NOVEL FLUORESCENT DYES AND USES THERECF FI ELD OF THE | NVENTI ON 5 The
present invention relates to fluorescent dyes, nore specifically,

ul t ravi olwo 2exaiosabl e fl uorescent dye conpositions, conmpowdso@naeo63
conjugates, as well as nethod of using and naking the sane. 10 BACKGROUND
OF THE | NVENTI ON Fl uorescent dyes are w dely used for |abeling, detecting,
and/ or quantifying conponents in a sanple. The various approaches used for
such detection and/or quantification include fluorescence m croscopy,

fl uorescence i munoassay, flow cytonetric analysis of cells, and various

ot her appl N EIoRSUORRSGENEPAIES ANp Uy HERIOFcat i ons that utilize
fluorescent dyes as 15 detection tools, it is necessary to conjugate the
fluorescent dye with a ligand such as a protein, antibody, enzyne,

nucl eot i de FIFUR D& THRBYWENEKIN ot her bi ol ogi cal and non- bi ol ogi cal nol ecul es
to make.a dye-Ilabeled ligand. The dye-labeled ligand is an inportant
reagent "that confers specificity for a subsequent biochem cal interaction

i n whi ch t He fokasartescamtion dqlﬁesprooﬂimimera dyet, hogte fspemﬂhaﬂgcdlimnolamddcdable
quantifi catj on of %he i nteraction. I@e choice in uor ?t d es.is
parti cul ar IYOIHEBY PARCTPRS B ?06%1’[0“8 SPIERTIVRREY P &C Fﬂe& g>? i tai‘%ol or
anal ysi s, sukhgalse falmgor escence m croscopy, fluorescence |nnunoassay flow
cytonmetry, and various other applications. Notably, certain detection
applications require an ultraviolet excitable fluorophore having a specific

exci t atjpon BAANQER OBNDIPE ¢HE 8@ HNIONhere is a need for a fluorescent dye
that can be efficiently excited by the 405 nmviolet laser in multi-color

flow cyto i nstrunents. t d e for s Jcatlons shoul d
bssent ) ai | SRR e B B e or b s Obr b Al AR EmERER 2 on
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3) a large 30 Stokes! shift, preferably, e&ast 50 nm and 4 { gblllty
of the fludPewsisnte IBVE)S‘EQ?YC%‘&P&?SQGI{CB llamBP%‘ﬁ%W tPlP??tB‘&@FFIé“Sr Setly g group.
Her et of or e vatifi@lothet SpplicdAL.t RARN&HhI, Wty lappIRbtEN Ghat aRR foHQE@PHRK gs t hat
can be conjugated to different |igands to provide dye-|abel ed reagents

havi ng 18pt idefaFtiop tapls élieaescancte sopiusaisdhabiverciqciof st adisspbstghats

properties b hlibQhestsht, rﬂﬁéf%:%ud%f nltlché?c by &Rl oM %egealuﬁgtneﬁ dohagl@au m | ar
to firefly IUC|fer|n conmpounds. Such conpounds have béen previously used as
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catal ysi s %nfleﬂg%iz&gﬂ‘ ‘2 dfol-H%hw{)]s%&ﬁe'ﬂt RS i r?:%r‘%ct; S int PEIE HeYfRrestent dye

| uci ferase, 1s oxidiz int resence o ucli ferase to produce
oxyIUC|fermnwahdaenémgﬁﬁwhwdmnwmdmeqemﬁédmmmOfmenﬁ@mnwof light. For these
types of assays, the luciferase-luciferin reaction provides the basis for
sinple, rapid, and sensitive assays for a w de range of substances
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function aslflu resce %es exgltab e wh specific part of the

ul travi ol et @yREt %EIB OpiYre SRS Ped ‘&?"[Cé{?)tfoél 'jor escent dyes are
particukarly advantageous for a wide range of applications, including
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i nternedi at es t her eof ods of their use. In one aspect, conpositions
of fl uor eséRasiruRlyREsT AAY NPl 2) HeSUPBE SPRHTAY Faplsrtle chissienIBaximymad e d#revi ded:
25 whepei Rl %ﬁ‘ﬁlt ﬁﬂ%fe@ib%/ 'aﬂgfspg@gﬁ 'Mdy4) %e%llgy of the flugrescent dyg:tc?&)qugo are

i ndependent |y hal ogen, alkyl, hal oal kyl, al koxy, or alkenyl, or one of 30Yl
or Y2 is Ha hemolk @uh@h { geagtiven ewab. kyH-Iergtpﬁqycp there is a shortage of ultraviolet

excitable fluorophores that can be conjugated to different ligands to provide dye-labeled

reagents having optically and electronically separable fluorescence spectral properties.



wherein each Wis independently Hor alkyl; Z1 is Hor alkyl; wherein Zi
and one of the Wgroups may be absent and, if absent, are replaced with an
addi t i onavohonichogmeween C4 and C5 in ring C, which is i rdrastadompen dotted
line; 5Z2 conprises a |abeling substituent of the fornula - L-RG wherein L
is a bond or a linking group; and RGis a reactive group which enabl es the
fluorescent dye to be bound to another nol ecule. 10l n another aspect,
synthetic internmediates for synthesizing the fluorescent dyes of the
invention are provided. In one enbodi nent, the synthetic internediates are
r epr esent edhbJlugsepetyer af the swentioa are stmciwrdly similayto Bisfly Yeifarinecompounds.
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presence of conpl enentary 30bi onol ecul es that bind to the dye-conjugates of
the i nvent ivalille suBIRCIRmiREHAIREAT UL BakedTéMEhDRMYINGS f Firgiur Rlcﬁerdlemivetgsmad

gener al stru ture, of ulﬁ;av ol et excitaple f] uorescent s .of the
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illustrating the relative ormance of CD4-Dye3 - Pacific Orange
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SUMMARY OF THE INVENTION
The present invention relates to novel ultraviolet excitable fluorescent dyes based generally
20 on the firefly Luciferin structure, compositions comprising the same, intermediates thereof

and methods of their use.

In one aspect, compositions of fluorescent dyes having the following general formula (I) are

provided:
25
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1 N N
(L
HO X X5
W
Y,
wherein
X; and X, are independently S or O;
Y and Y, are independently halogen, alkyl, haloalkyl, alkoxy, or alkenyl, or one of
30 Y, or Y, is H, and the other is a haloalkyl group;



5 Al scientific and technical terns used in this application have neanings
comonly used in the art unless otherwi se specified. As used in this

appl i cat iwo,20tiesq1el | owi ng words or phrases have the neaorngg0i9pemss i ed.
10As used herein, the term"activated ester” nmeans an ester which

spont aneously reacts with an am no group. Activated esters generally have
the formula -COR, where Ris a good |eaving group Activated esters

i nclude, but argnhdeh chdwtiefhdbRndSHGE GHadyglyl oxy (-006H402) al so known as
N- hydr oxy-succi ni m de ester, sulfosucci ni iyl oxy (-0C6H302- SoBFD

_1- oxybenzot ri aZolsyLor@lly6HANS) 15 As used herein, the term "al kyl " neans a

branched, strai %&eﬁ*’zﬁ afly eo?ﬂ&lwqgrm{ogf-rﬂ&ge m@w%eqpatgent%wgﬁge&mm 1-20

carbons. The term "al I ncl udes rou typically
contains up to @@ﬁrtm@déon@betmeu&@ddﬁerremg C,tWieclt ernﬂrlcawﬂlbemﬁlot'tecrﬂmns a
branche strai [ east
one C--% doublegb g&ﬁ”%%ﬁﬁ %%%ﬁ%g¥§£%§§&§%ﬂfg¥%gﬁgﬁggﬁatgéﬂ%?&%ﬁienyl"
i ncl udes a Iombﬂna;gemyhﬁdgroup which typically contains up to 8 carbons

As used herein, he ter ranch

hydr ocar bon grolt lﬁgcrgnct §F r%roué ‘il%w}f Sna% c%ﬁeeﬁl(‘f)reséel% dyﬁlt%%ﬁc?ﬁ andanO r?f ai ni ng
from 2-20 car bonslecdlbe tern1 "al kynyl " includes a "l ower al kynyl" group
which typically contains up to 8 carbons. As used herein, the term
"aryl"™ means an aromatic ring-containing group containing 1-5 carbocyclic
aromat ilo r imn@sothvhaspbetC ayhtiagic suﬂeﬁﬁédﬁauéseﬂ)r vyiyﬁtheslziﬂg tHeDflgorsdebat dylesi@xittfe Ot her
t han 30H. As used herej the term "anal means a substance the esence
or amount JNCURATGHE POV e SERPUBCTnt Sgaﬁlrf}rcemﬁrﬂn at%ﬁsags\yeprerﬁleedaﬁﬁr yte
may incl udeneeh@a@Cibinyi@a. 9r oup, e.g., a group through which a dye of the

i nvention can be conjugated to the analyte. Analytes include organic and
bi ol ogi cal nol ecules to which a specific binding partner having a specific
binding affinity exists. Exenptary gqalytgs include, without limtation,
singl e stranded or doubl e strandey D NR NQ, DNA- RNA conpl exes,

ol i gonucl eoti des, anti bodi es, anti ¥#'s, anti body-DNA chi ner as,
antigens, haptens, proteins, Leetit avsdrn streptavidin and biotin.

QO her exenplary anal ytes al so 1 nclude drugs and hornones. As used herein,
the term "conjugated nol ecul e” or "GV neans a biol ogical or non-

bi ol ogi cal conponent that is associated with at | east one dye of the
presentldi nvention. Such conponents include without |initations antigens,
anti bodi es, carpghygdrates (e.g., nono-, 10 oligo-, and poly-saccharides),
pr ot ei ns, peptrdes hapt ens, nucl eosi des, nucl eotides, oligonucleotides,

nucl ei ¢ aci ds, fﬁoh@d‘?é:r%s’e ingprendentlyi @ﬂ%@n,g%ﬂ ipdoallsyl, elispiy. oralkanyl. ul ar
conponent s Cb | I I d supports (e.g
synt hesi s suppo?%U fﬁgﬁg?egﬁgpﬁ?gé§§%E%99bﬂgﬁ%H§8ﬁ% or beads). 15As used
herein, the term’ fluorescent dye" nmeans a conpound that absorbs light in
t he ul typavi n i ol r.eq| ..t h r nd
oot 2011 SRpE ot By Eboh BRI xRl By 6L ORIy R BE o Lc?
FIuorescemmrﬁyeaamlso i ncl udes fluorescent conpounds having a chem cally
reactive group that facilitates attachnent of dye to a conjugate nol ecul e.
20 As used herein the term "dye-conjugate" neans a nolecule in which a
f | uor escentn ehygher aspRsts ﬁﬁihaﬂﬁﬁf uMﬂgrﬂL@rda&dnt ogis eadl dgaer canfugates al legdt@aﬂ detect
conmponent. _Such bi ol ogi cal b|oI . ent is $ refe red to
o o A B SEUTSTECOR, o5 En st i TR, i STARE s BV GREOp Secihe

f1 uor eggentemBy@mbars, anfeﬂrudyg@tt @@ingTDﬂh@CWeecolnﬁlgMbﬁ far C‘d@’téaﬁ@tthé ipMe3ER. off he
exanpl es of the 25 ye- coni gates i nclyde, but are not limted to,

conjugatesCB$P%WPW@@ﬁ§“m&WPGB f iad tocthe dumcparugpiesarc prytdsfins, pepti des,

hapt ens, nucl eosi des, nucl eoti des, oligonucl eotides, nucleic acids,

pol ymers, solrd supports (e.g., nt hesi s supports, chronatographrc
supports, MeAHPEGTRRodingtsyEEsEt andxirmomprrrsegém BaonesseAt dpes dvq integpedisdesy ul ar
conmponent s 3P ASniH her flobidthgort @EdMin fcie‘:é@t'ir%p BRI BresdBANT @niPliRGHE Whi ch
i s capabl e of absor ing energy at a wavel ength range and reIeasrng ener gy
at a mé@el@ﬁgﬁﬁmﬂbﬁéet@v%EMhQ%@ﬂmnWémab@Bh%mW%@Oﬂange The term "excitation
wavel engt h" neans the range of wavel engths at which a fluorophore absorbs
energy. The term "em ssion wavel ength" neans the range of wavel engths that
the fl uorophore rel eases energy or fluoresces. As used herein the term

"hal ogen" neans fluorine, chlorine, brédmne or iodine atonms. Sinilarly, the
term "hal 0" nmeans fluoro, chloro, brono, or iodo group. 5 As used herein
the term "hal oal kyl " neans an al kyl group in which one or nore hydrogen
atons is replaced by one or nore hal ogen atons. In one enbodi nent, the

hal oal kyl can be substrtuted mnth 1 2, or 3 halo groups. The term

o o Y O ' 1 — Y [T T I T




As used herein the term"linking group” or "L" nmeans a group for |inking
the dye to the reactive group or RG The |inking group can be a bond, an
atom or woabhewsdival ent or pol yval ent group. The | i nkiPog/use@wp41085
conprise a straight or branched chain of atonms sone of which can be part of
a ring structure. The linking group usually contains from1l to 15 about 50
non- hydrogen atons, nore usually from1l to about 30 non-hydrogen atons.

At ons conprising the chain are selected fromC, 0, N, S, P, Si, B, and Se
atonms, preferably fromC, O, N, P and S atons that covalently link the
quorescenﬁﬂﬁ§% C&WﬁﬂﬂﬂoﬂﬁﬂgﬂyiﬁﬁﬁﬂGﬁs a chemcally reactive group.

Hal ogen atons can be present as substituents on the chain or ring. Typical
functional peRUPEH@APEdnsiaN@rikbhee dfiultieyitler Q@b ttuEREcchNBUgah&Ink &R

al kyl ene, 20 aryl ene, alkenylene, ether, peroxide, carbonyl as a ketone,
ester, carbonate ester, thioester, or antde group, am ne, am dine,

car barm-ge FuR2A DI Ricts T fResid s@ﬁt%?ett%r neRihadiilmvee. hydrazine, diazo,
phosphodi ester, phosphotriester, phosphonate ester, thioether, disulfide,
sul f oxi de, sulfone sulfonate ester sul fate ester, and thlourea groups.
Exanpl es o i [ 41
polynethylgﬁ%k aryl ene, &ﬁﬁﬁ@ﬁg%HQQﬁgﬁpggd&%%ggggfg Hggﬁ%%g%ﬁﬁ%o. One

| i nki ng group according to the present invention for linking dye to a

rciiggl \r/rg ¢ ﬁ pe Jl‘| ?%_éhﬁlst% ac hllu&?r tlinggtct tlveL g%?%jnancewr}%g%lr 58 (ionglggtgnd g-::] d

R2 is QM orCDil ltxcrfut @utgchhjogate hmng:tarobc@twlﬂogrro@tqmetr@ a 30reactive group RG
Exanpl es of this linking group include: 0 Dye/\OH 0 )\ Dye RG , (CH
Dye/ , (CH Dye/ 5In another enbodinent, illustrated bel ow, the |inking
group has wn@ngenEpﬂﬁIQMDyemyﬁ@m&&ﬁ@&h&i&@ﬁ&ﬁb&ﬂmnmhenﬁ(Hmtbsdaub@nd or

G _io net | e e as descri bed. above 3& is either NHL S or O, R3is an
aIkenyI 3§iHe Orpngp G ygRIc S e fenaeolgs AW VM Yhavi ng at | east one
unsaturated bond, or a conbination of C _io nethylene (CH2)n and a five or
six menber ring, R2 is OH or a bond attaching the term nal carbonyl group
to a reactive group RG Exanples 10of this linking group include: O 0
DyA (CH2( RG O



As used herein, the term"reactive group”" or "RG' is an atom or group whose
presence facilitates bonding to another nol ecul e by coval ent attachnent or
physi cal wonommos8el ect ed exanples of reactive groups ace/ishawedions Tabl e
1. In some enbodi ments, attachment of a fluorescent conpound of the present
i nvention to another conpound will involve |oss of one or nore atons from
the reactive group for exanple when the reactive group is a |eaving group
such as a hal ogen atom or a tosylate group and the fluorescent | abeling
conmpound is 5 covalently attached to another conmpound by a nucl eophilic
displaceneﬁﬁ”?@hEPﬂHﬁ¥3¥BT6ﬁﬁ@FI@Nﬁ%@ﬂ@ﬁhts, attachment of a fluorescent

| abel i ng conpound to anot her conpound by coval ent bond formation w ||

i nvol ve reorgani zati on of bonds within the reactive group as occurs in an
addi ti on r @4¢ENBAONSch as a M chael addition or a cycloaddition reaction
such assthe Diels-Alder reaction or when the reactive group is an

i socyanate or isothiocyanate group. 10 In still other enbodi nents,

at t achnment AM dclenfifid andrtedinwel covsalsedin thorgplicatiombivemeabngs ceairhenly pdegsi cal
forces in ich case the.reactjv roup, remains unaltere By physica
forces 1o WRa vRRrabioE PEOIEE EickPa Pl My B e P b T & e i
or ionic aphrssthhanhe hyatiophpdificdattracti on such as base stacking, and
specific affinity interactions such as biotin-streptavidin,

anti gen-anti body and nucl eoti de-nucl eotide interactions. 15 TABLE 1

Reacti ve Gaaupsd haeinGhemrgalactBiatedisd@r ohedy a6 efter Waith HgataaebuMyl gt wih
REACTI VE GROUP . ( RG) FUNCT] ONAL GROUP (ﬁ%hachéd to reaééive qygg(attached to
conj ugat ed PEUBRYP-cATHBRY IFESaETEHAN eV ChF HEhaHe eSP8r affRel dctitvat ed

est er ani ne |@cind cPRBY ActieRaitsRR iddhdt, BalatdRAlinRed ACYcciamidasty ne

al dehydeam ne chl or of or mat eam ne i s ocyanat eam ne i s ot hi ocyanat eam ne

sul fonyl h& QBN alse Ky -hudrRys-susein iy de ertes) subpsegeinigdyiosihat et hi ol WO
2011/ 00891 2RI US98 804206 8erB2dkihs d 1n&S gl hal oacet ami det hi ol

mal ei m det hi ol's
15
As used herein, the term “alkyl” means a branched, straight chain or cyclic hydrocarbon

group containing from 1-20 carbons. The term “alkyl” includes a “lower alkyl” group which

typically contains up to 8 carbons.

20 As used herein, the term “alkenyl” means a branched, straight chain or cyclic hydrocarbon
group containing at least one C--C double bond and containing from 2-20 carbons. The term

“alkenyl” includes a “lower alkenyl” group which typically contains up to 8 carbons.

As used herein, the term “alkynyl” means a branched or straight chain hydrocarbon group
25  containing at least one C--C triple bond and containing from 2-20 carbons. The term

“alkynyl” includes a “lower alkynyl” group which typically contains up to 8 carbons.

As used herein, the term “aryl” means an aromatic ring-containing group containing 1-5
carbocyclic aromatic rings, which can be substituted with 1 or more substituents other than

30 H.

As used herein, the term “analyte” means a substance the presence or amount of which is to
be measured in a sample by an assay. The analyte may include a reactive group, e.g., a

group through which a dye of the invention can be conjugated to the analyte. Analytes



am neCar boxylic acid carbodiimdeCarboxylic acid di azoal kaneCar boxylic acid
acyl halidehydroxyl hal otriazi nehydroxyl hydrazi ne/ hydrazi dehydr oxyl
phosphor anDdntie®sdicohol s When the reactive group i s a mMpCEIUS20190eIV6RS a
carboxylic acid or an activated ester of a carboxylic acid, the reactive
dye is particularly useful for preparing dye conjugates with nol ecul es
contai ning one or nore am no groups, such as proteins, peptides,
nUC|90t'de%whm§(QéhﬂpaMfbﬁ@&ﬁﬂﬁ%umgﬁwb%P%&n%,a@ﬂ%ﬂﬁ:Bﬁﬁmgqﬁﬁhﬁvﬁwg@Pyp is a
mal ei m de or hal oacetam de, the reactive is particularly useful

conj ugat i oﬁpwﬁChbmﬁmélafﬁmm SKIpfp. n@xmlwum tesvm@ﬂlée t\rviléhquéalmltavén,g&mﬁl@ |s a
hydrazi de, . Clbitfe MiEnded PAVAT RUAT DIAIRRIU cohfBlex SOMIHARIARRL
peri odat e- Sxﬁﬁlze car o ?ates and§$1ycoproteﬁh§0 g?n onggenboggﬁen
react i ve grotihedics raotibal fmambmantlbodadm&A chuaedsnintigeisl haptanerproffing I@zmlboxyl ic
aci d, ot y ly t alsB il ARt

mal ei m e g%lgglbg&%f@gldﬁpﬁi %'?0 g%pé{e%gr Smg%%%}ﬁe %ﬁggéﬂ reagb%/gmgl?ogﬁps are wel |
known in the art and their appllcatlon for a particul ar purpose |s Wi t hin
the ability of e _havj skL » 1o Bifunctional

reagents caﬁ‘gfg%‘enlﬁé% "o 00w5$g§|§gwp% t% 556aﬁ¥%mhn I%O%f 65%

nol ecul es \mcﬂckgwaibd@maineﬂtyhmm'swmcgwﬂumslez(ssa& dye Qflhelifre%ktanvdntlgarSdelBl nder
Assays, Marcel Dekker, New Yor k, .1985, Tabl 2 and T. H
3 B £ unctrbugr radienp dhn UERERE icen, pPisy cohvdge: fub: [uigs))
There aone toWgo- ZQinylp@SIyCSﬁcdhhlﬁdé@};tp@fbﬁis rRpaER! SlapﬁeﬁHQSﬁudl‘él)Bﬁbh b &g B des,

incorporated into the fi structure and those which do not and ve only
to couple Pﬁ%"nﬂl&lﬁ"ti“g%cf“é ?S . aCidis NPLERFhelBisn, MCIQrSaRis i, " afif & W@H(Br

fluid contabmpai@ner “cusRestLhoREulSONERINRIuAE QN sAFpIRN(E %aﬁl}althé%ﬁ%u pzmbe
assayed. Typical sanples which are analyzed utilizing fluorescent dyes are

bi ol ogi cal °8%& HﬁF@gmhﬁéWﬁHﬁﬂ@mB@avfPTWW -such as bl ood, plasm, serum
urine, senen, saliva, cell |ysates, tissue extracts and the |ike. The
sanpl e can 5al so i ncl ude diluents, buffers, detergents, contam nhants, and

t he ot Hér sﬂﬁdﬁe@bﬁmmnélmt@rm fi§orascentydyigainepng p esmpeundrihat aheerhs fighfi ia. hds used

herein t heuh%ﬁf%et 21;&?91'0 ot Fegﬁ!ng‘gf {1519 efé@!rém et %e&d"db SHPSLe Ogi%ht"‘fﬁitﬁé‘blﬁéhi bi't

a mutual bin init es |nc u tlgen ant i ,

hapt en- antw%mdytOH@O@n@l%oﬁywahblbgmy pRluprsscento fylee redset arojuded i fyonsednéot i des
or pol ynucl ; i Suhstrate,

hor none- hofﬁghgggigggﬁ%% ahgé%%%g§§&§§fghpF£%§p%b?%?ﬂ&%?%ﬁd§@p%o€e|n G
nucl ei ¢ acicorjmgatd molecdei d blndlng protein, and nucl eic acid-anti-nucleic
acid a blbody (Table 2). 15 TABLE 2 REPRESENTATI VE SPECI FI C Bl NDI NG PAI RS
antlgenantlbody hapt enant i body biotinavidin or strepavidin

car bohydr atsslwsed herciarthe et oldydeatjeated aephos nldddalenp lveridhng Anyregtentatyd iDNA

associated with a biological or non-biological component. Such biological or non-biological
component is also referred to as “conjugated molecule”. In one embodiment, the association
of a fluorescent dye to a conjugated molecule is via a covalent linkage. The examples of the
25  dye-conjugates include, but are not limited to, conjugates of antigens, antibodies,
carbohydrates, proteins, peptides, haptens, nucleosides, nucleotides, oligonucleotides,
nucleic acids, polymers, solid supports (e.g., synthesis supports, chromatographic supports,

membranes, or beads), virus, microorganism, or cell or cellular components.

