; e3eL IL6T WD 02/12251 TITLE OF THE INVENTION i , PCT/USQL/ 2-129
DETECTI ON OF ANALYTES I N AQUEQUS ENVI RONVENTS CROSS- REFERENCE TO RELAT%St;Q,

APPLI CATIh 92522501 s application is a continuation-in-part peyappihéatio
Serial No. 09/632,624, filed August 4, 2000. STATEMENT REGARDI NG FEDERAL

SPONSCRED RESEARCH OR DEVELOPMENT i e. 10 BACKGROUND OF THE
| NVENTION 1. Field of the Inventionmwwmﬂmmummmmion relates to indicator
nmol ecul es for detecting the presence or,concentration of an analyte in a
medi um such as a liquid, and to nethods tor achieving 15 such detection.

More particularly, the inventron i elates tarvesaalogrer macr onol ecul es
cont ai ni ng relativel% gﬁdroghobic i ndi cat or conﬁonent nmononers, and
hydr ophi | i ¢ monomPESECIGON PRafNPRETHECIENDREEDYR FEVERGMINEIDf use in an

aqueous environnment. 20 2. Description of the Related Art Indicator
nol ecul es for detecting the presence or concentration of an analyte in a

medi um are known. Unf&PEENEEEERENRENYORESHERP| ABPEEEDFSCMF e i nsol ubl e or

sparingsy sol ubhg d iyl ffat FH @A RIdt it B8Rl pa2 50903, 770 (Janes,
et al.) describes a fluorescent boronic . acid-containing compound that
emits fl uordRRbheatdspnaSarynlie end?£§3 At bifidiath Pst&vssgcdlhaﬁio@@s,

i ncl udi ng glucose. The fluorescent conpound has a nol ecul ar structure

conprising a fluorophore, at |east one 30 phenyl boronic acid noiety and at
| east one am ne -1 S%T@M,EM?ZBEGARDING FEDERALLY SPONSORED

RESEARCH OR DEVELOPMENT
Not applicable.

10 BACKGROUND OF THE INVENTION
1. Field of the Invention
This invention relates to indicator molecules for
detecting the presence or concentration of an analyte in
a medium, such as a liquid, and to methods for achieving
15 such detection. More particularly, the invention relates
to copolymer macromolecules containing relatively
hydrophobic indicator component monomers, and hydrophilic

monomers, such that the macromolecule is capable of use

(NN

20 2. Description of the Related Art *]50159%
Indicator molecules for detecting the presence or

in an aqueous environment.

concentration of an analyte in a medium are known.
Unfortunately, many of such indicators are insoluble or
sparingly soluble in water. For example, U.S. Patent

25 5,503,770 (James, et al.) describes a fluorescent boronic
acid-containing compound that emits fluorescence of a
high intensity upon binding to saccharides, including
glucose. The fluorescent compound has a molecular
structure comprising a fluorophore, at least one

30 phenylboronic acid moiety and at least one amine-
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PCT/ US01/ 2. 129-t providing nitrogen atom where the nitrogen atomis
di sposed in the vicinity of the phenyl boronic acid noiety so as to interact

i ntranol W@O@L‘%ZX] with the boronic acid. Such interaction pEggehysgauses the
conpound 5 fl uorescence upon saccharide binding. See also T. Janes,

et al. , J. Am Ch em Soc. 117 (35) :8982-87 (1995) . However, the
conpound descrlbed in exanple 2 of U S Patent 5,503,770 (having fornula
(6)) is substantially insoluble in water, and as a practical matter
requires 10 the presence of an organic solvent such as nethanol in order to
work in a I|gnoulémngronhEQQenL@@wnowhgn$ftb¢emﬁtﬁﬁﬂﬁﬁnﬁﬁqmﬂkﬁnI ity is a

severe probl gmsg@ggddje_gl ﬂ&_bngp bfa&i%n?her fgbp&yf@l@cfﬁl%éw

for exanple, Th*vivo appli cations hus e remains a great need for
adapti ng |nsebubbetorlsparauglynSDamblecuhdrbﬁt@w@hftheLE@?@WﬂQuﬁmadms

enV|ronnents | EF NN@?Y present
invention is Hggéc 5%9? Bnan |%%E%h?%gg%%ﬁk%%dﬁﬁﬁﬂﬁﬁgigéod%?g%t|ng t he
presences or Emnoeescahcenupbnaﬂaaohhyiée|hlanlagueo&seembsmdhneﬁmmeSald
macr onol ecul e _conpri sj ng_a aly r cator conponent
mononers whi Ef P drvﬁaugwrygggﬁ g$C$u$%7i%2ﬁt?9Q£ erFﬁ%ggoluble to pernmit
their use |nHaWeaemeouﬁeenumponnﬁnﬁeéorlﬂeuemn|agamphepZeeén@eSor
concentratio ai.d alyte;. and_b) _one hydr ophi. | ners:
such that thg gﬁB ngahéb éhégbggl£°5Wu33tgggfnbgtﬁgg?# g pregence or
concentratioaneblabild anakyter|naad agueopsaehvcabnmenter- Pequies2/122s1

PCT/ US01/ 2- 129-1 | th th t ted t
wothod 10r t RBepPEAGETEon OBt SAncEHAPEA OF NRGFofbl BeaP o FbPBEt kb ng t he

presence or eedeentbavioar @h anlaqahwtenwmraﬁmaqueous envi ronnent, said
me~hod 5 conpri si copol rlzln one or i ndj cat or _conponent
nononers whi ch |ﬁagbia aFgg?b?%eﬁ t 2§ ??PE|§H%$€ §b§%rl§o?u%T% 1% permit
their use |np%@b@@hﬁ@%%nﬁﬂéh&@ﬂﬁethhth@Qhe@thbgsthﬁ pheagneeusr

concentration of said analy and 10 b) one or ng h droph|E nononers;
such that thEPVSQRERG nﬁ@FoﬁﬁF@E&@e H§ YayaoPEP FC8E¥88F|ng bHé presence

or concept r atinrOfresiithsanabyeati Redd FPHeadSpeANr @ARBAUble or
sparingly soluble indicators for use in aqueous

environments.

BRIEF SUMMARY OF THE INVENTION
In one aspect, the present invention is directed to
20 an indicator macromolecule for detecting the presence or
concentration of an analyte in an aqueous environment,
said macromolecule comprising a copolymer of:
a) one or more indicator component monomers
which individually are not sufficiently water
25 soluble to permit their use in an aqueous
environment for detecting the presence or
concentration of said analyte; and
b) one or more hydrophilic monomers;
such that the macromolecule is capable of detecting the
30 presence or concentration of said analyte in an agueous

environment.



I n anot her aspect, the present invention is directed 15 to a nethod for
detecting the presence or concentration of an analyte in a sanple having an
aqueous pyls/PRgENt, said nmethod conprising: a) exposing phgus@mba to an

i ndi cat or macr onol ecul e, said macronol ecul e conprising a copolynmer 20 of:

i) one or nore indicator conponent nonomers which individually are not
sufficiently water soluble to permt their use in an agueous environnment
for 25 detecting the presence or concentration of said analyte; and ii) one
or more hydrophid i £n HOROFEL Spe SUCR H @ rddtnt asiHlenitnGnMaer aivlketelde is
capabl e of detecting the presence or concentration of said analyte 30 in an
aqueous envieoAnBathodndoRhthei AT eRecthem cat of? mRHHiIUcul e has a

detect abl e HF@%bﬁl%léBéleCBQPgéétéé'ti‘ngof‘l@@n%f@éér%b dependeitn teieim when
sai d macronol ecule I's exposed to said analyte; and -3 WO 02/ 122A

PCT/ USOL/ 2- £9ah) anedgtiei hy anyadhange eRViapememrteciall aefidd tyto thereby
determge thg BLeSENEE-BFhotPREEN ALl ON of said analyte in said sanple.In
anot her aspeg?? ?%g grgs%ﬁt9ﬁnvgnt§%n provi des aSmacronol ecul e which is
capabl e of exhi®] tioQe apr exef erefd Feator \V#RRIPIIHP MoN@IeF scopdIYrer of : a)
one or nore;axeLE ' OORES: cJ ORPL G F SONSLId UaNtse Gl whi ch
are capablelgégggﬁ?gﬁgpgég% gggigg?ﬁé?%gcggghen sui tably prieﬁ%%d hﬁth
respect tolbbadh oehRein andbjiusnesoenwbrenvener fppndeeectSEhtihat the
resul ting cule LRl sahdgxci ffect. 1l nyygt another aspect,

t he presen?Bgﬁggﬁkgogkpfgé?ggg%ég ﬁgtﬁpd'ggé %rodgc?hgaa macr onol ecul e

whi ch 18 capabllebf enrai bitihayeanyeéxrephiliefheremexsi ch net hod

conpri sescopaql Lzi ng..a b oy g NONEBE S,

Fhoml ccul ar dehnerPEuaEe o U g e e B B L B e exci mer
ef f ect whendstiec&bhg dhieeptredencehorespacentsetthnodhessidmmdlvyee® or nore
ot her nonongrs.su Ny i.ng macronol ecul e exhi bits sai dexci ner
effect.25lgﬁ?e5%a% u%%%%aéggéfgﬁﬁhé%bresent i nvention providesa nethod for
detecting the pimsenoeher eepeehirbheopresent ahavgneiom ks sdmpatedaid
met hod, gonprlSingiah R RAY (LR 1A3MRLE LoeAlnkRdbgaLohaBRE AP SEUl € said
macr ondP ecul’€ Eofprising a copolyime of i 7I") one or nore 1 ndicator
conponent noifonmr anatiyeendlneaulsesipde wWaivéhgare egpebhe ehvéexhnbentng an
exci mer effect, -4e g%}OZG}Z%%%nPCT/U SO 1 /2.129.1 when suitably oriented
W th respecﬁaﬁg F‘&Q STHE", and “whi ch are al so capabl e of detecting the
presence or conaé¢nt eaposingf the aampyeetcand bndigabme or nore ot her

TONOMET S, macromolecule, said macromolecule comprising a copolymer

20 of:
i) one or more indicator component
monomers which individually are not
sufficiently water soluble to permit their
use in an agueous environment for

25 detecting the presence or concentration of

said analyte; and
ii) one or more hydrophilic monomers:;
such that the resulting macromolecule is capable of
detecting the presence or concentration of said analyte
30 in an aqueous environment, and wherein the indicator
macromolecule has a detectable quality that changes in a
concentration-dependent manner when said macromolecule is

exposed to said analyte; and



such that the resulting macronol ecul e exhibits said exciner effect, and
wherein the indicator macronol ecul e has a detectable quality that changes
in a congpplhasispndependent manner when said macronol ecul goipfseypesed to 10
sai d anal yte; and b) neasuring any change in said detectable quality to

t hereby determ ne the presence or concentration of said analyte in said
sanpl e. BRI EF DESCRI PTTON OF THE DRAWNGS |5 Figures 1-2 illustrate the

em ssion spectra of several indicator nacronol ecul es of the present
invention as desgcrifedsh kxXai) &andd GW %aa_dj%@t%tc%abﬁ% %ﬁé@tlli%iﬂ s of an
i ndi cat or conponent nononer” referred To in Exanp . i‘gure
|IIustratestphéhﬁﬁﬁhﬁlﬁ@éﬁrm¥®%r%%%em€%s%m¢%s@@nﬁQHGQQinéﬁQZVIﬁh@ of an

i ndi cator a S I igure 5 illustrates the normalized
fl uor escencgag% gé%gﬁg? ? Eg%r% ga‘ﬁ%%gof an indicator as described in 25
Exanpl e 6. Fi gufe #&othestasnest ¢ Hdrehdargrrdarted iandriosc ewed ideissgion (1/10

@427 n o) r esgcr strates
the absor banas: Soatrra or "an 30" il Lot of G5 descy ey ( BIE 7

WD 02/ 12251ePETLU, SBhiftR~compuisegua esopobymer et r at e the rati o of the
absor bance ( ( 3 f » 1 ndi :ﬁ_tn[%r esffisbed j.,n Exanple 7.
DETAI LED DESCRI %il)'l &ﬁ%@%&@ﬁmn&%ﬁ n onri%acss%pectIJ t(hEe pr esent

i nvention prmovededaa wepstotuentszef whien argeocusalelwicbhramnihlitind cat or
conponent s whi g b Lucingh o eob il £ 0Ly 081Gl veoglait &.d 1 an

h
aqueous envi ronm&*n%{l ek ggﬁgl ndicators are,”in e%? copo wi th one
or nor &0 noneaehsowhiech a0dare suff|C|entIy hydrophlllc such that the

resulting indicg Cgt or qRck q&%&gq% ﬁ%ﬁéﬂ%é{ﬂﬂly hydrophilic overall so as

to overcone the ydroph i'C con utlon ‘he indicator conponent
NONOITEr S. Saucabtéatndhearesutbnp@nmﬂtsomnbéudbeiemhibﬂts d&biaol ecul es

whi ch are |ns%lﬁgge %? Barlngly soluble in water, and whose analyte is at
| east sparingl’y sol ubl'é i'n water. Suitable analytes i ncl ude gl ucose,
fructose and ot heryetcanathelfr cdspeat hydnoxyrame s 1r(@iketan goiasideeygen;
car bon OX|de ar| us |on uch as_zin a m . hydrogen (pH
reasur bitent F. TEEFBAnSLE, PRORRRLT0 Wi naRar o e iEh ATt MY CERRTe b
appreC|atedoﬁhakhWbuhungtba sropmeof efhdctat ohicbnpetierd m@mpneseas used
herein are incl %ded m xtures of two or nore individual nonomers (at | east
one of whi cfPPSRBETEEfH'E¢i ently 25 soluble to function adequately in an
aqueous enV|ronapnt@nahonhmomhe@xmerrpﬁmfmfmb|mmmnméusrnthqwmﬂecules of

t he present invention, fu cilon as ?n hnd cat or ¥ ﬁh 'ﬁ cat or
conponent s BPASERGRA. CEBF ek aRBFe. oFnEPEohpatRdSReple ok THNLP S8 Bt ent
5,503,200 3@naescusefrukffertdehent sngtabtgharideseduehtasrgspeosetobut are
sparingly soluﬁt ho i nsol.uble in water. O her classes of indicators

i ncl ude the®P& ﬁ§ Fhé EREI at es

one or more other monomers;
such that the resulting macromolecule exhibits said
excimer effect.

25 In yet another aspect, the present invention provides
a method for detecting the presence or concentration of
an analyte in a sample, said method comprising:

a) exposing the sample to an indicator
macromolecule, said macromolecule comprising a copolymer

30 of:

i) one or more indicator component
monomers, the molecules of which are

capable of exhibiting an excimer effect



-6 WD 02/12251 PCT/USO1 /2.129-4 disclosed in copending U S. Application
Serial No. . 09/265,979 filed March 11, 1999 (and published as PCT
| nt er nat i\ggah/1ARP! i cati on WO 99/ 46600 on Septenber 16, 1988}ushsQépor ated
herein by reference; polyaromatic 5 hydrocarbons and their derivatives; the
i ndi cators disclosed in co-pending application Serial No. 09/754,217 filed
January 5, 2001 and application Serial No. 60/269,887 filed February 21,
2001, both of which describe indicators having two recognition elenments 10
capabl e of discrim naty y@gﬂ,g& COSE NG 1 L&Y ithg 4- hydroxy acids
or (3-diketones, etc. E}'ﬁg %{%I cator %:Ilorrponcgnts of t ec%r getsent i nvention
will generally have acaleh ectladt e apdlwhich reate chaweaspaple of
concentrati on- depende cr C i osed to the
anal yte to be neasur e%ét %ny iu%whga%%]%ll{?;% ogf:géﬂ%’r%gmrﬁr;aﬁcd’oﬁrqa%e used in
t he present inventi onan Fonakxaaplandt he indicator may include a | um nescent
(fluorQ§cent or phospyﬁLesgggtgro%ofge -ﬁégﬁﬂ5$%ﬁ% s,m)iety, an absorbance
based noiety, etc. 20 e indicator may incl'ude an €nergy donor noiety and
an ener gy asgept bhatotiee yresalhisparacrcucheddiat axdtertd tiss smidet ect abl e
change when{he, TRl oDl ecul ey ipheract sl thdhe analyl e The Jadi cator may
i ncl ude a f?uoropﬁore and’ a“ quencher, coﬁ?igure&isuch%ﬁuﬁ The uor ophore
i s 25 quenchad bydé¢hectalehe hguaibhey tiet anasdnydes iin absentcerdtrathatn-
situati on, en the analyte i r esent he indicator_ undergo a
configurati %%%?ngﬁﬁﬁg%&m%?ﬁhwi%@ssegl? h%a UEHEher 1o Tove su Qlegcloent ly
di start0frosaldeafibiiptophane so that fluorescence is emtted. Conversely,
30 the fluorop O{e and quencher 1 be config%%%f su%h éhat iﬁ.%he absence
of analyte, they arEEFHFE HtY ' P at'ed? HE FPRd o G i t s
fl uorescences thenebnt@caetmbne whé phesamad yée, cdeefd tiariopharfe and _7_
WO 021 12251 P /USC%/§~29~ guencher are nmoved in sufficient proximty to
cause quencﬁ?ﬁ 2HgY %n??gﬁ?b?i%ﬁ%? %hange concept is described in nore
detail in co-pending application Serial ' No, 09/754,219, filed January 5,
2001, entitled 5 "Detectl 0 I Y, Ln p erein by reference.
O her detectable nDietiégggﬁbbgggﬁg%g§§Nwﬂgsigklﬁ%ggggﬁﬁce is affected by
anal ytesi nt er acti@irys al phot DI wshteertk ef e tdnoins diransfctara iglduct i ve
effects. 10 These_include the | ant hagi de. chel ates discl osed, in €O endi ng
U.S. ApplicBEVBRaEet PEF CREOT 087568979 P FRACMaT T HESS A9 PEHY- 1ibl i shed
as PCT I ntesbatiesBalibé@pihceka@pl¥2 99/ 46600 on Septenber 16, 1999),
| ncorporated hefein, bY; T el SIENSSnEOLY AR S an sndicator
component mononer referred to in Example 3.
20 Figure 4 illustrates the normalized fluorescence
emission (I/Io @ 427 nm) of an indicator as described in
Example b.
Figure 5 illustrates the normalized fluorescence
emission (I/Ic @ 428 nm) of an indicator as described in
25 Example 6.
Figure 6 illustrates the normalized fluorescence
emission (I/Io @ 427 nm) of an indicator as described in
Example 6.
Figure 7 illustrates the absorbance spectra of an

30 indicator as described in Example 7.



15 hydrocarbons and their derivatives; counmarins; BOD PY (Ml ecul ar Probes,
Eugene, OR); dansyl; catechols; etc. Another class of npieties include

t hose whagg ¢g3hsRf bance spectrum changes upon interaction @priifRg/4436i cat or
conpound with the analyte, including Alizarin Red, etc. 20 Another class of
noi eties include those whose fluorescence is nodul ated by proximty
effects, e.g., energy donor/acceptor pairs such as dansyl/dabsyl, etc.
Preferably, the detectable quality is a detectable optical or spectral
change, such as, %ﬁ%ge% g ?@%@&Ehﬁéetﬁé cheyacher gk s5sbebace _
absorptivity an& or spectral shift), in fluorescent decay tine ﬁdeternlned
by tinme dongdi0 Gnnﬁfriﬁqumﬁcwfdmlwdi@@é?@rreﬁﬁnfj)escﬁll@@Fleééeﬁf‘ainﬁ Ensity,

fl uorescent. ani sotropy or polarization; a spectral shift of the em ssion
spectrum a ‘change in 30 tine-resol ved ani sotropy decay (determ ned by tinme
. domai n or frequency domain neasurenment), etc. Suitable hydrophilic nononers
shoul d be sufficientl t CONER pum of the

hydr ophobic g %EF%%&@? P$§§§f§%%§§égi§§%3 |hdﬁ§2§%r conmponent
mMononers, SLuﬂlnduundlaspeesulﬂﬁmﬂ preisgditc ANIENIFRERORBPEAIPE RsWE¥pabl e of
functionin ue Y t e ih r@apparent that a
w de vari et ltlt:hyldzr ophﬂﬁlaggn%(%‘g@négg ear}‘}elrsdlﬂ@ééltbe lfrgg@ués%b 5in the resent

i nventi on. é@mpemamméewhswmtbﬁlth¢mﬁﬂkxﬂﬂIanﬁrﬁﬂﬁﬂﬁﬂh%QIﬂﬁlﬁﬂ§rlng

met hacryl am des, . et hacry aci i ¥lad de,

TVAMA, vmyT’%f BT vh %cc%arS%ggusqgﬁyfféyé%ﬁ:pos%ﬁﬁ?ﬁgﬁgg¥§§g{hydrophlI|c
silanes or shl @Xﬂ@eﬁ edbpolymsrmédi WEtH OME XA MedE @ fMARRNRNTS MBHENI f f er ent

monome, Sui t abl dr op di¢ wll vary
accordiig tdre ﬁﬁﬁ5%¥l%? ? Bﬁgg{édL%glﬁﬁggﬁanggﬁgapéggiure of
operation, $aHiBhtyr ﬂ&brome$eucbeand $uﬁﬁﬁ¢1qmtﬁychYQWOEﬁﬂ¥W%S i oni c
strength, etc be readily t £
hydrOphI|ICPY9r6§ltﬁ8 ?ﬁd€8a93 rﬁ%%?o%%$2%ﬁ <9§%e ?ﬁ%?ﬁ%ﬁ (%gczddlng
addi tional EH@CEthahtc@nsbmpueehs munhmassuons (e. g., sulfonate,

quartenary am ne E%ﬁ% %%CH‘/ g%%n %gn?lc?r{%n@s) eera SideE- 1r911cat£ydjz" oxyl, 20

"sul f hydryl, ogens, etc. It mAII be
apprecugtedmbmabuueg wakah éaélmneblhpMeophl$parnn@bME$Ol@b1ﬁdi@ator
conponent nononer w_de end t {ication 25
desired. Pr&?@??edaPQt §§¥8faﬁﬁhx3 %%%%r9§n§ gigrgggﬁgonent

ronomer rang@t%&0”1@h@uthelahalgbeut1ﬁ6m0dé ghoceser efenabbye f 2dn about
>1to abou%t%%rlv1c1nal diols; a-hydroxy acids; B-keto acids;
oxygen; carbon dioxide; various ions such as zinc,

20 potassium, hydrogen (pH measurement), carbonate, toxins,
minerals, hormones, etc. It will be appreciated that
within the scope of indicator component monomer as used
herein are included mixtures of two or more individual
monomers (at least one of which is not sufficiently

25 soluble to function adequately in an aqueous environment)
which, when incorporated into the macromolecules of the
present invention, function as an indicator.

Many such indicator components are known. For
example, the compounds depicted in U.S. Patent 5,503,770

30 are useful for detecting saccharides such as glucose, but

are sparingly soluble to insoluble in water. Other

classes of indicators include the lanthanide chelates

-6



The indi cator macronol ecul es of the present invention 30 may generally be
synt hesi zed by sinply copol yneri zing at | east one indicator conponent

mononer Wybhaag2sgast one hydrophilic nonomer. Cpt'”“”‘p°|¥@?ﬁbdﬁih9ﬁ
conditions (tine, tenperature, catalyst, etc.) will vary according g_ WO

02/ 122S1 PCT/ USQOL/ 2-429.t to the specific reactants and the application of
the . final product, and can easily be established by one of ordinary
skill. . It will be appreciated that the indicator 5 nmacronol ecul es of the

present invenisicad swRY iHAE AR 1 %§Mr%d ﬁEE§QE?9§oHBEQ% %9 F'lity For

exanpl e, the indicator macronol ecul e of ow i s very
sol ubl e, re&&'?ﬁ5dﬁ§§oﬁvﬂﬁ§iWﬁlééuééusl§69uﬂﬁoﬂ pGhlihkbedt her PAAN,

| ndi cat o e @ralequres (A%;ﬂéﬂh%'trl% il 9304 85BAPLE oLBE Y %{;SPQ' lic

nononer HEMA ghydroxyet acry ate) “or other co

consti tuent §9%8an D@Cﬁamw§@W@@l@eyeunhyﬁr@pﬁetenceThpo$9hnbm&ti®d|cator
macr ondkecuh; S h I Lon if so . desired. On the other
hand, 15 if ?%eggégpﬁe gg%fﬁ@%ﬁ%oﬁeggvgg ﬁ%résth?he ?ﬁﬁ?t%f%r
nacronnlecuﬁésﬂé?SEé ilmisiriezed ngs applasabyoneshanacaNoenod Apsenz 17

coval ent or £;9al4C 54 hﬁ&ﬁﬂgﬁt %blog gréggﬁgégFgggosg ﬁé@ @ln an insol uble
c ,

surface or matri x su meri ¢ |als etc. Wen
the 20 |ndl@QV@@9m§@ﬂommhaﬁﬂﬂghn§aewtQappédomkthohh bﬁrwhxahple anot her

| th f bl h b ff tly
pol yrer, Be8RLE %gpﬁ%%l%%&%&] ha@ﬁ% er ¥e ?ggég% 5 8 8?%% %nthe anal yte

perneable to the analyte to all oW suPt
and théolndp@@ﬁbﬂec@ipdn@musmlmathagnbetwaphegmheoséSahﬁnynuseseBXmgt for

the indicatqr 6 Wes of_th resent invention, including uses as
i ndi cators gnh?ﬁg 8§DF§§ of°%h§r89 ﬁﬁ&?érng tnd agriculture. For exanpl e,

t he indi cat or nﬁheonndécates CampbﬁeuﬁgdoﬂSthQQQﬁé@éﬁtrﬁﬁ&ﬁﬁﬂfﬁhfC"
detectlng sul%hevels or. ra 30 |l evels se in blood, tissues,

urine, etc ugeBFgﬁﬁ&l A& Fabf eFﬁFgﬁﬁaﬁPﬁ lFMrtaﬁﬁgﬁBéP%%So+n

moni t ori ng sucbndeseasesioaasdéup@b@teasz aadnaelr RRah tReUhhLEbABLYcule
Nbdlcahépharnaceutlc prggﬁctio % WO 02/12281 PCT/ USO1/ 2~29~
gl ucos&>f or *Ruif&R°® Fﬁ & i°c 2&P Pl EaFPoHer@ﬁﬁFP§§ Many such

qualities are known and may be used in the present
invention. For example, the indicator may include a
luminescent (fluorescent or phosphorescent) or
chemiluminescent moiety, an absorbance based moiety, etc.

