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BACKGROUND OF THE INVENTION
1. Field of the Invention
20 The present invention relates to the detection of the
presence or concentration of an analyte. More
particularly, the invention relates to detecting analytes
with indicator systems which may undergo a molecular
configurational change upon exposure to the analyte. The
25 configurational change affects a detectable quality
associated with the indicator system, thereby allowing
detection of the presence or concentration of the

analyte.

30 2. Description of the Related Art
U.S. Patent 5,503,770 (James, et al.) is directed to
a fluorescent boronic acid-containing compound that emits
fluorescence of a high intensity upon binding to

saccharides, including glucose. The fluorescent compound
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di sposed. in the vicinity of the phenyl boronic acid noiety 5 so as to
interact intranolecularly with the boronic acid. Such interaction thereby
causes thgFRnRaAd to emt fluorescence upon saccharide ?MOQEOZOP S.

Patent 5,503, 449 aerﬁﬁre'cQ@§rt§keaﬁ:QREEQUB§nJ&5¢s§Hbt Qbfﬁmflgioho glegting
saccharides. See also T.. J al m

nes Che
117(35) : 8982- 87°3L0GEF, PRE?H%O@”&Feéﬁh% Wtiaanﬁga%éeéfég%l}% s directed
to allele di smnimn-mactowd)mu@lﬂi*@d@gnn@t@mudhanceb’emmrogeﬁ atom is

pai 1+ Upon bi i o iee ¢Re e G L8 Phe oS08 LH tcs “a ¢ R 10t at  onal
reorQani zatd OnS@h%t?z tor egt@r@@t tmrhmgmgsl@mi@ewmh tihe batenhaldgidquenched
f1uorophore. Houeyer:thaeause e sl engtdy %e% & tBaé g is

relatively high at anbient tenperature, and th ecul ar beacon probe in
use nust underﬁ%u%q%eﬁéezﬁp%rﬁﬁcﬁﬁﬁéw%ﬁ%ﬂndéﬁangéj (St hPatight essenti al | y
180), that syswcm ciannaesteashd yhbeco@shnd a6 08kl tHKIWS E¥rdet ect g
fluctuating an concentrations i ne. There renains a need in
the art for %I caeclng sze}rlr%rldo i chgs?eajcsa?pgbl ea%?s’d&teégﬂhg‘j‘t H& pr esence
or 25 concem_t r @hémon Sofc. ahléh%ﬂ 888’8 grodat er sen5| tivity, and which may
al so use a w de vafi.ety gjogee#]%%tlbgf S/ SL8MEs %cgn Fe%‘ce%l $9 be used

for the real tine getect ion o €s vvhose con ration nay be
fluctuating. B@lmeEldlSUmm\ét@@nTHEllMﬁENTm@Newllméeaspeat itéhe present

i nvention is dﬁéﬁ&iﬁds&l@ 8q SElRRd-1 06 4RI ¢HHOY 1hR1RGEREpEE, OF
concentration of a ﬁ droxyl analyte in a sanple, which conprises: -2
£f1 uorophore/quencher pair. Upon binding to the target,

15 the probe undergoes a configurational reorganlzatlon that
restores the fluorescence of the internally quenched
fluorophore. However, because the strength of DNA base-
pairing is relatively high at ambient temperature, and
the molecular beacon probe in use must undergo a large

20 configurational change (through essentially 180°), that
system cannot readily be used to continuously detect
fluctuating analyte concentrations in real time.

There remains a need in the art for indicator systems
which are capable of detecting the presence or

25 concentration of an aﬂalyte with greater sensitivity, and
which may also use a wide variety of detection systems,
and which may also be used for the real time detection of

analytes whose concentration may be fluctuating.

30
BRIEF SUMMARY OF THE INVENTION
In one aspect, the present invention is directed to a
method for detecting the presence or concentration of a

polyhydroxyl analyte in a sample, which comprises:
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WO 02/ 054067 PCT/ US02/ 00201 a) exposing the sanple to an indicator system
having 1) a first recognition elenent capable of formng a coval ent bond

in a revews Rldsdsashi on with said anal yte, and either A) pr19EH206001
recogni tion el ement) capabbinfthe Eonpldd A a@OVAd Bt ROBYstdn svdv@ver Si bl e
fashion to said anial %t%.bo nd to the fi rgt r cognition el enent, or B)

| ‘ T evers?

. sy reco lﬁ on e %ﬁk? QF § . a
ligand el ement capabl € of “F ht eraH g n asAFBP%hi% h t he
first recognit¢tomldenbondi in thereaiesenoke Gfshdandwarialsptie, asal gtd,i gand

el ement optiongl kv fislthes %Oseccqmar irg'bg@n&iloqlbg?e%%g; ldl%%%gge%fa detectabl e

quality that s nodulated by the interaction o . ement with
the recogniti ofCEHEIFeRt COMREIH: PoPHeipot tiBIrrsdPle Heashienc e ovaisd st em

cont ai ni ng sai ndiytsd voeaaghd tiren fi@EﬁﬁﬂﬁodnStﬁeﬂaémtén&‘.,ObrnQ)naaCOVaJ egt Iy
linked to the 15 porti.on t he.i.ndi cator system containing,said secon
recognition el %ﬁ%%fc{ c?rlersnglg% BTG 8?eﬁ%tn 3:;‘—’)(%rllagi Y % r&@?@%i?ﬁ% system
whi ch conpri sefasitidreadthoblee [frsA) racewridri/caceéptart systhm alhsatvepr oduces

a detectable gpality Jhhalehangesifafy C&%&gﬂgggﬁﬁgﬂgge@g@emmef 20

when said indicator systemis exposed to sal said | abel ed
ligand el ehnt SOBR- P InBasind ingrakyPErdiRpe Pndsteeaddeearabliey quality to
therfaby det er mmer Li@n@ﬁ&§@lf&€kﬁf teencerdFaition of tl’feailggéfi@![ ytde itn sai d
sanple. 25 In another aspect, the present invention is directed  to

i ndi cat or syst%?r%“%%r W&igr glil%greé:l?tg%ﬁﬁéo%etlt‘?ﬁﬁ§95e‘fhe’?edf’t a0V 1T BRI EF
DESCRI PTI ON  OFo THERDRAVE NES> B3 (s yisitgur ecrdtsidng thkd ndirmsell irzedgihitierescence
em ssion (1/10 @35 18Mopd1d:18 corPRUNds,deshE] Ped didExample 1.

15 portion of the indicator system containing said second
recognition element or said ligand element; and
' ii) a detection system which comprises at least one
of A) a donor/acceptor system which produces a detectable
guality that changes in a concentration-dependent manner

20 when said indicator system is exposed to said analyte, or
B) said labeled ligand element; and

b) measuring any change in said detectable quality

to thereby determine the presence or concentration of
said analyte in said sample.

25 In another aspect, the present invention is directed
to indicator systems for carrying out the methods set

forth above.

BRIEF DESCRIPTION OF THE DRAWINGS
30 Figure 1 shows the normalized fluorescence emission
(I/Io @ 535 nm) of the compounds described in Example 1.
Figure 2 shows the normalized fluorescence emission
(I/To G 535 nm) of the compounds described in Example 2.

Figure 3 shows the fluorescence emission (I at 518 nm)
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Figure 2 shows the nornmalized fluorescence emssion (I/1o @535 nm of the
conpounds described in Exanple 2. Figure 3 shows the fluorescence em ssion
(I at S518wydhosiesy WO 02/ 054067 PCT/ US02/ 00201 of the i ndig@t o2y iem
described in ~¥ H&HH, Qnﬁlcgtgﬂrﬁzs“:eﬁh@@@cfﬂ%d‘c Iluommrg:@ em Sﬁs%{ on at 545
nm of the indicatar, systemdescribed.in ure 5 shows t he

fl uorescence eni ssi d‘r‘?%fé gt Shoyss §hﬁn)fl‘6‘?r?5}?§nlcﬁd?lﬁ%ﬁ%lror’sy(§t & Wedcribed in
Exanpl e 5. Figur e thkeowsdt tetdi wgsmmeatmﬂbedsimmz(ahnpab 450 nm of the
i ndi cator system dgs %r % Qo‘g%ayml (ng‘? |C%r stshsolvgsn t Qe Qogggal i zed

fl uorescence em ssio The n i cator sy stem described in
10 Exanple ®. ®gwte ’Cgleshédgwm §N§bﬁ1ba#ﬂﬁe:rsbeét 3 E}fantpﬁe 5i ndi cat or
system descri bed i nrifgxa@pbesyowd G4l 819 508 kheyn{ &li QE apspsdance (A
(565nm /A (430 n% of the.indicator system described in Exanple 7. 15
Figure 10 showd™ He dbemiPfieria tf'dlsé%ecﬁec‘i?r(lpﬁﬂo}naﬁxa&@éenﬁ? of the

i ndi cat or syst em d&@&ﬁ:bb@dslhd\st)t&ﬁ’ph@rn?allz@ETﬂﬁcEQ%SGa ElisNF THE

| NVENTI ON gfle  ASPRCL thg &resegt |{13/renst| ré)w d S £ Way 20 to
detect the pre ence Of CONCentTation of an Ana Fyt% TEIH§ %A i ndi cat or

syst em whi th nx¥ammigersigo a configurati onal change upon interaction with

the analyte. The pigdi-cag odnsxst-gm Q@%r%a@%teeﬁﬁ%@@c!rea gyakhty that changes

when the indicator sSystem undergoes the 25 configurational change, which is
i ndi cative of tHECHhOEsENEEHrICGTLBAErHt iFFR™BESt he anal yte.

Figure 9 shows the ratio of absorbance (A (565nm) /A
(430 nm)) of the indicator system described in Example 7.
15 Figure 10 shows the normalized fluorescence (I/I;) at

550 nm of the indicator system described in Example 7.

DETAILED DESCRIPTION OF THE INVENTION
In one aspect, the present invention provides a way
20 to detect the presence or concentration of an analyte
using an indicator system which may undergo a
configurational change upon interaction with the analyte.
The indicator system has a detectable quality that
changes when the indicator system undergoes the
25 configurational change, which ié indicative of the

presence or concentration of the analyte.
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-4 WD 02/ 054067 PCT/ US02/ 00201 WMany anal ytes may be detected according to
the present invention. Suitable analytes include nolecular analytes (which

may be de{ig\pfsagya nol ecul e consisting of coval ent bondsc@gso2ppRsed to,
e.g., a metal 1onvehy SnABy@ds GRFPHEXdSHMREUS8E:&FqiGROKdI BRI ve bonds) ;

car bohydr at es; pol dr oxyl ,compaunds, . especi al |y, those having vi ci nal
hydr oxy gr oups?P%?%hhé’aléw }/‘géo%UQﬂgf‘@}%.%)naclgltﬁﬁoéﬁghfdreu(‘f‘tog%%?ﬂ?%ct ose,
etc.) and sugaasabowewd (Wwhichimpyde peoimédss et tolesuind lcomsliecinge dr ugs;
hor nones; 10 oxygen: r.b | oxi de; [LQUS ions, suc S.zingc

pot assi um hyd?%g‘gér}{algeglﬁzbgﬁggée’, ©t %Pp%eeé gcroésgr'lg' ! i?\vnée%a?oﬁo?sorespeci ally
suited to deteetidh asmpdgel Fompirisleft ef, cpmrdingtiiue | jorddsds t han 5000

Dal tons. In ong,eshadimat, ﬁ@ﬁylﬁfd@%@?i EAMRALLEN BBY-A1811H £Rs4d ed out

using an indicator systemwhjch has at |least tw recognition elenents for
the anal yte toRPEHeteCtedl PV Srehti efCBd28utttt FAP2GPoRe i%trer act i ng
with the anal yleceapalfiracebsé wiasitbee] nd@f.ackhansuddres badheat®r sSystem

under goes the Eon{&ﬁgur%toitongls cehange. ;I'ﬁe ZOg icngi cator s steméal SO0 has a
detection system assodiated >t Herew tH wiichiChHas & et ecfaBr%ual ity

whi ch changes owem i keribndi ded:0desystemintienact sush tas zhecanal yte. Upon
interaction w a e r iti el assune a
configuration V eér%%t éy gégo%%fghgﬁgggg%%%s%?cfog@ﬁgﬁgr@%arther apart, or
restricted in tR&Rticy dédeppetiatslvecul tad st FoRe @kl @h dfn smath may af f ect

the signal, thamdherpaeeit@uali 08si nihe sabsepsapfs.the analyte. That
change i configurat i gn mmy, gause tfie, ghange |1, bhe detegtaple auality.
’

15 carried out using an indicator system which has at least
two recognition elements for the analyte to be detected,
which are oriented such that upon interacting with the
analyte capable of two-site interaction, the indicator
system undergoes the configurational change. The

20 indicator system also has a detection system associated
therewith, which has a detectable quality which changes
when the indicator system interacts with the analyte.
Upon interaction with the analyte, the reccgnition
elements may assume a configuration where they are either

25 closer together or farther apart, or restricted in their
freedom of molecular motion which in turn may affect the
signal, than their configﬁration in the absence of the
analyte. That change in configuration may cause the
change in the detectable quality.

30 In another embodiment, the present invention may be
carried out using an indicator system which has at least
one recognition element for the analyte to be detected,
as well as a ligand element. The ligand element is

capable of reversible interaction with the recognition
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30 In ahother enbodi ment, the present invention may be carried out using
an indicator systemwhich has at | east one recognition elenent for the

anal yte twdedalsected, as well as a ligand el ement. The dotigasdoel enent

is capable OfeIeQﬁéthS,I Iaha t&ﬁ&!@%t r28n WHd ahheytecagniihi-@R,:5: M0 02/ 054067
PCT/ US02/ 00201 t_te:rret:ga corrpe&es with the analyte for interaction
el

with the recogt r&ﬁ%‘ﬁ?ltl\ﬂﬁ‘eﬁ FRE rec Rt Fioh Te°8RERt°ANd the | i gand
el ement i nt er actenentt hedablsencigraofl eldmerandhyteact hin dékeabsairesystem Wil |

have a di ffer el Sneter red CONLLOULAL AR AN, £0] ALiwe 0Gi pRL AL ON than

when the analyte intéracts wt he recognition e , causing
di spl acenent olfrql??éfqeidgﬁﬁﬂfjeqf%ﬁf’nf?Brﬁec%lvﬁeﬁﬁb?ﬂtﬁtéﬁnﬁ@ﬁeﬁ‘th.enThat

change in conftwraaﬁlgmecwmdtbewgﬂam iracb@ﬁudﬁrﬁ%uaﬁéﬁt quality. In

certain 10 enbodi nents, the |i nd el e so be part. of the
detection syst&m®FES LR ‘feé“e%t h8fIF}§earTﬁ&g§ng ﬂ?m%f Psbtbe a quencher,
whose effect |Jse¢<ﬂgm\tadpvm13emetdte @nat ydhexnigat énamIsfwuh:htlidm dgaasegni tion
el enment. Furt eﬁ]ﬁ I| gngneeld%qgg{:ag@ey q(ag@rcgseh% rC%Ir S§QW| e, a 15

det ect abl e | abe aracterlstlcs profile) differs
dependi ng {Fponefvﬁfé%lﬁ@lntér Her ligenpi g%ﬁi‘lfn’ferﬂébreﬁ%sq MeepactsoRittie t he

recogni tion elmﬂtloWEpsE%p%tr bRarf th)ernenp r{m@tleﬁleﬁﬁrma@ed above,
sui tabl e recongr n el enent.s inc ude er%Dﬂﬁ I es ich 20 capable of a

et orably r VBl ke S RUEPERE ORPHPS e ate) VST BECBt¥or od. 1t i 1)
be under st ood adwtyttehénteraas' iwiter fice i mrbgodhniémod leghend . wi Hertharri, et y of

physical  and ﬁybenilgggédl 0{ eragt hQ?ScoM@e‘?SfBPaé&%ﬂl@, epactions, hydrogen
bondi ng, coval ent etc. 'S
15 detectable label whose characteristics (e.g., spectral
profile) differs depending upon whether or not the ligand
element interacts with the recognition element.
With respect to either embodiment described above,
suitable recognition elements include moieties which are
20 capable of a preferably reversible interaction with the
analyte to be detected. It will be understood that the
term “interaction” can include a wide variety of physical
and chemical interactions, such as charge interactions,
hydrogen bonding, covalent bonding, etec. It is
25 especially preferred that the interaction between the
recognition element (s) and analyte, and between the
"ligand element (if present) and the recognition element,
be the formation of one or more covalent bonds in a
" reversible fashion. 1In this context, a covalent bond
30 preferably means a bond between two atoms where one
electron is provided by each atom, and excludes hydrogen
bonding, ionic bonding, and coordinative or dative
bonding involving donation of two electrons from one of

the two atoms. It is preferred that the interaction be
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25 espetially preferred that the interaction between the recognition
el enment (s) and anal yte, and between the Iligand elenent (if present) and
.t he recogwiddzm4(glyenent be the formation of one or nore pgay@oedobonds in

a reversible f@ﬁeml%lyl Rehl) Se qaNt ﬁéhn@ £emakeptaband 30spLef eyably means
a bond between two re one ﬁctron i.s provided by each atom and

excl udes hydro@%‘h e i ¥ni cseﬁfc?ﬁ& @miéﬁﬁilec&&?a?lﬁa’ﬂ% SOPMERET ve
bondi ng i nvol vang ldmrmt,l andoﬁretmmengcimﬂnﬁjef bemnoﬂe #fid,t berénaxaat ons. |t
is preferred tg&g tg}eselnngggagé naggen WO 02/9 67. PCT/ 802/ 00201

relatively wea 5 dFSS8eT &t i'Oh const AmtC &F above about 10-6

M Sever al %wt%{bll@fa‘t@cggmtgwaelllenemcs, qm’elahﬁbmoran@tpr eferlablfy include

boroni c acid, poranate xh8fn %%@b8H§Z@q}lq}ln§ﬁ.sgﬁéff s'u%?; abelluric acid, 5
tellurate ion, germanic acid, germnate ion whi ch are knovvn

to recognize VIERTRAS @Gl StRERFagEoNytRinse allBebt Hit 20aLBbRYET at es. Wien
the anal yte i sglgtamgseorbofOicddacsdiths idie pRstepref ekredniersagni ti on
elenent. 10 In %Qgenecr’rbodi ment where the indicator systemincludes a |igand
el enent, such gfement” shoul d be capable of interaction with the

recogniti okd el emed &hd efexidimedt dWependibggiodicdiwmpyanen yravigelesf t he

target analyte, 1{hpicelighethe ldcgaggezﬁ‘érﬁzrr%'?&uﬂﬁl be depaRdcuppn the analyte
15 and the recognition el ement thin the guidelines™ nentioned above. In

a preferred enbodfTRSH OPwHER tbrli’c? r%amiélqns eée‘\??’@i ald dr8i9Rt’h as gl ucose

and the recogaépéringl eAeie iGmamber eiide aE @net hgrddtgandiptenent is

pr ef er abl a noj et le. of formng a bond with_the
P y Ch01ég d%pgge ligand elemé%t will depend upon the analyte

15 and the recognition element, within the guidelines
mentioned above. In a preferred embodiment, when the
analyte is a vicinal diol such as glucose and the
recognition element is a boronic acid, the ligand element
is preferably a moiety capable of forming a bond with the

20 recognition element (such as an ester bond) in a
reversible fashion. Such ligand elements include an
aromatic diol (e.g., a catechol), a lactate, an alpha-

. hydroxy acid, tartaric acid, malic acid, diethanolamine,
a p-aminoalcohol, glucose, a polyvhydroxy compound, and a

25 vicdinal hydroxy-containing compound, all optionally
substituted. In another embodiment, the ligand element
may also be part of the detection system. For example,
the ligand element may also be capable of modulating the
fluorescence of a fluorophore associated with the

30 indicator system. When the ligaﬁd element interacts with
the recognition element, it is in a configuration where
it may, e.g., effectively quench the fluorophore. When
the ligand element is’displaced from the recognition

element by the analyte, the ligand is no longer in a
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20 recognition el enent (such as an ester bond) in a reversible fashion.
Such ligand el enents include an aromatic diol (e.g., a catechol), a
lactate, @ @ogas hydroxy acid, tartaric acid, nalic aci dbcidigbleoel am ne,

a (3-am noal cobehri@lnease, ta @i&dﬂw&ﬁéxmm%%!@é (2 g ap1 ¥ 6§ Nal
hydr oxy- cont ai hng conmpound, all _opt ;onaaD substi tut ed. In anot her
enbodi ment , 2 P i Gand 58 SABRtCOHEY 2APR P D PR 20T HE T SFRRET B Sy st em

For exanple, fthee Iqmmltleel enarite rmylatenadie wlapabhe fifuoredhbasi ng the
fluorescence ofya,fiHQr,ophoLe moc%gt ed- i f:hibhe. ]’_SQTérpcql cator system Wen

the ligand elenment Interacts wt he recognition ment, it isin a
configuratidn wher’d UPE: s eﬁente¥ff@cctéit\?él ?Yﬁ%‘?r‘clﬁ’rleﬁérﬂ’hbrophore When

the ligand el esenit iim diy&@inﬁ@%hdlﬂ.@m:ﬁ_ﬂﬁ“ Heﬁﬁ;@gﬁl thoncorgligieat idyat he
anal yte, the |i and | no %onqgg i.n %054?67 FI;CT/ Us02/ 00201
configuration ¥6° eus’encel‘? £HBS &Shorb@or(%é:’@e ¥ &P°TeThE Feverse case

coul d al so be tel,letllwelazn@ehbrbmm Emcmta k(:tglherqtlermhemtemabtaeort,o i nt eract
with the fluorophors gv%%@twtgﬁ%wgt Q%eegfé)&mée 8 glgfrent). 5 In

use, the present 1ndicator s r &f er abl I st nam ¢ equilibrium
bet ween t h&0 codRreglirat i Gﬁaﬁeq%et%tléfs Hé%c?fl liéﬂ@ REP &S Wﬁ@tp@ef erably,

there is a repatiaely weaknbiNdicad-angde aar{ylgzlfaeraé@e@a‘ldnnb%ﬁcaﬂ on,
all owi ng faster, (ng | i bration (*tq: the presen at;a}rlof free 10 anal

Consequent |y, ® 12 9e Opr BT ‘1°H§en?‘?%eri31 &f 8P BBy PePhi ¢ real -tine
anal yte det ectamanlxn/aerwhasew:@te:a”ramgelom torfdiukctoasinesp@beaptysaeat ect i on of

an_ analyte whoge.GONGERLhBLLON i1kl HOL UAldAg. ThE Lsent 1nvention
generally will not require
15 substantial temperature changes in carrying out the

methods described herein. That is, the present methods
may be performed at substantially ambient temperature,
which means the temperature at which the analyte sample
is found under normal conditions. It will be understood

20 that ambient temperature will vary widely depending on
the analyte and its environment. For example, ambient
temperature may include room temperature or colder; up to
about 45°C for many in vivo applications; and up to about
80°C or higher for, e.g., certain fermentation

25 applications.

