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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

~methods for achieving 15 sughydet setirgR. ¥PERTRELtI cul arly, the invention
relates to copol yner nacronDFecu es 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 arlngly 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 30 ph&THIMENT RESANRDING eEpERAd.IAt SIPONSOREDE am ne

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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B%SSOEggryary 2005 providing nitrogen atomwhere the nitrogen atomis
intgr t_!n the vicinity of the phenylboronic acid noiety so as to
| thereg§ C;ﬂgégn?Lgcglarly dwnth the boronic acid. SuchFebmgary 2805 on
her ¢ : onpound to emit 5 fluorescence upon sa i
?hggg?g. EE&ESL?O Ihnggﬁgb Stdal.,_g. Am Chem Sog. 117?%2??%882-87
: er, un escribed in exanple 2 of US
5,503,770 (having fornula (6)) is sub [ ™ D vater
_ : rul stantially insoluble in
S practic ‘ ' { water, and as
. ?%OGEBEEQ hegubies iBomhehprestneenbtregenrafethct3ol vent such as

met hanol - . ~ordel to work in a_liqui i EQi
aqueous sdhabpﬁﬁﬂylpsthsgﬁéﬁBltﬁr%g:gﬁgaﬁgéggggﬁ%%%£€f%%9%ﬁg?%it%:gzg in’

an aqueoug eaviLoRpRRt-ackof nexafplecul arviyveithpthebPBPRIC TAGET- 15 there

remains a great need for adapti [ iy Ng
|l cat of SoFor LnderRRaqiobHe B, FRORRENE LS BRTER BUMARY OF THE | VENTI ON

'LQC?S ?Z%ﬁ%@r'%?%ﬁg%ﬁiﬁgﬁ @ﬁ%@ﬂh&@ﬂeiﬁiddiﬁgtedsee a2g0ah- i namest or
_ g e presenc r ngen Eon of a i
an aqueoustermi.r,onfredm. EErd ﬁﬁ%%oﬁgﬂégaﬁesgggﬁgﬁs?%g§g9éopolyge?ngLYtS)In

one or nore indicator i Whi mpd
Zﬁfflcqenﬁpygﬁfgér%Qf%sggﬁﬁﬁﬁgfﬁggggﬁﬁFﬁ'%%I??aﬁggeyﬁdgglgyzgre not
Vi r onnesatfenrt $et@3i T t e Enss ERcaldsA %3ﬁcéﬁth Fonno? 33?3 anal yt e;

iggagf eogﬁngs%x[lé”f:p{lleeng d;‘»gaoéﬂf,i G IONATEY $rastdialhabtthe megrémSSecul e i s
- 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 is 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 the

30 presence -or concentration of said analyte in an agueous

environment.




30 presenCe-or concentration of said analyte in an aqueous envirognent. 2 3
February 2005 In another aspect, the present invention s directed to a
method for the production of an indicator macronol ecul®rF¥YaY&lERt i ng the

presence or concentration of an analyte. in an aqueous environnment, said
nmet hod 5 conprising copolynerizing: a) one or nore indicator conponent

nmononers which individually are not sufficiently water soluble to permt
their use in adnaguethereaspeatpebhefl predehecihgnt hén P§ aSERECE: &4

concentrati,gn of | d al yte; and 10.b) one or nmore hydrophilic nononers;
such that t‘%f%é%%ﬁ?%%gQHhﬁﬁ%hﬁFggﬁFgng egpéﬁlénaF?aHEFecting the presence
or concent metaremcdfeadied fanaldgtectiifgafhadpeedsne8VbE0BERBEnL + &t fHRQt her

aspect, the present .invention is directed, 15 to a nethod for detecting the
prgSence onggﬁtéﬂ¥?Eﬁﬁ%3ﬁn 6f* AAUSRYFyFBVIKRCRMERRp| 82kd\ieghe® aqueous

envi r odmentcompedisd ngetdepd IgmeRizshgg: a) exposing the sanple to an ,
I ndi cat or nacr?nnlecule, sai d cronol ecul e conprising a copolynmer 20 of:

25 i) one or nBfe PH& BAtBPTEoHD EhEOT NBABRARR R WHRIPHARA Whdwdl |y are not
suf fici ent ipddetienadaulire hotpeuFEiciBRtIyURELER SH1RAGNUEOUS Sk {OnMent

for detect} 9.t 8P 8 SR S aRbot e Savt Lahmant “For Serecting the °
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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i1) one or.nore hydrophilic nononers; such that the resulting
macr onol ecul e i s capable of detecting the presence or concentration of
said analyte 30 in an aqueous environnent, and wherei n 3 hebruanyi208bor

. macronol ecul e has a detectable quality that changes in - a
“concentration-dependent manner when sai d macronol ecule is exposed to said

~_analyte; and -3 3 February. 2005 b) neasuring any change in said detectable

quality to thgrely deteny Bayt BRaRKESEACEa9k AQREERLFRLI QflaPirysaid
analyte in said sanple. In another aspect, the present invention provides a

5 macr onol & dthe 5k ¢ e te @Hpwb [t o P regsinsie ioFg canceréirasionepfect, which
conpri ses & GPRUNITRYe Ofy W1 OR@nY1T0r e excimer form ng nononers, the
nol ecul ar constituents of which are capabl e of exhibiting an exciner
ef fect when sdint @bloFheri espegtwi therespeentt énventearhroehedesand b) one or
et oy o eI e S oa it v ent LS Beovi des 15 a
met hod- f ore ffrestiuciwigich memporisiescal eomeilymmeirs ofapabl e of exhibiting an.
oxci mer formm ) monemereOf R, CAREREE CRorfighy MIRELET A 0N ar e capabl ¢
of exhi bi malgculXx: arretditmentesf fodcwhilebn agei cabbpler pénestibiithngespect to
-each OtheEhﬁ%%%fﬂef”g%ﬂng“WH%nogﬁgka%agog?&%hted 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

_4'_




such that the resulting nmacronol ecul e exhibits said exciner effect. 25 In
- yet anot her aspect, the present invention provides a nethod for detecting
t he presence or concentration of an analyte in a sanpl&Fetyaany 2086hod
conpri-sing: a) exposing the sanple to an indicator nacronolecule, said
macr onol ecul e conprising a copolyner 30 of: 1) one or nore indicator
-conmponent nononers, the nolecules of which are capable of exhibiting an

. excinmer effect -4 3 Februah% % 05 whentsgjtaggy orien%e Owith'respect to
“each other, and whi (B} SUHEE aFEBELtSE 4P eEEFRGENE  pr esence or
‘concentration of aramlother,artddwhikhoaeeonlBor eapabee sbnoners; such

~that ‘the resulting rggflec e exhibits said exc%ne#.effe t, and wherein
t he indi cator nacr o "E&HEY ET&ECBECaBre“qUaPI 't y2th8E 2hanges in a

concentration- depergerinaTgfrer ankden said macronol ecule is exposed to 10

sai d anal yte; and b), .neasurin an¥ chagge in said detectable quality to
there%y det er ni ne t He-'pr E8EnC& BPTScGhEERt FAPPBRTSf said analyte in said

sanpl e. BRh RESERIAE Qs tIHy BRAYENCDeth1Ei guhebids2saiiustrate the
em ssion spectra of__ several, indicator magraonol ecul es of tPgﬁﬁﬁesent

i nvent i on CXEE s GTSEE 1| ANEHRGIE LR, thegiPe s=tiehi BESTPRR G tResi s of an

indi cator has a detectable quality 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.




conmponent nononer referred to in Exanple 3. 20 Figure 4 illustrates the
‘nornel i zed fluorescence emssion (I/1o @427 nm) of an indicator as
described in Exanple 5. Figure 5 illustrates the. norn&Felresry 2006or escence
em ssion (I/lo @428 nn) of an indicator as described in 25 Exanple 6.
Figure 6 illustrates the nornmalized fluorescence emssion (I/1o @427 nn)
of an indicator as described in Exanple 6. Figure 7 illustrates the

~absorbance spectra of, ap . 30 indicatar scrd t iRSaymle 7. --5 3
February ZOOSEGWW%SS ?—191 ‘fsu%Earta? etqf%gfsarta%‘l %fo?%t%hg%gbsor bé:'%ce (450

nni 530 nn) 486 an/br0i gal osf asn disdi chienr i as Beagptidoad DEEAAMED DESCRI PTI ON
OF THE INyENTICN I n one aspect, the present invention provides a way to

- utilize, n an aqueous environnent, indicator conponents which by

t hensel ves are insoluble or sparingly soluble in an agueous environnent.

hich 10 are surti CFOALA Ty APSB R s aEn Chat "¢ KATEBNLI ting i ndi cator
- macr ool ecul erh Sorsdifddd @t | yhdyshreaphit iimveomsrcal Ip=oigses @ owar cone t he
hydpophoch contribut@on of the indicg%or conponqgt ners. Suitable'
i ndi cator tRoHpeheAts TRcPAARIMAALEaTOY T IEHB ectl € Which are insol ubl e or
spari ngl ycspbohbatsnwhieheby BhemubDses anad yiesdbulate | @astpaparg kgl y
.S‘Ol Ub-l el golylvgg.grinsgrllt Qgﬁgoggaéxxtrf?oﬁ:?&'lé‘fje %C%Ofﬁdiééygéé)sfr@,nd
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




ot her vicinal diols; a-hydroxy acids; (3-keto acids; oxygen; carbon

di oxi de; various ions such as zinc, 20 potassium hydrogen (pH

measur enent), carbonate, toxins, minerals, hornones, &icebruaryiOlb be
appreciated that wthin the scope of 'indicator conmponent nononer as used
herein are included m xtures of two or nore individual nononers (at |east
one of which is not sufficiently 25 soluble to function adequately in an

aqueous enyi Qﬂﬂy )s ' : idncQrpar: i.n cronol ecul es of
t he pr eseﬁigl nven‘:‘EEl‘I olnl} V@L}'rrflgc}ﬁlo ngI dc’jin%lp% |l%%?grd}1 ths/g%gguc ‘i ndi cator
conponent 026 Kkrfolth. £ Hord dearmhl 6,1,t L& 9%Contpodngsbdéphetiedsi BCT. S. Pat ent

5,503, 770 ef.ul r .ect ing ri des.such as_gl ucose; but
are spari nIg ye]%{(’)&iecu%%egjt &épﬁ'sloﬁ%%‘l%gl :Wrial) v%??g(ré%& gr SSP%%EL% J:o#‘%lf ndi cat ors

i ncl ude t HeP 9%t hiamadgpo s dthesed nFelyr varfy r20ab ; dpstiyasedat hccopendi ng

U S pli 1on .serial : 265,.979.filed _March 11, . 1999 (and published
nspet P Rkl ¢ A5 itélaetqi%{)r?e\ﬂbvé‘ 158800t &0 E3b S 16,  1999),

i'ncor por ataicsdierseich ihy gcefparetiog; apolljasaiahi SebihydNocad BonsS4 apt7t heir

" derivatives;, t i ndi cat.or i scl.osed.i.n_co-pepdin l'i cation

‘Serial . No.etslt}ﬁgaﬁnif‘fy f5|O’I éo?oﬂar?ﬁl r?pg}lfégioﬁngeﬁbgﬁlggti on Serial No.

60/ 269, 88B X146 sRsbrilidrad XEbr2@@Y, 2het BoOf, wbbeh ofessitie i ndicators
havi ng twg, recagni t.ion el.enents 10 capable of discrininating between

gl ucose aﬁf%QﬁlrﬁeﬁqdafaQ%$@ S%an?ﬁasISFOﬁpa%ﬁg?o%LéTe%ﬁ . The indi cator
conpagent sapfakillze off edenir imiventhgnbebivkbnggnatabéyahaven ettt eLiqbl e

qual ity that changes i.n. a cqgncentration-dependent manner when the .
nacronoleeﬁ%EA@ i§£E§5%§§6%F81gﬁ508ﬁﬁky?écto be neasured. Many such

: 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 %he fluorophore and gquencher 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




qualities are known and may be used in the present invention. For exanple,
the indicator may include a |um nescent (fluorescent or phosphorescent) or
‘chem | um nescent noi ety, an absorbance based noiety, etdFel@0ait80bndi cat or
may include an energy donor noiety and an energy acceptor noiety, each
spaced such that there is a detectable change when the macronol ecul e :
interacts with the analyte. The indicator may. include a fluorophore and
a quencher, configured such that the fluorophore.is §5~8§§Qghed by the
quencher V‘he%éﬁ%%{]@éyﬂcﬂzé& iabserftf i clenth REOSATGEYi 68, “Whén the analyte is
1 ndi

. . ue . . . .
present, the cator undergoes a. fi ghaljeoRancepange whi ch causes
t he quenchguenchimye siifd i‘iqrbt%tqwragﬁls%%%r}t frao%et he .flu

] rophare;$9 that
flUorescegggg.fﬁﬁéﬁtiﬁqmoﬁbnﬂﬂﬁﬂﬂlWJI3@”%ﬁ§“h¥ﬁb@@§ﬁ&F8%é§§ %%eﬁcher may be
configure uch that. in the absenc fe angjoit,e.erdfieyeare sufficiently
“separ at ed wad @ﬁé’iﬂu&%‘ph%‘rmeecg %r%uafeﬁ)ﬁosr'escence; upon.interaction with the
anal yte, the fluorgphorenpamytds B, Febrarmyr 2005 & are moved in
_suffic%ent g?OX|n1ty to cause quenching. The configurational change _
concept isreflesencbed in nore detail in co-pending application Serial No.

09/ 754, . 219, fé#ﬁgr\](gé‘ly@éﬁ/a@le 2 t et | AN BT 0f Anal ytes *,
heréin by r

i ncor por at ed reference. O her Ci bbead®idtinesainclude those
whose fl ugnesecescencs aﬁfé@f%ﬂt39 3%a?§?g§#%teractio Qhotoinduced

nvia
electron tr n%ggtrﬁld%rceidnggggitygnettaﬁhﬁer1OrTh@@’éC’H'-1‘é€F u%%f‘?(ﬁ% 1 ant hani de c

hel ates di & i'n copending U.S, Apghigg&kgnd§§61@éedhbm.09/265,979
i i de the lanthanide e
filedyg These include .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

i ' bance
Another class of moieties inciude those whose absor

. . as or
spectrum changes upon interaction of the indicat

: i i i ' c.
compound with the analyte, including Alizarin Red, et
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

' ent
"domain or frequency domain measurement) ., fluoresc

i i ‘ion; a
intensity, fluorescent anisotropy or polarization;

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

i i domain
30 . time-resolved anisotropy decay (determlned by time do

or frequency domain measurement), etc.

_ o .
guitable hydrophilic monomers should be sufficiently

bic
hydrophilic so as to overcome the sum of the hydropho

-8~




March 11, 1999 (and published as PCT International Application WO 99/46600
on Septenber 16, 1999), incorporated herein by reference; polyaromatic
BODI PY(r) ' 15 hydrocarbons and their derivatives; couhBsbroary 2085; d
ansyl; c atechols; etc. (Mdlecular Probes, Eugene, Another class of

-noi eties include those whose absorbance spectrum changes upon interaction
of the indicator Alizarin Red, etc. conpound wth the anal yte, .i ncludi ng

20 Another class of noieties include those whose roximty effects, e.g.
f 1 uor esceri®eliica tpsd FORPORER FOBREBRGY +dSHGH/ EgéEpFéﬁ 58?}1?3%8 h as dangyll

dansyl, -et;¢q; Breferaklbmotikedet egt ablbapauabirt fuhstaodehgcinbka opti cal
or spectral change, such as chan%gs‘ln absorptive 25 characteristics (e.g.,
absor pt i viagpecasd eovigpagendl-  Hitnwiddebsr FeALd LBy 2PPAESD h%?? %in

fluorescent, gdecay d@RRiF @ drBRYANEY ridpRie? sTRESUEANEED] & fbyonescent
I ntensity, uorescent ani Sotropy or polarization; a gﬁectral shift of the

?gifsbop sipe dthreupre sen¢hdingenitd 080 t iFp&- e&SBP8d &R 58P Bpy decay
.determn frds i roafr '
(deter m n é#%;al;fﬁrﬁcd%o&ex% i ARN G AR AR ASH] enent ), etc. .