20 The indicator may include an energy donor moiety and an
energy acceptor moiety, each spaced such that there is a
detectable change when the macromolecule interacts with
the analyte. The indicator may include a fluorophore and
a quencher, configured such that the fluorophore is

25 quenched by the quencher when the analyte is absent. In
that situation, when the analyte is present, the
indicator undergoes a configurational change which causes
the quencher to move sufficiently distant from the
fluorophore so that fluorescence is emitted. Conversely,

30 the fluorophore and gquencher may be configured such that.
in the absence of analyte, they are sufficiently
separated and the fluorophore emits fluorescence; upon

interaction with the analyte, the fluorophore and



nonitoring and control. Uses for the present invention in agriculture

i nclude detecting levels of an anal yte such as glucose in 5 soybeans and
ot her agnygyblissspl products. G ucose nust be careful |y nDRLyRKEGhHY
critical harvest decisions for such high value products as w ne grapes. As
gl ucose i s the nost expensive carbon source and feedstock in fernmentation
processes, glucose nonitoring for optinmm 10 reactor feed rate control is
i mportant in power alcohol production. Reactor m xi ng and control of

gl ucose concentration also is critical to quality control during production
of soft drinl@e&l&@hefrermﬁrﬁtﬁfdaie\iﬁr@Q@S;Lc%hﬁhpﬁﬁﬂﬁthE? tbechasgest anounts
of gl ucose and fernentabl sugars inter onal ly. Wen the indicator
macr onol ecul GYSTEG Sor at %|99&&398§ﬁﬁlpﬁa cé 8Pg§u5§PF?BEn%§ vari ous

det ecti on t ecghricauesdliso e kkewld 1 Ant Be- péhdﬁh@taﬁF@1ﬁBE@OHS§éﬁia%he |
t he macronol ecul es

. macr onol ecul of_t present_.invention.

of the inven |ono@dﬁ zﬂébdql&eﬂlg8P€§€¥n 'séag ngeagéﬁéég (e.g., US.
Pat ent Ng. 529kTe3t3orProathdl tlé@UDdlh@oﬁﬁbYHEédChQBEEﬁlE}/S or ot her _
substrates such as test paper for visual inspection. This [atter technique

woul d per nit T6F SIS Sexanpl e, gl ucose nmeasurement in a manner anal ogous t o

determ ning pH wWothRe2 SetticRt@biki hiBUEL PAPCIincTH8e MBS 8Dk RESE: €S descri bed
herein may al so be utilized as sinple reagents with standard benchtop

anal ytical i fdtofeERenRon Sadfessesphbyt PHRLYSLoRBLEEEECHAOR| VhRcal 30

anal yzers as pide ibudRdzdbt fdnl 3¢hs ré2560, 1BackRERcandrathgrs. These
mol ecul es woul d al so provide anal yte specific chem cal/optical signa

t ransdudfi on Th&eer ilpgiludel thendagrhepigde pheletes disglesgpt ie- based

sensors and %@Jeml d.lgi0 Abgﬁtl%ra%l%% @%@@a@ym@ce@@/@es' 99 9( Pupedi n,
Florida), Oiel ics Pat ent 517,313, the di cl osure of mhlch

is . |ncorpowﬁﬂé@ Hénmﬁ?ﬂﬁ/@%ﬁbm@ﬁééSh@éséﬁlﬁég dntefpgsiesaénce sensing

devi ce in whinghhitihe R ol feuled ofont RepRbasent 1|6nvg@t9|99n can be used to
determ ne the presence or concentration OP an analyte such’as gl ucose or

ot her ci s-di dincegmssiatced mexrgiinglivd redgiremceTheodengiomag igevi ce conpri ses a
| ayer ed 131 r ay ofr & SN LSERNE 1] %%&9%%% @%‘e%%hﬁaQQSEa'BbBQP?@tr'X

(hereafter "fluorescent matrix"), i gh-pass filter and a phot odet ect or.
In this devi déﬂoJ@dulg-?m Rnbrase, Epzrg@fr@r,al@lRy adlaungsmlvematttelchgld»oééq "LED')

is located aty O\?anﬁ: F{aihatésal dty it ot NQ h R QT MRHBE alabsﬁﬁcb'aﬂc

wavegui de upon e Indicator matrix is dIS ose such t |nC|dent
| i ght fron1t@@ﬂqqﬁumsnhﬂngﬁﬁaMSEslmW@namdnoat@ﬁ trblee dodésatorf | uor esce.

e I O PRS0 A LS04 ORI IS Dkl siter w1
f 1 uor es@énce Aofotttwer | aildi cataft mmjeacmdses_mrlmld@yetcthose whose
fluorescence is modulated by proximity effects, e.g.,
energy donor/acceptor pairs such as dansyl/dabsyl, etc.
Preferably, the detectable quality is a detectable
optical or spectral change, such as changes in absorptive
25 characteristics (e.g., absorptivity and/or spectral
shift), in fluorescent decay time (determined by time
domain or frequency domain measurement), fluorescent
intensity, fluorescent anisotropy or polarization; a
spectral shift of the emission spectrum; a change in
30 time-resolved anisotropy decay (determined by time domain
or frequency domain measurement), etc.
Suitable hydrophilic monomers should be sufficiently

hydrophilic so as to overcome the sum of the hydrophobic

-8~



in the device described in U S. Patent 5,527,313 is nodul ated, e. g.,
attenuat ed or enhanced, by the | ocal presence of an analyte such as gl ucose

or other \wphsA4RF 25 conpound. In the sensor described i npbrRgef7abhent
5,517,313, the material which contains the indicator nnlecul@r?s per meabl e

to the analyte. Thus, the analyte can diffuse into the material fromthe
surroundi ng test nedium 30 thereby affecting the fluorescence emtted by
t he indicator nol ecules. The light source, indicator nolecul e-containing
material, high-pass filter and photodetector are configured such that at

| east a porindhcailgr cWPORENR2BINPEIYY SDICH XhEty thepfrasie tAtor escence
emtted by {he; LOdLEakge BRbSELLES. {IPALIL NG PhakpdSlaaLey 4 hgierating an
el ectrical sSigna ichis Thdrcative of° the concentration of the analyte
(e. g., gluaqgeedusnenkiérsumentndi by will vre Bedadi b e ihat & her
possi bl e enbodi nents _for usi .| ndi C GUl18% oot Resresent
i nvention, ¥& &X@%S%%Sg gpggggﬁggﬁgs@ﬁ%ﬁeﬁéﬁﬁatent lelos.

5,910, 661, bn9tHe6PpTeardt51894n85an. allot nexamplait esliiietpier by reference.
10 The macr | ecul.es of the present iov ' SO be used in an
inplantableg§§598§} f-&r "EX&RpI 8 gcégﬁgfﬁ%%%§€§§%%ﬁﬁéor’an anal yte in vivo
(such as bl medhacryiases,getoserybiel 83idSudindt ey evfveanede descri bed

in, for exa co-pending U.S. _Pater plLi ' S Se1dahi No-
09/ 383, 148 %@am@ﬁg{is%%#géé,f:cg? \g\%ﬁ% aéb%? %‘%%%’en‘??l\%s.l 5, 833, 603,
6, 002, 954 apdi6s01hy@9@4phdlllici stdnpesabedshkoraneby etter emagevellheas
macr ompl ecul es of th i nvent,i, havE uniaue advant ages. For

I

e present
exanpl &9 abTIKEHKES 8Fp§w?aﬁﬁ|8°§8 F%gg?FEB PoPYOpbFti onal to both the
concentration ofulbepabsaybebpanditheosamete pat ha | @hgdm. apifiuissatiipran

absor bance-based assay, it j.s apparent that for _a, given,|eyel. of
absor bance, “ihe YAHY &GERIHEN GO 2nBY Ernga€P§t8550cé8C¥?d%ﬁ% absor ber

concentr at i Qm tie$ ddie Adnp At dute edFsegerihabngesklahleyi npHeaseesance
concentration may be accg§$lished b decreasin% t he ra%ho of the
ét

hydr ophi | i ¢ 3@shaRentitd &k ShEmFeHEheSmoAGREF. SFReBEF8et S

“tfhe present

i nventijgn alJRWsi tee deagal iz ebpeoreenithati @heolleguel owre absor ber
conponent into a 30 |imted space,, thereby increasin U;gecggsggbance per
I

unit thi cknéy&Siromiist ke hrdsdite itmreraten 5‘6‘&%@8&&%

increased by adding additional functional constituents
such as ions (e.g., sulfonate, quartenary amine,
carboxyl, etc.), polar moieties (e.g., hydroxyl,

20 ‘sulfhydryl, amines, carbonyl, amides, etc.), halogens,
etc.

It will be appreciated that the molar ratio of
hydrophilic monomer to indicator component monomer may
vary widely depending on the specific application

25 desired. Preferred ratios of hydroplilic
monomer:indicator component monomer range from about 2:1
to about 1000:1, more preferably from about 5:1 to about
50:1.

The indicator macromolecules of the present invention

30 may generally be synthesized by simply copolymerizing at
least one indicator component monomer with at .east one
hydrophilic monomer. Optimum polymerization conditions

(time, temperature, catalyst, etc.) will vary according

-9-



al l ows use of nmuch smal |l er equi pnent when perform ng absorbance-based
assays. It will also be apparent that -13 WO 02/ 12251 PCT/ USQOL/ 2-129. 4
fox any Qgphiysadky-based assay, including fIuorescencebasegcﬁgg@M%mgghe
ability to greatly increase the |ocal concentration of the 1ndicator
conmponent offers several advant ages. For exanple, a higher | ocal
concentration of 5the indicator conponent can permt the utilization
of thi nner | ayers of indicator macronol ecul e, which in turncan greatly
reduce the res onsE time of .the nacrognlec | eto the presence or
concentration 6P CRE SREFYTECFLFRAERD Ftaﬁgnt?%s?ﬁﬁl{%PE%?ﬂ rER&ti ncti on
of 10exci tati onflihght profiueb, canddeshr abkyly efleices t el snatenpe de of
aut of | uor escence when mo&gﬁ g in tissuesystens or physiol ogical solutions.
For exanpl e, WAEARBAEYnG*Wth a fluorescence based macronol ecul e,
non- absorbed excitatignllightag@redides@cthad tthe e.r@iicdWdlH, 15t rypt ophan,
tyrosine, etc. which may be present in tissueor physiological solutions
resul ting Pn uRBESPRRBEERAEEr PEr FRE PFEBFBREcERYCRH Q%A TR t3de
noi eti es. Havi ngedibked@hekeeat 6engghbEakboapofit fdi codprectiponentyd t h hi gh
absorption can reduce that undesired20interfering em ssion. Additionally,
when utilizi nglBAaEdsPEaReErBRSEACHART BhDEBRUPECF nl t3RQ ue RfpLowW 1is very
physi ol ogi cal sabutk,98s, rbTadE'Liyd@§bE@@!&I@n?oiﬁegéjﬁgoﬁ@es@]:@%n of dhesearce
radiation that is reflected in potentially varyi nganounts by conponents in
surroundi ng ti $$B€TohaPPyi dndisatRraBapirPRPUBrRLee. gOnTRER BIDr efORaving a
hi gh | ocaj goncerbmalicont@k hQdreghfi€ORBABRBE MEUA [hghr&BPOFRYI oncan
reduce that undesired effect As a further aspect of the present” invention,
it hasbeen di sBE6V8REFYLRAE) cOEt AL ReNnEPBRBNeBHAESIRkNF PR ST HBBRKEI nean
effect. By waypaf hbackgnound. ywhenykpaophanar mol ecul es with aromatic
structure (such as is comon m@thfyuorophores) are concentrated to a point
where their piel ecthensetbbial indbestanymaveenakechleedtmame walliti on - 14
WO 021 12251 PCH:SOAZ-29- 46afch BAN seCour 8&garéame §HeEhssoMg£3Egnﬁ,_
resonance fromoverlap results in a hybri couplet) structure ich'is
energy faVbrablié &he¢ sesbired Thedécemdopl anareaplieest eshdetodbcarpented in
a coplanar contQUicaiiaRuhickfialBed i ihibBeS 1 0dDY €8th 0o Ao AATURER; BLL
their electron clouds overl apping between them For fluorescent pfanar
speci es, a chaeasrapnenite downiliealtd ognilosionabtaahsent| ari vehes mpans)
uncoupl ed Spec'o%%oatorv‘@a\i%;h‘iﬁgtag %:g%‘i?%ﬁ%”%h?hh%e' 8}9'9{8 epeL 9¥yLhagst he
parent species. 10 Mol ecules able to form suc avoraple Tesonant
confi gur at i ons gdee skn®A@ s&d Cex PorwIer ias masedihépei atcan Wxenntheef f ect
refers tophhe nesldlig Gharagherlshie lonaer yuaual snohi,entssi g0 kpem
exci mers.  Sone “exanpl es of fypical éxciner-fornng polyaronafic B
hydr ocar bons i aeloide rapiyacene thed epyreppinfhmetcaielnpngferhbly. An
exanple is the r n (i i te inc e Lndi r
conponent usedsﬁ%hgfgﬁgigg 1§§%%§ﬁ§f%%%@%%?%§e%? §§§|?§%%§g§.%§|?ﬁgﬁgh
ant hracene i s lndwahle fiortmrextciiver beitwesal thieornadgee2@naushebe able to
concentrate th I |.e fficiently hi I | observe any exci ner
character. In ?ﬁgﬁégggnbf%ﬁﬁéygﬁﬁﬁrg%e%éedggp5§®¥$888?8Exanples 1 and 2,
t he nol ecédbe is indehybueesnewastr fandthasiuhflicatotr| yasobublecuhea sbl vent
such as met hanqly ! o,.ahserve Xgi MRy, 29 Charactetiali as. 110, Lhe present
exanpl es, the rélati’ve concentratior of the ant iracefie deéri-vatrive mononer
was i ncreased ithepriopdrds @f temetryy , hyeddphiinlel @ndoagmecuilhurbhe cépal yner
from500:1, 400:1, 200:1, 1Q0:1%, 50:1, 25:1 .15:1 and_then 5:1.. Al have
the characteris }?aé“%eUe% el%d;isqao raflnaff?"ﬁr%egfu e “aft ﬁ?aggﬁg d&rivative
except at 5:.1 imgticgtar gredecudrss fican datdaerilng appedeyelihbs gueea -
Gounti oDy el S ORI Y, WISSHE S nl30 REY) T O
providing valuable information for diagnosing or

monitoring such diseases as diabetes and adrenal

insufficiency. Medical/pharmaceutical production of

-10-



WO 02/ 122s1 PCT/ US01/2-129.1 nanoneters 0515-570 nm green). The
concentration of the overall solution does not need to be high since the
di st ance t pl anar species is being controlled by . | ong
t he poly&gﬁw%ggﬁﬁone rat her than soluble 5 concentration ?kqéggﬁg%%ge.
Surprisingly, it has been found that the excinmer em ssion region is not
responsive to changes in analyte concentration, but is responsive to al
ot her aspects of the ~stem anal yzed, such as excitation intensity, 10

tenper at ur e g1aRdsHeAS h@méﬁsHhéraﬁ@ﬁt@&eﬁﬁgie%&gﬁii&ﬁt P%z%ﬁ'}?fégm' ecul es may

serve as both an indicator and an Interna erence. r exanple, an ideal
ref er enci ngMosA&rEing ene ®hReEECLhe emi ssion intensity at an indicator

vavel ength (1. egselheopayet Soatleatl beOeethpY: I hdiG Al And 5 fll vi ded

optically using select bandpass ers, by the emi'ssion intensity at the
exci ner wavekesegtingThevedsubfann enklgteosvektssfolucoserimring factors

" which aéfec S t LSSLQN. e as C quenchi ng
by, o. o\ oxvgmainge AR offkstaae; BLPRRELL BRroBUEts B2 ChHES SRR 1t
affecting LEP caredsiliy, mantbtenedt énperatucel exzgwwssondeckstond tfaw || be

readily app ia t h C present. i nventjon which
exhi bit an %gghnégggfPg%FEmFFEBgégggéguwhﬁ% g%?%Q§QUé§%§g%%%§ﬁ%nl 5 aqueous
envi r onment $heCowséqespehy i vehosebopacsonptecahésfeadstetk @s t he conponent

nmonomners (exgi <torm ng.. her noner range from hydrophilic to
hydrophobic?gég%éﬁagﬁghugéﬁggﬁggaés9?@ 83%p%?%§?¥%ﬁﬁgfé?5u%ﬁfl%$%n t he
exci met0 macreavlteculfesdofratkecpneseit isniepdiroanarin usedet cabedlest t he

DLSSSIoe OLARRRSERLAL! ORcELaD RELN CpphnepRRLeTRLEB Sy e 18 v

as describedoabentrathennmatsonmbbeculiescal tbeqpaesSentcomyvent i dumrbagp be

o e 0 DY ERERRANTIVL SR Lot HontbapRu Rt S AL

i ncl udi ng r eaasuoesnetkadbsgeswhanbuate obfngiatest and hf¢heegenslal

procedii s SERACLOGHLEl oM FoSa e L 10 @) Preparation of &

suspensi on of NA(&rnathaopnopyiiornethaceyd e iehyitontardtde (Pol ysci ences,

#21200} (11f§%ogésgé%§6indicator substituents, various detection
techniques also are known in the art that can make use of
the macromolecules of the present invention. For

20 example, the macromolecules of the invention can be used
in fluorescent sensing devices (e.g., U.S. Patent No.
5,517,313) or can be bound to polymeric materials or
other substrates such as test paper for visual
inspection. This latter technique would permit, for

25 example, glucose measurement in a manner analogous to
determining pH with a strip of litmus paper. The
macromolecules described herein may also be utilized as
simple reagents with standard benchtop analytical
instrumentation such as spectrofluorometers or clinical

30 analyzers as made by Shimadzu, Hitachi, Jasco, Beckman
and others. These molecules would also provide analyte

specific chemical/optical signal transduction for fiber
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15 nmole, 3.0 eq) and a trace of inhibitor DBW

(2, 5-di-tbutyl -4-met hyl phenol) (10 ng) in chloroform (250 mL} stirring in
an i ce- Wayy@lo2Radsp, di i sopropyl ethylamne (25 nL, 18.55 g. P@Téﬂ; 1/5Bbe, 6.5
eq) was added dropwi se in 20 mnutes. The m xture was all to warmup to
room 20 tenperature and cooled again in ice-water bath. A clear solution of
9-chl or onet hyl ant hracene (5.0 g, 0.022 nole) in chloroform (100 nL) was
added dropwi se over 1 hour. It was run at 25C for 1 hour, 50C for 12 hours
and then 70C _ S t m x 4),
and the aqueo%fg{ é %‘r%%\gsség %—Q%tgeqdé éﬁ%%@t avk?gér}g'%c\qmc?%eg% %thn%gir gani c

| ayers were cbyrb@oeain Ot ds o(ﬂémnéla\%ﬂ@lmgbx at exd; Qa:mt]l ptsalsvent was
removed under re%csedﬂ)teesnscurse 4%&5 rr]pget cﬁlré %eioigateri was t hen 30

chr omat ogr aphed on" 'si | ita gel R thy eﬂeléhl oride to

. give 2.44 ¢ (Bﬂcdﬁ@onﬁt@dold@r:éuasbka rdfferel\f@ 021e:bz~2ﬁbd%CHU SO 1 [ 2-429-4

solid. TLg(s l % (MeCH CH-CI tf%s, a sin ot. . (B)
Too. Phased To. SLET BRPCRbte Tone 7Y KT G HopPH ) ARGy Page
hydrocl -iloride {H88prgsert 4invemt Lon léarede an;bca Ho aka efmiinRhitlpiet or MEHQ

(met hyl ether h droqw none xture wat er (30 and

Lot r abyar of urBHETSEERT ST chod Conblatiof dh i il 17Uok K2R3
bUleer (66 LTL(laroo%hM @Hs—l@ioyva@orald@l@djlmlalxmqwulaﬁﬁ[}eanl?n SOlT?ié on of

9- chl or onet hyl ant hr acene, (100 441 e).in chlorofor 100 nl) was
added | n 3 hoRPee i TR CarCTbbtet o1 TATRARS et i BHG GRS Hour <.
The organd c | ay@fcsesr SepDs @b bel- cyasHba i trila tWaitser ( }(éiQeafﬁ-téfr 4), and the

aqueous | ayer re extracted w 15 net hyl ene | ori de. The organic
Igyers vverg cgﬁﬁe‘ﬁ’éﬁsc?ﬁ? %B%?Lkazﬁdhlg%é??a?%tégl tehftheé sol vgnt was

removed with peetsestptessur erat t¥bs. ddWece) wea igerddlrde,70 ng) was t hen
chr omat ographed n SI#I ca w th 10-20% pet hanol_in nethylene chloride to
gi ve 28.7 ny Pi®! %f)a]B Y2 g%%ﬁc?m%“a“%oqq?ﬁelltl(@ﬂ Nicad gHeiocatgd @77

(MeOH CHZCL~ 1e84H)paptShNOy ewsPRin e PIRPREAtd ®Matferial, or in a
9- 1 AN- rret hacryl o%l am nopr opyl - N—(obor onobenzyl ) am no| net hyl | ant hracene To a

sol utiont®df tMaVv %aﬁ%tuweaw%am et B igatet ampvelt A9 pose D734

ol e) and a tsaeR ©hat Nhhbi &6ht DBV 10rHB) thd pf@m oforred ?c%sres) &ld rring
in an icewater bath, DI EA (diisopropylethylanm ne 846 g, 3.84 , 0.022

mole, 3.0 eq) 19\%%%%!8%@‘5{#5‘6???058 HIQBEFF Srut abrﬂdgl'fﬁ%arﬁsa fs“&ﬁﬁ’? on of
2, 2-di net hyl psppane-dmBtted light to reach the photodetector, while

filtering out scattered incident light from the light
20 source.

The fluorescence of the indicator molecules employed
in the device described in U.S. Patent 5,517,313 is
modulated, e.g., attenuated or enhanced, by the local
presence of an analyte such as glucose or other cis-diol

25 compound.