The indicator systems of the present invention
include a detection system which has a detectable quality
that changes in a concentration-dependent manner when the
indicator system is exposed to an analyte. The detection

30 system preferably comprises a donor/acceptor system,
which means a pair of different groups that interact to
provide a signal, wherein a change in the distance
between the groups changes a characteristic of the

signal. Preferably, the signal is an electromagnetic or

e




15 subst:antial tenperature changes in carrying out the nethods descri bed
herein. That is, the present nmethods may be perforned at substanti aIIy
anbi ent tfw@%/@gﬂ&e whi ch means the tenperature at whichpg yt e

sanpl e ound JMRdeEn fes il s&@ﬂghtl%’bs tcmég}e *%‘%ﬁHQPé%FSEJ %3 20 that

ambi ent tenperature will vary w dely depéendi ng e analyte and its
envi ronment . FofieRaRpPetdemisi élﬁtffeJE%Ypr@ﬁ&FEF%CWc?ﬂacP‘En‘h@trléérﬁ”fléﬁper ature
or colder; up tim cabsetpAbGrfiak)many an vivo applications; and up to about

80C or hlgher for, ertanfer ation 2 licatiaon The
i ndi cator systens o?m? suc%r E%!rL\ les\l/metStE i allrnec?(uagg rb‘]gt et ESn S5t em
whi ch has a5det1@cttabller%}$jm’q tlylvetlhacvnchmgesxamp@,c@heemdmat@m-dependent

manner when theygiadi 24 ofn Syskem ml%%%ﬁg Eﬂ@a}e@eéwsﬁz The detection
30 system prefer abI nprises a donor/acceptor system Ich means a pair

of different gr%ﬁ?xf’ﬁ%ﬁc?% JePracFheni L pgerdent Widghal an vitkscsPANES change i n

the distance Q%Ts\éaGMa]b@E w&up&h@&anﬁﬁ@rgoebadm%bsm%rg the signal.
-8 WD 02/ 054067

Pref erably, the | ectro etl or

PCT/ US02/ 00201 %Fgg?%%h%%ﬁq&zv Vsﬂi‘a]ha énalca%“cﬁé(rsb%mﬁ%%spaur whi ch
provi des a Wi f frreenbnéi @otatcohedi cladtngpaot ghti ad¢tandicion sjns’oémsreypr oximty).
Many such qual 'cto&ng §y85 &I o OEQ%@%WE&{%MQ% gye e present

i nvention. For he I ndicator system inc A"Uni nescent
(f1 uorescent orspaﬁﬁésf)‘ﬁ‘é? édeéntiene %@nﬂ?ﬁﬁ?%ﬁbapa%é'fhenaﬁhabsor bance

based | abel , etigaiwhteh sidenge8sesa@hANdeni thd hgaigetect abl e quality when
the Indlcator SySten1ng1ec%abfe quality may be a detectable spectral
15 change, such as changes in fluorescent decay time
(determinéd by time domain or frequency domain
measurement), fluorescent intensity, fluorescent
anisotropy or polarization; a spectral shift of the
emission spectrum; a change in time-resolved anisotropy
20 decay (determined by time domain or frequency domain
measurement), a change in the absorbance spectrum, etc.
The detection system may comprise a fluorophore and a
moiety that is capable of quenching the fluoresence of
the fluorophore. In that embodiment, the indicator
25 system may be constructed in two ways. First, it may be
constructed such that in the absence of analyte, the
fluorophore and guencher are positioned sufficiently
close to each other such that fluorescent emission is
effectively quenched. Upon interaction with the analyte,
30 the configuration of the indicator system changes,
resulting in the separation of the fluorophore/quencher
pair sufficient to allow dequenching of the fluorophore.
Alternatively, the indicator system may be constructed

such that in the absence of analyte, the fluorophore and
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10 the configurational change. The detection systemmay conprise a donor
noi ety and an acceptor noiety, each spaced such that there is a detectable
change -whwo 284067 ndi cat or systeminteracts with the anal ya/uSteo201

det ect abl e quadréncheay abe poslgtienedbbef Spdehtal dilfachtafigen sath as changes

in fluorescent?ﬁﬁ%$%ukhn€ha£qﬁk@&&h@? IQ%xJEQECQ§HEHQ1ere&£@8H%PCV dormai n

measur enent), escent Intensity, uorescent™ ani sotropy or

pol ari zati on; Bl&PESCLAFesh| frRoTofinERBacfins §ileh Ehredmaditea Etange in
time-resol ved ashsifurapyor0oHegry ihdetLidv rggdt&y dHdRedOMBhA Qe frequency
domai n rreasurgm‘a?%h a ha%gqqfl n the abz}rcir ance spectr un@ etc. The

det ection syst 86%?\1 ChEY PAOF opholr e Rt 3 NTiety that195€ capabl e of
guenchi ng the f¢ udrlesencencfing k¢ theoflophopecrdn tAwmtisedbosktatent, t he

i ndi cator 25 s r ed in. Eir i be
constructed su%é}jr%\bIr ﬁ\ﬂél{g%l}sﬁggﬁ%%glg#%% g?lf;ﬁ%r@?@? de =% ?ES%%%%% and
quencher are pdsi%ataredvsere iRatEntrpeery e thd Rakh 3d*her such that

fluorescent enissd@phosesefépaldvehy spmanched: rklpamd nbatagidonna th the
anal yte, 30 the conii urat%on of the indicator system chggges, resul ting

in the seph at t¥H G Orh8Y FFHOAGHHBr EPGUBIFOREF ™Y pR T WH AP 2Nt° 0 al | ow
dequenchi ng of filerdphoarophteets tAkt Eruatdsvehye dhehHenditat prassyst em may be

constructed s . i e absence of analyte, the fluorophore and -9 WO
02/ 054067 PCT/%‘ZI}'E{%%O%&%%%SHC%&%%}'etrpaélssir%tef:bnee%ic‘suf ficiently distant from

each other such thay fheofdnhoreptioscties papablarecofknenmntandgref | uor escence.
Upon i nteractiom W -tBe shalnd erebbr GRRELIYS at i} ek fhes | ndi cator
SySten]Chaﬂgesisegkiw%h%hat DARCYL will efficiently guench many
fluorophores, such as coumarin, EDANS, fluorescein,
Lucifer yellow, BODIPY™ Eosine, tetramethylrhodamine,
Texas Red™, etc.
It will be understood that the fluorescence emitted

20 from the fluorophore may be quenched through a variety of
mechanisms. One way is by quenching via photoinduced
electron transfer between the fluorophore and quencher
(see Acc. Chem. Res. 1994, 27, 302-308, incorporated by
reference). Quenching may also occur via an intersystem

25 crossing caused by a heavy atom effect or due to the
interaction with a paramagnetic metal ion, in which case
the quencher may contain a heavy atom such as iodine, or
a paramagnetic metal ion such as Cu™ (see, e.qg.,
J.Am.Chem.Soc. 1985, 107, 7783-7784, and J.Chem. Soc.

30 Faraday Trans., 1992, 88, 2129-2137, both incorporated by
reference). The gquenching may also take place via a
ground state complex formation between the fluorophore
and quencher, as described in Nature Biotechnology, 1998,

16, 49-53, incorporated by reference. Another quenching
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5 fluorophore/ quencher pair is brought sufficiently close to allow
quenchi ng of the fluorophore. As used herein, the fluorophore/quencher
pair is iwoandesheto i nclude the situation where both nentperisuwbobtdoe pair

e ol UOT OPNOLESarlehiChy 1\ 28R 00L o LI LLERLp U WSyt D fedondl cator

systemis in theﬂ% uenchi.ng configuration, one | uor ophore ects the
f1 uorescence of FREY8 GFhERSCREPSY inpr Bxg mi tl“fﬁaéfféé%s Teéﬁ@r@éy % ansfer, etc.

Many fl uorophorefgpyenghetspaids alkce Kooy 1280 apecs-conteenpl ated by t he
present inventjon. For exanple, it 15 is known that DABCYL wi | |

efficiently qu’erffior?pr?ﬁﬁ§e‘fll%r’i?ﬁ’?6le€§e such as coumarin, EDANS, fluorescein,
Luci fer yeld ow, BORhBYEM Eosdsre oft biameihylseliodam née pfexast RedTM etc.

It will be understood th thefl scence fromthe

fl uorophore rra‘% ec(%qt%lnéﬁg ot AT ougﬁég 1\g:lhal‘l el?@gl(s)% Sorﬁ) Ars .e%iremway is by
qguenchi ng via @mg@lsndge@dth%ICé@mgénlm rlmiﬁceﬁabe@wgf@mmhél@muor ophore and
quencher (see; qldlggemlggﬁsl 294, 24, 302- 308, incorporated by

ref erence). QJen SO occur via an intersystem 25 crossing caused
by a heavy atom ef 1Sé‘éﬁ'-aB © ARG tPReSY$HRT 46F1 B Wit Fha PaPERignet i c net al

ion, in whigch ﬁa&%tlbhelﬂuam&@Oﬁgaylﬂmﬁﬁlom aahe@ywr@tcﬁrrb&umm ras i odine,
or a paramagnetic such a ., J.Am Chem Soc. 1985,
107, 7783- 7784°neaﬁ’§nl€rEl E?r?@’ocmgsﬁ é%m@gfﬁﬁgur ‘992, 88, 2129-2137,
'both incorporated by reference). The quenching may al so take place via a
ground state conplex formation between the fluorophore and quencher, as

descri bed in Nature Biotechnol ogy, 1998, 16, 49-53, incorporated by
ref erence. Anot her quenching -10

15
Fl
Ry—L1—2—T—R,
20 D2
or
- Ry=D3-L;3~Z-1y—-Ds—Ro
25

or

Di—-Ri—-L1-Z2-Ly~R2-D»

30 wherein:
-R; is one or more recognition elements for said
analyte;
-R; 1s either 1) one or more recognition elements for
said analyte, or ii) an optionally labeled ligand

35 element;

-11-




WO 02/ 054067 PCT/ US02/ 00201 nechani sminvol ves fl uorescence resonance
energy transfer (FRET) as described in, e.g., Meas. Sci. Technol. 10
(1999) 12¥0lpmsaed JACS 2000, 122, 10466-10467, i ncor por gicadydey/osxier ence.

5 Another class of-pyoied ims tugefudr iddnbhesPrLeRRb 061 BGIHRR SyStem ™
I ncl udes those whose absorbance scﬁ)ectrum changes urﬁ)on the change in

mol ecul ar conf FE TSN 2D PRETLHIGRGCAY PSSR 1P IRES &M e @S Sui t abl e i ndi cat or
systens for useetertdideprasenty thhti vYendéOnn Ackofesranpashti ons of matter

whi ch contain n f .t foll owi ng_schemat | tructur.es: 15 D R1
L1-7-L2-R2  20° &o‘ir)entR%?‘BT‘-gh@f”L%?bé-@r@cf%‘%rmo CRE Ei‘%il‘i‘é?%z- D2 30
wherein: -l isignethsr amglute ecogiit doh Dol eaeits apgentailten aalyte; -R2 is

either i) one ofndMdL 1:16aagntid el ements for said analyte, or ii) an
optionally | abeled_ligand 35 elenent; -11 WO 02/ 054067 PCT/ US02/ 00201 -D1

and D2 together conprile k¢ 8B eChs GA™SySt e MHFERT cRMDIGEES1IaR ener gy
donor/ accept or Lsyistremgrbagsacf sufficient length and structure to

allow the interactions and detectable gquality changes to
10 take place; and
Z is a covalent or non-covalent linkage between L, and
L,.
The recognition elements, ligand element, and
detection system have already been described. The
15 linking groupé L; and L; have a length and structure
sufficient to allow the stated interactions and changes
to occur. It will be recognized that the exact nature of
the linking groups will depend upon the strﬁctures of the
other elements of the indicator system. Linkers can be
20 designed for structural rigidity, molecular distance,
charge interaction, etc., which can be used to optimize
the reversible analyte detection system interaction, as
shown in the examples.
The Z component of the present indicator systems
25 represents a preferably covalent linkage between I; and
L,. The indicator system may have the form of a single
molecule or macromolecule.
L; and L; may take a wide variety of forms. For
example, suitable linking groups include alkyl, aryl,
30 polyamide, polyether, polyamino, polyesters and
combinations thereof, all optionally substituted.
The indicator systems of the present invention, if
soluble, may be used directly in solution if so desired.

On the other hand, if the desired application so
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detectable quality that changes in a concentration- dependent nmanner when

said indicator nolecule interacts 5 wth the analyte, or DL and D2 nay be

absent whwo ®dséw7a |abeled ligand elenent; -L1 and L2 arrETrise2seve or

different and eeqpirdes thenkhd:cRUPGs©dnssuhli Bt emtndingtbaans, &t ructure

to allow the interactions d detectable quality changes to 1o take place;
vt EBaLGREPL £

and Z is a covafent "SFERBA SRt P hicdy PLECRE L2, The
recogni ti on el aneanlgeniti) ganto ebenenhinamd ingeflebl e onirsipskeny heaeriad r eady

been descri bed;,dhe.s 173 akkNkiNg9r0ups: bl Andnk 2. fave a Jiength, and

structure sufficient to allow the stated i nteractions ‘and changes to

occur. It willthe inddGghPrsetviith ieheresarRRechyt thenoffort Rearp ki iy .gr oups
wi || depend upgsi e ,Sthucémt £Hiahgt Agtewidhebrekermts sabut 8ecd ndi cat or

system Linkers n .be 20 desi d for_structural rigidity,,ml.ecular
di st ance, cha?’b%%icﬁ’teélttgé’ﬁ)%ﬂ?gagﬁ@. ff:OV\H?ecr?n@étﬁ‘@%et%sagﬁof’”oglﬁb%ﬁeze t he
reversi bl e analyteradetieot betwesysttém ansBriactindnthasindirewnri sydidzem.exanpl es.

The Z conponent of; .t Qﬁep—'iﬁie%ﬁtgirnggg’?%ﬂﬁris$¥§59§%l§§ Srogpﬁfge&ts a preferably

coval ent |inkage between e indrc system nay have the form
of a singl& nphETid solnnEREwDIYeEufietedtE oandn 2n ragprecakenedidd svari ety

of forms. For gexangd,ernsuii@blaoxaiPdeen daRkbBIcG RS kActHde @ kyl ,
aryl, 30 polyamd poI,¥Let her, pol ggm no, polyesters and conbi nations

e
thereof, all optTEHAPYLIGHERITIRTdC TR ion HEAPRI Siys PERECBI L4 Spr esent
invention, if asacasrdpedain beoysedidyred. ywpphisatittn eerisl 9w .desi red.

09/632,624, filed August 4, 2000, the contents of which

15 are incorporated herein by reference.

It will be understood that the present indicator
systems may take many forms chemically. For example, the
entire indicator system may be one molecule, of
relatively small size. Or, the individual components of

20 the indicator system could be part of a macromolecule.

In the latter instance,-components of the system could be
incorporated intc the same polymer, or could be
associated with séparate cross—linked polymers. For
example, separate monomers containing a fluorophore/

25 ligand element adduct and a guencher/recognition element e
adduct can be copolymerized to form an indicator system
polymer (see Example 5). Alternatively, the monomers may
be polymerized separately to form separate polymer
chains, which may then be cross-linked to form the

30 indicator system.

Many uses exist for the indicator systems of the
present invention, including uses as indicators in the
fields of energy,'medicine and agriculture. For example,

the indicator systems can be used as indicator molecules

—~13~




On the bther hand, if the desired application so -12 WO 02/ 054067
PCT/ US02/ 00201 requires, the indicator systens nay be i mobilized (such

as by mechi@nimdkosent rapnent or coval ent or ionic attachmagn)uedoeopr

wi thin an insobybl g urhages @ 1BLELXor S -83.0L ASSr BhASLLE POl yreric
materials, etc. When 5 the indicator systemis entrapped wthin, for

exanpl e, a poPdRRST °Tt HE1BAt rEPYi RO EY Jrlpreteridfioymahdet of e
sufficiently peramaidiegt orthenianalytesdich alilsevsssli dakliabet8s egr@rcti on

bet ween the ana Q’etneala”%sﬁ?&ifdiccat or system I; t he O|[fng cator system IS
sparingly sol uBTe oF 18 FASOTIBIY i nm Wt EtCTy &Y bt e & GRS REHif Hqueous
medi um i s desireditichewhindi detver tgystemamEyibe ebenpoitgnmerezed with a
hydrophilic no - 169 f r i L Cul scribed in
o pondi ng U & TaRoIaY, PonT R, e Reet B 8580y Pt Re et 4, 2000,
the contents oftdft @#Y1518P eCoMi@SPpBe Bed eV el Rt PIL ardngr eheErts ©©fni | | be

uRdersthde tha&—ﬁ}hﬂoﬁzlryeaeﬂﬁsidldiﬁ(;@&@étor%és'[(%% aaypér@ii@grmgy forms | ocul
chemcally. Fo anpl.e e, _entire_jindic r syst may be_ one nol ecul e,
of "t erat | vel Yo AR eheb O TR TR i Ral SHEhaRt e e 20 ¢ he

i ndi cat or styst%@ﬁlc:mﬁ(}d%é,baﬁi tfidedaoneerondieclb@l; landt A6/ 62 187 i nst ance,
conponent s of Hesyshemepuid %01',n&?{i&ﬁrea}(ege%%aoﬁqhsfsa%o%@ yner, or

could be associated w Separate cross-|inke mers. For exanple,
separ at e nononet STOHEEPAI S a PrEstopHorAe) A2BhaT xy| FEARtoAdduct and a

quencher/r ecognidd-ai kek8fen} irRdeuetatad Hye reopetydmdILi Zgdat @af0rm an
i ndi cator system olf%émer isee Ex%rrgl e 5). Alternart ih\ll.l?nla , the nononers nmay
be pol yneri zedpléaerﬁ'%rc &Gt PFEPMTS 8D at% UFEF S ne?
15 therapeutic application requires monitoring and control.
Uses for the present invention in agriculture include
detecting levels of an analyte such as glucose in
soybeans and other agricultural products. Glucose must
be carefully monitored in critical harvest decisions for
20 such high value products as wine grapes. As glucose is
the most expensive carbon source and feedstock in
fermentation processes, glucose monitoring for optimum
reactor feed rate control is important in power alcohol
production. Reactor mixing and control of glucose
25 concentration also is critical to quality control during
production of soft drinks and fermented beverages, which
consumes .the largest amounts of glucose and fermentable
(cis—-diol) sugars internationally.
When the detection system incorporates fluorescent
30 indicator substituents, various detection techniques also
are known in the art that can make use of the systems of
the present invention. For example, the systems of the
invention can be used in fluorescent sensing devices

({e.g., U.S5. Patent No. 5,517,313) or can be bound to
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chai ns, "which may then be cross-linked to formthe 30 indicator system
Many uses exist for the indicator systems of the present invention,
i ncl udi ngwesegsar7i ndicators in the fields of energy, ne@cm/mz,aml

agriculture. Fpb1gxa @atetig) i NAHCAL OFe $Y $0UB "EaH PR as” friditcat or
nmol ecules -13 WO 0 /054067 PCT/ US02/ 00201, for detecting sub-levels or

supra- | evel s of *PUCOSE i nTPHF dRFEE6F EFFRRE TR HSUAF RE Wig YaFuabl e
i nformation fOEXamB@n@SjungsermdmﬂaménﬂglrsUaclmadhseaa&&o@s:uéi abet es and

adrenal insuff ; o r s .t he _present [ nvent| on whi ch
have two recog!riﬁgf?%%%e ngnng%t‘gi%re %%E? ci aI 08Pt or 48t 2¥TTHY gl ucose
in solutions @R$ehilesy halrsen domm allﬁoplm mmmpy ant sinfdel mgagemunt s of

‘a-"hydroxy aci dgie% s(t%ﬂé!a'f@tﬁé‘@éq eensOoPendi Rest AR Gatians e il Nos.
09/ 754, 217, filed Januyary 5, 10 01; 60/ 329,746 filed Cctober 18, 2001;

and 60/ 269, 887PFF 1 Rf Pﬂ%’f?/rSZfr ShtHicenfrelE8s DA% ersn%f G ucose in
Sol utions Al sosfomddwi BHgtAshA) maaa;cblydm@adyna@aCIaddOdstleersBet anbsket one",

i ncorporated b e i cal/ _.phar utical, production of gI ucose
for human 15 tﬁejr: a%lglu |g0)§1d:v|elgat Fon . TequiT eé’%lgmn??orfolng and control. Uses

for the pr é@en@hwmﬁ@ri{/mhlml agjrdned| tveamsdustlivdefodefidett ngtievel s of an

anal yte such ag,gldicRsRokl 259¥heays;and ﬁu%%mégﬁwast W gle Py oducts.
G ucose nmust  be carefully nonitored in critical harvest decisions for 20

such hi gh val uB°fAbdRTSSas It "gr Apesidds grubsse! i%Ptiche nost expensive
carbon source and f.eedshoekt i9)517esDBNtiRld AAsPLOSESSRT, whkHEOSE NoONitoring

for optimm reactol, feed LaL& CoY Lok lSndTPaLLant, Jn pover al cohol

15 fluorescence sensing device in which the systems of the
present invention can be used to determine the presence
or concentration of an analyte such as glucose or other
cis-diol compound in a liquid medium. The sensing device
comprises a layered array of a fluorescent indicator

20 system-containing matrix (hereafter "fluorescent
matrix"), a high-pass filter and a photodetector. 1In
this device, a light source, preferably a light-emitting
diode ("LED"), is located at least partially within the
indicator material, or in a waveguide upon which the

25 indicator matrix is disposed, such that incident light
from the light source causes the indicator system to
fluoresce. The high-pass filter allows emitted light to
reach the photodetector, while filtering out scattered
incident light from the light source.

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

compound.
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production. Reactor mixing and control of glucose 25 concentration also is
critical to quality control during production of soft drinks and fernented-
bever ageswomioskne7 consunes. t he | argest anounts of gl ucose ramduSoenement abl e

(cis-diol) sugars imteenathanaldekcrYhen the det pitd dn sS¥5E e 4 MEQLpdrat es
fl uorescent 30 |nd|c%tor sgbstltuents vari ous detection techni ques also

are known in tARTETYE afP s EBS 0P HiRa Ty st e RETBEAPL At Pr
i nvention. Foraex@md.e, Thhe, syist emaletetdmn dlﬁYeBéIInta:&hebﬁaﬂéfihﬂ n

fl uorescent se at e 1 ) Qr can be
bound to -14 %gggghégggéﬁﬁéﬁ%%5?882%%@1 Q%%%I é%ngg gsué% as test
paper 1for ¥ vflu@$QFQ§mce'GMlttQHLMYn§b@c1ndm¢at¢h|sy$tﬁﬁterTheclthpJe woul d

permt, for exgppl&, manegﬁoﬁwreﬁneaﬂtam% nﬁ%@flﬁnamggégagso
determning pH w th ‘a strip I"i t mus paper. % he systemns escri bed

herein may al sé*beeiutdd EEHt%%eQﬁQﬁSFeaF%dﬁﬁﬁPguﬁF@H“&#hﬁé&?da%enchtop

anal ytical i nsléauﬂemt @tommoﬁwm % f3peedIflcdoepietsel Hyorknel i ni cal
eckman and ot hers. These

anal yzers as nmad dzu ac

nol ecul es woul %img §0 oﬁr (“W alr‘rnneﬂactE Qiﬁéécp%}oscog?ﬁe%%%l?ﬂ CEPPOPET A1 Si gnal

t ransducti on f€¢e¢ﬁnm§alopﬁgcalbégeﬁ sensutigadndeandltitd cal fluoroneters as
made by Oceancgpgérp&a(t%gegf nuhepla%w@é (D7 O hehodX) 8- 4L S Patent

5,517,313, the disclosure of which |ncorporated ereln y reference,
describes a 155¥¥ﬂ6F%§6@hE%d§€%S|ng deV|ce in which the systens of the
present invention gaacberdsest wathdetidMpdesi Bee prsEAGent OrFgxoncentrati on

of an analyte S%&Q;%§m9£%89§§%é¥ sysgems of the present invention,

15 sensing devices also are described in U.S. Patent Nos.
5,910,661, 5,917,605 and 5,894,351, all incorporated
herein by reference.

The systems of the present invention can also be used
in an implantable device; for example to continuously

20 monitor an analyte in vivo (such as blood glucose
levels). Suiltable devices are described in, for example,
co-pending U.S. Patent Application 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

25 herein by reference.

The systems of the present invention can be prepared
by persons skilled in the art without an undue amount of
experimentation using readily known reaction mechanisms
and reagents, including reaction mechanisms which are

30 consistent with the general procedures described below.

