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continuation-Wn-part of application Serial No. 09/6323 Bglruanyid088 August
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' hbt applicable. 10 BACKGROUND OF THE INVENTION 1. Field of the Invention
This.invention relates to indicator nolecules for detecting the presence
or concentration of an analyte in a nmedium such as a liquid, and to

~nethods for achieving 15 sugh ﬂgtﬁﬁtTQE YeEgTPaLticul arly, the invention
relates to copol yner nacronD ecules containing relatively hydrophobic

i ndi cat or conpodﬁ?ﬁEQﬁﬁQNmﬁE;ANﬂﬁYﬂﬂﬁﬂﬂNﬂﬂQUE@USﬂﬁNﬂﬁ&QﬁMEﬁﬁéh t hat the
macronol ecul e i s capable of use in an aqueous environnent. 20 2.
Description of the Related Art Indicator nolecules for detecting the
presence or concerftRGRIdrEHREC AT ﬁEE:PiTrEDaMIEmTa’.IO@Sknom

‘_Unfor unately n . j t parlngly sol ubl e-

-in vva?er - For %5;(% 4 g’il%’é‘of&a % g‘iﬁ%ﬁgﬁ%{% JE&?apaP{ .) describes a
fl uor escenppboreniion Sekda&oﬁbalﬁBﬁ@BEoﬁﬁéunﬂllhtheguss 41ub®@@cence of a

~high intensity upon binding to saccharides, including glucose. The

fluorescent conpound has a nol ecular structure conprising a fluorophore,
at | east one STATEMENT REGARDING FEDERALLY SPONSORED

RESEARCH OR DEVELOPMENT .
Not applicable. -

10 . BACKGROUND OF THE INVENTION
1. Field of the Invention
This inventlon 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_detectlon. More particularly, the invention relates
| to copolymer macromolecules containing relatively
hydrophobic indicator-componeht monomers, and hydrophilic

monomers, such that the macromolecule is capable of use

in an aqueous environment.

20 2. Description of the Related Art
AIndicator molecules for detecting the presence or
concentration of an analyte in a medium are known.
.Unfortunately, many of such indicators are inseluble 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 flucrescence of a
high intensity upon binding to saccharides, including
glucose. The fluorescent compound has a molecular
structure comprising a fluorophore, et least one

30 phenylboronic acid moiety and at least one amine-
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30 phenyl boronic acid noi et 1
hei _ y and at |east one amne -1 3
Syoy|Q|ng nitrogen atom where the nitrogen atomis disposggb{ﬁagﬁe2005
| ihf:nltr of the phenylboronic acid noiety so as to i rtkgtaéary 2005
Lt ggn gCﬁgaily with the boronic acid. Such interaction thereby causes
the ¢ npe? d o] gnlknF ELgoregcencilu?on saccharide binding. See also T
, o d m Soc. 117(35):8982-87 (1995). Ho '
conmpound described in exanple 2 of U S. P ' et e
_ i be € . S. tent 5,503,770, (havi
Coypound. oed _ at ¢ , . (bhaving fornul a
_ ggaﬁﬁggga h¥trbgeal Hbba Whevat the nhtreaged prattiTal matter

requires -1C e presence of an. organi o] i
to work |dlappﬁqdléneﬁP?rBHHéHnyngkg%% g%§€$%?gg€ng%uﬂ%ﬂgagg%ié?Ii?;d?;a’
h

severe prgbLemyhenrdeakicngneirbiicapphieal yonsthnthe Aetedts 2€h%ironnent

for exanple, 1 n vivo applicationps. Thus L
- . ! * : ) t i .
adapt|ng,BusbIubt@réﬁtl§ﬁaFPﬁ§F§Ys8?38?5 %ﬁﬁigg@g?éﬁ o?gﬁggl?aeg;uggﬁg ror

envi rgnnents. : -
S  ogBLET MR S T bmMLERL 1 one sl Toe B e
( ] mphe or det i
ﬁ;gfgggﬁe@ﬁigdggcehpﬂabléﬁKﬁF éﬁ?ﬁnéﬁ3ﬁ§5?ggéﬁagghegggggLViroﬁngﬁ:tngsgrg
nononer s N&N%IQB%%%%Bgﬁ ;ﬁgggbﬁgg&gggglah Stanplo@r of Adbeat o component
pernit'tfuﬁdtanﬂa5A5Q§1%ﬁﬂnﬁﬁﬁ?i@@VﬁP&ﬁW&hﬁuggﬁlégr%% %ES%?%éggggggnzg or

Concentragﬁg%fgbﬁghﬂ1%m%&gﬁknﬁﬁ%s a practical matter requires
- 10 the presence'of an-organic solvent such as methanol in
order to work in a liguid environment.

Lack of sufficient aqueous solubility is a severe
problem when dealing with applications in an agqueous
environment, for example, 1in vivo applications, Thus,

15 there remains a great need for adapting insoluble or

sparingly soluble indicators for use in agueous

environments.

BRIEF SUMMARY OF THE INVENTION 7
' fn one aspect, the present invention ig directed to
20 an indicator macromolecule for detecting the presence oOr
concentration of an analyte in an aqueous environment,
said macromolecule comprising'a copolymer 6f:_
a) one or more indicator componént monomers -
which individually'are not sufficiently water
25 - soluble to permit their use in an aqueous
environment for detecﬁing the presence oOX
concentration of said analyte; and
b) one or more hydrophilic monomers;
such that the macromolecule is capable of detecting thé
30 presence -or concentration of said analyte in an agueous

environment.




b) one or nore hydrophilic nononers; such that the macronol ecule is capable
of detecting the 30 presence-or concentration of said %Qal te_in an
aqueous environment. 2 3 February 2005 In anot her aspeé%,eW'_ anéent
invention is directed to a nmethod for the production of an indicator _
nmacronol ecul e for detecting the presence or concentration of an analyte in
an aqueous environnment, said nethod 5 conprising copolynerizing: a) one or
mor e i ndi cat or IgoRportder HBp&EE;SthbipheséﬁdiYhdéﬁti&nai§fd%ﬁ%éﬂgéﬁf|e?Fly
wat er ‘sol uh) e t rmt. their use in.an aqueous environnen or detecting
the pr eseﬁ%)e ao?ne(?cg’nocrgerﬁorra&?@n P&P%«S&it&"&nat%yf"é‘; 18fd°36°6) one or nore

hydr ophi | i eamomomeresulsudiort kiat ethéngestukt pbhesBneE0sR! 861EEnE 82 €8PRD! € of

detecting t resence or, concentration of said analyte in an aqueous
envfrdnngnf&ea%'5ﬁ5gﬁ’ d&p 8Lt 2WREVFr EREATOPREBAL | BRLAsrAtRe@ted 15 to a

met hod 5f or cdeipedtsiing tdepolyeseneengr concegtrathog of an analyt$ Lgpgsing
sanpl e having ap aqueous environnent, said nmethod conprising: .a) exp

the sanple to 32 i%Bﬁpgfoworﬁai?%ﬁﬁﬁg%ﬁ!%PmEQ@%P?nﬂﬁQﬂﬁﬁﬁﬁth§Qﬁnwn|$|ng a
copol ymer iRAdiefidud]lly) ageenot BREEiENEhERYOLatORPOSEMS]1e MNQIELS; Whi ch
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presence or concentration of said analyte; and
10 b) one or more hydrophilic mohomers;
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 aqueous environment,
said method comprising:
a) exposing the sample to an indicator

macromolecule, said macromolecule comprising a copolymer

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

25 | detecting the presence or concentration of

said analyte; and
i1i) one or more hydrophilic monomers;
such that the resulting macromolecule is capable of
detecting the preéence or concentration of said analyte
30 in an aqueous environment, and wherein the indicétor
| macromolecule has a detectable gquality that changes in a
concentration-dependent manner when said macromolecule is

'exposed to said analyte; and
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~_concentration-dependent manner when said nacronol ecule is exposed to said

use in an-aqueous environnent for detecting the presence or concentration

of said analyte; and ii) one or nore hydrophilic nmononers; such that the
resul ting macronol ecul e i s capabl e of detecting the prkEebroaryd005

. concentration of said analyte 30 in an aqueous environnent, and wherein the
“indicator macronol ecul e has a detectable quality that changes in a

anal yte; and 1,3 3 feRiiany. ad90enRhgBEaRUELAE 8BYc6PERYE &Rasaty detectable
gquality to thereby detern ne the presence or concentration of “said

anal yt e i F&dileeehipldetamincoiher PASFENCe e CPNESBRTALAPENPIEON provi des a

5 macr ool ecil & WGl 15%, GapRbl@n@ficexhibiting an excimer effect, which
conprises a copolyrer of: a) one or nore exciner form ng nononers, the

mol ecul'ar condmi epevherofshRicEh &he papabhé &nverhiontPhgvidesexci ner
ef f ecl; whep, SUHAAR o1 Lenied W G%pra%i%f%_tf te?chiiﬂt?ﬁlﬁ;haﬂlt EQEiﬁ?gd b) one or

nore other nononers; such that the"resul ting macronolecul e ex its said
excimer efdfgfgct | whiath mespirdsess pecopotllysmepr @€ent i nvention provides 15 a

met hod for progucipg %r”ﬁ%&%r@kéﬂdé? %Lﬁgngfméifi‘l?ﬁ@l:g, pleexhibiting an.

~excinmer effect, which nmethod conprises ~copolynerizing: a) one or nore
exci mer f eratieupironarmersyitiiemts of which are capable of exhibiting

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 monomérs;
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-én indicator
‘macromolecule, said macromoclecule comprising a copolymer
30 of: -
i) one or more indicator component
monomers, the molecules of which are

capable of exhibiting an excimer effect
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nol ecul ar constituents of which are capable of exhibiting .20 an exciner
~effect when suitably oriented wth respect to each other; and b) one or
nore ot her nmononers; such that the resulting nacronoledhﬁdxemhﬂﬁmﬁs sai d
excinmer effect. 25 In yet another aspect, the present invention provides a
met hod for detecting the presence or concentration of an analyte in a
'sanpl e, said method conprising: a) exposing the sanple to an indicator

. macronol ecul e, said croml e e cQnprisin ol 30 of: 1) one or
“nmore indicator conmpdt E%ﬁi % r ST eﬁnﬁ%&ﬁl g5 ?ggEESh are capabl e of
‘exhi biting an excin&ﬁuﬂfkﬁmbr-4a&dF®hﬁuarﬁréoaismheapshléabfy oriented with

. respect- to each other, and whi are al so capabl e detecting the
presence or concent FREGTOE © bﬁ En&SFrEe QﬁdggnF??85ﬁ518? re ot her

mononers; such that anhenaastlet;i agdmacr onol ecul e exhibits said exciner
ef fect,, and wherein the indicator macronol ecule has a detectable quality

that Ghanges in a cdrcdentfst PonFCdENLHAERt MRRAMEFSthen sai d nmacr onol ecul e
is exposetuch khagaittheaR@lsylleinanedak)oreasenlBgeARybebanggian said

detectable}g:allty to thereb% det erm ne the,gresence or. c¢onc ntration of
said ana|§q %N$I§§i herein the indicator macromoiecu
has a detectable guality that 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 ptesence or concentration of

-said analyte in said sample.

_ BRIEF DESCRIPTION OF THE DRAWINGS
15 ‘ Figures 1-2 illustrate the emission spectra of
several indicator macromolecules of the presént invention
as described in Example 2. h
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'S illustrates thé_normalized.flﬂorescence
emission (I/Io @ 428 nm) of an indicator as describedlin
-25 Example 6. | _

~ Figure 6 illustrates the normalized‘fluorescence
emission (I/Io.@‘42? nm} of an indicator as described in
“Example 6. o
' Figure 7 illustrates the absorbance spectra of an

. 30 indicator as described in Example 7.




BRI EF DESCRI PTI ON OF THE DRAWNGS 15 Figures 1-2 illustrate the emni ssion
'spectra of several indicator macronol ecul es of the present invention as
described in Exanple 2. Figure 3 depicts the synthesis dFelananyrd@otat or

conponent nononer referred to in Exanple 3. 20 Figure 4 illustrates the
normal i zed fluorescence emission (I/lo @427 nn) of an indi.cator as
described in Exanple 5. Figure 5 illustrates the. nornmalized. fluorescence

~emssion (/19 @428 tﬁ? %I)]r Jndi qﬁfeorra%ﬁod%%cncl nRed iy i dexanpl e 6.

Figure 6 ill 1%%d uorescence emssion (I/1o @427 nm
of - an i ndi QBDOﬁmaSBdeﬁxﬁr|dﬁ):édamn1mExaam:ﬁue 6 degrripad il dstamles the

: absorbancg spectra of an 30 indicator as described in Exanple 7. --5 3

. February 2005 Figures 8-9 illustrate the ratio of the absorbance (450

nm 530 nm of an indicator as described in Exanple 7. DETAILED DESCRI PTI ON

-OF THE | NVENTI ON In@%&%&ﬁ@ @#%%Q%TR%S@F THEVEH{IEQ@IBFOW des a way to

utilize, in an aque at or- conponents which by

~ thensel ves aren i sdl dadpecto) wparpmgdents dnvene liom grcatussus: @@y ronnent .
Such indicators_are, ,in effect, co oli/rrerl zed w %é’aﬁ? or nore MONOMEr s

whi ch 10t8rét§HF?C| Rt fY AGHFOPRI PR ELSUE  at Tt He"F 83Ul ti ng i ndi cat or
macr ool egbh@ohsneyf Fhetrnblythydsephes ig€re insoluble or sparlngly

soluble in an aqueous environment. Such indicators are,
in effect, copolymerized with one or more monomers which
10 are sufficiently-hydrophilic such that the resulting
indicator macromolecule is sufficiently hydrophilic
overall so as to overcome the hydrophobic contribution of
the indicator component monomers.
| ' guitable 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 vic¢inal diols; a-hydroxy acids; B-keto acids;

7 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 séope 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 adeéﬁately 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
_aié sparingly soluble to insoluble in water. Other

classes of indicators include the lanthanide_chelates




overall so as to overcone the hydrophobic contribution of the indicator
conponent nononers. Suitable indicator conponents include indicator 15

nmol ecul es which are insoluble or sparingly soluble in 3\Ggnary2885whose
analyte is at |east sparingly soluble in water. Suitable analytes include
gl ucose, fructose and other vicinal diols; a-hydroxy acids; (3-keto acids;
oxygen; carbon di oxide; various ions such as zinc, 20 potassium hydrogen

(pH neasuréﬁgﬁggse%;¥¢¥gggé?d§n gn%u Pﬁ%ﬂgkﬁkibnhQEQEQ?SN etc. It will be

appreci ate i nthe scope of icator conponen?'nnnoner as used
herei n ar 09 G UdEP i tad éamgfh thio 410 %%prienidndubildehed asnB@Ers (at | east

"one of whi | it fficl .y 25.s0l.ubl fungtion adequately in an
aqueous eﬁ@$ﬁ%ﬁ%&n1363%Mﬁéﬁ¥y¥ﬁ$%$a H@o?é ﬁgéég PﬁtgePﬁ%mﬁﬁﬁrgﬁblecules of
t he present29Nventriampdnatctd drereadinabyi néifeatace; Manyysuehathdi cat or

~conponent e kn _ Far anpl e, _the conpounds depicted in U S Patent
5,5032570§“%BKEF39%%% Jﬁu%gﬁmg%iggfﬁﬁatgggéhaFg8e§n§ﬁ8ﬁ€%£SgIucose; but
are spari njlsclsdatblion tan-ipesaling eppdivatébn SehénlcNasses/ 054 v cat ors

“include t | apthani de h es February.2005 disclosed in copending
u.s. Appl ih%a e?%r#]@élﬁr %0%%39/3? 5?6?&11‘3#&8““/&?6%351‘?01999 (and publ i shed
as PCT | r0efattt,is®valfiAppl ifeatruvar yWD199206600bobhSeptenbers 16, 1999),

0o0rPOr L el S ReE 0L YA IRLLE, Py NCL e lops, and chel
Ser i al. No.ca@p@bl®4 ol Ai dddied ndatingr pebwe2Q0§1abds8pphd chhtOnf&Seingl No.
_60/269’SSAJHJJ%%XE?Q&H%&yo%lﬁ~%ggétoggg? glcvhiCh ' '
The indicator components of the present invention
will generally have a détectable guality that changes in
a concentration-dependent manner when the macromolecule
15 -is exposed to the analyte to be measured. Many such
rqualities are known and may be used in the present
invention. For exaﬁéle, the indicator may include a
luminescent {flucrescent or phosphorescent) or -
chemiluminescent moiety, an absorbance based moiety, etc.
| 20 The indicator may include an energy donor moiety and an
enerqgy acceptor moiety, each spaced such that there is a
detectable change when the macromolecule interacts with
the analyte. The indicator may. include a fluorophore and
a quencher, configured such that the fluorophore is
25 guenched by the quencher when the analyte is absent. 1In
‘that situation, when the analyte is present, the
indicator undergoes a configurational change which causés
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,lthey are sufficiently
separated and the fluorophore emits fluorescence; upon

interaction with the analyte, the fluorophore and

-7




describe indicators having two recognition elenents 10 capabl e of
di scrimnating between glucose and interfering a-hydroxy acids or

'R-di ketones, etc. The indicator components of.the presehFebroamr006n wil |
generally have a detectable quality that changes in a

concentration-dependent nmanner when the macronol ecule 15 is exposed to the
anal yte to be neasured. Many such qualities are known and may be used in
the present invention. For exanple, the indicator ”gg‘ggﬁggde a

| umi nescent G_(I{érgg_r esceMovdid Ahospidrhiedeant Pre¥imdhEm-Punt nescent noiety, an

absor bancetbased moi ety etc.. 20 Tha d i cCal-Qlgemaynicepkude an energy donor
noi ety andpaencleirg gy é?ﬁrtﬁ;%a&%on%q 9

, ‘each spaced such.that othere is a
det ect abl e, change. ﬁ&ﬁéfﬂﬁﬂaﬂmﬂﬂnnﬂQ?HaﬂﬂéPQb@?g%lfﬁtapﬁeS%naﬁyte. The
i ndi cat or %y.' Include a fluor pi}aor ea&ndj & gtencigritleanf i gured such that

‘the fl uorophor@9i 35962 e Byt e “quencher when t hﬁ) anal yte i s absent.

In that sifuation;.whep ikhel pnedyt eineoypasdiid R9FEN i cator undergoes a
_config@ratiﬁ%é?ggﬁ%nge whi ch causes the quencher to nove sufficiently _
di stant freatfthenceluorophore so that fluorescence is emtted. Conversely,

30 the fluor op{;%gra@%tgg@kgi@rmdmibﬁ cionfliugie RSFHORSt.  in the
yte, f

absence of ana ey are_sufficjent|y pag ek £g-aish tdie f | uor ophore
em ts fluoresoeesesngponsi ALERSEET o yvma?%l}’ﬁ% anal yte,%ﬁﬁ%fl uor ophor e and

-7 3 February 200 n abg tpyadfen suf inéwertvpr ﬁ/ to cause

guenching. i'gur at i onal chari_gL«gl copcept LSqigdesesédethin nore detail
in coqpendimmg sappinicdaieort SelRal 09/265,979 filed

copending U.S. Application Serial No.
‘March 11, 1999 (and published as pCT International

. Bpplication WO 99/46600 on September 16, 1999),

incorporated herein by reference; polyaromatlc

| i ives; ins; IPY®
15 hydrocarbons and their derivatives; coumarins; BOD

. ; etc.
(Molecular Probes, BEugene, OR}; dansyl; catechols

Another class of moieties include t
ion of the indicator

hose whose absorbance

spectrum changes upon interact . L

coﬁpound with the analyte, including Alizarin Red, etc.
20 Another class of noieties include those whose

| | imi e.qg.

fluorescence 1s modulated by-prox1m1ty effects, g.r

pairs such as dansyl/dabsyl, etc.
detectable

energy donor/acceptor ,
preferably, the detectable guality 1s a

i tive
optical or spectral change, such as changes 1N absorp

25 characteristics (e.g.. absorptivity_and/or spectral

i i ime
shift), in fluorescent decay time (determlned by time

t
r frequency domain measurement) , fluorescen
a

" domain © uoreses
intensity, fluorescent anisotropy or polariza ;

‘emissi ; : in
ctral shift of the emission spectrum; & change

ape . |
o rmined by time domain

30 time-resolved anisotropy décay (dete

or frequency domain measurement), etc.

_ o .
guitable hydrophilic monomers should be sufficiently

bic
hydrophilic so as to overcome the sum of the hydropho

-8~




No. 09/754,.219, filed January 5, 2001, entitled 5 "Detection of Analytes
", incorporated herein by reference. Other detectable noieties include
those whose fluorescence is affected by anal yte inter &Félinanyi 2005

phot oi nduced el ectron transfer or inductive effects. 10 These include the
-lanthani de ¢ hel ates disclosed in copending U. S. Application Serial

No. .09/ 265,979 filed WMarch 11, 1999 (and published as PCT International

Appl i cation WO 99/46600 on Septenber 16, 1999), |ncorpor d,h inb
r ef er enceindisiafaro FEMPONENBOBPPPIELS fBCHyH%’BEaFE‘Bn’asgﬁHg%%ﬁ i rer sy

derivatiV%§kﬁxﬁﬂ£ﬁﬁ&h&%om@@kbuﬂeaﬁ§ybép@b@be@EOE&hceiﬁninétheanlar Pr obes,
Eugene{ Another class of noieties include those whose absor gnce spectrum
changes upemeowse €aFHiroRmsht-he Iitn#iiddt 6 rﬂ?ﬁ%éyiﬁpﬁﬁa?ngtg.aﬁoﬁpound with

the anal Yifad %'ﬂ%itgg 20 HARQREN 16lasRnefeRi akesulBabudesbhoagenhose
roximty effects, e.dg., fluorescence.is nodulated b ener gy
donorﬁacceptdﬁmpaﬂﬁ§e@¢chn§§n6aﬁ§yl/E@én@%ﬁﬂpéﬁe.SuP%@gé?ably, t he

det ect abl ¢, AR 115 rR el 388 udRPhieRlcoy1sReabEa! change, such as
ges in-absorptive 25 characteristics (e.g., absorptivity. and/or
.?Pgahgﬁt mﬁuhﬁﬁ?k%%Wﬁmg@@t®@0ﬁwﬂéc.§Wﬂﬁb)ﬁlﬂﬁtPN&6F§¥&@ﬁidéecay domai n or
aniSotrozgﬂggﬁkopggﬁég%igﬁ?&gaégﬂgﬁﬁﬁﬁﬁnbo}&%ﬁﬁﬂ%bﬁYpoﬂkéﬁ&ﬁﬁCent
o acids, hydrophilic silanes or siloxanes, etc., as well as

10 mixtures of two or more different monomers.

