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THI OL- REACTI VE FLUOROPHORES Thi s application is based
wonoosaasarch work that was funded in part by apgrankooso17648

fromthe U S, Arny Medical Research and Materi al

Command ( USAMRMC) under TWMM Contract 5 No. W3

| XVH- 04-o RS ASELPEGTHNEHUDL (Rl STRYE FLUDEOPHEIRES

may have certain rights in this invention.

Cross-Reference to Rel ated Application This

appl | I iy

of p’I;hCZ%Zlﬂde%t?o rs%\%eéd%%&%?&%ﬁ&%'lﬂ& wﬁ%ﬁﬁea&gpaﬁ; Jo]y%(g%nt from the
U.SOA|561§ Metdcal Rle};@cbhl\&yl Materi2I00eimmand! (LS AMRVIGY usdari@aVM Contract

Applicatiaon No. filed August
NV S A ab 76150 taatdi Bpiis) ik g HTTeRL iy Rave Certain rghts n
thfs‘?ﬁ\?e%ﬁﬂﬁe in their entirety. Field of the Invention

The enbodi nents of the present invention are

dlrected to novel long wavelength fluorophores for
an anal yte. Additi onal
P8 fl uorophores that contain

a t hTIﬁé aﬂlﬂfégt‘iéﬂ/ﬁaﬁhsttﬁe bBadfit 6Ader36 1¢.8\@IEnto(y) o@tph@()tﬂesi Provisional
to ath rou&we a nol ecule. 20 Summary o

Almhs@mrnﬂm%o/ﬁf?; Sidashivlap g b2 00, deé{SoBmyﬁSéor@émuﬁwn No.
o554 B BudRle 220 DT ERNSHBER by Edmpraatpptrencorm

théi@eﬁtllre@[ophores having a reactive group that can be
used to couple or conjugate the fluorophore with
anot her nol ecule such as a protein. Biosensors
FlgﬂWth?iMngglgﬂor ophores having a reactive group
conjugated with a protein. Additional
e b dtlienembsdiareatsf ol theopxi&snm snmuom qra dnleaetl | to en(g/ﬁb lgng wavelength

and t hat  have, a em Ssi o eng

B SRonS B e im B SEfsRon O o antie. i el eax?e ﬁ{}?we directed to
fEbSSHores! atQdRiAATR Qﬁ*ibﬂ?é%tlvé §1€é tﬁ&t%h%%@ﬁ%n@@%@a&@d to a thiol group

emssion at about 650 nm | uor ophore enbodi nent s

ofianublgdde.a pendant reactlve gr oup capabl e of
conjugating with a 30 nenber of a specific binding
pair. The fluorophores are suitable for coupling to
Sljlﬁﬁﬁp&@fﬁhmgbb@nﬂmgﬁ ng proteins having an affinity
for a specific and or analyte, In various
enbodlnersprest d)yespﬁ upmpéﬁtei OmPopRgs arg sgtabletor gpe B aippg chemical

n@rb%]ﬁéllg?l%}ggea&%eala%%ﬂg 815%1&11%9@'a1&&movmﬁ?0&%&’é§lh%%ng a

reactive group that can be used to couple or conjugate the fluorophore with another molecule

such as a protein. Biosensors comprising fluorophores having a reactive group coupled or
conjugated with a protein.

Additional embodiments are fluorophores having a reactive group and that have an
emission wavelength of not less than about 575 nm, referred to as near-infrared dyes (NIR
dyes). In one embodiment, the fluorophores have an emission at about 650 nm. The
fluorophore embodimenis include a pendant reactive group capable of conjugating with a
member of a specific binding pair.

The fluorophores are suitable for coupling to receptors and to binding proteins having
an affinity for a specific ligand or analyte. In various embodiments of the invention, the

receptor or binding protein undergoes conformational changes when coupled to the ligand or
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WD 2006/ 025887 PCT/ US2005/ 017648 anal yte. The
f1 uorophores when coupled to the binding protein
wexbhicsssa det ect abl e si gnal change as a resubPtTmi2005/017648
bi ndi ng of |igand. Another enbodi nent provides a
fl uorophore having a reactive noiety that can be
anfl QA TROILYrophé s Waeh Ecuphed t8MhdbinaRigProtéimeexhibitos dqewatds signal
i h one enbodi nent have a thiol 5 reactive group that
chm ab@ TETW] Qfdvar@@g @ﬂlﬁlﬂéyst ei ne residue of a protein
Cl I
Bt oL B2 a3kt At ¢ RS Gty that can be
coizdléﬂtl&dﬁtaﬁhé&iﬂo@n andiad ychd aTFHe ﬁamtolphudea id (yneaﬂmbcrddnalﬁélayé a thiol-
group. O her thiol-reactive oups .i.ncl ude
redCtye awpéh%‘f&én 6?‘8}1’6%36‘3{ tord gtelfi%f&ﬁéeee?g% profin amino acid. Examples
of gﬁlta%'lé"?hg(ﬁ-re%tlfvé’ f(gf § 1RrPAth IBRbaRedlilt® thoWERbpKYte include a halo-
provi des a ore having a thiol-reactive 10
ac@ybarpl anidcutals argoéoaoetyil ggiupn Qherghiol-ecestivagoups BZBdam

lo(gﬂlggetf lu r hor e%ﬁl@?d ongtg?%‘?%%or EN eum%f t he i nvention
9-dig ﬁmﬁeﬁ gﬂnBleﬁi'e'hp@ﬂTﬁ@ [rﬁﬂeﬁ@@fﬂ?%@ﬁie@ a$ruoffpBlore having a thiol-reactive

(hereinafter referred to as N Red), coumarin, and

grmnddwwmg am, enpipsietnof 41 deast aheiyba7 ham Th@ﬁthWW@%ﬁS iipAng gmbodiment
of ﬂ\lﬁ 18V g)nta?% er) at 5!12\6 arg qeaf éfe{h nﬁgg o, %&@fa%}?enoxazm-&

and za cdunarl erel na

onk €h&Eipaftéefontee té E@NQ@RBH){ casmainand Iamcmm(zirmu dn anothé&
nucl ei, benzodi oxazol e nucl eus or nucla
emhodireens, e ingatien 1s dirseird fq derhipEvet Rl sgparaige f‘é’?o‘gﬁ%ﬁazaka Nile Red,

coﬁr%]ﬁﬂgctl %Hu&Juﬁﬁém%er&HQﬁ&'1efe'i%§tgqﬁ&fc“ﬁ§ﬁ%/ eabBfas squaralne nucleus or

uor escent vatives of the
nusSkgl &feﬁZd’tﬁomcleeﬂucleb@mnmleﬂ)M@Red nuclbes gr micles CReldarln nucleus or
nucl eij coumar.i n nucl ei nd aza.c unarlﬁ nucl

nuclsg p.%%zaé:ﬁym‘aggélp? S Bt remec‘g L Eep %t]]vslé( an gl},lorescent dye.”

DEXAADLLOE e Eciﬁaﬁe\mé)ﬁ&iﬁ' Ben2HAiBLa R 1Hicl QWe REERONEL Edtnarin nuclei
i's meant to Include any chem cal nodification,

and dda bwmna,nrﬂmlcéen iortydecmy gedssion puedughof the émvatlve for example with a

af orenenti ¢ eu One enhodi [
o S S5k B0 ol O Egoiscaton,
adtﬂtié)‘ﬁr &S 68N Or QUPsERLION tddn @or dn@@ﬁfbn@&bﬁ’&ﬂle@7@ne afbadithent includes
i ncl uded as enbodi nents. In one enbodi nent, the

nuskpi af ﬁleméornm@n@ned e bat eshihibr Buonehrened emigpipg oRaljeast about 575
nm gl%lt 1§(}:1Hd ‘tfol?ilmgrﬁ% oftd gm%%&’mf q@g éqgtla%% ﬁiclel benzodioxazole

-fTeactive

nd@Idi)tNﬂl@RedZﬁue‘}éiQ&dimﬁarmrﬁiﬂwl Hﬁchhza @uﬁiasm mir:l’eeontrﬁainlachhlal-reactlve
con L%él e of a binding protein and a squaraine
grongie s Bsnding ioARIotkhzol e nucl eus, Nile Red nucl eus,

cou nRﬁétgleMo%Hﬁerﬁ ngalgtr? gﬁ%‘ﬁwm ¢ L(Eé?é SUhit@HE bﬁ‘cﬁelh @nd a

the binding proteint a cyst I'ne residue 0On
sqbiattiengiclens,dearonli nY'EJzelemjas}Bes Neler Rl whipbeunf cquh"emprrmp]@uﬁqnﬂ aza

e e SRR U 20 B AGR ST B E one bining
prBteHf Oft @s&‘ijﬁ&gm@ﬁé’&ﬁh@ pidigih cB@e Aturally occurring or engmeered into the
protein. In one embodiment, the binding protein is a glucose binding protein that has an
affinity for glucose and reversibly binds glucose. The fluorophore produces a detectable
change in a fluorescence propetty in response to binding. The detectable change in a
fluorescent property can be a shift in the wavelength of emission, a change in intensity of the
emitted energy, a change in fluorescence lifetime, a change in anisotropy, change in

polarization, or a combination thereof. In another embodiment, the binding protein is a



10

15

20

25

30 affinity for glucose and reversibly binds gl ucose.

The fl uorophore produces a detectable change in a
wohoumwroesssence property in response to bindi ng. PCIAIS2005/017648

detect abl e change in a fluorescent property can be a

shift in the wavel ength of em ssion, a change in

mdlOkEPmting @BteM?(fMBBmhhﬁlﬁﬁ a8 gy, foramhbingematose. In another
fl uorescence |i

( e lifetipe, a change in anisgtropy, change .
erthad psgtalht DRIEProt  SBERE SN St b AR (B Ghfigor-native
I odi ment, the binding protein is a 2 WO 2006/ 025887

/ US2005/ 017648 nmal tose binding protein (MBP) that _

has Te vafibinémhyodimentand thei resnnmivergse. provide fmtahdrorophore having
enpbodj ment, the binding protein is altered so that it
the:Egmyla af £ i ni ty for and binds non-native 1|igands. The
various enbodi nents of the present invention provide
for a fluorophore having 5 the fornmula A-Y where A
is selected fromthe group cdwsisting of squaraine
nucl eus, Nile Red nucl eus, 10 benzodi oxazol e nucl eus,
coumari n nucl eus, and an aza coumarin nucl eus, and
with& A Yelb&ed Bonr t(l@%@ﬁl?'&in@stiﬂ@tﬁ\’ squdtaing natlets) DR edafucleus,
to 6, or Yis A - 1, where A" is -R20- or :
benRRNPREYLe nuglens.coRMarin gugleus, agsh an gzacgyuEIaf muclRas, jaad prhere Y is
or CH3, and Rl is CH2C1l, CH2Br, CH21, or O
-NH (CH2) n¥N O where in is an integer of 2 to 6. 20
Addi ti onal enbodi nents provide fo® a bi osensor

conmpound having the formula A-Y', where Ais a
fluorophore sel ected from-ydie)grQup gonsisting of a
squarai ne nucleus, a Nile 25 Red eus, a

benzodi oxazol e nucl eus, a counari nucl eus, and an aza
counmari n nucl eus, where Y'-Bis

where n is an integer of 1 to 6, or Y is A’-CO-R!, where A’ is -R*0- or RN(R?)-, where R?
is a C; to Cg alkyl, R®is H or CH;, and R} is CH,Cl, CH,Br, CHyl, or
0
—NH—(CHp)n=N |

o)

where m is an integer of 2 to 6.

Additional embodiments provide for a biosensor compound having the formula
A-Y’-B

where A is a fluorophore selected from the group consisting of a squaraine nucleus, a Nile

Red nucleus, a benzodioxazole nucleus, a coumarin nucleus, and an aza coumarin nucleus,

where Y’-B is
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where n is an integer of 1 to 6, or Y-Bis A-COV-B
wohero®2#87i s - RRO- or -RZN(R3)- where R2 is arCI/useooS617648
alkyl, RBis Hor CH3, and V-Bis -CH2-B or 5 O
-NH (CH2) MmN IB Owhere mis an integer of 2 to 6,
and B is a receptor having a re¥persible binding
affinity for a ligand to be det ed, and where the
bi osensor conpound exhibis,p—get edt abl e change in a
10 fluorescence property as a r f changes in
concentration of the ligand. Fugther enbodi nents are
met hods for detecting analyte conprising: providing a
bi osensor conpound having at | east one nutated binding

W g BB O ff'g?‘@%% o Sy OBV s B B ORFLTLRR)- where

R% %‘Qc i égg&gmﬂqsﬁ L Sp @50 30 of | uor escence of
das nmand is delected fromthe 15 group

consi sting of a squaraine nucleus, Nle Red nucl eus,
benzodi oxazol e nucleus, and aza c¢oumarin nucleus. The
bi osensor conpound is subjected toyan energy source to
excite said quorophore and to dete a fluorescence
property as an indi catortHor(Cl2bmdl\yt el concentration in
t he anal yte-contai ni ng source. 20 BriefBDescription of
the Drawi ngs The following is a bQef description of
the drawi ngs, in which: Figure 1 is a graph show ng
t he absorbance spectrum of conpound 2 in chloroform

wihdr@HI 8 af ikt 0§00 B, SIUOMI el oﬁHdifhﬁ teQBrsﬂjwbmdmg affinity for a
em ssion spectra of conpound in oroform

ligaind tr lee @etecteda and wihard the biogenser @melﬂéc%h@lti a@éﬁf@é@t‘?@ange in a

ﬂuoreslc_zlence prope %?/ als gl rgs% ofbclﬂ xflg% in concentration of the ligand.

Further embodiments are methods for detecting analyte comprising: providing a
biosensor compound having at least one mutated binding protein with a fluorophore
covalently bonded thereto through a thiol group of said binding protein, where the
fluorophore exhibits an emission fluorescence of at least 575 nm and is selected from the
group consisting of a squaraine nucleus, Nile Red nucleus, benzodioxazole nucleus, and aza
coumarin nucleus. The biosensor compound is subjected to an energy source to excite said
fluorophore and to detect a fluorescence property as an indicator of a analyte concentration in

the analyte-containing source.

Brief Description of the Drawings

The following is a brief description of the drawings, in which:

Figure 1 is a graph showing the absorbance spectrum of compound 2 in chloroform;

Figure 2 is a graph showing the excitation and emission spectra of compound 2 in
chloroform,;

Figure 3 is a titration curve of compound 1 conjugated to H152C GGBP in PBS
buffer;

Figure 4 is a graph showing the absorbance spectrum of compound 2 conjugated to

V19C GGBP in PBS buffer;
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Figure 4 is a graph showi ng the absorbance spectrum of

conpound 2 conjugated to V19C GEBP in PBS buffer; 4
wOnEMass025887 PCT/ US2005/ 017648 Figure 5 i srar@sapi/io17648

showi ng the change in fluorescence of conpound 2

conjugated to V19C GGBP in response to a change in

gl uGdELe § (c gph ahdwingitie BBRSebirf flwirescefdegifroompoingd 2 conjugated to

schematic view of inpst tati d. i l.e 15;
VIO essporte i Sch BN SN GO R op i OF SeRERGe
Pr OR&&Y 6‘?{ a gci,h%ﬁﬁﬁé' JRlneSk thQrARddSrionusEEBIEXRRe 15; and

additton o ucose in an in vitro through skin
e adtgwediltustides aichenzeDe adhioptscerceprorEntyedidmeniugaisl to A213C

| nvention The present disclosure.is directed to

G BE ppat el el oG & ShP Tudhel fgh Fyfubges

conmponents of biosensors for detecting a |igand and
particularly an analyte, and nmethods of 10 use. One
taifhestiD ee at 3 off Fng b dfithe Invendlon dyes that can be
conj-ygated t cept LEY .
dot ST i o Bk B S REh S Hl e fopuse o
co¥ﬂﬁ6ﬁérﬁ$§mt>seﬁiyc&§ f%f@mﬁﬁg atligapd atlyeetieulinl paeasbyte yindmeethods of

e uorescent_dye is covalently attached to a
uspi HaF AyOpiseat ﬁ.dlrﬁgteé%ﬂu?r@?@llhéyqs fiatcan Re conpepled Qg eceptor to
acfRf quBl S SRRlecLamPARAL, figfightt 0 a compound that
eundgygpeg’a§%é?ecta e f% c%gnge in specific response
t o dnlongambodimens tigefluaasieyt dyes Treausedrboptiodesst asbiosensprewhere the

DR S SEhe e e 8 DL R B
LRI MBI BiostR®r RbRPENEP refis foleconpoand tiRbuhdergdds@ detectable

detect an analyte and to detect changes in the _
changl iptspeaiBnepensato o tigandontargebumnldeh e prahedimeptseof the biosensor

.protein ma chosen from . ar - Reri.nl ]
o BRSSP PR GG PhofF B ot
ent0deASR4, IR BiesRS6r Alhdinvehtieh {9fableab detetdnt amakytdamitorigtect changes
_protein, allose-binding protein, arapinose-bin in%
ingheoanalyte congepiegiione dn yrpeMshadEneth ,th%PereélHné‘y e chosen from the

aci d i. ¢ .agi.d-hi.ndi i mineebi adi
o B FLABARLE A bl U B A ELOR 0 P Anlcon
bi?(ﬂiﬁg @fdﬁ?inj 184l6dse &irhiimgiprogimratibes-binding protein, arabinose-binding protein,
dip%fd:qg)flﬂeig Lﬁ%@,?ﬁi{u\éﬂ% gpgd/gépgg#%icgﬁﬁhg}lg?pmtein, glutamine-binding
prBRLY %ﬁfﬁ-bﬁldﬂ%ﬂ@teﬂ% P fidthe-Bhaide PRREL IRuALAGi#h g protein,

protei h, phosphate-bi nding protein, ribose 25 binding
lepeind/Esblenciaevilateebinilingipnoteins bismiefargiZimeloritiinerbiinding protein,

Bl i prplsit o Bateedige -t S Proishh gl Bl alhd hotein, ribose-
biR @K pRREThYsultatcASiR@R o tpPot8in, Zn(ID)-binding protein, and vitamin B-12-binding

protein.

’

In other embodiments, the biosensor is a fluorescent dye covalently attached to a
binding protein, wherein the protein-dye conjugate exhibits a fluorescence emission of 575
nm or higher. In one embodiment, the fluorescent dye exhibits a fluorescence emission of
not less than 575 nm. In one exemplary form, the binding protein is a glucose/galactose
binding protein (GGBP) that is able to bind with glucose when in contact with a glucose-
containing source. In another embodiment, the binding protein is a maltose binding protein
(MBP). Not to be held by any theory, the binding protein is understood to undergo a

conformational change upon binding of ligand. The percentage of binding protein binding
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bi ndi ng protein, wherein the protein-dye conjugate
exhibits a fluorescence em ssion of 575 nm or higher.
wonomessnbodi ment, the fluorescent dye exhi bi PETAIS2005/017648
fluorescence em ssion of 30 not less than 575 nm In
one exenplary form the binding proteinis a
sﬂd;ldctgtqjiai ol gmtdas depenilerntiupgn (ireotoacent(:GEBPY ligdmaitandshabinding
to bi se when in contact with a gl ucose-
Cm@&ﬁtﬁ?ﬂﬁﬁ%‘g@% lnIn anot her enbodi ment , thg bi ndi ng
pr Otk Plubres€enlBld a0 ddnBaks Aght @kﬂbﬁ'aﬁluofé\ﬁ&)ce eh@imdrpof’% least
el d by any theory, the binding protein |s understo
abctu;b 5{i der gwidor mowheekacksoad I@tﬁé cafiom behin ?@C%ifsyStem or other

o R AL RSP R D P ey ot

ﬂubfeg@éﬂ@e i ﬂeﬁ) 18R thel tRRiBsidh Waﬁﬂﬁtﬁ‘@n bf ’&Ielnfmumﬁml ﬁltgnemtence
and inding constant of the binding protein. The
enmssums @%@&a i flBorepisaeR SHIS, & RRANSEIhAHFQTRY, 3 chatige i polarization,
or g cgmgﬁfi’tﬁgﬂl 81%6 %[E' ﬁﬁénotﬂe B{nd éég@éﬁf und%%i’)\ég a edmfofHat®al éhange as a
ackg erence om the
1esb1t@f@gartgat irsihe tghm)srr conbmrattoﬁ Gotheanehaedenbodiment, the biosensor

al he fl . .
R g o escen Shee UL By 0T i
thd lﬂﬁdﬁghﬁ&bﬂn ﬁ@fé%@%ﬂiﬁe felddle HuRs d0H Mhdidel 85, @3RN §iva, interstitial

e influorescence lifetine, a cﬁange
fluid) eani Ao bmegy sowsce; Navhips ai lasep o &EDz it apphied tq)tihe Kiosensor to excite the
conbi n t|on t

uGFIERE 886 A9 ad BRI S e s 0L Ridif o gpnformationsl

ch&?%rlﬂ iR Blﬁdl"n? ?r&&ﬁcﬁﬁ%ﬁt@ﬂ@&ﬁhg@tlh it micfodnhiommedtad the dye, or
odi nent bi osensor 10 contacts a sa

votohalato ryee v roperescirbEL dboddectedb Nustarseace prgperty can
L
be SAAEHIST h By Eent b on AP b S i@ oAk Rpdi N fflfoscence and

deteoti®h &dd Bd @rried d)micdntnﬁioﬂsly&m nﬁe@mlg:ynts}oatm@letmmdaﬁn@ Thus,

| aser or LED, is applied to_ the biosensor to exc
epishéic oF (CoRiPER mnswé)f ap#aften qtle%?l@@c%lﬁwepts &B‘élﬁt%‘r’d Jhe biosensor

dl%ﬁ sg%hgxgm 1@%8&1]& 18k 8E bﬁastﬁg 8 C {5l RIGb- arﬂ%ﬁg%aﬁfbles and the

ng pro e|n subseq ahges in
likel cr oenvi ronnment of the dye, or 15 both, the detected

fluores ence property change t he detec

Bl L

maHuer malﬁfth@&sﬁg@tﬂeﬁl%e A the fRIOAsYéReC TRE BbledddnPlye iERtached at a
uorescence and detection can be carried out -

site onttheindsigyprateini sotthathe ccmfomg.atlanalmhé@m Bxiieey the ghange in

Thus, i sodi c .or .cont i nuous, s I r
L e L
thidl §@icﬁ§§ o iRt Rart Be dlpiidabltee el gues dina éistdu&St;emdue of the binding

I npl ants,” mcro- and nano- partl cles, and the 20 Ii

pratesn. fTheothussessent dypandlades shaaferamsptianeeamyatyss afkee Sqisiaine nucle,
benzé1 10 ne%op rl’?l}c el r}\hllenRgd ﬁﬁctl& é&%‘fdr{ ffuclei and aza coumarin nuclei.