_ I'c mononers should be sufficiently hydrgophilic so as to
over come tiedhsumydfatidse mpdhesriodilce 2gig, FéBpeihylogos1rRdPBat or conponent

'PﬁﬂggfgﬁiggﬂﬁﬁkéJyﬁhyﬁgs %ﬁ§f¥§é§@hafﬂ&@s§ab%ﬁy%ﬁﬁﬁ@@?|96@&§mﬁﬁocapab|e of
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-




aqueous environnment. It wll be readily apparent that a w de variety of
‘hydrophilic nononmers are suitable for use 5 in the present invention. For
exanpl e, suitable - hydrophilic nmonomers include nethacryFabiudgs2005

et hacryl ates, nethacrylic acid, dinmethylacrylamde, TMAMA, vinyls,

pol ysacchari des, pol yani des, polyam no acids, hydrophilic silanes or
'sil oxanes, etc., as well as 10 m xtures of two or nore different npnoners.
Sui t-abl e hydrophilic nononers for_a _given_ application w.ll v ccordi ng
to a nunber of ?%c?%?s?p?ﬁ%%ﬁ‘ai ﬁﬁacF%’PEﬁd% t P T U E oijnoﬁjg éthlaeon, -
‘salinity, pH pEesencproandtj dendi tynobast herbesadataslistond bystarengtth, etc.
it 15 would be_re&dil aggaiﬁnt that the degree of hydrophilicity of the
~indicator macrofbftlat¥ c¢&h~be increased by adding additional functional
- constituents such Bs &DIS K& gpprecidfanailmt qiar tiewdyutan ne, car boxyl,
etc.), polar noieties ie. , _hydroxyl, 20 sul fhydryl, am nes, carbhonyl,
‘ani des, etc?), RAFHERA ?C‘g?{‘ésl %gvxﬂg BESADPDY e’c‘?‘é?lb%qrhﬂax ﬁ’éjvr?olaé’ry rati o of
gydr og_hl lic mﬂ@@@iré_@f eﬁdeﬁalt@f ﬁ@ﬂ@.@ngﬁ]aum@m&gef rﬁa:%fr asgemp Wi ,dedhe
.dependi ng on the specific a ication 25 _desired. Preferr %iratlos of
nydropl i 1i o moHeRBFEFAB BAF6PRCLRpRHBNTE RFBRIS ang'd oM HBILE 2 VE % o
about 1000: 1, nmpseupief erabiyifrensaboving: in tagednid Slldtionthe dmdineat or
‘macr onol ecul es of the present |nvention 30 gﬁg eneral“y be, synt hesi zed by
“sinply copol ymeptbeRghapd. | eadtcaher | Hareat _ ﬁ%ﬂlaﬁﬁﬁﬁﬁér th at
| east one 1dydrophibi&, "EREMBYdr &Phi TUA RO SN | HEMA OfhyehRdisid Oyl (ti ne,
t enperature, catalyst, etc.} w il vary accordlqg )
. ' 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 permeable to the analyte to allow
suitable interaction between the analyte and the
indicator components in the macromolecule.
25 Many uses exist for the indicator macromolecules of
 the present invention, including uses as indicators in
- the fields of energy, medicine and agriculture. For
example, the indicator macromolecules can be used as
indicator molecules for detecting sub-levels or supra-
30 levels of glucose in blood, tissues, urine, etc., thus
providing valuable information for diagnosing or
monitoring such diseases as diabetes and adrenal

~ insufficiency. Medical/pharmaceutical production of

-10-




-9 3 February 2005 to the specific reactants and the application of the
final product, and can easily be established by one of ordinary skill. It
wi I'l be appreciated that the indicator 5 macronol ecul es3 &ébiuhs 2006sent
invention may have any desired extent of water solubility. For exanple,
the indicator macronol ecul e of Exanples 1 and.2 below is very soluble,

. .readily dissolving in aqueous solution. On the other hand, indicator

macr onol ec%i@@w@nf@f Nhigan f Ofie Abb&x@i P Hp 1t e e oY iire smononer  HEVA
(hydroxyethyl . nethacryl ate) or_other commobn hydrogel constituents, can be
non- sol ublBOREEORRT P | FRETPe- sol ubl e i ndi cator nacronol ecul es may be

~used directlyddy sQjputdmen ﬂrfes%fhtdqsi\r_re%@;iog‘ihhﬁg‘i‘tieﬁﬁ.tﬁﬁ?gdinciéd%f the
desired application so requires, the indicator nacronol ecul e may be

i mobi | | zéR TP As B HecHam Analshea fuanEs cduaosst 1or ionic _
attachyents b SACTaP At A0 Al N BRSOl UBLESULT grecor matr i x
such as | ass, plastic, polyneric materials, etc. Wen the i ndi cat or
macr onol e €aEeianklnappadl tgned nin forl tdeadplhervestodesd spehrgnéer t he

entrappi NGy e{i gl IRferalyncshal qsiil?leev\égfatpie%i.emhlsy R%rcgggbth.%et o the

‘anal yte to allow suitable interaction bet n“the anal yte an
i ndi cat or WyhpErEnhteRanaie mEsrnTolasulce, 228 Meegstioek éxi st for the

i ndi cat or rdyBRAAMEY el ES, Qf e (. isan, A.ncludi uses as
indicators in the 1fi elggl? ofsse%lsl;'r ﬁ%& érflo%\é%gﬁl:l&%gg;?guwg?{égm%r
exanple, tdeRdhndi dgast nade owitandl ds dapolrsansednapowendadabbolnol ecul es

for det ectNgnRHRdEVelR Ut W% ing 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

-11-




.3gitggfgsig; gl ucose in blood, tissues, urine; etc., thus providi
val havl € ando;g?éhgr ff;sd;?gn95|ng or nonitoring éuch di seases agg
‘ uf ficiency. Medical/ph B E i
di abet es | phar maceut3 Eabrupry2o6
-nDnTtoriﬁgrgﬁaycgg?? ?Iucose for human therapeutic applica;rgn reqL:?QSOf
momtaring and co Io . Uses for the present invention in agricuItUre
g levels of an anal yte such as glucose in 5 soybeans and

‘other agricultural products. G ' 2185 tdrlat emeniatso e
her [ . ucose ; o8y i i
critical harvesicdeessfofgnfot> %ﬁ%hahlg%tbaJug proddt?; %: i_ne ;12 es. As
[ : S.
P Ter rent

gl ucose is e i '
g%g oBBsh eypeasi (bunedbon Ebor £@2 hn P ¥ 84T erment ati on

processes, cose nonitorin i eaGi
H . - I i ! ‘ i
i nportant in powérSal BdRERT %’r%ﬁt’cf%’n. Eea%%gsocgl m x%yn Off:ﬁ’ghlfg?l?rsg?ng; of s

gl ucose concigéé?PbggtaHSﬁekéiﬁrbyicaferQHQQalﬁ?ﬁcéhm Fd1 during

. n

the i ndi cat or .nagronplecuies niveaatpar ake bef hasreseedt™ ¢ tat

; - lF

exanpl e, - iRy ' 3 g
npl e, theoga%%gﬁnggg;gﬁlgfcbﬁ@ounwennlanlgaﬁlﬁemﬁgéﬂm-in Fuorescent

sensi ng devi C€s US Pate
& _ ( ., U S nt No. 3 r oga
pol yneric namemsﬂng(ﬂerQQu9°m§EB§FFaPe%gggéédaé§%ggtO%aaefe?gfaeﬁiﬁgl

npectg e sy et 26 Bl e, gl ucose
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

25 _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

photodetector are configured such that at least a portion

-12-




determining pHwth a strip of litnus paper. The nmacronol ecul es descri bed
herein may also be utilized as sinple reagents with standard benchtop
anal ytical instrunentation such.as spectrofl uoroneterdFesrualyiaoogsal 30
anal yzers as made by Shimadzu, Hitachi, Jasco, Beckman and others. These
nol ecul es woul d al so provide anal yte specific chem cal/optical signal
transduction for fiber -11 3 February 2005 optic-based sensors and

anal yti calof | 4195 OfiBi &F Ss cearfcdbgdel t 10 aseah Ol atBunediecultkar i da), or
Oiel Optics. U S Patent 5,517,313, the disclosure_of which is
i ncor por at @2 HHPHUMLRE: OTfe IGNGFEL 10T 3N GdLESELRES sensi ng devi ce

~in which tdiggrec rimdieCld esndiattile: RIeser donvenkiraR ieAnokecnsed to
determ ne the presence or_concentration of an analyte such as .glucose or
ot her ci s-&i®IYonduhe iR UCISGuild FE grrrrvadisgnsiefdudevi ce conprises a

layered array 1of RdJdJARHRICeREn18chaY 6BLA5 LR SAHLEIRORESI PARY MALri X

(hereafter "fluorescent matrix"), a high-pass filter and a photodetector.
In this dédiny e igHicvacaacyamstlecatiop #f gkt perBeprEng di ode ("LED"),
| s | ocal ed Rlerl@8, RAUdiAld \aedildUn e Ll edkatafeherfag, sof 1h a 12
wavegui de upon which the 1ndicator. matrix i s disposed, such that incident
| i ght fromatsay iNgg- sodlde &dus s XHe 605ndindadep 2dwBedul @81t o fl uoresce.

The hi gh- pass, fdd8feq #HdRWs ¢ I.ght to reach the photodetector,
while. filteri r]%ﬂg oute scatter egﬁ;: nc?%glr?tng::%i'ght fromthe light. 20 source.

The fPuor escefibe wRcrraolaghdasopinbhecpresenhpioyentiom cdre albsd ce
describedﬂenugeéri?@%ﬁpgﬂ@i%%%a%ﬁé B%vice, 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 propqrtional 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-




nodul ated, e.g.; attenuated or enhanced, by the local presence of an
anal yte such as glucose or other cis-diol 25 conpound. In the sensor
described in U S. Patent 5,517,313, the material whichgEgstialyoshe
-indicator nolecule is perneable to the analyte. Thus, the anal yte can
diffuse into the material fromthe surrounding test nedium 30 thereby
affecting the fluorescence emtted by the indicator nolecules. The |ight

-source, indicator nolecule-containing material, ,-high-pass filter and
phot odet eckdF 0¥ SInFFHUFEPEIRD ATHRY ati 1EaH Y FIAEFSSPES3 Febr uary

2005 of thesddaofescencepmddiad Ry ddheiddiigatioie ramlsecyhes 1ddmact s the

~ phot odetector, generating an electrical” signal which is indicative of the
concent r atf Y- FILEHeLOmRA yihe (a1dcatrucesbrnenty v ter V&g medium 5
I n accor dangga i dde Ot hais pessife enbodigrit S J@n X9 thhe sigadiggat or
macr onol ecul es_ of” the present 'invention, sensing devices also are

descrited e UslicaaemomgsgieTs, @0 paELt 5he ntdds zahdon, of94, 351, all

i ncor por atgdh L1 1 RYr J &J£T8N0% 1) lm%r@rm@@eh%quk&%cﬂf ihhe present

]
invention can also "be used in an inplantable device, for exanple to
cont i nuoustan raxfiatory diedund yahe inespopsy Sdde &F Bheosragrompilesiydegl ucose

 Patent Appl] cat on TESE (B U RS LU [T ea ShagUet 26, . 1060, 55 wel |
as- U S. Paihdiemosit 3:a883608,t 6,062 dhean@x610c119840%al | i ncorporat ed
herehq by Jgfarancs: e <RI el @8k aH1S RLeseat chavention have

| 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
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~uni que advant ages. For exanpl e, absorbance of a sanple 20 is directly
proportional to both the concentration of the absorber and the sanple path-
| ength. Thus, in an absorbance-based assay, it is appage@sbriaRatogsor a
given |evel of absorbance, the sanple path length may be greatly reduced
if the absorber concentration is. greatly 25 increased. That desirable
increase in concentration may be acconplished by decreasing the ratio of

the hydrophilic nmononer:indicator component no&gg;r. In effect, the
present i nvent FoRh PFOHE e FI TRASH ST oG ST SO eRTEN *hSfe absor ber

conmponent At e] & Iedi i 4 eth SPaGE r tdef@plidigr edgiueg ulree waleer Rance per
unit thickness. Thus the present-invention additiqgnally use of

|
nuch snal [¥Regi FeEake e rfeiary RS facc -ll?&ééd“kﬁ’g§ y eS1t will

al so be apparsmd $Pdnedd Th RERdRIh A0 fralguaay 19pt ekl ¥wlased assay,
including fluorescence based assays, the ability to greatly _increase the

‘| ocal 5 contkhreatbrPigad D i hoiduitictt sigdndhe 16T FeFStEehefdrudgdvant ages.

For exanpl &,e @ Dohel JOGaef AEENT I 8td,0k10for2 sag i pdiagat-or conponent can
permt the utili'zation of thinner |ayers of indicator macronol ecul e, which

inturn cIWPEeHt |y FRaNARt e s st iglde oBH SERETNREFYAS| ecule  to the
presence ofe CONGRNMEALHAN Hcddie ANAEE o FUlkt hevellchgt@ndresult in a

hi gher extinction of 10 excitation Iight, which can desirably reduce the
i nci dence BibsARDIa UG dstesic NGy Wdyad e PariessuéPe¢iCéns or

| Ehysi @ 00ipgd o SOl U i Q0S, t!:cgrfde%@:?uc% PRRR AR KRG Whth a fluorescence
ased nacronol ecul e, non absorbed excitation I ght can interact with, e. g.,
NADH, configurations are known as excimers. As used herein, an
excimer effect iefers 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
anthracene is known td 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+
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15 tryptophan, tyrosine, etc. which may be. present in tissue or

-physi ol.ogical solutions resulting in undesirable interfering fluorescent
em ssion fromthose noieties. Having a high |ocal concgprebabiyanosf

- indi cator conponent wth high absorption can reduce that undesired 20
interfering em ssion. Additionally, when utilizing an absorbance-based
macr onol ecul e in tissue or physiological solutions, it is desirable to

reduce the anount of the_ souyrce radiatjon that_j &d 4 potentially
varying avoeresesy dofgenedPs™n aPFdlndi %et?éé%éﬁ%%§§$uid, 25 such as

‘bilirubin, e g, hanekenetriBavidsgsanbt ghebacad beontent $ Br¢dNCRP. i ndi cat or
conponent W th high absorption can reduce thatﬁunggé££gglggfﬁgt. As a
further aspedtansie DieEvgess BARIARYSREFORS 7 RAE"I bedh di scovered t hat

certai n mgroml 6 U%ﬂ%nﬁthQiEo&@me@Ob@&Qbﬁﬁé eitieet . tBynwaglwpldackgr ound,
when two planar nol ecules with aromatic structure (such as is common with
f | uor Gphorasicearteraddmreerity 8 &d SPEC&poi nt where their pi el ectron orbital

| obes may Ovegh§gﬁﬁgihsi napgengengbéh Ofoudd thatebrhmregx@00s: can then occur
for sone speci€s ere-t

e resonance from over]ap results. i hybri d.
(coupl et) emﬂaﬂﬂqnw;aMﬁQﬂ11ﬁsnC@néﬁ§V°P§%3?aBPngﬁgg§§a%?egnéggg% two pl anar
nol ecul es _bec Jient ediv N A 1eaRlLARAKCeBf hYLrathen bskectaoos slices of

_ qr ;
bread on & ¥Kndwi ch Wi t'h their el ectron cl ouds oveg%ﬁggkpg bet ween t hem
éf 8 -em ssion occurs

For fl uor esoeyyicanamnalspesi esuch @fafctEfFithctl

rel ative to the uncoupled; speci g at wavwekenghb presenbsindicatby | ower
-_energﬂJ t har'} eemparerft aspe??gs. 10 Mol ecul es abl.e tg formdsggh favorabl e
resonant macromolecules may serve as both an indicator an .

internal reference. For example, an ideal referencing
-scheme is one where the emission intensity at an
indicator wavelength (i.é., the wa&elength inflqenced by
15 ihe analyte) is divided optically using select bandpass
filters, by the eﬁission intensity at the excimer
wavelength. The resultant value corrects for interfering
- factérs which affect fluorescent emission properties,
such as fluorescent quénching by, €.g., oxXygen, drift and
20 erfor in pH, power factors and drift affecting LED
intensity, ambient témperature excursions, etc.
It will behreadily_appfeciated that the
macromolecules of the preéenf invention which exhibit an
excimér'effect will be useful in both agueous and non-
25- agqueous environments. Consequently, those
macromolecules, as well as the component monomers
(excimér-forming and other monomer), may range from
hYdrophilic 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
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configurations are known as exciners. As used herein, an exciner effect
refers to the resulting characteristic |onger wavelength em ssion from
exci ners. Some exanpl es of typical exciner-formng pol yaFebmabuiy200$5

*. hydrocarbons include anthracene and pyrene. There are -many others. An

exanple is the anthracene derivative (boronate included), the indicator
conmponent used in Exanples 1 and 2 of .the present application. Although
ant hr aceneusedkaowact Dy f QA NEEXGEIEE S P Uid OffamdBiel iXbdnest be able to

- concentrate the nolecule to sufficiently igh levels to observe. any

" exci.mer ch3f3ctErPed| #PP¥R- case of the anthracene derivative of Exanples 1

~and 2, the noiRsuhLotdnd NSQIIEY & f Rheatesand insdhfiieheBhhypesol uble in a
.sol vent such as nethanol to observe excinmer 25 characteristics. In the
present exRhPPeEed e PeraPrdeSkebiREn dthoomiof HiHd At Madewdiederi vati ve