In the sensor described in U.S. Patent 5,517,313, the
material which contains the indicator molecule is
permeable to the analyte. Thus, the analyte can diffuse
into the material from the surrounding test medium,

30 thereby affecting the fluorescence emitted by the
indicator molecules. The light source, indicator
molecule~containing material, high-pass filter and

photodetector are configured such that at least a portion
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30 diyl [o-{bronmonet hyl ) phenyl ] boronate (2.492 g, 0.00881 nole, 1.2 eq) in
chloroform (15 nL) was added in 30 -18 WO 02/122s1 PCT/ USO1/ 2- 429

m nutes. Woe2aeRetion was run at roomtenperature for 20 peyiReJHRg M xture
was washed with water, separated and the . aqueous |ayers were extracted

wi th nmethylene chloride. 5 The organic |ayers were conbined, dried over
Na~S04, separated and the solvent was renoved with reduced pressure at 25C
The sem -solid (4.75 g) was then chromat ographed on silica gel with 2-50

met hanol i nofethyl €neocgklseende eaigtwa By50he iﬂﬁlag?o@fm@lfgmgya?s a 10
lightly yeIIOM/cryst | I'i ne solid, 72-73C, TL silica ge 0. 36
( MeOH CHzC13™Paffg) t %G|P%°§098F&8|ngnGEPQEPEln%}éﬂse LegEriesB0oH, and

C~HSOH.  Li mistie@hasoltibichi iy HRadt28tand eEhere één£@@99é@ibﬁnoﬂfthe
wat er - sol ubl e- copol yrrerl c solutions of 15 MAPTAC and 9-

f N- et hacr yIP&\? LYIE&ni (o 9r opFH-URCSE ) bdFohBBe ARy F Y @R Ho® n%@%k‘llm ant hr acene

50:1 | ut T | .
éthan2|5?1gob°n§? 9%%§§95H&é0@19ﬁ bPe FOROERT b { 2mb SBhmdh Q908 ymol e) i n

(nethacryloyﬁéﬁﬁnéﬁﬁréﬁ?ﬂF?FpﬁeWﬁﬁﬁQﬁﬁéﬁFHhﬁéhP%rt@% pregend ni, 1.0 g,
4.54 nﬂvle,1%Qeﬁqhoands@ﬂséhéNd@%%eQ555§99U£¥é @éééfi@%deiﬁa@Oé'C sol ution

(0.183 M 0.2 nm) as radical “initiator were ad ear solution was
obt ai ned. | fak&stslegrabedlfi O ﬁlml@n@één6ﬁhdan%e%,%%été@ltoakbc in 1 hour,

and kept at ;706085 28Q4MHRYLE nd us 25 liquid was obtained. The
l'i quid_obt allnedr\%asatreate Wlﬁt By ei}e!%g%grrL) and filtered through a

m crof LPter (0.%Be LJIFWCI-‘@m@iQ@Uheél efrthelprésent Aftwsntdien yars allrough a
cel lul ose aggt n 0 r it was 30
6ot akeqanenbLa %M@ngg 85%&30“%? ey?arlr%?fear ]

concentrated with polyeth ne glycol olution (34.54
g). Concent canitépuoR4ly mgndsbirdapnataldygesohuriva, ($othl asoblab@29r ny,

yield 79. 50tls%%e glucose levels). Suitable devices are described
in, for example, co-pending U.S. Patent Application
15 Serial No. 09/383,148 filed August 26, 1999, as well as
U.S. Patent Nos. 5,833,603, 6,002,954 and 6,011,984, all
incorporated herein by reference.
The macromolecules of the present invention have
unique advantages. For example, absorbance of a sample
20 is directly proportional to both the concentration of the
absorber and the sample path length. Thus, in an
absorbance-based assay, it is apparent that for a given
level of absorbance, the sample path length may be
greatly reduced if the absorber concentration is greatly
25 increased. That desirable increase in concentration may
be accomplished by decreasing the ratio of the
hydrophilic monomer:indicator component monomer. In
effect, the present invention allows the localized
concentration of much more absorber component into a
30 limited space, thereby increasing the absorbance per unit
thickness. Thus the present invention additionally
allows use of much smaller equipment when performing

absorbance-based assays. It will also be apparent that

-13-



WO 02/ 12251 PCT/ US0112: ~29~ Sim | ar procedures were applied to prepare
copol yneric solutions of 500:1, 400:1, 200:1, 100:1, 50:1, 25:1, 15:1, and
5:1 nol arwpakiies1of hydrophilic nononer: indicator. 5 G ueosashhdubati on of
50:1 and 25:1 Co-pol yners The nodul ati on of the fluorescence of the SO:1
and 25:1 indicator macronol ecul es by glucose sol utions having vari ous
concentrations is shown belowin Tables 1 and 2. Table | shows the results
using two different 10 concentrations (15 ng/m and 25 ng/m) of the 25:1

di cat f
Concent rat | G0 ShpPRES Ay bReEunaRLRY Y LicLaUing! E fpescphesose

S using two different
concentrat|¢m$e@1GSBgymh ahe Zbl&gtwiFoogrﬁhblBOlHCrﬁd$%atb$ heedbnol ecul e

of this 15 exammle il QU el haheRh glueRBoGORECHEERLL OBSveddy DO N

Tabl es, 17159 eP%e ratio of t |nte sities at nm after and
before exposmWantaggbuco§@r(3@5m@ﬁeexe|haghen)10¢ableouceﬁtﬁﬁtiémcmﬁe

Sonem | Shel dih @ O b Y JLALERhOL PRET QURLESULECA %S DI /10 Tor
(25:1)01.00Iiﬂﬁﬁ&I.4éye&GﬂQﬁlJﬁﬁlc9®@®0ma¢32m63€€2®e, which in turn

can greatly reduce the response time of the macromolecule

to the presence or concentration of the analyte.

Further, it can resulﬁ in a higher extinction of

10 excitation light, which can desirably reduce the
incidence of autofluorescence when working in tissue
systems or physiological solutions. For example, when
working with a fluorescence based macromolecule, non-
absorbed excitation light can interact with, e.g., NADH,

15 tryptophan, tyrosine, etc. which may be present in tissue
or physiological solutions resulting in undesirable
interfering fluorescent emission from those moieties.
Having a high local concentration of indicator component
with high absorption can reduce that undesired

20 interfering emission. Additionally, when utilizing an
absorbance-based macromolecule in tissue or physiological
solutions, it is desirable to reduce the amount of the
source radiation that is reflected in potentially varying
amounts by components in surrounding tissue or fluid,

25 such as bilirubin, e.g. Therefore, having a high local
concentration of indicator component with high absorption
can reduce that undesired effect.

As a further aspect of the present invention, it has
been discovered that certain macromolecules exhibit an

30 excimer effect. By way of background, when two planar
molecules with aromatic structure (such as is common with
fluorophores) are concentrated to a point where their pi

electron orbital lobes may overlap, & resonance condition

-14-



WO 02/ 122s1 Table 2 PCT/ USO1/ 2~29~ d ucose concentration (mVMI/To for 10
nmg/ M i ndi cator macronol ecule (50:1)I/10 for 20 ng/m i ndicator

macr onol egpleg/14E9: 1) 501. 001. 00501. 401. 481001. 701. 792002. OfriRoxXaepl e 2 10
Thi s exanpl e denonstrates a surprising and useful exciner effect present in
connection with the 5:1 indicator nmacronol ecul e prepared in Exanple 1.
Figure 1 depicts the em ssion spectra of the 5:1 indicator macronol ecul e
when exposed to three 15 concentrations of glucose (0 mMM 30 nMand 60 m\)

after excitenent, by Light at 365 nm SO i Qage regjon of
Figure 1 isc?ReEBﬁxnggﬁro ofhgoﬂ%n§%§%}%%ﬁm§%gi ?ﬁ%?@% or ﬁ%%ﬁ%%%fecule
from Exanpl evérliperexailier iamassyonid et oup bdonwss arud wwos besitdre irsegi on”

rat her than 20 an i_sosbestic int. It c be seen from Fi gure that the
exci ner eni§§F59yr§6V8ﬁa%§ﬁea8§g§%ﬁbgﬁ9r2F§%%90t%%4p ?ﬁwéﬁ%f%§§e gl ucose
: [ Ees over | Bproms BQEeh@éﬂOmﬁi ¥ ecbpl &lan gesn £ g gt achse ngmemor ation (just

i ke an_i sosbestic pojnt). The exciner emssion regio egi ns .25
appr oxi rat ePfy1£68 ﬁ%]hGﬁ%ﬂi@PdafFﬁ Yh%hdﬁbihrggﬁbﬁs? CURIDTET of the
ant hracene deervappiagmpdilathotheXcepsr f DIugtesoser plenaxci mer is
responsive to all other aspects of the s Ete such as excitation
intensity, FBﬁﬁé?ﬁtuFthéﬁacﬁﬁFl?ﬁé?e$8V%,l 3 GRLFSEY r¥FEHhci ng schene
I's one whergelifeigBpkit e Qncsupnal ypbueedladlnahlésgth voted

electronically by the _anplitude or signal vaﬁue at 5|5 nm pr anot her
wavel ength S¥ stantially lower energy than the parent species.

10 Molecules able to form such favorable resonant
configurations are known as excimers. As used herein, an
excimer effect refers to the resulting characteristic
longer wavelength emission from excimers.

Some examples of typical excimer-forming polyaromatic

15 hydrocarbons include anthracene and pyrene. There are
many others. An example is the anthracene derivative
(boronate included), the indicator component used in
Examples 1 and 2 of the present application. Although
anthracene is known to form excimers in solution, one

20 must be able to concentrate the molecule to sufficiently
high levels to observe any excimer character. 1In the
case of the anthracene derivative of Examples 1 and 2,
the molecule is insoluble in water and insufficiently
soluble in a solvent such as methanol to observe excimer

25 characteristics. 1In the present examples, the relative
concentration of the anthracene derivative monomer was
increased in proportion to the hydrophilic monomer in the
copolymer from 500:1, 400:1, 200:1, 100:1, 50:1, 25:1,
15:1 and then 5:1. All have the characteristic blue

30 emission at 417 nm of the anthracene derivative except at
5:1 ratio, a green emission suddenly appears. This green
emission is that of an excimer hybrid and the emission

has been shifted downfield by approximately 100+

-15-



WD 02/ 12251 PCT/USO 1/2.t29-4 or range of wavel engths within the exciner
em ssion region, and the resultant value will be corrected for drift and
error in r factors and drift affecting LED intens

t enper at u\rpg| e%z\j?a ons, etc. That 5 is denonstrated bel owbkmjrmns ratl on of
Excitation Intensity, Tenperature and pH Correction The gl ucose nodul ati on
of the 5:1 indicator nmacronol ecul e was neasured with three different

gl ucose 10 solutions (0O MM 100 nM and 200 nM). The em ssion spectra were

determ ned for each of cose sol uti three djifferent
spect r ophot SHEY®}S LG 1% éﬁ?gﬁr L TenSFER Sou&%«? ﬁﬁBCEHFF?EHOPlaﬁt (1.5
bei ng narrowefe asfk s eI 461 Wi 8T JdocEhectahaear eoshewaiph fahte Bheln the 15
Tabl e, the ratlo of the em ssion intensity at 420 nmto the eg135|on
a

intensity attSHRMR iR iIRENRS PSS Rdent 81el§9| £oBbRPL4EFaPYon. Tabl e

3 208t | o 0! ° at¥o
gl ucosel 420 5515%*152%%“‘“&?& 1ROGA yitdr9liersrhd2@akhal $HAnMbluble

gl ucose?®. 5/ f%’@%%@%&n 5133 .5986:°127. 253/ 34. 006. 277. 28 The tenperature

stability of thegwipkiexe 3% hAadi gatar rARRHOARAECHLE ¥RSifet er mined. The
ratio of the em ssions at 20 nm and 550 nmfor a1 ng/m solution of the

5:1 exci mer SHE TR DrreREI DT Sl ESRSSET S 602(%‘3%%36 4Pudb&eYERH 7. 5)
was 7.57 at JOUBHERPErd Unand bdidoils iaRPIeXiamat 8lkke®0Gspedls of

the =vstem analyzed, such as excitation intensity,

10 temperature, and pH. As a result, the present indicator
macromolecules may serve as both an indicator and an
internal reference. For example, an ideal referencing
scheme is one where the emission intensity at an
indicator wavelength (i.e., the wavelength influenced by

15 the analyte) is divided optically using select bandpass
filters, by the emission intensity at the excimer
wavelength. The resultant value corrects for interfering
factors which affect fluorescent emission properties,
such as fluorescent quenching by, e.g., oxygen, drift and

20 .error in pH, power factors and drift affecting LED
intensity, ambient temperature excursions, etc.

It will be readily appreciated that the
macromolecules of the present invention which exhibit an
excimer effect will be useful in both agqueous and non-

25 aqueous environments. Consequently, those
macromolecules, as well as the component monomers
(excimer-~forming and other monomer), may range from
hydrophilic to hydrophobic, depending upon the desired
application.

30 Also, when the excimer macromolecules of the present
invention are used to detect the presence or

concentration of an analyte, the macromoclecule may be

~-16-~



WO 02/ 12251 PCT/ USOL/ 2~29-t The pH stability of the 5:1 exciner indicator
macr onol ecul e was al so determ ned. The ratio of the em ssions at 420 nm and
550 nm f /m solution of the 5:1 exciner indicato cul e at
three 5 3???@&%%? pH levels (6.5, 7.0 and 7.5) were deterﬁfﬁgﬁﬁ?ge%Ftation
light at 370 nm slits 1.5,3), and are shown in Table 4. The full em ssion
spectra are shown in Figure 2. The variation over the range tested was
statistically insignificant. 10 Table 4 1420/1550 pH 6.51420/1550 pH

7.01 420/ |1 550URA745£eg81y0ingao b0t o, 374, M@y 19e 10ufabilsi e iasved that the
stability of gtherexelmehogenpl ex (presumably through the pi cloud) exceeds
that of 15 the non-exciner anthracene derivative, and, that the boronate
recogni tion featTihe Napremclieculd® ab fhe tandsdrite ipreperitdresanf bishe

non- exci mer, S ogd._ | ndi ... 1s_ not | e to perturb the
nore stabl e ggg?ﬁ%?acg%?gﬁg%%% glﬁ%ggéﬁgirgx%l?eneﬁrtm%atg‘%%ﬁg "dlfﬂ’tf

ref erence 202ainadhEapsr exPheinefivzehore welrg uteadsl stnsdurnaddar il t er ed
fromthe rea : i ndj;c The pol r matrix jmay be the sane, and in
this exanpl eﬂﬁgggﬂgsggt Qgﬁegégér%n%%’cr %?lgm%.r%t%%{dﬁﬁq%%‘?n@ ement is
open and i ntébichbatret henshduett veiemetlyy daidtenaerdeidweans 25 recogni tion
el emrent and &%ggg@ggargegggter has been nuted. The foregoing is quite
significant, because if can'elimnate the need for separate physical and/or
chem cal environnents between indicator and reference nol ecul es. 30 Examnl e

3 -23 W O 02/ 12251 PCT/ US01/ 2~29~ !he Séntgesis of a suitable |anthanide
chel ate i ndi cator conponent nononer ed in Figure 3. Conpounds (1)

and (2)1@re apmmPrepakrhyisw bt ot E(hé KA O i b r JPARAGGRAN.  TX
(compound ( ZnetBykDenBhascéne NHZ- Bz- DOTA) . e end produc may be
co-pol ynmerized with one or nore other nonomers to form an indicator
macronol ecul ga) one-Phase
To a suspension of N-(3-aminopropyl) methacrylamide
hydrochloride (Polysciences, #21200) (11.82 g, 0.066
15 mole, 3.0 eq) and a trace of inhibitor DBMP (2, 6-di-t-
butyl-4-methylphenol) (10 mg) in chloroform (250 mL)
stirring in an ice-water bath, diisopropylethylamine (25
mL, 18.55 g. 0.144 mole, 6.5 eq) was added dropwise in 20

minutes. The mixture was allowed to warm up to room

20 temperature and cooled again in ice-water bath. A clear
solution of 9-chloromethylanthracene (5.0 g, 0.022 mole)
in chloroform (100 mL) was added dropwise over 1 hour.

It was run at 25°C for 1 hour, 50°C for 12 hours and then
70°C for 2 hours.

25 The mixture was washed with water (60 mL x 4y, and
the aqueous layer was extracted with methylene chloride.
The organic layers were combined, dried over Na,S0,,
separated, and the solvent was removed under reduced
pressure at 40°C. The crude material was then

30 chromatographed on silica gel with 2-5% methanol in

methylene chloride to give 2.44 g (33.4%) of product as a

-17-



Exampl e 4 Si ngl e- et hacryl am de nononer of bis-boronate-anthracene 10 Hc,
A. 9-chl oronet hyl -10-[[ 2- (2- hydr oxyet hoxy) et hyl am no] net hyl ] ant hr acene
hydr ochl qgj t. To a suspension of 9, 10-bis(chl oronet ene
(5. 18 g,qygg)g”?nﬁér:l)l e, 3.99 equiv.) in 200 ni of NVP was 5 PR RRE

2- (2-am noet hoxy) ethanol (0.995 g, 0.475 nL, 4.7] muole). The m xture was
stirred in the dark for 17 hours. At this time, the reaction m xture was
concentrated to ~ 50 nL under vacuum at 50C. The residue was purified by

silica gel chromatography. (150 .9 20 gravify.grade, sili el ., D-Lpo

CH30H CHZO! 2) tsg‘%éﬂr% dp@f%zéﬂg 4%&&' fygrf’gmf%?gﬂi\ééﬁ% 2ia.9/ brﬁc:awmck
silica gel 60 piaigks df¥otd. 72 with 70/ 30 CH2C z/ CH30H, see with WV
(254/366) , ninhydrin stain. -24 WD 02/ 12251 PCT/ USOL/ 2- 1294 HPLC. HP
1100 HPLC chr omat ogr aph, VWydac 201TP 10 x 250 nm colum, 0.100 nL

. injection, 2 ni(m ntwaAhdee detection, A - water (0.1lo HFBA) and B = MeCN
(O to HFBA), gradient Qo B 2 mn, 10-800 B_over 18 mn, 80-1000 B over 2
mn, 5 1000 B 2 m O Fet@f@tosotithdotgof Ni3-gninopropyl)

9- [ [ 2- (2- hysdr oxyeed hexivy) Beinbiyd & i ol dmiied ilael O-7lsl( dept haary haki do) mooagl) an no
] met hyl ] ant hracene. To a suspensi on of N—&gianlnopropél)nethacryLanl e 10
hydrochl ori de <S4 § £pFEYy, CA 72 iRidior MERR dggithyyetbegahysiregugnonepo ni,
40.1 mmol e, 9.8 2G V. In athixtdi® &f BHEY 3R a6HCER tabngdCowas aadded

d i | uti f

9f gE\IMo?grrgt f& : <13'd5) Fr[llg)- (P elek yidt kDGR HATEH ReTRet hi Nant Pr/AEeiEE:

hydrochloride sqalffrdd. b6 Gur.4.0LQ MDI 1 ivﬁszéd@edOfinOﬂC%%urTQﬁEjEEXt ure
e

was subsequently stirred in the dark for 92 hours. At this tineg,

reaction ni%t urs Widlsign |AlerSoRHir Aresied anittwrazepesd IR0 &, NAHAE3

(saturated aquegys) SP!IH | Hor S’ GaY miBXivaaChdias dhi adheues  ankydrous
Na~S04, filtered and concentrated to 20 yield a stlckécorange solid which

was purified byva¥ uihadterddifatfogr apMpurs0 agdashienabedCnéatr &2 owns na,
0- 5% CH30H CHzCl 2} 1t W@)hiQ 3843 (AR0kephrafell aRgensal kth-water

{50 mL x 4), and the aqueous layers were extracted with

15 methylene chloride. The organic layers were combined,
dried over Na,SO,, separated, and the solvent was removed
with reduced pressure at 45°C. The crude material (270
mg) was then chromatographed on silica gel with 10-20%
methanol in methylene chloride to give 28.7 mg (19.6% of

20 product as a solid TLC (silica gel): Ry 0.77 (MeOH/CH,C1,
= 3/7), a single spot.

b) Preparation of 9-[[N-methacryloylaminopropyl—-N-(o-
boronobenzyl) amino]lmethyl]anthracene

To a solution of the product obtained in step a)

25 above (2.440 g, 0.00734 mole) and a trace of inhibitor
DBMP (10 mg) in chloroform (200 mL) stirring in an ice-
water bath, DIEA (diisopropylethylamine) (2.846 g, 3.84
mL, 0.022 mole, 3.0 eq) was added by portions in 10
minutes, and then a solution of 2,2-dimethylpropane-1,3-

30 diyl[o-{bromomethyl)phenyl]lboronate (2.492 g, 0.00881
mole, 1.2 eqg) in chloroform (15 mL) was added in 30

-18-



WO 02/ 12251 PCT/US0112~29-4 ThC: Merck silica gel 60 plates, Rf 0.16 with
70/ 30 CHzd 2/ CH30H, see with UV (254/366) , ninhydrin stain. HPLC. HP 1100

HPLC chr qggly9gsaph, Vydac 201TP 10 x 250 nmm col umm, 0. 100 pfedshi /8654 0N, 2
m./mn, 370 nmdetection, A5 - water (0.1o0 HFBA) and B = EIY!/’;(EJN (g lo HFBA),

gradient 100 B 2 mn, 10-80% B over 18 mn, 80-1000 B over 2 mn, 1000 B 2
mn, retention tinme 16.85 mn. 10 15 20 C. 9-[N-[2-(5,5
2-yl)benzyl]-N[3(net hacryl am do) p _ -10- [N [2- (5,

_ ]

5di et hyl bor i.nan- 2-yl ) benzyl ] - N-[ 2- (2- hydr oxyet hoxy) et hyl am no}] net hyl ] ant hr
acene. (Si n@nllél}lr?gf;hac?rglea#alétﬁBhoﬁéF) ranaéﬁ?l?rPo%g%?eya TOOLE DY

. 9-[[2-(2- hydooxyget hoxy) et hyl am no] net hyl ] -10-[[ (3- et hacryl am do) pr opyl am n
o] et hyl ] ant hragene (0, 343 0.763 nmm|e), DIEA (0.965 g, .1.3 , 9.8
ohuv ) Bnd (- EEBBHRENSE sHaRy i3 BRP BT L bt TeofbRyR o &g £165 o 3. 85
. mole, 5 0 aquevuy 18y2@sMveCEHCR3tabcR3€ wabhshétliglehd dhBogadk, for 25
hours. At tg:hs tine, }?fhﬁ reaction mxture was concentrated initially by

e

rotary BvapoP&t PGHAERen2YEFAgWar GabalRtPEfp ForFEnoVer DY&R0:The resi due
was purifiedeburaked aad- 26e soWP=02/ #22 ArBITABQH 2r2fequegium

chr omat ograghy %40 g actiyated neutral alumna, O 10 o CH30H CHzC Z) to
yield 0. 298TGSEHES0F 8P G:yeFPow BPantel ¥l (475 HDdRS™ may be

copol yneri zethrelmbll og@pBedmene sl hes GBNOWEEE 205§ ohdtnalnghcator 5

macr onol ecul e. gﬁge bor %gte rgups,shog:log be degrog ect ed Eri or to use. FAB
MB: Calc'd F6FIEsER65E @%dt%M ® g5¥e Coufdd[ M4 1F 4 B55P RSt MF ck basi ¢
al um naopl atteghtRy ¢e3dow thy88h21CHECAE1 Chi30hp B2e73td h 1M (25 366) - 10
HPLC. HP 1100_HPLC chr omat ogr aph, Vydac 201TP 10 x 250 mm col umm, 0. 100 niL

injection, 8°H/nfn, 0% M tonT W 2) wat®r 0.5 W) imnd B = MeCN

(0. 1% HFBA) chgradi emicil,00TBr? oiijon,1@l0e,Bower rh&imdy LK0-00%E over 2
mn, 1000 B.2 mn, retention tine 19.7 mn.
in H,0 and ether.

c) Preparation of water-soluble-copolymeric solutions of
15 MAPTAC and 9-[[N-methacryloylaminopropyl-N-(o-

boronobenzyl)aminolmethyl]anthracene

(50:1) solution: To a solution of the monomer (42.3 mg,
0.0908 mmole) in ethanol (100%, 1.5 mL), MAPTAC [3-
(methacryloylamino)propyl]trimethylammonium chloride (2.0

20 mL, 1.0 g, 4.54 mmole, 50 eq) and an AIBN (azobisisobutyl
nitrile) ethanolic solution (0.183 M, 0.2 mL) as radical
initiator were added, a clear solution was obtained. It
was saturated with nitrogen and then heated to 70°C in 1
hour, and kept at 70°C for 80 minutes, and a viscous

25 liquid was obtained.

The liquid obtained was treated with water (26 mL)

and filtered through a microfilter (0.45 um) to give a
clear solution. After dialysis through a cellulose
acetate membrane (MWCO 3500) with water 5 L x 4), it was

30 concentrated with polyethylene glycol (MW 20 K) to a
clear solution (34.54 g). Concentration: 24.0 mg solid

in 1.0 g solution, total solid 829 mg, yield 79.5%.
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15 Exanpl e 5 Dual - net hacryl am de nonomer of bis-boronate-anthracene -27
WO 02/ 122,1 PCT/ US01/ 2~29-4 A

9, 10- bi s[\wwolBRiRpcryl am do) propyl am no] met hyl ant hracene. pft 23§] on of
9, 10- bi s(chl oromet hyl ) ant hracene ' (1.5 g, 5.45 mmole), D éA gga@ g,
38.00 m., 218 nmole, 5 40 equiv.), N-(3-am nopropyl)nethacryl am de
hydrochl oride salt (9.76 g, 54.5 nmmole, 10.0 equiv.), and ~ 5 ng of BHT in
200 mL CHC13 at 23C was stirred in the dark for 4 days at 40C. At this
tinme, the tenperature was increased to 45C and the mixture was stirred for
3 days | onger. AtSimitarsproeedureprestiopiakRieathdd RURRRTSThe ni xture was
filtered, andg, Li-d-produet ofisssel yed. in ide. U npoym ammgy of CH2d z.
A yeIIOW/crysFapﬁﬁgﬁ sofig, theong Eidrochioride sal t of'the_désired
product, fornme@:dverhight 163115agd fuarmetari veYiossofydnanteid sasi ¢
alum na plate it 90/ 10 CHZC12/ CH30H, see with UV (254/366) .
HPLC. HP 1100Eﬂﬂﬁéegh?éﬁ§%%gfabh, Waters 5 x 100 mm NovaPak HR C18 col um,
0.100 m. injection, 0.75 nL/mn, 360 nmdetection, A = water (O to HFBA)

o B0g MECN Blyblse! fioHETaL o8 881 86111 204 8. {1 o-JOrffeed Over 18 W1,
02/ 122s1 PCT/ USO1tRe 4@8dd18tion of the fluorescence of the 50:1 and
9’10-biS[N_[2?%?151%Eg%%@%%b%gkg%gb%éghiggn%¥l%i&%gge solutions having
various concentrations is shown below in Tables 1 and 2.
Table 1 shows the results using two different
10 concentrations (15 mg/ml and 25 mg/ml) of the 25:1
indicator macromolecule of this example with four
different glucose concentrations. Table 2 shows the
results using two different concentrations (10 mg/ml and
20 mg/ml) of the 50:1 indicator macromolecule of this
15 example with four different glucose concentrations. In
both Tables, I/Io is the ratio of the emitted intensities

at 420 nm after and before exposure to glucose (365 nm

excitation).
Table 1
20 Glucose I/Io for 15 mg/ml |I/Io for 25 mg/ml
concentration indicator indicator
(mM) macromolecule macromolecule
(25:1) (25:1)
0 1.00 1.00
50 1.44 1.50
25 100 1.75 1.90
200 2.13 2.33
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(et haeryl am do) pr opyl am no] net hyl ant hr acene.

