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fl uorophore, at |eas p i i i -ﬁﬂﬂ:at | east one
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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

in an agqueous environment.

20 2. Description of the Related Art
Indicator molecules for detecting the presence or

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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provi ding nitrogen atom where the nitrogen atomis disposed in the
vicinity of the phenyl boronic acid nbiety so as to interact

i nt ranmol avobzard2gt with the boronic acid. Such interacti onpChesemseauses
the conpound to emit 5 fluorescence upon saccharide binding. See also T.
James, et al., J. Am Chem Soc. 117(35):8982-87 (1995). However, the
conpound described in exanple 2 of U S. Patent 5,503,770 (having formul a
(6)) is substantially insoluble in water, and as a practical matter
requires 10 f an organi.c soI vent .such as t hanol in order
to work in a‘”fjl qui %ﬁﬁﬂfgﬁ‘gn &C%'éc%% © SUt% it ISy Sdlubility is a
severe probfEnpoden Ilzeatthmgvimirmm}ppcbf Cted Qtseriyl T AGUECUSi d ebddtopment ,

f I 15 t her i ns a reat need for
R SR R e fo S e A e R S LA P e

envi r onnent sSu@R| Bt SLAMARA Gﬁél'ﬂ*ﬁ)y NN ON Hen dfgp casRe Glo etntle; present
inventign is ﬂiléected to 20 an indi stﬂﬁeehf macr onol ecul e for detecting the

presenceé or L BREERTT AT ofP Tt Seif PERGquetiis A ronMees sai d

macr onol ecul et calpy i $i ngm & Clope) yges. of 17 @5 )0reD - gvor @ 9 9'53' cator conponent
nononer s V\mch individually are not suffl CI ently water 'soluble to
pernit their Use' §h atfpeacﬁ%%i%u d figy ¥ fg ahd pr-esence or'

concentrat i (P‘amms%,cﬁ(ml,ajw egha’:\fhdng)f&%ﬂy fwne 1@@%31&&5@’1})”‘3“

such that the fol ecule is carg:ﬁbl e of det ectl ng the 30 preséence or
concentrati orf* o? Y HhAl3AS i (fHh 3R e dUSC iRl orfdme temiuires
10 the presence of an organic solvent such as methanol in

order to work in a liquid environment.

Lack of sufficient agueous solubility is a severe
problem when dealing with applications in an aqueous
environment, for example, in vivo applications. Thus,

15 there remains a great need for adapting insoluble 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.



WO 02/ 12251 PCT/ US01/ 24294 | n anot her aspect, the present invention is
directed to a nethod for the production of an indicator macronol ecul e for
detecti ngwvohy126SENce or concentration of an anal yte i nP@NVUSYRIOUS
environment, said method 5 conprising copolynerizing: a) one or nore

i ndi cat or 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 10 b) one or nore

hydr ophi | i ¢ nonomearsythsie e adeatt t Hdea esdstdniy imvendrioineds| dirsctagabl e of
detecting the presencs po, CORCSRdRlLon ofopald analyte in an agueous
envi ronment .~ I n ‘anot her aspeéect, e presen? invention is directed 15 to a
met hod for metectdohgecthe Poesdeicecorngortentrederore f amaaingtedm a

sanpl e havi envi r onnent sai d_met hod conprising:, a) exposing
the sanple (F% % ?ﬁ%ﬁ\gﬁ%o}n %c?%@n%?%%u?%Yl%%? r#ia(crsoar?bq’ é‘&etﬁr}g’d(:orrpri sing a
copol yreer Q@npfisingooepolymeriezimgli cat or conponent nononers which

i ndi vidual l'y arg not_ souffioci ent Icyicvavac[t er csool uoblee tt o per mt thei F‘ use in an
aqueous envi ronnent- tor” 25°det ecting T he Presence P COREENFaffon of said
anal yte; anthdiyidunalby apeendydswpfidientiononersy scluddid had geenirtesul ting

ot ool ecul g L, S8R 1o IELEF I LBt S e SRIEPTL L) o1 o
macr onol ecubeehasca det echadherauadn tyf tdmtd changes: i rarad
10 b) one or more hydrophilic monomers;
such that the resulting macromolecule is capable of
detecting the presence or concentration of said analyte
in an aqueous environment.
In another aspect, the present invention is directed
15 to a method for detecting the presence or concentration
of an analyte in a sample having an agqueous environment,
said method comprising:
a) exposing the sample to an indicator

macromolecule, said macromolecule comprising a copolymer

20 of:
1) one or more indicator component
monomers which individually are not
sufficiently water soluble to permit their
use in an aqueous 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



concentration-dependent manner when said macronolecule is exposed to said
anal yte; and -3 WD 02/ 12251 PCT/US01/ 24294 b) neasuring any change in said
det ect abivoquad2sty to thereby determ ne the presence or chPar@stwaRdon of
said analyte in said sanple. In another aspect, the present invention
provides a 5 macronol ecule which is capable of exhibiting an excinmer

ef fect, which conprises a copolyner of: a) one or nore exciner formng
nononers, the nolecular constituents of which are capable of exhibiting

an excimer effédt wessuwincakiny ohiaegteed nwisehdr dspectaboe d0aéath ot her;

and b) one 0f Wé&}%?&éﬁ‘%‘gﬁ@rﬁie ﬁ%%neg{lﬁegr&ﬁ‘%g%%%%'t@a’%%o’ff{a%rfom' ecul e

exhi bits said exci e . Iny aspect, the presént invention
provi des I1%aad netdbgtd oin pyaidliciamplee macr onol ecul e which is capable of

exhi biting an ciner .effect, i t 0 i cqpal rizing: a)
one or nore exgﬁ%@ﬁn Eﬁ%% ﬁﬁpﬁéﬁ2n§5§, f%%gnﬁngggﬁ g?ogo g V¥§§ﬁt% of which
are capabl enat¢rextldtctiagrhi2th ars exapatere efff ecthiwhien nguishalelky iawrirent ed with

respect to Jiéé:g otv%eréhacpd bg.soense Lor_nore ot heorf,rmnorrers; such that the
resul ting nBCT oD ettt & XA 1 34 SORK R SFfect. 25 In yet anot her
aspect, the presentorienventricar pxevimdes foamimghoednboerdet ebki ng t he presence

or concent ratignpl, &, analyte 1.2 SRl & SR RLTNg 2
an excimer effect when suitably oriented with respect to

10 each other; and

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

In yet another aspect, the present invention provides

15. a method for producing a macromolecule which is capable
of exhibiting an excimer effect, which method comprises
copolymerizing:

a) one or more excimer forming monomers, the
molecular constituents of which are capable of exhibiting

20 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
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, sald macromolecule comprising a copolymer

30 of:

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

capable of exhibiting an excimer effect



macr onol ecul e, said macronol ecul e conprising a copolyner 30 of: i) one or
nore i ndi cator conponent nononers, the nolecules of which are capabl e of
exhi bi ti mgoam=eici mer effect -4 WO 02/ 12251 PCT/ USOL/ 2429BCTRR@m424i t abl y
oriented with respect to each other, and which are al so capabl e of
detecting the presence or concentration of an analyte; and 5 ii) one or
nore ot her nononers; such that the resulting nacronol ecul e exhibits said
exci mer effect, and wherein the indicator macronol ecule has a detectable
qual ity that changes whera saorearity atdiemt edepante ot speanetonhen sai d

macronol ecul e i s exposed tqQ.10 said, anal yte; and b) nmeasuring any change in
sai d detectabl e quali?%éLté}qﬂﬁéréﬁyid@&%ﬁ&ﬂ%ﬁ? £ éopFégéﬁgg 8& concentration
of said analyte in siithsamy &hdBR s dIESCRIrP EhbaNe@ rAHE oBRAW NGS 15
Figures 1-2 illustrate the em ssion, spectra of several indicator
macr omol ecul es of t hépriddemttSin ion as described in Exanple 2. Figure

3 depi@s the synthesiis oforah dmMdicyal FthezommpoRart-syononer referred to in
illustrates the nornalized [escence enission

B@mﬂeS.ZOFiumaﬂ é}o
(1110 @427 %0 'OF fark Ahdi Gt or' s RASEHTVST T CERAMpIE Sf gure 5
i Il ustrat esestdendordmtd zed drdaneseent eheenirsticat ol hber@@a8conk of an
i ndi cator as described in 25 %&a I%16. . .

has a detectable qua 1€§)t at changes in a concentration-

dependent manner when said macromolecule is exposed to

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

sald analyte in said sample.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Figures 1-2 illustrate the emission spectra of
several indicator macromolecules of the present invention
as described in Example 2.

Figure 3 depicts the synthesis of an indicator
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 5.

Figure 5 illustrates the normalized fluorescence
emission (I/Io @ 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.



Figure 6 illustrates the normalized fluorescence emission (I/1o @427 nm
of an indicator as described in Exanple 6. Figure 7 illustrates

t he- absovb@anze2spectra of an 30 indicator as descri bed i PCEV&OMp42947. -5 WO
02/ 12251 PCT/ US01/ 24294 Figures 8-9 illustrate the ratio of the absorbance
(450 nm 530 nm of an indicator as described in Exanple 7. DETAI LED

DESCRI PTION OF THE | NVENTION 5 I n one aspect, the present invention

provides a way to utilize, in an agueous environnent, indicator

conponent s whi Emgbyegheneewessareténsmwbmeicmro%pmet rpsorisiamhl e in an
aqueous enviraon

me Such indi_cat.ors ar CORO jzed w
one or nord? ﬁ@n&ﬁgﬁ§omﬁW§h 0% é 8&FF.8FeﬁF|9 ﬁégg%% i ?ctgﬁﬁél%hat tLQ
resulting 7.ndicator macronolecule is sufficiently hydrophilic overall so
as to overcone the hydrophobic contribution of the indicator conponent
nononers. Suitabl e indicator conponents include indicator 15 nolecules
whi ch are insol ubl e oyeEEpeErREDIHESCRIRII@ IQF mamvmﬁdqmose anal yte is at

| east s I i
fruct odo and”. SPhencyPePRAF-dRoFs PrERyAr bRy oHeH . TP RarS At e oy gen:
(r:r:;ggn di o;@)cplejtl\agrzieouirj QIS HHLES eleWi@,onﬂl@n}tth assiigatt obry dr ogen1 (pH ’
remen car bonat e oxin m neral s, hornones,, _e
appreC|ated“¥m&&neﬂﬁqIWH+C§h§“éggﬁglﬁgveﬁdl5§t6nsgon%%ﬁe%% n%%gﬁgbhas used
herein are dgqgigided driad WS dafs tawy iafonmene .i nduchdualdicatessepseqat | eas
¢ t

one of which is not suff i i
agueous envp}dﬁ%%%ﬁg,léoééi§¥gglze wf%ﬁ”gne %% %%Q%t%%%o%%%%u%hgbﬁ In an

10 are sufficiently hydrophilic such that the resultlng
indicator macromolecule is sufficiently hydrophilic
overall so as to overcome the hydrophobic contribution of
the indicator component monomers.

Suitable indicator components include indicator

15 molecules which are insoluble or sparingly soluble in
water, and whose analyte is at least sparingly soluble in
water. Suitable analytes include glucose, fructose and
other vicinal diols; a-hydroxy acids; P-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



whi ch, when incorporated into the macronol ecul es of the present invention,
function as an indicator. Many such indicator conponents are known. For
exanpl e, wae2/exxspounds depicted in U S. Patent 5,503,770 pGOUss4esief ul for
detecting saccharides such as glucose, but are sparingly soluble to
insoluble in water. O her classes of indicators include the |anthanide
chelates -6 WD 02/12251 PCT/USOL/ 24294 di sclosed in copending U. S.
Application Serial No. 09/265,979 filed March 11, 1999 (and published as
PCT | nterndtisohakeApphi capeadi 995466001 boaSeph esdetalbNo. 1999),

i ncor porate i .ef erence |y rocarbons_and their
derlvgtlvesgngég 2&9 5%@?? ﬁ8F§B|gge ?égga%a%%n%$%gl %$$|%%t?%% Seri al

09/ 754, 217 Ihi:EEdaﬂaDuaﬂyA5p126911aﬁdwap99J/¢a6®@n01$e$ép’dl:erh\ber B9/ 269, 887
filed Febru§ ﬁé,.ZOOl bo% OL ch describe indicators having two
recogni tion g¥8 nt 8°26PRLp56 e 8F68?5E¥|ﬁ? S TGS bR e Jrafcdse and

i nterfebi nghydrbydrbaysaands tbeif3ddrketoness; e&}ge ﬂﬂ@lﬁmﬁéﬁtor como?ents
of the pres nvent i on i a_detectable g jt a
changespln gésg%ﬂégatFﬁtF8npaﬁsgﬁaeﬁPpLéﬁﬁE+oﬂh%%r%%% %%cr%%zﬁ%bﬁ%57 15 is
exposed to ElﬂﬂaeanahMUEryOSbEZUBaSEh&dapIB@D&aSiJ@ﬂﬂ g@ﬁiaﬁllw@ are known and
may be used | e esent nventi on a t he i ndicator

inZIude a FEZ?%gsﬁgﬁt &EF&O%@QEBﬁFyo?lph%%@ﬁoﬁg Qkened %?lg%henllunlnescent
nmoi ety, an abscrbBBCEnba&edoﬁBIﬁbylngtﬁwoZQer@niﬂﬁbﬁaéDém@@Ns|nC|Ude an
energy onor energﬁnacce or npj et each spaced such that

n
there 1 088? B?eg&ﬁﬁﬁé@lﬁﬁ PhBEHERFONDT eCePe T eFREES SH M t he
anal yt e. Tha hpdr@ﬁpoacmag brcRudekatbheoy ophere and

The indicator components of the present invention
will generally have a detectable quality that changes in
a concentration-dependent manner when the macromolecule
15 is exposed to the analyte to be measured. 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 moilety, 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 guencher 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 quencher 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



a quencher, configured such that the fluorophore is 25 quenched by the
quencher when the analyte is absent. In that situation, when the anal yte

i s presemQo02/i51 i ndi cat or undergoes a configurational chepay®Seddseds causes
t he quencher to nove sufficiently distant fromthe fluorophore so that
fluorescence is emtted. Conversely, 30 the fluorophore and quencher may be
configured such that in the absence of analyte, they are sufficiently
separated and the fluorophore emts fluorescence; upon interaction with
the anal yte, the fluorophore and -7 WD 02/ 12251 PCT/US01/ 24294 quencher
are noved i nd¥@RFhEreRtSprONERi ) pBIEAGsRNT REASHRAEY TheCRW9E i gur ati ona

change conce hehéhiﬁ%@crEﬁ%dcbﬂfﬁeﬁﬁagﬁéﬁéi &Haﬁ&éP@?ﬁ&@%taP§|icaFion
Serial No. 09/754,219, filed Jandary 5, 2001, entitled 5 "Detection of
Anal ytes", i ABEFpoParednhEparndByaitefer epceendingrapget berbire ikl es

i nclude thosgowhesershl yaneseenes hanghfect edahy1anahyie byteraction via
phot oi nduced el ectron transfer or inductive effects. 10 These include the

| ant hani de chBPAEEsignsifodadlviestopinapAgotased ppretat®vn Serial No.
09/ 265, 979 fiLedreNarch 11, 1999 (and published as PCT International
Application WO 99/46600 on Septenber 16, 1999), incorporated herein by
ref erence; pol yaPehatri delischybtocaebonseannehede Herssatheas: coumarins;

BODI PY(r Pr.ohes , . - s,:etc. Anot her
(r) (Mlsculac R eﬁghaf%geﬁee b%ﬁ%ma%?@éyknt8§£8899$ %1§

class of noieties inclu ose whose orbance spectrum changes upon
i nteracti on BRothandudiedatdecteonpbuadsiet horhéndnatyve, efhetudi ng Alizarin

Red, etgg 207AAQLNELGL,A8S @k HOhEehLESqLNChUdS LRO§EsMI9SEq in
copending U.S. Application Serial No. 09/265,979 filed
March 11, 1999 (and published as PCT Internatiocnal
Application WO 99/46600 on September 16, 1999),
incorporated herein by reference; polyaromatic

15 hydrocarbons and their derivatives; coumarins; BODIPY®
(Molecular Probes, Eugene, OR); dansyl; catechols; etc.
Another class of moieties include those whose absorbance
spectrum changes upon interaction of the indicator
compound with the analyte, including Alizarin Red, etc.