-.Suitable hydrophilic monomers for a given application
will vary according to a number of factors, including
intended temberature of operation, salinity, pH, presence
and identity of other solutes, ionic strength, etc. It

15 would be rgadily apparent that the degree of
hydrophilicity of the indicator macromolecule can be
increased by adding additiocnal 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. o '

It will be appreciéted 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 preférably_from about 5:1 to about
50:1. | |

The indicator macromolecules of the present invention

30 may generally be syntheéized-by simply copolymerizing at

| least one indicator component monomer with at ieast one
hydrophilic monomer. Optimum polymerizationrcohditions

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

~9-




spectral shift of the em ssion spectrum; a change in 30 tine-resolved
-ani sotropy decay (determned by tinme domain or frequency donain
measurenment), etc.. Suitable hydrophilic nonomers shoul 3IFberuanfddosi ent |y

o hydrophilic so as to overcone the sum of the hydrophobic -8 3 February 2005

i ndi cat or conponent nononers, such.that the resultant indicator
~macronol ecul e is capable of functioning in an aqueous environnment. It wll

be readily apparent that a, w de varie of . hydrophi.i c .mono re

ouitable Tor USEOSCRR PRECHFBSeREoPHUBRT | O Hor bR TNy
“hydrophilic nonemess ppetude, nehdlacsy| ans g, be netteclridledddy netchadr yl i c

aci d, dinethylacrglanide . TMAMA, vinyls, polysaccharides, polyam des,
 polyamino aci dST9hYaF¥pRkFit-silanes or siloxanes, etc., as well as 10

- mxtures of -two or moreil fieresremnoned shafuithabliaddydtophi | i ¢ mononer s

for a given applicatio i1 var according o a nunber oﬁlfactors,

i ncl udi ng 5nteﬁﬂ%€°¥%ﬂ%€$@?ﬁr% o¥h%p%?%f?% IR QY MR e S8ce  and
‘i denti t%’ ?L ?t Pﬁésﬁ@é@téﬁt?ﬁﬁﬂbg ﬁ&ﬁ;élﬁg&(ﬁl%ukei?i’i%l -_Jﬂﬁadwm_ ahpiiee 1 e : Y
.appar en a e degree o rophjlici 0 e i ndi r .nacr.onol ecul e
cgﬁ be incfeas%@d59g568iﬁﬁcﬁ ?%?gﬁé? ?En%%??ﬁ%ﬁsé%ﬁ??fﬁ%gﬁ?§“'§ﬁbﬁ?§¥ :
ions (e.g., .subfonsie, duaniepadysaslieng mr&?)@dus_ edlytidqiol arommaiet | es
(e.g., hydroxyl, 20 suffhyd[yl, am nes, carbonyl, am des,, etc.),_hal ogens,
etc It will be appeechardd %%%%C?F%rn%?%ﬁoW%&?%;%ﬁs FRRFGFHAY ¢ TRnoner to
i ndi cat or CENMPOLLHL, IONOERE HPNrophilic 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
1entrapment, 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 petmeable to the analyte to allow
suitable interactibn between the analyte and the
indicator components in the macromolecule.
25 Many uses exist for the indicator'macromolecules of
o the present invention, including uses as indicators in
- the fields of energy, medicine énd agriculture. For
example, the indicator macromolecules can be used as
indicator molecules for detecting sub-levels or supra-
30 ievels of glucose in blood, tissues, urine, etc., thus
prbviding valuable informatién for diagnosing or
monitoring such diseases as diabetes and adrenal

~ insufficiency. Medical/pharmaceutical production of
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vary wi dely depending on the specific application 25 desired. Preferred
rati os of hydroplilic nononer:indicator conponent nononer range from
about 2:1 to about 1000:1, nore preferably from about 3Fébivaredast 50: 1.
The indi cator macronol-ecul es of the present invention 30 may generally be
synt hesi zed by sinply copolynerizing at |east one indicator conponent

. .nonomer with at |east one hydrophilic nonomer. Optinum pol ynerization

- condi ti onsglfkdS®, £&LMMARM UFiGe r £ @ ¥ S taplliat Wd |raefifeaccording -9 3
February 2005 to the specific reactants and the application of the final
product , dMRNEENT S| 3V PR abi i shed by one of ordinary skill. It will

- be appr eci at ediddhatrdiha H e 3 RGB! equbgsi8fi1khePE SRl i NVention

may have any desired extent of water solubility.” For exanple, the
i ndi cat or YRfeFIHIBCIAED EaplawlytenduEhdsowliusoger yn sol ubl e, readily

di SS0l5vi NG5 byl AL O BB # Uy UG- 3 10U 1fafand.  iAEakohust

macr onol ecul’es containing, for” 10 exanple, the hydrophr[lq nononmer HENA

( hydr oxyethfy|cafrftaler yaitid)orsd dithetr iddrapdn hayrdiesgeldecdndonsuéns, can be
non- sol ublg, aety Myriraphid igrodha sA4hlied Rdigalor macremplegulgs my be
‘used directly H%Mgolutiqéﬁ?% o) desiré%l %%%§%E otﬁ%rggang,. %E if the
desi red agpie dwastoreensdid ressbarhedungiec aner fiercistwokednl e may be

e B S P RN Do UALER LI S
suchlfs reactor feed rate control is important in power alcohol
' production. Reactor mixing and control of glucose
concentration also is critical to quality control during
production of scoft drinks and fermented beverages, which .
consumes the largest amounts of glucose and fermenféble
15 sugars internationally.
| When the indicator macromolecules incorporate
-“.fluoreécent 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.gqg., U.S.rPatent No.
5,517,313) or can be bound to pblymeric 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 bénchtop analytical
‘instrumentation such as spectrofluorometers or clinical
30 analyzers as made by Shimadzu,‘Hitachi, Jasco, Beckman
and others. These molecules would also provide analyte

specific chemical/optical signal transduction for fiber
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glass, plastic, polymeric mterials, etc. Wien the 20 indi cat or

! _ rapped wi thin, for exanpl

en . i ' nmpl e, anot her .

angfsfgng g?}erlal_preferably shoul d be sufficiently $E£;;ggﬁébﬁgh?h

indicator c ow suitable interaction between the analyte and the ©

i ndi cat or _ﬁggggenfs in the macronol ecul e. 25 Many uses exi st for the
nol ecul es of the present invention, including uses as

dindicators in the fields of nedi.ci .
e eyt ebsE e ol i B e amhagneniice seos

' i be used :
L?ir'ngEzt ot nlgysf‘?’@ééﬁwbﬁi_@s $Dpned 80, | Elerbaat, g%%f)%jeéji”gjpgiqug% rr?! ecul es
ol Cor tne such B BouSebeont oy Shbr ks, o ic e of sgion igor
Medi cal / phar g beak i al insufficiency.
%8§ngb9éke@r eduelhobyofefapenae FeBp#aF 2005 gl ucose for human

t herapeutic app ation re i ] hdslesc
_ _ : requires _noniforin
present bnvefiliomesacagei 66PCaPE ﬁﬁXﬁﬁéeEhdg?gggiﬁg@ffﬁif% of e

such ‘as gl ucqse.i . . n, anal yt
33€hd r%%ﬁ%%aﬁﬁv%ﬁdlohheanagﬁl@@BﬂuF@ld%?%%ﬁ&&%_ékiucosg ﬁust

be carefully~ monitored in criti
11y™ tical .harvest_decisi,PaSs as i
products as wﬂﬂee@ﬁ@p@§.QQ?%$“ﬁ58§é°PSO%t%8 ﬁgéﬁyggpiﬁg?v2§3$?%%?g§oﬁ3236

nd : . .
nd feedstock in.fermentatien Qbm@QQ&ESingbudégéiﬁnﬁﬁﬁéPan ¥ optinmum 10

reactor feed rate control is i i
reac ee . ) npaQrtant i r_a h ;
t or HIX|m@ﬁﬂuﬁ@ﬂﬂﬁﬁ%ﬂe(ﬂoﬂﬁﬁﬁﬁﬁfeac&%@%%g?as?gggaﬁgoaPgmg?fffgg?tto

qual i ty ,Gont 1l 19 mdIQANR-icomeafirdolt matiniRs (BeaePeERENt od bever ages
vflyorescent matrix"), 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 frdm the light source causes the
indicator molecules to fluoresce. The high-pass filter
allows emitted light to reach the photodetector, while
filtering out scatteréd incident light from the light.
20 = sourxce. | '
- The fluorescence of the indicatbr 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

l25 _compound.

In the sensor described in U.S. patent 5,517,313, the
maﬁerial 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 flqorescence emitted by the
indicator molecules. The light source, indicator .
- mplecule~containing material, high-pass filter and

photodetectot are configured such that at least a portion

-12-




consunes the |argest anmounts of glucose and fernentable 15 sugars
internationally. Wien the indicator macronol ecul es incorporate

.fluorescent indicator substituents, various detection 3 Fewhaiypoes al so are
known in the art that can nake use of the macronol ecul es of the present

i nvention. For 20 exanple, the macronol ecul es of the invention can be used
in fluorescent sensing devices (e.g., US. Patent No. 5,517,313) or can be

bound .t o pof yires | €1 wBteSdal Se @mlﬁﬂéberbysmrlaiﬁ%a&@&hm@&ebaabspaper for
visual ins ectlon This |la ter technlque woul d permt, for_25 exanple,

gl ucose - fienths Phe |6@61%ratt&ngdéﬁleﬁﬂ=ﬁﬁ.tﬁgcaﬂ+ with a strip

~of litmus s&aﬁﬁil Wi HeC HYBC Qfﬂﬂleﬁﬂlaﬁa dasatdedeneratABy: alfsenke utilized :
as. sinple reagents with standard benchtop anal ytical instrunentation such

as spect B UbIOMR Ff s SHUdqsfcdn Iheararyoeinsiag medéuBy Shimadzu,
‘Htachi, Jascgy %@Hﬂyﬂénc%n%1th%EﬁerTBS§§1H@EeSME§§1M9H£Q Abgo prOVIde

analyte specific chemcal/optical signal transduction for fiber -11 3
February 2008 phe -k toen smar caed eavdiept iofalthel pseereters. as made by

ocean Opt 'lciﬁfe(r{t}i%g' rberE':J.J.q{g' @v’lc%rs gl' g)l gét 'd%%crl.tjbé Pat gng S5, 517, 313,

the disclosure of which is ™ incorporated herein by reference, descrlbes as
f1 uor escefadEssdndiasy deilde Gfﬁfvwﬁ N T, 166 5maedo i B84 uBES, L1t he pr esent

|nventlonfgy&gﬁafgyghtﬂéfgyﬁaq? @%ﬁ@?%n presence or concentration of an
0

anal yte such as .glucose or her cis- |oI conpound in a liquid nedium
The 18ensing &bei maceompliesedesa piythedpaesaytoinvedit ion esemlso

be used in an implantable device, for example to
continuously monitor an analyte in vive (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—baéed assay, it is apparent that for a gi#en
level of absorbance, the samplérpath 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-équipment_when performing

" absorbance-based assays. It will also be apparent that

-13-




10 i ndicator nol ecul e-containing matrix (hereafter "fluorescent matrix"),
a high-pass filter and a photodetector. In this device, a |ight source,
preferably a light-emtting diode ("LED'), is |ocated a3 Féigasty 2vastial ly
Wi thin the indicator material, -or in a 15 wavegui de upon which the
indicator. matrix is disposed, such that incident |light fromthe tight
source causes the indicator nolecules to fluoresce. The high-pass filter
-allows emitted light to reach the photodetector, while filtering out
scattered F9Ei YNtORE iRl ¥ diaterk st D sinte T AREeIcE8 s cence of the

i ndi cat or Il &8 Ul £5: PPl 19y hp i 11 18 JemeR 1deseidedd rhld 3odzat ent
5,517,313 is nodul ated, e. %% attenuated or enhanced, by the | ocal
presence oFORFFRHNER YA Qi ifidicede ncmmmmeny effiegs seyedéipound. I n

the sensorygiesedfed | nedd SxAPRN D mlhedl Joddle comledith@lt W GfF contains
the indicator nolecule is perneable to the analyte. Thus, the analyte can
di ffuse it IHELGaREr iGIMFERT Fas meddidithe édtd ivedilgm <30 thereby -

af f ecting i d worLacence: emdited &y I&J&%Oﬂﬂqc%feqr wigkecyhes. the |ight

source, indicator nolecule-containing nmaterial ,-high-pass filter and
phot odet ectadt GireRttlahfiefivasd thecirasimnsst Higwsofa ther ieewomp eTUREDr uar y

 photodet ector . Hanar ot i An &1 SETT Ca oL Anal WAL ERUCS T ndi cative of the
concent r atfuithsfr 4+ HeE camalnmsatlte igy a2 dligbese pxtdncidogupfoundi ng nedi um
- ld excitation light, which can desirably reduce the

| incidence ofqéutofluorescence when working in tissue °
systems or physiOIOgical solutions. For example, when
"working with a fluorescence based macromolecule, non-
absorbed excitation light can interact with, e.g., NADH,

15 tryptophén, 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 'inferfering emission. Additionally, when utilizing an
| absorbance-based macromolecule in tissue or physiological
" solutions, it is desirable to reduce the émount of the
source radiation that is reflected in potentially varying

_ amounts by components . in sgﬁroundihg 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 effecf,

- As a further aspect of ﬁhe present invention, it has
-been discovered that certain macromolecules exhibit aﬁ

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

-14-




5 In accordance with other possible enbodinents for wusing the indicator
macronol ecul es of the present invention, sensing devices also are
described in U S Patent Nos. 5, 910, 661, 5,917,605 apdebruaBPf05351, al
I ncor porated herei n by reference. 10 The nacronnlecules of the present

I nvention can also be used in an inplantable device, for exanple to
continuously monitor an analyte in vivo (such as blood or tissue glucose
| evel s). Suitabl e devices_are described in, for exanple, %endln

Pat ent  AppFRRatiem AscwWerfof sgme cﬁ;?%%lseslmemer éi&l%&&&fl%e 368 as weII
as U S. FafentafNosesp188310603.h l‘éd: 6,52¥Lc284e ahlichi neor por at ed

herei n by reference The nacro ecules 0 the present inventiqQn have
uni que adveitEgestarFalRiamNe, StEaRls barfde st TH S RIFRET 568 UdPect | y

propor ti ongdcdie ROt Ned it Cﬂ@%%aﬁam Qioﬁﬂl%uee%qweuleed thiee sanpl e path
length. Thus, in an ~absorbance-based ass%%l Is apparent that for a

"gi ven 5 | eval 1¢AS a0E G ERARE N theS rHpI i Itélr‘?@trh edeFtEen §leddsy reduced

i f the absordberagoncentdaldan t!k?emgr%ﬂ Y 12B eiceasedanthat desirabl e
increase in concentration may be acconplished by decCreasing the ratio of

‘the hydr oiPR¥ies nohoHErEaHdi ttorc cimpdiedd PPASPErn PRCUEFf ect, the
present invenid ﬂFleaédr t lg’?c Boald 286 cicaNGeNt Lt @Rgeh Bch nore absorber
i m S

conmponent 1nto a 30 pace, thereby increasing’the absorbance per

uni t thl cﬂéﬁé%fsantﬂrﬁﬂsl}t HeoW R e SRT AT GcaB@irersnaPPFies) | ons use of
mich 1y ﬁ:{ﬁlém@d‘ R YIS 25 @1RABEERased assays. 1t will

“al so be apparent )
configurations are known as excimers. As used hereiln, an

excimer effect refers to the resulting characteristic
longer wavelength emission from excimers.
Some examples of typical excimer-forming polyaromatic
i5 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
‘anthraeene is known te 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. 1In the present examples, the relative
concentration of the anthracene derivative monomer was
increased in proportion to the hydrophilic monomer in the
copolymer‘from 500:1,'400:1, 200:1, 100:1, 50:1, 25:1,
- 15:1 and then 5:1. All have the characteristic blue
30 emission at 417 nm of the anthracene derivative except at
531 ratio, a green emissioﬁ suddenly appeaﬁs. This green
emission is that of an excimer hybrid and the emission

has been shifted downfield by approximately 100+

~-15-




3 February 2005 for any optically-based assay, including fluorescence
‘based assays, the ability to greatly increase the [ocal concentration of
the indicator conponent offers several advantages. For3exsbiahe2008 hi gher

I ocal concentration of 5 the indicator conponent can permt the utilization
of -thinner layers of indicator macronol ecule, which in turn can greatly
reduce. the response tine of the macronolecule to the presence or

concentration of the analyte. Further nre @by aher extinction
of 10 exmanﬂma@@rﬁldﬁ@15mﬁﬂghn@ang58§Piabl céﬁéét#ﬁh i nci dence of -

‘aut of | uor gggence When JMarki 6g HaeblﬁsuenegatEGEb@rhp®®5$bm©©l%%? sol uti ons.

For exanple, when working with a fluoresce ce. bas ul e, non
- absor bed e¥stamdeopetivgien PaATPAt EPEELSWI tH, %l%g &ﬂﬁ%ﬁ)ﬁ@ ﬁf pt ophan,

tyrosine, pelt ragytcfg RY Ree PoagRel backbsﬁaermh@hysh@mo@@bakp &ol utions
resul ting®n un 5|r§b interfering fluorescent em ssion fromthose

noi et ises. cdﬁnﬂnﬂ}ailﬁmgﬁnléc§lS@éﬁ@entratlon of indicator conponent with

-hi gh absorptlgﬂrg S&ﬁggge t hat, s4ngdesh r eeurkd tmﬁtnﬁmﬁlexpxmﬂ$5|on
Addi tionally, nutil an absorbance- basgd nacrgnnaggf geln tissue
or physi olewjissilon mﬁlqml’bﬁ@ not resgessiyEl £°t GPFRAGRe T he ant of the

source radlaII(Hkgggﬁ(ﬁESHGﬂ|fgﬂﬁgéﬁoﬁSQQbeﬁblaﬂkyovheylagpeahﬁuﬂfs by
conponents i'nsurrounding tissue or fluid, 25 ,such_as bl%grubln

Ther ef or e; tie\s yafem ling vizgshl SUshn@enersttehige. IP 8P3a f conponent with
hlghaipsor tion r%gkfﬁﬁ£ha§uyﬁﬁ%%Eb§@ eﬁhécpreéena fodibetoaspect of
s entCTvEht 1o

“the been discovered that certain macronolecul es
exhi bit amacromolecules may serve as both an indicator and a
internal reference. For example, an ideal referencing
-scheme is one where the emlssion intensity at an
indicator wavelength {i. e , the wa#elength influenced by
: 15 the analyte) is lelded 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 quenchlng 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- agqueous environments. Consequently, those
macromolecules, as well as the component monomers
(excimer-forming and other monomer}, may range from
hydrophlllc to hydrophobic, depending upon the desired
application. : '

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

concentration of an analyte, the macromolecule may be

-16—-




30 exciner effect. By way of background, when two planar nol ecules wth
aromatic structure (such as is comon with fluorophores) are concentrated
to apoint where their pi electron orbital |obes may ovEFemaryegoogsonance

. condition -14 3 February 2005 can then occur for some species where the

resonance from overlap results in a hybrid. (couplet) structure which is
energy favorable and stable. These two. pl anar nol ecul es becone oriented in

- a copl anaruseaf dgueatipnihi k616¥Wod, sbi Gesy We biv@ashoN Asardwi ch with
~their electron clogds- over | appi ng between them For fluorescent .pl anar
" species, aSCRAFHRERr?RPYR- downfield enission occurs relative to the

-uncoupl ed speciigs ncyv@nel anatdys ff tIbHrarlnd! linveatebneBghI%et han the
.parent species. 10 Mol ecules able to form such favorabl e resonant

conf i gur atPoPRAEFE RNOMATa_Nexerheled i thee e rsithiown anep&idve ef f ect

- refers to iheukesst ténge NAERES €1 bStuLind QNIRRT MAVEIRAPIR W 3 on from
exciners. Sone exanpl es of typical exciner-formng polyaromatic 15
hydr ocar bdPRCh#RT SR 2RE hFeREPRE B dl FAWHE Y TR Igte Neghepissers. An

exanpl € i sy ten atdr a6RNEs dent ialdy & nd RIRNake dildfdsd)s the indicator

conmponent used in Exanples 1 and 2 of t’he present application. Although
ant hr acenelECKHHH BDL9%Wrm excimers in sol ution, one 20 nust be able to
concentrate the nolecule to sufficiently high |evels to observe any

exci mer. character. In the case of the anthracene derivative of Exanples 1
and 2, the nolecule is insoluble Exanplerl and insufficiently soluble in a

sol V%%t_ Slﬁﬁh aﬁré@ M‘.‘PAn LS CB)—Sﬁm\{aq:h%)EC;yi rI%&laminoprgpy:lamino)
methyllanthracene
- (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—chlorbmethylanthracene (5.0 g, 0.022 mble)
' 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 4), and
| the aqueous léyer was extracted with methylene'chloride.
The organic layers were combined, dried over Na,SO,,
séparated, 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-(33f4%) of product as a