30  As used herein the term “fluorophore” means a molecule which is capable of absorbing
energy at a wavelength range and releasing energy at a wavelength range other than the
absorbance range. The term “excitation wavelength” means the range of wavelengths at
which a fluorophore absorbs energy. The term “emission wavelength” means the range of

wavelengths that the fluorophore releases energy or fluoresces.
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O, N, P and S atoms that covalently link the fluorescent dye to another moiety such as a
chemically reactive group. Halogen atoms can be present as substituents on the chain or ring.
Typical functional groups comprising the linking substituent include alkene, alkylene,

20  arylene, alkenylene, ether, peroxide, carbonyl as a ketone, ester, carbonate ester, thioester, or
amide group, amine, amidine, carbamate, urea, imine, imide, imidate, carbodiimide,
hydrazine, diazo, phosphodiester, phosphotriester, phosphonate ester, thioether, disulfide,
sulfoxide, sulfone, sulfonate ester, sulfate ester, and thiourea groups. Examples of linking
groups include substituted or unsubstituted polymethylene, arylene, alkylarylene,

25  arylenealkyl, or arylthio.

One linking group according to the present invention for linking dye to a reactive group has
the general structure R;C(O)R,, where R; is a bond or Cy.1o methylene (CH;)n attached to
the dye, C(O) is a carbonyl group, and R, is OH or a bond attaching the carbonyl group to a

30 reactive group RG. Examples of this linking group include:
O

A

Dye¢ OH
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As used herein, the term “reactive group” or “RG” is an atom or group whose presence

15

facilitates bonding to another molecule by covalent attachment or physical forces. Selected
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WO 2011/008912 PCT/US2010/042063
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examples of reactive groups are shown in Table 1. In some embodiments, attachment of a
fluorescent compound of the present invention to another compound will involve loss of one
or more atoms from the reactive group for example when the reactive group is a leaving
group such as a halogen atom or a tosylate group and the fluorescent labeling compound is
covalently attached to another compound by a nucleophilic displacement reaction. In other
embodiments, attachment of a fluorescent labeling compound to another compound by
covalent bond formation will involve reorganization of bonds within the reactive group as
occurs in an addition reaction such as a Michael addition or a cycloaddition reaction such as
the Diels-Alder reaction or when the reactive group is an isocyanate or isothiocyanate group.
In still other embodiments, attachment will not involve covalent bond formation, but rather
physical forces in which case the reactive group remains unaltered. By physical forces is
meant attractive forces such as hydrogen bonding, electrostatic or ionic attraction,
hydrophobic attraction such as base stacking, and specific affinity interactions such as

biotin-streptavidin, antigen-antibody and nucleotide-nucleotide interactions.

TABLE 1
Reactive Groups for Chemical Binding of Dyes to Conjugated Molecules
REACTIVE GROUP (RG) FUNCTIONAL GROUP
(attached to reactive dye) (attached to conjugated molecule)
carboxylic acid amine
carboxyl ester amine
activated ester amine
acid anhydride amine
acid halide amine
acyl azide amine
aldehyde amine
chloroformate amine
isocyanate amine
isothiocyanate amine
sulfonyl halide Amine/hydroxyl
alkyl halide thiol
Alkyl sulfonate thiol

NHS



HHVEC(0) NHBSA I-A-4 SS O HHM C0) OHI-A5SSHO HM C0) OH
I-A6 SSC O HM C0)

WO 2011/008912 PCT/US2010/042063
aziridine thiol
haloacetamide thiol
maleimide thiols
amine Carboxylic acid
carbodiimide Carboxylic acid
diazoalkane Carboxylic acid
acyl halide hydroxyl
halotriazine hydroxyl
hydrazine/hydrazide hydroxyl
phosphoramidites alcohols

When the reactive group is a moiety, such as a carboxylic acid or an activated ester of a
carboxylic acid, the reactive dye is particularly useful for preparing dye conjugates with
molecules containing one or more amino groups, such as proteins, peptides, nucleotides,
5 oligonucleotides, or haptens. Where the reactive group is a maleimide or haloacetamide,
the reactive dye is particularly useful for conjugation with thiol-containing molecules.
Where the reactive group is a hydrazide, the reactive dye is particularly useful for

conjugation to periodate-oxidized carbohydrates and glycoproteins.

10  In one embodiment, reactive groups include carboxylic acid, succinimidyl ester of a
carboxylic acid, isothiocyanate, haloacetamide, hydrazine, aliphatic amine, and
maleimide groups. Methods to prepare cach of these reactive groups are well known in
the art and their application for a particular purpose is within the ability of one having
skill in the art.

15
Bifunctional coupling reagents can also be used to couple labels to organic and
biological molecules with moderately reactive groups (see L. J. Kricka, Ligand-Binder
Assays, Marcel Dekker, Inc., New York, 1985, pp. 18-20, Table 2.2 and T. H i,
"Bifunctional Reagents,”" Methods in Enzymology, 91, 580-609 (1983)). There are two

20 types of bifunctional reagents, those which become incorporated into the final structure

and those which do not and serve only to couple the two reactants.

10
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WO 2011/008912 PCT/US2010/042063

As used herein, the term “sample” means a fluid containing or suspected of containing
one or more analytes to be assayed. Typical samples which are analyzed utilizing
fluorescent dyes are biological samples including body fluids such as blood, plasma,
serum, urine, semen, saliva, cell lysates, tissue extracts and the like. The sample can
5 also include diluents, buffers, detergents, contaminants, and the other such components

that are usually present in a body fluid.

As used herein the term “specific binding pair” means two substances which exhibit a
mutual binding affinity. Examples include antigen-antibody, hapten-antibody,
10 antibody-antibody pairs, complementary oligonucleotides or polynucleotides, avidin-
biotin, streptavidin-biotin, enzyme-substrate, hormone-hormone receptor, lectin-
carbohydrate, IgG-protein A, IgG-protein G, nucleic acid-nucleic acid binding protein,

and nucleic acid-anti-nucleic acid antibody (Table 2).

15
TABLE 2

REPRESENTATIVE SPECIFIC BINDING PAIRS
antigen antibody
hapten antibody
biotin avidin or strepavidin
carbohydrate lectin or carbohydrate receptor
DNA complementary strand DNA
RNA complementary strand RNA
drug drug receptor
IegG protein A/protein G
substrate enzyme
Protein/peptide protein/peptide receptor
hormone hormone receptor
Nucleic acids Anti-nucleic acid antibody

20 As used herein, the term “substituted” means replacement of at least one hydrogen

atom on a group by another atom or a group having 1 to 50 atoms selected from C, O,

11
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N, S, P, Si, F, Cl, Br, . In references to substituted groups, it is intended that multiple

points of substitution can be present.

COMPOSITIONS OF INVENTION

The invention provides a class of fluorescent dyes that are based on the structure of
firefly luciferin, and possess certain functional advantages. For example, the
fluorescent dyes of the invention are adapted for excitation at shorter wavelengths
(between 340 and 450 nm), have emission maxima usually between 500 and 550 nm
10 wavelengths, narrow emission bandwidth, a large Stokes shift of at least about 50 nm,

and other favorable fluorescent properties.

The fluorescent dyes of the present invention are particularly useful with violet 405 nm
lasers. Compared to existing violet laser excitable dyes (e.g., Pacific Orange), the
15  fluorescent dyes of the invention, despite having comparable absorbtivity, show
surprisingly and unexpectedly brighter fluorescence. The fluorescent dyes of the
invention are well adapted for coupling to a conjugated molecule through a reactive
group. In addition, the dye-conjugates of the invention, in particular, the protein
conjugates, exhibit bright fluorescence even at a relatively high degree of dye
20  substitution. These properties make the dyes of the invention particularly well-suited

for multicolor, multiplexing application.

The fluorescent dyes of the general formula are provided:

Z,
Y, N N
~
1 _ZQ
B\>_</C | ‘5‘
s e
HO X X2
W
Y,
25 D

wherein

Xy and X; are independently S or O;

Y and Y, are independently halogen, alkyl, haloalkyl, alkoxy, or alkenyl,
or

30 one of Yy or Y, is H, and the other is a haloalkyl group;

12
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wherein each W is independently H or alkyl;

7y is H or alkyl;

wherein Z; and one of the W groups may be absent and, if absent, are replaced
with an additional bond between C,4 and Cs in ring C, which is indicated by a
dotted line;

7, comprises a labeling substituent of the formula — L-RG, wherein L is a bond
or a linking group which connects the dye to a reactive group RG, wherein the
linking group can comprise a covalent linkage comprising 1-50 non-hydrogen
atoms selected from C, N, O, S, P and halogen atoms and is composed of any
combination single, double, triple, or aromatic carbon-carbon bonds, carbon-
oxygen bonds, carbon-sulfur bonds, carbon-nitrogen bonds, and nitrogen-
nitrogen bonds; and wherein RG includes a carboxylic acid, an activated ester

of a carboxylic acid, acid anhydride, acid chloride, acyl azide, an acyl halide,
aldehyde, chloroformate, amine, hydroxy, hydrazine, isocyanate, isothiocyanate,
sulfonyl halide, tosyl, maleimide, N-hydroxy-succinimide ester, aziridine, imine,

and disulfide groups.

In one embodiment of the fluorescent dye of formula (I), X; and X, are S having the

formula:
Z,

T 1{: :}\I L—RG
HO s s W
W

Y,

(I-A)
wherein
Y and Y, are independently halogen, alkyl, haloalkyl, alkoxy, or alkenyl,
or
one of Y, or Y, is H, and the other is a haloalkyl group;
7y is H or alkyl;
wherein each W is independently H or alkyl;
in L-RG, L is a bond or a linking group which connects the dye to a reactive

group RG, wherein the linking group can comprise a covalent linkage

comprising 1-50 non-hydrogen atoms selected from C, N, O, S, P and halogen

13
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atoms and is composed of any combination single, double, triple, or aromatic

carbon-carbon bonds, carbon-oxygen bonds, carbon-sulfur bonds, carbon-

nitrogen bonds, and nitrogen-nitrogen bonds; and

wherein RG can comprise a carboxylic acid, an activated ester of a carboxylic
5 acid, acid anhydride, acid chloride, acyl azide, an acyl halide, aldehyde,

chloroformate, amine, hydroxy, hydrazine, isocyanate, isothiocyanate, sulfonyl

halide, tosyl, maleimide, N-hydroxy-succinimide ester, aziridine, imine, and

disulfide groups.

10 Selected embodiments of the dyes of formula (I-A) are illustrated in Table 3

14
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TABLE 3
Dye xi[x2[vl [Y2[z1 [W [L RG
LA-1 s [s [H [H [H [Me [CO OH
A2 S |s |H |H [H [Me |[CO) NHS
A3 S |[s |H |H |H [Me [CO NHBSA
A4 s [s [c [H [H [Me [CO) OH
LAS s [s [H [c [H [Me [CO) OH
A6 S [s [c [c [H [Me |c0) OH
LA7Dyel) [s [s [cl [cl [H [Me [cO) NHS
A8 s [s |a Ja " [Me [co NHBSA
LA9Dye2) |S |[S [Cl [Cl [H |[Me [ C(O)NH(CH,)C(O) |NHS
L-A-10 S [s [cl [cl [H [Me | C(ONH(CH,)sC(O) | NHBSA
LA-11 S |s [cl [ca [H |Me | C(ONH(CH,),NHCS | NCS
NHPh
LA-12 S [s [cl |c [H [Me | C(O)NH(CH,),NHCS | NHCSNHBSA
NHPh

[-A-13 s [s |F |F |H [Me [CO OH
IA-14(Dye3) |S |S |[F |F |H |[Me | C(0) NHS
L-A-15 S [s |[F |F |H |[Me |CO) NHBSA
LA-16 S [s [Me [Me|H [Me [C(O) OH
LA-17 S [S [Me [H [H [Me [CO) OH
[A-18 S [s |[cF3|H [H [Me [C(O) OH
IA-19(Dye7) |S |S |CF3|H |H |[Me | C(0) NHS
-A-20 o |s |H [H |[H [Me|CO) OH
LA21 S |[S |[F |F |H [Me |C(ONH(CH,,C(O) |OH
IA22(Dye5) |S |S |F |F |H |Me | C(ONH(CH,,C(O) |NHS
-A-23 S |[S |[F |F |H [Me | C(O)NHCH,C(0) OH
-A-24 S [s [cl |cl [H [Me | C(ONH(CH,,C(O) |OH
-A-25 s [o|F |F |H [H |Co OH
-A-26 S |s |c |H [H [H [C0) OH
-A27 S |s |H |ca |H [H [co) OH
A28 S |s |[c |c [H [H [co) OH
-A27 S [S |[F |F [MelH [C(0 OH
LA29Dyed) |S |S |[F |F |[Me|H |cC(0) NHS
1-A-30 s [s |[F |F |H [H |cCo OH
A31 s [s |[F |F |H [H |co NHS
-A-32 S [s |H |H |H [H |Co OH
-A-33 S [S |[F |F |H [H [(CH2),C(0) OH
IA34(Dye6) |S |S |F |F |H [H |(CH2),C(0) NHS

15
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In other embodiments, the fluorescent dyes have the following formula:

N N
\: :/ IL—RG
X4 X W

|
HO 2

Y,

5 (I-B)

wherein
X; and X, are independently S or O;
Y and Y, are independently halogen, alkyl, haloalkyl, alkoxy, or alkenyl;
or

10 one of Yy or Y, is H, and the other is a haloalkyl group;
W is H or alkyl;
L is a bond or a linking group which connects the dye to a reactive group RG,
wherein the linking group can comprise a covalent linkage comprising 1-50
non-hydrogen atoms selected from C, N, O, S, P and halogen atoms and is

15 composed of any combination single, double, triple, or aromatic carbon-carbon
bonds, carbon-oxygen bonds, carbon-sulfur bonds, carbon-nitrogen bonds, and
nitrogen-nitrogen bonds; and
wherein RG can comprise a carboxylic acid, an activated ester of a carboxylic
acid, acid anhydride, acid chloride, acyl azide, an acyl halide, aldehyde,

20 chloroformate, amine, hydroxy, hydrazine, isocyanate, isothiocyanate, sulfonyl
halide, tosyl, maleimide, N-hydroxy-succinimide ester, aziridine, imine, and

disulfide groups.

In one embodiment of the fluorescent dye of formula (I-B), X1 and X2 are S, as

N N
\: :/ IL—RG
S S W

25  provided in formula:
Y,

HO

16
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wherein,

Y and Y, are independently halogen, alkyl, haloalkyl, alkoxy, or alkenyl

or

one of Yy or Y, is H, and the other is a haloalkyl;

W is H or alkyl;

L is a bond or a linking group, wherein the linking group comprises a covalent
linkage comprising 1-50 non-hydrogen atoms selected from C, N, O, S, P and
halogen atoms and is composed of any combination single, double, triple, or
aromatic carbon-carbon bonds, carbon-oxygen bonds, carbon-sulfur bonds,
carbon-nitrogen bonds, and nitrogen-nitrogen bonds; and

RG is a reactive group, wherein RG can comprise a carboxylic acid, an
activated ester of a carboxylic acid, acid anhydride, acid chloride, acyl azide, an
acyl halide, aldehyde, chloroformate, amine, hydroxy, hydrazine, isocyanate,
isothiocyanate, sulfonyl halide, tosyl, maleimide, N-hydroxy-succinimide ester,

aziridine, imine, and disulfide groups.

Selected embodiments of dyes of formula (I-B) are illustrated in Table 4.

Table 4
Dye X1 X2 Y1 Y2 W L RG
1I-B-1 S S Cl Cl H C(0) OH
1I-B-2 S S Cl Cl H C(0) NHS
1-B-3 S S Cl Cl Me C(0) OH
1-B-4 S S Cl Cl Me C(0) NHS
1I-B-5 S S F F Me C(0) OH
1I-B-6 S S F F Me C(0) NHS
1-B-7 S S F F H C(0) OH
1I-B-% S S F F H C(0) NHS

The invention further provides synthetic intermediate compounds that may be used for

synthesizing the fluorescent dyes of the invention. In one embodiment, the intermediate

compounds are represented by the general formula (I1):

17



SF FM HCO0) NHS I-A-30 SSF F HH C(0)

|-A-32 S S H
WO 2011/008912 PCT/US2010/042063
Y N
»—cn
HO S
Y
(1D
wherein
Y and Y, are independently halogen, alkyl, haloalkyl, alkoxy, or alkenyl
5 or

10

15

20

25

one of Y1 or Y, is H, and the other is a haloalkyl group.

In another embodiment, the intermediate compounds are represented by the general

formula (III):

0
"CI'HsN_ 2!
LH
W
HX, ™ Ny
(1)
wherein
X,is Sor O;

wherein each W is independently H or alkyl;
Z, is H or alkyl; and
LH is OH or NH(CH>)nCOOH (n is 1-10).

The fluorescent dyes of the invention may be covalently or non-covalently associated
with one or more conjugated molecules “CM”. Covalent association may occur through
various mechanisms, including attachment of a conjugated molecule CM to the
fluorescent dye via a linking group L as described above, and may involve a covalent

linkage.

Where the dye is associated non-covalently with one or more molecules, the association
may occur through various mechanisms, including incorporation of the dye or synthetic
intermediate compound into or onto a solid or semisolid matrix, such as a bead or a
surface, or by nonspecific interactions, such as hydrogen bonding, ionic bonding, or

hydrophobic interactions (such as Van der Waals forces). The associated molecules

18

OH1-A-31 SSF F HH C(0)

NHS



HHH C(0) OHI1-A-33 SSF F HH (CH2)2C(0) OHI-A-34 (Dye6) S SF F HH
(CH2) 2C(0) NHS 1In other enbodinents, the fluorescent dyes have the
fol | ow ngwbanmudose12 N N RG L PCT/US2010/042063

10

15

20

25

30

may be selected from the group consisting of polypeptides, polynucleotides,
polysaccharides, beads, microplate well surfaces, metal surfaces, semiconductor and
non-conducting surfaces, nano-particles, and other solid surfaces. The associated or
conjugated molecule may be associated with or conjugated to more than one
fluorescent dye, which may be the same or different. Generally, methods for the
preparation of dye-conjugates of biological substances are well-known in the art. See,
for example, (Greg T. Hermanson, Bioconjugate Techniques, 1996 Edition Academic
Press, Chapter 8, pages 298-362; Nataliya Panchuk, etal. J. Histochemistry &
Cytochemistry, 1179-1188 (1999); S Bhatacharya, etal Bioconjugate Chemistry,
Volume 19, 1186-1193 (2008); B. Dworecki, etal
http://www.piercenet.com/files/DyLight%20Poster%206-7-04.pdf ). Typically, the
association or conjugation of a fluorophore to a dye-conjugate imparts the spectral

properties of the fluorophore to that molecule.

In one embodiment, a fluorescent dye of the invention is attached to a conjugated

molecule CM via a covalent linkage, the dye-conjugate having the formula:

Z,
Yy N N
B C : 5 W
HO X X5
\Y
Y,
wherein

Xy and X; are independently S or O;

Y, and Y, separately represent H, halogen, alkyl, haloalkyl, alkoxy, or alkenyl
wherein each W is independently H or alkyl;

7y is H or alkyl;

wherein Z; and one of the W groups may be absent and, if absent, are replaced
with an additional bond between C, and Cs in ring C, which is indicated by a
dotted line;

L is independently a bond or a linking group, wherein the linking group
comprises a covalent linkage comprising 1-50 non-hydrogen atoms selected

from C, N, O, S, P and halogen atoms and is composed of any combination
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w Xi X2 5(1-B) wherein X1 and X2 are independently S or 0; Y1 and Y2
are i ndependently hal ogen, al kyl, hal oal kyl, al koxy, or al kenyl; or 100ne
of Y1 or wD2s/idg91and the ot her is a hal oal kyl group; WecCs/ud2a0/08d0ky|; L is
a bond or a |inking group which connects the dye to a reactive group RG
wherein the |inking group can conprise a covalent |inkage conprising 1-50
non- hydrogen atons selected fromC, N, 0, S, P and hal ogen atons and is 15

conposed of anycarRi BRL | tBRle SdrRtnfitic AU -Barbdd BRli€ cal‘%n SHy2ERb b ls,
car bon- car bon bonds, carbon-oxygen bonds, carbon-sul fur bonds,

carbon-nitr ogencqﬁbmld@lﬁnamdw@r @@éﬁmgmmg%ﬁn%@ﬁdgen nitiezontherdsi #1dRG can

conprise a carbexybi ¢ f Hokayed ester of a carboxylic acid, acid
anhydride, acid c%]bg?g @%aa2|ge an acyl halide, aldehyde,

20chl or of ormat e, ani ne, hydroxy, hydrazi ne, isocyanate, isothiocyanate,

sul fonyl halop gl g?t?& %%%kuleﬁ@mh@&%’qen%s%%ﬁgﬁ d;Hgng@Je’}' H};Q%‘%%sga%%cﬁgl ggiridine,

i mne, and roups Fescent dye
of for mJI atl(el pras)ent m&enmd 11)(2u®r butSﬁ,re aet [25iprdowi e@thoi acidh.opaptilla; pividii, (/ --Sr
L- RG Sl endently ggogeQWIalk ,

hal oal ky| ng(f %ogldes n(.l)lgle%tfq(e%nnuFfélc acglﬁ Car Yg SS I OgOc[al er is a
hal oal kyl ; pBIWneS k1B and IcyllularLcdn@oaeﬂn@ﬂdleanolacdlesndmhsegccglnuguted nidyebei n t he
| i nki ng grou rlses a cpval en Ilnka n 50 non- hydrogen
at o Se e QB Brre. o RO RIS i AREEER BEUE dhEoTEBegbbed of any
conbinaoionmammghﬁqmﬁpuahﬁnyirlple, or aromatic carbon-carbon bonds,
car bon- oxygen bonds, carbon-sul fur bonds,

Where the molecule is a peptide, the peptide may be a dipeptide or larger, and typically

includes 5 to 50 amino acids. Where the conjugated molecule is a protein, it may be an

enzyme, an antibody, catalytic antibody, kinase, lectin, glycoprotein, histone, albumin,

15  lipoprotein, avidin, streptavidin, protein A, protein G, hormone, toxin, growth factor.
Typically, the conjugated protein is an antibody, an antibody fragment, avidin,

streptavidin, a lectin, or a growth factor.

