 equivalents of
7nCl, . 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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with the proviso that at least one of Rt, R3, R4, R5, R6, R, RO, R, Rl t,
R3, Rla Rs, RI6, R, Rg, R9, Rz, and Rzt is sulfonate. 2. The conpound
of clainwioohemai n at | east one of R2, Rz~, Rtz and Rt 2~ PETESIICHATS
al kyl sul fonate or C4-Ct arylsul fonate. lo 3. The conpound of claiml

wherein th | kyl di yl b
b me'nS: with ipsbbenfeRis M POTESEyH b R by FREt ey 1o eI HBT | L' eq
su a
{hg% &Eeny:iOlJmBQ@ngTﬁg mﬁtﬁr‘em«ajs MR Bodih ?erﬁééféﬁh@' a3 to 6

substitu su enzy substituted bi phenyl, substituted

het er ocy ghgivaRgtsof bshydrotiseal awhd idded vathldirdnb st dissobedhaselkd. car boxyl . 5.
The conpound of claim 1l wherein the lLinking nojety is

‘ L“;g?g u bls tSubgaqudnthy, i r@aﬂvahﬁm piea lﬂnsm%étm%tb?@alag@%lﬁa%wrﬁ%aw& NI
i sot he )c/)c ?&Hﬁi gqﬁ gmrt? ﬁ?lzerﬁeg{;ﬁ/oglr\%y ¥ feg'ntg It gb gg ltfoelr I h@lir[ }‘fi@f}e‘ﬁ&i@ﬂ was then

.chl or ot I i;33jeAhd sSerdddl iRIFIDIACCThebrpanieniya Waswapsnyith estiated Nid:Geindi i de,
hal oacetyl, epoxide, alkylhalide, allyl halide, aldehyde, ketone

acyl azi démrmndhwﬂromeNazi‘@m@tétednﬁmbthé SOy ANt romouefl Wotagyo. When nepggsary,

conpound of cl a 1 wh t I
cul Tonat de e ﬁ@pg?ﬂtmbaﬂe' b SlmalhBl AEIMNHR, Sure i st o,
or water- 8' %leﬁl Hl%%{ﬂ?ﬁhasgﬁ cﬂ&ﬁa&@fﬁgﬁyﬁﬂngfﬂ\&émmﬂﬂ\f@ﬂ e9)ustiie

het er ocyc e I'S pyrro | ndo furan enzof uran, thiophene,
genzqtoh: leadylﬁgq;haaz Y blyde;ch'ystﬂhmtrmdﬁlhe ethyy gholp ochqgﬁomﬂrgﬁally Burgui nol yl ,
qui nol 'y I. m dazol e, 4-im dazole azol I
gy E |l m2d| ﬁéteﬂ}?ﬁlatfl-"ﬂéf 38iwasgemaued %H‘ﬂ‘%‘%{%ﬁée g eﬂa’i’?&ﬁ/ fo ﬁb ﬁlgg{fr hcﬁé{]ne
4- 11~ o
3| - oxadipescl fBlain piute (f olgw%%*z%’mm %ﬁ%ﬁ?ﬁﬁ%*éﬂe oS
3-1~-thi mhe,hy&cﬁgﬁ@mm@ieacetammraoo h‘l@mlsﬂ;leMre(aﬁteﬂ 28130-°Gwithdt r i azol e,

or benzi m dazol e. The conpound of claim 1 _where

Rt 3, R efjuivRlensof Rtl a@nn@ﬁ—naphﬂ@alege uﬁenn@hat@7 lléﬂla/ l@ac’h(lﬂrgbwmeo(ggﬂl) 6 4 ’
WO 02/ 4- PCTLUSOL/ - f

bri dgi’ng %Fégﬁuf/@hfdéj r%ﬁté?{l Wﬁ?(cml &B&%pgalﬁfr%ﬁéaﬂ%%gﬁgedéﬂﬁ pgggn Qﬁzt

the C12 ﬁmgmﬂ}reh%r&&{c@w%aft%%anﬂe& Ia§ St Gérichg] Peddedatelk ebdvavi ng from 4 to 7
menber s; and/or "a second br| dg| ng group whi ch when taken together with the

G- 2- bonded- ni t § c4d (FigprsoNsGe #ﬁ’faceélé%‘hd"aﬁlng
structure_havi

one or bofqnowgﬁﬂwﬁt?yq%é@l% 5°t§‘ H’ ﬂi“ihxg“%% f}g?ﬁﬁw as P?@éegéme Vmg ern

compound 34 where the substituents at C-14 and C-17 are Cl 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, 1.€.,
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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11. The compound of claim 10 wherein the five nmenbered ring structl-~re

I ncl udes one gem di substituted carbon. |0 12. The conpound of claim1l
wherei n Weogeiecubstituents are (CL-C8) al kyl. 13. The ceapasnd4afs cl ai m
11 wherein the gem substituents are nethyl. 14. The compound of cl ai m 10
wherein the five nenbere Ing i S substituted W|thI|nk|n noi.e .
wat er - solitsOeHzthgdN- greﬁwérl l% trimgethyhe-hydrasyibspzagunalige af #s gﬁrﬁ!ﬂlp W@O’é}’ third
bri dgi ng 119{3181‘3%1 %lﬁh when taken together with the C 12-bonded nitrogen and
the C 11 an - carbons fornms a third ring structure having from5 to 7

nmenbers; and/ @ynehebig Wf Dibddzbth@dneing MO SV @ite ) €entakprocedgeitheds wi th t he
C 2- bonded nitrogen and the G2 and C- 3 carbons forns a fourth ring,