The biosensor in one embodiment has the formula I

AY-B (D

In the formula I, A is squaraine nucleus, Nile Red nucleus, benzodioxazole nucleus,

coumarin nucleus, aza coumarin nucleus, and derivatives thereof. Y’-B is
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manner to obtain the desired change in the

fluorescence. The fluorescent dye is attached at a
weizom/essst he bi nding protein so that the confoPauutiSewaln17648

change maxi m zes the change in fluorescence

properties. In other enbodinents of the invention, the

fluorescent dyes have a 25 thiolQreactive group that

can be coupled to the thiol gro n a cysteine

resi due of the bindi ng—gpeeten THe fluorescent dye
i ncl udes the aforenentioned deri Nes of the
squar ai ne nucl ei, benzodioxazob nuclei, Nle Red
nucl ei, coumarin nuclei and aza counmarin nuclei. The
bi osensor in one enbodi mrent has the formula I 30

A-Y -B (l) In the for al,. IS squar ajne pucl eus,2 . p3 2.

WS B REREET G loto GoBh T o AP T BlTA BBt RO NE- R s
' BRPof LR diReRUR? RUSE, @ i RAtd M@$ CH,. V-B is —CH,-B

o G g By P o e e T P
or-(CH2)n-N B O where nis an integer of 1 to 6, or

Y-Bis A-COV-B, where A is -RZO or -RZN(R3)-. R2

is aClto C alkyl. In one enbodinent, R is a C2 to

¢4 alkyl. RBis Hor CH3. V-Bis @H2-B 5 or O

-NH (CH2) MmN B Owhere mis an in er of 2to 6. In

one enbodi ment, R20 is_ HH2EHZ O \1 N not her 10

enbodi ment, R2N(R3) is NC}QC}ﬁ%i+N RS, a receptor

having a binding affinity for a lifgand - bei ng detected

and nonitored by the biosensor. Tite bi osensor conpound

exhibits a detectable change in a fluorescence

property as a result of changes in_concentration_of
whehem if agyérieer A 26n 6. Enprrrmegtimens, RSO 4s -CHCH,O-. In another
odsose e @S] RSehERdRY ROk Rl i BbRidiry @finity for a ligand
oo TR Rr RS E R, BigA R bh AL REIb RS Buity or a ligan
beff ddrRRgemdimordpnarihy thabicensef. ThebibSedsbgeamipandexbibits a

lucose. In another enbodinent, B is mal t ase b‘in{jiqgl
defgetaple ¢hange in a fluorescence property as'a result o changes 1n concentration of the

ligand. In one embodiment, B is a glucose/galactose binding protein that exhibits a
detectable change in fluorescence emission as a result of changes in concentration of the
ligand such as glucose. In another embodiment, B is a maltose binding protein.

In one embodiment, fluorescent dyes or fluorophores have a thiol-reactive group and

have the general formula

A—Y (1D
where A is a squaraine nucleus, Nile Red nucleus, benzodioxazole nucleus nucleus, coumarin

nucleus, aza coumarin nucleus, or derivative thereof and Y is a thiol-reactive group.

In other embodiments, in formula IT, Y is

—(CH—N |
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In one enbodi nent, fluorescent dyes or fl uorophores
have a thiol-reactive group and have the genera
woanmuksssA-Y (11) 20 where A is a squarai ne nUBCEWS2005/017648
Ni | e Red nucl eus, benzodi oxazol e nucl eus nucl eus,
coumarin nucleus aza counarln nucleus or derlvatlve
wheken &ah iatederofi Istoad, thOlb A R v\ gs dil@ of FRB¥(RS)-. R isa Cy to Cs

A5 B simor ) Saans belsla R jHaE s R g EPaCL, Chizbr, -

CH (%ger of 1 to 6, or Yis A-CORL. A is -R2O or
N(R)-. RRis a Cl to C6 alkyl. In one enbodiment,

R2isaCtoC™ alkyl. RBis Hor CH3. Rl is CH2CL,
CHZBr, - CH2I, or O -NH(CH),,-N 0O where mis an
integer of 2 to 6. The dye may exhikhit a fluorescence
em ssion of at |east about 575 rumn. one
enbodi ment, R0 is - CHZCMIT (CHandhot Her enbodi ment
R2ZN(R3) is -CH2CH2NH. In a furthey enbodinent, Y is
- (CH2) 20COCH2CH2X, where X is C, Br or |I. 10 In other
enbodi nents, R2 is a C to &4 al kyl such as - CH2CH2-.
The squarai ne nucl eus as enbodi nents of the invention

Wl%r@l’rh@%ﬁ %tﬁ%‘br@ﬁ@t&l at |"[\h@%y@haybﬁﬁbﬁ@lﬁfo&t%én@tﬂimsﬁm of at least

O (Il %haralne nucl eus

h
abt)ufr.ﬁm ran mmmnbyr(%@elethagr@ s GHRCEDS 1 Ffu%}wé‘éf‘ééﬁggdlment R'NR’) is
e F
-CRLEREN- T Molor EABARERAL ¥ Lo CDIOCOCTRCkE A Glere X ip €1 Bror L
Iniofd eabedinents, R id 4105 esCeuikd squ]am:t {ﬁﬁz)@}ézl--d by changi ng

its environnent from a pol.ar ?
The squaraine nucleus as embodiments o the invention are based on derivatives of

the squaraine structure
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The squaraine nucleus of formula III exhibits changes in its fluorescence properties
with changes in its environment. For example, the squaraine nucleus III exhibits a 20-fold
increase in its fluorescence quantum yield by changing its environment from a polar protic
solvent such as methanol to a non-polar solvent such as toluene [C. Cornelissen-Gude, W.
Rettig, R. Lapouyade. “Photophysical properties of Squaraine Derivatives: Evidence for
Charge Separation.” J. Phys. Chem. 41997, 101, 9673-9677]. Squaraine dyes can have an
absorbance maximum near 635 nm and exhibit a fluorescence emission peak at about 650
nm. These dyes can fluoresce readily when exposed to the light from a red laser diode
excitation source, for example.

The thiol-reactive squaraine nucleus embodiments of the invention have the structures

of formula I'V and formula V



sol vent such as nethanol to a non-polar sol vent such

as toluene [C. Cornelissen-Gude, W 20 Rettig, R
woapwgssse. " Phot ophysi cal properties of Squar RCmAaIS2005/017648

Derivatives: Evidence for Charge Separation.” J Phys.

Chem A 1997, 101, 9673-9677]. Squarai ne dyes can have

an absorbance maxi mgn near 635 nm and exhibit a

fl uorescence emi sBi oyl peak at about 650 run. These

dyes ca\\fl gadi | y=mRen eXposed to the |ight
froma ren D (\m iNgn source, for
exanpl av.-/25 hi of-reagtife sqimarai ne nucl eus

embodi nents of the iA¥ertl on have the struct(wjas of
formula 1V and formula V 8 WO 2006/ 025887

PCT/ US2005/ 017648 R ORR OR (IVy OBZ ~ Z
W-r- N/ / N5RAOY (V) where R is Hor OH R
are i ndependently nethyl, ethyl or propyl, R4 is a Cl
to C6 al kyl or (CH2)gCO2H, where g is an integer of 1
to 5 Z and Z' are independently S, 0, or C(CH3)2, W
and W are independentlyéaH, CH3, SCB8H, fused benzene,

or fused sul fobenzene, and Y is, as previously
defined. | e_enbodi ng : | ol—raa&lcti ve
squarai\me—fwcl us QLA ~Nz+ ~~NO 1
\i\ X o/\/ N

4

R V)

where R'is H or OH, R" are independently methyl, ethyl or propyl, R*is a C; to Cg alkyl or
(CH,)4CO-H, where q is an integer of 1 to 5, Z and Z” are independently S, O, or C(CHz)2, W
and W’ are independently H, CH;, SOsH, fused benzene, or fused sulfobenzene, and Y is as

previously defined.

In one embodiment, the thiol-reactive squaraine nucleus has the formula
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where R is ethyl in compound 2 or (CH;),CO,H in compound 3.



15¢3 S NNO R4 ON+ 2 3 where R4 is ethyl in
conpound 2 or (CH2)2CO2H in conpound 3. 9 WO

waQos/a28887 PCT/ US2005/ 017648 Anot her enbodi remtUS2005/017648
includes Nile Red nuclei generally having an
absor bance of about 550 nm and em ssion maxi ma of
abouinofi#b einhodiorenninckdesTNds ® ed motlei getnytmllc/é‘lawipg@n@mfb ance of

ab(?qtgghggh%dr%ﬁgﬁgﬁmgl%%ﬁn X! Q?Zétollﬂl r%more R'“F]?eée ﬁggeﬂ% cglly exhibit

a sﬁff%fe’(he Qﬁ‘i’s@mh@ﬁaﬁlﬁﬁ BlhPmachhs 650Mm An BhidCnfBodnvénts. BIron®
OR6 (M) 10 where R5, R6, and R7

embpélmqmdé‘ﬁldm@muo}elﬂmvmw fomHy| or propyl, and Y is as
previously defined. In one enbodinent, the Nile Red

3 nucl eus has the formila |CH2COO N N O\ O (4) 15 or

(VD)

or

(VID)

10  where R, R, and R7 are independently methyl, ethyl or propyl, and Y is as previously

defined.
In one embodiment, the Nile Red nucleus has the formula

L
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ICH,COO

)

or
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ch

/\/NH
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O i~NHvl O\ N\ JNO O() 10 WO 2006/025887

PCT/ US2005/ 017648 One enbodi nent i ncl udes

woenwadsssxazol e nucl ei having the fornmula RO ZpCY/uS2005MI7648
RBN \Y N~O (MIlI) 50o0r RORZ \ Nr W YRS N

~O N (MIlla) 10 or R 9 N=Y /Nr \ \~ RE W NNJ N
(I'X) or RO

One embodiment includes benzodioxazole nuclei having the formula

R® Z \
\ >,
N XN\
) QM“? -
N N Y
~No” (VIID)
5 or
" i >,
N NG \r@ =
Y l—LS
N_ N
o7 (VTITa)
10  or
RY - '&'D
—Y
N ALY
R8
N/ \N "
or
I\
15 ~o” (TXa)
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AN/ A\ \ Ir\\~Rs YW 15 N\O N (IXa) 11 WO

2006/ 025887 PCT/ US2005/ 017648 where r is an integer
wohod/esss3, R8 and RO are independently a Cl t®eCO@S2005/017648

al kyl or (CH2) SCO2H, where s is an integer of 2 to 5.

Zis S 0, or C(CH3)2. Wis H CH3, SO3H, fused
whbenzeaeinteger of Used, Rilddddteme emlepeﬁden‘éy asCphoei adlgd loy (CH,)sCO-H,

defined. 5 1|
i T P
fus?& sﬁlfdbeﬁzéﬂ'é'cmépals gN:V\(gsl WNidigkd. or S N \ON OO 10 |

her enbodi ment i ncl udes counarin and aza
courrarln nucl ei having the formula R12 N Y R1O r \

5 N/ Irp 0196 moéir)xg)ent, e ble%zodioxazole nucleus has the formula
)
N \ \I@D
Y -
NG N NHCOCH,
o 6)
or
\ ~\ r\@\/\NHCOCHZI
_/
N/ \N
~o” @
or
_\ S
N x \l@]@
N/ \N l\\
\O/ O\io
10 ' ®

Another embodiment includes coumarin and aza coumarin nuclei having the formula

R'IZ

N
, ] S
\N 0 0

R11 (X)

or

12



WD 2006/ 025887 PCT/ US2005/ 017648 R12 N\Rlo JC(D r \
NOOI1ll (Xa) 5or W Z&,-, N RRONa1l YO III
wOXbg6/02888710 =W Z D E) \ \i r N \ 10 N O O pCTiUS2(85/017648
(Xta) 15 where Dis CHor N, r is an integer of 1 to
3, R, R 1 and R12 are independently C1 to C6 al kyl
or (CH2) SCO2H, where s is an integer of 2 to 5 Zis
S, 0or C(CH3)2. Wis H, CH3, SO03H, fused benzene or
fused sul fobenzene and Y is as previously defined. 13

R12

/
N\Rw
L
Y\}\l O @]

R11 (Xa)

or

— W
Z @\ /
D\ N - \N
R1o \
\;\l 0 0 Y

R11 D

or

10

<7
2N\ /
OGN

|

R" (XIa)

15 where Dis CH or N, r is an integer of 1 to 3, RIO, R!! and R" are independently C; to Cg
alkyl or (CH,)sCO,H, where s is an integer of 2 to 5, Z is S, O or C(CHz)2. W is H, CHs,

SOsH, fused benzene or fused sulfobenzene and Y is as previously defined.

13



WD 2006/ 025887 PCT/ US2005/ 017648 | n one enbodi nent,

the aza coumarin nucleus has the formula O 1 1 NNO
wO20@)0258870r S J()[:n & o N 10) The squar ai neCTwsSk®an17648

enbodi nents of the invention can be synthesi zed by

various 10 known techni ques. Symmetrical nuclei can

be prepared by reacting an'aromatic nucl eophile with

squaric acjd,. A first reaction schene fao roduci ng an

| 0ddAERE SRORAR 5 42F SOFBBTERRACSTHS (dOEWane | as

follows. OHOH lalc OpO + 1cll OHA Np N2+ N/\

xO O1 Ib O15 Schenme | 14 WO 2006/ 025887

PCT/ US2005/ 017648 A second reaction |scheme f@9r
produci ng an i odoacetam dyl squarai ng, nucl eus |
I

derivative is depicted in the as™@
BraN O SO+ O
N ‘
SN
\N o) o

or
S
COor
@
<N o Yo \\
P o\/(i

The squaraine nucleus embodiments of the invention can be synthesized by various

' 10)

10  known techniques. Symmetrical nuclei can be prepared by reacting an aromatic nucleophile
with squaric acid. A first reaction scheme for producing an iodoacetyl squaraine is depicted

in the Scheme I as follows.

OH o OH
1a / 1c [e) °
+ lol/u\/l
OH &
>0 OOz
N 0 N D) N
% / Y NN
o) o 4
1b 1
15 Scheme I
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N2a2b0OO RHO2c" 3c 6" 09 SS\~ \ S S+ 1|

CC (NH2)2 O NROV\V N OCc NH2 2d, 3d 2es 3e 0
wOL@dAEEs20 2, R = CQ2H5 S S 1 3, R= (CH2) 2CO2HPCr/jusb00&017648

O RNH 5 2,3 Schene Il The Ni|le Red nucl eus

derivative enbodi nents can al so be prepared using

various reaction schemes. A first reaction schene for

roduci ng an i odoacet ivative.is de ted 10 i
SRR L T AR R R s e

de&%yg?e%géatg%Gtﬁ§§8henllé\i} as Yolfds: - - N-/ OH NaNQ2/ HQl - _ |

H
X
4
| z(%%\Tm
0

2a 2b (o)
N
N/
R/ HO O
2c, 3¢
o2

s “ S©
>\/<>\/<\ﬁ:© (NHa) QNW\S 3
©: NH2 ) (2)_0':1_ &N;Q

&e.a.g’_e (0]

NinCO)zo
2,R=CzHs
3 R= (CH);COH @[ X

3

NH)K/I

Scheme II

N e)

The Nile Red nucleus derivative embodiments can also be prepared using various

reaction schemes. A first reaction scheme for producing an iodoacetyl derivative is depicted

10  in the Scheme III as follows.

15



OH/I' / ITCHRCOONHONL I [/ O (ICHCO20\ \ p N

| 4/ 4d O Schene |1l A second reaction schene for
wonromwesssg an i odoacet am dyl derivative i s depPCTaS82008/017648

5 the Schene IV as follows. O OHO-N OO\ NBr~.N/

\'l NN /o ONO Na K< 5b 5a McNH21MeCOH

O -=NgeaCHdH O NH2 N (I CH29RCON N I/ C1/ Oo \ OO0

"N 5\ 5¢c SchegRolMcltO A procedure for producing the
‘ Le nucFeussder

benz pXazo 4ge enbodi nents is
depi s{ed in the reaction Schene~V as fol hjgws. 16 WO

2006/ 25887 PCT/ US2005/ 0176488 H2N ~N
ool

OH

ICH,CO0

Ny O HO N
UCTC oo "L 00
N 0 = N 0

/ / 4d

Scheme 111

i Q

A second reaction scheme for producing an iodoacetamidyl derivative is depicted in

5  the Scheme IV as follows.

10 A procedure for producing the benzodioxazole nucleus derivative embodiments is

depicted in the reaction Scheme V as follows.

16



5

EtBr/ K2C03 6b N [~0i \N--" /I N \N 6a PCCl 3/ DWW

Vilsmaeir reaction S N piperidine SN.(_.cHO N N 6e N
w6200602888F% O N\N ~N~If O O / | 6d o Deprot ecPCOUSB05/017648

the amne S S N\N N6f NH2 NHCOCH21 Schene V Schene

V can be nodified to produce benzodi oxazol e nucl eus

derivativ ont ai ni ng ~5\ot ring systens, as shown

bel ow iy MR YN /N r/ K2CB8 _/ 7b NO'N

NO, N 7a 3FDVES Vi TShaei {eftion OO0 \,N

pi peridi Me N0 0. \ / 7c ~, N0, N

6a
POCI3/ DMF
Vilsmaeir reaction
S
N\
N x \[@ plpendme _Q'
N _N

N /\N 6e @Er\?a/

S 6d0

\\l:)eprotection of the amine
S
S
~ DO~ATD
Al NAA ) Loeone '

~o” NHCOCH,|

Scheme V

Scheme V can be modified to produce benzodioxazole nucleus derivatives containing

other ring systems, as shown below in Scheme VL

HoN N
EtBr/ K,COs / 7
N

N N
7a

\ =
/\
\ =
zZ

POCI,/ DMF
Vilsmaeir reaction

5 ;: ) A\
idi
§ ,@/\/ _piperidine. _—/N CHO
\/ N/ \N 7c

(¢}

7d

\Beprotection of the amine
/\N ~\ /'@\/\NHCOCHZI
-/ ) _ o
N /\N \ /\N N\ /NN,
0 ; (ICH,CO),0 -/
= 7\
NN T
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N~O, N 7e O 7d Deprotection of the amne N NHCOCH21
N~\NN\ N2 O7 (ICH2CO 20 --/ N~ N7f 17 WO
waQos/a28887 PCT/ US2005/ 017648 Schenme VI An  PCT/US2005/017648
alternative procedure for produci ng benzodi oxazol e

nucl eus derivatives is showmm 5 in reaction schene

Vla. / \ CH3l H3C~- Q\, FiSamd VIK, COH 3 7b" NNO, N
NCON 7a' Br-CH2CH2-OH  K2C03 H3Cl-1 N CHO POC13/ DVF
H3Cl- N HON \N7d" HO7 ~O - N"ON I~ Et
Piperidine C, 7¢' \N\ \ \ / Et HOB/ 7f NNO'N

An alternative procedure for producing benzodioxazole nucleus derivatives is shown

5 inreaction scheme Vla.

CH,I HaC
HoN - = \g
K,CO;
/A ’ 7\
N\ /N N\ /N
O (@)
7a'

Br-CH,CH,-OH/
K,CO4

HyC HeC
/3\\/\1 CHO  POCIL/DMF "IN
HO N/ \ 7 HO/\/ 0
\O/N —_—

\—/ I@—Et
Te'

Piperidine

\N AN \ /I@—Et
HO/\/
N/ \N it
\O/

(ICH,CO),0
Pyridine

N

IH,cco0”

Scheme Via
10

An exemplary procedure for the synthesis of benzodioxazole nucleus with an

iodoacetyl linker is depicted in Scheme VII
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(1CHRCO 20 Pyridine N~\ \ \ ~ NeEt |H20000-/ N~ N

7' Schenme Vla 10 An exenpl ary procedure for the
weoeypmichiesiss of benzodi oxazol e nucl eus with an PCT/US2005/017648

i odoacetyl linker is depicted in Schene VII 18 WO

2006/ 025887 PCT/ US2005/ 017648 H2N \ EtBr/ K2C03 ~N N

\' ~% NNN 8a 8b ~O PCI: DVF il smaeir reaction
SNp|p|§m' N\ No/, O (,OH ~O~
8d pyridi n Zco 3N /
/ \
\ /
O 8a sb \O/
POCI;/ DMF
Vilsmaeir reaction
S
N\ —
N \ \r@ piperidine
/ <—S———- N CHO
T s Cly T\ 8
~o” OH N _N
K/OH \O

8d

(ICH,CO),0
pyridine

oocoH2|

Scheme VII

An alternative procedure for producing benzodioxazole nucleus derivatives is shown

5  1in the reaction Scheme VlIla.
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NNGO N OOCCH21 Schene VI |

An alternative procedure for

produci ng benzodi oxazol e nucl eus derivatives i s shown

w©O 2006/00k8387r eacti on Schenme VI a.
PCT/ US2005/ 017648 HZN CH3I
NO,NN\O/ 8a'" Br-CH2CH2- OH/

H3C~ N Q\I

19 WD 2006/ 02586T/US2005/017648
K2C33 H 8b' N
K2C03 H3Q\N CHO E

OC13/ DMF H3C, - N @&l HOSIGL'C\HO O,LNNON S <\, .,
8e' in PimsH Et S Et= HO 8 N (1 CH2CO) 20
Pyri dine S O~/ Kg¢O0; / \ 8b'
N\O/N N\O/N
8a'
Br—CH2CH2—OH/
\ K,CO;3
HaC
/L;N/Q—CHO _POCI/DMF Oy
HO / \ 8d' HO 4N
N\O/N 8¢ N\O/N
_<s
Piperidine \q‘?:@ Be

Et

\N
HO/\/

N/ \N sf Et
\O/

(ICH,CO0),0
Pyridine

S
) o \@D
leCCOO/\/ \ ét
N N
\O/ 8

Scheme Vlla

An exemplary procedure for producing the aza coumarin nucleus derivatives is

depicted in the reaction Scheme VIIL
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N\O N8 Scheme VIla 5 An exenpl ary procedure for
produci ng the aza counmarin nucl eus derivatives is

wdepicoesss7i i i the reaction Scherme VIII.