The conjugated molecule may be a nucleic acid polymer, such as for example DNA
20 oligonucleotides, RNA oligonucleotides (or hybrids thereof), or single-stranded,
double-stranded, triple-stranded, or quadruple-stranded DNA, or single-stranded or
double-stranded RNA. The conjugated molecule may also include carbohydrates that

are polysaccharides, such as dextrans.

25  The associated or conjugated molecule may be a member of a specific binding pair, and
therefore useful as a detection reagent for the complementary member of that specific
binding pair. The dye-conjugate of a specific binding pair member may be useful for
detecting and optionally quantifying the presence of the complementary specific
binding pair member in a sample, by methods that are well known in the art.

30
Representative specific binding pairs may include without limitation ligands and
receptors, and may include but are not limited to the following pairs: antigen-antibody,

biotin-avidin, biotin-streptavidin, IgG-protein A, IgG-protein G, carbohydrate-lectin,

20



10car bon- ni trogen bonds, and nitrogen-nitrogen bonds; and RGis a reactive
group, wherein RG can conprise a carboxylic acid, an activated ester of a
car boxyl iwoaeiihosaei d anhydride, acid chloride, acyl azipde/usamomeyb3 hal i de,
al dehyde, chl orof ormate, am ne, hydroxy, hydrazine, isocyanate,
I sot hi ocyanate, sul fonyl halide, tosyl, maleimde, N hydroxy-succinimde
ester, l1l5aziridine, imne, and disulfide groups. Sel ected enbodi nents of
dyes of for -doby) ALK thie] USSNRICEHpIcMedi@l! esifhnd TABNA 4 240 DyeaXl X2 Y1
Y2 WL RGI-B-1SSO d HQO OHI-B-2SSA d HCO0 NHS

complementary strand RNA, hormone-hormone receptor (Table 2).

METHODS OF PREPARING FLUORESCENT DYE COMPOUNDS

In one aspect of the invention a method is provided for preparing the fluorescent dyes

of formula (1).

Y,

HO

wherein
10 Xy and X; are independently S or O;
Y1 and Y separately represent H, halogen, alkyl, haloalkyl, alkoxy, or alkenyl
wherein each W is independently H or alkyl;
Z, is H or alkyl;
wherein Z; and one of the W groups may be absent and, if absent, are replaced
15 with an additional bond between C, and Cs in ring C, which is indicated by a
dotted line;
wherein Z, comprises a labeling substituent of the formula —L-RG, wherein
L is independently a bond or a linking group, wherein the linking group
comprises a covalent linkage comprising 1-50 non-hydrogen atoms selected
20 from C, N, O, S, P and halogen atoms and is composed of any combination
single, double, triple, or aromatic carbon-carbon bonds, carbon-oxygen bonds,
carbon-sulfur bonds, carbon-nitrogen bonds, and nitrogen-nitrogen bonds; and
wherein RG is a reactive group selected from a group consisting of a carboxylic
acid, an activated ester of a carboxylic acid, acid anhydride, acid chloride, acyl
25 azide, an acyl halide, aldehyde, chloroformate, amine, hydroxyl, hydrazine,
isocyanate, isothiocyanate, sulfonyl halide, tosyl, maleimide, N-hydroxy-

succinimide ester, aziridine, imine, and disulfide groups.

In one embodiment, the fluorescent dyes of the invention having the formula:
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1-B-3SSC O M CO0) OHI-B4SSC O M CO0) NHSI-B-5SSFF M
C(0) OHI1-B-6 SSFF M

WO 2011/008912 PCT/US2010/042063
(@)
(0]
Z, N
Yy N N -
N7
< w8
HO S X7 “w
Y2

wherein Y and Y separately represent H, halogen, alkyl, haloalkyl, alkoxy, or
alkenyl;
X,is Sor O;
5 wherein each W is independently H or alkyl;
7 is H or alkyl; and
L is O or NH(CH,)nCOO (n is 1-10)
can be synthesized using the synthesis scheme illustrated in Figure 2A-2D. The
method includes the steps of:
10
(a) forming cyanobenzothiazole intermediate of the dye using the method shown in
Figure 2B having the formula;
Yy N
Son
HO S
Y

wherein

15 Y and Y, separately represent H, halogen, alkyl, haloalkyl, alkoxy, or alkenyl.

(b) forming a carboxyl derivative of the dye by reacting cyanobenzothiazole
intermediate with modified amino acid of formula:

“CI'H;N_ 41
LH

X W
2 W
20 wherein
X,is Sor O;
wherein each W is independently H or alkyl;
Z, is H or alkyl; and

LH is OH or NH(CH>)nCOOH (n is 1-10).
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C(0) NHS1-B-7 SSFFHCO0) OHI-B-8 SSFFHCO0 NHS The invention
further provides synthetic internedi ate conpounds that may be used for

synt hesi avogotiesdibuor escent dyes of the invention. |n eoe/usehosdizeent, the
i nternedi ate 25conpounds are represented by the general forrmula (I1): (I1)
wher ein Y1l and Y2 are independently hal ogen, alkyl, hal oal kyl,

al koxy, or al kenyl 5or one of Y1l or Y2 is H and the other is a hal oal kyl
group. In another enbodi nent, the internmedi ate conpounds are represented by

the general formula (I11):  wherein
to produce luciferin derivative of formula:

VARNG)
Y, N N
\>_</ LH
W
HO S X3
AW
Y,
5 wherein
X,is Sor O;

Y and Y, separately represent H, halogen, alkyl, haloalkyl, alkoxy, or alkenyl;
wherein each W is independently H or alkyl;
7 is H or alkyl; and

10 LH is OH or NH(CH>)nCOOH (n is 1-10).

(c) replacing the hydroxyl function of the carboxyl group in LH with a reactive group.

In another embodiment, the fluorescent dyes of the invention having the formula:

15
Y1 N N COzH
—~
HO S S
Y, R
wherein
Y and Y, separately represent H, halogen, alkyl, haloalkyl, alkoxy, or alkenyl;
and
20 R is H or alkyl

are synthesized using the synthesis scheme illustrated in Figures 3A.

In another embodiment, the fluorescent dyes of the invention having the

formula:
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X2 is S or O wherein each Wis independently H or al kyl; 15Z

is Hor alkyl; and LHis OH or NH(CH2)nCOOH (n is 1-10). The fl uorescent
dyes of twemvesdizon may be coval ently or non-coval ent pgTas3@oioat06sl W t h
one or nore conjugated nolecules "CM'. Coval ent associ ati on nmay occur

t hrough 20 vari ous nechani sns, including attachment of a conjugated

nol ecule CMto the fluorescent dye via a linking group L as descri bed
above, and may involve a covalent |inkage. Were the dye is associ ated
non-coval ently with one or nore nol ecul es, the association 25my occur

t hrough vari ous Yreetfani nsuN' Qadi ng i ncorporation of the dye or synthetic
internmedi ate corrp o\orl onto a solid or semisolid matrix, such as a
bead or a surfat® of by nolspecific interactions, such as hydr ogen

bondi ng, ionic bondiag, or hydrophobic interactions (such as Van der Waal s
forces). The asaﬁg%lted nol ecul es nmay be selected fromthe group

consi sting of polypeptides, polynucleotides, polysaccharides, beads,

m cropl at e wel | Ysund Heeparatebt @presaut Habdsgensakylcluhehlio, atkoandrateagonduct i ng
surfaces, nﬁgo-particles, and other solid surfaces. The associated or

conj ugated *Hl ecul e may be associated with or conjugated to nore than one
5fl uorescent dyR,is ik 6lRylmay be the sane or different. Generally, nethods

for the preparatign .of dye-conjugates of biological s ance re
ol 1 & oo R hhiet G TR SRRt 1 PePuee st TRTR RS TR ugat o
Techni ques a1, 1096. Egi.ison, Boagwnin 1 P(@ee). Chapter 8, pages 298-362; Nataliya

Panchuk, etal. J. H stochemstry & Cytochem stry, 1179-1188 (1999); S
Bhat acharya, etal Bioconjugate Chem stry, 10Volune 19, 1186-1193 (2008); B.

Dwor eckb, &t ahothbd BipeldmMMy. RvETHEE NSbviBQMeiH 88 /fhY HaBis YRRRR 3L 8H- 7- 04. pdf
). Typically, the association or conjugation of a fluorophore to a
dye- conj ugdtveniigppihe methpd capurses BIXiH: HPeqrescey dye of e VPN SPMBIENE 0 t hat

mol ecul e. 150000 &r&ELOML 'J%Bjugié’teé 'Gn&\{/ul‘?écﬁl%.“t‘ﬁé cgﬁﬁlﬁga%d &B%cﬁl@‘efﬁ&z ]%)162551 s

attached to a conjugated nol ecul e via a covalent |inkag

dye- conj ugamenohasil.nprotelie Meptidalaatib@y, ap@widerfedgmentl nalgosxde, aiﬂéleiﬁlirl@ependent |y
Sor 0; Yl . 1S t e o} l.pal kyl ,
al koxy, orngﬂggg%fléﬂgégiEhigéﬁg%ﬁﬁgg%ﬁ é%%%ﬁé%@P?i%h§¥bgaE§ﬁgﬂiﬁyiS H or
al kyl ; 135wipelysicphaZidesandchome doftrabsh &' yicgllyo us comaygaben abseitorgnhdre fofa absent ,
are replaced .w addi ti onal b et ween an i N rin . Which is
i ndi cat ed %@'nﬂégaﬁf@t et mpae e SpegﬁgipsoﬁeﬁﬁseBfet%fel‘ﬁ?rg%h%ge oo dfecte, 1 ng
group, wherein the linking group conprises a coval ent |inkage conpri sing

1- 50 non- hydrogen .at.o selectqu§&fron1c N,. O ﬁﬂ P and hal ogen at ons and
"< conposed "B RARYS KON Pb oIt < Nore el e v B RPEPr ¢
car bon- car pespahatndsf pegideos- proywdedoionds, teambhod Sydifdlly dopdises first
carbon-nitﬁﬁgqn ba&ds, and nitroge anitrogen ond%; ? wherein CMis a
conj ugaDed REf EEaAE PR bSO g Betia PN A Hay bETEat gt
preparing ettt WOBIES (BFRAIy-128° LR Borate or carbonate/bicarbonate buffers (pH
about 8.0-9) are especially suitable for reaction with succinimidyl esters, phosphate
buffers (pH about 4.0-8) for reaction with thiol-reactive functional groups, and
carbonate or borate buffers (pH about 9.0-9.8) for reaction with isothiocyanates and
25  dichlorotriazines. The appropriate reactive dye is dissolved in a nonaqueous solvent
(usually DMSO or DMF) in an amount sufficient to give a suitable degree of
conjugation and added to a solution of the protein to be conjugated. The appropriate
amount of reactive dye to be used for any protein or other component is usually
predetermined by experimentation in which variable amounts of the reactive dye are
30  added to the protein to be conjugated. The reactive dye is usually used in 5-100 fold
excess of the amount of protein to be conjugated. Following addition of the reactive

compound to the component solution, the mixture is incubated for a suitable period
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the present invention include, but are not l[imted to, am no acids,

pepti des, proteins, nucleosides, nucleotides, nucleic acids, carbohydrates,
enzymes, wopodosaieon- bi ol ogi cal pol yners, cells, and celrculiseoiononenent s.
The nol ecul es to be conjugated may be protected on one or nore functional
groups in order to facilitate the conjugation, or to 10i nsure subsequent
reactivity. Were the nolecule is a peptide, the peptide may be a dipeptide
or |arger, @pdaltyosed hour 'aﬂl%bhﬁqgtﬁpéatﬁfé 19 QevRA RuraGh @9), tﬁéhﬁ/'é%oﬁjhgaté:onl ugat ed
nmol ecule is a protein, it may be an enzyme, an anti bod cat al

anti body, K srawated ffiest imeonjgeafedgedtvesah filtpition.ofidysisl ﬁrth§uﬂﬂﬁ%prote|n
avidin, strepfavi IBAE! factor.
Typi cal | y, t heaéé(}ﬁﬂe 8{:’%@& ?%aﬁlbﬁ@fogéagh%gﬁ%l?lﬂ%y a’rllzegﬁ%ﬂl g@ﬁ?ﬂ‘ggnem
avidin, st rdeq@neé\apldlcntlora The&meﬂnodaﬁrg@elglrlbmmwﬂd@f@rp.repﬁh@ donjongepted nol ecul e

ol lyggﬁucl oot hg aﬁ“@ﬁﬁg’ 'ﬁ ggﬁ% %%%?da%% d"ﬁ lecﬁéﬁ %?“%Ot&% Agd G

si ngl e- stradﬁ@dpnddabhbumhdeQQM$,wvaﬁanssﬂ@ndawﬁzmeQMHMDup$e st randed
DNA, or single-stranded or doubl e-stranded RNA. The conj ugat ed nol ecul e may
al so include carbohydrates that are pol ysaccharides, such as dextrans.
25The assoMEIRODSIORCO8E ugat ed nol ecul e may be a nenber of a specific

bi nding pair, and therefore useful as a detection reagent for the

conpl ementary nenber of that specific binding pair. The dye-conjugate of a
speci fi10 biTrneI ipfhgerﬂalwenﬁ@nf&emaéma/ mRehod e flbtectingra elei@ahdnngy arehbepst onal |y
quantifying Ee sence of the conpl enentary 5P eCIfIC gggdln ai r menber
in a sanpl eP*b¥f IORAr R MRleeCARITS NG RIS SHd S HRPlG Pith eﬁ@‘%k‘ ©entative
speci fic biohehchfcRBéd WhiRYpdeifiehydigndy tb RIRLEontpldRdnalty ABmbérdaidE @Ak
receptors, and may include but are not |imted to the follow ng ﬁalrs

anti gen- anﬁh%eﬂypl%ﬁ@meﬁ By s imixXBre e rleteet dist eRmRIsReNtarg angRRsT e il

| gG pr ot ei fefhod€ 8f B hﬂ\@ﬁﬁ’&?mh}e 6dh dﬁhse uSing Yﬁ@ﬂ&@&l’&ﬁ d§é§b§fcflﬁ¥ng1reactlve
DNA- conpl enentary strand DNA, RNA- conpl ement ary” st rand RNA

hor nond> hordmsr?éd dEe-eqyegates TaBe @wytlonmsomdﬁmnmtw Pf RJORESGENT DYE
COMPOUNDS @ ASRASH e fbo&ﬁ% rlH@%i?p@@%ﬁsxﬂfﬁésh&ger%g% WOWideRs ber

preparlng t orescent yes o fornmu ereln 10X1 and X2
are i ndepen@l@mﬂeytssnwkud@g Mectnellsy2els eptincat, dlegterigprissentorginclival ogkn, al kyl ,

hal oal kyl , | kyl
71 1o 17 of "B erdl Bl Rt S Al O st
and, if ab@elmbgenams gremb @é@dmizéwntSh cgn badalical (mwmdm)mbhba meuo €idand C5 in

ring C, mhlc is indicated.b t e wher i es, a
oot i 73" subere MR R AR bRt SR R SRRRAERT, |
bond or a |inking group, wherein the |inking group conpri ses a coval ent

| i nkage conpri si.n ﬁé?o on: hydro en ato sel ect ed rom C, 0, S, P
and hat ogenPSEGHE SRS g HSRTEGH SRy el B A PoEing Feadtive dyes
and dye-conjugates are used to stain or label an analyte in a sample so that the analyte
can be identified or quantitated. For example, fluorescent dyes, including dye-
25  conjugates of the invention may be used as a detectable tracer element in an assay for a

target analyte, in a biological or non-biological fluid.

In other embodiments, the fluorescent dyes, including reactive dyes and dye-conjugates
are used to detect a sample that comprises a ligand for which the conjugated molecule
30  is a complementary member of a specific binding pair (e.g., Table 2). Thus, the ligand
is one member and the conjugated molecule the other member of the specific binding
pair. The fluorescent dyes, including the dye-conjugates are also used for identifying an

interaction between a dye-conjugate and a complementary binding molecule.
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single, double, triple, or aromatic carbon-carbon bonds, carbon-oxygen
bonds, carbon-sul fur bonds, carbon-nitrogen bonds, and nitrogen-nitrogen
bonds; amsiowhEwm®@BII2RG is a reactive group sel ected frompatgrseamp/0emasi sti ng
of a carboxylic acid, an activated ester of a carboxylic acid, acid
anhydride, acid chloride, acyl 25azide, an acyl halide, aldehyde,
chl orof ormate, amne, hydroxyl, hydrazine, isocyanate, isothiocyanate,
sul fonyl haj} 'tlfieﬁrstt Qé@’ bf th@‘%ﬁé%lﬁd&i‘ dR, 1Yk Q¥Hs Hﬁﬁfdﬁfg%éj?ea%ed es @fd I di ne,
i mne, and disul roups. I n one enbodi nent, thé fluor escent dyes of the
i nvention H&Qri:muaaﬁé gdhmlll\@ntlon ¥z gveiely mitifizedahyg Cwlb@é}ga% dyelof thepresent
H, hal o0gen,, Ltlﬁ&ﬁl a (ﬁ@\'%rﬁ’)@él k¥ dve vﬁhhkfi‘%)éamﬂ[e Rl & Iy ﬂ@l(?cohéit@] 1egted gyherein
eachW|S| eenent Hor alkyl; Z1 is H or P ; L|300r
NH( CH2) n OO@leéch a |dsteqw111©)0pt3@d1 rgsponsy.nt hredyczentjugst rtgolwhle foympt hesvadens oheme
illustrate I d e e p (a)
form nggcygﬂ%g%\ﬁhzegtjﬁ?sgéo e | nt er%g%ﬁﬁ@ea ofgl%l“hgt ?jf bl Saﬁlhﬁ %ﬁ% Smi]p&)?'od shown
in Figure 2Bstrawithg thhdofials i lthe; saMpleGN ﬁd@lwmértm wnib&YIhaﬂdanQ isthpar at el y
repr esent 0 ko formng a
carboxyl ad RS oy el BREGR ko B 80 oBberdt R clMlivd  a ot o
wi t h nodi f ittledsaatplen s @ed do cdfatefrmnwl @emﬁed chazzmdnem(ebﬂ thé2sainpleSby furbhier wher ei n
each Wi s independent | 1 t¥1 a,ls H or alkyl; and LHis OH or
NH( CH2) ncw)_fn]e 1nig§ elo_pilé response w1 a’stan

10

In one aspect of the invention, the dye-conjugate is a labeled protein, such as an
antibody, antibody fragment, avidin or strepavidin, and the like. In this embodiment
the dye-conjugate is used to detect a complementary specific binding pair which is
typically, an antigen, a hapten or a biotin. Such dye-conjugates of the invention can be
15  use for detection of an analyte in a sample, using a variety of applications. Primary
applications include immunofluorescence, fluorescence in-situ hybridization (FISH),
flow cytometry, labeling of receptors, and tracing of labeled cells. For certain detection
methods e.g., those based on cytometry which inherently involve spatial
separation/resolution of bound vs. unbound conjugate, it is not necessary to remove the
20  unbound dye-conjugate from the analysis mixture. However, for other detection
methods, e.g. immunoassays not involving spatial separation/resolution of bound vs.
unbound conjugate, it may be necessary to remove the unbound dye-conjugate from the

analysis mixture prior to detecting the optical response.

25  In another aspect, the fluorescent dyes and dye-conjugates of the invention may have
utility as laser dyes. Since the dyes and dye-conjugates of the invention are excited by
an ultraviolet or violet laser, these dyes and dye-conjugates are particularly useful for
multiplex assays with other dyes that are excited at longer wavelengths. In one
embodiment, these dyes and dye-conjugates are excited at about 350-405 nm and when

30  used with dyes that are excited at longer wavelengths (e.g., 480 nm and longer), their
emission spectra are distinguishable from the dyes that are excited at longer

wavelengths.
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to produce luciferin derivative of formula: 5wherein X2 is S or 0; Y1l and
Y2 separately represent H, hal ogen, alkyl, haloal kyl, al koxy, or alkenyl;
wher ei n ewohoiMdogoizndependently H or alkyl; Zi is H or achpsoiamed20t®LH is
OH or NH(CH2)nCOOH (n is 1-10). (c) replacing the hydroxyl function of the
carboxyl group in LHwth a reactive group. |In another enbodinent, the
fluorescent dyes of the invention having the formula: NN CO2H , HOS S

wherein i I@Mt}ﬁ as%%&afff@l{&h‘yenﬁ@tprtﬁ'egc?}f%tcolﬂlug;i}@é SIRNinv N loan Ms@@-hﬂ‘é’ I,
al koxy, or alkenyl; and 20R is H or ‘al kyl "are synthesized using the

synt hesi s sufieaslol methed foadetecting omp giuners aBalytey i anBplsedn eepmeiogant, t he
fl uorescen f
wherein Yltﬂ}fn ﬁ@%@ dgé ﬁg&rg@%ﬂe%ggm (ﬁ%& Eﬁlt%gen fy?eﬁ {;\Mn&q? l?_%)(
al koxy, or nyiltielyl anaErSIanahﬂnﬁtbOd-lnghld@I lkwbamh@@lnmwﬁes Poraebsition n@ t he

synt hes Ei I t o Am  Chem
Soc. %%ggg&ggﬁgﬁf%@g?s%ﬁ@p dggnoljﬁgteg?s%gg}?t{n@% t;lr%tvdé/% tC|Do]n‘t’;l provi des
met hods forandmkaomg djy@onjogqtughlt d8s ebmpovitemt ithn coMpencnte bh alak (ﬁmtrmeses m Xi ng
a fluor escent. e o the inventd o n reactive u

conj ugat ed %V% & Dipghide patey don trﬁacfon%qlpag%ltﬂ glﬁgthe B ntRe ecoﬁ prot ei n,
pepti de, amni¢- b@glq,gatea]@tal Ibmdiyg fpma@frtmt the rmccdnéomalgle Thumiceb)attiodepntmmest e| c acid
pol ymer. The, con ate cul.e nmay i.ncl ude carbo at es. t hat

ool y s mco A Gatodh SR AR e i P o 1FrESen GOty Tauts Bu 6 °a

f 1 uor opbor &irdt ay@cipyategphith Al lieubitRnipdBEd, fitss gémeraappﬁe&‘drr@h tlpk epiatiki es of the

fl uorophore to that no]ecule, The ods for e preparation of .
dye-c oﬁj ug él}t%rgct@fl OgFuEs {)\%WFGHHH%%QOW n@{g{ aélfitsecopéﬁye—gonju%ate, ltlowever, 1t 18

within the scope of the invention to change the incubation conditions as necessary to
drive the formation of a dye-conjugate-analyte complex between the second dye-
conjugate and second analyte. Following the formation of at least the first dye-
15  conjugate-analyte complex, the sample is illuminated with light of a wavelength
appropriate to cause the complex to fluoresce, thereby detecting the first analyte. The
second analyte is detected in a similar manner and may be detected simultaneously with
the first analyte or by the sequential illumination of the sample with wavelengths
appropriate to induce the fluorescence of each fluorescent dye-conjugate. In a particular

20  aspect, the illumination and/or detection step comprises a flow cytometer.