-17~




25 characteristics. In the present exanples, the relative concentration of
t he anthracene derivative nononer was increased in proportion to the
hydrophilic monomer in the copolymer from500:1, 400: 13 FeéQard,20060: 1

50:1, 25:1, 15:1 and.then 5:1. Al have the characteristic blue 30

em ssion at 417 nm of the anthracene derivative except at 5~1 ratio, a
green em ssion suddenly appears. This green emssion is that of an exciner

hybrid and the em ssion _has been shifted downfield by,approxi nately 100+
-15 3 February %@b%dnan%%%té?%l¥q§ﬂ§$%hbIﬁnp'a?eéﬂ?q%ﬁﬂgﬂgénﬁgﬁfggtiGn of

the overall solgihgnedgsstnot need to be high since the distance between
pl anar species is being controlled by placenent along the pol ynmer backbone
rat her than soluble 5 concentration in 3-D space. Surprisingly, it has

been found that (dhepglChiBie €N Ssion region is not responsive to changes
in analyte concentration, but is responsive to all other aspects of the

system anal yzed, sifh asclead tswtlivdiomnodnditly-andneprpeyat ure, and pH As a
result, the pr WAl ' epvaia h
_indicator g%d gﬁggﬁﬁééﬁﬁéﬁﬁgéf%genégﬁa%ggﬁiizﬁgﬁgﬁgaé'?éeiﬁg?%fe?gngﬁ%g
scheme is one whed eat breaesi a8 o initans iMBHGt (mathyiledhest by dnadeiaageh
(i.e., the wave j nf \V ) 5 Ly i |y
tfgg@; 1012 YRNES & 9'54; ol Yyl A% ¥hi) shd devidrgaentlcah

usi ng sel ect band ' e emssion intensity at e excl mer
wavel engt h. -The{3@gul} asttinming Gorarecias-fatambether i AgNaiER4y/dediCrhi ch

- affect T1uoresoanie SN 856 Gfy PIOPPI, Bt 10314 A dWelCLAS§eRbugUGRENLNT bY.
.g., oxygen, drift an
, 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 mL x 4}, and the aqueous layers were extracted with
15 methylene chloride. The organic layers were combined,
dried over Na,S0,, 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 ﬁethylene‘chioride to give 28.7 mg (19.6% of
20 product as a solid TLC (silica gel): R, 0.77 (MeOH/CH,C1,
= 3/7), a single spot. | '

b Preparation of 9-[{N-methacryloylaminopropyl-N- (o~
boroncbhenzyl)amino]lmethyl]anthracene :
rTo 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-
_watér bath, DIEA (diisopropyleﬁhylamine) (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)phenyllboronate (2.492 g, 0.00881

mole, 1.2 eq) in chiloroform (15 mL) was added in 30

-18-




20 error in pH power factors and. drift affecting LED intensity, anbient

tenperature excursions, etc. |It. wll be readily appreciated that the
macronol ecul es of the present invention which exhibit anremusiyposeffect
“wi'll be useful in both aqueous and non- 25 aqueous environnents.

Consequent |y, those macronol ecul es, as well as the conponent nononers
(excinmer-form ng and ot her nononer), nmay range from hydrophilic to

hydr ophobi ¢, dependi upon .t.he desired pplication. 30 Al sq, n the
orci o e SR S S83 P pnEPGR SPUDHSAGUES GBECD t ho
presence Giouraancentration of an anal yte, the macronol ecule may be -16 3
- February 2005_used.directly in solytio or, may be immpbilized as
doscribad abote THECHEE: BHSI BRaheS BhChnE=hFbseRtPTHYERT i 970 cHie be
prepared byyReusons widd kede Rxthacaet Withonbtaplunduehlébrageunt of
exper Lmentati on usi,ng _readi | knownWLeactioa neghanisns and reagents,
i ncl udi ng OF9FR e AR TSN S Leh FORPAREde o RS EF e AT N A2 He - gener al

procedur egeplestiddegdehewsobvanpl ®at $8mayeBr epanatt@ice@f 9-

met hat-ol am nor pyl am nq)_, nethKIIanthraceng gA%_Cne-Phase To a suspensi on
of ‘N-( 3- aRFREFIESy B~ #et facr yPEnPEBL-AGUEOchf of P 0@ (BRF ySe§Rences, #21200)
'(11-82‘9,cﬁr@@@to@&a@hba,o%-@i@ﬂbaa@dlawﬁtﬁCQ—B% h8bhEhbor i PBVP (2, 6-di -t

methylene chloride to give 2.50 g (76.3%) of product as a
10 .lightly yellow crystalline solid, mp 72-73°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-methacrviovlaminocpropyl-N-{(o—
' boronobenzyl)aminolmethyliianthracene

(50:1) solution: To a scolution of the monomer (42.3 mg,
.0.0908 mmole) in ethanol (100%, 1.5 mL), MAPTAC [3-

-(methacrYloylamino)propyl}trimethylammonium chloride (2.0

20 mL, 1.0 g, 4.54 mmole, 50 eq) and an AIBN (azobisisobutyl
nitrile) ethanolic solution (0.183 M, 0.2 mL) as radical
initiator were édded, 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 viscoué |

25 liquid was obtained. i |

The liquid obtained was treated with water (26 mL)
and filtered through a microfilter (0.45 um) to give a
_clear solution. After dialysis through a_cellulosé
acetate membrane (MWCO 3500} with water 5 L x 4), it was

.30 concentrated with polyethylené glycol (MW 20 K) to a

' clear solutidn (34.54 g). Concentration: 24.0 mg solid

in 1.0 g solution, total solid 829 mg, yield 79.5%.
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but yl - 4- met hyl phenol') (10 ng) in chlorof orm (250 m) stirring in an
ice-water bath, diisopropylethylamne (25 nlL, 18.55 g. 0.144 nole, 6.5
eq). was added dropwi se in 20 mnutes. The nixture was a} Fetyedntzpogar m up to
room 20 tenperature and cooled again in ice-water bath. A clear solution
of 9-chl oronet hyl ant hracene (5.0 g, 0.022 nole) in chloroform (100 ni)

was added. dropwi se over 1 hour. It was run at 25C for 1 hour, 50C for

12. hours and then 70C for 2 hours. 25 The m xture was washed wi th water (60
m. x 4), and the afBbLET | ByeFedRESXISERtaRPLITh e tHARSTE chl ori de. . The

organic |ayers 8§gmgﬁgggg Sg@gtgggspggsgy@elat4§@C§ gﬁbc@rqnﬁquraphed on

net hyl ene chl ori re conbined, dried over ' Na2SO41 ~sol vent was renpved
under reduced. 5Wh&,cPBdd,nabeli apndad:ihealasi Faekoyert I¥IFORBUL IRt hanol

into give 2. 44Bgn%§§5 ?kgg% Fé}FUCt as a -17 3 February 2005 solid. TLC

~(silica gel) 2C12 = 1/9), a single spot. (B) Two-Phase
-To a clear solution of N-(3-am nopropyl) 5 nethacryl am de hydrochl oride

(788 . 441 THBLencollogilacdul BelEace glal Ai SOt R Gret Y1 et her
hydr oqui none) . a etranhydr of uran
. The modulation of the fluorescence of the 50:1 and

25:1 indicator macromolecules by glucose solutions having
various concentrations is shown below in Tables 1 and 2.
Table 1 shows the results using two different

10 concentrations (15 mg/ml and 25 mg/ml) of the 25:1
indicator macromolecule of this example with four
different glucose concentrations. Table 2 shows the
results using two different concentrations (10 mg/ml and
20 mg/ml) of the 50:1 indicator macromolecule of this

15 example with four different glucose concentrations. In
bbth 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/Ioc 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 EEN I  11.90

200 2.13 2.33
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(30 mL) stirring in an ice-water bath. A Na2CO3/ NaHCO3 buffer (66 nmL, 0.2
M- pH 10) was added in 1 hour and a 10 solution of 9-chloronethyl ant hracene
(100 nmg, 0.441 mole).in chloroform (100 nmL) was addeﬂ;emua@qnmgrs | t
was run at 25C for .7 hours and then 55C for 12 hours. The organic |ayer was
separated, washed with water (50 nL x 4), and the aqueous |ayers were
~extracted with 15 nethyl ene chloride. The organic |ayers were conbi ned,

- dried over Na2SO4 , separated, and the s nt was renoved with reduced

- pressure at 45C. The crude materi al (270 4%% € \fas then chr omat ogr aphed on

(19, 666 0f 20 pr pAGEPORE a st id TL {3 'engsfsq%?mE?Ié/%g'gveoéﬁ EFBEL
3/7), asingle § §W§$e8 5?5 gFati on ) ic la | p N—ea-
bor onoben yl') am Inethyl]anthrac ﬁg FGMR-§6Hafi on o1mg E BP §GEdobt ai ped

in step a) 25 ghove (2.440 g, 0.0 R:idle) and a tr of)i nhi bit or _DBMP

(10 ng) in ghlofaform (200 nL) st ﬁrb@g in an ice- mnﬁebobath DI EA
(d| i Sopropy| et hid-ami— nn\ /’)_846 G M0 - 022 nol 30 nn\ was adde

by portions in 160 nlnutes and th=m AOsorhtlon of 2, >1dﬂ8€thy|propane 113
30 diyl[o-(bromn nE[nyl)pnenyljooro ate_ (24929, 0 0p88t —Toter—t2—=u)yiin
chioroform (15 ht9%as added in 30| 21180 3 February 200%-dPnutes. The

reaction was ruh,gh roomtenperatufsg Bgr 20 hours. T1§ LXxture was washed
with water, sep egus_LayeLsumeLeﬂex_Lagged_mLLh_aeLh¥Lene

chloride.

T

Example 2
10 ' This example demonstrates a surprising and useful

excimer effect present in connection with the 5:1

indicator madrpmolecule 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 reglon where the 0 mM B
30 mM and 60 mM glucose lines overlap) is not responsive
"to changes in glucose concentration (just like an
isosbestic point). The excimer;emission_region begins
25 approximately 100 nm downfield from the peak iespOnsive
| wavelength of the anthracene derivative modulation.
Except for glucose, the excimer is responsive to all
‘other aspects of the system, such as excitation
intensity, temperature, and pH. Therefore, an ideal
30 referencing scheme is one where the amplitude or signal
‘.Value at 415 nm is divided eieétronically by the

amplitude or'signal value at 515 nm or another wavelength

21—



5 The organic | ayers were conbined, dried over Na2SO41 separated and the

sol vent was renoved with reduced pressure at 25C. The sem -solid (4.75 g)

~was then chromatographed on silica gel wth 2-5% net haeébrusiry 2006yl ene
chloride to give 2.50 g (76.3% of product as a 10 lightly yell ow

crystalline solid, np 72-73C, TLC (silica gel) : Rf 0.36 (MOH CHCl12 =
1/9) . It is soluble in CH2Cl12, CHC13, THF, CH3OH, and C2HSOH. Linited

sol ubi l'i t yr imndg2Ochdasticiengttys Ri¢panathenestimateem$sbiibhe- copol yneric

solutions of , 15 MAPTAC and 9-CFN:- nethacr yl am_ nopr opyl.- o]

bor onobend A5 hit ABIrerhy FESHLRFatena B0t ) TLRR (FPERESREIPRE i on of the
nononer (4xi¥tngpnd eGr@08nnpdl, epoiwveretthanoks(408%irifd atfechWiFAC [ 3 ‘
(et hacryl_qyl am no) propyl ], trinmethyl anmpni um chl oride (2. 20 nL, 1.0 g,
4Tk ot APt R g ki SR E SRR BPRE B ESFUC R PP | o5 C6t haRBrt o
sol ut Bon (G WBRhoMst@aZenl beaswradi cal initiator were added, a clear
solution was obtained. It was saturated with nitrogen and then heated to
70Cin 1 hour, and kept at 70C for 80 m nutes, and a viscous 25 liquid was
obt ai ned. pER@nlsitiaitd odhbE RREivASioh! eateHsIEY ) NahBerdér filtered

nd
through a mcrofilter (0.45 um to give a clear solution. After dialysis
t hrough aSesreqtie®® acetate menbrane (MACO 3500) with water 5 L x 4), it

was 30 concen t 1 . ! o.a clear solution
(34.54 q). Cb%%§n§?g¥%%%:£§%¥%£€%$§g$$g&M§ﬁiiﬁgﬂégggﬁ%¥%on, t ot al solid'829

nmy, yiel dMagrsgplecgls Wébrﬂ@ﬁ?UEGGSWith 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. In 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
Siit T1420/1550 I420/1550 1420/1550
20 Configuration |0 mM glucose | 100 mM 200 mM
e VU S e b glucose. .. glucose
1.5/1.5 3.92 16.18 7.36
1.5/3 3.93 16.12 7.25
3/3 _ 4.00 6.27 7.28

‘The temperature stabilify of the 5:1 excimer
25 indicator macromolecule was determined. The ratio of the
‘emissions aﬁ 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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Simlar procedures were applied to prepare copolyneric solutions of

500:1, 400:r1, 200:1, 100:1, 50:.1, 25:1, 15:1, and 5:1 nolar ratios of
hydrophilic nonomer: indicator. 5 G ucose Mdul ation of Féftudry@0ds25: 1

Co- pol yners The nodul ation of the fluorescence of the 50:1 and 25:1

I ndi cat or macronol ecul es by gl ucose sol utions having various
~concentrations is shown belowin Tables 1 and 2. Table 1 shoms the results
using two different 10 concepntrations é ng/ M apd 25 of the 25:1

i ndi cat or nmacr onol 8861 8RofteRtdiENaRp hﬁn?hlf%%ﬁlm%ﬁf¥%$ %ﬁucose |

concentratlonsnaﬁﬁﬂm%r%darwmwa%hglsbeagkbﬁmﬂﬁeag tyRedi-f€6€0E the '
concentrations (10 ng/m and 20 of the 50:1 indicator_macronol ecul e

of this 15 exarffeWans @GuﬂzglPﬁbﬁéﬁt5&9u8@s§°€0ﬂcén@9é?%oﬁ%lthonb%fh

Tables, I/10 ithd e 1r aldQnh th@iemtbl-efabPbRPSEELES afdlth2@enm after and
bef ore exposure to glucose (365  nm_excitation). Table 1 20 25 d ucose

"1/10 for 1% ng/dHLferents & 25Vedem(6ecEncénPrahflon: Oi nUEEat 8Pt e RBEREE or
'_(”N)”acronnleCL@é%dY%HH%@N acWhe 6253%h(4R; 11its 1.5,3), and are shown

in Table 4. The full emission spectra are shown in
Figure 2. The variation over the range tested was

statistically insignificant.

10 ' Table 4

I420/1550 pH 6.5 1420/1550 pH 7.0 I420/I550 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 macfomolecule, The recognition element is open
and intact, but the inductive energy influence between
25  recognition element and flﬁdrophore 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 7 Example 3
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| | ble 2
.441.50 1001. 751" .90 2002.132.33 3 February 2005 Ta
gfﬁgggéo?ngl ?or 10 mg/m /1o for 20 ng/ M concentration Indééiégi 201 48
| di cator (mMV) nacronol ecul e macronol ecul e (50: 1) (50:1) ety 960 oror e e
3801 701.79 2002.042.22 Exanple 2 10 This exanple dennnstrgtis ?n3|cgtor
and useful exciner effect present in connection with the ' jndicator
macr onol ecul e prepared in Exanple 1. Figure 1 depicts the em ss p

X thre 5 concentrations
of the 5:1 |ndThat@YnhhesberdxeoalI§u¥?5eqr@ Ie)éjg*lfi%errerﬁ ch (31 Jt t noentrat!

of glucose (Qqta 0 f the
Alsg shown in thgkg Snﬁ%OPEBE ﬁoapmﬁ?gh$edqpi@t@&mﬂmﬁﬁf@umﬂépexc|ner
non- eXC|nerCOEBOmnﬁathat@ﬂdnﬁ%IOf?éefiﬁféﬁéfﬁﬂégi %ﬁiﬁkl
' c
em ssi on reﬁéePoéP8T§c ngﬁgrggon TXg(compound (2) is known as p-
5  NH,~Bz-DOTA). The end product (9) may be co-polymerized

~with one or more other monomers to form an indicator

macromolecule.

Example 4

Single-methacrylamide monomer of bis-boronate-anthracene

I

10 - ~ Hel

A. 9-chloromethyl-10~-[[2- (2—hydroxyethoxy)ethylam;no]—
methyl]anthracene hydrochloride salt.
To a suspension of 9,10~bis(chloromethyl)anthracene
- (5.18 g, 18.8 mmole, 3.99 equiv.) in 200 mI of NMP was
15 added 2-(2-aminoethoxy) ethanol (0.495 g, 0.475 nL, 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 3111ca gel chromatography (150 g
20 graVLty grade silica gel, 0~ 10°(HQOH/CHJH_) to yleld
0.425 g (24%) of a yellow/orange SOlld

TLC: Merck silica gel 60 plates, REf 0.72 with 70/30
_CHgﬂ./CHgﬁi see with OV (254/366), ninhydrin stain.
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20 an isosbestic point. It can be seen fromFigure 1 that the exciner

em ssion region (the region where the O mMM'-. 30 mM and 60 nM gl ucose

~lines overlap) is not responsive to changes in qucosq;pg@ggﬁng@5|on (j ust
l'i ke an isosbestic point). The exciner. emnission region begins 25

approxi mately 100 nm downfield fromthe peak responsive mavelength of the

‘ant hr acene derlvatlve nmodul ation. Except for glucose, the exciner is

responsi ve r ec s of the s ste ch as excitatjon.
|ntenS|ty, t schene
[t one: ty. BPERRelE: ard0 HRREpEh S aRerertrel a9 A o and A sch
‘is. one Wh@b@uﬁh? @nDthMﬂelﬁﬁe§t96ﬂ| 2Vﬁixmaﬁﬂ PG Hendet dinvdicied a
electronically by t litude or signal value at 515 nmor anot her

wavel engt h=- ¥3%er, (9 #ebggﬁﬁy 2085807 Fefriyel bf L ndiidPengtdFadiistii n t he

exci mer enii§si BN2 Hedi oNp-808 BhevEesys tad, vid Lo 1 R raeted for
drift and error_in pH power factors and drii ft affecting LED |nten5|ty,
“anbien? t ehPBFaBuf MERcUFRFBRSIOR Bimehke- 1 Mins denpnstrated bel ow.
Denonstration of Excitation Intensity, Tenperature and pH Correction The
gl ucose nodul ation of the 5:1 indicator macronolecule was neasured with
three different glucose 10 solutions (0 mv 18 -mM and 200 mM). The

em ssion spectra were determ ned f@r ch xpf e glucose solutions at
three different spectrophotoneter fiqQuratkons for source and
emtted light (1.5 being narrQgwer| and 3 beigg wi der). The data are shown
in Table 3. In the 15 Table g 3 of the emssion intensity at 420 nm
to

MNP ™

B. 9-[[2-(2-hydroxyethoxy)ethylamino]methyl]~10-[[(3-
methadrylamido)propylamino]methyl]anthracene.
To a suspension of N—(3—aminopropyl)methacrylamide
10 ~ 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 9wchloromethyl—10~[[2~(2—hydroxyethoxy)ethylamino]—. |
| _' methyl]anthracene hydrochloride salt (1.56 g, 4.10 mmole)
15 in 25 mL of CHCl,;. The mixturé was subséquently 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,S0,, filtered and concentrated to
20 Vyield a sticky orange solid which.was purified by alumina
chromatogréphy (20 g'activated.neutral‘alumina, 0-5%
'CH;0H/CH,C1,) to yield 0.364 g (20%) of an orange solid.
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" em ssions ‘a

the em ssion intensity at 550 nmis relatively .independent of slit
configuration. Table 3 20 Slit 1420/ 1550 1420/ 1550 1420/ 1550 Confi guration0
- mM gl ucosel00 mM 200 mM gl ucose. :, . gl ucose 1.5/ 1.53. 9263 Agxuas 2005 _
1.5/33.936.127. 25 3/34.006. 277 28 The tenperature stability of the 5:1

eXCl Mey 29 p%q:'f t%rll'l%c Ug%leaé@ q@é‘?f”ﬂé"%ﬂthT%/B?“O of the

‘ nm and /'m™~ solution the 5:1 excimer

i ndi cateC hpelrgndl, esaleewex:posféfd (t2($42’(3($6r)1v| nghbydsén(pHa¥n5) was 7.57 at
roomtenperature and 7.53 at approximately 60C. -22 3 February 2005 The pH
stability of the 5:1 excimer indicator nacronolecule was al so deterni ned.
The r atipncof theloemﬁﬁicommna@@mmmndryw@: zoamef a0 a 2Sfrgrudl sol uti on
of the 5:1 ex dlcator .macr onol ecu thre different pH |l evels
(6.5, GoButg 5 POuale Gareried L (a1 gt P08 Profe et Es98: rim "ol i ts

1.5, 3) = andedr eoshewArBaN habl ® 4 rEoel f(0l[1senEsSa) pngspaténa are shown in

I_:I gurel(zl% ghs I\{Lla:{'li,a IOQ-%OQzV%r otvD:‘% rfén%‘int,e%g‘foﬁgsa over 2 mih,

' 100% B 2 min, retention time 16.85 min.