. MONONEY - WagmohRE SASELHE i BE QRO 10 Mid thd Nedwidrpphidyt /mre®Ry, in the
copol yner from 500:1, 400:1, 200:1, 100:1, 50:1, 25:1, 15:1 and then 5:1.
Al have tRCRamtHEs cddt FRAFPRIES 30LIHI Ukingh rgatipmmeshapiément hr acene

derivati vesexeerirdtcorsist it Qui th HIRE LIS Yrorddgaly appears. This
green emssion is that of an exciner hybrid and the em ssion has been

shi fted dA®TGeIRPDYRP¥ oxi mately 100+ -15 3 February 2005 nanoneters
(-515-570 nm green). The concentration of the overall solution does not
need to be high since the distance between planar species is being
controlled by placenent along theEpammberl backbone rather than soluble 5

concap ratd,on ylbdi SRAC e I Pl dbh 35 D580 haHAG S hat the
excl mer 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
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em ssion region is not responsive to changes in analyte concentration, but
is responsive to all other aspects of the system anal yzed, such as
excitation intensity, 10 tenperature, and pH As a resud Februf§ Jo08sent

i ndi cator macronol ecul es may serve as both an indicator and an internal
reference. For exanple, an ideal referencing schene is one where the

em ssion intensity at an indicator wavelength (i.e., the wavel ength

i nfluenced by 15 the analyte). is divided optically usin el ec H ndpass
filters, by thes%%%gsio%Lénﬁ%%%%?%'%ﬁlkhé%e9csﬁe#MeQE6%$ tﬁ.af g, 8

resul tant val uesgRgr&ctsotor interfering factors which affect fluorescent
em.ssion properties, such as fluorescent quenching by, e.g., oxygen, drift
and 20 error in pH, power factors and. drift affecting LED intensity,

anbi ent tenpera?yieTﬁgcyﬂ§§Qns, etc. It. will be readily appreciated that
the macronol ecul'es of the present invention which exhibit an excimner

effect will be usefif 3 rrlRath seduwdded @fdNndd-apsnanaeBys) envi ronnents.
Consequent ly, trE@éﬁaSPﬁ}&HPcﬁ@%&égc}ﬂ%ﬂ%é @bl i, CATHENRRLIEDNITCES)
~(excimer-form ng and other non r), may range from hydrophilic to
hydr ophobi ¢, deprehdi ngraperef hienhiids traad MEGSh| imedhiydetheg Avdsoawhaanehe
exci er macr oo £oyl £5; o, the ALRSE JINANt (N @ sed ot galohect uL e
presence or concentration of an anal yte, the nmacronol ecule be -16 3
February 2005 ub¥@ mlh) estiyring siol @ dree-wia teay De&hi. mdbNeaGRd NagiCos
- descri bed above,, dhg "ReE D! &Y 48, Yn B RIEGSSRLiekYENET ABuGaAdnkes
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
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prepared by persons skilled in the art wthout an undue 5 anount of
experinentation using readily known reacti on nechani sns and reagents,

i ncl udi ng reaction nechani sns which are consi stent mnt$pémﬁagqm@5a

" procedures- described below. Exanple 1 10 a) Preparation

met hat ol am nor pyl anmi no) nethyllanthracene (A) One-Phase To a suspensi on
of N-(3-am nopropyl) nethacrylanide hydr ochl ori de (Pol ysci ences, #21200)
(11.82 g, 0.066 15 eq a trace of 2, 6 di -t
but yI - 4- mEtHiH e‘nol f(?ar?&)l )“’@ﬁl gl EFnFeé’g‘otﬁE‘?eragPF?DEﬁﬁ &

i ce-wat er haatds. dilsopropyl et hyl ani ne (25 m_ 18.55 g. 0.144 rmle 6 5

" eq) was added n 20 mn S. ture was al | to warmup to
SN e A 5 AT R RU R R P DR
of 9- Ch|OQMﬂﬁkﬂﬁiaﬁhhh%C&@Qe(5x@rgct@d0%2tﬁ0h@khyl6n@hbﬁl@f@ﬁél(100 )

was a ded g‘&opwl se ,ov 1 hour . SC for 1 hour, 50C for

12. ho Fﬁ@ﬁnﬂét FL WS&PSCO l?ﬁ %%8 o¥gE Wastid with water (60
m. X 4) &@@arbm@da@%@owael@b@&eﬁ@Sw@ét&aﬁbeadwwahhneéaub@ae chloride. .The
organi-c | ayers separated, and the pre sure at _40C. 30 chromat ogr aphed on
met hyl enepEﬁlsc?Hr&e%rzg’ Eonbihgaseniraalidef4- RB2BOMES shsRnt was removed

'Under_red@ﬁ%@matB@Qa@h@@Goﬁabeﬂh@b was HRen 2-5% methanol in
' | 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, CH4OH, 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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silica gel with 2-5% nmethanol in to give 2.44 g (33.40) of product as a -17

3 February 2005 solid. TLC (silica gel) : Rf 0.39 (MeOH /CH2C12 = 1/9), a-

single spot. (B) Two-Phase To a clear solution of N (3-apkmeR ) 5

nmet hacryl am de hydrochloride (788 ng, 4.41 nmmole, 10 eq) and a trace of

i nhi bitor MEHQ (nethyl ether hydroquinone) (2 ng) in a mxture of wat er (30 :

m.) and tetrahydrofuran (30 nL) stirring in an ice-water bath. A

Na2CQO3/ NaHCO3 - buffer (66 nL, 0.2 M pH 10) was added in 1 hour and a 10

sol utioon of 9-chl or ibt byt PEOFeBerRS (LOTe PP Lo 50 BRSIPEES n chi or of or m

(100 m) was aéQﬁ%%gﬁer%chQHiﬁtlth wassphyni at 1@8G f oFod: hourgo and then

55C for 12 hours anic | ayer was separat ed, washed with vvater (50

n. x 4), and thé%éueéﬁslba&éré werd axirmeled wREHPS 15F MsfdRARIHEl ikl ori de.

The organic | ay dried over Na2SO4 , separated, and the

-.sol vent was rerrglgﬁa}{yS Ea égggd pressure at 45C. The crude material (270
-ng) was then chromat ographed on silica gel with 10-20% nethanol in

~ net hyl ene c?l or solid TLC
(silica gel F ' gre Pr epar ati on of

9- Nne ac la |am rm}pesayd>d1N=amomwﬁrﬂb@rﬁylc)rmmmmﬂnﬂh]eaﬁv@hﬂa@@de To a

solution of the uct..obtained in s

mol e) and a tragg gf Pﬁﬁ?%%?ﬁrmw(@% Buf% %}c 18%4(% I%Wl%dg

stirring in an waeiowat ebnbahhraﬂlﬁv%s(ﬂmsb@wmdyébmWIyirarﬁiateDes(Zl &aﬁig?, 3.84

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

-0




nm., 0.022 nole,

3.0 eq) was added by portions in 10 mnutes, and then a

-sol ution of 2,2-dinethyl propane-1,3 30 diyl[o-(brononethyl)phenyl]boronate

(2.492 g, 0.008
3 February 2005
hours.. The m xt

- were extracted

dried over Na2

- pressure at 25C. The sem -solid (4.75 @)

silica gel with

of product as a

gel) : Rf.0.36

CH3OH, and C2HS

wat er - sol ubl e-
met hacryl oykam
solution: To-a
(100% 1.5 nl),
chloride (2.0

(azobi si sobut yl
iFnitiator were

nitrogen and th

81 nole,
m nut es. .
ure was washed with water,
wi th nmet hyl ene chl ori de.
SO41 separated and the s

The reaction was run at room tenperature for 20

separated and the

nt was renoved with reduced
‘%H%n chr omat ogr aphed on

et

1.2 eq) in chloroform (15 n.) 3wshragddemosn 30 _18_

aqueous | ayers
5 The organic | ayers were conbi ned,

596nethano| In or %
%6 ggtlﬁ gell T& EPaIPFn @9/@3 13/3 %?é 3¥L%g(?ﬁllca
=1/9 Tsol ubl e i g CHC13, THF,
imted sol ubil E"gcroﬁlo SE1AAd et hoF‘acng EFRL&t i on pf
ropol vieric sol utiohd™8f )15 MAPTAC andi _ ‘
ngpropyl - N- (o boronphegavl) am nol met hyhl aat hracene (50:1
:nl uf H oh—od 1‘ hn faaala¥ ¥ _' _ _ i ’]Ol
MAPTAC [ 3 (nethacrynoybanino)propyl] ainethylannnnium
'4U me,— 1.0 g, 454 ] O—eq)—amd—ar_ AT 3N
IfPtrile) ethanolitblsdPution (0.183 M 1078 nl) as radica
pdded, a cl ear sol ufLop,was obt ai ned. s saturated Wth
bggﬁeatnd t o 70C. 10 2'8%nnr1 and kept E? % Cfor 80 mnutkes,

and a viscous 25 liquid was obtained.

10

15

20

‘to changes in glucose concentration

25

Example 2

This example demonstrates a surprising and useful
excimer effect present in connection wiﬁh 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
concentrations of glucose (0 mM, 30 mM and 60 mM)
Also shown in the shaded

after
excitement by light at 365 nm.
region of Figure 1 is the emission of the non-excimer
25:1 indicator macromolecule from Example 1. The excimer
emission region shows an "isosbestic region" rather than
an isosbestic point. It can be seen from Figure 1 that
the excimer emission region (the reglon where the 0 mM
30 mM and 60 mM glucose lines overlap) is not responsive
(just like an
isosbestic point). The excimer;emission_region begins
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

30

intensity, temperature, and pH. Therefore, an ideal

referencing scheme‘is one where the amplitude or signal

‘.Value at 415 nm is divided eleétronically by the

amplitude or'signal value at 515 nm or another wavelength

-21-




The liquid obtained was. treated with water (26 nL) and filtered through a
mcrofilter (0.45 um to give a clear solution. After dialysis through a -
~cellulose acetate nenbrane (MACO 3500) with water 5 L XFébruadyt2008s 30
concentrated with polyethylene glycol (MV20 K) to.a clear solution (34.54
g). Concentration: 24.0 ng solid in 1.0 g solution, total solid 829 ng,
yield 79.5% -19 3 February 2005 Sinmilar procedures were applied to prepare
copol yner icx ﬁaﬂgﬁlaﬂuwaﬂélﬁﬁchs 43@hin 286: éxciférlemiSHiod, 25:1, 15:1,

and 5:1 nDI I ratlos f hydro ndi cat or ucose
Modul at i ort GF-B: f‘an% ¥fSE§t60| n?E%eTHei%Déﬁlﬁ?Fﬁﬁcg?é %% Tf1 uor escence
of the 50:dkrifitd an2b el riordiiaapdr pawemnﬁbecukesahd gkﬂﬁbs&fﬁetﬂin@ns havi ng
vari ous c entratians |swgg%g@ ge ow in Table 2. Tabl 1 shows the

resul ts udtirg ‘RS FiifPer & ﬁE‘BﬁFF‘EPFSnEXf%sWﬁi ahgd- 25%%Frr1) of

the 25:1 iisndica@ihet rakedobellequl e of this exanple with four different
gl ucose concentrations. Table 2 shows the results using two different
concentrations (10 ng/m and 20 ng/nm) of the 50:1 indicator nmacronol ecul e

of this 1DetneamRire thichhofoRkcilthtebANEngblS06Q, COAREEESBEFONSnd!PH bOt h

Tables, I/1o 'is the ratio of the emtted intensities at 420 nm after and
before.ex&@géﬁéiﬁeﬂglucose (365 nm excitation). Table 1 20 25 d ucose

The glucose modulation of the 5:1 indicator
macromolecule was measured with three different'glucose
10 soclutions (0 mM, 100 mM and 200 mM). The emissioﬁ

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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1/1o for 15 mg/m 1/210 for 25 ng/mM concentration' indicator indicator
(mV) macr onol ecul e macr onol ecul e (25:1)(25:1) 01.001. 00 501.441.50

1001. 751' . 90 2002.

I/1o for 20 ng/ M concentration indicator indicator (mV) macronol ecul e
macr onol ecul e (50:1)(50:1) 01.001.00 501.401.48 1001. 701. 79 2002.042. 22
Exanple 2 10 This exanpl e denonstrates a surprising and useful exciner

ef fect present in connection with the 5:1 _indicator nacronol ecul e prepared

in Exanple 1.

10

15

.20

25

30

The pH stability of the 5:1 excimer indicator
macroﬁolecule was also determined. The ratio of the
emissions at 420 nm and 550 nm for a 1 mg/ml solution of
the 5:1 excimer indicator macromolecule at three
different pH levels (6.5, 7.0 and 7.5Y were determined
(excitation light at 370 nm, slits 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.

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
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

indicator. The reference molecule is structurally

unaltered from the read channel indicator. The polymer
matrix may be the same, and in this example is in fact
the same macromolecule. The recognition element is open

and intact, but the inductive energy influence between

~recognition element and fluorophore center has been

muted.
The foregoing is quite significant, because it can
eliminate the need for separate physical and/or chemical

environments between indicator and reference molecules.

Example 3

23~

132.33 3 February 2005 Table 2 G ucosgrddrigy 2ogs 10 ng/ m




Figure 1 depicts the em ssion spectra of the 5:1 indicator macronol ecul e
~when exposed to three 15 concentrations of glucose (0 taM 30 nM and 60 m\V
after excitenent by Iight at 365 nm Al so shown in the shagad 20689 on of
Figure 1 is the em ssion of the non-excinmer 25:1 indicator macronol ecul e
from Exanple 1. The excinmer emnmi ssion region shows an "isosbestic region”
rat her than 20 an isosbestic point. It can be seen fron1Figure 1 that the -

exci ner em ssi-ofheegyvobhéshe o£0h Oy IS Es tﬂﬁ1 315&1\/1 and 60 mvi
anges i €os

gl ucose lin pl..IS not responsive
concentrati %?\L ?}%g%}% ):EmpaﬂePgo@ng’f‘?’é b%l‘ﬁmyl(:ﬁ'% xdinerre em SSI on region

begi ns 25 apppoxhdat ¢ly 408 02 dewaf & &kl £ eak .responsi v
wavel ength gf .1he gﬂhrac[gne derivative nod%%flﬁgﬁaxpa%@ § gI ucose
the exciner 1§ Fesponstvett o aresons Hief %ﬁmtmn‘bf(z he.ssyﬁioem a':zgu

- exci tat? on NH:ntEenﬂOrIy%, ) .t emper @kl ®rodndcPho) e an. i deal
referencing, one where gﬁg ang #?udggg be! Sﬁa?°l¥%?ﬁéz%? 415 nm

i s divided € Lgé%l(;:'t roni C%II?V%thl}?er I%ﬂﬁﬂmetrlﬁdé:oorfosmgml ivalivatat 515 nm or
anot her wavet@ngidiecile.-. 3 February 2005 or range of wavel engths within

t he exci mer em ssion region, and the resultant value will be corrected for
drift and error in pH, power factorBxamplajr4dft affecting LED intensity,
anbi ent tenperature excursions, etc. That 5 is denonstrated bel ow
. Denonstrati_gn Excitation Intensity, Tenperature and pH Correction The
gl ucose nn&ﬁﬁﬁiﬁﬁﬁ sthacmylamidentiboater oftBieBbe6HA e VRSLARASMLE W th

" three dlfferent gl ucose

I

acC

10 : .NKA\V/O\V/A\O
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 mL of NMP was
15 -‘added 2~(2—aminoethoxy)ethanpl (0.495 g, 0.475 mL, 4.71
mmole). The mixture was stirred in the dark for 17
hours. At this time, the reaction mixture waé
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, Rf 0.72 with 70/30
CH,C1,/CH,;0H, see with OV (254/366), ninhydrin stain.
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10 solutions (O MM 100 mM and 200 mM). The em ssion spectra were
determ ned for each of the glucose solutions at three different
spectrophotoneter slit configurations for source and Qﬂp&&g@ﬁgg@bt (1.5

- being narrower and 3 being wider). The data are shown in Tabl'e 3. In the
15 Table, the ratio of the em ssion intensity at 420 nm to the em ssion
'|ntenS|ty at 550 nmis relatively .independent of slit conflguratlon

Tabl e- 3 20 2 5 20/ 1550 1420/ 1550 nfj gurat.i on0O ucoselOO
v 200 MV B%'EOSéé %éﬁ gBi@ AB?“FB%%% 18"73’9%3 PEE 96 12@9 %ﬁ‘
'3/ 34.006. 2£&4188n7he. LeoPRLALHE 8cBiaR) | 2t Ahid he3 &y Jmewﬁ&rtl%% i mdi cat or
macr onol ecul e mas determ ned. The ratio of the enissions at .420 nm and

550 nm f or =a%at&g/ kP - £81 HEEBA %?d ?he MedN o{ Qi Yo R c SE&918dr onol ecul e

eXposed t 01890 mghCO§e86HHE ToBd r WBS nfi:D/ @I TOWAME QT 3t wig and 7. 53
a ﬁegrOX|nately 60C. -22 3 February 2005 The pH stability of the 5:1
eXCI

i ndPR&tBr2 mhRr oRBFertien wedal 5o Hetigrni ned. The ratio of the
em ssions at 420 nmand. 550 nnifor a 1 ng/nl solution of

H,C

NH\/\/NH
CH

QC

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.