3\;‘ r uct ur dohewedemplopingslichdorptrimelbite snhydoidg s thﬁwéiﬂ@bﬁﬁnwd@fdet%nvm 1%,
erei_n one or h, of h t d h
menbers. SPPPOHH ‘g‘%ﬁ'ﬂ?ﬁ'ﬁ %Ise‘%h“s reﬁ S%?%Gf‘gﬁﬁé lrz ? g‘ﬁm‘;:@s i P‘? %15

-structureg ugleSNGREHIIETS G it hidolik8 27 ehe& claim
17 wher ei ?Ft@ihte-I gem ggbsgl tuerlllfigmzrr-e hyal%?ch,s% al kogﬂ,% 27-E?B19 ﬁﬂ}iﬁg}ﬂ%&gﬁ)und of

cl ai m 18 imeenediseBhe gem substituents are nethyl. 20 The conmpound of claim
1 having the structures;. 5% get RR~z- Rz
R3 Ra Lz_ R ryniligsisefDikony AN enﬂai,’ef‘ﬁ? YeAWaR- 1\ ~

I e 19 6
I R3 Rgiswed emploSig, t%ﬂﬂoﬁ%hﬁﬁaﬁ’lc anﬂ/cﬁ‘ldgza's the ﬁ{tﬁalﬁtaﬁy&@e derivative, i.e.,

10  compound 34 where the substituents at C-14 to C-17 are F, and N-ethyl-3,3-dimethyl-4-

hydroxy-benzoindoline 29 as the amihohydroxy intermediate 31.
Synthesis of Dibenzorhodamine Dy.e 47 (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
15 is CO,H, and N-phenyl-3,3-dimethyl-4-hydroxy-benzoindoline 9 as the aminohydroxy

intermediate 31.

EXAMPLE 9
Spectral Properties of Selected Dibenzorhodamine 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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wherein LZ and Lt2 are |linkers selected fromthe group consisting of

al kyl diyl, substituted phenyl, substituted benzyl, substituted biphenyl,
substi t uasloiettar ocycl e and substituted naphthyl. 5 21. TRETASHMBBHT of
claiml conprising a fused aromatic ring bonded across the G3 and C 4
carbons, the C4 and C5 carbons, the G9 and C 10 carbons, or the C 10 and
C-11 carbons, including substituted forms thereof. 22. The conpound of
claiml1 conprising a fused aromatic ring bonded across the C3 and C4

car bons %S@IAMPEEQ&O and C-11 carbons, including substituted forns thereof.
10 23. Am energy-transfer dye conprising: a donor dye capable of absorbing
l'i ght at Sgnfhiesis bf Wamkhetgl-hydiosdy-®onidindodine 25 (Figties® aadd)gy i n response
thereto;, -66 R R WO 02/-1.4-41C PCT/ L1501/ ~~~75 an %cce ﬁ dye
capabl e of ab@pmqwdﬂﬁéaww%ﬁdf@rl wpBPgyme oKy R d SdHE Yy e and

i S e b S e

e acceptor one of the donor dye

and acceQBﬁéhm@ SE aawba‘rmmatee@ a99y1 n3Bass 668 Re dritbweFigwe 8he of
t he structures: ~R3 R R |+ R 2~ N/O/N~Rtht~I//RthoI

/ Ra H R~ \ mmemxmphtmlsnﬂﬁ -tRflate 2 (R5 gRwas Rixedovyth Q033 egpivalenis ;| R3

Nore ot of s erior bt bl Yoottt m
i ncl udi ngy; ﬂhlﬁ)h&%%mosﬁlﬁﬂo)a'%' M{Hyu gt BINAPY, 183 édmwae@{ts ofpdtlsiune provi so

that at | eas RS~ R~~ Rs~ R~? Rt o~ Rts~ Rta~ Rt s~
Rt ~~ 1Bt ~-caftonate R eRuivaleatsch] I@zilumaﬁwna@nm@ 5 fqulzalentmé bERZOPEENMEansT er

Ore o D o)A 5l i L 89 (g s re
"CT! USSRl oiga e el s b 5, oad opagnorazi e
ener gy- t riahsheandijfemd bf diyatbmiBdrofheneind stitred for @ddours a1y180{°¢ im 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,S0,). 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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sul fonat ed di aryl rhodam ne conpound and the donor dye is a fluorescein or a
rhodam ne linked to the acceptor dye and to a pol ynucl eotide. 26. The

ener gy-t mamefemicdye of claim25 wherein the donor dye is PCHUSE/+4d73 he
5'-termnus of the polynucleotide. 27. The energy-transfer dye of claim25
wherein the donor dye is |inked to the 3'-termnus of the polynucleotide.

| 0 28. TEXAMBEE\LItransfer dye of clai m 25 wherein the donor dye is |inked

to a nuc ase | e |de C eis a

puri ne, %Wét Pﬁl?&@& #@Sﬂﬁ&fyﬁgﬁwﬁ ‘i”ﬁ%lilgo e?%’ﬁala P %F @ @L@P % ase is a
7-deazapuri ne coldduhi BEGREs. ehﬁal@e@i@a@Q%@nﬂmltﬁ%n?]e@l@ﬁ:ltbls fthe¥ize3hp®SI ti on and;
i f the nucleobase is a pyrimdine, the linker is attached at the

5-positi smbst1hﬁec2®env'ﬁheeseﬁbﬁg}aybﬂhﬂ@ﬂlaﬂatdﬂﬁ@ubﬂlmtllql on (dladiney @italysede | i nker

has the structures: O O -R2 g_fp 1- Z-~-R22-R23 wherein Z is
sel ect edcwrémgtt%hegﬁeswbd%ﬁ@i@tgrﬂ@ ERED)S and O 20 RZ~ is a C--C-2 al kyl