20 Another class of moieties include those whose
fluorescence is mcdulated 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

~g-



fluorescence is nodul ated by proximty effects, e.g., energy

donor/ acceptor pairs such as dansyl/dabsyl, etc. Preferably, the detectable
qual ity iwoazdesectable optical or spectral change, suchrPapUSHIZIQES i n
absorptive 25 characteristics (e.g., absorptivity and/or spectral shift),
in fluorescent decay tinme (determned by tinme domain or frequency domain
nmeasurenent), fluorescent intensity, fluorescent anisotropy or

pol ari zation; a spectral shift of the em ssion spectrum a change in 30

ti me-resol ved, anisotro dec determn i i.R,1@6nkr equency
domai n neasttEfeEht§E %§%§° %¥£&Q§Wﬁﬁﬂo§%¥$¥EkﬁgﬁE%grgkgﬁouy3 be
suf fi ci ent | ynd it ophhd ¢ comel esalteo ioyerapaid g Sumcdfi onhiaghydr 8phobic -8

WO 02/ 12251 PCT/ USQL/ 24294 i ndi cat or, .conponent .. IS SU hat the
resul tant FHEFXEE T IEPEHB ecul nggag%%ﬁgﬂ% qgﬂ% F%ﬁf%gﬁﬁﬁkan aqueous

envi ronnentyidd whtlebe ¢eagydyompparentoridrersa ans derivabilet foof use

hydr ophi | i c, nrononmers are,_suitable for use 5 .in-the pr. t. invention. For
exanpl &€ suttabte pﬁ?ﬂ?%ﬁhf??%n%%mrggoﬁ ne@"lalﬁn(?elerfetsﬁl&%fa%qaem des,

mslt hacr YLat&%drcﬁl@ﬁhlﬁQéyﬁ%ﬁora@i:ﬂiirdim&yﬂ@iéad@rﬁi%k&desﬁmm, _ ?/i nyl's,

ol ysaccharides, polyani des,. po no _acids, [0 i_c .sjilanes or
gilgxanes, melhachel e, 8y iigﬁeﬁf%ﬁit%&géﬁﬁxﬁéﬁyiﬁ##%#ﬁnt nMoNoners.
Sui t abl e hygwapkj | enDBPMEE Sy §adcia g e, applyaatden paldamiary accordi ng
to a nunber of factors, includin? i ntended te eratugg onrpggpﬁfia ,
salinity, pAEiPesBREEOPRAYIFIBAETFRSS ofF T Her*EoTn €35 %Mt strengt h, etc.
It 15 ywul dybereadi by eppasentotdalitherslegrmenaierdydrophilicity of the

| ndi cator macr Osrﬁ)ifgg{ee k?aé]rot) ehJ'.li:'anC rn?oe}lsoer}nderbsy f%drdian%i%deq'li tajp%rl%lcaftli%%[i onal
constituents yarop
will vary according to a number of factors, including
intended temperature of operation, salinity, pH, presence
and identity of other solutes, ionic strength, etc. It
15 would be readily apparent that the degree of
hydrophilicity of the indicator macromolecule can be
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
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such as ions (e.g., sulfonate, quartenary am ne, carboxyl, etc.), polar

noi eties (e.g., hydroxyl, 20 sul fhydryl, am nes, carbonyl, am des, etc.),
hal ogenswoere2251t will be appreciated that the nolar ratpPor/oRol/2agdr ophilic
nmonomer to indicator conponent nmononer may vary w dely depending on the
specific application 25 desired. Preferred ratios of hydrophilic

nmononer : i ndi cat or conponent nononer range fromabout 2:1 to about 1000: 1,
nore preferably fromabout 5:1 to about 50:1. The indicator macronol ecul es

of the presentjnygat 5gBc1 B8O "BYa §€ALE & dyd bensyasdiesd zetbrbdyo 514 Y
copol ynerizing _at _Ieast one indicator conmponent nononer with at |east one

hydr ophi | i ¢ nofbRet. PORERAEM poF yERR | Q%EHJGY] RN t3vhisShgd itk O rRfer at ur e,
catal yst, etc. )}, whhhryacyiaecording -9 WO 02/12251 PCT/ US01/24294 to the
specific reactants_and the application of the final product, and can

easi |y be establishedvbyl dir aFPreriRRE ythad Ithe 1indiiqatage appreci at ed

that the igdi Cﬁggkoﬁom@ewe@ 8§U£Hé giesgﬁtpiﬁ@@mmm%ﬁlma%wave any
desired extent wat er sol ubi | exa i ndi cat or

macr onol ecul e 6ﬁSE¥aﬁpEé§elltaﬁﬁ ‘Qabélfow)l‘éb nﬁ%‘_‘y}’/ soT b eXanRRY | §he
di ssolving in §HH§99%o§ORHEk8HolgBu1QeofOﬁggﬁ hapd; dipdicalONow is ver

macr onol ecul es containing, fo 0 exanpl e, the hydr ophi | i ¢ nononer HE
(hydr oxyet hyl Sﬁétlhéévyraﬁé}lbrdbﬁﬁéivé@mﬁ agacoye| SebnsteR uerfs, than  be

non- sol ubl e YeLcRYdr ABAL} | ¢nalberag! HBbeohflLCALos LBGE oIl Soul g5, MRy be
used directly I'n solutioni desired. On the other hand

10 example, the hydrophilic monomer HEMA (hydroxyethyl
methacrylate) or other common hydrogel constituents, can
be non-soluble yet hydrophilic.

The soluble indicator macromolecules may be used
directly in solution if so desired. On the other hand,

15 if the desired application so requires, the indicator
macromolecule may be immobilized (such as by mechanical
entrapment, covalent or ionic attachment or other means)
onto or within an insoluble surface or matrix such as
glass, plastic, polymeric materials, etc. When the

20 indicator macromolecule is entrapped within, for example,
another polymer, the entrapping material preferably
should be sufficiently permeable to the analyte to allow
suitable interaction between the analyte and the
indicator components in the macromolecule.

25 Many uses exist for the indicator macromolecules of
the present invention, including uses as indicators in
the fields of energy, medicine and agriculture. For
example, the indicator macromolecules can be used as
indicator molecules for detecting sub-levels or supra-

30 levels of glucose in blood, tissues, urine, etc., thus
providing valuable information for diagnosing or
monitoring such diseases as diabetes and adrenal

insufficiency. Medical/pharmaceutical production of
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15 if the desired application so requires, the indicator nmacronol ecul e may
be immobilized (such as by nmechanical entrapnent, covalent or ionic
attachnewoer1masher neans) onto or within an insol ubl e seet/ase/ae94mat ri x
such as glass, plastic, polynmeric materials, etc. Wien the 20 indicator
macronol ecul e is entrapped wthin, for exanple, another polyner, the
entrapping material preferably should be sufficiently pernmeable to the
analyte to allow suitable interaction between the analyte and the

i ndi cat or c@h‘p@@%ﬁtéornhlﬂlh@n neles ot et ePlsl avmyprusesiugxiest for t he

i ndi cat or 0 resent invention, including uses as
”iﬁ&ﬁ?E‘BJﬁfﬁ 5‘1? éo the p
?JI e %I

indicators In energy, nedicine and agriculture. For
exanpl e, the irddieatrr fder mnﬂS@(mil gs1vsant iloa L;l@edgascullmhreanor:llrdbecul es

for det ectlgeg%%gpllllgvj%é _4; gfj %P ify%eorrréé{l oA or |n l?lood ti ssues,

urine, etc rovi di ng va agn05|ng or
moni t ord ng sqlehedmseas@somemajleltceslmmhlammcta .nsilfiadsenonst

vedi cal /phag el ga rg%éfeoé‘ L 1B D3l Aagah REIRAN 24284

gl ucose for I1'cation re uires orlng and control .
Uses for th@utplnejsegﬂn Vallﬂeentpmduatagars o&nlrtajrgacapﬁsi udé\s cbéhen:tsmgd evel s of

an analyte shghuas, dlucose: 10 & soybeans: and ot hero agriculural product s

d ucose nus be " cta ored CFi t1calT Narvest: deci si ons for
such hi gh vBéueeptadicn spasces ses grapeseseAsnglidcosieng Soxt kg tnmstn expensi ve

car Do our 68200 SRS PR Oyl PN AL aReSSe S sase g Lor o
productl on. pRedietoiom Xi Repatnar cointirod afd gimrms:el of glucose
concentration also is critical to quality control during
production of soft drinks and fermented beverages, which
consumes the largest amounts of glucose and fermentable
15 sugars internationally.

When the indicator macromolecules incorporate
fluorescent indicator 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 spectrofluocrometers 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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concentration also is critical to quality control during production of
soft drinks and fernented beverages, which consunes the |argest anmounts of
gl ucose amadof/exaent abl e 15 sugars internationally. When pa®USeId4eHt OF
macr onol ecul es incorporate fluorescent indicator substituents, various
detection techniques also are known in the art that can nmake use of the
macr onol ecul es of the present invention. For 20 exanple, the macronol ecul es
of the invention can be used in fluorescent sensing devices (e.g., US.

Pat ent No. 5m&ﬁh4ﬁﬁﬁedﬂsaﬁ§bﬂﬁidﬂﬁﬂkﬁdﬂ@tﬁ@bﬂﬁﬁﬂh@r@ﬁbeékalSsomadether
substrates s%gh as test pa er for visu ction._ This Iﬁtter t echni que

nsp
woul d per ni t P¥ G5 ¢ Pusstidye &8 dGPdmeRt PR&nERA&FSanal ogous t o
det er mi ni ng pH wigt, [ aP%Jtl’ehlﬂ @f shit, sus, paper diFbeosage 0ov! wltiesi gescri bed

herein may also be utiliz as, nple reagents with standard bencht op
anal ytical idSRRHRSR §ﬁ3 iﬁ’1§ﬁE%F¥%FVu8FSH§PQP§ 8r clinical 30
anal yzersg as ﬁmﬂﬁ:eb%e?mér%&isldd tRsHice Jas¢aicBeekBBRacaBiotherss These

nol ecul es woul d al so provide analyte specific chem cal/optical_ signa
t ransduct i on ort WqtﬂﬁeseQFL%ﬁ?@%ﬁ%ﬁ?S@“PéflB§69/522§3teéﬂﬂpé b&&ed sensors

and anal yti C%Jrefslémiféﬂﬂij &fchAnh e orP fO@aRnENikes s(lBunedi g1ukbeei da), or
Oiel Optics. U S. Patent 5,517,313, the disclosure of which is

|ncorporated‘H%ﬁéﬂﬁ”bi”ﬁ%ﬁ%#@né§m¥6é§5¥Pﬁbé élguﬂpu8ﬁg§€@nceT§€nS|ng devi ce

in which the J@HiPIRGHIRS cdfp iR PrLseRie redy 8t oar Feudsedckat
determ ne the resence qr caoncentration of an anal yte such as glucose or
ot her C|@-dldﬂmgdﬁﬁéﬁhﬁq¥?9¥hq(ﬁHQ$%ﬁ§iQ%nmafﬁéX é@ﬁ§ﬁﬁ§t&éV|ce conpri ses a

| ayered array ofud-dduonesgz@Mtix"), a high-pass filter and a
photodetector. In this device, a light source,
preferably a light-emitting diode ("LED"), is located at
least partially within the indicator material, or in a

15 waveguide upon which the indicator matrix is disposed,
such that incident light from the light source causes the
indicator molecules to fluoresce. The high-pass filter
allows emitted 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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10 i ndi cator nol ecul e-containing matrix (hereafter "fluorescent matrix"),
a high-pass filter and a photodetector. In this device, a |ight source,
pr ef er abiwoax/is2ght -em tting diode ("LED'), is |ocated at pPewn®soyaedd al |y
within the indicator material, or in a 15 wavegui de upon which the
indicator matrix is disposed, such that incident light fromthe |ight
source causes the indicator nolecules to fluoresce. The high-pass filter

allows emtted light to reach the photodetector, while filtering out
scattered i f€i deat fingheseenaet pBlttehtbr oo ud cater Mals@s@hce of the

i ndi cat or S ' dey rd ' . Pat ent
5,517, 313 rg}“s%gﬁ gtﬁggﬂ,jﬂgﬁgq,etgﬁgﬁha?%%&% en aénrggl,é%ty}% el | ocal
presence of sagnahavjiiehsiighindighitvesecbrtle heaneantrftolion 28 ddregpound. In

t he sensor Lphed in U t.5, , S15 ; I whi ch cont ai ns
t he i ndi cat %fﬁ'g%’r%cﬂ?é&-g %%Eﬁ%% Ileétlg&%he anoaﬁ;}flen.%eﬁ({sl,&lf'he anal yte can
di ffused into the amterdaicd romh hetlsar powsdiddg eedodiedingm £8@ t her eby

affecting the.flupresce m.t b he . ind] 0 ecul es. The |ight
source, | nd?%ﬁ?%rgh%o %@gﬁaegggnélggﬁ?%nﬁien%‘fleﬁ a(%fa%ﬁégré%éass%nlgfi lter and
phot odet ect bnvaneiconf sgus tulg sdehithatabio | s tdes porkiddnin 2. SAD 02/ 12251

PCT/ US01/ 24 f e fl e nc 3t by, t i ndj.cat or, ol ecul es
i mpacts theg%ﬁ%?gdlgg%tt%f%}l?géﬁgﬁat ?hgma’néﬁje% drigg’%édq’gél%%algl ichis
i ndi cative bdhcbohporaneeénbheationbpfréfieremmal yte (e.g., glucose) in the

surr Ou{‘(ﬂi g mediump, ol AEEQL dance: Wilh QLNer, .PesR)chls Jfmadl peaLs for
usi ng e i ndi caf% or macrono ecu? es of l}ehéD present

be used in an implantable device, for example to
continuously monitor an analyte in vivo (such as blood or
tissue 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
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i nvention, sensing devices also are described in U S. Patent Nos.

5,910, 661, 5,917,605 and 5,894,351, all incorporated herein by reference.
10 The naxoomui2ecul es of the present invention can al so beTwsed4y an

i npl ant abl e device, for exanple to continuously nonitor an analyte in vivo
(such as blood or tissue glucose levels). Suitable devices are described
in, for exanple, co-pending U S. Patent Application 15 Serial No.

09/ 383, 148 fil ed August 26, 1999, as well as U S. Patent Nos. 5,833, 603,

6,002, 954 apgdr 62} 1o984cadl | -0k BEQT POS A} edi hEnelihdyr Inefianare The
macr onol ecul es of the present invention have _ unj que advantages. _For

exanpl e, abRaFPAN2@sSa¥Sa BAAPRRILIDEY |0 FFRLLY WHORATS ol 6ot h the
concent rat i @9n0nt hgr B8 0E bet nandniNga st dniidhd eititdls Huierdin an

absor bance- based assay, it is apparent that for a given |evel of

absor bance, 28hensagpfe pBPh PEAGPhe ey I} I3L refisatt 43t iome odbsor ber

concentsati pRel Sn@LEALLY E3mbPRERESES Jhatiegid abl £ i Nareased n
concentration may be acconplished by decreasing the ratio of the

hydr ophi | i cthbhoper 1 viareapr 1edhpohent MRty CHE, offfledt 1t Y esent
i nvention ablgws-dhe | opali2edi nEORESHA A | OO o Ml TR & ARIVURENe
conponent into a 30 limted space, thereby increasing the absorbance per
unit thi ckh@sshe ThugseheeppeseppCenvENtidh ABdite oz t3teal | ows use of

much smal | ep, pgybpIent when peqier mng pahsor hanceibased @ssays. It will
al so be apparent that -13 WO 02/ 12251 PCT/ US01/ 24294 " for any

opti calPy- besedtassay, liakFudvhgch| cor edeeheal 1 hasRW B sHYs, the ability to

2;32? ;ly i nCERASELBE bPCaLLoERNELBLERLEON 1N ther kel cal oF i grgronent of fers

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, a resonance condition
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advant ages. For exanple, a higher |ocal concentration of 5 the indicator
conponent can permt the utilization of thinner |ayers of indicator

macr onol ecabz228hi ch in turn can greatly reduce the resppap®sStivzaeosof the
macronol ecule to the presence or concentration of the analyte. Further, it
can result in a higher extinction of 10 excitation |light, which can
desirably reduce the incidence of autofluorescence when working in tissue
systens or physiological solutions. For exanple, when working with a

f1 uorescence, hasgd, MBSk QNDESE Ud Sine Nk 1@ HREE @ &I rlced fitr ofan
interact with, e.g., NADH 15 tryptophan, tyr05|ne etc. which may be

present in eYsElRD BesSphySi b oyi kT kd| (HIBHE e SHHUG 4 WidEsitabl e

| nterferi ngehd Hop e8EENEETL SPARNS {107 | NSRBI Gld S9:andi¥idlecailizgh | ocal
concentration o I cator conponent w th high absorption can reduce that

undesi r ed 21®e¢¢m@r¢exen*ge@m@s¢ orrp Jafuin el dguratiean Jdidikg £vrg an o
absor bance- fo@%suce tﬁ?@é&%’ﬁe '%‘ar‘iz{i} SRUE PP O QLA rorSRhuhigans, 1t s

desirable to re anount source radiation that is refl ected
in potentiabvgriapying banwesn stigmconfrondnturiesatinty qUddialg ti ssue or

fluid 25 sychopssbil &Hngct&gstJ@ea&irgffelchaéﬁl%ﬂarh'cgi%dx%ca'

concentrati i hdi cat or conponent absorption can reduce that
undesired efébztivesta th@th@@owgb%ttsmﬁquﬁa%ﬁeﬂﬁﬁﬁquﬁRQHQin it has

been di scovgr Qtéﬁé%aim%tfbﬂeﬂaé Qﬂ§¥qﬁgkg§ﬂ§% | bidn@an 30 axcimer effect.

By way of ba groun en two p W th aronatlc structure
(such B3 i sMebaewhesi éhleftaofophoses) Gawormntenesaato a point where

52?;;251 Pcéi;ﬁ@gj%ggggﬁg' 2 LOPES IRY OVELL Al r & T 880NANGE raRdidt i oy - 14 WO

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. In 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. In 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+
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can then occur for sone species where the resonance from overlap results
in a hybrid (couplet) structure which is energy favorable and stable.
These tww@bzamast nol ecul es becone oriented in a copl anar PCDURIIGA42SE | ON
like two 5 slices of bread on a sandwich with their electron clouds
over | appi ng between them For fluorescent planar species, a characteristic
downfield em ssion occurs relative to the uncoupl ed species at wavel ength
of substantially | ower energy than the parent species. 10 Ml ecul es able

to form suchshaweialde resonant neonhikgehatli onBeakenkaRVAaBSoRXSE NBr'S. As
used herein, an exciner effect refers to the resulting characteristic

| onger wavelt@SgOV s&mildsivi Whiom eeesners. nesRetexafplesh of 1RSI Laf

exci mer - f or giiRg PRIy ¥R p1hBaky dbeeacBons bachydeoapthL asengy and
pyrene. There are many others. An exangle is the anthracene derjivative

(bor onat e | REEGEEERE tHEThdihcabsr YBsHpoaekbPonsedat her Exapl 8eluPhad 2 of

the present apRIN¢3HQA™/N Al RawgRpaaBt hracene is known to form exciners in
solution, one 20 nust be able to concentrate the nolecule to sufficiently

high | evels to 8B&Pri6iagyvexétnBpschapactennd| fhahethe fecigie he

ant hracene defiis\aldrV&fi JXamPhes kedBdndivet B8 BRhRGHEC hSahAsetabl e in
water and insufficientl’y soluble in a solvent such as nethanol to_observe
exci ner 25 ERECEEEFESGos bYth ishsegpesshtcekanplésothpe pePactvect

concentrati @p0f- IheAntNNaGRRE dekhvaki ¥ -IRAeHBL WASenkheyeased in
proportion to thé hydrophil'ic nononmer in the copolyner from 500:1, 400:1,

200: 1, 1900: temperetwys:,1 andi pHr gAG h&RSBLE, ARE RagechhelrAAFaBPEri stic

bl ue 30 e”i%%bg%m@lé%ﬁﬁéE“dQ@ Lhevanthracene der hMathvsrexgrgpinat  5:,
ratio, a green em ssion suddénly appears. This green emssion is that of

an exci mer Ayeirgadnd afieranfiessi digr example, an ideal referencing
scheme 1s 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 agueous 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 macromolecule may be
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has been shifted downfield by approximately 100+ -15 WD 02/ 12251

