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20 Not applicable.

BACKGROUND OF THE INVENTION
1. Field of the Invention
25 The present invention relates to the detection of
glucose in samples which may also contain potential
interfering compounds, such as o-hydroxy acids or p-

diketones.

30 2. Description of the Related Art
The complexation of carbohydrates, including glucose,
with phenylboronic acid has been known for a long time
and the reversibility of that interaction has served as a

basis for the chromatographic separation of sugars.
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interactions ranged fromvery weak (e.g., ethylene 5 glycol, Kd=360 mM to
noderately strong (e.g., glucose, Kd=9.1 nVM. See J. Yoon, at al.,

Bi oor ganiwoasd7d¥edi ci nal Chemi stry 1(4) :267-71 (1993). TPhe/usisdiosy
mechani smis believed to occur through bondi ng of adjacent hydroxyl
groups on glucose.to dr pxy oups on_ a boronate 10 noiety. U. S

Dront: 5 508b598 i sambls 68 b5} dBSERTpeaTa EH tAs ke b on ¢

aci d- cont ai akBgceauPONNEoh HBineH £6r ALLOESCLHESC Dt Boké OB Nt ensity upon
bi nding to saccharides, includi ng qul ucose. The fluorescent conpound 15 has

a nol ecul arPREPYEPAFRIEONDFISi RYTA TRUGr dphoFEteGiPol vaks’ JRENdHEhYI bor oni ¢

aci d noi ety; apdratt}68st r ONGed 2t HR- PELYI bR Né tEoge Ry popahere the
nitrogen atomis_ disposed in the vicinity of the phenylboronic acid noiety
so as t& i ngerael i Reihfombultsr IBodgnatale Baoad ol eaad-d. POCSiFEh

i nteractiongther cau the cipo emg.t I Yolo!
sacchari de %‘fir‘]%]ﬁg&)See a sth'T. Jarr’egé,kd azal? 'a{gl,oofgl%%ce%?em%éé%g%al
117(35) : 8982k 871 61895) (4 Adel6 T+ bhal1993F | uokles deimid Sensueshamsi sy &

ant hryl boropj ¢. aci d- cont ai nj ( or detecti 25 bl.ood gl ucose are
known in tﬁ%ég%%gegoggeég%f 2&%&%%&%&%&, #jaﬁen%ﬁjﬁpﬁ(o%f

114: 5874- 5875003992} glescse beo thadrany hrytdaromre adorceatde used as a
fluore %ent cheppsensor for signaling carbohydrate binding, including

bi ndi ng of I&?h%gge and fructose. 30 Unfortunately, compounds which interact

with glucose iwn §heatmsiers,desyrited ahese altsahgvelssdrEndency to
isnt ey?pt.WEﬂlﬂggger co Oounds héavi ng h%drox%/‘rlli%grogégs,_ ttl’%?1 reduci ng the
pecificity PO ULy , 2 ehPetat - i i FELA hgt [y <S8t ovi cal
sanpl es whi £hudBysceRcdVR H3H QY8424 I 1903/ B &inding to

saccharides, including glucose. The fluorescent compound

15 has a molecular structure comprising a fluorophore, at
least one phenylboronic acid moiety and at least one
amine-providing nitrogen atom where the nitrogen atom is
disposed in the vicinity of the phenylboronic acid moiety
so as to inte;act intramolecularly with the boronic acid.

20 Such interaction thereby causes the compound to emit
fluorescence upon saccharide binding. See also T. James,
et al., J. Am. Chem. Soc. 117(35):8982-87 (1995).

Additionally, fluorescent sensors using an
anthrylboronic acid-containing compound for detecting

25 Dblood glucose are known in the art. For example, J.
Yoon, et al., J. Am. Chem. Soc. 114:5874-5875 (1992)

- describe that anthrylboronic acid can be used as a
fluorescent chemosensor for signaling carbohydrate
binding, including binding of glucose and fructose.

30 Unfortunately, compounds which interact with glucose
in the manner described above also have a tendency to
interact with other compounds having hydroxyl groups,
thus reducing the specificity of a glucose assay,

especially when assaying physiological samples which may
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contain interfering anounts of |actate, acetoacetate, etc. For exanple,
sone di abetic patients also develop lactic acidosis, in which blood

| act at e |woaBm7see greater than 5 nmmol/liter. Thus, ther@cmarses/om®3a great
5 need for glucose assays which are relatively insensitive to potentially
interfering hydroxyl conpounds, such as. |actate. BRI EF SUMVARY OF THE

| NVENTI ON 191 %R Bhel i iR aRWEEehtod At iy 13433 %0 a  net hod

for detectingctheppr SSRAIEL O SORCeM It 0N Ot i oS d aevesasppl € whi ch
may al so contain an a-hydroxy acid or a 1li-diketone, which conprises: a)

exposi ng t hie2 &lahp| &€ 1@ AL Tomdd Uit HakPatladaate 18784 d%ogni ti on

el enents fq Q1S SIS UG t halnud hecidieragtd an betgean the
conpound an%léé%%@c%:tgn?s nmor e /sta e jthanuthe inter actilo,n between t he
compound amkedhefon-Mhalroxg aTial DrviRah kst nee 1 aEi o ko Mpuias 1§56

cont ai ni ng ' ' t ald.ty, that changes
in a concen r?ﬁ&%{g%%%pgl denﬁ%ﬁ%wvﬂ@ﬁgﬁ co %%ln%&i S exposed to

gl ucose in xtthzanpl e; and b) neasuring any change in said detectable
quality to thereby determi ne the presence or concentration of 25 glucose

(3- a ket one. does ot - subdta AR N8 ARES TIENERONE ot or m nati on. 1
anot heil0aspect It lmepreyemt,i mrenpmsens dinvecttddn tis dicemyedndchavi ng t he
Follow ng strycture, 3Qesk M0 03/ Sk SIS QP88 « SR BR ¢
glucose in a.sample which may also contain an a-hydroxy
acid or a PB-diketone, which comprises:
a) exposing the sample to a compound having at least
15 two recognition elements for glucose, oriented such that
the interaction between the compound and glucose is more
stable than the interaction between the compound and the
o-hydroxy acid or pP-diketone, said compound also
containing a detectable moiety having a detectable
20 guality that changes in a concentration—dependent manner
when said compound is exposed to glucose in said sample;
and
b) measuring any change in said detectable quality
to thereby determine the presence or concentration of
25 glucose in said sample, wherein the presence of the o-
hydroxy acid or the p-diketone does not sﬁbstantially
interfere with said_determination.
In another aspect, the present invention is directed
to a compound having the following structure
30



RSI1 ZZRLRERRT R I I | RO R3 X10 wherein: 5 -Rl and R2 are the sane
or different and are selected fromthe followng: i) hydrogen; ii) a
substi t uewp oso7842di fy the pKa and hydrol ytic stability ofPcrhesos2793si ety,
iii) a detectable noiety, or iv) a linking 10 group capabl e of attachnent
to a solid support or a polyneric matrix, said support or matrix
optionally containilg a detectable nmoiety; RR3 is hydrogen or a |inking
group capabl e of tachnent to a solid suppdgk.or a polyneric matrix, 15
sai d suppor i i i ni ctable nmoiety; -R4 and
R5 are the or different and are sel ecteg omthe follow ng: i)
hydrogen, ii) a tituent to nodify the pk&&fd hydrolytic stability of
the R8 20 noiety, i %ﬁ _a detectgple noiety, RO iw) a linking group capable
of attachment tola id supporq or a pon ric trix, said support or

matri x optionally q@ntalnlng a gletectabl e jety; -each Z is independently
carbon or nitrogen; “5 -R6 and are the sane or different and are i)

| i nki ng groups having fromzero to ten contiguous or branched carbon

and/ or heteroatons, or ii) a |linking group capable of attachnent to a

solid -4 WD 03/078424 PCT/ US03/ 07938 support or a polynmeric matrix, said

support or matrix optionally containing a detectable noiety;
wherein:

5
-R; and R; are the same or different and are selected
from the following: i) hydrogen; ii) a substituent to
modify the pKa and hydrolytic stability of the Rg
moiety, 1ii) a detectable moiety, or iv) a linking

10 group capable of attachment to a solid support or a
polymeric matrix, said support or matrix optidnally
containing a detectable moiety;
-R3; is hydrogen or a linking group capable of
attachment to a solid support or a polymeric matrix,

15 said support or matrix optionally containing a
detectable moiety;
-Ry and Rs are the same or different and are selected
from the following: i) hydrogen, ii) a substituent to
modify the pKa and hydrolytic stability of the Rg

20 moiety, 1ii) a detectable moiety, or iv) a linking
group capable of attachment to a solid support or a
polymeric matrix, said support or matrix optionally
containing a detectable moiety;
~each Z is independently carbon or nitrogen;

25 -R¢ and R,y are the same or different and are
i) linking groups having from zero to ten contiguous
or branched carbon and/or heterocatoms, or ii) a

linking group capable of attachment to a solid



-Ris selected fromthe following: i) an aliphatic and/or aromatic spacer
containing from1l to 10 5 contiguous atons selected fromthe group

consi sti ngo wfo7sas bon, oxygen, nitrogen, sul fur and phosphomuses/079Bg a
detectable noiety, or iii) a linking group capable of attachnent to a

solid support or a polymeric matrix, said support or matrix op# onal 'y 10
containing a detWRRUH €T AEYMETAGh TRE T 1t (78 16 PEPEC T FefAE&nd i s an

optionally proqisctsd ) eédhmrplmngaeraelt@w&m@ e@ ile ygapabl e of
interaction with the vicinal diol roups present in glucose; and 15 -R9

and R10 are theRae 3flafitshiemn fald awindhiydro @nallllp)haél&et ectabl e

moiety, 111) a Hou é’%nﬁ%l’tl'cs Dackd lclaalﬂtraqn%@urfr%ﬂmblt% afp attachment to
a solid support or a polyneric matrix, said support or nmatrix optionally

cont ai nbng a 203@@13@31% eitrﬁﬂset%?l%ﬁ@/dorfrw ithel gFesiPa CPMmFASitdR8l  gr oup

capabl e of alterd ng the PhysiCal, RHARYIIES slfe rh@neoReY Wst h the
provi so that the i nd‘t cator corrpound cor?;elgl nsS at u I egst Iﬁglne@)glgtrect abl e

moi ety associ atigd thetewiatpbls medretyas odi fédt)l ¢ dANKSNGaT P t he sol i d
support or pol yc(r]%{ébcﬂt B T P2 dHheAROtRET: A3P8Y suplpeRr @3ent invention is
ec

directed to a I on system I ch conprises a onpound descri bed
above. 30 BRI E@@E&@RTII@%I@R,THEMWt Rirgined rix lopfsonatldy t he

nor mal Béed fl uor g eég‘dsesée%a(bll/ I Qno@e%%p nr’r) of an indicator as

described in
—each Ra is the same or different and is an optionally

protected moiety which when unprotected is capable of

interaction with the vicinal diol groups present in

glucose; and

15 -Rg and Rig are the same or different, and are 1)
hydrogen, ii) a detectable moiety, iii) a group
which is a) a linking group capable of attachment

to a solid support or a polymeric matrix, said

support or matrix optionally containing a

20 detectable moiety, and/or b) includes a functional
group capable of altering the physical properties

of the compound;
with the proviso that the indicator compound contains at
least one detectable moiety associated therewith, either

25 directly or as part of the solid support or polymeric
matrix.

In another aspect, the present invention is directed
to a detection system which comprises a compound
described above.

30
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates the normalized fluorescence

emission (I/Io @ 420 nm) of an indicator as described in

Example 1.



WO 03/ 078424 PCT/ US03/07938 Figure 2 illustrates the normalized
fluorescence emssion (I/1o @428 nn) of an indicator as described in
Exanpl e 2worB@ms4e4 3 il |l ustrates the nornalized fl uorescen®eTAISHHIB3S ON
(/1o @428 nm of an indicator as described in Exanple 3. Figure 4
illustrates the_pornaljzed fl uorescence err%z]Tsj on (l/1o @427 nm of an

i ndi cator as deSt¥ibed i M 1EERIE £ OEKIES iITIURATSAKES he

normal i zed &hiOEESRENERIoCR 538 Ofim| | dF 02 DA®: Bl 0 Of a ANy é HiEh B Orimds
described in Exanple S. Figure 6 illustrates the absorbance spectra of an
i ndi cat or a8X@@B&Ri bed in Exanple 6. 15 Figures 7-8 illustrate the ratio of

the absorbance {450 rnn 530:4W0a@Qfs ahd Nl GRI0r, a8 Mdegsd Ragdan Exanple 6.
Figure 9 illustrates the normalized fluorescence emssion (I/10 at 550 nm

of an i Rdi cAP6FSANdé5LFPRALEH NDL Ehawpl BNGicH uras 19e$FF1RAF alt’es t he
fluorescence,spgetrym in the absence of glucose and in the presence of
100 MM gl ucose, of an indicator as described in Exanple 6. Figure 11

illustrates the'rmirmld eld 49 oy teast dite o5 maniigsidof {UgneE @@nas50 nm), in

the presencgfn?ésgwcgfﬁ?n@ 4iﬁcﬁr§)te@f0£naﬂ|u§i@é@ U5 agedesgidded, in

Example 6. Figure 1 ustrates the normalized uor escence emn ssi on
(1/10 at 52Bxamplef4an indicator exposed to glucose as described in

o 200, 20 S SIS A I s e giggsieace | enission
Exanpl e 10.emission (I/Io @ 540 nm) of an indicator as described in
Example 5.
| Figure 6 illustrates the absorbance spectra of an
indicator as described in Example 6.
15 Figures 7-8 illustrate the ratio of.the absorbance
(450 nm/530 nm) of an indicator as described in Example
6.
Figure 9 illustrates the normalized fluorescence
emission (I/Ip, at 550 nm) of an indicator as described in
20 Example 6.
Figure 10 illustrates the fluorescence spectrum, in
the absence of glucose and in the presence of 100 mM
glucose, of an indicator as described in Example 6.
Figure 11 illustrates the normalized fluorescence
25 emission (I/Ip at 550 nm), in the presence of glucose and
lactate, of an indicator as described in Example 6.
Figure 12 illustrates the normalized fluorescence
emission (I/I, at 525 nm) of an indicator exposed to
glucose as described in Example 10.
30 Figure 13 illustrates the normalized fluorescence
emission (I/I, at 530 nm) of an indicator exposed to

lactate as described in Example 10.



-6 WD 03/078424 PCT/ US03/07938 Figure 14 shows the rel ative fluorescence
em ssion (I @430 nnm) of an indicator exposed to glucose and |actate as
descri bedwonsfixaepl e 11. Figure 15 shows the relative fluecaasesemsen ssion
(I 5 @430 nm of an indicator exposed to glucose and | actate as

described in EX | e . Figure 16 illustrates the fluorescence_ of _an

i ndi cat or exposfaégjuff@ éI%uc%)é) Sartd*q zf(?tléltléévgs fgélé’(,rtels&?éacien emegzanie (13, 10
DETAI LED DESCRYE TN GF aiHE f tNVENTd 0N A se tas picicoddeany esentatienvent i on
provides a way. to ,detcgc_t t he presence or concentration of glucose in a

sanpl e whi &® SR oM FFPTterferi ng conpounds, such 15 as a- hydr oxy

acids or R diketigiee 1SUGhIGE e/Hd aldlkt ivlt enferiengcaerperngsibacl(ude
| actate, acetoacetate, P- hydroxy butyric acid, etc. The present invention

i s carrired ut3Usitg Hh 2% N EEDOTTHRARRE WR UL/ a5t 3 % ogni zi ng

20 gl ucose i @saMia - DUtEwmete i I ess likely to recognize interfering
conpounds in the sanple. The indicator conpound has at |east two

recognition el ERENES fort IgMFEdSE SSonentdd sGERNFat Athé™ nteraction
bet ween t hg d il €At Wyxfympundl FneEH UIGRSE 13- dBYE 5 a2 ditary 25 the

interaction between the indicator conpound and the interfering conpounds.
Sui t abl e r deERJHR kS o el enents i nclude noieties which are capable of a

preferably reversible. interaction with glucose, especially with the diol
groups present in 30 glucose. Several such recognition el enents are known,

and preferably incl uudeEBdFBRPcPREFRIPHEPHNAL el ilonI NVENTION

In one aspect, the present invention provides a way
to detect the presence or concentration of glucose in a
sample which may also contain interfering compounds, such

15 as o-hydroxy acids or B—dikétones. Such potentially
interfering compounds include lactate, acetoacetate, B-
hydroxy butyric acid, etc.

The present invention is carried out using an
indicator compound which is capable of recognizing

20 glucose in a sample, but which is less likely to
recognize interfering compounds in the sample. The
indicator compound has at least two recognition elements
for glucose, oriented such that the interaction between
the indicator compound and glucose is more stable than

25 the interaction between the indicator compound and the
interfering compounds.

Suitable recognition elements include moieties which
are capable of a preferably reversible interaction with
glucose, especially with the diol groups present in

30 glucose. Several such recognition elements are known,
and preferably include boronic acid, boronate ion,
arsenious acid, arsenite ion, telluric acid, tellurate
ion, germanic acid, germanate ion, etc. Most preferred

are recognition elements containing boron. It will be
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arsenious acid, arsenite ion, telluric acid, tellurate ion, germanic acid,
germanate ion, etc. Mst preferred are recognition elenents containing
boron. |tweimlo7daes - 7 WO 03/ 078424 PCT/ US03/ 07938 under st @od/usazo7est i |
use, the recognition elements may be capped with a protecting group. Such
groups are well known, and inciude neo enté/l (grlhzcol jnacol, etc. In

e

certain embdUPRERESCAt hREL apPRL! r2edgnfis o Tt O sg BEHIRY i n t he

medi um i n whé cbapped coppRUadpistéOL ey gtsqb ( Sesucie. groufxaigd avdil) . The
recognition elements are spaced on_the, indjcator conpound a

r ef er abl
sui tabl e di $2arRe ??‘Bn’}‘é%g‘i‘lg%t%%?p Y LI A1 R AR CP-kast ¢ wo t he

recogni tioncel Bt SmbOdlReh Pt eracd Mpted B LEPSE T eSldent sl ting in
increased specificity. In general, the recognition elenents may have a

spacer &f uPpeEdPRODuLNIDhatBRELWRt WeehiHenNe FFErRYEM i S tHe R®cogni ti on

el ements arg;04i epted gp%h, Opxifeie thiey are capable of being about 6A apart
when 15 interacting wth glucose. The indicator conpounds of the present

i nvention have The creaeadrab oy fall men tsh & & Rdffes 3 va seqeeshonat-hen-
dependent nROREL. Pnc{bﬁ[?oﬁﬂﬁrpé)ué\giﬁagofé(ﬁg&g%aﬁ@e ar SR £-n &l g

gl ucose. Many such qualities are known a maybe used in the present
i nvention. Frtexahbde, athbcashdivatof Yonprerimeylémcdhaieerd $ g nescent

(11U0ra9centy; Ofs PNOSPOR! £54PRLds O m IR T AESCAN A JTDY Pt hc ALk s @S Or bance
based noi ety, etc. The i ndiTator conmpound nay ncl u an energy donor
nmoi ety and speehtigitaccept oye@Srabi ethe merdgmsipaced slamenttmtmathere is a

det ect abl e hché";mge g@g@rtg i d{'&agk%utcomoow&ng np&ract s E’Hénh gl ucose. The
ks a ncfu%% a v )

i ndi cat or conpound Tray 1
Preferably, the recognition elements are oriented such

that they are capable of being about.6A apart when
15 interacting with glucose.
The indicator compounds of the present invention have
a detectable gquality that changes in a concentration-
dependent manner when the compound is exposed to a sample
containing glucose. Many such qualities are known and
20 may ‘be used in the present invention. For example, the
" indicator compound may include a luminescent (fluorescent
or phosphorescent) or chemiluminescent moiety, an
absorbance based moiety, etc. The indicator compound may
include an energy donor moiety and an energy acceptor
25 moiety, each spaced such that there is a detectable
change when the indicator compound interacts with
glucose. The indicator compound may include a
fluorophore and a quencher, configured such that the
fluorophore is quenched by the gquencher when glucose is
30 absent. In that situation, when glucose is present, the
indicator undergoes a configurational change which causes
the quencher to move sufficiently distant from the
fluorophore so that fluorescence is emitted. Conversely,

the fluorophore and quencher may be configured such that
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fl uorophore and a quencher, configured such that the fluorophore is
quenched by the quencher when glucose is 30 absent. In that situation, when
gl ucose iwopsmesart, the indicator undergoes a confi guratipemalsSosbrasge whi ch
causes the quencher to nmove sufficiently distant fromthe fluorophore so
that fluorescence is emtted. Conversely, the fluorophore and quencher may
be confi gurid Shehaksgmce 8o NI D37 OTB4 M PCTHF U0 ATZE NG Y t he absence of

glucose, they,are.syfiigien lﬁ/luoro%&p@i@t&fﬂl@@dﬂt\r&ééé@rwhqr&@m ts

fluorescence;” upon interaction wth glucose, the fluorophore and quencher
are noved |m§©t¢¢*€i@rmtwp‘?fb>alrﬁct%ﬁeto %s@%@ﬁ:}mr@ argl THEERGHFY gur at i onal

change concaelg(gg/ v A§s r'i'%ﬁ?fl&é% &roefd O%It['b QU £0- d{gé}pdﬂ%(fppl ication

Seri al 4 21 ed January 5, entitled "Detection of
Anal yt e$", Tmewg@fag@damrealn Haned ernmeept Alg eleraiiegd  1n moisdi cat or

may i ncl udey gPie%eme]}? éém%"notﬂ% fgr%&%ocpgp{ hleof interacting with

t he recognl ron e ty spatially d| sposed with respect
to the reca/ 1562k enbhntedsubdnudmt n 2hel, abseiicedf™ R teusiegn tdie

fl
Cotrjrgggggor e‘,}rhg]t%,gei,léypr egcg: cgate%gf&ealqgt% O%PJ dllcose, the glucose

ion Ween uorophore and the
recognition elﬁelrtesmnatowdl}ye |tm1teenaxctuqartobemm/enntcr1e1dfel @womopledrye and t he

ot her i et atiall dIS sed wit pegt; t td,0 el enent
causi ngBa r%‘ﬂffgt?%n |%l‘fcfr (r)ne%%ee\r/l%c ag];\n efalm? hcfecﬁl{étq’%g%lnceep i's
i1l ustratedrétodxanpbe €lerdhd tomidroaiesn dmem@umaﬂlmmlsﬁI&emdl cat or

may be chosen such that t fl uoro hore emits n cer
rel atively Wbﬁ?l’é@%‘?e%tf %9 Lr}%}ees%ee%oc MR ?]heéne LF'o”r c}be%P |1nr% tract s With
t he recognidi odn€é edengl @fosanaiherf o eiphapatdnald sy fiwposekmid h respect

to the Upon addition of glucose, the glucose competes with the
15 interaction between the fluorophore and the recognition
element, or the interaction between the fluorophore and
the other moiety spatially disposed with respect to the
recognition element, causing a reduction in fluorescence.
An example of that concept is illustrated in Example 6.
20 It will also be recognized that the indicator may be
chosen such that the fluorophore emits no fluorescence,
or a relatively low level of fluorescence, when the
fluorophore interacts with the recognition element or
another moiety spatially disposed with respect to the
25 recognition element in the absence of glucose. Upon
addition of glucose, the glucose competes with the
interaction between the fluorophore and the recognition
~element, or the interaction between the fluorophore and
the other moiety spatially disposed with respect to the
30 recognition element, causing an increase in fluorescence.
Other detectable moieties include those whose
fluorescence is affected by glucose interaction via
photoinduced electron transfer or inductive effects.