Alternatively, the multiple dye-conjugates, preferably fluorescing at different
wavelengths can be used to detect different features of an analyte. For example, a cell
or epitopes of an analyte, can be labeled with different colored dye-conjugates, the
25  target is detected and its identity is confirmed using the co-localization of each color on

each target.

The dyes and dye-conjugates of the invention may be used for diagnostic applications.
For example, the dyes and dye-conjugates of the invention may be useful for detecting
30 the presence of a pathogenic organism (e.g., bacterial, viral, fungal) in a subject.
Alternatively, presence of a particular analyte and/or amount of a particular analyte
and/or variants of a particular analyte may be associated with a pathological condition
in a subject. The dyes and dye-conjugates of the invention that bind to such analytes

may have utility for determining the presence and/or amount of a particular analyte

27



preparation of peptide or protein conjugates, the nethod typically
conprises first 20 dissolving the protein to be conjugated in agueous
buf f er atwalwout0089120 ng/ M at room t enperat ure or bel owpCryyse@alohzesdt- 25 C) .
Borate or carbonate/ bi carbonate buffers (pH about 8.0-9) are especially
suitable for reaction with succinimdyl esters, phosphate buffers (pH about
4.0-8) for reaction with thiol-reactive functional groups, and carbonate or
borate buf bggs: (PRaARAU Qs Yt-Bnng He proaatd %ww thehSOf Bi QevARAles and 25
di chlorotriazines. The appropriate reactive dye is dissolved in a
nonaqueous c8¥li@nt (usual |y DVMSO or DMF) in an ampunt sufficient to give a
sui tabl e degree of conjugation and added to a solution of the protein to be
conj ugat ed. The appropriate amount of reactive dye to be used for any
protei n or KAThOF NyIpOAeht is usual |y predeterni ned by experinentation in
whi ch variabl e amounts of the reactive dye are 30 added to the protein to
be conjugated. The reactive dye is usually used in 5-100 fold excess of the
amount of @n@tae[jent (tfoheblae@oninugmibe@ th&ﬁdrinowimgoﬂdtdithaitmilbdte ﬂf@@raro@ia@ti ve
conpound tof ne rrgonent 30 gbfeﬁ Hﬁ 1m xture i Scrlb@% L ? sui tabl e
peri od (typVC(Wf Sirs 1 %% Poom t'ehper &t P §3Veral Surs on
ice), the d;eanmnpmg@ﬁcﬁlly eorﬁlamaraaﬂmcbséernoﬁyajasfcthmrugl&toﬁﬂmdlyemhseng@ a
filtration, dlaH IH? SUIta% e net hods. The gé gpjugate can
be stored I PPHYEt t’i%‘HWSr a "yé‘ﬁ‘fﬁl Ofé%{iepaﬂﬂ% PePURRtES o PESHES A

gppl i cavi Olaonjﬂ'guééswﬁﬁé m&ohﬁlg@@dlﬁfoﬁblhly_1%@giebﬁalbhﬁhtfg%alrﬂﬁ@ﬂwI Selected

ye- conj ugat es 5usi nt i nt.i hody fragment ns ectins,
enzynes, provsad r%? C?‘@@IWI%P‘&%IUBPSP%PH me ‘h‘%ca}{ Efﬂﬁ%ég growt h
factors, h@rimmneucleithcRls f‘&%aﬂfoﬁ&cﬁht@@ I&@%@%n%d%tsl%e'rhﬁs praaent

i nvention provides a nethod of detecting npl erentary nenber of a

speci fic biPFIFHdVEai isteddn Jabkss & an%ﬁfﬁw%ﬁlw&ﬂm Ss&}t??gfog ﬁ]ed’r@&ﬁ‘ﬁp% hith a
dye- conj ugai& Ofit t he i nvention which specifically binds to the

conpl ementary nenber; and detecting the conplex formed by said m xture to
det ect lfhe conplenentary nmenber. The methods of the invention may conprise
using the flaihesGhliind¥RRricd die ot iR NEayed RudliGraB04, dYe- conj ugat es
of the invention for tlon and/ or quantitation of an analyte in a
sanple. In certain enbodlnents, t he sanpl e conpri ses het erogeneous m xtures
of conponents, including intact cells, cell extracts, bacteria, viruses,
organel l es, and m xtures thereof In other enbodinents, the sanple conprises
a single conmponent or honobgeneous group of conponents, e.g. biological
polynerg such as am no acid 20 polyners, nucleic acid polyners,

car bohydrate polyners, or lipid nenbrane conplexes. |In certain

enbodi nents, the fluorescent dyes of the invention, including reactive dyes
and dye-conjugates are used to stain or |abel an analyte in a sanple so
that the analyte can be identified or quantitated. For exanple, fluorescent
dyes, including dye- 25 conjugates of the invention nmay be used as a
detectabl e tracer elenent in an assay for a target analyte, in a biological
or non-biological fluid. In other enbodi nents, the fluorescent dyes,

i ncl udippg reactive dyes and dye-conjugates are used to detect a sanple that
conprises a ligand for which the conjugated nolecule 30 is a conplenentary
menber of a specific binding pair (e.g., Table 2). Thus, the ligand is one
menber and t he conjugated nol ecul e the other nenber of the specific binding
pair. The fluorescent dyes, including the dye-conjugates are al so used for
identifying an interaction between a dye-conjugate and a conpl enentary

bi nding nolecule. In the first step of the nethod, the fluorescent dyes,

i ncluding the reactive dyes and dye-conjugates of the invention are
general3Py utilized by conbining a dye of the invention as described above
with the sanple of interest under conditions selected to yield a detectable
optical response. The dye-conjugate typically forns a covalent or 5

non- coval ent associ ation or conplex with an elenment of the sanple, or is
sinmply present within the bounds of the sanple or portion of the sanple.
The sanple is then illumnated at a wavel ength selected to elicit the
optical response. Typically, staining the sanple is used to determ ne a
specified characteristic of the sanple by further conparing the optical
response with a standard. 10 In one aspect of the invention, the
dye-conjugate is a | abeled protein, s as an anti body, antibody fragnent,
avidin or strepavidin, and the like. In this enbodi nent the dye-conjugate
is used to detect a conplenentary specific binding pair which is typically,
an antigen, a hapten or a biotin. Such dye-conjugates of the invention can
be 15 use for detectlon of an analyte |n a sanpl e, u5|ng a varlety of

I T I 1 o, o I - e o o



10 first dye-conjugate.
preferred that a simlar
second dyweconjowgHabe,

During this incubation period, it

however, it

is generally
i nteraction occurs between the second anal yte and
is within the scope ofrCtrhis2emwevss on t o

change the incubation conditions as necessary to drive the formation of a
dye- conj ugat e- anal yte conpl ex between the second dye-conjugate and second

anal yte.

Foll ow ng the formation of at
conj ugat e- anal yte conpl ex,

wavel engt h_appr

| east the first dye- 15
the sanmplgpjes i1 lum nated with |ight of
priate to cause the conplex to fluoresce, therehy

a
det ecti ng

the first

Aval yt

e. The second analyte iForrdéde ected in a sinilar nman

her and

may be det]
illum nati
fl uorescern
the illum
Al ternativ
di fferent
anal yte.

di fferent
is confirn
dyes and q
applicatiqg
be usef ul

bacteri al ,

F

ected

on of

ice of

nati on
ely, t
Wkl €
or exag
col or €
red usi
lye- con
ns. Fg
for de

viral .

sTTTot tanmeoust Yy wth the i rst—anat yLe or Uy the se
the sanple with wavel engths appropriate to induce
each fluorescent dye-conjugate. In a particular 20
and/ or detection step conpri fl ow cytoneter.
he nmul tipl e dye-conjugatesQ pr bly fluorescing
ngt hs ¢ be used to detect] di Neyent features of
nple, a (to &7 an®l yte, can be lab
d dye- conj 25tlarget isQ@etected and its
ng the ati onSof\ each col or on each targe
j ugat es of t e i nvention y be used for diagnosti
r exanple, th€ dyes and dye-conjugates of the inve

tecting 30 the presence of a pathogenic organism
fllnnal\ LN a Qllhl ect Al t

S

parti cul an
a particul
subj ect .
anal ytes 1
parti cul an
and/ or ext
of the prg
practice (
descri bed
dye of thg

Tt

anal y
ar ang
he dye
ray hay

al ¥
ent of
psent i
f  vari
above.
2 nven

te and/or anount of a particul ar anal yte and/or va
| yte may be associated with a pathol ogical conditi
s and dye-conjugates of the inventi that bind to
e utility for determni the presen nd/ or anou
te |tsr¥ar| h NSIn t he prese
oyl \cong iron. NI ION 5 One
'oHon«ts at facilitat
ous adeays ySof\ the dyes of e invention,
The kits »f the invention typically conprise a £l
tion, elther present as a chenlcally reactive | abe

for
conj ugat eq
nol ecul es
(e.g. prot
t he dyes ¢
suited for
one or nof
Formul a Dy

pr epart

neo
T ”U uy
I nol ec
i ncl ud
ei ns,
f t he
Dyb®
e of f
el C

aa a qu 10 bUIIj ugatc Vm"
menber. Sel ected co
bi ol ogi cal nol ec
speci fic enbod
3 and 4 are par
referably, the kits
ble 5720 25 30 Table

€ CGII] ugaL €S,—0OF presem
ule is a specific binding pai
e without limtation, poly
nucl ei ¢ aci ds or carbohydrgtes)l
present imvepti on |Istﬁdl
[r epar ati on ch‘ t.

| uor escent ted i
HO HO é S

15

gquent i al
[ he
aspect ,

at

an

el ed with
identity
[. The
ntion may
€.g.,

a

riants of
bn in a
such

nt of a
nce
aspect

t he

as

uor escent
usef ul
ere the
nj ugat ed
ul es
ment s,
[icularly
conpri se
5 No.

D

-

Dye4

O
O
N
O
S S

HO

29



G N) SNO (S Dye2 C HOO C NN ) S'S

WO 2011/008912 PCT/US2010/042063

HO

o)
0 O
F N N /\)k —N
Dyes \>_</ H ©
S S O

0
0
posTohin
Dyeb6
¢ S S O

HO

Dye7 \>—</ ©
HO S S

The kits can also comprise one or more of the dye-conjugates of Dyel, Dye2, Dye3,

Dye4, Dye$5, Dye6, or Dye7.

In an exemplary embodiment, the kit includes a reactive dye of the invention and
instructions for conjugating the dye to a molecule possessing an appropriate functional

group, and optionally for recovering the dye-conjugate.

10 In another exemplary embodiment, the kit includes instructions for performing an assay
that detects an analyte or ligand in a sample. For example, in one embodiment,
instructions are provided for detecting cell surface receptors, or an enzyme, or other

ligands that can bind antibodies.
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The kit optionally further comprises one or more buffering agents, typically present as
an aqueous solution. The kits of the invention optionally further comprise additional
detection reagents, a purification medium for purifying the resulting labeled molecules,
fluorescent standards, enzymes, enzyme inhibitors, organic solvent, or instructions for

5 carrying out a method of the invention.

The various embodiments of the invention are demonstrated further by the following
illustrative examples. The examples are offered by way of illustration and are not

intended to limit the scope of invention or claims in any manner.

10
EXAMPLE 1
The following example provides a description of a general method for the synthesis of
dihalo derivatives of firefly luciferin and their respective NHS esters.
15
L. Preparation of Appel Salt
Cl Cl
CICH,CN + ClLS E—— ; \<
? 22 cr séS,N

20 A 500-mL round-bottomed flask was charged with chloroacetonitrile (20 mL), sulfur
monochloride (120 mL), and CH,Cl, (110 mL) under argon. The reaction stirred under
argon for 3 days while a brown precipitate formed. The precipitate was collected by
suction filtration and washed with CH,Cl, (300 mL) and hexanes (300 mL). The
washed solid was vacuum dried to give the product as a brown solid (75% yield).

25
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2. Preparation of 2-Cyanobenzothiazoles

The following procedure is for the preparation of 5,7-dichloro-6-hydroxy-2-
cyanobenzothiazole. The preparation of 5,7-difluoro-6-hydroxy-2-cyanobenzothiazole

5 followed the same procedure with very similar results.

Cl Cl
OMe OMe W Cl
Y- Y Zn, NH CI st N Y- N
n, NH,CI Y- Y S \7__\(
- - SN
MeO S
NO, NH, Y
2AB
1A-B
Y=CILF 140 °C
Pyridinium
Y- N Hydrochloride, Y. N
2 195°C 2
»—CN »—CN
HO S MeO S
Y Y
4A-B 3A-B

10

A 5-L round-bottomed flask was charged with 1,3-dichloro-2-methoxynitrobenzene
(0.33 moles), ammonium chloride (3.3 moles), and ethanol (1200 mL). Zinc dust (3.3
moles) is added rapidly to the stirred mixture. The reaction mixture warmed to near
15  reflux after several minutes and was then allowed to cool to room temperature. After
stirring overnight, the suspension was filtered to remove residual zinc and ammonium
chloride. The filtrate was concentrated under reduced pressure and the resulting solid
was resuspended in CH,Cl, (1500 mL). The suspension was filtered and the filtrate
concentrated under reduced pressure to give the substituted aniline as a white solid
20 (0.33 moles).

1A Y=l "H NMR (400 MHz, CDCls): 8 6.601 (s, 2H), 3.811 (s, 3H), 3.6-
3.7 (broad s, 2H)
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Dye7 CF HOON N S \>S (/ The kits can al so conprise one or
nore of the dye-conjugates of Dye 1, Dye2, Dye3, Dye4, Dye5, Dye6, or Dye7.
5 I n an ewereplizmgvienbodi ment, the kit includes a reactipeTdipeoiofdiohe

i nvention and instructions for conjugating the dye to a nol ecul e possessi ng
an appropriate functional group, and optionally for recovering the
dye-conjugate. 10l n anot her exenplary enbodi nent, the kit includes

instructiong fot, performpgydR @WS@¥z, CDCL): 6 6.22 (m, 2H), 3.860 (s, 3H), 3.6-
3.7 (broad s, 2H)

A 2-L three-necked round-bottomed flask was oven-dried and cooled under an argon
5 flow. The flask was charged with 1,3-dichloro-2-methoxyaniline (0.33 moles),
pyridine (75 mL), and CH,Cl, (550 mL). The appel salt (0.33 moles) was added in
portions over 5 minutes causing the solution to reflux. TLC showed the complete
disappearance of the aniline after 15 minutes. The reaction mixture was concentrated
to an orange solid. The solid was dissolved in 2.5 L of ethyl acetate. The organic
10 solution was washed with type 1 water (2 x 1000 mL) and brine (1000 mL). The
washed organic layer was dried over anhydrous Na,SO4 and concentrated to give the

appel salt adduct as a solid.

20 Y=l "H NMR (400 MHz, CDCls): 8 7.203 (s, 2H), 3.933 (s, 3H)
B 2B Y=F "H NMR (400 MHz, CDCL): & 6.87 (m, 2H), 4.030 (s, 3H)
A 500-mL three-necked round-bottomed flask was equipped with and argon inlet line
and a water-cooled condenser with a bubbler connected to the outlet. The flask was
20  charged with appel salt adduct (0.134 moles) and heated to a surface temperature of
140° C for 1 hour. Toluene (50 mL) was added and the reaction was cooled to 90° C.
CH,Cl, (100 mL) and silica (50 g) were added. The resulting slurry was filtered and
the filter cake was washed with CH,Cl, (200 mL). The combined filtrate and washes
were concentrated and flash chromatography (CH,Cly/hexanes) provided the 5,7-
25  dichloro-6-methoxy-2-cyanobenzothiazole as a solid (0.031 moles).

3A Y=Cl "H NMR (400 MHz, CDCls): & 8.194 (s, 1H), 4.027 (s, 3H)
3B Y=F "H NMR (400 MHz, CDCL): & 7.981 (dd, J =10 Hz & 1.6 Hz,
30 1H), 4.156 (s, 3H)

A 250-mL round-bottomed flask was charged with pyridinium hydrochloride (160
mmoles) and 5,7-dichloro-6-methoxy-2-cyanobenzothiazole (8.2 mmoles).  The
reaction was padded under argon and then heated at 195° C for 3 hours. After cooling
35  to room temperature, type 1 water (150 mL) was added and the mixture was sonicated

to dissolve the solids. The aqueous solution was extracted with ethyl acetate. The
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the i nvent opllowridyasinu@esnbodi ments of the invention are denonstrated

further

by the following illustrative exanples.

The exanples are offered by

way of illygtration and a dH}I scope of invention or
cl ai nms n gﬁy ngnﬁgr %gﬂﬁﬁf4 %?q%?%éﬁﬁ‘ g&%%%ﬂ@ provi des a

descrlp neraI1 he ént , f dihalo derivatives of
firefly | u fer@ﬁ%g I?le Q%g%@gbﬁ%’e éﬂ[ ér@g%l Preparati on of Appel
Salt dC CCH %3 N 20 A 500-nL round-bottomed flask was

char ged mnth chl oroacetonitrile (20 ni),

sul fur

nonochl oride (120 ni),

and

CH2C12 8 nL) under ar on The reaction stirred under argon for 3 days
while d% L £ > The precipitate was coll ected by suction
f||trat|on and mashed Wi th CH2C12 (300 niL) and hexanes (300 nmL). The washed
solid was vacuumdried to give the product as a brown solid (75%yield). 25
WO 2011/ 008912PCT/ US2010/ 042063 2Bt pon of 2- Cyanobenzot hi azol es The
following procedure is for the preparafign of 5,7-dichloro-6-hydroxy-2-
cyanobenzot hi azol e. The preparati onHef w

5, 7-di fl uor o- 6- hydr oxy- 2- cyanobenzot hi azol e 5f ol | owed t he sane procedure
with very simlar results. 10 A 5-L_round-bottoned flask was charged
with 1, 3-dichloro-2- nethoxynltrobenz@%E (0.33 nol es), ammoni um chl ori de
(3.3 moles), apd ethanol (1200 m). Zinc dust (3.3 noles) is added rapidly
to the stirred| mxture. Whe redetion nixturelHvarmed to neag 15 reflux after
several m nutes a$ was Hhen alH owed to coolOHo roomtenpe®atyre. After
stirring overn| gh$8 the Huspen8on was filtePed to renove $esijdual zinc and
amoni um chl or| de3C The M4 trat él was concentnaﬂed under red¥ced pressure and

the resulting 5ol 3R was Mesuspdhded in CHEHECPAB00 ). The suspensi on was
filtered and the ?ﬁltra@@aconcentrated UH&E?CW Eed ressiire|to give the
substituted anl = 11- INMR (400
MHz, CDC13): 6 6.601 (s, 2H), 3.811 (s, 3H), 3.6- 3.7(broad s, 2H) 1BY =
F1H NVRS(400 MHz, CDC13): 6 6.22 (m 2H), 3.860 (s, 3H), 3.6-
Synthesw of Modifi¢d Penicillamines
HCO,H
HCO,Na

CHO
HO,C NH, Acetone HO,C ACZO HO,C N
B TX

A 2000-mL round-bottomed flask was charged with DL-penicillamine (10 g) and
acetone (1000 mL).

20
The reaction was refluxed until all the solid had dissolved
(approximately 24 hours). The reaction mixture was filtered while hot and cooled to
room temperature overnight. A small amount of crystals had formed overnight. The
reaction mixture was kept at -20° C overnight. The resulting solids were collected by
25  suction filtration and washed with acetone (300 mL). The thiazole product was dried
under argon (11.9 g). "H NMR (400 MHz, DMSO-ds): & 3.750 (s, 1H), 1.556 (s, 6H),

1.438 (s, 3H), 1.185 (s, 3H)
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3.7(broad s, 2H) A 2-L three-necked round-bottoned flask was oven-dried and
cool ed under an argon 5 flow. The flask was charged with

1, 3- di chiwoceep/mediboxyani |l i ne (0.33 noles), pyridine (7FCwUS201@002063H2C12
(550 nL). The appel salt (0.33 noles) was added in portions over 5 m nutes
causing the solution to reflux. TLC showed the conpl ete di sappearance of
the aniline after 15 mnutes. The reaction m xture was concentrated to an

orange sol ixdysolRe rs@ld-shidmsd %sﬁ@@&svaﬁrge@ wathﬁhiaché aaa fml 9 BF e %ﬂo%mmThe
organi ¢ 10 solution was washed with type 1 water and brine

(1000 ni). fometefdshaamdergagine Hoapisract S%r ﬂ%méwﬁs @éﬁiﬁéfdndnth@ er@m and

). NMR (400
('\:A?I;]Cerc\:DEi-s‘ﬁqxthfé ﬂh&? u\?&? a%&?eh’h§ %aEtld?‘nde&@tIlfS F3s QOO?(Q:YH fgch Zﬁz-l ﬁNaml\/RlCW o (

CDCL3): 6 but7 A(qwc ey {ride, 30 ) wkgdded 660 it dar €5 msicerdhlegui bot { oned
flrask S e RS t‘é\fn[;é}atﬁfbdre AN IF\lé drhﬂ?e %&QV Rr B‘QE%J Qﬁ(lv%g ndenser

wth a connec e ou arge wth
appel salt tlzddation (Vs JsﬁﬂeerV®sl);htaaﬂdoma¢rembr¢mrea Tshcterhfcms b@lﬁDEﬁH&?lV@d' e of 140
C for 1 hour. Toluen

react.i o ooled to 90
G ' Grocio. thiss ViR Ao ediefBE SRS Tu b R el R £ R s
filtered anzbothe) dndl doﬂectecdaig&sm filaatied metshha:wamyasl(eamtmype 1 Wher conbi ned
e A BE NG5y Wen e FONPER T ER! gk 2R SN SR LRI iy
é5dl Ch|10l’?-eﬁlyl’7'&¢e|ﬂ@é( W3 2- maﬁppemzetehﬂ(r@&ow%ea@muﬁal diebd( H:cO3h, 3| @8g . 3AY =
1H NMVR . 6 8.194 3BY = F1H NMR
(400 MHz, é%@fgm Th%%*’é%ivaf a‘erlcelszaledfe gipe *&P"lle e 5%161163@)@%1? 156K 3 A
250- m. rou@Hbmtth@moilhm%emss&Megﬁﬂmw Bs: I@S/)rdfdhéﬂiai:g@i Moqm ]Q{l de (160

mol es) and_5 di chl oro- K%Z cyanobenzot h s). The

reaction W%M%HEMSO%%HI% 15%@#‘4%5&9@@1&8 lfQSS @11459 4364H(§%r s. After

cool i ng 35 t1gHy QoMY € Hgtlbgzg (S %ﬁ?q 5190\/@t3gt‘) (#2953 was added and the
m xture was sonicated to dissolve the solids. The aqueous sol ution was

extractld@d with ethyl acetate. The ethyl acetate was dried over anhydrous
Na2SO4 and concentrat ed to give the product as a yellow solid (2.8 mol es).
4AY = C 1H NWR ( gcetoneo d6) 63;' 313 Sér) 5 4BY =,F1H NWR (400