PCT/ US01/ 24294 nanoneters (-515-570 nm green). The concentration of the
overal | soduor/ixmt does not need to be high since the distRrOT@SEEEeN

pl anar species is being controlled by placenent along the polynmer backbone
rather than soluble 5 concentration in 3-D space. Surprisingly, it has
been found that the excinmer em ssion region is not responsive to changes
in anal yte e Lon,.but js responsive to all other pects of the
-stem anal yzlgggﬁs%}é%g%tsf xjél%‘)t a?il%nlcfnrft ensit3y tbfo J‘l“@i?g’ dtzl.‘??i:,asand pH As a
result, the §eecehtednabboator macronol ecul es may serve as both an

i ndi cator and a i nternal .reference. Far exanple, an i[deal referencing
schene is one vJEﬁ%J%ﬁﬁa%ﬁ%%ﬁﬁuoﬁsi %éﬁgftyrﬁﬁggﬁ lPNﬁP%éPBrCﬂngﬁength
(i.e., the vewepaned oy nbdtmorceds by 1 tive taralatte wiithoditvizgdednepl cal |y
using se ect_bandpa filters . the em ssion ,intensity at the exciner
mavelengih. e res% t%ﬁﬁe{&ﬂﬁﬂ§%ﬁ%QQHﬁ%ﬁWQNIq%ﬁ%%W CHY TEREEPE whi ch

af fect fluorescemisns ssidnrgramerd,i esclslicly asddtyeneseentnquarchi ng by,

e.g., oxyge drj ft_and 20 erraqr i, H, power factors and drift affecting
LED i ntensi li/:f&g eren?orfseln%e?'rgct @@Mﬁ%a PEOSPAURES be readily
appr eci at ed démtrilbed bwalbowonol ecul es of the present invention which exhibit

an exciner effect will be useful in both aqueous and non 25 aqueous
envi ronnments. Consequently, those nmacronol ecules, as well as the conponent
mononers (excinmer-form ng and ot hergxamerery), my range from hydrophilic

t o hydr,aphobi.c, dependi ng upon the desired application.
y l%p a) Préﬁaratf%nl%f 9-[(methacrvloJ%gminopropvlamino)

methyl]anthracene

(A) 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,SO,,
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
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30 Al so, when the excinmer macronol ecules of the present invention are used
to detect the presence or concentration of an analyte, the macronol ecul e
may be - WOWDMNNR 12251 PCT/ USOL/ 24294 used directly in sptDus@m429« may be
i mmobi |l i zed as described above. The macronol ecul es of the present
invention can be prepared by persons skilled in the art w thout an undue

5 anmount of experinentation using readily known reaction nechani sns and
reagents, including reaction nechanisns which are consistent with the

general proceduiasd.degeci tz@dlb.@bowelﬁxaa}l@ do 104e0H ArgpaL at i 0w Pf a

9- f(nethacryloylanlnopropylan1no) met hyl [ ant hracene (A) One- Phase To a
suspensi on of RPELEMSRESropyl) nethacryl ami de  hydrochl ori de

(Pol ysci ences, #21200) (11.82 g, 0.066 15 nole, 3.0 eq) and a trace of

i nhi bi tor DBWMP £2,6-di-t but yl - 4- met hyl phenol ) (10 ng) in chloroform (250
m.) stirring i r bath, diisopropylethylanine (25 nlL, 18.55 g.
0.144 nole, 6.5 eq%omgscggggdsgiggybﬁeofnN293 gﬁ{ﬁg 1_e mi xture was
allowed to warmlJ to room 20 tenperature and cool ed galn|r1|ce wat er

bath. A cl éar Gy apf dg- éﬁﬁép@ﬁépﬁyﬂanﬁﬁ%c@@e #6540 mnobe 02RO netik) in
chl orof orm (10Qn@L)a \e%céd@%dl%%wt%% A¥EH %mQQH{/leS’&}Br%}é‘\’a%/&P@qﬁingé&for 1

hour, 50C for 12 hours and then 70C for 2 hours xture was washed
with water (60 (RLM@)4Yn andixtHecaglevascraydf Was axdrbeteahviraliwedhyl ene

chloride. The @pgaR)C skayer s Wehe aG0BL0E drbeh OVes NaZzPtkanco,
buffer (66 mL, 0.2 M, pH 10) was added in 1 hour and a
10 solution of 9-chloromethylanthracene (100 mg, 0.441
mmole) in chloroform (100 mL) was added in 3 hours. It
was run at 25°C for 7 hours and then 55°C for 12 hours.
The organic layer was separated, washed with water
(50 mLh x 4), and the agqueous layers were extracted with
15 methylene chloride. The organic layers were combined,
dried over Na,S0O,, 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): R 0.77 (MeOH/CH,CI,
= 3/7), a single spot.

b) Preparation of 9-[[N-methacryloylaminopropyl-N-(o-
boronobenzvl)aminolmethyl]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]boronate (2.492 g, 0.00881
mole, 1.2 eq) in chloroform (15 mL) was added in 30
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separated, and the solvent was renoved under reduced pressure at 40C. The
crude material was then 30 chronat ographed on silica gel wth 2-5% net hanol
in methwenr1xehl oride to give 2.44 g (33.4% of product BET/EASOHZUZIANO

02/ 12251 PCT/ US01/ 24294 solid. TLC (silica gel) : Rf 0.39 (MeOH CH2Cl12 =
1/9) , a single spot. (B) Two-Phase To a clear solution of

N- (3-am nopropyl) 5 nethacryl am de hydrochloride (788 ng, 4.41 nmmole, 10
eq) and a trace of inhibitor MEHQ (nethyl ether hydroquinone) (2 ng) in a
mxture of mahete£30 Mhe A8Ectebhahydr phnran rdci® tdnpstd it gEdN 2N
ice-water bath. A Na2CO3/ NaHCC3 buffer (66 nL, 0.2 M pH 10) was added in
1 hour and Bo¥8Ssol ution of O- chloronethylanthracene (100 ny, 0.441 nmmole)

in chloroform (40 it wes wldahded IO Ssatldr, WRpardtdt a22Cther 7 hours
and then 55C for 12 hours. The organic |ayer was separated, washed with

water (50 REUKOUF, lAKers hehyuRbtsatag@ el e tdtreng edhintive 15

met hyl ene chh@rbgsanifeew{{eg@@l@eiéy@asxﬁby@é@ comi nede dni£@oover Na2SH4,
separated, and the solvent was renoved W th reduced pressure at 45C. The

crude mat er?@Pa{f??@d Ap) Was shkveehrédmt BRPPAPIE D o siadeeedel with 10-20%

met hanol in %&BMk@ngtC@éw derﬁ@ Sive 28 il Mgy (7. g?%w%fs 4G,y oduct as a
solid TLC (SI lica gel) 77 (MeOH CH2C12 3/ a single spot. b)

Pr epar at i onCBFOQaF‘PWﬁE@%ﬁc‘PVI Dl BAR noDE opiith I\@‘(%l methan01 in

bOf0n0benzvﬂnéz€H%D@ﬁgB&HYJ>£§@é heacenge 7050 Ol 11 N s theogiAdug Hbtai ned
in step a) 25 ove 440 g, 00734 ol e)” and a trace of inhibitor DBW

(10 rrg1)0| n %thFbYoY‘ﬁHQ‘G)OCﬁF)t%H%Wn‘@ol Ay c7e2 73°C, TLC (silica
gel): R, 0.36 (MeOH/CH,Cl, = 1/9). It is soluble in

CH,Cl,, CHCl,, THF, CH,OH, and C,H,OH. Limited solubility
in H,0 and ether.

c) Preparation of water-soluble-copolymeric solutions of
15 MAPTAC and 9-[[N-methacrvlovlaminopropvl-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 eqg) 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 liguid 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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wat er bath, DI EA (diisopropylethylamne) (2.846 g, 3.84 rnL, 0.022 nvole,
3.0 eq) was added by portions in 10 m nutes, and then a sol ution of

2, 2-di rem@bprxpane-|, 3- 30 diyl[o-(brononet hyl ) phenyl | borovase /14294492 g,
0.00881 mole, 1.2 eq) in chloroform (15 nL) was added in 30 -18 WO

02/ 12251 PCT/ US01/ 24294 mnutes. The reaction was run at roomtenperature
for 20 hours. The m xture was washed with water, separated and the
aqueous | ayers were extracted with methylene chloride. 5 The organic |ayers

wer e conbi ned, drj.ed ]gvgipr%% os SfRara F‘v‘%@&t#@%rﬁ?ﬂaﬁm was renoved

W th reduced pr € sem-s was t hen
chr omat ographedb@hymej:icasg]aﬂltmm$1 @£ 596 el haid] ll,n 20fetthyIléfe 1ehl oride to

give 2.50 g (76. 3% u Ll solid, np
T' 730 TLe (311 Tew Sgph PR Sl et b P BaIE T ¢
CHz2C12, CI-lCl&noﬂ'erEerQ:Bcﬂ]:ba’a@rl C2H5C]-| Limted solubility in H20 and

ether. c) Preparation of water-soluble-co-Polyneric solutions of 15 MAPTAC
and 9- FFN- net hacryl oyl am nopr opyl - N- ( o-

bor onobermy| ) et &os SElbIh 1 ati bii a6 N8O - { Shid )25:dl Qo sol ution of the
nmononer (42.3 ng, . 0.0908 nmpl e)Gr%/ et hanol %100% 1.

; ‘%) i

(et hacryl oyl ani MYprepila ot ulfPrJﬁe MeESE (f 38 /.37E 0 g,
4.54 mol e, 58s eg)ll@(ﬂ'ﬂC@-ﬂof\l &bf@i@m@lwlﬂwlglmdsra Isejllﬂiﬂwmolhacnsmj ution
(0.183 M 0.2 nL) as radical initiator were added, oy ol utd%n was
obiained. |1 VHELOWA( GPAPEACHREHORT { FoOGRIPUhd S 0 76ed £

hour, and kepta@te 70Csho% s 80n81 AUt €BL s ansh iy Vdv‘ﬁd:():ﬂ.tsfﬂ&énmw d was obt ai ned.
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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The liquid obtained was treated with water (26 nL) and filtered through a
mcrofilter (0.45 um to give a clear solution. After dialysis through a
cel | ul osavoave2at e nenbrane (MACO 3500) with water 5 L x BQT/USe1/24a%t 30
concentrated with pol yethylene glycol (MVW20 K) to a clear solution (34.54
g). Concentration: 24.0 ng solid in 1.0 g solution, total solid 829 ny,
yield 79.5% -19 WD 02/12251 PCT/ US01/ 24294 Sim |l ar procedures were
applied to prepare copol yneric solutl g? % »00:1, 400:1, 200:1, 100:1,
50:1, 25:1, 15:1, and 5:1 nolar ratios of hydrophilic nnnoner' indicator.
5 G ucose Mo tlon of 50:1 an 1 - atyon o He
fl uorescence Lef cnos 1 and 25]% Ond]%c?‘ta r%rongf/%ﬁn t%p C{f

. concentratlon 1n lC or
sol utions hayi vari ous concent ra 0] |8, hown Het ables 1 ard 2.
Tabl e 1 shows @ﬁ@ resul ts using [tVer %ﬁ % ?Fé&t 10 co PUIHESHE S 15 myf/ m

”5

and 25 ng/m }_of the 251 jndiqga “iacronnl ecul e 0 Hi's exanpl e _wi th
four di%feremi gl ucose concentrag“pﬁs. Table 2 shcw§_dme results usiing
two di f f er enf—eonrcentrat+ons—{+Hg—+gr-m—and—20—+rg+-—ef—the—56—3—nrdHcat or
macr onol ecul ¢ 3¢F this 15 exanpl g 1Ni4t(h four differ entlgél&Jcose
concentration;tO I'm both Tapl €s, E the ratio emtted
intensities 420 nm after and %e ore exposure tg h1 ose (365 nm
excitation). |bakl e 1 20 d ucose Izlld)4for 15 mg/ m I/iozjor 25 ng/ m
concent r at i on—+nteator—reteator—()—reerorpleette—raerorpleette—{25: 1)
(25:1)
Example 2
10 This example demonstrates a surprising and useful

excimer effect present in connection with the 5:1
indicator macromolecule prepared in Example 1.
Figure 1 depicts the emission spectra of the 5:1

indicator macromolecule when exposed to three

15 concentrations of glucose (0 mM, 30 mM and 60 mM) after
excitement by light at 365 nm. 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

20 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) i1s not responsive
to changes in glucose concentration (just like an
isosbestic point). The excimer emission region begins

25 approximately 100 nm downfield from the peak responsive
wavelength of the anthracene derivative modulation.
Except for glucose, the excimer i1s responsive to all
other aspects of the system, such as excitation
intensity, temperature; and pH. Therefore, an ideal

30 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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0 1.00 1.00 50 1.44 1.50 25 100 1.75 1.90 200 2.13 2.33 -20 WD 02/12251
PCT/ US01/ 24294 Table 2 Qucose I/lo for 10 ng/m /1o for 20 ng/ m
concent r a¥@omazadi cat or indicator (MW macronol ecul e nacrombR@ic4be (50: 1)
(50:1) 501.00 1.00 50 1.40 1.48 100 1.70 1.79 200 2.04 2.22 Exanple
2 10 This exanpl e denonstrates a surprising and useful exciner effect
present in connection with the 5:1 indicator macronol ecule prepared in

Exanple 1. Figure 1 depicts the_en ssion %gectra,of the 5:1 indicator
macr onol ec @Y TARET S&&poSe® 8 Ithted 115180 CENEHFELMERsSBES§F0Cose (0 MV 30

"M and 60 Mg idfefanextd et thvt! vahtealvi365pBMeofr80t8R0MBri N the
shaded region of Figure 1 is the em ssion _of the non-excine

»

r 25:1
i ndi cat or RECSNBINEE R TS o BXampr¥er. TFRECERCPREr dréft s&f 6RCT ¥ on shows
an "isosbesldrs RNt J,athe)i dhar 2P eBthsasbashi-eiBAENt etk CBRabe seen
fromFigure 1 that the exciner em ssion region (the region where the 0 nM
30 mM and 66 mArginstdsEed meslover | ap) is not responsive to changes in
gl ucose concentration (just like an isosbestic point). The exciner

em ssion region begins 25 approximately 100 nm downfield fromthe geak
responsi ve Demonstration of Excitation Intensity, Temperature and p

Correction

The glucose modulation of the 5:1 indicator

macromolecule was measured with three different glucose

10 solutions (0 mM, 100 mM and 200 mM). The emission
spectra were determined for each of the glucose solutions
at three different spectrophotometer slit configurations
for source and emitted light (1.5 being narrower and 3
being wider). The data are shown in Table 3. 1In the

15 Table, the ratio of the emission intensity at 420 nm to
the emission intensity at 550 nm is relatively

independent of slit configuration.

Table 3
Slit I420/1550 I420/1I550 T420/1550
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.
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wavel ength of the anthracene derivative nodul ati on. Except for glucose,
the exciner is responsive to all other aspects of the system such as
excitati omoo/m2énsity, tenperature, and pH. Therefore, anPCTO®&01/3094
referencing schene is one where the anplitude or signal value at 415 nmis
divided electronically by the anplitude or signal value at 515 nm or

anot her wavel ength -21 WO 02/12251 PCT/ US01/ 24294 or range of wavel engt hs
wi thin the exci sSt 951 1 {€91 9.1 Hhe Jesit anlgvalkye w1 be
corrected for 3?$?tﬁh a4 error ﬁ: power factoﬁé andxﬁflsi affecting
LED |nten5|tvacanmpéﬁpuﬂenwésaahﬁe @&t@r@in&@ eflee mHato & ithealenonstrat ed
bel ow. Denon o] I t T :

Correction T%ﬁ&% Egggegﬁo P O%H%fgsﬁe %:%ofn%FgE%%&Hfﬁggggﬁi eéﬁ?e was
measur ed mjthhehﬁeé dxﬁﬁmﬁenlngiqcbse maQrend L dohs <m>vmmaaoo mM and 200
mV) . The em ctra dete m Qs sol utions
at three5dif 2?3% ggeﬁﬁ lg@g?ongg 2 ? %@%f?Sﬁ?éﬁ%ﬁ%gﬁa source and
emtted Iighﬁee¢15abepnglmghtoaer3&©dn$, being W det)). aﬁdaakﬂe5hﬂwnshomm
in Table 3. 5,Tab r t Si y at 420 nm
to the enlss:aotrl;glnt‘%en5|tlrﬁe %ggb %ﬁ#?§9§%|a P%é &ﬁgd&%§§g§ﬁ§ of slit
configuratiofiigBabl .3 ShetvaazetiéBOOVdQOth55ﬁam@QCM¢iﬁﬁﬁ wis Confi guration

g gglglggoieiégglgyh%gglgwgng£889§gcghycose 1.5/1.5 3.92 6.18 7.36 1.5/3

10 Table 4

I420/1550 pH 6.5 I420/I550 pH 7.0 I420/1550 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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3/3 4.00 6.27 7.28 The tenperature stability of the 5:1 exciner 25

i ndi cat or macronol ecul e was determ ned. The ratio of the emssions at 420
nm and 530nm#*er a 1 ng/m solution of the 5:1 exciner PaUUSEIL4

macr onol ecul e exposed to 200 nM glucose (pH 7.5) was 7.57 at room
tenperature and 7.53 at approximately 60C. -22 WO 02/12251 PCT/ USO1/ 24294
The pH stability of the 5:1 exciner indicator macronol ecul e was al so
determ ned. The ratio of the em ssions at 420 nmand 550 nmfor a 1 ng/mn
solution of théts BYBGesde PidPcareraRaer dabtbenideachehabe 5 different

pH level s (6.rkdidatbANcbrfonete R gl MNed H:(@xe Lat i}ﬁgu&%g@? at 370 nm
slits 1.5,3), and are shown in Table 4. The full em ssion spectra are
shown in  FiGREROWNASThel b ikt (2dn agrecatie ncdngd vt eveddawds fsomtistically
i nsi gni fi camtacdd: @bl & 4 H:420QAH20 phb. 539 pH7 2Q/1 250 pH
7.5 4.28 0.18 4.@ 0.37 4. 29 O.Qlightlt (i%so el%léivgg)t at kgﬁgﬁs abriity of
the exciPmer NboRBrERTRYr estikBbEYdt REGAEAL L hE) phay| badjoaxeksusridted of 15

the non- exciyiBih AHIAC eRG JRJIHEA! int@or@d, +1haL 10 n?%ﬁg@@ggogecognition

feature, which is able to perturb the properties o e non-exci ner, and
thus make a™fsoPmlfRfikldt-or, is not able to perturb the nore stable exciner

conpl ex and thus the exciner makes 3E:¥§_|Et¥1e904)d reference 20 indicator. The
reference nolecule is structurally TUna fromthe read channel

i ndi cator. The polynmer matrix nmay be the sane, and in this exanple is in

fact the 5%@%&E¥¥ﬂaﬂﬂé%§§f%miT emL%%%%Qi%Eogi%ngggga-g-gggﬁracene

(o]

409

NH/\/O\/\O
10 Hal

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,0H/CH,Cl,) to vield
0.425 g (24%) of a yellow/orange solid.