—25-




the 5:1 excimer indicator macronolecule at three 5 different pH | evels
(6.5, 7.0 and 7.5) were determned (excitation light at 370 rim slits

. 1.5,3), and are shown in Table 4. The full em ssion spkCebraark2808hown in
Figure 2. The variation over the range tested was statistically

i nsign a I 1420/ 1550 pH 7.5
. 4.28 gfl'f§4m§:(fck0 %gc%g%%ﬁw I]é:i ep‘J_b<eIq}ftsa\];)falczilq'{t @t%%t ﬁ? Z?P:;bl lity of the
" exci mecH,CbpfillgRH( psesumilbhy Uvhr(@9dgl 36i6e , pnichgdad)nextedds. t hat of 15 the

non-exci mer anthracene derivative, and, that the boronate recognition
feature, which is able to perturb the properties of the non-excinmer, and
t hus nakeca g@cleiOnd{iE(mI ath,rong tretr agihl, e ivolage200rle thexndba mmabl e exciner
conpl ex and thuys e_exci mer_ makes A reference, 20. di cator. The
ref er eﬁ&’éuﬂﬁl'eg Ilya s P&y 2 ﬁﬁ'a/rlnﬁ gqpr i Pﬁge?‘éé‘a“ch nnel

indi ca&oaatahe(pohgnﬁwsmtam BTey Me€Nt HE .dameFBANd gpRatibestexanpl e isin
fact the sa nmacr gule. The .reco Le is and i ntact,
but th%or’nﬁu 8- eﬁg‘)S@ t PYEHcd % re"tlwéeh Oﬁécgeﬁl VEf oft ‘gf%‘ment and

fl uor opOO%eBcenineh hastkeedonmitiee. 1Th8Sf miegoing is quite significant,

" because it can elimnate the need for separate physical and/or chem cal

envi ronnment s between i ndi cator and gﬂeference nmol ecul es. 30 Exanple 3 -23 3
February 2005 10 ’

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

...'2 G-




The synthesis of a suitable |anthanide chelate indicator conponent nononer
i's depicted in Figure 3, Conpounds (1) and (2) are commercially available -
~from Macrocyclics, Richardson, TX (conpound (2) is knoyRe@$aR2005 =
NH2- Bz- DOTA).. The end product (9) nay be co--polynerized wth one or nore
ot her nmononers to forman indicator nmacronol ecule. Exanple 4 i
Si ngl e- net hacryl am . de nononer of bis-boronate-anthracene G NI 0 HCf A
9-chl oronet hyl - 10-[ [ 2- (2- hydroxyet hoxy)eth Iam é).%] Jethyldiant hracene
“hydr ochl orgégg oA I:hrzgﬁaao@mapbmsiéﬂ af 3GE AR TEF o t'ror onet_hyl ) ant hr acene

(5.18 g mol e, egw 1114N0 2989 g of 6NVR s Yells-Sdded
2-(2- am noéﬂho%ﬁ)@i% \g g, 0.475 1¥en mox¢ ure was
PPWQOP?}HE@’E%%?O%- m xture was

stirred in %gf:l daglkifier. 1?fhheupsodm:tt RpY
concentrat 84%'8 - 50 nmi under v%cglémfgtrmSQQ ifblécatesi due was purified by
5| | i ca gel ocrhmrr@t @@Pﬁﬁh?‘ gravity gﬁ,}“idl §a488totBctd@%

OH ¢H2d 2 oweqjuqe . A @o(rZ)@%teoﬁr§uP I FOWrorange solid. TLC Merck
S|I|ca gel ates Rf 072 with 70/30 CH2Cl12/CH3OH, see with W/

(254/ 366) , pmmrydm MSfain. -24 3 Febr uary 2005 HPLC. HP 1100 HPLC
chr omat ogr aph, VWydac 201TP 10 x 250 mm columm, 0.100 nL injection,

. m/mn, 370 rimdetection, A wat 1% angoBnd WECN L0 193 5—|FBA
-gr adi'ent FAB MS: Calc’d for Csl 5B(I\PO TIH'_*B'%E 3 ¢ )

- ;
TLC: Merck basic alumina plates, Rf 0.35 with 95/

CH,C1,/CH;OH, see with UV (254/366) .

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, .
MeCN (0.1% HFBA), gradient

804100% B over 2 min,

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

10% B 2 min, 10-80% B over 18 min,

100% B 2 min, retention time 19.7 min.
' ample 5

Dual—methacrylamlde monomer of bis

" -boronate—anthracene

cH,

NH

g CH,

YOO

H,C
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10% B 2 min, 10-80%B over 18 mn, 80-100%B over 2 mn, 100%B 2 mn,
.retention tine 16.1 mn. CH B.

9-[[2- (2- hydroxyet hoxy) et hyl ami.no] met hyl ] - 10- [ [ (3- et haggpi a0 Bk
.propyl am no] met hyl ] ant hracene. To a suspensi on of

N- ( 3-am nopropyl ) met hacryl am de 10 hydrochl oride salt (3.08 g, 17.2 mol e,
42eqU|v,DIEA(5199 7.00 m., 40.1 mmle 98eqU|v and3rrgof

BHIh: gréﬁt W{ﬁ C@ [%t (é“sc A3 %%r% %Yﬂyl ]anthracen .e |

“hydrochl ogr%r%%éne(l 56 g, 4.10 mmole). 15 in 25 of CHC13. The m xture
was subsequently stirred in the dark for 92 hours. At this time, the '
reaction m xtdr susRersianecdd Said -kasHed larerehy LaenfhrasenaHCO3

- (Saturatedaguenus sof yran), FI820630he. G sachovRs, dibonayer anhydrous

Na2SO4, filter concent rate a’'sticky orange solid which.
vvas pﬁrl f i4éd elﬁfyﬂléﬂ Ui e ( %ﬁmmp@@pa’éhyle(c%cg%émmat Hdreabtarideum na,

-5% Gl2) 0oyl 64 2 f yan ang I i 53
Febr uary ggg’?_% 2"6I\/l§,;§’ck5%15|%I ?L([:ng)l%él 1%06 Qﬁu‘& a%EilG \?\nllrzﬁﬁ g/ %%rg
CHzC12/ CH3®OH200s oé: WiHOL s UVt (2347 3%‘5) SWW@Kﬂrlm ts}’t?aldﬁrk fogpdcdame 1100
HPLC chro t Qgegph, A\ 2 1 ection,
m/ mn, % et ec¥| gﬁgsAQ%étgérg?é %%qﬁgg%:ﬁ tjw% Qﬁ{é%é%d 115}) HFBA) , ‘
gr adi ent 450% Bngd irthe, mi@L80% Basvetit8edi fiprsd-dayoudeaser Ahin, 100% B

2 an re%ﬁﬁ%‘ gﬁyben%ge%§ﬁgkg%echa8 k rgéd(S’T dhgg Q¥é'&a§’3’2]

~di oxa orin.an- (et hae am do propy am no
] met hyl ] - Ta1ftNrle2, (B8 ¢heeshylid] proddce] daezaﬂmadnan tReyhinpowryl |- N-[ 2-

_(2 hydroxygtlgxyhe ehhyiam polyatiy) 1antReasene. <694RY! ene 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.
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nmet hacryl am de nmononer). A solution of 9- [ [2- (2-4 ydroxyethoxy)
ethylamn ] methyl ] -10- [ [ (3-nethacrylam do) propylaanno] nethyl]
-anthracene (0.343 g,- 0.7.63:.mole), - - DI EA (0-965-3Februgg20abt, 9.8
equiv.) and -(2-brononet hyl p. heny |) boroni e acid neopentyl ester- (1..09
.?h SHBSE:?DIe, 5.0 equiv. )- in 20 "riil" CRCO3 at 23.C was stirred in
.the dar or . " S.(5 5 ir$ 2ty Hotfiak-2a47 ING4Lr e was
- ‘concent rat edg’zli%nqlﬁ%% (ys.’5 %%o’?i?ﬁ’%@gg%rat ?%%%qi ég%yggﬁg a vacuum punp.
t o r eno(actbhérlaniids preyiladvmo)msthylanttiraeede.by al um na - 26- 3 February 2005
?Zgggn ?hrona}?graggé (4009 actkﬁated neutral alumna, 0- to yield 0.299 g
of ayello 0 1z _ e | IS product may be
copol yneri zed W}tlv‘ﬁtlo%%%? %’K%legﬁ)% h@tﬁeaﬂnganco r&isnﬁtd-ol&f orﬁ1 i ndi cat o¥ be
depr ot gat@sly 1 amineim eteyil en t itwcdres ottt @ Yropups Jr ingeo ko aflsecheFAB VB!

“Calc'd for = C51H55B 7W{ &854; F 3‘}%'\4/'; i+ . : Merck basic
al um n Jﬁ%taég%nﬁ'@g%" 9?'\14 ] %’Ij%ml%oglé%s’w%'h (254/ 366)
gj-ot HP%Gqﬂ%lﬂﬁO(ﬁR%@mmﬂ@lwm,MC 20LTP ne®@per33 A 370 nm
etection, colu 1 I nj ect.] 2. m/m = e % HFBA) and B
= I\/ECI\IG(Ed_'.efLIf%) {_]F%,g,grtg.g'{tgtﬂmoq& 1 9%% equlx!-r? Wnd BIA (s (rrpg]a£ )
' inhibitor) in 20 mL CHCl,; at 23°C was stirred in the dark

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

concentrated in vacuo and the residue was purified by

“alumina chromatogra?hy (200 g activated neutral alumina,

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

viscous yellow oil.

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

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR C18 column, 0.050 mL injection, 0.75 mL/min,
360 nm detection, A = water (0.1% HFBA) and B = MeCN

(0.1% HFBA), gradient 10% B 2 min, 10-80% B over 18 min,

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,NrdimethylaCrylamide (40% wt.) and
N, N’ ~-methylenebisacrylamide (0.8% wt.) in ethylene glycol
was prepared. 9,1 0-bis[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yl)-
benzyl]—N—[3—(ﬁethabrylamido)propylamino]methylénthracene
(17.8 mg; 2x10°% mole) and éo L of aqueous ammonium
persulfate (5% wt) were combined with 1 mL of ethylene

glycol monomer solution. The resulting solution was

— 9..



10% B 2 mn, 10-80% B over 18 nmin, 80-100%B over 2 min, 100%B 2 m n,
-retention tinme 19.7 mn. 15 Exam|e 5 Dual - met hac=yl am de nonomner of
bi s- boronat e-ant hracene H2c 3 February 2005 A 3 February 2005
9, 10- bi s[ 3-( net hacryl am do) pr opyl am no] net hyl ant hracene. A suspensron of
9, 10- bi s(chl oronet hyl )ant hracene (1.5 g, 5.45 mmole"), D EA (28.17 g,
'38.00 nL, 218 mmole, 5 40 equiv ), N-(3-am nopropyl)methacryl am de
~hydrochlori de salt (9.76 mmol e, 10.0 equiv.), and -- 5 ng of BHT
in 200 nL cHC1P e e% %ltqrer étP:’? rpttrrg@ddarrﬂr@fr SitZOgePs AP AJESOUE this
S tine, the tenpeyatuteiast iNal agsed i&traﬁ@@h@ﬂ@tbﬁ@eﬂb&&ﬁﬂ@n@? g6t hf.r ed
for 3 days longer. At 10 thi's tinme, a precrprtate d. forned he m Xture
was filtered, Znd'tHe %ol iafdahdtthdl Somored ifRrpRéakiARNGmM anount of
CHCl2. A ye”‘%%d@ﬂ@%é%é'ﬁBijﬁ@ff%aﬂﬁa% b'%hehig%gﬁhkﬁﬁ'QSrﬁéhEtQBntﬁgs
desired product formed overnight (3. g, quantitative)
-basi.c al uniPna, mQﬂnﬁﬁ I a)mpﬂquqrsyyupﬁedcﬁzemzmeﬂgeﬂ00§@es%rdﬁsLnnd
(2547366) . HPLGOR 400, HRLG AR o0naRa L or fchex 100namccpPvaBaK HR
C18 colum, O:. nL injection, 0.75 ni/mn, 360 nm detectl A = wat er
(0. 1% HFBA) an& @Oﬁ%@n zr}t(r@gia% HP;B,Q)S,Ph@Ierr‘Céﬁt modgs Bag Riaced0iB0% B
over 18 N, ~SHCMAAE et o Ba1800(B83) M0 kAl £BY] OBHLY ) 15che M n.

1 -28 3 February ‘
_ microscope slldes were separated, and the hydrogel was

10 removed. The hydrogel was washed with 100 mL of PBS
containing 1 mM lauryl sulfate sodium salt and 1 mM EDTA

sodium salt for 3 days, the solution being changed every
day, followed by washing with DMF/PBS (10/90 by 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 shous 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
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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 sol ution of

9,1 0-bi s[ 3- (et hacryl am do) - propylanino]nethylanthraq§ﬁgxu&92@§9 g, 1.34
mole of the free amne), D EA (0.612 g, 0.825 ni, 4.74mmole, 3.55
equiv.), (2- br ononet hyl phenyl ) boronic acid neopentyl ester (1.34 g, 4.74
nmml e, 3.55 equiv.) and BHT (5 ng as inhibitor) in 20 nL CHC13 at 23C was

st I r red I n %h lgg{gteél Oét 53ﬂ é SfO]’_A 5t I?rll%utt'egeb]gkgg‘er ﬁgggkggmg}lét ure S
concentrated i n vacua and the resi ue was purifie by ~"al'um na
chr omat ograptly Epdgogel asammbt etk hewgasaires] um danr04i2%eEEBRNEH2C12) to

yield 0. 46 i s rck basic alum na
pl at es, é%’g%‘égw t h@‘%ﬁ‘?’igﬁ@f\&%/%ﬁtﬂ@% %?V%#ﬁ%ﬁ&%gi/ 366). HPLC: HP
1100 HPLc:qmwdwm@lmpagﬂlva&uQﬁsidr>eaun)daua KovaRak BReCh§dcobmim, 0.050 niL
|nj ectd on, .0 ter 1% HFBA), and B =

‘d’ 1‘5}9‘?4% ra oqle%? %?%eof% tloq’lﬁ‘oéﬁ&m@ ov%&glgrﬁ%’ﬁ 2180 100% B
over 2 m s Wﬁ%hald'escrxeﬂmd.l orre My dir6ge1snivereCmoliRtedanat i on of

N, N- di xnet r ydro eI wi.t.h l.ucase i ndi cator : sol ution of
TN et Ta ST P fovrned itk SR SenDPeRobhsBYT amt de (0. 8%

SWt.). in eitm,étetnees gEHyc4f|° twa&h@r &pma:neléntQ,‘Li@ths[s\b[LﬁtiSngo-dfnm hyl - [
| é) gr(z){oS: gm no yfza@/nlr%% astggné%t )1[75%[‘:% i%g%%xlﬁﬁlwé;j and® 48728+ aquebus
amoditum nperlsxﬂtfm JEHhomtce heeree [@dmmmed wahh 1,n2,o0f,eshyiepe glycol
monomer chnlg'ﬁp Qflf gS.Ll{J!c*BJ'sn wse(%leu%)lr%%a\lr\%a 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

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 CHCIl; 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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3 February 2005 placed in a glove box purged with nitrogen. An agueous
solution of NN, N, N -tetranethylethylenediamine (80 L, 5%w.) was-added
to the monomer formulation to accel erate pol ynerizati ond FebreamedGbt i ng
formulation was 5 poured in a nold constructed from m croscope slides and
100 m.cron stai nl ess steel spacer. After bei ng kept for 8 hours in

ni troge t no heret e .ol te_buffered saline (PBS)
(10 E:Bg H:$S 4¥35PRE ¥ ggwgséoh E‘ 889 %@p&%t ed, and the
hydr o;gei:tmmslefraameg ( Sdeu hardcd geku dRss V@(s.heﬂl(\_ﬂhth 18R of PBS
cont ai ni ng. 1 n%l au {) sul,fate sodi um ﬁal t and 1 nM EDTA sodiumsalt for 3
days, T #7551 G bR bel'Ag ChahigedVevery YdEyust BRrdted iy Gt ng wit h
DM/ PRSd (46h86nbyaved. toSyXelle@ 8l) g andsfi sal by ywitBwPBS (pH=7.4, 3 x 100
-mL) . The 15 resultin g%oge Folr#rrer was s ored in PBS (10 mM PBS,
- pHE7. B3V4%ht ai At AgHE" 2% sBUr G %z?ﬁeHgﬁﬁ 1YAR EBFALedo@Mum salt. D.
~ ‘Modulag i s, of Fluorescence Wth d ucose, Lactate and Acetoacetate 20 The
nmodul ation of the fluorescence of the indicator macronol ecule (which
contains two recognition elenments) prepared in this exanple by glucose,
| act AABL@NSonATEL QRE Lt R €1 YOS fdm<er@mf@dat5g5&%1@ , 4vshaws2bhep normalized
fl uorescenci enm ssi on (I/I 0 427 nm -of the hydrogel of this exanple in

10 mMPES, 2 3H B £LGHEE i ntP? 0l of NERBL By 12 n‘M'EED’M cénballing various

amurietaft icodiam Ledw@act at@®, 14 IHFBAM acetpacalete 6. 8sD-gl ucose. Data
wer e recorded usi ng a Shimadzu RF-5301 spectrofluoronmeter with excitation

- @65 HEifY)(s19%aH 1050 RBirdd B s StOP &t Booweim {81mins 80nm) at | ow

Senskﬂﬂﬂ%talover 2 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;.