A sol

uti on of

9, 10- bi s[ 3- (et hacryl am do) propyl am no] net hyl ant hracene (0.650 g, 1.34

mol e of whe2k2ds1ee am ne),
(2- br ononet hyl phenyl ) boroni ¢ aci d neopentyl

in 20 nL CHCI3 at 23C was
the reaction m xture was 10

equiv.),
mmol e,

3. 55 equiv.
stirred in the dark for 5 days.

) and BHT (5

At this tine,

nmg as inhibitor)

DIEA (0.612 g, 0.825 nlL, 4. 74p¢9hRo1/8629P

ester (1.34 g,

concentrated in vacuo and the residue was purified by alum na
chromat ogr aphy (200 g acti vat ed neut r aF2BLl&nfna, O- 2%)CH30FVCHECIZ) to

yield 0.465 (39%—of—=ve=y i buu> IIUW UII. | €

plates, Rf 0.|58luF®#e90/10 15 CH-E{Io/ Vi | B/ LY fos4 3686y /ml
HP 1100 HPLC |cfroperberbbd) Wt ef SHGJQaH@D nn1hbvaP aknRe@dI®: col um, 0Of
mL i njection,| 005 nl/nmin, 360 npRdererelerileal = wafmaci@nolecHRBA) an
MeCN (o 1o HFBA), gradi ent 10% B| 256t h) 10-80% B ovef528lhin, 20 80-10
over % J0po B Z min, retentypon fine 16.9 mn. [ ¢6eparat|on of

N, N—dlnet yl g 1 Li9% glucose indic %0 A solutjon of

N, N- di et hyl dcgyl am de (40% wt . )
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am no] et hyl g
persul fate (85
sol ution.
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re c i ned

The resulting solution was -29
pl aced in a glove box purged with nit
, N -tetranet hyl et hyl enedi am ne

UL _or aqueous alrr
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pAel30 al ycol nono

ni um

er

aque
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ous sol ution of
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was 5 poured |

st ai nl ess ste%¥c§$35e?

n_a nol

tructed fromm croscope sl

ePLBEPRY Keptotsrcst

rst

i
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en at nosphere
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and the
em1351on

é%e

Q%eé¥% aga%he 5:1

indicator macromolecule when exposed to three

concentrations of glucose

excitement by light

(0 mM, 30 mM

at 365 nm.

and 60 mM) after

Also shown in the shaded

region of Figure 1 is the emission of the non-excimer

25:1 indicator macromolecule from Example 1.

The excimer

emission region shows an "isosbestic region" rather than

an isosbestic point.

It can be seen from Figure 1 that

the excimer emission region (the region where the 0 mM,

30 mM and 60 mM glucose lines overlap)

is not responsive

to changes in glucose concentration (just like an

isosbestic point).

The excimer emission region begins

approximately 100 nm downfield from the peak responsive

wavelength of the anthracene derivative modulation.

Except for glucose,

the excimer is responsive to all

other aspects of the system, such as excitation

intensity,

temperature,

and pH.

Therefore,

an ideal

referencing scheme is one where the amplitude or signal

value at 415 nm is divided electronically by the

amplitude or signal value at 515 nm or another wavelength
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. sodi um L-1

| 0 renmoved. The hydrogel was washed with 00 nL of PBS containing 1 nM
| auryl sulfate sodiumsalt and 1 nM EDTA sodiumsalt for 3 days, the
sol uti on \RaigRgrzhanged every day, followed by washi ng w t Beiphs)FBSef 10/ 90
by vol., 3 x 100 nL), and finally with PBS (pH=7.4, 3 x 100 nlL). The 15
resul ting hydrogel polyner was stored in PBS (10 nM PBS, pH=7.4) containing
0.20 wt. sodium azide and 1 mM EDTA sodiumsalt. D. Mdul ati on of
Fl uorescence Wth G ucose, Lactate and . Aaetoacetate 20 The nodul ati on of
the fl uoreszsencengd ¢hHewanelleadidrs rmmmnnltémjleeco(imrclemelsﬁehns t wo
recognition_elenents) .prepared jn this .exa Iucos ate and
acet oacet at’e" %%n’de?%?rﬁ}hgdreﬁ]diﬁret a% r;[}?Lt e nor 2& ?(é%rescence
em ssi on (ldtoft@a2d emyoofin hed,25pdwedr cﬂmﬂtco:fs tatmids c&)i&ltplaéfentiﬁgnM PBS,
pH 7.4 containing 0.2p NaN3 and 1 mM EDTA containing varioys anpunts of

BT 75 EH im S T S 01 D G 98 Dtk Gner 7P Ecor ded
usi ng & Shi t@dzamdiirs 538espeetiswsf | uoroneter with excitation @65 nm(slit =
3 nn) 30 and enmission at 427 nm(slit = 3 nn) at |low sensitivity at 37C
using a tenperature controll ed sanple holder. The cuvettes containing 3 nL
of the desip&fbomot it Odn Wof CEx3rat A W tetthilt P CWedp@rh uded 3%d. pH
equilibrated at 37C for 15 m nutes before neasurenment. Each hydrogel sanple
was neasur deexre¢lieni ndependent sanpl es Error bars are standard deviation
wi th quadrupli gafs er?/ fn%duq_adcttl detd Relnts.. 1 The jaydrggel s 5 containing a
gl ucose recognitiomr nol ecule were prepare as préeviously described. The
hydrogel S vvea@rmhe@dl@nwgds asza shieldsiidid ’fdm@reijiﬁ/ﬁetrtﬁr{tolg}elgoéle mesh in

SOdI u%{ef ;%i?at e (?lif d? %(? E&Gqﬁﬁ] ar%ﬁ%} dﬁﬂnl\ﬂu“ i gm aceltoglacé?aggd 20 m

[Aldrich], spelctira2wede GetdOnimed 20 nMch m@ll@sﬂu@% podpdriedsi n 10 niv

(F:)Eﬁol Eﬁez 3/a§ g%”faéeégltggf eg{%yaﬁesencghé%nﬁqucose O%%jteg%b %tciﬁ)e%];)rteg:nce

of l|actate Dor aSQMDaeeaadeemiBt@alm@ket 6( Blﬁwg@beemgarmhmmem@tntda@r yl ate

nMonomer s bi s- bor eanf, ene
9, 10- bi s[[Zb?ﬁr-%%ydroxth hoxy? aar13|:er1o Wyﬁ laentjh'r acIenne:.heI'o a
sol ut ibh of Tl an’heoeahn)(xsya).éthla@odamiéﬁ;@h gint3n i tng 2292 hmed &;0 20. 9

equiv.) in 40 i CHC13 at | S add O- bi hl ar t hyl ) ant hr acene
(3.94 g, 1473 bt &7 ne" %?um? ggl%trlmrlred Eéf ggfk for 67 25 hours.

At this tinenddfOndentHzl lereomﬂﬂ@drambm he - 31

Table 3
Slit I420/I550 I420/1550 1420/1550
20 Configuration |0 mM glucose | 100 mM 200 mM
glucose glucose
1.5/1.5 3.92 6.18 7.36
1.5/3 3.93 6.12 7.25
3/3 4.00 6.27 7.28

The temperature stability of the 5:1 excimer
25 indicator macromolecule was determined. The ratio of the
emissions at 420 nm and 550 nm for a 1 mg/ml solution of
the 5:1 excimer indicator macromolecule exposed to 200 mM
glucose (pH 7.5) was 7.57 at room temperature and 7.53 at

approximately 60°C.

-22-



WO 02/ 12251 PCT/ US01/ 2~29~ sol uti on was washed with 1 x 50 nL and 2 x 100
mL portions of NaHCO3 (saturated aqueous solution). The organic extract was
dried ovegoapiydjous Na2S04, filtered and concentrated topyrgisth/faéy 9

(790) of a yellow 5 powder. Product (~85 o pure by RP-HPLC) was carrled on
as is. HPLC conditions: HP 11 00 HPLC chromat ograph, VWydac 201TP 10 x 250 mm
colum, 0.100 nL injection, 2 nL/mn, 370 nmdetection, A = water (0.10
HFBA) and B = MeCN (0,10 10, HFBA), gradl -i l oo, B 2 mipn, 10-80% B over 18
mn, 80100a B ovaPe2PHi Atakpbhty of nihe Pot FATHIEE (RIS i n. B

9, 10- bi S[ N- [ Rl ity kbar knas- ae)ile):i&@ﬂéw] thé 26 2c hy ds oxyred hoxy) et hyl a
m no] met hyl ] ant hracene. A sol ution

9, 10- bi s[ [ 2- ERUSPdBEy &thdxy) @f“h?ﬂgnﬁﬁ{%] PB FRENGI I aRY ArhcEME F e 20F, 9. 75
mol e), DI EAtHL2.56 19 ,exJeY_m@rmmd%a%omhem%glgc@gélI ¥ ) ciéndk

(2- bromonet hyl phenyl ) boroni ¢ acid neopentyl ester (13.T g, 48 mmle, 4.9
equiv.) Pn 1815 Earemtcrdl devede s Sst i'r Peanfin’t At WerRrfe B hours. At
this tinme, th%ﬁcq%tﬂl% V@w 8:287¢asmG0agenLr at @dai nighaldye bynsphary
evaporation, then - [122al PCT/ USOL/ 2-129 usi ng a, vacuum punp
to renove thénolTEbleTr’ﬂe rE@edéél\kas;maéus.lppeapsytaﬁuﬁ%aslewqynehn
Chro”HtOQrap@M§ﬁé§929 aQﬁky%%%QaﬁgBhr%be%l%an§an8e3t@sgégohg§}zcj~) to
yield 5.67 g 00) of a viscous oil which solidified upon 5 standing.
Product (~85 s¢agursd g IR Hpiscpnvidd ceatri ed on as is. TLC. Merck basic
alumna plates, Rf 0.33 wth 95/5 CHzZC z/ CH30H, see with UV (254/366) .
HPLC conditions: HP 1100 HPLC chromat ogr aph, Vydac 201TP 10 10 x 250 mm

col um, 1@. 100 nL injection, 2 nL/nin ?ﬁhﬁewﬁdetection A = wat er (O to

HFBA) and B FMetEN ’n. 196 HFBA\, |aun ert—i8o—B—2- ||| +0=-800—B-over—3§ m n,
801000 B ave 122ﬁﬂd55@0@@)é 2 n|ﬂ42@dﬂé@ﬂ ®H {/i-fe ] Q4QOdﬂﬁ50 pH 7.5
4.28 £ 0.18 4.60 + 0.37 4,29 + 0.19

It is believed that the stability of the excimer
complex (presumably through the pi cloud) exceeds that of
15 the non-excimer anthracene derivative, and, that the
boronate recognition feature, which is able to perturb
the properties of the non-excimer, and thus make a good
indicator, is not able to perturb the more stable excimer
complex and thus the excimer makes a very good reference
20 indicator. The reference molecule is structurally
unaltered from the read channel indicator. The polymer
matrix may be the same, and in this example is in fact
the same macromolecule. The recognition element is open
and intact, but the inductive energy influence between
25 recognition element and fluorophore center has been
muted.
The foregoing is quite significant, because it can
eliminate the need for separate physical and/or chemical

environments between indicator and reference molecules.

30 Example 3
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C. 9-[N-[2-(5,5-dinethyl borinan-2-yl)benzyl]-N[2-(2 15

nmet hacr oyl oxyet hoxy) et hyl am no] met hyl ] - 10-[ N-[ 2- (5, 5di net hyl bori nan- 2-yl ) be
nzyl ] - N- [wol3ntpsgdr oxyet hoxy) et hyl am no] net hyl ] ant hr acene. per/uso1/24294

(Singl e-net hacryl ate nononer) . A solution of

9, 10- bi sS[ N-[ 2- (5, 5-di net hyl bori nan- 220

yl ) benzyl]-N-[2-(2-hydroxyet hoxy) et hyl am no] net hyl] -33 WO 02/ 12251
PCT/U SO01 /2.129-L anthracene (0.298 g, 0.359 nmole), nmethacrylic acid
(0.304 g, 0.300 Tis sayrﬁﬁmemﬁni ezf & Shieginle )1an|3<8@n(1@le965egaté 68 mmol e,

13.0 equiv. N—d| ridine 0.16 mmol_e, O0.46
equiv.) in 1?5&21? %It %g eslflzﬁe %ier?g el FGE 4 hours. At
this tine, t@empeandisonlmamdlrezwva@ré Iddmﬁ&ﬁbmdl}ﬂmrltarﬂtee(ir@m rotary
evapor at i on. The resi due urified | um na coI urm chr omat ogr aphy (50
. g activated NeutPaY Caf i n }ga@fg &-ﬁ‘@ )i isd povns@Syp- .47 0 )
10 of a yel | 0y-Foi-HIbTAHAB Nie Gakicprédiet @@Zkﬁsﬁzwéoa&gfbryﬁ@élzgeund [M+
1]+ 886. TLC., _gbrck basi c al unina pl ates, 45 with /5" CHzO z/ CH30H,
see with UV [25% 388)°F Tpie Wﬁlwm@ It SR GrapRAgpdRE 201 TP 10 X
250 mm 15 cahatmon®lé®&@1al injection, 2 m/mn, 370 nmdetection, A - water
(0.10 HFBA) and B = MeCN (0. 1o HFBA), gradient 10% B 2 mn, 10-800 B over
18 min, 80-1000 B over 2 min, 1000 BExample detention time 21 min. D. Water
sol ubl e copol yner of 9- [N—[2 (5 5 20

di met hyl bori nan- 2-yl ) benzyl 2- (2- et hacr oyl oxyet hoxy) et hyl am no] nmet hyl |
- 10- [ N-[ 2- ( S5 Epeteeratdaeryiamids Inanones |ofHis-(toropdtecpatharagesishy| ani no
] met hyl ] ant hracene and TMAMA (1:50 molar ratio). To a solution of

[ 2- (et hacryl oxy)ethyl]trinethyl 25 anmonium chloride (TMAVA, 70 wt ©
aqueous solution, 0.344 g nononer, 1 66 mmole, 50 equiv.) in 0.600 nL water
was added a sol ution of

9-[ N-[ 2- (5, 5-di nmet hyl bori nan-2
m no] met hyl ] -10-[ N-[ 2- (5, 5- di ng
02/ 12251 PCT/ USQL/ 2~29. 1

e
-

2- met hacr oyl oxyet hoxy) et hyl a

[
2-yl)benzyl]-N-[2 -34 WO

10 HCt

a. 9-chloromethyl-10-[[2—(2-hydroxyethoxy)ethylamino]—
methyl]anthracene hydrochloride salt.
To a suspension of 9,10-bis(chloromethyl)anthracene
(5.18 g, 18.8 mmole, 3.99 equiv.) in 200 mL of NMP was
15 added 2-(2-aminoethoxy)ethanol (0.495 g, 0.475 mL, 4.71
mmole). The mixture was stirred in the dark for 17
hours. At this time, the reaction mixture was
concentrated to ~ 50 mL under vacuum at 50°C. The
residue was purified by silica gel chromatography (150 g
20 gravity grade silica gel, 0-10% CH,0OH/CH,Cl,) to yield
0.425 g (24%) of a yellow/orange solid.

TLC: Merck silica gel 60 plates, Rf 0.72 with 70/30
CH,Cl,/CH;0H, see with UV (254/366), ninhydrin stain.
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(2- hydr oxyet hoxy) et hyl am no] net hyl ] ant hracene (0.029 g, 0.033 mMmvle) in
3.00 nL MeOH. To this mxture was added 4, 4' -azobi s(4-cyanoval eric aci d)
(0.0075 gwo@2@22651™Mmol e, 1.6 nole o of total nonomer). Thepepluyshi/Hpoas
filtered 5 through a 0.45 a nenbrane filter, was purged with nitrogen gas
and then heated in the dark at 55C for 16 hours. At this tinme, the viscous
sol ution was cooled to 25C and concentrated in vacuo. The residue was
diluted with 20 nL water and filtered through a 0.2 a nenbrane 10 filter.

(WD 300y "BRneE 3150 EEG Effohe SMERf, NS S BE AT M "Ss s

mL of pol yneblaahyt bonooCancenieation, o2 L poid,] 37 ®nt ke s i, o t o

dryness indicated 0.Q0759 mer per 1.0 oJution.. 15 Overall 0.289g

(77% yieId"oVaSSFyégrZgEﬂggéxu?ﬁ?i n_o¥egﬁt8$e£%eﬁé§bNWt9F e, Lactate

. and Acet oacevat @ Ehgiﬁpdmbfebenso&véhelélxugmesw:mozo pf %h&}lecﬂﬁ@dmr (}A:hi gh
contains t recagni tion el ements repa in, step D of this exanple by

glucoseg |2@PQ§eBa dméeetBSEEPBfggmgémge{gr%1%%%: Figure 5 shows the

normal i zed fluorescence emssion (I/1lo @428 nnm) of a 1.5 ng/mL sol ution of

anthracene bis boronate- TMAMA (1:50 nole ratio), copolymer in PBS containing

a) 0-20 nM 25 gl ucose; b) 0-20 nM | actate; c) d%0 mM | i t hi um acet oacet at e.

Spectra were recorded using a Shi nadwau - 5361 ectrafl uoroneter with

excitation @65 nm excitation sligs at 1.5 nnf enf'ssion slits at 1.5 nm

anbi ent tenperature. The fluorgscence Qf the pol ymer 30 was affected by

t he presence of glucose, but pr esence of |actate or

acetoacetate. -35 WO 02/ 124¢ S SOLl/ 2-129-4 F.

9, 10- bi S| N-[ 2- (5, 5-di net hyl borThant2-yT) benzyl ] - N[ 2- ( 2- met hacr oyl oxyet hoxy)

et hyl am no] met hyl ] ant hracene. (Duaknmetdaceyl gte nononer). A solution of

9, 10- bi s[ N-[ 2- (5, 5- di et hyl bor i nan- 2% LI

yl)benzyl]-N-[ 2-(2- hydroxyet hoxy) et hyl am no] nmet hyl ] ant hracene (0.100 g,

0.120 nmol e), methacrylic acid (0.112 g, 0.110 m,, 1.30 nmmole, 10.8

equiv.), DCC (0.316 g, 1.53 mmole, 12.8 equiv.) and

N, N- di net hyl am nopyridine (0.014 g, 0.11 mmmole, 0.92 equiv.) in 5 nL CH2C z

10 was stirBed &t [J2-f(@rh¥dironyethbep)d8hylani2d]methiwl]AL0+ i 63+i ne, the

reaction m xture wag filtered agd concentrated by rotary evaporation. The

resi due was™FEFPRAEFEG2BYA8) BRPRELBBEBAN ERPEMRBEREBRSPR 30 g acti vat ed
neutr al a|U”ina,T%-%OsGH%QHEQHn,Q%ZNfR9~Mh$thQoﬁ§ﬂ)@b&ﬁﬁ@&yﬂéﬁi&ea yel I ow
Yy

solid._ This_product may be copolynerized_with one or nore other nononers to
for m ah¥i ndPysEerhRREi8foredtl é3- $¥ReIbor dnat Bgtdups- SHULHY ber depFbt ect ed

prior to US§5.19 g, 7.00 mL, 40.1 mmole, 9.8 equiv.) and ~ 3 mg of
BHT in 125 mL CHCl; at 23°C was added dropwise a solution

of 9-chloromethyl-10-[[2-(2-hydroxyethoxy)ethylamino]~
methyl]anthracene hydrochloride salt (1.56 g, 4.10 mmole)
15 in 25 mL of CHCl;. The mixture was subsequently stirred
in the dark for 92 hours. At this time, the reaction
mixture was filtered and washed with 2 x 40 mL of NaHCO,
(saturated aqueous solution). The organic extract was
dried over anhydrous Na,SO,, filtered and concentrated to
20 yield a sticky orange solid which was purified by alumina
chromatography (50 g activated neutral alumina, 0-5%
CH;0H/CH,Cl,) to yield 0.364 g (20%) of an orange solid.
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,) FAB Ms: Calc'd for CS6H, oB2NZO o [M + 953; Found [M+ 951 20 (weak

nol ecul ar 1 on peak). -36 WO U2/ 12251 PCT/ USUL/2.129-t TLC. Merck basic
al um na Rf 0.67 with 95/5 CH2C12/ CH30H, see with

HPLC. HPp%?O(%ﬁlz—ﬁsliwC chromat ograph, Waters 5 x 100 mm Novanng—'éﬁééégcol um,
0.100 m. injection, 0.75 nmL/mn, 2 5 nL injection |loop, 370 nm detection, A
= water (O to HFBA) and B = MeCN (0. 1% HFBA), gradient loo B 2 mn, 10800
B over 18 mn, 80-100a B over 2 min, 1000 B 2 min, retention tine 19.& mna
G Prepar at ¢88: Of1e HENVAS SPEEMAe Dy 6o Og:eétéls,rlfm @l 18 aseHLOTG ART cator: A

sol ution of hydroxyet hyl nmethacryl ate (HEMA, 0.Q7 0.084 g, 0.64 nmml),
net hacryl i cCHeG kb/CRE, 0SEB 0V HEh WOQ@‘{:ﬁQﬁ 35 Iﬁ?g’ly)drlﬁ‘ol SF&HY| enegl ycol

di mret hacryl ate 1000 (PEGDMA, 0.5 ng/ nL aqueous soI ution, 0.048 n), and 25
N, N- di et hyl - N- met hacryl oxyet hyl - N- (3- sul f opr op )ammnl um bat ai n ( SPE,

. 0.462 g, 1.BBLErDHP 1h00.BDUCnthoemateytzpie, gV af &Pp0 mm

9, 10- bi s[ 5. 5d yl borin 1) (ggr? yvI.oxyet hoxy) e
t hyl am no]j W%Pﬁé‘fnf’anpnﬁgg mg ﬁﬁj%gtg?%fs ergﬁ%rh%n an g@%%%én{ )gg 50 wt.
agueous5sol at walﬂemf (anfrenHERR peasd| B at SMe@N e( @ olhi HIERA W tArAIBOTE nl of t he
et hyl ene gI nower | ytbo Th S180 i O lac e box

pur ged vm'th P”g ki Anigqgéoug htll;g\)nljn%#‘ ’\P‘?\I"‘Woﬁéﬂl %ﬂefré%ﬂ{/

t et r anet hyl et)lo;%l anedman, nee(:@nﬂﬂﬁnnt;méolw 8% mag. added to the nononer
formul ation to accel erate pol ynerization. The resulting fornmulati on was
poured in a nold constructed from m croscope slides and a 100 m cron

stai nl ess steel spacer. After being kept for 8 hours in 30 nitrogen

at nosphere the nold was placed in phosphate buffered saline (PBS, pH=7.4),
the mcroscope slides were -37 WD 02/122s1 PCT/USO1 /229.1 separated, and
the hydrogel was renopved. The hydrg I, "as washed with 100 nL of PBS
containing 1 nmM | auryl sulfate sodgga%a‘lt for 3 days, the solution being
changed every day, followed by hiteig with MeOH/ PBS 5 (20/80 by vol. 3 x

100 nmL), and finally with PBS 100 M.)we The resul ting hydrogel polynmer
was stored in PBS (pH=7.4) contai ni,,@\())go . sodium azide and 1 nmM EDTA
sodi um sal t. *s

W Ve

Cc.  9-[N-[2-(5,5-di etoi\;f%ginan-z—yl )benzyl] -N-[3-
(methacrylamido)propylamino'm;thyl]—lo-[N-[Z-(S,S-

10 dimethylborinan-2-yl)benzyl] -N-[2-(2-hydroxyethoxy) -
ethylamino]lmethyl]anthracene. (Single-methacrylamide
monomer) .