20 WO PCT/US2005/017648

2006/ 025887 PCT/ US2005/ 017648 N N~ N LNaNO2 1 HCI
Pd/C\ OH HCI OH NaBH4 OH 9a ON 9b H2N 9C 0 MeOH

CH3CEt N, iOHN,, ,CHp 9 \PCIZIS' I \ + & /CH3

\Y DM aO\N99 9f CHO N O 9av'NaOwe/

, gh (AZ
procedure

Sq - \Vidil

N~~p' vl @ N (JeH2CO 283 N O 9 (|¢\§90) Py;ne

WD 2006/ 025887 PCT/ US2005/ 017648

\N/\/OH

sieduciiflg t he aZa a@oumar i MNaRlel eus
derivatives @8 depicted |n(n6@$t|on Schene VI lja,N21

E e Ol oo

1IMeOH i| TN

5—-An—alwer e

OH

| %

O

OEt
MeOH CH )j\”/

0 9d

e
NaOMe/
MeOH
N\/\O/U\/l N\/\OH
(|CH200)20
9 (IAZCO) Pyndme 9h (AZCO-OH)
Scheme VIII

An alternative procedure for producing the aza coumarin nucleus derivatives is

depicted in reaction Scheme VIlla.
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HNC HNC HNC NaNO2 HCI Pd/ C OH HCl OH NaBH4 OH 9a' ON

9b' LH2N 9¢' O MeOH CH3(oEt 9d° N NCH3 3 +
wolhlerdesssy i 010 BrCH2ZCH2OH \ N\ CH3 9 ' | 9f PENUS2008017648

9e' ~- cf-lo NaOWw/ MeCH N N (ICH2CO 201 N

Pyridine HOOOOJN OO 9 HO,/N OO0 9h" Schene

Villa 5 Another exenplary procedure for produci ng P T
coumarin nuchei” is depicted iHNTeaction Schene |XN22
WD 2006/ 0258 PCT/ 5/017648 COCEt Ghif COCE]
Pi peri di ne R X CHCIN 8—0—N>
OH ! OH NaBH, OH
9a' ON gp’ HoN
o L 9¢ |
0
~N o 9od’
© + HO\/\N@[ I BrCH,CH,OH /@NICHS
g-g-CHO HITI o -0 9e’
N J
~N
NaOMe/
MeOH |
N\
(lCHZCO)ZO @iN\ \
HO\/\N/C[ oh' Pyridine IH,CCOO_ /™ N oo 9
Scheme Vllla

Another exemplary procedure for producing coumarin nuclei is depicted in reaction

Scheme IX.
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J 10a 10b ) 10C OSM4/ NalO4 CHO 'O -- /> HOBr OO

N 10d 10e 120 C S N Piperidine/ 10f~ MeOH, Refl ux
wOR@B/03588¢ | CH2CO) 20 ON 0 O O Pyridine N O O OPICT/US2005/017648

| CO-BzT Schenme | X 5 Another procedure for producing

the couinarin nucleus derivatives is depicted in

reactionclohenecoos. 23 W) 2006/ 025887 Ny N -COOE
PCT[USJ005/ 011648, ECHOH = N P@f&i\m

R N/ OFt1 04 B8 10¢ Ri peti dvneOCO0E

EOHy el ux LOgge 100! P 10c

0304/
NalO4

CHO

S ~_-Br A~
HO N
C[N»— I s 10

Og /\i
O

10 120 T~ 10d
10e C?\|/>-
Piperidine/
10—178 MeOH, Refiux
OH
S@ 8@
AN ~
N o "0 ] Pyridine ~N o "0 \\\
) )\\ ) OH
19 o 109
ICO-BzT
Scheme IX

Another procedure for producing the coumarin nucleus derivatives is depicted in

reaction Scheme IXa.
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15

CHO 0s04/ COCEt HO-~-N 1/ OO Nal®™4 HO/ IN O O 10f,
10e' S ~~- Piperidine/ N MeOH, Reflux 100" Et S N S

WO 2006¥02548%F / | H2O0O0O /~N 0 O Et (I CH2CO) 20 J PEOUS2005M7648

O Et Pyridine / 10h' 10" Schene |Xa 5 In another
enmbodi nent of the invention, benzodi oxazol e,

squar ai ne Nile Red,, counari and aza coumarin CHO
nucl ei a Hid-Gords c:?ace eﬁ@gonpoﬂd oneHo
enbodi t he—speei esoient., pucl ei X\SN:H

aboveNavé f[Qorescent emi ski oppigbove about 575)nm'19£n
one enbodl@@nt, the resulting Thiol-reactive nuclei

are reacted with a binding 10 protein to Uce _COOEt
f1 uorescent binding protein conjugates usePEﬁ” 0% [’\ﬁCOOEt
bi osensors. In one enbodi ment the resul ti5Yy" &gira

nucl eus bi nding protein conjugates have the Markugl@d'
formulas: R ORsYB N2+ N R R R 15 24 WO

2006/ 025887 PCT/ US2005/ 017648

COOEt
HO
HO\/\NOfO\/E NalOg N 0

o o)
10f 10e

©i@/>—— Piperidine/ \
MeOH, Reflux @
@

g Et
’ <) Isoas
S ’ \
A8 IH,CCOO_~ o X0 Et
o L _(CH,CO)0 P «
HO_~q o X0 Pyridine

Scheme IXa

In another embodiment of the invention, benzodioxazole, squaraine, Nile Red,
coumarin, and aza coumarin nuclei have a fluorescence emission. In one embodiment, the
specific fluorescent nuclei described above have fluorescent emission above about 575 nm.

In one embodiment, the resulting thiol-reactive nuclei are reacted with a binding
protein to produce fluorescent binding protein conjugates useful as biosensors.

In onc embodiment the resulting squaraine nucleus-binding protein conjugates have

the Markush formulas:
R O
Rll
\ AN
2 0 )
R S
o” R
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011 Z2Z NI RAOY'B where YY-Bis O -(CH)n-NB

5 Owhere nis an integer of 1 to 6, or YY-Bis
wWA200602588B, where A" is -R20O or -R2N(R3)-. R2PCT/US2008017648
to C6 alkyl. In one enbodinent, RRis a C to C4

alkyl. RB3is Hor CH3. V-Bis -CH2-B or 10 O

-NH (CH2)mN B Owhere mis integer of 2 to 6. In

one enbodi nent, R20 is -CH2 O . In,ano

enbodi ment, R2ZN(RX{s z CH2CHZ
bi ndi ng protw’-n?;—15 In
Ni | e Red nucl eus~bisdi n conj l}'gate has the
Mar kush formulas: \ N\, BY~Nd O\ Oyg20 R5 25 WO
2006/ 025887 PCT/ US2005/17648 or O ~Y'B N |

ere=B-w's
@ sulting

where Y’-B is

—(CHg)r—N

where n is an integer of 1 to 6, or Y’-B is A’-CO-V-B, where A’ is R?0-or -RON(R®)-. R%is
a Cy to Cg alkyl. In one embodiment, R%isa Cyto Cs alkyl. R?is H or CH;. V-Bis—CH,-B
or
10
O

—NH—(CHy)m—N_

)

where m is an integer of 2 to 6. In one embodiment, R?Q is -CH,CH,O-. In another

embodiment, R*N(R?) is -CH,CH,NH-, and where B is binding protein.

15
In one embodiment the resulting Nile Red nucleus-binding protein conjugate has the
Markush formulas:
z
O
BY'
\N o (0]
/
20 R®
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NO e R where YYBis as previously defined and B is

bi nding protein. 5 In one enbodi nent the resulting
woenwadsssxazol e nucl eus- bi ndi ng protein conj ugaRCEUSh@S/ 017648

the Markush fornmulas: RO Z \ N/ \ \' r W R N Y 'B

10 NO/f N1I5 RO Z \ N~\ \' r W BY N \ Rs ~0/ N 20
or RO\ V' r\' / -YB eN\~ Rs W NCON or 26 WO

2006/ 025887 PCT/ US2005/ 017648 R Ng—R®E,Nr \ \J

where Y’B is as previously defined and B is binding protein.

5
In one embodiment the resulting benzodioxazole nucleus-binding protein conjugate
has the Markush formulas:
Rg\ z I AN
—W
/ N oS r \I\ﬁB =
R® |
{ \ Y'B
N
N~
10 O
15
Rg\ z I AN
—W
N XN
BY' |
RS
N N
\O/
20
Ri - l\@ Y'B
/N S r \ _//
R® "
N/ \N
\O/
or
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BY W N N5 where YYBis as previously defined and B

is binding protein. In one enbodi nent the resulting
woaomemasisn, and aza coumari n nucl eus- bi ndi ng pPOTAISEN05/017648

conj ugate has the Markush fornmulas: 10 R12 N-Y'B r

R10,,~"a NOO 111 15 Rl12 N RI1I0O BYN/ OOI11 27

WD 2006/ 025887 PCT/ US2005/ 017648 WZ D ~p+ r N C(B

I1I0YNOOI111 or

R - .
\N S r \ \ / l\@——R
BY'
N/ \N "
\O/

5
where Y’B is as previously defined and B is binding protein.
In one embodiment the resulting coumarin, and aza coumarin nucleus-binding protein
conjugate has the Markush formulas:
10
R'2
N
™~ Y'B
D
/©i T r
R0
Y o~ o
R/H
15
BY'
~— \
R/“
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52Z D&~, p NBY\ \ 10 NCOO I11 R where Y'Bis

as previously defined and Bis binding protein. 10 In
wonee@nissdi nent the resulting binding protein eonjusg@mt®17648
has the fornmula: o~ N2+ N\/\ OBo (XIl); ODSS

NO OBNH(XIII); 15 28 WD 2006/ 025887

PCT/ US2005/ 017648 OEl S S NO ON\NJ\/ =B GC2H
(XIV); BCH2COO J:: N\ NOY,

\QN

or

.,
N/
QW\
BY'
\N O O R10

R‘I’l

where Y’B is as previously defined and B is binding protein.

10

In one embodiment the resulting binding protein conjugate has the formula:

0
padiac (S
N e N
/ % NN A B
0

@Mew@

&NH//K/ (XIII);

(XTD);

15
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(XV); 0G-~-NHvB M\ "-~N/ OO5/
NO N NHCOCH2B (XVI1); NHCOCH2B N-"0/N (XVI |

wOREMAHs025887 PCT/ US2005/ 017648 S N N
(XIX) )aN~- NO(XX) or S N\ an OO5 CB (XXI) The
bi ndi ng proteins B include a thiol group, for exanple,
a cysteine residue, (Sahat is able to react with the

thiol -reactive fluorgscent dye. e term "bi ndi ng
protei ns{. regers to i interact with
speci I i pabl e of transduci ng

or pr o grRgy N o

AN

CO,H (XIV);

(XV1); s
1) 10 29

(XV);
o)
JI
O/\/NH
o6 ‘
<N o) o)
S
Y QM@]@
_/
N_ N I\\NHCOCH B
~o 2 (XVID);
N ~\ /'@\/\NHCOCHQB
_/
7\
N N
o~ (XVIID)
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10 detectable signal differentiable either from when

analyte is not present, analyze is present in varying
woaomansgsat i ons over time, or in a PCT/US2005/017648

concentration-dependent manner, by nmeans of the

met hods descri bed. Capable of transdu0|ng or "provide

a detectable signal” aln, refers to the

ability No re roperty of a

reporter groyp i 6T af abl es the detection
of |igand-prokein or € le, in one
enbodi nent, Ps conprise a detectable

reporter grow whease detectabl & characteristics alter

upon gl ucose bumﬁlng The changé\jf;ghe det ect abl e

characteristics may be due to an [alteration in the
envi ronnment of the | abel attached t™the nutated GEEK)
or a conformational change of the protein resulting
from bi nding. The transduci ng or |provi dlong a
detectable 30 WO 2006/02588 PCTAUS2005/Q01 76318  si gna
may be reversible or B Jabl €. A5 used herein,

signal are I NTX y. The transduction
event | ncl conLLpuous programmed, and episodic
neans, \Tlm ghene-tone or reusable applications.

Rever si b] e signal transduction may be instantaneou
may be tine-dependent, providing a 5 correl ation mn¥%5
t he presence or concentration of analyte is
established. Binding proteins nutated:in such a

or manner to effect transduction are enbodi nents of the
present invention. Binding proteins in but are
not limted to, glucose/gal actose-bindi of ei n,
mal t ose- binding protein, allose- binSi
gl ut am ne- bi ndi ng

ar abi nose- bi ndi ng proteln
e(111)- knégﬁng 10 protein,
hi sti di ne-bi ndi ng } @yci ne- bi ndi pr ot ein,
| euci ne/ i soteuty 1 ndh(@g protgﬁﬁk 0O
Iysine/arginine/onlthlne bi nding protein, Q

nol ybdat e- bi nding protein, oligopeptide- bindiﬁg

protei n, phosphate-binding protein, ribose-binding (XXI)
protein, sulfate-binding protein, 2Zn(Il)-binding
protein, and vitam n B-12-binding protein. The term

"gl ucose/ gal act ose binding protein" or "G&EBP" or
) ﬂalmmchmmhot@ls B&lqudﬁ aihrpl gooup; fiBexampleys evstejag esiue, that is

ab{getp E%arscgtgrgtpghec%lfpg 5chﬁ.§ﬁ tugllfeg%egl by Ia’gljlé/ t?ﬁeggﬁllp{e Ft%ms” refers to
prote Rl Bl nt@h & vﬁ@ﬁ &ﬁe@iﬂcyarﬂarw&' iM @dnarimer cd’paﬂletoﬁﬂaﬁschmdlg or providing a

transport of nmol ecul es (e.g., sugars,
detectatis signad ds’fmemtlabl@mthq@%qm Whenelts léypwe%&nitn a“%’re is present in
S| N t
oRiBL B TE bJR CORSRA G B Ry s o e

m&hb@HschRdf Tapatile bf tgsduding obi‘mdividg asieteetabe shgcatht @glused herein,
refers to the ability to recognize a change in a property of a reporter group in a manner that
enables the detection of ligand-protein binding. For example, in one embodiment, the
mutated GGBPs comprise a detectable reporter group whose detectable characteristics alter
upon glucose binding. The change in the detectable characteristics may be due to an
alteration in the environment of the label attached to the mutated GGBP or a conformational

change of the protein resulting from binding. The transducing or providing a detectable
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20 in the cleft between the two domai ns. When gl ucose
enters the binding site, G&BP undergoes a
woanfspessati onal change, centered at the hinge, PemiUsE005/017648
brings the two domai ns together and entraps gl ucose
in the binding site. The wild type E. coli GGBP DNA
signaNehad e R&versible dr a@ntERIAbleans bsaedﬂmumj tlac terms transducing and
www. ncbi . nl. m ni h.gov/ entrez/acc

proY QMo R NS RE 60 YSRGS s e gl ydes
conﬁ@[‘iﬁﬁ% n}grg%i) e 0Bfd ETREE FRALs, 1r?eﬁlcﬁ-i§5’nd ﬁ/mfa b fBukable applications.

| Ag protein" (for exanple "mutated GGBP")
Re\&ﬁsﬂbls @rgnhletrzmschuqtleh anay heonstbmm@ﬁqug opmaY bF fignerdepgpdent, pr oviding a

cor@ % e&%&ég%?%‘ar?ce%ta é{ngciaegﬁat%rg an Bf?axg%e%b?ﬁl%dbﬁ%mg proteins
muldfetifisBeh Miaatdronsrrad tlahalicAgn pre@htiodinémebittie pfesent invention.
exanpl e, the addition or substitution_ of 3
Bm@lmglmetelmomclm bntadre potditeiied fongluspsergs] %&S&% ‘éﬁl&ipmtem maltose-
blné\ﬁng W?&gﬁg h;gfbgfn 1%]%}%%@11]1 galr'chbx C‘j(}g-rbln({#g?ﬁltoltr%ﬁ PR e B ESe protein,

acrd odi ments are
eluftiidhéianspRfic hdie-bEIBR; pooigiguthmitedgnding psiteinnie(IID)-binding
substituted for lysine at posjtion 11

p1omt}@tw@esb}§§mgﬂomt@§, legeing Hglln%g protela, aétg,s %8&%1{1?1]8%Va1{f12-b1nd1ng
rogegr} ﬁ%@e&%gﬁ){ﬁé/@ﬂn ﬁln§ %ﬁ% foein f1R61 B@Até-‘Bﬁld%% RO, oBiBopeptide-

el ne su tuted
blnaﬁh@ &Bﬁﬁﬁﬁodﬁﬁﬂfé@ﬁﬂﬁ%ﬁl@ﬂﬁﬁ&ﬂ)osa@p@nwlnt@uatsulﬁ@g-,bmdémg protein,

ac stel ne supsiituted for glycine at
Zn(é@él’fl‘ﬂléﬁplﬁel(l tamin By {/)ﬁ’ P8 RIRfSUY | ¢ u%/ed for

tyr egl pematl R8s/ dléE@oslsQ)?ncﬁlY in” @ ‘QYGBBY BE“maltose b1nd1n
substi t ut e% for T hreonine é?%gi)sn tion 110 Tl 1 ¢

pro@@m’t el ‘fMB?Ij las umidtemnn feders é@ﬂ rtm ofprofeiginaiusel YLszmg g the”

t.ant ;
i el R B PSR gty s
chepiiatit hid Ben @ft 0P sthEl ﬁiom@:u&ts (PES istigans) atidBo ac1ds and small peptides)
(S112C/ L238S), a cysteine substituted for,

inte e let@iaslr!l QTPQX&IIB@) GBRparsingie clgad,lbg{qtqlm: |1si:t161|g A two globular

Sl ne t i. .
5 RIS Y T et
in métc?éﬂ bétﬁ@érﬂﬁﬁb Bgo doiink. e Witenghhsise tnteedhé binding Sltb,aﬁiGBP

acid position 149 and an argi ni ne su}tl) ﬁ t.ute
un@rgmsrveco@forpwgpnal@halmceneezpca@f@wma)w i2h st e b9 domains

toggﬁeg gltaq %:lp%%% sealn“‘tiﬂlé@“flhﬂ% sHPBid {4l %;f)eflp o8 GEEPDNA and amino

a serine Substituted for
acii@egidhee 8in BOBiuhd onwR3BndbERUS.GIH. 838 rez/acabstiti Qumbel D90885

nmut ant [ ud
(sspostie FlonOars sapepsian Symbes F0 0y BEiA Tibtsdugite i O BPadiment

G@%%?é{)w@g %52 (H1 52C/ A213 S), a cyst ei ne

ute nmet hi oni ne at position 182 (M 82C)

Oy hne bt rotetrE Kol mesatad GSBBE Djob REBIn refers to

A213C), a_doybl e
blrgdlng proteins from%actenrgu therem at least one amino acid has been substituted for,

deleted from, or added to, the protein.

Mutations of binding proteins include for example, the addition or substitution of
cysteine groups, non-naturally occurring amino acids, and replacement of substantially non-
reactive amino acids with reactive amino acids.

Additional embodiments are mutations of the GGBP protein having a cysteine
substituted for lysine at position 11 (K11C), a cysteine substituted for aspartic acid at position
14 (D14C), a cysteine substituted for valine at position 19 (V19C), a cysteine substituted for
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including a cysteine substituted for al anine at

position 213 and a cysteine substituted for 15 |eucine
wabo@eesdsyon 238 (A213C/ L238C), a cysteine subpCTiust®e/017648

for nethionine at position 216 (M16C), a cysteine

substituted for aspartic acid at position 236 (D236C
asparaGin®tehaetiors4ET430) edystaine substifutrel fat glyokietat pesithas’ (G74C), a

s abospua oy oreret DTS b o D PRRAGL Sttt thrconine

at p%@]b'ioﬁilrfs (ft S} L REin 8 sHifteA26) serfhe @y péiiRL112 (S 112C), a double
substituted f F valine at position 296 (V296C), a
mutant ploinding acgstdimcsubstitntpd forsesine ahpositiist 12t andesgrippsubsiituted for

o T ST P oS 00 S i
K{120)] Ltstdite @lbsiRBdtibORsiad8t fdsithBC 3AKIST CPIBSHtein substituted for

triple mutant | ud t e i
elugnio it rofitiomt AHGHAD iy ComblCARHABHDAP (RS cine Substituted for
ubstituted..fo ' RN i
oG S L0 st
(E1(4|1§b4r&§?1 A9)1 3 BoLE188Bant inchysitgea npstandsibistitteidfof ghutamic acid at

utam c id at it 14 i
posgﬁjmgHS{ mdgq(;slqri@g sgh?sgi%;t?épogge%gg?a? %8§ﬁ§1§ %&gﬁ%ﬁfg&?&,’%ﬁé a double

ubst | ' DA . .
TR T LA B8 g i gosivd o
his%iﬁ-iéqgtét p@mﬁtécgfclw 5aC/NAI06), a dysBie QREGY tegfganethiosng, at position

. L255C, 7C, P294C, . :
1SRG £ 9 a1 SHBE AR RS B QRTEAL POTGOBE L o g doyble mutant
i : 50t SigatitR&d fod hiRine hOpositep?Id d S8EEinedRABGjtuted f
1nﬁﬁé§%€g%£§3c;lgﬂd S337C. gga%gﬁ?tionalﬁgnbod?ﬁ;ntsﬁgﬁg >
levoinstat gosiBobR 3RI(AR] 367018, 2 piskaiien sHpstifuind fax msihiqnine at position 216

| 62C, 29C, 63 Y230C, _ E . .
BB oo AR iy G 0 g 0 i
sudinitad forbdistiong g@éiﬁbl@ DB (Ip3I8UY b kgsteiho substixaeapioe aspadbCycid at
N70C, Q@94C, R134C, W290C, and Y67C. 32 W) 2 89/19 7 .
poRdh R82 00B 1527 s awsteipgignbetiwied f%ﬁ”&&a??r%ﬁﬂoémgflg (255 a cysteine
ar.ahi ngse- hj i NQ. i i i . . .
B L
fogliasiioRal at poion st indnsicnhe tshilstidintpe fori alheniths at@iopigion 213 and a
protein including, . .
sel 1T TIRAGO I BTECIE AT 1A | Y aal e gt
. .at i ' i . ; T .
T LT
foFdi2fife afiditon A2 200 sedid Qbstixeldor leggipgat PesiEpI2BP9C,

RGBTSR B Bl R0 posson 149
cysteine substituted for alanine at position 213 and a serine substituted for leucine at position
238 (E149C/A213C/1.2388S). Additional embodiments include mutations of GGBP at Y10C,
N15C, Q26C, E93C, H152C, M182C, W183C, L.255C, D257C, P294C, and V296C.

Additional embodiments are mutations of the maltose binding protein including, for
example, D95C, F92C, 1329C, 8233C, and S337C. |

Additional embodiments are histidine binding protein including, for example, E167C,
K229C, V163C, Y230C, F231C, and Y88C.