6 8E H & o

MHz, acetong-. d6 hg 3. Prepar-gti on of
Ani no Aci ds%ﬁcgiCIKI-BN—L—OI:H ﬁg W 59<F W )Cé%uﬁ;[w :
S

SH
><o)j\§j/\NH2 SD.E

20 A round-bottomed flask was charged with formylated thiazole acid (1 equivalent),
triethylamine (2 equivalents), and CH,Cl,. The reaction mixture was stirred at 0° C in
an ice/water bath under argon. Isobutylchloroformate (1 equivalent) was added via
syringe. After the reaction mixture had stirred for 1 hour, the amino ester (1
equivalent) was added. The ice/water bath was removed and the reaction mixture

25  stirred overnight at room temperature. The reaction mixture was washed with 1.0 M
HCI (75 mL), 5% NaHCO; (75 mL), and type 1 water (75 mL). The organic layer was
concentrated under reduced pressure and flash chromatography (50:50 ethyl
acetate:hexanes) gave the target product (60-70 % yield). "H NMR showed an isomeric
mixture of products.
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n=0 'HNMR (400 MHz, CDCL): 8.389 (s, 0.88H), 8.328 (s, 0.12H), 6.932 (m,
0.15H), 6.383 (m, 0.82), 4.620 (s, 0.82H), 4.367 (s, 0.15H), 4.030 (dd, ] = 18.4 Hz &
52Hz 1H),3.91  (m, 1H), 2.00-1.94 (m, 6H), 1.70-1.59 (m, 3H), 1.47 (m, 12H)

5 n=1 'HNMR (400 MHz, CDCls): 8.358 (s, 0.79H), 8.291 (s, 0.15H), 6.973 (m,
0.15H), 6.486 (m, 0.78), 4.418 (s, 0.80H), 4.313 (s, 0.13H), 3.6-3.4 (m, 2H), 2.43
(m, 2H), 2.00-1.94  (m, 6H), 1.68-1.60 (m, 3H), 1.44 (m, 12H)

A round-bottomed flask was charged with the formylated thiazole ester, and
10  dioxane:2.0 M HCI (50:50). The reaction mixture was heated at 85° C under argon
overnight. After cooling to room temperature, the reaction mixture was concentrated

under reduced pressure to give the modified penicillamine as a gummy solid.

n=0 'HNMR showed an isomeric mixture of products. 'H NMR (400 MHz, D,0O):
15 4128& 4.083 (s, 1H), 4.043 & 4.000 (s, 2H), 1.557 (s, 3H), 1.481 (s, 3H)

n=1 '"HNMR (400 MHz, D,0): 3.702 (s, 1H), 3.45-3.38 (m, 1H), 3.27-3.19 (m, 1H),
2.441 (m, 2H), 1.295 (s, 3H), 1.233 (s, 3H)

20  Synthesis of Methylated Cysteine

HCO,H
HCO2Na
+ CHO
H2N]/002Me CHO HNjCO2I\/Ie ACZO 'll COzMe
—_— —_—
s = ¥
S S
LDA
DMPU
Mel
H\(O
HZNﬂ/COZH HCI Nﬂ/cone
HS S

25
Cysteine methyl ester (8.6 g), pivalaldehyde (11 mL), and triethylamine (8 mL) were

stirred in pentane. The reaction mixture was refluxed while water was removed via a
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H NHCH2CH2CH2CH2CH2002H S 15 Synt hesis of Mdified Penicill am nes 20 A
2000- mL round-bottoned flask was charged with DL-penicillamne (10 g) and
acet one (WOQO1wmo¥e12The reaction was refluxed until all trhe/usediod4ivaszl

di ssol ved (approximately 24 hours). The reaction mxture was filtered while
hot and cooled to roomtenperature overnight. A small anount of crystals
had fornmed overnight. The reaction mxture was kept at -20 C overnight. The

resul ting $Rbj- darmaﬁ AHel @@th%érsbmeaéacﬁywagréo&bd td RldPRnpRAagRed W th
acetone (300 mL). The thiazole product was dried under argon (11.9 g). 1H

NVR (400 Msahdsmst@dd@le sobidgwis golfagted ppppuctipn filfgation andsppshed wiglgthers | 3H) |
1.185 (s, 3H) A 250-nmL round-bottoned flask was charged with thiazole
acid (11.9 g) and sodiumformate (4.3 g) under argon. Formc acid (98% 100
n) was added)Camd rohrel-bataoied daskmivat draeged tiithr bazdpdeer @rlgon forMiradiéact i on

m xt ur eSWa39§5p Oi(leﬁilL gncp soc(‘lgllgiq f@ljﬂla'te 5:'/:@: e*i“hé) &Hmnﬁﬁ&‘dr& v&% Q‘Xﬁj&f ﬁrﬁim( 33.3 )

was added drop w se over mn ute | e taki ng care hat
t enper at ur ergoermad nededel BW B Q. icTveter bahwatcetic ddydrideds. 7rreIn))W®dadaﬁﬂ t he

reacti on S stlrred ver ni ght erature Thesé scvere
removed undi&P VECOGh Gf I%S%nlﬂlg ?%(mcgl KRG &1 § PRI My ¢ Was stirred
in type 1 Wwht GCe/\(vé’telObﬁfh)wﬂnd:nmbd ead ehle bgacsmnWaomnfred tovahighn at Tdven sol i d was

washed with t 1 ter 00 nlL) and, ai dried (7.4 The ¢ rrbl ned
ot e &R M Shp baS el Srtnec, Bhdst RS dnl e HurfE S8 RE " The
extractlg V\/@Iéleecﬁl(ﬁﬁﬂjenli‘dateﬂ(lbﬂdﬂﬁl dhe m&&@hdl juatad té VJStlt@rtﬁlal\l/gldTﬁtﬁ cffgblli({] at e was
concentrate to gLye a al e e ow solid . snowe the two
solids to BBHGYs; §§ﬁ@ﬂveeu%ﬁ%mtt9péw@ eéﬁaoi@w@? et{lﬁ)e(%xa@é?%o SOHEES 1H NVR
(400 Mz, WﬁQ’dﬂrﬁ)lri]ea A dve NLED,, a%d‘ﬁ‘ﬂt@reﬁs Th@ﬁﬁﬁté)was&oﬁ&'ﬁtrﬁtéd tonglélH) 4.641
(s, 0.15H), 4,502 (s, O.85H), 1.828 (s m 362 (s, 3H)
15 | BCF cHacrlb B@@P@f.%{%ﬁémtﬂllmmﬁm W@rqﬂ@z@qs H A2 R(‘NP@/H@:- On Hh H

---T-SH 0N|d2)dl§%§1ﬁ(s~1ﬁ) L 20 (A7 eQungz, he tomRds, f1|H’o}S§<73@9<§ #has gadnyi th
fornylated thiazoie acid (1 equivalent), ‘triet hyI amne (2 eqw val ents), and
CH2C12 15 ThéHp.da0i(o i xt ure was stirred at 0 Cin an ice/water bath under
argon. |sobutylchloroformate (1 equi vaI ent) was added via syringe. After

the r eact i n.gFith U uliad ddfsStnfial 13 ALy if B AMWOGHASHBH nit] 4pQul val ent)

was added. e |1 ce/water reacti ure 25
stirred ové@BhiCgmas atrreriomdtlt agper A8thieethyhé 45dactrilydrod (XHipwinidmonashed wit h

1O M HCL (B0Th) 10 S0 NECTRAT il (0ol VR uhe "HEE 7 S0y dhe organi c

| ayer was oncehtrate ressure an ash chromat ogr aphy
(50: 50 28t hybrradatdthézble xsmes)s :gi&iV(é(ItOhnrnblaS)gmd ther roghtion n(lﬁﬁltemas%qrecél d) 1H

NVR showed af! r)/8& S30F! ilour nMe& l(IfSe mm 1651{\,9%“ aa an%(t)he reaction mixture was stirred
at -78° C for 2 hours. The dry ice/ acetone bath was removed and the reaction mixture
was stirred at room temperature overnight. The reaction mixture was concentrated
under reduced pressure and the residue was taken up in brine. The aqueous solution

25  was extracted with ether (100 mL). The extract was dried over Na,SOs, and filtered.
The filtrate was concentrated to give a solid. The solid was purified by flash
chromatography with 10% ethyl acetate/hexanes. 'H NMR showed a diastereomeric
mixture of products. 'H NMR (400 MHz, CDCls) major product: 8.252 (s, 1H), 5.263
(s, 1H), 3.738 (s, 3H), 3.293 (d, J = 11.6 Hz, 1H), 2.695 (d, ] = 11.2 Hz, 1H), 1.038 (s,

30  9H); minor product: 8.377 (s, 0.4H), 5.274 (s, 0.4H), 3.790 (s, 1.3H), 3.612 (d, J =12
Hz, 0.5H), 2.831 (d, J = 12 Hz, 1H), 0.929 (s, 4.6H)

The methylated thiazole ester (1.8 g) and 5 M HCI (30 mL) were heated at 105° C for 3

days. The reaction mixture was cooled to room temperature and extracted with ethyl
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0 1H NWR (400 MHz, CDC13): 8.389 (s, 0.88H), 8.328 (s, 0.12H), 6.932

m 0.15H), 6.383 (m 0.82), 4.620 (s, 0.82H), 4.367 (s, 0.15H), 4.030 (dd,
= 18. 4 Wip 2811500291z, 1H), 3.91(m 1H), 2.00-1.94 (m G6IIFCT/UB2¥0/012069D (m
H, 1.47 (m 12H) 5n = 1 1H NMR (400 MHz, CDC13): 8.358 (s, 0.79H), 8.291
s, 0.15H), 6.973 (m O0.15H), 6.486 (m 0.78), 4.418 (s, 0.80H), 4.313 (s,
.13H), 3.6-3.4 (m 2H), 2.43 (m 2H), 2.00-1.94(m 6H), 1.68-1.60 (m 3H),
1.44 (m  12Edaté\2 Qlﬂﬁlﬁm@t frHéTE‘cﬁleMsgﬁleeV@a?s Shahaadd Whdeh rdd&edf REut 3 ed

t hi azol e ester, and 10 di oxane: 2 M HC1 (50:50). The reaction m xture was
heat ed at 85’6@%ﬁ’é¥é’r50h¢gon overnight. After cooling to roomtenperature,
the reaction mxture was concentrated under reduced pressure to give the

nodi fied penigill apng s0li4.6 0 1H NWR showed an isoneric
m xturesof product RaPett itefly Jics O 2E o osa (s, 1H), 4.043 &
4.000 (s, . 400 MHz, D20):
3.702 (s, %H% 15 tyigz':?@“@d‘?ﬂ)f“fﬁﬁé% %g’néﬁ% W 1“%@“%”&3‘% (m 2H), 1.295
(s, 3H), 1.233 (s, 3H 20Synt hesi s of Met hyI ated Cysteine H2N CO2Me
C2Me HCO2H HCO2Na Ac20 CHO | ﬁcozlve

O
Y CI Hs v, N
\>—CN S>—¢ LH
HO ) HO S X5 WW

Y2 Y2
4A-B 5A-F 6A-J
10

w Z, LH X Y1/Ys

6A H H OH O F

6B H Me OH S F

6C Me H OH S F

6D Me H NHCH,CO,H S F

6E Me H NHCH,CH,CO,H S F

6F Me H NHCH,CH,CO,H S Cl

6G H H OH S F

6H Me H OH S Cl

6l H H OH S Cl

15 A 100-mL round-bottomed flask was charged with the cyanobenzothiazole (0.5 mmole)
and methanol (25 mL). The stirred reaction mixture was sparged with argon for 1 hour.
An argon-sparged solution of the amino acid (I mmole) in water with a pH of 9 (pH
adjustment by the addition of Na,COj3) was prepared and added. The reaction mixture
was stirred for 2 hours under argon and TLC indicated the reaction was completed.
20  The reaction was concentrated under reduced pressure to ~10 mL and diluted with type
1 water (40 mL). The aqueous solution was extracted with ethyl acetate (3 x 75 mL)
and the extracts were set aside. The aqueous solution was acidified to pH 2 by the drop
wise addition of concentrated HCL. The acidified aqueous solution was extracted again
with ethyl acetate (3 x 75 mL). The six extracts were combined, dried over anhydrous

25  NaSQ,, and concentrated to give the product as a solid (40-90% yields).
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| LDA DVPU Mel Cysteine nethyl ester (8.6 g), pivalal dehyde (11 nlL), and
triethylamne (8 nL) were stirred in pentane. The reaction m xture was

refl uxed wibizbe/onsdier was renoved via a Dean-Stark trapPCAfUSes10®620bdur s,
the reaction was cooled to roomtenperature and solids forned. The solids
were collected by suction filtration and washed with ether. A 100-nL

round- bottoned flask was charged with thiazole ester (4.0 g), formc acid
5 (98% 30 nL) and sodiumformate (1.5 g). The reaction m xture was stirred
under argon and cooled to O C in an_ice/water bath. Acetic anhydride (5.7

mL) was ad@éd dribPMi €80 ddds. CEOOR)NT:68%(ddhi T &1 Hak hé Heattd), £ Q4T (ddnk
tenperature renmijpedypglongy &) 498 LLefyater bath was renoved and the
reacti on was sti rreﬁiovernl ght )at ro(lgfr:n tganperature The sol vents were
renoved under vacuum and the resulting solid was 10 stirred in type 1

wat er (100 ). 1 WRPH t\e i d NaHCGC3.
The aquéousgs_ol u@ﬂg/ﬁﬁggs exéta(rﬁzla)::&':i 975?F|d fhg %?1%%?05%89 99%‘F|é9extracts
wer e conbi ned, @r.8éd, dVed.4Ma@504 1 1.8k, 1), tleéR@ ¢k, 3Hhe filtrate was
concentrated to give a solid. The solids were recrystallized from et hyI
acet at e/ hexanes. 1H NVR (400 MHz, CDC13): 8.317 (s, 1H), 4.858 (t, J 8.8
Hz, 1H), 4608 t}SNl\/ﬂR-MOOMHzS@m@D)SH)S%@dZ&BlQmHzJSBJZEi)Hz 1LH)BO3GSs, 9H) A
solution of lit p (12 mmol es) in anhydrous THF (100 mi)
2t 78 Cvms st ndd® (gt 1B enon

1.3-Dimet hyl- 3, 4,5, 6-tetrahydro-2(1H)-pyri m di none (DVPU, 10 nL) was added

and the reaction m x stirre or .90 m nutes 20 For oyl at t hi azol e
ester was &Hded IWM%@SS &ﬁ?dgpa glz’%%@f‘? i’ W&?Q?%(%s% f at -78 C
for 1 hour. I\/bl4(7§,g5(snrg? 2900 Wes=addeduangob he speacii e 3ph xture was stirred
at -78 C for 2 hours he dry ice/ acetone bath was renoved and the
reaction mxture was stirred at roomtenperature overnight. The reaction

m xture V\’a%ECON}?NMI@E@@ME@?@m 9§|U§@§b M@aﬁ%uf}?) @@@7 tdhe= rl@i'}ﬂzU?H)’VaS taken
up in brine. The aqueous sol ution was extracted wth ether (100 niL).

The extlPact was4<’395 @dllé)«é1561§|a595m42Hhﬁé5$(tl{eéécﬂz e 11814 (5 dH A8
concentrated to(g Isrg)e a solid. The solid was purified by flash

chromat ogr aphy w th 10% et hyl acetate/ hexanes. 1H NVR showed a

di astereomeric mxture of products. 1H NVR (400 MHz, CDCl13) nmj or product:

8.252 (s, ( T , 1H),
2.695 (d, ??H)_ 1%@@%@0 M)ﬁ_z‘) _C(D%%%)%S ﬁs(B‘g)E%S 1%)282?993&?01 ’(:4%_':7&4]8(?8’3]'}5’ (s,
0.4H), 5.274 (s3.600 dr)2H).G00t, (I§6(1H3HH) BRI, Y, 1.97&(s1#DHz, 0.5H), 2.831
(d, J 12 Hz, 1H), 0.929 (s, 4.6H) The nethylated thiazole ester (1.8 Q)
and 5 %PHCI (30 m.) were heated at 105 C for 3 days. The reaction m xture
was cool ed6tGo r HONME M08 Mty nectarddgx D R tse tH W7 R0 aldhy+ 10HzZ, & 1.6

2011/ 008912PCT/ 0/ 04 1 The aqueous phase was
concentrat ed ungf 21% %8%3@§pr egg%a]g%tégg%%g‘)gumw solid. 4.Preparation of
6- Hydroxy Luciferin Acids This is a typical procedure for the preparation
of the bas'6%[ | ug! }C\I%/'I’I{ ?408'[1\/Eklljz(:tle\/r[§O de): 8.266 (s, 1H), 5.007 (s, 1H), 1.725 (s, 1H),

25 1.447 (s, 1H)

61 'H NMR (400 MHz, acetone- dg): 8.149 (s, 1H), 5.505 (t, J = 9.2 Hz, 1H),
3.855 (m, 2H)

30 Compound 6] (L=NH,(CH;)sCOOH) was prepared in three steps starting from
compound 6H. Reaction of carboxylic acid 6H with N-hydroxysuccinimide and DCC
produced NHS ester 7H which was coupled with methyl 6-aminohexanoate. The

resulting methyl ester was hydrolyzed with base to produce 6J.
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4A- BSA-F6A-J 10 WZ1 LH X2 YI/Y2 6AHHOHO F6BHM OHSF 60 M HOH S
F 6D Me

WO 2011/008912 PCT/US2010/042063
5. Preparation of Luciferin NHS esters
O
O O
Y, NN THEDCC, vy, N NN
HO S S WW HO S S WW O
Y2 Y2
6A-J 7A-J
5
w Z L Y /Y,
7A H H 0 F
7B H Me O F
7C Me H O F
7D Me H NHCH,CO, F
7E Me H NHCH,CH,CO, F
7F Me H NHCH,CH,CO, Cl
7G H H 0 F
7H Me H O Cl
7J Me H NH(CH,);CO, Cl

10 This is a typical procedure for the preparation of the luciferin NHS esters.

A 10-mL round-bottomed flask was padded with argon and charged with the luciferin
(0.3 mmole), N-hydroxysuccinimide (0.3 mmole), and DCC (0.305 mmole).
Anhydrous THF (4 mL) was added and the reaction mixture was stirred for 3 hours.
15  The solvent was removed under reduced pressure and a small volume of CH,Cl, was
added. A white precipitate formed and was removed by filtration. The filtrate was
concentrated under reduced pressure to form a gummy solid. The solid was dissolved
in a minimum of THF and the addition of hexanes resulted in the solid reforming. The
solvents were decanted and the procedure was repeated 2 additional times to give the

20  product as a yellow solid (60% yields).

7B 'HNMR (400 MHz, CDCls): 7.650 (m, 1H), 4.093 (d, J = 11.4 Hz, 1H), 3.481
(d, J=11.4 Hz, 1H), 1.814 (s, 3H)
25
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H NHCH2002H S F 6E M H NHCH2CH2002H S F 6F Me H NHCH2CH2002H S CI 6G H H
OHSF6HM HOHS A 61 H
WO 2011/008912 PCT/US2010/042063

7C  'HNMR (400 MHz, CDCly): 7.660 (dd, J = 10.2 Hz & 1.4 Hz, 1 H), 5.153 (s,
1H),2.858 (s, 4H), 1.874 (s, 3H), 1.653 (s, 3H)

7D 'H NMR (400 MHz, CDCly): 7.678 (d, J = 10 Hz, 1H), 7.608 (broad s, 1H),
5 4.713 (s, 1H), 4.614 (dd, ] = 18 Hz & 6.6 Hz, 1H), 4.389 (dd, J = 18 Hz & 5.4
Hz, 1HO, 2.829 (s, 4H), 1.907 (s, 3H), 1.447 (s, 3H)

7E 'HNMR (400 MHz, CDCls): , 7.670 (d, J = 10 Hz, 1H), 7.616 (broad s, 1H),
4.660 (s, 1H), 3.82-3.65 (m, 2H), 2.899 (t, ] = 6 Hz, 2H), 2.789 (s, 4H), 1.899 (s,
10 3H), 1.412 (s, H)

7F  'HNMR (400 MHz, CDCls): 8.073 (s, 1H), 7.653 (broad s, 1H), 4.699 (s, 1H),
3.9-3.7 (m, 2H), 2.932 (t, ] = 6.0 Hz, 2H), 2.820 (s, 4H), 1.940 (s, 3H), 1.451 (s,
3H)
15
7G  'H NMR (400 MHz, acetone- dg): 7.840 (dd, I = 10.0 Hz & 1.6 Hz, 1H), 5.962
(dd, J = 10.2 Hz & 8.2 Hz, 1H), 4.127 (t, J = 10.8 Hz, 1H),3.914 (dd, = 11.6
Hz & 8 Hz, 1H), 2.935 (s, 4H)

20 7H 'H NMR (400 MHz, acetone- dg): 8.13 (s, 1H), 5.59 (s, 1H), 2.33 (s, 4H), 1.89
(s, 3H), 1.64 (s, 3H)

7] 'H NMR (400 MHz, acetone- d): 9.53 (broad s, 1H), 8.10 (s, 1H), 7.78 (m,
1H), 4.69 (s, 1H), 3.22-3.42 (m, 2H), 2.81 (s, 4H), 2.62 (t, 2H), 1.86 (s, 3H),

25 1.76-1.69 (m, 2H), 1.63-1.56 (m, 2H), 1.50-1.44 (m, 2H), 1.42 (s, 3H)

6. Preparation of Luciferin Maleimide Derivatives
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HOHS C 15 A 100-nL round-bottoned flask was charged wth the
cyanobenzot hi azole (0 5 mml e) and nethanol (25 nmlL). The stirred reaction
m xture wwaie 28pzoogEd Wit h argon for 1 hour. An argon- spargedssaboiioen of the
amno acid (1 nmmole) in water with a pH of 9 (pH adjustnment by the addition
of Na2CO3) was prepared and added. The reaction mxture was stirred for 2
hours under argon and TLC i ndicated the reaction was conpleted. 20 The
reacti on was concentrated under reduced pressure to -10 nL and diluted with
type 1 water (40 nlL). The aqueous sol utfign was extracted with ethyl acetate
(3 x 75 nL) and the extracts were sel»asﬂde. The aqueous sol uti onowas
acidified tq pH 2 by the drop wi'e® addiYion of concentratem HCL1.

acidified aqu Bol ul'; was extracte@d agdi N et B x 75
nm). The si 2 ;g?g% conbi neq_drT Lo ed ov H}dﬁbu ZENaZS and
concentrate to gi ve the product as a sol i HFAD¥90% yi & Yo's)

2011/ 008912PCT/US2010/ 042063 6ALH NVR (400 MHz,FCD30D): 7. 688 (dd, J = 11
Hz & 1.4 Hz, 1H), %017 (dd, J = 10.2 Hz & 8.2 Hz, 1f), 4.774 (m 2H) 56B1H
NVR (400 MHz, CDC13): 7.795 (dd, J = 10 Hz & 1.6 Hz, 1H), 3.932 (d, J =
11.8 Hz, 1H), 3.434 (d, J= 11.8 Hz, 1H), 1.688 (s BFD 6C1H NVR (400 MHz,
CD30D): 7. 646 (dd, J = 10.4 Hz & 1.2 Hz, 1 H), 4.935 (s, 1H), 1. 778 (s

?5? ' J 1_ 88 luiE‘%rm éeHithRi# nqg)4M\g%Z§0 s‘(uaedo 5%?1 alglly:g?%s ( E&I%a glz(é 7 658
1.448 ( 5 3@n0@ﬁ§cﬁn&l@ﬁ1&é@ﬁlu%&cet1@3@@l3 ﬁg)l%s é@de@aﬁllmecﬂ-w ,aq17606§7 ( d J =
10. 4 Hz, 154. 705 (s, 6-3.50 (m Hz,

(t,
2H), 1. 814 KICOz4 The mizgtyee KV'S‘S Stm)d feltimowném %nﬁentreﬁ%@merr uwh (br oad

s, 1H, 8. 9%5116‘65 THethixtufle &%dlés%lveé-l'r% mi’i B hQtek gﬁd e%c'fﬂaleted?wﬁﬂgth facet&te— 6.6 Hz,
2H), 1.898 (s, 3H 6GLH NVMR (400 MHz, acetone- d6): 9. 838

(s, 1H), Tgiext(aaﬁwasﬁrﬁd P@ergnwdrm& Piaz%owd coppentrgedsyley keducpd pragsupe. Hz | 1H)

3.860 (m %‘ﬁ'} s&ild%'zb&@/ﬁiséo‘ﬂs% %M%Qheﬁ% w§s #f18d (@genﬁeaém?&?até s, 1H),
1.725 (s, , 251.447 (s, MHz, acet one- : 149 (s,

1H), 5.505 tl(a{t waglaie=d@edX(1Bpmg). ]_H;I NMR (400 MHz DMSO de): 8.118 (m, 1H), 7.886 (d,
J =10.8 Hz, 1H), 6.972 (s, 2H), 4.670 (s, 1H), 3.38 (m, 2H), 3.33 (m, 2H), 1.678 (s,
3H), 1.264 (s, 3H)

15  Preparation of fluorescent dyel (7H):

0
0
Cl N N O,N
\ /4
T
C

Fluorescent dye 1 (LDI1; 7H) was synthesized using the synthesis scheme described

20  above. Briefly, 2-cyano-5,7-dichloro-6-hydroxybenzothiazole (4A), synthesized using
the method describe above was reacted with D,L-Penicillamine (5C) under conditions

described in detail above to afford 5,7-dichloro-6-hydroxy luciferin acid (6H).