TLC: Merck silica gel 60 plates, Rf 0.72 with 70/30
CH,C1,/CH;0H, see with UV (254/366), ninhydrin stain.
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and i ntact,

but the inductive energy influence between 25 recognition
el ement and fl uorophore center has been nuted. The foregoing is quite

signifi camo p2/@sause it can elimnate the need for separRCEURNYSREAI

and/ or chem ca

Exampl e 3
| ant hani de

Compounds (1) and (2) are commercially available from Macrocyclics,

Ri chardson
product (9)

bi s- bor onat
9- chl or onet

HBZc { COFPOYAE K2 !&M%(%%ﬂf,- W R B0 » Pre end

may be co-polynerized wt

envi ronment s between indicator and reference nol ecul es.
-23 WD 02/ 12251 PCT/ US01/ 24294 The synthesis of a suitable
chel ate indi cator conponent nononer is depicted in Figure 3.

30

ri; _ one or nore other mononers to form
an i ndi cat ozolwmer obol €@ ulle. LIEQHpl @ 4 Bitdg nia,metWadny Idgiedd Lsbnoder of

e- aAceNLe Vo 0 o A% ;
hy‘?{%%%[ fg %?-%B r ongl/ﬁelct1 %oxy)l\g%t%%l %d:ﬁ'qnoi%-FBr%t'hfI aéjr%teﬁ;_cacene
hydr ochl ori He? skl 2. mip, al $u&Perdiorenfl®, mign,bis A0S Gmerieyl Yamtim acene

27 2- ard noct Ay et Haret (o e o Gt bl Wi o) The mixture vas

stirred in

silica gel

CH3OH CH2C12) to yield 0.425 g (24%

10

15

20

the dark for 17 hours. At this time, the reaction nixture was
concentrated to - 50 nL under vacuum at 50C. Thg

chromat ography (150 g 20 gravity grade silica gel, 0-10%
Lo~ A frange solid.

B. 9-{[2-(2-hydroxyethoxy)ethylamino]methyl]-10-[[ (3~
methacrylamido)propylamino]lmethyl]anthracene.

To a suspension of N-(3-aminopropyl)methacrylamide
hydrochloride salt (3.08 g, 17.2 mmole, 4.2 equiv.), DIEA
(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]lanthracene hydrochloride salt (1.56 g, 4.10 mmole)
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
yield a sticky orange solid which was purified by alumina
chromatography (50 g activated neutral alumina, 0-5%
CH;0H/CH,C1,) to yield 0.364 g (20%) of an orange solid.

—-25-
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TLC: Merck silica gel 60 plates, Rf 0.72 with 70/30 CH2C12/CH3OH, see with
W (254/366), ninhydrin stain. -24 WO 02/12251 PCT/US01/ 24294 HPLC. HP
1100 HPL&v@hremt ogr aph, Vydac 201TP 10 x 250 nm col um, POT/US@ /231294
injection, 2 mL/mn, 370 nmdetection, A = water (0.1% HFBA) and B = MeCN
(0.1% HFBA), gradient 10%B 2 mn, 10-80% B over 18 mn, 80-100% B over 2
mn, 5 100%B 2 mn, retention tine 16.1 mn. H2C NH’\ ,,NHCH NH_ ' O
~/ SOH B. 9-[[2-(2- hydroxyet hoxy) et hyl am no math [%&

met hacryl arfled) pleorsi @i ojanstedy |§amtliatacen8t 6aW§G§p §|38n of

N- ( 3- | n5alti£3<08:i8, 17.2 nmol
2.2 equive DL EICEE 64 B B edhogetor ﬂg S €§)Qand %31 of

BHT in 125 nL CHC1l3 at 230 was added dropw se a solution

9- chl or onet [ o yl ] n aggne
hydr ochl on@g‘% qﬁ[ jil(g% %%%%r%%@ %@'51%9 203?‘9(%81% tz'?'ge m xture
was subsequﬁﬂltdmm,sto o mIl mrtjrm:tdank, fomI92inQuBs 0 Am 'dleertecttlme, Bhe
reactiQn m xt fil d an vvash h.2

(saturg’ted ad(?;%%mﬁoglhi A)“%AEa CP %Ne%ﬁ)rf}ctﬁ\gég 'dlgl gN%yngBanhydrous
Na2SO4, filier el eri@b.rcorncmma@taedmer ZIB yiiel,d 88-40i06k B ovamge sdhi,d which
was purifie m na chronat ogr.aph g actlvated neutral al um na,
0-5% CI—ISC]—%‘@?ZCP?Z%J R yite %&J:%g tgm(%(}ﬂ(%g%gf an ‘orange solid. -25 WO

02/ 12251 PCT/ US01/ 24294 TLC. Merck silica gel 60 plates, Rf 0.16 with
70/ 30

N\./A\./NH
CH

400

W e

C. 9~[N-[2-(5,5~-di eto%ginan—Z—yl)benzyl] -N-[3-
(methacrylamido)propylamino'm;thyl]—lo—[N-[Z—(S,S-

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

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

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
CHC1l, 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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CH2C12/ CH3OH, see with UV (254/366), ninhydrin stain. HPLC. HP 1100 HPLC

chromat ograph, VWydac 201TP 10 x 250 mm columm, 0.100 niL injection, 2

m./ mn, 3WOomm28etection, A5 = water (0.1% HFBA) and B =POr/CRI1(132%% HFBA) ,
gradient 10%B 2 mn, 10-80%B over 18 mn, 80-100% B over 2 mn, 100% B
2 mn, retention tine 16.85 mn. CH CH3 ~0 HRCCH OC 9-[N][2-(5,5-d
et yOIl orinan-2-yl)benzyl]-N-[3 O CH (nethacryl am do) propyl am no

| nethyl]-10-[ N-[ 2-(5,5- 10

d'”Ethylbor'n%@l%ﬁ%h%ﬁ%%ﬁ%kkgy'%%X(%4Bﬁgtﬁé¥§§§9é¥)neutral alumlna, 0-

et hyl am no] nethyl | a racene acrylam de nononer A sol ution
of 9-[[2-(2- hﬂ@%oﬂﬁe@ﬂhbwg)cétzhytawme}d 0.299 g (46%) of a yellow

met hyl ]-10-[[ h am n y C 43 g,
0oy e (%Iaggg g%éég %%)lgogmshag‘c HlagEEQ bbpolfnant BeaceDen (6:843 0
(2- br ononet hyloprheumyrb) b(tmem moalm@rsnéopémrytl aes@@ﬁl(iitgg g, 3.85 mole, 5.0

equiv.) 1§ 20,0 GHELA.AL 23 ep sthctedsbn.bhestiakal 8 35,POLES: o

this tlne t h&FERETT 6 "moXt ure was concent rnrtral y rotary
evaporation, theprusiongsa&.vacuum punp to renove DI EA. The residue was
purified by alumna -26 WO 02/ 12251 PCT/ USOL/ 24294 col um chr omat ogr aphy
(40 g activated neutral alumna, 0- 10% CH3OH CH2C12) to yield 0.299 ¢
(46% of a yelsaswMsor aade’solfiot. CTHHB.prodUet *n8y4 beFcopadl {Met i ZEd 8&i%t-h one

TLC: Merck basic alumina plates, Rf 0.35 with 95/5
CH,C1,/CH;0H, see with UV (254/366).

10 HPLC: HP 1100 HPLC chromatograph,Vydac 201TP 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% HFBA), gradient
10% B 2 min, 10-80% B over 18 min, 80-100% B over 2 min,
100% B 2 min, retention time 19.7 min.

15 Example 5

Dual-methacrylamide monomer of bis-boronate-anthracene

CH,

NH NH
~ NS CH,

H,C
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or nore other nonomers to forman indicator 5 macronol ecule. The boronate
groups shoul d be deprotected prior to use. FA$ Ms: Calc'd for C51H65B2N307
[M+ 854,wéoumtsi M + 1]+ 855. TLC. Merck basic al um na ppPar/@s)1/R£940. 35
with 95/5 CH2C1l2/ CH3OH, see with UV (254/366). 10 HPLC. HP 1100 HPLC

chr omat ogr aph, Vydac 201TP 10 x 250 mm colum, 0.100 nL injection, 2
m./mn, 370 nmdetection, A = water (0.1% HFBA) and B = MeCN (0. 1% HFBA) ,
gradient 10%B 2 mn, 10-80%B over 18 min, 80-100% B over 2 mn, 100% B

2 mn, retegtiog 103@1;932(%&1513% 52 8%1@4 _arri de mononer
of bis-boronate-anthracene CH2 NH ~ /NH *11 O/~~~ N NH ~/ F12C
-27 WO 02/ 12e8ir&&ané)S01/ 24294 A
9, 10- bi s[ 3- (et hacryl anm do) pr opy 1 no] met.hy!l CE suspensi on of
9, 10- bi s(chl or or@t%%?%%ﬁ%gc%ﬁeé%@%&@%ﬁo 1? r%eig&é(ef? 17 g, 38.00
nm, 218 mvle,5 §, 49. efuio)e) N-DBEAM 2P bRy, )ﬁiﬁmamy,l aaii fenntoidy,ochl ori de
salt (9 76 54. 5 le, /10.0,¢e UIV 200 CHC13
2t 236 s SRR T 1N (GarRL ooty o e A e s
t enper at ur esangs (%c?@agpd5405 rd;ﬁél@ndl@f(e gquiwr)e, veasd st |Ern@ offorBHa‘ days
| onger. At 10 itate had f rrred Th xture
filtered, ahd %Qg ]55 &gcb%oagh?t% g" Y851 J&a*fn tPﬁe i ﬁﬁm( EEESs "ESys

at 40°C. At this time, the temperature was increased to

45°C and the mixture was stirred for 3 days longer. At

10 this time, a precipitate had formed. The mixture was

filtered, and the solid product dissolved in the minimum

amount of CH,Cl,. A yellow crystalline solid, the bis

hydrochloride salt of the desired product, formed

overnight (3.15 g, gquantitative).

15 TLC: Merck basic alumina plates, Rf 0.31 with 90/10
CH,Cl1,/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.
CH,

/jLCH’
~,

DO

NN cH
N NH

H,C



anount of CH2Cl2. A yellow crystalline solid, the bis hydrochloride salt

of the desired product, fornmed overnight (3.15 g, quantitative). 15 TLC
Merck basve@ozlami na plates, Rf 0.31 with 90/10 CH2C Z/ CHBCHUSSlea29% t h UV
(254/366) . HPLC. HP 1100 HPLC chr omat ograph, Waters 5 x 100 mm NovaPak HR
C18 colum, 0.100 nL injection, 0.75 nL/mn, 360 nmdetection, A = water
(0.1% HFBA) and B = MeCN 20 (0.1% HFBA), gradient 10%B 2 mn, 10-80% B
over 18 mn, 80-100% B over 2 mn, 100%B 2 mn, retention tine 15.0 mn.

CH3 Of CHZp B @ H3Cpil (- [2NH50E-im@thlyiboblithan® 2yyChbeh2¢l] 8- p3€H2  CH3
-28 WD 02/ 13251 'PCT/ u501/ 24294 B

9, 10- bi s[ N-@E@ttmcEydianside) Erepyiamino] pekbylenthracsne -

(et hacr yl am do) \ 0 I Ra aLut hem—of
9, 10- bi s[ 3- (et acry]'lat?nlrgoc;{rg% me %&%ﬁ%ﬁﬁ%{%h?@gﬁt hr aceﬂe (0. 650 , 1.34

mmol e of tfp&o;@]farnamﬂmaté*)ylaﬂtma(o@n@lzog%@ 8251n8B4 Aredpnpfetins. 55
caul v, (EBLOTRIELLY! ey UPenons Scid nsapculylggesker a(353¢ 9, 474
stlrred Irldduivtmnk (2- bromomethylphenyl)boronlc acid neopentyl

ester (1.34 g, 4.74 mmole, 3.55 equiv.) and BHT (5 mg as

inhibitor) in 20 mL CHCl, at 23°C was stirred in the dark

for 5 days. At this time, the reaction mixture was

10 concentrated in vacuo and the residue was purified by
alumina chromatography (200 g activated neutral alumina,

0-2% CH,OH/CH,Cl,) to yield 0.465 g (39%) of a very

viscous yellow oil.

TLC: Merck basic alumina plates, Rf 0.59 with 90/10
15 CH,C1,/CH,0H, see with UV (254/366)

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR C18 column, 0.050 mL injection, 0.75 mL/min,
360 nm detection, A = water (0.1% HFBA) and B = MeCN
(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
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for 5 days. At this tine, the reaction m xture was 10 concentrated in vacuo
and the residue was purified by alumna chromatography (200 g activated
neutral avant/masit 0-2% CH3OH CH2Cl12) to yield 0.465 g (39p¢T/OR0IZ242%r Y
viscous yellow oil. TLC. Merck basic alumna plates, Rf 0.59 with 90/10 15
CH2C1, / CH3OH, see with UV (254/366) . HPLC. HP 1100 HPLC chr omat ogr aph,
Waters 5 x 100 mm NovaPak HR C18 columm, 0.050 niL injection, 0.75 nL/mn,
360 nm detection, A = water (0.1% HFBA) and B = MeCN (0.1% HFBA), gradient

10% B 2 m n, - 80% B_oye ] 9 v, m n, % m n,
retention ti négiggé %ﬁi % &%&%[%e%éré%%%d é?% &%Iﬁ% yl agkrnyljag]%é)fgl%ydr ogel
with glucosesdhdibtatopf W 8ol Ut N 'ort ef r e ol et Hiyll earcadl samiinebe (840%Iwt . ) and
25 N, N - et hyl gnebi sa | apl .89 L. e ne .gl ycol was prepared.
9, 10- bi S[ N-[ 2%’ C 5,“e’E-' 1t “?’ré%h%%‘%?. %‘gn ‘%%‘5%0&& b A Y 4

benzyl ] - N- [ 3-¢4oethacayéapd ty)er Dpsyt Bon no] Thet hye aantthirar efemu(lBE18nmgas2x10- 5
nol e) and: 40 pl. of ,agueous ni um ufate (5% wt) were caonbined with
1 nL of ethyl %%r§8 b?y%olfw%nr%%%srt%% u (?o%r.o he Fedt plenﬁlslglelft iO1F was

-29 WO 02/ 122500 PETLUSH14R429%e s pl sivesll | spacagt oveafice ueriged kwictth frrdt r ogen.

An aqueous splution of NN N N -tetranethyl.ethylenediam-ne (80 pL, 5%
Ww.) was adde%) 8ufﬁelrr1mrrll%rgrljé?g %r% % E%(l)%r? ot%e(:c%cfle({r1é'faes F?&laycrree(cfilzrgti on. The

resul ting forpobaphehewasfféredusaling 6PB®) d( TOMM rREY ,edbH=7Tom)m drioscope
slides and 100 m.cr i\ilgleess st eel

hours in ni trob%ﬁo%%%;}%ere TheS Tl ¢ %\aégg%fe%’ée%&l& ﬁ{hegﬁ{ g%hoggte% 6'}:18%[ ergd

sal i ne (IRBS) fd4fomdMiPBSTheHrydd)gel heas washed with 100 mL of PBS
-containing 1 mM lauryl sulfate sodium salt and 1 mM EDTA
sodium salt for 3 days, the solution being changed every
day, followed by washing with DMF/PBS (10/90 by vol., 3 x
100 mL), and finally with PBS (pH=7.4, 3 x 100 mL). The

15 resulting hydrogel polymer was stored in PBS (10 mM PBS,

pH=7.4) containing 0.2% wt. sodium azide and 1 mM EDTA

sodium salt.

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/Ioc @ 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 mlL of the desired solution were

_30_



m croscope slides were separated, and the hydrogel was 10 renoved. The

hydr ogel was washed with 100 nL of PBS .containing 1 nM | auryl sulfate
sodi um savo ozmts1 nM EDTA sodiumsalt for 3 days, the soPOT/iUSeL/23244nQ
changed every day, followed by washing with DMF/ PBS (10/90 by vol., 3 x
100 nmL), and finally with PBS (pH=7.4, 3 x 100 nL). The 15 resulting

hydr ogel pol ynmer was stored in PBS (10 nM PBS, pH=7.4) containing 0.2% wt.
sodi um azide and 1 mM EDTA sodiumsalt. D. Mdul ati on of Fluorescence Wth
d ucose, LaeQaliélhndteAcatoa@%@ afer 206 'Hmmmmhﬂk&tﬁcm'e ofeatsher efettar.escence  of

t he indi cator ngcrorm gcul e 1{v\,hi ch contain eco njti on eI errents)
prepared i nCthl's &RAREPE BSTBT TchRR, T AT AT Jaﬁ‘ndfo St

det er mi ned. s&nglees.4 BEhows bhes mnﬁia@rdlwm&:ﬁm SSI on (I/Io @
427 nm) of the 25 thLs exa in 10, H74conta|n|ng
0. 99% NanD. aiESERRA L ACOBRELR P Fa Vel PO\ St of PO Rt at 6.

| it hi und acetoatetatgqgon giﬁbgwcmeognwi@n ww:_eecfxﬁmrvcke& qﬂd@:@@cﬁhl madzu

RF-5301 spectrofl uor onet Xcitati n @65 nm (slit 3n 30 and
eni ssi on a'? ) ﬁ?"n“(jgisins Sef%cﬁjrﬁe %]W SEALTRF TS We(raet mONE RS rP‘Rj‘

t enper at ur egtassr ol i edssanpl eo‘h@iétﬂ&rw1ﬂ'ﬂﬂq;@lly@§ﬁ@§ nﬁ:es:zmaunlpmAB m. of the
desired sol uti o wereJC g n1&%12251 PC%'hI'/ usQl1 242 uilibrated at 37C
for 15 m nu?‘é‘ée EFSratnélsure Seasured in
four indepehident asanpbesm Ewmmbjawacatf&étpmphafﬂbrd]ewatllcm aMd o
quadr ica aJF es for ach dat a The rogels 5 cont aining a
gl ucos rechIgnh gﬁmﬁnf‘gﬁ ?%Cﬁ}é;% p %jp%?bcdh? evi dusly desdidibed. The
hydrogel s wen¢ pounMed-DAglucose were prepared in 10 mM PBS, pH 7.4

containing 0.2% NaN; and 1 mM EDTA. The fluorescence of

the copolymer was affected by the presence of glucose,

but not by the presence of lactate or acetoacetate.