-attachedg ggth%é]?oféﬁ kbeq(ﬁﬁ?l %?13 @in‘%wtlﬁaﬂégptbeﬁfdlﬁ&&lﬁ@ s7rom the group

consistin I've”and” si x nmenbered ring having at

| east one unsa:tommlﬁd 25qp38 g)mhsalltylmaﬁby iregingtwitic 3 eqe valenislof comatetazhed t o
t he carbonyl carbon; and Rz3 includes a_functjonal group which attafhes t he
| i nker t@%ﬂ?@@l@é@ﬁi‘@ﬁo‘éﬁ@xa%c agd 53ed 3 sapiyalentssr dbpenrapethylaming. nfhee

ranges PN 1EE SBEAE, o MbFAY it adpheaicR B Con B oI "

29 wher elsﬁnB%Sfoha@hbm The Wlviiitew 49 evaptirdted undsvhedwied prasdurieso giveen@eNal kyl .
32. The energy-transfer dye of claim23 wherein the |inker has the

S]E r ulct ur ég@e@rmmﬂzl} mzhmﬁﬂw-hy(lromb@mwebm7 38ruderyy weredigpplveddist er dye
of claim %] er ei ch -~-~~\
CH2- NH C gf@agian ﬁ?ﬁecg{’z‘“?}aiﬂ@ #nragqggl pmy Wer ein the

l'i nker h%xm%ﬂ%ll%u&hw@m)( yield 2.55 g, 74% ).

Synthesis of N-(biphenyl)-3,3-dimethyl-hydroxy-benzoindoline 58.

15 Compound 25 (2.3 g) was N-arylated by palladium catalysed coupling according to
the established procedure (Buchwald, et al J. Org., 1997, 62, 6066-6068) as follows:
Compound 25 (2 g) was mixed with 1.4 equivalents of 4-bromo-biphenyl 7, sodium t-
butoxide 1.3 equivalents), 0.013 equivalents of tris(dibenzylideneacetone)dipalladium
(Pd;(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 (NH,Cl) and extracted (3x) with ethyl acetate. The
c;rganic extract was dried with anhydrous Na,SO4. 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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O DONOR- CH2-~-~ / \ CH2- ACCEPTCOR i 0 35. The energy-transfer dye of claim23
in which the linker has the structure: OOOn~~i i ~~i~AD CHZ NH
CHZ- NH WO @H4EHZNH ) n wherein D is a donor dye, A is an BCTASIBH4T/e and n
is 1 or 2. 36. The energy transfer dye of claim 23 wherein the linker is
attached at RZ or R-Z~ of the sul fonated di aryl rhodam ne
conpound?® %63@)@55%‘@/qorn%l?%‘ﬂ@?s(ﬁ?/é%W%W&?“?ﬁ‘gﬁh\k‘f’e‘?%ﬂwl%{“w%ker to the

d
ol ynuct eoPPaRER otz fuffel Gt dniRndgatlagiacsoRBfiuad i eniBedas o
nucl eot i d@4hsyviivagntd \6f rh€dniid 282 bish@iphendfPhodmiindhel 6'- BahphiBOll¢: BANARD, b0 O

B-L-DYE R26 R27 wherein DYE is a sul fonated di aryl rhodam ne conpound havi ng
‘one of tﬁqutvmetsmfeesmmt@rbqn@@ Roe r@cthn X REMAY ruspﬁlrdemmoml ofdy / / Rs

H R6 \ -~ ~
P 7R 1 il Tag 160 mioclny Safudprie, i Repod anghoRiniy onbefn, Maindy) o ;
‘N, R2 Rt o\ 18 hdurd. B Rhdtion wad cooled a%ﬁ%e%e"@&%lﬂv@s éd(féﬁafo B?etcﬁrdﬁhﬁrtﬁtes R20

5 includi> g nitrogen- and aryl-substituted forhs thereof, with the proviso
t hat at [Mbastudepeodifct Rias eRBed RavugRssilidasgel Rath HR@andethyl &éegatd:(ﬁQ)Rﬂ“he— Rt s~

et el ST AN, SN ARV LT EY I CE
o OO S B SO I A p iy
10 with hexane/ethyl acetate: (95:5) (bright yellow solid yield 0.25 g, 32%).
Synthesis of N-phenyl—3,3-dimethyl-hydroxy-benzoindoline 60.
Compound 25 was N-arylated with iodobenzene or bromobenzene as described
above for synthesis of compound 58 from compound 25. Pure N-phenyl-3,3-dimethyl-
hydroxy-benzoindoline 8 was isolated after normal phase flash chromatography employing
15  hexane/ethyl acetate: (98:2).
Synthesis of N-carboxyphenyl-3,3-dimethyl-hydroxy-benzoindoline 61.
Compound 25 was N-arylated with methyl iodobenzoate or methyl bromobenzoate
as described above for synthesis of compound 59. Pure N-carboxyphenyl-3,3-dimethyl-
hydroxy-benzoindoline 61 was isolated after normal phase flash chromatography

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,SO4. 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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Rz, | |+ give the crude dye derivative 64 Crude 64 was suspended in acetlc a01d (3 ml) and 5 %

HCI (3ml) and heated at 60 °C for 1 hour. The reaction mixture was then poured into a

15  solution of ice, saturated aqueous sodium chloride, and extracted 3 times with
dichloromethane. After evaporation of the combined organic layers, the pure mono-
carboxylated asymmetric dye derivative 65 was then purified from the other two
symmetric dye products, the bis-biphenyl and bis-carboxybiphenyl dyes, by normal phase
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/S % 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% HCI (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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67 from dye derivative 65. Pure dye 72 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).