at 37C using a tenperature controlled sanple holder. The cuvettes
containing 3 nL of the desired solution.were -30 3 February 2005
equilibrated at 37C for 15 mi nutes before neasurenent. 3 EsoharhR0ddgel
sanpl e was neasured in four independent sanples. Error bars are. standard
deviation with quadruplicate values for each data point. The hydrogels 5
contai ning a glucose recognition nolecule were prepared as previously
descr, h o r t o] | as | | d vered with

ol year £ g e e BT P bene 1 gt ® Sl ut ons of
1,  Spundfaed 29 aMwddsuneluhacchrenpppdriaphy, (55019 and 20 10 nM i thium

acet o ' , ‘ 20 | ucose were
prepa%%giﬁéﬁi%Ah§#t£§% %%#g?ia’c%n?%i%?#§96¥§??9 ﬁghgwgﬁgpig mM EDTA. The
fluoreseenge(dh%) thé sopbsymes abb whiebtedlbgifhedpreeence of gl ucose,
but NOERY; Lhe PeeSERce Plgagtalec by aRBLARLE] alg: darFxaumle © Single-

and net hacryl ate nononers © i S-boronate- anthracene A
~,10-bis.{$2- (2- hydroxyet hoxy) et hyl ami no] met hyl ] - 20 anthracene. To a

sol ution of 2-(2-am noet hoxy)ethanol (31.4 g, 30.0 ni, 299 nmmole, .20.9
equiv.). in 40 nL CHC13 at 23C was added 9, 10-bi s(chl oronet hyl ) ant hr acene
(3. 94r%5: MeBck npps ey . alhei ol ptioms waBLs@i 3P editm ¥hed dark for 67 25

hour i i . ' e added and the -31 3 February 2005
sol uf?f&?lﬁzghﬁs%%her%e%%&%ﬁpé%qri/%% 2 x 100 nmL |

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 -

| ,
[+)
. =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-2-yl)benzyl]-N-[2-(2-hydroxycthoxy)-

| ethylamino}methyl}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-~ .




portions of NaHCC3 (saturated aqueous solution). The organic extract was
dried over anhydrous Na2SO4, filtered and concentrated to yield 4.67 ¢

- (79% of a yellow powder. Product (-85 % pure by RP-HPLyelwasry@0bi ed on
as is. HPLC conditions: HP 1100 HPLC chromat ograph, Vydac 201TP 10 x 250
‘mm colum, 0.10.0 nL .injection, 2 nL/mn, 370 nm detection, A = water
(0. 1% HFBA) and B = IVECN (0. 1% HFBA) gradient 10% B 2 mn, :10-80% B over
18 rein, 80- .100% 8 over 2 nin, 100%B 2 nmn, retention time 15.6 min. B.
9, 10- lajns[l'llki-a[cé-n(eS (B- @iofethy D~ B59 mrgle)di nrhbacrudac2afl benzyl |- N-[ 2- ( 2-
hydro e x am.no t hgaceng:vA) Solgd oy fes

‘9, 10- %s%?% (2--%’& g;'ye]tahg’gywb%y a%’l noj -arr%v >)/< ] anthracene " (4.0.2
99. 75gnmdl. 6)3 mmDIlEA (B206egni¥7) 0anpd, y7N5damerbylamdn@equiv.) and (

- 2- brom)rreth phenyl) i dgngeprentyl . ¢ster 1613a7 9, 48 mmol e,
4.9 eldi \}d)1 @2@56 @1?:1% hﬁag‘é’v\gs st?gr ed ?n the dark for 46 hours.
At thCSizttimat tA8ECr act senrwet dnethaadacknéent Aabedtsni tifdl |y by rotary
evapor at.i on,. t hen, -3 At ¥+2005,4si RY; f-YaQUYMPUNP to renove the

DI EA. ;C% AL duéth\?aée%ctﬁ??b ‘Eli By al tim na cof urm chr omat ogr aphy (150 g

"~ act i vebedeneutartald aWUWDMaryOeSQ@GFBWGAZCIQ? regigpel gass. 67 g (700) of a
vi scous Qigl, which f RORn.ShARdL0GonEr odUCh (B3 o . by

RP- HPE&flfég\ggg rr“‘z ks gh ESQHH ?‘EE b Baglg al I:l:]Tm na gat es, Rf 0.33
with ﬁ&hﬁramaa:m/l@moa 4% s@@ﬁ/ﬁmﬁzgﬁzﬂ(2%/336%}d+mt5eoﬁdu(t4ﬂ6ﬁs HP 1100
HPLC %hro &ggraghhgydac 201TP 10 x 250 mm colum, 0.100 nL injection,

.2 i i

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 cfhgf[_:vq—[g'-(sl,_s_—__
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--hydroxye'thoxy) ethylainino]methy]_] -
anthracene and TMAMA (1:50 molar ratlo)

To a solution of [2- (methacryloxy) ethyl]ltrimethyl-
.ammonlum chloride (TMAMA, 70 wt % aqueous solution, 0.344
. g monomer, 1-66. mmole, 50 equlv } in 0 600 ml, water was
'added a solution of 9-[N-[2- (55 d1methy1 -[1 32]d10xab0rman—2—
'yl)benzyl] —N- [2 (Z—methacroyloxyethoxy)ethylamlno]-—
methyl}-10~-[N-[2~- (5,5-d1methyl-__[1 ,3,'_2]dloxaborman-Z-yI)benzyl}—N -[2-

. —34 -~




detection, A = water (0.1% HFBA) and B = MeCN (0. 1-% HFBA), gradient 10%

| ‘B2 nmn, 10-80%B over 18 nin, 80- 100% B over 2 mn, 100%B 2 mn,

retention tinme 18.8 min. C. 9-[N [2-(5, 5-dinethyl - e@fugr]yzoos
di oxabori nan-2-yl)benzyl]-N [2-(2- methacroyl oxyet hoxy et hyl'am 1 no]
met hyl ] -10-[ N-[2-(5,5-dinethyl [ 1,3, 2]dioxaborinan-2-yl)

- benzyl ]-N-[ 2- (2 hydr oxyet hoxy) - et hyl am no] net hyl ] ant hracene . (Si ngl e-

h | | uti f 0- - bi N- -
20 (5. 5t rorRgPE 1 e e bhkBorPaltatty | Py ubiagnne (04923 2.
(2 hydr oxy@t aaxw)nmewyl am Boponethyeodl. -FS3:hts kebttary OB @MAr acene

$aa oaui v 1 BB Ebase TR OREREH S REL 0 ol G AR B it Teiors > T
N, N- di met hylanmdabe %y@fdtdg@al%ﬁﬁ&g@r Of 1@1@@4 A p;tl(britaqaegt]hgmt%eﬂéa 1i3*hrrL
CH2C1 ed in the da or ours is tinme e
r eact |250n nf fﬁ?‘\é\ﬁv@s f%%t‘ér%%”%ﬁ?jne e r A BESSSt aythevapor ation. The

resi due wasitrgenfges Hyd at ke ﬁ@ezﬁ@é&”ﬁh CIHO MR 99 TAP 5 °(5F g agt i vat ed
neutral alum na, 0-40 CH3OH CH2 % yield 0.150 g (47% _ of a yellow
solid. FAB'REES calRt dtBH? 65866 2‘@3%318 _sogat: 1%W qaaled te 886. TLC

. Merck. basi 258} WA &I @fssa i 0 A5 Mdd 9%hE CHIGL2/ GHACH, 1 586 With WV

(254/ 366) f] PLC HP 1100 HPLC chromat ograph, Vydac 201TP 10 x 250 mm
col urm, 0.9H0R nd0 i} et on, 23 i M ereB T nauddetde & 2o, ma&™REEeE (0. 10

HFBA)lO ande B e N CNhd %éﬂmé’i‘z%luﬁnﬁg'm aiHdPR L2 tHrdugh080% B over 18
80-100% B over 2 mn, m n, retention-tine 21 mn. D Wter

soI ubl e coptmERsROfaaRaEg ZDG{T@.I,EBE diMIEIch\A5.00) 1 aga3 st @x abdr Lnarf- 2- y
1) benzyl] wdtd2: (Fmt had QHLXVsis was obtained 38.5 mL of polymer '

solution. Concentration of a portion of this solution to
dryness indicated 0.0075g polymer per 1.0 mL solution.
- 15  Overall 0.289g (77%) yield of polymer. '

E. Modulation of Fluorescence With Glucose, Lactate and
Acetoacetate
' The modulation of the 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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et hoxy) ethylam no]lnethyl] .-i0- [N [2-- (5,5-dinmethyl-[ 1
, 3, 2] di oxabori nan- 2-yl) benzyl] -N (2- (2-hydroxyethoxy)
et hyl am no]linethyl] - anthracene and TMAMA (1:50 nol ar3 Feltrizely.20050 a
solution of [2-(nmethacryloxy )ethyl] trinmethyl- amronium chloride (TMAVA,
- 70 wt % aqueous solution, 0.344 g nononer, 1-.66mmole,.50 equiv.) in
_0 600 nL water was added a solution of 9- [N [:2-
- -,(5,5- dlnethyll [1,3, 2] di oxaborinan;2 yl) benzyl] -N [2-- (2 -
"nethacroyloxyethoxy) ethylanlnoiijiqethyl].-10 [N- [ 2-
(5,5-dinethyl-[1,3,2] dioxab n-2-yl)benzyl]-N-[2 -34 3 February 2005
"~ (2-hydroxyet hoxy) ethylam no t hy yl Jant hracene (0.029 g, 0.033 mmole) in
- 3.00 mL MOFI. To this mxture was added ¢4, 4'-azobi s(4--cyanovaleric
acid) (0.0075 g, 0.027 mmol e, © 0 ~phe @total ‘nmononer). The solution
was filtered 5 througha 0.45 menbrane §ilter, was purged with nitrogen
gas and then heated in the 55C for 16 hours At this tine, the
vi scous sol ution was cool ed C and cgncentrated in vacuo. The residue
- was diluted with 20 nL water {Lﬁ{gﬂf}hrough a 0..2 '"nmenbrane 10
~filter. The polynmer solution was| di al yzed through a cel | ul ose acetate

menbr ane (MACO 3500) agai nst 4 L of water. Fromthe di al ysi s was :
obtained 38.5 nlL of polyner Mtion. Concentration of a portion of this
solution to dryness indicated Q.0 polymer per 1.0 nL solution. 15
Overall 0.289g (77% vyield of polymet.. E.. Mdul ation of Fluorescence Wth
G ucose, . Lactate and Acetoacetate The nodul ati on of the fluorescence of
the copolynmer (which contains two recognition elenents) prepared in 20

- step. D 8f. t hoslexnipl[E-lig-¢$ teinrnethyl-AC, 2idx@Bétinan-2-y1) benzyl}-N-

[2—(2—methacroyloxyethoxy)ethylamino]methyl]anthracene.
(DUai—methacrylate monomer) .

2 solution of 9,10-bis[N-[2(5,5-dimethyl-[1,32]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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acetoacetate was deternmined. Figure 5 shows the nornalized fluorescence
emssion (I/To @428 nn) of a 1.5 ng/nL solution of anthracene bis
boronate- TMAMA (1:50 nole ratio) copolymer in PBS cont&aFelitHgya00- 20 mM 25
glucose; b) 0-20 MMl actate; c) 0-20 mMIithium acetoacetate. Spectra were
recorded using a Shinmadzu RF-5301 spectrafluoronmeter with excitati on @65
nm excitation slits at 1.5 nm enmssion slits at 1.5 nm anbi ent

t enperature. The f.l uareseenc e | By s affected by the
pr eSetice Y GESEE anlulfmlnl{(;% e%%t‘i ée]' pfgée_)gg'nce &‘tfrl’g%cgt/%te or acetoacet at e.
- 35 c3,Eebraanyl, 260% wikh YV 10RK4AB4E6)s [N [2- (

5,5-dinethyl-[1, 3, 2] di oxabori nan-2-yl) benzyl]-N

[ 2- (2- et hacr oyl oxyet hoxy) et hyl am nol i net hyl | ant hr acene.

( Dugdpriret hacryloat elmmaterdna togmiph i ofatofr« 5 30-LO8i gnf N-

Eg: m%é?ng%h% %#@@%ﬂ%@fﬁﬁ%?ﬁﬁ’&égﬁ%}m %ﬁgé%hlé‘f{ngljni([)&zé, 0.120
i e AT R PR )
(0. 6Py, AP FmdleEN @sz%eta%?}v.’? qlffi%ierﬂi 1%4‘%2 1%\%2% gﬂ_rredpgt 0C for
1 hgye d han23G fom 2B dholres Ptovdhis dinpe,1Qdte i €aotinon m xture was
filtered and concentrated by rotary evaporati.bn. The residue was
pur iFsten oy raliifishal tdl i chr omat ogr aphy (30 g activated neutral al unina,
0-2% CH3OH CH2C12) to yield 0.030 g (260) of a yellow solid. "This product
Tt o AR £ e o TR g . TBe e depearered
'indicator; . ]
A solution of hydroxyethyl methacrylate (HEMA, Q.O?B
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-ybenzyl N-[2-2-
Iméthacroyloxyethoxy)ethylamino]methyl]anthradene
(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 agueous splution of N,N,N" N’ - |
| tetramethylethylenediamine (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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prior to use. FAS M5 : Calc’ d for "C56H70B2N201.a [M' 953; Found [M--'
951 -(weak nolecular ion peak). -36 3 February 2005 TLC: Merck basic
alumna plates, Rf 0.67 with 95/5 CHZCI2/CH OH  see V4 Eby Ny (54h4/ 366)
HPLC. HP 1100 HPLC chronmat ograph, Waters 5 x 100 mm NovaPak HR C18
columm, "0.100 nmLinjection, 0.75 nL/mn, 2 nL injection |oop, 370 nm
_detection A = water (0.1% HFBA) and B = NtCN (0.1% HFBA), gradient 10%B

2 mn, 10- 80% B_over 100% B over % B 2 m n,

retention ??B@O 16° é Plg gl ﬁ%%ﬁ?%?%%%a%fr n%PE/% th

gl ucose |n&isCﬁhehedﬁwwhuwompfohyﬂBS)Xda@:ﬁtl\lAijAnﬂﬁj B%g‘%@&oﬁgggm 8 %8

m., .0.084 a aci “ g,

mol ) . og9tgﬂ§?e%n8t§%otaig ﬁ%¥ %C@@Y%ie he 13 PEERWND. 5 g/ L

aQUﬁOUS fotuém@@? 8ve4g ﬁ&&ifﬁ%&ho&h&*ﬁ@rﬁ%éﬂdnéﬁrrth MeO%é?BS S 462 L 65
met hacr yl ox - u - “ammoni um bat ai n g,

ol ) ﬁy (%@6ge{rtb¥5fv‘ggth |>én fﬁ}%’ Riparediithy, P(ﬁ? iBPN-L00- (5, 5-

di met hyl - [md) . 3, @ﬂledt@g@p@m@amydﬁo éJ) qg'@zgyﬂ.elr -id Z{A-detihagsmy| oxyet hoxy

) ethylarui no]’ met h%?% ant hr acene 0.010 mml) and 0.020 nL of

5% wt . aquBdld DY a%m"iﬁfn wﬂswm%%cte vtk Te aROiERIR wi t h

0. 500. Yagogiuﬁr@bgﬁhylene gl ycol nononer solution. This: solution was

pl aced in gl ove-box purged with nitrogen. An aqueous sol ution of

N,N,N,N - tetranethylethylenediamne (0.040 nm., 5% w.) was added to the

monomer f gf Ml il dner ¢ Lo (S| B R RUNEE 281 | Ahcose :

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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The resulting fornulation was poured in a nold constructed from m croscope
slides.and a 100 mcron stainless steel spacer. After being kept for 8
hours.in nitrogen atnosphere the nmold was placed in. phb@Y¥HaY00Buffered
saline (PBS, pH=7.4), the mcroscope slides were -37 3 February 2005
separated, and the hydrogel was renoved. The hydrogel was washed with 100
mL of PBS containing 1' mMlauryl sulfate sodiumsalt for 3 days, the
solution being changed every day, followed by washing with . MO+ PBS
(20/80 by vol. 3 x 100 nlL), Begplally with PBS (3 X 100 M). The

‘resulting hydrogel polyner, was .stqred jn1PBS a(RET7 Ah&qRtigini ng 0. 2% wt .
sodi ﬁ%ﬁﬁ%t—'dé%;ﬁgufops %ﬁD%ﬂ\%@sﬂ:sl 3’% g‘zﬁr?{ H. I‘\a/bgul ation of Flgzorescence
W t hyGpdcqee thb@ rinemiudy patdpgrl 1613  thel ihvdenegeon @ —dfiotdoe 2dual

nmet hacryl ate indi cator conpound prepared in this xam&I e by glucose. was

-~ det epRthEacepegilE ook e 73 R 5 PRGPESEAnEE %eni ssion (1 @27 nmy
of "aoz':'E%%@?ﬁly&w%?i-dﬁehgﬁ-[@%&Bxéﬁ&rﬁ&ﬂ&sﬁ)beﬁiﬂpw-ﬁd as previously
e |

“descri 5 containing the dual nethacrylate glucose recognition

ol edmbehofrifiegided propyilamRBS 1(PH 4734 1edst dPAsnloroRds and | v
EDTA) containing O to 20 mM a-D-gl ucose. The hydrogel s were nounted on

gl as °§P1“85§-and covered with black polyester nmesh (Sefar Anerica, Depew,
'NY) in 20 PMVA cuvettes at 45 to the incident light. Al neasurenents were

A & it s
sensihi¥riMedsSi ng a tenperature controll ed sanpl e hol der.