These include the lanthanide chelates disclosed in
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25 recognition elenent in the absence of glucose. Upon addition of

gl ucose, the glucose conpetes with the interaction between the fluorophore
and t he rwomgnisseon el ement, or the interaction between the/ushsiomsphore
and the other noiety spatially disposed with respect to the 30 recognition

el ement, causing, an increase .i.n fl.uorescence er, detect ahl.e noi eties

i ncl ude th&%’%ﬂgﬁfs’@ 4 o%@?&é‘rﬁ?&zﬁosn gefr ealobxcljo I/&ggseﬁi%ntafgrl%gti on via
phot oi nducesh .edect 1,0n d9BNnSfrer. ptbliindiet iase reff getrernabiesali ncl ude t he

| ant hani de chel ates, disclosed in -9 03/ 078424 PCT/ 3/ 07938 copendi ng
U.S. Appli@é%ﬁ%%é%qrhlw%ogg%%,%vg%%le SOvePeh f%% 1999 (and- publ i shed
as PCT | nt erfad #5084 t e AR deGat iton B SYARG0Q Uy aSepiaarer 16, 1999),

incorporated herein by reference;, polyaromatic 5 hydrocar og)[s:L and their
deri vat Pvedty FRARIFINE HBEhHELr dger{slﬂattlé’z?tsecﬁ(?l ALdMS fer class of

noi eti es id},cr{%; thase-nhaese ahsor anae SPealasumoghanrges iWzon i nteraction

of the indicator conpound wt hr‘?%l ucose, including Alizarin Red, etc.

Anot her cl _aiS'sCJd#dE?rdiféﬁeeémmq SRIP AT SDRITETE Icuhé_rI’éEt,sehJ(Pé’ni s nodul at ed
by  proxi mitr?/teeéat@afito% & Ehe SHRMPAAANUIRLESRE O tPAIISI )  as

dansyl /dabsyl, etc. Preferably, the detectable quality is a ,o’let,ect abl e
spectral changeudigRldgagiandest i reabsofotheri 5lasr & e19ShHEs (e. g.

absorbi pvi ty, ANHOT AR Sidddesddhdd UY gceniacdecay time (det ermi ned

by tine  domain or frequency domain neasurenent), fluorescent - intensity,
f I uor escentp o isot Tom@f forctpol arizat iRIE dopest/eSICesiot PeflShEUeHi ssi on
spectrunm a change l;/]%(z)b(r?rsé;ll me-r esol ved ani sotropy decay (determ ned by tinme

domain or ¥%¢€ i neeta%'urenent), etc.

Preferably, the detectable quality is a detectable

spectral change, such as changes in absorptive

15 characteristics (e.g., absorbtivity and/or spectral
shift), in fluorescent decay time (determined by time
domain or frequency domain measurement), fluorescent
intensity, fluorescent anisotropy or polarization; a
spectral shift of the emission spectrum; a change in

20 time-resolved anisotropy decay (determined by time domain
or frequency domain measurement), etc.

The indicator compounds of the present invention, if

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

25 requires, the indicator compounds may be immobilized
(such as by mechanical entrapment or covalent or ionic
attachment) onto or within an insoluble surface or matrix
such as glass, plastic, polymeric materials, etc. When
the indicator compound is entrapped within, for example,

30 another polymer, the entrapping material preferably
should be sufficiently permeable to glucose to allow
suitable interaction between glucose and the indicator

compound.
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The indi cator conmpounds of the present invention, if soluble, nmay be used
directly in solution if so desired. On the other hand, if the desired
appl i catiwp 0307824 r equi res, the indicator conmpounds may becirmsobiiisgzed
(such as by nechani cal entrapnent or covalent or ionic attachnent) onto or

wi thin an insoluble surface or matrix such as gl ass, plastic, polyneric
materi al s, etc.If\/\VFSW IHE SR SOBP YIS0 BRE 1 %éﬁ‘tnrg pé&i\ﬁlbtiﬁi ﬁr for
exanpl e, 302501 08T e POh ViiBEer | Neeterdd @y itth N e al que@femalliyin shkoul d be
sufficiently perneable to glucose to allow suitable interaction between

gl ucose and?®fer $%hdi ot of "HEGHPIUrRPMRA WS 3 /57 S48 PETI: 7938 | f
t he indi catyof ¢ ¢ ONPOPESH IR Bi S RS M Y 801 A8 DLhydissiniblie: in water, yet
detection in an aqueous nmediumis,_ desired, the indicator conpound nay be
co- pol yRer B OTR L+ 18 hyAF T 1O SFondheio RETBH & 1ydrfHitiGad 15
macr onol ec e As) AGSCr o HLshi Ne£0- peNd N dd 3t appldcas,| ahe RJrtaintNo.
09/ 632,624, filed August 4, 2000, the contents of which are incorporated
herein by r&f eviehele. ae eFRFQERPIAFAL 1S G0 MYO RIS TRIVEE t he fol | owi ng
structure: 10 R§Hg, Ry RhA caRbRERIBInEE nBYeR3nB1Go1WagAGEN: -R1 and R2
are the sanme or different and are selected 15 fromthe follow ng: i)
hydr ogen; id9recsumstituent to nodify the pKa and hydrolytic stability of
the R8

10

Rg Ry
~
Rs ’ R4
Z
R R¢ II{ Ry Ry
] _ |
R9 R3 Rl 0

wherein:
-R; and R, are the same or different and are selected

15 from the following: i) hydrogen; ii) a substituent to
modify the pKa and hydrolytic stability of the Rg
moiety, 1ii) a detectable moiety, or iv) a linking
group capable of attachment to a solid support or a
polymeric matrix, said support or matrix optionally

20 containing a detectable moiety;

-R3 1s hydrogen or a linking group capable of .
attachment to a solid support or a polymeric matrix,
saild support or matrix optionally containing a
detectable moiety;

25 -Rs and Rs are the same or different and are selected
from the following: i) hydrogen, ii) a substituent to
modify the pKa and hydreclytic stability of the Rg
moiety, iii) a detectable moiety, or iv) a linking

group capable of attachment to a solid support or a
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noiety, iii) a detectable noiety, or iv) a linking group capable of
attachnent to a solid support or a polyneric matrix, said support or
matri x opwoaaabdsgs 20 containing a detectable noiety; -R3PCI/UsgsiodgeNn or a
| i nki ng group capable of attachnment to a solid support or a polyneric
matrix, said support or matrix optionally containing a detectable noiety;
25 -R4 and R5 @04 YeE isame térlxdi FRéFeftPRRACare ?éFéé?eapt¥?Bﬂii

fol lowi ng: i) hydragel ’ng‘ i) d%t%wegbuteus@&eft? modi fy the pKa and hydrol ytic
stability of the noiety, 1ii) a detectable noiety, or iv) a |inking

group capabl e ofagtht dctiferndepeadsptild SaFPORt Or NATIrOgENND 03/ 078424
PCT/ US03/ 07938 po%x Rl Ca SR X5 5 &,SUPRATSr e RIS I2¢e0ptional Iy

containing a det éc |l e noiety; -each Z is I ndependently carbon or
ni t rogeh; _ R6 iand iRk imce qriseipsalve VongdifEpar 8ELoake 48 §ONF1GRARPNg groups

having from zerq b9t LORLL@URuSqa0b PhaRshed ashoB and) of heter oat oms,

or ii) a Ilnklng group cap nment to a solid support or a
pol yneri c natrﬂxnksagdgswwpoc@p@blﬂapﬁl%tﬁp?h@ﬁaklvocénﬁalhﬁng a detectable

moi ety; 10 -Rig %%lﬁPtﬁd fr%q##%%%ook QY4 0g: sahdagug bpgagkcmaeggkor

aromati c spacer & ntalnlng contiguous ons selected from
t he group consigttiiogaldfy canteiniogygedetrictrbdenmosekfar and phosphorus,

(o) o7l SEASELS, TR Bl LobpcEnkIoBEaUP 15 5apablygla tachent
optionally coahaV@kngr@nd&ﬁecE@bbernnoety;nlegcﬁrﬁﬁ istohé0sane or
different and %%n%Qg%%%gO%%Eh% selected from the group consisting
of carbon, oxygen, nitrogen, sulfur and phosphorus,
ii) a detectable moiety, or iii) a linking group
15 capable of attachment to a solid suppoft or a
polymeric matrix, said support or matrix optionally
containing a detectable moiety;
-each Rg is the same or different and is an optionally
protected moiety which when unprotected is capable of
20 interaction with the vicinal diol groups present in
glucose; and
-Rg and Rj;p are the same or different, and are i)
hydrogen, 1i) a detectable moiety, iii) a group
which is a) a linking group capable of attachment
25 to a solid support or a polymeric matrix, said
support or matrix optionally containing a
detectable moiety, and/or b) includes a functional
group capable of altering the physical properties
of the compound;
30 with the proviso that the indicator compound contains at
least one detectable moiety associated therewith, either
directly or as part of the solid support or polymeric

matrix.
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protected noi ety which when unprotected is capable of 20 interaction with
the vicinal diol groups present in glucose; and -R9 and R10 are the sane
or differwoto3oasidsare i) hydrogen, ii) a detectabl e noi etPgT/US08/H7938 gr oup
which is a) a linking group capable of attachment 25 to a solid support or

a polynmeric matrix, said _support or r.i X tional Ly contai ning a

det ect abl e noi estuyl,tafrsllcﬁ c?rrod‘)ppqp o0 e yflunﬁc'(t%i%gng a 6¥‘gug‘y8§8%lgltgcof

?lht eri 3_9 t her physi €ql %prﬂp@rmg &ﬁ)ie&fietshezoﬁn&hipﬁgznd'eaaﬁ’!lw tbptlenpr ovi so t hat
e indicator conpound contains, at east. one detectable noiety associ ated

therewi th, ¥i% h‘é?rrpoﬁ‘?“r%%]fﬁf ysaHEPrnlJa's ii'é‘%t”b?l‘{‘#e FH4RP sﬂ'ﬁ%brats orypol ymeric

mat ri x. - 12, W0, Q34 0784240 PG O3/ Ky R3fen SHidsbl eit@dWIscfior nodi fying the

pKa and hydrolytic stability of the RS npieties would be readily apparent

to oneSof iYL EKEHPSTHHIEGh IR B ouRCKlichefL! FHl " nitro;

am no; hal ogenysubsiid vt esh gbkyl ;e optional Iy substituted carboxyl; acyl;
keto; nitrile; amde; ester; -al koxy; etc. Suitable |inking groups for any

substituent maypuiitidiifie igodss FosRsaiodt 2D vt §URSGA{UZO tcBAti guous at ons,
whi ch may bﬁl%\?{%%%%s%'é%@@ and, Wi Gh may ok dingldide Qngsor nore

het er oat ons, ate in a functional roquEE capabl e of further
reacti on orwhigh gedvrere Rrearchrid yQi‘érSLé?StsltfpﬁcﬁC?.a &gl s ™¥Y sui t abl e
| i nki ng,gr o el yde : e r 3¥dms POl d& rmiRRloetihers all
opti onglol yol;}g%ls%@%ut ed,@%%&c%%%/neart-l on%sms 15 lr%/lher ggefr.mlRQ t{aéﬁdl Rf’o may
further incfwues fomel | onedp grappsle of further reaction or

attachment to a polymer or support. Examples of suitable

linking groups include alkyl; aryl; acyl; polyamide;

polyether; all optionally substituted, and combinations
15 thereof. ' ‘

Ry and Rjp may further include functional groups
capable of altering the physical properties of the
compound, such as solubility, pKa, etc. For example,
these include optionally substituted carboxylates, amino

20 groups, quartenary ammonium groups, sulfonates, PEG, etc.

It will be understood that when any of the
substituents is a detectable moiety, that could also
include suitable linking groups which link the detectable
moiety to the rest of the indicator compound. Suitable

25 linking groups include those listed above. Suitable
detectable moieties include those defined above.

Rg is preferably selected from the group consisting of
boronic acid, boronate ion, arsenious acid, arsenite ion,
telluric acid, tellurate ion, germanic acid, germanate

30 ion, and combinations thereof.

It will also be understood from the above definition
that the present compounds and detection systems may be
in polymeric form. Thus, an integral compound

(containing recognition elements and detectable moiety)
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capable of altering the physical properties of the conpound, such as
solubility, pKa, etc. For exanple, these include optionally substituted
car boxyl aves3/naIano 20 groups, quartenary ammoni um groups pCcIuishoomses, PEG
etc. It will be understood that when any of the substituents is a
detectabl e noiety, that could also include suitable Iinking groups which
link the detecidbbe limkedyt¢oanhexisesinafpelwendndieattre conpranad. Suitabl e

25 |i nki ng groups_i.n¢ | | d it - tectable noieties
i ncl ude t ho‘g%m@%fl?crlle%iJ1 ;&'gg(;r\llééﬁg%ci gg%ﬁe?%?g%%e %Jé@{?éeﬁl%érj%rﬁhé}bgr oup
consi sti ng pdlyberdned watild, ahotioaat suitah larsemos beithrrarasenite ion,

IlTuric acid, tell i on, . i ¢ aci 0.ion, and
comi nat | or€oTHEFBof AFEtiT i SF S b6 Gndevsihc0 TRARTHE above def i i ti on

that the presgpbnenvpouads. ancndetent & bmi sy stiesrsremyghetidm pol ymeric form
Thus, an integral conpound (containjng recogniti.on el ements an etectabl e
moi ety) - 13SVWE8RF D78 P/ ‘Ejé%%?b%%‘g a c%%’]geoﬁbaebcﬁr? AR 1 &% sting

pol ymer, orpéheotpbeghetize@npounigat nt i@ noserlci forpn Caudd dmtpoinareri zed
or co- polynerized wth another sui%abl e nononer to Lé)rm a]O p6o)lyrrer.

Al ternativetyl PROSSEPRY o L2HTMOTETT cE & cORPTHENIIE] EXFP The® lcont ai ni ng
the recogniti onarg) arey Ssxiaid e wentiaidiidig or dergehakise oficetsy) coul d

be co-polynerized so that the resultin ol ymer contains all necessary
el ementld ofp¥ﬁ%e§9s%%ﬁ?’€%b%nExlarh%]r‘éé36‘}‘? LE%%%/ R L EGFIOFOr R ﬁg‘q ndi cat or

conmpounds ofithes 4 PRESEP! hEWEALAONand N micdiuI WSeS afor ndipadiad,s in the
fields of energy, medicine and agriculture. For exanple, the indicator
conpounds cBRAebENG5eUL?H FUTRRENIT LIRS IS’} TSVt oS ik ose i n

physi ol ogi cgl BYFfLLBePE1s of glucose in physiological buffers or
fluids, such as blood, plasma, serum, interstitial fluid,

15 cerebroépinal fluid, urine, saliva, intraocular fluid,
lymph, tears, or sweat, thus providing valuable
information for diagnosing or monitoring such diseases as
diabetes and adrenal insufficiency.

Medical/pharmaceutical production of glucose for

20 human therapeutic application requires monitoring and
control.

Uses for the present invention in agriculture include
detecting levels of glucose in soybeans and other
agricultural products. Glucose must be carefully

25 monitored in critical harvest decisions for 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.

30 Reactor mixing and control of glucose concentration also
is critical to quality control during production of soft
drinks and fermented beverages, which consumes the
largest amounts of glucose and fermentable (vicinal diol)

sugars internationally.
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fluids, such as blood, plasma, serum interstitial fluid, 15 cerebrospinal
fluid, urine, saliva, intraocular fluid, |ynph, tears, or sweat, thus
provi di ngwoaBwatabe information for diagnosing or nonit oriPag/(s0sh79ds seases
as diabetes and adrenal insufficiency. Medical/pharmaceutical production
of glucose for 20 human therapeutic application requires nonitoring and
control. Uses figyent pdeplasératosyERMPEHNAR ABFPEBPLEFE fAEPLEECCHEt ecti ng

levels of glheose dn sgydsansAand QthslouAgedtiynak RHaduees. a@secose
must be carefully 25 nonitored in critical harvest decisions for such high

val ue prodiis Wi ded drepeést -As Efiucesanls t idenmsompossasensity & Par bon
source and f QGK ddh RS RRUALIO ) RGeS 1s_e91|sli@1%3%ie%@erso{' ng for

optimumreactor feed rate control is inportant in power alcoho
pr oduct bon. (807 RedbtSor Habentg Nand Sodnit’r, G311 30f ol geds®ecHosert tation also is

critical t Cﬂﬂ#rtiyc G I ldlgq'&lg )y %%léq:ti gl e(}f $Qf t,; diiinks and fermented
bever ages, WhiCh ‘constimes the ar gest anounts off gl ucose and fernentabl e
(vicinal diiolgpecsuigar.s iThtier datttenaltechnithe W30 Pe4a4 tPCTOWS03/ 07938

When t he indicator c ounds_incarporate fl uqr nt__i_nAdi_ cat or
substi tuenteﬁarr\‘})&r?’o@g{%eotseecﬁe@r? re(r:rﬁr?l%qt}éls “a s?gl%%%r %nﬁlgg}\%%ﬁlsntfhe art. For
exanpl e, t hi=tcampiounds pof wiltd a eenip of danmoe pseeri.n ffheor escent sensi ng

devi ces .5 &e. U S Pat ent . 5,.517,.313), ar .can_he .bound to. | ynmeric
mat er | ip s c%%adsur}desstdepsacﬁérb or ' Shicsuar?Y r??slﬁé)ctb Son s ﬁizs?%l aft er m% géehni que
woul d per mrdeadarts exanplseanglarch denmbaspr emaitytiiad manner anal ogous to

detern nin Hwth tri folit . Th 0 ds.d i bed
her ei n nayqﬁﬂpsstor%ben&ta%tlsliorfle:%u?fgl ggsn%ulf:%c%ar%%rluoro%ejter%ogp:o%li1?11c%ﬁcrI €

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

15 specific chemical/optical signal transduction for fiber
optic-based sensors and analytical fluorometers as made
by Ocean Optics (Dunedin, Florida), or Oriel Optics.

U.S. Patent 5,517,313, the disclosure of which is
incorporated herein by reference, describes a

20 fluorescence sensing device in which the compounds of the
present invention can be used to determine the presence
or concentration of glucose in a liguid medium. The
sensing device comprises a layered array of a fluorescent
indicator molecule-~containing matrix (hereafter

25 "fluorescent matrix"), a high-pass filter and a
photodetector. IQ 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 indicator matrix 1s disposed,

30 such that incident light from the light source causes the
indicator molecules to fluoresce. The high-pass filter
allows emitted light to reach the photodetector, while
filtering out scattered incident light from the light

source. The fluorescence of the indicator molecules
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reagents with standard benchtop anal ytical instrunmentation such as
spectrofl uoroneters or clinical analyzers as nmade by Shi madzu, Hi tachi,
Jasco, Bewbman7s4and ot hers. These nol ecul es woul d al so pr e¢irdsozoabyte 15
specific chem cal/optical signal transducti on for fiber opti c- based
sensors and anal ytical fluoroneters as mad by Ocean Optics E;Jrggfl n,
whi ch

Florida), ofME¥peedchRithe Q?‘Slc@é%ee?ﬁr@eﬂ?%l% St &t osidr

is lnCOpr{@"rﬁ@d@P&@é@ by, & ef eJ@NGRiatd8S G Remam 2 f Igiorercancisensi ng
device in whi ch the conpounds of the present invention can be used to

det er m ne tmléei@ﬁfé%%n@% gbice¥ncentrati on of glucose in a liquid medium The

sensing devi ce GOHd Seh o BRI RIS g% Of s3 danescesl 7 Bndi caker
nol ecul e-containing matri x (hereafter 25 "fluorescent mafrix' ), a hi gh- pass

filter &nd Imat@hmbd@w@:h d?onﬂanlrtﬂwltslﬁjemdﬁé:ate@ﬂ iMgHtecstdr d&  preferably a
light-emt r%é‘ﬂmé’ék?ﬂ@ Lﬁ%)ana docatgg at 1 Lasts RA il W Wd e the

i ndi cat or terra in a wavegui de upon which the indicator matrix is
di sposed, Smtcmchhet haatemldeﬁnom gt fummurtteing gsts d@ddampauses t he

i ndi cat or f f llows emnitted

light to reac %%PZ %P?éédlg?%% ﬂm%%}ﬁ@?}lﬁ& tc?ﬁtb s%:?tter ed i ncident

light from mmmtgm c@mms Thertfd dorgfecermerast, timeliqediosat or nol ecul es

-15 WO,03/ 078424 / 9 e ved. . Jdeui A ibed in U S
37, TR FETLBE S L e s 94

Pat ent dtte or enhance by the | ocal
presence ofpmtm@esteecﬁw tdmee sm’rsﬁmrgtdai:rsméd thatUaS. 1Ratsénta @OEII?LO3113 t he

AR L B R L st R
surroundln@ﬁmﬁﬁt$mxhenphotodetector, generating an electrical
signal which is indicative of the concentration of

15 glucose in the surrounding medium.