Additional embodiments are mutations of the sulfate-binding protein including, for

example, L65C, N70C, Q294C, R134C, W290C, and Y67C.
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exanpl e, N16_0C_, F221C, K219C, L162C, We20C, Y163C, and
Y86C. 10 Additional enbodi nents are nutations of the

wée(delokysshbi ndi ng protein including, for exanpPkPer/US2005/017648
E203C, K202C, K85C, and V287C. Additional enbodinents
are nutations of the ribose-binding protein including,
f or AddixangileebodB5 G arBbEHTosELIROE pREITInclEer forgxgmple,

L265C. it] nbodi t tati f th
D2gfedist BB e PO eIl udi g for 15 exanpl e.
A223G41:DNRAIGboNRRERs arSkedtitionSIFGhe @pebtibDbifding pavtein including, for

mut at 1 on may serve one Or nore of sever al pur poses.

exa‘ﬁq;le,?%tﬁ@@, &392%1&1%@1910013%49,@1%3"%)}56%@ n may be

nmu a. | or. [ . - X ili- . T

* heAohR gl SRR G e b TASIAR IS Kihbinding
profdif aRSudiRY, fnexamiptd, A 207 CpARYIERIEL 106, Pt 264,d8 3bCnl2 Ky, G211C,

sites for detectable reporter groups, to adjust its
K286 hpGendHad?Cwi t h respect to a particul ar 20

analyt.e, or f ' ; fir ) L )
A)éfhgmggl fn@%%ﬁ% é%r}?%tﬁﬂﬁ{s% the %lﬁfbﬁilh@bfﬁdﬁigflﬁbieiﬂ Mcluding, for

is inten ermal stability. 1In one
ex Rl AN 68T, F22h@) K2 Gy id 60) W288CpY 663G randf86s  bi ndi ng

Eg{ g%girtii’)éﬁ@gb C%dglglgl}ltﬁ é?%ﬁgtéjg&%sﬁo‘zlﬂgg E%élﬂigﬁéﬂllggﬁgt?lﬁ@gcluding, for
ex%helglgg?)g%‘;‘%@Q@pﬁgé@%dwjgﬁ@_i ently strong to allow

. binding to the protein by a detection )
meamsidititinel dabartimenie avcnuiationseef the ribere-Rindiag Riqtgintaruding, for

of free I [ tein is bound

exgipolg; EoSe PulsC R Ra oGt BEeL S, 1 15 Pound
gl UQRRIRionh@nisshiNehtd ase fmofatibineof the phbsphatpdindieg protieincluding, for
bet ween about 0.0001 mM and about 50 The

exfihpler A22¥HINI236eN2286, B4 Sa2hend (e mut at ed

protein, for '

rearRmsin T RE o fo Sibie gPhovebufRRNE Herehple, o naturally
oc&frﬁ?ﬁ pfoRdin Bieayaietaciaed in vider andhaege the lozg-teoxystabiléyof thesprotein, to

on the

coruges @}ﬂppgrg‘t@(ﬁ{,{c])gt Equqeig} Lrgqrnéﬂ%glgglﬂh E;%F}ng%l)g Pllhgc?llylglgﬁ ﬁg%%%%@inding sites
foW%%g%g %rg\g}% élé _Ydeacgﬁ& € bihdifgPlon8MAIRIE respé@tto a particular

d Ines may be |ocated at position 10, .
an?lgtep ostdrittinatidhs tixsift Lome-tetm stabilitgsintandad tosinckyde thergal stability.
, .at posjti.on 26, a Siti 43,. A
posiltahesbodiint doafts B Tl 8 altipdh F3phdE Rty othe tem
tqd L Qi tcROSH 41l bl BsePherBiTéibisAb binkidng PHrtnpashavingra bBifive binding
at position 149, at position 152, at position 154 at .
copisiti(Kdnsufiziently stporg tojablawidstectian opbadinedn theggoteypby gyletection
2006/ 025887 PCT/ 05/ . N0SH £ it
RSN R SEORT A Bt H BB st

prBRE i bBAnR 4PvicBlvedas Whdrthe 2dyte of imassttis pnc@B5thedtd values for the
position 257, at position 287, at Q\osi%' on,292, at
bipdisg pitrerogs betyyagngbout 0.0001 M and dbout 50 M.~

The fluorescent label can be attached to the mutated protein, for example a GGBP, by
any conventional means known in the art. For example, the reporter group may be attached
via amines or carboxyl residues on the protein. Exemplary embodiments include covalent
coupling via thiol groups on cysteine residues of the mutated or native protein. For example,
for mutated GGBP, cysteines may be located at position 10, at position 11, position 14, at
position 15, position 19, at position 26, at position 43, at position 74, at position 92, at
position 93, position 107, position 110, position 112, at position 113, at position 137, at
position 149, at position 152, at position 154, at position 182, at position 183, at position 186,
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position 296. Any thiol-reactive group known in the
art may be used for attaching reporter groups 5 such
wagodeloasssophores to the cysteine in a natural ®BCTAS2005/017648
engi neered or nutated protein. For exanple,
I odoacet am de, broi noacetam de, or maleimde are well
at posioion 21 hj dbositiarc?]d et pomtict 21665 at prsitionedp Shet nesiien2dp, at position

242:926' é@ﬁg};&é\/%ﬁ P@ﬁlglpﬂgg?,? %r%% ﬂ%?? gL dl? ?n %%Pﬁg)smon 294, and at

poéﬁdﬁ?g%r) are enbodi ments when the nDIecuIar sensor is
e used in vivo, for exanple, 10 incorporated into
an Armt}anlt@mtéfemr@ﬁelﬁwn b e npathe usrd @r@@?ﬂ”@nwgaﬁ? groups
W ab 7 F
s b o s Sl L R O s ot For
exdaypit, de&cet&ﬁﬂ@ﬂb@n&ﬁﬁéthmwﬁ efmhlkimide atewelGBRsn tidalrrehegive
screened to identify which ones result in the |argest
motdhign gt mymu@f?de@é@ﬁ%@ur@e%ﬁw gl ucose binding. The
f ol Fﬁu %mloﬁérafé?f%}? éﬁtsﬁoﬁ %vé’léﬁgtﬁ’y&"oﬁ%ﬁﬂﬂé@%ﬁ 575 nm

Inventlon In this exarr‘p e, t he
or gife@t@ﬁ%ﬁe ahb&Gtiments whewdlse msbdultansemsmdu tebé vseddn pavp, for example,

squar ai ne nucleus .1..20 |Inter.nmedj at.e t
incpOaAi| IS PISHAbIS BiESERGT 08V T §1og i R gy Bhout 575
E) @hjﬁ%&% @dﬂ?élﬁﬂlgl\thdsg TM%}{R&&@E Y by anhplBBittayhednit viarieud aysteine
.2 m nol
muﬂmmetdnystrmtedlmpheha;dd)GGBBy,dqa@ Joy serpencdnideatify whighowes yegult in the
ur.e was heated to refl ux,
laré"r?d C]Ea%edT ﬂﬂorf\scﬁﬂ% e‘@?ﬂnaglucoseév enéi ien\/%er e added. After 1 h
t he THRIEIgWiBg i ﬂ1§kigs derhorghbteltheieariue embodintents @thainviestion.
m xture was a dark green-blue suspension. 25 The
sol vent was evaporated, and the resi due was washed
vvi t ri Et hyl acetate (25 inL). The renmaining residue
shed with water, |eaving a dark bl ue residue.
Thi gn Hixéxsiepl¥yake pﬁobes’ssaff Schede I wasusdthpaduthiodbesterpauaraine
extracted overnight with nethylene chloride. After
nuelmabbr ation the residue was washed with ethyl acetate
and yi el ded N-(2-hydroxyethyl) -

N, N ,N -trinethyl-bis(4-am nophenyl) - squaralne lc as
dar Knietmelistelled A(2P3urewf b8ReY] (5 180) @girhy@gf@m: ($ mlg)jwas added to a

ﬂaglrg g@t%m%wl\f( %ﬂ%?(?et?l}ﬁlt)?%— }@?ylé%]tél eH_O 33%%’% 202?'%1‘501%&1% (N,N-
dlﬁq%yfaﬁﬁﬂé&iﬂeﬂﬁ) %q{yd}égncmu%ﬁdpddwrmu @84 aue .0 @ambl). The

eriod to oxal yl chlori 18
mikfitre way hgnecbtmsfeﬂuménd L gﬁfbg., rgélgculwves welem{%ed After 1 h the

mixture turned a light blue green. After 24 h the mixture was a dark green-blue suspension.

The solvent was evaporated, and the residue was washed with ethyl acetate (25 mL). The
remaining residue was washed with water, leaving a dark blue residue. This mixturs was
transferred to a soxhlet thimble and extracted overnight with methylene chloride. After
evaporation the residue was washed with ethyl acetate and yielded N-(2-hydroxyethyl)-
NN’ N’-trimethyl-bis(4-aminophenyl)-squaraine 1c as a dark blue solid (223 mg, 30%).

Compound 1: One drop of DMF was added to a solution of iodoacetic acid (224 mg,
1.2 mmol) in methylene chloride (5 mL), and the resulting solution was added dropwise over
a 1 min period to oxalyl chloride (180 mg, 1.4 mmol). After vigorous bubbling subsided, the

pale orange solution was stirred for 30 min at 25 °C. The solvent was removed under vacuum
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pal e orange solution was stirred for 30 min at 25 C
The sol vent was renoved under vacuum 34 WO
waQows/a28887 PCT/ US2005/ 017648 (- 14 nm Hg), aRdTuuise005/017648
dark orange residue was kept under vacuum for 15 mn.
This residue was dissolved in nethyl ene chl orlde (S.. .
(~ 1Kﬂll)th)g)piimi/ﬂhel datk el getresduaas kb daearyRCEEp & ld @ningpiis residue

was(d\i[ XaGL h eglyipg%%;\ﬁo\ﬁﬁg éﬁ’&éé g}e yh'c?e egé'o(f‘&ﬁﬂl qﬂo&}é@&g}ﬁgﬁl%de The

hydﬂyi@ﬂn#gﬁuﬁ@nm froti Shicbsdis gmyﬁeeist(yVMgnes (irBdl) s suspended

in b deneRH A2 O VY B SaETDY S RN 8 (LRl 2 oD and the
pre‘ﬁglll@? ggelg%%g dgdoa%&?f"cqpéﬁ&l o’ﬂ?fo‘h' %@ ad&_éaleco rt}?esédfuﬁfaﬂgs dokpision in

uré was
seqUeiRiaBpbMEAS. ThaSreuGROblat hdterc@adedds emx‘elsQlWW ﬁg“rﬁtﬁaﬁt RS °C for 2 h.
bl ue solid was vvashe%)@& X ti

Theeqo[hgqngpygg ataporated, and thedegyling rh wueépﬁg szas gv&ahe&l r31x 8mes with 10
mL ortl %’f@" Enx t;qﬂésswﬁ{ O¥LO8Her 24 driddl Widet WRul@d déephided 204

sh bi ue solid. Fluorescence
mg W&%bmcéﬁ%bﬂm‘mwa pal@pﬁ@hslnhiueﬁohd aFluereseriee pRATUBEGethanol):
e 2 1n this exanple,

run enissi on maxi
643 %Sé@éﬁtlﬁﬁﬂ‘%eé‘l@ﬂ@ngéqmeﬁﬂgﬁp%@aﬁu%% produced by the
process in Schene Il1. This exanple corresponds to
Schene Il where Ris C2H5. 15 Internedi ate 2b:
xﬁmmmyl benzot hi azoI e (1 inM 2a and

bot {no s?thgépp €10 6(&3&&11 &%ﬁm Jﬁﬁg&ﬁsei;@?é gx%dhcgbgari}g tglé’ Bbcess in

SCHURLEAT. irﬁgle&ﬁﬁgletwnfesﬂohaatd Seheardl pleiefR asdCHbs.
conti nuous washing with chloroformto obtain the

|nterrred|ate 2b. 20 "H NMR (CD3OD, TM5) 6 ppm 4.295

%&%%42 %Xél}gﬁfnz%%zrog{%l mﬁf) ]Zq?anﬂ N-bﬁﬂ?oet@l‘ﬁhthahmlde (1

mM)aJNeﬂél h@g@d ifh @goﬁﬂ%dltﬁh&ﬁlb%s al $O(B“}_(3fd!7|2)4h frba mu@em; S()lmissy
I ntermedi ate 2¢ uar at e, was te
ity N R L S S L
1nté1{1ne%£4? at reflux. After 30 m nutes refI uxi ng, t he
|on—mxture was filtered -Wile hot.

'Hommr (@D-6m), i TMS)Y pral Hi208dt, 6iHz, 3H);t4&/ 1 i ¢H$a§’lf@ N%W &, CH,, 2H);
cool i.n was Sse ed and re-suspended in
77ét3f?§ﬂ§gl4§%bf%(é%ta§?fne\tn?% ﬁﬁiO% NaOH sol ultoi on under
32RO OfAA B33 B) cool ed and
M(gm Jl&?}lcgld%tﬁef?r @%%N%zssts ij(ad?gst ed to(ﬂ?)& ) The

product was extracted wi th chloroformto g
i Nt drteanédiste 2¢; Dibutyl squarate was reacted with 3-ethyl- 2-methyl—

benzothiazolium iodide (1:1 ratio) in ethanol at reflux. After 30 minutes refluxing, the
reaction mixture was filtered while hot. An orange colored solid crystallized out of the
filtrate while cooling, which was separated and re-suspended in ethanol and treated with 40%
NaOH solution under reflux. After 30 minutes, the contents were cooled and acidified with 2
N HCI (pH adjusted to 4). The product was extracted with chloroform to give intermediate
2¢.

'H NMR (CDCls, TMS) § ppm: 1.385 (t, CHs, 3H); 1.456 (1, CHs, 3H); 4.064 (q, CHy, 2H);
4.794 (q, CHa, 2H); 5.479 (s, CH, 1H); 7.026-7.518 (m, aromatic, 4H).

Mol. Wt calculated for C1aHyNO5S is 273(M-+), found 273 (FAB)
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30 2c. 1H NWR (CDC13, TMS5) 6 ppm 1.385 (t, CH3, 3H);

1.456 (t, CH3, 3H); 4.064 (g, CH2, 2H); 4.794 (q,
wGCl6/025887 5.479 (s, CH, 1 H); 7.026-7.518 (m PCT/US2005/017648

aromatic, 4H). MIl. W calculated for Cl4HL1INO3S is

273(M+), found 273 (FAB) 35 WO 2006/ 025887

Pqﬁwﬁﬁ&ﬁ&é QU7 GA@rmeditte 2bedil 3¢ aveRelreariad én ﬁr@‘dlvmtémzwfe containing

2C were reacteg ol ven n]XtUﬁ) % J% t ic
111 809 (e aappBech b rendRn T ES HfedRl B Rbic
dlstﬂﬁfi U"?g ﬁgtg} RrAe8 QhfifPe reddtivh ivas aémheved u%n@ 4 Dean-Stark trap.

uring the fTeacti on was renpved usi naﬁg) 4
Aft@&’)’hn‘e}ﬁtl addtioh mapture Whs altoveie, totcﬁgl to saomityRPRtNES, pad lue product

t
NETE AT TR T —
ovef ﬁ?lﬁé sd lﬁﬁfg H&hAD] fah@ﬁl’ﬂoﬁﬁdnﬁﬂ'(l 4 Fatiohras dgeraﬂh pbtapvdye 2d.

hanol and chl or of
' wﬁa (o, OB B e Har TRk | e A1 e, 26D
1381{ 2@@%@4 %@(H‘%{ 4@5? 9§1gs ?EP&H%H) 0701738% (&qaroﬁldac 12H).

Mo(.sm Gtbuldibll for C:OMANZOF23s 67ﬁ(1\/ﬁ+r)pftm1t1d @771@4)3) I\/bI w
cal cul ated for C32H23N304S2 is 577(Mt), found 577

(FAB). 10 Internedi ate 2e: The dye 2d was dissolved in

anh G ahetlyehé hloride and
B

treaCﬂéﬂJWﬁh dgdedine mtmohydmtecby eoonp t@@pepatum dderdepiptectrsl squaraine dye

reaction m xture and was oI at t
pregipitpishaionbine eastigp Sy fJH Ttitre(%lé 'foq

wa it h@tﬁ%ﬁé&mﬁd@) 8 ppm 1 420 (t, CH3 3H)

'H %ﬁﬂ;%g@g);ow TO) S(Bpm cpﬁ%g@ 8‘}15z g@)g, 3(790 (EI(FH21 ggl),(zf 320 (q, CHZ, 2H);
1 BRI QO s Rl AT SpSRL ohsghac
MoThwt bﬂk@lﬁféﬁ%ﬁ@ﬁfgm@& g7 (NS5 Sburddi47I(FABDY dr ous

net hyl ene 20 chloride, and an equival ent anount of
i odoaceti ¢ anhydri de was added. The m xture was

St i rd e%qd% fg%;oé %3 The Mitend lf%té g%@fér @/Eﬁ&l@SOl@éﬂthﬁﬁy&B@ﬂHé&lylene

evaporatli solvent to obtain
chl‘bﬁﬁe fanfah equﬁ'aﬁnt faourdt of atdoaretinashydideiveas added. bJhe mixture was

stn@fgpf t@p?,tﬁgate;&%%%t U f('i %Qsarh@mg &%{S Emi ﬁéﬁobe}? %evapeﬁgon of the

sol?/{ﬂ t t&éet%gg%(asﬁnﬁlpﬁ%e 2. Zl"?nﬁcﬂm&ggfaé Gam@%‘gg’c l%?)epeat?&;ilﬁ)cl?ﬁﬁ)tlon from
hekarR8fethglencCthloddy.; 7. 200- 8. 200

'H NMR (CD;0D, TMS) & ppm: 1.420 (t, CHs, 3H); 3.900 (s, CHa, 2H); 4.300 (q, CHa, 2H);
4.450 (t, CHy, 2H); 4.480 (t, CH,, 2H); 5.820 (s, CH, 1H); 5.980 (s, CH, 1H); 7.200-8.200
(m, aromatic, 8H).

Mol. Wi calculated for CagHz2IN303S, is 615(M-+), found 615 (FAB).

d ba/ repeated

An illustrative absorbance spectrum is shown in Figure 1 for compound Z in
chloroform. The excitation and emission spectra of compound 2 in chloroform are shown in

Figure 2.

36



10

15

20

25

30

(m aromatic, 8H. MI. W calculated for
C26H221 N303S2 is 615(M+), found 615 (FAB). An

wORkbasgssat i ve absor bance spectrumis shown in PCQwse003/017648
for conpound 2 in 30 chloroform The excitation and
em ssion spectra of conmpound 2 in chloroformare shown
gplegl gure 2. 36 WD 2006/ 025887 PCT/ US2005/ 017648

le 3 [
g e BXERCRE BCSRA R e Ay B P ! o
CH%di—gg%deﬁdde}ht%rrﬁgdﬁt@ 3eGH SB&Iﬂé H. TherdseBuptintegnediate dye 3d with the

ifedi at e dye 3dwth the rotected am no group
promasd eharoagbep wae dhisgotiiRIDyET SFECOBY-1H NMVR

SR RS040 TS B & ﬁ&gt%g;hzﬂﬁgg 390 G dano ¢ o

2H)54%§@ ( @Hz,CirH) 5960 (5 @A01 1) 5.808l(s, BH,; 1H7) 10008 480(nf, ;yomatic,
aromatic, = 12H). Conmpound 3: Deprotection of the am no
12Froup in 3d was carried out using 10 nethylam ne in
met hanol by stirring a solution of the parent dye in
met hanol with 1 M nethylam ne in nethanol. The

Pr ogsiEpotds3: | Beprateetionyf the apaioegowm 1n:)L Wlae cg‘apd« et using

The eprotected am ne derivative 3e
mefhglgiearninethanc) g HET R SRR T dRe ?aie‘i dYe el %F‘Hg\f‘g“h M
meﬁlﬂ 1f1 oy m@tﬂ%&lh? gflﬁiélcho&/%qg@lﬁtew dvasirati@totife solvent. The

Ion was purified by repeated
depp@teaecpamatel denivaisvade oﬁ;hhglyeewes wshited wdd 1@@@01%?&@%(11‘1%(1 1)in

1ne%§1€§€%101?§%&133h%§ (paodu%gﬁ(as 155 e% bg/t fﬂg% ’%@_Bneﬁ Sglsgg was

pulii}_?)%% &g%aééa%*ec%ftgttlmﬁu%fégr#gt??dgﬁﬁchlbhme al’gd Bci&(éng S, CH,
'H NMR (BN6Pide, TMS) 6mpmealc43% Gl é%&é&%(nsg@ﬁ’@ %%Nég’%o (g, CHy,

2HR A ezﬁs@r@ldclﬁg %ﬂ%@o ftocE %ﬁs 856& 52%‘1?1' "F@B@Esec‘ifp 1H); 7.200-

8.2@9‘%18 ReedtiE, BH)CONC. HCI (28 nmL) and was cool ed to 5 C
To 't his solution was added dropw se a sodium 25
nitrite solution (6.67 g in 10 nL water) over a period

EXof 40, mn. After the addition, the reaction was kept
—wng for 2 h nore. The product was then filtered,
was feghiddtahple, hibl-reactive Nile Red nulceus 4 was prepared according to Scheme

I

Intermediate 4b: N-phenyl-N-methyl-ethanolamine 4a (50 mmol) was suspended in

conc. HC1 (28 mL) and was cooled to 5 °C. To this solution was added dropwise a sodium
nitrite solution (6.67 g in 10 mL water) over a period of 40 min. After the addition, thé
reaction was kept stirring for 2 h more. The product was then filtered, washed with 0.5 M
HCI, and dried in vacuo to give the nitroso compound 4b.

' NMR (D,0) & ppm: 3.59 (s, CHs, 3H); 3.90 (t, CHp, 2H); 4.05 (t, CHy, 2H); 7.22-7.30 (m,
aromatic, 2H); 7.50 (d, aromatic, 1H); 7.77 (d, aromatic, 1H). 13C NMR (D;0) 6 ppm:
42.44, 57.92, 58.72, 120.29, 122.52, 125.93, 140.56, 149.93, 163.21.

Mol. Wt calculated for CoH2N>O; is 180(M+), found 181 (M+1) (FAB)

Intermediate 4d: 1,3-dihydroxynaphthalene 4¢ (5 mmol) was suspended in ethanol

(25 mL) and was brought to reflux while stirring. To the refluxing solution was added
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HCl, and dried in vacuo to give the nitroso conpound

4b. 1H NMR (D20) 8 ppm 3.59 (s, CH3, 3H); 3. 98p(t,
wGClie/025887 4. 05 (t, CH2, 2H); 7.22-7.30 (m aPOWASRMS/017648

2H); 7.50 (d, aromatic, 1H); 7.77 (d, aromatic, 1H).

13C NWVR (D20) 6 ppln: 30 42.44, 57.92, 58.72, 120,29,
intehB@di5R 4bX(3 Fra) 1rilﬁr@ctﬁl®$ over BBiodd 35 min. Afisr thagddition, the

cal cul ated for f.0
s B RS Bt oA T B i R @bl Potvent s
evag‘é a¥Bfe proRReNHRAvdshueifieangifiasi edumh)chesithtogaphy over silica gel
rought to refl ux while stirring. To the refl uxing
usirpohethaoo and shlatfern 729 dw@é/ 025887 PCT/ US2005/ 017648

e EhEIEBEATSBpihal TAD) 3 2611 0, sprzn genpd s 1

7. 1@@% rlgrfg% sl t(satlHD £F.604%. 76, 4510, T emaltd), 848 (héH)co6l MR (CDCI)
vent was _ev t
5 pur 14963 0007 0h S bt 168 SRt OGPy Buto-S1 PP 1223 1337
135gf1|1|<]’|§/|l§5 n@;ztpqgé sapgh ghl oroform (1:9) as eluent. 5
i 2.98 (s, 3H), 3.48 (t, 2H), 3.83

Mol .twt &&hulated 26 @ SHo6NAD; 132DV, found) 321 MAD (FAB)1H)

7.45 (s, IH, 7.60-7.75 (m 3H), 7.72 (in, 1H), 8.08

(in, 1H. 13C NMR (CDC13) 6 ppm 39.2, 55.6, 60.3,

10200 & Tﬂé—&t&ne@?&‘ﬂe dye M@asﬁdwsbi@dﬁn afRyaréus acetonitrile (10
130 .7, 135.1,7145.8, 148.2, 152, 4,
mI) A5y ditaSemivopyridine Caighvas edionofolleverbERelsacsts anhydride (250

o 0 SR SID Sl RS cbsoncr

sol@&ﬁta\i}?\g gﬁeg é)luﬁﬁéd- By réflehted @ﬁétmﬁtaﬁbﬁﬁtohyinﬂmyfanp yhiodidnend Bexane.