C.  9-[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yl)benzyl]-N-[3-
(methacrylamido)propylamino]methyl]-10-[N-[2-(5,5-dimethyl-[ 1,3,2]dioxaborinan-
2-yl) benzyl]-N-[2- (2-hydroxyethoxy)-ethylaminolmethyl]anthracene. (Single-

methacrylamide monomer).

A solutlon of 9- [{2-(2- hydroxyethoxy)ethylamlno]— .
methyl]- ~10- [[(3 methacrylamldo)propylam1no]methyl]~-
- anthracene (0.343 g 0.763" mmole}, -DIEA (0 865 g, 1. 30
:mL 9.8 equiv.) and (2 bromomethylphenyl)boronlc éCld :
~neopentyl ester (1 09 g, 3.85 mmole, 5.0 equiv.) in 20 ﬁL
CHC1, at 23°C was stirred in the dark for 25 hours. at
- ~this time, the reactlon mlxture was concentrated
1nlt1ally by rotary evaporatlon, then u31ng a vacuum éump

to re_move DIEA. The x_:e51due was .purJ__f,-led by allmu.na
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statistically insignificant. 10 Table 4 1420/ 1550 pH 6.51420/ 1550 pH :
°7.01420/ 1550 pH 7.5 4.28 0.184.60 0.374.29 0.19 1t is believed that the-
~stability of the excimer conplex (presumably through teehiaflRag) 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-excinmer, and thus make a good indicator, is not able to perturb the
nore stable excinmer conplex and thus the, exciner g@]kﬁs A MeMma gdod
-reference 20, indigabRatodhephef éA0nBeafbl¥eLPR 7€ St Tucturally unaltered
fromthe r8ad channel i ndi cat or 4 . Theo pRbyr@r (46ml ratk araie1B€" he same, and
in this exafpl §Hia%H/f(F|HZC§é§ Yhé Same nacr opol eculﬁ JdPe; Leceum toa el ement
is open angabgteagb,lilaut rhe si paodtictemaRePgy SPRP {i8hce bet ween 25
recogniti on éleément and fl uor op_,@ort% ¢entehnhaadheenormuted. The foregoing
is quite sbgnmr@amt,heﬁegﬁ)l?ggl% t can elimnate thgdn?gddggfoﬁe@ﬂéat e

physi C'g| Cand/ qr chempal. ame tomveate BECRESN SPRY Eator and ref er ence

moi ecuPes. "5 I?xanpl e 3 -23 3 February 2005 10 The synthesis of a suitable
| ant hani de pohiedratte® 4SfH cat or conponent nononer is depicted in Figure 3,
Compounds (1) and (2). are commercially available from I\/BcrOCﬁ/glsiBSCés,

_ > . . i Mo+ 1
. Rl chardson, TX (conpound (2)r|cssﬁ6r;g\zlmogs[_@} 854; Found [

FAB MS: Calc’d fo
with 95/5
T1.C: Merck basic alumina plates, RE 0.35 with 95/

CH,C1,/CH;0H, see with UV (254/3686) .

matograph, Vydac 201TP 10 x 250 mm

o e | 00 HPLC chro . -
10 HPLC: HP 11 370 nm detection, A

0.100 mL injection, 2 mL/min, .
0.1% HFBA), gradient

804100% B over 2 min,

column, |
= water (0.1% HFBA) and B = MeCN - (

10% B 2 min, 10-80% B over 18 min,
100% B 2 min, retention time 19.7 min.

15 Example 5
i - ne
Dual-methacrylamide monomer of bis-boronate-anthrace

cH,

NH

g CH,

SOOI

H,C
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NH2- Bz- DOTA). The end product (9) nmay be co--polynerized wth one or nore
~other nononers to forman indicator nmacronol ecule. Exanple 4 :
Si ngl e-net hacryl am . de nononer. of Dbi s-boronate-ant hr agegsubhy 2ok 0 HCE A
.9-chl oromet hyl - 10-[[ 2- (2- hydroxyet hoxy) et hyl am no] - net hyl ] ant hracene
hydrochl oride salt. To a suspension of 9,10- bis(chl oronethyl)anthracene
(5.18 g, 18.8 mmole, 3.99 equiv.) in 200 nL of NMP was 15 added

2- ( 2- ami nQet hoxy) et hanal (0.495 g,. 0.475 nmL, 4.71 | The mixture was.
ctirred | i e PRI 1 reshated L ami bl antne TRBERR LGN mi xt ur o was
“concent r atysgd Hrd e ML under vacuum at 50C. The residue was purified by

silica gel -chromat ography {150 g 20 gravity grade silica gel, 0--10%
CH3OH CH2d 2) tho spisslansi@pmzs §, (P40 sdchad opemesiyér an§BraseRe. TLC. Merck

~ silica gel(ﬁ% E}I,atS_e.S@S B[mo('i'eazp D‘M-Eﬁxh (é%/‘?@ gCI '%@1%%9 |218Sﬁ1ﬁo%t h W
(254/366), ninhydrin stain. -24 3 February 2005 HPLC. 'HP 1100 HPLC
chr omt ogri&pleaiydde 201(PP amigoprepy lime tbgkcainanddeobyarofhj egifen, 2

U ST O A, (9, POLER i = e le ool
mn, retedn V0 mie CHELL atn23WH was stirred in the dark for 4 days
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,C1,/CH;0H, see with UV (254/366).

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR Cl18 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.

M/\/’\II\IH o




B. 9-[[2-(2-hydroxyethoxy)ethyl am no] methyl]-10-[[(3- methacrylam do)
propyl am no] net hyl ] ant hracene. To a suspensi on of

N- (3- ani nopr opyl ) met hacryl ani de 10 hydrochl ori de salt qBelggay,2009. 2 mol e,
4.2 equiv.), DIEA (5.19 g, 7.00 nm., 40.1 nmmo.le, 9.8 equiv.) and 3 ng of
.BHT in.125 nL CHCl13 at 23C was added dropw se a sol uti on of

_9--chlo met Bylo- iGN g_gm{%g%r X% Moy e Bk Rty | ant hracen . e
: :'hydroch ori dgylgl% %@é g, ig mnﬁ“ggf 15Q?{n€3rr)5 y ClS The m xture

was subsmquhem’ylamld@lpro}gdammn] tethythathcadeoe. 92 hours. At th| s time, the
reaction mxture was filtered and washed with 2 x 40 nL of NaHCC3

(saturated s. solutio The g s dried over anhydrous
Na2sO4, filt %f P oPi E%:’tlr at edsfgo ggéyl e%&ld\; gaqitdllé@ky orange solid which.
~wWas pur 'ﬁd;ﬁ}dlmylr@éhmtlaylmmmm@ge afﬂlyGf(CBO;,g lactd vencele rte‘ijtﬁl"a# al um na,

0-5% OH/ CI-|2C12) y 6 -25 3
Febr uar I\%Jlt'@ft é(ﬁ(?l 'g%é %ﬁ ‘es, l%% \?‘\:'t 70/ 30 .
CHZClZ/é&daﬂ—l), Se@—ly\tcbdibrhétk(ﬁﬁﬁé}&ﬁ}) bcmclfrtn;ajramd;terPentyll-lPLC HP 1100

Lm0 i ol e o ¢ A 107000 PR S B AR 6o e

- gradi erﬂnhillﬁf/{gc&ﬁ ifA MO e 809618 a\te12318 maa sBDrJIGdO%lBtbvedazkm n, 100% B

2 mn, rete ontl 85 m n 5 [132]
di oxabdid™. a255%/1 )ﬁ‘?ﬁ%’]s I@l[“?_ hac qz‘m(n t_3(p;uopyilz‘;a?%€r4| no
‘ ](rzre:]héldmﬂ&;{hﬂ\ka[g?ec{ 5J,Iﬁ xlﬁhd‘iﬁi hs];dd [thel‘l]ﬁasZi]r:ﬂJa)xaimrpuxarfleZi Wiy Eenzy:] N;j[z-
. ydr oxyet hoxy) - et hyl ani no y r gl t acry am de
monoime LU gy | (R B I RPhY [g%d(’I C&drd%fé{]ﬁlo ari uImanil;};n f
' 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
CH,C1,/CH,0OH, see with OV (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,
80-100% B over 2 min, 100% B 2 min, retention time 16.9

min.

C. Preparation of N,N-dimchYlacrylamide hydrogel with
glucose indicator: .

A solution of N,N- dlmethylacrylamlde (40% wt.) and
N, N’ ~methylenebisacrylamide (0.8% wt.) in ethylene glycol
was prepared. 9,10 bls[N -[2-(5,5-dimethyl-[ 1,3,2]dioxaborinan-2-y1)-
benzyl] N [3- (methacrylamldo)propylamlno]methylanthracene
(17.8 mg, 2x107° mole) and 40 pl. of aqueous ammonium
pérsulfate (5% wt) were combined with 1 mL of ethylene

glycol monomer solution. The resulting solution was

— 9..




methyl ] -10- [ [ (3-nethacrylam do) propylaanno] nethyl] -anthracene
-(0.343 g,- 0.7.63:.mvle), - - DEA (0-965-g, 1.30- nit, 9.8 equiv.) and

- (2-bromomet hyl p. heny |) boronie acid neopentyl ester- 4gepf8yP0o08- BS
mole, 5.0 equiv. )- in 20 riil" CRC3 at 23.C was stirred’in the dark
for 25 hours. ' At .this tinme, the reaction mxture was concentrated .
‘initially. by-rotary evaporation, then-using a vacuum punp to renove DI EA
The residue was purified by alumna -26- 3 February 2005 col um

chr omat ogr aphy RAFSf! adt & &V iy Aurgashiddh oitredpnal dAp. 299egus46%)

- of ‘a yell ow 10%GHROHCHACK)N, 107 aN08 SQldnfk tFRI1S tBYdHEH i BRY nBe (80 nL,

copol ynerized with one . or nore other nmononers to formindicator be
deprotected naty offolledidse.addfd Bor dhd aRosess fprmglatédonseo FAB MS:

Calc'd for C5LBRRAANGRAE [pddyindG%atind Met olsti1 838y, fzykﬁ%al%/%is gﬁfic
alumna plates, Rf 0.35 with™95/5 CH2O 2/CH30H , see with UV (254/3 mm
10 HPLC: HP 1100WHELC ia i gieib ot ™ ardee fzorTpicgogcope Alides and

SeLgTon 5oLy AT o e Sy, Cysen R IR o
over 2 mn, '8 hours in nitrogen atmosphere the mold was placed in
phosphate buffered saline (PBS) (10 mM PBS, pH=7.4), the
microscope slideé were Separaﬁed, and the hydrogel was
10 removed. The hydrogel was washed with 100 mL of PBS
containing 1 mM lauryl sulfate sodium salt and 1 ﬁM EDTA
sodium salt for 3 days, the solution being changed every
day, followed by washing with DMF/PBS (10/90 by wvol., 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 fluorescende emission (I/Io @ 427 nm) of.the
25 hydrogel of this example in 10 mM PBS, pH 7.4 containing
0.2% NaN; and 1 mM EDTA containing various amounts of
sodium~L-lactate, lithium acetoacetate or a—D—glucose.
Data were recorded using a Shimadzu RE-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 témperature controlled sample holder.

The cuvettes containing 3 mL of the desired solution. were

-30-




100% B 2 mn, retention tinme 19.7 mn. 15 Examle 5 Dual - net hac=yl am de
nonomer of bis-boronate-ant hracene H2c 3 February 2005 A. ‘
9, 10- bi s[ 3- (et hacryl am do) pr opyl am no] net hyl ant hr acepghrudySgapensi on of
9, 10- bi s(chl oronet hyl )anthracene (1.5 g, 5.45 mmole'), DI EA (28.17 g,
38.00 nL, 218 mmole, 5 40 equiv.), N-(3-ami nopropyl)nethacryl ani de
hydrochl oride salt (9.76 g, 54.5 mmole, 10.0 equiv.), and -- 5 ng of BHT

|0 200 M CHGD: pla 23k des3pid IR0 A iR Al KelBlo?ndBNA ol 800 AL LA S

time, the nperature was 1 Nncrease ure was stirred
for 3 daysB&emgeydrogel Osarmpbe twame  men sl @gint itoelrha@debenntedt The mi xture

was filte dt I r?_.q!jc |rrum anount of
CH2C12. A %/%a?ogvgcryﬁfaﬁfl%%ﬁo étta%ld%é:%i \é%qu&r toE’I SFi e salt of the
desi'red prodadtypt oratee voMerhifint g Saga qa@a,mu t afheehydibg&l€: Mer ck
basi c /lO 21 see with W

(254/ 66) %ﬁ&%%ﬂ%‘gﬂ%% %&drogp?%%#%gﬁgg% Eﬁ%p%egNovaPak HR
C18 col unmgs (edddiaens 1njdetdoihed. 7Hhﬂ.hyldjrpge?.@Owem'edmbantiadnonA = wat er
(0. 1% HFB 1% H radient 10% 10- 80% B
- over 18 mﬁlﬂgosqfo%%%@overévze I%(%(’?o y Sﬁ‘leﬁ Mg ei;l{ll Bﬁh& me 15.0 mn.
1 -28 3 Felrustrtye2005 45° to the 1nc1dent light. Solutions of 1,
‘ 5, 10 and 20 mM sodium L-lactate [Aldrich], 5, 10 and 20

10 mM lithium acetoacetate [Ald;ich}, and 1, 2, 4, 5, 10,

and 20 mM auD—glucose 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 ,
Singie— and dual-methacrylate monomers of bis-boronate-

anthracene

PN,

909

- NH_/\/O\/\O

A, 9,10-bis{[2—(2—hydxoxye£hoxy)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 CHC1; at 23°C ﬁas
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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B. 9,10-bi s[N-[2-(5,5-dinethyl-[1, 3, 2] di oxabori nan-2-yl) benzyl]-N—[3-
(met-hacryl am do) propyl arni no] net hyl ant hracene. A solution of

9,1 0-bi s[3-(met hacryl ani do) - propyl am no] met hyl ant hr acehebrupy 2966 g, 1.34
mmole- of the free amne), D EA (0.612 g, 0.825 niL, 4.74mvole, 3.55
eqU|v ) (2- bromonet hyl phenyl ) boronic acid neopentyl ester (1.34 g, 4.74

nmol BHT nh| or 20 mL CHC13 at 23C was
.sti-rr'e l?ﬁewaﬁréagﬂgfi glb’ﬁ %ngAga ﬁ‘b\"saf1 ’%i]r@%rgﬁ‘ctl on mxture was
Concepbraliedsl ﬂfVHEHGO@ndsatﬁlatan&S:l dzu@,lenms p;tkﬁllfltﬁdnby PhaM na
chr omat o%r aghg %20 N acti va&ed neutrg al um pa, 0-2% OH/ CH2C12) to
yi el d°b9285% g1 359 ‘f’ag Gergd 9VStonRhydrrEs BrerSOsL &ilus e basi ¢ al uni na
pl at esmdRﬁoﬂcéﬁtmt@d%«s191ea:112@:127?cl;13®1?19 speafWht BellVol254/ 366) . HPLC: HP
1100 HPL chroga%%%)rap fers 5 %5 _ S\IovaPak HR. C18 col unm, 0.050 niL
inj ecdXTHRS 60 Rt de %c?PBH,PL(A =V{dt 6P - EOSLUPRFBA) and B =
- ‘MeCN ag _Olé_./o HFBA), gradient 10%B 2 mn, 10-80% B over 18 mn, 80-100%B
over 2 min, 100%B 2 rain, retention tinme 16.9 mn. C 'Preparation of
N, N- di xnet hyl acrylamid e hydrogel with glucose indicator: A solution of
| 14 I\I—Hl!ilﬂr&i:dftydl:aﬁ:tdﬂﬁm}de 146000neLy antomMNdyraphhyloaghi saeqyl antde (0.8%

e | ene col was : -prepared. 9,10-bis[N]2-(5,5-dinethyl-]
1 3, 2]]41 X%%%I‘%(ﬁp ) -0 pEYG 1Y N ]SSt HRR hat rpbdFid, 370 nm

0) pr Qié/deafﬂmrfﬂih%”ﬁﬁé}f agenes (Hie®) Nhd 2x10-1.a®! ). aad 40 pL of aqueous
amonj um_ persul fate (5% wt) were conbl ned with 1 ni of ethylene glycol

* monoErP ol #isH et Gedl 4 g s ot Wt h Bwekver 18 min, 80-

160% B over Z min, 100% B 2 min, retention time 15.6 min.

- B. 9,10-bis[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yl) benzyl}-N-[2-(2-
. hydroXyethoxy) ethylamino] methyl] anthracene.

- A solution of 9, 10-—bls{[2~—(2 hydroxyethoxy)ethylamlno]—
methy’l]anthracene (4 02 g, 9.75 mmole), DIEA (12 6 g,
17.0 ml,, 97.5 mmole, 10.0. equlv ) and (2- bromomethyl—-

. pher}yl)boronlq acid neopentyl ester (13.7 g, 48 mmole,
4.9 equiv.} in 125 m CHCl; at 23°C was stirred in the
dar‘k‘ for 46 hours. At this t"ime, the reaction mixtﬁre'

was concentrated initially by rotary evaporation, then

._32;.




-29 3 February 2005 placed in a glove box purged with nitrogen. An aqueous
solution of NNN,N ,N -tetranethyl ethyl enediamine (80 L, 5%w.) was added
to the nmonomer formulation to accel erate pol yneri zati ors Féimeary @805t i ng
formul ation was 5 poured in a nold constructed from m croscope slides and

100 mcron stainless steel spacer. After being kept for 8 hours in

ni trogen atnosphere the nold was placed in phosphate buffered saline (PBS)

(10 aPEELafh philf (81 FLASGOPELE! DERA . Weife SERA] Bl eUya8nd the
hydrg%%$§§a§ g% ?enDEeQE TﬁL ydrogeP was washe ew?th 100 ni of PBS

cont apwurhfiednmw| abnpinaubd hvensodromesaprannd {1pM €DTA sodiumsalt for 3

days, o tho0: bei ng) Ghangedoever ¥y Sty kel aved, fyr yashi ng wi th

DVF/ P%%Q%ﬁ%g %y \t/o%.r, 3 X 100 niy, -ah i ﬁa?f’y W g(h PBS (pH=7.4, 3 x 100
nm). The718 (é8n) tphgahyilroges pbdlyweichagosidibded nuPEs (10 mM PBS,

pH=7. 4 I ni Ay sgdj azi, dgpapgr.dy A EDTA . sodi ym salt. D.
Modul 3 ?Ig%f% " Fl Eg?gg%gngig%tﬂb%g%%e, Lact a%e and Aléet oacetate 20 The

- nodulasibn. of the fluorescence of the indicator macronol ecul e (which
contains two recognition elenents) prepared in this exanple by glucose,

| actate and acetoacetate was determ ned. Figure 4 shows the nornmalized

f | uorekCederekissson {1Umbn@URTtam) Bf ©he3 28itlydtobel of this exanple in

10 , 4 cont ai.nj ' (Vj\éaé\p and 1 mM EDTA cont ai ni ng vari ous

a@%@%/egb%{l'unﬁcﬁ_é—]lvglc a?g{ %ﬁﬁ um’acet oacetate or a-D-glucose. Data

wer e recorded using a Shinmdzu RF- 5301 '

HPLC conditions: HP _1100 HPLC chromatograph, Vy_dacAZ()l‘TP
10 x 250 mm column, 0.100 mL injecﬁion, 2 mL/min, 370 nim
detection, A = water (0.1% HFBA) and B = MeCN (0.1%
- HFBA), gradient 10% B 2 min, 10-80% B over 18 min, 80-

1002 B over 2 min, 100% B 2 min, retention time 18.8 min. .

.0
N(\/“\/\D)H/“
e -

| ,
0, A .
. =2

C.  9-[N-[2(5,5-dimethyl-[1,3,2}dioxaborinan-2-yljbenzyl]-N-[2-(2-
| ~ methacroyloxyethoxy) ethylamino]methyl]—l0-[N-[2~(5,5—dimethyl-

{1,_3,2]dioxaborinan—Z-yl)benzyl]-N—[2—(2-hydroxyethoxy)~

" ethylaminojmethyl]anthracene. (Single-methacrylate monomer).