A solution of 9-[[2-(2-hydroxyethoxy)ethylamino]-
methyl]-10-[[ (3-methacrylamido)propylamino]lmethyl]-

15 anthracene (0.343 g, 0.763 mmole), DIEA (0.965 g, 1.30
mL, 9.8 equiv.) and (2-bromomethylphenyl)boronic acid
neopentyl ester (1.09 g, 3.85 mmole, 5.0 equiv.) in 20 mL
CHCl, at 23°C was stirred in the dark for 25 hours. At
this time, the reaction mixture was concentrated

20 initially by rotary evaporation, then using a vacuum pump

to remove DIEA. The residue was purified by alumina
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H. Modul ati on of Fluorescence with 3 ucose: 10 The nodul ation of the
fluorescence of the dual nethacryl ate indicator conpound prepared in this
exanpl e byoghyerse was determ ned. Figure 6 shows the rel abipNRoiA4es €SCENCE
em ssion (I @27 nm of a HEMA/ SPE hydrogel (100 m cron thickness, prepared
as previously described) 15 containing the dual nethacryl ate gl ucose
recogniticn nolecule of this exanple in PBS (pH 7.4 containing 0.2% NaN3
and | mM EDTA) containing O to 20 nM a-D- gl ucose. The hydrogel S were

nount ed on gl ass slides and covered w th bl ack g yest er f“ farO
America, DepeVEOIWAn jGhrairasags aivet ¢4ds JaecAs Ve efihéleuﬁd:ﬁ ﬁtlu rghtc. VAl |
measurenents veye dlf{%@ﬁ/@k c317¢ 'tfb @1@1@”@@99% $364) spechr geliuewomet er wrth
excitation at 365 nm(slit = nm and em ssion at 427~nm (slit = n

at high sensi t3%A%9e 3 if a t@ﬁpserpd%%tcéﬁtyr 6e €8p§&ﬁfﬁ‘1€élﬁ8fjd€|’-th28n?he

. Cuvettes contalning3 Mnof Adifoklasd red wcase isalivkicenr (0, 1, 2, 4, 5,
10, 20 nmM gl ucose) Were equilibrated at 37C for 30 m nutes before

measur emert . AaGIREleponentThE HAIREEN GRQYPEs 8RN S be FRETPEGCted
fluorescence datg,, £38;5¢ WO 02112251 Exanple 7 PCT/USOL/ 2~29-4 Effect of
gl ucose or lactate on acryl am de gel containing

N-[ 3- (net hacryl am do) propyl ] - 3, 4-di hydr oxy-9, 10- di oxo- 2ant hr acenesul f onam d

e (Alizarin R n ’ 1 + 17* )

a, a' -bi s[N-[ 2-(5, 5-di net E%/I%orlﬁacrfl%“]aﬂ Bens I]8lél-4[' Found [M + 117 855

(et hacryl am do) propyl am no] -1, 4-xyl ene (bis boronic acid nononer) A

3, 4- Di hydr oxy- 0- |oxo 2-ant hr cenesulf rige:

3, 4-di hydr oxy- %“;1[0 l\? k 2%int ha}}g%elnneasth]?a%rr%ylsd a(%{(# g) s%dlw&#]%sglstm(l 4 g, 3.9
mmol es) was cox@crlgﬂcmgdm e arwiath ¢l drédui3ieni.c aci d and heated to 90C
for 5 hours, after which the solution was cooled to 0OC and poured into 100
g of ice. After the ice nelted the solution was 15 extracted with CH-C z (3

x Z00 mi)io metplenedehl DI derkxt ¢iaedrsa ey ptghideed 2 drired Owixt [2S8az&09 and
evaporated to pr oduce 0.87 g of solid (Yield_660)

B,
N- [ 3- (et hacr yEXHT) p‘?ojp%’]m% hnbﬁ%%qlbxf g‘Il/G&rbx037é) A K E&E SR Snami d

e: 20 3, 4-di hydrigxye®, £0: t oxesRy anddrmcenssiN f@nyls alien)i, dey (98 o, 0 28
mol es) and N-(3-am nopropyl% nmet hacryl am de hydraochl or.i de (108 n%N
mrol es) were cHhbihed WEh DO 80% of et Mgl HE Qe GGt & I‘(303

ng, 3 Mol es) V@S agldedni Jher &t ShtH &h WesmesStig redniat, room tenperature 25 for
24 hours, filtered, and sol vent was evaporated. The resulting solid was

subj ected% o col uim chomat ogr aphy on ' ESamplesd o) with CHzO 2/ MeQH ( 90/ 10)

as an el uent. Th%ual—methacrylam:.de monomer of bis~boronate-anthracene

CH,

NH NH
\/\/ \chﬂj

SOOIy

H,€
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product was obtained as a red solid (80 ng, 640 yield). FAB Ms: Cal cul ated
for CZI HzoN20~S M+ 445; Found M- 445. -39 WD (12/12251 PCT/U S01 /2-429-4
HPLC. HP wé®915::C chromat ogr aph, Waters 5 x 100 nm NovaPakrhR8ec0!l um,
0.100 m. injection, 0.75 nL/mn, 2 nL injection |loop, 370 nmdetection, A =
water (O to HFBA) and B = MeCN (0. 1o HFBA), gradient 100 B 2 mn, 5 ZO 800
B over 18 nin, 80-100% B over 2 mn, 1000 B 2 mn, retention tinme 17.67
mn. C a,a'-bis[3-(nethacryl am do) propyl am no] -1, 4-xylene. A solution of

y—gi ani nop gpyé) Egéc gL?§Lg§a§¥xi°Ch'Oﬁﬁ%ﬁgﬁﬁ%ﬁ H@gvﬁgl}S.B nmol e,
equi v.), , O, 75
terephthaldhﬁgﬁbgéghgehyde (1.02 g, 7.60 mmole) and Na~S04 (10.7 g, 75.3

mmole, 9.9 equiv.) in 75 nL anhydrous MeOH was stirred in the dark at 25C
for 18 hours. AtAtBRsPenRARoNnBEe NADSDYS (gl grepetyinyB) ampheacen®l equiv.)

. was 15 addedsand,StErpin f 61 oMr s3g 0 td e, t he
sol ution maglf?lgergdﬁgngmgqgh4 ?FQA pes: 1% # 3¢ @@eﬁP Aﬁ%%ﬂ#§) was added

to the PiltA8teabhvport Nond- amlnggbgémgérnﬂfya@fﬂmudgth%@@blroleﬁehours.
The Suspensbgﬂ%"‘% s gergq Bh Hgb Cebifee @80 tpe £h<htla§e%<§oof"’33%

concentrat ed he resi due was ssofved In m." CHZCl z and” washed 1 x 25
mL sat ur at ednaglons NHAGIZAL' Ehéloﬁgaﬁﬁéréﬁﬁra@ttWGsdé¢$edOévérdaMﬁydrous

Nazs0d, 111 berggoand SENERILIALAY, oy ELiba M BEOUR 01 {ncThady adyict v

carried on as is. ronatograp P 10 x 250
nm col um, 651©0a1n@ theenikbnre2was stinred £BO %rﬂ@l&a‘s ehcmqmr AEE wat er

(010 FFEA) and BsmoMeCN(0 10, EBR) 0" pdhny 10ME 2o pLice 10,800 B over

18 mn ovér reten |on 5.8 30 nmin. -40
VO 02/12251fPE¢¢UeSQ and2th29s4lbd product dissolved in the minimum

& Di SN LiolheSodl Ryl bor nam 2y eesyh L el 3o49mt hagLybagt do)propyl a

nlno] 1,4 ene.
a,a' -bis[3- hmdrhabiykadedeﬁﬁtopﬁlahendksirddxyredeth.erg¢d7.61 mol e),

D EA (2.97 gg gépenth ! h%ifgﬁgg@bequ'v ), (2-brononet hyl

phenyl)boronlc AP 23.0 mmol e, 3.02 equiv.) and
BHT (5 ng as |nh|b|tor) in 75 nL CH-O Z at 25C was stirred in the dark for

28 hougs. A bhis Life, Lhe Tixhyre uag.uesher 4 %1250k s3ypsated aqueous
CH,C1,/CH;0H, see with UV (254/366).

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR C18 column, 0.100 mL injection, 0.75 mL/min,
360 nm detection, A = water (0.1% HFBA) and B = MeCN

20 (0.1% HFBA), gradient 10% B 2 min, 10-~-80% B over 18 min,
80~100% B over 2 min, 100% B 2 min, retention time 15.0

min.

AN CH
N NH

H,C

CH,



10 NaHC03. The organic extract was dried over anhydrous Na2S09, filtered
and concentrated. To the residue was added 200 nlL ether and the suspension
was stirngdob@i2si8 hours. The suspension was filtered andpghgsigshsive

di ssolved in CHzZC12, filtered and the filtrate 15 concentrated. To the
solid residue was added 150 nmL ether and the suspension was stirred for 18
hours. At this time, the suspension was filtered yielding 1.98 g (330) of a
fluffy pink powder, which had a maxi num solubility of 1 nmolar in PBS (pH

7.4). 20 F l.c! d Qp - Z91.

HPL)C: HP 1%70%6318%% té?gcé‘g %N;t?‘gl%’%ii‘ég‘ m‘r&%oggg[azylltl ﬁl‘ k3 col umn,
0. 050 mL |nn@_cguﬁhyihﬂ§dm¢ﬁﬁylaaﬁﬁmme@mmma@m wat er (o to HFBA)
and B = Me (O to HFBA), gradient |oQ 0-800.B over 18 min, 25

80- 1000 B over ?ﬁ@ﬂuq% & O bJTSe[t dﬂe&ﬁlaﬁr 3dP)nin, -41  wo

n2n22w PCT/ & e t 1) BRI AL Qi Of ( oacesxd ayi de 3gelmml&t aitnichg
N-[ 3- ( net hacr propylﬁl 4-di hydrox 10 di Qf( fint hraggnesul f onam d
e (Al Zari nfRed @mbne@;méntp 612 g, 0.

a,a' -bis| N%udi(‘?pr oy lBPéﬁjnfrﬁéﬁﬂ}al }?erW]) Qﬁﬂ:?dﬂz]c Ndi¥ heopentyl

(et hacryl a am no | erie: Et hyl ene gl ycol sol ution
cont ai ni ng S9temt (1 adéygant déd amer0e 803 w2 MWL nletHifl &iEDbi LaliBy PEni de was

prepar ed. i 20 mL CHCl at 23°C was stlrred in the dark
N[ 3- (et halc?lf/ arrchcd%)ﬂ p'}‘udp ?] 3, 4di ydr oxy-9, 10- di oxo- 2- ant hr acenesul f onam d

e (1.5 ny, 40r3;38axsi0 Btn’éhé§ e o, Bhe pregREfon (ffsn‘stlﬂi%ﬁﬁ/l

b 5 2- 4 f Y 28
S0 A B e st (20

sol uti on andluwlna ohﬁ%h@grathbougo%n@m?ﬁwfﬂé@%dw% T WG mul at i on
was 15 placgd,in.g gl gve Box ’P&'pg;&[d“d ey Ejd' al g wWd- a nold -

constructed from ghas’s rﬁ crosco | des and” 100 micron stainl ess st eel
spacer. An afjpeous gellubworidft N, N, N , N -tet rarret hyl et hyl enedi am ne (40 uL,
5% w.) was added to the nononer solution to accelerate 20 pol ynerization
and the final formulation was poured into a glass nold. The nold was |eft
under nitrogea: aMéﬁ&[kthae1ﬁ:01alihﬁlhaup$ata$teRfV\ﬁl-éﬁ ¥ithal0{ersed in PBS

(pH=7.4) and the | ass slides s to afford a hydrogel polyner
in a f@)%m of HeL i Pﬁl'mse?hgl)é\g Is\és i nggﬁg/dr ogel thin filmwas washed
with 100 nL of phosphate buffered saline containing 1 nMIlauryl sulfate

aashi ng i { FERECHHPES 10800 oy Y BRAT 58 =RBR00 ALE SaRa T oG TS wit h PBS
(PHE7. 4, 3 018@ahr 30 sHednesel, IOQ'OBUEmLV\@&j%t:QIied |O.I7’BSl_nL11ﬁirrM PBS,
PHET. ) comiarning 020 e 309 U221 45 300 ko) ERTASodibghoal ¢ - 42
(0.1% HFBA), gradient 10% B 2 min, 10-80% B over 18 min,
20 80-100% B over 2 min, 100% B 2 min, retention time 16.9

min.

C. Preparation of N,N-dimethylacrylamide hydrogel with
glucose indicator:
A solution of N,N-dimethylacrylamide (40% wt.) and

25 N,N’ -methylenebisacrylamide (0.8% wt.) in ethylene glycol

was prepared. 9,10-bis[N—[2—(5,5—dimethylborinan—2—yl)—

benzyl]—N—[3—(methacrylamido)propylamino]methylanthracene

(17.8 mg, 2x107° mole) and 40 pL of aqueous ammonium

persulfate (5% wt) were combined with 1 mL of ethylene

30 glycol monomer solution. The resulting solution was

-20~



WO 021 12251 PCT/ US(I 1/ 2-429-4 F. Mbodul ation of Absorbance Wth G ucose and
Lact at eThe nodul ati on of the absorbance of the indicatorhydrogel {which

cont ai ns Wwy2iLepgni tion el enments)prepared in this exanpl pchyseiuesse and
| act at e wasbdeterm ned. The acryl am de gel was nounted in PMVA cellin the

same way as described in Exanple 5. Phosphatebuffered saline (PBS), pH=7.4
contai ning the desiredanount of glucose or sodium|actate was heated to 37C
ina water bath and placed in the PMMA cell containing thelOgel after which
the PMVA cell was allowed to equilibratefor 15 mn at 37C._ Absorbance
measur enent f B-26§EhdPudogéCb? Pa¥tREEIEINtEMR ridfiereshs Johdfierns

intriplicate. s59(t¢8ahcHERASNI RTENL -t 8DBAR Be By B INBAMRS, &1SEFD 2& a
bl ank, A(650 nm) was subtracted from al |l 15val ues ‘of A(450nn) and (530
nn) . Figure 7 SRoWs -0 h¥2gb3erpante EPechPROTRF BRFY kil deyeio (300)

containi ng 4 pM-AhEZAELNLBEYnSr 1RROTES (ITHQOP@mlagiﬁgatf&rﬁha%iio%@m{a&
Red: acryl am de) and 44 bi Sboronic acid nonomer wi th and w thout glucose.
Fi gure 829, shBagrerelef feBPlof cgnakrseton GpYbIHEmResGiPactidad dagkl {300)

containi ng 4 fiyhALl z3bhN sRadn He BRNOPEL 1 a8, 44PM bAJ.S%@Pfo{Jg aed gt rpponer .
Figure 9 shows the effectof sodiumlactate on absorbance of” acryl am de gel
(30% cont ai ni BghguE® AN RPaEragRedaSnapponte binel MaldiWas PBrdnie aci d

monomer (1 95,apl k@t b0 r@h-BQr oRh €nBCI HABNONES RGN YRR AN n
absor bance ofpphgépﬁdicatot aasa %ec?edkby Pthpresence'JgggTucg%e, %ut
not subst ant i alfigrestepeedlbyiesheepeesenatabed) aandt ehe -pdrogqd 09dg22a1

PCT/ USOL{ @- 4294 ,VYhat 1 ghel ﬂka}?g L$: wds ﬁ%‘sﬁé‘cﬁ“& 071 0RGhONDE esgd e for
detecting the presence or co Centration of an ana yte in an aqueous
envi ronnent , - sahgagndngnsl aduleucphpsisfageasedpoh ypett Sad )mbEDYHE nor e

L ndi cator_conpgpafh, ERNMEL:. Whhahsl nehy! dyalit YorSe o ll4&d elvdyy vat er

soluble to permf theéir use in an” agueous™ environnen ecting ¥he
presence or cdayentratlioyrdobysepdhioganatit BMFARBS b)1 N80 dpy movk., 3 X

hydrophi |1 c MBS, SWENiRati NG FRCERRDLEALY eyl S3CaPAR) &yof detget i ng
t he presence or con éntration of”sai anal yt in"ah aqueous environnent. 15
2. The i hli caresududngmblydeabel opotymem vaswaboeed thePBRict DOrohecRBS, i S

capabl e of debachi 99 hy-an;aphiedl sehapge. 3 Jhe, | ndi sanor gk guRl ecul e

of claimil, erein the indicafor conpone nONoOMer conprises an (o 20
bor onobenzyl ) apdiemesktitant hr acene derivative. 4. The indicator
macr onol ecul e of claim 3, wherein the
D. Modulation of Fluorescence With Glucose, Lactate and
Acetoacetate
20 The modulation of the fluorescence of the indicator
macromolecule (which contains two recognition elements)
prepared in this example by glucose, lactate and
acetoacetate was determined. Figure 4 shows the
normalized fluorescence emission (I/Io @ 427 nm) of the
25 hydrogel of this example in 10 mM PBS, pH 7.4 containing
0.2% NaN; and 1 mM EDTA containing various amounts of
sodium-L-lactate, lithium acetoacetate or a-D-glucose.
Data were recorded using a Shimadzu RF-5301
spectrofluorometer with excitation @365 nm (slit = 3 nm)
30 and emission at 427 nm (slit = 3 nm) at low sensitivity
at 37°C using a temperature controlled sample holder.

The cuvettes containing 3 mL of the desired solution were
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i cator conponent nononer is selected fromthe group consisting of
[ N-net hacr yl oyl am nopr opyl - N- (0- bor onobenzyl ) am no] 25 net hyl ] ant hr acene;
2-

N-[ (Voo B2/428Et hyl bori nan-2-yl ) benzyl ] - N-[ 3( net hacr yl apt¢@kprRpy am nol m
h |]-10-[ N-[ 2- (5, 5di net hyl bori nan-2-yl ) benzyl ] - N-[ 2- (2- hydr oxyet hoxy) et hy
am no] net hyl ] ant hracene; -44 WD 02/12251 PCT/U SO 1 /2-429.1

-[ N-(2- boronobenzyl ) - N-[ 3- (et hacryl am do) pr opyl am no] net hyl ] - 10-[ N- ( 2- bor
nobenzyl ) - N-[ 2- (2hydr oxyet hoxy) et hyl am no] net hyI ] ant hr acene;

, 10- bIS[N-b%uﬁﬁigrgkgﬁtB¥|@QPtn§8r215|ﬂfﬁﬁE%@ bé%&f%fﬁeaﬁurement

met hacr yl am do) am no] net hyl | ant hracene; 9,
2- bor onobehagh gdeOQFl3sa(ﬂﬁét3haéﬁymaW@Pé?d pmoﬁcymnamrnﬂﬁmdgnq ant hr acene;

9-[N-[2-(5, hyl a yL)he [&
met hacr oyl ogigk}%ﬁy e?%&bgmeﬁ% rrélﬁ F’Fyma%bl\l- %&)(Z%tjso% with
di net hyl bor Hﬁaﬁrgpwpbmzya]lums[rozehghlr@ap@tmyf} The hydrogels

et hyl ant no] hr,a

9- [N(?borgﬁggégbéﬂ§ h gﬂ%s e oy %)?&el{l%]()?& le? hy?%em%lo ]{%yl] 10-[ N\
[ 2- bor onobeﬁzypr}evmopz-lyzdhydlrobyét ho?ly@ ehhgiragreh@]wmehymc}tamm amene; 15

9,10-biS[N-é$0xyet ﬁhbggbgg d Y%&%bgg%%lit mesh in PMMA

(2-met hacro | am no racene
9,10-bis[N_ggvb@t@ﬁobénﬁﬁf)tc+tme(2nc1dent light. Solutions of 1,

met hacr oy! Oéyeﬁhog)(j)jetzksymn%ggkgﬁt Eﬂ%@@é@éaﬁggrlch]o 2&‘0 10 and 20

N-j 3- (nmet hacfy di'hydr 6xy- 9 dr ox
2- ant ht@cens¥ulfshamndecetoacetate [Aldrlch], and 1, 2, 4,

ol -1 @ xoanas TR BE b b BB B e e b BB 1) eofiéﬁ#% : %Dd?ca«fé) Propvie
nacr onol ecutenbtivliagn032%wieNeiand He n?b BYRiY.ophiHe ¢ lnbreseencenpiti Ses
[3- (met hacr y},oyLapaghRLoRYL] LEETBEDY SPAL UM EDLOLL A% §1ucose,
but not by the presence of lactate or acetoacetate.
15 Example 6
Single- and dual-methacrylate monomers of bis-boronate-

anthracene

NH\/\O/\/ oH

NH/\/O\/\ o

A. 9,10—bis[[2-(2-hydroxyethoxy)ethylamiﬁ;]methyl]—
20 anthracene.
To a solution of 2-(2-aminoethoxy)ethanol (31.4 g, 30.0
mL, 299 mmole, 20.9 equiv.) in 40 mL CHCl; at 23°C was
added 9,10-bis(chloromethyl)anthracene (3.94 g, 14.3
mmole). The solution was stirred in the dark for 67
25 hohrg. At this time, 100 mL CH,Cl, were added and the
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6. The indicator nmacronol ecule of claim1, wherein the indicator conponent
nmononmer is selected fromthe group consisting of a | anthanide chelate and a
pol yar omag ¢ @2/83shydrocarbon. --4 5 WO 02112251 PCT/ USU pctidsédfady 7. The
i ndi cat or macronol ecule of claim1l, wherein the nolar ratio of hydrophilic
nmononer: indicator conmponent nononer is fromabout 2:1 to about 1000:1. 8.
The indicator nmacronol ecule of claim7, wherein the 5 ratio of hydrophilic
nmononer: indi cator component nononer is fromabout 5:1 to about 50:1. 9.
The i ndi cat sclmiidronwhecwhehefl wibhml8x Whenkiand he x at@® it hydrophilic

o1 ndi : ' 1 .10, The, i ndi
Tacr ool ccubE Lot CBPach S2RkRer HA LA Sha g B Ba P2 <ol bet od fr om t he

group consi strigagicf eatvbectnaksdidoledanvar hyolnpodyoasik,S8,( 3fkkteradi d
oxygen; car di_oxi de; _zinc, po i hydrogen, or_carponate ions; a
Coxtn o m AOPa R e et sl coPOL TR, b I BET o £l LEPEIR ccul’e o
claim 10, wbewdem.t heranakyt é~88t 8cpedei by aRb+BPh@) wh olcanhtodd conpri ses a
saccharide.a 2.i The indi cator macronol ecul e of claim 11, wherein the
saccharide 1§ gFucose. 20 13. The indicator macronol ecule of claiml,
wherein i) the nolar ratio of hydrophilic nmononer: indicator conponent
nononmer i s about. . 2:1 to_ab 15; ij) the indicator co t
nonomer con§%£g2§°§ lﬁ}PBBérgﬁogghgyﬁféﬁiﬁh%ﬂ@?ﬁ??f%ﬁﬁhré%@ﬁ%qggpﬁgative,
25 iii) theibysr ophi hinC coDOAABr 0CQUPr ME€Snjection, 2 mL/min, 370 nm
[3(nethacry|o¥lanino)propyl]trineth | anmoni um chl oride, and iv) the
macr onol ecUFECEEHIBRY s Pali BRERFelOeffelfBAL 4gnd B = MeCN (0.1%

10 HFBA), gradient 10% B 2 min, 10-80% B over 18 min, 80-

100% B over 2 min, 100% B 2 min, retention time 15.6 min.

cH,

T/ch"’
B

(-]

N\/\o/\/OH

B. 9,10-bis[N-[2-(5,5-dimethylborinan-2-yl)benzyl]-N-[2~
(2-hydroxyethoxy) ethylamino]lmethyl] anthracene.
A solution of 9,10-bis[[2~-(2-hydroxyethoxy)ethylaminol-

15 methyl]anthracene (4.02 g, 9.75 mmole), DIEA (12.6 g,

17.0 mL, 97.5 mmole, 10.0 equiv.) and (2-bromomethyl-

phenyl)boronic acid neopentyl ester (13.7 g, 48 mmole,

4.9 equiv.) in 125 mL CHCl,; at 23°C was stirred in the

dark for 46 hours. At this time, the reaction mixture

20 was concentrated initially by rotary evaporation, then
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WO 02/122,1 PCT/USOQx/2~29-t 14. A nmethod for the production of an indicator
macr onol ecul e for detecting the presence or concentration of an analyte in

an aqueougogayidspnnent, said method conprising copol yneri pef@iso4394 One or
nore indi cator conponent nonomers which individually are not sufficiently

water soluble to permt their use in an aqueous environnent for detecting
the presence or concentration of said analyte; and b) one or nore
hydr ophi |l i ¢ nononmers; 10 such that the resulting macronol ecule is capable

of detecting_t.h resen opge O f i d aﬂg!y i ueous
environnent%s}gg %hggﬁggﬁoghg? gﬁa?%&?ﬁ% a%gr%?%Aihe nac%%%%ﬁg%37€§”s
capabl e of getrdadtiednblyadnmapti callumhanheomabodBapihe(he® hod of clai m 19,

wherei n the_indicataor conponen nomer_ge [ .
N—(oboronob@ﬁ%ﬂYF%gﬁiHSH@?H?I%nPﬁ?Q@énQ 5@??@%??3%@8i#.‘?hé”ﬁ%fkod of claim
.16, whereinstleg igndi7oat onfcanpdsentuisnondnmehiclk sel &difded ropot he group

consi sting 20 of .9-[[ N nethacryl gyl gm nopropyl = N - por onobenzyl ) am no]

metnyl | Snchededrinss. prodpst (-8% & RleR R BEMRERTSIOR TEEAR P "l |
3 (et hacr ylaamidq) pr opyl am no] net hyl ] -10-[ N-[ 2- (5, 525

di met hyl bori nan- 2-yl ) benzyl ]- N[ 2-(2- hydr oxyet hoxy) et hyl am no] net hyl ] ant hra
cene;

9- [ N- ( 2- bor m@hemeylck Nas3«( aruhdary baaide) propyl asi nodnephyt] - 10- [ N- ( 2- bor

1)-N-12-(2h h hyl am h ;-
onobenzy!) Wl 2 (R dhoxyeLhora) e 3y poLgpt vl anthracene; 47 w0

HPLC conditions: HP 1100 HPLC chromatograph, Vydac 201TP
10 10 x 250 mm column, 0.100 mL injection, 2 mL/min, 370 nm

detection, A = water (0.1% HFBA) and B = MeCN (0.1%

HEFBA), gfadient 10% B 2 min, 10-80% B over 18 min, 80-

100% B over 2 min, 100% B 2 min, retention time 18.8 min.