' 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‘é of ice. AAfter the ice melted the solution was

extracted with CH,Cl, (3 x 100 mL), methylene éhloride

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
'aioxo—2—anthracenesﬁlfonamide:
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.solid was subjected to cblpmn chomatography'on
Si0, (10 g) with CH,C1,/MeOH (90/10) as an eluent. The

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

FAB MS: Calculated for C,H,N,0,5 M*-445; Found M* 445.
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25 The cuvettes containing 3 nL of the desired glucose solution (0, 1, 2,
4, 5, 10, 20 mM glucos€) "were equilibrated at 37Cfor 30 mi nutes bef or e
nmeasurenent. A .single exponential function was used t@& FabfuaméfPuw
fluorescence data. 3 February 2005 Exarrpl e 7 Effect of gI ucose or lactate
on acrylam de  gel containing

"N-[ 3- (et hacryl ani do) propyl ] - 3, 4-di hydr oxy--9, 10- di oxo- 2-

ant hr acenesuild oneai 1de o ABIZAGHT dRgd o rapRoMAE e@Bdsax, abobe [N

2' --.(5, 5-di met hyl 3, 2] di b - 2- yl]
Erret haf:r yI rre 5 6{;1]8 oﬁ%‘ v, Z?I n%% éﬁéeF%F‘gQ'Zb%rZ)ﬁl%Lé‘B’r‘af %Dnorrer)

A. 3, 4oy lmﬁré@tsamﬁ Lok, dl3cr>90n&r deftbrasgneautfgayér chlpgide: 3,
4--di. hydrog%% 9, .~ 10-di oxo-=2-ant hr acenesul foni ¢_aci d sodi um sal t (1 4

- g, 3.9 Mol was Eomitieed WO A B3HFRR)  oBTafleRbslPF oRi 2 MiRi d and heat ed

to 905C far-3doW Hveraiieehih)i eb-tinesssl dytenzwasn cophed & 02 Ofiand poured
into 100.g of ice. After the ice nelted the sol ution was extracted with

CH2Cl 2 (Fsterddom timendi/npi’/efdnchl ori de extracts were conbined, dried -
W th Na2SO4 and evaporated to produce 0.87 g of sol i d (Yield 669%9. B. N
[3- (methacryl am do)propyl] -3, 4 -dihydroxy-9,10-- 'di '
oxo- 2- ant Kr-ac &h&s qigd 3m (@ethagrxlemhsias/nmpﬂawneﬂ okod-Zylene.

ant hr acenesu %fg&#%foch Fde_ (j%%%%%%ﬁdml %%)r)ﬂgﬂlﬁ'e(?’ a m nopropyl )

met hacryl am or| de were conbined with 20
m s. adde@ydrmhﬁrpmdeesaét <Bi-PPed, al 6r dommo baper a2 Lrequior) 24 hours,

filteped, D%%ﬁ S%Igeg wasg ﬁxgpgbaﬁﬁgleyhg_6rg§ﬁ4&jpg solid was subjected to
col um chorma raphy’on
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.

wd —




Sio2 (10 g) with CH2C12/ MeOH (90/10) as an eluent. The product was
obtained as a -red solid (80 ng, 64%yield). FAB M5. Cal cul ated for
C21H2ON207S M 445; Found M+ 445. -39 3 February 2005 HPLEMU#P 29990 HpLC
chr omat ogr aph, Waters 5 x 100 mm NovaPak HR C18 col umm, 0.100 nL
injection, 0.75 nbL/mn, 2 nL injection |oop, 370 nun detectlon A = water
(0.10 HFBA) and B = MeCN (0. 1% HFBA), gradient 10%B 2 nin, 5 10-80%B

overpl8 a0 -8AsIRCYRB GvedinZethylH] 3100k ainah2-yl)yeak @M i on tine 17.67 mn.
C aa bIS [3-( methacryl am . do) propyl am no] -1, 4-xyl ene. A sol ution of

N-(3Naﬁ§n6BFGB?PFNéFH&6{P9P§ﬁ’Pd’éWCWrcﬂﬂxdfé%t (3.00 g, 16.8 mol e,

2 216%@/])1;&9&@0(&&5938@% pO14mpLs, - 6.6 equiv.), .
terephthafaﬁégiboxaldeh 1[02( N ac 9 QH? eB and Na2SO4 (10.7 g, 75.3

'nnDIErogygéméqeﬂv1)4rﬁY¥§ﬂﬁL(énﬁ¢d90u§ MBCHMOW@Q:SEHEﬂedZ 97 he dark at 25C
for &8 BOHDSmL; Ab3t B fmol LHE. 3TRLE MRZTO,4 %1%r§ OmefRy3i-mol e, 9.91

equi V') was 15 added and stirring continuéd Rours 'onger. At this
ti nephenglibpuendn aasdf npeppadyandstRaBHS .60, 33 §3.45mRolampl e, 6.01

equi ded i LET ate i-Qn d_supsequently stirred at
25C:¥o%22€§%ggrg %%g Eggsggnspo%%mégﬂ ?E%rgdi?hﬁgua% §§(9#% and the
filtatat?s0 was tokcesd rin eWeTﬁerkegcuuéBWagudsssoweuhm 100 nmL CH2ClI 2

and .ygshed: e Xmgétlrﬁife S@éyrﬁagﬁeaweQU§5Naﬂ%tuIQ€ed05ga@bg extract

was' dried over anhydrous Na2SO4 Itered and concentrated to yield a
vi sABUECR-| . Thise opigdid&t svdadarvd edioms dwr Qiydhiatis HP 1100 HPLC

_ChrQﬂ?%@gra?hlt¥¥géca391gghégnﬁrg§gd”n]TBOngnreglégg Bhs! N ection,
: 2 O%dded 200 éi'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 mL

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

{10.1% 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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detection, A = water (0.1% HFBA) and B = MeCN (0.1% HFBA), gradient 10% B

2 mn, 10-80%B over 18 mn, 80-100%B over 2 mn, 100%B 2 m.n, retention

time 15.8 30 min. -40 3 February 2005 a, a -bis [N-- §bebruary2005
(5,5-dinmethyl -[1, 3, 2] di oxabori nan-2-yl ) benzyl ]

N--[ 3- (net hacryl am do) propyl am no -1, 4-xylene. A solution of a,a'-bis[3-.

(met hacryl am do) - propylamno] -1, 4-xylene (2.94 g, 7.61 nmmvole),. DI EA

(2.9°7 g, 4.00 nL, 23.0 mmoles, 3.02 equiv.), (2- brononethyl '

phenyl ) Qoroni ¢ acl fe NGONSNt Yér-eBhRi db 6360 GonBidingmole, 3.02 equiv.) and
BHT (5 ng as inhibitor) in 75 nL CH2C12 at 25C was_stirred in the dark for
28 hour 9~ Fi— tie shagivkenide) eyt b-hed-FErder Y 3 2E0 5P 1f at ed aqueous
NaHCO3. =~ The organi xtrac Ve I NagSOH4, filtered
and concaéhttqf%at% esllfc)ﬂf3 6 1 esi due %ésggra%%&ﬁ%%)he%nd t he suspension
was sti rg adr f191s (18- [ hoys S-dithbtyb [Ishefkombonam-2yDberat-Nid- t he resi due
dissolved in CH2C" 2, filtered and-.the filtrate concentrated. To the

solid retefhagmel i) syt hl ~ant FHE"SUspensi on was stirred for 18
hours. At gtRi3ehingiytkbe suIpensioronwasihintened yicel dicmylémd@eg (338) of

L R ) SR SRBER L ST 7 T
HPLC:. HRkléﬂﬂgﬁgﬂK;éjy¥Hmﬁq§Hﬁﬁ&pyhﬁ&}ﬂ@75 x 100 mm Novank HR: C18
(0. 19 HEtHAyy e L M 40 Ao ER T G S SN 006 B 2 . 10- 809% B over
18 mn, 3 8 WOOrBweleR Ahd, o lQ0% Bs PNAT D7 (3,8ld8NéthelA{ 1(3,2M10k3. 4
.borinan;2~yl)benzyl]HN¥[3—(ﬁéthacrylémidd)propylamino]“1;
.4m§ylene f28 mg, 3.54 x 107 mole) were coﬁbined”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 pL, % wt.) was
added to the monomer solution to acceélerate
' polymerizationvénd the final formuiatioq was poured iﬁto
a glass hbl&;; ihermoid.was left under nitrogen '
';“atmosbhere‘f6£_16 hours, after which itAwas jmmersed in
- PBS (pH=7.4) and tﬁe g;éss slides were separated to .
éffofd a hydrogel polym§r.in a form of -a thin film. The
o resulting'hydrogéi 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,




mn. 3 February 2005 E. Preparation of acrylam de gel containing N [3-
(methacrylam do ) propyl] -3, = 4--di hydroxy-9, 10-di oxo- 2-

ant hracenesul fonanmide (Alizarin Red S nononer) and a, BFepdlhs Jobs [2-
(5, 5-dinmethyl -[1, 3, 2] di oxabori nan-2-yl)benzyl]-N-[ 3

(i uet hacryl am do) propyl am no] -1 , 4-xyl ene: Ethyl ene egcoI sol ution
containing 30%w. acrylam de rand 0.8%wt. N N- ne.thyl enebi sacryl am de

d. o N [ .3- (meth d
G hyGr oy Foc, Moskilardon. REnARRRFABE! MiRATFBC S A « 1006 mre)

~and a, a' bTﬁe[ﬁ%d&l§t1&§ of -tHH Wb dnbe3 oA dieXandicadoryl ene (28 ny,

.3.54 x 10-5 nole) were conbined with 800 pL of eth Iene | ycol - nononer
“sol ution aﬁdrmgeﬁ ﬂwhéﬁhSQPnﬁ@1n§q§€6u§e§ﬁﬁBhFhﬂ?p e. This

formul ati ?%% dphﬁc%ﬂl%ne%aﬂb9¥9b90§lu68§égﬁﬂdmiééti&éﬁ@ﬂﬁn along with a
nol d cons 3 fromglass m croscopé slides.a nd 100 mcron stainless

'steel5spad@termnnaéueoﬁﬁesQpﬁﬂﬂéﬁléﬁ gl Ne s PREDERE r bt A éitht enedi ani ne

(4.0°L, 5%, W, ﬂ@swagdg‘gddtegcmseavmﬁnﬁﬁaﬁﬁwtson mw@rate |
pol ymeri za |on an t he fornul ati on was poured into | ass nol d. : -

The rrol dbuffeselefse ldnger(PRSE » oBHMA7 - étﬁ@@bﬁéﬁéﬂgo?hqad?ﬁﬁﬁ after which
|1 was | 8&%@ b g'i’ﬁﬁo%%H:Z 581 8A01L8Ea 0L An8s Shidesy ves eypeparnat ed to

afford a rogel 'yner in a film The resulting
hydr ogel atWametlbﬁtha@ndmﬂéﬁéédmﬂﬂthQOPMMAo¢61lp%%%%#&R%PQth%Wed sal i ne

containin Lauryl: su t o] t on bein
changgd e 8% ggk o2 PélC% E&@ %M%gsgkﬁg]aﬁ% aigewé%g%ys% ﬁ%ﬁ?ﬁ%ﬁ%ﬁi 3 ng

1.00 m), £oandSsf mmal By W7CH. PREpEpERande BeasunEnent )tor aftogel  pol yner
- Was StoreGlhEo @So§19a%¥%%§SCOREth§£t1on 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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~..containing 0.2% w. sodium azide and 1 nmM EDTA sodium salt. -42 3
February 2005 F. Modul ati on of Absorbance Wth d ucose and Lactate The
nodul ati on of the absorbance of the indicator hydrogel (which contains two
recognition elenments) prepared in this exanple by glucose and | actate was
5 determ ned. The acrylam de gel was nmounted in PMVA cell in the sane way
as described in Exanple 5. Phosphate buffered saline (PBS), pH=7.4
containing the desired anount of glucose or sodiumlactate \r/{_\a% hea%(@% to
37C i %twatﬁr bath and placed in the PMMA cel | containing CHECTUEY

af t er WHR'CH “PHB® cell was allowed to' equilibrate for 15 nin at 37C.

- Absor bance neasurenent for each glucose or |actate concentrati on was
conducted in triplicate. For each neasurenent, absorbance at 650 nm was

used ds a bhandicaxpresrempleorls forudatectiog dbe presencalol cisentadtionsofon angWEOimN)
and A(530 nm. . Figure. 7 shows.the absorbance spectra for acrylam de gel
(30% - cont AAHE S RS R R E RSP ToE $GBRPITRETSh  r at [ 0 of

Alizarin Red:acrylam de)and 44 mM bis boronic acid nononmer with and
wi t hout glucose. Figure. 8 20 shows the effect of gl ucose on absorbance of

acryl ami de (ahane prowye Edirakar womgonervnaamneay whidkdadisidwely aee nefrrafiicientiym bi s
boronic acid [ t he . ef . i a e o
absor bance of Wé%?ﬁglrwégégé%ﬁm?S%g V\ésgon éﬁnﬁ‘é‘g% %i“s |f§{rniféﬁr g&‘gétg&glgnglr?oner
~and 44 nM bi spSeriee botoreetedtidnwdvgtnalite; & ol ar ratio of boronic acid
nmononer : acryl am de). The absorbance of the indicator was  affected by the
presence o bplgpcgg é’I,IOIBLhdeRﬂhth monomers; such that the macromolecule is capable” of

detecting the presence or concentration of said analyte in an aqueous environment,

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

concentration-dependent manner when said macromolecule is 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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substantially affected by the presence of lactate. Wiat is clained is: 3
February 2005 | An indicator macronol ecule for detecting the presence or
concentration of an analyte in an aqueous environnent, said nmacronol ecul e
conprising a copolyner of: (a) one or nore indicator conponent nononers
which individually are not sufficiently water soluble to permt their use
“in an aqueous environnment for detecting the presence or concentration of
said analyte ; and (b) one or nore hydrophilic nononmers; such that the
macronol ecul e s capable of detecting the presence or concé

sai d anal yt9e1Q"hlséN-@dwwbew)rNdﬁﬁﬂ?ﬁ&acwmdahﬁﬁoevmmfémeﬂwﬂéam&cene;

macr onol ecul e has a detectable quality that changes in a

concentrati on-dependent manner when said macronol ecule is exposed to said
anal yte. 2.9-WHe-(bpedimathyi-[ hBlidodbednie?2-gf)bedzai NI 2-(Ddnaestieicroyidvey ethoxy)

macronol ecule.is. c I f etectio )ptical change. 3. The

i ndi cat or %YHWPEE%@?'&&'@F&(%\SI,lmﬂ&lé'ﬁ)'i}ﬁvgﬂ‘ﬁgxqbﬁﬁpﬁlﬁgﬁ’ﬁgtﬁﬁﬂ&'%%(%norrer
conpri ses Qﬂgq ZWl Lipesdy! ant hracene derivative. 4. The
i ndi cat or ﬁggﬁ%%g?ggﬁle o%ﬁ§¥§%ﬁggﬁg&herei% t he indi cator conmponent nononer

i s sel ect SH{NAZhvohebagepd-Eb(Psinsthangyloikycthoxy)-ethylamino]methyl]-10-[N -[2-
gi- LI[ ht)]n? ?Tgﬁ%ﬁ%&%ﬁg—&%{Z%ﬂréxl\ylr_e{h%i%oertg}qgr%%{]oﬁ%ghyl}anthracene;
o- [N [2- (5 do1aimnvap el dinh R amiidn AHSOAtRIG: (et hacry) i do

) propyl am no] net hy -10-£N—[_ , 5-di et hyl , 3, Z] di oxabori nan
- 2- y| ) benz yngthaqrgyioxyzthieys dhylamirmippthat]athescerieno ] met hyl ] ant hr acene;

9-[N-(2-b - - | ar.ni do),- | ani nol met hyl ]-10- (N-(2-b
o Lt Smobersa PO ot b S MRy bR Rt hyl 1 ant e mcener
9,10-bis [elrlniaSjnFetiti pRtHiddent; land sEhSbrdeab Sived Aereofy | )

bcnzylj-N-[ 3- (et hacryl am do) propyl am nol net hyl ] ant hraccne; 44 3
February 2005 9, 10-bis