15 Synthesis of Dye 76 (Figure 12)

Compound 57 was demethylated to give compound 73 by boron tribromide
deprotection, and compound 8 was demethylated to give 9 employing the aluminum
chloride deﬁrotection procedure described above for conversion of compound 58 to
compound 62. Compound 57 reacted with the methyl formanilide/POCI3 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
jsolated 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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equlvalents). The solution was refluxed for 1.5 hrs. The mixture was extracted with ethyl
acetate and 3M hydrochloric acid solution. The organic layer was washed with water and
brine, dried over anhydrous Na,SOj, concentrated to an oil, and used without purification.
10 There was an approximately equimolar mixture of compound 77 and 78 at this point,
based on thin layer chromatography. This oil was dissolved in dry dichloromethane (8
ml), and cooled to -78°C. Demethylation of the mixture was carried out by established
boron tribromide procedures to yield a mixture of Compounds 79 and 80. The resultant
crude oil was dissolved in dry dichloromethane ( 5 ml) and phosphorus oxychloride ( 2
15 equivalents) was added; nitrobenzene (5 ml) was then added. The mixture was heated from
80 to 150°C over 45 minutes and promptly removed from heat. The workup and isolation
was performed as in Example 12 for the synthesis of compound 67 to yield crude dye 81.
Pure dye 81 was isolated by PTLC 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 pl 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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the reaction mixture was added 3 M NaOAc to give 0.5 M NaOAc. Four times the reaction
15 volume of EtOH were added and the mixture was cooled. The precipitated dye labeled
oligomer was isolated by centrifugation and purified by reverse phase HPLC eluting with

30% AcCN/0.1 x TEAA buffer.

Example 14 Synthesis of Sulfomethoxybenzoindoline 89 (Figure 16)
Methoxybenzoindoline 86 (1 gram, 0.0044 mole) was suspended in 50 ml of dry

20 CH;Cly, 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 NaSQ,, 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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reaction was refluxed under argon for 2 hours. The reaction was quenched by the careful

addition of ice and then 50 ml of 1 M NaOH. Tetrabutylammonium hydrogensulfate (1

gram) was added to the mixture, and the mixture was concentrated under vacuum to

remove most of the THF. The mixture was transferred to a separatory funnel and extracted

15 5% with CH,Cl,. The combined organic layers were concentrated to an oil under vacuum
and purified by normal phase chromatography eluting with MeOH: CH,Cl,(8:92) to give
0.733 gram of pure 89 (89 % yield) tetrabutylammonium salt.

Example 15  Synthesis of sulfomethoxynaphthoindoline 93 (Figures 17a and 17b)
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,SO,. 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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solution of 125 in absolute ethanol and isobutyraldehyde (14 ml) was %eated at 90-100 °C.
The solution was evaporated to dryness and purified by normal phase silica gel
chromatography eluting with hexane and ethylacetate, to give 126 as a bright yellow solid.
A solution of 126 in glacial acetic acid (150 ml) was heated at 88 °C for 1 hour
15 under argon with stirring. The solution was cooled in an ice bath and NaCNBH; (3 gm)
was added in portions over 15 minutes and stirred at room temperature for an additional 15
minutes. The acetic acid was removed under vacuum, the residue was suspended in
dichloromethane, and washed with 1N NaOH, sat. NH4Cl, and sat. NaCl. Solvent was
removed under vacuum and the residue was purified by normal 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 ml 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
NaHCOs, 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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69. The nethod of claim66 wherein the enzymatically-incorporatable
nucl eotide is a | abell ed nucl eosi de or nucl eotide having the formula: R SO
O B-L- DYfsoR264H6~ 1 0o wherein DYE is a sul fonated diaryl riHgutsiiAdg4Sonpound
or an energy-transfer dye; B is a nucleobase selected fromthe group

consisting of uracil, thym ne, cytosine, adenine, 7-deazaadeni ne uani ne
and 7- de&g%dﬂ@rﬁobm@@ Was stlgreéweillrﬁnérchlqwﬂ@slq agidy(4 Fbrafhomd \6’2 as” ’

di phosph tri hos ate ~ and
R2' \Ahe#dfégklé‘ﬂ” F%n ’Eﬁa%tmélac 3@%@%3@% ItOE) I@%ﬁe@atﬁf%nﬁ%&r %'Ilﬁg]%grret hod
of clai NAAR. Tﬁ&ﬁeaaiorpws@dmeﬁbmtayatdastmnrraﬂaqmmall z&@ctunﬂefméf(app'fdmanmﬁljnod of
claim69 wherein R2~ and R2', when taken alone, are 20 each independently

.H F, a oudgam) v{fhecﬂolmmtﬁ:\ksrers@mymlr%‘@sﬁeml@teéélttoarog“éQlumerf@éke&fea}Wﬁer

extenS|o or vvhe al ce oget her form 2 | .4 A met hod
?f pgﬁ yn a&?ﬂ‘i%?é QQELFEH% @g@&{B’P‘PgFP{VgaS sﬁsé)eg?eceidplg‘ rc}g H]t“gélr# g&ﬁgofn?ﬁt ure of a
| rSt,  apfd 18 H% idabsagé BFSud a SNty gIoheotiundag figsucritt hat :
25 each pol ym@* eot ﬂ?ﬁlf ?t’rllat e fllers pta ggs mc%na des ag%@-lt%(e)r% ngl

di deoxyadenObiand tl@mﬂmc&ai;lagejum&mﬂfh @HCh o givpe;mixge of 98 and ather- | -1 1 (r
PCT/ USO1/ ~- L- 17~ each pol ynucl eotide in the second class includes a

3 l—ger i fi&fonﬁteééégdﬂﬂ?me&ﬁ ne and is labelled with a second dye; each

pol 5nzucl eot i uanosi ne
and is |abell gﬁe hﬁ%({%\?@n}tcﬂidﬁ%? Qgédéﬁﬁg%%kgﬁ%%o?%ﬁﬁ%&qeg {tgiemg?lﬂltelﬁ?y?ourt h

cl assgp i nedntsiamgond ml e wateednddi. Sigﬂxx;/stdfylﬁz(d@mél‘}arrdaatlsnI\AeﬁsstltredlfmiOh a fourth

dye; wherein one or nore of the first, second r fourt d(yets Is a

sul f onat EUMEERAPPMGERRETHITE o hRR HINEE 526 ?‘HW‘?&“’E%W%SI %ﬁsf'ﬁ éﬁ plug

fe Pg;ngg aI(:: %1 1§$ fﬁ% reh%}/nl%\gfth VA afid the' BBt REE 1Y R2d 3h FaSRETHE ﬁleélﬁédrlﬁﬂérvabl e
sulfomethoxynaphthoindoline 93 (0.350 gram, yield 37%) was separated from the

. byproduct isomers by normal phase chromatography employing gradient elution from 1:9
15 to 1:6 MeOH : CH;Cl; (Figure 17b).