C. 9-[N-[2-(5,5~-dimethylborinan-2-yl)benzyl]-N-[2- (2~
15 methacroyloxyethoxy)ethylamino]lmethyl]~-10-[N=~[2-(5,65~
dimethylborinan-2-yl)benzyl]-N-[2~- (2-hydroxyethoxy) -
ethylamino]lmethyl]lanthracene. (Single-methacrylate
monomer) .
A solution of 9,10-bis[N-[2-(5,5-dimethylborinan-2-
20 yl)benzyl]-N-[2-(2-hydroxyethoxy)ethylamino]methyl]-

-33-



PCTI U SO1 /2~29~
9, 10-bi S[N-[ 2- (5, 5-di met hyl bori nan- 2-yl ) benzyl ]-N-[ 3( et hacryl am do) propyl a

m no] net Ryplaid.Rf acene; _ PCT/US01/24294
9, 10- bi s[ N- (2- bor onobenzyl ) - N-[ 3- (et hacr yl am do) pr opyl am no] net hyl ] ant hr ac

ene; 5 9-[N-[2-(5,5-di nethyl bori nan-2-yl)benzyl]-N-[2-(2

nmet hacr oyl oxyet hoxy) et hyl am no] net hyl ] - 10-[ N-[ 2- (5, 5di net hyl bori nan- 2-yl ) be
nzyl]-N-[2-(2-hydroxyet hoxy) et hyl am no] nmet h ILanthracene: ,
9-[N—(2-boronéb§hi§bﬁnﬁ-U@—@?Bngbhﬁeaéglmm9£$ oxygtlgacrylic acid

et hyl am no] met Bykhy 1@, [ b G3obaronsbeszyhdla N § 254 2bydi oxyethaxy) @t éyd am no

nmet hyl ] ant hr acene;

9, 10- bi s[ N-[ 29¢ 54558 mmphel, bdsi-Aanariy} ) bendy| § » K- 2ot mptdraicray| oxyet hoxy)
et hyl am no] ne : hr,ac 9, 40+ hi 2- hog pn yi)r - 15

- nethacroyloxygpﬁgbsgétA?Fggﬁngrnéfﬁgl?gﬁgéfagéég;gggpg'i AL

N-[ 3- (et hacr $HaPA d@tp2dP{l a8, 4tdichpdr oRyt9e 1dadk okoR- Antdwmeendsul f onani d

e: : . . : ,
a,a -bis[N[2-(5,5-di nethylborinan-2-y enzyl |- net hacryl am do) propyl a
bi s [ZtP%S t&mﬁé ﬁthreactloE mfygure vTShET% er?% andI i do) |
m noj] - 1, 4- xyl enecedfrangdsblyt sobrrgeevendiabsonher Bo¢ . rd8idddhevaet hod of
claim 14, whereln dr, i;li.c j \
[3-(nethacry|%§%§§§%§)p 063| l%ﬁn%?ﬁgﬁgﬁ%%%?ﬁ%#%ﬁf%??%eF5%99 ﬁ%&3¥%ﬁﬁ%d of
clai m 14, wheneunrgtheailndiicat00-2% CHFMEHElppnoreyielkd sklldd ed f40m t he

group consi stinpg_.o | ant i.de chel ate and a pol yaromati c hydrocar bon.
20. The Egthoagof &Fg#ﬁglfgﬁ%ﬁérein the nolar ratio of hydrophilic nononer:

i ndi cat or conponent nononer is fromabout 2;1 to about 1000:1. _ WO
of

8
02/ 122A PCTI USQ1/ 2..129~.21.. The had. .0 i , Wherein, the rati
hydr ophi | i ¢ nggénépf gﬁ&cht%Prcgg%%%%ﬁﬁhngkingéggt %gﬁﬁfaﬁﬁdﬁggzlbﬁg'about
50:1. 22. The nethod of claim 21, wherein the ratio of 5 hydrophilic
nmononer ; i ndi cator conponent  no i out 5:1. The net hod of claim

mer. i s ab 23,
14, wherein t RECan¥PyCE BaSdCt 8dumdngePeated: f RonPt fie YiblipPeonsisting of a

vicinal diol; cancs; fydoaxysaei gitg ov- ket®/ackd; oxygen; 10 carbon di oxi de;
zinc, potassium hydrogen, or carbonate ions; a toxin; a mneral; and a
hor mone. 24. The method of claim23, wherein the analyte detected is a

vicinal diol wereh g@MnigsespdcSeaehAktd§raph, vydac 201TP 10 x 250 mm
15 column, 0.100 mL injection, 2 mL/min, 370 nm detection, A
= water {(0.1% HFBA) and B = MeCN (0.1% HFBA), gradient
10% B 2 min, 10-80% B over 18 min, 80-100% B over 2 min,

100% B 2 min, retention time 21 min.

D. Water soluble copolymer of 9-[N-[2-(5,5-

20 dimethylborinan-2-yl)benzyl] -N-[2- (2-methacroyloxy-
ethoxy)ethylamino]lmethyl] -10-[N-[2-(5,5-dimethylborinan-
2~yl)benzyl]-N-[2-(2-hydroxyethoxy)ethylaminolmethyl] -
anthracene and TMAMA (1:50 molar ratio).

To a solution of [2-(methacryloxy)ethyl]trimethyl-

25 ammonium chloride (TMAMA, 70 wt % aqueous solution, 0.344
g monomer, 1.66 mmole, 50 equiv.) in 0.600 ml. water was
added a solution of 9-[N-[2-(5,5~dimethylborinan-2-
yl)benzyl]-N-[2~ (2-methacroyloxyethoxy)ethylamino] -
methyl]-10-[N-[2- (5, 5-dimethylborinan-2-yl)benzyl]-N-[2-
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25. The nmethod of claim24, wherein the saccharide is 15 glucose. 26. The
nmet hod of claim 14, wherein i) the nolar ratio of hydrophilic nononer:

i ndi cat orywg@eReent nononer is fromabout 2:1 to about 15pdy/ushibie

i ndi cat or conponent nonomer conprises an N (020

bor onobenzyl ) am nonet hyl ant hracene derivative, iii) the hydrophilic nononer
conpri ses [ 3(nethacryl oyl am no) propyl Jtri nmet hyl ammoni um chl ori de, and iv)

t he macronol ecul e exhibits an exciner effect. 27. A nethod for detecting

t he presence 26y cradntrgtd tory lemiaw Jaethinitl@nthracsaepl (& - KAV Bg an
aqueous envif nt, said onpri.si ng.. - A 1 1 U SO 1
12,1201 ) Cellos M ke mr:?{){bcebdr“ﬁd T Eg s, mipet e%%%, 2B

macr onol eculsg Loy NG e wapotalreri ofaciid) orfs 087 Smay,e 0.0di7c avorl econponent
nononer s whi ch i ndi vidua l’%//? are not
n

5 suffigiently water solyhle t erm-t
their use in ghBfFecuL 1}%1”,{%9{{0“}%75 'detTg‘cet isr?g?{} lémprweasserJIL'lcigf’%r'r(a%l P
contr:]en:]r5ati ﬁihﬂiug&fiiéi A Wi Gaenitiithrid )fidteegr weor eoumglrdophiitihi ¢ nononers; 10
such that the resulting macronol ecul e i s capabl e, of, det JdNg th resence
or concent r AP I aa?él‘ir/ﬁ?%“ iﬁ?‘ue etne‘iqjdéo c Sk oaﬁcrren < gr?& \%ﬁgr ein the
i ndi cator maghonw) ecad exhiBs @imke} eeiabl s apad | dol uthiain cheenges lied &o
concentration-dependent manner when said nacHggflecukghis 15dg Rese to
sai d anal yt 25%n@08 GRGSITTRF Sthy EHEHE 1 n d SFett dB1% d{}éll Y to
t her eby det epqime, ¢ her DESSERCEN QT £ CORERR M F ORyofa SBi 2 janmdndmra sai d

sanpl e. 28. The nethod of claim27, wherein thg, C anggz i.n sai.d 20
detect a) e qiltey. i SThe BPIVEAF BRhREEon was dialyzed through a

cellulose acetate membrane (MWCO 3500) against 2 x 4 L of
water. From the dialysis was obtained 38.5 mL of polymer
solution. Concentration of a portion of this solution to
dryness indicated 0.0075g polymer per 1.0 mbL solution.

15 Overall 0.289g (77%) yield of polymer.

E. Modulation of Fluorescence With Glucose, Lactate and

Acetoacetate
The modulation of the fluorescence of the copolymer
(which contains two recognition elements) prepared in
20 step D of this example by glucose, lactate and
acetoacetate was determined. Figure 5 shows the
normalized fluorescence emission (I/Io @ 428 nm) of a 1.5
mg/mL solution of anthracene bis boronate-TMAMA (1:50
mole ratio) copolymer in PBS containing a) 0-20 mM
25 glucose; b) 0-20 mM lactate; c) 0-20 mM lithium
acetoacetate. Spectra were recorded using a Shimadzu
RF~5301 spectrafluorometer with excitation @365 nm;
excitation slits at 1.5 nm; emission slits at 1.5 nm;
ambient temperature. The fluorescence of the copolymer
30 was affected by the presence of glucose, but not by the

presence of lactate or acetoacetate.
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29. The nethod of claim 27, wherein the indicator conponent nononer

conpri ses an N-(oboronobenzyl)am nonet hyl ant hracene derivative. 30. The

nmet hod ofygly3ii/s¢9, wherein the indicator 25 conponent nopeq§Risi/S6e! ect ed

fromthe group consisting of

9-[[ N- et hacr yl oyl am nopr opyl - N- (0- bor onobenzyl ) am no] net hyl ] ant hr acene;

9-[N-[2- (5, 5-di net hyl bori nan-2-yl ) benzyl]-N-[330

(et hacryl am do) propyl am no] met hyl ]-10-[N-[2-(5,5 -50 WO 02/ 122A

PCT/ USQOL/ 2-129.t di net hyl bori nan-2-yl ) benzyl ]-N-[2-(2-hydroxyet hoxy)

et hyl am no] net hyl ] ant hracene; 9-[N-(2< °€gr onobenzyl ) - N-[ 3- (et hacryl am do)

propyl am no] net hyl ] - 10-[ N- ( 2- bor gnobe zyT)-N—[Z-(25

hydr oxyet hoxy) et hyl am no] net hyl ] hracene;

9, 10- bi S[ N-[ 2- (5, 5-di net hyl bori meAi~2-yl ) benzyl]-N-[3

(met hacryl ami do) propyl am no] et hyl ] anthr acene;

9, 10- bi S[ N- ( 2- bor onobenzyl ) - N-[ 3- (fret’hatr y1 afii do)

propyl am no] nmet hyl ant hr acene; 0N9 N- [ 2- (5, 5-dinethyl borinan-2-yl )

benzyl 1 -N [ 2- ( 2 é

met hacr oyl oxyet hoxy) et hyl am no] net qyl ] - }%W&(S, 5di net hyl bori nan- 2-yl ) be
] ety

nzyl]-N-[2-(2-hydroxyet hoxy) ethyl aifi n ant hr acene;
9-[ N-(2- boronobenzyl ) - N[ 2-( 2- r oyl oxyet Hbxy) 15

et hyl am no] met hyl ] - 10- [ N-[ 2- bor dnghenzyl )] -N-[2- (2

hydr oxyet hoxy) et hyl am no] net hyl ] ant lir acene;

9, 10- bi S[N-[ 2- (5, 5-di net hyl bori nan- Benzyl ]-N-[2

(2- met hacr oyl oxyet hoxy) et hyl am no] et hyl ] ant hracene; 9, 10-bis [N
(2-boronobenzyl) -N [2- (2 20

N 13 (ot hadtyl agy 40y B S G S BBk PIREEDRan 2 vl benayl 1 -
[2- (2-methacroyloxyethoxy) ethylamino]methyl]anthracene.
(Dual-methacrylate monomer).

A solution of 9,10-bis[N-[2-(5,5-dimethylborinan-2-

5 yl)benzyl]-N-[2-(2-hydroxyethoxy)ethylamino]lmethyl]-
anthracene (0.100 g, 0.120 mmole), methacrylic acid
(0.112 g, 0.110 mL, 1.30 mmole, 10.8 equiv.), DCC (0.316
g, 1.53 mmole, 12.8 equiv.) and N,N-dimethylamino-
pyridine (0.014 g, 0.11 mmole, 0.92 equiv.) in 5 mL CH,CI1,

10 was stirred at 0°C for 1 hour, then 23°C for 22 hours. At
this time, the reaction mixture was filtered and
concentrated by rotary evaporation. The residue was
purified by alumina column chromatography (30 g activated
neutral alumina, 0-2% CH;O0H/CH,Cl,) to yield 0.030 g (26%)

15 of a yellow solid. This product may be copolymerized
with one or more other monomers to form an indicator
macromolecule. The boronate groups should be deprotected

prior to use.

FAB MS: Calc’d for CggH,oB,N,0,, [M]* 953; Found [M]* 951

20 (weak molecular ion peak).
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2- ant hr acenesul f onam de;
a,a' -bi s[N-[2-(5,5-di net hyl bori nan-2-yl)benzyl]-N[3

(et hacr wWyaohdoxpr opyl am no] - 1, 4-xyl ene; 25 and salts or geripsai/iiees
thereof. 31. The nethod of claim 27, wherein the hydrophilic nononer

conprises [3-(nethacryl oyl am no) propyl]tr|nethylannnnlun1chlor|de 32. The
nmet hod of claim 27, wherein the indicator 30 conponent nononer is selected
fromthe group consisting of a |anthanide chelate and a pol yaronatic

hydrocarbonTLc51Meﬁ@%(Eaéﬁﬁ%ﬁuagﬁéL%§Q%eé2 R2904633wifReggpshod of claim
27 wherein the nolar ratio of hydro | i c_nonomer: indicator conponent

monomer i s fHePd al§dlOHa: Beeovab 9V1®@@4436@h The net hod of cl ai m 33,

wherein the ratio of 5 hydrophilic nononer: indicator conponent nononer is
fromabout 5:1 to about 50:1. 35. The method of claim 34 wherein the ratio
of hydrophiHE@ChDhﬁhékloqrﬂﬂhﬂamﬁﬂom@ﬁpgménh ndrbaes PsxabOltms: 1. 10 36.

The et hod, SLuallmay ciiheraliel g 388! he datecied 15 96l geisd, from the

group con5|st|ng a sAacchari car
pot assi &m h&da@gemﬁnanldammonaﬂ@ nmndetaat1$he ne#hwdtef ¢baltn 36, wherein

the anal yte etec | char 38, thod of ,cl aim 37,
wher ei n theHig 2h§¥¥%§9|sﬁd%ﬁig?eq h?ﬁA gragﬁegg 98 Q 2 min, %g
80% B over 18 min, 80-100% B over 2 min, 100% B 2 min,

retention time 19.6 min;

G. Preparation of HEMA/SPE/MAA hydrogel with glucose

10 indicator:

A solution of hydroxyethyl methacrylate (HEMA, 0.078

mL, 0.084 g, 0.64 mmol), methacrylic acid (MAA, 0.030 mL,
0.030 g, 0.35 mmol), polyethyleneglycol dimethacrylate
1000 (PEGDMA, 0.5 mg/mlL agueous solution, 0.048 mL), and

15 N,N~dimethyl-N-methacryloxyethyl-N-(3-sulfopropyl) -
ammonium—-batain (SPE, 0.462 g, 1.65 mmol) in 0.900 mL of
ethylene glycol was prepared. 9,10-bis[N-[2~(5,5-
dimethylborinan-2-yl)benzyl]-N-[2- (2~
methacroyloxyethoxy)ethylamino]lmethyl]anthracene

20 (0.0096g, 0.010 mmol) and 0.020 mL of 5% wt. agqueous
solution of ammonium persulfate were combined with 0.500
mL of the ethylene glycol monomer solution. This
solution was placed in glove box purged with nitrogen.
An aqueous solution of N,N,N’,N’-

25 tetramethylethylenediamine (0.040 mL, 5% wt.) was added
to the monomer formulation to accelerate polymerization.
The resulting formulation was poured in a mold
constructed from microscope slides and a 100 micron
stainless steel spacer. After being kept for 8 hours in

30 nitrogen atmosphere the mold was placed in phosphate

buffered saline (PBS, pH=7.4), the microscope slides were
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39. The nethod of claim 27, wherein i) the nolar ratio of hydrophilic
nmononer: indicator 20 conponent nononer is fromabout 2:1 to about 15:1,

ii) the iy g 9@5 conmponent nononer conprises an CTnmouzu 1
N- (obor onobenzy §arri nonet hyl ant hracene derivative, iii) tﬁ hydrophi i c

nmononer conprises [3{methacryl oyl am no) propyl ]trinmethyl amoni um chl ori de,
and 25 iv) the macronol ecul e exhibits an excinmer effect. -52 WO 02/122S1
PCT/U SO01 /2.129 40. The nethod of claim 39, wherein said macronol ecul e

serves as bekhaanddidi GO NG A gfeQr %a%ereﬁéveé rra%em&aeebelwh' chis
capabl e of exhibiting an exciner effect, which conprises a copolynmer of: 5

a) one or ninaé“’ SREhest Widinild§ HoneRePBS cratasdhasdl dsmif lakireh are capabl e

of exhi bi ti g jan X ddmrunefdaet rahen alaytsablt)seorsb@ﬂtt%n%ta espect to each
ot her; and b) one or nore other nononers; such that the resu ting

macr onol ecul a@)@lﬁcblet@rs}ald@ﬂo f@)lépwéld bif eeshiag. wiks MeOHARBBecul e of
claim4g, whersigh t g(g) ﬁﬂ-_.l 1S Gapakl; %aci}‘lgdg]?%ﬁt blg%] Aig war%%%ence or

concentration of an "ana yte fracr onol ecu cla erein 15
a) the exci & -f olfheng aroridrieng hydireigeédalpioy yine rne ssetbiredentl §B&at er

soluble to r t|t Use, | agueous i;r.on f det egt t he
presence ong)(f){g]centr%tl on 8;1 ?glod%angrll&yt g’%\élhg‘ %%lfjﬁ 85 hgr m&mﬁg% is a
hydr ophi | i c swetiemersal20 such that the macronol ecule is capabl e of detecting
the presence or concentration of said analyte in an agueous environnent.
44. The macronol ecul e of claim42, wherein the exciner effect does not

subst anti al Hy chmiydatioregfoflacrescence with Glucose:

10 The modulation of the fluorescence of the dual
methacrylate indicator compound prepared in this example
by glucose was determined. Figure 6 shows the relative
fluorescence emission (I@427 nm) of a HEMA/SPE hydrogel
(100 micron thickness, prepared as previously described)

15 containing the dual methacrylate glucose recogniticn
molecule of this example in PBS (pH 7.4 containing 0.2%
NaN; and I mM EDTA) containing 0 to 20 mM a-D-glucose.
The hydrogels were mounted on glass slides and covered
with black polyester mesh (Sefar America, Depew, NY) in

20 PMMA cuvettes at 45° to the incident light. All
measurements were made at 37°C in a Shimadzu RF-530C1
spectrofluorometer with excitation at 365 nm (slit = 1.5
nm) and emission at 427 nm (slit = 1.5 nm) at high
sensitivity using a temperature controlled sample holder.

25 The cuvettes containing 3 mL of the desired glucose
solution (0, 1, 2, 4, 5, 10, 20 mM glucose) were
equilibrated at 37C for 30 minutes before measurement. A
single exponential function was used to fit the raw

fluorescence data.
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25 changes in the presence or concentration of the analyte. 45. The
macr onol ecul e of claim44, wherein i) the nolar ratio of other nononer:

exci nmer f ] somoner is fromabout 2:1 to about 15:1, ;4 /12251
PCT/USC&ngt @gﬁg?i) t he excinmer form ng nononer corrprisegéilrys‘"%bg)42

N- (obor onobenzyl ) am nonet hyl ant hracene derivative, and iii) the other
nmonomer conprises [ 3(nethacryl oyl am no) propyl Jtri met hyl ammoni um chl oride. 5
96. The macronol ecul e of claim4l, wherein the exciner form ng nononer is
selected fromthe group consisting of a | anthanide chelate and a

pol yaromati ¢ hydrocarbon. 47. The ndE¥am@leclie of claim 45, wherein the

excimer formg YYTER{ i |l ect I h .GONSL St |
9-[[N—netha?¥§%g§?anlné%%%ﬁ%ffﬁfegg%%?%ﬂgkéﬁfy ?gﬁfgg]ﬁéihépﬁgﬁ%ﬂ%g ene;
9-[N N-[3- (methacrylamido)propyl] -3, 4~dihydroxy-9,10-dioxo-2~
-[ 2- (5, 5-di net.hyl bori nan-2-yl)benzyl ].- N-[.3( met hacryl am do) pr Qqpyl am no] net hy
IT-10-[ N[ 2%%%%%{%‘?%2 b Fed F2IP3oRed) 02Pet hoxy) 25
et hyl amisno] retdm-H BfNw Bce(s,;5-dimethylborinan-2~ l)_benzylg -N-[3-
9-[ N- (2- boronobenzyl ) -N-[ 3- (et hacr yl'am do) pr opyl'am no] e hyIf-lO-[N—(Z-bor
onbenzyl ) - N-(retlEgmrianidneasopaliapinglrd), 4ot epentthiscbarende 46i8is [N
[2- ( 5, S-ngﬁ%ﬁxébprinan-z-yl ) benzyl ] -N [ 320

0) pr

(et hacryl am pyl am no] net hyl ] ant hr acene;

9, 10- bi s[ N- (2- bor onobenzyl ) - N-[ 3- (et hacryl am do)

propyl am no] et hyl ant.hracene; 9- [N. [2- ( 5,.5-di nethyl borjnan-2-yl )
benzyl] - N F2- 'ﬁrﬁﬁru°ﬁ‘6’>&/&t°ﬁ%@7¥y7%ﬁ6ﬁﬁ§?ﬁ?¥f9ﬁj§;[N—[2-(5,5 25
di met hyl bor igyasrigd ) benzyl 1 - N-[ 2- (2- hydr oxyet hoxy) et hyl am no] net hyl ] ant hr a
cene; 9-[N—(2-borongbenzy|)-N—&Z-é?-nethacroyloxyethox ) '

et hyl afOno] met Ry FTdibYPROEZ=Botbn b@ﬁczyijawtplzaqwbgéz@xq]@q@cét hyl ani no] m
ethyl ] ant hracengim 3%  10-Pig, [No g1 ds)Swad @b&ﬁ%&ﬂghb%tﬂa@#mw )
benzyl] -N [2 gg-nethacroyloxyethoxy et hyl am no] net hyl ] ant hracene; -54

WO 02/ 12251 ©f chlorosulfonic acid and heated to 90°C for 5 hours,

after which the solution was cooled to 0°C and poured
into 100 g of ice. After the ice melted the solution was

15 extracted with CH,Cl, (3 x 100 mL), methylene chloride
extracts were combined, dried with Na,SO, and evaporated
to produce 0.87 g of solid (Yield 66%).

B. N-[3-(methacrylamido)propyl]-~3,4-dihydroxy-9,10-
dioxo-2-anthracenesulfonamide:

20 3,4-dihydroxy-9,10~dioxo-2-anthracenesulfonyl chloride
(96 mg, 0.28 mmoles) and N~ (3-aminopropyl) methacrylamide
hydrochloride (108 mg, 0.6 mmoles) were combined with 20
ml. of CH,Cl,. To this suspension Et;N (303 mg, 3 mmoles)
was added. The mixture was stirred at room temperature

25 for 24 hours, filtered, and solvent was evaporated. The
resulting solid was subjected to column chomatography on
Si0, (10 g) with CH,Cl,/MeOH (90/10) as an eluent. The

product was obtained as a red solid (80 mg, 64% yield).