Example 1
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ci s-diof conpound in a liquid nmedium The sensing device conprises a
| ayered array of a fluorescent indicator 20 systemcontaining matrix

(hereaft ewo fdosgsescent matrix"), a high-pass filter and prTaiebeekeiect or.
In this device, a light source, preferably a Ilght em tﬂ ny diroge e

("LED"), is |ocat t | east o. ially nthe ator materipl, @r
in a wavegui de [ he i ndi gat ~ osecd10)zu t
i nci dent Ii ght' HoV?ro Kmﬁ\ !oﬁ?"'@é&f:}aus ~ i dat 67 %syst em S

fluoresce. The high-pass filter allows em edlight to reach th

phot odet ect or, wh éoltering out scattegred.oincidegnt |ight frow e | ight
source. 30 The fl upr gscence o e indi caton nol ecul npl oyed t he
devi ce descri bed S. Pate , 517, 3 @é nodul ated, e.g., Jat ed

or enhanced, by t vocal rese Qen of an“axal yt e ﬁuch crgl uco ot hercey
cis-diol compound. - %2/ @54067 PCT/ USO2+00207 b«f the sensor SR e

described in U S Pﬂﬁlﬁiﬁexa':_’a Rd-Horohhts the rmhleiyleﬁé-a WElbdidhateONt i N§BdFHbno-boronate
indicator is perneable to the analyte. Thus, the analyte can diffuse into

the material fromthe surrounding test nmedium thereby affecting the 5
fluorescence emtted by the indicator system The |ight source, indicator
systemcontaining material, high-pass filter and photodetector are
configured such that at |east a portion of the fluorescence emtted by the

i ndi cat or system.iBagtg- anﬁ'e@ﬂ,qfam!ﬁ&@&&gm gewra;afago?ﬂe @lectrical

signal which is indicative of concentration of the analyte (e.qg.,
gl ucose) in th@lmh%&ﬂldi%'g(]?ﬂ?mneh@enzyl]amlnoethyl 4-butylamino-

1,8-naphthalimide (nBuF-hexa-~Q bis-boronate).
The free bis boronic acid product used in glucose
10 studies results from dissclution of N-2-[5-(N-4-
dimethylaminobenzyl)-5-[2-(5, 5-~dimethylborinan-2-
yl)benzyl]aminohexyl]-[2-(5,5~dimethylborinan—~2-
yl)benzyl]aminoethyl-4-butylamino-1, 8—-naphthalimide in
the MeOH/PBS buffer system.
15

N-(2,2-diethoxyethyl) -4~bromo-1,8-naphthalimide.
A suspension of 4-bromo-1,8-naphthalic anhydride '
20 (10.0 g, 36.1 mmol) and aminoacetaldehyde diethyl acetal
(4.81 g, 5.26 mL, 36.1 mmol, 1 equiv.) in 45 mL EtOH was
stirred at 45 C for 3 days. At this time, the resulting
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I n accordance w th other possible enbodinents for wusing the indicator
systens of the present invention, 15 sensing devices also are described in
U. S. Pat ewio ¥s4062, 910, 661, 5,917,605 and 5, 894, 351, all ipranggpenmeded

herein by refeseisibhe.systonk o thesRiesenh HB@?%%O%Q%&@E@ be~used
in an inplantabl e device, for exa [e to continuousl y.20 nmonitor an analyte

in vivo (such %S 615964 §Pu¥tRlE Llevels)94®uicfapl bl guvibeaynafeligbscri bed in,
for exanple, gmoqending U.S. Patent Application 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 25 herein by reference. The systens of the
present inventTeh derchespriepared 6bypheresopdatks) |Rd 0i- @7t hietlard8 AR t hout an
undue anount ofy ~exRefbEenial AR UsiNgdL£adishy known reaction nechani sms
and reagents, |nclud|ng reaction nechani sns mhlch are 30 consistent with
the general procedures described bel ow. Exanple 1 -16 WO 02/054067

PCT/ US02/ 00201gpr,g:- 1P 1100 HPLC chromatogra h, Waters % UgoMm - ~r \ | OH

(HO 2B B(OH) 2 )ZB B Ck%Z (HO 2B N 8' N 0 HM ~/ CH3 H3 - CH3 HN
CH3 H3C/ -CH3 E-FReRgrQ Br%f’%é}loﬁ&ﬂ%mﬁﬁﬂ? Ry ' 8 nBL4348i/s - bor onat e
nBuF nono- hDronaiau51hh8c££bdrio%pdlBemhydamhaebe@zyug_5w52e£barqnﬂ)benzyl]

a”‘”OheXy']'[2ﬁ§§KY %)Benzggéﬁun ngﬁtﬁ%gAf% %%g 1ent'¥%/ B 2 min, 10-
80% B over 18 min, 80-100% B over 2 min, 100 %B 2 min,

retention time 24.2 min.

O/\CHs
O/\CH3
(0] O
90
HN CHs
15 N

N-(2,2-diethoxyethyl)-4-butylamino-1,8-naphthalimide.
A solution of N-(2,2-diethoxyethyl)-4-bromo-1, 8-
naphthalimide (0.797 g, 2.03 mmol) and n-butylamine (1.48
20 g, 2.00 mL, 20.2 mmol, 9.96 equiv.) in 8 mL NMP was
heated at 45 C for 66 hours. At this time, the resulting
suspension was allowed to cool to 25 C, followed by
filtration. The residue was dissolved with 50 mlL ether
and extracted 3 x 50 mL water. The organic extract was
25 dried over anhydrous Na;SO,;, filtered and concentrated to
yield a crude yellow powder. The crude material was
purified by silica gel chromatography (25 g gravity grade
gel, 0-1% CH30H/CH,Cl,) to yield 0.639 g (82%) of a yellow

powder.

_18_




1, 8- napht hal i m de (nBuF-hexa-Q bi s-boronate). The free bis boronic acid
product used in glucose 10 studies results fromdissolution of

N 2-[ 5- (I\bvﬁyozmsmty hyl am nobenzyl ) -5-[ 2- (5, 5-di et hyI borl nngsoz/oozm

yl ) benzyl ] am nohexyl ] -[ 2- (5, 5-di nethyl borinan:2=" 7 e

yl') benzyl ] am noet hyl - 4- butxl am no I , 8-naphthalimde in the MeOH PBS buffer
system 15 O TL@yRlerck si Cp}ates, Rf 0.71 with 95/5

N-(2,2-diet hoxy@;dly}/dméﬂbrggg ‘,3.;,,1331- naphthatiggyde. A suspension of

4- br ono- | , 8- napht hal i ¢ anhydride 20 (10.0 g, 36.1 nmol) and
anlnoacetaldehyde di ethyl acetal (4.81 g, 5.26 nL, 36.1 mmol, 1 equiv.) in
45 L Et OH svasupsd: mred1ab 4oL dhabmdtdaysoh AliatBrs 3 ismapot e resul ting
-17 WD 02/ 054067 _P 02£00201 . . oo neg por gty s o0 ¢ gL

- suspensi on \Aﬁ %Pq-i g? cgillg) SHEE WPt RO LB g R T GuBL Y dried to
yield 13.3 g (9499mlofingekk b 1n0pwn4éolmmidqmaadugn,25 =Tw&tekktCKl il i ca gel
60 plates platgssa\RianQ 37-Widdyy 98/ 25 GH& 12/@95@%*: 3 W bh ﬁ%/{ 2p4/ 366)
HPLC. HP 1100 HPLC chromato raph,V\aters vaPak 18 col um,
0.050 nL inject?orf qye¥51ﬁtW%ﬁ¢180‘i@0i3% ?ﬂ?ﬁ ﬁ @é@n(ﬁ9Q°o8p2 85D nm
detection, 1A =raedretion0tlfie HEFBA) mand B = MeCN (0 1% HFBA), gradient 10% B 2
mn, 10- 80% B over 18 mn, 80-100%B over 2 mn, 100 %8 2 mn, retention
time 24.2 mn.

o)
HL“
o, N o
e
CH
HN\V/A\V/ 3

N- (2-oxoethyl) -4-butylamino-1,8-naphthalimide.

15 A solution of N-(2,2-diethoxyethyl)-4-butylamino-
1,8-naphthalimide (0.622 g, 1.62 mmol) and p-
toluenesulfonic acid mono hydrate (0.010 g, 0.053 mmol,
0.032 equiv.) in 25 mL acetone was stirred at 25 C for 18
hours. At this time, the solution was concentrated and

20 the residue purified by silica gel chromatography (25 g’
grévity grade gel, 0-1% CH3OH/CH,Cl,) to yield 0.470 g

(94%) of an orange solid.

TLC: Merck silica gel 60 plates, Rf 0.61 with 95/5
25 CHpCl,/CH3CH, see with UV (254/366).

'H NMR (400 MHz, CDCls); & 1.03 (t, 3H, J = 7.3 Hz), 1.53
(m, 2H), 1.78 (m, 2H), 3.38 (t, 2H, J = 7.2 Hz), 5.02 (s,

—10—




G'CH3 "0---CH3 O O 15 HNCH3

N- (2, 2-di et hoxyet hyl ) -4-butyl am no-1, 8-naphthalimde. A solution of

N (2, 2- di sigwoggishy! ) - 4- brono- 1, 8 naphthal i m de (0.797 g, pt1dsksopw®do) and
n-butylam ne (dup8 6.20 qq, 2100 1w §20. 2201 52988, €qlli . L H Ny 8 d1ls” NMP was
heated at 45 C for 66 hours. At this tinme, the resulting _suspension was

al | oned to coof?to ©B8C ol Howed by H#i 1§ +5ation. 8 B (Cesilbue’ ias di ssol ved
with 50 nL ether3 mnd extsacded 138x 50=nl. opat7eB. HFhe arganse Bxtract was 25
dried over anhydrous Na2SO4, filtered and concentrated to vyield a crude
yel | ow powder. The crude material was purified by silica gel

chr omat ogr aphyH¥IXG diFgAaopt iyt adeomgedgraphl YFEEHBOH CH2C02)mh o yi el d 0. 639
9 (829 Of 2 yelluy RAWEES . coilfhV0,02 P540G7 BT L0 0020 o M= | W V]
c..oad aurt. vi.v.i= .srt* M- a+..f' . .~7 TLC 'Merck silica gel 60
plates, Rf 0. 74 wifh 193£5ti@HCPR, CRBOHM sedehftor ANt (293186640 G *HPLC: HP
1100 HPLC chr ommdograaphe Vaterns 9.x13100:0m oMNavabak 18 €18 sod,umm- 0. 050 ni

D
injection, 0.73 m/mn .5, mLinjection |oop, 450 run _defection, A =
wat er (0. 1% k@%’%g a?P(&"-’Bli IR?éU\@PO‘?ﬁ@HﬁFB’XfF gr%‘i‘-'er?tO%m% 0K n 10- 80% 0
B over 18 mi n, r8Guk(0% Biovel9.2 min, 100% B 2 min, 10 retention time 23.5
mn O (LH

~-20-




O N O HNCH3 N-(2-oxoethyl)-4-butylam no-1, 8-naphthalimde. 15 A solution
of N7(2, 2-di et hoxyet hyl)-4-butylam no 1, 8-naphthalimde (0.622 g, 1.62
nmol ) andwiyo2d08kaéenesul foni c acid nono hydrate (0.010 g, GdAaXkosw®d: 0. 032
equiv.) in 25 nL acetone was stirred at 25 C for 18 hours. At this tineg,

t he solution was concentrated and 20 the residue purified by silica gel
chromat ography (25 g' gravity grade gel, 0-1% CH3OH CH2C12) to yield 0.470

g (94% of an orange solid. TLC Mer, silica gel 60 plates, Rf 0.61 with
95/5 25 CH2Cl12/CH3OH, see with 54/ ) 1H NWMR (400 MHz, CDC13) 1.03
, 1.78

(t, 3H J = 7.3 Hz) , 1.53 (mHBH) (\w 2H), 3.38 (t, 2H, J'= 7.2
Hz), 5.02 (s, -19 WD 02/054067 PCT/US02/0Q201 2H), 6.64 (d, 1H J = 8.6
Hz), 7.52 (dd, 1H J = 7.4, 8.3 Hz), 8.08 , 1H, J = 1 Hz, 8.5 Hz), 8.38
(d, 1H J = 8.3 Hz), 8.46 (dd, 1 H J = 1. 3 Hz), 9.75 (s, 1H). 5

HPLC. HP 1100 HPLC chr omat ograph, Waters 5 00 mm NovaPak HR C18 col um,
0.050 nL injection, 0.75 nmL/mn, 1.5 nL injecniaml | oop, 450 nm detection,
A = water (0.1% HFBA) and B = MeCN (0.1% HRBZ), gradient 10% B 2 min, 10-
80% B over 18 min, 80-100%B over 2 min, 100 %8 2 min, 10 retention tine
19.6 mn. -20 WO 02/054067 PCT/US02/00201 H2N H -CH3 H3C

5 N-(4-dimethylaminobenzyl)-1,6-diaminohexane.
A suspension of 4-dimethylaminobenzaldehyde (1.00 g,

6.70 mﬁol), Na,30, (6.70 g, 47.2 mmol, 7.04 eguiv.) and
1l, 6-diaminohexane (3.89 g, 33.5 mmol, 5.00 equiv.) in 20
mL anhydrous EtOH was stirred in the dark at 25 C under

10 an atmosphere of nitrogen gas for 18 hours. At this
time, the solution was filtered and NaBH; (1.73 g, 45.8
mmol, 6.84 equiv.) was added to the filtrate. The
suspension was stirred at 25 C for 5 hours. At this
time, the reaction mixture was concentrated and the

15 residue dissolved in 50 mL water and extracted in 3 x 50
mL: ether. The combined organic extracts were washed in 2
x 50 mL water. The combined aqueous extracts were
extracted in 2 x 50 mL ether. The combined organic
extracts were dried over Na;SO, filtered and concentrated

20 to yield 1.35 g (81%) of a viscous oil.

TLC: Merck silica gel 60 plates, Rf 0.58 with 80/15/5
CH,Cl,/CH30H/iPrNH,, see with ninhydrin stain, UV
(254/366) .

25
HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR C18 column, 0.050 mL injection, 0.75 mL/min,

1.5 mL injection loop, 280 nm detection, A = water (0.1%

-2 -




5 N-(4-di met hyl am nobenzyl ) -1, 6- di am nohexane. A suspension of
4- di met hyl am nobenzal dehyde (1.00 g, 6.70 mmol), Na2SO4 (6.70 g, 47.2
nmol , 7. OWwoaiwisywey and 1, 6-di am nohexane (3.89 g, 33.5 mpyu2@60equiVv.)

in 20t anhygous LLOH vag.at [t ed hsbhe gdankeal 29 & under to.an

at nrosphere of nitrogen gas for 18 hour s. At e sol ution was
filtered and N&BHE CTe731§ ™45, §0-HHHDT B 6"7834 éq‘fﬂﬂ/r )10\R/a§5a€ldé¥ﬁrto t he
filtrate. The rSUSPERS eMmavass .3t mihed at 25 C for 5 hours. At this tine,
the reaction m xture was concentrated and the 15 residue dissolved in 50 nL
wat er and extracted in 3 x 50 nL ether. The conbi ned organic extracts were
washed in 2 x 50 nL water. The conbi ned aqueous extracts were extracted
in 2 x 50 nL ether. The conbi ned or ganj extracts were dried over Na2SO4,
filtered and concentrated 20 to yield/1.3 (81% of a viscous oil. TLC
Merck silica gel 60 plates, Rf with 80/1%/5 CH2C12/ CH3OH i PrNH2r see
with ninhydrin stain, U (254/ . - N4 1100 HPLC chr omat ogr aph,
Waters 5 x 100 mm NovaPak HR GI8.columm, 0.0560 niL injection, 0.75 nL/mn,
1.5 mL injection | oop, 280 Agpdetertion, A = water (0.1%-21 WO 02/ 054067
PCT/ US02/ 00201 HFBA) and B = (0. 1% HFB adient 10%B 2 mn, 10-
80% B over 18 min, 80-100% mn, 100 mn, retention tine 13.3
mn 5HNH ON-O

—CHsz
CHs H3C!

N-2-[5~ (N-4-dimethylaminobenzyl) aminohexyl]aminoethyl) ~4-
butylamino—l,8—naphtha1imide.

10 .To a suspension of N-{2-oxoethyl)-4- butylamino -
1,8~naphthalimide (0.346 g, 1.11 mmol) in 25 mL anhydrous
MeOH was added a solution of N-{4-dimethylaminobenzyl)-
1,6~-diaminohexane (0.554 g, 2.22 mmol, 2.00 equiv.) and
acetic acid (0.067 g, 1.1 mmol, 1.0 equiv.j in 20 mL

15 anhydrous MeOH. To this mixture was added a solution of
NaCNBH; (0.070 g, 1.1 mmol, 1.0 equiv.) in 5 mL anhydrous
MeOH. The reaction mixture was stirred at 25C for 15
hours. At this time, the MeOH was removed by rotary
evaporation and the residue was dissolved in 30 mlL water.

20 The solution was adjusted to pH 2 with 1 N HCl and then
stirred for 1 hour at 25C. At this time, the solution
was adjusted to pH 12 with 1 N NaOH and subsequently
extracted in 3 x 50 mL CHyCl,. The combined organic
extracts were washed in 3 x 50 mL water, dried over

25 anhydrous Na;S04, filtered and concentrated to yield a
crude brown oil. The crude material was purified by

silica gel chromatography (35 g flash grade gel, 0-50%

-22-




[ [ - -CH3. HNC/ CH3 H3C
N-2-[ 5- (N-4-di et hyl am nobenzyl ) am nohexyl ] am noet hyl ) - 4- butyl am no- 1,
8- napht halvigi2a840620 To a suspensi on of N-(2 oxoet hyl ) - 4- hpgtryr<adionon -

1, 8- napht hal i nAe/R@nX46 , Jend, m@?b) i E2e DEEL,0YSt, Ne@H was added a
sol ution of N—é% di rre%éhll)zzl am n% benzyl) °r Ha I|{2<r316r$12?:ohexamg (%I\%SZ} g, 2.22

mmol, 2.00 equfvi3® &h a&e?chJaaé}lﬂe(Brth 1.1 mol, 1.0 equiv.) in 20
mL 15 anhydrous MeOH. To this m xture was added a sol ution of NaCNBH3
(0.070 g, 1.1 nmmol, 1.0 equiv.) in 5 nL anhydrous MOH The reaction

m xture was stFa% &tf atcaégcdf%?r FsHaplQe S[M]At 5¢ti e M hé¥eoH was
renoved by # ot ary evaporatl on and the residue was dissolved in 30 nL

wat er. 20 The djusted t with stirred
for 1 hour at C ﬁfc hi® sﬂ[lcﬁe gqh ggolp&fatS'ﬁ \Xk]; N%lgﬂ%sf”égh gj%glgiOlZ Wi th
1 N NaCH and sCiySegueiyorly sextwidtt ednhpdBink s58inlaH2E1225FWee €onbi ned
organic extracts were washed in 3 x 50 nL water, dried over 25 anhydrous
Na2SO4, filtered and concentrated to yield a crude brown oil. The crude
mat eri al was piEPRGi 6P By 00sHPRE xhgomathyart ofjraphy J 36 1§0f msh gr ade gel,
0-50% -22 Q54067 P Ur%( 02091, a2, t

CH3COH/ CHZC}Ll/gZ)MII%é NH2 zItRogI'é Hgl 1g0 &?‘3&20 n%% di amohn?:EB 2 d‘ﬁct FAB IMEB:
Calc'd for CSSFH%I‘(IS[OZH[JWF lmﬁo%uﬁéo[m ﬁ%&ﬂétlo% BHe W%Pék %i1% ca gel 60

plates, Rf 0.42rmut hB0B20 m&ER GL2ACHIEkA) seﬁawl&ﬂat ni A pi ﬂlﬁ,taldl and W
(254/ 366) HPLgO% l_ﬂao%r]éqsolypr%lcn,cwoo%bpgé acpver \é\&t J?II;,S 100)S %09 min,

retention time 17.6 min.

O\ / \ 0
HsC dB) | N / \Q@\Z CHs

H3
O

O s "
Q.

4

15

N-2—-[5- (N~-4-dimethylaminobenzyl)-5~[2~ (5,5~
dimethylborinan-2-yl)benzyl]aminohexyl]-~[2- (5,5~

20 dimethylborinan-2-yl)benzyl]aminoethyl-4-butylamino-1,8-
naphthalimide.

To a solution of N-2-[5-(N-4-dimethylamino-
benzyl)aminohexyl]aminoethyl)~4-butylamine-1, 8-
naphthalimide (0.150 g, 0.276 mmole) and DIEA (0.355 g,

25 0.478 mL, 2.81 mmole, 10.0 equiv.) in 5 mL CHCls; was added

-23-




10 NovaPak HR C18 columm, 0.050 nL injection, 0.75 nib/mn, 1.5 nL

i njection | oop, 450 nmdetection, A = water (0.1% HFBA) and B = MeCN (0. 1%
HFBA), gre@d @nss00% B 2 min, 10- 80% B over 18 mn, 80-10Gcriaysayeized m n,
éOEB%g il no1 P rgélgf_{:é.'o%n OE'Z-I n?—%]om@m@cﬂylp;l}én?/ll) E?%nilggc%dw%entﬁ / _B~HB
N-2-[ 5- (N 4- dlﬁﬁerﬁ/|<é)m3ﬁ8b@nz%/+3)8 gmpde( 5 #0 equiv.) in 2 mL CHCIs.

di met hyl bor i nafin&- %M&agyu@r@m@q&yhhi &ti%r8d 20 25¢C for 27
dlnethylborlnan 2-yl) benle]anlnoethyl 4- but yl am no- 1, 8- naphthallnlde To
a sol ution of ggq55 @N—E aFn%&qu|§H?n%pxture was concentrated and

benzyl ) am nohexyéd |aysinoet byt ) pu-idutyl B d10min8- compit hﬁh&bﬁhﬂ@g:{a@:hﬁiﬁo g,

0.276 mml e) an | EA 5 5 478 i, 1 ) eqU|v)in5
o Gc1a s AR trseay # e P Ok St e o o

(2- br ononet hyl phse]rq/IO) Béropi €130 dfneopiestords besteroil0. 390 g, 1.38 mmwol e,
5.00 equiv.) in 2 nL CHC13. The solution was subsequently stirred at 25C
for 27 hours. At this time, the m xture was concentrated and 5 the residue

was purified byamlmsi nalygoinein refirorht ogebphy £orlG:H2k0w aldd Bedt r al
al um na, 01§96?$§§}5f§?§9é9 dfuct in place of bis neopentyl ester -of

boronic acids); Found [M]' 924

TLC: Merck neutral alumina plates, Rf -0.62 with 80/20
CH,Cl,/CH30H, see with UV (254/366).

15
HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR Cl8 column, 0.050 mL injection, 0.75 mL/min,

1.5 mL injection loop, 450 nm detection, A water (0.1%
HFBA) and B = MeCN (0.1% HFBA), gradient 10% B 2 min, 10~

20 80% B over 18 min, 80-100% B over 2 min, 100% B 2 min,

retention time 20.7 min.

—-24-




yield 0:024 g (19% of a viscous brown oil. FAB M5 (glycerol matrix) :
Calc'd for C53H67B2N508 [M + 924 10 (bis glycerol adduct in place of bis
neopent yl wesd@ks0eh boronic acids); Found [M+ 924 TLC. Mycalkyusaemdizoal

al um na pl at es, ,d¥r-3 %1gge%tgls&g/°ggnag420 2/ CH3COH, see with UV (254/366) 15
HPLC. HP 1100 HPLC chr omat ograph, Waters 5 x 100 mm NovaPak HR C18 col um,

0.050 nL injection, 0.75 nL/m n, 15rrL|nject|onIoop 450 nm det ecti on,
A = water (0.1% HFBA)[and B = MeECN (0. 1% HI—I:S/-\), gradient 10% B 2 mn, 10
20 80% B over 18 min, 80-100% B i i retention tine
20.7 mn. -24 WO 02/ 054067 I%CT/ / 8 IeBe-Q bi s- boronate: OB |
-1 BOO H3C "b N CH3 ' *

N-2-[ 4- (N 4- dlnethylamno §]l>l) ¥ ( s

met hyl ] benzyl - [ 2- (bor ono) zy|]ara4noet hyl - 4- put Iam 1] 8- napht hal i ni de
(nBuF-xyl ene- Q bi s- borpnat e) . olhirg_conpound i repar ed |n an anal ogous
fashion to to N2-[5-(N4-di rre hy am nobenzy - [ 2- (bor oho) benzyl | -

am nohexyl ] -[ 2- (borono
(nBuF- hexa- Q bi s boron 9
(4-di net hyl am nobenzyl 1 - am gonet W&/benzene

m no- 1, 8¢naphthal i m de

N-2~[4~- (N-4-dimethylaminobenzyl) -[2~ (borono)benzyl]amino-
methyl]benzyl-[2- (borono)benzyl]aminoethyl-4-butylamino-
1,8-naphthalimide (nBuF-xylene-Q bis-boronate).
This compound is prepared in an analogous fashion to
10 N-2-[5-(N-4-dimethylaminobenzyl)-5-[2-(borono)benzyl]—
aminohexyl]—[2- (borono)benzyl]aminoethyl~4-butylamino-
1,8-naphthalimide (nBuF-hexa-Q-bis boronate), using 1-[N-
(4-dimethylaminobenzyl)aminojmethyl-4-aminomethylbenzene
as the diamine coupling partner.