In accordance with other possible embodiments for
using the indicator compounds of the present invention,
sensing devices also are described in U.S. Patent Nos.
5,910,661, 5,917,605 and 5,894,351, all incorporated

20 herxein by reference. .

The compounds of the present invention can also be
used in an implantable device, for example to
continuously monitor blood glucose levels in vivo.
Suitable devices are described in, for example, co-

25 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
herein by reference.

The compounds of the present invention can be

30 prepared by persons skilled in the art without an undue
amount of experimentation using readily known reaction
mechanisms and reagents, for example including reaction
mechanisms which are consistent with the general

procedures described below.
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t hereby affecting the fluorescence emtted by the indicator conpounds. The
| i ght source, indicator 10 conpound-containing material, high-pass filter
and photwdamcises are configured such that at |east a pomcirarso3/ofo3s he
fluorescence emtted by the indicator conmpounds inpacts the photodetector,
generating an electrical signal which is indicative of the concentration
of 15 glucose in the surrounding nedium In accordance with other possible

enbodi ments for using the indicat cg%mmpds of the present invention,
sensi ng devices also are described Tn atent Nos. 5,910, 661,

5,917, 605 &atexr silwrke qaRolymesr oér atné@ra@@nﬁerderﬁwwef éPence. The
conpounds present invention can also be wused in an inplantable
device, for exanple to continuously nonitor blood glucose |levels in vivo.
Sui t abl 8 devices are described in, for exanple, co 25 pending U S. Patent

Appllcatlon Ser al 09/383, 148 fil d _August 26, 19 s well as U S
Pat ent Nos.t %@?W s @HFPrgshoreg %g‘gf‘ceglel (‘}&a SFated herein

by referen%_Mmmd_& ijaﬁéiesm%iﬂlét polyaeiri:on can be 30 prepared by
persons skilled in the art without an undue anount of experinentation

using readily known reaction nechanlsns and reagents, for exanple
i ncl udi ng peactd 1GHIS hoWahkhAeeggner a
procedur es descrﬂq)hed% - 16 %878424%%%% §03/ 07938 Example 1
Wat er $0l ubl e d@p@lwmﬁpeoﬁlanthfaﬁemé deihoprppElandthappPyhgnsde
hydrochloride salt (11.82g, 66.0 mmole, 3.0 equiv.) and
DBMP (10mg as inhibitor) in 250 mL CHCl; at 0°C was added
dropwise DIEA (18.5 g, 25.0 mL, 144 mmole, 6.5 equiv.)
over a 20 min period. The mixture was allowed to warm to
15 25°C and then recooled to 0°C. To the cooled mixture was
added dropwise a solution of 9—chloromethylanthraéene'
(5.0 g, 22 mmole) in CHClz (100 mL) over a 1 hour periodf
The mixture was subsequently stirred at 25°C for 1 hour,
50°C for 12 hours and then 70°C for 2 hours. At this
20 time, the mixture was washed with 4 x 60 mL portions of
water, and the combined agueous layers were extracted
with CH,Cl,. The combined organic extracts were dried
over anhydrous Na,S04, decanted and concentrated in vacuo.
The crude material was purified by silica gel
25 chromatography (flash silica gel, 2-5% CH30H/CH.Clz) to
yield 2.44 g (33%) of a solid product.

TLC: Merck silica gel 60 plates, Rf 0.39 with 90/10
CH,Cl,/CH30H, see with UV (254/366), ninhydrin stain.
30 B. 9-[N-[2-(5,5-dimethylborinan-2-yl)benzyl] -N-[3-
(methacrylamido)propylamino]methylanthracene.
To a solution of 9-[3-(methacrylamido)propylamino}-
methylanthracene (2.44 g, 7.34 mmole) and DBMP (10 mg as
inhibitor) in 200 mL CHCl; at 0°C was added DIEA (2.85 g,
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| . Synthesis of nono-boronate-anthracene indicator co-polynerized in

wat er - sol ubl e polyner: A

9- [ 3- (mretwaasplsrd do) pr opyl am no] zt et hyl ant hracene 10 To paTdisepenss on of
N- ( 3- am nopropyl ) met hacryl am de hydrochloride salt (11.82g, 66.0 nmol e,
3.0 equiv.) and DBMP (10ng as inhibitor) in 250 ni, CHCl3 at 0C . was added
dropwi se DIEARY 15 7 - DFWP IR, 3144 SFoive,) 615 PGPS °F¢dr 2220 min

period. Theqi xidbr & vast Alldaed Hyo v Mridpwhise22@daand doheif mecool ed to 0C
To the cool ed mi xture was added dropw se a _sol ution of

9- chl or onetIRAHAIF Rfen ~Queneng thyd BAAIYd) HoF PG 3 EF0FSIPESYer a 1 hour
peri od. T%ﬁ%twﬁg’% suBseqRNtd Y 1St idpd Al 236 or 3b Rawr,  50C for
n

12 hours a en 70C for 2 hours. At this 20 time, the mxture was washed

Wit h4 x560 RAX iRt ¢ i OHEe & X ikt a sard e ueadivh & lddesoas 12ayér S Fer e
extract ed @Ztﬁbﬂ?@l%t The £onbided U ganiG extiacta sirke Wdithed over

anhydr ous SH, decanted and concentrated in vacuo. The crude nateri al
was purifi edtsr sidriddhfelcorB idtedco rauGigp B YEmSadie 1§l 1exEF agéred 2- 5%
CH3OH CH2C12) held 2,44 339 50l dgb productaJL&GiMerck silica
gel 60 pl atj“gls"‘,ﬁ K15y 0 Frd eG4, Shedy CHBOH, see w th UV (254 366)

ni nhydri n stvm.ani3m@usDNaNSP2- (& Ganli et dyd bern ¢rRIn- 2B 8Ad bEhzyg JudN- [ 3-
(meth yl anmi do i I . [q :a..S tion of

O3 (h nadiS1 S o) B R L ) ST e *aa e, CF 44 g, 7. 34 ol e)
and DBVP ( Hhh mamaasograpiivhi tfdrdshi s i20@amigeQHCES 54t CBIeORASHAdded thl EA (2. 85

g, 17 VO QUQIB424 PCTILSY 07038 3,64 22,0 il 13,0 ) 1

portions over eri’od, € dropw sé addi tion of a
sol ution of (2-brononethyl phenyl)boronic acid neopentyl ester (2.49 g,
8.81 mmol e,Mpl:. 2,£qx. ) over a 30 mn

15
TLC: Merck silica gel 60 plates, Rf 0.36 with 90/10

CH,C1,/CH30H, see with UV (254/366), ninhydrin stain.

C. Water soluble copolymer of 9-[N-[2-(5,5-dimethyl-
20 borinan-2-yl)benzyl]-N-[3~-(methacrylamido)propylamino]-
methylanthracene and MAPTAC (1:20 molar ratio).

To a solution of 9-[N-[2-(5,5-dimethylborinan-2-yl) -
benzyl]-N-[3- (methacrylamido)propylamino]methylanthracene
(0.0490 g, 0.105 mmole) and [3-(methacrylamido)propyl]-

25 trimethylammonium chloride (MAPTAC, 50 wt % agqueous
solution, 0.48 g, 0.90 mL, 2.1 mmole, 20 equiv.) in 1.5
ml ethylene glycol was added 4,4'-azobis(cyanovaleric
acid) (0.008 g, 0.03 mmole, 1.4 mole % of total
monomer). The solution was purged with argon gas for 5
30 minutes and then heated to 60°C in the dark for 18 hours.
At this time, the viscous solution was cooled to 25°C,
diluted with 5 mL water and dialyzed through a cellulose
. acetate membrane (MWCO 3500) against 3 x 4 L of water.
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5 period. The m xture was subsequently stirred at 25C for 20 hours. At
this time, the mxture was washed wwth water, and the conbi ned aqueous
| ayers wewe oantssacted with CH2Cl2. The conbi ned organi c. PETIUSA®OB3INET €
dried over anhydrous Na2SO4, decanted and concentrated in vacuo. 10 The
crude material was purified by silica gel chromatography (flash silica

gel , 2-5% CHBOHLICHACKR) marendapl dvax S®NFeantaHtest ta Idrgmelsys Vel | ow
crystalllnesl 73C. 60 plates, Rf 0.36
with 90/10 Y ﬁﬁz‘%c /36%8—! 26';‘E;eog) V\A%Sa &79(]5%/9&%@)%) ni fllhydrl n stain. C. Water
sol ubl e copol ymer of 9-[N-[2-(5,5-di nethyl 20

bor | nan- 2- bggi%';l;ﬂ’%ﬁoﬁ I(oor?t Cr:ye!saém doel) (V)??]L ggﬂl%rgonsg aanBthM %Q:tehr acene

and I\/APTAC
9-[N-[25(5, 5- dﬁm%thbHDthﬂaﬁr%{yhhe fluorescence of the copolymer

benzyl ] - N-[ 3- (et hacryl am do) no rret hyl ant hr ac ne 0. 0490 g, 0.105
mol e) and {"31¥Gret s W‘ﬁﬁylr]e Fﬁr/‘1 &S d&

(MAPTAC, S5SGnMs %xﬁéﬂtﬂ@ﬁby sludd o, arfd él%cg,at@ %srﬂdetzarhlmed e 20 equi V.)
in 1.5 niL ethy Iener% ycol was added 4,4' - azobi s(cyanoval eric aC| d) (0. 008

g, 0.03 mmdiigure 4 @ o,tde e Lirsisbier P r S sE @G ids (Fdrged wit h

argon gas ferady 3G Mortes angd/rihenihrated o GOG idydd k1f:@0 18 hours.
At this time, the viscous solution was cooled to 25C, iluted with 5 nL

water afd diCH3E @ iR oddh BE T SANA0E "% @t A e Gmdh I9E EAACD) 3500)

agai nst 3 x-4bd @ RiSte .- 18 &%%@@%e%@ﬂd‘é@@sq}%% sShh&éadizal yzed
material was concentrated to-dryness to y| el d 339 g (68% of a yellow

gl assy sol iRF-3301 M@ tad o ofoms Wit afd Lactate 5
The nmodul atd,Qn «ft ste d1l4Qr esCence H; temﬁs%%d ysrxqrts at 5 nm;

ambient temperature. Error bars are standard deviation
15 with duplicate values for each data point. The
fluorescence of the copolymer was affected by the

presence of glucose and lactate.

Example 2

20 Modulation of bis-boronate-indicator covalently attached
to water-soluble polymer by glucose and potential

physiological interferences.

I. Synthesis of single-methacrylate monomer of

25 bis-boronate-anthracene indicator

OH

NKV/A\O/A\V/

NN c>\/\OH

A. 9,10-bis[[2~-(2-hydroxyethoxy) ethylamino]methyl] -

30 anthracene.
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(which contains a single recognition elenent) prepared in this exanple by
gl ucose and |l actate was determ ned. Figure 1 shows the nornalized

fl uor escemo@smm4ssi on (1/1o @420 nn) of 0.5 ng/ nL sol ut ipemases/ovbse
copolynmer (1:20 10 nolar ratio) in PBS containing a) 0-20 nM gl ucose; b)
0-20 nmM | actate. Spectra were recorded usi n% a Shinmadzu RF-5301

spect raf | uor omicera wiot tédyady 1ot i2or 2@@es NRATENogwe ethenea dPilt4 St 1.5 nm

em ssion slid ) afr, 5 749 @Ml ento tLMREriaL, yr &n B ofr, kais ,ane stapdard
deviation 15 W th 'duplicate values for each data point. The fiuorescence

of *t he copotaamerdaes Hflflsd et Bl queme thydd endd Isfcagiaicsdarsd 11detat e.

Exanpl e 2 24, Mydul atg &ffltpdl%rp%a%n%tte.tr'r%@ Gt Ctrhé:cafa%@@dry @ttached to
wat er - sol ubl e poI ymer by glucose an eéii;-)ot ential physiol ogical
i nterfebendesird. Synttidst stigfe siangas rdtthadr Hate: n@rn@n‘éasmd wisth

bi s- bor onat.e eé[},ﬁjl N \ [ QHy e OH A
9, 10- bi s[[2l (}gr‘%]dt roxyet h%)c}ly)cleebtcﬁ HIL% (}Jr'gtjtezlrl'gszhyl(%_< 0 ant ?gggﬁged- 19 WO

03/ 078424 RCIISG3/<0/988 oMo a T wrigam iof extracdniwesetdroyxy) eviganol (31. 4

, 30.0 9 i 0 . d
8 10- bi s(chai c%)"r}gdr#egtméyq\ﬂaént At agg%%é(f%q Ig%ué'c%cg n%r%‘?%)eg%tleé,@%l%{i?gn was
stirred |ngh(e79tfﬂrloﬁ®r WL Iowhqowsie rAt  tPiosiudtme| ~ 8ddepuk®0 byl CH2C12 and
vvashed }tzP ]HE;%C%O r'g_s %ndq:glggj 1 Oarg_ %OI"[I ons of NaHCO3 (saturated

aqueou% solution € organic ex Fact wias dried over anhydr ous Na2SO4,
filtered and concentrated toyield 4.67 g (79% of a yell ow powder.

Pr oduct (-Eg%ﬁ@ ondftlons HP 1100 HPLC chromatograph, Vydac 201TP
10 x 250 mm column, 0.100 mL injection, 2 mL/min, 370 nm
detection, A = water (0.1% HFBA) and B = MeCN (0.1%

15 ﬁFBA); gradient 10% B 2 min, 10-80% B over 18 min,
80-100% B over 2 min, 100 %B 2 min, retention time 15.6

min.

§ cr,

B. 9,10-bis[N-[2-(5,5-dimethylborinan-2-yl)benzyl] -N-
20 [2- (2-hydroxyethoxy) ethylamino]methyl]anthracene.

A solution of 9,10-bis[[2-(2-hydroxyethoxy) -
ethylamino]lmethyl]anthracene (4.02 g, 9.75 mmole), DIEA
(12.6 g, 17.0 mL, 97.5 mmole, 10.0 equiv.) and
(2-bromomethylphenyl)boronic acid neopentyl ester (13.7

25 g, 48 mmole, 4.9 equiv.) in 125 mL CHCl; at 23°C was

-20-



10 RP-HPLC) was carried on as is. HPLC conditions: HP 1100 HPLC

chromat ograph, VWdac 201TP 10 x 250 mm columm, 0.2100 ni injection, 2
mL/ m n, 3W0 onnrs4det ection, A = water (0.1% HFBA) and B = ReChsffo7hss 15
HFBA), gradient 10%B 2 mn, 10-80% B over 18 rri n, 80 100% B over 2 mn,
100 %8 2 mn, retention tine 15.6 min. OHM/O--'-0H B~ CK3
CH3 B. 9, IEdHESqNin. g S?iadil?re’ft%l%rf}% 2- W) Hé'ﬁzsqul“}@-' Jge

[ 2- (2- hydr oxyethaxy el amng @Md%@&q@m@cla&l Iz@”taquy
10-bi s[[ 2- (2 hydr oxyet hoxy) - et hyl am no] net hyl | ant hr acene (4.0

9.75
mmol e), D BNagazeBiqn, 1tA) MsSimy & WRiW PHIRD teqdieRoveartde DIER.

(2- br ononet, pheny, i t t , 5mgple 4.9
equi Vv.) m%é‘s L CIA%@J% @S%Cﬂm%sdqe:%g%lv%hor%so%ﬁ PCéTI/%%\Sa%:?/ 07

stirredSin e dardcfioratds! hautsrala tuming,i 3% Kel:OHda8t¢bn fixt ure was
concentrat Q¥ 14 & Yo DYy 0t A o QMARQRAL ION, JICh W% NREUBPUMD L O

renove the due Was puri fied by alum na columm chr omat ogr aphy
5 (150 g acttiaratisty nel®rcduct uimsfa,® 3% CH3GH-GEZCI2)vaso cayirdledl 67 g
(70% of a VI sgous oil which solidified upon standing. Product (-85 % pure
by RP- HPLC) Swds carried on as is. 10 TLC. Merck basic al umina pl ates, Rf
0.33 with 95/5 CH2Cl12/ CH3CH, see with UV (254/366).

10 TLC: Merck basic alumina plates, Rf 0.33 with 95/5
CHC1,/CH30H, see with UV (254/366).

HPLC conditions: HP 1100 HPLC chromatograph, Vydac 201TP
10 x 250 mm column, 0.100 mL injection, 2 mL/min, 370 nm
15 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 18.8

min.

20
C. 9-[N-[2-(5,5-dimethylborinan-2-yl)benzyl]-N-
[2- (2-methacroyloxyethoxy) ethylamino]methyl]~-10-
[N—[2-(5,5-dimethylborinan-2~-yl)benzyl] -N-[2-
(2-hydroxyethoxy) ethylaminc] -methyl]anthracene. (Single-

25 methacrylate monomer)

-21-



HPLC conditions: HP 1100 HPLC chronat ograph, Vydac 201TP 10 x 250 mm
colum, 0.100 nL injection, 2 nL/mn, 370 nm 15 detection, A = water (0.1%
HFBA) andw8 o3/0haeN (0. 1% HFBA), gradient 10% B 2 min, 10-@0%WBoow¥mss 18 mi n,
80-100% B over 2 rrin 100% 2 rrin retention time 18.8 mn. CH CH \
boo OHO0 N--'

9- (N-[2- (5, 5- dlﬁreicrwﬁdm ﬁén%lﬂjbdédz“iﬂ ]2—,\@ 5-dimethyl-

[ 2- (2- met hags pyh OxyeL hopya el |iNu!§ﬂ{Eﬂ¢$dﬂdé¥kthoxy ethylamino]-

[ N-[ 2- (5, 5-di net hyl bori nan- ) benz
(2- hydr oxyéﬁ%’é&y}é%‘y@faﬁﬁ %Qe ]%vnt(hr %ﬂ@okegung‘}@élhaﬂw%acryl ate

- / 4 /
ngngEIF)S[ NZGJ[CZM%P% %(?334% FPEYH3/ 07 B8 e 130! W igdN Lfuiv.), pece

bori nan52- y|() behzyd] - N@@Wl@drb&y@t%&%dt RIcaniNd) -dlr*ﬂtftti’fwl) -ant hr acene

(0.298 g, i 3 , mmol e,
9. 84 equi v% wi%ne n@} nan(lQe. Q)gcillcﬁ e% nhnl\l-%da?ﬁne%t hyl -

ami nopyri dlCﬁ&qJQ 82029, Coqu ﬁﬁbtéedolﬂGt@qW@ﬂ} for 16 murG-IZGi’Q at 23C
was stirr egcdﬂzps t@ﬁngar&é Orrea QUH %nlxgéuret mass tflriet’ef&? arr[?c?Ct ion mxture

was filter and “cohcentrate y rotary evaporation. The residue was
concentrated by rotary evaporation. The residue was

10 purified by alumina column chromatography (50 g activated
neutral alumina, 0-4% CH3OH/CH,Cl,) to yield 0.150 g (47%)
of a yellow solid.

FAB MS: Calc=d for CspHegBsN,0s [M]F 885; Found [M + 117
15 886.