FAB MS: Calculated for C,H,N,0,S M* 445; Found M"' 445.
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PCT/ USO1/ 2-t29-4 9, 10-bis [N (2-boronobenzyl) -N [2-

(2net hacr oyl oxyet hoxy) et hyl am no] net hyl ] ant hr acene;

N—[3 (Met\aGeh iR do) propyl | - 3, 4- di hydr oxy- 9, 10- di oxo2- anppracenesy] f onam d
5

a a'-bi s[N-[ 2- (5, 5-di net hyl bori nan-2-yl ) benzyl]-N-[3(net hacryl am do) propyl a
m no] -1, 4-xyl ene; and salts or derivatives thereof. 48. A nethod for
produci ng a macronol ecul e which is capable of exhibiting an exciner effect,

whi ch et hodpig. CQWM@@SHPQ@O&B{ﬁ&ﬁé%@ﬁa ) W& 9168 & X Ginrer form ng
nonomers, the mol ecul es of which are capabl e of exhibiting an, exci ner

effect whenNsupPakl ﬁRoFﬂénF@HUWthorbg%é&TP ) @@ckPTot Her: o dHe B orre o
more ot her mn%jgétl&ﬁ §HBE t@@@ ﬁxhedéﬁé&&ié@g Aracromlecyd & exhi bi ts said

exci ner effect claim 48, wherein the macronol ecule is
capabl e of HEBA¢teng Bhe Mﬁ@ﬁeﬁ@elorHE%berﬂlf%ﬂiW of0%arB aharyte. 20 50.

The method 9b_gbal M 49, Wher Gif aoLhGoexs! SRL, TOMRENG JRNOTERI) I vi dual Ty

is not sufficiently water so [e fo pernit Its use in an aqueous

envi ronnent regendébecting LRebprosence or concentration of said anal yte;
and 25 b) the other nmononmer is a hydrophilic nononer such that the
macr onol ecul e i s capabl e of detecting the presence or concentration of said
analyte in &n aquaoubismakKmﬁnhacry15§id°V!I@E&hémiﬂprﬁﬂ74r¥¥l§n¢2-t 29~

STt 5 1% Sl ELALAN 15, LS A5 205t et 1o
concentr at i apdebchherdnal yaet %2.0Theg, nkéhddwodle) a2 MBlequirerkei n
10 DIEA (6.5 g, 8.8 mL, 50 mmole, 6.6 equiv.),
terephthaldicarboxaldehyde (1.02 g, 7.60 mmole) and Na,SO,
(10.7 g, 75.3 mmole, 9.91 equiv.) in 75 mL anhydrous MeOH
was stirred in the dark at 25°C for 18 hours. At this
time, more Na,SO, (10.7 g, 75.3 mmole, 9.91 equiv.) was
15 added and stirring continued for 6 hours longer. At this
time, the solution was filtered and NaBH, (1.73 g, 45.7
mmole, 6.01 equiv.) was added to the filtrate in portions
and subsequently stirred at 25°C for 21 hours. The
suspension was filtered through Celite and the filtrate
20 was concentrated. The residue was dissolved in 100 mL
CH,Cl, and washed 1 x 25 mL saturated agueous NaHCO;. The
organic extract was dried over anhydrous Na,50,, filtered
and concentrated to yield a viscous oil. The product was

carried on as is.

25 HPLC: HP 1100 HPLC chromatograph, Vydac 201TP 10 x 250 mm
column, 0.100 mL injection, 2.00 mL/min, 260 nm
detection, A = water (0.1% HFBA) and B = MeCN (0.1%
HFBA), gradient 10% B 2 min, 10-80% B over 18 min,
80-100% B over 2 min, 100% B 2 min, retention time 15.8

30 min.
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5 ,1) the nolar ratio of other nonomer:exciner formng nononer is from
about 2:1 to about 15:1, ii) the excimer form ng nononer conprises an

N- (obor ongdesnzisky am nonet hyl ant hracene derivative, and ii p¢TiRe/QAbder
nmononer conprises [3 10 (nethacryl oyl.am no) propyl ]trimethyl anmoni um
chloride. 53. The nmethod of claim48, wherein the exciner formng nonomner
is selected fromthe group consisting of a | anthanide chelate and a

pol yaromati ¢ hydrocarbon. 54. The nethod of claimb52, wherein the excinmer
15 form ng Pronowpex’ +isi siN-ef2-e(b {3 -cdinidthy)ibeui nanri-gili) benefy1] -

O-[[N-neth 0 no I - N (0- bor onobenzyl ) am.no] met hyl ] ant hr acene;

9-[ N-[ 2- (5%\% g’x nﬁ%%&% ’\tﬁ?’ﬁw‘?fﬂ"]nﬁl-'[% TEEHEERY| am do) propyl ami nol m
et hyl ] - 10- [ N- p2562u%28ndbiethyl behknan{ReYha Beprathiady § 2- (2- hydr oxyet hoxy)
et hyl am no] met hyl ] ant hr acene;

9- [ N- ( 2- borBFeRErE)Q N | A Thetene r (A - db) pr- Sy FERILES ) mPTE | 21Ql7[ N- ( 2- bor

onobenzyl ) -&N- [ 2:d@hydr oxyed haxdyd & hyd agp %Q;Jdﬂ%t hy! ] @nﬁo%%%@%h
9, 10- bi s[ N 2- (5, 5-di et hyl bor i nan- 2- yl) benzyl ] - N- (meth acrylyam do) propyl a

m no] net hylk]’}a?ﬂ%]r 1o aele| ngMpgItHorasticEe iy Y- &4[ 33(-Refmadeyl ani do)

propyl am noj ngs hydJ apt hraﬁ?@rﬁ{T ‘ mg as 1nh1b1tor§ in 75 mL CH,CI1,
9[N—[2(55d|rrehlbor|nan benz N-[2-(

zyl
met hacr oyl o§<‘§/e¥fl’1(53xy\)aeﬂc rﬂmamefﬂ)]lrmtm Jdaxtx [fN-r[ 28(Bogrsse Atwohdg/ 12251

PCT/ USOL/ 2. 428 1 +h £ hed L sat
di met hyl borinan-2-y e r[ll)le)?lzurlﬁ WI\?—lS ZWEESZ ehyciLr oxyet ﬁ\ xﬁ)aetuﬁfltaer?i r?g]urret hyl ] ant hr a

cene; - [WeHQGO:2- b@h@n@ﬁ@ﬁ@}lc )eX-tNaCIF gas(dpiedt puer oyhbxgeendxy)

et hyl am nolm@ts@" ]fﬂ-gté%cﬁzaxt?gr 89@&9@?&@&3&" [2rd 3%e residue was
hydr oxyet hox %de(et %gam no] met hyl | - ant hr acene;

9, 10- bi s[ N-§2dg% %l%t@ﬁh%rammf@ ;ﬁu)%l?)ﬂo]n- Wajs2 EL-imaedadosy Il8xyet hoxy)
et hyl am no] jig Lt% é”saﬁ? ? Sf_{l"f %'&OtEgl%ZBQe)sﬂ&u[ez (2
et hoxy) eth m no

met hacr oyl oxy ant racene;
N— [ 3- (rret had¥ 5% akield) or dfdszC]lzB ﬁlbltﬂy@domd o hen - fdii Igxst-eant hr acenesul f onami d

a a' b| s[ I\I-(fcﬁn?%n%r%tfer%t hy?%o??eﬁasno g I]Sebselr?zuy ]waﬁ- [agfjedt r%a5cr§]l am do) propyl a
m noj - 1, 9- xg/t leeve; arach ot vl sesRnoleen vetd \adsi nieer dofr. 185 Hous%.. AAwet hod for

detecting the; Dregence ol SONCEN IS 1AL of; AR ANRIMIA dih P 1SFEPle. said
met hod conpri si ng
(33%) of a fluffy pink powder, which had a maximum

solubility of 1 mmolar in PBS (pH 7.4).
20 FAB MS: Calc’d for C,gH¢B,N,0, [M]* 780; Found [M + 11* 791.

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR C18 column, 0.050 mL injection, 0.75 mL/min,
280 nm detection, A = water (0.1% HFBA) and B = MeCN
(0.1% HFBA), gradient 10% B 2 min, 10-80% B over 18 min,
25 80-100% B over 2 min, 100% B 2 min, retention time 13.4

min.
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a) exposing the sanple to an indicator macronol ecul e, said macronol ecul e
conprising a copolyner of: 20 i) one or nore indicator conponent nononers,
t he nol eaybes/ 19l Whi ch are capabl e of exhibiting an exci npgrgkhpehoihen
suitably oriented with respect to each other, and which are al so capabl e of
25 detecting the presence or concentration of an analyte; and ii) one or
nore ot her nononers; such that the resulting nacronol ecul e exhibits said
exci mer effect, and wherein the indicator macronol ecul e 30 has a detectable
qual ity that changes in a.concentratioq@;epe dent nmanner when said

macr onol ecul eBt s aEAtign saf gaghut Fpice SPPLaANERD/ 12251

PCT/ US01/ 2~29%4 ¢ b) i ggﬁﬁg' L gh AR 1esat 1 OHdl drfg-2-0

t her eby det e??n’ I":]g %lﬂgéﬁgéggg%gﬂﬁ?%oncen{ﬁfﬁ)% of sai%béanal yte in said
sanpl e. 56. Taetheidhevestlfonamids, (Mhizarin tBed Soomomexd) eand 5 does not

substantially ch e Ln respanse.to es. i n the ese Qf ra_
concentrat i ono‘o?‘a?ﬁt‘esgﬁél[gt_zg'57?11%&&%%5’0“%? %ﬁéﬂn?%%ﬁ i ) the

nol ar rat§0 OimetheerFLeaiRG) pkogytahdhioTorpoagyien®noner is from about 2:1
to about 15:1, 10 ii) the indicator Qonponent,nnnon%roconprises an,

N- ( obor onobenzy I5tdi ifslanst A arHrEdeme coatd&t-fde 308nd tii RFI¥hE™ G Rer

monomer conpr h5gso[ 85 (et hackyLext Ayl 8RBL Spy} 14 ies hyd angpsparashl ori de.
58. The nethod of claim55, wherein the_indicator 15 conponent nononer is
sel ected fronmirhé-¢gnetpacsidreifayrepryli ant hani de chel ate and a

pol yaromatic Ryd(Q£8k008, 10-dioxo-2~anthracenesulfonamide (1.5 mg,
10 3.38 x 10® mole) and a,a'-bis[N-[2~(5, 5-dimethyl-

borinan-2~yl)benzyl]-N-[3-(methacrylamido)propylaminoj-1,
4-xylene (28 mg, 3.54 x 107° mole) were combined with 800
pL of ethylene glycol monomer solution and 40 pL of 5%
wt. aqueous ammonium persulfate. This formulation was

15 placed in a glove box purged with nitrogen along with a
mold constructed from glass microscope slides and 100
micron stainless steel spacer. An aqueous solution of
N,N,N',N'-tetramethylethylenediamine (40 pL, 5% wt.) was
added to the monomer solution to accelerate

20 polymerization and the final formulation was poured into
a glass mold. The mold was left under nitrogen
atmosphere for 16 hours, after which it was immersed in
PBS (pH=7.4) and the glass slides were separated to
afford a hydrogel polymer in a form of a thin film. The

25 resulting hydrogel thin film was washed with 100 mL of
phosphate buffered saline containing 1 mM lauryl sulfate
sodium salt for 3 days, the solution being changed every
day, followed by washing with MeOH/PBS (20/80 by vol., 3
x 100 mL), and finally with PBS (pH=7.4, 3 x 100 mL).

30 Hydrogel polymer was stored in PBS (10 mM PBS, pH=7.4)
containing 0.2% wt. sodium azide and 1 mM EDTA sodium
salt.
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59. The nethod of claim57, wherein the indicator conponent nononer is

sel ected fromthe group consisting of 20

9- [ [ N- metypa®s/¥4@y| am nopr opyl - N- (0- bor onobenzyl ) am no] et byt dyeacene;
9-[ N- (2- boronobenzyl ) -N-[ 3- (et hacryl am do) pr opyl am no] met hyl | - 10-[ N-[ 2- (5,
5-di net hyl bori nan- 2yl ) benzyl ] - N-[ 2- ( 2- hydr oxyet hoxy) et hyl am no] 25

nmet hyl ] ant hr acene;

9-[ N- (2- boronobenzyl ) - N-[ 2- ( 2- net hacr oyl oxyet hoxy) et hyl am no] net hyl ] - 10-[ N-

(2-boronobegzyl ) - N-[ 2- ( 2hydroxyet hoxy) ethyl.amnol net hyl 1 - r.acene; and
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Bl Tcd+?f) 03<O#%808%6-yt 0] e_ZU] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca
] ca] cal] ca] ca] ca] ca] ca] caU] ca] ca]ca]ca]ca]ca]calcaljcalcal %&)),,,,, . HO{ 0000
- 2333337KyBoYiRsi >t >=?A#A&A Azupkf a[ V] | cal] ca] ca] ca] ca] capgp bg@t}ﬁa]pa] cal ca
] ca] caU] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] cal / ASAgQAAA
CE@EFGGGECEHKKEL LL>M N~NNNNNNNOVOPJ PPP} xsmhe” Xkf a[ V] ] V] ca] ca] ca] caV] ca] ca] caU
] ca] cal] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca] ca] ca] ca]ca]ca]calc
ajca
PFQz QQRS* T+Tn UL\ lgddd%jjjjlll1}xrlgb\VWkfa[V]]]cal]ca]ca]cal]ca
U] ca] ca] cal] C%Hc@a%ga]ccla l(I:rg]%lca]gca] cal] cal ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca 1. An indicator macromolecule for detecting the

LIV noepraygonp e wewPrysse el el Tl ob! Tl sl gslea oa

N LﬂcAa]ca]ca]c@p@apca$@aﬁnap@apcaauromalecule comprising a copolymer

U c*a] ca{ 2} ?} Kkl.} ~~7~] ~~} ~X"1 ~s| vgl g" YTkfa[] ca Ul c"a

U] c”*a] ca] ca] caU] ca] ca] ca] ca

Ul c"a] ca] ca] ca] caU] caheadraperd cajdiadaa] raaaceenl] atalcoersalvbadhcal cal ca
k{~] "gos| ')wWmz{ b]&]&]&ﬂ] Uraleal calsal cahiay sakeaYsCiunie to

Ul c”a] ca] ca] ca] ca

U] c”a] ca] ca] ca] c@@m}tatl]lcatl]wsas] cia] cai (Ea:]um;]m]ecarlronment for

Alr NRdf yt n cal ca ca ca .ca cal.caU] ca] ca] ca
cg] ig\lil)m]{ ca] c)a] cl(f 1’)‘(% 'LP}% a;]l‘ecgheas EJ U] E]a L{]Oéllaé}:)ﬁﬁllﬁngVZfl\] vv]r] eU]Y
Sj e” DU] c&l] cay oa@ahj&:@ca]n@] cal caU] ca] ca] ca] caU] caU] caU] ca] caD] ca] ca] c”a] ¢
aj cMa] ca] ca] ca] eF:]

BDQ&9>} xr mhb\ W e aJ”]? caU] gﬁ] oy &ﬁ"é‘éﬁrcsa] ca] ca] cal] cal] ca] ca] ca
U] caU] ca] ca] caulctajtda] ctal]ecm]aca])m’c‘sa]ecaw]aca]sca]apablleaafl( AdHSC ¥ @ | wigkf " [ UPj ]

caU] ca]cal ca ca] cal caU] cal] cal] ca] cal] c
a] 'E:J]aD] ]ca] 'E:J]a] c%%%glae] C]eU] calﬁ]oca U}: é CE%/]% Mg] ana ‘% & ar'iJ]aq\leoL]Js ]

B{ upkf a\ W ] cabhjvdajoeariecd].ca] ca] calU] calU] ca] ca] cal] cal] ca] ca] caU] ca] cal] ca] ca
] caU] ca] ca] cal] ca] ca] cal] ca] caD] ca] ca] cal] cavVWehp@-o

)| vagl ga\ W] cal] ] ca] caU] ca] ca] ca] caU] ca] ca] cal] ca] cal] ca] caU] ca] caU] ca] cal] c

a] calj] cla]Lﬁa\[}B] ca} ca] Thd) tad ced oad o-aéi]zimﬂc]wdcﬂﬁle of ClalmU]l, wherel]n tlS]le ]
DM7{{vql f a ca al.ca al cal] ca al cal ca al ca] caU] ca] ca
Ul cg{J] gaU] E:aJ L‘{J é:ﬂ}l(?aug] ﬁ%)g ] El’e gfc'egAE}”‘?PpR&C 1f

+,  >Fcw~} xsni dhzld]g@a] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] cal ca] ca] ca] calU] ca]ca]c
a] ca] ca] cal] ca] cal] ca] ca] cal] ca] ca] ca] ca] ca] ca! <k! - A3o. Lr { vgl gb] X] c] ca] ca
] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]
ca] ca] ca] ca] ca] ca] catné hh@lcator macromolecule of claim 1, wherein the

EF$4Up] Seny&K{ v kf a\ ca ca ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca]O]ca] (r:na] c g 8}“@3 cq 88]“ &] 88]“ 3‘3 KFV#NIT%/F/'

boronobenzyl amlnomethylanthracene derivative.

4. The indicator macromolecule of claim 3, wherein the
indicator component monomer is selected from the group
consisting of

9-[[N-methacryloylaminopropyl-N- (o-boronobenzyl) amino] -~

25 methyl]anthracene;
9-[N-[{2-(5,5~dimethylborinan-2-yl)benzyl]-N-[3-
(methacrylamido)propylamino]lmethyl]-10-[N~[2-(5, 5-
dimethylborinan-2-yl)benzyl]-N-[2-(2-hydroxyethoxy) -

ethylaminolmethyl]anthracene;
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K Il

Sh~ytojd_ ZLﬂca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]ca]c
a] ca] ca] ca]ca]caU]caU]ca]ca]ca]calSlqll5""""c##$°?°&%@@%ﬁ

" (C((?)o ))%X+{ vgl gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] cal ca] ca] ca]

ca] ca] ca]ca]ca] ca]ca]ca] cal] ca]ca]c”a]ca]lcalcalcalcal X+ +l +}+++,,,-R---.1/0Db
0c0000001'2A266666667|vqlfa\VV]ca]ca]caU]ca]ca]ca]cAa]ca]ca]ca]ca]ca]caU]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 789VW99: @ :

o <n<<| ===S>>r Az AAACDDD; EFFGzupkf a\ W] ca] ca] ca] ca] ca] ca] caU] cal] ca] cal ca
] ca] ca] ca] ca] cf B4} b’é\“}b@?@?ﬂﬁ]@i@}d&i]'@h—] [Ga] mm]td'aa]cwal]lcaa\]ld@]) ea] ca] ca] ca! GG GGG

HHE 11T AJ _
gEgGZUpkfa\éfkgchg?ca]ca]czféa} a£Wcé 24 be %}c]caﬂ ajca]caLﬂca]ca]ca
] ca] ca] ca] ch}’dapeial]e@b)]oeraf]) eahyadhtag) ma]:hali ﬂa@hna¢é1&%)b

' AL ' 0 ' 0
Cove ()01 @ YOI 0 [ o T O (T T8 a%%w)zﬁ] A= 13-
@?NI10?&‘;&'mﬁth&b&wwﬁylgg#@B@@b}@ﬂi§¢}méthDvﬁhﬂhfécéﬁhﬁ%??? 0%uE () -
050 @ 0% Qe STNRE G @ATE £ Ol gl OWE Q-
10% u& () - YPIO%?Q&M@hoU#th99®hﬁthtatéﬂ&© ) &f() 10988 () - "10@6u
u& ()- 9-[N-[2- (5, 5~dimethylborinan-2-y1)benzyl]-N-[2-(2-
methacroyloxyethoxy)ethylamino]lmethyl]-~10~-[N-=[2~-(5, 5-
10 dimethylborinan-2-yl)benzyl]-N-[2-(2-hydroxyethoxy) -
ethylaminolmethyl]lanthracene;
9-[N-(2-boronobenzyl) ~N-[2~ (2-methacroyloxyethoxy) -
ethylamino]lmethyl]-10~-[N-[2-boronobenzyl)]-N~[2- (2~
hydroxyethoxy)ethylaminolmethyl)anthracene;
15 9,10-bis[N-[2-(5,5~-dimethylborinan-2-yl)benzyl]-N-{2-
(2-methacroyloxyethoxy)ethylaminolmethyl]lanthracene;
9,10-bis(N-(2-boronobenzyl)-N-{2-(2-
methacroyloxyethoxy)ethylamino]lmethyl]anthracene;
N-[3-(methacrylamido)propyl] -3, 4-dihydroxy-9, 10-dioxo-~
20 Z2-anthracenesulfonamide;
o, ~bis[N-[2-(5,5~dimethylborinan-2-yl)benzyl]-N-[3~
(methacrylamido)propylamino] -1, 4-xylene;

and salts or derivatives thereof.

5. The indicator macromolecule of claim 3, wherein the
25 hydrophilic monomer comprises [3-(methacryloylamino)-

propyl]trimethylammonium chloride.

6. The indicator macromolecule of claim 1, wherein the
indicator component monomer is selected from the group
consisting of a lanthanide chelate and a polyaromatic

30 hydrocarbon.
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& 10%&’ () - L% @& 10 @ 10%& ()7, |9 #3% " _u] CL@ 10%a 109%¢& ()- L%
'@ 10%& fggM %5) £9 RRUE09BRI() -, ) @ 10%& ()-, opgx"?1@& 10%@
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1@ 10%.% @& 10%& () -, @ 10%& () -, L% @& 10%h& b * +JKLu

Cl@ 100/@ 10%8& (?f(lg L3R tmﬁmcmom%l@@c%ﬁé (C)l—alll_‘%B&@ZhP@%& the ) @ 10

L () 7 MBS QB 5 RO ONBE: (i b3 GF 0BG Ce BRI () L%
'@ 109%8& ().-, 89: ab} "F1@& 10%4.% @' 10%é& () - L9% @& 1000& () -,

& 109%& () - L50PhOMtDPE, - 10%@& 109%& () -, L% &@ 10%0& () ) @ 10%8& ()-, L% &

@& 10%& ()-,) @ 109%& ()-,+?fvUs f&L0% & () 5100/&& () -

S10%R&. 8) 10&810&10& | : 10%&&' ()- 5" 10% 9%& ( vU4  3y&10%&& ()- 3y&l0%

2 & (}0°f 81008988 The IRRAOBHRAGFGLOMBIDY ) clalm 1,” wherein

Ef &10%& 1 08 & ( w1 3%&1Q0 UR& (
3y&10%&&(%;:h%) g;ﬂgagaf(}%&%&(t;éc%gd‘&&s )sel X@ég/@g‘o&c\) Eﬁ%l‘gy&}g@tlow&& (-

S10%&&' () - E@HeISEing. of §1@’9@&n@)1 d@@év/&&n(y hpE1oRY | #n8d70%4 [ BAUL0E

f3,9" 10928&&,0)i4 oxy%e% 10%REAS ﬁlox1de$ 91$g?$ﬂg§§%§2um, hydrogen,

or carbonate ions; a toxin; a mineral; and a hormone.

15 11. The indicator macromolecule of claim 10, wherein
the analyte detected is a vicinal diol which comprises a

saccharide.

12. The indicator macromolecule of claim 11, wherein

the saccharide is glucose.

20 13. The indicator macromolecule of claim 1, wherein
i) the molar ratio of hydrophilic monomer:indicator
component momomer is from about 2:1 to about 15:1,
ii) the indicator component monomer comprises an N-{o-
boronobenzyl)amino]lmethyl]anthracene derivative,
25 iii) the hydrophilic monomer comprises [3-
(methacryloylamino)propyl]trimethylammonium chloride, and

iv) the macromolecule exhibits an excimer effect.