15

Control Indicator Molecule:

nBuF mono-boronate:

20
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as the di am ne coupling partner.

15 Contr ol

| ndi cator Mol ecul e: nBuF

nono- boronate: 20 -25 WO 02/ 054067 PCT/US02/ 00201 HOOHbHN rl ONO
HNC ~ CH3woWAsimear boxynet hyl ) - 2-[ 2- (bor ono) benzyl | am noetpayiig$h2/00201

but yl am no- 1, 8- napht hal i m de (n
ONOTr N2-(tert-butoxycarbon

A suspension of 4-brono-1, 8-naphf

N-(tert-butoxycarbonyl)-1,2- di
equiv.) in 20 nL EtOH was stir
15 tenperature was ranped to 15
the reaction m xture was cool ed
hours. At this tine, the resul
Et OH and the residue was dri ed

0"H3C 11 CH3™ "HN O CH3
no- 1, 8- 10 napht hal i m de.
(1.00 g, 3.61 mml) and
g, 3.61 mol, 1.00
ours. At this time, the
e period. Subsequently,
ed for a further 15
filtered, washing with
8% of a light

10

15

N-2- (carboxymethyl) ~2~[2- (borono)benzyl]aminocethyl~4-

butylamino-1,8~naphthalimide (nBuF mono-boronate)

O HsC

HN)!\OX o

CHs

N-2- (tert-butoxycarbonyl) aminoethyl-4~bromo-1,8~-
naphthalimide.

A suspension of 4-bromo-1,8-naphthalic anhydride
(1.00 g, 3.61 mmol) and N-(tert-butoxycarbonyl)-1,2-
diaminoethane (0.578 g, 3.61 mmol, 1.00 equiv.) in 20 mL
EtOH was stirred at 45 C for 2 hours. At this time, the
temperature was ramped to 150 C over a 15 minute period.

Subsequently,‘the reaction mixture was cooled to 25 C
and stirred for a further 15 hours. At this time, the
resulting suspension was filtered, washing with EtOH and

the residue was dried to yield 1.03 g (68%) of a light
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-26 WD 02/ 054067 PCT/ US02/ 00201 brown solid product.

60 plates plates, Rf 0.63 with 95/5 CH2C12/CH3OH, s
0 H3C I, wd#3sidsyJLO CH3 O N O HCH3

N-2- (tert-but oxy&a Renyk) sabaeeat hyl - 4-butyl am no-1, 8
solution of N-2-(tent-butoxycarbonyl)am noethyl-4- b
(0.900 g, 2.15 mol) and n- butylamne (0.786 g, 1.0

TLC. Merck silica gel
ee with UV (254/366) 5
PCT/US02/00201
- naphthalimde. 10 A
rono- 1, 8-napht hal i m de
6 mL, 10.7 mmol, 5.01

equiv.) in 5 micNVRnsas sheat€dyeaat 645pfaffé)§’ platboprss oAtest hisntdgys a

Sauiv.) v aqGEEEAE ot g s B ut Pt e St v

| onger. ‘At 1his tine, the mxture was concentrated

7 15 mmol, 5.01
ed at 25 C for 23 hours
in vacuo. The residue

was purified by silica gel chromat ograghy,&SO g gravity grade gel, 0%

t hen 4% CH30H CH2C12 step gradient) to |e€;§i<04397 20
solid containing residual NVP. The s car
Calc' d for C23H29N304 [M + 411; Fo d[M + 411.

g of a sticky yeIIow
ried on as is. FAB M5 :
25 TLC. Merck silica

gel 60 plates, Rf 0.5 with 95/5 C)CI—I2 12/CHSC]—I see with UV (254/366) -27 WO

02/ 054067 PCT/ US02/ 00201 O
o0

N~

CHs

N-2- (tert-butoxycarbonyl) aminoethyl~4-butylamino-1,8-

naphthalimide.

10 A solution of N-2-(tert-butoxycarbonyl)aminoethyl-4-
bromo-1,8-naphthalimide (0.900 g, 2.15 mmol) and n-
butylamine (0.786 g, 1.06 mL, 10.7 mmol, 5.01 equiv.) in

5 mL NMP was heated at 45 C for 17 hours.

a second portion of n-butylamine (0.786 g,

At this time,
1.06 mIL,, 10.7

15 mmol, 5.01 equiv.) was added. The resulting solution was

stirred at 25 C for 23 hours longer. At this time, the

mixture was concentrated in vacuo. The residue was

purified by silica gel chromatography (50
gel, 0%, then 4% CH30H/CH,Cl, step gradient

g gravity grade
) to yield 0.97

20 g of a sticky yellow solid containing residual NMP. The

material was carried on as is.

FAB MS: Calc’d for Cy3HpoN3O, [M]* 411; Found [M]* 411.

25 TLC: Merck silica gel 60 plates, Rf 0.5 with 95/5

' CH,Cl,/CH30H, see with UV (254/366).
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NH5 O N O HN CH3 N 2-am noet hyl -4-butyl am no-1, 8-napht hal i m de nono TFA
5 salt. A solution of N-2-(tert-butoxycarbonyl)am noet hyl -4-
brono-1, , GowpBideal i mde (0.92 g, 2.24 mmol) in 20 nL of peG@%es02/00201
trifluoroacetic acid/ CH2A 2 was stirred at 25 C for 19 hours. At this
time, the reaction mxture was 10 concentrated under a stream of nitrogen
gas. The residue was tri turateg ing ether and the resulting solid was
dried in vacuo to yield 0.772 g_l,(,gg\o@ dff3an orange powder. 15 FAB MB:
Calc'd for C18H21N302 [M + 311; gFound + 1]+ 312. HPLC. HP 1100 HPLC
chromat ogr aph, Vydac 201TP. 10 x 259 celum, 0.100 nL injection, 2
m./ mn, 450 nmdetection, A = watery (0% HFBA) and B = MeCN (0. 1% HFBA),
gradient 20 10% B 2 mn, 10-80% B oyg 8 mn, 80-100%B over 2 mn, 100%
B2 mn, retention tine 19.5 mn. 02/ 054067 PCT/ US02/ 00201 0 CH3
HN-"*'"y H3 3 0 NO HN /~~CH3
N-2-[ (tert-butoxycarbonyl) net hyl)am noet hyl - 4- but ¥|I am no- 5
1, 8-napht hal i m de. A solution of N 2- afl “But yl am no- 1, 8-
napht hal i m de nmono TFA salt (0.99 g, 0.23 nmmol), DIEA (0.167 g, 0.225 ni,
1.29 mmol, 5.55 equiv.) and tert-
N-2-aminoethyl-~4-butylamino~1l,8-naphthalimide monoc TFA

5 salt.
A solution of N-2-(tert-butoxycarbonyl)aminoethyl-4-

bromo=-1, 8-naphthalimide (0.92 g, 2.24 mmol) in 20 mL of
20% trifluoroacetic acid/CH,Cl, was stirred at 25 C for 19
hours. At this time, the reaction mixture was

10 concentrated under a stream of nitrogen gas. The residue
was triturated using ether and the resulting solid was
dried in vacuo to yield 0.772 g (81%) of an orange

powder.

15 FAB MS: Calc’d for CigH,1N3Op [M]' 311; Found [M + 11% 312.

HPLC: HP 1100 HPLC chromatograph, Vydac 201TP .10 x 250 mm
column, 0.100 mL injection, 2 mL/min, 450 nm detection, A
= water (0.1% HFBA) and B = MeCN (0.1% HFBA), gradient

20 10% B 2 min, 10-80% B over 18 min, 80-100% B over 2 min,

100% B 2 min, retention time 19.5 min.
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butyl bfonpacetate (0.032 g, 0.024 nm_., 0.16 nmol, 0.70 10 equiv.) in 2.5 nL
of CH2C12 was stirred at 25 C for 23 hours. At this tinme, 25 nL CH2Cl2r
wer e addego d2840630! Ut i on was washed with 1 x 25 nlL sat ur gicadydyaeB, t he
organi c extract was dried over anhydrous NagSO4chfiltered and
concentrated. The residue was purif H& i PNcangel 15 chromat ography (15
g gravity grade gel, 00-40 CH3OH CH2C12)lito ywHsld 0.051 g (73% of a

yel low glassy solid TLC. Merck silfca gef 60 plates, Rf 0.27 with 95/5 20
CH2Cl 2/ CH3OH, see with UV (254/ 8ggN PWO 02/ 054067 PCT/ US02/ 00201 0" 0O
CH3 HBC N3 3 H3 0 N O - HNC ~C
N-2-[ (tert-butoxycarbonyl) net hyl
di et hyl bori nan- 2-yl ) benzyl ] am

4- but yl am no-1, 8- naphthalimde. A
3¢ -thyl]-C
anmi noet hyl - 4- but yl am no- 2, 8- napht haliMg d 51 g, 0.0.12 mmvole), D EA
(0.78 g, 0.11 m., 0.60 mmle, 5.0 10 equiv.) and
(2- bronmomet hyl phenyl ) boroni ¢ aci d neopentyl ester (0.083 g, 0.29 nmole,
2.4 equiv.) in 10 nL CH2C12 was stirred at 25C for 72 hours. At this tine,
the mxture was concentrated and purified by silica gel chromatography
(10 g gravity ¥radd tgetPrtanycembopy Bpthy) 1aninoethyl-4-butylamino-
5 1,8-naphthalimide.
A solution of N-2-aminoethyl-4~butylamino-1, 8-
naphthalimide mono TFA salt (0.9% g, 0.23 mmol), DIEA
(0.167 g, 0.225 mL, 1.29 mmol, 5.55 equiv.) and tert-
butyl bromoacetate (0.032 g, 0.024 mL, 0.16 mmol, 0.70
10 equiv.) in 2.5 mL of CH,Cl, was stirred at 25 C for 23
hours. At this time, 25 mL CHyCl,, were added, the
solution was washed with 1 x 25 ml saturated NaHCO;, the
organic extract was dried over anhydrous Na,S04, filtered
and concentrated. The residue was purified by silica gel
15 chromatography (15 g gravity grade gel, 0%-4%
CH30H/CH,Cl,) to yield 0.051 g (73%) of a yellow glassy

solid

TLC: Merck silica gel 60 plates, Rf 0.27 with 95/5
20 CH,Cl,/CH3OH, see with UV (254/366).
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15 to yield 0.035 g (47% of a glassy orange solid. The product was
carried on as is. TLC. Merck silica gel 60 plates, Rf 0.39 with 95/5
CH2C12/ CHa/GHb2/08e87W th UV (254/366) 20 -30 WO 02/ 054067 POUTWSHZA0W@201 HO
OH B 6H?Nrl 0 NO HNCH3

N 2- (car boxynet hyl ) - 2-[ 2- (borono)benz 1 noet hyl -

but yl am no- 1, 8- napht hal i mi de (nB rona %@solutlon of
N-2-[(tert-butoxycarbonyl) net /P_§§éQ?SCH3

[ 2- (5, 5-di net hyl bori nan- 2- yI)ben et hylo 4

but yl am no- 1, 8-naphthalim de (O 5 g, 056 mol) in5 nmL of 20%

TFA/ CH2C12 was stirred at 25C for 16 hourso At 10 this tinme, the solution
was concentrated under a stream of trdgen gas and the residue was
triturated with ether to yield an solid. The crude material was
purified by silica gel chronatograp gravity grade gel, 0-5%

CH3OH/ CH2C12) to yield 0.011 g (39%~ef~&~1l5 yel |l ow orange solid. FAB M5
Calc' d for C30H34BN307 [M + 559 (nono ¢iNycergl CHadduct); Found [ M+1] + 560.
20 TLC. Merck silica gel 60 plates, Rf 0.26 with 95/5 CH2C12/CH3CH, see
with UV (254/366). Mdul ation of Fl uorescence

N-2-[ (tert-butoxycarbonyl)methyl]-2-[2~ (5,5~

5 dimethylborinan-2-yl)benzyl]aminoethyl-4-butylamino-1,8-
naphthalimide.l

A solution of N-2-[ (tert-butoxycarbonyl)methyl]-

aminoethyl-4~-butylamino-1, 8—naphthalimide (0.0.051 g,
0.0.12 mmole), DIEA (0.78 g, 0.11 mL, 0.60 mmole, 5.0

10 equiv.) and (2-bromomethylphenyl)boronic acid neopentyl
ester (0.083 g, 0.29 mmole, 2.4 equiv.) in 10 mL CH,Cl,
was stirred at 25°C for 72 hours. At this time, the
mixture was concentrated and purified by silica gel
chromatography (10 g gravity grade gel, 0-1% CH3zO0H/CH,Cl,)

15 to yield 0.035 g (47%) of a glassy orange solid. The

product was carried on as is.
TLC: Merck silica gel 60 plates, Rf 0.39 with 95/5

CH»Cl,/CH;0H, see with UV (254/366).
20
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The nodul ation by glucose of the fluorescence of 25 three conpounds
prepared in this exanple was determ ned. -31 WO 02/054067 PCT/ US02/ 00201
Figure 1 slpoonssidee nornmalized fluorescence em ssion (I/1 0 pc@&sd206p5) Of
sol uti ons of nBuF-hexa-Q bis-boronate _("hexa-Q') indicator (0.015 nM,
nBuF- xyl ene- Q bi s- boronate ("xyl ene i ndi cator (0.049 mM and nBuF nono
5 boronate control indicator (0.1-028 n 7 0 MOH/ PBS containing 0-20
nmM gl ucose. Spectra were recorded i mdzu RF-5301
spectrafl uorometer with excitation®® 0 nnmtoexcitation slits at 1.5 nm
emssion slits at 1.5 nm anbient tenperature. Error bars are standard 10
deviation with triplicate values fgr gachgata point. The data show t hat

' e indicator conpound is
The fluorescence of the nBuF-
s marginally 15 affected by

unaffected by the presence of glucgs
xyl ene- Q bi s-boronate indicator co IS
gl ucose, and the fluorescence of tHhe 2B hexa- Q bi s- boronat e i ndi cat or
conpound is greatly affected by glucosg in thecsange of 0-5 nM It is
believed that in the absence of glucose, e €l atively flexible

hexanet hyl ene | i nkage in the hexa-Q conmpound 20 allows the ,

N- 4- di net hyl am nobenzyl quenching group to be sufficiently close to the
napht hal i.m de fluorophore to effectively quench the latter's fluorescence.
In the presence-ofcadboegsethiinot-2-Pr (Bona0 bénseraginbedhyl-el-enent s woul d

be expected t 15_31rti cin%g e ina I cgsg.%S gﬁ%l ng, thus changing the
i ndi cator' s rrgkf‘gc‘{ﬁw c%h?ﬁbf&‘zﬁﬂaoﬁ and |’5$%?1t Fosé S?au ng the
fl uorophore and quemschetismodt tNRat [ { erif-bucpegcariborgiti) sastbyl ji-2-
[2-(5,5-dimethylborinan-2-yl)benzyl]aminoethyl-4-
butylamino~1, 8-naphthalimide (0.035 g, 0.056 mmol) in 5
mL of 20% TFA/CH,Cl, was stirred at 25C for 16 hours. At
10 this time, the solution was concentrated under a stream
of nitrogen gas and the residue was triturated with ether
to yield an orange solid. The crude material was
purified by silica gel chromatography (8 g gravity grade
gel, 0-5% CH30H/CH,Cl,) to yield 0.011 g (39%) of a
15 yellow/orange solid.

FAB MS: Calc’d for CsoH3BN3O; [M]* 559 (mono glycerol
adduct); Found [M+1]* 560.

20 TLC: Merck silica gel 60 plates, Rf 0.26 with 95/5
CHoCl,/CH30H, see with UV (254/366).

Modulation of Fluorescence

The modulation by glucose of the fluorescence of

25 three compounds prepared in this example was determined.
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dequenched. The sane effect is seen with the xylene-Q conpound, but to a
much | esser degree since the xylene 30 linker is less flexible, thus

perm ttingd @asqeparati on between the fluorophore and quenRglEL/OLHEEN
gl ucose bi ndi aggurkha @@nﬁgoth@mmﬁumdz@orﬁlajomsaefﬁdwmpbmm grawp but no

guencher. The go et uorescen n the 32 WO 02/054067
‘PCT/USOZ/OOZOlg %%igﬁge ofgo{ tlons O% i $#|E§Xﬁo Aodu ateaémhen gl ucose is
added. 5 Exanpl(éh?xé(—r%))aneémdz (H@QBW)B( OEpE-xNade-O Ni©-0 O -CH3 | /

HNC/ ~O H3e H bRNndd (Habi 4 A0jg Amlﬂeﬁéﬂ@wﬁnh@z@ biSbABOR LS -
Am noet hoxyF- hexa C bls-boronate WD 02/ 054067 PCT/ US02/ 00201

(40) 2B B(OH) 2 PRFOAG congrpl J@%CaFeé RSonpN R | 10/ 3§ MeOH/PBS
N-2-[5-(N-4- dIﬁ&ﬁ&@dnﬂﬁgﬂ@béﬂZ@M)gﬂﬁche(baﬂ@mmkbenayé]recBrded using

aﬁinohexyl]-[25(§g§ﬁggghbﬁgzg§dfﬂgpggggggjdgﬁbhéigg with excitation @
450 nm; excitation slits at 1.5 nm; emission slits at 1.5
nm; ambient temperature. Error bars are standard
10 deviation with triplicate values for each data point.
The data show that the fluorescence of the nBuF
mono-boronate indicator compound is unaffected by the
presence of glucose. The fluorescence of the nBuF-
xylene—-Q bis-boronate indicator compound is marginally
15 affected by glucose, and the fluorescence of the nBuF-
hexa-Q bis-boronate indicator compound is greatly
affected by glucose in the range of 0-5 mM. It is
believed that in the absence of glucose, the relatively
flexible hexamethylene linkage in the hexa-Q compound
20 allows the N-4-dimethylaminobenzyl gquenching group to be
sufficiently close to the naphthalimide fluorophore to
effectively quench the latter’s fluorescence. 1In the
presence of glucose, both boronic acid recognition
elements would be expected to participate in glucose
25 binding, thus changing the indicator’s molecular
configuration and sufficiently separating the fluorophore
and quencher such that the fluorescent emission is
dequenched. The same effect is seen with the xylene-Q
compound, but to a much lesser degree since the xylene
300 linker is less flexible, thus permitting less separation
between the fluorophore and guencher upon glucose
binding.
The control compound contains a fluorophore group

but no quencher. The control emits fluorescence in the
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am noet hoxy) et hoxyet hyl ) am no-1, 8- napht hal i m de (am noet hoxyF- hexa-Q

bi s-boronate). This conpound was prepared in an.anal ogous fashion to

N- 2- [ 5- ( Newdr ¢diogmighy | am nobenzyl ) -5-[2 10 PCT/US02/00201

(bor ono) benzyl dyanehexybludas<,banoaw) henmoyl hagtnoeidhyhen glucose

4- butyl am no- 1 8-1 i t hal i m de (nBuF-hexa-Q bis-boronate) wth the

foll owi ng nodification. The 4-brono position of the 1,8-naphthalim de

noi ety was not converted to the 2- (2-am noethoxy)ethoxyethyl) am no group
until after the 15 bis benzyl boronation of the diam ne internedi ate was
conplete. This final step was carried out_ by the addition of

2,2' - (et hyl%nedi oxy) bi s(et hyl ami ne) EZ3FEE 2yroni de under sinilar
conditions for the addition of butyl amne in the synthesis of

N- (2, 2-di et hoxyet hyl )-4 20 butyl am no-1, 8-naphthalimde. -34 WO 02/054067
PCT/ US02/ 00201 am noet hoxyF- hexa- C bi s-boronate: I HOBIl OH bHNDbH O
NO H\N\/~ HN-/Q exyl]-[2-
(borono) benzyl ] am

N- 2-[ 5- ben -5-[2-(borg benzyl]am n
hyl - 2-(
y)f)«aﬁ;gd_\ Al ako j
bi s-boronate). This t¥npound wasnprepared i n an~gnhal ogous hion to

am noet hoxy) et Ho: dagxa- C
N- 2- [ 5- (N- 4- di met hylahi nobenzyl ). - 5- [ 2- .ﬁ g
(e] N (6] 0 O

O o —CHs O

HN Ha HN
~"o ~"No
o)
HoN-"\" HZN/\/O
AminoethoxyF-hexa-Q bis-boronate AininoethoxyF-hexa-C bis-boronate

10
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(boronoj benzyl ] am nohexyl ] -[ 2- (bor ono) benzyl ] am noet hyl -

4-[ 2- (2- am noet hoxy) et hoxyet hyl ) am no-1|, 8- napht hal i m de 15

(am noet haxyd0eea- Q bi s- boronate), using N benzyl-I,6- dipgtuebesane as

t he di am ne coupling parthner. Mgdulation of Flua\gscen e The nodul ation by

gl ucose of the fluorescence of 8s prepared in this
S\ , : ed fl uorescence

exanpl e was det erm ned. 6%§H
emssion (I/lo @535 nnm)'|oF sol utio i ox§®Higexa- Q bis boronate
-35- | |\WO 02/ 054067

i ndi cator (0.197 m\V) and aninoe;ggxyF-hexa-C-bim

PCT/ US02/ 00201 boronate ¢ontrol_ndicator in
0-20 nM gl ucose. Spectra werg recordged using a\Shi madzu| RF-5301
spectrafl uoronmeter with excita o Rtation slits at 1.5 nm
em ssion slits at 1.5 nm |5 | t enper at ur ror bars are standard
deviation wth duplicate|va each data nt. The data show t hat
the fluorescence of the hexa cat or conpoundNisHgnaf fected by the
presence of glucose, and{the fluygdrescence of thachexa-Q indicator 10
compound is greatly affected by gl 0sesé~bn the range of | 0-10 nM It is
believed that in the absepce of glucgse, | the relatively flexible
hexamet hyl ene | i nkage in 1he}hhexa;gp gapound al | ows t hg
N 4- di met hyl am nobenzyl quenching group to be sufficiently close to the 15
napht hal i m de fl uorophore to effectively quench the latter's fluorescence.
In the presence of glucose, both boronic acid recognition elenents would
be expected to participate in glucose binding, thus changing the

N-2-[5- (N-4~dimethylaminobenzyl) -5~ [2~ (borono)benzyl] -

174

5 aminohexyl]~[2- (boronoc)benzyl]aminoethyl-4~[2- (2~
aminoethoxy) ethoxyethyl) amino-1,8-naphthalimide
(aminoethoxy¥F-hexa-Q bis-boronate).

This compound was prepared in an.analogous fashion
to N-2-[5-(N-4~-dimethylaminobenzyl)-5-{2-

10 (borono)benzyl]aminohexyl]-[2- (borono)benzyl]aminoethyl-
4-butylamino-1, 8-naphthalimide (nBuF-hexa-Q bis-boronate)
with the folloWing modification. The 4-bromo position of
the 1,8-naphthalimide moiety was not converted to the 2-
(2~-aminoethoxy) ethoxyethyl)amino group until after the

15 bis benzylboronation of the diamine intermediate was
complete. This final step was carried out by the
addition of 2,2’-(ethylenedioxy)bis(ethylamine) to the
bromide under similar conditions for the addition of
butyl amine in the synthesis of N-(2,2-diethoxyethyl)-4-

20 butylamino-1,8-naphthalimide.
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i ndicator's nol ecul ar configuration and sufficiently 20 separating the

fl uorophore and quencher

The hexa-woomeaénd i s identical

such that the

fluorescent em ssion is dequenched.
to the hexa-Q conpound, peutydosekmit he

di met hyl am no ghospviregednioi-c efikepbiyeawgienchi ng of the naphthal i m de

f I uor ophore.
gl ucose,

25 The hexa- C conpound emits fluorescence in the absence of
whi ch is not nodul ated when gl ucose i s added.

The foll ow ng

Exanples 3-5 illustrate a glucose sensing approach where the indicator

system contains a 30 bor
i gand el enment.
by the follow ng formul a
L~ ...... e
10 R RR wherein Donor
a quencher; 15 Donor an
Donor can be transferred
manner; L1, L2 L3, and
about 3 to about 20 cont
to, the follow ng substi!
(aliphatic, aromatic, am
etc.);

The general

ST

s aflu

~ o
IﬁN/A\v/O\/)

no, amdgj sulfo, carbonyl, Kketone,

d a catecho
illustrated
'IOQ%Ol PT,

opor |Acceptor ' L1 L2
i$ a fluorophore or
from
ar di stance dependent

al linkers wth from
ised by, but not limted
non-substi tuted chem cal groups

sul f onam de,

N-2-[5-benzyl-~5-[2- (borono)benzyl]aminchexyl]-[2~

(borono) benzyl]aminoethyl-4-[2-(2-

aminoethoxy)ethoxyefhyl)amino—1,8-naphthalimide

10 (aminoethoxyF~-hexa—-C bis-boronate).