TLC: Merck basic alumina plates, Rf 0.45 with 95/5
CHQClz/CH3OH, see with UV (254/366)

20 HPLC: HP 1100 HPLC chromatograph,Vydac 201TP 10 x 250 mm
column, 0.100 mL injection, 2 mL/min, 370 nm detection, A
= water (0.1% HFBA) and B = MeCN (0.1% HFBA), gradient
10% B 2 min, 10-80% B over 18 min, 80-100% B over 2 min,
100% B 2 min, retention time 21 min. '

25 '

D. Water soluble copolymer of 9-[N-[2-(5,5-dimethyl-
borinan-2-yl)benzyl]-N-[2- (2-methacroyloxyethoxy)ethyl-
amino]methyl]-10-[N-[2-(5,5-dimethylborinan-2-yl)benzyl] -
N- [2- (2-hydroxyethoxy) ethylamino] -methyl]anthracene and

30 T™™AMA (1:50 molar ratio).

To a solution of [2-(methacryloxy)ethyl]trimethyl-
ammonium chlorideb(TMAMA, 70 wt% aqueous solution, 0.344

g monomer, 1.66 mmole, 50 eguiv.) in 0.600 mL water was
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10 purified by alum na colum chromatography (50 g activated neutral

al um na, 0-4% CH3OH/ CH2C12) to yield 0.150 g (47%9 of a yellow solid. FAB
M5: Cal c=wOfoe078832H66B2N209 [ M + 885; Found [M + 1]+ 15 @8@/US0@938/ker ck
basic alumna plates, Rf 0.45 with 95/5 CH2O 2/ CH3OH, see with WV
(254/366). 20 HPLC: HP 1100 HPLC chromato raph ac 201TP 10 x 250 mm

col um, 0. B0¥ed 3§ fdatiiom of MA7Hir2-370 rrﬁhlﬁ’@ttéé’tllb@ﬁfln,&n‘ ‘\X/éter (0. 1%

HFBA) and %?0 PG qé%ﬁn@%%a&ro@q'o%%th% ?g %t%y@aﬂun%@m%@?{%@ over D18

m n, 80-1009 over 2 mn 100% ntion time mn. 25

Wat er sol uldlle [dbp[oﬂ-y(rﬁer5't§$l@t[h¥l[b2>~r(l5la@~ drm‘ét)lbyemzyl] N-[2 (

bori nan- 2- I I

am no] et hﬁ?&%ﬁ&{%&ﬁ%ﬂ tﬁ’éllgﬁ %%ﬁﬁ%&ég%ﬁ%ht&% é%:)%ttg%ynz(-ol ]0024 3

N- I( 2-(25 hyd)r cﬁ)@ﬁ rmmqi)eét hyd aBmOf@o]mlrréater ] aﬁ‘lphltzla)@énﬁllaiﬁdlreB@a‘WNmeél 50

nmol ar rati .Q t

chl ori de (% Z%)Slsj %eous[ls%oﬁl%}agﬁgy gxyo% #{5] t(()):r{gr% Q&ﬁ 18%”‘, ur5n0

equi v.) iniq. €6®t@>]rd_ %vva.tfertqm TR2NOr)3/ 0?8&2¢o@@f/1@3037,é(37§38teaéded a
sol ution of  9-

| b
(2- et hacr IRt Rotyj* S8t FTRERS) CHRLhyr ] Yoo185 R PEN glkrogen

5-di et hyl ard nafyt 2ndn Heenzd )in Nnel &arﬁczat 55°C for 16 hours
hydro>r<h{et hoxy) et hyl am no] met hyl j ant hracene (0.0024 Q033 gm)l e) in
&chén

3. 00 ntOnMedHIsTS imfirs thisk VdsE€ s SQdyéd ong Was. &?BBl GvaPeric acid)
(0.0075 ¢, R0ty il Bdm.e %nef LtatalhemreneiutElewsehubbon was

filtered through a 0.45 nenbrane filter, was purged with nitrogen gas and
then heat echli wattey dack Ll t88Ed Ghrogahoar § .- 2t MeOoTANS fikBETthe vi scous

sol ution m@§1COOH%%th zﬁgt%n% was dialyzed through a cellulose

acetate membrane (MWCO 3500) against 2 x 4 L of water.

15 From the dialysis was obtained 38.5 mL of polymer
solution. Concentration of a portion of this solution to
dryness indicated 0.0075g polymer per 1.0 mL solution:
Overall 0.289g (77%) yield of polymer.

20 II. Modulation of Fluorescence With Glucose, Lactate and

Acetoacetate
The modulation of the fluorescence of the copolymer
(which contains two recognition elements) prepared in
this example by glucose, lactate and acetocacetate was
25 determined. Figure 2 shows the normalized fluorescence
emission (I/Io @ 428 nm) of a 1.5 mg/mL solution of
anthracene bis boronate-TMAMA (1:50 mole ratio) copolymer
in PBS containing a) 0-20 mM glucose; b) 0-20 mM lactate;
c) 0-20 mM lithium acetoacetate. Spectra were recorded
30 using a Shimadzu RF-5301 spectrafluorometer with
excitation @365 nm; excitation slits at 1.5 nm; emission
slits at 1.5 nm; ambient temperature. The fluorescence
of the copolymer was affected by the presence of glucose,

but not by the presence of lactate or acetoacetate.
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concentrated in vacuo. The residue was diluted wwth 20 nL water and
filtered through a 0.2 nenbrane filter. The polyner solution was dialyzed
t hrough awoaBlom4ese acetate nenbrane (MACO 3500) agai nst PETRUSH3/L796$
water.. 15 Fromthe dialysis was obtained 38.5 nL of polymer solution.
Concentration of a portion of this solution to dryness indicated 0.0075g
polymer per 1.0 nL solution. Overall 0.289g (77% vyield of polyner. 20 II
Modul ati on of Fluorescence Wth d 1 tate and Acetoacetate The
modul ati on gleddie dd UAASHRN GG Por B HPRA WIS qdelielp6aRLaLEZeLEO
recognition elenments) prepared in this exanple by glucoOse, |actate and
acet oacet ateff wiactisal afrertiendiludziepaenc? Sifo s st-he mooaie-andtirakcgbeescence
emssion (I/lg @428 nm of a 1.5 ng/nL solution of anthracene bis

bor onat e- TMRMSEERD ol e ratio) copolymer in PBS containing a) 0-20 mM

gl ucose; b) 0-20 MMl actate; c¢) 0-20 nmMIithium acetoacetate. Spectra were
recorded 30 using a Shimadzu RF-5301 spectrafl uoroneter with excitation
@65 nm excitation slits at. 1.5 nm emssion slits at 1.5 nm anbient
tenmperature. The fluorescence of the copal ypger was affected by the
presence of glucose, but not by the g;gighge s | actate or acetoacetate.
-23 WD 03/078424 PCT/ US03/ 07938 Exafffle™3 BEffgct of lactate in solution on
t he dose response effect of glucose on the fluorescence of

bi s- boronat e-anthracene 5 indica gMC§H HN O H C

A. 9,10-bis[[2-(tert-butoxycarbonyl)ethylamino]lmethyl]-~
10 anthracene. _ .

A solution of PB-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

15 mlL CHCl; at 23°C was stirred in the dark for 93 hours. At
this time, the solution was filtered and washed with 1 x
40 mL and 2 x 60 mL portions of NaHCO; (saturated aqueous
solution). The organic extract was dried over anhydrous
Na»S04, filtered and concentrated to yield a crude yellow

20 solid. The residue was purified by silica gel column
chromatography (30 g gravity grade gel, 0-3% CH30H/CH,Cl;)
to yield 1.06 g (65%) of a viscous yellow-orange.

Product was carried on as is.

25 TLC: Merck silica gel 60 plates, Rf 0.33 with 95/5
CH,Cl,/CH3;0H, see with UV (254/366).
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OlIl N\H H H- ~S A 9,10-bis[[2-(tert-butoxycarbonyl).ethyl am no] nethyl]-
10 anthracene. A solution of R-alanine tert-butyl ester hydrochloride
(3.06 g, We.03/0ms¥2d e, 5.09 equiv.), DIEA (4.27 g, 5.75 nl pC3AIS03/0m988 €,
10. 00 equiv.) and 9, 10- bis(chloromethyl)anthracene (0.910 g, 3.31 nmol e)
in 75 15 nL CHC13 at 23C was stir -' in the dark for 93 hours. At this
time, the solution was filtered shedomth 1 x 40 nmL and 2 x 60 nL
portions of NaHCO3 (saturated ag_ oss ﬁ). The organic extract was
dried over anhydrous Na2SO4, fllbered
yell ow 20 solid. The residue métdbU/ Silehca gel colum
chr omat ogr aphy (30 g gravity "Grade §g - 390 CH2C12) to yield 1.06 g
(65% of a viscous yeIIOWForange Pr od ct ma carried on as is. 25 TLC
Merck silica gel 60 plates, 85% PC12/ CH3OH, see with WV
(254/366) -24 WO 03/078424 PCT/ 938 CH3 0- OH3 Cl146 NC 1 CH
H3C H3Q)O Il N - tt 000\ / B. 9,
10- bi sS[ N[ 2- (5, 5-di et hyl bori nan-2-yl )benzyl]-N- [2-(tert-butoxycarbonyl)
et hyl am no] net hyl ] ant hr acene.

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

.nd coritentrated to yield a crude

[2- (tert-butoxycarbonyl)ethylamino]methyl]lanthracene.
A solution of 9,10-bis[[2-(tert-butoxycarbonyl)-

ethylaminolmethyl]anthracene (1.60 g, 3.25 mmole), DIEA

5 (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
stirred in the dark for 4.5 days. At this time, 45 mL
CHCl3; were added to the mixture and the mixture was washed

10 with 2 x 25 mL portions of NaHCOs3 (saturated aqueous
solution). The organic extract was dried over anhydrous
Na;S04, filtered and concentrated to yield crude reddish
0oil. The residue was purified by alumina column
chromatography (100.g activated neutral alumina, 0-3%

15 CHiaOH/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 solution was
filtered and the filtrate concentrated to yield 2.72 g
(93%) of an orange solid. Product (>80 % pure by RP-

20 HPI.C) was carried on as is.

TLC: Merck basic alumina plates, Rf 0.66 with 95/5
CH,Cl,/CH30H, see with UV (254/366).

25 HPLC conditions: HP 1100 HPLC chromatograph, Vydac 201TP
10 x 250 mm column, 0.100 mL injection, 2 mL/min, 370 nm
detection, A = water (0.1% HFBA) and B = MeCN (0.1%
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A solution of 9,10-bis[[2-(tert-butoxycarbonyl)-

et hyl am no] net hyl ] ant hracene (1.60 g, 3.25 mmole), DIEA 5 (4.45 g, 6.00
m., 34.4 wooB®78430. 6 equiv.) and (2 brononet hyl phenyl ) bor @arawsas™™3s
neopentyl ester (4.80 g, 17.0 mmle, 5.22 equiv.) in 30 nL CHC13 at 23C
was  stirregea) thg dardad arnd B days, Alo-ghiss Bt ior 48 fin,Cg0L3 were
added to the m xture and the m xture was washed 10 with 2 x 25 m. portions
of NaHCOB (Rurkattbracudbidy LH%utB dninthe e5Rgadion éxdfeact - Wa¥ 8ri ed over
anhydrous Na2SO4, filtered and centrated to yield crude reddish oil.

The residue was purified by alu col um, chr omat ogr aphy (100.g acti vated
neutral alumna, 0-3% 15 CH3COH C2) to]yield - 3.5 g of an orange
solid. The product was dissof g owed™oby the formation of a white

precipitate (DIEA-HBr salt). The®olutipn was filtered and the filtrate
concentrated to yield 2.72 g (93¢ ange solid. Product (>80 % pure
by RP 20 HPLC) was carried on as i AMErck basic alumna plates, Rf
0.66 with 95/5 CH2d 2/ CH3OH, see with W (25‘14\/5366). 25 HPLC conditions: HP
1100 HPLC chr omat ogr aph, Vydac 201FR (>N 50 nfh col um, 0.100 nL

injection, 2 mL/mn, 370 nm detecti@n, = ter (0.1% HFBA) and B = MeCN
(0.1% -25 WD 03/078424 PCT/ US03/07938 HFBA radient 10% B 2 mn, 10-80%
B over 18 mn, 80- 100% B over 2 mn, 100% B 2 mn, retention tine 23.9

mn. 00 HOc\ Ng Mo-8Hs [ (20exGrobdaeyl) -N-12-
5 (carboxyethyl)aminc] -methyl]anthracene.

A solution of 9,lO—bis[N—[2—(5/5-dimethylborinan—2-
yvl)benzyl]-N-[2- (tert-butoxycarbonyl)ethylamino]lmethyl]-
anthracene (Oﬂ556 g, 0.620 mmole) in 5 mL 20% TFA/CH,Cl,
at 23°C was stirred in the dark for 25 hours. At this

10 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 yellow powder.

15 FAB MS: Glyemerol matrix; Calc=d for C4H46B2N20,0 (bis
glycerol adduct) [M]* 760; Found [M]" 760.

100 mm
.75 mL/min,

HPLC: HP 1100 HPLC chromatograph, Waters 5

[

NovaPak HR C18 column, 0.025 mL injection,

20 1.5 mL injection loop, 360 nm detection, A water (0.1%
HFBA) and B = MeCN (0.1% HFBA), gradient 10% B 2 min, 10-
80% B over 18 min, 80-100% B over 2 min, 100% B 2 min,

retention time 16.7 min.
25 D. Modulation of Fluorescence With Glucose and Lactate

The modulation of the fluorescence of the indicator

compound (which contains two recognition elements)
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v C. 9,10-bis(N-(2-boronobenzyl)-N[2- 5

(car boxyet hyl ) am no] - met hyl ] ant hracene. A solution of 9,

10- bi s[ NWB2-0857%24i net hyl bori nan- 2- PCT/US03/07938
yl)benzyl]-N-[ 2-(tert-but oxycar bonyl ) et hyl am no] net hyl ] - ant hracene (0.556

g, 0.620 mmitepatdd 5inrit 2090 MR B2 glaicoA3C amas Isddtated was t he dark for
25 hours. i

At this 10 tine, the reaction m xture was concentrated under a
stream of Taningfh [ STEUEE V\%ssa}iqvfst drig %rter‘?%erigelo(ar{mflaz&omqons of
ether. The gesislual sohithows &if it | dhrBEGUG ted Bl SIKbbr3frky (87% of a
fluffy yell oer)owder. 15 FAB Ms: A ywerol matrix; Calc=d for C92H46B2N2010
(bis gl ycetbHIERIRRR )M 0 1k M 39 PLE 4P ™Y 00 HPLC
chromat ggr aphucY¥d ere o X alddatem  dovaPak miR Gl& e umn mD. 1025 aitle ;
injection, 0.75 nmi/mn, 20 1.5 nL injection |loop, 360 nmdetection, A =

wat er (0. 1% HEB2A)0 did B UCIRON T M obaHBAS - griRFEEHE RSB Z2GHNNe10- 80% B

over 18 m n;s 8y DB BLver rRFMIn1 % B & Mdbomd@ieRtitgn time 16.7 mn.
25 D. Modul ation of Fluorescence Wth G ucose and Lactate The nodul ation

of the fl udhEskletceonl It Mvdiitidrat i8mfdurfd @il dBht &Mi$ st
recogni tion e edept ) 5 36, QB3 842 JREH WSR3/ 04938 prRRared in this

exanpl e by glucose and lactate was determ ned. Figure 3 shows the
f1 uor e$BenceegdstreR8imrr il e pMwidlihuttilodd @fr rgirs beasbaxdladed.

bi s- boronat.ge- ant hracene J ndi cat.or j.n, PBS cont ai_ni.ng.a) O0- gl ucose,
0 mM | actate:® lﬁre(ﬁ%enﬁfgﬁuaccgtsaeﬁe lrﬁvlqogctsé‘}bés; are l%01- Oa‘f egclryt\J/lctgls?e, 5 mM
| act at e. SpEoicmevesred ecaiuded iarsiafy ttheShintaday RFB30M0 wwpeet.r af | uor onet er
with excitation @65 nm excitation slits at 1.5 nm emssion slits at
1.5 nm anbient tenperature. Al points

ExamEle 4

15 Selectivity of Bis-Boronate Glucose Indicator for Glucose
vs. Lactate and Acetoacetate When Indicator Covalently

Immobilized in the Hydrogel

I. Preparation of Dual-Methacrylamide Monomer
20
cmi
NiV/A\v/mkE/u\mg
SOOI
fr’”\\u,/cHg
NN N
HZ
A. 9,10-bis[3-(methacrylamido)propylamino] -
methylanthracene.
25 A suspension of 9,10-bis(chloromethyl)anthracene

(1.5 g, 5.45 mmole), DIEA (28.17 g, 38.00 mL, 218 mmole,
40 equiv.), N-(3-aminopropyl)methacrylamide hydrochloride
salt (9.76 g, 54.5 mmole, 10.0 equiv.), and ~ 5 mg of BHT
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10 nmeasured in triplicate, wwth 1 SD error bars included. The presence of

| actate did not substantially affect the fluorescence nodul ation of the

i ndi cat orwby3gtssepse. Exanple 4 15 Sel ectivity of Bis-Bor @oatusofAhesose

I ndi cator for ducose vs. Lactate and Acetoacetate Wen I ndicator

Coval ently i nﬂ@@irhi.zelﬂbiﬁ d&@j%rmwlsthrr%ceﬁw atieomaafk for 4 days

Dual - Met hacr de Mono 20 CH2 NINHCH v v 3\ / 1.0 , NH YV
NZ HA & o @L%[s Z%Fmﬁla%r%%ﬁn d’i}}% %W%frﬁ%’ie W%%H;f}%l?ﬁarﬁ%dcetr% 25 A

suspensi on 9%°9@, 484 bt s thiﬂt@f@tWé)mm@@emf 1]dé5ysg 1éndd muale), DIEA
(28.17 g, 38.00 n., 218 mmol e,, 40 equi 21 N- ( 3- am nopr opyl ) met hacryl am de
hydr ochl or i €S saHPe ( 7 78F LI BUE B GmrAS, TATRH eqUi RE ML %S "5y of  BHT

-27 WO @3/ 078424, ECT/ HR03 K 9381 1 d Np 2Ll GHE3 valg 23C was sitdimiugd i n the

dark for 4 days at 40C. At this tinme, the tenperature was increased to
45C and t heAP%Rtref viedeCdei r r Bdyebdtos’ 85%@6%@%‘? sadidg hiBetbhe, a

preci pi tat en haeo£01 SR TheL M X Wike Wass Drdd /{sle;rcﬁgbt angd, dey sol i d product

di ssolved in the m ninum_ anount of CH2Cl12. yell ow crystalline solid, the
bis hydrochVeFrHehsald- b IheTWRest et Pivduct, formed overnight (3.15 g,
qguantitative).

10 TLC: Merck basic alumina plates, Rf 0.31 with 90/10
CH,Cl,/CHs0H, see with UV (254/366). '

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR C18 column, 0.100 mL injection, 0.75 mL/min,
15 360 nm detection, A = water (0.1% HFBA) and B = MeCN
(0.1% HFBA), gradient 10% B 2 min, 10-80% B over 18 min,
80-100% B over 2 min, 100% B 2 min, retention time 15.0

min.

$ on,
2 O CH,
B. 9,10-bis[N-[2-(5,5-dimethylborinan-2-yl)benzyl] -N~

[3—- (methacrylamido) propylamino]lmethylanthracene. (Dual-
methacrylamide'monomer)
A solution of 9,10-bis[3- (methacrylamido)-
25 propylamino]lmethylanthracene (0.0.650 g, 1.34 mmole of
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10 TLC. Merck basic alum na pl ates,

Rf 0.31 with 90/10 CH2C12/CH3OH, see

wth U/ (254/366) HPLC. HP 1100 HPLC chromat ograph, Waters 5 x 100 mm
NovaPak HROG3®78#04 unm, 0.100 nmL injection, 0.75 nlL/mn, PETAKO3/0MYBS
A = water (0.1% HFBA) and B = MeCN (0. 1% HFBA), gradient 10%B 2

N, 10-80%R ouEte Wiy, AL DUET 2 U nul OWHR Jupte, relention

det ecti on,

tlrre 15.0

m n. C NH % NH2 CH \ %

20 CH3 B. 3,3- etﬁtsz[w [12- ((25 @%qmwmq%ﬂbprwwfewq ngopentyl
[3- (et hacryd 3 fn%l amNOLERiY| antdy acene, (@4@4 B AGyY lan de
IOI’l (0]

nononer) A so

10- bi s[ 3- (et hacr yl ani do)

b CH3

propy! am na)neitdhiv et mrra@éhénl( @P@le5@t923i03waﬁn§|ter@ﬁd ipgtin® d8r678424

PCT/ USOg3/ 07, g_'lezc 74 mmol e,
equi v. )é3 Zf%br onoarlaé{%yl phe 1-P) botrl(l;)?!r‘lalE?tg% Cg:ﬁeo(r%% Srﬁite@rst er%la(sl 34 g,
mol e, 3. 5&oa'qmn/cgatam:d lBl-rﬁfa(ﬁlqrgar@ls thmmdmmbre) wans 20nHf i@dCy at 23C was
stirred in the lqlaar kchSrJ

o+ t.i xture was
concent r at & I Vactos ARd 5q'n si(?t \rfgaacte %oue&%ll %riurﬂ
chr omat ogr d&ptdk (CZ}QOcha@(tlz\»att@d ydeutd &l %G&Jrg n(eB9 OoZ%aCH:Hﬂ*yV CHZC1 Z) to

yield O .

10

15

20

25

30

LS 38T Avery

TLC: Merck basic alumina plates, Rf 0.59 with 90/10
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,
360 nm detection, A = water (0.1% HFBA) and B = MeCN
(0.1% HFBA), gradient 10% B 2 min, 10-80% B over 18 min,
80-100% B over 2 min, iOO% B 2 min, retention time 16.9

min.