For the synthesis of 5,7-dichloro-6-hydroxy luciferin NHS ester, the dichloro-6-

25  hydroxy lucifern acid (6H) was reacted with N-hydroxysuccinimide in the presence of
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3.855 (m 2H) 30 Conpound 6J (L= NH2(CH2)5COCH) was prepared in three steps
starting from conpound 6H. Reaction of carboxylic acid 6H with

N- hydr oxywocoeimiosdide and DCC produced NHS ester 7H whi clrCRas2@o0pioes] wit h
met hyl 6-am nohexanoate. The resulting nmethyl ester was hydrolyzed with
base to produce 6J. WO 2011/008912PCT/ US2010/ 042063 5. Prepar ati on of
Luciferin NHS esters 6A-J7A-J 5 WZ1 L Yi/Y2 TAHHOF 7BHMOF?70

Me HO DCC as described above. The resulting NHS ester (7H) was purified and characterized
by NMR as described above.

Preparation of fluorescent dye2 (7]):

5
O
O
0]
NN Ay
HO s s ©
Fluorescent dye 2 (LD2; Compound 7J) was synthesized using synthesis scheme
described above, except that 2-cyano-5,7-dichloro-6-hydroxybenzothiazole (4A), was
reacted with compound 5F under conditions described in detail above to afford 5,7-
dicloro-6-hydroxy luciferin acid (6J).
15

The dichloro-6-hydroxy luciferin acid (6J) was next reacted with N-
hydroxysuccinimide in the presence of DCC as described above to yield the NHS ester
(7)), which was purified and analyzed by NMR as described above.

20  Preparation of fluorescent dye3 (7C):

0 0]
F
N N:@‘\O_Ni:‘
HO S S 4
F

Fluorescent dye 3 (LD3; 7C) was synthesized using synthesis scheme as described

above, except that 2-cyano-5,7-difloro-6-hydroxybenzothiazole (4B), was reacted with
D,L- Penicillamine (5C) under conditions described in detail above to afford 5,7-

25  difloro-6-hydroxy luciferin acid (6C).
The difloro-6-hydroxy luciferin acid (6C) was next reacted with N-hydroxysuccinimide

in the presence of DCC as described above to yield the 5,7-difloro-6-hydroxy luciferin
NHS ester (7C), which was purified and analyzed by NMR as described above.
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Preparation of fluorescent dye4 (7B):

HO S S
F
Fluorescent dye 4 (LD4; 7B) was synthesized using synthesis scheme as described
above, except that 2-cyano-5,7-difloro-6-hydroxybenzothiazole (4B), was reacted with
compound 5B under conditions described in detail above to afford 5,7-difloro-6-
hydroxy luciferin acid (6C). The 5,7-difloro-6-hydroxy luciferin acid (6C) was next
reacted with N-hydroxysuccinimide in the presence of DCC as described above to yield
the §,7-difloro-6-hydroxy luciferin NHS ester (7C), which was purified and analyzed
by NMR as described above.

Preparation of fluorescent dye5 (7E)

0]
0 0
N 4 H
SHSﬁ )

HO
F

Fluorescent dye 5 (LDS5; 7E) was synthesized using synthesis scheme as described
above, except that 2-cyano-35,7-difluoro-6-hydroxybenzothiazole (4B), was reacted with
compound SE under conditions described in detail above to afford 5,7-difloro-6-
hydroxy luciferin acid (6E). The 5,7-difloro-6-hydroxy luciferin acid (6E) was next
reacted with N-hydroxysuccinimide in the presence of DCC as described above to yield
the §,7-difloro-6-hydroxy luciferin NHS ester (7E), which was purified and analyzed
by NMR as described above.
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Cl 10This is a typical procedure for the preparation of the luciferin NHS
esters. A 10-nL round-bottoned fl ask was padded with argon and charged with
t he | uci fwoizn11(@882nmol e), N-hydroxysucci ni m de (0.3 mece)us2ana+DeC (0. 305
mmol e). Anhydrous THF (4 nL) was added and the reaction m xture was stirred
for 3 hours. 15 The solvent was renoved under reduced pressure and a small
vol ume of CH2Cl2 was added. A white precipitate fornmed and was renoved by
filtrationpcRgtibi biMAtEcNeyBNgENt rated under reduced pressure to forma
gummy sol i d. The soli1d was dissolved in a mninmmof THF and the addition
of hexanes resulted in the solid reformng The sB vents were decanted and
the procedure was repeated 2 additional t s to e the 20product as a
yel l ow solid (60% yjel ds) 7B111 NWR (400 7.650 (m 1H), 4.093

(d, J = 11.4 Hz, 1 31N d, ~ Hz, OrF) .i4(s 3H 25 WD
2011/ 008912PCT/ US2010//042063 (400 Mz, 13): 7.660 (dd, J = 10.2
He & 1.4 Hz, 1 H),., & T5F(SS 1H) 57, 858(s, 4H), 19874 (s 3H), 1.653 (s,

3H) 7DLFINVR (400 13): 7.678 (d, J = 10 Hz, 1H), 7.608 (broad s,
1H), 54.713 (s, 1H), 4.514 (dd, J = 18 Hz & 6.6 Hz, 1H), 4.389 (dd, J = 18
Hz & 5.4 Hz, 1HO 2.829 (s, 4H), 1. 907 (s, 3H), 1.447 (s, 3H) 7E111NMR (400
MHz, CDC13): , 7.670 (d, J = 10 Hz, , 7.616 (broad s, ,

1 809 (o Thsrgdanfdydiie Ny Syﬁk’fﬁ%ﬁ%ﬁ“@%ﬁ ﬁw gﬁHfibféﬁw)Og 3758?s(51+§ i

7.653 (broad k). ¢ 599 (EOELH). Cm&@ 7 B, 2.932kt, J=6.0 Hz,
) S50 e it

2H), 2.820 ys, 02 §aBHgLy 01, mpvrfeem;gcg_ ,
acetone- d6):17.840 (dd, J = 10.0 Hz &1 Hz, 1H), 5.967 (dd,M[J= 10.2 Hz &

8.2 Hz, 1H), %.1279t, J= 10.8 Hz, 1H), 39914 (dd, J= 11.6 Hz & 8 Hz, 1H),
2.935 (s, 4H) 207H1H NWMR (400 MHz, acetone- d6): 8.13 (s, 1 5.59 (s,
1H), 2.33 (s, 4H), 1.89 (s, 3H), 1.64 (s, 3H 7J1H Nm(4oo%@osﬁcetone-
d6): 9.53 (broad s, 1H), 8.10 (s, 1H), 7.78 (m 4.69 (s
1H), 3.22-3.42 (m 2H), 2.81 (s, 4H), 2.62 (t, 2H), 1.86 (s, ,

251.76-1.69 (m 2H), 1.63-1.56 (m 2Hcr1.50-1.44 (m 2H),NH@@C42 (>< 3H)
6. Preparation of Luciferin Ml eimd i wativesHSY — acs

10 0

N-Boc-L-glutamic acid y-t-butyl ester (4.3 g) was stirred in CH,Cl, at 0° C.
Triethylamine (2 mL) was added via syringe followed by the addition of ethyl
chloroformate (1.4 mL). The reaction mixture was stirred for 60 minutes, filtered, and

15  the solids were washed with anhydrous THF. The filtrate and washes were combined
and transferred to an addition funnel. The solution was added drop wise over 30
minutes to a stirred solution of NaBH4 in H,O (20 mL) at 0° C. The reaction mixture
was stirred at 0° C for 5 hours before stirring at room temperature overnight. The
reaction mixture was concentrated under reduced pressure and the residue was diluted

20  with ethyl acetate. The solution was washed with water and brine, dried over
anhydrous Na,SQ,, and concentrated under reduced pressure. Flash chromatography
(20:80 ethyl acetate:hexanes) gave the product as an oil. "H NMR (400 MHz, CDCls):
4.814 (broad s, 1H), 3.62-3.49 (m, 3H), 2.496 (broad s, 1H), 2.290 (q, J = 6.8 Hz, 2H),
1.83-1.69 (m, 2H), 1.406 (s, 18H)

25
The amino alcohol (3.5 g) was stirred in pyridine (25 mL) at 0° C under an argon pad.
Tosyl chloride (3.0 g) was added and the reaction mixture stirred at 0° C for 6 hours.
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5The luciferin NHS ester (22 ng) was stirred in anhydrous THF. N-( 2-

am noet hyl )mal ei mde-trifluoroacetic acid (13 ng) was added fol |l owed by
aqueous NableeB/oo§he m xture was stirred for 4 hours andpChars2@ione®ns r at ed
under reduced pressure. The m xture was dissolved in 5 nL of water and
extracted with ethyl acetate. The extract was dried over anhydrous Na2SO4
and concentrated under reduced pressure. 10 The solids were dissolved in
acetone andnhey@NES vdﬁ@%vaﬁﬂéiﬁ% Fo@mgt%ﬂlﬁéﬁﬁlﬁ‘e ﬁldpitﬁféhmv&i?ﬁ%tt hat r%ﬁon'i' r-dried
(13 nmy). 1H NWVR (400 MHz, de) : 8 ( = 10.8 Hz,
1H), 6. 972 nfixture Hps c@nmtyatecé unglﬂ) redgcezdspl(emurezaod the 33ulting sz>|h|§is W1%:%378 (s,
3H), 1.264 d(s§olvé’aﬂ)1 @@Pac%pd@ar afjid m%nway%géa%ﬁ sQH?Jted(IﬁmC03 feffbwbd uor escent
dye 1 (LD1; nt hesi zed using the synthesis schene descri bed 20
above. Bri étflbymez leyafrv@hesl splution hva@rctnwéaohyldmdﬁxshbemﬂ@i%m@dIcenqemﬂsated

synt heskze i h [ t h

D, L- Penlkm ?‘ %%rﬁcglc‘%dg%egﬁ%dgﬁasggcﬁp Iﬁa?o%n%ﬂgés%e\r,\?%gdo%& ggdtn\gl a ove to afford
5, 7-di chl or(/ti)O(MHy,c[Elbﬁzly) | UeA4f(dr i n8adizl 2KIBH)311 (d, J = F&HzthH)sﬂyﬁiBhé,sT% of

5,7- dlchloro I cjf ester, h o} dr oxy
| uci fern aC|dﬁ%6ﬁ§ Sgdé %%bMA?#§ﬁ¥ﬂydr]}§sgégl ezg%lgﬁe tesence of
DCC as desariibeéd, 2bpv.890 (Fhe ), €350 {si 91@) NHS est er (7FD mas purified and
characteri zed by NVR as descri bed above. Preparation of fluorescent dye2
(7J): S 10C Fluorescent dye 2 (LD2; Conpound 7J) was synthesized using
3 ynt hesb; ?Cédlﬁl’(ﬁhlndﬁﬂfegb@%h . d&i@&g@ 9 g)(fﬁﬂﬁiotallséiﬁh thioacetate (2.9 g) in anclllydrous 4
cyano- ichloro r oxybenzot zol e was reacted with conpoun
SF Under ¢ Y8 AT ECPPBEP ST et ’gf i d&%véh Ga%ﬁorld%t%e yas dilute

di cl or 0- 6- RyEAreaXY adctitd (360 hil.) akd HadhBd vith bnd & 0GR O I GraliedrsemMord Uci ferin
acid (6J) was next reacted with Nhydroxysuccinimde in the presence of DCC
as descri bes apsd everornydog NawOgd eepesptrgted pndefpdugedraissyyt i Flag and

anal yzed bxhﬂblhﬁt egﬂﬁDgﬁfSSb@cﬂyl%@t\éﬁ he%%@ega% Ald &Gd&ft af lamneggeﬂmiye?» (70):

Fl uor escent hesi'zed using ﬁnt esi s schene as

descri Béd é‘tﬂQ\MHZ eept: ﬂﬁ (dJ Hérlfﬁ)ﬂ&% (b.f)@?é‘-%l yrOxydefrotthi azol e

(4B), was r t NERI escri bed
in detail ég’%gsesgwazféagr@dkS 7- Z%EPflff{)Grgg%&ﬁ%r)gle/@I uc cej]!r?g&g?l (6C). The

di f1 or o- 6- hydroxy luciferin acid (6C) was next reacted with

e R e e s T S L
anal yzed byeaNWﬁ asxtgesers b@dedatvoxoem teﬁrpeparratand)momentfrdt@dme@a:enducwe4 (7B):
20  pressure to give ared oil. 'H NMR (400 MHz, D,0):

F. N -C|+H3N COzH F N N COzH
HO S HS HO S 8
F F

9A
THF, DCC,
NHS
@)
\>_</ NHS
poss.

E
9B

25 A flask was charged with 2-cyano-5,7-difloro-6-hydroxybenzothiazole (110 mg) and

methanol (25 mL). The stirred reaction mixture was sparged with argon for 1 hour. An
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Fl uorescent dye 4 (LD4; 7B) was synthesized using synthesis schene as
descri bed 10 above, except that 2-cyano-5,7-difloro-6-hydroxybenzothiazol e
(4B), waswoeartmsviai t h conpound 5B under conditions desecrhsdoionizdes ai |
above to afford 5,7-difloro-6- hydroxy luciferin acid (6C). The
5,7-difloro-6-hydroxy luciferin acid (6C) was next reacted with

N- hydr oxysuccinimde in the presence of DCC as descri bed above to yield the

5, 7-difl Orgrggnjg% N% é/ohlltﬂﬁ' etk oS 2681860 eF)in Mrcxblmspf@%@ (fef and

anal yzed 15 descri bed above. Preparation of fluorescent dye5 (7E)
Fl uor escentadJeWélelét t(}’I_tbsadd?tE)n s cyYntyee prepaigd ard #iged %‘ﬁlhéﬂgiﬂf&ons@ﬁéﬁ% as

descri bed 25:3pAYs 2XORRE ikdials 21RY 3080t fn it WRr Rra ydneaybepeot hi azol e

(4B), was rea wi t h conmpound 5E under conditions in detail
above to affagtieh ﬁaﬂcmmtl@m gderhydicod prebuiei Poerliormbend dleE) witiepe 1

5, 7-dif ISOr Qva@er EMQ%VTHe%h&%E E(ﬂut?o(fl' \gas(egwmp ﬁ);l acgtgt(é&%ﬂ’zlgﬁt €

N- hydr oxysucci e 1n e presence o escrl e to yield the
5, 7- di f | or extfachyds seQasﬂdetc|Tﬂ1erat1wohﬂ—IS)ImmneWas(a%Ey1ﬁed\/\ﬂmpihzwasth@drqpfwmﬂ and

anal yzed 30%(? Mon o) on%?ngatg(? H??B?he acmy F ednatqﬁégl gélﬁ 1énovrx}asoe trﬁctecP %g?ausncrgg Ejeg)ére? bed

(9B) FI 467 égcent usin
bel ow. le(GyIB 6aGke (2 xl\B(BmL)L Q]heun 8d7£tr€ct:a®uefb yorhbildlt yilrledasivaf algdiBug) was

stirred in 1 Iamne s ad i i nge

Fol L oved b)orig. sudonraifed ks e Baiat 6 el HME e Vil on

m Xt ur aowass0DNT ed4f @ J 6Q0 A HWITES 4.60U [theried3.cand, 1158 8Ie, si9),3dgower e washed
w t h anhydro HE. The filtrate a shes were conbined and transferred
to an addi ti 3?4Hadﬁ@ﬂ%ﬁ?&%%ﬂﬁ%%ﬁ?%ﬁ%added drop wise over 30 minutes to a
stirred sol utlon of NaBH4 in H20 (20 nL) at 0 C. The reaction m xture was
stirred at 0 C for 5 hours before stirrin room tenperature overnight.

The react i énflaktasmaddgdsvithoeehtdathatged M rthf? eepselusifgingsid e BRIt he
resi due wag @lbmh&%%%evms e§tdM IDEE BihE). ANG IRRL HHFOR Heswiesied wth

wat er and br| ne, dried over anh dr ous Nag) 4, "and concentrated under
r educedSpr €8s (heacactipmgixten mﬁétlré@r fap Ayhopn 0 The resetigy sofkien atae ﬁﬁé@@éﬁés) gave

t he pr OdUC?er%e%&h&)é I el %;M%re( 48R4 %ec%egs}o 185?1 v&?ﬂc‘;ﬁ \%Q%Qﬁg?c?ezd

3.62-3.49 496 road s, .
1.83-1.69 (smtlom-ﬂjltrathOEhf( solid1 8. r@B@Siﬂh@d amThiy andc bérxehes( 8es aglledvds stirred

in pyridi n‘f)re(:%ﬁatgts%li@st. ﬂle%o‘ﬁﬁéj%re%u@&&%y Ql?c%bn filtration and air-dried. 'H
NMR (400 MHz, CDCls): 7.666 (dd, J = 10.4 Hz & 1.6 Hz, 1H), 4.772 (m, 1H), 3.612
20  (m, 1H), 3.158 (dd, J = 11 Hz & 8.6 Hz, 1H), 3.00-2.86 (m, 2H), 2.821 (s, 4H), 2.188

(m, 2H)

25

30
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Tosyl chloride (3.0 g) was added and the reaction m xture stirred at 0 C
for 6 hours. The solution was warnmed to roomtenperature and stirred
over ni ghtwoBha/meaet i on m xture was concentrated under reasedopsmssure and
the resulting solids were dissolved in ethyl acetate. The solution was
washed with saturated NaHCO3 fol |l owed by brine. The washed sol uti on was
dried over anhydrous Na2SO4 and concentrated 5 under reduced pressure.

Fl ash ChrO%@ﬁﬁ@p@fydeg@d@u&l%nw[gdUCt as an oil. 1H NIVR (400 Mz, CDClS):
7.744 (d, J =8.8 Hz, Z2H), 7.31T (d, J = 8.8 Hz, ,4623(dJ 8.4
Hz, 1H), 4.00-3.91 (rn 2H) , 3.739 (broad s, 1H), 2 411 (s, 3H), 2.224 (m

2H), 1.719 (m 2Hy, 39Q, (s, I—% 1. 350¢ 10 olution of the

tosyl ated ester (3. and ot a 2 um t hi 0% at§_4{§ i n anhydrous DM
esr ea I—|IOI’I m xture was
d wwth brine (3 x 100 nL). The

was stirred at roggrtefipaf ature Tor=3 days~
washed sol uti on was dr| ed over anhydrous Na2SO4 and concentrated under

diluted with ethyl acgtate (300 nL) and washs

reduced pressure. Flasla chromatography (15:85 et hyl et at e: hexanes) gave
t he product as an oil. 1H NWR 15(400 MHz, CDC18): 4.5P2 (d, J = 8 Hz, 1H),
3.704 (broad s, 1H), 3.07-2.94 (m 2H), 2.311 (s, ,OEt 264 (t, J= 7.2 Hz,
2H), 1.80-1.60 (m 2H), 1.404 (s, 9H), 1.386 (3%, 9 Thethloacetate(25

g) was heated in degassed 6 N HCl at 105 C overni@ht R The reaction nixture
was cooled to roomtenperature and concentrated under reduced 20 pressure

to give ared oil. 1H NWR (400 MHz, D20): | THF, , NHS O 25A fl ask
was char gedCwi Ncyam:- 36@Hdi f | or o- 6 ybe otjpi azole (110 ng) and

met hanol (25 %(étl!rred reaction P%Flspm‘:‘ged with argon for 1
hour. An a&Qjon¥spar ged ol ution of the apFneg ackd{(300 my) in water with a

pH of 9 (pH adjastnent by the addition of \Na2CO3) was prepared and added to
the reaction mxture in 3 portions at 1 hour intervals. The reaction
mxture was stijpred _gvernight. The reaction was concentrated under reduced
pressure to -10oglramd diluted with type 1 5 water (40 nL). The aqueous
solution was extracted with ethyl acetate (50 m_) and the extract was set
asi de. The aqueous solution was acidified to pH 2 by the drop wi se addition

of concent K@t ef@ll(')‘\'f@l% r-ggﬁoﬁcdeg%rfp'n@lg @GHL RS SRl 119R YRS ”{s)l?rﬁfaf %aﬁﬁ&'n again

with ethyl acetate The 2 extracts were combi ned ried over
anhydr ous KaREONs waredisebmdbhtasaoickdB oHQ\TMBdm@rqﬁlefetboalscaaessol id (130 ng).
1H NVR (400 MHz, 10CD30D): 7.641 (d, J = 10.4 Hz, 1H), 4.694 (m 1H), 3.612
(t, J =8.8 Hz, 1H), 3.179 (t, J = 9.4 Hz, 1H), 2.550 (m 2H), 2.037 (m
2H) A fl ask-opam>-padebidred thiidargenzainezobh@rigadol) thas stiecdiagyolduei(2@ri n aci d

41 X 1 ni h s THF (4
i) was addid TR TRHFTLC T o R BT SR iB et UREHRYT e
reacti dn sdébrut$ bourwa$hd additened hydrog@nmwmewmsdﬁaped—h»daheseavmmenadm@d to

t at ds whi ch | 1. t filt t T lid
et bt s Syt Foof el SRt Eheotiadit™ bovcrt Ripe s rhe

sol i ds wer ecduedd @edsed 4y tEdJﬁ—:tsmlﬁlli’g fdlldtwat re@pstalighdafirém ahictiedol. 1'H NMR (400 MHz,
T, 3 156 (BAAS LD 0k e *11y 3 00286 (m 2h) 2,821 (s, 41,
2 188 ( m 2H)
15  The benzothiazole product (55 mg) from above was suspended in methanol (5 mL).
Ethyl bromopyruvate (100 mg) was added and the reaction mixture was stirred at room
temperature overnight. The reaction mixture was heated at 80° C for 7 hours. The
reaction mixture was cooled to room temperature and solids formed. The solids were

collected by suction filtration, washed with methanol, and air-dried (35 mg).