This compound was prepared in an analogous fashion

to N-2-[5-(N-4-dimethylaminobenzyl)-5-[2~

(borono)benzyl]laminohexyl]~[2- (borono)benzyl]aminoethyl—-

4-[2-(2—aminoethoxy)ethoxyethyl)amino-1, 8-naphthalimide

15 (aminoethoxyF~hexa-Q bis-boronate), using N-benzyl-1, 6-

diaminohexane as the diamine coupling partner.

Modulation of Fluorescence

The modulation by glucose of the fluorescence of the

20 two compounds prepared in this example was determined.

Figure 2 shows the normalized fluorescence emission (I/Io

@ 535 nm) of solutions of aminoethoxyF-hexa-Q-bils

boronate indicator

(0.197 mM)
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Ris a glucose recognition elenment conprising one or 25 two phenyl boronic
acid groups; RRis a chemcal group capable of formng a reversible ester

bond wi t hwigh@ngkdseronic acid derivatives of R for exaanpQ;T/mz,@g@[mti c
diol (e.g., ab@ﬁcir%&léob)mtkﬁlltjaicﬁcaaﬁh)éﬂ{ o»oy3aCM@ksr|1/B;ils@ Faﬁt‘_@jlflilﬁlgaﬁl d, lrrfll ic
acid, glucose, ,diethanol am ne, ol yhydroxy vicin ials tionally
substituted), et (?;mMaI??-!ESO?i%d ﬁf%ft%?ew%ﬁ irgﬁafdﬁcslo%fﬁ?gaﬁdgﬁﬁvc%gl present

i ndependent | y; RB53015 spadtt6f larceohmehk ngl gy eupstasiaefii Aé€d fror | i nki ng
groups L1 4, oL, polyaen chains,conpr jseda ol bor | ¢, sagLyl am des,
acryl ates, pol y}éﬁécolr{g, or -37 WO 02#‘%546’%75’SI%CT/SU]S%82%?%8201 ,ot%er

hydr ophi | i ¢® potijrians; tgpgerature. Error bems ghg P?T&aédh%Vbﬁ'ﬂiqri c or
hyfjro_phobi CSquwmfﬁr@plig\beﬁlﬁlw ngaéaajyaldlawe Oid& i Eft Ie_ract : n freeDO

sol ution, or en suita i mobi |l j zed on a rophilic. polyner, nor
and Acceptor are di%’ﬁogégasf}%/cf"i diPeht Fy° ldj':%ets‘deg‘"eeacﬂf SPﬁePg’E%"CaI | ow
relatively effimndirttoenepgyotndansf enaffedmd he Donqrreilsendecept or (for

exanple, via F chsegogk[jsjﬂqgaélugqggtg dd %?Sfrtﬁtéhlé&%ac-@ iﬁé\%%? ucose is 10

added to the solution it conpetes w RR fo 1 ndi (bor onat e)
| eadi ng t 01t he®FRFIG RSt AECHRIRAIRRESI RY JéHBPTT b GRFt 528 ofi ght . Wien
free in sol utiememmhent ismphiilkiv-agdemsi NG £t afnaelk bengrandd, exible
l i nkers on the eFOl ner., ihe R- Donor. and RR- Acceptor noieties can 15 nove

away from eacht% ahndethel Bierd§ Resanady 1eBt 111145696y 1Beteen t he Donor
and Acceptor ikestdueedpound allows the N-4-dimethylaminobenzyl

gquenching group to be sufficiently close to the

15 naphthalimide fluorophore to effectively quench the
latter’s fluorescence. In the presence of glucose, both
boronic acid recognition elements would be expected to
participate in glucose binding, thus changing the
indicator’s molecular configuration and sufficiently

20 separating the fluorophore and quencher such that the
fluorescent emission is dequenched.

The hexa-C compound is identical to the hexa-Q
compound, but lacks the dimethylamino group needed for
effective guenching of the naphthalimide fluorophore.

25 The hexa-C compound emits fluorescence in the absence of
glucose, which is not modulated when glucose is added.
* * *

The following Examples 3~5 illustrate a glucose

sensing approach where the indicator system contains a
30 boronic acid recognition element and a catechol ligand
element. The general principle of this approach can be

illustrated by the following formula:

-36-




resulting in increased fluorescent em ssion. -38 WO 02/ 054067
PCT/ US02/ 00201 Exanple 3 Effect of glucose on fluorescence em ssion of
N (5- met woxpesidaonyl - 5- [ 3, 4- di hydr oxybenzam do] pent yl ) - Npdras02/00201
fluoresceinyl)thiourea (fluorescein-catechol adduct) in 5 phospate ™ ™
buf fered sal i ne inEIhe presence of N—ﬁ-(S
bor onat 0- 5- ni t r 0) benzoyl - N- 8- 4- di net lﬁ/l am no-3,5- dinitro)benzoyl!lysine
(quencher-boronic g¢id adduct). HO O,NHO S HONHOHNH HO~ 00 O O40
\N N 110 HN S H30"" "-CH 0,, NO [H OH 10 Fluorescene-catechol
Quencher - boroni ¢ mgigd adduct addugbpt® O—--NH NH O OH H 15
N-a- (3, 4-di hydr oxybenzoyl )-N-s-t-BOC-lysi ne nethyl ester:
3, 4-di hydr oxybenzoiig acid (820 ng, 5.8 mmle) and N s-t-BOC-1ysi ne nethyl
ester (1.38 g, 5.31 mmole) were |

10 R RR

wherein

e Donor is a fluofophore, and Acceptdr is a
fluorophore or a quencher;

15 + Donor and Acceptor are selected such that energy
from Donor can be transferred to Acceptor in a
molecular distance dependent manner;

e I, L, Li, and L; are independently chemical linkers
with from about 3 to about 20 contiguous atoms and

20 comprised by, but not limited to, the following
substituted or/and non-substituted chemical groups
(aliphatic, aromatic, amino, amide, sulfo, carbonyl,
ketone, sulfonamide, etc.):

¢ R is a glucose recognition element comprising one or

25 two phenylboronic acid groups:;

e RR is a chemical group capable of forming a
reversible ester bond with phenylboronic acid
derivatives of R, for example, an aromatic diol
(e.g., a catechol), lactate, a-hydroxy acids,

30 tartaric écid, malic acid, glucose, diethanolamine,
polyhydroxy vicinal diols (all optionally
substituted), etc.;

¢ L3.g and P;-; are optional groups and may be present
independently;

35 * Is and Le are linking groups as defined for linking
groups Li-4, Or polymer chains comprised of, for

example, acrylamides, acrylates, polyglycols, or
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20 dissolved in 50 nL Et CAc/ THF (1/1, anhydrous). -39 WD 02/054067

PCT/ US02/ 00201 Di cycl ohexyl carbodiinde (1.24 g, 6 nmole) was acidect to

t he sol utw@olhg7reacti on m xture was stirred for 24 hoy@yudorhid®ied, and
the sol vent was evapokat 8ddr-dhe1isobbdydiisai aad Was "di"ssofved n-Et-OAc- (50
m.) and 5 extracted with pho at 200 H=6.5). 2x50 nL. The

et hyl acetate sofutio ﬁn%lgs)z gm@b‘&fﬁ#’ﬁgb?léfe%yd%gg%ﬁ%d’& F8d with
Na2SO4, and evaporated to produce 1.89 g of solid (90%yield). The
compound was buf gng n0Y dRhahgﬂr &S %11[33% kS chOnidizdiexh #Lap-sdighliodFA NH O

OH OH 10 Na-( oxybenz sine methyl “ester 'trifluoroacetate
salt: Na- (B, 4ond|wwedlr @%ybélhlzﬁoylln)wﬂqlél%e QO Py BYAECRRtIF POi¥ne®zt er (840 nm,

2.12 mmol e) m§o%n@eﬂc%1§{brlgr@—d9§posgd2@i‘igfléﬁéﬂ-tl(g/f cibkEl¢wroacetic
acid, and | rrLof trllso EE{|SI| Af t er stlrrln%ﬁovernlght at room

tenperature, tfe°% &tﬁltelroﬁ %éﬁgﬁﬁﬂé‘?ﬂly &IPSt (TG 9Yr BET R Twas washed
with ether, angrshites nmdef w@mréptozo(fﬂxeledaﬁﬁﬁengm(aQMT HPLC. HP 1100

HPLC chr omat ograﬁl. \Wat JtranrrglerNovaP@k C18 .cal ymm, 0. 100 ni

inj ection, 0. 75T HAS en%@%’n SEET BT 1967, AndECSEEi b5, A = wat er

(0.1% 25 HFCBA)am Bo—tlvecw%@tlp% HFB¢9mpegcreadwehln RRO%cB 2heai mlncm)-g
of R(boronate) leading to the shift in the RR-R *¥ RR + R

equilibrium to the right. When free in solution or when
immobilized using relatively long and flexible linkers on
the polymer, the R-Donor and RR-Acceptor moieties can

15 move away from each other and the energy transfer
efficlency between the Donor and Acceptor is reduced,

resulting in increased fluorescent emission.
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80% B over 18 min, 80-100% B over 2 nmn, 100% B 2 m n, retention tine
10.78 min. -40 WO 02/ 054067 PCT/ US02/00201 HO\ NHOQ OHOH HO™H

N- ( 5- met haxyeashenyl - 5- [ 3, 4- di hydr oxybenzam do] pentyl) 5 pcT/Us02/00201
' - (5-fluoresceinyl)thiourea: N- a- (Exé,mpliélyﬂr oxybenzoyl )-’"I"y'si ne” et hyt

ester triflu tate sal | e fluares
i sot hi ocyanat ce)éf%% e Silﬁ% ??uog’e ari s%ﬁ%%loﬁ e?hgl M ne (129 ng, 1
mmol e) were cmmdch@bmyrr-fal [nBL4eﬂ1mdmybaaz£nﬂo]'ﬁeatybaﬂi'l-dr5-was

stirred for ours foll by ev ration.of the.s The residue
was subj ect ed’? Thromat o }f\@h ;}%on ZP PG cat?chh%l—@@ii’i?%dq (80/ 20 by
vol .) as elmemhodmtdeabeﬂfemd)chaahne 68 vy, ptéfeibeyicd tro-1%5 FAB MS:

Cal cul ated fory 1N3010 685, 1 Fou d AMEL HPLC., HP 1100 HPLC
chromat ogr aph, ‘Wﬁgr%sNg %ﬁfl\éé IQF‘Q Eﬁ%‘%oﬁmurm 305100 mL

i njection, O. 7<51rm_'dnn)&penzoylﬂasuqeedqu@mﬂmppréﬂﬂc remldelaédtw‘dn A = water
(0.1% 20 HFBA) and B = MeCN (0. 1% HFBA), gradient 10%B 2 min, 10- 80%B
over 18 mn, 80-100%B over 2 mn, 100%B 2 mnin, retentlon time 16.59 mn.
-41 WD 02/ 05406% PCT/ US02/ 00201 B(OH)2 NH NH

W
\O
H
Hacf’ \\*CHa

o \O
H OH
10 Fluorescene-catechol Quencher-boronic acid
adduct ' adduct
0
>_NH
0

15

N—a—(3}4—dihydroxybenzoyl)-N-s-t—BOC-lysine methyl ester:
3,4-dihydroxybenzoic acid (820 mg, 5.3 mmole) and N-
g¢-t~BOC-lysine methyl ester (1.38 g, 5.31 mmole) were
20 dissolved in 50 mL EtOAc/THF (1/1, anhydrous).
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02N O~ "N a-(3-boronato-5-nitro)benzoyl -N-e-t-BOC-|1ysine nethyl ester: 5
(3-carboxy-5-nitrophenyl)boronic acid (536 ng, 2.54 nmole),

N-e-t - BOGaloygjoseetet hyl ester hydrochloride (776 ng, 2.6%dmgoghe2eand
di phenyl phosphgiwclmieﬁglézal&dngmde2(ﬁ zrm@l e)s m@e)cmi pedeMid 5 nL of

anhydr ous DVF. yle | am dded to 10
the DVF sol uti B%¢ sf']'rs%éll% Bl'.ltl \ﬁﬁécg%?‘% Fé]d‘tgtrer%%% rgtrm é \é/a{” f for
hours. DMF washewaporfafledred, \eacutire scbhenrtesaduevama&adtleasolm in 50 mL of

Et CAc, and the, FO/¢+S0LUGT AL ‘éﬁ%s@ﬁé@%tne%twéh $RQ)3%n30 M) . After an

extraction with, rine, the organic phase was separated dried with

Na2SO4, and t hexisciareRt “ihad P@F@B@Fat@ﬁe& 5?881}&1‘@ PETmY) ofx R dduct (76 %
yield). Produghe vathyGabtbestOastion Wi GashlBd .00 HRkEechr omat ogr aph,

Waters 5 x 100 nmm 2 Pak, HR C18 col umm, 0. 05 ecti 0.75

T n 1.5 nETAARER of F by A0 et ish A GROTATS Wy €FORRET%h | A

and B = MeCN (0. d90dHeBAsplhd adioenyi408h B Z?hm nomyd@ndB Ok Bpowerbyl8 m n,

80-100% B over 1 N, % B .2 mi|n, time 17.87 mn. 25 -42 WO

027 054065 pe DT Bo3gT %%d% Bk R =28 o ThA

N a- ( 3- bor onat 0- 5- ni tr o) benzoyl - | ygiNne met hyl ester trifluoroacetate salt:
2

TFA
NH

8] OH
/
OH
10

N-a—(3,4-dihydroxybenzoyl) -1lysine methyl ester
trifluoroacetate salt:
~o- (3, 4-dihydroxybenzoyl) ~-N-g-t-BOC-lysine methyl

15 ester (840 mg, 2.12 mmole) was combined with 10 mL of

CHyCl,, 3 mL of trifluorocacetic acid, and 1 mL of

triisopropylsilane. After stirring overnight at room

temperature, the solution was evaporated, the resulting

residue was washed with ether, and dried under wvacuum.
20 Yield 808 mg (93%).

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR C18 column, 0.100 mL injection, 0.75 mL/min, 2
mL injection loop, 370 nm detection, A = water (0.1%

25 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 10.78 min.
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5 N-a- (3-boronato-5-nitro)benzoYl -N-8-t-BOC-1ysine nethyl ester (800 nyg,
1.76 mmol e) was conbined with 10 nL of CH2Cl12, 3 nL of trifluoroacetic

aci d, andwb qxosefe7 triisopropylsilane. After stirring overrtTyg02/4602061 00m

t enperature, the solution was evaporated, the resulting 10 residue was"™
washed with ether, and dried undeo vacuum Yield 715 ng (87% . Product was
carried on as is. O HC~- NHO OH N HO-* OO Ni fl Nb. { C SCH
NCO O~ 15 N-a-(3-boronato-5-nitr - el\]l_( 4- di net hyl am no- 3, 5-

di nitro) benzoyl | ysi ne nmet hyl estey. t hQn \of
N a- ( 3- bor onat 0- 5- ni tr o) benzoyl -1 2
(0.198 g, 0.42 mmole), 20 DIEA (Q OOH0.225|(15L 9 mol e, 3.05
equiv.), 4-dimethylam no-3, 5-dinity dhenzol ¢ acid NHL20 g, 0.47 mol, 1.11
equiv.) and di phenyl phosphoryl azi #e (0. 130 g, 47 mmole, 1.11 equiv.) in
3 mL DVF at 25 C was stirred in the dark for At this tinme, 50 nL
Et OAc were 25 added and the sol ution was wash H2 X 20 nmL portions -43
WO 02/ 054067 PCT/ US02/ 00201 of 100 mM phosphate buffer (pH 6.5), then 1 X
25 nmL Nad :

N- (5-methoxycarbonyl-5-[3,4~-dihydroxybenzamido] pentyl) -

5 N’-(5-fluoresceinyl) thiourea:

N-u—(3,4—dihydroxybenzoyl)—lysine methyl ester

trifluorocacetate salt (60 mg, 0.146 mmole), fluorescein
isothiocyanate (50 mg, 0.128 mmole), and
diisopropylethylamine (129 mg, 1 mmole) were combined

10 with 1 mL of anhydrous DMF. The reaction was stirred for
5 hours followed by evaporation of the solvent. The
residue was subjected to chromatography on Si0O; (10 g)
with CHpCl,/MeOH (80/20 by vol.) as eluent. Isolated
product - 68 mg, (77 % yield).

15
FAB MS: Calculated for Ci3sHsziN30198: M=685; Found M+1=686.
HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR Cl18 column, 0.100 mL injection, 0.75 mL/min, 2
mL injection loop, 370 nm detection, A = water (0.1%

20 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 16.59 min.

-4




(sat'd aqueous solution). The organic extract was dried over anhydrous
Na2SO4, filtered and concentrated to yield crude orange solid. The residue
was puri fiywedhgs®il i ca 5 gel col um chromat ography (10 g graavisoyo@oade gel ,
0-5% CH3OH/ CHzA Z) to yield 0.0974 g (39% of "a™yell owotange ™ soti ‘e~
Product was carried on as is. TLC. MerB@Hy |ica gel 60 plates, Rf 0.60 with
80/20 10 CHzd Z/ CH3OH, see with WV (25%4/366) HPLG, OHP01100 HPLC

chromat ograph, Waters 5 x 100 mm No ak HR C18 olﬁﬁl‘u, 0. 050" L
injection, 0.75 mL/mn, 1.5 nL io}pe SN , Ak detection, A = water
(0.1% HFBA) and B = MeCN (0.1% HFBA), gradignt 10%B 2 nin, 10 15 80% B
over 18 min, 80-100% B over 2 nin, 100% B Pm®, retention tinme 18.91 nin.
200NHO HO_IOHNHB/ HOBI OO . I y0O '"NII Ntl HaC" \OH,

N a- ( 3- bor onat 0- 5- ni t r 0) benzoyl - N-s- ( 4- di met hyl am no- 3, 5-

di nitro)benzoyl |l ysine. 25 A solution of
N_a_(3_borOnatﬂpq;QﬁthgyseﬁgtﬁnnAQIgjbenzoyl—N—e-t—BOC—lysine methyl

(4-di net hyl am gge3,.5- di ni tro) benzoyl | ysine nethyl ester (0.095 g, 0.16
mmole) in 4 nL of 1:1 Na2CO3 (0.2 M aqueous):EtOH was stirred at 25 C for 1
hour, then %5 C fo3-Fagbpsyrs nikrophpryineEont herdickt(FP€ Was 2- 54

mmole), N-g-t-BOC-lysine methyl ester hydrochloride (776

mg, 2.61 mmole), and diphenylphosphoryl azide (718 mg,
2.6 mmole) were combined with 5 mL of anhydrous DMF.
Diisopropylethylamine (1.3 mL, 7.5 mmole) was added to

10 the DMF solution. The solution was stirred at room
temperature for 24 hours. DMF was evaporated in vacuum,
the residue was dissolved in 50 mL of EtOAc, and the
EtOAc soclutlon was extracted with H,O0 (3x 50 mL). After
an extraction with brine, the organic phase was

15 separated, dried with Na,S04, and the solvent was
evaporated to produce 880 mg of product (76 % yield).

Product was carried on as is.

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
20 NovaPak HR C18 column, 0.050 mL injection, 0.75 mL/min,

I

1.5 mL injection loop, 450 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, iOO% B 2 min,
retention time 17.87 min.

25
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30 concéntrated in vacuo, followed by the addition of 25 nL -44 WO

02/ 054067 PCT/ US02/ 00201 of 5 % TFA/ CH2C12. The mi xture was washed 2 x 10
mL wat er, wigad2Joeywgd by the addition of 25 nL nore 5% TFA Gda@isd2beroet he
organi c layer. The organic extract was dried over anhydrous” Na2sSog, -
filtered and concentrated to 5 yiel dB@HRB88 g (95% of an orange powder.
FAB M5: dycerol matrix; Calc'd for CRS5H29BN6013 (nmono gl ycerol adduct)
[M+ 632; Found [M + 1]+ 633. HPLC 1100, HPLC chmmat ograph, Waters 5 x
100 mm 10 NovaPak HR C18 col umm, ognO5¢ ™ Ti} Mem, ©.75 mb/mn, 1.5 nL
injection | oop, 450 nmdetection, A = waber (0.1% HERA) and B = MeCN (0.1%
HFBA), gradient 10%B 2 nin, 10- 80% B over 18 nin, 80-100% B over 2 nin,
100% B 2 min, retention time 17.66 mn. 15 Fluorescent Mdul ation Figure 3
shows the fluorescence emssion (I at 518 nm of a 2 Msolution of the

fl uorescei n-cat echol adduct in PBS containing 30Mof quencher-boronic acid
adduct . 20 TheNt¥nGererarrb vmifratberzeds lyatredgah 65180 nM  Spectra
were recorded usifg,FoabbiReZ W RE.5301 spectrafluoronmeter with excitation
at 495 nm excitation slits at 3 nm enmission slits at 5 nm |ow PMI
sensitivitys anbi edt ordrpRPEIAT® STRELFRINFEREPHY P deBPeads ™ t h addition -
of glucose. -A5:M0O Q240540600 RGT/ WSOZ/HRAARL wEkxaseia nddEhfect10mrgl ucose

on fluorescencgf%ﬂhéiép 9&.g%a££f%f%broacetic acid, and 1 mL of

triisopropylsilane. After stirring overnight at room
temperature, the solution was evaporated, the resulting
10 residue was washed with ether, and dried under vacuum.

Yield 715 mg (87%). Product was carried on as is.

15
N-o- (3-boronato-5-nitro)benzoyl-N-¢- (4~dimethylanino-3,5-
dinitro)benzoyllysine methyl ester.
A solution of N-o-(3-boronato-5-nitro)benzoyl-lysine
methyl ester trifluoroacetate salt (0.198 g, 0.42 mmole),
20 DIEA (0.167 g, 0.225 mL, 1.29 mmole, 3.05 equiv.),
4—-dimethylamino-~3, 5—-dinitrobenzoic acid (0.120 g, 0.47
mmol, 1.11 equiv.) and diphenylphosphorylazide (0.130 g,
0.47 mmole, 1.11 equiv.) in 3 mL DMF at 25 C was stirred
in the dark for 23 hours. At this time, 50 mL EtOAc were

25 added and the solution was washed in 2 x 20 mL portions
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di hydr oxybenzoyl ) - N- e- (5- di net hyl am nonapht hal ene-1- sul fonyl)-1ysine

( DANSYL- cat echol adduct) in phospate 5 buffered saline in the presence of

N-u-  ( 3- baigonatks -

HO~ 0 0" \N ~ ~, . H | g—g p%!\lgglj at echol
Quencher - boron‘scatam ggu%{ldgug%%lggéga' %%Oor-g ﬁqﬁrﬁégo 684

N- a- (3, 4- di hydroxy bahydydys NfeesSQb- diikbergd @mdngoncentrated to yield
napht hal ene- | - syl foopyl) sl ysing methyl -astee: w29 MNd£idd by silica

4- di hydr oxYbenzoY1l-1| Yysine nmethyl ester trifluoroacetate salt
dﬁﬁ{§o§ump46hromatography (10 g gravity grade gel, O

mol e,

see ®x

10

15

20

25

30

CH30H/CH2C1l,) to yield 0.0974 g (39%) of a yellow-orange

solid. Product was carried on as is.

TLC: Merck silica gel 60 plates, Rf 0.60 with 80/20
CH,Cl,/CH30H, 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,

1.5 mL injection loop, 450 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 18.91 min.

N-o= (3-boronato-5-nitro)benzoyl-N-¢~ (4-dimethylamino-3,5-
dinitro)benzoyllysine.