—46~



"L @109& () - #, @L0%R& ()- , @L0%EBL' () - Z98BAB8ARRVUA10 R & 10% "1 & () -

"10%R&' ()- ~10%R&' ()-10&10&810& ; 109&& ()- \3,9' 10%~#v& ()-

&& ) (()) [wovsHdh@ R 6S#10%&& () - ,f@109B& () -y f@lo%@a& H:T/XJS(H/24294

5f @ 109%&& ()-y f@ 10%&& ()-y W& 10%$q& ()-)*+, ., ,, | o

s10%&&' ()-10&10810& 3; 10%&R& ()- 3$&10Y&RSE ()-f 3$&100/&& () f

, 3$8109%&8&' ()-f,,-../HO|[:bU410 > "109%&& ()- 5 "1099& ()- "10%t& ()

[' 10% 1 & ()- @' 10%& ()- @"s10%&& () - HO{O0R11- 22| [: bU410 F90' 10%¢& ()-g
109 $& () - ZL& " TOUERHId £ o "HNERB )2 ofS OIf] QURE () <@ o

100/&& () - 23033333 3% Q%U4 0 éoo/ % 10810&108& <10°/&;@)1 2396M 1008’ () -
. 396M 1094 & [P0 T0Ya8 %?F §5955 fl? bR 18T SRR (Ol SRNE§NTL L2 Aog () -
' 1098n$8& Of- an: ahQIBYB&IL) an agh@bub%esy{Yonment, said method
le%&& ()-677839K; O P; gb -410&, <109&& ()- ~3Y(M 109%&& ()-g
., 3Y(M 10%@?8%)31591& PRYTBUKIKRIL) - g ;' 1098& ()- \+ ' 10%W. W& ()-
P Q R "50:::; ¥ 108he AL )mdﬁc%@&& (Qom &goh@%@&mb}mmb%éo%&&cﬁ)
() T #1008 ()-T  (10% &&! () -

*1098& ()- 108108, , <<] =>7>1 >| [ A410& " 10%

(10%& ()- *f /&&&a%l)ly A 20 BRI FLchR A YR ey 99 HRME oto permit
10%&&' () - 10680&10&e inlB% (léeous)’envlﬂﬁ@&néﬂt £¥r ' dOU&SE {dg the

QZ10%4 () - T/ A-AgARAAG [ DUT0  @10%E (): ' "10% & & (). - 10%8 ()-g

L 109% ()-g PIGFERCE) OF CODGSRRL AT 1eTsOEEHEE [ 2k Ee am}ﬂow&& ()-f
@&F" 10988 () -) DESid 09B&dDe HPAOSEE 1) Sho@bkR¥AE () -
@ 109%#8& () - GEECEACGHVUA10 &F 109&& () - "S10%&&' () - 5100/&& ()-10810810& y;
-109%8&1P) - SUSROIRRT( FRPHERPIKK]-PIVIBTEONPEI09ER, 15 -Caraph®aRlL ()-S +
(109 &H#& () dStectQUYRL O re(;éﬁ%’@ 6} &ﬁcéﬁ@%tﬁcn 86 £ ) s K& AN [ vUALO
+ 03(10% & ()-f 03(10% -109&& ()-- Lf, 109&& () - & mowse: () -
@ &109&& ()leﬁNNNMNﬂ?WU@MlB@)@@W&K& ()-U X, 109%&& ()- "10%&s& ()-
S109&& () -10810810& L; 109&& ()-zOPIPI PFQzQQ [ : VU410 D fDn! 109%8& () -
SK109®&' ()- "fD'10%R& ()- fD'10%& ()- \4109%&R& ()-
2% 0% &F&' () - HORRSSTRY| evmfpﬁaclamu_d%&we(r)eis the meugrgmelesule
S"10%&&' ()48 c§pég%@&o€f) d§t§c%96@{&b9) ar SotAHEAdn g'?éJ”USUt Uu v WUV L9 10
9f Z(10% & ()-0 "~ 10% & ()- s10% & 10£10&10& ; 109&& ( 10% #
& ()- SUUUUVVV>VsV\7910
of Z(1096& () - 0PF Z( 11% &d dn AP YA AEAYo1& , Or_UeA 1 Qe i QRYEH Z2(10% & () -
0>V?2V@/yVzV| VWX XD
PY( 9f Z( 10% &O(npoegnZ( TOwOReE) CORPEDEZE 1896 8- (P=09f Z(10% & () - OPY( VWVW) W W
X<910 .
\9/\!?2( 10% & (P o5B00BFOETOICR P G5RSL 18U P TT BRI BT R THY8 & () - 09f Z( 10% & () -
0-+W W W VAN WP 910
of Z( 10% & Z Y(Of 0 1 fZ(10% &
OW“(UWX 4§&X ] 0( 18 &ddn AP EATA L%, OV AL R 5 D QRS 4( ()-
PY( 9f Z( 10% &ofpodehZ( nOwoRer) 16P¥EIRZELOVE 8O1) tHOF TEAAHL @O 1 OB X5XK X XX
XXXpX<
of 2?10/66& ()° OPY( 9f Z( 10% & () - 09f Z( 10% & () - OPY( 9f Z( 10% & () - 09f Z(10% & () -
OXXXXYYYRYsW930[ [N-methacryloylaminopropyl-N- (o-boronobenzyl)amino] -
of Z( 10% & ()- % & ()-QPY(9f Z(10% & ()-09f Z(10% & () - OPY(9f Z(10% & () -
ORVSY Yoy I F Lot acknY( ST 201070 & () 091 20109 & () - 0PV 2(10% & 1)
PY( 9f Z(10% & (9= DOf Z-1095 Bd e 05 Z{ G0 -& (1) 1-) A8 YIQUNE (3~ OPY( YYYYY4Z526
ZpX<910
ot 7( 10% & () TEEVRGFYLEBISR PFOBYLIrIE0 ﬁef?y OPYL8T 1696 &° (7= 09f Z( 10% & () -
06ZnZn267778ZsF8y0borinan-2~yl)benzyl]-N-[2- (2-hydroxyethoxy) -
of Z( 10% & 10% & PY( 9t Z(10% & () - 09f Z(10% & () - OPY( 9f Z( 10% &
o1 2010% & (1O ZL10% Btk AFXLLECLANE (0007 Z(10% & ()- OPY(91 Z(10% & ()
‘ [PE(E 91;(2518%& (9~ 0O ZZ 10846 @ ¢ erDRYY BFI (DY {Had S IHri6)& () - OPY( Y[ Z[ | [} [ ~[
< .
of 2?10% & (PrOBYLEFIPRdseE iy 66z (Xodd PPy coRResr L oY &27) 209f Z( 10% & () -
O[[[[& "\ (\ bhysMPS}@thoxy)ethylamino]lmethyllanthracene;
of Z( 10% & () - 09f Z(10% & () - OPY( 9f Z(10% & () - 09f Z( 10% & () - OPY(9f Z(10% & () -
0b\ ¢\ d\ \ \ \ \ A xX@10
PY( 9f Z(10% & () - 09f Z(10% & () - OPY(9f Z(10% & () - 09f Z(10% & () - OPY(\\\\\\\\]]|
[:10 ty !109%A A& ()- 9 "“10% & ()- 9 10% & ()-10(10(10( 9 :
-109% & ()-9fZ(10% & ()-0]~}~" “ea|[:14740 *+ f"10% & ()-T 9f"10% & ()-T
0f "10% & ()-T f"10%t& ()-T 9, GLOYRS&' ()-g 9y ! 10% & () - eab! cdddddd| obU410
910%@R @ ()-10' 10' 10' 9F;-10% & ()- "339'10%' & ()-S & "10% & ()-@' "10%
% ()- @%ld" eegh| [ : bU410 9 &s' 1ow & ()-g/ >s" 109%&& ()-g/ (s' 109%&& ()-g/
es 10%g&|& () g/ s 109%8& () -

A NN AT A PNAAMNIOL A ANATNI A1



S10%@R @ ()- 9 yl0%@R @ ()- 9 "10%@R @ ()-

910%@R @& ()-q(rrrsSttu|[:NA41010 9 + 10%R @& ()- m (10% R t& ()-
(10% R f &vOk2/1225¢ L09R&E () - U? (10% z& & () - PCT/US01/24294
(10% Rf& ( ul uHvvvvvvv| obU410 910%@R @' ()- 10@ @O0@R @0@R @9

, 10Y@R @ %) 40F . Z(10% % & ()-f % .Z(10%& & ()-f F
()

Z( 109X$X& fVV\MNWXPy|[ bu410 9 z 10R & ()- g 10%#x& ()- 9i' 10v%@&@ () -
9@ &10%@R @& ()- 9, 10%@? @ ()- 9 "10%@R @ ()-PyyyzPzz{|[: bU410 9

=@" 109D&D& 9@@2@ @ @ i@&“ﬁ%@“@“a”d n &ﬁ%

%@ 10% | &( 9@ 10% |7}<} NA41010@R @0@ @9

L 109%@R @ () etﬁa@s&yé@m &p @P@S&im 1(15 Fag@me10% % & ()-

0@ 10%aE e () T @
10%@# @ ()()T Ay mgﬂ% 10040R @% 910}(@? @LCIIY-%[ 41810 9(

10%@R @ ()pr@&Yé@(@tz ﬂ@)thylsi@sﬁj;m?@e@,() 0" 10%#R #& () -] 109&& () -]

109% &&'s ? _ <6L (o
| J0% @(%)1 | <é\l_¢fhig t%@ &ﬂr@l Body @g &E%M@Sn@yl()w 6L
109%@R @' () MethPRY OYNAXYE: o O?tbwq@l@]m?thﬂir-m%@?'@*(? =(T
10%
ToveR @ () d'v %ﬁ?ﬁ? R G T S TR T <
10%aR @& () = %@?ﬂ@w PR N r2O%ER; @ ()-'" Rotuy~eG4| <(T
10%@R @ () -

ToveR @ () - exio] S P IOVBr B9 16 100 B - TR 0 ’12‘6{5%@*@“ RI<(T

-l <(T 1@(V@?e@y@)am|m(0'irmm¢@]@0(-) NaAXKbpzprrobenzyl ) 1-N-[2-
ig"o/%(gg }%ﬁé&g &/}efl;golzglﬁ/dé(t‘?‘xyﬁ)amgn%(?ﬁg(:ﬁ‘yﬂanthi'Qc/Qlclé‘ ()- SlO%J(& ()-
10%@R @' 109X % 10=tet 9 094 & (5 T dD8aK ey (o oA~ 1) )beﬁzm%ﬂ(N& (@) C" 109%) &

0 S P R M Ut My FScncom

109@R @' 10%(& 1016t 4 094K 2160 £ @ AAK YNNI 2 -

oo o1 bRttt eiigechdh - ERRAE N mer byt d Rt agsns

"C'lO%U(& () kmﬂﬁy{[me&%&¢5&ﬂéﬂiﬂ@}§ﬂﬁbﬁﬂ]—3,4—dihydroxy—9,10—dioxo—
"C'109%X & () C GO & () - C 109%) & ()-#3X3 "|}| a@K>| <(T 10%@R #
91 "10% ' & ( @‘i??‘é%% 6‘7(?)% é%(l 10988 ()-@3$" 91 "10%% ()- @
91 "10%& () - @fdwl&iﬂl‘] EQA (5] $-odimg syl b Stk 2 -y X )be’lr()iyﬂq N[}q'tfdzl (T 3
-10% & 4 3F (i, 93F4"100@&" () -, _L9h" 10%&& () - @ ~s| <
oot & () B e T e ) L g8t @ svioas (& ().
10% @08 (prid [s20H4| ro(eresu@uﬂ;m@% (ch&re)af 3F$10% (' & ()- 31109% (' & () -
, 110%& ()- 3,,!10% & & ()- + ,"10% & ()-g_?bUs| <(T 3
@BHL0% (' & () - @BH10% (' & () - @BH#10% (' & () - @BH#10% (' & () - @6#10% (' & () -
@6#10% (' & ()1%% 5bhtd| mé¢Thod of claim 14, wherein the hydrophilic
) BFOHOR( L0 BRI 6 (BN 16 PEH0% (2 ()-@6r10n(
) ) 2VB#@6#1 @Hopy&'] ()r-i @4 Q%o il)n @BHIAYe(’ & () - @B#10% (' & () - @6#10% (
'& ()->?BJO0TUd: bUA| <(T
)) PVB#@6#10% (' & () - @6#10% (' & () - @6#10% (' & () - @6#10% (' & () - @6#10% (
& ()-WZ_dijdidl4| ®Gd method of claim 14, wherein the indicator

D S T e SR e

+FLO&10% ' &'df) aT lanthanide chelate and a polyaromatic hydrocarbon.

20. The method of claim 14, wherein the molar ratio of
hydrophilic monomer:indicator component momomer is from
about 2:1 to about 1000:1.
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. The method of claim 14, wherein the analyte
detected is selected from the group consisting of a
vicinal diol; an o-hydroxy acid; a PB-keto acid; oxygen;
10 carbon dioxide; zinc, potassium, hydrogen, or carbonate

ions; a toxin; a mineral; and a hormene.

24. The method of claim 23, wherein the analyte

detected is a vicinal diol which comprises a saccharide.

25. The method of claim 24, wherein the saccharide is

15 glucose.

26. The method of claim 14, wherein
i) the molar ratio of hydrophilic monomer:indicator
component momomer is from about 2:1 to about 15:1,
ii) the indicator component monomer comprises an N-(o-
20 boronobenzyl)aminomethylanthracene derivative,
iii) the hydrophilic monomer comprises [3-
(methacryloylamino)propyl] trimethylammonium chloride, and

iv) the macromolecule exhibits an excimer effect.
27. A method for detecting the presence or

25 concentration of an analyte in a sample having an aqueous

environment, said method comprising:
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10% & ()-10(10(10( ;10%& ()- 3/ M10% & & ()- Y 3/M10%8 (3 & ()-
a) exposing the sample to an indicator macromolecule,
sald macromolecule comprising a copolymer of:
i) one or more indicator component
monomers which individually are not
5 sufficiently water soluble to permit their
use in an aqueous environment for
detecting the presence or concentration of
sald analyte; and
ii) one or more hydrophilic monomers;

10 such that the resulting macromolecule is capable of
detecting the presence or concentration of said analyte
in an aqueous environment, and wherein the indicator
macromolecule has a detectable quality that changes in a
concentration-dependent manner when said macromolecule is

15 exposed to said analyte; and

b) measuring any change in said detectable quality to
thereby determine the presence or concentration of said

analyte in said sample.

28. The method of claim 27, wherein the change in said

20 detectable quality is an optical change.

29. The method of claim 27, wherein the indicator
component monomer comprises an N-(o-

boronobenzyl)aminomethylanthracene derivative.

30. The method of claim 29, wherein the indicator
25 component monomer is selected from the group consisting
of
9—[[N—methacryloylaminopropyl—N—(o—boronobenzyl)amino]—
methyllanthracene;
9-[N-[2~(5,5~dimethylborinan-2-yl)benzyl]}-N-[3-
30 (methacrylamido)propylamino]lmethyl]-10-[N~[2-(5, 5~
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& ()-10][:RE8|1 S"10%k& ()- S"10% & ()- al 10% & & ()-- X 10986 %& () - -
110% & () - dinesRyiponinemt?~vB) henanbbsik (3= & -thydisopvethoxyd 3, 9' 10084 () -
F3,9 10@6étﬁ&laﬁino]methyl]anthracene;
9-[N- (2-~boronobenzyl) -N- {3~ (methacrylamido) -
propylaminolmethyl]-10-[N-(2-boronobenzyl)~N-[2- (2~
5 hydroxyethoxy)ethylamino]methyl]anthracene;
9,10-bis[N-[2-(5,5-dimethylborinan-2-yl)benzyl]-N-[3-
(methacrylamido)propylamino]lmethyl]anthracene;
9,10~bis [N~ (2-boronobenzyl)-N-[3- (methacrylamido) -
propylamino]methylanthracene;

10 9~ [N-[2- (5, 5-dimethylborinan-2-yl)benzyl]-N-{2- (2~
methacroyloxyethoxy)ethylamino]methyl]-10-[N-[2-(5, 5~
dimethylborinan-2-yl)benzyl]-N-[2-(2-hydroxyethoxy) -
ethylaminolmethyl]anthracene;

9—[N—(2~boronobenzyl)—N—[2—(2~methacroyloxyethoxy)—

15 ethylamino]methyl]—10—[N—[2—boronobenzyl)]—N—[2—(2—
hydroxyethoxy)ethylamino]lmethyl]lanthracene;

9,10—bis{N—[2—(5,5—dimethylborinan—2—yl)benzyl]—N—[2—
(2-methacroyloxyethoxy)ethylamino]lmethyl]anthracene;
9,10-bis[N-(2-boronobenzyl)-N-[2- (2=

20 methacroyloxyethoxy)ethylaminolmethyl]anthracene;

N-{3- (methacrylamido)propyl] -3, 4~dihydroxy=-9, 10-dioxo-
2—-anthracenesulfonamide;

a,a’—bis[N—[Z—(5,5—dimethylborinan—2—yl)benzyl]—N—[B—
(methacrylamido)propylamino]-1,4-xylene;

25 and salts or derivatives thereof.

31. The method of claim 27, wherein the hydrophilic
monomer comprises [3-(methacryloylamino)-

propylltrimethylammonium chloride.
32. The method of claim 27, wherein the indicator

30 component monomer is selected from the group consisting

of a lanthanide chelate and a polyaromatic hydrocarbon.
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34.

4

& ()-10'10' 10" 3;-10% & ()-1 S 13(10%n ' m & ()-g
13(109%9%& ()-gM X[|[:vU4|1 , 10% (-& ()- "10%;-& ()- "10% & ()-
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grRhilio magogiarn): indirekes (:pmgoe&m@%n&mey\E§ Es from

about 2:1 to about 1000:1.

The method of claim 33, wherein the ratio of

hydrophilic monomer:indicator component momomer is from
about 5:1 to about 50:1.

35.

The method of claim 34 wherein the ratio of

hydrophilic monomer:indicator component momomer is about

5:1.

36.

The method of claim 27, wherein the analyte

detected is selected from the group consisting of a

saccharide; oxygen; carbon dioxide; and zinc, potassium,

hydrogen, or carbonate ions.

37.

The method of claim 36, wherein the analyte

detected is a saccharide.

38.

is

The method of claim 37, wherein the saccharide
glucose.
39, The method of claim 27, wherein
i) the molar ratio of hydrophilic monomer:indicator

component momomer is from about 2:1 to about 15:1,

ii)

S, )F'10% & ()-4 s,) F"10%! & () -4
@L 10% & ()-1 Ls10% & ()-y L 10% & ()-)./01=M/U4| 1
10% ( -

the indicator component monomer comprises an N-{o-

boronobenzyl)aminomethylanthracene derivative,

iii)

the hydrophilic monomer comprises [3-

(methacryloylamino) propyl]trimethylammonium chloride,

1v)

the macromolecule exhibits an excimer effect.
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40. The method of claim 39, wherein said macromolecule

serves as both an indicator and a reference.

41. A macromolecule which is capable of exhibiting an
excimer effect, which comprises a copolymer of:

5 a) one or more excimer forming monomers, the molecules
of which are capable of exhibiting an excimer effect when
suitably oriented with respect to each other; and

b) one or more other monomers;
such that the resulting macromolecule exhibits said

10 excimer effect.

42. The macromolecule of claim 41, wherein the
macromolecule is capable of detecting the presence or

concentration of an analyte.

43. The macromolecule of claim 42, wherein
15 a) the excimer forming monomer individually is not
sufficiently water soluble to permit its use in an
aqueous environment for detecting the presence or
concentration of said analyte; and
b) the other monomer is a hydrophilic monomer;
20 such that the macromolecule is capable of detecting the
presence or concentration of said analyte in an aqueous

environment.

44. The macromolecule of claim 42, wherein the excimer
effect does not substantially change in response to

25 changes in the presence or concentration of the analyte.
45. The macromolecule of claim 44, wherein

i) the molar ratio of other monomer:excimer forming

momomer is from about 2:1 to about 15:1,

-53-



L& ()-1)|[:bU4LI0 FHIOUC & ()-S ff10% (-& ()- @0% (-& ()- h

@' 10% & () -
6: 10% (- &vbh2/122%1 3GALO%N & () -

@ @' 109N&&' ()-@ "10% (-& ()-|[:-410-(- ;,10% (-& ()-

bA410- (- &I0% & ()- ;Y (10%((& ()- "10%& ()- 109%& ()-
109% & ()-10-(-10-(- DVP|[:A410-(- T & ' 10%A %A & ()- ys"10% & ()-vy

ys"10% & () -

3<-10% & () -

& ()-|[: Na4101

"10% (- & () -

y ys"109B& ()-y @10% (& ()- 10% & ()- V| [ NA41010( 10( 10(

8T10% & ()- | &' 10% ° Y&'() v& '10% & ()- T & ' 10%A (A

o] %ﬁ% é‘%ﬁ&?ﬂﬁ%f?rggn égr&egclg%%@%%' e @10%& ()-

pP@"10% (- &'dqr*or@bm%@mn(l)n@et@yﬂ@’fﬁt(hr&c(ehe@l@lﬂ%{etﬁv& ()an@ bA410 (-

5

10

15

20

25

30

iii) the other monomer comprises [3-

(methacryloylamino)propyl]trimethylammonium chloride.

46. The macromolecule of claim 41, wherein the excimer
forming monomer is selected from the group consisting of

a lanthanide chelate and a polyaromatic hydrocarbon.

47. The macromolecule of claim 45, wherein the excimer
forming monomer is selected from the group consisting of

9-([N-methacryloylaminopropyl-N-(o-boronobenzyl)amino] -
methyllanthracene;

9-[N-[2-(5,5-dimethylborinan-2-yl)benzyl]-N-[3-
(methacrylamido)propylamino]methyl]}-10-[N-[2-(5, 5~
dimethylborinan-2-yl)benzyl]-N-[2-(2~hydroxyethoxy) -
ethylaminolmethyl]anthracene;

9- [N~ (2-boronobenzyl)~N-[3- (methacrylamido) -
propylamino]methyl]-10-[N-(2-boronbenzyl)-N-[2-(2-
hydroxyethoxy)ethylamino]lmethyllanthracene;

9,10-bis[N-[2-(5, 5~dimethylborinan-2-yl)benzyl]-N-{3-
(methacrylamido)propylaminoljmethyl]anthracene;

9,10-bis[N-(2~boronobenzyl)-N-[3- (methacrylamido) -
propylamino]methylanthracene;

9-[N-{2-(5,5-dimethylborinan-2-yl)benzyl]-N-[2-(2~
methacroyloxyethoxy)ethylamino]methyl]-10~[N-[2-(5, 5-
dimethylborinan-2-yl)benzyl] -N-[2- (2~-hydroxyethoxy) -
ethylamino]methyl]anthracene;

9~ [N~ (2-boronobenzyl)-N-[2-(2-methacroyloxyethoxy) -
ethylamino]methyl]-10—[N—(2—boronobenzyl)—N—[2—(2~
hydroxyethoxy)ethylamino]methyllanthracene;

9,10~bis[N—[Z—(5,5—dimethylborinan—2—yl)benzyl]—N—[2—
(2-methacroyloxyethoxy)ethylamino]lmethyllanthracene;
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49, The method of claim 48, wherein the macromolecule
is capable of detecting the presence or concentration of

an analyte.

20 50. The method of claim 49, wherein
a) the excimer forming monomer individually is not

sufficiently water soluble to permit its use in an
aqueous environment for detecting the presence or
concentration of said analyte; and

25 b) the other monomer is a hydrophilic monomer;
such that the macromolecule is capable of detecting the
presence or concentration of said analyte in an agueous

environment.
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54. The method of claim 52, wherein the excimer
15 forming monomer is selected from the group consisting of
9-[[N-methacryloylaminopropyl-N- (o-boronobenzyl)amino] -
methyl]anthracene;
9-[N-[2-(5,5-dimethylborinan-2-yl)benzyl]-N-[3-
(methacrylamido) propylamino])methyl]}-10-[N-[2- (5,5~
20 dimethylborinan-2-yl)benzyl]-N-[2- (2-hydroxyethoxy) -
ethylaminojmethyl]anthracene;
9~ [N-(2-boronobenzyl)~N-[3- (methacrylamido) -
propylamino]methyl]-10-[N-(2-boronobenzyl)-N-[2~(2-
hydroxyethoxy)ethylamino]lmethyl]anthracene;
25 9,10-bis[N-[2- (5, 5-dimethylborinan-2-yl)benzyl]-N-[3-
(methacrylamido)propylamino]methyl]anthracene;
9,10-bis [N-(2-boronobenzyl)-N-[3- (methacrylamido) -
propylamino]lmethyl]anthracene;
9-[N-[2-(5,5~-dimethylborinan-2-yl)benzyl]-N-[2-(2-
30 methacroyloxyethoxy)ethylamino]lmethyl]-10-[N-[2-(5, 5-
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ii) one or more other monomers;

such that the resulting macromolecule exhibits said

excimer effect, and wherein the indicator macromolecule
30 has a detectable quality that changes in a concentration-

dependent manner when said macromolecule is exposed to

said analyte; and
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analyte in said sample.

56. The method of claim 55, wherein the excimer effect
does not substantially change in response to changes in

the presence or concentration of the analyte.

57. The method of claim 56, wherein

i) the molar ratio of other monomer:indicator
component momomer is from about 2:1 to about 15:1,

ii) the indicator component monomer comprises an N-(o-
boronobenzyl)amino]lmethyl]lanthracene derivative, and

iii) the other monomer comprises [3-

(methacryloylamino)propyljtrimethylammonium chloride.

58. The method of claim 55, wherein the indicator
component monomer 1s selected from the group consisting

of a lanthanide chelate and a polyaromatic hydrocarbon.

59. The method of claim 57, wherein the indicator
component monomer is selected from the group consisting
of

9- [ [N-methacryloylaminopropyl-N- {o-boronobenzyl)amino] -
methyl]lanthracene;

9-[N-(2-boronobenzyl) -N-[3- (methacrylamido) -
propylamino]lmethyl]-10~[N-[2-(5, 5-dimethylborinan-2-
yl)benzyl]-N-[2-(2-hydroxyethoxy)ethylamino] -
methyl]anthracene;

9-[N-(2-boronobenzyl)-N-[2~ (2-methacroyloxyethoxy) -
ethylamino]methyl]-10-[N- (2-boronobenzyl)-N-[2-(2-
hydroxyethoxy)ethylamino]lmethyl]-anthracene; and
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9,10-bis[N-(2-boronobenzyl) -N~{2-(2-
methacroyloxyethoxy)ethylamino]methyl}anthracene;

and salts or derivatives thereof.
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