A soiution ofr 9,10~bis[N- [2—.(5-,5-dimethy1-[1,3,2}di0xab_oﬁnan—2—
yl)benzyl]-N- {2~ (2-hydroxyethoxy) ethylamino] methyl]-

-33-~ .




spectrofl uoroneter with excitation @65 nm(slit 3 nm 30 and em ssion at
427 nm(slit = 3 nn) at low sensitivity at 37C using a tenperature '
- controll ed sanpl e hol der. The cuvettes containing 3 nlL dFehrhary@d66r ed
solution.were -30 3 February 2005 equilibrated at 37C for 15 m nutes before
‘measurenent. Each hydrogel sanple was neasured in four independent
sanples. Error bars are. standard deviation with quadruplicate values for
each data point. The hydrogels 5 containing a glucose recognition nolecule
were pmgpansedneas OpRé&i gusPy 288surpbed, MhEhAgErdEEl SG46t e nmount ed on

gl ass slides an ered w st gr E 9 PMRAcccuvetdgs at 45 to the
‘incidé§r3$%gﬁf.%S§ﬁ§tﬁ§hs§%Falgﬁbé$’lg gggéggggwrsodfhnﬂL-lactate
[ Al dr gGhl4,. 68, nk@®land 130016qmiwl i t ARdm He¥tdawethyea[Andrich], and 1, 2, 4,

~5,. 10, _and 20 -D- gl ycose ppeRar eduky 305 Vi RBSy, pH 7. 4
contaPﬁFﬁ ?@?Zﬁﬁwb%QNg'aﬁdeﬁ.mﬁ%F%DTgf@éhgg?kuo%eécence of ~the copol yner
was afHeCledithy 3°%he wpsesenceedf igl bbesdarkpfiprndt hbyrshe pgrlesence of

| act at e .or .acet oacet . 6,,Sk.ngk ' | - met hacryl ate
e
", 10- bene2<2thydbex yet-hoxyreanykaninol mrethgl FesdugntiSacene. To a

solutjon.of. 2-(2-am h h : 3 c le, .20.9
equiv?f?l%ﬁe%OEﬁLaghgggga?é¥§§ﬁmg§Pbgégégfggig-g?g(gﬂkoféﬁg?ﬁﬁf)anthracene
(3. 94nguttél3almmhe). 0THE SOIAHAGhChak ©2ivieldi®-1h8 dakk for 67 25

hourgofA%75Q&ioajggiiéQO mL CHZCIZ wer e added and t he

FAB MS: Calc’d for CgHeB,N,0, [M]* 885; Found [M + 11% 886.

'.I‘LC.: Merck basic alumina plates, Rf 0.45 with 95/5
"CH,C1,/CH,0H, see with UV (254/366) .

_ 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 21 min.

D. Water soluble copolymer of.Qf[y—[g4{51§f_
dimethyl-[1,3,2]-dioxaborinan-2-yl)benzyl] —N—[2-(2-methacroylo?i_y-
ethoxy)ethylaminolmethyl]-10- [N; [2~ (S;S-dimethyl—[l,fi ,2]dioxaborinan-
2-yl)benzyl]-N-{2- (2;-hyd1':oxyéthox¥) ethylaminolmethyl] -
anthracene and TMAMA (1:50 molar z?*atio) .
To a sélution of [2-(meth;;_1cryloxy) ethyl]ltrimethyl-
" ammonium chloride (TMAMA, '7.0. wt % aqueous solution, 0.344
. g monomer, 1-66 mmole,.50 equiv.) in 0.600 ml: water was
'adde-d a solution of 9—[N-—[2—-‘tS,S—'dimethyi‘-—[l,3,2]dioxab0rinén—i—'
yl)benzyl]-N-[2- (2:-‘méthag:]_f<_)y}q;(y‘et‘i;oxy) ethylamino] -
methyl]-10~-[N-[2- ‘(SA,S—dimet.hyl-__[l 3 ,'_Z]dioxaborinan-Z-yI)b enzyl}-N-[2-

. —34 -~




-31 3 _February 2005 solution was washed with 1 x 50 nL and 2 x 100 nL

| ~portions of NaHCO3 (saturated aqueous solution). The organic extract was

- activated neut ralg addHBdim r-d00 GHIGHEH2CIRL Qi ¥iug! das5487184700) of a

dried over anhydrous Na2SO4, filtered and concentrateg é&u%&%b@54-67 g
(79% of a yellow powder. Product (-85 % pure by RP-HPLC) wascarried on
as is. HPLC conditions: HP 1100 HPLC chromat ograph, Vydac 201TP 10 x 250
mm col um, 0.10.0 nL .injection, 2 m./min, 370 nm detection, A = water

(0. 1% d.B = . 1% HFBA djent_ 10%B 2 pjn,. 10-80% B
9 roi n. 602 BIB0oF B EIRFY S hi kL SHoboA BT Hl FEh (L1 185 861 6 i B

9, 10- bi s[ NO| 2385mbedéereihyB: 0 mIiL,IBeal]iﬂi ombmimaﬁ&%wﬁé wabfrbzd/chdd N-[ 2-(2-
hydr oxyet hgxy) et hyl am, no] _neth . ant hracene. . olutjon o

9, 10- bi s[[%{g(z?-z gﬁ?@y(é{"ﬁ%%wg?%Waﬂ?h -Pﬁsq(ﬁ@%gr 1°dthraete - (4.0.2
99. 75 mol B)6,m®lEA%(d£.6o§allﬁoﬂon‘féar) 97.@@@ Eatiolﬂ-v%?)@;ﬁﬂl\t%%étﬂd I(
2-brononet hyl - - phenyl ) _.boroni ¢ aci d_npeopentyl ester .7 @, mmol e,
4.9 egﬁiv.?gfﬁui§53n%‘%i(ﬂ3m%Tb§%R?v£%lE§%¢r%%ﬁiHPﬁ & Wik for 46 hours.
At this timBtrédenr astand Ohaih Weat @S HLAt ed I95°0 @y 1y rotary
evaporatiaon, then -32 3 February 2005 usi ng a vacuum punp to renove the

DI EA. The ?®¥Ffue HastPitirFFred Bhe alLsFme < Wi BhrefatceplashyEq 150 g

vi scous oil which solidified upon standing. Product (-85 % pure. by
RP- HPLC) ekt 20 iy witenend filtered through a 0.2 i membrane

10 filter. The polymer solution was dialyzed through a
| cellulose acetate membrane (MWCO 3500) against 2 x 41, of
Awater. From the dialysis was obtained 38.5 mL of polymer
solution. Concentration of a portion of this solution to
dryness indicatéd 0.0075g polymer per 1.0 mL soiution. -
- 15  Overall 0.289g (77%) yield of polymer. '

E. Modulation of Fluorescence With Glucose, Lactate and
Acetoacetate
' The modulation of the fluoréécence of the copolymer
{(which contains two recognition elements) prepared in
20 step D of this example by glucqse, lactate and
acetoacetate was determined. Figure 5 shows the _
normalized fluoreséence 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
7 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; emissioﬁ slits at 1.5 nm;
ambient temperéture. The fluorescence of the copolymer
30 was affected by the présence,of glucose, but not by the

presence of lactate or acetoacetate..
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TLC. Merck basic alumna plates, Rf 0.33 with 95/5 CH2C12/CH3COH, see with
W (254/366) HPLC conditions: HP 1100 HPLC chronatograph, VWydac 201TP 10
X 250 mm colum, 0.100 niL injection, 2 niL/mn, 370 nm J3JEeoaiydAPOSA: = wat er
(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 time 18.8 mn.

C 9-[N [2-(5, 5-dinethyl -[ 1, 3,2] dioxaborinan-2-yl)benzyl]-N [2-(2-
- nmet hacr oyl oxyet hoxy) ethylamino] nethyl]-10-[N-[.2-(5, 5-dinethyl [
1,3, 2] di oxabori nan-2-yl) benzyl ]t - (2- hydr oxyet hoxy) -

gle- met hacryl ate nononer). A solution
' |nethyl [1, 3, 2] di oxabori nan-2- .yl) benzyl]
- --N- [2-- (2-hydroxyethoxy) €

| am no] nmethyl ] --33- 3 February 2005
ant hracene (0.298 g, 0.359 mmol &9 yeLhaﬁ;wgic acid (0.304 g, 0.300 ni,

3.53 mole, 9.84 equiv.), DCC (10.965 g, 4.68 mole, 13.0 equi v.) and
N,N—dinethylanino-'pyridin: 0. G g, 0.16 mole, 0.46 equiv.) in 15 nL
CH2Cl12 at 23C was stirred dar k fog 4 hours. At this tinme, the
reaction mxture was filtered @ QNce! ed by rotary evaporation. The

" residue was. purified by alunlga col um’ ¢ ronatography (50 g activated

et hyl am no] net hyl ] ant hr acene
of 9, 10--bis [N-- [2--.(5 -

neutral alum na, 0-40 CH3OH 12) to y|§1d 0.150 g (47% of a yellow .
solid. FAB Ms: Calc'd for 200 [M'- 885; Found- [M+ 11+ -886. TLC
Merck basic alumina plates, Rf @ 4% with 95/5 CH2C12/CH3COH,- see with W
(254/366) flPLC: HP 1100 HPLC chfowat ograph, Wdac 201TP 10 x 250 nm
col um, 0.100 nL injection, 2 m/mn, 370 nmdetection, A
F.  9,10-bis [N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-y1) benzyl}-N-
[2—(2—methacroyloxyethoxy)ethylamino]methyl]antﬁracéne;
(DUai—methacrylate monomer) .
A solution of 9,10-bis[N-[2-(55-dimethyl-{1,3,2]dioxaborinan-2-
yl)benzyl}fN—[2—(24hydroxyethoxy)ethylamino]methyl]"
anthracéne (0.100 g, 0.120 mmole), methécrylic 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 mlL CH,CL,
was stirred at 0°C for 1 hour, then 23°C for 22 hours. At
“tﬁis time, the reaction mixture was filteréd and
céncentratéd by rotary evaporéfibn. The residue was
'purified_by alumina column chfomatograﬁhy (30 g activated
‘neutral alumina, 0-2% CH;OH/CH,CL,) to yield 0.030 g (26%)
of a yellow solid. This product may be copolymerized
A w1th one or more other- monomers to form an 1ndlcator
macromolecule. The boronate\groups should be deprotected

prior to use.

FAB MS: Calc’d for CseHyB;Nj0, [M]* 953; Found [M]* 951

“{weak molecular ion peak).
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water (0.1o0 HFBA). and B = McCN (0.1p HFBA), gradient 10% B 2 mn,
10-80% B over 18 min, 80-100%B over 2 min, 100%B 2 nin, retention-time
21 min. D Water soluble copolymer of 9-[N-[2-(5.,5- di¥keyary[2005

1, 3, 2] - di oxabori nan-2-y |)benzyl] -N[2-(2-nmethacroyl oxy ethoxy) -

ethyl am no] nmethyl] .-i0- [N [2-- (5,5-dinethyl-[ 1 ,3,2]dioxaborinan-
2-yl) benzyl] -N (2- (2-hydroxyethoxy) et hyl amno]inethyl] - anthracene

and TMAMA (1:50 nol ar, ratio).,.,10. a | td -Qf -/get hacryl oxy ) et hyl ]
tri E_tcrfyII""—e‘aﬁ]"h‘rgj iU ¢ %uol?%ﬁe Qlﬁ\ﬁb\ , @Odj'ﬁt?o&lgélu[e%d{s solution, 0.344 g
MoNeREE ), Aoy 88melke, «5@h equi 294/3660..600 nL water was added a sol ution of
9- [[N [2- -,(5,5-dinethyl 1-[1, 3, 2] di oxaborinan-2 yl) benzyl] -N [2-- (2 -
nmet hacr oyl oxyet hoxy) ethylamno] - nmethyl] -10- [N [2-
(5, §redidetihyl-ioh 3idlc ditoxatrordoqueapt?- ylgtrenz i |« N2 m34 3 February 2005
- (2- hydr oxyet hoxy) et hyl am no] hyl ].ant hr.acene : in 05033 Mmole) in
3. 00ianaP e & .gl‘lfb GHi T Xt uﬁé \ﬁS Jafhjdeecc}:lOAP,’4'Og‘g]z%é%s/?‘ip-’c&anoval eric
aci Q%L l(iqucggdg& 1%&2,7hjnmlm détécntgmre, 016;;0# wadtead {®oA&ner). The sol ution
was filtere 5 througha 0, 45 menbr ane. filter, rgeg with nitrogen
gas HERB ) e Heat 4G Chel HArTEat SHCT 50 6 0% e AL 51%' s time, the
Vi sq)gy%s Sy o wWas: cad-erhd® B 256 amd wioncamt®atre@ iminvacuo. The residue
was diluted wth 20 water and filtered through a 0..2 'nenbrane 10
fi | tgtenthehdiiffert 5d1 dti'n was di al yzed through a cellul ose acetate
menbrane ( MACO.3500) against 2 x 4 L of water. Fromthe dialysis was

20l @4 opraparR RS RO TR TS na Ge P Sol ution.
. '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/I‘nL‘ aqueous solution, 0.048 mL), and
N,N;dimethyl—N4methacry10xyethyl—N—(3»sdlfopropyl}-
ammonium-batain (SPE, 0.462 g, 1.65 mmol) in 0.900 mL of
_ ethylene glycol was prepared. 9,10—bis{N—{2—{5,5—
| dimethyl-[1,3,2]dioxaborinan-2-yDbenzyl-N-[2-2-
methacroyloxyethoxy)ethylamino]methyl]anthracene
(0.0096g, 0.010 mmol) and 0.020 mL of 5% wt. aqueous
solution of.ameHium.perSulfate were combined with 0.500
mf: of the ethyleﬁe'glycol monomer solution. This
solution Qas placed in glove box purged with nitrogen.
. An aqueous solution of N,N,N" N’- |
| tetramethylefhylenediamine (0.040 ml, 5% wt.) was added
to the monomer formulatibn,to accelerate polymerization.
The resulting formulation was poured in a mold
constructed from microscope slides and a 100 micron
stainless steel sbacen- After being kept for 8 hours in
nitrogen atmosphere the mold was placed in,phdéphate

buffered saline (PBS, pH=7.4j, the microscope slides wgre
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15 Overall 0.289g (77% yield of polyner.. E.. Mdul ation of Fluorescence
Wth ducose,.lLactate and Acetoacetate The nmodul ati on of the fluorescence
of the copolynmer (which contains two recognition el enefiggpiepased in 20
step D of this exanple by glucose, |actate and acetoacetate was determ ned.
Figure 5 shows the nornalized fluorescence emssion (I/To @428 nm of a
1.5 nmg/nm solution of anthracene bis boronate TMAMVA (1:50 nole ratio)

I PBS taini - 20 I cos 20 nNIIactate c)
020 i 1§ FRPORRCadet B0er BE chYpaTe] A aar CePeton ded i NS mdzu

RF- 5301 spessraébhedoweter 100 thL exti bRS | Odn BH%imim 1 mqélﬁﬁypn slits at

1.5.nm emssiop slits at 1,5 ient tenperature. The fluorescence of
t he copolyﬁ%f%ag% ﬁﬁglﬁTfﬁﬁtgdP%§ fﬂg AT st S OFLigh AR &t %ut not by the

presence Oéhéﬂgé@tév@rya@@jrpaﬁﬁlbéﬁed <2 @aﬁ%ﬁjﬂtﬁ%mﬁs 9, 109, 10-his

%SF([Z%het hg%$6€¢mt b %%tiﬂ@d’%ﬁﬁg{%‘?ﬁ?ﬁwy ornaY =Y (3 x 100

(Dual - net hagy yl aT@enB@@un:eﬂng% M Pp®f vifer Ls bst%ﬁé& in PBS
[2-(5,5-dineth I-g 1 , 3, 2] di oxabori nan- 2- | ) benzyl] 2-

yl)
(2-- hydr ox{RETDXY) CORGAEMBD 4 et Yt - ]Sle%t%ﬁﬂéteerﬁélCtd ItnggP,TPo. 120
nmole), meihachy!l 4£1@cid (0.112- g 0.110 nm., 1.30 mmole,- 10.8 equiv.),
DCC (0.31.6 g,"'1.53 mol e, 12.8 equiv.) and N, N-di net hyl am no- pyri di ne
(0.014 g, 0.11 mmle, 0.92 equiv.) in5 nL CH2Cl2 was stirred at 0C for

1 hour, then 2RCad P 2dn S udMescence with Glucose:

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

15 containing the dual methacrylate glucose recognition '
molecule of this example in PBS (pH 7.4 éontaining 0.2%
NaN; and I mM EDTA) containing 0 to 20 mM a-D-glucose.
The.hydrogels‘were mbunted on glass slides and covered

- with black polyester mesh (Sefar America, Depew, NY) in

20  PMMA cuvettes at 45° to the incident light. All

measurements were made at 37°C.in a Shimadzu RF-5301

| spectrofluorometer with excitation at 365 nm (slit = 1.5
nm) and émission at 427 nm (slit = 1.5 nm) at high
sensitivity using a temperature controlled sample holder

25 The cuvettes contalnlng 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 eXponentiai function was used to fit the raw

fluorescence data.
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,this time, the reaction mxture was filtered and concentrated by rotary
evaporati.bn:- The residue was purified by alum na col um1 chr onmat ography
(30 g activated neutral alumina, 0-2% CH3OH CH2C12) tdF ?’?"éf"é(%’ 830 ¢
(260) of a yellow solid. This product may be copol ynerized wth one
or-nore other nmononers to forman indicator nmacronolecule. -The boronate
groups shoul d be deprotected prior to use. FAS M5 : Calc™ d for
C56H70B2N201.a [M' -953; Found [M--' 951 -(weak nol ecular ion peak). -36
3 February 2005 TLC. Merck baBxamplend na pI ates, Rf 0.67 with 95/5
- CHzZC], 3 1 R rQmat ogr aph,
at ef’éf%"% f&ogﬁmcc’ﬁo ﬁg\k{“a&%%g Q’g%la? 0. ?8‘0%%_1 :é njl“ g@tl?‘gn%m 75 ni/nin,
2 nﬁ—l[B}—Qﬁﬂélt%&erQﬂmlammmp@GI}eﬂ |4o-rai,1b§rctrow&t~9r, 106di%xoHRBA) and B = McCN
(0.1% HFBA), gradient 10%B 2 nmin, 10- 80%B over 18 mn, 80-100% B over 2
ni n, anghyrgenesl Fonagigs | Gl iFard v & r‘ﬁ Rongnep) efAfat i on of HEMA SPE/ MAA
hydr gggl COEEs_dinhaih i Jt 812 dlﬁxﬁiﬂrmhna 1¥He Nopgyet hyl net hacryl ate
'(EIEﬁ/A& Oﬂ%%gngjﬁé %ejd ﬂg ] mrol ), net%;c’j;?/%}lﬁg a%slyd (MAA, 0.030 ni,
OBng;:has:s&lmmldpJ prowyl@NMOénégl‘lyefmlenm feiEabryrate aca.te’oo ( PEGDIVA,
ng/m_ aqueous solution, 0.048 nL), and N, N-di net hyl -
rret h% Pﬂ“ﬁf@ét hyl -N-. (3--sul fopropyl )- ammni um bat ai n (SPE, 0.462 g, 1.65
-mol) in 0.900 nL of ethylene glycol was prepared. 9, 10-bis[N-[2-(5,5-

dIﬂ?&?le 4~b1%y og§p§a98rhggﬁol%—%hkgggégkLsﬁwa%Q&Z
— ch1oride:
' 3,4~dihydroxy49,10—diox042aanth;acenesulfopic acid
sodium salt (1.4 g, 3.9 mmoles) was combined with 30 mI,
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

extracted with CH,Cl, (3 x 100 mL), methylene chloride
extracts were combined, dried with Na,50, and evaporated

to produce 0.87 g of solid (Yield 66%).

' B. N—[3*(methacrylamido)propyl]f3,4~dihydroxy—9,104

‘dioxo-2-anthracenesulfonamide:

3,4—dihydfoxyf9,10—dioxo—2—anthracenesulfonyl chloride
(96 mg, 0.28 mmolés) and N—(3famindpropyl) methacrylamide
hydrochloride (108 mg, 0.6 mmoles) were combined with 20
‘ml, of . CH,C1,. To this suspension Et;N (303 mg, 3 mmoles)
was added. The mixtﬁre was stirred at room temperature
for 24 hours, filtered, ‘and solvent was evaporated. The
resulting solld was subjected to column chomatography on
8io, (10 qg) w1th CH,C1,/MeOH (90/10) as an eluent. The
product was obtalned as a req solid (80 mg, 64% yleld).

FAB MS: Calculated for C,H,N,0,5 M*-445; Found M* 445.
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met hacr oyl oxyet hoxy ) ethylaruino] nethyl] anthracene (0.0096g, 0.010
mml ) and 0.020 nmL of 5% wt. aqueous. sol ution of“&moni um pers' ulfate
were conbined with 0.500. YaL of the ethylene glycol RdiRaY 80t on.
This solution was placed in glove-box purged with nitrogen. An aqueous
solution of N'N,N ,N - tetranethyl ethyl enediam ne (0.040 nm., 5% w.) was
“added to the m)norrer formul ation to accel erate polynerization. The
resul ting HrmaalHR 1100 VP LD Whedniat oy raphy waeaskr sckedod ram m cr oscope

sl.ides.and. a 10 cr st.ai-nl ess _steel s acer After_being kept_for 8

hours.in &3%21%02‘3’5&?&%@%2? Iodm%aé BESESAD n8 Z)g tRr buffered

sal i ne (PHS, :mj%?gt%n tm@;m Q79seaPeetkicdesnyene=-3dcsr Fepruary 2005 ..

Separated, and the h dr?%@l was _removed. The hydrogel was washed with 100
I

L of PBSHEGHtaiamch d0r 15 HEBR) at @ré%?ﬁFn @b tBformF days, the

sol utison hej-mhy Ghaneed 1@veriv,day-100k! awedeby2vwashi ngoud th 2 Mk PBS
(20/80 by vol. 3 x 100 rrL) and finally with PBS (3 X 100 M) . The

resul ti ng ARF@EGON fFémpmdr -Rds™dPored in PBS (pHE7.4) containing 0. 2% wt
sodiumazide and 1 nM EDTA sodiumsalt. H Modul ation of Fluorescence
with G ucose: 10 The nodul ati on of the fluorescence of the dual

met hacryl &-e i‘-’?‘n@i'c&’tiér[%dm&&bﬁérﬁﬁéﬁéﬁehprﬁprhmiwhn%} &xplerg ucose. was
of & EVA! SPE Tolvoaa o 10 i syl e e o e el y
descri bedhydrecbdptradri sglthd3d08l gnelhadryhate, g udbsequiscagni tion -
10 DIEA (6.5 g, 8.8 mL, 50 mmole, 6.6 equiv.),
terephthaldicarboxaldehyde (1.02 g, 7.60 mmole) and Na,SO,
(10.7 g, 75.3 mmole, 9.91 equiv.}) in 75 mL anhydrous MeOH
was stirred in the dark at 25°C for 18 hours. . At this
time, more Na,S0O, (10.7 g, 75.3 mmole, 9.91 equiv.) was
15 added and stirrihg continued for 6 hours longer. At this
time, the solution was filtered and NaBH, (1.73 g, 45.7
mmole, 6.01 équiv.) 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,C1, and washed 1 x 25 mL saturated aqueous NaHCO;. The
organic extract was dried over anhydrous Na,50,, filtered

and concentrated to yield a viscous oil. The product was

carried on as is.’