SN (2 (5, Rt SEPAC LT, ARee AP KIABLRe R eL bR LT

et hoxy) (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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1
enzyl]-N-[2-(2- hydroxyethoxy)- ethylam no ]nethyl]anthracene ;
9- [ N- (2- boronobenzyl ) - N-[ 2- ( 2- met hacr oyl oxyet hoxy)
-ethyl am no] net hyl ]-10-[ N -[ 2- boronobenzyl)]-N[2-(2 -hydroxyet hoxy)
et hyl'am no] met hyl ] ant hracene; 9, 10-bis (N[ 2-(5,
5-di net hyl -[ 1, 3, 2] di oxabori nan-2-yl) benzyl]-N-[ 2-(2-
met hacr oyl oxyet hoxy) ethyl am no] net hyl ] ant hracene; 9, 10-bis
[ N- (2- bor onobenzyl ) - N- - (2- et hacr oyl oxyet hoxy) 3 February 2005
et hyl am no]atgrorndigxide; mry;emwm%ﬁwdwwr@arbaeatﬁm» ¥ boxin; epiggml, 3nd The
i ndi cat or q% Iecule of claim3, wherein the hydrophilic nononer :
conprises | ?nﬁthaoryloylanino)-propyl]trinethylannoniun1ch|oride. 6. The
i ndi cat or macronol ecule of claim1, wherein the i ndi cat or conponent nononer

is selected fromthe grou consisting of a nt hani de chel ate and a
pol yardrmat ihe 1ﬁ%¢f@%@ﬁ%ﬁm epul &ﬂf@lwrﬁdﬁc\é{bﬁﬁ %Wﬁé&@?@gaaw%ﬁlﬁl

wher ei n t he o ek 9 (9 nhy gl ophi i c  nononer:indicator conponent
nononer is ron?g gsgcio g%out 1000: 1. 8. The indicator macronol ecul e

- of clain17 mhereln the rati o of hydrophilic nDnoner i ndi cat or conponent

nononer, .about 5: 1 baouf .50:1..9.. T t.or, macr onol ecul e of
cl ai m]§ éP ICHREMASOMY %P‘aeh?@&faaaﬁﬂm&efe ‘B?Péf: Wf@‘%&lﬂlﬁ?se conmponent
nonomer i s about 5:1. 10. The indicator nmacronpl ecule of claim1l1l, wherein

t he analyte detected is selected from the group consisting of a vicinal
di al ; alﬂmﬁadicatydmommlﬁcdleoécbﬁmd Wha‘@'m aci d oxygen; 45 3 February 2005

ﬁf”nte’?& o i o B S, S0 £ DO 00 o

wherein the ana&mbﬁgyghggﬁﬁm15$ a V|C|nal diol which conprises a
saccharide. . 12. The indicator macronol ecule of claim 11, wherein the
sacchari de iDs g|th|fem§@atoxsompomﬂémon@m@raqompnmmbwdpémmw enzyd) ai m 1,

wherein i) the %ﬁnﬁJgﬁﬁéiﬁn@&ME gllc nmonomer : i ndi cat or conponent

mononer is from
iii)  the hydrophilic monomer compnses [3-(methacryloylamino)

ethylanind]nethyl]-lO-[N—[Z-(S,5-dinethyl-[ , 3, 2] di oxaborinan - 2-yl) b
0

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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ii) the indicator conponent nononmer conprises an N (o0-boronobenzyl) am noj
nmet hyl ] ant hracene derivative, iii) the hydrophilic nmonomer conprises [3-(
nmet hacryl oyl am no) propyl]trimethylamonium chloride, and iv) the
macr onol ecul e exhibits an excinmer effect. 14. A nmethod for the production
of an indicator macronol ecule for detecting the presence or concentration
of an anal yte in an aqueous environnent, said method conprising

copol ynmeri zing: a) one or nore indicator conponent nonomers_which
individually are aft sufficiently water soluble to pernmit £HEPHEREEI: an
aqueoud- envihednsed of daimy it echersigy therfadicg premprapenl MRS MRS -(&ai d
anal yte; a ; Ll HGs nmers; such that the resulting
nacronolecSﬁg&%gQ@§%§%¥@B&§?g%g?§%%P%%&Pﬁgogresence or concentration of
said anal yte in an aqueous environnent. 15. The nethod of claim 14, wherein

t he o] ecul e | s.capabl e of .detect.ion by an optical _change. 46 3
Febr Ugfé 20 Method %@alﬁbféa’ﬂwmm edndiratar COROngR ?quﬁﬁ%eie&?%‘rﬁ%ﬁlﬁonem

mononer co%&g &hsAfindof 0- boronobenzyl) ami nonet hyl ant hracene derivati ve.
17. The method of claim 16, wherein the indicator conponent nononer is

sel ect ed f riiNcnethagylmypingorm el iMigo-bérodolpdnixlyretmied ryétbyliattiracgpeopy |

é[\li I(\l?i 2?2 g%%@%ﬁqﬂ%@%}Zﬁfﬁ%{‘o&h@&r}faﬂfﬂﬁ ne%-tyl]-N-[E‘w(methacrylamido)
di oxabor i ngfopiathihb Y- b'i[fgle{ﬂ((ggtdlﬁl%ﬂﬁﬂl-@m’),Qﬂl:iib)éaboﬁnan—}yl) benzyl]-N-[2-(2

. propyl am no] met hyl [ - 10-[ N-[ 2- (5, 5-di met hyl - 2] di oXabor’i nan- 2-3-/I )
benzyl | - N- [lydyoxyptheroxsilet! hosgolmethyljanthrdces; met hyl | ant hr acene; 9-

[N (2 bo roneeheypibae b AR AR ok RU R TRIRA R o acen e

[
?, 1 O-bi s[ Nohdbefioy PNA2ARLHMkoxybthoRy) Bl ydaBnanfethpldantraydne) benzyl]-N-[ 3-
0

met hacryl am do) propyl am no] net hyl |~ anthracene; 9, 10-bis
N- ( 2- bor orfelfbbiz 'if'ﬁa?ﬁn'(l%l’lrﬂciﬂ]]@ﬁi‘ﬂ?ﬁ’}manﬁrﬂbwnéﬁﬂ%ﬁret hyl ] ant hr acene;
i [1NE%[ g] é?éﬁ%ﬁ%lﬁ%ﬁm})pﬁgy %ﬁ?%ﬂq}f@”{aﬂ%af—mr}%t hacr oyl oxyet hoxy)
9, 10-bis [N-(2-boronobenzyl)-N-[3-(methacrylamido)-propylaminoJmethyl]anthracene;
9-[N-[2-(5, 5-dimethyl-[1,3,2]dioxaborinan-2-yl)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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et hyl am no] met hyl ] -10-[ N-[ 2- (5, 5-dinmethyl -[ 1,3,2] dioxaborinan-2-yl)
benzyl]-N-[2-(2- hydroxyet hoxy)-ethylam no]nethyl] anthracene;

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

et hyl am no] met hyl ] -10-[ N -[2- boronobenzyl)]-N[2-(2- hydroxyet hoxy)
et hyl am no] met hyl ] ant hracene; 9,10-bis [N[2-(5,5-di methyl-[
1, 3, 2di oxaborinan -2-yl) benzyl]-N[2-(2- nethacroyl oxyet hoxy)
et hyl am no] net hyl ] ant hracene; 9, 10-bi s f’rlr:@f’ 2005
[ N-(2- borongbenzyl ) - N[ 2-(2- met hacr oyl oxyet hgxy) et hyl am not)

ant hr a&&ne; Tlaﬁﬂeéla% pSclgim ﬁﬂa Thess (hesT o BR80T NYEODHETIOBPREEIGIaT ai m 14,

wherein the, ng%&&lgmgggﬁgﬁ%gg{r%gité o&?IUO(?]:TrEt hacryl oyl am no) -

propyl ]trimethylamoni um c e nethod of claim 14, wherein the
i ndi cat or conponent nonomer is selected fromthe group consisting of a

| ant hanj de chel ate apd a | yar omati c.hydrocarbon. 47 3 February 2005 20.
The. method Tre BPapn ol da P RHEE R it o P Goe oA B peR Pecomponent
mononer : i NAjheAbRler KARRR I6NE 5MOBRAEE: sos; from about 2:1 to about 1000:1. 21.
The nethod of clalim 20, wherein the ratio of hydrophilic nonomer:indicator

conponent nononer is fromabout 5:1 to about 50:1. 22. The nmethod of claim

s’ abott 5. e 5itaEoRm AR e R oA PR e | <

sel ect ed fr@gmbher @raBu@ 5:consi sting of a vicinal diol; an. al pha.-hydroxy
~acid; a .beta.-keto acid; oxygen; carbon dioxide; zinc, potassium
hydr ogen, or carbonate ions; a toxin; a mneral; and a hornone. 24. The

net ho f i r el . I detected | |Gl .ol which
conpr icbs3gs a l?ésrglétgl %I(’)I gl.m E‘g .ﬁﬁfl‘ﬁeél?ﬂrr%t%é@teo ettecﬁ?eéll lgnsggo,tgd\/\%%@et? ‘%értoﬂg sacchari de
i's gl ucose. coabistiddef aratinglcdliof a€ lagghm-Bylroxhauid anbéty.-kdd@ adid] @aygegtdatboaf

hydr ophi | i c_nononer: i ndi ¢cat gr conponent nmonpner is_fromabout 2:1 to about
15:1, ii) tHeXHgdRG PeRsEERHESCN RS §aTRORate ¢onsy 1 taxdn; ganieral a8e SRRz y | )
am nonet hyl ant hracene derivati ve,

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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iii) the hydrophilic nmononer conprises [3-(nethacryl oyl am no)
~ propyl ]trimethyl ammoni um chl oride, and iv) the nmacronol ecul e exhibits an
excimer effect. 27. A method for detecting the presence or concentration of
an analyte in a sanple having an aqueous environnment, said nethod
conprising: 48 3 February 2005 (a) exposing the sanple to an indicator
macr onol ecul e, said macronol ecul e conprising a copolyner of. i) one or
nore indi cator conmponent nononers which individually are nog stfiggﬁgtly
wat er solubje to perpit their use in an aqueous enyironment SFEPYAR AR ng
the preserl@bBostigihesnoanie fapn igficater gagioriolscale, spdmapomelgeuts, compriging
hydr ophi lic ng@ggﬁgﬁéxgych that the resulting macronol ecule is capabl e of
detecting the presence or concentration of said analyte in an aqueous
envi ronnent, amohewharoed mdidator icompamind momaa e wiidcmndeidvaly aredet ecffiaiehey

quality that changes in a concentration-dependent ner when _ said

macronol ecul ewagarg@t}ﬁlgéﬁp?rgut @ﬁ’iréfs%ﬁ’aﬁ“ﬁqg?o ﬁBV‘(‘HW%Zg‘g@:eFeﬁBH%W change in

sai d detectabkﬁ$gﬁ@b}EMxkghﬁﬂﬁgggmdq§mg&ggﬂg t he presence or concentration
28.

of said analyte in said sanple. Thé nethod of claim 27, wherein the

change in said detectable quality is an optical change. 29. The nethod of

claim 27, whetein the indicalor conponent [ rises an N-.(o-

bor onobenzyl )11 ﬂ%‘?ﬂfﬁ%?fﬁwgﬁ?ﬁ’hﬁ‘&é‘é%%éﬁo P %%%gg%&%%@amogﬁug%écl aim 29,
wherei n the i siabRioTideROHROME PlesBRROIRONdefitr&fInasTistid ahAIQT8 ih AR aq@dcRs P
consisting of 9-[[ N nethacryl oyl am nopropyl - N- (0-boronobenzyl) anlnog

-met hyl ] ant hezdeaaent, gnd whrzin the sndi¢atesimhiaroqolecude bys a detectable quality tha

di oxabori nan- -yl z =N [.3- r i . a .

et iyl 1 - 10- | NP Epaa el HBROBR AR i CRAGULARIR popssg o,
hydr oxyet hoxy }ai@uimtitayando] met hyl ] an t hracene ;

9-[ N- (2- bor onobenzyl ) - N-[ 3- (net hacryl am do) -p .

ropy!l ani no](RemRgIurngany shange pysaid detseials gralityiq thereby defgamigg thamesepge or

~ethyl amino 1 mgshyldankyrags Qftalyte in said sample.

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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9,10-bis [N-(2-(5,5-dinethyl-[ 1,3, 2di oxabori nan-2-yl)

benzyl]- N[ 3-(net hacryl am do) propyl am no]nethyl]anthracene; 49 3
February 2005 9, 10-bis [N-(2-boronobenzyl)-N[3-(methacrylam do) -propyl
am no] net hyl anthracene; 9-[N-[2-(5,5-dinethyl-[ 1,3,2] dioxaborinan-2-
"~ yl)benzyl]-N-[2-(2-nethacroyl ox yet hoxy)

et hyl am no] nethyl ] -10-[ N-[ 2- (5, 5-dinethyl -[1I,

3, 2] di oxabori nan-2-yl)benzyl]-N-[ 2-(2- hydroxyet hoxy) - et hyl
ami no] nmet hylﬁ)kgn_t hracene ; _ _ 3 February 2005
9- [ N- (2- bor* lg,lé,[llgs(ﬂjbgmewlmt[ﬁé@egypla}@;@@%myyyl amino]methyl anthracene;

hyl am - - - -
et vl am nop et T Sl S 2gRE R RERBL APl 8- 0 b aBEk Seky)
1, 3, 2] di oxatiniimian]mehyl}) O-[Ne[2z|5} dibtef3A-{ B-3,27etoxalaoriogh axyl3eh oy Y N-[2-(2-
TRt DI AT A
t hyl am _ . ' ' AN3f. Th
et hod of ol B BB oy e ) B lank R IR D - The
(et hacr y| dptamberzyl) phoiRy(2thydroxpethoxly pethylaininn|mkthyllantbrac@®; The net hod of

G oUp. Gons Lot S IS AS SR He BT AP E oM 4D JET Al Dt e hydr ocar bon.
33. The Whﬁ@ﬁhcﬁfyl&iﬁﬂﬁk?ﬂem&lﬁmﬁid}mbihﬂ]ﬁﬁﬁhﬁheﬂegti o of hydrophilic

monomner : i ndi cator conponent” nononer is fromabout 2:2 to about 1000:1. 34.
The met hod %0-kis BN (2-dgronphenza] )N+ Bé2-methasrayfoxygthosphi | i ¢ nononer : i ndi cat or

conmponent ner..i.s. from.about 5:1.t0 about 50:1. 35. The nethod of claim
34 wherei neﬁﬁggﬁngﬂn&eﬁb‘fﬂaﬁ% (i%lﬁ’i qnlgcc’al %o%gyéh‘feﬁ%‘%%qﬁgr conponent nononer

is about 5:1. 36. The nethod of claim?27, wherein the analyte detected is
selected fromthe group consisting of a vicinal diol: an .alpha.-hydroxy

aci d: 34 . bdits matadpistain: 270 3gesin the aydophiligimpaomer comprses bt assi um
hydr ogen, 10NS.; G @ OfRamA E? e .1.and a hornmone. 50 3
February 28‘3@%@'&9’%@”%@%8&1 0 Cl;l)gl m 36, V\ﬂg!l?%(lieﬁ the anal yte detected is
a vicinal did which conprises a saccharide.

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.
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38. The nethod of claim 37, wherein the saccharide is glucose. 39. The
nmet hod of claim 27, wherein i) the nolar ratio of hydrophilic

nmonormer : i ndi cat or conmponent nonnoner is fromabout 2:1 to about 15:1, ii)
t he i ndi cator conponent nonomer conprises an N-(o0-boronobenzyl)
am nonet hyl arit hracene derivative, iii) the hydrophilic nonomer conprises

[ 3- (methacryloylam no) propyl]trinmethylanmonium chloride, and iv) the
macr onol ecul e exhibits an exciner effect. 40. The nethod of cI a| m 39
wherein said macronol ecul e serves as both_an indi cator and & é‘faéY Q\Q,%

41. A facr oh Betipe ohlrieh3¢.vheagin heaanglytedaieaied isagiena él%i:Wh@h c@mPEBes a whi ch

conpri ses asac«\%ﬁﬂ gLynmer of: a) one or nore exciner form ng nmononers, the
nol ecul es of Ich are capable of exhibiting an exciner effect when
suitably oriented with respect to each other; and b) one or nore other

nonone ch tha e. resulting macrqnol ecul e exhibits said exciner
effect3r8542 tﬂﬁ‘i?%ﬁ@%?ﬁl‘@%‘f‘ dheserhande [{Elveose ¢ he macronol ecul e i s
capabl e of detecting the presence or concentration of an analyte. 43. The
macr onol ecul e of claim42, wherein a) the exciner form ng nononer

i ndi viifual | Theimethod obdaifi 27,evlterginwat er sol uble to pernit 51 3 February

2005 its use in an aqueous environnment for detecting the presence or
concentration of said analyte; and b) the other nononmer is a hydrophilic

mononer ;  suythetohdlhr fahie omydr@ﬁsmh@ﬁuh@mhﬁmaﬁ%b kSmp &ien@ﬁfoﬁféﬁﬂe?ih ﬁ&ﬁ aa&ﬁs ence

or concentration of said ana yte in an aqueous enV| ronment . .
macr onol ec btcoaboetthﬂrmz wherein the exciner effect does not

substantlal onse. to change t.he ese ce or
concent ratl 1?13 %rgéllg’ Ife%pmﬁgomﬁ'rh On}%lég lihg&hoéo i m 44, wherein i)
the ol ar raaim@nahylahﬂﬂdiceﬁ@aéﬁwwe,exc| mer form ng rmrmrrer is fromabout 2:1
to

iii) the hydrophilic monomer comprises [3-(methacryloylamino)

propyl]trimethylammonium chloride, and

tv) the macromolecule exhibits an excimer effect.