YR (R et Gl s S5 6 T 3341 I gh SGED G0 (o 18
AI%% 5. fzf@g'iﬁyﬁ%e)g% VAP YRR LR 7% L N85 1§°:§PIGMH)38@9t(HeIH ArHD),

eated’ preci pl'tation from met

E) OTH d&rFBN d3®s¢mecm53) ShbphivR6.(1 C5908,30.% 6,3,5};97@, 1@5 $sl10.1,

1244, 1213,15 12@501,,;30 ]5”442(5311 %431%13?83%(%&4%%15%1{’&%22 169.0,
18%2164 - 7.75 (in, 3H ArH), 8.29 (d 1H ArH) 8 65
1H, ArH). 13C NMR (CDC13) 6 ppm 50. 9,
ME3WA, calilabed f06; 8, IN10, is 4881 foand 483 QMI%) (Fll’zlé MS) 130. 6,
131.2, 131.7, 131.98, 132.0, 141.5, 146.5, 151.8,
152.2, 169.0, 184.1. 20 Mol. W cal cul ated for

Ml N204 is 488, found 489 (MH+) (FAB-MS). Exanple

This example produced Nile Red nucleus § according to the process of Scheme IV.

Intermediate 5b: 9-Diethylamino-2-hydroxy-5H-benz[a]phenoxazin-5-one 3a 5a (50

mg, 0.15 mmol), N-bromoethylphthalimide (50 mg, 0.20 mmol) and potassium carbonate {60
mg, 0.09 mmol) were combined in DMF (15 mL) under argon with stirring. The reaction
proceeded at reflux for 4.5 h. Additional bromoethylphthalimide (25 mg) was added at 4.5 h
and at 6.5 h (15 mg). The temperature was lowered to 115 °C, and the reaction proceeded
overnight. DMF was removed in vacuo, and the residue was dried in vacuo. Column
chromatography (2% MeOH/CH,Cl,) afforded 38 mg of the product 2-(2-
phthalimidylethoxy)-Nile Red Sb.

'H NMR (CDCls) & ppm: 1.22 (t, 6H), 3.40 (g, 4H), 4.19 (¢, 2H), 4.40 (t, 2H), 6.23 (s, 1H),
6.36 (d, 1H), 6.59 (dd, 1H), 7.09 (d, 1H), 7.52 (d, 1H), 7.70 (m, 2H), 7.84 (m, 2H), 7.96 (d,
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Thi s exanpl e produced Nile Red nucleus 5 according to
the process of Schene IV. 25 Internediate 5b:

wO- 26 F8gl anmi no- 2- hydr oxy- 5H benz[ a] phenoxazi nPET@ISE005217648
(50 ng, 0.15 mmol), N-bronoet hyl phthallmde (50 ny,
0.20 mmol ) and pot assi um car bonat e

1H)] &nm@a)lmeP@NMﬁo(@aahbapmlz(a,w@fts{;ngg? %Ws‘g‘ 106.5,100.8,
stirrin T e r-e f h
18 Radbt PO BPeRobt h RChAT T a1 26 g} ik BadaP et
162%: @6@4 fpykat 6.5 h (15 ng). The tenperature was
['ower'ed to 115 C, and the reaction proc q%g/[é:’so
Mol Weér cuilaylited foNE svkdzsNs@ris ved: ﬁoﬁn@é%@dHa%@%t esi due
was dried in vacuo. Columm chromat ography (2%
MeOH CH2C12) afforded 38 ng of the product 2-(2-

phtm@énmgaﬁw Rt flﬂbéyﬁled‘xhtle SbRéﬁlnfgoO 06 HhNVER WaSTGsaved ipghydrous

MeQH) (8 réL)zgld(\gas g]p.ﬁed ungelg,eg’g_%% IéT m&e%lygaén’_%% 82%\/1 i'?—ﬁ\& tQ}-l,oﬂgmL 8

flux. Flash
L b i B s . e

chr&nit% gfﬁhy Mﬂ); perfat VR 10D/ GHp@]mtq pengovegfgstanoving pnpurities and

then 21'63(8/0 /§§]I—? hato§}uti§% If%gl‘féi (% ggeeél%ogyi i\g?egRédzg'c Kolvent was
renf'o@?d ZP a é%r@evaﬁ@r]atcﬁ) andk@erddidud @f&s‘l&lned 83vauoMlield\Wl 1 mg.

f H25N305 507,
1 ARG Epprmofbciths & 1345 21 b wt Bl 3 U 307 € 11D

o Sab TS GRS TSI PR o AR A1t o

(CHCI}-§ pfm: m'hma@d@d%lhﬁ)&&d@ﬂ@%%&slw mzéa, m9 127.4,
for 5mn at RT and 2.5 at f%g Fl ash
128:h,r1c3de&,dgﬂéplvf§/7 lhdélﬁeﬁ?o%@ 7ar%8 % MeOH CH2dl 2 to

M SR ReERY PPN BR AL, BN Rt hemaBLvSgYs

2-(2-am noet hoxy)-Ni |l e Red 5c. Sol vent was renoved on

\6/1 agmpoﬁﬁ%@tq_% Lhe g@l cg)"%%%s o?\geéf E CH,Cl, (5 mL).

a ﬂ:_l’ for 40
Iod?)'_getlf%nﬂ%%&e (%% E%g 03064t§m()g Vééskl'ﬂ%l%ra édd%? f?d al%&iiasd toGredd for 40 min.

nlallliihonﬁl BHmchf THA), wss @tle(lmndﬂ;g reagt1c;;gn1(>gure|wqq)tran§§§@ed to a

segg@egow fggé% é“he f%.\r%: p]hfiesvvﬂs wigtfdgélic% égygﬁsgl O%/f %\%GC@ (L0.mL each),

3 ®,3andfiferdd. ARdr Qe sdlSé’ntSvaslé‘rilchd on a rotary
dn%§§V& an%\l/g&m %/\iM]g?aI‘lcm at eeé for C22H23|\lﬁ

ev@RBatoihe fifet ARAVE) 2-icdoapviamidoethoxy 2y ?daw @ﬁs 2 fed under
Vacr%lm anc? prerg.%ﬁa‘ged \ﬁ%m 8hsép}h\é§8w'. rYlglld.z @42111%5 n).

' NMR (CDCls) & ppm: 1.17 (¢, 6H), 3.35 (q, 4H), 3.69 (t, 2H), 3.78 (s, 2H), 4.14 (t, 2H),
6.12 (s, 1H), 6.27 (s, 1H), 6.48 (dd, 1H), 6.91 (d, 1H), 7.34 (d, 1H), 7.74 (s, 1H), 7.95 (s, 1H).
3¢ NMR (CDCls) § ppm: 12.9, 29.9, 40.1, 45.3, 66.9, 96.3, 105.2, 106.7, 109.8, 118.0,
124.9, 125.9, 127.8, 131.3, 134.1, 139.4, 147.0, 151.0, 152.2, 161.1, 168.1, 183.3.

Mol. Wt calculated for CogHauIN3O4 is 545, found 546 (M-H) (CI-MS).

Example 6
This example produces iodoacetamido benzodioxazole nucleus 6 according to

Scheme V.
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| odoaceti c anhydride (21 ng, 0.06 mml) was then added

and allowed to react for 40 min. 20 An additional 25
wohomings2Cl 2 was added, and the reaction m Xt BCE/USABS/017648

transferred to a separatory funnel. The organi c phase

was washed twice with 10% Na2CC3 (10 nL each), _dried

ov dintcambidrectils MyBObenzodibxarole 6aéH) mmalkyas rracted Wb Rthy]

t t |
bronigeddaaeat ) iame dseehe Y BB Rk (Eohb 08 THEROR was
purHMe; iy, cof COYlﬁ‘ﬁll’Il Hl‘iPoﬁﬁﬂ) g@i@%‘ okt :ﬂli@dgd‘l iR ChidEd fafrh andmethanol to afford

Yi el . 25 1H l\/R(CDClS) 6ppm 1.17 (t, 6H),
themteeae(d@gteib_i)n6@%6@el , 3.78 (s, . 4.14 (t,

Mofg&zt cia’_ﬁula Za5 czlaﬁ?ﬂl\lﬁ @9%\»{@“}%@9‘13 @(FAH},H) 6. 91

13C NVR (CDC13J 6 ppm 12.9, 20.9, 40.1, 453 66.9,
96.3, 105 2, 106 7, 109.8, 1 o
Vo7 ermesistae: 1HACh (| 19 vps 4o to antigdios DRB (L) kept at~5 °C in

£Hiell Ytermediate 6b (0.4 d
byl B Mgl St sl s 040,
stirEix g ophténed Thi sh e’F&mTpdlcmoprvaul@e]sched @aad@mg gligaction mixture to ice

o oSS G L0 TSI o 99

prod trwgeé%ﬁgﬂe@ ﬁ%%&hﬁ@né doAdd hhd MRSorE8AE plebe Wiaks ldned over sodium
brom de (50 [ ) in the presence of ah dr
sulbeds a"ﬁ]:m pmﬂuetrvtmrpan@ed ’fméolpmmhlé@m@&agrapbn PY§TiS tFat%fi usmg

colum c over. ca gel using chloroform
Chlﬁﬁﬁoﬁf%%ﬁ%g%%gg %@P %ﬁléem%eﬁlea%l'ré er mgdl at e 6% in 65%
'HYN gcﬁcmtﬂ I\}ﬁ_prﬂv 168l(5 A} 66);73091 G OHLABDG6L K (G9TH, Md);,7.82 (d,

found 191 FAB) Internediate 6¢c: POC13 (1 ni)
th/dﬁ)abm@b(%@fbd drous DVF (4 nL) kept at -5 Cin a

MR SARRIHATBIC ARG 0N B! 1o 236 (UL PaMBY Ur @

and  stirring
contlnued for 1 h. The reactlon was quenched by addi ng
the reactjon mxture to ic wat er

fol m@amae Giresiats 65 CPRETRRReRACE P BB rnegipts 69 (644 me
pr eé)%fegi)m é}H‘ Sllﬂ‘ge aV\Bfer s tifaRCH Gn WhEkyAlrsRthsth@e under reﬂux for 6 h

organi ¢ phase was dried over sodiu
in fhelgredeace d'ihﬁpqm(hnhj(ﬁ’o mg@do o fhequremy dyey6¢;mhhe crystals that separated

e PR peos Srteet Pruieiearal bebd e ppi PR b
h%&qgto %)aﬁ%/ &\te1 s@d@ gelfding agm%él:ul(e%f ntianotiEds) ddkBldraform.

'H NMR (CDCls, TMS) 8 ppm: 1.42 (t, CHs, 6H); 3.20 (t, 2H); 4.0 (q, CHz, 4H); 4.40 (t,
CH,, 2H); 6.50 (s, CH, 1H); 6.51 (s, CH, 1H); 7.5-8.7 (m, aromatic, 10H).

Mol. Wt calculated for CooHogNsO3S is 524(M+), found 524 (FAB)

The obtained dye 6e showed a polar sensitivity as in Table 1 below:
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15 CH, 1H); 10.01 (s, CH, 1H. M. W calcula

Cl, HI3N302 is 219( M), foungbzzo (M+1) (FAB) ted for
wonbernssdyate 6e: Internmediate 6¢c (350 ng) wasPCEAGL®E/017648

with internediate 6d (644 ng, prepared in the sanme

manner as intermedi ate in anhydrous nethanol under

reflux for 6 h 20inthe ce of piperidi
I'Tg) tof rmfho Nnaront m} pp Ir;te (50

separated upon %g‘é‘ﬁng vveré efi?![é e;ﬁéé&'e&ep?”dati on

and then Weﬁ\%@';’fehéb%ﬂ)r@é_ fTlash col ungm chr omat ogr aphy
over silijca gel using a mxtlure of nethanol (5% and

chl oroform 1HAMbRn(tﬁ[aClS TVS) 8 ppﬁ? 1.42 (t CH3,
6H); 3.2 f /'10 \q, CHZ; '-H_I), 440 \l

CH2. 2H): |6. 50 (sﬂ*@“P 851 (s 60 1H: 7)5-8.7
(m arongtic, lm W cal culsated for
C29H26N503S 1 s I?M'l') fOUFd 524 (EAB) The obtlai ned
dye 6e shiowed a pb’htar sensit

vity as In Table 1 bel ow
NA174- A
017+648—TFabte1—Sol vent

Rel ative Fl uor escence l\/bt hyI ene Chl oride 100
Aceg o stbf\Je ﬁ%@s@ﬁs@@‘l/nﬁ@f cb@t@ HINatiHO of MhtesirohnButb-sensitivity
sol vent sensiti'vity 'of a dye is indicative of

wheﬁataehadtroqmmnt aI -sensitivity when attached to

protein. 5 The parent internedi ate benzodi oxazol e

nucl eus 6e can be deprotected using Na2S and water to

pr O‘f‘h’&g 1QHth@fm@dlgte%H§tﬁ1@d>}@ﬁélb huélé@@ﬁ@@hn\/betd’ﬂ:pl otected using Na,S

i odoacetic anhydride to formthe _target dye 6 ]d
an@anpioepr@’dlﬂdwb’ o &f and subsprrusatly. eascied o ticiedepretip anhydnide to form the
tar %E i oxazol e nucleus 7 according to Schene VI.

§ diate 7c was produced in the same nmanner as 6c¢C

from Exanple 6. Internediate 7d: 4-picoline (1g) was

reacted with 2-bronoethyl phthalimde (2.5 g)
Example 7

This example produces iodoacetamido benzodioxazole nucleus 7 according to

N
o
N
o
O
D
%)
0
bo
e}
N
3
/_)
N
O
D

=IO 0T

Scheme VI. Intermediate 7¢ was produced in the same manner as 6¢ from Example 6.

Intermediate 7d: 4-picoline (1g) was reacted with 2-bromoethyl phthalimide (2.5 g)

by heating at 125 °C for 12h. The colorless solid formed was purified by repeated washing
with chloroform to yield 3 g (86 %) of the compound 7d.

'H NMR (CD;OD) & ppm: 2.67 (s, CHs, 3H); 4.30 (t, CHy, 2H); 4.88 (t, CHa,, 2H); 7.81 (m,
4H); 7.93 (4, 2H); 8.93 (m 2H). 13C NMR (CDs0D) § ppm: 22.12, 39.63, 60.69, 124.49,
130.00, 132.90, 135.76, 145.45, 162.06, 169.20.

Intermediate 7e: Intermediate 7¢ (220 mg) was reacted with intermediate 7d (347

mg) in anhydrous methanol under reflux for 6 h in the presence of piperidine (50 mg) to form
the parent dye 7e. The crude product was subjected to column chromatography over silica

gel using methanol and chloroform (1: 9) to obtain 7e.

Compound 7: Deprotection of the phthalimide in 7e provides intermediate 7f, which

is then reacted with iodacetic anhydride to produce the final product, compound 7.
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15 by heating at 125 C for 12h. The colorless solid

f;;medsvvas purified by repeated washing wth
wohbmroefssrmto yield 3 g (86 % of the conpound#CTaS20b5017648

NVR (CD30OD) S ppm 2.67 (s, CH3, 3H); 4.30 (t, CH2,

2H); 4.88 (t, CH2, 2H); 7.81 (m 4H); 7.93 (d, 2H);
Exagb@ggflmlglz). 13C NWR (CD30OD) 6 ppm 22.12, 39.63,

.09, 49, . 130,00 32..90 3 ,

ool o beeq i e iy lodpacknlenditioBole nycleus 7
accéraﬁgémacmsé&ﬁfetvmwth internediate 7d (347 ng) in

an rous nethanol under reflux for 6 h in the

gres_(le_ﬂce of piperidine (50 ng) to form the parent dye

e. e crude. pro . j iodide i

i R iy B OAHE bl STHLER kP ob T lodide fn proscnce of
poté%Biluﬁf Qiesnte(ahd aPhabotraifaicatalst t2briConpouetaty 7b’. A subsequent

De tecti f th i [ '
readione R T RO q ! PRAE O R P HE R g oY el

nhydr.j 2 AP d S i ?

P S e L A
pro@¥@Epltentantd e uedattmnufdflesh idleasesigaabedrde will produce the final

benzodi oxazol e nucleus 7' according to reaction
CmE%%@ﬁﬁ;Vla. 5 Conmpound 7a' is reacted wth an

equi val ent anount of nmethyl iodide in presence of

pot assi um car bonate and a phase transfer catalyst to
Exz_imtpms ng_er medi ate W A subsequent reaction of

intermedi cate 7p' with 2-br ;

| e hinerie prduces b dpdtari S RELORRRIZoRREHEER accurding to Scheme
vifc' produces internediate 7d', and a reaction of 7d

with 7e' produces internediate 7f. A reaction of 7f'

ith |odoac§tic anhydride wll produce the final 10

SH TG %91%1;%' I RSl Jb 2z BN 6 A OY WS Fedoi with ethyl

i od zodl oxazol e nucl etus 8 according to
bro®IRBO n¥thél) inlthe pidsenceadtiaahpdrBis poaisivoberboeito xBheypreduct was

8 10 I i ;
5 0 7oL e eaciet b Ch LT ML PR s

R QIUCKi MBS in 65% yield.

Mol. Wt calculated for C;oH13N;O is 191 (M+), found 191 (M+1) (FAB)

Intermediate 8¢: POCI; (1 mL) was added to anhydrous DMF (4 mL) kept at ~5 °C in

a round-bottomed flask with stirring. To this mixture was added intermediate 8b (0.4 g), and
stirring continued for 1 h. The reaction was quenched by adding the reaction mixture to ice
water (100 mL), and was followed by neutralization with 1N KOH (pH adjusted to ~9.0).
The product was extracted with methylene chloride, and the organic phase was dried over
sodium sulfate. The product was purified by column chromatography over silica gel using
chloroform to afford 85% of the intermediate 8c.

'H NMR (CDCl3) & ppm: 1.36 (t, CHs, 6H); 3.91 (q, CHy, 4H); 6.19 (d, CH, 1H); 7.82 (d,
CH, 1H); 10.01 (s, CH, 1H).

Mol. Wt calculated for C;Hi3N30; is 219(M+), found 220 (M+1) (FAB-MS).

Intermediate 8d: A mixture of 2-methylbenzothiazole (2.24 g, 15 mmol) and 2-

bromoethanol (2.90 g, 23 mmol) was taken in 25 mL flask. The reaction mixture was heated
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purified by colum chromatography over silica gel

usi ng chl orof ormand nmethanol to afford the
wonomronssgrate 8b in 65%vyield. 20 Mol. W cal cetamsenos/o17648

for CLOHL3N3O is 191 (M+), found 191 (M1l) (FAB)

Internmediate 8c: POC13 (1 nL) was added to anhydrous

at 1@5\/& Mtzzrh) ARem4hahe réaction mixtarerwasmoledito opraa tenppesature and
W stirri ng.

chloggform (20 gL) vs@ﬁgdéglt arn'd,sflﬁrgét 2 rﬁﬁq. q\g\ﬁéc&% %ﬁgqétﬁ}ee ;ﬂﬁ%ﬁh Product
wasrﬁf%%éd %vﬁi‘a?&'&%lnpéhm;’éd&e dhahe a@s@ﬁea @foaacxsw a€light brown

wat e 100 , and was foll owe
sohmelm NMRz(@m@E) Wipphn: BI6| (KOH), 6966(612@51 84 £t02¥§ Bp2 (¢ 1H), 7.90 (¢,

oy RS OULF, 5 SSERIED D85 c8 P jang. ous,

12004, Q,@Q‘?tl%@@ 1ppni fied by colum chronat ography over
sil'ica’ gel 'using chloroformto afford 85% of the
internediate 8¢c. "H NWR (CDC13) 6 ppm 1.36 (t, CH3,

b, i gt Gt o

in a@: B3NeRandl u%&&(rb‘ﬂtblx fdrdlinth A2 @re(sM!ela)of @E)QBdWB)(lOO mg) to form the
ernedi ate 8d; A mi xture of 2- Ibe ’é az
par @@ dﬂ'ﬂ_g Ths CIiYﬁ*ﬂ]rS)th@ﬁEPaZateg B ER ’é‘ﬁ cre 50 gf(‘f e@ byz@tf%“on and

e A ST st T RICT IO 30,51

2Hp4f0?>r(q24ﬁ) 4ABHERIDARST é lrfBaélSB 6t D707 émwéE),.dobl @y 1H), 7.89

(m g, S8 (oAb O 4D BTk Pehbr &t DK (GRAOLER a8 2, 44.54,

51. 8§ %@31%‘ 10485 foklol €1 &1 8, washediav 33 16Mey tE7oTONI 29149, 142.10,
f0 gi Ve the desired %oduct 8d as |ight brown
143541(b|1et425rn4\4m (ED3EDA94ppAiR-03. 26 (s, 3H), 4.06 (t,

vid Y o oot Mg Py 88 G ), 28

59.1, 117.0, 124.2, 128.5, 129. 4, 129. 7 141. 6,
178. 1 I nt er nedi ate 8e: I nternedi ate 80
‘ ea@gemm Thqmmmdm&e @e me) v ag5actedy ﬁhl@g%%g anhydride (20

n ol n der . ref of
mggg %Bﬂ% ﬁa < (?@ ?ﬁ%&o&%ﬁg%?ge%t@ le}@;)ggg (5. mL) i én presence

of Wcﬁh@(ﬁ) ﬁlg)atfhé ebtainetl etbdupddyec®ohs prificsl ey mgmpé@tt@dfr@y hexane.