25 HPLC: HP 1100 HPLC chromatograph, Vydac 201TP 10 x 250 mm

| column, 0.100 mL injection, 2.00 mL/min, 260 nm
detection, A = water (0.1% HFBA} and B = MeCN (O.i%
HFBA), gradient 10% B 2 min, 10-80% B over 18 min,
80-100% B over 2 min, 100% B 2 min, retenﬁion_time 15.8

30 min.
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nol ecul e of this exanple in PBS (pH 7.4 containing 0.2% NaN3 and | nM
EDTA) containing O to 20 mM a-D- gl ucose. The hydrogel s were myunted on
glass slides and covered with black polyester nesh ( Set Bebruam 2003 Depew,

NY) in 20 PMVA cuvettes at 45 to the incident light. Al neasurenents were
made at 37C in a Shimadzu RF-5301 spectrofluoroneter with excitation at
365 nm(slit =1..5 nnm and em ssion at 427 nm(slit = 1.5 nm at high

sensbti vutwuﬁl@gua [Renes-dinutiyl 03 T 0lokasbriani-d)drakeder . 25 The cuvettes
cont ai ni na}El of the desired glucose solution (0, 1, 2 4, 5, 10, 20 mM
gl ucBsé3 hepshaggyil ppp ) parory 1graridr 130t wyd@mes bef ore neasurenent. A

. si ngl %Wd %ff&@ti%r@s Hseds Lo é&xuflg'? raw fluorescence data. 3
February 2005 Exanpl e 7 Effec o ucos actate on acryl am de gel

cont BraPHgampnp3- @wérﬁﬁéﬁyﬁarfﬁd@)‘lpmpﬁl 1613 mnodiehy d DG p- (2, BO- di oxo- 2-

ant hracgnggul.fon e ar rn nRe oner,) bis [N
[ 2' A7 (g gédf“inet ‘E?}} g-m&é\hb%dPoQEb% ﬁﬁgﬁ@- gq;% ﬁj%g“’%letﬁ@[ 3-
(netﬁﬂia‘élﬁylhhpr@@}gr@gyﬁaﬁﬁﬁgeptyi egtexy|(énel( bi.s23b0r mmicdeaci d nonorrer)

A 33,p4- e&hbydéoéﬂd QHT195dh§X95 1n§EBHE%%?”ﬁ§UHBOBx|C @ior|de 3,

4--di.h 0 I 0XO0- racenesulfonic aci Sodiumsalt (1.4
g, A1 grﬁtﬁééf}sv@fsllémlmdtb\?tﬁagﬁ hpr 3f bhlivsosubtonhts acid and heated

to 90idefOoEnS ROWFSre @iE e&agﬁeahltneﬁ%ﬂt L8R, ¥apeg0 WQSQOBQ 0C and pour ed

into 100.g of ice. After the.ice melted the ol ut I on extracted with
CH2 AR HCR3 x Theo andpnicmertiiasie e ohiiRd over anhydrous

‘Na,S80,, filtered and concentrated. To 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,C1,, fiitered and the filtrate
concentrated. To the solid residue was added 150 wmL
ether and the suspénsi@n was stirred for 18 hours. At
this fime, 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). '

FAB MS: Calc’d for CuHeB,N0¢ [M]* 790; Found {M + 1]* 791,

- HPLC: HP 1100 HPLC chrdmatograph, Waters 5 x 100 mm
NowvaPak HR:C18 column, 0.0SO.QL injection, 0.75 mL/min,
280 nm detection, A = water (0.1% HFBA) and B = MeCN

{(0 1% HFBA), gradient iO% B é min, 10-80% B over 18 min,
80—100% B over 2 min, 100% B 2 min, retention time 13.4

min.
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extracts were conbined, dried with Na2SO4 and evapor at ed to pr oduce 0. 87
g of solid (Yi eld 669%9. B. N~ [3- (nethacrylam do)propylll

~ -di hydroxy-9, 10-- 'di oxo-2-ant hracenesul f onani de: HEery ?99@/

-9, 10- di oxo- 2 ant hracenesul fonyl chloride (96 ng, O. 28 nmol es) and N-(3-a
m nopropyl ) nethacrylam de hydroch|oride (108 ng, 0.6 mmol es) were .
conbined with 20 nlL s added. The m xture was stirred at roomtenperature
for 24 hours, filtered, and sol vent was evaporated. The resulting solid

was subJEecteEdr I%EQ:LMH‘ SHOIBLPUERPNY 81 ShhPaidililyg) with CH2CL2/ MeOH
(90/10) "as an eluent. The product was obtained as a -red. solid (80 ng, 64%

yi el d) . NFABMae et kameitie bpr i Hh R 78 hYA aopsy ~ ol W hAx275. -39 3
February 5 HPLC. 1100, HP t &FS 2p& 100 nm  NovaPak
HR C18 cad]‘z‘%% ﬂbﬂﬁ?_ T e%it P(%lf%ﬂ@ Q&ia@mo%%ﬁ n1_)s| nj ection | oop, 370

nun det egtd orbm‘%nr— ot @5, 5(cﬁmwgyl-ﬁFﬁA}dmmioﬁlma—Mt)hBr(zwl]ﬂ%[ﬁFBA) gr adi ent
10% B 2 mn, 5 10-80% B over 18 mc& ][80 1001/oB over 2 mn, 100% B 2 m n,
ret ent i ofmeihacaYL PR IR Prepyiania FTPEY e _

”Ethacry|aﬁEhQQLBEOQibéﬁﬂn@blhtéohybeﬁealnén@OBﬂPlGm oficrylamide
2 21 oqiARA 0. DD BRI LY R S0 RIS Y Ry
q
terephthﬂ@xgﬁ@gﬁﬂeﬁu@ﬁj&ﬂpﬂ&;gﬂﬂw rmole) and Na2S®»4 (10.7 g, 75.3
Tl e o L L P UL Rl e e ok st 25C
equiv.) 3ess 1o ﬁﬁﬁeﬂo.ﬁ@ﬂ shdlr &} @Yo IAURE(S, Qfdnﬁetl’l?lu[rl§3 Adiger. At this
borlnan 2- yl)benzyl] ~N-{3- (methacrylamido)propylamino] -1,
4--xylene (28 mg, 3. 54 x 10™° mole} were comblned with 800
pl, of ethylene glycol. monomer solution and 40 pl of 5% '
wt. aqueous ammonium persulfate. This formulation was
:'placed"in a glove box;purged with nitrogen along with a
mold constructed from giass microscope slides and 100
ﬁicrén stainless stée; spacer. An aqueous solution of
NFN;N;,N'—tetramethyléthylenédiaminé (40 nL, % wt.) was
added to the monomet solution to acceélerate
' polymerlzatlon and the final formulatlon was poured lnto
a glass mold - The mold was left under nlt;ogen
';“atmosphere for 16 hburs, after which it was immersed in
‘PBS (pH 7.4 and the glass slldes were separated to .
afford a hydrogel polymer in a form eof -a thln fllm. The
o resultlng hydrogel thin film was washed with 100 mL of
phosphaté bﬁffered saline conﬁaining 1 mM lauryl sulfate
. SOQiﬁm sélt-for 3'dayé, the_sélution being changed every
"day, followed by washing with MeOH/PBS (20/80 by vol., 3
x 100 mb), -and finally with PBS (pH=7.4, 3 x 100 mL).
Hydrogel polymer was étored,in'PBS (10 mM PBS, pH=7.4)
containing 0.2% wt. sodiﬁﬁ azide and 1 mM EDTA sodium

salt,




time, the solution was filtered and" NaBH4 (1.73 g, 45.7 nmole, 6.01
equiv.) was added to the f iltrate.in portions and subsequently stirred at
25C for 21 hours The suspension was filtered through GeFégagdoshe
filtrate 20 was concentrated. The residue was dissolved in 113 m.  CH2Cl 2
and washed 1 x 25 nmlL saturated aqueous NaHCO3. The organic extract
was' dri ed Fver anhydrous Na2SO4J filtered and concentrated to yield a
Vi scous oi The product was. carried gonus is.' HP P 1100 HPLC
_chr omat ogFaphMogpdatisn1 p6 2ser SﬂcﬁnviEglﬁiﬂ?° fﬂﬁkgt F%etion,
- 2. 00. L/ m n,p60, v 1 HE1 &L PNEhe ab IBRIndeD. o]t%ﬂﬂléB&hd&&atBr— MeCN (0. 1%
. HFBA) , gradlent 10% B 2 mn, 10-80% B over 18 mn, _80-100% B over 2 mn,
'100% 2 hyArogeflerwhdsht coptasng t¥O KPAOIDADIAN FRLPTRRYSL005 a, a -bis
[ %% ?a@bﬁpﬁg Yhnlid %x%hﬁ&@xﬁ 02&8@838 yhabeaeyide was

[3 (ne 0)

ryl am do) propyl am no - | ene. A solution of a,a' bIS[3-

'Enethécryﬂ@ﬁﬁ@@}neﬂrop?h@nﬁﬁéylamﬂde4g%9l@ﬁé Wgugge@ iy, ,. DIEA
- (2.9"7 g, :4. I u 25, br siesmt
phenyl)borgnlc aC|g%neo ent EéggngQa g Eﬁaﬁglé > nmol e, Eh%%Z equi v. ) and

BHT (5 ngbagfemkidbisedine FE§) wLP@HZCﬁéCOE aQBEﬁQ@Eh%tqﬁﬁ%ﬁPqn the dark for

28 Nour's. ofbubll S5 LillboskNB:TLKLULA Y8S:UBSNaMs | ndadla o satau alred aqueous
NaHCG3. € organi ¢ extract was dried over anhydrous Na2SO4, filtered

‘and concent wated. baght hadr pdpded hasthadByMRooe C%ﬁ?ﬁ%n%ﬂﬁi?hﬁesuspension
was fb' r “aalf QE+18 RAWLS tnZNeMAHSRENS! POs RS bbbl e S deqnth tientesi due

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:acrylamide)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 mqnomer. 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 glucbse, but not '
substantially éffected by the presence of lactate.
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"dissolved in CH2C 2, filtered and- the filtrate concentrated. To the
solid residue was added 150 nL ether and the suspension was stirred for 18
hours. At this tine, the suspension was filtered yielding 1.98 g (338) of
a fluffy pink powder, which had a maxi numsolubility of 1 molar in PBS
.(pH 7.4). FAB M5 : Calc'd for C4GH64B2N406 [M' 790; Found [M + 1]+ 791.
HPLC. HP 1100 HPLC chr omat ograph, Waters 5 x 100 mm NovaPak HR C18
colum., 0..050.mL injection, 0.75 nL/mn, 280 nmdetecti ar?: A =

(0. 1%%8}% %g cgi = McCN -10.1% HFBA)I gradient 10%B 2 mi ebyx

18 mi nY g pver 2 min, 100%B 2 nmin, retention tine 13.4 nin. 3
-February 2005 E. Preparati on of acrylam de gel containing N [3-

(et hacryl am do ) propyl] 4- - di hydr oxy-9, 10- di oxo- 2-

ant hr deeneshit f@mmrdeacwmblie@dﬁ ifor dréertigg rthmmeen)ce andoment@ationtifsn| axal ykein

(5, 5-di net hyl |oxa or|

(i uet hacrylh%lm pr opy nélrlﬁn of~ a%(’?é'e)gﬁlg co%g{-lﬁg}g%ﬁgpﬂw%?f solution
containing 30% w. acrylanm de rand 0.8% wt. N, N' rre t hyl enebi sacryl am de
was prepared. N [ 3- (nethacrylam do ) propy 4-

di hydr oxy- da) one a1 Ber Mdicalor (KPRIPERYY INITSIRETS B lthmdlsflch@lly ag B¢ suffigerglyma* e)
and a, a' -bhi

3.54 x 10-5 §"f‘%\ksv‘?/ie“rbée i herinit ALY {Sb%&p%ué‘% RN Trogmeny |f§/%81§teﬁ‘lo“f$o§n%§r

- solution and éﬁséncebrchncEﬂliramhofaﬁideﬁalsrteamiﬂ)ni um persulf ate. This

formul ati on, was FI aced in a gI ove box, ed with nitrogen along with a
mol d const ABLPR OF rBeFe gryseephi cc%%l@@&é%sauﬂaé atathggmagromolecilecis eapablal dss

steel spacer - JABtRIURE PresSitleWs QRc@itration of said analyte in an aqueous environment,

and wherein the indicator macromolecule has a detectable quality that changes in a

OVEI‘

concentration-dependent manner when said macromolecule is exposed to said

analyte.

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-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]-methyljanthracene;
9-[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yi}benzyl ]-N-[3-(methacrylamido)
propylamino]methyl]-10-[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan -2-yl)benzyl]-N-[2-(2-
hydroxyethoxy)-ethylamino Jmethyljanthracene;
9-[N-(2-boronobenzyl)-N-[3-(methacrylamido)-propylaminolmethyl]-10-(N-(2-bo
ronobenzyl)-N-[2-(2-hydroxyethoxy) ethylamino]methyl]anthracene;
9,10-bis [N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yl} benzyl]-N-[3-(methacrylamido)
propylaminolmethyl]anthracene; '
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N,.N,N,N -tetranethyl ethyl enediamne (4.0 L, 5% wt..) was added to the
nmononmer solution to accelerate polynerization and the final formnul ation
was poured into a glass nold.:- The rrold .was |left under nitrogen

at nosphere for 16 hours, after which it was imersed in PBS (pH=7.-4) and
the glass slides were separated to afford a hydrogel polymer in a formof
-a thin film The resulting hydrogel thin filmwas .washed with 100 nL of
- phosphate buffered saline contalnlng 1 mMlauryl sulfate sodlun1salt for
3 days, the so| ution bei anged even day, followed hy

MeOH PBS ( 26l BbishY- (@chommgemsyl)l a6- (m@}hacryamdp] Prézpylymmq]meﬂaﬁa(ﬂbmma 3 X
100 nmL). Hydrogel polyner was stored in PBS (10 nM PBS, pH=7.4)-

. .cont ai ni ng 0.2% wt. sodium azide and 1 mM EDTA sodium salt. -42 3
February ZGDE[E(SNhﬂnkﬂﬁdph3Gkﬁ@bﬁmnhaﬂﬁﬁﬂWﬁmﬁﬂGNQEQE&nﬂMmhdﬁMXxﬂ&mijhe

Tacogni 11 orf ARSI LS Bt NI AW S By LR R W o was

5 det er mi ngdaroklem ygﬂ%m,ﬂ;j% RletWRantiRisBiSd in PMMA cel | in the same way
as descrlbgﬁrf%QExgﬁh Pﬁgsghate bufféred saline (PBS), pH=7.4

cont ai ni ng %ﬁé(ﬁb@ﬂondwnzxdm{i[& (%me@llﬁcmgbeyctho??ehthmmhmolmethyl\r]:ég [Ii\lg@z-efl to
37C 5 ath in.t ce ni ng the ge

S ter uni cborne BRI R bl s emimePalethiisii s o Y5
Absor bance mamr(wpn(ts S hmeAgh[ 1, Ql}amwﬁndn@w}% goimat i on was

conducted in trlpllcate For " each neasurenent absorbance at 650 nm
methacroyloxyethoxy) ethylammo]methyl}anthracene

9, 10-bis {N-(2-boronobenzyl)-N-[2-(2-methacroyloxyethoxy)

ethylamino]methyl]anthracene; and salts or derivatives thereof.

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

(methacryloylamino)-propyljtrimethylammonium 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

hydrocarbon.

7. The indicator macromolecule of claim 1, wherein the molar ratio of hydrophilic

monomer:indicator component momomer is from about 2:1 to about 1000:1.

8. The indicator macromolecule of claim 7, wherein the ratio of hydrophilic

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

9, The indicator macromolecule of claim 8, wherein the ratio of hydrophilic

monomer:indicator component momomer is about 5:1.

10. The indicator macromolecule of claim 1, wherein the analyte detected is selected from
the group consisting of a vicinal diol; an .alpha.-hydroxy acid, a .beta.-keto acid oxygen;
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was used as a bl ank, A(650 nn) was subtracted fromall 15 val ues of
A(450nm and A(530 nm. Figure 7 shows the absorbance spectra for

acrylam de gel (30% containing 4 nMAlizarin Red S nononer (1:1000

nolar ratio of Alizarin Red:acrylam de)and 44 nM bis boronic acid nononer
w th and wi thout glucose. Figure. 8 20 shows the effect of glucose on
absorbance of acrylam de gel (30% containing 4 MM Alizarin Red S nononer
and 44 nMbis boronic acid nononer. Figure 9 shows the effect of sodium

| act ate on absorbance of acrylamide gel (30% containing 43f0PAEYHIN Red
S nononer agEbanAlipniesizency Botpsiumi ydegics, ansadeBRte (onsDS toxly), grminggal; gndp

boroni c acihq) Qomer:acryl am de). The absorbance of the indicator was

af fected by {he presence of glucose, but not substantially affected by the
presence of |lactate. What is clainmed is: 3 February 2005 | An indicator
nmacr onol ecul e for detectggﬁathe presence _or_concentration of an, ana{yte in

an aqudous Biindigapemacromeicgulend chwm)18c whereindhe analyts detecied g ywal et ~ ()
one or mr%ﬁi&@h&ﬁ}?&rsgﬁgﬁ%ﬂ&%ﬁ nononers whi ch individually are not
te u

sufficiently wa SO e to pernmit their use in an aqueous environnent
“for detecting the presence or concentration of said analyte ; and (b) one

or nore hydrophilic nmononers;. such.that fhe nmacronpl ecul e i s capabl e of
det ect]i%ng t lﬁﬁ!ll@%terre@écramifﬁﬂl?@ﬁfﬂavHin“'fs?re@ CRE ds Bo%E- aqueous
environnent, and wherein the indicator macronol ecul e has a det ect abl e

quality that changes in a concentration-dependent manner when said
macr ondl ec The indicgrposedmotecsiziod clagmdl whereir2. The i ndi cat or macronol ecul e

o el L e e R S copptL St et Sy
i ndi cat or conpon@pht 21PRPERRt 15:1,
i) the indicator component monomer comprises an N-(o-boronobenzyl)
amino]methyl]anthracene derivative,
iii)  the hydrophilic monomer comprises [3-(methacryloylamino)
propyl]trimethylammonium chloride, and

iv) the macromolecule exhibits an excimer effect.