Example 16 Synthesis of formyl-sulfomethoxybenzoindoline 106 (Fiéure 20)
N-methylcarboxyhexyl-sulfomethoxybenzoindoline 94 (Figure 18) was prepared by

alkylation of 89 with methyl 6-bromohexanoate with heating. Ina 100 ml round bottom
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 °Cin aﬁ ice
bath. To the stirred solution was added dropwise 5 equivalents of a freshly generated 1:1
Vilsmeyer complex of POCl/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 NaHCOs (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)

- 57 -



10 separating the pol ynucl eotides by el ectrophoresis. 73. The nethod of
claim72 fiu ther conprising the step of detecting the separated

pol ynucl wotazdesicby fl uorescence detection. 74. The net hodP@H/USNEHITST72
further conprising the step of identifying the 3" term nal nucleotide of
t he pol ynucl eoti des by the

fl uorescence spectrum of the dﬁce;l,i 15 gg A
met ng ?f 2' |t geirartbetymaahipipdelien] Godpgursil Rywehirepared 8y sivitine af Phg tvv;)h
B b or m (it 75 En SRR a8 herefaid yRRORRIRE 534 K00 BRBfhuREAERT, | e

one or beidk BROBEH @MBmodd)eF I 0T agvhkhettabosMmamMbRivaceN wis@spended &i 28 thlor an

energy-transfer dye of claim23. 20 76. A method of fragment analysis
. conpri si afdnyldechdereprsthene s EpascliionywaspaetewePoritaigeeand epoled tagheringnpy a

i ze-d ' : d '
ol yriuc] €80R e T a5 L BELTRe S RLRERIT A PERBARIERE Mherei n t ne
« fragment Vil%@%ég%ggbh&dof\@@@ﬁl@mp ReENC1,Qb cghivalths iR aﬁg’a%cﬁmagx hr ansfer dye

of claim23. . The nethod of claim76 wherein t ragnments are
| abel | edCHi,€h, seerbeliw)i tAfterstliting fog ohaheir at *®mM Enperatuticotheseactipmivas 76

wherein the fragnients age for | i gat.ion ..~Ahe nethod of claim76
Y\hgr F: ndﬁ‘llFélcié?‘g}gY ﬁcgjbté?ﬂj aﬂg@ﬁg‘f\fﬁﬁﬁ% @E&&‘éé&d Fé%e(?g@ﬁ? Grbcf’u%}%eéiiaér%% t he
abel | ed; po I i 1+ 80 WO
Uat 1. 1 ol BHSHRASB 0 Ml O B e e Gty T g he
st epso of Co¥,Cl,etheiongariiocayer wasremoped amt the aquadus daygeextpoledrilighenwittle and
extending the priners_by a pol Ivﬁlg,erase and a m xture o

. e of .
_enzymlati3 Bl dhesnmbined qreane Bypaacre spnseairsed o givg epudg 108 Gispis2Or i ner s
is ala ' ' ' : f
i 1 APt SR BHREL B 26iE B At Sl-Blofamn Pimpf BRBOAC. 16 &
target paéymecl.entsd dieMbepti@ndipng: dlbehyde praust 108 & pdlipwesolid €90d a
m xture of enzymatical |l y-extendabl e nucl eoti des; wherein at |east one of
t he nucl #sld)des is a | abell ed nucl eotide according to claim38. 1o 82. A

methog of Ml Ca! REATR 10t Whek Was 2hB8a Bin¥NGRbE BY ¢MRIknd B®
ul of dry DMF. The solution was cooled to 0 °C and purged well with argon. To this

stirred solution was added dropwise 790 ul of POCl;. The reaction was stirred at 0 °C for
15 min prior to use. The requisite amount of complex is then removed with a syringe as

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

- 58 -



priners and a fluorescent dye-quencher probe to a target nucleic acid acid
extending the priners by polynerase and a m xture of enzymatically

ext endabive nualwot i des; wherein the probe is a |abelled pYHYEMESI de
according to claim45. 83. A method of hybridization conprising the steps

of annealing a target i 5 polynucleotide to _an j bilized pr.
det ect i ngpetiremf(Absrmtion ﬁ@égﬂmﬁﬁi phenmdp 3deOH) %@%ﬁ%ﬂelﬁ%"%ﬁég‘g SPF%FY%H‘

target pglynucleotide | | abell C [ ' ai m 45
and t he %BFPPMBW&Z?& §7 %?@%{F%&X% Esggﬁéeclctfq% o@g&gfg?grgn?glrsg ace. 84.
The net hﬁ'ﬁl.ﬂ-ftgri g@u@h BB3 s8N Adulatbd 87 PBRRAKe SdllebrRdent soaenadidd essabile array.
20 85. A ki or |l abelling a pol ynucl eoti de, conprisi ng a sul fonate