Mol HYvReEloBYa) CoprtOs GBS (argous 13 GRES iy %

4.03 (q, 4H), 4.13 (t, 2H), 6.51 (d, 111), 653(d,
111), 7.67 (m 1H), 7.78 (m 111), 7.89 (m 1H), 8.03

Exéiﬁ‘iplé-&)lll 62 14 (m 1H), 8.20 (m 1H). 13C NMR (CD30D) 6
ppm

109 Thes exitwl@goglicfg thoes.logadf?%/il? ng%)%%oqggﬁcég%gﬁlaccordmg to
reatfibn $&heme Vila.

Compound 8a’ is reacted with an equivalent amount of methyl iodide in the presence
of anhydrous potassium carbonate and a phase transfer catalyst to form the mono-
methylamino derivative 8b’. Compound 8b’ is then reacted with 2-bromoethanol in presence
of potassium carbonate and phase transfer catalyst to form intermediate 8¢’. Vilsmaeir
reaction on 8¢’ produces intermediate 8d°, which is reacted with 8¢’ to form intermediate 8f.
A subsequent reaction of intermediate 8f° with iodoacetic anhydride produces the final

compound §’.
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15 143. 40, 144.25, 144.97, 145.35, 149.04, 172.69.
Mol . W cal culated for C29H26N503S is 395(Mm+), found
WG26806(0B#¥87 M5) . Conpound 8: The parent dye 8e (BOTMS2005/017648
was reacted wth iodoacetic anhydride (20 ng) by
stirring at roomtenperature (3h) in anhydrous
189l ene chl ori de (5 m.) in presence 20 of pyridine

pr %li)f%aéli*l?q?)ﬂf %1‘2‘?'?1 ﬁ%@%r‘:&u 1%&?&3 y\? %gd %ﬂell% VIIL

C23H241 NAG3S+ is 563 (M), found 563 (FAB) Exanpl e

8-1 This exanpl e produces the iodoacety Ih
berintuingdiatedils /e aemo BN NicHBIHIIIG Photpl 243 (7 gy25 mmol) in

10 I@glﬂ%\‘igﬁl@ ratgﬂgﬁ?}‘{w rb?ac%{l‘ l1111 %1%0(5 gﬁcﬁ%ﬁi A e Afkture was cooled to 5 °C.

de i1 n the presence of
Thead?)lﬁi’éﬁf ke PRtIGAS Mﬁ“razlaﬁgcﬁnaslp andd salu‘pbuasﬁNtiN@m €¥.80 g, 26 mmol) in

watgg(ﬁﬁggﬁiltc}'ag; gdc{eﬁtg?l{e%tgﬁm;ncg%g;r%twl%ﬂ gllr%g%e%%é{[eﬁgé 8? ?O ﬁffn The
reacgg){l‘;t?r?lé%afhge %s RAHASRLHUN LT BOS B utiRE pBiGEef atcld&i’tﬁaf eﬁ[fter the

rminternedi ate 8c Vilsmaeir react
addmbr&oas @Prepdhie smctiont mmmmveas@tladd forvibh S 76 and flered The solids

h
Weli\géEngfgwl 19 T‘g{‘ gﬁ ﬁ&%ﬁgﬁﬁi}@ r?“r"%a o@c gj?ac a%eg 4 811 togivea

s e B 73 xanbl e 9 ?h. s42x\a<\o 2005/ c2ssa7

e
Mot Catcutoid for O 506 Ao bh s 167 AHorE A M) "
I nternediate 9b. A solution of N, N -dinethylam no
phenol 9a (3.42 g, 25 mmol) in 5 10 nL of concentrated
HCliMashdaiACe8 A RluaryldtQ 0pd PE/Ca@ mag)dn tShel i methaQOK/W@ stirred for

15 %?;m@saryamép@-rrg@eﬁ %EQ% ﬁ/ggp Iurﬁg%qé ]\%%ﬁg %ﬁa h,lrrr%rp?l) in
mehaa}}?]l/ﬁ %}/\&f}s Mk {6 é@&qﬁﬁg Ogl §oﬁﬁfoh1yof L ﬁtrbﬁﬁcdn@;ﬁﬁlhﬂ 9B (500 mg,

a perio mn. The reaction
2. 5L BRBE@sBlved Wametiaholt (@B ned aatl cBni@irtihg m@gmlﬁmmp KemL) was added

period of addit Af t
ot T s S B o 8 fffuntiicd o

£ I e r
Pl L AR s gt G ants

(1 Wi g, Amnyd) inanetharal 4.9 Iml()szyajsca ed fpegsureggmp lapg reduct?on to form

TR Y L T

mrH@l% wal adddito Uhe f@&thﬁﬂﬁixh%,san&tthéﬂ e chments were heated to reflux. After

3 h of refluxing, the reaction mixture was cooled to room temperature and filtered through

celite to remove the unreacted Pd/C. The filtrate was evaporated to obtain a residue, which
was chromatographed over silica gel and eluted with a mixture of hexane and ethyl acetate
(9:1 v/v), to give a yellow solid 9 (400 mg, 78%). '"H NMR (CDCls) & ppm: 2.48 (s, 3H),
3.06 (s, 6H), 6.40 (s, 1H), 6.65 (m, 1H), 7.50 (m, 1H). 3C NMR (CDCl3) & ppm: 21.0, 40.5,
97.5,109.8, 122.9, 129.2, 147.6, 148.9, 152.0, 154.7.

Mol. Wt calculated for C;1H1oN,0; is 204, found 205 (MH") (FAB-MS).

Intermediate 9g. POCl; (1.13 g, 7.4 mmol) was added to anhydrous DMF (15 mlL)

kept at 5 °C. The mixture was stirred under an atmosphere of argon for 30 min. at 5 °C and
then 2-(methylphenylamino)-ethanol (1.12 g, 7.4 mmol) 9f was added and the resulting

solution was stirred at room temperature for 3 h. The reaction mixture was hydrolyzed by
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15 15 mn. under an atnosphere of argon. A solution of
NaBH4 (190 ng, 5.0 mmol) in nethanol (5 nL) was added
woaodelissssl urry. A solution of the nitroso conmpoums20b/017648

(500 ng, 2.5 mml) dissolved in nethanol (13 nL) and

containing triethylamne (2 ni) was added. _dr i se t
slovt riglitRetl €F isé-voldywdereandpepiealizsd by fthesadgiton qfﬁ\éa@g cﬁm and the pH

was%{ﬁo i ﬁ%n.g]j%tngq #Jctc %%g extpafged wit9Rets déélf’?(lug 5thélg(3txh§0 mL),

mn, an-a nal anount
dne@%v%d%@s LSO End dvapsrametl Yo give mateﬂawdiqu(d!l Thaprpdygh gvas
ded t0 ensure conpl ete reduc&h}on t0

purifnd by eelimn rosiosTlY P s RErHRIE T} i grmmptog el
over ﬂEéar g%h d Riteh \Q{tﬁ‘ a Mxfude ?xan@gnd &Rl aketars (Rl d)Gﬂ)i EQaporation

on mxture, and en the coptents wer
oftﬁl@@lre frat@odsefitldad cdkﬁpc&md 93 (0.801g, HE&¥o). u>ﬁ1 WRt(ﬁBClg,) § ppm: 3.00 (s,

t |
3H>m6m,@an%?@&;§}1> OO0 R, 1.95 (85 B 22@RAR (CDCLy) 6

| r 0 € 40, qbt QI n a reS| due whi ch
ppr%?%wasslltczh?})rg}h?%%? g\équq?\/er Sil] caMg and eluted with
Mob Wi odll el sted forlyn Qansl1 B, ligunddd@ide FAS-NS)/ v) | to

give a yellow solid 9e (400 ng, 78%. 1H NWMR (CDCl3) 6
ppm 2.48 (s, 3H), 3.06 (s, 6H), 6.40 (s, 1H), 6.65

Lg e d 0 @1 a6d compound 9g
(m didhedibtedh. (Msollﬁ?g g , 1% (?Qﬂ(lgingy £H mm

; 4
<10m aaag, . Sebinol i aplayowsnetbinad (4 G MBI Fates 3y TP GRAtFe Of
argan 'gé %_H%q,}%‘ii'f‘f? Nc?nn Oxagtg )%1@5 gféi;ﬁgr(gzg 1%%:01) Weﬁ]&né $he reaction

kept
mixireRvds hedfed totefiutl eAfvad lﬁ ther reaxdlonndle:tura W aat:migcb tpeliogmdﬁmpel ature
argon for 30 mn. at 5

aanev(apw@tqdyp oHerd/s é?ﬂ(ﬂi)&\&/lé{qﬁlélﬁm tTgti o‘gtfmgd resique was c}st ved in
mll}lglélilﬁ %mcengnt%[(}ghlto ?fn‘? ﬁ%& ﬁlh Hﬂlatoéﬁip%d Blerdlscasplel.  ERbo@trith a mixture

erature reacti on m xture was

ofllﬁma@dlme@htmyo%ﬁn\w%pﬂﬁy ﬁelﬁs@ﬁlemdus»szh@smql?@@é) mg, 23%). 'H

I ddi t f

oL il AL R
t t j} 56 ehtl CD
G, ?pﬁreqé@(“gi @Hgdél% §rﬂﬂﬁ1dﬁzs 80«”(%\/23?) ?ghhggaggw % Hbugﬂ 3
ppoy BRET 40655 T 60 68, Y1 L.ARIS 4l 0 1 Frb 17 el Hie-, 143.1
h foll Th

14 48T Neds URT dAREBor aphed 5 over si1ica gel

and eluted with a m xture of hexane and ethyl acetate,

(9 1 v/ v) y Evapr at| on r of t he ur < .f ‘ agtslogl ﬁfg%gﬁ%md% 20

6 o 9 R ‘
3 0 2 ed and stirre
mey %%0(1‘%3109,_61 él@&iééps @drﬁé?%?% %@)Rﬁgi%l%@ﬂmaﬁdgﬁ d and stirred
undé- 2t atmdspherddf a%gonlﬁ)? 54ninl T8.tAis sdRGioh wat 40ded iod@betdcanhydride (30

mg, 0.09 mmol) and the stirring was continued for 2 h. Chloroform was evaporated off and

the residue was chromatographed over silica gel and eluted with a mixture of methanol and

chloroform (5:95, v/v) to give the product 9 as a dark solid. (25 mg, 85%).

Example 9-1
This example produces the azacoumarin nucleus 9° according to the reaction scheme

VIla.
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Mol . W cal culated for CIOHI3NO2 is 179, found 179
(M+) (FAB-M5S). 10 Internediate 9h. A sol ution of

woaopoasss7 9e (100 ngy, 0.49 mnol) and conmpoundprP@EUSEMBD17648
ng, 0.56 nmol) in anhydrous nethanol (4 nl) masg ¢
stirred under an atnosphere of argon. To this
s ol3ukjidesxy-Nadéthphanitink al Weeqcs! Wigh STHYE MR i Rﬁﬁ%ence of HCl to

B

with Fdr@?hﬁts%ﬁnﬂ&réﬁﬂirﬂ%a@ pfALesih ontafl aliate 8¢’ fsllowmddmreaction with
ue. The obtai ned residue was di sso{ v

94’ o pmodma:n mtmmndla‘@fggc HA erastion o HAPIRRANR Wgtg arﬁﬁ%ed&}%é’—
proéiqﬂe qr%l.%%iﬁa nPen}lg\%ng o 1 g]r%c}atcwd%ltﬁ) rfgtpﬂﬁﬂféé iR&ehediate 9h’.

t he product as a
Théﬁa{an groﬁé& g78s oatbd b keactiMRIRCRICH B)doch@pmahszdrgE ip presence of
10 (s, 3H), 3.47 (t, 2H), 3.82 (t, 2H), 6.36
pw@mclH) 6.46 (s, 1H), 6.53 (d, 1H), 6.75 (m 1H),
6.80 (d, 2H), 7.24 (m 2H), 7.56 (d, 1H). 13C (CDC13)
8 20 ppm 38.9, 40.6, 55.7, 60.3, 96.9, 102.2, 103.8,

Exgillﬂ%k,q,() 113. 3, 117. 4, 129 4, 129.8, 143.1, 144, 5,

149.7, 150,.3, 17
(1 cldhisdiginglenRglimaSTR oD u5f to PRIRGH S Chrppound 10
conpound 9h (20 rrg 0.060 mnol) in anhydrous
chl oroform (2 nm), ridine (50 L) was adde
st i Itethedidfe 10ed elr(dafrt Hembwpretiedaldehylegda (?88 gslﬁqoﬁmn?]é and

dle@ Egluf?géllﬁ%té gﬂ%wﬁ% ggf]] Q Im'r%oéf&éﬁﬁ%ﬁ@)@dﬁﬁ bgﬁut@ %Qlaﬂgl (25 mL) in

S ‘contl nued o

pre%ﬂc@ bPhipEAuiNe 85 Emaponatesh eflixiagthe téwetioe mmltuee mcooled to room
roma gra phed over silica._g and el ute
tempierttune @nd therel lnaraystals @btaged &a@ﬁmﬂ:ﬁa’ce@ e%nyv\;;q cpgl ethanol (10

ml_&%gﬁ_s ne gl?dde o 13 o%?‘al?th@%eglre?ﬂhb@uct (8o (Zr&) g,&@%} IBONMR

I'S exanpl e pro uces thé azacoumar

cpg 91.2a¢g GEYj NI (to3HNS. H 1H)6.60 (d,
( Ezoggﬁnozssgs EECJT/%S% hé 42e@ctipr Bolae ). G\A&Qda 3-60 (

13- GiAdo X SN sty ikt 1 18 P18, U 36 YRR e 127
14 %' ERAT dé 370 gg&@cﬁo@é %%, { 0. Proous g39 be1£0616w8d156.7, 160.5,

ht €rnedi’at e” Reducti oh of the nitroso group of
169b is carried out wth Pd/C and sodlun1borohydr|de

to roduce e i ediate. 9c # reaction
ca H}atefidhb?&g{iﬁ\i&i ﬁtﬁ%’n@d?d?ﬁ@d r ea t| on of
2 bronmoet hanol with internediate 9e' 5 produces

internediate 9f. Intermediate 9f is reacted
pr o nnédiﬁtg afddWater @hnL) watasdded fpt s@v@%}ﬁ%ﬁ ggggp%ugd 16€(1.00 g,

t 2 ng b do g’%{IFr&Q ]L)ngl" s Mxlle] RARBCEUsO, 5YAhirdRtanBl) was
added and the obtained reaction mixture was stirred at room temperature for an hour. After
this period, portions of powdered NalO4 (1.50 g, 7.0 mmol) were added over a period of 30
min and stirring continued for an additional 48h. After stirring, the solvent was removed and
the obtained solid was dissolved in CH,Cl, (200 mL) and washed with water (75 mL). The
organic layer was washed with brine, dried over sodium sulfate and evaporated to obtain a
yellow solid. The crude product containing small amounts of starting material was purified
by silica gel column chromatography (CH,CL/EtOAc, 4:1) to yield the pure product 10d as a
yellow solid (320 mg, 41%). 'H NMR (CDCls) & ppm: 1.25 (t, 6H), 3.48 (q, 4H), 6.48 (d,
1H), 6.64 (m, 1H), 7.40 (d, 1H), 8.25, (s, 1H), 10.12 (s, 1H). *C NMR (CDCl3) 8 ppm:
12.67, 45.49, 97.35, 108.43, 110.39, 114.50, 132.4, 145.6, 153.7,159.2, 162.1, 188.2.
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pyridine. Exanple 10 10 In this Exanple, reaction

Scheme | X was used to produce the Conpound 10.
woOnomroosssr at e 10c. 4- (di et hyl am no) sal i cyl al dehguaisi®da017648

(2 00 g, 10.0 nmmol) and diethyl glutaconate 10b (2.00

g, 11.0 mml) were refluxed in absol ute ethanol (25

Molrist caloulapdfor@ ol M Opispépi né 24&66MHEy) (FARB-MS)- 6h

refluxing, the reaction m xture was cool ed to room 15
tenperature and the yell ow crystal s obtai ned was

S €N@kAh &fate 1O N ehivivkho LD tbtig banaothiZzb e 10e1(). 2d g 1 finineq}) and 2-
under vacuo to obtain the deS| re r.oduct
bro@agpandl (2.90VR 23(@9@j)3yas§a i 2P rgg f@fk d'gquarea t1(§19mtx?ur e Was heated
at 1%{1}&(’: fcf}_?;}l% %ﬂ@ Zﬁ(}p dthe %fﬁoﬁ H%)ét%l(r@ wa@co%?éd(tg aro&h%emlgglbrﬁtﬁre and
chlc% gt%gm( %% mliwas hdded\ivid iGRCTE) 4}&tpp®m tqmpatatul("e]_ 4T Igil_;)o'hd product
Waslfggargl V\@gfhpdgmﬂléﬂog)?o% %nd%g 9@%@ %\;eﬁhg 86%%:3 pgodtﬂ?g Mnght brown
solifid A%‘xﬁbg{?@ﬁ] | sl §H€é5)6 d, @!H)d4 84%; CM), 7.82 (t, 1H), 7.90 (¢,
at e was added
1H)§l8$26|—U8 Bbﬁn,cﬁfH)c OB (C@zOpjz Sapy, @ %5 §5591;r@,7)0,|1h2 2,128.5,
12%T45'5a§-§ﬁb4]1§3!vt3§3 this mxture, 20 ing of G504 (2.5%in

: _25 added and the obtai ned reaction
m xt ure was stlrred at roomterrperature for an hour.

After thi d,
¢ Bl i i SIS B e
corg‘é(iugla I_ﬂg( 503 Nt ds&(;(f o?f 1naa%h?zﬂﬂo S e ﬂl%llOlA(g rl‘nL)%&setbken ina 10 mL

and the obtained
flaskOTh %1¥Muﬁ’<br§1§19éﬂcﬁfie (30 BpPEILadded @ndrhjatedhid s e fhalighy brown

reaggne—irglx(hgtg |s]é)avlﬁgg1n%§@§ﬁ %1'91{1 ¢ lkg%lgggﬁran e %8?)'&%%5 wgre refluxed
vl ﬁ# coﬁe&g R r%gtonftgﬁ’fpéﬂtdrg and- Eﬁiﬁ‘éd#ﬁﬁcd%rﬁﬂ 'dﬁﬁonfa@tﬁgtmynmmg silica gel

material” was purified
usﬁig bhl@ﬁ)f@ﬁi ccﬁmimmg 3¢eh n@ﬁmno]gasetbh goly@rpitaportiopef thg-. pﬂre fractions

yi el d the ur roduyct 1Cd as a yellow solid (320
Yle*@d 4151‘3’¥O 1 C%W?‘t%ﬁcig% S ppm 1.25 (t, 6H), 3. 4% (g,
4H), 6.48 (d, 1H), 6.64 (m 1H), 7.40 (d, 1H, 8.25,
(s, 1H), 10.12 (s, 1H). 13C NMR (CDC13 & .87 .
45. COmpBInEH) (I0QB2T, T agolytion mﬁzorstpunéﬁgiw g5 §6 mimol) in
153 7, ,159. 2, 1, 18
SFeRAERE) et i sy RinaF P P S i imosphere
of %@én T Su4nEhtid 48 h{dvide)(30 TABOMBD.mihol) evaseddat te thigktirrgd reaction
m xture of 2- nethylbenzothlazol? 10e %
miatue @ dngnwstha pingondh. gThesy Fip it eapie ARG obtained
res%'ue WK rontdl§ ol S X BT B1uiRR V\hﬁ?&ﬁ?&ofom containing 5%
methanol yielded the pure compound 10 as a purple solid. Glucose/galactose mutant A213C
conjugated to 10 (JCOBZT) as described herein, showed 2 wavelength shift of 10 nm (red
shift) in presence of 100 mM of glucose. (shifted from 622 to 632 nm).

Example 10-1

This example produces the coumarin nucleus 10° according to reaction scheme [Xa.
3-hydroxy-N-ethylaniline (10a) is reacted with 2-bromoethanol to produce
intermediate 10b’. Vilsmaeir reaction is carried out on 10b’ to obtain intermediate 10¢’.

Further reaction of 10¢’ with 10d” produces intermediate 10e’. Reaction with OsO4 and

sodium periodate produces intermediate 10f. Subsequently, 10f is reacted with 102’ to
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5 at 120 C for 24h. After 24h the reaction m xture was
cooled to roomtenperature, and chloroform (20 L) was
weaddmsi2sasd stirred for 4h at room tenperat ur e. PCIAIS2005/017648

solid product was filtered, washed with chl orof orm

and dried to give the deS|red product, 1 f as |ight y
prodbé@ﬂnthmdiatecﬂ.ﬂlli IThavRsitehBodyctd 03 grgbtainedsby the re%r?'l?n #F 4’ with

(t,. 2 94(t 2 H, 7.82 (t, 1H), 7.90 (t, 1H),
lodOBCGZ@aEQ@ i ‘m 2H). 13C NMR (CD30D) 6 ppm 16. 8,

52.3, 59.1, 117.0, 124.2, 128.5, 10 129.4, 129.7,

141.6, 178.1. Internediate 10g. A solution of coumarin
Exanipdehl/de 10d (60 rng, O. 22 mol ) and conpound 10f (50

ng, & n 8Hf 1 5EE BRN9P (4 Smbh )n 2eGul 2RSbuffer

m%(ggg njH 4tl°'{< A$ ﬁIIES solgﬁ?l on p| peri d| ne (30 ny)
was Washaredidl et a;mwmamemadome DITIX(8 rifhed) far gRtmippighat pgm temperature.

o e e 1 S, SR 0o Al B B3R D)

was'29800, LETRR!: Hfrs wag %Meufm esl] Bl 1eRlfonh ahooreteopeapyre. The
over’silica ge usi ng chl or of orm cont ai ni ng 3%

labeleal frateinl wasolithined o the mccon&fmﬁbmfrp@ha AP aZp g usion colum,

el utmﬁgg P@&e (%gpfgﬁ%mr as ass egitflggi;té fgﬁ&e@éﬁce I%g&)nsgg) glucose in

£Q. d¥Qel r})wblm lawm/cﬁ s€ilded of BBEﬁg@\angﬁ)lal glucose
SeVérglowgggdoed pyr?dl ne P (%m

d d
conedrmsphebatweef 0 m(bmeJ g“gg gl@@{qs%enlgﬁral {rf%a?qlljsg é)? @gnlﬁeded protein to
gluqﬂsg ?N%'S ggtgﬂagnggﬁy 288 gg % 1.{(138set { assoﬁ}tioﬁlro?‘@hé l%@él&d ﬁl‘@)tem in PBS buffer.

i nue e stirring for 3h. The sol vent
Typi@dlytthe fluseaRacamesusententhenployed eider aﬁémau GaryBelipse fluorimeter

W ag;r L ,8[;12 ?tB g ]%] r 1@&2 a)%ﬁ%ﬁ%%rq@pﬁmgr Ldtlingpra iﬂacl}nﬁ Internatmnal
Incmgggﬁ %%%&ﬁg%@ﬁc Lhe bl £ &L:érgre WasHeRP@Rd Wetias€ary Echpse

gat e to 10 (1COBzT) as described
ﬂudi@fn%teﬁ eqﬁbpdﬁdltlaammemtlgﬂzhe gcﬂnpt@r usfngiaycitatipn at pagnm and emission

hi f
at é%glgmi OT][QQQP re%%&eﬁ%%gﬁ{ﬂoég (f) 1gI 15' % é)l‘&?%ll %Elﬁ%ﬁ%;fgﬁescence

AU cdfcenBBlod Qﬁcﬂ@eﬁe@oré émosiboed sohisremnsor. This
pro %g&g&ﬁ&g&g%%\l—gﬁﬁy ?r?l line (10a' is reacted with b
indated cmmappivesiohte fal (pfrdjd\dd@twmmtb@ inbgled peotgigemd glucose as shown in

Vilsmaeir reaction is carried out on 10b' to obtain
Figug 3r nedi at e 10c¢' Furt her reaction of 10c' with 10d'

Pr ofGRS 1ABHIRE BB idii@ual GESBP Redats was pcrfdmm@\dﬂethd squaraine
sodi um peri odat e produces inteynedia

iodSeds uBrmtiiry; copgpntp §Tahde ) ggre\gqqqmirg;&%ytmewnwmples with
ap}%%?}%’/la éﬁ@ ﬁ:-rrbee p[?rg'%/ fnﬁ:ﬁ%’&r 9 MG \%lﬁfrﬁ@gplate%nd adding

solbBaE dfﬁ\ﬁr}ﬁﬁg Bsventratids of glucose (g1v1ng ;'11?;1 r;gr?cen%/rattlc?nes between 0 and 1

mM or between 0 and 10 mM). The K4 was determined from the following relationships as
adapted from M. L. Pisarchick and N. L. Thompson “Binding of a monoclonal antibody and
its Fab fragment to supported phospholipid monolayers measured by total internal reflection

fluorescence microscopy” Biophys. J. 1990, 58, 1235-1249:
where F is fluorescence intensity, Fins is fluorescence at infinity, Fo is fluorescence at zero

glucose, and x is the free concentration of glucose ([Glc]gee) as determined by the

relationship:
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I odoaceti c anhydride. Exanple 11 5 GGBP Conjugation. A

sol ution of H152C GEBP (4 nnol) in 200 uL PBS buffer
woasiespesgsar ed, and this was i ncubated with DTTrPC8/USRDEN17648

for 30 mnutes at roomtenperature. A solution of the

squar ai ne i odoester nucleus 1 (1 ng, partially

di ssolved in 120 uL DMSO) was added, and the m xture

tota‘ L Iq' otaKd ZOQM Gl tot*Kd
f@ﬂ%%‘gjﬁétu ¢, FRbl.ard 4 gHE1d10L [PhotheaKd) [Glc]

second fraction froma NAP-8 size excl usion col um, 10
eluting with PBS buffer. The protein was assayed for
its fluorescence response to glucose in several wells
of a 96 well mcrowell plate with glucose added i n PBS
giving final glucose concentrations between 0 and 1
mM The fl uorescence response of the | abeled protein
wheld Gl@jm G20 (PrfiDat a&%@foml B6LeRMaidsidioTghgbscasieprbing respectively.
b | abel ed protein in PBS buffer.
Notwmt odkh yGLu]a,t :ﬁﬂs'@ and [ehdesrbirolnche APayedig cgyaipns may be
eltherﬁg gﬁ{ ry Ecl i pse fluorinmeter 15 (Vari an,
simplifaed topag letl%g 63) or a PTI spectrofluorineter
(Phot on Technol ogy International, Inc.