15 Example 6
Single- and dual-methacrylate monomers of bis-boronate-

anthracene

A. 9,10—bis[[2-(2-hydroxyethoxy)ethylamino]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 hours. At this time, 100 mL CH,Cl, were added and the
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gl ass slides and covered with pol yester mesh in PMMA cuvettes at 45 to the
incident light. Solutions of 1, 5, 10 and 20 nM sodium L-| actate

[ Al dri chw082/1281 and 20 10 mM | it hi um acet oacet ate [ Al dri paj/uSard2dy, 2, 4,
5, 10, and 20 mM a-D-gl ucose were prepared in 10 MM PBS, pH 7.4
containing 0.2% NaN3 and 1 nM EDTA. The fluorescence of the copol yner was
af fected by the presence of glucose, but not by the presence of |actate or
acet oacetate. |1 nple 6 Single: andd | -met hacryl ate oners of

bi s- bor onatéOlé}gPHPaHéﬁewﬂlﬁpﬁg wi 5\8 nl) and 2 % 160 T

9, 10-bi s[| 2p62tm¢elgoz§fetqggw% e(cglhydmﬂ&;] efdadus s2Q udnblhnacenge To a
sol ution of 2-(2-am noet hoxy

e&gano é31 4 r%@)y% 0O nbL, 299 mmol e, 20.9
equiv.) in 269aPleHexsractoseswasl ©ddadsr o8 < %I‘H%?rsgmetf“ﬁy 5%%‘?'1racene
(3.94 g, 14334 wpRkehtriBedsebuyienawasestyr (eok) ot he garkod or 67 25
hours. At this time, 100 ni CHZC12 were added and the -31 WO 02/12251
PCT/ USCL/ 24P949eE0| uFFBAUGAS (iRShadPWFENPY RETOFME) 4P Cacaids AN porti ons
of NaHCO3 (sat ugated aqueous sol ution) The organic extract was dried over
anhydrous Na2SO4, filtered and concentrated to yield 4.67 g (79% of a
yell ow 5 powder. Product ('85 % pure by RP-HPLC) was carried on as is.
HPLC condit pge: cbRal tBnLErC Y 0Bl 00t Aph:oEag: 204 TRry Al Yo 2B M
colum, 0.100 nL injection, 2 nL/mn, 370 nm detection, A = water (0.1%
HFBA) and B12 KelRO(Dm190iompFRA) 10gr mli enicaDie®m 2 @Wm% 8bb8 Brover 18

mn, 80-  detection, A = water (0.1% HFBA) and 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.

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

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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100% B over 2 min, 100%B 2 mn, retention tine 15.6 mn. CH O CH3 B
N~ CH r I ~~p CH3 CH3 B

9, 10- bi sWO p212251 5- di et hyl bori nan-2-yl ) benzyl]-N[2 (2- hpdr/osee4boxy)

et hyl am no] net hyl ] ant hracene. A sol ution of

9, 10- bi s[[ 2- (2- hydr oxyet hoxy) et hyl am no] - 15 net hyl ] ant hracene (4.02 g,
9.75 mole), DIEA (12.6 g, 17.0 nL, 97.5 mmole, 10.0 equiv.) and
(2-brononet hyl - phenyl ) boroni ¢ acid neopentyl ester (13.7 g, 48 nmole, 4.9

equiv.) in 425nflaCrbdduml pdds Y8Sr&hbvé ethé IMIRE. dBlK dddide haiws. Al
this time, the reaction mxture 20 was concentratgg initially by rotary
evapor at i onPUthERed-BY §Hp2Pa 208 upETFISIF RPFEP I Yisi P & vacuum punp to

renove the RLEAv2TBE hegtdye Masmipy|ibied dy,oal/am 0B, )caldigiealr omat ogr aphy
(150 g activated neutral alum pa, 0-3% CH3OH CH2 1%£H%§ﬂ¥|eld 5.67 g (70%
of a viscous-68i'l IwhiEh) seFfi @i T+eaouporls %@%ﬁﬁﬁ?éil tURQB5 9% pure by

RP- HPLG Wa§tsﬁa&h%%0proa§cts (~T6C Merekopash-cimlaymivies ptatesed Rn 0. 33
with 95/5 CH2Cl12/ OH, see with UV (254/366) . HPLC conditions: HP 1100

HPLC chr oma®8gt&ph, Vydac 201TP 10 10 x 250 nm col um, 0.100 nL injection,
2 mb/mn, 370 nm detection, A = water (0.1% HFBA) and B = MeCN (0. 1%
HFBA), gradient 10%B 2 mn, 10-80% B over 18 mn, 80- 100% B over 2 mn,
100% B 2 ni BLCf eMerckohadifeatengnai plates, RE 0.33 with 95/5

CH,C1,/CH,0H, see with UV (254/366).

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%

HFBA), 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.

5
! o,

C. 9-[N-[2-(5,5-dimethylborinan-2-yl)benzyl]-N-[2-(2-
15 methacroyloxyethoxy)ethylamino]methyl]-10~[N~[2~(5,65~
dimethylborinan-2-yl)benzyl] -N-[2- (2-hydroxyethoxy) -
ethylamino]methyl]anthracene. (Single-methacrylate
monomer) .
A solution of 9,10-bis[N-[2-(5,5-dimethylborinan-2-
20 yl)benzyl]-N- {2~ (2-hydroxyethoxy)ethylamino]lmethyl]-
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CH3 H~ ~~OHOCH CH3 80 pJCH CHSUC

9-(N-[2-(5, 5-di net hyl bori nan-2-yl)benzyl ]-N-[2-(2- 15

met hacr oyoxyex2hoxy) et hyl am no] net hyl ] - 10-[ N-[ 2- (5, 5- PCT/US01/24294

di met hyl bori nan- 2-yl ) benzyl ] - N[ 2-(2- hydr oxyet hoxy) -

et hyl am no] met hyl ] ant hracene. (Singl e-nethacrylate nononer). A solution of
9, 10- bi S[N-[ 2- (5, 5-di net hyl bori nan-2- 20

yl)benzyl ]-N-[2-(2-hydro xy) et h m no I 33 V\OOZ/ 2251

PCT/ USO1/ 24295nt§ﬁ?ﬁ¥88ery§é %gg 68 é %33‘%% 1e‘3( 4%?%%%% cid (0.304
g, 0.300 niL, 305308mylep.9084mequBv5}, mbEe (09 965 eguid. 68 umbl €.d65 0
equiv.) and N _N-di ngt hyl am no- pyridine, (0.02 . 16 | e, 046eqU|v)
in 15 L 5 04501%'55 Phelfas L2 FYPRET (1 aal R rdinar NO%  this
time, the reapp'r@alﬁiaét(orezwag,fDlnerﬁdoza@ﬂlocmw@ﬁml)eoh:ﬁylsromry hy (50
evaporati e, resi [ u c chr omat ogr aphy (5
g acti vatid gg{ﬁ]ﬁalata mcn‘é(aso f??—gdh}}‘/daﬁ:n%alf ohcﬁlﬁ%'o 479% 10
of a yellow sehid. t EAB, NBheCabacdléﬂrm&&er@B&woﬁlitMmeBSﬁld Found [M + 1]+

886. TLC. Merck bagl c . al.um na pl at es, 0.45 wi t,g_h95/5 . Cl Z/ CH3OH, see
with UV (254/S8BFSRCERERT B 12 6r¥|PfY33Q:W%%?rbgra USFPHP 10 x 250

mm 15 col umpuPi$08dnbyi BjLamt henco 2umh/ 8h fon378g napiget €5 i®mctAvated
neutral alumina, 0-4% CH;0H/CH,Cl,) to yield 0.150 g (47%)
10 of a yellow solid.

FAB MS: Calc’d for CgHgB,N,0, [M]* 885; Found [M + 1]* 886.

TLC: Merck basic alumina plates, Rf 0.45 with 95/5
CH,Cl,/CH,OH, see with UV (254/366).

HPLC: HP 1100 HPLC chromatograph, 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

102 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]methyl]-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 mlL 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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= water (0.1% HFBA) and B = MeCN (0.1% HFBA), gradient 10%B 2 mn, 10-80%
B over 18 mn, 80-100%B over 2 mn, 100%B 2 mn, retention tine 21 mn.
D. \Wat er wobuid2se1 copol yner of 9-[N-[2-(5,5 20 PCT/US01/24294

di met hyl bori nan- 2-yl ) benzyl ] - N[ 2- (2- met hacr oyl oxy-

et hoxy) et hyl am no] met hyl ] - 10-[ N-[ 2- (5, 5- di net hyl bori nan-

2-yl)benzyl ] -N-[2-(2-hydroxyet hoxy) et hyl am no] net hyl ] - ant hracene and TMANA

(1:50 nolar ratio). To a solution of oxy) et hyl met hyl 25
ammoni um chl BFMérP“FNRWNOXZ/O% Y@@é&@@éﬂ@%@&i éhraé)eélﬂy ]b%rgngms?/ 1.66

nmol e, 50 equi \93) mhq%l% 1696, @-W&@IM@@@ agdedha ss alitttuen Qfas added
9-IN-[2-(5, |rret yl borinan-2 yl)

benzyl ] - N[zv(‘lz ﬁc@pﬁa@rww@tvw&m@t Ryra 8 0075 g, 0.027 mmole,

net hyl ] - 10- [N 202 % djeBidpdibeidiiary3-y| raensphlrtioh? was341MW0e@2612251
PCT/ US01/ 24%91? F% hydr 41%et hoxy) et hyl am no] net hyl ] ant hr aQ%%e (0.029 g,
0. 033 mhol e)hineugho@ ML 4% CHIMERP BaRies ThLEEEr e "RES PAFIEd W1

4,4’ -azobi S%)t%%%%v & IRt (RO 16, (BeDALimToke 55°L. @omﬂohe % of

total nononer utlon was filtered 5 through rane
filter, was hsumged \?aitt Khdis ridgen & aHd aNeén Sﬁ’éé’tté@ni Natshgoéi’&lelg 55C for

16 hours. Afsuhis LIRS Mseus S otreascsooked e d25Graad

concentrated ™ i vacuo.” The residue was diluted with n. water and
filtered thmagh 20 GuI2 v\ratmem‘rﬁrraheflllcta‘ndd éhropfed ﬁol%?eﬁl FENRALGE was

dialyzed throygha cgl 35 S A AL GG (IRIDIANG IS S00oRgalnst 2 X 4 L

was obtai ned 38.5 pol ymer” sol uti on.
Concent rati Cﬂe]dfulaas;mratamm rhdritsr g utMYID t3P 0 Ur aessisthdi catled ®0075g

pol yrer per .1, 0 ni Sl ytign, 45, Qverall, P 3890 {07 s 4 chd f Ralywie - E

Modul ati on df? tlﬁlh‘or éthcte W u{cosea Lacta d8 . p%y){r@!
solution. Concentration of a portlon of this solution to
dryness indicated 0.0075g polymer per 1.0 mL 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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Acet oacetate The nodul ation of the fluorescence of the copolynmer (which
contains two recognition elenents) prepared in 20 step D of this exanple
by gl ucose0 ot/axsat e and acet oacetate was determ ned. Fi gurer/Fselmaest t he
normal i zed fl uorescence emssion (I/1lo @428 nn) of a 1.5 ng/nlL sol ution
of anthracene bis boronate- TMAMA (1:50 nole ratio) copolymer in PBS
containing a) 0-20 nmM 25 glucose; b) 0-20 mM Il actate; c) 0-20 nM I ithium
acet oacetate. Spectra were recorded using a Shinmadzu RF-5301
spectrafluorometer with excitation @6%,nm excitation slits at 1.5 nm
emssion slits at 1.5 nm anbient ¢ rature. The fluorescence of the
copol ymer 30 was affected by the~gresence of glucose, but not by the
presence of |actate or acet oace -35 WO 02/ 12251 PCT/ US01/ 24294 CH,
-CH BOOCH Hp~OCH O i O ¥H3 Bhp OCHas«CHI F

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

[ 2- (2- met hacr oyl oxyet hoxy) et hy] am

yberzyNa N
nmet hyl 4 ant hr acene.
(Dual - et hacryl at e nononer). O

F. 9,10-bis[N-[2~-(5,5-dimethylborinan-2-yl)benzyl] -N-
[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]methyl] -
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,CL,

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;0H/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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A solution of 9,10-bis[N[2-(5,5-dinethylborinan-2- 5

yl ) benzyl]-N-[ 2-(2- hydr oxyet hoxy) et hyl am no] net hyl ] - ant hracene (0. 100 g,
0.120 mmwe)y2/12zet hacrylic acid (0.112 g, 0.110 m., 1.30 PODUS)1/Z42948
equiv.), DCC (0.316 g, 1.53 mmle, 12.8 equiv.) and N, N-di net hyl am no-
pyridine (0.014 g, 0.11 mmole, 0.92 equiv.) in 5 nL CH2C12 10 was stirred
at 0OC for 1 hour, then 23C for 22 hours. At this time, the reaction m xture
was filtered and concentrated by rotary evaporation. The residue was
purified byThCunMaac&obasncchiomahagpaphys ( 3RL g0 a€t i watled5 Meut ral al um na,

0- 2% CH3OH 12)..tQ,yield 0,03 0 of a yellow solid. This

pr oduct my%@éé@@%r?%d“ ?[gl\go&%&ﬁ%ﬁ?’é@r'e ot her nononers to form an

i ndi cator nacronol ecul e. The boronate groups should be deprotected prior

to use. FAB 7082 010 [ M +_953; Found + 951 20 (weak

nol ecul ar Bgﬁﬁeac% 18’_@ %E%i %SOIW?E%@% 5 Clé k basic

al um na pl aN@SaPBk BRr6E 19 tcblaféh,S 0 CHe6 Ll 3Lt 586, W 116 WM, (:254/ 366) .

HPLC: :E 1100 HPLC chronmt ograﬁ 5 V\aters 5 x 100 nm NovaPak HR C18 col unn,
2

0. 100 i nPECtPORCEAOR5 LRPPi AV onmisdededint @t i B~ | BT 370 i det ect i on,

A = water (Qrif% HgBA) parduBCR IVDCN(@FQM HRBAY 1 aadi @nts 0% B, 2 man, 10-
80% B over 18 mn, 80-100% B over mn, 100% B 2 mn retentlontlrre 19.6

mn. G Prepd?abi onesr LAERARSPEY @’O 5 hy dPBRE 1 2 ity gt Q%S 2 Totlimdi cator: A
sol ution of rEydrexyat hyhemebhgcryhate (HEMA, 0.078 ni, 0.084 g, 0.64
mol ), nmethacrylic acid (MAA, 0.030 nL, 0.030 g, 0.35 nmmol),

pol yet hyl enegl ycol di nethacryl ate

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/mL aqueous 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 mlL of
ethylene glycol was prepared. 9,10-bis[N-[2-(5,5-
dimethylborinan-2-yl)benzyl]-N-[2-(2-
methacroyloxyethoxy)ethylamino]methyl]anthracene

20 (0.0096g, 0.010 mmol) and 0.020 mL of 5% wt. agueous
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 agueous 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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1000 (PEGDMVA, 0.5 ng/nL aqueous solution, 0.048 nL), and 15

N, N- di net hyl - N- net hacr yl oxyet hyl - N- ( 3- sul f opropyl ) - ammoni um bat ai n ( SPE,
0.462 g, Wwo6%51228D1 ) in 0.900 nL of ethylene glycol was prepas@®42®, 10-bis
[N [2- (5, 5- dinethylborinan-2-yl) benzyl] -N [2- (2-

met hacr oyl oxyet hoxy) et hyl am no] net hyl ] ant hracene 20 (0.0096g, 0.010 mmol)
and 0.020 nL of 5% wt. aqueous solution of ammoni um persul fate were
conbined with 0.500 nlL of the ethylene glycol nononer solution. This

sol uti on waSephrae&edi nagbotbebbydpaggedwapt hempredgenThe Anydyeeels sol ution

of NN N, NiadSybehtal iyl ¢bhyhansei 3aknEoh0a 0401 il Yy )ypas added to

the mononer fornulationto accel eraie pol ynerizati e re%ultlng
formul ati onswasapeusedim gaibl §orconderact tbef sohuhicnosedpe slides and a

100 micron cﬁéﬁh@heé%e§&98%ﬁ5p§8§i wéétsgngshﬂﬂnﬁ SPLeh MieBupopss 0 30

ni trogen at nosphere th Paced buft ef ed” sal i ne (PBS,
pH=7. 4)3 théZHVBQObNog@lslBdeslﬁérmL 33nvmf®2a12QSW1PEﬂP5501$2&29@0

separ at ed, they gy%e%%ﬁkaﬁ§§P§gsu¥§giggggﬁg¥d&gge% Pﬁg with 100

mL of PBS con ai ni ng Fum Sal T Tor 3 ays, the

sol uti on beipg= 7cHangedtedeiygdéy2%fthomedibm aasie ngnai 1 hniWeBb PBS 5

(20/80 by vg é nL) and finally with PBS (3 X 100 M.). The

resulting hy rogel polyner was stored in PBS (pH=7.4) containing 0.2% wt

sodi um azi de and 1 niV EDTA sodiumsalt. H Modul ati on of Fluorescence with

G ucose: 10 The 5 ion fF&he fluorescengﬁ 8% the dual nethacrylate
y-gtt

i ndi cat or cofpoun preﬁgPe RF§Sexafip ¥+ fiRdSe was det ermi ned.