Y

. di ar ykhoﬁlhmm&inatﬁm@l_ o mcbdxylbtempthiy] estérigigunagveie hrdrplyzee By avsRgrsion 81 o 5
ai zd a polynucleotide. 86, A kit f.or ]abelli a..pol ' | Si
?' ten](ca-‘fJ gyml I Het0 H&lé"aléeéc%%gw&]stldga QY 1552 agg%%qwcfégé%'?g%ﬁzggpgfl 2\9
- ki or | abe ' . | S <nidit

accor i ngTRG b haBo e B e B e &R e er ating o
| abel | edgabiianibaiag it wire ddddd, andabpaqebnglaperevas extiacied Sx with CH2812-

enzymati cal | y-incorporat abl e nucl eoti des_and a prj ner erej I d [
i s a | abdlhk eampiriegmuganéslayere “é&%ﬂmpww%toc%naﬂlh&ds@v@r’s%pﬁ"‘se ?12/ lel rlrer

PCT/USQOL/ -4.4.175 Kit ~f Q= ' . I ' bANSi on
pr oduct , _ew}&é?l?%fﬁg?%h@‘] 0?{39&%&6 te}%%ﬁ?r% éca |‘§-2Pﬁ’€§¥45§?¥?£db e rﬁﬁg‘r@bt i des
and a primer, wherein at |east one nucleotide is a |abelled nucleotide

accorngdi N@xhRiptd B9 M SBthedd.of Hil€orlsidd Wehzehaphth@Boddreme idyes 1 (Fegvat P20
nucleotide Ts a termnator. 91. The kit of claim 90 which £ ri ses }our
different terAV-paapyislfoosie nephtesindeling 102:(Eiguss 19 wasnjeparad %ﬁgy\ﬂﬁ?‘&ﬂ

torm nat 98 Gieoie LEEE 1 P mpPGe RhoR AR kiR, Foufi PerlBRBinCagiaugne ' o
am nonap W?ﬁ%’“g‘a n?(%}gﬂ,%rﬂém 1?_{1 RERIRLIER PIS (MEwespby shagotdiarestafps of : 10

protecting a protecting group reagent;
Example 17.

15 Into a 20 ml pear flask were added 50 mg 107, 1.2 equivalents 102, 5 ml CH,Cl,
and 3 ml nitrobenzene. The mixture was stirred and heated to 120 °C under a steam of
argon until most of the CH,Cl, was evaporated. Excess phosphorous 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 methy! 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  of tetrabutylammonium 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
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reacting the protected am no conpound with chlorosul fonic acid; and
renovi ng the am no protecting group. -82
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$1096 () 2T BIOU | ol GO ied By R A O S s
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10ZaBH 10y Bugingior are gided (9 cach regnsigny %Q !uie%zﬂzﬁfél&ﬂlié%‘g%% f"ﬁ&%‘?&'o 33

ooy a0ttt phedhe Lol b A uoghty Bhovepsdfd , o ()4
! 21092 Z&1hdmdal '(Q8 kS dabtidn Y61k % A0) nI@including 15 pL of the above reaction

+COMJ3_@ | : " 10%&' ()-!6[:"10%& ()-! :"10%"& ()-!':"10%& ()-!:'10%
& ()-!:' posBx3a gar{apld angpynt jof dpelabelied terminator, 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-bolumn 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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v10%me 15 1000 (-2 migh ey Seleg st At A0S | 11 10m
- 10m 10n¥f1 QWY 69 the reshiOf@mded sample is aliquoted into sample vials (Applied
5  Biosystems p/n 401957) adapted for the ABI PRISM™ 310 Genetic Analyzer
(Applied Biosystems p/n 310-00-100/120). Electrophoresis on the 310 Genetic
Analyzer is performed with sieving polymers and capillaries specially adapted for
DNA sequencing analysis (Applied Biosystems p/n 402837 or 4313087 (polymer) and
p/n 402840 (capillary)). The sieving polymer includes nucleic acid denaturants.
10 Samples are electrokinetically injected onto the capillary for 30 sec at 2.5 kV, and run
for up to 2 hr at 10 to 12.2 kV with the outside wall of the capillary maintained at
50°C to generate an electropherogram as sequencing data.
The sulfonated diarylrhodamine terminators are specifically incorporated onto the
3' terminus of primer extension, polynucleotide fragments during four-color sequencing
15  reactions. Eluting fragments from 1 to about 1000 base pairs are detected and plotted. An
electropherogram plots the fluorescence intensity emitted by the sulfonated
diarylrhodamine dye of the labelled fragments eluting by length as a function of time
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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5 wherein R?, R%, R and R'? is hydrogen, C;—C; alkyl, C;—C) alkyldiy, phenyl,
substituted phenyl, benzyl, substituted benzyl, biphenyl, substituted biphenyl, naphthyl,
substituted naphthyl, heterocycle, substituted heterocycle, water-solubilizing group or linking
moiety; and

R RY R*, RS, RS, RE, RY R R' R, RM RS, R'S, RV, R', R', R®, and R is
10  hydrogen, fluorine, chlorine, C;—Cjg alkyl, carboxylate, sulfate, sulfonate, alkylsulfonate,
aminomethyl (—CH,NH>), aminoalkyl, 4-dialkylaminopyridinium, hydroxymethyl
(-CH;0H), methoxy (-OCHj3), hydroxyalkyl (-ROH), thiomethyl (—CH,SH), thioalkyl
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" 1098 () K ) HRidO & ﬁﬁl | @KiS5 BBy (—OR), phenoxy, phenolic, tolyl
10° 9nt 10/&' ?I @as 10%&' ne'ﬁ% agzc(%)..§ $10% ), phenoxy, phenolic, tolyl,

I 109& (phenyl' aGYReV, &@@mys]gqumg,gh@am@hosphate quatemary amine, sulfate,
10Y10%&! (C% 0%&' §/ " &1%«8& gl% &10%&! &)1 10 10 0y<Z109%&' () - <MNOnOOOGPdEbC
10s! PovEPqyRIeRroEyY2lehs . s "10%& () - GPPQARRSHSACHC

+ 10 D) '10%& (‘)vt e proviso that at least o ole R R4 R5 6 R, RO R R R RY,
109 () - Your1 058" (S PP, 25 bt oms e B R Fovier 5 2 Bedrirtiaebe To

410%&: ()R]53R160%k?l RE R, zl(n)iR is sulfonate.
100 (700 0 M e A0 e 40100, o
109 ( )Cé élicwgﬁilféﬂa_te or C4-C,yp 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-O, 3-N)-oxazole, 4-(1-S, 3-N)-

30 thiazole, 5-(1-S, 3-N)-thiazole, 2-benzoxazole, 2-benzothiazole, 4—(1,2,3—]\/)—benzotﬁazole, or
benzimidazole.