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

A solution of N,N-dimethylacrylamide (40% wt.) and
N,N=-methylenebisacrylamide (0.8% wt.) in ethylene glycol
was prepared. 9,10-bis[N-[2-(5,5-dimethylborinan-2-yl)-
benzyl]-N-[3-(methacrylamido)propylamino]lmethylanthracene
(17.8 mg, 2%x107° mole) and 40 uL of agqueous ammonium
persulfate (5% wt) were combined with 1 mL of ethylene
glycol monomer solution. The resulting solution was
placed in a glove box purged with nitrogen. An agqueous
solution of N,N,N=,N=-tetramethylethylenediamine (80 uL,

% wt.) was added to the monomer formulation to
accelerate polymerization. The resulting formulation was

poured in a mold constructed from microscope slides and

-29-
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viscous yellow oil. 10 TLC: Merck basic alum na plates, Rf 0.59 with 90/10
CH2C Z/ CH3OH, see with UV (254/366). HPLC. HP 1100 HPLC chromat ogr aph,
Waters 5 wobB07saa 15 NovaPak HR C18 col umtm, 0. 050 ni i nj e@Cirarsp3/0793%
m./mn, 360 nmdetection, A =.water (0.1% HFBA) and .B = MeCN (0.1%

HFBA) ,  gr adiog i 1%0%B s%arﬂnrlges%o -3Q%1B spwierl8. AfitRr b%Q'nJgO@c%pB @ever 2 mn,
100% B 2 mn, retention tinme 16.9 mn. 20 C Preparation of

N, N- di met hyB mwamruéllﬁf@&?@e|at\m0tsrphegl%66§em&& “atoPLagSSh bt i on of
N Nd' met h%'h%g A de ArAQ%dMs ) 13Rd (PNIN=-(et R epehi pacryl4ani dee( 0. 8%

in ethylene glycol 25 was prep ared
9 10 bi s[[\pn[lz;r(cgqrpgﬁ rﬁé{lﬁ%ﬂso(yﬁr@a@_wa)ted and the hydrogel was

benzyl]g N c{]achWea'ﬂ}Q&) RYAPYIAT QRS Iylantivagene s Ebg. 8 my, 2x10-5
nol e) and aqueous ammonium persulfate (5% w) were conbined with

1 nL of et myo|ne:mem1g19ydo|mMrrdr@¢lml solLftaten sotHeny it igRg domft E8FPvwas 30

pl aced in h ni t f
NN, - e e i et e BN YR IR et el 6T e

mononer f odey,atficdd awed e elashding p@ltylrréDMFz/é’tBlsodl 198 besioti-ng3 %

formul atio o] I f d
0 W0 05) GoL S PR E639s L1 50 Bhs EhED oL & LoReapng S rkdes A
bei ng kept rktsult&rfmmysiriqgaii lplOdg’mmMﬂﬁsGW@rr@dt e MBSd (ds mﬁll &B&d in
phosphat e ggxfe jf«‘ ;n IS taflﬁl E“r B, 210 o%ﬁmpgzli;ﬁé) aﬁhh% ghagcope sl ides

were separ og€el” was 5 “Fenve dro was washed
with 100 niscafiddBSalcontaining 1 nM | auryl sulfate SOdI um sal t and 1 nM
EDTA :

II. Modulation of Fluorescence With Glucose, Lactate and

15 Acetoacetate
‘The modulation of the .fluorescence of the indicator

compound (which contains two recognition elements)
prepared in this example by glucose, lactate and
acetoacetate was determined. Figure 4 shows the

20 normalized fluorescence emission (I/Io @ 427 nm) of a
hydrogel containing the glﬁcose recognition molecule of
this example in 10 mM PBS, pH 7.4 containing 0.2% NaN3; and
1 mM EDTA containing various amounts of sodium-L-lactate,
lithium acetoacetate or a-D-glucose. Data were recorded

25 using a Shimadzu RF-5301 spectrofluorometer with
excitation @365 nm (slit = 3 nm) and emission at 427 nm
(slit = 3 nm) at low sensitivity at 37°C using a
temperature controlled sample holder. The cuvettes
containing 3 mL of the desired solution were equilibrated

30 at 37°C for 15 minutes before measurement. Each hydrogel
sample was measured in four independent samples. Error
bars are standard deviation with quadruplicate values for
each data point. The hydrogels containing a glucose
recognition molecule were prepared as previously

35 described. The hydrogels were mounted on glass slides
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sodiumsalt for 3 days,

t he sol ution being changed every day, followed by

washing with DM/ PBS (10/90 by vol., 3 x 100 nm.), and finally with PBS

(pH=7. 4, WO030@2411) .
(10 mM PBS,

salt. II.
Acet oacet

The 10 resulting hydrogel polynmer wasTdisos/emss n PBS
pH=7.4) containing 0.2% w . sodium azide and 1 nmM EDTA sodi um

Moyl @ e Ofw i SSranes Welh Gnucesn dackake amd4sdd

ate . The nodul

ation of the. fluorescence of t he indicator

conpound (Vitfi cHec gAtRidRN t Wok Fcogmialivsi odse Péntls) 5 prldpangd 20n™hi s

exanpl e by gluchse-1lactate andiriagatoacetat anwas odepennicnedm Figure 4
shows the 20 normalized fl uorescence emssion (/1o @427 nn) of a

hydrogel camediqRasfatife hiosd recdghilti én ol eeull® ofndt ROsm¥xanpl e in 10
MM PBS, 5 pH Lt St Al i gD 2% Nan3 and 10l MpERTAgonRt ai @'o%a!aahgus
anount s of SOdIUﬂ}L lactate,” 1ithiumacetoacetate or a- D- gl ucose. "Dat a

wer e recordde23hﬂb|ﬁgdalsmMnﬁaia RFTB80i1gpeesFenFaopéneler with

eXC|tat|on
| ow sensitiVi ?)a}gt{&(;}é

cuvettes

corit dynithg P

d g7y i T §'e%'én%te %%7 gg%‘co(s%' I pyE 3 nm _at

using a temnperat re control sanpl e "hol der. The
neseagfce o desitese 96I@Eﬁ@@aW@¢@t@qU|I|brated 30 at

37C for 15 m nutes before neasurenment. Each hydrogel sanple was neasured
in four independent sanples. Error bars are standard deviation with
quadrup@icate val ues for each(xneﬁggggg SThe hydrogel s containing a

gl ucose
hydr ogel s

15

20

25

30

re niti on _nolecule were

5 descri bed. The

Ly
IS RSIE T G s S v lgsa rgb‘% g’ew BR3PRES) Us03/ 07938

and cover eq-gpidgh :,ttqlo\ﬁe%txﬁr F%sﬁm& neHv el @S ghlhi149@nekratiba i nci dent
i ght. Sol utel ons of 1, 0 and gP% g g% o

and 20 mM it hium

A. N-(2,2-d
A suspe
(10.0 g, 36.
(4.81 g, 5.2
stirred at 4
suspension w
residue was

solid produc

TLC: Merck s
CH»>C1,/CH10H,

HPLC: HP 110
NovaPak HR C
1.5 mL injec
HFBA) and B

10-80% B ove

sodium L-lactate [Aldrich], 5, 10

iethoxyethyl)-4-bromo-1,8-naphthalimide.
nsion of 4-bromo-1, 8-naphthalic anhydride

1 mmol) and aminoacetaldehyde diethyl acetal
6 mL, 36.1 mmol, 1 equiv.) in 45 mL EtOH was
5°C for 3 days. At this time, the resulting
as filtered, washing with EtOH and the

dried to yield 13.3 g (94%) of a light brown
t.

ilica gel 60 plates plates, Rf 0.17 with 98/2
see with UV (254/366).

x 100 mm
18 column, 0.050 mL injection, 0.75 mL/min,
tion loop, 360 nm detection, A water (0.1%
= MeCN (0.1% HFBA), gradient 10% B 2 min,
r 18 min, 80-100% B over 2 min, 100% B 2 min,

0 HPLC chromatograph, Waters 5

retention time 24.2 min.

B. N-(2,2-d
A solut

iethoxyethyl) -4-butylamino-1, 8-naphthalimide.
ion of N-(2,2-diethoxyethyl)-4-bromo-1, 8-
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acetoacetate [Al drich],

and 1, 2, 4, 5, 10, and 20 mM 5 a-D gl ucose were

prepared in 10 MM PBS, pH 7.4 containing 0.2% NaN3 and 1 nM EDTA. The

f 1 uor escewom3nfssthe

copol yner was affected by the preseneerafsoghrospse, but
not by the presence of l|lactate or acetoacetate. 10 Exanple 5 G ucose

sel ectivity,, naﬁﬂ%ﬂﬁ@e usg .rrggA#oigS,- BoraN k@ 1 ) @GRIM-IH QY 13Rd nRr qXi. aigt y

quenchi ng si

ener ati on

N- (2, 2- di ethoxd€thyil) - 2brdrsral 8-hdthissaliivi)den B5 A SEp&rsi on of

4- br ono- |,
di et hyl §
stirred at sAEpdrFid deys.aldiondd $a iaewl thee 2%e<$ul thiodd owsds pnsi on was

filtere
(94% o

pl at es,
1100 HPLC
i nj ection,

(0.1%
18 mn

over

ac

SR T o Tl i ndd 2.0 e ik IS, 94 agnsRcgtal dehyde

, equiv.) in

P o ST U AR R & 6 405 o °

Rf Ol ewiitdetos] B sCHIONE Gid3@H . sdheniciyaldd o 254/366) wa5 HPLC. HP

chr.onat ogr ap S 100 0
S i sl wasol T o DY 20 AR gl e
HFBA)i el B o UvBCIN 0L cdioddmiBR)r,. giTédi entudb0%aB e imlnwa30 12-@82% B

.2 mn.

2 m-n, .100%B 2 m.n ret e

. 050 nmL
= wat er

80-.100% B ove ion.ti
B. N-(2,2- éjlué‘i%foli‘ifgt q Rl e larﬁhﬁé’f“f‘,té’-gﬁé‘ﬁ’rWhé|2i5mgd§&|a9’2\té’:) Beefen of

N- (2, 21 di etdeaxy et )CREOHYOHEE1,)8to 31 WO O3/63E8424 SRET/ US03/ 9238w

napht hal i m de (0.797 g, 2.03 mmol) and n-butylam ne (1.48 g, 2.00 nL, 20.2

mmol
time,

9. 96 B&

S in 8 nL NWP was heated at 45C for 66 hours. At this

the resulting suspension was allowed to cool to 25C, followed by

15

20

25

30

35

TLC: Merck silica gel 60 plates, Rf 0.71 with 95/5
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 23.5 min.

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

A solution of N-(2,2-diethoxyethyl)-4-butylamino-
1,8-naphthalimide (0.622 g, 1.62 mmol) and p-toluene-
sulfonic 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
the residue purified by silica gel chromatography (25 g
gravity grade gel, 0-1% CH30H/CH,Cl,) to yield 0.470 g

(94%) of an orange solid.

TLC: Merck silica gel 60 plates, Rf 0.61 with 95/5
CH,Cl,/CH30H, see with UV (254/366).
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5 filtration. The residue was dissolved with 50 nL ether and extracted 3 x
50 nL water. The organic extract was dried over anhydrous Na2SO4, filtered
and conceworamesd2¢ o yield a crude yell ow powder. The cru®eTmsb®07938 was
purified by silica gel chromatography (25 g gravity grade 10 gel, 0-1%

CH3OH CH2C1g) I\iM’R y@zﬁi(ﬁ MEZB32 e 1682% of 03 yellow, powderz gk Meszk silica
gel 60 plates, 71 with 95/5 CHC12/ CH3OH, see with UV (254/366). 15
HPLC. HP 1160 Hﬁib chr Bfrat®graph, et@r 665 310D - AdlEPalé 148 dF8 col um,

0.050 nL impgeti@negs 0(dp m/n@m 8 le SupL, injeetien liepp.g 450 mm detsect i on,
A = water (0. 1% HFBA) and B = MeCN (0. 1%HFBA) gradl ‘ent 10% B 2 min, 20
10- 80% B ovié#) 188 %, (8®- 15096 B Dverin 2 HD0%B 3B nich, LHetkrmion time

23.5 m ox@et hy 4- | amd yhal &g A50l ution of
N (2, 2- gl e&o%}gtg ? I;Afé]b{f%?/l a:tr;q;n%-Ja np & ﬁ%gﬁ{?{?m i ITgI Eiﬂesd(o 621%99, 1.62

mmol ) and p- toluene- sul fonic acid nono hydrate (0.010 g, 0.053 nmol, 0.032
equiv.) in 2o AL geel pne yeise St fdet A0 iRl fSPge}(;rlb this tine,

t he sol ution was concentrated and e resi due puri i ca gel
chr omat ogr aptiya 2k I@R:%@l&gr%@/lltrsnrgr(h@(gém JOUJ?%tGI%G—VOGH&I!@)/m@,yi el d

w thodss crdlh BRGNS GF oIl e T e dsrordugr

PCT/ USDS/ O7HE3BR ) 1ahdNR § AECNWHA) - 1@0@1@}& 5 drBE e, 198 B) 2=mAr3 Hz), 1.53

(lm 2H), 81617@36@ ﬁg%"‘%rsdfggfﬁ H0-2h5% B 9B 2 ¥ (Dos F o4 (4

retention time 19.6 min.

D. N-(4-dimethylaminobenzyl)-1l,6-diaminohexane.

15 A suspension of 4-dimethylaminobenzaldehyde (1.00 g,
6.70 mmol), NasS0O4 (6.70 g, 47.2 mmol, 7.04 equiv.) and
1, 6-diaminohexane (3.89 g} 33.5 mmol, 5.00 equiv.) in 20
mlL anhydrous EtOH was stirred in the dark at 25°C under
an atmosphere of nitrogen gas for 18 hours. At this

20 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
residue dissolved in 50 mL water and extracted 3 x 50 mL

25 ether. The combined organic extracts were washed 2 x 50
mlL water. The combined aqueous extracts were extracted 2
X 50 mL ether. The combined organic extracts were dried
over Na;S04, filtered and concentrated to yield 1.35 g
(81%) of a viscous oil.

30
TLC: Merck silica gel 60 plates plates, Rf 0.58 with
80/15/5 CHyCl,/CH30H/iPrNH,, see with ninhydrin stain, UV
(254/366) .
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Hz), 8.08 (dd, 1H J Hz, 8. 5 Hz), 8.38 (d, 1H, J = 5 8.3 Hz), 8.46

=1
(dd, 1 H J =1.0, 7.3 Hz), 9.75 (s, 1H). HPLC. HP 1100 HPLC
chr omat ogwephb/o78#t ers 5 x 100 mm NovaPak HR C18 col um, @C@AG0307938
injection, 0.75 nL/mn, 1.5 nL injection |oop, 450 nmdetection, A = water

(0.1% 10 HFBéLcan@lpBlfowb@tCOCEl}%/@iﬁlEBé%ra@rﬁﬁdnmréO%ﬁ Z2ommm 10-80% B
over 18 mn, 80-100% B over mn, 100% B 2 m n, retentlontlrre 19.6 mn.

D. N-(4-di n@?ﬁ??éﬂﬁ HBbEﬁ%yF?lﬁth dP afP P o xEMES SO, sis P ek G Tof

4- dI met hyl am, @oggn;agg@{aygg iéoQO 980 &n@e@é@&)@n Na,n?%i@d%@ 167 2
7.04 e%w V. 6- di am nohexane (3.89 g, : 00 equiv.)

in 20 nm. aH 96909§dEE3C]5| %@Nsﬁpriédﬂf%ihegwwlaﬁ PEC Bindlerinan

at mospheye f- @b“§9§9e93§8fﬁin1885‘09@§% }é\tO\Fé'EESQ%Qlﬁ' o 04 2@(?%1%' on was
filtered and NaBF4 (1 5.8 nmmol, 6.84 equiv.) was ad to the

filtrate. Tﬁ@te%gp@n’éi’@ﬁ %«és%@ilﬁred at 25C for 5 hours. At this tine,

the reaction m xture was concentrated and the residue dissolved in 50 nL-
wat er and extracted 3 x 50 nL 25 ether. The conbi ned organic extracts were
washed 2 x BO Nt2nafeN (NThedtmabhyibaminpkency Bhamindhenpt bambagacted 2 x

50 nL et her, rganj cgextra dried over Na2SO4,
filtered ana hﬁféegggag%g&?o'g% iéfd ria%%&ash(l%]lﬁ of a viscous oil. 30 TLC
Merck giolica gel T60apsasesnpl ah est R @-&&wﬁﬂ -804hbd Yl amino-1, 8-

CH2C12/ CH3OH! i Py NH2¢ i nhy (254/ 366). -33 WO
03/ 078424 P@%Pﬁégléfb%‘g% %P?‘bg ﬁi%g clrﬂo%t“&g %IHWJW{%rs 5 x 100
mm  NovaPakm&tR Gi8s calidea, a Os O50t 1dn | of ¢t { O ik Dy dliddy, 1.5 nl

'njection | 0op, 250 NN geLeet oot S0 {2 2%2 mmo1, 2.00

equiv.) and acetic acid (0.067 g, 1.1 mmol, 1.0 equiv.)

15 in 20 mL anhydrous MeOH. To this mixture was added a
solution of NaCNBH; (0.070 g, 1.1 mmol, 1.0 equiv.) in 5
mL anhydfous MeOH. The reaction mixture was stirred at
25°C for 15 hours. At this time, the MeOH was removed by
rotary evaporation and the residue was dissolved in 30 mL

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

25 anhydrous Na;S04, filtered and concentrated to yield a
crude brown o0il. The crude material was purified by
silica gel chromatography (35 g flash grade gel, 0-50%
CH30H/CH,Cl;, then 45/50/5 CH30H/CH,Cl,/iPrNH;) to yield
0.190 g (32%) of diamine product.

30
FAB MS: Calc=d for C33H4sNg0s [M]+ 544; Found [M]+ 544,
TLC: Merck silica gel 60 plates, Rf 0.42 with 80/20
CH2Cl,/CH30H, see with ninhydrin stain and UV (254/366).
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HFBA) and B = NeON (0. 1% HFBA), gradient 10%B 2 mn, 5 10-80% B over 18
mn, 80-100%B over 2 mn, 100%B 2 mn, retention time 13.3 mn. E.

N 2- [ 6- N(Wod3ars¥et hyl am nobenzyl ) am nohexyl ] am no- PCT/US03/07938

et hyl ) -4-butyl am no-1, 8-naphthalimde. 10 To a suspensi on of

N (2- oxoet hyd o 8-yt yl 601 mord. SRR DA dgH dard Q46 G, 1holFufmol ) 0 25

anhydrous MOH was added a solution o ( di met hyl am no-

benzyl ) - 1, 8lalyaii hotRxahe ¢oLBsYy . OZSCQZHWJG%W dquliSv ML/AHd racet i ¢

acid (0.067 g 5, iz, 1107 0Lt 3 dn O ORI Ve g %Id@@&:{ﬂor@nwmm&e% 1k0 this
m xture was ad sol ution of' NaCNBH3 (0.070 g, 1.1 nmol, 10eqU|v) in

5 nL anhyditRk) m&i-l B Thele@hct( ork mMBRAIre aradiant rldd & 2 780.for 15
hours. Bt Y Sedd B ofdie JPQH ¥A%d-ORMEG Rive Of Al evRRay at Lomuand the

resi due was di ssol ved Tn 20 water. The solutiod was adjusted to pH 2
with 1 N HGletemtidemering i ¥ted fior. 1 hour at 25C. At this time, the

solution was adjusted to pH 12 with 1 N NaCH and subsequently extracted 3
x 50 mL CH2Cl12. The conbined organic extracts were washed 3 x 50 nL water,
dried over R5 amg-l &t mméﬁﬂymmmmm-e{&ed&,@-yi eld a crude

brown oil. The crude materi urified ilica gel chronmataqgraphy
(350 11 asiapeey qort LRy s st AR Lty 5-ine Byl

CH3OH €52 Chdd 4 F3{ W2 - 2@; Berodl ] dhikAe th W%dﬁylmrﬂcm g-oduct. 30 FAB MES:
Cal c=d for C33H45N50Z2 [M + 544; Found [M+ 544. TLC Merck silica gel 60

pl ates, Rf raplthalimsdy 20 CH2Cl 2/ CHBOH, see with ni nhydrin stain and W
(254/366) 35 -3 D 03 (78424 PR HNBHOTARY - LRk Rk HBHRLS ) -
aminohexyl]aminoethyl)-4-butylamino-1,8-naphthalimide
(0.150 g, 0.276 mmole) and DIEA (0.355 g, 0.478 mL, 2.81
15 mmole, 10.0 equiv.) in 5 mL CHCl; was added a solution of
(2-bromomethylphenyl)boronic acid neopentyl ester (0.390
g, 1.38 mmole, 5.00 equiv.) in 2 mL CHCl3. The solution
was subsequently stirred at 25°C for 27 hours. At this
time, the mixture was concentrated and the residue was
20 purified by alumina column chromatography (100 g ‘
activated neutral alumina, 0-5% CH3;0H/CH,Cl,;) to yield

0.024 g (19%) of a viscous brown oil.

FAB MS (glycerol matrix): Calc’d for Cs3HgBoNsOg [M]F 924
25 (bis glycerol adduct in place of bis neopentyl ester of

‘boronic acids); Found [M]¥ 924.

TLC: Merck neutral alumina plates, Rf 0.62 with 80/20
CH,C1l,/CH30H, see with UV (254/366).