Fi gurel® showsrrehenddalad i men 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 recognition
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 Rmerica, Depew, NY) in

20 PMMA cuvettes at 45° to the incident light. All
measurements were made at 37°C in a Shimadzu RF-5301
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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fluorescence em ssion (1 @27 nn) of a HEMA/ SPE hydrogel (100 m cron

t hi ckness, prepared as previously described) 15 containing the dual

met hacr yvad e2/gl2scose recognition nol ecul e of this exanpl ePCVURPBR44pH 7. 4
containing 0.2% NaN3 and | mM EDTA) containing O to 20 nM a- D gl ucose.
The hydrogels were nounted on glass slides and covered wth black

pol yester nesh (Sefar Anerica, Depew, NY) in 20 PMVA cuvettes at 45 to the
incident light. Al nmeasurenments were made at 37C in a Shinmadzu RF-5301
spectrofluoroneter with excitation g, M (slit = 1.5 nm and eni ssion
at 427+nm (slit = 1.5 nn) at high sSensrtivity using a tenperature
control | ed Effelct ldl gducoze dmelesotetbesncantuianide 3gal cféntaibnimsired

gl ucose solutiol 1, 2, 4, 10, .20 L ucose r uilibrated at
37C for 30 hiJ&tQgg%@FGFE%ﬁEéSﬁ?Bﬁsﬁ??%A??g?ﬁbﬁggs%%%%gnf?%§§5%ﬁr Ton was
used to fitahtBrbadendshisoasmnence (AakiadariBSRYO §2hdndmdr PRS0/ 24294
Exanple 7 Effect of glucose or |lactate on acrylam de gel containing

N-[ 3- (et halr ' akiad rlilpy(IS]r 53dimgthydbexjynantd-yibrenzyl] -N-[3-
a0t acen s BT obdlaos BBy RoTRAOHELY B Bose moronic acia

(et hacr yl amodeomerdpyl am no] -1, 4- xyl ene (bis boronic acid nononer): A

3, 4- Di hydr oxy-9, 10-di oxo- 2- ant hracenesul fonyl chloride: 10

3, 4-di hydr oxy-9, 10-di oxo- 2- ant hracenesul fonic acid sodiumsalt (1.4 g, 3.9
ol es) wasaconBi, netitlydtox@-0l 1008i6kbopostthpatena@sh syl heated to 90C

for 5 hours, _after which the solution was cooled to 0C and poured
chloride:

10 3,4-dihydroxy-9, 10-dioxo-2-anthracenesulfonic acid
sodium salt (1.4 g, 3.9 mmoles) was combined with 30 mL
of 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,S0, 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 EtsN (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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into 100 g of ice. After the ice nelted the solution was 15 extracted with
CH2C12 (3 x 100 nL), methylene chloride extracts were conbined, dried with
Na2SO4 amwdoevansrated to produce 0.87 g of solid (Yield BEUUSIIRI294

N-[ 3- (et hacryl am do) propyl | - 3, 4- di hydr oxy-9, 10-

di oxo- 2- ant hr acenesul f onam de: 20

3, 4-di hydr oxy-9, 10- di oxo- 2- ant hracenesul fonyl chloride (96 ng, 0.28 mmol es)
and N-(3-am nopropyl) methacrylam de hydrochloride (108 ng, 0.6 mol es)
wer e corrbl n2RLG t B> 2010 ol HRJC GHRcEsa t oy artii s Waksgénsi &n 1803RM( 303 ng, 3

ol eS) %95 dﬁ ani xtULE, Was, 54 rn(Leg thmt%m%rawmn%zfor 24
tere SO

hours, ‘ vent mas evaporate result|n SO
subj ect ed t oL coh et Thonaeery apHy om d%ie&ztl(om @\) wwawe@Hz(%lz-Flvem (90/ 10)

as an el uen e rodu Al oligd &8 64% yi el d).
P A o T VTSR S Ve Gyl M LSOV ROV
PCT/ USCL/ 242@480%1%@%@ Jl&OﬁILH-IPL&@tIﬂQme& ag/r%pti’, H\Mlt,erlé)O% B 20OUimm
NovaPak HR q%g Iurmtlm ection, 0.75 nL/mn, 2 nL injection
| oop, 370 nnhtdetettion, A = vvat er 0.1% HFBA) and B = MeCN (0. 1% HFBA),
gradient 10%B 2 nln 5 10 80% B over 18 min, 80-100%B over 2 mn, 100% B
2 mn, retgntiogn
a, a' -bis[3- net%a% ?T\E%o?p?%%?ﬁ% nozjdql)pfofﬁlam:"no]Als’(ﬁ ut on of
y—gB-anlnopromybbqﬁ&h&mrwﬁamkde ahydopebpei ) detsatty{@mdOeg, 16.8 nmol e,
.21 equiv.), ;10 DIEA (6.5 8 0. mol e ui v.).,
terephthald%%%fﬁ%&%?ﬁéé?d%afa.gﬁ'%gy%ﬂgﬁa de%y'dng %§2§EQLAT10.7 g, 75.3
][mol il(ﬁ 91pemui ¥6)5i &, 7. 8Thn]anl'5(nirrﬁzut$lé\[eca-i6\m;3us;tl)rred in the dark at 25C
or 18 OurEereph%hafdlcagggx£?g§h§ggs¥f'63’ %3667%m%lnqnl nd %.9§OeqUIv )

WwWas
(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,S0, (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 aqueous NaHCO;. The
organic extract was dried over anhydrous Na,SO,, 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.

~-4Q-



15 added and stirring continued for'6 hours longer. At this tine, the
solution was filtered and NaBH4 (1.73 g, 45.7 mole, 6.01 equiv.) was
added towde2iizbtrate in portions and subsequently stirrpdr/aso2a®4f or 21
hours. The suspension was filtered t-hrough Celite and the filtrate 20 was
concentrated. The residue was dissolved in 100 nL CH2C12 and washed 1 x 25
nmL sat urat ed agueous NaHCO03. The organic extract was dried over anhydrous
Na2SO4, filtered and concentrated to yield a viscous oil. The product was

carried on Rs %2283 [340( 51500 i thydfrosiaeagrapht) bepdad 1201TP 10 x 250
mm  col um, .0 A I3 ;043.-120Q etection, A = water
(0. 1% HFBA) a%%%%%‘%’%%l%%’gi ent 1 ﬁ/;eggz mn, 10-80% B over
18 mn, 80-1B80%pBubien 2fnixpp’ 100%d B-2matmacretantdon-time 15.8 30 min.
e bl S NP SRt B - 21 landy 6. Tmote) , DIEA (2.97
N- ( 3- (et hagr y4 A dd) prapyd amails]s,1,A-02y leeme v . A, sdlubiromookethyl -
a, a' -bis[3- (et ryl am do) -. propyl am no] -1, 4-xyl ene (2,94 7.61 nmol e),
b e (2. 67 P DB Sy B R AR sk ed 16, 535 ot 5287 sombny ™
phenyl ) bor ohi @ agiudi neopent \HHEStemyg &S5Andib230@ ) mal €5 m3. 08,@qui v.) and
BHT (5 ng as_inhibitor) .i.n 75 ni 2Cl2 .at. 25C_vias stirr ih.the dark for
28 hours. A?t tﬁuscbwtaﬁsnés,tltrﬁeedmlﬂ S:ﬁee \%&?\A&gﬁe%}%?ufg‘mggat&ﬁ%ﬁt ed aqueous
10 NaHCO3. tHnee origsnincisaxireaactamasastrdded ovels abhygdtoausteNa2g§épusbi | t er ed
and cancent . Tg,the residue_was ,added. 200.nL _ether. and the suspension
fas st red TCr e TheupsoatE . SrlBaRt BREVAETFY | TErE BRIt ReT  eol due
di ssol ved iNe,GH2C1Pi1fetd@radd anshddrec fatldd.at €o the residue was

added 200 mL ether and the suspension was stirred for 18

hours. The suspension was filtered and the residue

dissolved in CH,Cl,, filtered and the filtrate

15 concentrated. To the solid residue was added 150 mL

ether and the suspension was stirred for 18 hours. At

this time, the suspension was filtered yielding 1.98 g

(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 CyH¢,B,N, 0, [M]* 790; Found [M + 11* 791.

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR Cl18 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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15 concentrated. To the solid residue was added 150 nL ether and the
suspension was stirred for 18 hours. At this tinme, the suspension was
filteredwoetdi2ag 1.98 g (33% of a fluffy pink powder, wiT/@wRola4a
maxi mum sol ubility of 1 mmolar in PBS (pH 7.4). 20 FAB M5: Calc'd for
C46H64B2N406 [M + 790; Found [M + 11+ 791. HPLC. HP 1100 HPLC

chromat ograph, Waters 5 x 100 mm NovaPak HR C18 col um, 0.050 nL
injection, 0.75 nL/mn, 280 nmdetection, A = water (0.1% HFBA) and B =

MeCN (0. 1% HEBA) i 90 ﬂ.nﬂi’ 0% Bt Q4G5 mn, 25 80-100% B
over 2 mn, I O%Pg%;%ﬂ?lgfé%tlgﬁt%)%tl rrede}%eglf m n. -éf'l 02/ 12251

PCT/ US01/ 242 9% [ 3= (nk e 1 i dbd ) proospyt 6l 3 el -ghlhysrexgi-r8 3P ~dioxo-2-
N-[ 3- (et hacryl am do) propyl ] -3, . 4-di hydr oxy-9, 10-di oxo- 2-
ant hr acenesul?%%W?%f@%%%dzgm%ecgr%“}f eIy ABY . [2- (5,

5-di met hyl bordr rtﬂ&§¢ﬁ—P@mfylg-dfhe{ﬂﬁlﬁirinan-Z-yl)benzyl]—Nf[3—

(met hacryl am do) propyl am no] -1, 4- xyl ene: Et h‘%‘l ene gl ycol solution

cont ai ni My 30teethacxylamidepropylanigwlnl, M 3v1eng hyl enebi _sacryl ami _de
was prepar ed. . t l,amg rop 45 30% wt. lamid

di hydr oxy-9, 10- g’i_téﬁ%geg-%a%taﬁ{%%en@ébg&l)cggﬁa%n%gg%1.1%gng, 18 3. %5% ?Lnd% 6erml e)
and a, a' -biandN.§R-w¥5 NN timetihylenebisacrylamide was prepared.

bori _nan-2-yl)benz - - j do) propyl am no] -1, 4-xylene (28
ng, 3.54 x 1 -5@0&%%@%5@%5@%@”#g%ro‘f pL of ethylene glycol nononer
sol ution and dbhypiroty59% 10 diagoedusn amrarengs pefenantide. (Ih $'9.0or nul ati on

was 15 pj@cedsifga giél‘éemg%%g%geg &“Qigmlgge%aé%ﬁn&ﬂmﬁ mol d

constructed from gl ass m croscope slides 0 “ficron stainless steel

spacer. An agveoirsase?dylbpeotyl N-N- N3+ Mhet et e oyietrhideriydeneaniing]l e (40

pL, S%w.) mgéxylene (28 mg, 3.54 x 107° mole) were combined with 800
pnL 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 nL, 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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added to the nononer solution to accelerate 20 pol yneri zation and the final
formul ati on was poured into a glass nold. The nold was | eft under nitrogen
at nrosphemeo do12236 hours, after which it was inmersed in P8BUS@IH47944) and
the glass slides were separated to afford a hydrogel polymer in a form of
athin film The 25 resulting hydrogel thin filmwas washed with 100 nL of
phosphate buffered saline containing 1 mMIlauryl sulfate sodiumsalt for 3
days, the solution being changed every day, followed by washing with

MeOH PBS ( 39/ 8Q4dt¥ul@tion 3of Xadéorbdnce ittt iglaldosaMdnd RREHapd=7. 4, 3 X
100 m.). 30 Hydrogel polynmer was stored in PBS %10 nmMV PBS, EH:7'4)

cont ai ni ng 0. ZewmodgdditiiprapifdéhandbsORRREBFACS o8P EM-NEaFRE O 42 WO
02/ 12251 Pq%%@ J.Z_A'%?ﬁicfzf;[%%@gﬂiﬁéi% Q_fec%b;ﬁﬁrtﬁ%weel\@'ﬂéht@)ucose and

Lactate The nodufation of sor bance of the indicator hydrogel (which
cont ai ns tviererzogmi in obhes epermple ir eplatEPs mithilGbadifpl“@sby gl ucose and

| act at e was QSE et o nedgy, Ih ] 06}, Was, mwy ed, igppRMMAgel | in
t he sar?se vva?/e‘;%s es%?i be%h%ngﬁggin%r}\g&gs.d%%osaphate buffered saline (PBS),
pHE7. 4 contamnimg $dwee desyrad desourkedfin|Brasgelord sodihafintadtat e was

heated to j a d phkacegd | e, |de L1 Ni ng t he
10 gel aftgg&v%{?% ;%aféﬂf/;&t(g%?r’ V\g’iﬁg'l o%/\c{a}agaltlgrlle ui Iﬁrdzﬁe fqor 15 mn at
37C. Absor bameenreagugknensef or sedhuyl lavst orvdadisated ditcent Fatifon was

conduct ed i i ply e. Fo SR hanes alg 82 nm  was
used as a b a%%é%(ﬂéﬁgﬁnﬁ?gmgéggﬁgt%% from% I Clhr5 val ﬁne%?of A(450nm
and A(BB0 nggl &fgerewiishotket A¥MAbsotbarte heeied Tore@Erhibsd e

for 15 min at 37°C. Absorbance measurement for each
glucose or lactate concentration was conducted in
triplicate. For each measurement, absorbance at 650 nm
was used as a blank, A(650 nm) was subtracted from all

15 values of A(450nm) and A(530 nm).

Figure 7 shows the absorbance spectra for acrylamide

gel (30%) containing 4 mM Alizarin Red S monomer (1:1000
molar ratio of Alizarin Red:écrylamide)and 44 mM bis
boronic acid monomer with and without glucose. Figure 8

20 shows the effect of glucose on absorbance of acrylamide
gel (30%) containing 4 mM Alizarin Red S monomer and 44
mM bis boronic acid monomer. Figure 9 shows the effect
of sodium lactate on absorbance of acrylamide gel (30%)
containing 4 mM Alizarin Red S monomer and 44 mM bis

25 boronic acid monomer (1:95 molar ratio of boronic acid
monomer:acrylamide). The absorbance of the indicator was
affected by the presence of glucose, but not
substantially affected by the presence of lactate.
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gel (30% containing 4 MM Alizarin Red S nononer (1:1000 nolar ratio of
Ali zarin Red: acrylam de)and 44 mM bis boronic acid nononer with and

wi t hout gvaowsest Figure 8 20 shows the effect of gl ucose parT/absiaupance of
acrylam de gel (30% containing 4 mMAlizarin Red S nononer and 44 nM bis
boronic acid nononer. Figure 9 shows the effect of sodiumlactate on
absorbance of acrylam de gel (30% containing 4 MM Alizarin Red S nononer
and 44 nmM bis 25 boronic acid nononer (1:95 nolar ratio of boronic acid
nononer : acryl @nkde).s Heaiaksoibance of the indicator was affected by the

presence of glu but not_, substanti af fected by the esence of
Pactate. -43 VO b2/ BB %-%ig’rﬁt ST Rntmed 1g: BhS A

i ndi cat or nacpesslkeck ©:rf @bndehechtmgnthe apr&ﬁ&hgéeoincmcaamécam on of an

anal yte in an_aqueous nvi r onnment cronol ecul e con%)

copol ymer | 5 SR tBrETer SHOROTHAPRAL G L BnpORBRLS Hohoer S WO

i ndi vi duably afe not sufficiently water soluble to permt their use in an

aqueous environment for detecting the presence or concentration %f said 10
R AR Rec

anal yte; and b) ®the Y*° ot " Hydr Nt JORPREE

macr onol ecul e i siga@pabiieadfy C&t@&idﬂ%dﬂﬁcﬁrﬁﬂ%@@t@r gongentkr abi on of
said analyte in an aqﬁeous envi ronnent . 2. The indic tgo macr onol ecul e
i

of claim1, wher®FHthe 25k rbifolidt At %qsue@éjpgatﬂnéfw dn by an
opti cal change.dstedhend nehe adraysdrmny aywleeidan tofatdloal Wl sawbderein the

10 analyte; and
b) one or more hydrophilic monomers;
such that the macromolecule is capable of detecting the
presence or concentration of said analyte in an aqueous

environment.

15 2. The indicator macromolecule of claim 1, wherein the
macromolecule is capable of detection by an optical

change.

3. The indicator macromolecule of claim 1, wherein the
indicator component monomer comprises an N- (o~

20 boronobenzyl)aminomethylanthracene 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 methyllanthracene;
9-[N-[2-(5,5-dimethylborinan-2-yl)benzyl]-N-[3-
(methacrylamido)propylaminolmethyl]~10-[N-[2-(5,5-
dimethylborinan-2-yl)benzyl]}-N-[2~(2-hydroxyethoxy) -

ethylamino]methyl]anthracene;
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i ndi cat or conponent nonomer conprises an N-(o 20

bor onobenzyl ) am nonet hyl ant hracene derivative. 4. The i ndicator

macr onol acabzs1f1 cl aim 3, wherein the indicator conponenPCHDR@MEIRI4 S
selected fromthe group consisting of

9-[[ N-net hacryl oyl am nopr opyl - N- (0- bor onobenzyl ) am no] - 25

nmet hyl ] ant hracene; 9-[ N-[ 2- (5, 5-di net hyl bori nan-2-yl ) benzyl]-N[ 3-
(et hacryl am do) propyl am no] met hyl ] -10-[ N-[ 2- (5, 5-

et iyl ani nol moCAT AR IR 243 B 03 1355 eper BabaPyao0a

9-[ N-( 2- borpnopgmamh)lol}\MEBhyhia%haeUy-l-QZHml@l)onobenzyl) ~N=-[2~ (2~
D o L R ERGY e L AL PR OROPRERN 1 Jl e {&andy dr Xy et hox)

et hyl am no]
9,10-bis[N-[2 9(,51,(5—bi|sn[&¢-f[\21—txc5r |5ﬂa1nm%tyxlynbemyzbh-f2~l-|§/3 )benzyl]-N-[3-

010 b1 8] N (3 DBFGRABRIYT) DROP AL CHaTRAES o1 Hnlaepracene;

propylan1no]rﬁﬁfnU&&mHﬂN%%BHMhrd%obszyHZ ~NEG 3-Gmdiret byl bRt gpan- 2-yl )
benzyl] - % ; ﬁ j oxyet hoxy) et hyl am no] net hyl ] - 10-[ N-[ 2- (5, 5-
10 di net hyl% PPRAADSLY Tf)g{ﬁ%% FENEF 2 hydr oxyet hoxy) -

ethylanlno]nEt?ﬂMN%mﬁ4MEMBHHimethylbor1nan 2-yl)benzyl]-N-[2-(2
o[ 1 (- borgngpengyl Lot Lo £ eLheer el ety el XV oo 5,5
hydrOXMEthodymethylhﬁrmﬂéﬁEQHyl]EéﬁiWB&ﬂm€[24ﬁ2 -hydroxyethoxy) -
(2- ot hacr oSy STABRJTEL Ny SFR Hol HST35A ] ant hr acene:
9, 10- b.s[N-(2equnngb¢nawdbbwﬂk&io2quuhaqpm¢ka&¢@bp@&xy@tth@WLnO]
nmet hyl ] ant hr aﬁefamlnyj tk(lgﬁ hlaéz_ E/I\ll a{g q%:%r?&elllzylll] di hydr oxy , 10- di oxo-
hydroxyethoxy)ethylamino]lmethyllanthracene:;
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]lmethyljanthracene;
N-[3- (methacrylamido)propyl]-3,4-dihydroxy-9, 10-dioxo-
20 2—-anthracenesulfonamide;
a,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)-

propylltrimethylammonium 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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20 2-ant hracenesul fonamde; a, a' -bis [N [2- (5, 5-dinethylborinan-2-yl)
benzyl] -N- [3- (nethacryl am do) propyl am no] -1, 4-xyl ene; and salts or
derivati we@or/imseof. 5. The indicator macronol ecul e of clBCTUSY1/24b%r ei n t he
25 hydrophilic nonomer conprises [3-(nethacryl oyl am no)- propyl]

trimet hyl anmoni um chl oride. 6. The indicator macronol ecule of claima1,
wherein the indicator conponent nononer is selected fromthe group
consisting of a | anthanide chelate and a pol yaromati ¢ 30 hydrocarbon. -45

WO 02/ 12251 PCI/ USPHd 2429%cathor TR ddil 1Gi0le MRCIQIRLEqY! @nafrethaithel,
wherein the nDIar rati o of hydrophilic nononer:; i ndi cat or conponent nonomner

i s from abolflarirpsigpedt hyooor2ilsc TRBONAE tREHEA Hek reopmPeReite of claim

7, Wwherein EBﬁomérrék'?rQ& QﬁgﬁepblhlEo”QBQHPrlb@@‘ﬁator conponent nonoer
is fromabout 5:1 to about 50: . The indi cator nacronol ecul e of claimS8,

wherein the ratlo of hydrophlllc nmononer : i ndi cat or conponent nononer S
about 5:1. 10 d0. Fhe i Doty R AmlLsle &f Shakml, waekehnphkhe

anal yte detected is selected fromthe group consisting "of a vicinal diol;
an a- hydr oxyaaépdofahydrrehsligchenenggehndianbon EPERORRAT AMRONSDL assi um

hydrogen, 9¢g géggpggbgtlgn§ +8 LB¥LP; sg.mMneral; and a hornone. 15 11. The
i ndi cat or macronol ecul'e of ‘claim 10, wherein the anal yte detected is a

vicinal diol which conprises a saccharide. 12. The indi cator macronol ecul e

of claim1l, whereif {08 SAEIYHHIRAS HMOE claim 8, wherein the

ratio of hydrophilic monomer:indicator component momomer
is about 5:1.