14. A method for the production of an indicator macromolecule for detecting the presence or
concentration of an analyte in an aqueous environment, said method comprising
copolymerizing:

a) one or more indicator component monomers which individually are not sufficiently
water 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 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.
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conprises an N-(o0-boronobenzyl) am nonet hyl ant hracene derivative. 4. The
i ndi cat or macronol ecule of claim3, wherein the indicator conponent nononer
is selected fromthe group consisting of

9-[[ N-net hac. ryl oyl am nopr opyl - N- (0- bor onobenzyl)

ai ni no] - met hyl ] ant hr acene;

9-IN-[2-(5,5-dinmethyl-[1, 3, 2] di oxabori nan-2-yl ) benzyl ]-N-[ 3-(net hacryl am do
) propyl am no] met hyl ] -10- [ N-[ 2- (5, 5-di met hyl - [ 1, 3, 2] di oxahari nan

-2-yl )benzyl ]- @hz (2_hydroxyet hoxy) ethyl arnino ] net hyl ] aRtiPERBAZ005

9- [ N- (¥ bor BifgBeRed o clany Bt (vihst MF@P@?PWW’SWP@H%WH@PHWS]WN@( N-(2-b
o]

ronobe | am nol net hyl ] ant hr acene;
9,10-bi s W%ao‘b%hi@ aé-l%rrrlet}l%ﬁ h?ﬁﬁ%}%gg%gl%‘%gg%rl nan- 2- yl )y ]
bcnzylj-N-[ 3- (rret hacryl am do) propyl am nol net hyl ] ant hraccne; 44 3
Febru 2005 10- bi.s. . . :
[N-( S ontiang ?f? }Kﬁlf@ Grethesen thedndigrir carnapeatineRaRRS ihsAqctad fma dhene;
9-N-[2-(5, gﬁﬂ'r@(;nlgﬁé{mégf?) 2] di oxabori nan- 2-yl ) benzyl ] -N-[2-(2-net hacr oyl oxy
et hoxy) ethylam no]nmethyl]-10-[N-[2-(5,5-dinethyl-[ 1,3, 2]dioxaborinan -

2-yl) b enz%f[[Nm@zcwmylmmm&gﬁfwwmnebmbmnmm]}mﬂhman;ﬂamem,acene ;

- -b [.) - - (2= h

"ot hyl ani norHEERD Yk MR AR A oL et aRideohoxy)
et hyl ami no}p?@maahhapﬁém ¢-209N-[2- (51')0d1ﬁieﬁlﬂ-’[\k Ea ((15xabonnan—2-yl) benzyl]-N-[2-(2-
5-dinethyl -1, 3, 2] di oxa orlnan- -yl) enzy? N[ 2-(2-

met hacr oy| dwylexpyet 9§Y)atMIMImﬁW6]YH@tlth§ﬂC]3@ﬁt hracene; 9, 10-bis

N(2-b | t hox
et hy! am noPRaekoP SRR O R ARRRR AL o Iy GNP 1. The
i ndi cat or rrammﬂpmﬂze(zqudedx@bmﬁy) oiye4r8inG |théRyhatdiragdde] | ¢ nononer
conprises [3- (met hacr | oyl am nﬁ% 12propyl ]Jtrimethyl anmoni um chloride. 6. The
i ndi cat or PRI-BiEY-EE( dBTletEYla{ll diggihosinan-2rd) beangyd-6+ conponent nmononer

) hect TR BRuSIBLSH el o hon de chel et and ¢
wher ei n t heé, irbasr[N- ézt—b@romibeh:y;d)—Np[Bp(lmaﬂ:hacmlmnb}prdwlmh@]meth@]mﬁmahe
mormoner i s f{ﬁ)m ?Sb %uc{lmethyl 1,3, d?(y);[aborman-i'llyl)benzyl]-N-[2 -(2-methacroyloxyethoxy)
ethylaminoJmethyl}-10-[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yl) benzyl]-N-[2-(2-
hydroxyethoxy)-ethylamino]methyl]anthracene;
9-[N-(2-boronobenzyl)-N-[2-(2-methacroyloxyethoxy)-ethylaminojmethyl]-10-[N -[2-
boronobenzyl)]-N-[2-(2-hydroxyethoxy) ethylamino]methyl]anthracene;
9,10-bis [N-[2-(5,5-dimethyl-[1,3,2dioxaborinan-2-yl) benzyl]-N-[2-(2-
methacroyloxyethoxy) ethylamino]methyl|anthracene;
-9,10-bis [N-(2-boronobenzyl}-N-[2-(2-methacroyloxyethoxy) ethylaminojmethyl)

anthracene; 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 component monomer is selected from the

group consisting of a lanthanide chelate and a polyaromatic hydrocarbon.
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8. The indicator macronol ecule of claim?7, wherein the ratio of hydrophilic
nmononer: i ndi cator conponent nononer is fromabout 5:1 to about 50:1. 9.
The indi cator macronol ecule of claim8, wherein the ratio of hydrophilic
nmononer : i ndi cator conponent nononer i s about 5:1. 10. The i ndicator

macr onol ecul e of claim 1, wherein the analyte detected is selected from
the group consisting of a vicinal dial; an .al pha.-hydroxy acid,

a. beta.-keto acid oxygen; 45 3 February 2005 carbon dioxid%; i nc,

pot assi um hydrogen, .or. carbonate ions; a toxjn; m ner al ; 5ﬁ§“§“h%mﬁ%ne.

11. Th&d-i nd o€ slaimm | bathegeip theapalprgatig of W&rp&aihc meaoRsEIiceiget ect ed
is avicin i i : I ni . 12. The i ndicator
nacronDIecﬁ+¥ﬁﬁ#&%ﬁ%¥%%3%?ﬁgﬁﬁg¥%ﬁﬁt%ﬁzgggggﬁggﬁéé is glucose. 13. . The

i ndi cator macronol ecule of claim1l, wherein i) the nolar ratio of
hydrophj I'i c., non r.i.ndi catqr conponent .o r is from about 2:1 to
about 4: 1, Thi TeRAR of g 20 SPheemsrae O HBYBIRHlICBRpPPaRdiggior componant

N- ( 0- bor onoRghewer is B I8dut BatBYbLI@¥ohr acene derivative, iii) the
hydr ophi I i ¢ nononmer conprises [3-( nethacryl oyl am no)

propyl ] trinmethyl ammoni um chloride, and iv) the macronol ecul e exhibits an

exci net, effect. 14 net hod .for. t.he production.of an indi.cator

mor ok ecul & ahodaf WA A ek regafi 8B OB mabar PONERb Somagnent o i
an aqueous @BpMbhRePI¥RMbut SR d met hod conprising copol ynerizing: a) one or

" nore indicator conponent nononmers which individually are not sufficiently

wat er soluble to permt their use in an aqueous environnment for detecting

Lhe  PEESCfE LaSOUPANN B AL 1R ARG s Q00 0ROl B ©

hydr opfir'l i ¢ monomner s; ~suc € re nacr ool ecul e apabl e of

det ecting tdvasiptigsencdcianl didlnee ntphai-haliodf acdiadbenakeyd ecitlvxagedqubous
environnent, 15. The nethod of claim 14, wherein the macronol ecule is
capabl e of dexidetzigm pgt?ssgﬁn,(}mi}'qggp, or carbonate 1ons; 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 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,
11) the indicator component monomer comprises an N-(o-boronobenzyl)
~ aminomethylanthracene derivative, -
iii) the hydrophilic monomer comprises [3-(methacryloylamino})
propyl]trimethylammonium chloride, and

1v) the macromolecule exhibits an excimer effect.

27. A method for detecting the presence or concentration of an analyte in a sample having an

aqueous environment, said method comprising:
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change. 46 3 February 2005 16. The nethod of claim 14, wherein the
~indicator conponent nonomer conprises an N-(o- boronobenzyl)
am nonet hyl ant hracene derivative. 17. The method of claim 16, wherein the
i ndi-cator conponent nononer is selected fromthe group consisting of
9-[[ N- et hacryl oyl am nopr opyl -N-(o-boronobenzyl) am no] -
nmet hyl ] ant hracene; 9-[N-[2-(5,5-dinethyl-[1, 3, 2]
di oxabori nan-2-yl) benzyl]-N- [ 3- (net hacryl am do )
. propy! ami nol met hyl ] - 10- [ N- [ 2- (5,.5- di net hyl - 3, 2] di oxaBSFPHER-2099)
benzyl | - N-[@ ewwrth@(w% lgflquor awpwa]ql@pkyﬁql Megsosolscale epmprising
[ N-(2- boronobg%%(h nN ot 3 -( nmethacryl am do) - propyl am no] rret hyl] -10-
N-(2-bo ronobe -N-[2 (2 hydr oxyet hoxy) et hyl am no] net hyl ] ant hracen e;
, 1 0-bi s[ N-[ D-qnb,0b ambrertlivator [cbmp&;en?]nd»nmnaﬂsmhmiamd@adﬂally atvami ghificia({lB-
met hacryl am do) pr . ant hracene, bis ..
N- ( 2- bor onob@’ﬁ%?éﬁﬁﬁe[t%l’?rﬁla‘ ’é‘rﬁnd’ﬂ}‘eousﬁ%‘ﬁ?}?%‘?ﬁt ?%]%Pﬂ% $8nt hr acene:
-[N-[2-(5, 5B{=Hsélﬁ'% Y l:oncentrahon of said analyte
[ 1,3, 2] di oxabori nan- 2-yl ) benzyl ] -N-[2 (2 rret hacr oyl oxyet hoxy)
t hyl am no] net hyl ] - 10- [N-[2 (5,5-dinmethyl-[ 1,3,2] dioxaborinan-2-yl)

benzyl]-N|[ dr ox am n .ant hr acene

R IR AT TR st R N e R
et hyl ami no] metipebie-ckQeleting e h@éﬂ&qb@mhﬁitrd&di%mﬁ%nalm&ﬁqmqﬁémgy)
et hyl am no] net hyl ] ant hracene; 10-bis [ N-[2-(5,5-di net hyl -

1, 3, 2di oxabor ﬁmwmr@ny pypd Wbmzrynhf indigapor(macroraelkee bss %d@}@ﬁ&%éwahty that

et hyl am no] ne I

[N {2 bor onobeigprsig YR ERHaP ARl masnrs wen soid mormamelesyisdt rgeyed o
ant hr acene, aguidsﬁdlyts gid derivatives ther eof 18. The nethod of C aim 14,
wherei n the hydrophilic nonomer conprises (et hacryl oyl am no) -

propyl Jtri B ﬁyﬁ%lmﬁnnﬁhaélﬁmw&deti@abltrﬁ@alméf%@areby eleEming the Profeasst t he
i ndi cat or corrp(fmgﬁatggr&gga ahayéqhg&%%mgr Lom the group consisting of a

| ant hani de ch pol yaromati c rocar bon. 47
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28.  The method of claim 27, wherein the change in said 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 component monomer is selected from the
| group consisting of

9-[[N-methacryloylaminopropyl-N-(o-boronobenzyl) amino]-methyljanthracene;
9-[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yl)benzyl]-N-[ 3-(methacrylamido )
propylamino Jmethyl}-10-[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yl)benzyl ]-N-[2-(2-
hydroxyethoxy)-ethylamino methyl]anthracene;
9-[N-(2-boronobenzyl)-N-[3-(methacrylamido)-propylaminomethyl]-10-[N-(2-bo
ronobenzyl)-N-[2-(2-hydroxyethoxy) ethylamino]methyl]anthracene;
9,10-bis [N-(2-(5,5-dimethyl-[1,3,2dioxaborinan-2-yl) benzyl]-N-[3-(methacrylamido})
propyl amino}methyl]anthracene;
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3 February 2005 20. The nethod of claim 14, wherein the nolar ratio of
hydr ophi i ¢. nmononer: i ndi cat or conponent nononer is fromabout 2:1 to about
1000: 1. 21. The nethod of claim 20, wherein the ratio of hydrophilic
nmononer : i ndi cat or conponent nononer is fromabout 5:1 to about 50:1. 22.

- The nethod of claim 21, wherein the ratio of hydrophilic nononer:indicator
conponent nononer is about 5:1. 23. The nethod of claim 14, wherein the
anal yte detected is selected fron1the group conS|st|ng of a Vi ci nal d|oI
an. al pha.-hydroxy acid; a . a.-keto acid; gen; carbon® FEPRRNFI0Oz nc,
pot assi um pig Hiir{2 b@FOI@Q?I%’HaNE[?’1(@?@}30%(1%51?){19f03ﬂrﬁ1m€?]é‘ﬂ6 )éﬁﬂﬂléﬁcﬁ'%f-'r: none.

24 The et ofs Sl SRR SN NELEDL kSR TR O
satcg:har:cdﬁ eglg/lzghmopmhylmo-[mk[e (gﬁt -diaatol- [t,lsaa]daogidbonmmzeylybm%yll hb[2g(alr ?r .
ratio o ro i c.mon i_ndi.c conponent normoner is from abou .
t o about 1%1 V? °’E3ﬁ§ﬂ?3ﬁm]5}9ﬂ5®ﬁ’b%¥?§ﬁ?@mnoner conpri ses an

N-(0- bor onapen %Béronéﬁ@n??ﬁ Fﬁl{ﬁ&%{hﬁ%gﬁﬁypr o F}M%Eﬂﬂﬁmnbl]ﬂléth nirlgojmd[ﬂph' lic

nmononer conprises oyl am n t'r i met ni-um
chl ori de, émcbmb?nwhkNwﬁc(rZehmﬂr@wﬂmxg)(ﬁhﬂMOéme@yﬂam:hlracefet ect. 27. A

Sanpl e having I Ve e T o RABH SR Fa DGR AbNGAr Gl gy 48 3
February 2Q,Qeﬁhacg@ao,@éﬂ@@mymﬁnﬁgﬁg{hwgﬁhﬁeeﬂend| cat or nmacronol ecul e, said

macr onol ecul e conprising” a copol élrrer of. i) one or nore indicator
conponent  Polidie {N- (%bpmomeMrW (2w%héﬁrquygtlnbfi)/bl ently water soluble

to per m t tg}yﬁ%THno ﬂé‘{lg’ngﬁgﬁ%%gus dg%§ I’Od”énvatvesﬁlereo%t ecti ng t he presence

or concentr

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 component monomer is selected from the

group consisting of a lanthanide chelate and a polyaromatic hydrocarbon.

33.  The method of claim 27 wherein the molar ratio of hydrophilic monomer:indicator

component momomer is from about 2:2 to about 1000:1.

34.  The method of claim 33, wherein the ratio of hydrophilic monomer:indicator component

momomer is from about 5:1 to about 50:1.

35.  The method of claim 34 wherein the ratio of hydrophilic monomer:indicator component

momomer is about 5:1.
36.  The method of claim 27, wherein the analyte detected is selected from the group

consisting of a vicinal diol: an .alpha.-hydroxy acid: a .beta.-keto acid: oxygen; carbon

dioxide; zinc, potassium, hydrogen, or carbonate ions; a toxin; a mineral; and a hormone.

50




ii) one or nore hydrophilic nononers; such that the resulting macronol ecul e
is capable of detecting the presence or concentration of said analyte in
an aqueous  environnent, and wherein the indicator macronol ecul e has a
detectable quality that changes in a concentration-dependent nanner when
sai d nmacronol ecule is exposed to said analyte; and (b) measuring any
change in said detectable quality to thereby determ ne the presence or
concentration of said analyte in said sanple. 28. The nethod of claim 27,
wherein the change in said detectable quality is an optjcal 3K 0

The ma%od The methpdpbelainy A6 veierein the anabitedatestedistporindididphishermpassa ses
an N-(o- bogonphgaazyl) am nomethyl ant hracene derivative. 30. The method of
cl ai m 29, erein the indicator conponent nononer is selected fromthe

gr oup consistlng of 9- [[N—nethacryloylaninopropyl N- ( 0- bor onobenzyl ) am no]

;jirrﬁigy [ na rac ?‘EBfﬁlW‘{ g\%d-["{?}?g‘%?rgl S(ﬁ%‘}‘ﬁogepz)ropyl am noj

met hyl ] - 10[N—[2(55d|rrethyl 1 32]d|oxabor|nan -yl )benzyl ]-N[2-(2
hydro:éfthoxy -ethylanlno]nethyl]an t hracene ;

9- [ N- (32 borBreobethed) bl claind 37, (whetdimcr yl anmi do) -

‘ropyl am no] net hyl ] -10-[ N-(2-bo ronobenzyl) - N- [ 2- (2- hydroxyet hoxy)

et hyl am no ] net hyl ] ant hracene; 9, 10-bis [N (2-(5, 5-di net hyl - [

1,3, 2di oxah fHefddlarZabb bf Reiaptilic ﬁi‘oh&néﬁﬁﬂﬂﬁfbﬂéblﬁg&rﬂﬂ} moBIoRRY s from about
anlno]neth Lanthracene 49 3 February 2005 9

[ N-(2- boror?o tnabpy NI 3- (et hacryl ani do) - propyl am no] net hyl ant hr acene;

3I g Bl-eLg y I( ]5 ﬁl_t?éfﬂﬁé;g%r c%mé?%eyf%l)? gé”g‘%(rﬁ%)?p%ﬂ@gs art N-(o-boronobenzyl)
et hyl am nO]dﬁfﬁhdimEthylkﬁt}{ri\éehedé@aﬁvéiI net hyl -[I,

3, 2] di oxabaor.i nan- benzyl ] -N-[2-(2- hydroxyet hoxy) - et hyl
am no] net hylj tgﬁthﬁ rge mononier compnses [3-(thethacryloylamino)

9-[ N-(2-bor, I th
et Lyl <(31m ng]p%%ﬁﬂx gIa%gr[lélﬁ %@%o g%zsrgl]e N?qul)( 2- hydr oxyet hoxy)

et hyl am nolimethb ylabnidieabeexdibi®, ah@xbinser pffedt2- (5, 5- di net hyl - [
1, 3, 2] di oxaborinan -2-y1) benzyl]-N[2-(2-

40. The method of claim 39, wherein said macromolecule serves as both an indicator and a

reference.

41. A macromolecule which is capable of exhibiting an excimer effect, which comprises a
copolymer of:
a) one or more excimer forming monomers, the molecules of which are capable of
exhibiting an excimer effect when suitably oriented with respect to each other; and
b) one or more other monomers; such that the resulting macromolecule exhibits said

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
a) the excimer forming monomer individually is not sufficiently water soluble to permit
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met hacr oyl oxyet hoxy) et hyl am no] nmet hyl ] ant hracene; 9, 10-bis

[ N-(2- bor onobenzyl ) - N-(2-(2-nmet hacr oyl oxyet hoxy)

et hyl am no] met hyl ] ant hracene; and salts or derivatives thereof. 31. The
met hod of claim 27, wherein the hydrophilic nononer conprises [3-

(et hacryl oyl am no) - propyl ] trinmethyl ammoni um chl oride. 32. The net hod of
claim 27, wherein the indicator conponent nononer is selected fromthe
group consisting of a |anthanide chelate and a pol yaronmati c _hydrocar bon.
33. The nethod of claim 27 wherein the nolar ratio of hydropHiePryary 2005
nononer : i ndiscCie dt an agiepBhiropwaRHer detectingdhe prisesmee or concentegbignf 38d0: 1. 34.
The et hod 3911;1 é%ﬁn 33, wherein the ratio of hydrophilic nononer:indicator
conponent monorer is fromabout 5:1 to about 50:1. 35. The nmethod of claim
34 wher ei n Bhke sthbd Moedmdnids apdiophitic MYROARE; sutlnthaCtht iaceomPesuditis capablomer
is about 5:1, 36. The method of claim?27, wherein the analyte detected is
sel ected f refficiontingihsppesencssicencentjatign of spidanabite i a5 aquegs eaVispIMeNty dr oxy
acid: a .beta.-keto acid: oxygen; carbon dioxide; zinc, potassium '
hydrogen, or carbonate ions; a toxin; a mneral; and a hornmone. 50 3
Februatdy 20IMe mBFomdleeulaef blatn 42, whereimtBbexcivharefient ddes natabythetiadlytobedged i s
a vicinal did which c rises a saccharide. 38. The t hod of claim 37,
wher ei n thén§%§@8?ﬁfrtf’8§ ggs B the Bresencs oT cqnesntralat g R 2245 m 27, wherein i)
the nolar ratio of hydrophilic nonomer:indicator conponent nonnoner is
fromabout 2:1 to about 15:1, ii) the indicator conponent nononer

conpr i¥es arheMadasorboleoule b€ plziph 34, vdmireionet hyl ari t hracene derivative, iii)

t he hyd hi |,i i 3-. t h | oyl am.
pr opy! 1 11 rblegPElRIaHD OFf BH PR aRcr R Iy e AR SRIORA] B ¢ s an
exci ner ef f@eht 140. The nmethod of claim 39, wherein said nmacronol ecul e

serves as both an indicator and a )
ii) the excimer forming monomer comprises an N-(o-boronobenzyl)

aminomethylanthracene derivative, and
1ii) the other monomer comprises [3-(methacryloylamino) propylJtrimethylammonium

chloride.

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

the group consisting of a lanthanide chelate and a polyaromatic hydrocarbon.

47.  The macromolecule of claim 45, wherein the excimer forming monomer is selected from
the group consisting of
9-[[N-methacryloylaminopropyl-N-(o-boronobenzyl) amino]-methyl]anthracene;
9-[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yl)benzyl]-N-{3-(methacrylamido )
propylamino]methyl]-10-[N-[2-(5, 5-dimethyl[1,3,2]dioxaborinan-2-yl)benzyl]-N-[2-(2-
hydroxyethoxy)-ethylami noJmethyl]anthracene;
9-[N-(2-boronobenzyl)-N-]3-(methacrylamido)-propylaminolmethyl]-10-[N-(2-bo
ronbenzyl)-N-{2-(2-hydroxyethoxy) ethylaminojmethyl]anthracene;
9,10-bis[N-[2-(5,5-dimethyl-[ 1,3,2]dioxaborinan-2-yl) benzyl}-N-(3-(methacrylamido)
propylamino]methyl]anthracene;
9, 10-bis [N-(2-boronobenzyl)-N-{3-(methacrylamido)-propylamino jmethylanthracene;
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reference. 41. A macronol ecul e which is capable of exhibiting an exciner
effect, which conprises a copolyner of: a) one or nore excinmer formng
nononers, the nol ecul es of which are capable of exhibiting an excinmer
effect when suitably oriented with respect to each other; and b) one or
nore ot her. nononers; such that the resulting nmacronol ecul e exhibits said
excinmer effect. 42. The macronol ecul e of claim4l, wherein the

macronol ecul e i s capabl e of detecting the presence or concentration of an
‘anal yte. 43. The macrompl ecul e of claim42, wherein a) the &XEPHIFY &5 ng

mononer i ndf-INd&4PPydimsthybll S 2diaxebennany2-ybeseylddi- [t (@-neeshasseyie Kyethaxy3

Feb 20 ' ; _ . : ¢
oY o Afytatyafyty103% BASS0HT YL 3DIRAL AR SLRANd00 NP B eoence
hydr ophi | i chyiemortoxysethylamiiimethel|ambimosmet ecul e i s capabl e of detecting

the presence_or_concentration of said apalyte in an agueous environnent.
ai. " The rEBNSHIPERGPE g N e bR o e TR PRS0 DGR not

substanti al &ﬂé&%% i i f ce or
concentratﬂ%ﬁoof t e4§#gﬁ%?§?R§§$h¥ﬁQ éro%%kggﬁﬁgmg#ggﬁgin144, wherein i)
E he rrgl ag rl%lmbisﬁff—){bi(ﬁé{dimhyﬂn{é;i,Z]dicpdahtninahcﬁ-yh) bg]zytjdﬁ@{(z-i s fromabout 2:1
o abou L, i e excimer .fqorm.n nonMer conprises an
N—(o-borondB@%ﬁ??¥MX%%VH5§@¥HWF%mﬁﬁWgW ﬁ&B”H@FFvatiye, and iii) the other
nononer conp{o-BRINLEE- 8y b adini@hacr@nOB¥tHoky) et hyl amoni um

chloride. 486. The macronol ecdl’e of claim 4I, viherei’n the excinmer form ng
nmonomer i s ekylavinedméthypanthrhcengr andaltoosdesivatiges diierenfl ant hani de chel ate and

I ic.h bon. 47. Th npl. I l.ai.m 45, wh i h
¢ PO A BRI o e - RSH RS B e BH T e o

effect, which method 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; such that the resulting macromolecule exhibits said

exclmer effect.