30
HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR C18 column, 0.050 mL injection, 0.75 mL/min,

water (0.1%

1.5 mL injection loop, 450 nm detection, A

HFBA) and B = MeCN (0.1% HFBA), gradient 10% B 2 min,
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NovaPak HR C18 col umm, 0.050.nmL injection, 0.75 nL/mn, 1.5 nL injection

| oop, 450 nm detection, A = water (0.1% HFBA) and B = MeCN (0. 1% HFBA),

gr adi ent WO¥sB78241i n, 5 10-80% B over 18 mi n, 80-100% B owem/tRZos7938 100% B
2 mn, retention tinme 17.6 mn. F

N?'(6"\F('\tcf‘:é’weéh%!izéfnﬂ@l}ﬁﬂ?y'éoﬁrd%éZB(o‘ire‘Sf 2 min, 100% B 2 min,
di i net hyl bori nan-2-yl') benzyl ] am nohexyl ] -[2- (5, 5-di net hyl - 10

bori nan- 2-y1-’r%Tb%Ih‘23y<l>r]laT—ﬁfﬁ%e¥@1y7 girput yl ami no- 1, 8- naphthal i mide. To a
solution of N-2-[6-N (N 4-dinmethylam nobenzyl)- am nohexyl ]

am noet hyl ) - 4- but yl am no- 1, 8- naphthal i mde (0.150 g, 0.276 mmol e) and DI EA
(0.355 g, 07473127 [€-81(N-Amhgtethvilandi napenzyl)iT6-nl CHC13 was added a

sol utiop of _ (2-brononet hylphenyl ).borani c..acj.d neopentyl .ester (0.390 g,
1738 il o, 1% GROERRTben T Doedarad | S TR P B et 1 y
stirred at Ay fol-Bultylatisno/t, §-hifphtiHdRinide (HBURHHRxERQ concentrat ed
and the residue was 20 purified by alum na col um chromat ography (100 g

activated ritTRerepafrha, 0-5% CH3OH CH2C12) to yield 0.024 g (19% of a
viscous brown 0'¢he Fé%év%dw'hy&%ﬁ R Proaded Gsed fior (R3IB2N508 [M
ol a

+ 924 25 (bis glycer duct 1n place of bis neopentyl ester of boronic
aci ds); FowtdrdMs oeaulTy Eraverdile sreluttrian @ fum o [F-ated-4Rf 0.62 with

chr omal 8gr SO VAl b8 B T i Rbvareic 1R LTS ¢ol ik 0. 680 L
i nj ection, y&)Z%emtyhianind-B3ml inj4ctd dordiomthv3emimagetZect i on, A = water
(0.1% HFB = %HFBA), gradient 10%B 2 mn, -35 WO
03/ 078424 @&%&%ﬁﬁ%@o% B over 18 mn, 80-100% B over 2 mn, 100%
B 2 mn, butylamino-1,8-naphthalimide in the MeOH/PBS buffer
system.
15
H. Modulation of fluorescence with glucose and lactate.
The modulation of the fluorescence of the indicator
compound (which contains two recognition elements)
prepared in this sample by glucose and lactate was
20 determined. Figure 5 shows the normalized fluorescence
emission (I/Io @ 535 nm) of 0.015 mM solutions of the
indicator compund in 70/30 MeOH/PBS containing a) 0-20 mM
glucose; b) 0-20 mM lactate. Spectra were recorded using
a Shimadzu RF-5301 spectrafluorometer with excitation @
25 450 nm; excitation slits at 1.5 nm; emission slits at 1.5
nm; ambient temperature. Error bars are standard
deviation with triplicate values for each data point.
The fluorescence of the indicator was affected by the
presence of glucose, but not substantially affected by

30 the presence of lactate.
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retention time 20.7 mn. G N-2-[6-N(N4-dinethylam nobenzyl)-6-N51[ 2 -
(borono) ben zyl ] am nohexyl ] - [ 2 - (borono) benzyl ] am no-

et hyl - 4- bwoyBans4eo- 1, 8- napht hal i m de (nBuF- hexa-Q bi s- becanmbe)793he free
bi s boronic acid product used in glucose studies results fromdissolution

of N-2-[6-N-(N-4 10 dirnethyl-am nopggagyia-6- N-[ 2- (5, 5-di net hyl bori nan- 2-
yl ) benzyl ] am no- hexyl ] -[ 2- (5, 5-di rreT‘FTV'I‘%W—nan- 2- yl)benzyl]am noet hyl -4
but yl am no-Bf Seehphf alugnske on kirtaneOqrreSayilamide gedt aanteg-ngng
Modul ati on ,of .1 yorescence w | u e 1. _al N6 _Mdyl atji_on of the
f1 uor escence. [:é_ r%%tlar\%f@tﬁlf&&égtn?éﬁﬁd 3?’\%ﬁidcCi&{:dc%tr‘f’t i ngs’qteov\orgifé‘(?ogni tion

el ements) #x €Pd Eéhésuldumantiode| @INzgiic Rl @cthdraiei)e amms 20
determ ned. Figure 5 shows the nornalized fluqgrescence emssion (lI/lo @

535 nn) Sof ©.VTPIMNEDIZN (o Hre thy 1hardinen @ Ydman?y 4 1m¥d/2330 MeOH PBS
i ni - - Q- . - ded
containi ng, el iNa A ANy T AL 1TE LA, (HINP Hd il 5JicE o1 o

using a Shinma trafl uoroneter "with excitation 25 450 nm
excitati on mdndmeem): 1.5 nm emission slits at 1.5 nm anbient tenperature.
Error bars are standard deviation with triplicate values for each data
point. The fluorescence of the indicator was affected by the presence of
gl ucose, buy. n@, shiHrirdaldy, BfdEiches 23»an th ddendgpasima of | actate. -36
WO 03/ 078424 PCT/ US03/07938 Exanple 6 Effect of glucose or |lactate on
acryl akPde Feloridr ai ni ng :

N-[3- (et hacryl aim dog R dyv-3 Al -9t H=Ee@ed A fonic acid
sodium salt (1.4 g, 3.9 mmoles) was combined with 30 mL
of chlorosulfonic acid and heated to 90°C for 5 hours,
after which the solution was cooled to 0°C and poured

15 into 100 g of ice. After the ice melted the solution was
extracted with CH2C12 (3 x 100 mL), methylene chloride
extracts were bombined, dried with Na,304 and evaporated

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

20 B. N-[3-(methacrylamido)propyl]-3,4-dihydroxy-9,10~-

dioxo-2-anthracenesulfonamide:
3,4—dihydroxy—9,10—dibxo—2—anthracenesulfonyl

chioride (96 mg, 0.28 mmoles) and N-(3-aminopropyl)
methacrylamide hydrochloride (108 mg, 0.6 mmoles) were

25 combined with 20 mL of CHyCl,. To this suspension Et;N
(303 mg, 3 mmoles) was added. The mixture was stirred at
room temperature for 24 hours, filtered, and solvent was
evaporated. The resulting solid was subjected to column
chomatography on Si0O, (10 g) with CH»Cl,/MeOH (90/10) as

30 an eluent. The product was obtained as a red solid (80

mg, 64% yield).

FAB MS: Calculated for C;1HoN207S M' 445; Found M" 445.
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ant hracenesul fonam de (Alizarin Red S nononmer) and 5

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

(et hacr yWwardwps opyl ami no] - 1, 4- xyl ene (bi s boroni c aci dpcmarsosrenys A.

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

3, 4-di hydr oxyr®; 19 di O®-12PRMtdH senasdaon waaed Sodilgosedt (1.4 g, 3.9
nmol es) was_conbi ned vm't{ﬂ 30 nL of chlorosulfoni.c acid@d h atedzto 90C
for 5 hour S10VaR3lerHRufih THY 11K Wis }WoaSd T de "ahd B8 ed “15 into

100 g of igg, Afi{&stide iasp edt®@cthidt h tsdtuldgn mes waady aat.ad wi th CH2CL2
(3 x 100 nL), nethylene chloride extracts were combhi ned, dri.ed with Na2SO4

and evapor HERR) 13 Priddude @ 870 ¢ ofHERd)ird A e BF @in

N- [ 3- (met hagy yd @i §la)s 00 mih A-db -itdre0ty ek02 min, 100% B 2 min,

di oxo- 2-ant hracenesul f onam de: .

3, 4- di hydr os&tonaieitoke: 2L Anft hréienesul fonyl chloride (96 ng, 0.28 mmol es)
and N-(3-am nopropyl) nethacryl am de hydrochl oride (108 ng, 0.6 mmol es)
were 25 conbined with 20 nL of CH2Cl2. To this suspension Et3N (303 ng, 3
mol es) wasCaddedt' s 3 x(ng thagry anida prery analepd-atvde@etor 24

hours, filter ed,A ayodl%ﬁﬂovr?rgf W@§h%/_ea\é‘?i9‘%:p%tf%§’fd%e”{ﬂ%%ﬁ)lt iigesol i d was

subj ected to colunmm onat ogr ap n 2C12/ MeCH (90/ 10)
as 30 an ellueitochher jmodatt was. Gbtai neéd Sagmw lrred Al ¢8O - Jng, 64%

b5l 078124 RTTUSTH DAvag - HELG: TP TT06 LRLC G R dor aph. Vaters 5 x 100
mm  NovaPakt dR Eiith «iad iurar b @k 0D hitdd njledZ an, ,7 .07 A leni mnd2 NapgO,
pLecton Logpis 30 neriion A SRen (94 S8 mhON (0. 1%
was stirred in the dark at 250C for 18 hours. At this
15 time, more NaySOs (10.7 g, 75.3 mmole, 9.91 equiv.) was
added and stirring continued for 6 hours longer. At this
time, the solution was filtered and NaBH4 (1.73 g, 45.7
mmole, 6.01 equiv.) was added to the filtrate in portions
and subsequently stirred at 25°C for 21 hours. The
20 suspension was filtered through Celite and the filtrate
was concentrated. The residue was dissolved in 100 mL
CH,Cl, and washed 1 x 25 mL saturated aqueous NaHCO3. The
organic extract was dried over anhydrous Na,S04, filtered

and concentrated to yield a viscous oil. The product was

25 carried on as is.

HPLC: HP 1100 HPLC chromatograph, Vydac 201TP 10 x 250 mm
column, 0.100 mL injection, 2.00 mL/min, 260 nm
detection, A = water (0.1% HFBA) and B = MeCN (0.1%

30 HFBA), gradient 10% B 2 min, 10-80% B over 18 min,
80-100% B over 2 min, 100% B 2 min, retention time 15.8

min.
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5 10-80% B over 18 mn, 80-1'00%B over 2 mn, 100%B 2 nmn, retention

time 17.67 mn. C a,a' -bis[3-(nmethacryl am do)propyl am no] -1, 4-xylene. A
sol ut i on wbD oBl({R24am nopr opyl ) met hacryl am de 10 hydr ochl or ipde/sas/07968. 00 g,
16.8 mmole, 2.21 equiv.), DEA (6.59g, 8. 8 n, 50 nmole, 6 . 6 equiv.),

t er epht hal b cardoxalwhahpeer A-1¢5 % -Giime tH}, 18BY i)an20-y¥3 B3R v1(L0. 7 g, 75.3
nmmole, 9.91 equiv.) in 75 nL anhydrous MeOH was stirred in the dark at

25L1C for % hyufmethgcrylamids nrapy hamiaNgAsérxyilere.g, 75.3 nmole, 9.91
equiv.) was ad Si1rrd 20Nt 2d | gnger. At this
time, the sol ut ?ggsc\?;\i/aq‘gmfsﬁ;r} t%%%%nyﬁgﬁm(ﬂe%@%%@%@dﬁ mmol e, 6.01

equi v.) waspmouekbrindglhel f4+xtylare i (2.00F td,ords 6lamhasighse It [(¢ .$tlirred at

25C for .21 hours,, The esioné/vq)szfi . d thy |, i _and the
filtratd s Jc'oonoce“tnkt’r gﬁe'?lsr@hogerse{si due \Ke/aulg{'&ol\rlyegﬁi%%o%&h L CH2C12 and
washed 1 x pbemgl )Sadnarsitce tb el oo dXetyA0R s tHre (Gorafan,c 28xtr aoo was dri ed
over anhydr Na2SHA,. fil nd concent.rated .t i-el d.a viscous oil.
The producté)\L/ngs eqi%lvc'aer r%nec%je}%ﬁda%?imsq ﬁipf&?lﬁﬁgtffdoq#af% (]:Tﬁ“r grﬁﬁ?%@raph,
Wdac 201TRH Q@5 @5k amticotadmin CHE)@ark ifired@8 drourd..00 Al fiiis, 260 nm
detection, A = water (.0..1% HFBA) an = Me . 1% .30 _HFBA), gradient 10%
B2 nin, 10-8%% B&EFTEH 12 éﬁsﬁﬁgj%lsxo?g’r("% rﬁaﬁ‘,urf&?%f gareals
retentLon tNgmCOLh. 8Thei brgadd cWoxQ36078424 BETEUSO8LD798BydPous
a, a=- bi s[ N-[ 2- (5, 5-dj pet hyl bori nan-2-yl ) benzyl ] - , :
N {3 (ot halEPant oy DEbRNl St o T e, % sobteien die vas
a, a=- bi s[ 3-{dmidaxuy lram«ter prrepWraMsuepdnsd-ony vee st2.:34 4y foz. 88 mmol e) ,
DIEA (2.97 h05u S. 4'T 0e nsLdspZesrisoioqlewlaess’fisi't%zre%qléln\{j' )t’he( %—et%ri%r&%net hyl

dissolved in CH,Cl,, filtered and the filtrate

15 concentrated. To the solid residue was added 150 mL
ether and the suspension was stirred for 18 hours. At
this time, the suspension was filtered yielding 1.98 g

(33%) of a fluffy pink powder.

20 FAB MS: Calc=d for CseHgsBsNs0g [M]* 790; Found [M + 1]
791. '

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR Cl18 column, 0.050 mL injection, 0.75 mL/min,
25 280 nm detection, A = water (0.1% HFBA) and B = MeCN
(0.1% HFBA), gradient 10% B 2 min, 10-80% B over 18 min,
80-100% B over 2 min, 100% B 2 min, retention time 13.4

min.

30 E. Preparation of acrylamide gel containing
N- [3- (methacrylamido) propyl]-3,4-dihydroxy-9,10-dioxo-2~
anthracenesulfonamide (Alizarin Red S monomer) and
oa,a'-bis[N-[2-(5,5~-dimethylborinan-2-yl)benzyl]-N-[3-
(methacrylamido)propylamino]-1,4-xylene:
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phenyl ) boroni c acid neopentyl ester (6.50 g, 23.0 mmole, 3.02 equiv.) and
BHT (5 ng as inhibitor) in 75 nL CH2C12 at 25C was stirred in the dark for
28 hour s.watosmbdszs tinme, the m xture was washed 1 x 25 nlpsatusnabvmas aqueous
10 NaHCG3. The organic extract was dried over anhydrous Na2SO4, filtered

and concentrat edg dhe §end e yas: i &ddesh %00, g efdery@and the suspension

was stirred for 11_8ﬂ-39‘}10urs. he suspension was filtered and the residue

di ssol ved iacxyb@ipde fand & &f arfd- thha’ Fime that e neb iearehtamsitd® "o t he
solid resi egg\glse@_dded 150 nL ether and the suspension was stirred for 18
hours. At I's tine, the suspension was filtered yielding 1.98 g (33% of
a fluffy pidhklpowerhaqy FAB &B: PG w3 of - d4ereaBaNAD6 (Mg 1ok 82 Found

[M+ 1] 7 - 1100, HPL r t ,1 AAAL 00 mm NovaPak
HR C18 §o| u%r%f%rg%sngfl nj ec(?liaoﬁl, C%@%’an%?%p 1025 r%geﬁmé%l%t ection, A =
wat er (0. 1% HFBA)iahd- B =(MCNIine 9% HFBA), gradient 10% B 2 mn, 10-80% B
over 18 m 80- 100% V. 2 mn,, 100%.F 1N, [et i i 13.4 mn.
30 E Preparbr%Jfllrg%&B %@r%rg{rﬁld]er%epcg%fgaklﬁanclzrr%ﬂg}nlaoe) p%téﬁ%ﬁlr{ge] *
N-[ 3- ( met hatty benielo) 28 opy) 13 354 4¢ di iy droky} 9ydHe diolpied with 800

ant e acenesyh St LT FBILD RS DRI Mhos 40,40 08 T a0
propyl aoi nojt 1, dqueydeneamm@al UAD M3 OBz PCTVHISO FXiB8& t ikdrhyWaene gl ycol
R0t on conkalgtng, 30% - a6t ol ey A0 Btien aions wich »
N-[ 3- (et haes Vd addbekon) puagad | £=3ond - dysd madeyeBs ddpedi sxiate andd 100
nt hracenes%jl_‘grnoanm ggai(n]IeSSsngéte3é138sﬁ(acleor-.6 ”A)A ea?quae%q.ls solution of
N,N,N',N'—tetrémethylethylenediamine (40 uL, 5% wt.) was
15 added to the monomer solution to accelerate '
polymerization and the final formulation was poured into
a glass mold. The mold was left under nitrogen
atmosphere for 16 hours, after which it was immersed in
PBS (pH=7.4) and the glass slides were separated to
20 afford a hydrogel polymer in a form of a thin film. The
resulting hydrogel thin film was washed with 100 mL of
phosphate buffered saline containing 1 mM lauryl sulfate
sodium salt for 3 days, the solution being changed every
day, followed by washing with MeOH/PBS (20/80 by vol., 3
25 x 100 mL), and finally with PBS (pH=7.4, 3 x 100 mL).
Hydrogel polymer was stored in PBS (10 mM PBS, pH=7.4)
containing 0.2% wt. sodium azide and 1 mM EDTA sodium
salt.

30 F. Modulation of Absorbance With Glucose and Lactate
The modulation of the absorbance of the indicator
hydrogel (which contains two recognition elements)
prepared in this example by glucose and lactate was
determined. The acrylamide gel was mounted in PMMA cell

35 in the same way as described in Example 4. Phosphate
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a,a' -bis[N-[2-(5, 5-di nethyl -

bori nan- 2-yl)benzyl ]-N-[3-(neth-acryl am do) propyl am no] -1, 4-xylene (28
ng, 3.54 woklAm4dl e) were combined with 800 pL of ethyl eaeghycnBs nononer
solution and 40 pL of 5% 10 wt. aqueous ammoni um persul fate. This

for mul at | on, y@s. ok aceti A pod OV, ROK. PUsgad: Wity Mdd008n A i th a

mol d constructed from glass m croscope slides and 100 mcron stainless
steel spacerf Phrcegrods STILHN orf@fateN W N hawtadttranst yliet Byl enedi ami ne

(40 pL, 5%Mtgr;§§%r&%@@%5@dti AR OSRER S Ut | ﬁaoir?jﬁggelth{eatg%l

pol yneri zation a e tinal formulation was poured into gl ass nold. The
mol d was | efftemderieh trydMMAatamisbhverse Florowkd! Hourssguidfiteratghifer it was

| mer sed i ¢ BRY, (pH .O?m%oé@ﬁﬁﬁﬁéﬁe‘gﬁ & e At eg;{yut&g;s?eo afford

a hydrogel polynmer in a resul ting ogel thin
filmwas washetkakadte 0 odntofat phosphaterhfdterced rsaldipd icmriteai ning 1 nM

| auryl sul fat sodi 3, t he sol i C ed ever
day, yf ol | omiofb%a%asxﬁélgn%ﬁ}vér%%n%ﬁ%a(% éf% bé;'tdvg'{ﬁ} ,Qﬁafng?e%a%%o%nt) , zmd
finally w thhi &#BS (HpHHN 5m)3 wa sl Glakinact ddy drmogela lgolwaieresnvast st ored i n PBS

(10 mM PBS, .4) _ ¢ i ng 0.2% wt. sodium azide and 1 nmM EDTA sodi um
salt. 30 F.Amqné%i%nnqoo%%@sor ance Wth d ucose and Lactate The

nodul atbon of t hiei ursordariosy oft tehebsudibzatasr spwadnegeiox( Wt aoddeai s t wo
et o1 i ned.3 Thel BEFyl S E THEIS & hitiivast Th 1Mo REIT e 587h he sane:
way as desaemM ek ibofxainplacid nidmesehate thd G A0 WA/HHIB4 24 REGEeUS03/ 07938
out o e i PPl BERLS SONLAl g 4ol 190, SR L. S5 O

acrylamide gel (30%) containing 4 mM Alizarin Red S

15 monomer and 44 mM bis boronic acid monomer. Figure 8

shows the effect of sodium lactate on absorbance of

acrylamide gel (30%) containing 4 mM Alizarin . Red S

monomer and 44 mM bis boronic acid monomer. The

absorbance of the indicator was affected by the presence

20 of glucose, but not substantially affected by the

presence.of lactate.

G. Modulation of Fluorescence With Glucose and Lactate
The modulation of the fluorescence of an acrylamide
25 gel synthesized substantially in accordance with this
Example 6 (except that 1.9 mg of N-{[3-(methacrylamido) -
propyl]-3,4-dihydroxy-9,10-dioxo-2-anthracenesulfonamide
and 35 mg of o,a'-bis[N=-[2-(5,5-dimethylborinan-2-yl)-
benzyl] -N-[3- (methacrylamido)propylamino]-1,4-xylene were
30 used) was determined.
The experiment was conducted in a Shimadzu RF-5301
PC spectrofluorimeter equipped with a variable
temperature attachment (excitation at 470 nm, slits 3/10
nm, high sensitivity). The acrylamide gel was attached

35 to a piece of a glass slide which was glued in a PMMA
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wat er bath and placed in the PMVA cell containing the gel after which the
PVMMA cell was allowed to equilibrate for 5 15 mn at 37C. Absorbance
measur enewo oBorsseach gl ucose or lactate concentrati on wagcaarsdsictossl i n
triplicate. For each neasurenent, absorbance at 650 nm was used as a

bl ank, A(6%Q yyPe e, sukidnacted of uem ahl1val ugseolce 1A( 488nmE 1asd A(530 nm).
10 Figure 6 shows the absorbance spectra for acryl am deg gel g3g%
cont ai ni ng w4 tTM2aI5 24 i9f RES SPHGofter 2RRd NE2TeMERi S 'b6r onPECEEi d nononer

with and Widouts Blieas e udduauna ot showsd! BeoehinClobes! ypase. o
absorbance of acrylam de gel (30% contgaining 4 MM Alizarin Red S 15
nonomer ande4s mEViEFarSsbrrdd deadied FOnorfef. 1B GuMétsr SRGRs t AB effect of

sodi um{ act, E%w&&.%Q?Qﬁﬁﬁﬂﬁﬁ&ﬂ%co@%r%E%@kd%pg%ki@%o%hscgﬂhéhnkegtﬂeﬁM

Al'i zarin, Re mononer and 44 nM bis boronic acid nononer. The absorbance
of the indif¢EPorcadds refrfiecticd 18y whé 1gr §ende upgestegicecos8&enBat Ynot
substanti al_ly af presence £of Jractate. +SreMdul ation of

Fl uor escenés td;l%ét Sgtié\ogﬂgofact ate Thecm)g)ul ation gp/qt he fluorescence
of an acrymesiste en@S tgeivegyntzhedinuée sgubs Eamcioglel gongeaseardancéwith this

Exanpl e 6 c t hat, ;1 f 3+ hacrylam - TAT
propyl]-3, &%é hy ro%a/e-l&, Y%—Sg?lg%g}%ﬁegnfl%rqg} e%esY)éIIf ?ﬁg%ﬁdga_)gng 35 ng of
a, a' - bl&[ Np[l2:( 5 15~catiseetama ly@eiman They kpsults, shown in Figure 9,
benzyl ]-N-[3- t hacr.yl am _dp).pr.apyl-am -1, 4-xyl ene r was
determ ned.[s ('Jg%éufgertﬁ?en %gogoﬁgﬁglggkisﬁ geéﬁc%dzt\a{%Rg-lgggf%%%)c
spect r of | udmitretsart vequfi fyeed iwidilkecad owrahiyalsloge lit.enféeatsane affachmast

R L
-41 the fluorescence spectrum of the same type of gel.
15 That effect is believed to occur because of the
following considerations. The methacrylamide monomer of
Alizarin Red S (reporter molecule) contains a vicinal
diol functionality and monomer functionality (see
structure below). In aqueous solution and in organic
20 solvents, the Alizarin Red S and bis-boronate recognition
element monomers (see structure below) are capable of
reversible reaction with each other to form a boronate
ester. The boronate ester molecule formed in this
reversible reaction is fluorescent, while the Alizarin
25 Red S monomer by itself displays virtually no
fluorescence emission in aqueous solution and in organic
solvents, such as MeOH. Thus upon binding to the glucose
recognition element, Alizarin Red S changes its optical

properties, such as absorbance and quantum yield of

30 fluorescence, for example.
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WO 03/ 078424 PCT/ US03/ 07938 fluorescence cell at a 45 angle. The cell was
filled wth 2.5 mM of PBS (pH=7.4) and heated to 37C. Stock solutions of
gl ucose (WOM3mdd4and 500 mMV) in PBS (pH=7.4) were prepareecansohensed to
37Cin a water bath. An 5 aliquot of heated gl ucose stock solution was
added to the PMVA cell periodically while the fluorescence intensity at
550 nmwas nonitored as a function of tine (1 rreas&rement every 2
m nut es). { ucose cocerft*ratlon in the PMVA cell wa$ wgasured using a YSI
Model 2300 STAT 1 : acose anal yzer. The results hbown in Figure 9,
show t hat the ag gl ucose reduces the fluoregcen intensity of the
i ndi cat or hydr oge¥ ~JThe~sane Cleffect i's seen in Figy 10, which shows the
effect of glucose on} the debrescence sp ectrum of the same type of gel. 15
That effect is believed-to ocsyr becaus’eC N O g cansi derati ons.
The nethacryl am de nononer of |Alizarin Rel (re er uI e) contains
a vicinal diol functionality a monomer Tuncty onafi ty c&t ructure
bel ow). In aqueous solution gnd i n organic 20 s Iv nts, Allzarln Red S
and bi s-boronate recognition nt nononers (SEe structure bel ow) are
capable of reversible reactio Havvrth each ot he o forma boronate ester.
The boronate estmisarmolregubewitorned in this r si bl eReengottiproglement with
fl uorescent, whireotmbeurtiomadityi n 25 Red S e, Jy MPBUTET UEiHRidY s
virtually no fluorescence em ssion in agueous sol ufion and in or gani c
sol vents, such as MeOH Thus upon binding to the glucose recognition
el ement, Alizarin Red S changes its optical properties, such as absorbance
and quantum yi el of 30, I} U9F SS0ENSE TWla Y ARIP moriche. 0 03/ 078424
functiocnality and glucose recognition element with

5 monomer functionality can be prepared together with a
hydrogel monomer and a crosslinker. Copolymerization of
this mixture produces a hydrogel material which is
diffusable to various small and medium size molecules;
thus i1t is capable of analyte detection and guantitation.