10 10. The indicator macromolecule of claim 1, wherein
the analyte detected is selected from the group
consisting of a vicinal diol; an a-hydroxy acid, a B-keto
acid oxygen; carbon dioxide; zinc, potassium, 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]lanthracene derivative,
25 iii) the hydrophilic monomer comprises [3-
(methacryloylamino)propyl]trimethylammonium chloride, and

1v) the macromolecule exhibits an excimer effect.
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20 13. The indicator macronol ecule of claim1l, wherein i) the nolar ratio
of hydrophilic nononer:indicator conponent nononer is fromabout 2:1 to
about 15M0 02/1925t he i ndi cat or conponent nonomer conpri sesPEURDI(23294

bor onobenzyl ) am no] net hyl ] ant hracene derivative, 25 iii) the hydrophilic
nmononer conprises [3- (nethacryl oyl am no) propyl]trinmethyl amoni um chl ori de,
and iv) the nmacronol ecul e exhibits an exciner effect. -46 WD 02/12251

PCT/ US01/ 24294 14. A nethod for the production of an indicator

macr ool ecul e ¥or demEdiiasy fidte thee Saeeicér ogoréepbr AnPdRATEF an anal yte in

an aqueous RAVLFLABMERL1eSRLE ABLBOH: nGOMRE | 1S} f P AU Y BIdHdliFatd g one or

more indicator conponent nonomers which individually are not sufficiently
wat er sol ubP&é 8b pepavte LRefR agBePws apnBHLRBEN enviaishmgithdbr det ecting

the presengg, 8riSs9R5eRLLa1 L9095 i5a1d anal yte; and b) one or nore
hydrophilic n%ﬁoﬁ%rs? 10§su¥ﬁ %ﬁa% ?he resul ting macronol ecul e i s capable

of detecting ahe gresghewns idcheaoraciospostnsangnanakyt @hifh an aqueous

envi ronnment . k5 . t clal 4 rel r is
capabl e of é%@gg%ggﬁlgg gggogéFcgﬁfg%%ﬁagﬁbféﬁ%%ﬁ;T éﬂ%%¥%g342%5%ﬁ§in114,
wher ei n t hethadicaser incenponeaeusnhonbroBRRpE | 588 data¢iinddivhobenzyl)
a”‘”O”Ethy'QEEQEHES?SrdSBh¥éﬁt¥§ti%ﬁ-o§h§?f@t e £lgldn 16, wherein the

i ndi cat or onponent nononer is selected fromthe gr'oup consisting 20 of
9- [ [ N- met hacr yWoylcnd ropmspd -Induerborldisobengykeyam no] - met hyl ] ant hr acene;

10 such that the resulting macromolecule is capable of
detecting the presence or concentration of said analyte

in an aqueous environment.

15. The method of claim 14, wherein the macromolecule

is capable of detection by an optical change.

15 16. The method of claim 14, wherein the indicator
component monomer comprises an N-(o-

boronobenzyl)aminomethylanthracene derivative.

17. The method of claim 16, wherein the indicator
component monomer is selected from the group consisting
20 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~
25 dimethylborinan-2-yl)benzyl]-N-[2-(2-hydroxyethoxy) -
ethylamino]lmethyl]lanthracene;
9-[N- (2-boronobenzyl) -N-[3~ (methacrylamido) -
propylamino]methyl]-10-{N-(2-boronobenzyl)-N-{2- (2~
hydroxyethoxy)ethylamino]lmethyl]anthracene;
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9-[ N-[ 2- (5, 5-di net hyl bori nan-2-yl ) benzyl ] -N-[ 3-

(met hacryl am do) propyl am no] net hyl ] -10-[ N-[ 2- (5, 5- 25

di met hyl ivoo bmax2s2- yl ) benzyl ] - N-[ 2- (2- hydr oxyet hoxy) et hyl paT/6)1/24294

nmet hyl ] ant hracene; 9-[ N-(2-boronobenzyl)- N[ 3-(met hacryl am do) -

propyl am no] met hyl ] - 10- [ N- ( 2- bor onobenzyl ) - N-[ 2- ( 2-

hydr oxyet hoxy) et hyl am no] net hyl ] ant hracene; -47 WD 02/ 12251 PCT/ US01/ 24294

9, 10- bi s[ N-[ 2- (5, 5-di net hyl bori nan-2-yl ) benzyl]-N-[3

(et hgcr %/I am dp)lir-apivd @ o] (Sret-hidreantibecénan—-2~yl) benzyl] ~-N-[3-

9, 10-bi s[ N ronobenzyl ) - N-[ 3- (et hacryl am do),-

propyl am no]j Wﬁ?ﬁ%ﬂég?lﬂ?éfi}eﬁé?ggl mlr[lﬂfmef%‘%r%%ﬁ?%ﬁyl bori nan- 2-yl)

3enzy|h] I bN— [ %, ](C)Z—bljr%ﬂmacz—oydmrymdmw) ) etthy Bantmechaetrlyybini 809 FN-[ 2- (5, 5-
i met hyl bori nan- 2-yl dr oxyet hox

et hyl ami no] %f’ﬂﬁf‘éﬁ%‘ﬂf gh&l%%hgacex Y V)

9- [ N- (25 bor onabemeyi)- (Nr[Q—dazndmiymmymla@x)zewh@b¢h-zym—N—[2—

(2-
et hyl am no] et iyl | 10- L2 bes anRbenzy| ) 0L 21 210 gt xveg o) ety

anmi no] net hiff
9, 10- bi s[ N- f2médndidbopehhyl-beyinben2y Yl yezy! - d2oxyethoxy) -

(2-met hacro x et hox nmet hyl ] ant hr acene;
0-10- bi o[ N EbYFOROBUNEy Y L REpBaFICTRe
neEhagroyLoxye;h@«yOXRHuMdﬁnbuﬂzyﬂ —Manumpa@ehecroyloxyethoxy
N[3 t hac m do rox 9,.10-di racene
sul fon 'deercgy ambp ng%‘% %61 ?ﬁei/% ?%W@@ffb%n%@l EQN-[3-
(HEt hafcryl gﬁydﬁbﬁgz@wbgm B8ehyladixyl ﬁ@ehylﬁﬁnmﬂa@@ilés or derivatives
t hereo 1 The ho o relntheh phi | i oner
conprises [ 3- (et %/I\by Qangﬁo%n&lﬁ?ed%' ﬁoFllﬁ@Ph§F§ﬂﬁ§ﬁPﬁ%lgﬁNgE?
(2-methacroyloxyethoxy)ethylamino]methyl]anthracene;
9,10-bis[N-(2~-boronobenzyl)-N-[2~(2-
15 methacroyloxyethoxy)ethylamino]lmethyl]anthracene;
N-[3- (methacrylamido)propyl] -3, 4-dihydroxy-9, 10-dioxo-
2-anthracenesulfonamide;
a,o’ -bis[N-[2-(5,5-dimethylborinan-2-yl)benzyl]-N-[3-
(methacrylamido)propylamino]-1,4-xylene;

20 and salts or derivatives thereof.

18. The method of claim 14, wherein the hydrophilic
monomer comprises [3~(methacryloylamino)-

propyl]trimethylammonium chloride.

19. The method of claim 14, wherein the indicator
25 component monomer is selected from the group consisting

of a 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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19. The nmethod of claim 14, wherein the indicator 25 conponent nononer is
sel ected fromthe group consisting of a |anthanide chelate and a

pol yar oma¥® 02/kmedr ocar bon. 20. The nethod of claim 14, whePeT/msel290l ar
ratio of hydrophilic nononer:indicator conponent nonmoner is from about
2:1 to about 1000:1. -48 WO 02/12251 PCT/ US01/ 24294 21. The met hod of
claim 20, wherein the ratio of hydrophilic nononer:indicator conponent
nmonmonmer is from about 5:1 to about 50:1. 22. The nmet hod of claim 21,

wherein the ratio 5 r.aphicl ¢ mpneger yi odi CAt Ohe COMPONEHNE NONDMEr iS
about 5:1. 2 a'Thggﬁe %%gogfgglg?ﬁ$@4, hh%rein the analyte detected is
sel ect ed f rigmitdyh igrioupraooemsd stindi @ftar opMPIORER tdMEIMONgE 45hydPBxy acid; a

(3-keto acid; oxygen;, 10 i oxi de; zinc, potassium hydrogen, or
car bonat e (kﬁéﬁ %¥1EE§}€£§£€$%%$%1; and a hornone. 24. The nmet hod of claim
23, wherein the analyte detected is a vicinal diol which conprises a

sacchari de. . T t of cl.aLm 24; LBt S haréfe is 15
gl ucose. 26. %%é nggﬁo e%%%glanfiﬁghmééf2?§é?§ﬂ?hgﬁﬁ0?§§ rati o of

hydr ophs | i chyamostert iadhcatoer : Tolorent JARBEAREDY SIFHIRAEGUEP2YE t o about
15:1, ii) the indicator conponent nononer conprises an N-(o- 20

bor onobenzyt )am nonet hyl ant hracene derivative, iii) the hydrophilic nonomner
conprises [3- (methacryl oyl am no) propyl]trinethyl amoni um chl ori de, and

V) the mactomnl ecyle exliibid 201946/ 78] Ghbeehn 2Re Andeibed for
detecting the“presence or o
detected is selected from the group consisting of a
vicinal diol; an a-hydroxy acid; a B-keto acid; oxygen;
10 carbon dioxide; zinc, potassium, hydrogen, or carbonate

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

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 agueous

environment, said method comprising:
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25 concentration of an analyte in a sanple having an agueous environnent,
said nethod conprising: -49 WO 02/ 12251 PCT/ US01/ 24294 a) exposing the
sanpl e t w@an2/indi cat or macronol ecul e, said macronol ecul ePCDURINVERNIG a
copolymer of: i) one or nore indicator conponent nononers which
individually are not 5 sufficiently water soluble to permt their wuse in
an aqueous environnent for detecting the presence or concentration of
said analyte; and ii) one or nore hydrophilic nononmers; 10 such that the
resul ti ng macreonoleegglsdrics td@pabinglef todetedhidngathe paesemcéecule,

concentrati on. of i Lyte _in an aqueous environnent, and wherein the
i ndi cat or %%%:&olpr%?lég%?ggﬁ%{ée ac%fneqrglc largq & qclsjoaqc?qtyﬁn etnngot%n' changes in a
concentrati on- dependeni nanaesr where saidi ceoronmpimgsudent s 15 exposed to

sai d anal yte; and b) neasuring .any change in id detectable quality to
t her eby determ ne them%?%rg%ﬁ e %Jfé/kcl:oln Ae}%flrcgfa}%?y otf" sdld anal yte in said
sanpl e.528. The net hogubtficianti @ Aatwdhersi nidle whaegeniim S$aiidc 20
detectable quality is_an optical change. 29. The nethod of claim 27,
wherein the indicatorus%oﬁgoﬁ%n?q?ﬁﬁﬁékan%ﬁﬁﬁﬂ%%ﬂﬁs f N- (o boronobenzyl)
am nonet hyl ant hr aceneddeecvatg viche 3fkresdrecareithabroferddatma20 ofwher ei n t he
i ndi cator 25 conponent.gnnon?r i S s%$ected fromthe group consisting of
9-[[N—nethacry|oy|aniﬁ%% o%??-*ﬁ?b-%% onobenzyl ) am no] - net hyl ] ant hr acene;
il) 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}—
methyl]anthracene;
9-[N-[2-(5,5~-dimethylborinan-2-yl)benzyl] -N-[3-
30 (methacrylamido)propylamino]methyl]-10-[N-[2-(5,5-
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9-[N-[ 2- (5, 5-di et hyl bori nan-2-yl)benzyl]-N-[3- 30

(met hacryl am do) propyl am no] net hyl ] -10-[ N-[ 2-(5,5- -50 WD 02/ 12251

PCT/ USO1Ava@9i2sdi met hyl bori nan- 2-yl ) benzyl ] - N- [ 2- (2- hydr BRy/@BéIc2eg94+-

et hyl am no] met hyl ] ant hr acene; 9-[N-(2-boronobenzyl)-N-[ 3-(net hacryl am do) -
propyl am no] methyl'] -10- [N (2-boronobenzyl) -N [2- (2- 5 hydroxyethoxy)
et hyl am no] net hyl ] ant hracene; 9, 10-bis [N [2- (5, 5-dinethyl borinan-2-yl)
benzyl] -N [3- (methacryl am do) propyl am no] nethyl]anthracene; 9, 10-bis

[ N (2-boropobenzyl) -N - t |_am -
pr opy! ani noci]%w ?rrfrréacn%%é;y(ﬁ%&%%%%I"\‘I-%rl}[%fl)(gg,hygfaﬂgfR;?ngg)r_i nan- 2-yl)
3?2123%/|hlyl E)(l;l;gt[lﬁyla(zﬁmf;a]trdmml )ﬂlamtymN_ ahlmnysi );gt hyl am no] met hyl ] -10-[ N-[ 2- (5, 5-
i nan-2-y enz - (- -. ethyl am
met hyl ] ant hr a?ér&é;‘ (%T Rl-rfé(-)%%?(z)%(g)}oeﬁig%Kﬁé%/}g%%gﬂ%%ﬂg@r%y?g]x;g% hoxy) - 15
:E Ez: :m_ Qg}pg%dmﬁﬁIMﬂ®MMMMbp]rmmzi) hiidrigxyét-hoxy)
r acene; .
9, 10- bis| N*}@-Y%’?%é%?%\f R A e
E g lr)nst hac[joyl oxyetbaxyNet byl apbralmethylbant hameznel) by za DS FN-
- bor onobenz

H%%-hk%%Z: (2 20 .
met hacr oyl oYt %y AR N IR YA gRg hracene
N-[ 3- (net hacr gl ami-goxpnopg-bodpdedehy ¢ pxy- 931 0meilpxorylamido) -
2-ant hr acenesul ffnam' de; .
a, a' - bi s| NBRRE- B ARRYIOFT HHRLRA) benzyl ] - N[ 3-
Eﬂet halch ylszim _cil_)ﬁ)[mr-qpyl (3m5?d]ifr1étﬁyxyﬁbeIﬂﬁan—ZSyhhldesaj/lB—lﬂ)f [defZvati ves
er eof . . e matro of. claim.27, wher.ei tr}ﬁ_ dr.ophid_i nonomner
conpri ses [BEERRERAGHYFETAM oﬁjth%lrad‘b]gﬂﬁltrﬁ%rlrié’i qu)e@m@ﬁi uZJm (gﬁlsori de.
dimethylborinan—Z—yl)benzyl]—N—[2-(2—hydroxyethoxy)—
ethylamino]methyl]anthracene;
9—[N—(2—boronobenzyl)—N—[2—(2~methacroyloxyethoxy)—
15 ethylamino]methyl]—10—[N—[2—boronobenzyl)]—N—[2—(2—
hydroxyethoxy)ethylaminolmethyllanthracene;
9,10—bis[N—[2—(5,5—dimethylborinan—2—yl)benzyl]—N—[2—
(2—methacroyloxyethoxy)ethylamino]methyl]anthracene;
9,10—bis[N—(2—boronobenzyl)—N—[2—(2—
20 methacroyloxyethoxy)ethylamino]methyllanthracene;
N—[3—(methacrylamido)propyl]—3,4~dihydroxy—9,lO—dioxo—
2—-anthracenesulfonamide;
a,u’—bis[N—[Z—(5,5—dimethylborinan—2—yl)benzyl]—N—[3—
(methacrylamido)propylamino]-1,4-xylene;

25 and salts or derivatives thereof.

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

propyl]trimethylammonium 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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32. The nethod of claim 27, wherein the indicator 30 conponent nonomer is
sel ected fromthe group consisting of a |anthanide chelate and a

pol yar omav® 02/kmedr ocar bon. -51 WD 02/ 12251 PCT/ US01/ 24294rCBBSo1Ma294net hod
of claim 27 wherein the nolar ratio of hydrophilic nonomer:indicator
conponent nononer is from about 2:1 to about 1000: 1. 34. The nethod of
claim 33, wherein the ratio of 5 hydrophilic nononer:indicator conponent
nmonmonmer is from about 5:1 to about 50:1. 35. The method of claim 34
wherein the ratio of hydrophilic nononer:indicator conponent nononer is
about 5:1. 10 3%. Thee mettHoed off cdledim 27 whieeredinn tihise mad@lry tratigetodct ed i s

sel ected fromLhe dioun FoRshetlalaotorSa0abanLAE nauRER s eobO

di oxi de; and pot assi um rogen nate 1 ons.

of cl ai m 36, ahiegiteicn 1t ke ababyté00@5ldetected is a saccharide. 38. The
met hod of claim 37, wherein the saccharide is glucose. 39. The nethod of
claim?27, wherein i) the nolar ratio of hydrophilic nononer:indicator 20
conponent nonon®4. i sTHe gmtabolto:dlaig alfoutwhEselin ithe trhe iiondifcat or

conponent ”Dﬂgﬁ)%opﬁ%ﬁr ! ﬁ%ﬁﬁ%f@r'\%&cQ%?”BQﬁﬁ%Xé%@’?&&%ﬁé py| antfracene

derivative ydrophi T'i ¢ nononer co
(nethacryloyhammmoﬁpﬂopplFbpuneﬁﬁyﬂannnnlunlchlorlde and 25 iv) the
macr onol ecul e exhibits an excinmer effect. -52 WD 02/ 12251 PCT/ US01/ 24294

35. The method of claim 34 wherein the ratio of

hydrophilic monomer:indicator component momomer is about
5:1.