8. The compound of claim 1 wherein RL R3, RS RE, RY, RP, R RP RS,

R R!® R R®, and R? are hydrogen.
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nNnoooooofixuehiEes hag!fzvelm 16)- 10 10
11.  The compound of claim 10 wherein the five membered ring structure

includes one gem disubstituted carbon.

10 12.  The compound of claim 11 wherein the gem substituents are (C,—Cs)

alkyl.

13. The compound of claim 11 wherein the gem substituents are methyl.

14.  The compound of claim 10 wherein the five membered ring is substituted
with linking moiety or water-solubilizing group.

15 15.  The compound of claim 1 comprising a third bridging group which when
taken together with the C-12-bonded nitrogen and the C-11 and C-12 carbons forms a third
ring structure 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 (C—Cs) 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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wherein L? and L'? are linkers selected from the group consisting of alkyldiyl,
substituted phenyl, substituted benzy!, 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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wherein at least one of the donor dye and acceptor dye is a sulfonated

5  diarylrhodamine compound having one of the structures:

including nitrogen- and aryl-substituted forms thereof, with the proviso that at least one of
R' R® R* RS RS RE R% R'™. R!". R™ R™ R'S. RS R'. R'®. 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

-67 -



s@10%& ()-!&10%& ()-s10%& ()- 10 RR 10 R R 10 R R@% 10% R R& ()-F 10% R
R& ()-F }*1dEyZ; s!109%& ()-s, 9! 109%& ()-ssY"109%& ()-s

| 109&' () WIOLOBBAIG) - ST 10%R! () 1\dEyZ; !109%& ()- & 109%& () - LZAODES(IHHE0YR () -
1 1098 () - sy' 109% () - cr"dE Z; #10% ()- ""10%& ()-y "10%& ()-

109%&: & -1 109
10%&: ( () )&g%"fﬂg{‘%f g, 2.5 @g 16@%?2(’}1) /%é%@%@ fyoresgeifep 7.
+50" 10%%1 é%nz%ﬁ?da%&{ﬁe 0} a rhetah@iBafe) - 210%& ()- 1Z10% ()-f/310%& ()-

AU | nse
+57" 10%&' ()-+5""109% () -#3L]"+5"" 109%&' () - +5"" 109&' () - +5"" 109%& () - sx| } ~dWI=
10$10$%40%$ Y<ADY$&Th9 enchly-trD:Rer [dye #‘Bd:.l]lfh‘l-54 ‘Wheedkn {he-aeseptdio®'i{ 3 - ~*>W=

- G'1098& G' 109%%& G' 109%8& "1098&: Y! 910%6&
Y5910‘V$8§( fjonatgq\gﬁlryl(ﬂ)lodam]ne/gsom}go)un an t@e do(n)(n dye 1s a fluorestein or a

#3LE'G #3LE" DW=

. #3G 10(%‘%@?“%1@‘%@%%‘(39%%1@%§ (&‘%ﬁ&%@&% -G 109& ()-={ 2W= #
YOL00R$& () - G 10%8& () - #3LE" G' 10988’ () - G 1098& () -G 1098& ()-=2}$|[: W=
YS! T09&: () - 16, YL 10HERrg raniod QYOUREAIn P5 wheteL W3Tng) dyors HBF®S! () -
YOSLOWRBE () - $z3<

-terminus of the polynucleotlde

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
Ry 8__ or _RI_g_ g_Rzz__Rm___
wherein

Z 1s selected from the group consisting of NH, S and O;
20 R* is a 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:

Il
—(CHp)n—NH—C—
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I
DONOR——CHz—NH—~E—©vCHz—NH—C—-ACCEPTOR

34,  The energy-transfer dye of claim 23 wherein the linker has the structure

DONOR—CH,—NH ——8—@— — ACCEPTOR

35.  The energy-transfer dye of claim 23 in which the linker has the structure:

; ; i
1l
D~ CH,— NH— a_@ CH,- NH— ( C—Q CH,NH );—C— A

wherein D is a donor dye, A is an acceptor dye andnis 1 or 2.

10

36.  The energy-iransfer dye of claim 23 wherein the linker is attached at R?,
15 R? R or R of the sulfonated diarylrhodamine compound.
37.  The energy-transfer 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
R".

38. A labelled nucleoside or nucleotide having the formula:
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5 including nitrogen- and aryl-substituted forms thereof, with the proviso that at least one of
Rl R3 R4 RS R6 R8 R9 RlO Rll R13 Rl4 RIS RlG R]7 R18 R19 R20 and RZ] 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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phosphate analog; an
R?® and R, when taken alone, are each independently H, HO, F, and a moiety
which blocks polymerase-mediated target-directed polymerization, or when taken

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:

0]

15 ———CEC-—CHz“ (OCH2CH2)n—" NH—&——

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:
R25 O—

0. B—L—DYE

R26 R27
wherein R?® and R27, 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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including nitrogen- and aryl-substituted forms thereof, with the proviso that at least one of
R] R3 R4 R5 R6 R8 R9 R]O R“ R13 R14 R15 R16 Rl7 Rl8 ng R20 and R2] 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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10  said sulfonated diarylrhodamine compound.