49.  The method of claim 48, wherein the macromolecule is capable of detecting the presence

or concentration of an analyte.

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
_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.

51.  The method of claim 49, wherein the excimer effect does not substantially change in

response to changes in the presence or concentration of the analyte.

52.- The method of claim 51, wherein
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9- [ [ N-net hacryl oyl am nopr opyl - N- (0- bor onobenzyl ) am no] - net hyl ] ant hr acene;
9-[N-[2- (5, 5-di nmethyl -[

1, 3, 2] di oxabori nan- 2-yl ) benzyl]-N-[ 3-(net hacryl am do )

propyl am-no] met hyl ]-10-[N-[2-(5, 5-dinmethyl[1, 3,2

di oxabori nan- 2-yl ) benzyl ]-N-[2-(2 hydroxyct hoxy) - et hyl am

no] net hyl ] ant hracene; 9-[ N-(2- boronobenzyl ) -N-]

3- (et hacryl am do) - propyl am nol met hyl ] -10-[ N- ( 2- bo

‘ronbenzyl )-N-[ 2-5&21T&¥dr oxyet hoxy) et hyl ami no} met h yl ] ant hy ag éfgruary 2005

9, 10- bi s[ N-P2- ( sthe melargaty pLqthershonogicsex@mer foramenomymeRis om abeut 3 gy

et hacryl am do) p,epPyd.#m no] net hyl Janthra cene; 9, 10-bis

[ N-(2-boronobenzyl)-N-["3 -(nmethacryl amnino)-prop yl ani no] net hyl ant hr acene;
52 3 Februatly 2086 excimer forming monomer comprises an N-(o-boronobenzyl)
9-[N-[2-(5,5-dinet.hyl -1 1, 3 2] di oxabor.i nan-2-yl)benzyl]-N-[2]-(2-nethacroylo
xyet hoxy) et hyl H%HS#“H]@PMCFQ?%?[V@Y%?{’ ,5-dinmethyl-[1 ., 3,2]

di oxabor | nagg) 2- yhy othleBHbrherokiprises [3-(hefaensdaaing) - et hyl ani no] et hy!

ant hr acene;

9- { N- ( 2- bor onobemeyyl)rinefhplantmesumablosyleoxyet hoxy) - et hyl ami no] met hyl ]

-10-[ N -(2- boronobenzyl)-N[2-(2- hydroxyet hoxy) ethylam no] nethy

| ] ant hracene; 9, 10-bi s[N-[2-(5,5-dinmethyl-[ 1,3 ,2]di oxaborinan-2-yl) benz
yl ] - N-§R- ( 2FheRERGE 6 O1AiYE e The@k vl c? FriRd S BbRYhéA8 k) EASRREm;thd, 10- bi s

[ N-(2- boronobenzyl)-N[ 2-( 2- met hacr oyl oxyet hoxy)

et hyl ani no] gfethsamssingehelepthanidn ghelate end a polyatomasic hydeocarher.eof 48. A net hod
for prgduci e | LS. C l.e of exhi.bitin n ci mer

e et i TR AfREGAIRRER shelh bt SRl B G SO R A e

form ng nongowy consistigg ol ecul es of which are capable of exhibiting an

exci mer effect when suitably oriented with respect to each other; and b)

one or nor &-btherhagsHaminonseR-N-frrboronebangel) pirog Tyl BwBIREDse exhi bits
R R el
The met hod wépyddminnimM@hylivhe{NiHE-(8)5-dihetlykEl, B idibabotinm-2rohberayl |-NdiMdual |y
I's not suf fhiyﬁ}o%r}]rgthgx;\(l)\%tﬁyrl a1$11(1)1!10 1t1)1|e yi]gn %E:g];et;
9-[N-(2-boronobenzyl}-N-]3-(methacrylamido)-propylamino Jmethyl]-10-(N-(2-bo
ronobenzyl)-N-[2-(2-hydroxyethoxy) ethylamino]methyl]anthracene;
9,10-bis [N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-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-dimethyl-[1,3,2]dioxaborinan-2-yl)benzyl]-N-[2-(2-methacroylox yethoxy)
ethylaminojmethyl}-10-{N-[2-(5,5-dimethyl-[ 1, 3,2]dioxaborinan-2-yl) benzyl]-N-{2-(2-
hydroxyethoxy}-ethylamino]methyl]anthracene;
9-[N-(2-boronobenzyl)-N-[2-(2-methacroyloxyethoxy)-ethylaminojmethyl]-10-[N -(2-
boronobenzyl)-N-[2-(2-hydroxyethoxy) ethylamino]niethyl}anthracene;
9,10-bis [N-[2-(5, 5-dimethyl-[1,3,2]dioxaborinan-2-yl) benzyl]-N-[2-(2-
methacroyloxyethoxy) ethylamino]methylJanthracene;
9,10-bis [N-(2-boronobenzyl)-N-[2-(2-methacroyloxyethoxy)

ethylamino]methyljanthracene; and salts or derivatives thereof.
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its use in an aqueous environnent for detecting the presence or
concentration of said analyte; and b) the other nononer is a hydrophilic
nmononer; such that the macronol ecule is capable of detecting the presence
or concentration of said analyte in an aqueous environnent. 51. The net hod
of claim 49, wherein the exciner effect does not substantially change in
response to changes in the presence or concentration of the analyte. 52.
The net hod of claimb51, wherein 53 3 February 2005 i) the Srgl grr raf}é)i of
ot her Jnongr: excimer formng momomer is fromabout 2:1.to YerviE0e i)
t he exthne drfgr desFrsmet f‘gﬁfﬁﬁ‘r‘%@%c%ﬁe@ﬁf@@% 1y R4 jample, said

am nonet hylrﬁ&hgﬂ@&%ﬁgggri vative, and iii) the other nonomer conprises

[ 3- (et hacryl oyl am™o) ~ propyl]trimethyl ammoni um chl ori de. 53. The net hod
of cl ai m 48 exprsing the sdnaple tcammdichtor niasgnmibenuhe sail maseinsdemie dongmistigea
group consi sti,ng of .a | anthani de chel ate and a pol yaromati c hydrocar bon.

54. The rretcﬁB%lyg]Frgf'ai m 52, wherein the excinmer form ng nononer is selected

fromthe group (9061% Sirh&e ificator component monomers, the molecules of which are
9- [ [ N-net hacryl oyl am nopr opyl - N- (0o- boronobenzyl ) ami no]-m et hyl ] ant hr acene;

9[ - N- (2- (5, 5- di et ¢apebleDf 8xpiting aalsseimen atfect when sitably oriented with respect to

enzyl]-N-[3-(nethagryl am do ropyl am no | .- 10- [ N-[ 2- (5, 5-di net hyl -
1, 3?/2} di o£<ab(()ri nangﬁﬁf%eaﬁgziﬂhqﬂ %f%—o fﬂp%gl%?we%@ye@}lﬂ%%ﬂr% ﬂ%ﬁ(or e
am no] met hyl ] ant hr ageagiatiod-off bh a2l ey @idobenzyl ) - N-[ 3

- (et hacryl am do) - propyl am no] net hyl ] - 1&-9&!\# 2-bo

ronobenzyl ) - N- [ 2- (2L 9FdE SHaFe CHEX oD MRS MMmewmrammvleg, 10- bi s

[N-[2-(5, 5-di met hyéxhﬁﬂifs%a@ %ﬂfﬁn‘ﬁéﬁ'%ﬁe%ﬁm \%&éﬂ:l}l m@ﬁﬁ&%%@ﬁc%o%io(lecule has a

met hacryl am do) propylamn ant hr acene;

[ N- (2- bor onobenzy| Jetédtatl Squaitie thanciaybesih daohedntratior-dependdrretahydr]when
th : 9-[N-[2-(5,5-di | -11, 3, 2] di bor i -2-yl)b I

e ool W brfokeio 2l QpRorLgan- 2- 1) benzyl ]

32232” f‘]m_ RI?[ : (e'zﬂ%/ﬂr]ﬁg]agy[ch'éﬂé'iﬁ Said ddicBBbR Y uakith to thefdh¥ RUARME B Presency by
Y concentration of said analyte in said sample.

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

response to changes in the presence or concentration of the analyte.

57. The method of claim 56, wherein
i) the molar ratio of other monomer:indicator component momomer is from about 2:1 to
about 15:1,
i1) the indicator component monomer comprises an N-(o-boronobenzyl)
amino]methyl]anthracene derivative, and
iii) the other monomer comprises [3-(methacryloylamino) propyl]trimethylammonium

chloride.

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

group consisting of a lanthanide chelate and a polyaromatic hydrocarbon.
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hydr oxyet hoxy) - et hyl am no] nethyl] anthracene;

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

et hyl am no] met hyl ] ant hracenc ; 9, 10-bis [ N[ 2-(5,

5-dinethyl -[1, 3, 2] di oxaborinan -2-yl) benzyl]-N[2-(2-

nmet hacr oyl oxyet hoxy) et hyl am no] net hyl ] ant hracene; 9, 10-bi s

[ N- (2- boronobenzyl ) - N-[ 2- (2- met hacr oyl oxyet hoxy)

et hyl ani no] et hyl ] ant hracene; and salts or derivatives thepd&§Pruasy2tps
Februaty 200s method of Glainhay whereiy thedediratgr eoRepqpcRisBeRENG s whartdrfreratheon of

an anal yt eofi,}'&rﬁ} +€ sal d nethod conprising: a) exposing the sanple to
an i ndi cat cronol®cul sai d nmacronol ecul e conprising a copolynmer of

f:ia?)aglng 8; e anet?dctrfgh)ytamm e?f(cf’ ect when Is) 't-aﬂlahagjrdpent edensmhit(r:lhrgggect
i X i y.

to each otgnﬁ é)é zﬁ-ézng-%ﬂ’éarﬁéﬂﬂxgetb?xsﬁeqﬂ@gwwglm%ylb#%i@n@e or
concentrati oners; such that
t he resul tlb%ébr%gﬂéﬁ?@ihﬁﬁ%ydroﬁggg }2 Sglg ex@é@ﬁe ecf:g%nand wherein the
i ndi cat or PaldoisPNg@E tHoeortvhenzyl)- N2 €2 matheradatyethoxyhat changes in a
concentrati gn-de, eﬁg%gtl rr%Hner when said macronol ecul e is exposed to said
anal yte; arfd™ fﬁﬁuﬁﬁ YHMIRSF 8 hange in said detectable quality to thereby
det er ni ne tohy fsis‘-ﬂﬁﬁetﬁ%l 419911%&&5@4:1@19@ ﬁjbeﬁeylﬁm(ﬁtlﬂétﬁadrﬁmﬁﬁioq sanpl e.

56. The net hod of claim wherein the exci ner effect does not

subst ant i alm%%mngbmrthyl]-rl B4NelR6, 3-dimdthylddss,2dioxaberipreyhhenzyt]-N-[2-(2-
concentratlo th a e. .57 ﬁ met hod of claim56, wherein i) the
mol ar rati g ]fo 3? %}?Y)r?@%%@rm]{nﬁﬁﬁy ﬁ?etgjf E%GPrponent nomoner is from about 2:1
to about DINLQ2-bérbnébeazyInN-EAiRthALyTRG dﬁg;mmab Je&QHRAT- I1 -(&!bo

e

N- (0- boronobenzyl ) am no] net hyl ] ant hracene rivative,
ronobenzyl)-N-[2-(2-hydroxyethoxy) ethylamlno}methyl]anthracene

9,10-bis [N-[2-(5, 5-dimethyl-[1,3,2]dioxaborinan-2-yl) benzyl]-N-[3-(methacrylamido)
propylamino]methyljanthracene;

9,10-bis [N-(2-boronobenzyl)-N-]3-(methacrylamido)-propylamino}methyl |anthracene;
9-[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yl)oenzyl |-N-[ 2-(2-methacroylox yethoxy)
ethylamino]methyl]-10-[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yl) benzyl]-N-[2-(2-
hydroxyethoxy)-ethylaminomethyl]anthracene;
9,10-bis[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yl) enzyl]-N-[2-(2-

methacroyloxyethoxy) ethylamino]methyl]anthracene; and salts or derivatives thereof.

60.  The indicator macromolecule of claim 1, wherein the indicator component monomer is
selected from the group consisting of;
N-[3-(methacrylamido)propyl]-3, 4-dihydroxy-9,10-dioxo-2-anthracenesulfonamide;
o, o’ -bis[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yl) benzyl]-N-{3-

(methacrylamido)propylamino]-1,4-xylene; and salts or derivatives thereof.

61.  The method of claim 14, wherein the indicator component monomer is selected from the

group consisting of:
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iii) the other nononmer conprises [3-(nethacryl oyl am no)

propyl ]trimethyl amoni um chloride. 58. The nethod of claimb55, wherein the
i ndi cat or conponent nonomer is selected fromthe group consisting of a

| ant hani de chel ate and a pol yaromati c hydrocarbon. 55 3 February 2005 59.
The net hod of claimb55, wherein the indicator conponent nonomer is selected
fromthe group consisting of

9- [ [ N- et hacryl oyl am nopr opyl - N- (0- bor onobenzyl ) am no] - net Q)Hek%rétrth&%ene;

9-[N-(2-b | )-N-[2-(2-peth I h - ©
t h[yl aﬁn- nom{fﬁ-ﬁ?ﬁ%%f{awé@éopﬁﬁ% ﬂgﬁ%ﬁﬁﬁb{@%@-ﬁw&%ﬁ?lwde;
t hyl ami no] yrep Dﬁf?t 1.9 80P b rinan-2-
FN— )(/Z?ngglrﬁbe%%”\%- N [%H?geﬂ%t[hggj(g?/?%b%?gﬁ%%%be%}%ﬁ [3am' no ] nethyl ]
ant hr acene;(nf@tHabkyl 2nidb)pbeilaminbi 4fxylene; and salts or derivatives thereof.

1, 3, 2] di oxabori nan-2-yl ) benzyl]-N-[3-(nethacryl am do )
~propyl am no] net hyl ] -10-[ N-[ 2- (5, 5-dinethyl-[

1, 3, 2¢4o0x abRL Rafo oy I LRERE Y tleredh IR i dicatDy UntBoneht RSN i WEtRPEd from the

no] met hyl ] ant hr acene;
9- [ N- ( 2- borgromgbamzwting OF | 3- ( met hacr yl ami do) - pr opyl am no] net hyl ] - 10-[ N- ( 2- bo

ronobenzyl ) - 2-(2- hydr. et h t hyl am met hyl ] ant hr acene;, .9, 10-bi s
[N-[2-( 5?/ )I%-[f%—krﬁgtgiﬁwfamgégrfpaﬁéi)ﬁﬂglmdﬁ%—gh §1 oxo—ﬁgntl]racenes&(f‘bnalmde;

benzyl ] - N[B! L% PR ' 181 Whfysacene; 9, 10-bis

[ N- ()2/- Lor o%&%ﬁ@l\gj 3-( mﬁyﬂ\é@?%ﬂ%ﬁﬂ%@%ﬁé@“ﬁ&zﬂgﬁg hyl ] ant hr acene;

9- [ N[ 2- ( 5,(Brethanmidmyilie fpiqr¥]a2ido ok dbaytannpandXaits pbdanzytiveskhdr@ef{ 2- met hacr oyl ox
yet hoxy) ethyl am no] nethyl]-10-[ N-[2- (5, 5-di nmet hyl - [

1, 3, 2] di oxabori nan-2-y1) benzyl]-N[2-(2- hydroxyethoxy)-ethyl am no] net hyl

1 ant kpacenge nhd@ndleadNof daip4 DviHerBh el éxkﬁmé’fgﬂlﬂh%?ﬁﬁ%ieﬁﬁ Reletéld From

C
enzyl ] -N-[2-(2- nethacroyl oxyet hoxy) ethylam no] methyl ] anthracene; and
salts or déh¢ gravp vesistingoof 60. The indi cat or macronol ecul e of claim1,

wherei n. t he, itnhdi cat or, conpone r is l ected fromt roup
R T A MERLC L R AT
4- di hydr oxyy, 9 BTN [0X8:52ditRH-PL 8 2R AbBARM-0S1) beRzyl]-N-[3-
2 -bi S[N-[ 5 (5 Bl ey Elﬂ,%?é] i n‘gﬁ’-)z-yﬂi} Derzyl]- N[ 3-
(methacrylamido)propylamino]-1,4-xylene; and salts or derivatives thereof.

64.  The method of claim 48, wherein the excimer forming monomer is selected from the
group consisting of:
N-[3-(methacrylamido)propyl]-3, 4-dihydroxy-9,10-dioxo-2-anthracenesulfonamide;
a, o’ -bis[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yl) benzyl}-N-[3-

© (methacrylamido)propylamino]-1,4-xylene; and salts or derivatives thereof.

65.  The method of claim 55, wherein the indicator component monomer is selected from the
group consisting of:
N-[3-(methacrylamido)propyl]-3, 4-dihydroxy-9,10-dioxo-2-anthracenesulfonamide;
o, o’ -bis[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yl) benzyl]-N-[3-

(methacrylamido)propylamino]-1,4-xylene; and salts or derivatives thereof.

66.  An implantable device for detecting the presence or concentration of an analyte in vivo,

-which comprises the indicator macromolecule of claim 1.
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(et hacryl am do) propyl am no] -1, 4-xyl ene; and salts or derivatives thereof.
61. The nmethod of claim 14, wherein the indicator conponent nononer is
selected fromthe group consisting o 56 3 February 2005 N [3

- (et hacryl am do) propyl ] -3, 4-di hydroxy-9, 10-di oxo- 2-ant hracenesul f onam de
;a, a -bis[N[2-(5,5-dinethyl-[ 1,3, 2]dioxaborina 2-yl) benzyl]-N][3-

(et hacryl am do) propyl am no] -1, 4-xylene; and salts or derivatives thereof.
62. The nmethod of claim 27, wherein the indicator conponent nononer is

sel ected fromthe group consisting of: N-[3 - (nethacrylanlééﬁﬁﬂﬁﬁw 903 3,

4- di hydr oxy-9, 10- di oxo- 2- ant hr acenesul f onam de;

a'-bis [ i - : benzyl]-N-[ 3-

(et ha&é’}r\tll arlrnrli(‘eg1 %@5@% gérélﬂéneoﬁf-ckl% 6x@ %ﬁfe‘%ﬂp&%gﬂ ﬁgﬁegs lu}m derivatives thereof .
63. The macronol ecul e of claim4l, wherein the eXC|ner form ng nononer is

sel ect ed fr m. the oup. cansj sting_of N [3 -(nethacryl am do)propy.l] -3,
4-di h “%1‘”819 gi%le CQ?H ﬁ#e%%%%lpf‘??ﬁ%‘fﬁ Qeoncegiration Ofman analyte m vivo,

2 - bi SN[ 20 k3h ol AR inikatdr SbbloAARAI Sifagafl) benzyl]-N-[3-
(nethacrylanldo)prgpy I am no] - 1, 4- xyl ene; salts or derivatives thereof.
64. The nethod of claim 48, mhereln t he eXC|ner form ng nononer is selected

fromt ou in N- acr | am ropyl] -3,

o, iyl oxy 16 s 86y i i wbiieh MR andel s gotRe Pl -

a' -bis[N[2-(5,5-dimethyl-[1, 3,2]dioxaborinan-2-yl) benzyl]-N[3-

(et hacryl am do) propyl am no] -1, 4-xyl ene; and salts or derivatives thereof.
65. The nethod of claimb55, wherein the indicator conponent nononer is
selected fromthe group consisting of N-[3-(nethacrylam do)propyl]-3,
4-di hydroxy -9, 10-di oxo- 2- ant hracenesul f onam de; a,
a'-bis[N-[2-(5,5-dinethyl-[1,3,2]dioxaborinan- 2-yl) benzyl]-N][3-

(et hacryl am do) propyl am no] -1, 4-xylene ; and salts or derivatives thereof.
66.. An inplantable device for detecting the presence or concentration of
an analyte in vivo, which conprises the indicator nmacronol ecul e of claim
1.
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57 3 February 2005 67. The inpl antabl e device of claim66, wherein the

anal yte is glucose. 68. An inplantable device for detecting the presence or
concentration of an analyte in vivo, which conprises 3tgbridiiogs or
macronol ecul e of claim41. 69. The inplantable device of claim68, wherein
-the analyte is glucose. 58 3 February 2005 Abstract of the D sclosure The
~invention relates to indicator nolecules for detecting the presence or

concentration of an anmalyte in a pedju such as a liquid, and to nethods
for achieving 5 such det%%??%%92%8£§—%%2é¥%%#%§$%$ the invention relates
t o copol ymerhdraiaiwsid ieail @8 L aldingicitdld wIlecdled grfobi ¢ i ndi cat or
conmponent nononers, and_hydrophilic rmonomers, such that the macronol ecul e

is capabﬁ@tﬁFtﬁgg thy ﬁﬁeﬁﬁﬁéﬁugreHQPFﬁﬂﬁéﬁF10%9®f an analyte in

a medium, such as a liquid, and to methods for achieving
5 such detection. More particularly, the invention ielates
to copolymer macromolecules containing relatively
hydrophobic indicator component monomers, and hydrophilic
monomers, such that the macromolecule is capable of use

in an aqueous environment.
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