10 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

15 detected is a saccharide.

38. The method of claim 37, wherein the saccharide is

glucose.

39. The method of claim 27, wherein
i) the molar ratio of hydrophilic monomer:indicator
20 component momomer is from about 2:1 to about 15:1,
ii) the indicator component monomer comprises an N-(o-
boronobenzyl)aminomethylanthracene derivative,
iii) the hydrophilic monomer comprises [3-
(methacryloylamino)propyl]trimethylammonium chloride, and

25 iv) the macromolecule exhibits an excimer effect.
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40. The nethod of claim 39, wherein said nmacronol ecule serves as both an

i ndi cator and a reference. 41. A macronol ecul e which is capabl e of

exhi bi ti mgoam22exci ner effect, which conprises a copol ynepCDUSOIR4294 one or
nore excinmer form ng nononers, the nolecules of which are capabl e of
exhibiting an excimer effect when suitably oriented with respect to each
ot her; and b) one or nore other nononers; such that the resulting

macr onol ecul e exhibits said 10 excimer effect. 42. The nacronol ecul e of
claim4l, wherdi.n The mmtidifecllém S9¢caphbkeinf sdetiepthcngmbbecpresence
or concentration of an_ analyte., 43. The cromol ecul e of claim42, wherein

15 a) the eXcFhet FOrAPHY TR CT ol Vitlia NP5 SRS sufficiently water

soluble to permt its use in an aqueous environment for detecting the
presence or cgncentration of said analyte; and the ot her pononmer is a
hydr ophi | i c négrorref‘; 3G LETCH SHaft écha&?oﬁﬁpéég%ec’?seﬁafsaﬁ]tén%fa%let ecting
the presenggcfic€0NELAEE AtiONCIOf c &b i Al Yyt ddl e rag@Eeous  envi ronnent .
44. The_ macrompl ecul e of claim 42, wherein the exciner effect does not

substant i al | y 3&chaf§€ CF FESFoRSEFE 25°CRaRgeSONAMERE  pFBSeRigEe oY 1eS

concentratiep whidheavdataieple 45 e RGTYTRIre G E fr dAidBtd4shasher ei n
i) the nolar ratio of other noponer:exciner form n% nonomer is from about
2:1 to aboutUiB2R1Y -SRI oD/ DD 1T FEGUSO £858Y OGR9T i i %xci ner f or i ng
mononer conpripses cak Nr( acker orekenzyhhasik-gonet hyl ant hr acene derivati ve,

d
an 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,
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iii) the other nononer conprises [ 3-

(et hacryl oyl am no) propyl Jtri met hyl ammoni um chl oride. 5 46. The

macr onol ecabz161 cl ai m 41, wherein the excimer form ng nPODWEE1/34894sel ect ed
fromthe group consisting of a |anthanide chelate and a pol yaromatic

hydr ocarbon. 47. The macronol ecul e of claim45, wherein the exciner

form ng nononer is selected fromthe group consisting of 10

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

9- [ N-[2- (5, 5- di fret hiyhbog i Rahe 2- Y&Q WdndhdB-comprises an N-(o
(et hacryl am do) propyl am no] et h 12()_ [-10-[ N[ 2-(5, 5-

di met hyl borlbr?éﬁn?bﬂn)zbfé-ﬁ?}ﬂl]ﬂowﬁ[t y(lzmﬁpaua@s%y@t Aexyyatsve, and

et hyl am no] et hy] ] anméa&@l@@r A %5 ﬂ%%@enfz 1) - N[ 3- (et hacryl am do) -
propyl am no] met hyl ] -10-[ N-(2-bor onbenzyl ) - HZ (2 hydr oxyet hoxy)

et hyl anmi no] reeRiRFamiavdeadiao) propyl] trimethylammonium chloride.

9, 10- bi s[ N-[ 2- (5, 5- di met hyl bori nan-2-yl) benzyl | -N-[3- 20

(et hacryl am do) propyl am no] et hyl ] ant hr acene;

9, 10- bi S[ N- ( 2-bor onﬂb@ﬂzwyomp{@c%l@tdﬁc}%ﬁlmﬂdo) wherein the excimer

ropyl am no a r ; 5 h 1)
enoyl | - ety MeRoReE e sl erhay ety AT A6l b R T T00TR 1o (5, 5 25
di net hyl bor ﬁnéﬁnzhylh)l@@nmepﬁm[ 2ng2ahpdipayenhbxy) hydrocarbon.
et hyl am no] met hyl ] ant hr acene;
9-[ N- (2- boronobenzyl ) - N-[ 2- (2- met hacr oyl oxyet hoxy)
et hyl am no] neth¥d | -0ioe [Ma¢ ool eriobe Ay [Qladn] 25, 2-wheyrdriox \rétchexyg)imer
et hyl am no] gt hyl,] ﬁ%h%@%ea% fége%tféof?bﬁ IR brGip(Bonsisting of

?Zdhgfaggl23[3&32EWKW@@M&¢m@lﬂyl&ﬂ1ﬂﬂﬂnﬂﬂyﬂﬁmhfaBﬂmmronoﬂémem )aRin2251
PCT/ USO1/ 24%%%hy%]a%%hl}'ace lg-; (2- boronobenzyl) -N- [2- (2
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) -
15 ethylamino]methyllanthracene;

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

9,10-bis[N~[2~-(5,5-dimethylborinan-2-yl)benzyl]-N-[3-

20 (methacrylamido)propylamino]jmethyl]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~

25 dimethylborinan-2-yl)benzyl]-N~[2-(2-hydroxyethoxy) -
ethylamino]methyl]janthracene;
9-[N-(2-boronobenzyl)~-N-[2-(2-methacroyloxyethoxy) -
ethylaminolmethyl]-10-[N-(2-boronobenzyl)-N-[2- (2~
hydroxyethoxy)ethylamino]methyllanthracene;
30 9,10-bis[N~[2-(5,5-dimethylborinan-2-yl)benzyl]-N-[2-
(2-methacroyloxyethoxy)ethylamino]methyl]anthracene;
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met hacr oyl oxyet hoxy) et hyl am no] net hyl ] ant hr acene;

N-[ 3- (net hacryl am do) propyl ] - 3, 4- di hydr oxy-9, 10- di oxo-

2- ant hr aceoezul2fponam de; 5 PCT/US01/24294

a,a' -bi s[N-[ 2-(5, 5-di met hyl bori nan-2-yl)benzyl]-N][ 3-

(et hacryl am do) propyl am no] -1, 4-xyl ene; and salts or derivatives thereof.
48. A nethod for producing a nacronol ecule which is capable of exhibiting
an excinmer effect, which nethod 10 conprises copol ynerizing: a) one or
nmore exci mer frlfi-ig smidholfert ronebemalyécuNed 2-¢2-whi ch are capabl e of

exhi biting ' e uj 1 abl rient w th respect to each
ot her; and @€t§%é£§§iﬁg&éggéﬁgfeékﬁéﬁﬁﬁ%éﬁ%%#hﬁéi?éﬁhﬁa%ﬁﬂf’resulting
macr onol ecul e Nex(I¥i-bintes: heati 1y L agd clionprroefyfLée B, 448ihTHeorpthptlOefiickat m 48,
wherein the Li:Xe onol ecul e, .is_capabl e of detecting the presence or
2 #hracene FlF%naﬁb
o] yre.

concentration an" ana 0. The nethod of claim 49, wherein a) the

exci mer5 f or m g orfofaneN+ [fidh (b, Gualilng thglbotr inaufFRgilehehyywater [30l uble to
n_an us environ etecting the presence or

permt its use. ] agye nt 4;n ]
concentratiﬁﬁe%$a%5¥5a3h§?g?ﬁ?p%%ﬂnﬁ%gﬁght & %tHE nononer is a hydrophilic
nmononer ; sueshdt daltshernder bnot eced echesrempabl e of detecting the presence
or concentration of said analyte in an aqueous environnment. -55 WO
02/ 12251 PCT/ USO1/ 24294 51. The method of claim 49, wherein the exciner
effect does ndts.substanttical |fprchandecingr espansemboechaagesith ishe
presence Orc§8§8f8t5§té§918{t£95 ggmgggf%er effect, which method
10 comprises copolymerizing:
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;
15 such that the resulting macromolecule exhibits said

excimer effect.

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 aqueous

environment.
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52. The nethod of claim51, wherein 5 i) the nolar ratio of other

nmononer : exci mer formng nononer is fromabout 2:1 to about 15:1, ii) the
exci mer w0 nt/msnononer conpri ses an N-(o- boronobenzyl) PCT/US01/24294
am nonet hyl ant hracene derivative, and iii) the other nononer conprises [3

10 (et hacryl oyl am no) propyl Jtrinmet hyl ammoni um chloride. 53. The net hod of
claim48, wherein the exciner formng nononer is selected fromthe group
consisting of a lanthanide chelate and a pol yaronati c hydrocarbon. 54. The

met hod of cl aism, 52{I‘h\é’ﬂﬁﬂ’e%hadt be exelpenolSwher8iAgrRBNeRBInEs sefested from
the group c(gnm sting of

9- [ [ N- met hatP§F oy?ant Mok dpyta NY o=iirdhddeiAARCRen 1 SRe9AS) 4t hr acene;

9-[N-[2-(5, éndi SHhBOTd x NAdh et dben#Y | de Nl3-analyte.
(et hacryl am do) propyl am no] met hyl ] -10-[ N-[ 2-(5,5- 20

di met hyl bori nan- 2-yl ) benzyl ]- N[ 2-(2-hydroxyet hoxy) ethyl am no]

met hyl ] ant hr agene; 1@ h@tﬁ%db%'fm&@g@ﬁzih% Mk 3= (et hacryl am do) -
propyl am no] net hy bor onobenzyl) - N-[ 2- ( 2-

hydr oxy&t hoxy e ﬁnérrmﬁ ]aﬁetrﬁw}vaﬁtfhpaé@ﬁemoegmer excimer forming

9, 10-bi s[ Nxﬁ&n&ﬁeé £ et dyy | hosa nag: 2- afd )al?:%?}t)’l]]S' N+ [3- (et hacryl ami do)
propyl am no] net hyl ] ant hracene; 9, 10- (2- boronobenzyl) -N- [ 3-

(met hacryl am dé) - bﬁoﬁ%?éﬁfﬁﬁo]f@étﬁhillg] aﬁﬂﬁmaéeﬁ@mprgsefl\lan[tz (05,

5-di et hyl bos i fadkss ¥ ) élﬁ'ﬂ% th r]zn d t d
met hacr oyl oxyet hoxy) e% hyl am no] ne r} 10-[ N-[ 21 gaS-lveSG aVI\}D 02/ 12251

PCT/ USOL] 24294 -1 by PEbeENARNRESY) Bempylpetl. [3=( 2. hydr oxyet hoxy) -
et hyl arg nol it fyl e
9-[N-(2- borgﬁ! %nzﬁ%%ﬁ? B alc]rtor H(l)extyhéztlhoxy nium chloride.

53. The method of claim 48, wherein the excimer
forming monomer is selected from the group consisting of

a lanthanide chelate and a polyaromatic hydrocarbon.

54. The method of claim 52, wherein the excimer
15 forming monomer is selected from the group consisting of
- [ [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) -
ethylamino]lmethyllanthracene;
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]methyl]anthracene;
9-[N-[2-(5,5~dimethylborinan-2-yl)benzyl]-N-[2-(2-
30 methacroyloxyethoxy)ethylamino]methyl]-10-[N-[2-(5, 5~
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et hyl am no] nethyl] -10- [N (2-boronobenzyl) -N- [2- (2 5

hydr oxyet hoxy) et hyl am no] net hyl | - ant hr acene; 9,

10- bi s[ NWQ@e#/®25t di et hyl bori nan-2-yl ) benzyl ]-N-[2- (2- nepabosayl4enyet hoxy)
et hyl am no] net hyl ] ant hracene; 9, 10-bis [N (2-boronobenzyl) -N [2- (2-
met hacr oyl oxyet hoxy) et hyl am no] net hyl ] ant hracene; 10

N-[ 3- (net hacryl am do) propyl ] - 3, 4- di hydr oxy-9, 10-di oxo- 2-ant hracene

sul fonam de; a, a'-bi s[ N-[2-(5, 5-di net hyl bori nan-2-yl)benzyl]-N-[3-

(et hacr y| advneko)Hpy Xyt iamd mrel] - 1, Moenyd verie:N- [@rd 2s-alyids oy ed@oikvati ves t her eof .

15 55. A nethod for detecti t.he presence or concentration of an anal yte
in a sanpl ee,t%ad“%?d]ﬁ%eot%%]g]%wn‘éﬁ%ggnea) exposing the sanple to an

i ndi cat or macpenmlecuberonsdied zragFNADE e ¢l ee Coapr o g1 ogy at topol ymer of : 20
i) one or nore jndjcator conmponen noners, the .nolecul es _of which are
capabl e of EXWHiH4 r%ﬁ\tké&ﬂf_nﬂf- é‘f‘f Q_tboﬁmé’ﬁ)e&fiytl b:Nic[gr ﬁ%nt ed with
respectst o hgp@edk @ tresx y pdch yiein @mes taly8d -Gapahlaeenfe ;25 det ecting the
presence or caqgncentration of n analyte: and ii) o or e, other
NDNOMEr S; sucﬁlﬂﬁépltsﬁg‘&@s'dpt'gﬁﬁlﬁlﬁ%%%%@éiﬁ?%_ x%?ghﬁ %ZQJEJSN L%:ci ner

ef fect, and whesehdctdel bk crdoy) emofiomiredulethy30 dmas ra adetesct abl e

qual ity that changes in a_concentrati og:g gﬁggag?gt manner when said

macr onol ecul e %ir$YeRpS4Ed (P5 POLRPGCEREY £57 WD 02/ 12251

PCT/ USO01/ 2428¢h a o PGS HE t REx AL ieVBagn d Imestai vl Jdettetaadsres ;qual ity to
10 N-[3- (methacrylamido)propyll -3, 4-dihydroxy-9, 10-dioxo-
2-anthracenesulfonamide;
o,o -bis[N-[2-(5,5-dimethylborinan-2-yl)benzyl]-N~[3~
(methacrylamido)propylamino] -1, 4~-xylene;

and salts or derivatives thereof.

15 “  55. 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 of:

20 i) one or more indicator component

monomers, the molecules of which are
capable of exhibiting an excimer effect
when suitably oriented with respect to
each other, and which are also capable of
25 detecting the presence or concentration of
an analyte; and
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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t hereby determ ne the presence or concentration of said analyte in said
sanple. 56. The nethod of claimb55, wherein the exciner effect 5 does not
subst ant ive® by/126BNge i n response to changes in the presePCEUS61/24294
concentration of the analyte. 57. The nethod of claimb56, wherein i) the
nolar ratio of other nononer:indicator conponent nononer is fromabout 2:1
to about 15:1, 10 ii) the indicator conponent nononer conprises an N-(o-
bor onobenzyl ) am no] et hyl ] ant hracene derivative, and iii) the other nonomer

conprises [3-p( rreﬁlggg{lyi%| Y NS PR QDY 1] tdd yeetdw i dimgchliary de  58.
The method of claim55, wherein the indicator 15 conponent nononer is
sel ect ed f rtdwndhy gledrmdeisitdts pFesencs PancraREBEréhéPat etapala

pol yar onmat ia%aflé/%reocﬁ{ hon.g spiEhe nethod of claim 57, wherein the
i ndi cat or conponent nononer 1S selected fromthe group consisting of 20

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

9-[ N- (2- bor onghenz - = h i da)ys ; ;
propyl ani no]j rﬁgeighyl ?h%o%{ﬁﬁfgﬁg %f%?!r{rlret 'yﬂ%)%erri%l(ﬁl-%}e excmer ef_feCt
yl ) bendy| | ded2 n(x- ydrsharetipay) ehiaplogminorespongst iyl FAARERACéRe;
9-[ N- (2- bor.Qno : -(2- oyl Qxy (o] .

et hyl am no]tqrr%t y: i -éf%qé[\klé%zﬁoﬁ%%%gﬁ%l )%ifl\l-%%llzé- )(é)zﬁ)alr%gr oxyet hoxy)

et hyl am no] met hyl ] - ant hracene; and -58 WD 02/ 12251 PCT/ US01/ 24294 9,

10-bis [N (2g5horon Qeﬁé¥hbd' &gﬁi$256, wherein . )
met hacr oyl oxyet hoxy) et hyl'am no] met hyl ] ant hracene; and salts or derivatives
t her eof . i) the molar ratio of other monomer:indicator
component momomer i1s from about 2:1 to about 15:1,
10 ii) the indicator component monomer comprises an N-{o-—
boronobenzyl)amino]methyllanthracene derivative, and
iii) the other monomer comprises [3-

(methacryloylamino)propyl]trimethylammonium chloride.

58. The method of claim 55, wherein the indicator
15 component monomer is 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

20 9-[ [N-methacryloylaminopropyl-N- (o-boronobenzyl)amino] -
methyl]lanthracene;

9- [N- (2-boronobenzyl)-N-[3- (methacrylamido) -
propylamino]methyl]—lo—[N—[2—(5,5—dimethylborinan—2—
yl)benzyl]-N-[2-(2-hydroxyethoxy)ethylamino]-

25 methyl]anthracene;

9-[N- (2-boronobenzyl) -N-[2- (2-methacroyloxyethoxy) -
ethylamino]methyl]-10- [N-(2-boronobenzyl)-N-[2-(2-
hydroxyethoxy) ethylamino]methyl]-anthracene; and
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-59
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9,10-bis[N-(2~-boronobenzyl) -N-{2-(2-
methacroyloxyethoxy)ethylamino]lmethyl]anthracene;

and salts or derivatives thereof.
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