.52. A phosphoramidite compound having the formula:
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5  including nitrogen- and aryl-substituted forms thereof, with the proviso that at least one of
RL R RY RS RE RE R RO R RB RM™ R R R7.R'E 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

-76 -



$ 9110%$ & ()-8& '&10% $ & ()- 9&10% $" & ()- 10 10

10! F#$10%&' () -- u@AEEBNAYAA Bl [:qP/ | L"10%$ & ()- !110%$ & ()-!

LF10% $ Wo(RM4850% $° & ()-3 9:10% $° & ()- s10% $° & () - PP@BSBB*OS| [ qP/ |
L'110%$ & ()- 9z10%$ & ()-! 3@0%$ & ()- L"10% $ & ()- &10% $ & ()-
LL10% $" & () - CCEDDDENE]| [ : qP/ | s*'lOO/‘$ & () %.$ &

9' s10% @waewng atoy SEOOR W@Ye(lqngt WIeIIG aad(a)hnkgfsfo (ﬂ@ or dye

T 100k sat 0 by B R s (Gt B LG %n%b@%%@ﬁé}m@l ¢ B@;nd

9& ! 10% sul&nﬁﬂedli@a QiatidOcdnporrd0% $ & () - :s10% $ & (
599510% $ & ()-3 S7T10% $ & ()-YH 2J3ICK| [ : bUA |_3100/fr& ()-

110% ' & () - ILssalmlW & ( "10%9%& ()-S T 10% & ()-S

D S o D B L B o
)10fV &i 1 %ﬁ’&?&% ol adl; %%gg&ndf/% %tajlkenL %goﬁmw@ ()-trgfgtéow V& () -

10% & ()forﬁr&fl@mm &Lm)hétemoycle @d00 OBC5Q [ A410™ "~ 1 &109%V M&' () -

1098 M8/ QoM s1094V @.0YM ME
3, 1090/ M(&) )@é@éﬁgﬁﬁhﬁ?atflmffﬁﬂgg%é’ 19%1&& 8 3 3'10%&& ()-3 3

' 109Kx& ()-3 3 '10% & ()-3 3 ' 10%& ()-3
' 1090& () - 37®R~Rﬁmm%hqm@&®ml{\§ of ql@%&? whersisoRi peselested from

<109/ M&/ ' 109 3. 10% 0" 10& ° 8&10%&:
81094%. &t &m‘&@%‘i}ﬁ ”E% Of(féﬁtg}%g/&yﬁoe@ﬁépiWE%@@%%TATVTTTTH[ Agl)lo 10
Fy &$109& F10%& ()-3 F10%& ()-3 ,F10% 3 k10

&>1/0%0& ()- ( )TTTQQVf v@f‘b(ﬁ%?hwpw@méo)}}@%ﬂ Oé&leﬂ)& gé& W%%fe 3 Jﬁ& "é’ %

Fy&$109% $10%& ()- t Fy&$109%& () - | VWY@ [ NAG1010 9910% $° & () -

i SRR e L ke e i os
0 10% 5 & () Wim%hﬁpm@ﬁn@i opapouid ff&%lgg 55 95%4eih Enlahy gyt S € O

3+10% $° & )he BA%S & ()- 9('10% $ & ()- S3! YI0UsS& ()- 3! YI0U& ()-
L 10%$ &) - [d[[T?\}\\|[ NA41010 “710% @ & ()-z F@®10% $ & () -

Rt ?vf;z&) T e S e

8810% $° &l)difi0" $ 10°$ 10 $" <10% $ & ()-1% D] 1]~ ~[[: VU410 10% & ()-s
10%$ & ()- & 10% & ()-s 10%$ & ()- Y 110%$ & ()-

Z10% S# & () -S. M{"An vU410 FL- 10% 0% 8 3
? ) 10%6#& () - % ¢ gdﬂgeyhés@})ranqrdlt%qq;%%mé &lam@é& %vhereln }s attache% a(t kz

1006 $° & (o piz B 10°$" <10% $ & () “@BL0%$ & ()- s34-
10% $° & 82 RiZor®, gf i BYé3OF100/$ & ()- L-10%$ & ()- " aaaocaa@10'$'

021096 x5 & () o5 1 Phota ﬁﬁ“’%%d@fcﬁﬁé‘ﬁﬁwﬁgﬁ S0 x5 @ () -3
z109%$& ()-3 2109 7#[ & ()-3 VIGLOY& () -
8° 9GLOYE! () - &1bgbobbPcc{ F9@10°$* v s$1om<l o (" 3 v ss10v@s@ ()-

pY s$109& ()-" !Y s$109 ()- \YWN DYE
N—P—O

|
OCH,CH,CN
20

59.  The phosphoramidite compound of claim 57 wherein L is

Il
—(CH,CH,;0)n—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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of coupling the phosphoramidite compound of claim 52 to a polynucleotide, wherein the

polynucleotide is bound to a solid 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:

DYE—L—0—P—X o B

R28 R
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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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-deazaguaﬁosine;
L is a linker;
15 R? is H, monophosphate, diphosphate, triphosphate, thiophosphate, or
phosphate analog; and

26 and R?7, 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 R27, 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 method 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;
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74,  The method of clalm 72 further compnsgmg he step of[ldentlfymg the 3RZ@| WG g

terminal nucleotide of the polynucleotides by the fluorescence spectrum of the dyes.

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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10 ‘ 82. A method of amplification comprising the steps of annealing two or more
primers and a fluorescent dye-quencher probe to a target nucleic acid and extending the
primers by polymerase and a mixture of enzymatically-extendable nucleotides;

wherein the probe is a labelled polynucleotide according to claim 45.

83. A method of hybridization comprising the steps of annealing a target
15  polynucleotide to an immobilized probe and detecting the fluorescence from the target-probe
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 kit 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 kit 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 45.
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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.

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:

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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