A solution of N-wu-(3-boronato-5-nitro)benzoyl-N-g-
(4-dimethylamino-3, 5-dinitro)benzoyllysine methyl ester
(0.095 g, 0.16 mmole) in 4 mL of 1:1 NayC0; (0.2 M
agueous) :EtOH was stirred at 25 C for 1 hour, then 45 C
for 1.5 hours. At this time, the mixture was

concentrated in vacuo, followed by the addition of 25 mL

-4 4~

ni tro) benzoyl - N- e- (4- di et hyl am no- 3, pddighobH@vbenzoyl -
| ysi ne (quenchef -ioor i shespihtadductdr @H ©.BlH jthddOl xNeb nL NaCH NH

'V NH

(205 ng, 0.5



WO 02/ 054067 PCT/ US02/ 00201 for synthesis) and DANSYL chloride (162 ng .
..... - 06mmdle ) R.."" were conbined with 2 nL of anhydrous DWVF.

Di i sopr opwoa2logdmam ne (224 ng, 1.7 nmole) was added to thedFsos00201i on.
The sol ution was St FFadCRC1e oorfilE ménperatase veehed hourdd 7l | owed by

evaporation of a@é’i | Ro1 YU, The é@&iﬂ%% wasz5uby eftedsgo silica gel
chr onmat ography éﬂ/@ Cl2/ MeCH 53/8 by vol.). The product was obtained as a

yel low solid - Hoytq 6 &/319|%1rq3n101éam MvEhecaredt it SFHBFt COBHIINZ07S:

M=529; Found I\&zlm'ii?:@verFBM@dﬂzL'aslmﬁgsd-lPLﬁmI@mataﬁgr@@{ten\ﬂﬁheéa Ho x 100 mMm
NovaPak HR C18 cal thanogg) @j ect | on, nm/mn, 2 nL injection

| oop, 370 nm det%ect i-on water (07 19%° nIS{ﬁBRS’W%%rd B = MeCN (0. 1% HFBA),

gradient 10%B 2 mn, 10 15 80% B over 18 nin, 80-100% B over 2 mn, 100% B

2 ni t ent N - LN, OHn
T o 6 PRI A e B I N G

napht hal ene- | -BFFAY ‘jld‘li‘y%’fr ne[M 0632, Found [+ 177 633.

N-a- (3, 4-di hyd&ﬂz@'b@x@zwbd A Q:ﬁrginé@é Judam wgters 5 % 100 mm
napht hal ene- 1- sul f onyl ﬁSIne hﬁtoester (200 0.38 nmmole) and 250

mg of Na2C® v@é‘?‘@‘?@éinﬁ nelf L Te HiOTH mlEtl@WFE%Pr(ruOﬂéym%mlr) The
m xture was st1 I’y ed, &hjéB@_of[ Qlooh, hwm Shm HReesoiventa wasaeyapor.ated in

vacuum and 1 o |f| onpace id was add1i dlot*’o n utrall e excess
base, 50 ni of d\]o @ E?F%?t’urgé: ar of utn Was
extracted wthedR0 (02)e401$r1_r91.n,Tl8@ d;@@;garﬁ ever 2 min, 100° B 2 min,
retention time 17.66 min.
15
Fluorescent Modulation
Figure 3 shows the fluorescence emission (I at 518
nm) of a 2 uM solution of the fluorescein-catechol adduct
in PBS containing 30 pM of quencher-boronic acid adduct.
20 The concentration of glucose was varied from 0-160 mM.
Spectra were recorded using a Shimadzu RF-5301
spectrafluorometer with excitation at 495 nm; excitation
slits at 3 nm; emission slits at 5 nm; low PMT
sensitivity, ambient temperature. The quenching

25 decreased with addition of glucose.
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phase was separated, dried with Na2SO4, and evaporated to -47 WO 02/ 054067
PCT/ US02/ 00201 vyield 190 ng of solid (97 %yield). HPLC. HP 1100 HPLC

chr omat ogwaposweters 5 x 100 mm NovaPak HR C18 col um, Gch@dsodbo201
injection, 0.75 nL/mn, 2 5 nL injeekb@pidapp, 370 nm detection, "A™="Wat er
(0.1% HFBA) and B = NECN 0. 1% HFBA), gradient 10% B 2 m.n, 10- 80% B over
18 nin, 80- 100%ETVE FINFRSe FB0FBOSSFTRee PRESFHIRT Mg~ BB nin. 10 O
~NH O HO | OH ﬂhy&i%y@eﬁkoﬁ)un-@*(@-difﬂhylaﬁkhoﬁphthalene-l—

N- a- ( 3- bor onat 0- 5- nltroygenzoy - N-E- (4-di rreth\P/[I am no-3,5

di ni t r o) benzoyF#y<A ﬁl’é‘?(a%N(?Yé FRredpht RESTSE) iy BBP%E%%t Modul at i on

Figure 4 showspdfedddIgaessenae thel séodhdd odt N5¢5(3-2rBAktefs-a 30 gM
sol uti on of the DANSYL-catechol adduct in PBS containi ng}g%Z M of

quencher - bor onPEEERIPERZAULTH - £ ~ e BB FREIRRPT 3 n° ot ngitEge varied from
0-120 MM Sper}dina\lgReh8EOFdadonsbNgesd Saianedyy RF- 5301

spectrafl uoroneter with excitation at 350 nm excitation 25 slits at 3 nm
em ssion slits at 5 nm high PMI sensitivity, anbient tenperature. The
guenchi ng .

§ NH H
OH NH
v
Ho 0 o\N+ 0
| )
HL” NcH,
0 0
10
DANSYIL.-catechol Quencher~boronic acid
adduct adduct

15

o
Q ﬁ—NH
W3
o rQOH

OH

N-o- (3, 4~-dihydroxybenzoyl) -N-¢- (5~dimethylamino-~
naphthalene-l-sulfonyl) ~lysine methyl ester:
20 N-o— (3, 4~dihydroxybenzoyl)-lysine methyl ester

trifluoroacetate salt (205 mg, 0.5 mmole, see example 3
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decreaséd with addition of glucose. -48 WO 02/ 054067 PCT/ US02/ 00201
Exanple 5 Effect of glucose on fluorescence em ssion of acrylam de gel

cont ai ni ngoN@sLod7 4- di hydr oxybenzoyl ) - N-c- ( 5- PCT/US02/00201
di met hyl ami nonﬁ@hts}yaita@e-;LM sad oayby: | yrslidre db- 31862 ‘mg, 0% Tsle

(et hacryl am do car e_( DANSYL- cat ec nmononer) and
N- a- ( 3- bor onat o(2 O}{r&jofgenzoyrﬁd“ E %lsanl'hydroushﬁw

di met hyl am no- &E@Wﬂ@}hﬁl‘ﬁl@yﬂel ygﬁﬁemg\l- 3-7 mmole) was added to

(et hacryl am dggé)r[g@ylsg%pp&gm e o QHEE"&@%V QQVQE‘iﬁe%C'ag rgopomer). 10 00
0 -NH Hze\ NH  j1 NAJ H H3CI N-CH3 O

ao 15 DANSYL- E%mwrﬁnﬁ%e? lwéﬁcﬁ%%l%doﬁwce\a%ﬁ%atﬁﬁﬁo%rDM&s}nv\D
02/ 054067 PCT/ &902/028%e YN dhe FaNEd¥ e NH0EL silica gel

chromatography (CH,Cl,/MeOH, 28/2 by vol.). The product
was obtained as a yellow solid - 240 mg (90 % yield).

10 FAB MS: Calculated for CyoH3iN30,S: M=529; Found M+1=530.
HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR C18 column, 0.100 mL injection, 0.75 mL/min, 2
mL injection loop, 370 nm detection, A = water (0.1%
HFBA) and B = MeCN (0.1% HFBA), gradient 10% B 2 min, 10-

15 80% B over 18 min, 80-100% B over 2 min, 100% B 2 min,

retention time 15.45 minutes.

Q §-NH
R, .
HO @OH

OH

N—a—(3,4—dihydroxybenzoyl)—N-s—(5—dimethylamino—
naphthalene—l—sulfonyl)—1ysine:

20 N~o~ (3, 4-dihydroxybenzoyl) -N-&g— (5-dimethylamino-
naphthalene-l-sulfonyl)-lysine methyl ester (200 mg, 0.38
mmole) and 250 mg of Na,C0; were combined with 10 mL of
EtOH/H20 (1/1 by vol.). The mixture was stirred at 55°C
for 6 hours. The solvent was evaporated in vacuum and 1

25 mbL of trifluorocacetic acid was added to neutralize excess
base, 50 mlL of EtOAc was added to the mixture and the
solution was extracted with HyO (2x40 mL). The organic

phase was separated, dried with Na,S504, and evaporated to
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NH/1 OH 0=~= N a-(3,4-di hydroxybenzoyl)-Ns-(5-di methyl am no-

napht hal ene- 1- sul fonyl ) -1ysi ne N 3- (et hacryl am do)- propyl carboxam de: 5
N a- ( 3, 4- dicnzdsexybenzoyl ) - N-s- ( 5- di et hyl am no- PCT/US02/00201
napht hal ene- 1-widfdoAyl) m ysi e l(ids (AP, s Qik8dimol e; for synthesis see
exanpl e 4), 3-am nopropyl net hacryl am de hydrochloride salt (30 ng, O0.17
nmol e), diisopropylethylamne (0.1 nL, 0.5 mmole), and 2 mL of to

anhydr ous DVF Br&e EEnbihediPL [CBIPE@‘F@WP&WW@?IS x 100 mm

pr opyI] 3- et hySarEhedizkRntde ém%achbom(ﬁ%( 493%1& 2 0. MH0hE)mMAS 2di ssol ved
in 2 nL of anhra/drous CH2C12. The DVF  and CH2C12 sol uti ons_were comnbi ned

and stirred at Irdé]r?wecﬂlé%ejr%ﬁﬁjré P o A U568 The $6I59Ent O was evapor at ed
in 15 vacuum &I.“H‘BPI)hEntieBlﬁlM}BGABSOSﬂij erEred yoadBlax (10%gR 2 chirmndategt r aphy

produci ng 18 9 %yishd)s EAB lgul ate for
C32H41N507S: %&gungé nﬁj%mg% hﬁé’i’_@ ﬁg{grﬂcﬁ %chrgoma odr aph, Waters
5 x 100 nm 20 m@[@al@nHlesl%@l%mp 0. 100 mL injection, 0.75 nL/nmn, 2 nlL
injection loop, 370 nmdetection, A = water (0.1% HFBA) and B = MeCN (0. 1%
HFBA), gradient 10%B 2 mn, 10- 80% B over 18 mn, 80-100% B over 2 mn,
100% B 2 mtth, retention time 14.78 mn. 25 -50 WD 02/ 054067 PCT/ US02/ 00201
000 CIDnl "~ Fa\/\ HY ~/ ~ NHO Nv _N

\@/K HJC/ \CH;

N-o=-(3-boronato-5-nitro)benzoyl~-N-¢- (4-dimethylamino-3,5~
15 dinitro)benzoyllysine.

See example 3 for synthesis.

Fluorescent Modulation
Figure 4 shows the fluorescence emission (I at 545

20 nm) of a 30 pM solution of the DANSYL-catechol adduct in

PBS containing 120 pM of quencher-boronic acid adduct.

The concentration of glucose was varied from 0-120 mM.

Spectra were recorded using a Shimadzu RF-5301

spectrafluorometer with excitation at 350 nm; excitation
25 slits at 3 nm; emission slits at 5 nm; high PMT

sensitivity, ambient temperature. The guenching

decreased with addition of glucose.
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HOHANHH" 00O N H3c~ ~0H3 0/ \O

N- a- ( 3- bor onat 0- 5- ni tr o) benzoyl - N- E- (4- di net hyl am no- 3, 5-

di ni tr o) bawzeywsiiagsi ne N-3- (et hacryl am do) propyl 5 car boxgtaesez40H9! uti on
of 3-am nopropyl net hacryl am de hydr egbhpiée de salt (0.013 g, 0.073 nmol e,

1.2 equiv.), (0..02 0.03

boronato-5-nit%%£%? fgyF§R§?§?zﬁP %ﬁﬁ??@ﬁ 3ﬂ°ﬁoe§l?§ﬁﬁf(?fngff¥3%ﬁﬁé;6ylIyS|ne
(0.035 g, O. OGQeInaan&alhmﬁg NauﬂxbeskalﬁyﬁrcayaeﬁkeyI»—N-s (5~

di phenyl phosphor i.de.(0.019 , 0. 0 1.1 equiv.) and -
o oo BT e R R SR g LR ) SRR N R he dark T or

23.5 hours. 5/“(ﬂdﬁhﬁc&&ﬂﬂm;ﬁ%bﬁﬁop&ﬂ@ﬁﬁb&fﬁﬁid&ddBﬂNSNEPddt%cﬁBlSO|ution was
washed in 2 x 20 rti.ons o hate buffer (pH 6.5), then 1 x
20 L NaQ ( SdboRPReR] BBHNSHT (PO A R 38 AR B Sk e e over
anhydr ous Na2Sf¥ietdhylaabad- 3UK+dmaaeeatm&ﬁaa&1&gsynéﬂu#zyw orange solid. The
solid was trit ed with ther O dr.ied to yield 028 65% of an
orange. powder . FABAEY e SRlRTos e PR AdE d el e R BRED 2 Chrono

gl ycerol adduchgndmdry .756; Found [M + 1]+ 757. HPLC. HP 1100 HPLC
chromat ogr aph, Waters 5 x 100 nmm 25 NovaPak HR C18 col um, 0.050 niL
injection, 0.75 nL/mn, 1.5 nL injection |oop, 450 nm detection, A = water
(0.1% HFBA) and B = McCN (0. 1% HFBA), gradient 10% B 2 mn, 10- 80% B over
18 min, 80-100%B over 2 mn, 100%B 2 mn, retention tine 17.98 mn.

NH g%4<:Z;OH
NH./ H H3C/ \CH3

15 DANSYL-catechol monomer Quencher-boronic acid

monomer
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30 -51 WD 02/ 054067 PCT/ US02/ 00201 Preparation of acrylam de gel (20%
contai ning Na-(3,4- dihydroxybenzoyl)-N-s-(5-di nethyl am nonapht hal ene-1 -
sul f onyl ) Woywiose6N- 3- (et hacryl am do) propyl carboxam de arrCT/US02/00201
N-a- ( 3- boronat 0-5-nitro) benzoy\)h- FS5- (4-di methylam no-3,5 5

di ni tro) benzoyl | ysi ne N 3-(nethagr4l am do) propyl - carboxam de: A sol ution
of acrylamde (20% wt.) and N, N efhyt enebi sacryl amide (0.6% w.) in

et hyl ene glycol was prepared. N-& (8, i hydr oxybenzoyl )-N-s-(5 10
di met hyl am nonapht hal ene-| - sul fonyl ) -l ysi N 3-

(met hacryl am do) propyl car boxani de (0.75 ng,, - g, mole),

Nea- ( 3- bor onat 0- 5- ni tr o) benzoyl - N-s- (4-

di met hYl am no- 3, 5-di ni tro) benzoYl | Yshpg N- 3- OH

(et hacryl am do) propyl carboxam de 3.5 ng, 5 x 10-6 nole), 15 and 30 ~i L of
aqueous ammoni um persul fate (5% wt) e conbined with 0.5 nL of ethylene

gl ycol nononer solution. The resulting solution was placed in a glove box
purged with nitrogen. An aqueous solution of NN N ,6 N - '

t et ranmet yl et hylrened ,avdaRy 86k yrbn zo WMN = WSS dafleaitl, T=miA6-t he nononer

formul ation to accel erate_polymerization. _The resulti formul ati on was
poured in a nn???h"gﬁﬁ'ﬁﬁﬁé%)%’ﬂy‘?“}né’ ﬁ#%?’dhecalﬁ 'é??*&bascré’ﬂg‘“igﬁ) U stainless

steel spacer. g¥dmrldaebbgake@d: for 8 hours in a nitrogen atnosphere, the
nol d was pl aced in_phos h?EE, bl&é‘f erganZSréqﬁqi ne ég%% ﬁll rrl\/loFiBS, pH=7. 4),
the nicroscbpe slide§ (%e e HRSHPAY RE* B T'RET R &Y a8 1S oved.  The
hydr ogel was wasptethaliehhk-108ufiongfl) PBSs tent@iSnmag . IAViombaer yforsul f at e
sodi um sal t angyétﬂggﬂéDgéesé§gﬂH?es@B; §LHminopropylmethacrylamide
hydrochloride salt (30 mg, 0.17 mmole),
diisopropylethylamine (0.1 mL, 0.5 mmole), and 2 mlL of
10 anhydrous DMF were combined. 1-[3-(dimethylamino)-
propyl]—-3-ethylcarbodiimide hydrochloride (40 mg, 0.2
mmole) was dissolved in 2 mL of anhydrous CH:Cl,. The DMF
and CH;Cl, solutions were combined and stirred at room
temperature for 20 hours. The solvent was evaporated in
15 vacuum and the residue was subjected to SiO; {7 g)

chromatogtraphy producing 18 mg of product (19 % yield).

FAB MS: Calculated for C33H4siNs07S: M=640; Found M+=640.
HPLC: HP 1100 HPLC. chromatograph, Waters 5 x 100 mm

20 NovaPak HR C18 column, 0.100 mL injection, 0.75 mL/min, 2
mL injection loop, 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 14.78 min.

25
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3 days, ‘'the solution being changed every day, followed by 30 washing with
DVF/ PBS (10/90 by vol., 3 x 100 nL), and finally with PBS (pH=7.4, 3 x 100
nm). The wesulossosg hydrogel polyner was stored in PBS (1®arudseBs)20pH=7. 4)
containing 0.2% wt. sodium azi d¢ and 1 EDTA soc;il um salt. -52 WO

02/ 054067 PCT/ US02/ 00201 FI & igure 5 shows the
fluorescence em ssion (I at 53: 4N acryl de gel (20% containing
2 mM of the 5 DANSYL-cat echol rmn»er 16, f guencher-boronic acid
nmononmer in PBS. The gel (100 mthick S) is ino nt?d in a PMMA cuvette.
The concentration of glucose was variled from 8260 mv Spectra were
recorded using a Shinmadzu RF-5301 spettrafluoroneter with excitation at 10
350 nm excitation slits at 3 nm emssion slits at 10 nm hi gh PMI

sensitivity, 37C. Th uen ec eased. with i tion | ucqse.
Exanmple 6 15 ’6 3(% % & %%l% PeRzqylgNge O‘? t%y amitgIH S/ gN L 6 \
OHHHHNN C&iz&tﬁd)H@dzb&ﬂys@ne&ﬁi@-lrkn{eiﬁ@clryﬂhﬂgI@rbioymr- escence

5 carboxamide.

A solution of 3-aminopropylmethacrylamide
hydrochloride salt (0.013 g, 0.073 mmole, 1.2 equiv.),
DIEA (0.025 g, 0.034 mL, 0.19 mmole, 3.2 equiv.), N-o—(3-
boronato-5-nitro)benzoyl-N-g- (4-dimethylamino-3, 5-

10 dinitro)benzoyllysine (0.035 g, 0.061 mmole; for
synthesis see example 3), diphenylphosphorylazide (0.018
g, 0.015 mL, 0.069 mmole, 1.1 equiv.) and ~ 2 mg of BHT
in 1 mL anhydrous DMF at 25 C was stirred in the dark for
23.5 hours. At this time, 60 mL EtOAc were added and the

15 solution was washed in 2 x 20 mL portions of 200 mM
phosphate buffer (pH €.5), then 1 x 20 mL NaCl {(sat'd
aqueous solution). The organic extract was dried over
anhydrous Na;S0,, filtered and concentrated to yield an
orange solid. The solid was triturated with ether and

20 dried to yield 0.028 g (65%) of an orange powder.

FAB MS: Glycerol matrix; Calec’d for Cs33HzBNgOi; (mono

glycerol adduct) [M]*-756; Found [M + 1]* 757.

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
25 NovaPak HR Cl8 column, 0.050 mL injection, 0.75 mL/min,
water (0.1%
HFBA) and B = MeCN (0.l% HFBA), gradient 10% B 2 min, 10-
80% B over 18 min, 80-100% B over 2 min, 100% B 2 min,

1.5 mL injection loop, 450 nm detection, A

retention time 17.98 min.

30
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bH O / -Low fluorescence Extrenely | ow fluorescence Effect of glucose on
fluorescence of anthracene bis- boronic acid derivative in the presence of
3, 4- di hydwexas/oshghnzoi ¢ acid 20 -53 WO 02/ 054067 PCT/ US02/ GAMIso2/6@par at i on
of PBS sol ubl epruidraacencobi scya=antie el d2oder cygtadangHS-6H(3,4- HN p H3
H3C p\~ NH 5 H3 jf H3C/ ~ , .

9, 10P bi s[ [ 2-( t%’r*&‘{ﬁj’t"é’?ﬁeé?%’dn‘ﬁ')gét‘ﬁyﬁlﬂ?ﬁﬂéﬁlﬁﬂ%ﬂ%’?l?h%ﬁ%&he. 10 A

sol uti on of ( 3swlfutiyleiyeite W(meshe%%yﬂgyﬂae?;bk@é%ﬂ%gﬁax%mj a]rﬁid89m‘ﬂo)| e,
5.09 equiv.), DI EA 4,27 g, 5.75 . Q0 mo 10. uiv.)_an , 10-
b7 SCchilor ot HTS AR TPECERE TG R o g crt- e & - ey A eeda P r 230
was stirred i ndidiec@9bnkoyl Bz imeUNS3- fhe thndrRilaniddmrdpe-sol uti on was
filtered and washed wi.ith 1 x 40 nL and 2 x 60 nL portions of NaHCO3 (sat'd
aqueous sol ut FOC**E4r gani ¢ extract was dried over anhydrous Na2SO4,
filtered and concert rsatteditw of elddyaaeidde el vew) and N, N’ -

methylenebisacrylamide (0.6% wt.) in ethylene glycol was
prepared. N-o-(3,4-dihydroxybenzoyl)-N-g—(5-

10 dimethylaminonaphthalene-l-sulfonyl)-lysine N-3-
(methacrylamido)propylcarboxamide (0.75 mg, 1.6 x 107
mole), Nso-(3-boronato-5-nitro)benzoyl-N-g- (4-
dimethylamino-3,5-dinitro)benzoyllysine N-3-
(methacrylamido)propylcarboxamide (3.5 mg, 5 x 10°° mole),

15 and 30 pL of aqueous ammonium persulfate (5% wt) were
combined with 0.5 mL of ethylene glycol monomer solution.
The resulting solution was placed in a glove box purged
with nitrogen. An aqueous solution of N,N,N’,N’-
tetrametylethylenediamine (30 uL, 5% wt.) was added to

20 the monomer formulation to accelerate polymerization.

The resulting formulation was poured in a mold
constructed from microscope slides and 100 p stainless
steel spacer. After being kept for 8 hours in a nitrogen
atmosphere, the mold was placed in phosphate buffered

25 saline (PBS) (10 mM PBS, pH=7.4), the microscope slides
were separated, and the hydrogel was 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

30 washing with DMF/PBS (10/90 by vol., 3 x‘lOO nlL), and
finally with PBS (pH=7.4, 3 x 100 mL). The 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.
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solid. The residue was purified by silica gel colum 20 chronat ography (30
g gravity grade gel, 0-3% CH3OH CH2C12) to yield 1.06 g (65% of a viscous
yel | ow orwoge/osiwoduct was carried on as is. TLC. Merck siHdTesoge2060
plates, Rf 0.33 with 95/5 25 CH2Cl12/CH3CH, see vvlth UV (254/366) -54 WO
02/ 054067 PCT/ P02 L 00201 arn 3dmgeiompye o+ ooeee yee et L0, ,u-.r.o..ai
.tt O H3C Oﬁﬂ%g; b ppanpation | CH  H3C CH, PR H3C H,C 0 ~ N
- M3 9, 10-bi s[N-[52-9@5655d$¢@t&1¢h§oflwmp?b@m%ﬁqonm[[Zat 532
(tert-butoxycaphpnyt )£t R¥kamA0ie @%&hybmntéyn%gﬂgn 2 &MSQEUEIHQH of
9, 10- bIS[[2 (tert butoxyc rbon |)- eth mno %_‘ gracene (1.60 g,
8 %q

3.25 mol e)® DPERYYF345°g° ML, 284, r?%P PEO¥1and ( 2-
br ononet hyl pheayic) horronice aﬁlmsn.eouﬁat yé1 egitoer w(n4t18;(b1<ga,ess1719 mol e, 5.22

n 30 3 at tirred 5 da At
This i) e 45 PSS e Pl s 106 t HEmSePAPRESHET RE BHAITAE was
washed with 2 wxa25varieporftoonG-200 NMHCOS{sata deaqummscdeslohslimg)m) The

organi ¢ ext 1 ack, syt kedsayer ANNdEoUS. oAZS0): of 1 i Angd; and, concent rat ed

to yleldacruere The residue was purl 7 uni na col um
10 350 nm; excitation 'slits at 3 nm; emission slits at 10

nm; high PMT sensitivity, 37°C. The quenching decreased

with addition of gluccse.