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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about 15:1, ii) the excinmer formng nononmer conprises an N-(o0-boronobenzyl)
am nonet hyl ant hracene derivative, and iii) the other nononer conprises

[ 3- (et hacryl oyl ami no) propyl]trinmethylammonium chloride. 46. The

macr onol ecul e of claim 41, wherein the excimer form ng nononer is selected
from the group consisting of a | anthanide chel ate and a pol yaromati c

hydr ocar bon. 47. The nacronol ecul e of claim45, wherein the excinmer formng
nononer i s selected from the group consisting of

9- [ [ N- met hacr yl oyl ani nopr opy! - N- (o- bor onobenzyl ) ani no] - mefHEP[uaRY B¥% ene;
9-[N-[2-(5, 5 Y$E AR fThgquepus environment for detecting the presence or concentration of said

1, 3, 2] di ox | 2-yl)benzyl]-N-[3-(nethacryl am do )
propylaning?%%#%éﬁ?-lo-[N-[Z-(S, 5-dinmethyl[1, 3,2

di oxabor i na)tRe ytheaodothdr-ita h¥drophilly eiomssnet; saxty fhaethb yasifomolecule is capable

no] et hyl ] ant hracene; 9-[ N-(2-borongbenzyl )-N-] . X

3- (met hacr yAtaisicgbye gnewrﬂaqﬁ K SPRenRgin qfcﬁﬁ{W- %1 an aqueous environment.
ronbenzyl ) - N-[ 2- (2- hydr oxyet hoxy) et hylam no] nmeth yl]ant hracene;

9, 10-bi sS[N-[ 2- (5, 5-dinmethyl -[ 1, 3, 2] di oxabo rinan-2-yl) benzyl]-N(3-(m

et hacr44. am He)magomplecalriofiohie # Ay jareih thaexwamer, effct dods botssubstantially change

LD (2 bor 32;%33%&%& Nhinges iBe PASitbe or Sondastkatfn st dt SilyAg) et iyl ant hr acene;
9¥[N-[2-(5,5-dinethyl-[1,3,2]dioxaborinan-2-y|)benzyl]-N—[2]-(2-nethacroy|o
xyet hoxy) ethyl am no]nethyl]-10-[N-[2-(5,5-dinmethyl-[1 ., 3,2

di oxab#x i narheangdrymolsewle pf Flabh fL-wWikreinhydr oxyet hoxy) - et hyl am no] met hyl |

ant hracene;. . o . . i

9- { N- ( 2- bor ISRV RE PEeY BOPURG PN SXups B i Framiaheytrel 1 |
-10-[N - (2-agpbeyr @apbenzyl ) - N-[ 2- (2- hydr oxyet hoxy) et hyl am no] net hy

| ] ant hr acene; 9,10-bis[b+[2-(5,5-dinethyl-| 1,3 , 2] dioxaborinan-2-yl) benz
yl ] - N-(2- ( 21) theetvipeioprpigsnansgr Forapises apmhhl-beronghiepayl) hr acene ; 9, 10-bi s

[ N-(2-boro Z #1 2-(2 cr oyl oxyet hoxy)

ethylanino?%@ﬁ%?% g% r%fé%%%géﬁﬁagggts or derivatives thereof 48. A nethod
for produciifipthe otiRe iNOMEE thrprives [(rh&hacylablatind) peogiil faditbthglaginm@X@h mer

effect, which nethod conprises copol yneri zi ng:
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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a) one or nore excinmer form ng nononers, the nolecules of which are capable
of exhibiting an exciner effect when suitably oriented with respect to
each other; and b) one or nore other nonomers; such that the resulting
macr onol ecul e exhibits said exciner effect. 49. The nethod of claim 48,
wherein the macronol ecul e i s capabl e of detecting the presence or
concentration of an analyte. 50. The nethod of claim49, wherein a) the
excimer form ng nononer individually is not sufficiently water soluple to
permit its use in.an aqueous environnent for detecting the3pCE8ERE

concent r at i ¥hNd2-(8ardimethphilyd. 2ldioxgbonyant b enged-NrbAdAenethacreyle yetbpid | i ¢
or concent r e Hoph A8 TG D B PR St Blin G s S DBy REREE NG

of cl ai m 4%yderaictiony)dthylexiolmethefirehiacetees not substantial ly change | n
response to han es in th ence or concentration of _the analyte

The met hod %P?ﬂﬂsg Mﬁﬁﬁ[ﬁ' - ﬂgcméb}xuﬁtﬁ%ﬁcﬁﬂw aIPWOﬂIH@hWﬂ)'IIQT{{Ir é%l 0 of
ot her nono

the exci nrenﬁ#orm n r}oﬂgﬁglrh@g"éﬁg@g@ %@lj{ﬁ?mr@ég%% élernzy?’) about 154 1D

anm nonet hyl%;m-brsﬂééw deﬁmmhyl'r{\lé‘;,Z]ditdabdym@aquﬁ) bedmyt]-NgRgPer conpri ses

[ 3- (et hacr | a trime n| um chloride. 53. The nethod
of claim 48‘1\4 %@Pg‘f’ %Wg%;tﬁyﬁﬁnq B]F%hyﬁ is selected fromthe
group consigi-8g [Nt(2adredbBade- [gl(gllﬁétﬁa@(gﬁm@e%kypr omati ¢ hydrocar bon.

54. The ‘nmethod of cﬁ aim52, wherein the excinmer formng nononmer is selected
fromthe gﬁtbﬂgnmhgﬁtbyiﬂam@r@cﬁene and salts or derivatives thereof.

gi [ [N_Nzgt hagt ltl?%[ ﬂ§/ ro?ﬁ %g%in&lc%) %i%ﬁfg\gﬁ %la??iblsn%eﬁhbltmet hgxglant hracene;

enzyl]-N-[ %ffeaehmrmbtam&ﬁﬁ ns@é&%ﬂ rret hyl]-10-[N-[2- (5, 5-di met hyl - [
1,3, 2]d|oxabor|nan 2-yl)benzyl [2-(2 hydrox et hoxy) - et hyl
am no] nmet hﬂ)paﬁpmw%}mer formmg 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- (2-boronobenzyl )-N-[ 3 - (net hacryl am do) - propyl am no] et hyl ]
-10-(N-(2-bo ronobenzyl)-N[2-(2-hydroxyet hoxy)

et hyl am no] nmet hyl ] ant hracene; 9, 10-bi s

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

met hacryl am do) propylam no] nethyl] anthracene; 9,10-bis

[ N-(2-boronobenzyl)-N- [3 -(nmethacryl am do )-propyl am no] net hyl ]

ant hracene; 9-[N-[2-(5,5-dinmethyl-[1,3,2]di oxaborinan-2-yl %benz U

- N-[ 2- (2- met hacr oyl ox yet hoxy . , ~ 3February 2005
et hyl ani no] Wet hytﬁf modarraglq Qif(ﬂ)a?fana}owr:ﬁwmﬁllfm}@]ra%sz@w iffpamabopt Yiljto
benzyl]-N-[2-( 2'ab'8¥€ Ppxyet hoxy) -ethyl am no] nethyl] anthracene;

9-[ N-(2- boronobenzy { N-[ 2- ( 2- met hacr oyl oxyet hoxy) - et hyl ami no] met hyl ]
-10-[ N - ( 2-ibor che benimyt forminganédmdnyamprises tah dk{o-boronobenzyl)

et hyl am no] net hyl J.ant h enc ; 9,10-his 2- (5,
5- di et hyl ] [1, 3 PSE Rtk %rwaﬁli’esﬂéﬁ'fz;[u ] ( N-[ 2- ( 2-

net hacr oyl oxyet i L tgﬁqa&ﬁ -9, 10-bi s
[ N-(2- bo¥o%en?§%¥%ﬁﬁ?g¥%%&n%ﬁ%§§gyld&ﬁeﬁt hoxyzg}ﬁmo?

et hyl anmi no] met hyiirppwitrimethyrenmordve ids. or derivatives thereof. 54 3
February 2005 55. A nethod for detecting the presence or concentration of
an analyte in a sanple, said nethod conprising: a) exposing the sanple to

an i ndix;at oThetaehed ot @ik 48, wiithein HRGHK IR EsitHis GOARNESE Bdleded £6RAhy NETr  Of
(i) one or nore indicator conponent nononers, the nol ecul es of which are

capabl e of QR ensishoe e lendimde chelate gnd apelyammatigbydrosabemt ed with respect
to eaﬁ‘l Of['ﬁ%rm?tﬁgcgo%mn%@%%Sw%eg%%ﬂlle%?aﬁglr ?Or%rirrl%(;lIr%égch{l%{r}g se%lr%cﬁ%&) cren'\r%(:t\ﬁ'é: e or

concentration o one or er S; such that
t he resul tigigupeesetint etul e exhibits said excinmer effect, and wherein the
i ndi cat or macronol ecul e has a detectable quality that changes in a

concent r at i bHNdBFEAtRINY larEreREPP IR -baranebarax) amiosatiyljwthesgseged to said
Srel e, 0 S0 Iy BLNE - 59) Sy SET AR ULl et o
56. The netpropylahinolméthylb50-[WHEF(@i5AditdethybKiGB Bltioxabbatdn-2ebbenrgl ]-N-[2-(2-
substanti alhl}%rog;r}]fgtrﬁg)?y)i-e?hyl amino |methyl Janthracene;
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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response to changes in the presence or concentration of the analyte. 57.
The nmet hod of claim56, wherein i) the nolar ratio of other nononer:

i ndi cat or conponent nonomer is fromabout 2:1 to about 15:1, ii) the
i ndi cat or conponent nonomer conprises an N-(o0-boronobenzyl)
am no] net hyl ] ant hracene derivative, and iii) the other nononer conprises

[ 3- (et hacryl oyl am no) propyl]trinmethyl ammoni um chloride. 58. The net hod
of claimb55, wherein the indicator conponent nononer is sel g%t ed fr t he
group {;onsi ti dgtj g lanthanide chelate and a gol yar ormat i c° hgpay; n. 55
3 Febridary Rsaoddlgr depprmadbaS<OS B SATkPEEioRALRR MHLYIR N § HERR e
conponent TRARGBLorh sk, ected fromthe group consisting of

9- [ [ N- et hacryl oyl am nopr opyl - N- (0- bor onobenzyl ) am no] - met hyl ] ant hr acene;
9- [ N- ( 2- bora) exxsmgythy saxhple 1 & imdichte nuytomoledtubn xai)l necromolecule comprising a

t hyl am nol net hyl ] - lp- [N -(2- boronobenzyl)-N[2-(2-hydroxyet hoxy)

et hyl am no] P f-‘ant hracene; 9, 10-bi s

[ N-(2- bor onoben@I dnd\brlrdore dndTBI R PO SRS AbREYs, thethOMbuladRehibiakhy! ]

ant hracene; 9-[N-[2-(5, 5-di net hyl -[

1, 3, 2] di oxabor i nancapable)o exbipiting n [e3citner eieat mhien miithbly oriented with respect to
propyl am no] met hyl ] - 10-. N-| 2- (,5,. 5- dj met hyl - .

P Yt oxabor | nane FDsbr sk s HTRhROIE S8 drisring e rarsyreh

no] met hyl ] ant hr ace@@icentration of an analyte; and

9-[ N-(2- boronobenzyl ) - N-[ 3- (net hacr yl am do) - pr opyl am no] net hyl ] - 10-[ N- ( 2- bo
ronobenzyl ) - N- [ 2- (2L ¥edr dvare oHskpenamens; sushithes fhesesplinemasremeleaele 9, 10- bi s
[N-[2-(5, 5-di et Qyks; , i rj VA B

beneyl 1N [ 3 ( net nagyifegat Aihd S WAL de inioator macromlecule g2y

[ N- (2- bor onobenzyl Jetédtdble quetiti that yHadpescia a-conapythadi-dedeidén lahagtwiteacene;

9-[N-[2-(5,5-dinmethy|-[1, 3, 2] dj oxabor i -2-yl)b I'T-N-[2-(2-neth |
et hoxy) et hyl am Tl RRCRPIIHSST REosed B oRcpbengnd |
1, 3, 2] di j o P il = ot ] t hyl
R

enzyl ] - N- [ 2o@ntration 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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met hacr oyl oxyet hoxy) et hyl am no] net hyl ] ant hracene; and salts or derivatives

t hereof. 60. The indicator macronol ecule of claim1, wherein the indicator

conmponent nononer is selected fromthe group consisting of

N[ 3- (et hacryl am do) propyl ] - 3,

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

a'-bis[N-[2-(5,5-dinmethyl-[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.

61. The method of claim 14, wherein the indicator conmponent 3HSRBIFEY2

sel ect®¥ f rowmmethod of daim 25 wdiersin g indisgorcqmanangal Mo is selqeted from the

- (et hacryl agm | -3, 4-di hydroxy-9, 10-di oxo- 2- ant hracenesul f onam de

; a, a' -bi gﬂ %)nﬁ{gﬂ@é’{)ﬁ met hyl -[ 1, 3, 2] di oxaborina 2-yl) benzyl]-N][3-

(et hacr yl @rj[Nenptha@ylogtiniiadprepyl ANXo-bervapbenzgl) salihs]-oethd¢mithratenges t her eof .
t he, i ndi cat or, conponeni nononer_ |

62, Th th lai m 2 wh i

el ect od T FORHREOOGR B I DY i G gy I b D) BRI 5] B - 3.

4-di hyd - . 2 I 1L.de., .

> b o [ S e PR MAGRIRY O et A prtrigene 1 (5.

(et hacr y| &yiQoik pPNe@yHoarriobeizyl) M- 4(2-emthacandos@ttoxypr deri vati ves thereof.
63. The macr,0 I.ecijl %Bﬂ | ai m 41, wherein the exciner form ng nononer is
sel ected fregﬁili%ﬂlﬁglﬁ‘? éf’@ﬂﬁ%eing’ti ng of N-[3 -(nethacryl anido)propy I] -3,

4- di hydr oxyp-[N-f0¢55-axfetd 1111} A ﬁﬁﬁﬁ!ﬁﬁﬂaﬁ-@ﬂﬁﬁﬂeﬂ_ﬁjﬂ-}a 3- meﬂlaclnfamidos)_

a' -bi s[N-{2-(5, 5-di net hy 1, 3, 2] di oxabor’ nan-2-yl enzyl’ - N-h
( met hacr y| @nenddamine wyethyl-h0[NI 245 xS-danethyldn B, Zhvxabodnand2yberzylj8$-[2H62r eof .

64. The nethaed of.cl ai 8..wherein the excinmer form ng nononmer is selected
fromthe télP’ {ﬁ)ﬁ(y%%%?ﬁéet@?yﬂ@mol?mﬁmﬁgﬁygal}tFW@f’Iheacr yl ami do) propyl] -3,
4- di hydr ox P=[W-@b&bﬂMyl)-Ni[ﬁg@&ﬁd&ﬂ%f@)@fﬂ;ﬁ@émin@tgnethyl]-l(l)-][Nfﬂ_Z-[bg

a'-bis[N-[2-(5, 5-di net %‘I' -[.1, 2] di oxabori nan-2-yl) benzy
(et hacr y| aeaaberpibylddihyéraxyethoxy) eiindaminaimethytlanthyacaner i vat i ves t her eof .

08 TIPS SRR I SO AR
4- di hydr ox prop]adhfindinetioy] Bndnidehecenesul f onam de;
| 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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a, a -bis[N[2-(5,5-dinethyl-[1, 3, 2]di oxabori nan- 2-yl) benzyl]-N][3-

(met 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 ecule of claim
1. 57 3 February 2005 67. The inplantable 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 the ia%i at or

| ecyle.of claim4l.. 69. The j. t abl e devi f|'ﬁ$%§ry%6?{k5r'
the. anal yt SV 3 (grlieByEmSaporiny G4 005 ARk Pt SuheHES B Edsr o The
i nvention rel AbeaN B (sdieakiRi-[ B hEGHk Sorihed-2
l?ana%élyteln a |

} | . he presence or
concentration o um suc A5 aﬁp ?g[fltd and to net hods

f or achi evi(ngthacslehiddpirepiimino |- Mame/iger dddcsaliant Jeriviatieesitharesl | on rel at es
to copol yner macronol ecul es containing relatively hydrophobic indicator
~conmponent nononers, and hydrophilic nononers, such that the macronol ecul e

I's cappbl e Bfe H&Rod b1t 2 YR #8\hdieATEYmpolnt 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.

63.  The macromolecule of claim 41, wherein the excimer forming 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.

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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67.

68.

69.

3 February 2005

The implantable device of claim 66, wherein the analyte is glucose.

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

which comprises the indicator macromolecule of claim 41.

The implantable device of claim 68, Whereir_l the analyte is glucose.
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