10 An analyte, such as glucose for example, would diffuse
inside the hydrogel matrix and displace the reporter
molecule previously bound to the recognition element.
This event causes a change in the optical properties of
the hydrogel film since it now contains a greater number

15 of reporter molecules unbound to the recognition element.

The modulation of the fluorescence of the indicator
cempound (which contains two recognition elements)
prepared in this example by glucose and lactate was also
determined. The experiment was conducted in a Shimadzu

20 RF-5301 PC spectrofluorimeter equipped with a variable
temperature attachment (excitation at 470 nm, slits 5/10
nm, low sensitivity). The acrylamide gel was attached to
a piece of a glass slide which was glued in a PMMA
fluorescence cell at a 45° angle. The cell was filled

25 with 2.5 ml of PBS (pH=7.4) and heated to 37°C in a water
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0O OH(HO2B\ 0#11 OH1 / N \NHO O O HBCNHCH2 CH2 HN NHCH3 H2C 0 O
N CH3 Alizarin Red Swith 11 \ Recognition elenment with nononer

funct i onawbtog/of84B{ OH) nononer functionality 2 A sol ution eCTAiSizems$ Red S
wi th nmononmer functionality and glucose recognition elenent with 5 nononer

functional ikytiean bespsepaserut getdersodiun aadiedie ogelo nnoner rasd a
crosslinker. Copol ]ymeri zation of this m xt urelﬁogqqu,ces a hydr%%ecl mat eri al

which is difFTSabl V3% REFRDIRY il | PeiE e 7& ol "B RS2 thhus it

is capabl e gfo@pad yler tiecdf o @k Quardd trd i0m s Am)anal es such as
gl ucose for exanple, would diffuse inside the hydrogel matrix and displ ace

the report efPETD] e HIRAERAIZY FslMmeated 1€ rEcdgnint iforvadiséent . Thi s

event Ccausesyéh chafgeiide OptiLalePrioRarddLsQick tdha Jidiogrls fil msince
it now contains a greater nunber 15 of reporter nolecul es unbound to the

recogni t i orA¥HGrer? . theTHMMfo iR lak i R IoTd 4t qeel Y (ridsc e of the indicator

compound (W ¢hr LOM NS AL S BCPAN td N Bl MR dyRRARd A n this
exanpl e by %ucose and lactate was al so determined. The experinment was

conduct ed i FHREISHI ez - 20 R IB0RS RETIC Vs cr Metde sdquiynidd with a
variable tgfperalile AdALHEM  {GX G dRH @t 70 THBn, Sldrf 213/1Q¢

10 of heated glucose stock solution was added to the PMMA
cell periodically while the fluorescence intensity at 550
nm was monitored as a function of time (1 measurement
every 2 minutes). Glucose concentration in the PMMA cell
was measured using a YSI Model 2300 STAT plus glucose

- 15 analyzer. The results, shown in Figure 11, show that the
addition of lactate had no significant effect on the
fluorescent intensity of the indicator hydrogel, and the
subsequent addition of glucose reduced the fluorescent

intensity of the indicator hydrogel.

20
Example 7
Single—methacrylamide monomer of bis-boronate-anthracene:
25

c1

40®

Nmﬁ\y/p\v/A\ou

HCI
A, 9-chloromethyl-10-[[2~- (2-hydroxyethoxy)ethylamino] -
methyl]anthracene hydrochloride salt.
To a suspension of 9,10-bis(chloromethyl)anthracene
30 (5.18 g, 18.8 mmole, 3.99 equiv.) in 200 mL of NMP was
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nm |ow sensitivity). The acrylam de gel was attached to a piece of a

gl ass slide which was glued in a PMVA fl uorescence cell at a 450 angle. The
cell was wolosem42£25 with 2.5 m of PBS (pH=7.4) and heat e#Crajs8¥@9s a
water -43 WD 03/078424 PCT/US03/ 07938 bath. A stock solution of sodium

lactate (109480 »0(PBSnidebEod)) ¥asansepad efoangd heaied 410 3WGin a water
bath. Stock solutions of glucose (100 mM and 500 in PBS (pH=7.4) were

prepared arBfbat ed TRE ITETH A YRt eFtiorahtin Yie daguoionil heated lactate
stock sol utjgnryas paddeds toidde PN celd; perdadical lyawhile the

fluorescence intensity at 550 nmwas nonitored as a function of tinme (1
measur ement CeReeyt pakedutesy , Stk |undeie Yareuun eteortéht r dtlion reached 8

nv  Then, i : C i to the
PV ool 1 het e ok P TER Y TSR O S S s
nmoni t ored agravitnceFate ofilige qal nesiierhOl/VeCy2 )2 o nuteds) . d ucose

concentrati@ng4 h fﬂ\gl\/l%o £¢el rga_._aaw;{ ing a YSI Model 2300 STAT
g g nal yzer. ¢ Tesu ts, seedscylsld]

pl us glucose .1 own i'n Figure 11, show that the
addition of |actate had no significant effect on the fluorescent intensity

Che 11 uor eolatt T At brSl P or Thet R or Tyd ool 30 BEbl e 7
?Lg&eiagf hacionl, aohoe moseeri of  oF sedmr/ayed e - antdasent st2m .0 O NH V
HPLC: HP 1100 HPLC chromatograph, Vydac 201TP 10 x 250 mm
column, 0.100 mL injection, 2 mL/min, 370 nm detection, A
= water (0.1% HFBA) and B = MeCN (0.1% HFBA), gradient
15 10% B 2 min, 10-80% B over 18 min, 80-100% B over 2 min,

100% B 2 min, retenticn time 16.1 min.

NKA\V/D\V/A\OH
B. 9-[[2- (2-hydroxyethoxy) ethylamino]lmethyl]~10-[[ (3~
20 methacrylamido)propylamino]methyl]—anthracene.

To a suspension of N-(3-aminopropyl)methacrylamide
hydrochloride salt (3.08 g, 17.2 mmole, 4.2 equiv.), DIEA
(5.19 g, 7.00 mL, 40.1 mmole, 9.8 equiv.) and ~ 3 mg of
BHT in 125 mL CHCl; at 23°C was added dropwise a solution

25 of 9-chloromethyl-10-[[2-(2-hydroxyethoxy)ethylamino]-
methyl]anthracene hydrochloride salt (1.56 g, 4.10 mmole)
in 25 mL of CHCl;. The mixture was subsequently stirred
in the dark for 92 hours. At this time, the reaction

mixture was filtered and washed with 2 x 40 mL of NaHCO;
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A. 9-chl oronet hyl -10-[[ 2-(2-hydroxyet hoxy) et hyl am no] - net hyl ] ant hracene
hydrochl oride salt. To a suspension of 9, 10-bi s(chl oronethyl)ant hracene 30
(5.18 g, wB.080ma¥di e, 3.99 equiv.) in 200 nL of NWP was - 24TWS0HBHEY 8424
PCT/ US03/ 07938 added 2-(2-am noet hoxy) et hanol (0.495 g, 0.475 nL, 4.71

mol e) . The(4d Xt HE Ecdosqsddid eshiut 1419 darknd Wrdahid@isradt Wdd s time,
the reaction m xture was concentrated to - 50 nL under vacuum at 50C. The

5 resi due VREIPRrPTFRABY FPiT AP chf bhBEBET apRY FIBECHLrEre9i tY grade

silica gel,y{s18% GBRH LHEGIRYe t Vil whidh 428 24 Pin A HBIMigw or ange
solid. TLC:™ Merck silica gel 60 plates, Rf 0.72 with 70/30 10
CH2C12/ CH3GH refeet @@ ¥/ (F54 FsB)ivatfiathyiy it & iningLE-3%P 1100 HPLC

chr omat ggr \ 0LTP 1 g 2P0 dung C o0 ihjeotipn, 2
mL/ mn, 937%%%%?%%%?)%, lwat er (0.1% HgB%;maond aép%ﬂl\gbﬂé\léq(sgﬁllo%)HFBA) ,

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

B2mn, r ri L ne; 1 1n. N Y /' B.
9-[[2-(2- hgfd'fé]okybgﬁ%]iy e]’t]j%yéila lnoﬁd&éqhay%%'l(%ﬂé'é@fglﬂh 70/36H

met hacr yl arGr@)lpr 6pydm sey ettty IV arSir/aifene. oty duispertsiion of

N- ( 3-am nopropyl ) met hacryl am de hydrochloride salt (3.08 g, 17.2 mmol e,

4.2 equiv.), DIEA (5.19 g, 7.00 nm., 40.1 mmole, 9.8 equiv.) and - 3 ng of
BHT i n1025 BRLCHCIB Hi0 @ AP Wa s radoredt adyregpid ,S 6/ e 30 201 Tan 126 0250 mm

9-chl oronet hyl -1 0-[ Cgﬁé ydr oxyet .hoxy).et hy)] am nq].-. net hyl ] ant.hr acene
hydr ochl ori‘ﬁ%hg%ﬂ't ({il "Q“ sz?]%tﬂ'r?ﬁ’l'e)z mrl)mln' %o T dyeJeCtlon’ p
= water (0.1% HFBA) and B = MeCN (0.1% HFBA), gradient
10% B 2 min, 10-80% B over 18 min, 80-100% B over 2 min,
100% B 2 min, retention time 16.85 min.

15

CH,

o “CHy
&\
O
NN NH\u/“\cu,

400

e VN

.

4 o,

CHy
C. 9-[N-[2-(5,5~dimethylborinan-2~-yl)benzyl] ~N-[3~
(methacrylamido) propylamino]methyl]-10-[N-[2~(5,5-
dimethylborinan-2-yl)benzyl] -N-[2- (2-hydroxyethoxy) -

20 ethylamino]methyl]lanthracene. (Single-methacrylamide
monomer)

A solution of 9-[[2-(2-hydroxyethoxy)ethylamino]-
methyl]-10-{[ (3-methacrylamido)propylamino]lmethyl]-
anthracene (0.343 g, 0.763 mmole), DIEA (0.965 g, 1.30

25 mL, 9.8 equiv.) and (2-bromomethylphenyl)boronic acid
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in 25 nL of CHC13. The m xture was subsequently stirred in the dark for 92
hours. At this time, the reaction mxture was filtered and washed with 2 x
40 nlL of Weke@4245 WO 03/ 078424 PCT/ US03/ 07938 (sat ur at @dTAOR 01938
solution). The organic extract was dried over anhydrous Na2SO4, filtered

and Concentr{eaérg g}?l *@éﬂ & .9 Y Prenggned i & vwevcpu\wg Py szo ed, by

alumna chro g acti’vated neutral alum ha 5% 5
CH3OH/ 04201621)C1aoa>t| e?|3&Cowg64sglq:ze% iof tae @ﬁéﬁgé%oﬁﬁdhoumc fBrck silica

gel 60 pl atsgs, 16 30 GHAGL2 GHAOH, JV (254/ 366),
ni nhydrin stal nwfdQﬁ-P HP 1lolO HPLC chr omat ogr aph, Ifé 201TP 10 x 250
mm col unm,irQi 0l ky bsnjrezttaro/h e@pﬂ_ﬂaﬁlrpnememnmt@cta OIRCUNM PURRt er

(0. 1% HEBA) (0.4% ) r 0-80% B over
18 i nFE R R D i e Ty ‘%Enﬂrej’[ SRl By Al 20 B O
CH3 kra khildeFWhmomﬁﬂﬁgrapWﬁy Ckp ac@Hd,va@.ed neutral alumina, 0-

9- (N-[ 2- (5, 5 i ety a [,

(et hacryl a?rll d %E?Irog1 §/:I9 éi%o%ﬁe%ﬁﬁ%%ﬁ%#\il&z (‘%‘Q of a yellow |

di met hy| bordmenye-sd ) ixknz yiH i-sNdor(cRerfry draox yoet ftmqp)ol&mlerlzed with a

et hyl am no]srﬂeittha}gﬂear%rtxohnroamceern%s (d‘?é'sré:gcli%ercrletphrae%riyoluasr?yd depro ect)ed

10 and used to detect glucose.

FAB MS: Calc=d for Cs;HgsBoN30; [M]* 854; Found [M + 117
855.

15 TLC: Merck basic alumina plates, Rf 0.35 with-95/5
CH»C1l,/CH30H, see with UV (254/366).

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

column, 0.100 mL injection, 2 mL/min, 370 nm detection, A
20 = water (0.1% HFBA) and B = MeCN (0.1% HFBA), gradient

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

100% B 2 min, retention time 19.7 min.
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A solution of 9-[[2-(2-hydroxyet hoxy)ethyl am no] -

met hyl ]-10-[[ (3- nmet hacryl am do) propyl am no] net hyl ] - ant hracene (0. 343 g,

0. 763 nmowe)3/oBl4EA (0.965 g, 1.30 25 nL, 9.8 equiv.) and PCT/US03/07938

(2- bronmonet hyl phenyl ) boronic acid -46 WO 03/078424 PCT/ US03/ 07938
neopentyl ester (1.09 g, 3.85 mol Mlv ) in 20 nL CHC13 at 23C was
stirred in the dark for 25 hours. ime, the reaction m xture was
concent r at hali-matlddaylate @tmeeva(fomm,rm-agthga@ev&cuum punp 5
to renove DI EA. The residue was purified by alumna colum chromatography
(40 g activated neutral alum na, 0- 10% CH3OH CH2C12) to yield 0.299 ¢
(469 of a yellow orange solid. This conpound may be co-polynerized with a
sui t abl e nononer as descri bed previously, deprotected, 10 and used to
detect 9l ucose. FAB MS: Cal c=d for C51HG5B2N307 [M + 854; Found [M + 1]+
855. 15 TLC. Merck basic alum na pl Rf 0.35 with-95/5 CH2C12/ CH3OH,
see with UV (254/366) HPLC. HP 1100.LHPEC chromat ograph, VWdac 201TP 10 x
250 mMm colum, 0.100 nL injecti m./mn, 370 nmdetection, A 20 =
water (0.1% HFBA) and B = MeCN (821% HFBA), grqadi ent 10%B 2 ni n, 10-80% B
over 18 mn, 80-100% B over 2 min, «10Q0%8B 2 piy, retention tinme 19.7 mn.
-47 WD 03/078424 PCT/ US03/ 07938 anple 8 al - et hacryl at e nononer of

bi s- boronat e-ant hracene 5 cl ~ 2

A. 9,10—bis[N—[2—(5,5—dimethylborinan—2—yl)benzyl]—N—
[2—(2—metbacroyloxYethoxy)ethylamino]methyl]anthracene.
A solution of 9,10—bis[N—[2—(5,5—dimethylborinan—2—
10 yl)benzyl]-N-[2-(2-hydroxyethoxy)ethylamino]methyl]-
anthracene (0.100 g, 0.120 mmole; see Example 2),
methacrylic acid (0.112 g, 0.110 mL, 1.30 mmole, 10.8
equiv.), DCC (0.316 g, 1.53 mmole, 12.8 equiv.) and N,N-
dimethylamino-pyridine (0.014 g, 0.11 mmole, 0.92 equiv.)
15 in 5 mL CH,Cl, was stirred at 0°C for 1 hour, then 23°C
for 22 hours. At this time, the reaction mixture was
filtered and concentrated by rotary evéporation. The
residue was purified by alumina column chromatography (30
g activated neutral alumina, 0-2% CH3OH/CH;Cl:) to yield
20 0.030 g (26%) of a yellow solid. This compound may be
co-polymerized with a suitable monomer as described
previously, deprotected, and used to detect glucose.
FAB MS: Calc=d for CsgH7oB2N2010 [(M]® 953; Found [M]*" 951
(weak molecular ion peak).
25
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} N W COMS CH3 A 9, 10-bi s[N-[2-(5, 5-di net hyl bori nan-2-yl)benzyl]-N

[ 2- ( 2- met hacr oyl oxyet hoxy) et hyl am no] net hyl ] ant hracene. A sol ution of

9, 10- bi s[We[02x($2+6- di met hyl bori nan-2 10 PCT/US03/07938

yl )benzyl ] - N-[ 2- (2- hydr oxyet hoxy) et hyl am no] net hyl ] - ant hracene (0.100 g,

0.120 mol %Lé?emg%(?%% b‘?‘%ﬁfg{g?c@%‘%e%'acﬂ d 6112, _9%/)]510 m., 1.30

nol e, 10. 8 " equi V. mmol e, 12.8 equiv.) and N, N
di rnet hyl anim@1pycHgddne $&e Odidtly, U0. LS 4Hiafi@®,. 0. 92 equiv.) 15 in 5 nL
CH2C12 was stirred at OC for 1 hour, then 23C for 22 hours. At this tine,
the reaction mxture was filtered and concentrated by rotary evaporation.