20
R=H '"H NMR (400 MHz, CDCls): 8.295 (s, 1H), 7.992 (s, 1H), 4.436 (q, J =

7 Hz, 2H), 1.414 (t, ] = 7 Hz, 3H)
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25 30 Preparation of dehydroluciferin (10). 5The follow ng reaction
description is for the exanple 10A and simlar reaction conditions were
used in tWwe2onz®sap 10B. 1H NVR data are given for bot hPCaAS3010/042063

2- cyano-5, 7-di chl or o- 6- hydr oxybenzot hi azole (2 8 nmole) was stirred in
pyridine (20 nmL) and triethylam ne (0.3 nmL). Hydrogen sulfide was bubbl ed

t hrough the solution 10 for 4.5 hours. The addition of hydrogen sul fide was
stopped and the reaction mixture stirred at roomtenperature overnight. The
reaction mxture was stripped under reduced pressure and the resulting
solid was RetMgst al | Mgt step m MR S0 MHz X 4004 (21H).809800): 8. 000 (s,
1H) 15 Theﬂzrg%t@g %ﬁﬁl e product (55 ng) from above was suspended in

met hanol (5 r% t'hyl’ bronopyruvate (100 ng) was added and the reaction

m xture was stirred at roomtenperature overnight. The reaction m xture was
heat ed at 80c delfydrolitifonw cthy!l dtrs (3 ng) ansuspsaded &1 metbarmbendd N daPHom

t enper at ur i for h | re c e by. suction

{1 Erati on Teackad it ArRar Rl g TolZ B LC R EHE N,
(400 MHz, @BEMIEBJ to BH293 wigh 1 NHICI ahddSRadte] withlpthylackB€e Qo SOmE).7Thiz, 2H),

1.414 (t, J =7 3 . 2011/ 008912PCT/ . US2010/ 0420 R = t hyl
ester 1H NERPPRBOOHES NGBt ovst GRaTpe: s aat gupeiiged gyl ishghE Y o )
5 The dehy @rmdukeiofegve the ploliydt aesiotid. (30 ng) was suspended i n nethanol and 1
N NaOH.. The reaction was stirred at roomtenperature for 2 days. The
reacti dfl mxture was acidified to pH of 2 with 1 N HC1 and extracted with
ethyl acetabs (21 xMIO4obMHA D .00Nb8 BETi(seNty, 8005(swaTe dried over anhydrous
Na2SO4 and concentrated under reduced pressure to give the product as a
SOLT 0 20, A8 THINNEX (402000 OI0PDS B, EIPaksq 1) 8. 001 (s, 1H) 108 1
NVR (400 MHz, CD30D): 7.965 (s, 1H), 2.810 (s, 3H) 15 8.Preparation of

5- Chl orng- 4- Hydroxy Luciferin Acid (11A)and NHS Ester (11B) I Pyridinium
Hydr ochl ori de, 195C The synthetic route to the 4-hydroxy luciferin acids

and NHS esgers bépir%tdf%@ém&&-@ﬂ&ﬁdé@@ O erivaed (1 0 RAERAS&sIPE 18y hydr oxy
| uci ferin acids and NHS esters. data 1s given

Cl Cl

7__< OMe OMe
cl e NH, CI SA N cl N cl cl N
2 N~ N o}
s — 140 °C \
\©/ S s>_CN
S
Pyridinium
Hydrochloride,
195 °C
THF, DCC, “CI"HsN CO,H
QH o NHS OH OH
CI\@N N NHS cl N N._COH Hs cl N
N 2
— - \ N
s s — -— Y—cN
S S S
20 11B 11A

The synthetic route to the 4-hydroxy luciferin acids and NHS esters is identical to the
25  route used to prepare the 6-hydroxy luciferin acids and NHS esters. NMR data is given

for the above compounds.

3-Chloro-2-methoxy aniline appel salt: 'H NMR (400 MHz, CDCl3): 7.224 (m, 1H),
7.068 (t, ] = 8.2 Hz, 1H), 6.988 (d, ] = 8 Hz, 1H), 3.809 (s, 3H)
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for the above conmpounds. 3-Chloro-2-nmethoxy aniline appel salt: 1H NVR (400

VHz,

1H),
M-z,

(s,

(s,

1H,
4H)

CDC13): 7.224 (m 1H), 7.068 (t, J = 8.2 Hz, 1H), 6.988 (d, J

= 8 Hz,

3. 80W0(2811/@8912 2- Cyano- 5- chl or o- 4- net hoxy benzot hi azolus201di4ddsiR (400
CDC13): 7.591 (d, J = 8.4 Hz, 1H), 7.521 (d, J = 8.8 Hz, 1H), 4.349
52- Cyano- 5- chl or o- 4- hydr oxy benzot hi azole: 1H NVR (400 MHz, CDC13):
7.576 (d, J = 8.4 Hz, 1H), 7.416 (d, J = 8.4 Hz, 1H), 6.702 (s, 1H
5- Chl or 0- 4- hydroxy di nethyl luciferin aci d (11A) 1H NMR (400 MHz, CDC13):
7.451 (d, J = 8.4 Hz, 1H), 7.370 (d, J = 9 1H), 668951H)

3H)

1H),

7.
1.

1 2g88na6(chlorgfynetinxs benzpthiazaiey T N OO NIRRT Teid Hy|

354 (d,

4.903

| uci f t 1 13): 7.425 (d, J = 8.8 Hz,
AR Nd§4ﬁ§]' Bj%ﬁﬁgfl1H§§nggggg?gﬁgiH , 5.157 (s, 1&0, 2.855 (s,

882 (s, 3H) 1.659 (s, 3H) 15 209. Preparation of 6-Chl oro-5- Hydroxy

THONCCDP HONRAE PRE s 0 ino X HLMBILHBO AT, REICHE: 7800001 5% e

5- hydr oxy &4 Herlith, at¢icddi 5= Bdétr ildplo. 702 (¢ hE) r out e used to

5-Chloro-4-hydroxy dimethy! luciferin acid (11A): "H NMR (400 MHz, CDCl:):
7.451 (d, J =8.4 Hz, 1H), 7.370 (d, ] = 9.2 Hz, 1H), 6.689 (s, 1H), 4.903 (s, 1H), 1.886
10 (s, 3H), 1.528 (s, 3H)

5-Chloro-4-hydroxy dimethy! luciferin NHS ester (11B): "H NMR (400 MHz, CDClz):
7.425 (d, J =8.8 Hz, 1H), 7.354 (d, ] = 8.4 Hz, 1H), 6.707 (s, 1H), 5.157 (s, 1H), 2.855
(s, 4H), 1.882 (s, 3H), 1.659 (s, 3H)

15

20 9. Preparation of 6-Chloro-5-Hydroxy Luciferin Acid (12D)

C
MeO NH, CI * MeO N
o e e
al cl S
12B
Pyridinium
Hydrochloride,
195 °C

“CI*HsN.__CO,H

HO N N._-COH HS: ; HO N
\>_</ -— \>—CN
Cl S S Cl S

12D 12C

25  The synthetic route to the 5-hydroxy luciferin acid is identical to the route used to

prepare the 6-hydroxy luciferin acids. NMR data is given for the above compounds.
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prepare the 6-hydroxy luciferin acids. NVR data is given for the above
conpounds. 4-Chl oro-3-nethoxy aniline appel salt (12A): 1H NMR (400 MHz,
CDC13): AvB2611(mbg91d = 8.8 Hz, 1H), 6.78-6.76 (m 2H), 3P8I3AISe&L/083H)3

2- Cyano- 6- chl or o- 5- nret hoxy benzot hi azol e (12B): 1H NMR (400 MHz, CDC13):
57.929 (s, 1H), 7.636 (s, 1H), 3.988 (s, 3H 2-Cyano-6-chl oro-5-hydroxy
benzot hi azole (12C): 1H NWR (400 MHz, CDC13): 7.927 (s, 1H, 7. 792 (s, 1H,
5.852 (s, Lnd@- 36111&%)@;&1@@ w%mwmm (u@(s 1922 @D@Ebd )i _1H NWR
(400 MHz, CD30D) @% .927 (s, 1H), 1.778 (s,
3H), 1. 489—(858H3H)H) aAg3-0.34 (0GB BRI/ 2010/ 042063 10 Pr epar ation of
5,7-Di net hyl- 6- Hydroxy Di nethyl Luciferin Acid (13E) NO2NH2 13B 13Al 140C
13E13D13C 5 The synthetic route to the 5,7- d| met hy1- 6- hydr oxy di et hyl

| uci ferin 2c¢ydnd-6- thﬂ)@m&ﬂ@dioxybemhénazolat(ﬁli)seldNM)Rp‘K)@@\éHe GIe)6- hydr oxy

| uci fericn ﬁéw r the 10 above conpounds.
3, 5-Di rrgt h?gzg-%sr‘rét oXy inﬂ%‘?ﬁ?%@&%ﬁ 1H NVR (400 MHz, CDC13): 6.320 (s,
2H), 3.615 (s 3H), 2.167 (s, 6H) 153, 5-D net hyl-4-nethoxy aniline appel

?gl t6l(-|)13§) ano %/R d?fod‘*'g' %iy- %ﬁﬁ%‘%(@gz ?H@L‘PQ%&%W?H NMVR (24(%8

VHz, CDC13)7 927(£4H) (s792 11 H),3.8682,(1H) 3H), 2.488 (s, . 429 (s, 3H) 20
2- Cyano- 5, 7-di net hy1- 6- hydr oxy benzot hi azol e (13D): 1H NIVR (400 VHz

CDC13): 7.805 (s, 1H), 5.2 (broad s, 1H), 2.443 (s, 3H), 2.401 (s, 3H)

5, 7- Di mat hylcioraysdiiyaxoky diifig@b Yicifetif hdi@ (12m)a b NMMGE)) MHEHOWBD)400 Mz,

(CSD?’OQ?_& 257198%( iH) gg)H)l G, Ll‘H) Q2bs (s, 1H§D1 7R (?% 1489 (s, 3H)2 333 (s, 3H), L.777
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WD 2011/ 008912PCT/ US2010/ 042063 11. Prepar ati on of
Trifluoronethyl-substituted Luciferin Acids (14E) and NHS Esters

(Fl uor escwocelidyesiz 14F): ClC NH2CF3CF3 14A14Cl14B PCTABZE/083063 heti c
route to the trifluoromethyl-substituted luciferin acids and NHS esters is
identical to the route used to prepare the 6-hydroxy luciferin acids and
NHS esters. NVR data is given for the above conpounds.

4- met hoxy- 3ot r'i inllegeat@dmfhw Dﬁwtﬂmqmp@el Dﬁﬁétﬁyli%&@an&éwm(mo MHz,
CDC13): 157.522 (d, Hz, 1H), 7.424 (dd, J = 8. .6 Hz, 1H),
7.064 (d, J = 92Hz 1H) 3916(s 3H)

2- Cyano-5-trifl uoronmet hyl-6-nmet hoxy benzothiazele (E4B): 1H NVR (400 MHz,
CDC13): 8.384 (s, OMe, 7.451 (s, 1H), 9M833 (s, }H}(ZO

2-Cyano-7-tri f1 uqreethy1- & nejdoxy Lergzorhi agbl & (NMC) 0 Mz,
CDC13): 8.313 (d, 8.8 Hz,—2H), 7.B74] (d, J—=8r2 Qo8 (s, 3H)
2- Cyano-5-tri fl uorngifet hyl- 6- hydr oxy be ot hi azol e (14[5?90 1N NVR €400 MHz,
25CDC13): 8.368 (sNolH), 7.492 (s, 1H) NHb-Trifl uoronethyl-6-hydroxy
dinmethyl luciferin acid (14E): 1H NI\/R1g 00 MHz, CD30D): 8.168Hs, 1H),
7.479 (s, 1H), 4.927 (s, 1H), 1.779 (s, 3H), 1.492 (s, 3H)

5-Trifl uoronet hyl-6-hydroxy dinethyl | uci ferin NHS ester (14F)1402¢ NVR (400
MHz, 5CDC13): 8.278 (s, 1H), 7.445 (s, 1H), 5.148 (s, 1H), 2,861 (s, 4H),
1.874 (s, 3H), 1.653 (s, 3H) Fluorescence Measurenent of Luciferin
conpounds 10 The fl uorescence neasurenent experfyminws were conducted on a

HORI BA Jobi rEI uo|(|orr@a§ 3 spest u— TWW@@JIOF(!P Xgi tation
wavel ength wa n.%_unl ewmcse N8t €d. The ¢

ITH 25 MM Tris
pH 8.0 buffer s used to obtain the 'fl uorescence spectra and determne the
intensity at the waisel engt h of maxi numsem ssion shown in 15T3le 6. Table 6
Luci fern conpoundsFl uorescence Intensity at

J+en and
em ssi on sIH S % ats m A sololit hon ®f the dye at NdD

The synthetic route to the 5,7-dimethyl-6-hydroxy dimethyl luciferin acid is identical to
the route used to prepare the 6-hydroxy luciferin acids. NMR data is given for the

10 above compounds.

3,5-Dimethyl-4-methoxy aniline (13A): "H NMR (400 MHz, CDCls): 6.320 (s, 2H),
3.615 (s, 3H), 2.167 (s, 6H)

15 3,5-Dimethyl-4-methoxy aniline appel salt (13B): "H NMR (400 MHz, CDCl;): 6.905
(s, 2H), 3.711 (s, 3H), 2.278 (s, 6H)

2-Cyano-5,7-dimethyl-6-methoxy benzothiazole (13C): "H NMR (400 MHz, CDCl):
7.845 (s, 1H), 3.782 (s, 3H), 2.488 (s, 3H), 2.429 (s, 3H)

20
2-Cyano-5,7-dimethyl-6-hydroxy benzothiazole (13D): "H NMR (400 MHz, CDCl:):
7.805 (s, 1H), 5.2 (broad s, 1H), 2.443 (s, 3H), 2.401 (s, 3H)

5,7-Dimethyl-6-hydroxy dimethyl luciferin acid (13E): 'H NMR (400 MHz, CD;0D):
25 7.641 (s, 1H), 4.905 (s, 1H), 2.401 (s, 3H), 2.333 (s, 3H), 1.777 (s, 3H), 1.491 (s, 3H)
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Fl uorescence Maxi ma Conmpound 6H530 nm = 1. 1e6 (ex = 405 nm Conpound 6J542
nm= 1.75e6 (ex = 405 nm Conpound 6C530 nm = 1.1e6 (ex = 405 nn) Conpound
6B527 nmw0o28b4®81eex = 405 nn) Conpound 6E541 nm = 1. 3@€T(US2016/04063 nm) 541
nm = 4.5e6 (ex = 396 nn) Conpound 9A532 nm = 964121(ex = 405nn) 532 nm =
1.2e6 (ex = 396 nm Conpound 14E532 nm = 570975 (ex = 405 nn) 532 nm =
774112 (ex = 396 nm Conpound 10A546 nm = 1.6e6 (ex = 405 nm EXAMPLE 2
The foll ow ng exanpl e provides the description of a nethod for conjugating
the fluorescent dyes of the invention to an anti body nolecule. S In a

typi cal experi npRbara@idraRdkodARINEAERuRE LURHH VAR (e hN@kkes are
prepared as folTows. The antibody of rnterest Is prepared In 50nM Borate pH
9. 0 buf f er Eatersdhiyprepcengqilayady Bt kagent i s di ssol ved in anhydrous DVSO to
give a goncentration of 5ng/n . Predeterm ned anounts of the dye in DMSO
are slowy added to the antibody solution 10 with m xing. The reaction is

i ncubated at roomt ergture for 60 mnutes. Thereafter the reaction is
guenched with i tio 7 ycyI glycingl(ZOO nol ar excess to the dye used)

sol ution atFqomyd nici A B Vv rE% % Imecdye aQt Nbody Efnjugate is
separated des @ ng —Oﬁ—a>Se -@ UI Yo at eES_CN The
elution i s noniYored for MaSON abssf ancehano rheSant i Bs@y Fontoai ni ng band
is collected frim 15 the col wwm. The degree of Cgubstitution (F/ P Value) is
determ ned by neasuring absorhghce val ues for 4oe dye-conjugate at 280nm
and at the absorption maxi ma of the dye peak. The degree of substitution is
cal cul ated using the extinction coefficient for the dye being used for the
conj ugati on as shown i n Pladsives 7. 20Tabl e 7 Dyes of the invention Extinction

C‘oefficientF at Dyerodibdsrpti gn nexi ma 5, 7- Ek%h|0r0|UCI eri HS
ester (Dye 1) -é\ 1&i£hlorog% WEL% p_kiyé?gkggl74

D net hyl dmkb-- C|fer|n NHS ess e3) 17665 M@ ORFE
difluorolu0|fer|n NHS ester (Dyed4) 14665
14B 14D

0
OIS
A\ % NHS
HO S 8
14F

10 The synthetic route to the trifluoromethyl-substituted luciferin acids and NHS esters is
identical to the route used to prepare the 6-hydroxy luciferin acids and NHS esters.

NMR data is given for the above compounds.

4-methoxy-3-trifluoromethyl aniline appel salt (14A): 'H NMR (400 MHz, CDCly):
15 7.522(d,J=2.4Hz, 1H), 7.424 (dd, J =8.6 Hz & 2.6 Hz, 1H), 7.064 (d, J =9.2 Hz,
1H), 3.916 (s, 3H)

2-Cyano-5-trifluoromethyl-6-methoxy benzothiazole (14B): 'H NMR (400 MHz,
CDCls): 8.384 (s, 1H), 7.451 (s, 1H), 4.033 (s, 3H)

20
2-Cyano-7-trifluoromethyl-6-methoxy benzothiazole (14C): 'H NMR (400 MHz,
CDCl): 8.313 (d,J=8.8 Hz, 1H), 7.374 (d, ] =9.2 Hz, 1H), 3.997 (s, 3H)

2-Cyano-5-trifluoromethyl-6-hydroxy benzothiazole (14D): 'H NMR (400 MHz,
25 CDClL): 8.368 (s, 1H), 7.492 (s, 1H)
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Di fluoro dinethylene Luciferin NHS ester (Dye5) 11532 Difluoro am de
Luciferin NHS ester (Dye6) 14990 The following table (Table 8) provides

t he dat a wonrotinesaar i ous conj ugates for six of the dyesPafi/ush@oiomoent i on to
representative antibodies. 5 Table 8 Antibody Dye Dye to Absorption
Degree of Em ssion anti body ratio used maxi ma for conjugate substitution
maxi ma for conjugate CD4 Dyel 100 400nm 13.5

5-Trifluoromethyl-6-hydroxy dimethyl luciferin acid (14E): "H NMR (400 MHz,
CDs;OD): 8.168 (s, 1H), 7.479 (s, 1H), 4.927 (s, 1H), 1.779 (s, 3H), 1.492 (s, 3H)

5-Trifluoromethyl-6-hydroxy dimethyl luciferin NHS ester (14F): "H NMR (400 MHz,

5 CDCL): 8278 (s, 1H), 7.445 (s, 1H), 5.148 (s, 1H), 2.861 (s, 4H), 1.874 (s, 3H), 1.653
(s, 3H)

Fluorescence Measurement of Luciferin compounds

10 The fluorescence measurement experiments were conducted on a HORIBA Jobin Yvon
Fluoromax®-3 spectrometer. Typically, the excitation wavelength was set at 405 nm
unless otherwise noted. The excitation and emission slits were at 1 nm. A solution of
the dye at 20 uM in 25 mM Tris pH 8.0 buffer was used to obtain the fluorescence

spectra and determine the intensity at the wavelength of maximum emission shown in

15 Table 6.
Table 6
Luciferin compounds Fluorescence Intensity at
Fluorescence Maxima
Compound 6H 530 nm = 1.1e6 (ex =405 nm)
Compound 6J 542 nm = 1.75¢6 (ex =405 nm)
Compound 6C 530 nm = 1.1e6 (ex =405 nm)
Compound 6B 527 nm = 935490 (ex = 405 nm)
Compound 6E 541 nm = 1.3e6 (ex =405 nm)
541 nm =4.5¢6 (ex =396 nm)
Compound 9A 532 nm = 964121(ex = 405nm)
532 nm = 1.2e6 (ex = 396 nm)
Compound 14E 532 nm = 570975 (ex =405 nm)
532 nm = 774112 (ex = 396 nm)
Compound 10A 546 nm = 1.6e6 (ex =405 nm)
20
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525nm CD4 Dye2 60 399nm 30.4 516nm CD3 Dye2 10 399nm 5. 91 516nm CD45 Dye2 5
399nm 4.2 516nm CD4 Dye3 100 398nm 11.4 528nm CD3 Dye3 20 398nm 4. 8
WO 2011/008912 PCT/US2010/042063

EXAMPLE 2

The following example provides the description of a method for conjugating the

fluorescent dyes of the invention to an antibody molecule.

In a typical experiment, antibody conjugates of Luciferin derivatives are prepared as
follows. The antibody of interest is prepared in 50mM Borate pH 9.0 buffer at 4mg/ml.
The dye reagent is dissolved in anhydrous DMSO to give a concentration of Smg/ml.
Predetermined amounts of the dye in DMSO are slowly added to the antibody solution
10  with mixing. The reaction is incubated at room temperature for 60 minutes. Thereafter
the reaction is quenched with addition glycyl glycine (200 molar excess to the dye
used) solution at 75mg/ml in PBS, 2mM EDTA. The dye-antibody conjugate is
separated desalting on a Sephadex G-50 column equilibrated in PBS. The elution is
monitored for 280nm absorbance and the antibody containing band is collected from
15 the column. The degree of substitution (F/P Value) is determined by measuring
absorbance values for the dye-conjugate at 280nm and at the absorption maxima of the
dye peak. The degree of substitution is calculated using the extinction coefficient for

the dye being used for the conjugation as shown in Table 7.