Example 6
15
0. OH
H
OH ’
H H
o
OO OOO Ne%
)l\/\ o %O
“ R
OH Bol OH High fluorescence
OH o
Low fluorescence Extremely

low fluorescence
Effect of glucose on fluorescence of anthracene bisg-
boronic acid derivative in the presence of 3,4-~dihydroxy

benzoic acid

20
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chr omat 6gr aphy (100 g activated neutral alum na, 0-3% CH30OH CH2Cl2) to

yield - 3.5 g of an orange solid. The product was dissol ved, followed by
t he for mawicor/osfo6a white precipitate (D EA-HBr salt). Thecaarsseioamoiwas 20
filtered and the filtrate concentrated to yield 2.72 g (93% of an orange

solid. Product_ (>80 %.pur - @) S rri.ed .S, .TLC Merck
basi ¢ al um na % %Efagrf,élﬁg g‘?g%ﬁgfﬁtgt?frygga%gﬁ‘&l%scﬁg’égﬁlée%uvé_t h UV
(254/ 366) . - 55443 v@2AR84067 PCT/ USO2/ 00201 HPLC conditions : HP 1100 HPLC
T or""" chromatograph, Vyclac "2 ~1TP 10 x 250 nm colum, 0.100 nL
injection, 2 m./mn, 370 nm detection, A = &aier (0.1% HFBA) and B = MeCN
(0.1% HFBA), gradient 10%B 2 mn, 10-80% ]ov 8 nin, 80 5 100% B over
2 mn, 100%B 2 mn, retention time 2809 wh.™o HOB N OH SOH HO HO N
-OH 10 9,10-bis [N- (2-boronobenzyl) -N} [3- (profnoyl) anino] -

met hyl ] ant hracene. A sol ution of 1 I 2- (5, 5-di net hyl bori nan- 2-

yl )benzyl]-N-[ 2- (tert-butoxycarbo p] - net hyl ] ant hracene (0. 556
g, 0.620 mmole) in 5 nm. 20% 15 TF BC was stirred in the dark
for 25 hours. At this time, the rea Xture was concentrated under a
stream of N2 gas. The residue yas triturated with 3 x 10 nL portions of

ether. The residual solid was dni ed. i NH
HSC/X f\/
Hg

9,10-bis[[2- (tert-butoxycarbonyl) ethylamino]methyl] -

anthracene.

10 A solution of B-alanine tert-butyl ester
hydrochloride (3.06 g, 16.8 mmole, 5.09 equiv.), DIEA
(4.27 g, 5.75 mL, 33.0 mmole, 10.00 equiv.) and 9,10~
bis(chloromethyl)anthracene (0.910 g, 3.31 mmole) in 75
mlL CHCls: at 23°C was stirred in the dark for 93 hours. At

15 this time, the solution was filtered and washed with 1 x
40 mL and 2 x 60 mL portions of NaHCOz; (sat'd aqueous
solution). The organic extract was dried over anhydrous
NayS0,, filtered and concentrated to yield a crude yellow
solid. The residue was purified by silica gel column

20 chromatography (30 g gravity grade gel, 0-3% CH3OH/CH,Cl;)
to yield 1.06 g (65%) of a viscous yellow-orange.

Product was carried on as is.

TLC: Merck silica gel 60 plates, Rf 0.33 with 95/5
25 CH,Cl,/CH30H, see with UV (254/366).
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vacuo to yield 0.351g (87% of a fluffy yell ow powder. 20 FAB Ms: d ycerol
matrix; Calc'd for C42H46B2N2010 (bis glycerol adduct) [M + 760; Found
[M+ 760. waR2@5406P 1100 HPLC chronmat ograph, Waters 5 x 10amusd®odovaPak HR

C18 colum, 0.025 nL injection, m/mn, 1.5 nl i é¢tTon™1"66p," 360 nm
detection, A = water (0.1% -56 2/05406% RET/ US02/ 00201 e. . .t q. dr o~
tr Eli - 4...[~ 4:.ki | . HFBA) B = Necy % HFBA) , grad|ent ~10% B 2

n, ~0- 80% B over 18 m n, 80- 266% B 0% B 2 mn, retention
time 16.7 mn. 5 Fluorescent Mod Iatlon |gure 6 shows the effect of

3, 4- di hydr oxybenzoic acid on uor g8ees g ensi ty, (450 nm of the

ant hracene bis boronic actH Hprepared in thls
exanpl e. Spectra were r ecor dé' 0 5301
spectrafluorometer with excitatign at 37Q nm iation slits at 3 nm
emssion slits at 3 nm high P fbient tenperature. The

ant hracene bis boronic acid deriv L e emts)=\ow |l evel of fluorescence,
which is effectively quenched by the 15 pres of 3, 4- di hydr oxybenzoi c
acid. Figure 7 shows the nornmalized quoresce c€ intensity (430 nm) of the
ant hracene bis boronic acid derivative of this exanple in the

presence of 3, &Llthffdyoiﬁbé§w§nqém&EP¥FR€ﬁﬁ@aﬁr2a%;kPQWﬁﬁ&ﬂ|%n %7 gl ucose 20

concentration ifRBBukdkgiRiKlnag ckRy dmino1aBehy ManthebBBhé zed fl uorescence

intensity (430 nn) of the same indicator (40 as a function of glucose
concentrati®n A solution of 9,10-bis[[2-(tert-butoxycarbonyl)-

ethylaminolmethyljanthracene (1.60 g, 3.25 mmole), DIEA
(4.45 g, 6.00 mL, 34.4 mmole, 10.6 equiv.) and (2-

bromomethylphenyl)boronic acid neopentyl ester (4.80 g,
17.0 mmole, 5.22 equiv.) in 30 mL CHCl; at 23°C was

10 stirred in the dark for 4.5 days. At this time, 45 ml
CHCl; were added to the mixture, and the mixture was
washed with 2 x 25 mL portions of NaHCO; (sat'd agqueous
solution). The organic extract was dried over anhydrous
Nay804, filtered and concentrated to yield a crude reddish

15 oil. The residue was purified by alumina column
chromatography (100 g activated neutral alumina, 0-3%
CH30H/CH,Cl,) to yield ~ 3.5 g of an orange solid. The
product was dissolved, followed by the formation of a
white precipitate (DIEA-HBr salt). The scolution was

20 filtered and the filtrate concentrated to yield 2.72 g
{93%) of an orange solid. Product (>80 % pure by RP-

HPLC) was carried on as is.

TLC: Merck basic alumina plates, Rf 0.66 with 95/5
25 CH;Cl,/CH30H, see with UV (254/366).
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in PBS (squares). The glucose concentration was varied 25 fromO to nmM
Spectra were recorded using a Shimadzu 25 RF-5301 spectrafluoroneter with
excitati owoadod4d7nm excitation slits at 3 nnm em ssi on wit®28620p NM
| ow PMI'  sensi #ibid tdend@Rba8t dEnpevaktre. crAddbtbonial” ’@?‘f‘{}%@sﬁ"i‘@é"‘"“f"*"i@"
ant hracene bis_poronic acid derivative in the absence of the

3, 4- di hydr oxyb&hz6i T alfd cqleheh - 108t it iestaRngo? iHefdase37® nm

fl uorescence. &Aslckdiiom,ol gl wcose (001t heremnthrasenardurs (boueni ¢ aci d
derivative in pr f.qd he 3, 4-dihydroxybenzoi id guencher
results in a Erlrgﬁ)éd%%%ggg%gelqr’n%fIzug%%kcléwn%g.° %tg‘{esroblfaél %g\r}éd hat the
gl ucose di spl ate®?® thever42arhydri®dybBnz giig -agketiegtieare Heme- 837-9 imMp

02/ 054067 PCT/ US02/ 00201 fromthe boronic acid recognition el enent,
resulting in increased fluorescence. In this exanple, the 3, 4-

di hydr oxybenzoic acid group acts both the quencher portion of the
detection system and as a liga errent 5 interacting with the
recognition elenment. Exanple 7 10_¢-BOC NH NH H 15 NH \t-BOC 20 A
1,4-Bis[[4-(tert butoxycarbonyl), noh Larq fjo] net hyl ] benzene:

\

OH
HO

10 9,10-bis[N- (2-boronobenzyl) -N-[3- (propanoyl) amino] -

—-OH

methyl]anthracene.

A solution of 9,10-bis[N-[2-(5,5-dimethylborinan-2-
yl)benzyl]-N-[2- (tert-butoxycarbonyl)ethylamino] -
methyl]anthracene (0.556 g, 0.620 mmole) in 5 mL 20%

15 TFA/CH;Cl, at 23°C was stirred in the dark for 25 hours.
At this time, the reaction mixture was concentrated under
a stream of N; gas. The residue was triturated with 3 x
10 mL portions of ether. The residual solid was dried in
vacuo to yield 0.351g (87%) of a fluffy vellow powder.

20
FAB MS: Glycerol matrix; Calc’d for C4H4eB2N201p (bis
glycerol adduct) [M]* 760; Found [M]* 760.

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
25 NovaPak HR C18 column, 0.025 mL injection, 0.75 mL/min,

1.5 mL injecktion loop, 360 nm detection, A water (0.1%
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Ter epht hal di car boxal dehyde (0.253 g, 1.89 mmle), N t-Boc-butanedi am ne
(0.71 g, 3.77 mmole) and sodium sulfate (5.5 g, 40 nmol e) were conbi ned
wi th 25 mygafzedeaanhydr ous net hanol. The m xture was stir regdy@do2He0M

tenperature foprgdh hold 8 =spdémmeukf ﬁtmm%raagggg eyt s angd - NaBHAS (1. 5
g, 40 mmol e) vv? added After 4 hour mxture was diluted with 100 m
f

of ether and Tt &F°T ’?‘ﬁemilém%&oﬁﬁt%l‘hveed af P&f- elx%oiBatzllﬁW'of t he

sol vent was 30rstéjteictedite té! unmnchr omat ography on silica gel,

CH2C12/ MeOH/ Et 3N (80/15/5 vol. % as eluent. The product was isolated as a
white solid (0.77 g, 86 %yield). This material was used as is in the next

step. -58 VID 0R1 054G PrRCHAOSORYEE201 O CH3 t-BOC ~ ~ BOOCH3 H3 CH3 5
H3C NH H3C \B / \FJ. hr@cg skgwlehEBfogct %’f é c@i drox ben

[ N-[2- (pinacol at)ﬂ%bor onobenzyl | - - (tert-but oxycar (2

ami nobut yl ami ndf t%lﬁlﬁéﬁié'ﬁ%nce 2n PB%%t HyPpRrehyt £ liélleoﬁPE B3PS pi nacol

ester (1.4 15 gis 4ao7rdﬂIQ| Q):ldldélrlmaiﬁffé (4@@3’1‘) in PBS prepared in
but oxycar bonyl am nobut )_/LI am no] et hyl ] benzene (0.74 ¢ f 56 nmol e), and
I

N, N- di i sopr opyFRPIN-SSPHEm ndPgetmg Here 1’(13cc’t’f”l"?"ﬁfjet)lsiii%@féi dghrdsetzedin 20 n
of CH2Cl12.:1dhessml Wde@trafluorometer with excitation at 370 nm;

excitation slits at 3 nm; emission slits at 3 nm; high
PMT sensitivity, ambient temperature. The anthracene bis
boronic acid derivative emits a low level of
fluorescence, which is effectively quenched by the
15 presence of 3,4-dihydroxybenzoic acid.
Figure 7 shows the normalized fluorescence intensity
(430 nm) of the anthracene bis boronic acid derivative
(40 pM) of this example in the presence of 3,4-
dihydroxybenzoic acid (200 uM) as a function of glucose
20 concentration in PBS (diamonds as points), and the
normalized fluorescence intensity (430 nm) of the same
indicator (40 puM) as a function of glucose concentration
in PBS (squares). The glucose concentration was varied
from 0 to 25 mM. Spectra were recorded using a Shimadzu
25 RF-5301 spectrafluorometer with excitation at 370 nm:
excitation slits at 3 nm; emission slits at 5 nm; low PMT
sensitivity, ambient temperature. Addition of glucose to
the anthracene bis boronic acid derivative in the absence
of the 3,4-dihydroxybenzoic acid quencher results in an
30 increase in fluorescence. Addition of glucose to the
anthracene bis boronic acid derivative in the presence of
the 3,4-dihydroxybenzoic acid quencher results in a
marked increase in fluorescence. It is believed that the

glucose displaces the 3,4-dihydroxybenzoic acid quencher
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was stirred at roomtenperature for 24 hours, solvent was 20 evaporated and
the resi due was washed with hexane/ether (50/50 vol., 3x10 m). The

product wa® duwsidser purified by columm chromat ography ( Sifgayueeod®d vol .,
CH2C12/ MeOH) . £r¥6nehthelndBodti d 83%H. r&Fbgrd% 1BnHN St , TEAS 30t Hey <iNHZ" “\"B TFA
HOB -59-. WO 02/ 054065 IngT/ US02/ 00201_C... .1,4-Bis %N't %2- bg_r onobenzyl) -N-
[4- "rt» 'n gncreased FIUeRGRGEREST antthT st RYT{DeHzER8 1S trifl uoroaceti c
acid salt: 1, 4d#Hwirokypertpinacidatodbormisbeazydih Nbf[ 4guétdredr 5

but oxycar bony! &gi%%gg&ykﬁéﬁcf&ler&%ww; e,nsn&%%sl H1:idagd é‘ﬂHﬁ!;%%c vas

di ssol ved in 21 ’C12 sol ution corntal ni ng % vol ” TFA an % vol .
triisipropyl sitHifEacrresd $btutihen raaI%tHoPe 8l 8?22 hours and t he sol vent
was evaporated, the residue was dried under high vacuumat 50 10 C for 24
hours. Yield quantitative. FAB Ms: Cal cul te7d for CA2H64B2N404 MF=710 (bis
pi nacol ester), found Mr2= 712. HPLEES 0 HPLC chromat ograph, Waters 5
x 100 mm NovaPak HR C18 columm, 0.100 nmL injection, 0.75 nmL/mn, 2 nlL
injection |loop, 280 nmdetection, A = water (0.1% 15 HFBA) and B = MeCN
(0.1% HFBA), gradient 10%B 2 mn, 10- 80% B over 18 nmin, 80-100% B over 2
mn, 100%B® 2 mn, tBoc

'

‘\_\'NH
15 : \__\;
NH

20 A, 1,4-Bis[[4-(tert-

butoxycarbonyl) aminobutylamino]methyl]lbenzene:
Terephthaldicarboxaldehyde (0.253 g, 1.88 mmole), N-

t-Boc-butanediamine (0.71 g, 3.77 mmole) and sodium
sulfate (5.5 g, 40 mmole) were combined with 25 ml of

25 anhydrous methanol. The mixture was stirred at room
temperature for 24 hours, sodium sulfate was filtered off
and NaBH; (1.5 g, 40 mmole) was added. After 4 hours the
mixture was diluted with 100 ml of ether and filtered.
The residue obtained after evaporation of the solvent was

30 subjected to column chromatography on silica gel,
CH,Cl,/MeOH/EL3N (80/15/5 vol. %) as eluent. The product
was isolated as a white solid (0.77 g, 86 % yield). This

material was used as is in the next step.
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retention time 14.6 mn. HO OH 20 O S02C1 25 D

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

3, 4- di hy dwexas084050- di oxo- 2- ant hracenesul fonic acid sodi up@aido2od2of 9, 3.9
mVv) was conmbined with 30 m of 30 chlorosul fonic acid and heated to 90C for
5 hours, after which the solution was gooled to OC and poured into 100 g
of ice. After the ice neltgd the utjson 5 extracted wth CH2C12 (3 X
100 m), the nethylene chioride acthg jwere conbi ned, dried with Na2SO4
and evaporated to produce -6 N 054 PET/ US02/ 00201 0.87 g of solid
(Yield 66%. :.p.. ~ .,,., ...\ .. a 2N TFA NHO" " "OH HOOH B OH O
HO\ N/ I3 \ 1/. 1-[N-(2-Boronobénzy [ 4- am nobut yl am no] net hyl ] -

4-[ N- (2- boronobenzyl )-N [4-[ (3, 4-dit =9, 10- di oxo-2- 5 ant hracene)

sul f onaani do] but yl am no] net hyl ] - benzene

tri roacetic acid salt:
3, 4- Di hydr oxy-9, 10-di oxo- 2- ant hracenesul fonyl{ ch ide (0.095 g, 0.28
mol e) was dissolved in 3 m of HyC 0 NH
HyC~ >B Mesoc
, 10 HyC Hso

B. 1,4-Bis [N-[2-(pinacolato)boroncbenzyl]-N~ [[4-

(tert-butoxycarbonyl) aminocbutylamino]lmethyllbenzene:
2-bromomethylphenyl boronic acid, pinacol ester (1.4

15 g, 4.7 mmole), 1,4-bis[[4-(tert-
butoxycarbonyl)aminobutylamino]lmethyl]benzene (0.74 g,
1.56 mmole), and N,N-diisopropyl-N-ethylamine (1.8 ml, 10
mmole) were dissolved in 20 ml of CH,Cl,. The solution
was stirred at room temperature for 24 hours, solvent was

© 20 evaporated and the residue was washed with hexane/ether
(50/50 vol., 3x10 ml). The product was further purified
by column chromatography (SiOz, 90/10 vol., CHCl,/MeOH).
Yield 1.18 g (83%).

OH

H,N CH

TFAA\——\_v
30 —\_\—
HO NH,
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anhydrous CH3CN and added dropwi se to a solution of 1,4 10 bis [N

(2- boronobenzyl) -N- [4- am nobutyl am no] net hyl ] benzene bis trifluoroacetic
acid saliwgob/dfeg, 1.37 nmole) and N, N-dii sopropyl - N et pdramopeodol N,
5.8 mmle) in & n 19kh-apbyN-ouspeE8hdbenAfLl efv-$4% T T I nY "f'or =4 hours™ rhe-

sol vent was evaporated_and 15 the_residue dried under high vacuum The

resi due was dFESEVENLPRIAYIIACHEL 1 eemARYeTRAS( BRI DB FORFF L arRFihe  sol vent
was evapor at edgzagai n. V\ater- (10 mM) was added to the residue and the
flask was sonicated for mnutes followed b |tration of the brown

solid which -cont ai red™ %St iy %d&ﬁﬁ?coﬁfﬁ)ﬁ&r%ﬁ?ﬁyﬂt Noh L tas-Stdhi eved
using prepar amntuxideEEon D ahiliGobhP; Grelrcg metb gl Hpdn zeWat ¢l sl 5XLA0 mm

e o) gocmtSldMhas taPledived®h 8538 A ol bR [a el fs Tk o\ (0. 106

i njection |oop, det ect’i on,
HFBA), gradi en#0% &P IWOTER) TBUG6? P@ﬂr/ Usozlse@zemqux)%re 2 F®, 10-80% B over

18 m n, 80-100%B,1Q%er wds Mthrrek00%e B2 HBRs BREESMd QR1VEAE v;egs S mn.
Yield: 198 nmg (79% . This conpound was tested for interaction with D

gl ucose in MeCRTAESAEEA1, CRDIZO518BP UF DIAT IGA=FRYCT gk SRGEER T Wids
eval uated by nnisber pnoghddie .abgsoebangrintspeeiva. @asHIE: N eulakell2 N HOB
NOH  HO ~ CH for C4HgsBaNg4Oy M+=710 (bis pinacol ester), found M+2=712.

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm

NovaPak HR Cl1l8 column, 0.100 mL injection, 0.75 mL/min, 2

mlL injection loop, 280 nm detéction, A = water (0.1%

15 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 14.6 min.

20

25
D. 3,4-Dihydroxy-9,10~-dioxo-2-anthracenesulfonyl
chloride: _

3,4-dihydroxy-9,10-dioxo-2-anthracenesulfonic acid

sodium salt (1.4 g, 3.9 mM) was combined with 30 ml of

30 chlorosulfonic acid and heated to 90°C for 5 hours, after
which the solution was cooled to 0°C and poured into 100 g‘
of ice. After the ice melted the solution was extracted
with CH,Cl, (3 x 100 ml), the ﬁethylene chloride extracts

were combined, dried with Na,S0, and evaporated to produce
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B- OHO HO N"'g 2 F. 1-[N-(2-Boronobenzyl)-N[4 10

(met hacryl am do) but yl am no] nmet hyl ] - 4-[ N- ( 2- bor onobenzyl ) -

N- [ 4- [ (3, wodizgsisoxy- 9, 10- di oxo- 2- ant hracene) PCT/US02/00201
sul f onam do] buty$an ] rethyl }rhanrr ese) . LTI T e e o o
1-[ N-(2- boronobenzyl ) - N-[ 4- am nobut yl am no] met hyl | -

4-[ N- (2- bor onobenzyl ) - N-[4-[ (3, 4-di hydr oxy-9, 10-di oxo-2- 15
anthracene)sulfonanido]butyldﬂW/\Tﬂ€¥hyl]b ene trifluoroacetic acid salt
(30 ng, 3.34x10-5 nole) was ;@ |ssolveqq|n I of anhydrous MeCH.
Met hacrylic acid NHS ester Flo ny,
J. .Am Chem Soc., 1999, 121(15),
of 0.01 m of Et3N. The solution
evaporated i n vacuum and .t he ogol
showed absence of startingerfateria
02/ 054067 PCT/ US02/ 00201 Sm||d mas dried upder yacufimand used as is for
pol ymeri zation into a hydr A
N- N- di net hyl acryl am de hyd el f|In1 S copf ai
1-[ N-(2-boronobenzyl )-N-[ 4= ~sd, l
(et hacryl am do) but yl am no] met hyl ] -4-[ N-( 2- boronobengyl)
N-[4-[(3, 4-di hydroxy-9, 10- di oxo- 2-
ant hr acene) sul f onam do] but yl am no. ] net hyl ] - benzene: A sol ution of
N, N—dinethylacEyIamFdH—«2£BbmﬁnQbeaaﬂ1)4N} N4Nami@bébudyd aabhs pesthyari-de (0. 8%
wt.) and D-fruct 200 S epar. 1- - Qor onobenzyl ) - N-
[ 4- (et hacr | a(r4\n &g) b2 ong%@? n\&[)hyl ]\9% ﬁ %.:Lg droxJ—%,(.L%—Qloxo—éj—

5 anthracene)sulfonamldo]butylamlno]methyl]—benzene

5 nol e, prepared according to
3617) wap added foll owed 20 by addition
tirmed Ndror 10 hours. The sol vent was
s washed with H2O RP-HPLC anal ysi s

trifluoroacetic acid salt:
3,4—Dihydroxy—9,10—dioxo—Z—anth;acenesulfonyl
chloride (0.085 g, 0.28 mmole) was dissolved in 3 ml of
anhydrous CH3CN and added dropwise to a solution of 1,4-
10  bis [N-(2-boronobenzyl)-N-[4-
aminobutylamino]methyl]benzene bis trifluorcacetic acid
salt (1.06 g, 1.37 mmole) and N,N-diisopropyl-N-
ethylamine (1 ml, 5.8 mmole) in 5 ml of anhydrous CH3CN.
After stirring for 4 hours the solvent was evaporated and
15 the residue dried under high vacuum. The residue was
dissolved in 10 ml of CHiCN/TFA (80/20 vol.%) and the
solvent was evaporated again. Water (10 ml) was added to
the residue and the flask was sonicated for 20 minutes
followed by filtration of the brown solid which contained
20 the product. Further purification was achieved using
preparative HPLC: HP 1100 HPLC chromatograph, Waters
25100 mm NovaPak HR Cl8 column, 1.00 mL injection, 5
mL/min flow rate, 2 mL injection loop, 470 nm detection,
A = water (0.1% HFBA) and B = MeCN (0.1% HFBA), gradient
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bor onobénzyl )-N-[4-[ (3, 4-dihydroxy-9, 10-di oxo-2- ant hracene)

sul f onam do] but yl am no] net hyl ] - benzene (30 ng) 15 was dissolved in 0.5 m
of DMF solwgti2@s40e@nt ai ni ng nonomner s and _Dfruct ose. Aquem/@mmoum
persul fate (201045 @/qﬂwai,)mﬁ@q%c@rraw?edlamgtm,t@@:icgfml“ﬁ%m .
resul ting solutjon s placed in.a glove ho urged wt ni trogen. An
aqueous sol uti 5)#’186 ]%N%, KRy, Wt?%ltoélt F%{rﬁeetj‘r‘?yfgegﬁﬁ}l ensdi%antié ¥90 L, 5% wt.)
was added to thesnongmes fonpairat wen testaciceber ateeppolynervizat ien.  The
resul ting formyaldan waggeused hpia il g sgﬁzaéi%rggﬁgdgtaom m cr oscope

slides and 100 gM stainless - stee pacer. After épt for 8 hours in
a nitrogen 25 Hidre vae ildahad Y 084 tPAIphIdShabPecHmAT® ed sal i ne
(10 nM pi, pH=dptrd.he microscope slides were separated, and the hydrogel
was renoved. The hydrogel was washed with 100 m of phosphate buffered
saline (PBS) containing 1 mMIlauryl sulfate sodiumsalt and 1 nM EDTA 30

sodiumsalt for 3 days, the | uti on bei ng changed every day, followed by

washi ng wi th DMF/ PBS (1Q/{0 val_. , x 100 m), and finally with PBS
(pH=7.4, 3 x 100 m). The Yes [ h
mV PBS, -63 WO 02/054067 RT/ US02/ 0020

r oge | ymer was stored in PBS (10
P
sodi um azide and 1 nM EDTA . .....