Law enceville, NJ). The plate f1 uorescence was read
IFTM§1M@m@ﬁVMﬂﬁaﬁQ®éry Eclipse fluoronmeter equipped with
a mcrowell plate adapter using excitation at 625 nm

and enmission at 660 nm Thus, the squaraine iodoester
whétd &L eus (A W yli.ng protein conjugate fluorescence
property corresponded to anal yte concentrati on and
therefore functioned as a biosensor. This 20 indicated
an approximate Kd of 6 uM between the | abeled protein
and gl ucose as shown in FﬂBﬂlE_S Further |abeling of

I nGH-yi-eual —OCCBP—vart+ants d

sun‘gF‘@téjG] doester 1. Bi Vﬁ%‘. n%g%:eg?}ésntaant S ?m efor Glucose
were deternined by prepafilngnsignPhasew t h
approximately 0.1 Ml abeled protein in buffer (PBS) in
a 96 well mcroplate and|addi n§/i5 sol utions of

Varuu%gp;@&%ﬁnl rat+ons o gl UQ%{QI ving Tl n@.o%

cor s between Ojand 1 or petween 0 and 10

VY EH5€/ Kl 3tee Gt et mi ned fremotehe fol | owi ng 0.068
rellati onships as adapted fromM L P qulb”'bgﬁguu N

L. Mﬁ&bl%%ﬁﬁﬁl’ng of & nonsiBhal anti body its
Fab—f+agrent—to—stupportedphosphotTpir d nonol ayers
measured by total internal reflection fluorescence

m croscopy” Biophys. 1 1990, 58, 1235-1249: 30 where F
is fluorescence intensity, Fi"f is fluorescence at
'gjﬂaliy, Fo is fluorescence at zero glucose, and X

d ot g:gﬁ;?r% Sohi %Fq%%@h&@& L0 Q6BR! (HRRSSK/ chidiele Bikiay pastein) were

prepared that had cystelne substitutions in the protein as identified in Table 3. In general,

conjugates of compound 2 with GGBP were substantially more stable in solution than
conjugates of compound 1 with GGBP. An aliquot of the protein in PBS buffer was treated
with DTT (dithiothreitol) for 10-30 minutes followed by addition of the iodoacetyl squaraine
dye in DMSO. After approximately 3-4 hours the reaction was stopped, and dye-labeled
protein was obtained by size-exclusion chromatography (NAP-5 column). The fluorescence
response was determined with excitation at 600 nm and emission scanned between 625 nm

and 700 nm. Emission maxima were observed near 660 nm.
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rel ati onshi p: 48 WO 2006/ 025887 PCT/ US2005/ 017648

[Gc]tree = [QCJtot - [Prot]Jtot - Kd + ([Gc]tot -
wWORomiopssst - Kd)2 + 4 * [Ac]tot * Kd 2 wher ePCTIUSR06H17648

and [ProJtot are the total concentrations of glucose

and protein, respectively. Note that when [GLC]9 o(nt%

>>KtheabsbrpGire fieotrumPr @1]etcgmugath ef eorBnent oW el AP IASBE 1S

shopp %%ﬂf&%rgpfjf‘li%%%d)] ! fRaieBon ALt 8(@”? fgﬁ‘ﬁ)gc reetes

descé%e&r?@}ﬁ 2 Mutant GGBP Fl uor escence Kd (mv) for
Elié&shizm'a%g%%%kf%q%ﬁ@% ?legéiééh?%%%%?ngﬂ%gﬁmswnce

chagg%gveggxm??g greii aéu vt 98 BT Rkesd¥RoedbeEd with

ose Ing protein) were
chaR§ SR RSDsé B@ioeﬁtaﬂl(ﬁlyl%t ecbmpomdasqomugatedﬁg 119CtGEBP. For the

protein as identified in T ener al
derbony RIS a3 SnuRRsbes b P BT s PRY Y o etucose
! | EQB: Af2dhs 2COsthdig ﬁﬂelﬁfcoﬁjmlg@t@lmdrébcence
bm&ﬁgﬁﬂ%@ gﬂd}a]ﬁghﬁg& of thespr ot ei- ngltpn PBS buffer was
ro?éxﬁﬁé(ﬁﬂ:s pordiet t(DIﬂ'alﬁtd icom¢eatrhiicn andl therefyre fimotioned a5 igsensor.
| oned by addition of the iodoacetyl squaraine 20
dye in DVBO. After approximtely 3-4 hours the

reacti on was stopped, and dygplbabel ed protein was
obt ai ned by si ze-excl usion chr -5

colum). The {1l uor @Bﬂﬁutam%spons$m§SW%rlﬁ ned
between 625 nin and 700 . - Eni 55| on ek da wor e
observed near [660 nm 49 Change (%)
E149C/A213R/L238S +5%

K11C -5%

K113C -15%

Vi9C +25%

W183C ' +17%

D236C +15%

M182C -14%

T110C -15% .

Example 13

The same protocol was used to label E149C GGBP, H152C GGBP and $337C MBP
with the Nile Red compounds 4 and 5. Fluorescence excitation was at 550 nm, and the
emission maximum was 650 nm. The change in fluorescence intensity is shown in Table 4.
Thus, the Nile Red nucleus 4- and 5- binding protein conjugate fluorescence property

corresponded to analyte concentration and therefore functioned as a biosensor.

50



10

15

WO 2006/ 025887 PCT/ US2005/ 017648 The absorpti on

spectrum for the conjugate of conpound 2 with V 19C
woehi/msssghown in the graph of Figure 4. This PCT/US2005/017648

absorption spectrumis typical for the conjugates

descri bed herein. Al the conjugates were treated wth

at least 10 nM of gl ucose I he fI uorescence 5

changes ~were—r1o of-ed oSt [
clhange [ 'n Nife e @H@H&ﬁ’ 5€§IZF5\93]&1%W t h cﬁg%lgegceirngg
gl ucose|concentration for conpound 2 clatgnsigptieshgt o
V19C GGEBP. For the derivative A213(, atq%s@ﬁ &
quoref(ence shlft to the blue regi on was %erved
upon gl weqse |u Th he—squ@ar ai ne;gopdoest er
nucl eus zg@lq g roteF Fllh(cilgnj ugate fl u??ge}s%cence
property }g%QCe@GBPGbﬁdq&@nmﬂ)ﬂe congcent r at6%n and

t herefore functi oned as a bi osensor—-10-—Table - 3—GBP
Mut ant FIS337€ddBRadth qommowsidy Chanpe (0/550(‘)’00
E149C/ A213RH2385+5% KI 1€ 5% KLI3C - 15% VIIC
+25% WL83C +17% D236C +15% ML82C -14% T110C -15%
Fx jalse 13 The sanme protocol was used to | abel E149C
P—H152C GGBP and 8337C MR 15 with the Nil
fltosecsen AeQ) ol arum e S RE RO was

conwgafq%&S Igislgg%en%lél 1| gﬁg{ﬁ}fjﬁ% %mt@%blgg?nrgMeﬁf(TM@@ as described
in th8 EreNldu@ eRigflplesl Chedirgatidres aﬁtﬂie photeibiGIAB R gelpeeseegaiactose binding

conjugate fluorescence ert arres
ol 94018 gt O AR C L G STE T DAL Sifgieiong were
prepér%g.e?“%callf, O aliquot of the protein in PBS buffer was tr eated with DTT
(dithiothreitol) for 10-30 minutes followed by addition of the dye 9 in DMSO. After

approximately 3-4 hours, the reaction was stopped and dye-labeled protein was obtained by
size-exclusion chromatography (NAP-5 column). The fluorescence response of the labeled
protein to glucose/maltose was determined by adding glucose/maltose with excitation at 600
nm and emission scanned between 620 nm and 700 nm. Thus, glucose/galactose binding
protein mutant E149C conjugated to 9 (IAZCO) showed a wavelength shift of 9 nm (blue
shift) in presence of 100 mM glucose (shifted from 653 nm to 644nm) and thus functioned as
a biosensor. ‘

The fluorescence changes observed for 9 with different proteins and glucose/maltose
are given in Table 5. These results were obtained by measuring the fluorescence of the dye-
protein conjugate (<1.0 pM) in PBS (at pH 7.4). Saturation amounts (100 mM) of
glucose/maltose were added, and the ratio of the fiuorescence was obtained. Thus, the aza-
coumarin nucleus 9-binding protein conjugate fluorescence property corresponded to analyte

concentration and therefore functioned as a biosensor.
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WO 2006/ 025887 PCT/ US2005/ 017648 Table 4 Nile

Red- Bi ndi ng Protein Conjugate Fluorescence Intensity
wohersgesss( %) EL149C GGBP with compound 5 +9% HRERMSLUBEM17648

with compound 5 +6% S337C MBP with conpound 4 + 200%

Exanpl e 14 d ucose/ Mal tose sensing using (I AZCO . The

aza- coumarin nucl eus | AZCO Mconj ugat ed to

with cysteine residuel™eB8yituti ons were pr epar ed.

) e i ng—prot (EBPyTand e—bthRei-ng
pr P) as desc(?}atl}% Minlthe kpj‘u’é?/lo us e W)
Der imMatanyes of the medeidenédBP (BhdecoBRiogal act ose
bi nding protein)|and MBP (naltose binding protein)

At am at T guot 04¢ tre—protei BS—buffer—was—]
tregggéj(g\nmt)h DIT | (di tﬁﬁéﬁ A’hr eifol) 111 mpg i nut'¥s

f ald1e@esiGBy addition ofi3ohe dye 9 i nodMyD. Afi er ol®3

appbroxinetel v; _3-4lhours. the reaction was st nmeﬂ and

d%ﬂz@kﬁ%ﬁgﬂ prot ef n “was’bt ai ned by10&mMe- excl usi owm

Chp phy— 'HWWEWC .
rewé?o{%ig}g%of? the | abel ed” ‘Prote{n to gl Ucose/ mal t 0S¥

E14900@2 1d€] EmmcedBle addigog ucose/ nalpee@sW t h

nm-and_enm ssion scanned. ween 620

nn¥3378 Y& nm Th s, @llee/gél act 66®mpi ndi ng  0.060

u

(@,

10

15

20

proterm motant E49C conjugatedto— S (1TAZCO—showet—a—
wavel ength shift of 9 nm (blue 15 shift) in presence
xafnpf_lé)!)SrTM gl ucose (shifted from 653 nmto 644nm and
th us functl oned as. a bi osensor . The fl uorescence
Reag gein gxperiment it h dif f er ent protei ns and

[ u |
ol Z“’ gﬁé %?%“eﬁﬁ’%;t A B di0eh AT B Bsmall NEREn e deFiments were.
pedymnedprsotggha herom degaﬂ&ad(N]R dyed) in PBS (at pH 7.4).
Satyration a ts .(100 gl ucqose/ mal t ose were
addﬁf*}feedmtefﬂrr@ Iy 3?1?1&36?8 @%W? L%}ewé Fesheoseiugs 9pesf sibgtrates.
Ty 180e:0BR cofjRBAYRd {d"wﬁHé‘de%}}‘ %zﬁc&in@ﬁﬂ%&%g@'{ﬂibO) of
conj ugate fluorescence property corresponde

anaIC)@Dmound)ﬂcent ration and therefore functioned as a

b('b? 3857€ Ii\/IBl5 conJuga g t%/1ggc?a%§t§fl aPz%Téo%gﬁza%%sr{u% 63156 4I%ZCO) of Compound

9

(¢) 8337C MBP conjugated to iodoacetyl Nile red nucleus (INR ) of Compound 4

These conjugates were infused into crosslinked polyethylene glycol (PEG) disks and
the disks were used for read-through-skin studies. The PBS solutions of these conjugates in
micro-well plates were also studied through skin. A blank PEG disk and PBS were used as
the control. The activity of the proteins in PBS and PEG disks were tested prior to in vitro

experiment.

(i): Response to Glucose
Referring to Figure 6, the PEG disks 10 were placed over a piece of rabbit skin 12 and
was excited by a laser 14 and read from the other side of the skin by a detector 16. The
Rabbit skin was about 3-4 mm thick and was not transparent to human eye. Excitation was
carried out using 590 nm LED light and the fluorescence was monitored at 650 nm. Filters 18

were used to avoid interference from the excitation light and scattering.
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Table 5 GGBP/ MBP Change in Conc. of Kd (mM) Mitant

Fl uorescence gl ucose/Maltose Intensity E 149C GGBP
woaWedB8d nm -na A213C GEBP +130% | 00 mm 0. 0RBT/USAMRAT17648

G&3BP +75% 100 nM -na V 19C GGBP -50% 100 mm - na

E149C, A213C, L238S GEBP +100% 100 mm 30 S337C MBP

+1 0R%ubOR come Gvad @@bleﬁawh@EﬁdmmwlutmL?@ﬁ upR gddition of

el et 2k Qe SRRt i 10 BiED Bl ime tag
mayux%h&ge&t heide Hﬁﬁﬁldﬁ%?%[dcﬁ SimbltRedy @(Stlw'ﬁyﬂﬂgebﬂsosﬂlewn-lmﬂgure 7.

jugates (shown bel'ow) were chosen as the
For ﬂt&mﬂutanmntrol(, the 1asppa® wEBksidjnedag 8@s p@thegd gfgggpg,fftudles using

bla r§ E)I%‘gdsﬁiﬁm& S % o I 0%8%)8.0 e &laZ a- ggoésﬁrrcae}%r?h kﬁhdltlon of

gludddé! |'ﬁh‘1§ tﬁlb AZLRurdrinGaroy 9cbinding p)ot&ﬁ&@ﬁju@ﬁ@, and N1le Red nucleus
conj ugated to i odoacetyl N le red nuc ( }
-bﬁdnmﬂwlmconm@%‘?ﬁc%fétpé%?Wr@rﬁeﬁﬁ%’ggi tq tll’?f’ 8 es8ice of analyte
an dgfl é)l | pked  pol ?ttﬂ%lugltﬂgklﬂlﬂ&%scfrPEQ di sks and the
re use or réad-through-skin studies. The PBS
solutions of these conjugates in 15 mcro-well plates

(u)“"ﬁreﬁ‘p(ﬁisé%ﬂa%beeﬁszﬁ%mh skin. A bl ank PEG disk and

PBS
pr oT&e;{:)Vg ;gggﬁwgg%ggaé%&s% E ?Igéfl\gg&)é?&%% filSFg and solutions.
t#xg case &fpﬁgiol 3 E}BP(c'g}lJugﬁ@@ $09 ntﬁ@ ﬂh@re@%éﬁ@@ﬁz@s gidble for both PEG

ure di sks 10 were pl aced
dislevARid salutiogs. eTbé ﬂu@bmencalntmsmmcaﬁ and liepd 1@(@451@05%-4gmnutes upon

| aser 14 and read fromthe other side of the skin by a
addiigqreefipltoss. The Rabbit skin was about 3-4 min thi zk
andjas, R)%n%ﬁ“aﬂé Ba(SRtariz6s i R gR)E flubistdnat imensitpebserved for
carri e out ‘using 590 nm LED light and the
thefréddothesupdrken eaerimeni.t ored at 650 nm Filters 18

Table 6
Substrate Solution Change in Change in Change in
Fluorescence Intensity Fluorescence Fluorescence
Intensity of PEG Intensity of

disks solution

Through-skin Through-skin
A213C-IAZCO +120% +96% +96%
GGBP
S337C-IAZCO MBP +372% +42% +500%
S337C-INR MBP +213% +111% +270%

The data provided in these examples demonstrate that the dyes and the conjugates
exhibit analyte binding and stability under ambient conditions. While several embodiments
have been selected to demonstrate the various embodiments of the invention, it will be
understood by those skilled in the art that various changes and modifications can be made

without departing from the scope of the invention as defined in the appended claims.
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were used to avoid interference fromthe excitation
i ght and scattering. 52 WO 2006/ 025887
WOCH6IS2305/ 017648 The fl uorescence was st abl eCTaIs2005/017648
bot h PEG di sks and sol uti ons, and upon addition of
gl ucose the fluorescence intensity rose and kept
WHAISEHAIBIEDIIS?- 4 ninutes. This tine lag may

represent a S|0M/E%ffu%%ﬂg of, glucose/maltose in to
t hé- hy droJuproRlote RaviAe; e 7. For the solution
control, the response was fast and no | ag was noti ced.
Control studies using 5 blank PEG di sk and PBS
sol uti ons showed no change iATYfl uorescence upon
addi tion of glucose. Thus, the aza-coumarin nucl eus

5 9-binding protein conjugate, and Nile Red nucleus
4- Ringé AGs BEledted Frof0RE yeabeohsistieasfeqnareinpmoglens, Nile Red nucleus,
corresponded to the presence of analyte nd therefore

benfadiotazolsancleys, £OBRAGY grCley %@dﬁ%g%lﬁgé?n mf@e"(sr i):

Reiggqv%xé i@hltose usi ng MBP The above experinents
wer‘’e repeated using the | NR-MBP PEG di sks and
solutions. As in the case of A213C GEBP conjugated to
9, the fluorescence was stable fgr both PEG disks and
solutions. The fluorescence inteRsity rose and kept
increasing for 2-4 mnutes upon /adgition of naltose.
15 The fol |l owi ng Tabl e 6 §utmarizeslit he change in
fluorescence intensity observed fjor the

10 read-t hrough-skin experinment. Table 6 Substrate
Sol ution Change in Change in Change in Fluorescence
Intensity Fluorescence Fluorescence Intensity of PEG

I nt LtV f 1 dhskSr$Qh gt i on  Through-skin Through-skin
A21 @F%&%ﬁﬁ% +96% +96% P S33 7C- 1 AZCO Nggé, N
+37RUCOIRYHWRAO A is FIG7Ox VN (RBR, Whers 192 CadorSaaal, Bois Hoor

C@p%d%aégcg%gﬁcﬁ%%mﬁbggﬁgsexarrpl es denonstrate that

15
@)
— NH—(CHp)y =N, |
O
where m is an integer of 2 to 6.
20
2. The fluorophore of claim 1, wherein R%is a C; to C4 alkyl.
3. The fluorophore of claim 2, wherein R? is CH,CH,.
25 4, The fluorophore of claim 1, wherein R?0 is -CH,CH,0-.

5. The fluorophore of claim 1, wherein REN(RY)- is
-CH,CH,NH-.
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exhi bit anal yte binding and stability under anbient
conditions. Wile several enbodi nents have been
woeebmokssd7t 0 denonstrate the various enbodi mnenPeTal2008017648
invention, it will be understood by those skilled in
the art that various changes and nodifications can be
magde 25 Thetfhotdphdepat daimgl, fwhemin Reis acaparaipe nupleus having the
invention as defined in the appended clainms. 53 WO
formrd@6/ 025887 PCT/ US2005/ 017648 WHAT IS CLAIMED IS: 1.
A fluorophore having the formula A-Y 5 where Ais
sel ected fromthe group consisting of squaraine
nucl eus, Nile Red nucl &is, benzodi oxazol e nucl eus,
coumarin nucl eus afdl d¢a coui narin nucleus; and where
Yis O R{CH) nis'an integer of 1 to
6; A -CO RIN—v : 2—=R or N R2ZN( R3) -, where R2
is aClipo C6 adeyl, REis Mof CHB and R is CH2O,
CH2Br, CH2l; or 15 O OI—R' CH2)mN O where mis an
integer of 2 to 6. 20 2. The fluorophore of claim1,
5 wherein R is a C to C4 alkyl. 3. The fluorophore of

o L0 SRRt Hypmcemtese

f I ugopheE & @fhs abmidd b cladhar ei n RRN(R3) - i's
- CH2CH2NH- .

10 7. The fluorophore of claim 6, wherein said fluorophore is
O@
A /
\N O (V / N\/\ ).K/l
/ A o
o)
8. The fluorophore of claim 1, wherein A is a squaraine nucleus having

15  the formula

&
£ ZW@ "
W S N NP
L, ;
R 0 Y

where R* is a C; to Cg alkyl or (CH){CO-H, where q is an integer of 1 t0 5, Z and 2’
20 are independently S, O, or C(CHs),, W and W’ are independently H, CHs, SO;H, fused

benzene, or fused sulfobenzene,

and where Y is as defined in claim 1.
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54 WD 2006/ 025887 PCT/ US2005/017648 . 6. The

fluorophore of claiml1l, wherein Ais a squaraine
wouaalemassshavi ng the formula R 0 R~ - Y ~~ NP2HUNS2(R5/017648

R" R 5 where R is Hor OH and R' are independently

nmet hyl, ethyl, or propyl, and where Y is as defined

i n ol ai MLk flubBophord bigclbihudrvaphen saidffluokeibersis wher ei n

said fluorophoreis O N2+ NOO 8. The fluorophore

of claiml1, wherein Ais a squaraine nucleus having

15 the fonnula 011 ' Z Z WA+) CN R4 OY where

R4 is a Cl to C6 al kyl or paere q i s an

i nteger of 1 tgy, and Z'

0, or C(CH3)2 3

S8H, fused e

Y is as defined n (e!‘{aiml. 55

R? O &NH I

5 where R* is ethyl or (CH2),CO,H.

10.  The fluorophore of claim 1, wherein A is a Nile Red nucleus having the

N
/@ )
Y “
\N o 0O
/
R5

formula

10
where R’ is methyl, ethyl, or propyl,
and where Y is as defined in claim 1.
15
11.  The fluorophore of claim 10, wherein said fluorophore is
20 12.  The fluorophore of claim 1, wherein A is a Nile Red nucleus having the

formula
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WO 2006/ 025887 PCT/ US2005/ 017648 9. The fl uorophore
of claim8, wherein said fluorophore is CEl O )zz /I
WO 20067025987 R4 O NH 5 where R4 is ethyl or (CHRYROSRS/017648
10. The fluorophore of claim1, wherein Ais a Nile
Red nucl eus having the formula\ NI / O YO Y N 10
R5 where R5 is nethyl, ethyl, or pbep\ﬁl, and where Y
is as defined in claiml1. 15 11. e fl uorophore of

clai m 10, wherein said fluorophore i 1CH2COO N J
N/ OO20 12. The fl uorohorﬁ m 1, wherein A
is a Nle Red nucl eus hg mul a 56 WD

2006/ 025887 PCT/ US2005/

where R® and R’ are independently methyl, ethyl, or propyl,

and where Y is as defined in claim 1.