20 Table 7
Dyes of the invention Extinction

Coefficient Mem™
at Dye absorption
maxima

5,7-Dichloroluciferin NHS ester (Dyel) 14662

5,7 dichloro luciferin-Linker-NHS ester (Dye2) 18174

Dimethyl difluoroluciferin NHS ester (Dye3) 17665

Monomethyl difluoroluciferin NHS ester (Dye4) 14665

Difluoro dimethylene Luciferin NHS ester (Dye5) 11532

Difluoro amide Luciferin NHS ester (Dye6) 14990
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528nm CD45 Dye3 40 398nm 8. 24 528nm CD3 Dye4 30 390nm 2. 89 528nm CD4 Dyeb5
60 390nm 20.8 527nm CD3 Dye5 20 390nm 6.2 527nm CD45 Dye5 15 390nm 8. 31
WO 2011/008912 PCT/US2010/042063

The following table (Table 8) provides the data for the various conjugates for six of the

dyes of the invention to representative antibodies.

5
Table 8
Antibody Dye Dyeto Absorption Degree of Emission
antibody maxima for substitution maxima for
ratio conjugate conjugate
used
CD4 Dyel 100 400nm 13.5 525nm
CD4 Dye2 60 399nm 304 516nm
CD3 Dye2 10 399nm 591 516nm
CD45 Dye2 5 399nm 4.2 516nm
CDh4 Dye3 100 398nm 11.4 528nm
CD3 Dye3 20 398nm 4.8 528nm
CD45 Dye3 40 398nm 8.24 528nm
CD3 Dye4 30 390nm 2.89 528nm
CDh4 Dye$5 60 390nm 20.8 527nm
CD3 Dye5 20 390nm 6.2 527nm
CD45 Dye$5 15 390nm 3.31 527nm
CDh4 Dye6 30 382nm 27.6 517nm
CD3 Dye6 15 382nm 6.8 517nm
CD45 Dye6 10 382nm 6.8 517nm
CD4 Dye7 100 391nm ND* 524nm
CDh4 Dye8 100 420nm ND 465nm
CD4 Dye8 100 420nm ND 465nm
10

ND means not determined

EXAMPLE 3:

15  The following example provides method for using the antibody-dye conjugates in flow

cytometry.

Flow Analysis

20  Optimum quantities (determined separately by titration) of various compositions of
antibody-dye conjugates of the invention were independently combined with a
biological specimen containing whole blood (0.1mL), incubated for 10-15 minutes,

processed using the standard procedure using VersaLyse'™ lysing reagent, and
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527nm CD4 Dye6 80 382nm 27.6 517nm CD3 Dye6 15 382nm 6.8 517nm CD45 Dye6 10
382nm 6. 8 517nm CD4 Dye7 100 391nm NDa CD4 Dye8 100 420nm ND
WO 2011/008912 PCT/US2010/042063

analyzed using a flow cytometer. Briefly, the treated biological specimen was
combined with the VersaLyse™ reagent/0.2% Formaldehyde (1mL) for 10 minutes,
spinning down the treated specimen, aspirating the supernatant, resuspending the pellet
in PBS (2mL) spinning down the cell suspension and resuspending the pellet in

5 PBS/0.1% formaldehyde (1mL) for analysis. The lymphocyte population was selected
by flow cytometry based on forward and side scatter characteristics. Subpopulations
were identified using specific monoclonal antibodies. Fluorescence signals were
collected using appropriate band pass filters chosen based on the conjugate’s
fluorescence emission spectrum.

10
Similarly, the antibody-Pacific Orange’™ conjugates were evaluated. In selected cases,
the flow data results of various luciferin derivatives dyes — antibody conjugates were
compared with the corresponding antibody-Pacific Orange dye-conjugates. Following
table summarizes these results (Table 9). The conjugates of antibody-fluorescent dyes

15  of the invention showed superior signal/moise values compared to antibody-Pacific

Orange conjugate.

Table 9
Conjugate Signal/Noise
values

CD4-Pacific Orange 8.7

CD4-Dyel 20.5
CD4-Dye?2 26.8
CD4-Dye3 26.4
CD4-Dye4 27.4
CD4-Dye5 31.0
CD4-Dye7 9.2

20

Two-color flow analysis:

In selected cases, using 405 nm laser line, CD8-Pacific Blue™ dye-conjugate and a
25  CD4-luceferin derivative dye of the invention, a two color flow analysis was similarly
performed. The results were compared with the corresponding performance for CDS8-
Pacific Blue dye conjugate and a CD4-Pacific Orange dye (Invitrogen Corporation).
As shown in Figure 4, the antibody-Dye2 conjugate showed brighter signal when
compared to that of antibody-Pacific Orange™™ conjugate.
30

57



452645nnmm CD4 Dye8 100 420nm ND 465nm 10 aND neans not determ ned
EXAMPLE 3: 15The foll owi ng exanpl e provides nethod for using the

ant i body-wgeotioanpaugat es in flow cytonetry. Flow Anal ysi #C20Cpa10/u2063
gquantities (determ ned separately by titration) of various conpositions of
anti body-dye conjugates of the invention were independently conbined with a
bi ol ogi cal speci nen contai ni ng whol e blood (0.1nm.), incubated for 10-15

m nutes, pnagesseAnss L@y gdhe standard procedure using VersalLyseTM | ysing
reagent, and analyzed using a flow cytoneter. Briefly, the treated

bi ol ogi cal speci nen was conbined with the VersaLyseTM reagent/0. 2%

For mal dehy g, {Heine @b, e dHlcveniBl ARLDQISARILES Liagked speci men,
aspirating the super ata t, resuspending the In PBS (2nlL) spinning
down the CémeIESUBtpénsﬂéﬂlaSath) qot&m&éﬁ“em@mmgent brinped Iweth aj4f58n PBS/ 0. 1%

formal d hngsén}gkér 55’633% aé’e?'&ssoﬂg? g%&%&’ﬁﬁer% Héeétnié’o%zf@t?e sel ected by
flow cy orretry ase orward an catter c aracteristics.

Subpopul at iflonssoseresutpiemta thi phbtotaulnghespéxel Folowrogacibodatcagentsivizod i es.

Fl uorescence signals were coll ected using appropriate band pass filters
chosen bas&f“on t he conjugate's fluorescence em ssion spectrum 10
Simlarly, the anti booys R¥OIHITC O angeTM conj ugates were eval uated. In

sel ected cases, .t he éﬁ%{lﬂgata results of various luciferin derivatives dyes
- antibody conj %rgat e conpared with the correspondi ng anti body-Pacific
Or ange 1dye- conj &gat eSh4¥RrO)-e@DNg tabl e summari zes these results (Table 9).
The conj ugat es QD%b/%dé fluorescent dyes 15of the invention showed
superior signal n0| ) Faes conpared to anti body-Pacific Orange conjugate.
Tabl e 9 Conjugate SgmapéNoi se val ues

6. CD3-APC
7. CD27-APCA700
15 8. CDS5-APCCy7
9. CD8-Pacific Blue
10. CD4-Pacific Orange/CD4-Dye3.

The histograms shown in Figure 5 illustrate that in the ten-color flow assay, the CD4-
20  Dye3 conjugate gave a brighter signal when compared to that of CD4-Pacific Orange

conjugate.
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CD4- Pacific Orange 8.7 CD4-Dyel 20.5 CD4-Dye2 26.8 CD4-Dye3 26.4 CD4-Dye4d
27.4 CD4-Dye5 31.0 CD4-Dye7 9.2 20 Two-color flow analysis: In selected
cases, uswoQotig®snin | aser |ine, CD8-Pacific BlueTM dye- ecmjusgave4mnsl a 25
CD4-| uceferin derivative dye of the invention, a two color flow analysis
was simlarly performed. The results were conpared with the correspondi ng
performance for CD8- Pacific Blue dye conjugate and a CD4-Pacific O ange
dye (Invitrogen Corporation). As shown in Figure 4, the antibody-Dye2

conj ugate showed brighter signal when conpared to that of antibody-Pacific
OrangeTM copjdgaliBmedNQ: Mul ti-color flow anal ysis: For one of the dyes
(Dye3) of the invention, a ten-color application was al so denonstrated on a
3 laser 10 color PMI instrunent equi pped with a 405nm | aser, 5488nm | aser
and 635nm | aser.. ARt dyyhbmaahdfaasuldi | ter was used to collect the
fluorescence output into the photonultiplier tube. Follow ng anti body
reagenté were used: 1. CD45 (RA)-FITC 2. CD56-PE 103. CD45( R0O) - ECD 4.

CD25-PC5 5. CD19- PC7 Z,
Y, N N
4 | —RG
OOSa
HO X, X3
W
Y,
wherein

Xi and X, are independently S or O;
10 Y and Y, are independently halogen, alkyl, haloalkyl, alkoxy, or alkenyl, or

one of Yy or Y, is H, and the other is a haloalkyl group;

wherein each W is independently H or alkyl;

7y is H or alkyl;

wherein Z; and one of W groups may be absent and, if absent, are replaced with
15 an additional bond between C4 and Cs in ring C;

L is independently a bond or linking group; and

RG is a reactive group.

2. The fluorescent dye of claim 1, wherein the linking group comprises a
20 covalent linkage comprising 1-50 non-hydrogen atoms selected from C, N, O,
S, P and halogen atoms and is composed of any combination single, double,
triple, or aromatic carbon-carbon bonds, carbon-oxygen bonds, carbon-sulfur
bonds, carbon-nitrogen bonds, and nitrogen-nitrogen bonds; and
wherein RG comprises a reactive group selected from a group consisting of a
25 carboxylic acid, an activated ester of a carboxylic acid, acid anhydride, acid
chloride, acyl azide, an acyl halide, aldehyde, chloroformate, amine, hydroxyl,
hydrazine, isocyanate, isothiocyanate, sulfonyl halide, tosyl, maleimide, N-

hydroxy-succinimide ester, aziridine, imine, and disulfide.
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6. CD3- APC 7. CD27- APCA700 158. CD5- APCCy7 9. CD8-Pacific Blue 10.

CD4- Paci fi c Orange/ CD4- Dye3. The histograns shown in Figure 5 illustrate
that in twe2awmwosakor flow assay, the CD4- 20 Dye3 conj RgAAUS2¢a/0€2083

bri ghter signal when conpared to that of CD4-Pacific Orange conjugate.

What is clained is: 1. A fluorescent dye having the fornula: 5 Zi
wherein X1 and X2 are independently S or 0; 10Y1l and Y2 are independently
hal ogen, al kyl3 hgl a@abkybnt dgd b@f¥m 108 2alk&8¥ the BlkifNEolf coXipri®s aY2 is H, and
the other is a hal oal kyl group; wherein each Wis independently H or alkyl;
Zi is Hor alkyl| formula: wherein Zi and one of Wgroups may be absent
and, if absent, ar I E ddi L and C5 in
ring C, Lis indgbg(rg%g%t‘%sﬁegl %401;5]5 b%T‘r? i(%kl? fﬁ%ﬂhglr@%éu(pc?ggﬂaétg%{éﬁﬁcgmgg?%acti ve
group. 2 C(Qhie afchnpomyd straint and e isocPHer abendiattagihies éf parbéreyl | | nki ng gr oup
conprises a 20 c ' ri.sing 1-50 non-hydrogen atons sel ected
fromC, gN, 0, S géﬂgﬁgﬁlﬁg%ge%@% gi’r%)’ dénd is conposed of any conbination
singl e, double, RiCEHA;RHXORowkdre B tarboohec@rbowrthend(Ogamrabon- oxygen
bonds, carbon-sul fur bonds,, car.honsni trogep bond i trogen-nitrogen
bonds: and vher och ot BOHE A SELRRTNE, S0P BERy R B0 RenP Ll SRERA g1 oo
consi sting of a Raeamierlring hadhglat 1ent @ctunvairedd Batdeor ofondiavbokyl i ¢ aci d,
aci d anhydride, acid chloride, acyl .azide, an acyl halide, al dehyde,

hl or of o mat e agtansedkein 3y B pigt mPBed s O CuheBty anat e,

sul fonyb hal i de, att@8inl thaingharica8onyNaydp exthe sddcwicnirsipdec.est er, aziri di ne,
imne, and disulfide. 3. The fluorescent dye of claiml1l or 2, wherein the
| i nki ng group conprises a fornmula: RLC(0)R2, wherein RL is a bond or G _io
met hyl ene ( CH2).nTa¢ hashRehtld9e by dyeof i) 1it63 AvIRMIPROWon@riQWR, and R2 is
OH or a bond attaching the carbonyl 5group to the reactive group RG or
R1C( 0) ALR3C( 0) RZFarW?lé agyd, %ugcnamb%'hast%rof eicapeykie prigy enelrazideyn 4nding car bony!|
group, Al is eitBefoMideyanalliordmaiBmigs. an al kenyl (CH2)n, a five or a six
menbered ring having at” | east one unsaturated bond, or a conbination of

C _io réthylene (CH2)n and a five or six nmenber ring, R2 is OH or a bond

5. The fluorescent dye of claim 1, having the formula:

O
Cl
N N R
HO S S
Cl
wherein
20 R represents OH, succinimidoxy, NH(CH,)nCOOH, NH(CH,),CO-

succinimide, or NH(CH;)n-maleimide, wherein n =1-10.

6. The fluorescent dye of claim 1, having the formula:

)

T @)
RV N el G
H O
@)

HO S S
Cl

25
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10attaching the term nal carbonyl group to the reactive group RG 4. The
fluorescent dye of any one of clains 1 to 3, wherein RG conprises a

car boxyl iwoaeiihosaacci ni m dyl ester of a carboxylic aci #cTaskyidnamssie, an
am ne, an isothiocyanate,or a maleimde. 15 5. The fluorescent dye of claim
1, having the formula: 0 (N HGs)<s C wherein 20R represents OH,

succi ni m doxy, NH(CH2) nCOOH, NH(CH2).CO succini mde, or

NH( CH2) n- nal ei mi de, wherein n =1-10. 6. The fluorescent dye of claim1,
having the formula: 0 25 CIN HO ClI 7. The fluorescent dye of claim]l1,
hayi ng the forfuilhe flgoresgpiedee af Byl prvaretie ormpa: succi ni mi doxy,

NH( CH2) nCOOH, NH(CH2). CO- succi ni m de, or~NH(CH2) n-nal ei m de, wherein n
=1-10. 159. The fluorescent dye of claim{, having the formula: 11. The

fluorescent dye of cl&um haw ng tke f RI a: 0 5 wherein

HO S S

wherein
5 R represents OH, succinimidoxy, NH(CH;)nCOOH, NH(CH,),CO-

succinimide, or NH(CH;)n-maleimide, wherein n =1-10.

8. The fluorescent dye of claim 1, having the formula:

O
10 Q
F N Njg\op
S S

HO

15 9. The fluorescent dye of claim 1, having the formula:

@)
0 (0]
F N N N/\)j\O/N
\>_</ H

20 E

10. The fluorescent dye of claim 1, having the formula:

o]
0
¢
S S O
F

HO
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R represents OH, succinim doxy, NH(CH2)nCOOH, NH(CH2).CGOsuccini m de, or

NH( CH2) n- nal ei m de, wherein n =1-10. 1012. The fluorescent dye of claiml
havi ng t wof2orimesa2 N N...... ~_ RG Lw \>X [/ X2 PCTaseseiom05d and X2
are independently S or O; Y1l and Y2 are independently hal ogen

al kyl, hal oal kyl , al koxy, or al kenyl, or 15one of Y1 or Y2 is H and the
other is a haloal kyl group; Wis Hor alkyl; L is independently a bond or a
| i nki ng group, wherein the |inking group conprises a coval ent |inkage
conprising 1-50 non-hydrogen atons selected fromC, N, 0, S, P and hal ogen
atons and i s conposed of any conbi nation 20 single, double, triple, or
aromati c carbop- -hon s, carbon-sul fur bonds,
carbon-nitrogeg"gg%ﬁggﬁgﬁng??f%%gﬁkﬁg?%%ggﬁgﬁg%ds; and wherein RGis a
reactive group selected froma group consisting of a carboxylic acid, an
activated ester of acgarboxylic acid, acid| anhydride, acid chloride, acyl
azide, an acyl halide, aldehydeN, chl e, am ne, hydroxyl, hydrazine,
25i socyanate, isothiocya alide, tosyl, naleimde, N hydroxy-
succi ni mde ester, azj4+t di sul fi de.

5
wherein
R represents OH, succinimidoxy, NH(CH,)nCOOH, NH(CH,),CO-

succinimide, or NH(CH;)n-maleimide, wherein n =1-10.

10 12. The fluorescent dye of claim 1 having the formula:

B 4% ?iﬂ:i—RG
HO X X3 W
Y>
wherein
Xy and X, are independently S or O;
Y and Y, are independently halogen, alkyl, haloalkyl, alkoxy, or alkenyl, or
15 one of Y or Y, is H, and the other is a haloalkyl group;
W is H or alkyl;
L is independently a bond or a linking group, wherein the linking group
comprises a covalent linkage comprising 1-50 non-hydrogen atoms selected
from C, N, O, S, P and halogen atoms and is composed of any combination
20 single, double, triple, or aromatic carbon-carbon bonds, carbon-oxygen bonds,
carbon-sulfur bonds, carbon-nitrogen bonds, and nitrogen-nitrogen bonds; and
wherein RG is a reactive group selected from a group consisting of a carboxylic
acid, an activated ester of a carboxylic acid, acid anhydride, acid chloride, acyl
azide, an acyl halide, aldehyde, chloroformate, amine, hydroxyl, hydrazine,
25 isocyanate, isothiocyanate, sulfonyl halide, tosyl, maleimide, N-hydroxy-

succinimide ester, aziridine, imine, and disulfide.
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13. The fluorescent dye of claim1, which can be excited wth a wavel ength
fromabout 340 nmto about 450 nm 14. A dye-conjugate having the forml a:
Zi 5 wwoepn/odg9iand X2 are i ndependently S or 0; Y1 amrdTNR26epa2083 el y
represent H, hal ogen, alkyl, haloal kyl, al koxy, or al kenyl wherein each W
i s independently Hor alkyl; 10Zi is H or alkyl; wherein Zi and one of the
W groups may be absent and, if absent, are replaced with an additional bond
bet ween C4 and; Lol Audrbdabht@ye b difim 1“%%@5‘1?5@ dx¥%itéd x?fﬁ{‘éjw%elé}ig{d fkh Ng group,
wherein the linking group conprises a coval ent |inkage conprising 1-50
non- hydr ogen at ofous 4G égebpsf458Mc, N, 0, S, P and hal ogen atoms and is
conposed of any conbination single, double, triple, or aromatic

car bon- carbon bonds, carbon-oxygen bonds, carbon-sulfur bonds,

car bon- ni t r ogeht. Bohdsonjagade iviregheformiler ogen bonds; and wherein CMis a
conj ugat ed nol ecul e conprising a pepklde protein, polysaccharide, enzyne,
l'i pid, nucleotideg. olj -onu eotld%.or nucl ei c acid 20pol ymer. 15. The

dye- conj ugat e of c i erei . ICUnPhbated nol ecul e is a peptide or

a protein. 2516. Th CB)n uga eCdfls cl ai m 14 or 15, wherein the

conj ugat ed nnle?ﬂi SAAN ~aX) | bodK;~ or fragnent of an antibody. 17. A
nmet hod of detecting a [conpl enentary nber of a specific binding pair in a
sanpl e, sconpri si ng: , mMxing said sanple with a dye-conjugate of any one
of claims 14 to 16 whi ch specifically binds to the conplenmentary nenber;
and b) detectingh¢®& conplex forned by said mixture to detect the

conpl ementary mRiBerx, Re dBepchliGuyBidierd of claim 17, wherein the
conpl enentary nenber is a protein or pept i de. 19. The met hod of

claim 17 or 18, Ywnhiak ¥ ssparifelydentpicatribriteboggn, gikib dplodlkylpglesener allgon a

bacteria, virus,L.@ 5§p¢, .hod of any one of clains 17 to
19, wherein theWE%ﬁﬁQEX |§g e%g%tedy%gﬁlt fl uorescence response. 1521. The
met hod 16f clalnizeflmhéﬂéln t he quorescence response is detected using a
flom1cytoneter r er., cr R or Il scence pl ate
r eader . W. r%l% nzggﬁ?] Laiess off];hglqgl mu% b%bser?%ﬁf? Fall,bsent are }égfaged
dlstlnguishlng wnhaﬂ&kmmmmbsméhdmeme@pmmse1ﬁnmg€that of a second

f1 uor ophor e hav ng; def ¢t abL Y, & f1.GHEM (RH GRkRURREK b SRy

comprises a covalent linkage comprising 1-50 non-hydrogen atoms selected

15 from C, N, O, S, P and halogen atoms and is composed of any combination
single, double, triple, or aromatic carbon-carbon bonds, carbon-oxygen bonds,
carbon-sulfur bonds, carbon-nitrogen bonds, and nitrogen-nitrogen bonds; and
wherein CM is a conjugated molecule comprising a peptide, protein,
polysaccharide, enzyme, lipid, nucleotide, oligonucleotide or nucleic acid

20 polymer.

15. The dye-conjugate of claim 14, wherein the conjugated molecule is a peptide

or a protein.

25 16. The dye-conjugate of claim 14 or 15, wherein the conjugated molecule is an

antibody, or a fragment of an antibody.

17. A method of detecting a complementary member of a specific binding pair in

a sample, comprising;:
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23. The nethod of any one of clains 20 to 22, further conprising separating
said conplex from ot her sanple constituents based on the fluorescence
response.wd20B8@mosi® 2011/ 008912PCT/ US2010/ 042063 24. A ecmpsand/ohwes ng t he
formula: Yl HO wherein Y1 and Y2 are independently hal ogen, alkyl,
hal oal kyl , al koxy, or alkenyl or one of Y1 or Y2 is H and the other is a
hal oal kyl group.

a) mixing said sample with a dye-conjugate of any one of claims 14 to 16
which specifically binds to the complementary member; and
b) detecting the complex formed by said mixture to detect the

complementary member.

18. The method of claim 17, wherein the complementary member is a protein or

peptide.

19. The method of claim 17 or 18, wherein the complementary member is present

10 on a bacteria, virus or animal cell.

20. The method of any one of claims 17 to 19, wherein the complex is detected by

its fluorescence response.

15 21. The method of claim 20, wherein the fluorescence response is detected using a
flow cytometer, fluorometer, fluorescence microscope, or fluorescence plate

reader.
22. The method of claim 20 or 21, further comprising distinguishing the
20 fluorescence response from that of a second fluorophore having detectably
different optical properties.
23. The method of any one of claims 20 to 22, further comprising separating said

complex from other sample constituents based on the fluorescence response.

25

30
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24. A compound having the formula:

Y, N
>—CN

HO S

Y,

wherein

Y and Y, are independently halogen, alkyl, haloalkyl, alkoxy, or alkenyl

or

one of Y1 or Y, is H, and the other is a haloalkyl group.
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