) containing 0.2% w .
and on fluorescence and 5 absorbance
containing 1-[ N~ (2-boronobenzyl) -
4-[ N- (2- boronobenzyl ) - N-[ 4gd (3, & di

x't. H Effect of D-glucose
f N, N-dignet hyl acryl am de gel
metdadciyh ami do) but yl ami no] net hyl ] -
pxy-9, 10- di oxo- 2- ant hracene)

sul f onani do] but yl am no] met hytd~< benzen¢© This expercinemt was conducted in a
Shi madzu RF- 5301 : :
N
F. 1-[N- (2-Boronobenzyl)-N-[4-

10 (methacrylamido)butylamino]methyl]~4-[N- (2~-boronocbenzyl) —
N-[4-[(3,4-dihydroxy-9,10~dioxo-2-
anthracene) sulfonamido]butylamino]methyl] -benzene:
1~ [N-{2~-boronobenzyl)-N-[4-aminobutylamino]methyl] -
4-[N-(2-boronobenzyl)-N-[4-[ (3,4-dihydroxy-9, 10-dioxo~2~
15 anthracene)sulfonamido]butylamino]methyl]benzene
trifluoroacetic acid salt (30 mg, 3.34x107° mole) was
dissolved in 1 ml of anhydrous MeOH. Methacrylic acid
NHS ester (10 mg, 5.46x107° mole, prepared according to J.
Am. Chem. Soc., 1999, 121(15), 3617) was added followed
20 by addition of 0.01 ml of EtzN. The solution was stirred
for 10 hours. The solvent was evaporated in vacuum and
the solid was washed with H,O0. RP-HPLC analysis showed

absence of starting material in the solid. The resulting
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10 PC spectrofluorinmeter equipped with a variable tenperature attachnent.
N, N- di net hyl acryl am de hydrogel filmwas attached to a piece of a glass
sl i de whi gfp pvas406@! ued in a PMVA fl uorescence cell at 450 pnabwzoddoe cel l

vv?s fi : led w téblB@Sw[alBFEEiéd &@ilelaﬂt:) b@aﬁ%nc%aahséé@?aéla%g@@? TS coricenttati ons
of D-glucose. The cel, s equilibrate at_. 37 or m nutes prior to
nmeasur enent s d?or}%?&lﬁﬁﬁg%n Jg#ci’ f h%&lé%‘%?éhééﬁ?lhtensi ty. For fluorescence
intensity neasurenents excitation wavel ength was set at 470 nm slit

i dt h 3/3 | WA . 5 t f th
W was am hig a§§@%&>r§ ! k¥N9£:.xEAI\DQEﬁ§§§y§&P£S %R?@Qg%s & GGl ra o €

hydrogel filmwere neasure usi ng an I nstrumne ance val ue
at 690 nm Swascam@dnfing bt Bird2cberendhemzyil h-¥akdhr neasurenent. The results

are shown in F{;l%%&%r f%ﬁgg.%&d )Ikgll{rerﬁa.ging L EE%QB\?—OZQ ro]%gnq?geexféjlg—()f the
indicator in 2 anol’ w varyli'ng concentrations of - gl'ucose. |
Fi gure 9 showsN+[e [r(8t Aodiblhyddrsyr-Baheedigfxot-Be i ndi cator gel (A (565 nm/A
(430 nm) W N Y3l 05 o CODERML AL, Sy Ul Gl OB Fhdlire, 10 shous the
normal i zed fl uoréscence ‘( d"')m a nm-w vari-ous concentrations of
glucose. 30 -64 WA 62L05#06 0 PETNUSORI 0020t ryWimitdd s(40kawhed arst 1. A
met hod for, det,eGiiRg hhe.RLESENGS1ohs s£ONC Rt Al ] A Lh-2, ROl ydydr oxyl
analyte in a s&rH)I e, Wwhich conprises: 5 a) exposing the sa e to an
i ndi cat or syst HHha ng™ PYF &S PEEPRERDgniCilBn(&taronrreapabl & of fornmin
y g g
a coval ent bopgd- (mRtaateyessidd)eutgshhidbiwiethyspigd- @rabyte, and either A)
a second recognition el ement anall ¢ of aroxy-9, 10-dioxo-2-
anthracene) sulfonamido]lbutylamino]methyl]-benzene (30 mg)
15 was dissolved in 0.5 ml of DMF solution containing
monomers and D-fructose. Agqueous ammonium persulfate (20
pL, 5% wt.) was combined with the formulation. The
resulting solution was placed in a glove box purged with
nitrogen. An aqueous solution of N,N,N’,N’-
20 tetramethylethylenediamine (20 pL, 5% wt.) was added to
the monomer formulation to accelerate polymerization.
The resulting formulation was poured in a mold
constructed from microscope slides and 100 pM stainless
steel spacer. After being kept for 8 hours in a nitrogen
25 atmosphere the mold was placed in phosphate buffered
saline (10 mM pi, pH=7.4), the microscope slides were
separated, and the hydrogel was removed. The hydrogel
was washed with 100 ml of phosphate buffered saline (PBS)
containing 1 mM lauryl sulfate sodium salt and 1 mM EDTA
30 sodium salt for 3 days, the solution being changed every
day, followed by washing with DMF/PBS (10/90 by vol., 3 x
100 ml), and finally with PBS (pH=7.4, 3 x 100 ml). The
resulting hydrogel polymer was stored in PBS (10 mM PBS,
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form ng'a covalent bond in a reversible fashion to said 10 anal yte bound to
the first recognition elenent, or B) a |igand el enent capabl e of

i nt eract i we jg2msfeieversible fashion with the first recogmdigedmeient in
t he absence ofH=sai4d avakyieingdi.ds| vganbaenmentdopndonabhMyedhTh t her™
conprising a |ghel that,produces a detectable quality 15 that is nodul ated
by the interaction o the ligand elenent with the recognition elenent,
wherein the portion of the indicator systemcontaining said first

recogni tion eﬂ;ewerﬁfﬁe%tcefaéfgqtdc)ss@raﬁwr&p@\iabfgééahéel akgd to the portion
of the indicator systemcontaining said second 20 recognition elenment or

said |igand el @nrrtanggdofi Y N HELERYIFEPILem 9t IPrEaApirges At | east

one of A) a dendd:RmesBheyl SHEt @M MbLEibR1aduasfrdAakeabiblenyiqual ity
that changes in a concentration- degendent manner when said |n¥ cat or

systemis expobedtG-baranepraild "Nof4- b8 Ay dbydr e 8-t gt el enent ;

and b) measurigrrketBRBGEE drihnSAodbE ey BatiAbY ﬁe%@ir-tbxénztaaet her eby
determ ne the presence or concentration of said analyte in sal d sanple. 30

2. The method of cl&iH EXPHAEIE T "EReCTHNTE ot %yssbtlé‘ﬁ’ldﬁﬁs 553%ast two
recognitiom el mr&sﬁessttralflthﬁmeﬁeal wteippdab Wbn 02/ &Gl cPCT/ US02/ 00201 3.
The method of ¢ e the anglyte is. a d h recognition
el enent is i ndle) ndent re a&%ée}a frlgT#t%énesgc%lac%bna&ls%t i ﬁﬁgocf egLoronl c
.acid, boronat éllrmrwasaraééﬁpm taciadpiacsafi tegilans tldldeuwhiécd wasd d,

tellurate ion,gHerdmnl & afif cHR-ABRBAE i1 aBds5TQRpLpat Qs dher eof .

was filled with PBS, pH=7.4, solutions containing various

15 concentrations of D-glucose. The cell was equilibrated
at 37°C for 30 minutes prior to measurements of absorbance
and fluorescence intensity. For fluorescence intensity
measurements excitation wavelength was set at 470 nm,
slit width was 3/3 nm, high sensitivity of PMT. The

20 absorbance spectra of the hydrogel film were measured
using an HP 8453 instrument, absorbance value at 690 nm
was used for blank correction in each measurement.

The results are shown in Figures 8-10. Figure 8

shows the absorbance spectra of the indicator in

25 PBS/methanol with varying concentrations of glucose.
Figure 9 shows the ratio of absorbance of the indicator
gel (A (565 nm)/A (430 nm)) with various concentrations
of glucose. Figure 10 shows the normalized fluorescence
(I/I,) at 550 nm with various concentrations of glucose.

30
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4. The method of claim3, wherein the analyte is glucose and each
recognition elenent conprises one or 10 nore boronic acid groups. 5. The
met hod of we) @io8xeky Wherein the indicator system has a reqgandob@éog! enent
for the anal ytgnaands a1zlikgandsel ement. 15 6. The method of claim§5,
wherein the anal'yte 1S a sugar, and the recognition el enment conprises one
or nore of the fdll ofi ﬁ@?h‘?fgrf(?ﬁi ge bR D SRENBFRSSIGK, &r seni ous  aci d,
arsenite ion, tehtartimatdondost teldolayersorl, a2@lges manieC satplle, Or ger manat e
ion. 7. The metho QmeEﬁkgéﬁ’ wherein the analyte is glucose and the.
recognition el enent conprisSes one or nore boronic acid groups. 25 8. The
met hod of c%ai m 52awherepninthahle ganpleltenent indsca orpisgs e dpaling of
formng an ester bond wiethst he,  Jo2Ge98h td Qi Bk eBDLL1 3Q 19 £ o T, gt hod of
claim8, wherein the Iigand element 1is selected fromthe group consisting
of an aromati cCOWRARE Fopdciatde reysratpha-ipdioryvhel #aid pagtetd.c acid, a
mal i c acid, di ehhanalram A, a asecidne@ateiidi ogl HCesEnt -BE WD 02f 054067

PCT/ US02/ 00201_. and a pol yh drog* onpound, andb? égcinalng¥drox -

cont ai ni ng conﬁ%ﬁﬁﬁfg'glFoéﬁ¥?%ﬁl Opé SR T TEEEP L0t SHE Y Rt D ¢l ai m 1,
wher ei n t heo dedegtyton boBngdyse ethec drpst sesccndomnon/ slocueptor osyBt em 11. The
met hod of claimdbq ;@1@&%9 LRt 86tk raS¥ShEM £ UMRLLSES 8 4 | uor ophore

and a quenching noi ety, - o )
ashion with the first recognition element in the absence

. of said analyte, said ligand element optionally further
comprising a label that produces a detectable quality
15 that is modulated by the interaction of the ligand
element with the recognition element, wherein the portion
of the indicator system containing said first recognition
element is covalently or non—covalently linked to the
portion of the indicator system containing said second
20 recognition element or said liéand element; and
ii) a detection system which comprises at least one
of A) a donor/acceptor system which produces a detectable
guality that changes in a concentration-dependent manner
when said indicator system is exposed to said analyte, or
25 B) said labeled ligand element; and
b) measuring any change in said detectable quality
to thereby determine the presence or concentration of

said analyte in said sample.

30 2. The method of claim 1, wherein the indicator
system has at least two recognition elements for the

analvyte.

_65_




wher ei n 'sai d" fl uorophore is either quenched or dequenched 10 when said
i ndi cator systembinds to said analyte. 12. The nethod of claim1l, wherein
t he det ectyigafossigst em conpri ses said | abel ed |igand el emrenigr/dse2ddo01 The

nethod of claim 1. wheeehdtisRi drl abgled, hihgaod, elrmank 1 6oamrd ses a
fl uorophore, and the | uorescence of said flugrophore i s nodul ated by the

bi ndi ng of sai G“77di%Ht 67 C8yET EINEE AR s&t Frstaltyt sRASRPRERNtFHe net hod  of
claim 10, whereéhedts debacthonyrospstens Lalplig s€Shbatordieastitiywo di fferent

fl uor ophor es, er.el.n fhe fluorescence of .said flyorophores is
nndulafed by tﬁggﬁﬁ%erégbfo%r%Iuggfdafhﬁﬁ5%F§Pl§§s%%ﬁl%ﬁﬂgﬁr§%id anal yte.
25 15. The wet Aoidoftedllairate, imhemernathe asdnpl eersammtephysi cdwoyi cal f1 ui d.
16. The met hodc&fpGlalimndiSndheyein the 30 physiological fluid is selected
fromthe group consisting of blood, plasma, serum interstitial fluid,
cerebrospinal fluid, urine, saliva, intraocular fluid, |ynph, tears,
sweat, and physi ol4ogi cak meffcer 8f eBI7inN3,02h05406 A HRCEhRISPZ4 Q&Zﬁl 17. I The
nmet hod of cl ai i indicator systemis exposed to the sanple in
sol ution. 18. %%con%%*%g@ g?&gﬁraelc%%f%l %regieﬁnetnhec?nr%ﬁlcsaﬁso?neSO%yst emis

i mobi | i zedo onmere Wiadeindcaastd iafosgpport. 19. The met hod of claim 18,
wherein the solid support is a polyneric matrix. 10 20. The net hod of

claim1, wherein the indicator systemis associated with an inplantable
devi ce. and 5. The method of’ claim 1, wherein the indicator

system has a recognition element for the analyte, and a
ligand element.
15
6. The method of claim 5, wherein the analyte is a
sugar, and the recognition element comprises one or more
of the following: boronic acid, boronate ion, arsenious
acid, aréenite ion, telluric acid, tellurate ion,

20 germanic acid, or germanate ion.

7. The method of claim 6, wherein the analyte is
glucose and the recognition element comprises one or more

boronic acid groups.

25
8. The method of claim 5, wherein the ligand element
is a moiety capable of forming an ester bond with the
recognition element.
30 9. The method of claim 8, wherein the ligand element

is selected from the group consisting of an aromatic
diol, a lactate, an alpha-hydroxy acid, a tartaric acid,

a malic acid, diethanolamine, a P-aminocalcohol, glucose,
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wherein step a) takes place in vivo. 21. The nmethod of claim1, wherein the
nmeasuring 15 step takes place at substantially anbient tenperature. 22.

The net hoghgafysh@y m 21, wherein the tenperature is up to plaguke28661 20 23.
The met hod of gﬁ@lgngalyw%r_»gk@ édﬁ@ohﬂgl Cal Pl vg_}é%gjnyggmgg{yses a residue of

a conpound sel ected, from con5| sting of:
N 2 [ Bo (N 4° i FRE T GBBROYTY - 02290 bR Gty Substitutea.

benzyl ] am nohexyl ] -[ 2- (bor ono) benzyl ] am noet hyl - 4- 25

butyl am no- 1, & nanly habi st 22l 45 4 it byl agnaengy]ds [ 2- (bor ono) -
benzyl ] am norret hyl] benzyl - 2- (bor ono enzyl ] am noet

but yl am no-1, SSYﬁﬁﬂﬁI%QWPﬁﬂﬂ%ﬁ a donor/acceptor system

N-2-[5- (N-4- di rrethyl am nobenzyl ) - 5- [2 (borono)

benzyl ] am nohexyl ] or o ben am n%et h 2-(2-

ani noet hoxy) et hoxy %rﬁ‘ o n‘é Fitth O it %rel the detection

N-(5- nethoxycastmﬁam-d&mbs;deﬂlinﬂmuoxybEWﬁb and a quenching moiety,

am do] pentyl) e t hi oure - 68 /05 067

PCT/ US02/ 00201%‘?\{ SHRLCREEL Ikl £5)Siihes, Peffhe %8‘%%?/ B8 no 3,

5-di ni t r o) benzeiyss yssallfﬂe}nﬂF@atQB,S&SQEMymr&wbenzaw)aﬂ\arlsvi(ES-

di met hyl am nonapht hal ene-1-sul fonyl)-lysine; 5 Na- (3,

4- di hydr oxybenzoyl)) 5 .di met h | am nonaRgt hal ene-1-sul fo Qg?/ -l ysine
nit

S
N-3- (methacryl amlgo) p%?)ﬁectﬁlroﬁo? 21y F5oFEhatt ro)
benzoyl - N-s- (dyshieretdoypbaisan-sa3,dH ldbaiéd O)ienzoyléngsitne
N- 3- (et hacryl am do) propyl 10 car boxam de.
15 13. The method of claim 12, wherein said labeled
ligand element comprises a fluorophore, and the
fluorescence of said fluorophore is modulated by the

binding of said indicator system with said analyte.

20 14. The method of claim 10, wherein the detection
system comprises at least two different fluorophores, and
wherein the fluorescence of said fluorophores is
modulated by the interaction of said indicator system
with said analyte.

25

15. The method of claim 1, wherein the sample is a

physiological fluid.

16. The method of claim 15, wherein the
30 physiological fluid is selected from the group consisting
of blood, plasma, serum, interstitial fluid,
cerebrospinal fluid, urine, saliva, intraocular fluid,

lymph, tears, sweat, and physiological buffers.
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24. An i'ndi cator system which conprises a residue of a conpound sel ected
fromthe group consisting of:

N-2- [ 5- ( Nwér ddiosmishy| am nobenzyl ) - 5-[ 2- (borono) 15 PCT/US02/00201

benzyl ] am nohexyl 117[.2- Chermsxydeenzy k] @aim ngetrAyke#n the indicator

but yl am no- | t hal i_m N- N A di_met am nobenzyl ) - [ 2- (bor ono)
benzyl ] am nomef"ﬁy#f) enz ef{pﬁié? btoor (chrlﬁ% ‘g ]lélmsﬁgéjf rf 4-

butyl am no-1, 8-naphthal i m de; 20

N-2-[5- (N'4 d'”EthﬁlanTHQQﬁgﬁ¥k90§ L?a&PQIOQﬁLreln the indicator
benzyl ] am nohexy Ig bor ono) benzyl' T am noet hyl - {2 (2- am noetho x

nmi no- 18- napht h&v$ eI&yl)Setlﬁ‘@@é% 9 on pRdeithin’ a solid support.
N- ( 5- met hoxycar bonyl - 5-[ 3, 4-di hydroxybenz-

am do] pentyl )-N fl yoresc t hi oure 6

N- a- ( 3- bor onat o- 51% trBS‘Be‘H%tg‘Sﬂdy 6CJ("’21”?1I|1%EtH PERithghe solid
3, 5-di ni tr 0) beszmyddty sisne; phk pre (i3, datihydr oxybenzoyl ) - N-s- ( 5-
di et hyl am nonapht hal ene- I -sul fonyl)-1ysine;

N a- (3, 4-di hydr oxybenzog -N-E-(5 30
di met hyl anihonapht#tal efi elm%%hofdoﬁﬁl §l3isilnewkenein the indicator

(met hacryl am d@})@ff&fpwscéégﬁé@éﬂ&ﬁm:_@ﬂdan QSnp\A@n@%_Oé%EcBCT Ak$02/ 00201
N a- ( 3- boronat 0-5 nltr%)be 4-di nmet hyl am no

3,5-dinitro) beﬂ%ﬂgﬁwsﬂ ]?ﬁft ﬁé%??/l Hhi%ddYpr opyl - carboxani de. -70

21. The method of claim 1, wherein the measuring

15 step takes place at substantially ambient temperature.

22. The method of claim 21, wherein the temperature

is up to about 80°C.

20 23. The method of claim 1, wherein the indicator
system comprises a residue of a compound selected from
the group consisting of:

N-2-[5-(N-4-dimethylaminobenzyl)-5-[2-(borono) -
benzyl] aminohexyl]-[2-(borono)benzyl]aminoethyl-4-

25 butylamino-1,8-naphthalimide;

N-2~{4~ (N~4-dimethylaminobenzyl)—-{2- (borono)-
benzyl]aminomethyl]lbenzyl-[2-(borono)benzyl]aminoethyl-4-
butylamino-1,8-naphthalimide;

N-2-[5~(N-4-dimethylaminobenzyl)-5-[2- (borono) -

30 benzyl]aminohexyl]-[2- (borono)benzyl]aminoethyl-4-[2- (2~
aminoethoxy)ethoxyethyl)amino-1,8-naphthalimide;

N-(5-methoxycarbonyl-5-[3,4-dihydroxybenz-

amido]lpentyl)-N’ - (5-fluoresceinyl)thiourea;

__68._.




WO 02/054067 PCT/US02/00201
N-o~ (3-boronato-5-nitro)benzoyl-N-g- (4-dimethylamino-

3,5-dinitro)benzoyllysine;
N-o~- (3, 4-dihydroxybenzoyl) -N-g- (5-
dimethylaminonaphthalene~1l~sulfonyl)-lysine;

5 N-o~ (3, 4-dihydroxybenzoyl) -N-g— (5~
dimethylaminonaphthalene-l~sulfonyl)-lysine N—3—
(methacrylamido)propylcarboxamide; and

N-o— (3-boronato-5-nitro)benzoyl-N-g- (4-dimethylamino-
3,5-dinitro)benzoyllysine N-3-(methacrylamido)propyl-

10 carboxamide.

24. An indicator system which comprises a residue of
a compound selected from the group consisting of:

N-2-[5- (N-4~dimethylaminobenzyl)-5-[2~ (borono) -

15 benzyl]laminohexyl]-[2-(borono)benzyl]aminoethyl-4-
butylamino-1,8~naphthalimide;

N-2-[4- (N-4-dimethylaminobenzyl)-[2-(borono) -
benzyl]aminomethyl]benzyl-[2- (borono)benzyl]aminoethyl-4-
butylamino-1, 8-naphthalimide;

20 N-2-[5-{N-4-dimethylaminobenzyl)-5-[2- (borono) -
benzyl]aminohexyl]-[2-(borono)benzyl]aminoethyl-4-[2-(2-
aminoethoxy)ethoxyethyl)amino-1,8-naphthalimide;

N- (5-methoxycarbonyl-5-[3, 4-dihydroxybenz-
amido]pentyl)-N’-(5-fluoresceinyl) thiourea;

25 N-a- {3-boronato-5-nitro)benzoyl-N-g- (4-dimethylamino-
3,5-dinitro)benzoyllysine;

N-o- (3, 4~dihydroxybenzoyl) -N-g~ (5~
dimethylaminonaphthalene—l—sulfonyl)—lyéine;

N-a- (3, 4-dihydroxybenzoyl) -N-g— {5-

30 dimethylaminonaphthalene-1l-sulfonyl)-lysine N-3-

(methacrylamido)propylcarboxamide; and
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© N-o— (3-boronato-5-nitro)benzoyl-N-g~ (4-dimethylamino-

3,5-dinitro)benzoyllysine N-3- (methacrylamido)propyl-

carboxamide.
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