5
13.  The fluorophore of claim 12, wherein said fluorophore is
O
I
/\/NH
N N/©i :t
10
14.  The fluorophore of claim 1, wherein A is a benzodioxazole nucleus having the
formula selected from the group consisting of:
Z
R® . \\
N\ \X\< @ | w
§ F
R |
/ \ Y
\0/ and
15
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where R6 and R7 are independently nmethyl, ethyl, or

propyl, and where Y is as defined inclaiml1. 5 13.
wohesfoksssr ophore of claim 12, wherein said fl ueCopsees 017648

is O O 10 14. The fluorophore of claim1, wherein A

i's a benzodi oxazol e nucl eus havi ng the fornmul a

sel ected fromg®he group consi stl ; : Z R8Y N
~0/ N and 15 57 W 7648 RO Z
\ Nr W Y Ra . ) s 3@ iRieget of 1 to 3,

R8 and RO arev ndepgndeftly a Cl { al kyl or

(CH2) SCO2H, where s/ls\n integerRbf 2 to 5 Zis S,

0, or C(CH3)2, WidH WH3, SOB8H, fused 5 benzene, or
fused sul f obenzene, &hd where Y is as defined in claim
1. 15. The fluorophore of claim 14, wherein said
fluorophore is 10 S NCO’N NHCCI:H21 16. The

f 1 uRh@phay & infeget @l o134 R wd Réiare inderenfienibr pphtsy €6 #1ky1 or

(CH,)sCO,H, where s is an integer of 2 to 5, 7 is S, O, or C(CHz),, W is H, CHs, SOsH, fused

5  benzene, or fused sulfobenzene,

and where Y is as defined in claim 1.

15.  The fluorophore of claim 14, wherein said fluorophore is
10
‘ \
N X ﬁD
T\
\o/ NHCOCHﬂ
16. The fluorophore of claim 14, wherein said ﬂuorophore is
‘_ﬂg ?y/*§//§ [ }
OOCCHﬂ
15
17.  The fluorophore of claim 1, wherein A is a benzodioxazole nucleus having the
formula selected from the group consisting of:
R® —
\ Ny
/N S r \ \_//
R8
/ \ W
N\ 7 N
0) and
20
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S N-O N OOCCH2I 15 17. The fluorophore of claim1
wherein A is a benzodi oxazol e nucl eus having the
woaommkssssel ected fromthe group consi sting of PCRUS2005/017648
\' \NY Nr \\211 RaW NNIN OI'll and 20 58 WD
2006/ 025887 PCT/ US2005/017648 \ NN IN O/ where r is
an integer of 1rto 3, R8 and R9 ar endently a Cl
to C6 al kyl or 5\ y =R%i nt eger  of
2to5 Wis H (M3 ' xéne, or fused
sul f obenzene, awnd wheye as in claim1.
18. The fluorophore of \ain117 wherein said
fluorophore is 10 \N\_/ MNNHCOCH2I DN N N N0/ 109.
The fl uorophore of claPm 1, wherein Ais an aza
coumarin nucl eus having the fornula selected fromthe
group consisting of: 15

where r is an integer of 1 to 3, R® and R’ are independently a C; to Cq alkyl or
5  (CH,)sCO,H, where s is an integer of 2 to 5, W is H, CHs, SO;H, fused benzene, or fused

sulfobenzene,

and where Y is defined as in claim 1.

18. The fluorophore of claim 17, wherein said fluorophore is
10
\ >\ /'\@\/\NHCOCHQI
/
N \N
\O/
19. The fluorophore of claim 1, wherein A is an aza coumarin nucleus having the
formula selected from the group consisting of:
15
R12
N
™~ Y
e AN
\\N 7z o
R! and
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RI12 I / N\NY Ror \NO O11 and 59 WO 2006/ 025887

PCT/ US2005/ 017648 R12 RI0 NJC(Dr OO 11 where Y
wo0ma2888fi ned in claiml1; 5 and where R, Rl' panaSRb2/017648

are independently Cl1 to C6 alkyl or -(CH2),CO2H, Dis

CHor N, r is an integer of 1 to 3 and s is an integer

of 2 to 5. 10 20. The fluorophore of cl ai mRY, wherein

said fluorophore is O N O O 21. The fluoyophore of

claim1, wherein Ais a coumarin nucleus Raving the

15 formul a nucl eus selected fromthe plip “ogqsi sti ng

of, /W z\ DO r N R10\ |

oS
Y\;\l (@) (@)

where Y is as defined in claim 1;

5 and where R'", R and R are independently C; to Cg alkyl or
-(CH,)sCO-H,;
DisCHor N;

ris an integer of 1 to 3 and s is an integer of 2 to 5.

10 20.  The fluorophore of claim 19, wherein said fluorophore is
| O
N\/\ O)J\/ I
oo S
™~ fl\l o) o]
21.  The fluorophore of claim 1, wherein A is a coumarin nucleus having the

15  formula nucleus selected from the group consisting of,

and
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1l and 60 WD 2006/ 025887 PCT/ US2005/017648 Q\~I Z
D&z~ ON Y\ \ 10 NOOI11 R where Y is as
wdebisroestsrn cl aim 1; and where R10 and R11 ar ePCT/US2005/017648
i ndependently ClL to C6 al kyl or 5 -(CH2) SCO2H where s
is an integer of 2to 5 Zis S 0, or -C(CH3)2 and r
is an integer of 1 to 3, Wis H CH3, /SO3H-Wused
benzene or fused sul fobenzene, and Q'
The fluorophore of claim 21, wherej
is 10 ~ N O 15 23. bi g®ens
formula A-Y -B B
exhibits a fluoresgencel em sgion and is\gglected from
20 the group o 0« araine fucleus, a Nile
Red nucl eus, a enzodloxazole nucl eus, a counarin
nucl eus, and anfaza counarin nucl eus, where Y'-Bis 61
WO 2006/025887 RCT/ US2005/ 017648 O - (CHR2)n-N B O

N. 22.
sa>d f4 uor ophore
havi ng t he

where Y is as defined in claim 1;
and where R'* and R!' are independently C; to Cs alkyl or
5  -(CH)sCO.H where s is an integer of2t0 5, Z is S, O, or -C(CHzs), and r is an integer of 1 to
3, W is H, CH3, -SO3H, fused benzene or fused sulfobenzene, and D is CH or N.

22.  The fluorophore of claim 21, wherein said fluorophore is

10
S
=~
X N
@ \\\
~ON oo o
- s
I
15 23. A biosensor compound having the formula

A-Y’-B

where A is a fluorophore that exhibits a fluorescence emission and is selected from
20  the group consisting of a squaraine nucleus, a Nile Red nucleus, a benzodioxazole nucleus, a

coumarin nucleus, and an aza coumarin nucleus,

where Y’-B is
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10

15

20

25

where n is an integer of 1 to 6, 5 or where Y -Bis
A -COV-B, where A is -R2ZO or -RZN(R3)- , where R2
wo0m/0eissto C6 al kyl, R3 is H or CH3, and V- BPCE/US2005/017648
-CH2-B or O -NH(CH2)mN O 10 where in is an integer
of 2 to 6, and Bis a receptor having a binding
affinity for aligand to be detected, and where said
bi osensor conmpound exhibits a detectable change in a
fluorescence property as a resul\t of binding of said
ligand. 15 24. The bi osensor c ound of cl aim 23,
wherein said receptor'Tg«%ﬁbr' ' protein. 25. The
bi osensor conpound of claim 23, j/wher@in Bis a
periplasmc binding protein. ZD 26. The bi osensor
conmpound of claim 23, wherein said biosensor
fluorescence emnmssion is above 575 nm 27. The

bi oggse Alis &OTRQENES Pfo 6] @i m 23, wherein B is a
gl ucose/ gal act ose 25 binding_progein (ggﬁP). Zﬁ. €. aCiioC
bi omenswe YedhisolndOoY B [vdiers 2318 Rhgr 85 1R SR~ pivRgiedy 152 “1t0 &6
rotei.n i al G e bi ndi ng protein having
alkﬁt ﬁl &@Pr gﬁlé’ C\zgﬂasg_?%gs%ggt itution and where said
at |least one am no acid substitution is selected from
the group consisting of a cysteing at 62 WO
2006/ 025887 PCT/ US2005/ 017648 po{tion 11, a cysteine
at position 14, a cysteine at pos/tion 19, a cysteine
at position 43, a cysNErmCdmplNsition 74, a cysteine
at position 107, a cysteine at pogitioB 110, a
cysteine at position 112, a cyst@ine at position 113,
a cysteine at position 137, a cysteine at position
149, a cysteine at position 213, a cysteine at
posSi ti . j position 238, a cysteine
at ghﬁ%gP%%%Hngﬁgyég?g§§?g§ne at position 292, a .
cysBdk Bee@btophsvih aminii® affidita forer ligradde bpdeieetpdrind where said

238, a cysteine_at positjon. 149 .and, a_ser]j
biogenspy smppoeg ex 1bg§ §td8§eﬁ'i§d’1§tohﬁr&e| qliag'huo ?gerg:%gvr@erty as a result of
binding of said ligand.

24. The biosensor compound of claim 23, wherein said receptor is a binding

protein.

25. The biosensor compound of claim 23, wherein B is a periplasmic binding

protein.

26.  The biosensor compound of claim 23, wherein said biosensor fluorescence

emission is above 575 nm.

27.  The biosensor compound of claim 23, wherein B is a glucose/galactose

binding protein (GGBP).

28.  The biosensor compound of claim 23, wherein said binding protein is
glucose/galactose binding protein having at least one amino acid substitution and where said

at least one amino acid substitution is selected from the group consisting of a cysteine at
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serine at position 213, a cysteine at position 213 and

a cysteine at position 238, a cysteine at position
wa4cansksan argi nine at position 213, a cystei RETA2005/017648

position 149 and a serine at position 213 and a serine

at position 238, and a cysteine at position 149 and an
posaic@i I, Beyd@éine 40pdsiriint 148 cPd8ina adpasitser i%he casteipo of posdipn 43, a

cysgl% qté)?)sm%@k_)i’g%ssteeql%ggtg@mh?ﬂiggl agcglé%l aeI arpgéﬁgg%\ﬂ 5(5 eafé}steme at
po i 11223 oy MGE & ShsiRrh( 13)3 b 8ysteiftd R GFddMon 133 1a cﬁt@ne at position 149,
i d of

osensor conpo claim?23, wherein said 20
a cyﬁstéi"ne 8 positieal2881 aadystalmtmeltlgn @ﬂ;@, ot at @@Sl‘é}fm 23§y a qysteine at

s posiiqn 2%/s5 W5 90} BYRST Bt FB0R s 2 e e Agiton

23838 Gstein¥ aBpostid 149 £ QrinBét fosRBHnL238, a cysteine at position 152 and a
serine at position 213, a cysteine at position 213 and a cysteine at position 238, a cysteine at
position 149 and an arginine at position 213, a cysteine at position 149 and a serine at
position 213 and a serine at position 238, and a cysteine at position 149 and an arginine at

10  position 213 and a serine at position 238.

29.  The biosensor compound of claim 23, wherein R*0O is
-CH,CH,O-.
15 30.  The biosensor compound of claim 23, wherein R>N(R?) is
-CH,CH,NH-.
31.  The biosensor compound of claim 23, wherein said
20 A-Y’-B

is selected from the group consisting of:

R O
R" Y'B
2 O~ )
N D N
R Y SR
o R' ‘ :
&
e s 7 = W
N =
I\)\N I?l
25 ‘R4 o] Y'B :



\' N/ V'V r RBYB N\O/O NRRZ\ w INr ~I1 / DBY
ON Rs N109 R / \ NYB Nr \~ F( W NAGN 15

wekooe/0es887Rs /N \r \ "% BY W N N 64 WO 2008(C0D2S80%F/017648
PCT/ US2005/ 017648 5 R12 Y'B r RION OO

oSS
BY'
\N (0] (0]
/
R5

o —Y'B

N
R6/ ;
> z
R9
\ RN >,
R | =
\ B
N\O _N
R? Z
\N ~ A ] \——w
/ "N~
BY' |
RS
N\O _N ;
10
R® - '\@
~—YB
}N NN\ \/
R8
W
/o \
N\O _N -
15
R® - r@ 8
=R
N N7t \ \/
BY' W
7\
N\O _N
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10

15

11 10 R12 / Ro \ \ 1 JDr BYNOO 111 Z D\
r~( NRol: NY BRIl 15 and 65 WO 2006/ 025887
wOCHlclE805/ 017648 iw Z D

R 5 where YY-Bis O

~ O \'r N BY\ 1oPCNUS2005/017648
-(CH2)n-N B 0

BY'

\N 0 0

I,
= _w
7\ _/
\ D\MN

=10 | i \
\N 57 g Y'B

r«!“ ;

and
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10 where nis an integer of 1 to 6, or where Y -Bis
A -CO V-B, where A" is -R20- or -RZN(R3)- , where R2
wO0@/0ekssto C6 al kyl, R3 is H or CH3, and V- BPC¥/US2005/017648
-CH2-B or O -NH(CHZ)m N IB O 15 where in is an
integer of 2 to 6, and. Bis a receptor having a
binding affinity for a ligand to be dete d
where said biosensor conpound exhi bk, d/‘/g\?abl e
change in a fluorescence property of
b [ 20 32. The

is,Sel ect ed
2% \ '\~ 0B 5

‘ g~0
0O SS1.3D O/O~-NH Cel S ~ S

R
5
where Y’-B is
O
—(CHg)y—N
B
O

10 where n is an integer of 1 to 6,

or where Y’-B is A’-CO-V-B, where A’ is -R*0- or R2N(R%)- , where R*isa C;to Cs

alkyl, R?is H or CHs, and V-B is ~CH,-B or
8]
—NH—/(CH5),—N
B
O

15

where m is an integer of 2 to &, and

B is a receptor having a binding affinity for a ligand to be detected, and where said

biosensor compound exhibits a detectable change in a fluorescence property as a result of
changes in concentration of said ligand.

20

32. The biosensor compound of claim 23, wherein said
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Z / NO (:CNO B ~ NH COPH 10 BCH2COON N O O
67 WD 2006/ 025887 PCT/ US2005/ 017648 0 B O--,~~N H M
wol20m7026883 ; N NO, N NHCOCH2B  : ~~NHCOCH2B  ~N RONUSB008/017648
\~ N "ONOBOB p

A-Y’-B
is selected from the group consisting of
L
PG aUaGW§
5 Y ;

10

BCH,COO

67



N No O and 68 WO 2006/025887 PCT/ US2005/017648 S O
Op B. where Bis as defined inclaim23. 5 33. A
wortdendsdsor det ecti ng anal yte conpri sing: provPdrnug2@s/017648
bi osensor conpound having at | east one nutated binding
protein wwth a fluorophore covalently attached
thereto through a thiol group of s&d binding protein,
where said fluorophore exhibits apglenigsion
fl uorescence of at |east 57 MHd S sel ected from
the group consisting of a‘ysquaraine nucleus, N l|le Red
nucl eus, benzodi oxazol e nugkeus, a 10 coumarin
nucl eus, and an aza cou nucl eus, contacting said
bi ndi ng proteinx yte source to bind said
anal yte to said ot ei n; and subjecting said
bi ndi ng pretej o8 (?ource to excite said
fl uor ophore d deteCting a fluorescence property as
an indicatorof an analyte or anal yte concentrati.on in
said 15 analyte source. 34. The nethod of clai m’33,
wherein said binding protein is a periplasm c binding
protein. 20 35. The nethod Qf claim 33, wherein said

met hod c i se ot acting said binding
ur onti nuously
elNe=Fo sai d energy source

protein wthys
subj ecting gaid

and conti nuously dgtecting g&aid fluorescence property.
36. The nethodNu Mai m 33, &bBuspi d nutat ed

bi ndi ng protein dhdergoes a 25 conformational change
as a result of changes in analyte concentration of
said anal yte source and where said nethod detects

changes in said fluorescence pyope as a result of
changes in Xxaid 4 g
N X M{DCWB
N \N
No” :
_——\ S
N AN \[&9

N\ AN
™~ N o) o

I ; and
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10

15

N
[}

25

WD 2006/ 025887 PCT/ US2005/ 017648 37. The net hod of
claim 33, wherein said nutated binding protein is a
wglomossdsgal act ose bi ndi ng protein having at | easusee/ 017648
am no acid substitution selected from the group
consisting of a cysteine at position 11, a cysteine at
position 14, a cysteine at position 19 Kyst ei ne at
position 43, a cysteine at positionagl4 st ei ne at
position 107, a 5 cysteine at positﬁ%n 1 a cysteine
at position 112, a cysteile aLJpOSity 113, a
cysteine at posi 3 3 qggﬂt position 149,
a cysteine at pos at position
216, a cysteilpe 38, a cystéenne at
position 287, ition 292,(3 cyddei ne
at position 112 and a serine at position a
cysteine at po0sition 149 and a serine at posiflio
238, a cysteine at position 152 and a serine at )
position 213, a cysteine at position 213 and a 10
cysteine at position 238, a cysteine at position 149
and an argi.nd hEd QR , a cysteine at
position%%%gégﬁ%ﬁgkggﬁFﬁgag?g%%sition 213 and a serine
at position 238, and a cysteine at position 149 and

an arginine at position 21 nd a serine at position
2383338. Arpettog dnotr g R MR SRR EE 1 sai o

bi o?%&’iﬁg QPR ¢ ?oﬁﬁlﬁhefvﬁl{gﬂ-m@ast 3 hutitedBindihg pmidin with a
I's sald squaraine nucleus, N le Red nucleus,

flubsophotti coxalzolleitrebbd thereto thraughouthirlisrounRfcrei kindipg protein, where

ol e My AR 810 4785 Rt o
gromﬁgﬁ g YhesRafiind @o@eu@ll’\Iﬂ@R% nadlkyd, berRBdioxakdlenucleus, a

in
CH3, V-Bis - -B or O -NH(CH2)mNB O
coumarin nucleus, and an aza coumarin nucleus,

contacting said binding protein with an analyte source to bind said analyte to said
binding protein; and
subjecting said binding protein to an energy source to excite said fluorophore and

detecting a fluorescence property as an indicator of an analyte or analyte concentration in said

analyte source.

34.  The method of claim 33, wherein said binding protein is a periplasmic binding

protein.

35.  The method of claim 33, wherein said method comprises continuousty
contacting said binding protein with said analyte source, continuously subjecting said binding

protein to said energy source and continuously detecting said fluorescence property.

36.  The method of claim 33, wherein said mutated binding protein undergoes a
conformational change as a result of changes in analyte concentration of said analyte source
and where said method detects changes in said fluorescence property as a result of changes in

said analyte concentration.
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70 WD 2006/ 025887 PCT/ US2005/ 017648 where in is an

integer of 2 to 6 and B is said periplasmc binding
wonoisansms739. The net hod of claim 33, wherei n BCTAIS2005/017648

gl ucose/ gal act ose binding protein or a 5 naltose

bi ndi ng protein. 40. The nethod of claim 38, wherein

R2Q1 s - hGkiBoof clﬁihl 33 hehéreinhaml ofitatiddimdiB@8propie tsed n
R2N(R3) is - CH2CH2N 10 42. The net ha i%
EluabselaslebtosbRILTE Pralsin evisd W Aeistons D G gpﬁ%%utwn selected from

the cl:%?c&}l %t %Q%ﬁgoéf&sggg aNp/&%a%l 1R ﬁ?’f \ll{b 2’(?8%1}1%% ég a cystéine at
posRiol 1953Q9&E4IRE F68BiticD 43, ayBeile at position 74, a cysteine at pOSlthl’l 107, a
5  cysteine at position 110, a cysteine at position 112, a cysteine at position 113, a cysteine at

position 137, a cysteine at position 149, a cysteine at position 213, a cysteine at position 216,
a cysteine at position 238, a cysteine at position 287, a cysteine at position 292, a cysteine at
position 112 and a serine at position 238, a cysteine at position 149 and a serine at position
238, a cysteine at position 152 and a serine at position 213, a cysteine at position 213 and a

10  cysteine at position 238, a cysteine at position 149 and an arginine at position 213, a cysteine
at position 149 and a serine at position 213 and a serine at position 238, and a cysteine at

position 149 and an arginine at position 213 and a serine at position 238.
38.  The method of claim 33, wherein said biosensor compound has the formula
15
A-Y’-B
where A is said squaraine nucleus, Nile Red nucleus, benzodioxazole nucleus, or a coumarin

nucleus,

20 Y’-Bis
—(CHp),—N

where 1 is an integer of 1 to 6, or Y’-B is A’-CO-V-B, where
25 A’ is -R20- or -R2N(R?)- where R? is a C; to Cs alkyl, R’ is H or CH3, V-B is -CHz-B

or

—NH—(CH3)n—N
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where m is an integer of 2 to 6 and
B is said periplasmic binding protein.
39.  The method of claim 33, wherein B is a glucose/galactose binding protein or a

5  maltose binding protein.

40. The method of claim 38, wherein RO is -CH,CH-O-.

41.  The method of claim 38, wherein R*N(R?) is -CH,CH,NH-.
10

42, The method of élaim 38, wherein

A-Y’-B

15  is selected from the group consisting of
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0O -(CH2)n-N B 0 10 where nis an integer of 1 to 6,

or where Y'-Bis A-COV-B, where A' is -R20- or
WORBN(Bs7 , where R2 is a Cl to C6 al kyl, R3PCT/UL@5/017648

CH3, and V-B is -CH2-B or 73 WD 2006/ 025887

PCT/ US2005/ 017648 O -NH(CH2)m N IB O where in is an

integer of 2 to 6, and Bis a receptor hari’hg a

bi nding affinity for a ligand to be detegted, and

where said 5 biosensor conpound exhi bi a detectable

change in a fluorescence propertyA&As~aTesulLi of

changes in concentration of said|ligapd. 4 The

met hod of cl ai m 38uhePei P 5 is sel ected
fromthe group C|ng O-TN 2+ NO O00 S S zo

O OBI\BIY'\Q
N

£BE
4;
\QN

Qr*@

x—&

where Y’-B is

—(CHz),—N

10 where n is an integer of 1 to 6,
or where Y’-B is A’-CO-V-B, where A’ is -R?0- or -R*N(R?)- , where R%*isa C; to Cs
alkyl, R® is H or CHs, and V-B is —-CH,-B or
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where m is an integer of 2 to 6, and
B is a receptor having a binding affinity for a ligand to be detected, and where said
5  biosensor compound exhibits a detectable change in a fluorescence property as a result of

changes in concentration of said ligand.
43, The method of claim 38, wherein
10 A-Y’-B

is selected from the group consisting of

0
A€ (
N D N O
/ ve \/\O)\/B
0

@[\

15 | ;

@\ @?@

COZH

74



\/~ONNp O\ and JCOOONOB 5 where Bis as

defined in claim38. 76
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5  where B is as defined in claim 38.

; and

B
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