The residugen@s prrifo@dibyc adhurdnee @lapn ohrtenet agr-ago @30 g acti vated
neutral alum na, 0-2% CH3OH CH2C12) to yield 20 .0.030 (26% .of yel | ow
solid. Phi NLERVNER nayS bee Wi p ﬁ%i%dl%%%lao%uﬂ%bﬁ @H%H&Te% as

descri bed pievi ¥iosleps &b ect el nrandk tusad 4o, det-eciatginicase.s FAB MS:
Cal c=d for C56H70B2N2010 + 953; Found [M + 951 (weak nol ecul ar_ion
peak). 25 -H8BAND 3137 0F 82 4= BETI LS /FAgs dras i gy A vdsicc ™iunit?a pl at es,

Rf0.67 witdy D S5 G2 2 LGB - 51 W tdvddV A 204, 36@)0HE-C HR,1100 HPLC
chromat ograph, Waters 5 x 100 mm 5 NovaPak HR C18 col um, 0.100 nL

i nj ection, eI HMD 1946 iMiection | oop, 370 nm detection, A = water

(0.1% ;WFBA) and B = MeCN (0. 1% HFBA), gradient 10%B 2 min, 10- 80% B over

18 min, 80-100%B over 2 mn, 100%B 2 mn, retention tine 19.6 mn. 10
Example 9

Dual 5-aminopentyl bis-boronate-anthracene

NH\/\/\/NH 0 cH
HJ

SO G
PO

H,C/i\CH,
Hy

15 A. 9,10—bis[[5—(t—BOC)—aminopentylaming]methyl]-
| anthracene.
A suspension of 9,10-bis(chloromethyl)anthracene

(0.28 g, 1 mmole), DIEA (7.0 mL, 40 mmole), mono-t-
butoxycarbonyl 1,5-diaminopentane (3.75 g, 10 mmole), and

20 50 ml of CHCl; was stirred in the dark for 2 days at 45°C.
The solution was washed with‘saturated H,0/NaHCO;, the
organic phase was dried (Na;SO4), and the solvent was
evaporated. The residue was purified by alumina
chromatography (40 g activated neutral alumina, 95/5 %

25 wvol. CH,Cl,/MeOH) to yield 0.55 g of viscous oil. This

material was used as is for the next step.
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Exanpl e 9 Dual 5-am nopentyl bis-boronate-anthracene NN NH O\x/CH T CH T
O NNH 0O H C+tCH, H3 15 A 9, 10-bis[[5-(t-B0OC) -am nopentyl am no] net hyl ] -
ant hr acengo o&om4spensi on of 9, 10-bi s(chl oronet hyl ) ant hr aceae/us(Ho7288 g, 1
mmole), DIEA (7.0 nL, 40 mol e), nono-t- but oxycarbonyl 1,5-di am nopentane
(3.75 g, 10 mmole), and 20 50 ml - of 3 was stirred in the dark for 2
days at 45C. The sol ution was washgd %‘”ﬁ'h saturated H20/ NaHCO3, the
organi ¢ phase was dried (Na2SO™4 nd“t he sol vent was evaporated. The
resi due was purified by alum na mat ogr aphy (40 g activated neutral
alumna, 95/5 % 25 vol. CH2C12/ Me oyield 0«55 g of viscous oil. This
material was used as is for the nekt step. \ﬁxggﬁﬂ 03/ 078424 PCT/ US03/ 07938
NH 7 N-1p{ O H-CICH CO 8~

9, 10- bi S N-[ 2- (5, 5-di net hyl bor | ) benzyl ] - N

[ 5- (t-BOC) - am nopent yl am no] net hyl {ant hracene,, A solution of

9, 10- bi s[[ 5- (t-BOC) - ami nopentyl am np] 5 nethyl]] anthracene (0.3 g, 0.49
nole), DIEA (0.35 nL, 2 nmol ed (2-br net hyl phenyl ) boroni c acid
neopent yl

Q

s
b oty
oy

B. 9,10-bis[N-[2-(5,5-dimethylborinan-2-yl)benzyl]-N-
[5-(t-BOC) ~aminopentylamino]lmethyl]anthracene.
A solution of 9,10-bis[[5-(t~BOC)-aminopentylamino]~
5 methyllanthracene (0.3 g, 0.49 mmole), DIEA (0.35 mL, 2
mmole), and (2-bromomethylphenyl)boronic acid neopentyl
ester (0.566 g, 2.0 mmole) in 20 mL CHpCl,; was stirred in
the dark for 2 days at 25°C. At this time, the reaction
mixture was concentrated in vacuo and the residue was
10 purified by alumina chromatography (60 g of activated
neutral alumina, 98/2 % vol. CH2Cl,/MeOH) to yield 0.401 g
of yellow o0il. This material was used as is for the next

step.

TFA

N/\/\/\Nﬂz

TFA

OH
g

b

15' C. 9,10-bis[N- (2-boronobenzyl) -N-[5-aminopentylamino] -

methyl]anthracene trifluorocacetic acid salt.
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ester (0.566 g, 2.0 mole) in 20 nL CH2C12 was stirred in the dark for 2
days at 25C. At this tine, the reaction mxture was concentrated in vacuo
and t he rweioduoesspas 10 purified by al um na chromat ogr aphy pCE&AISg3/0T938
activated neutral alumna, 98/2 %vol. CH2C12/MeOH) to yield 0.401 g of

|1 il. Thi A d | . " OH NH2
¥EA Ow &hz TFA}5/qgh%%hqhiga%}%§%—d%ﬁe%ﬁyigériggnnfx§l)Eéﬁ?ylf}h

9, 10- bi s[ N{62-(heBordbenipbpeNty3aminnbpenhyl banhbracerehyP] 4nt hr acene
trifluoroageti,c _acid,salLt. ;= 3LQ78424, PCF/ 8 (g9, 3
10 bi s [ 55 08, BRGLEL: Aorb st BRaNTat i nad iy TR L0 ERC (el 20

ofi nan-2-y
[ 5- (t - BOC) vafdi.nopemhyl anilnolioet kyk] anthradeher (D24hgursp. B@e mol e) was
di ssolved in

20 m  of CH2C12/ TFA (80/,20, % bon. was stirred
for 12 houfSIVERE ¥2SofVERP-aS ey RSy g{‘%dfgg%%&?hegrge‘zf% uéeav\‘ié}s%washed with
10 M of efitbeml Aftetakrof B73cmglobfsdliBdmwastobbhidedas (JR286imedd).

Product was_-80%,pure by RP-HPLC. _Thi s, ,conpound gy co-pol ynerized with
a suitabl e(ﬁgr‘?oﬁﬁ%%ﬂgg' dBEeAMG dwﬁPev§8ﬁsP§/q?ed% ro e%?lg%; aﬁgl%sed to
detect 10 gbtgestd hHBLCoeHRo1HGQyHPECzelr oivah ogr apht aMae emsn&mar 189 nmm

60 nm det ecti on,

NovaPak HR C18 ¢olum, 0.050.mL i,njectio 0.75.m./m.n
A Z wat er (i@_sf%l%ﬁép\frgﬁaOgsiyméﬁkfgg%ﬁgﬁ% Fﬁ%ﬁ)?sﬁ?aﬁ?eﬁ?tiﬁ% B 2 mn,
10- 80%®B oveuchB8eni n, '

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

15 (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 16.0
min.

Example 10

Br

20

A. N-2- (tert-butoxycarbonyl)aminoethyl-4-
bromonaphthalene-1,8-dicarboximide: .
N-t-Boc-ethylenediamine (Fluka, 1.6 g, 10 mmole) and
25 4-bromo-1,8-naphthalic anhydride (Aldrich, 2.77 g, 10

mmole) were combined with 60 ml of anhydrous ethanol, the
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80-100% B over 2 mn, 100%B 2 mn, retention. time 16.0 mn. Exanple 10
HNCt-BOC 0 O Br 20 A. N-2-(tert-butoxycarbonyl)am noet hyl - 4-

br omonaphwbaBersa24 , 8- di car boxi mi de: N-t-Boc- et hyl enedi anpog/uShd/eress 1.6 g,
10 mmol e) and 25 4-bronp-1, 8-naphthalic anhydride (Aldrich, 2.77 g, 10

mol e) wer e; cogbi 0edy Widd 601 Pleofaandydr ads ethangls,t R8o1281t¥0 03/ 078424
PCT/ US03/ 07938 suspension was stirred at 60C for 20 hours, cooled to room
t enper at ur eto@ndt ¢pe BB e ThNGbE el fRtE Sol i ThawedPtaddsfeFadiitch W3 nl  of

col d Et CH ap s?ézaegiyﬁd% VAU o1 Tl 3,84 B (L Prg IV ALPAL3) : 1. 28
(9H, s); 3.5 H 5t); 435 (2H, t); 4.92 (1H, s);7.84 (1H t); 8.04 (1H,
d) ; 8.42 (1+pld)3;88.468(30H,. dJMR &BALH, d)28t{BOC © NN H(THZ B.

N-2- (tert-butoxycarb | ).am npethy]-4- (N - )

met hyl ani noet hy%a% ng%ap@tha{)'e%-!ﬂ%- d?l\{c’e;r‘l]ogg%(i Hine:t) ;7 8.04 (1H,

N- Met hyl et hyl engedianm nie, (d). A8 68 20LHal)e) wes? aabidned with 2 ml of
1-nmet hyl - 2-pyrrolidinone (NWP) followed by addition of N-2-(tert-

but oxycar bonyl ) ami noet hyl - 4- br ononapht hal ene- 1, 8 15 di car boxi mi de (0.35 g,
0.845 mml e). The resulting, solutign was stirred at 45C for 40 hours after

whi ch NMP and N net hyl et hylenedi am Qe vaporat ed under vacuum The
- NH
NH_CH,

obt ai ned resi due was subj ect o col

B. N-2- (tert-butoxycarbonyl)aminoethyl-4- (N’ ~
10 methylaminoethylamino)naphthalene-1,8-dicarboximide’:
N-Methylethylenediamine (1.48 g, 20 mmole) was
‘combined with 2 ml of l-methyl-2-pyrrolidinone (NMP)
followed by addition of N-2-(tert-
butoxycarbonyl)aminoethyl-4-bromonaphthalene-1, 8-

15 dicarboximide (0.35 g, 0.845 mmole). The resulting
solution was stirred at 45°C for 40 hours after which NMP
and N-methylethylenediamine were evaporated under vacuum. -

The obtained residue was subjected to column
chromatography (20 g of silica gel, initially CH,Cl,/MeOH

20 (90/10), then CH,Cl;/MeOH/Et3N (75/20/5)). A yellow solid
was obtained (0.311 g, 89 % yield). Purity was checked by

(o]
TFA——\— \-—\
0
HO

g

HO/

RP-HPLC.
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chromat ography (20 g of silica gel, initially CHzOA z/ MeOH 20 (90/10) ,
then CHzZA z/ MeOH Et 3N (75/20/5) ) . Ayellow solid was obtained (0.311 g,
89 % yvyielwp.o3Bumuedsy was checked by RP-HPLC. 0 HZN--\- NHCTRA03/CH38 HO -S
/ \ HOB - -52 WD 03/078424 PCT/ US03/07938 C.

N-am noet hyl - 4- (N - am noet hyl ene-N' -

[ 2- (bor ono)benz ] fEfud @ 1} ngP a3l by engliparboxi i de
| Ssa . -

trifluoroacetic ac - 2- (tert-but oxycar bonyl ) am noet hyl -4- (N -
met hyl am nofg-h{ib e mmw) benpd it Jialesrigrl ant-ndi Jowmpidhiatiede-(10.83 g, 0.73 mol e),

2- br ononet hyl phenyl . boroni c. aci d i nacol__.ester. (0.6 g, 2 mvol e),
N, N-di i sop%ﬁ@?&%ﬁ‘?ﬁ%nmﬁfeﬁ(“f@a%rﬁ%% arﬁﬁffes)a,ltand 10 M of CH2Cl2 were
conbi ned. The 10ysp! uida+-vvaso:8tddrRohf10ramdth deas,-4-aiN‘ewed by addition

of 2 g of PS-Trisam ne resin (Argonaut Technal ggies, 3.38 .mmol/g).. The
reaction mB&FElEMPIFLH (’“é’)é‘@ﬁ%@dleqeﬁl'%ﬁwgmwevﬁiocﬁ t he

resin was ggqrrm/.eﬂ:s Bino fd )t r@lﬂﬁh&@tmmaw o rGriRCL 2 12X2@ ifak ol

Combi ned 15 CH2C12 sol uti ons were evaporate nd dri ed_under vac ury 02N
B(OH 2 O G¥FenH048\9.08 ™9l “q‘\?@tsrﬂﬂré%?éflc‘ﬁ’l'@rtihd’éa%lnﬁti(gn

contai ni ng 20% ¢/ Qhmo 1A &HH 10 ml of CH,Cl, were combined. The

10 solution was stirred for 20 hours, followed by addition
of 2 g of PS-Trisamine resin (Argonaut Technologies, 3.38
mmol/g) . The reaction mixture and resin were agitated
for 10 hours after which the resin was removed by
filtration and washed with CH,Cl, (2X20 ml). Combined

15 CH,Cl, solutions were evaporated and dried under vacuum.

B(OH),

I8

(HO),B

Methylene chloride solution containing 20% vol. TFA and
% vol. triisopropyl silane was added to the resulting

orange residue. The resulting solution was stirred at
room temperature for 10 hours, after which the solvent

20 was evaporated and the residue triturated with ether to
yield a yellow solid. The solid was filtered and dried
in vacuum (yield 580 mg). Purity of the material was
checked by RP-HPLC. The solid was used as is in the next
step.
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5% vol . triisopropyl silane was added to the resulting orange residue. The
resulting solution was stirred at roomtenperature for 10 hours, after

whi ch t heweaBwesab4 20 was evaporated and the residue trituraratosbs et her
to yield a yellow solid. The solid was filtered and dried in vacuum
(yield 580 ng). Purity of the material was checked by RP-HPLC. The solid
was used as is in the next step. -53 WO 03/078424 PCT/ US03/07938 D.

N- ( 3- Bor ono- 5- ni t r obenzam do) et hyl -4-(N - am noet hyl ene-N'" 5

[2-( bor ono enz)‘*\-l] {?@c}/r %tnﬂ‘lqlﬁo nr%e thba%'z%m.el.do’) %thgllcar tlﬁx' m de:

N- am noet h am noe
[ 2- (borono)ﬁg{}@éﬂﬂgﬁl&ﬁé-ﬂn'm) napht haI ene-1, 8- d| car boxi m de
trifluoroacetic acid salt (0. 225 q, .4 10 mmol e

3- car boRy- 321 (hexsReRBFYIIme %%Pﬁthélﬁnem}ulee)

di phenyl phogi cplgqﬁg 4le (0.13 nl, 0.6 mole), and 2 m of anhydrous DVF
wer e conbi ne l\?ﬁ% | sopropyl - N-et hyl am ne (0.7 m, 4 nmol e) was added

and the sol uti ohramesicsttiled f(OF -20:ihogtdylBnkeN’ (10 m) was 15 added to
e reacti o MLLGR WS R0 Uikech AR e -sear ated and sonl cat ed

with 5 m an-orange so ich was filtered and dried
under vacuumcar3 iy 1dld5 %nylifdlud)roaPertiitcy acfidt Ise 1&ol(i0d 28@s geh8cked by

?ELHPL?O TR e e S o (g A L T A

(1H, . 8wl o lHdldéhe,nyl&rm%p(hblﬁ,yld)azlaemw( 18, rrd), 0861m81035 (3H m. E
Tt o v o one & el s 25,08 oot e
dllsopropyl N -ethyl amine (0.7 ml, 4 mmole) was added and
the solution was stirred for 20 hours. Ether (10 ml) was
15 added to the readtion mixture and the insoluble residue
was separated and sonicated with 5 ml of CHyCl, to yield
an orange solid which was filtered and dried under vacuum
(38 mg, 15% yield). Purity of the solid was checked by
RP-HPLC. NMR (dmso-dé6/D20, 90/10): & 2.32 (3H, s); 2.82
20 (2H, t); 3.58 (2H, t); 3.65 (2H, t), 3.70 (2H, s); 6.65
(1H, d); 7.0-7.3 (4H, m); 7.68 (lH, f); 8.18 (1H, d);
8.42 (1H, d); 8.47 (1H, d); 8.1-8.35 (3H, m).

E. Test of N-(3-borono-5-nitrobenzamido)ethyl-4-(N'-

25 aminoethylene-N''-
[2- (borono)benzylimethylamino) naphthalene-1,8-
dicarboximide for interaction with glucose as monitored
by fluorescence

This experiment was conducted in MeOH/phosphate

30 buffered saline, (PBS, 10 mM, pH=7.4). The concentration
of N-(3-borono-5-nitrobenzamido)ethyl-4-(N’-
aminocethylene-N''- [2-
(borono)benzyl]lmethylamino)naphthalene-1,8-dicarboximide

in MeOH/PBS, (50/50 vol. %) was 15 M. The glucose
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di carboximde for interaction with glucose as nonitored by fluorescence
Thi s experinent was conducted in MeOH phosphate 30 buffered saline, (PBS,

10 MM phwé.04)p784Fhe concentration of PCT/US03/07938
N- (3- borono- 5- ni trobenzani do) et hyl -4- (N - ami noethyl ene-N " - [2
(borono) benzyl, & ogt byl a5k ngd Hapht had enesrh , Bl Gad baxinm deand e @ PBS,

1
(50/50 vol . QQ.MBS 15 M The gl ucose -54 WO 03/078424 PCT/ US03/ Q7938
concent r at | A WaB VaetaEe f ORTON v BB 0V aaV VanePd Heran S ol JiR | /act at e

concent rat 'dm wagy ¥ Lk 6y {1 oM Oy dM dshductid iThe exbefddmNtrmasseonduct ed
in a Shimdzu RF-5301 " PC spectrofluorineter: excitation wavel ength was set

at 5 430 nnPC eapest ol haer Himi ¢ or kGt aheoUBEeENHhl atffe,Sets1a% wi dt h
3/1.5 N Ni9h SENSLALYLLY, Ao Pfon (IS Lol U AT AN Al Ry es 12 and

13, whi ch ow t hat uorescence of the indicator of this ™~ exanple was
affected bysthe piresentél of mhudvsE: SsHEVito &y BMe presence of

N RO N b GG TS R B O 156 T 1 N N N R
show that the fluorescence of the indicator of this
example was affected by the presence of glucose, but not
10 by the presence of lactate.
Example 11

6~ (Cyclohexanecarboxamido) hexylamine indicator monomer

o
HO — NN

“on

400

CH, HO
NH N Ns_on
H,C ~ N\ 2 ;

15

NH,

NN TSNS

CH,
NH NH
H,C ~NS

A. 9—[N—[3—(methacrylapido)propylamino]mefhyl]—10—N-

[ (6~aminohexylamino)methyl]anthracene. To a solution of
20 3-aminopropylmethacrylamide (0.775 g, 5.45 mmol, 10.0

equiv.) and tert-butyl N-(6-aminohexyl)carbamate (1.18 g,
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HZC v v A 9-[N-[3-(nethacryl am do) propyl am no] net hyl ] - 10- N-

[ (6-am nohexyl am no) net hyl ] ant hracene. To a solution of 20

3- am noprwoybneubacryl am de (0.775 g, 5.45 mol, 10.0 equiPeT)usesiaross
tert-butyl N-(6-am nohexyl)car bamat e (1 18 g, -55 WD 03/078424

PCT/ US03/ 0793 5. 10. 0 _equiy £ver f. BHT in 200
m. CHCL13 \I\ﬂg gad% g mngl s?%’ﬁf‘%r n%?ﬂyf?anlf&hrac Sta{ go%lo 1643545 nmol ) .
The reactiopom mLUCBCMSNasle&mJeQuJIQ/—mIs rdi'eﬁbnotmeiﬂm/ldarritratac@mﬂal ent
tenperature 4 day t t he CHC13. vas eva orated and the
resi due was @ igél Yed i %43 ?r@ et h@?e THEC ot At e kI“?ﬁ/e‘? Was extracted
with 8 x 125ubkegatnhtl aquednseMNaHOBhe atielr b xt 28b dn phosmbetec e fer (0. 4
M pH 7.0). _The pH of the conbi ed phosph buf f er washe djusted to
10 pH 1P byfgddf LRo¥S of &&2‘6&5( ey Bﬁ(ge@%@%(%’la&t SFRPOT 3 3tse ned by
extracti on whehrbsxd380was @i—laﬁizveahen TOIrhh I esk s gani Thé 8<y1.&j§rll\léﬁre

concentrat ed and the residue di ssol 20% sol uti of TFA in
CHRCL?. TholHPkt (7S GARIStteqetioh & je%f "Bfremni)ae"r BTN Fabors. 15 Al

this tine, éhe 5ERCE 00N X &l§ Bh ABS wff@ﬁte@ MM g x7 . A0, mMrsatoy aqueous
NaHCGS. The H of the conmbi ned aqueous %%%ers was adg 30(%led to pH 11 by

addi ti on of® E]@fBCOI(‘}%h‘? R eeRRR e Pt F on) WAt g 8§ %hdtI on with 4

X 75 o CRELZ21 dheas@ibi fedo Orgayuics egbta@t§qme6esdébedt28npyer anhydr ous
Na2SO4, filtered and concentrated in vacuo _to yield Q.068 (279 of

product. TLEPLAPWRBIRK SFFTRettet wbthlatkesSOkmlp, CIPB?ClWrthT ®/ 30
CH2C12/ CH3QkbmS £8e M & Al & 2D4Y S66) we P& | @ncddr SN OO i s QA7 With

85/14.5/0.5 25 CH2C12/ OHiPrNH2, see with UV (254/366), final product.
dlssolved in 5 mL of a 20% solution o TFA in CH2C12 The
mixture was stirred at ambient temperature for 2 hours.
15 At this time, the reaction mixture was extracted with 4 x
10 mL sat’d aqueous NaHCO;. The pH of the combined
agueous layers was adjusted to.pH 11 by addition of Na,;COs
(sat’d aqueous solution), followed by extraction with 4 x
75 mL CH;Cl,. The combined organic extracts were dried
20 over anhydrous Na,SQ4, filtered and concentrated in vacuo
to yield 0.068 g (27%) of product.
TLC: a) Merck Silica Gel 60 plates, Rf 0.16
with 70/30 CH,Cl,/CH30H, see with UV (254/366), prior
to deprotection; Rf 0.27 with 85/14.5/0.5
25 CH,C1,/CH30H/iPrNH,, see with UV (254/366), final
product.
HPLC: HP 1100 HPLC chromatograph, Waters 8 x 100 mm
NovaPak HR C18 column, 0.100 mL injection, 0.75
mL/min, 0.400 mL injection loop, 360 nm detection, A
30 = water (0.1% HFBA) and B = MeCN (0.1% HFBA),
gradient 10% B 2 min, 10-80% B over 18 min, 80-100%

B over 2 min, 100% B 2 min, retention time 15.5 min.
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HPLC. HP 1100 HPLC chr omat ograph, Waters 8 x 100 mm NovaPak HR C18 col um,
0.100 nL injection, 0.75 nlL/mn, 0.400 nL injection |oop, 360 nm

det ecti orwoA3B8®424 wat er (0. 1% HFBA) and B = MeCN (0. 1% HFBAX/USogjomss ent 10%
B2 mn, 10-80%B over 18 mn, 80-100% B over 2 mn, 100%B 2 m n,
retention time 15.5 mn. -56 WO 03/078424 PCT/US03/ 07938 NH HN 1&0 ' 44
CHy NH. ~ "NH H=Cv B. 9-[N-[3-(nethacryl am do) pro m no] met hyl ] -210-[ N-

[ 6- (cycl ohexanecar boxani do) hexyl amRQ] et hyd | art h e. To a solution of
sp} et hyl ] - 10-
, 3.63 mol) and a few crystals
yperature was added dropw se a

9-[N-[3 5 (nethacryl am do) propyl am
am nohexyl am no) met hyl ] ant hr aceng
of BHT in 20 nL CH2Cl2 at anbi e
solution of cycl ohexanecar box hydr oxysucci ni mi de ester 10
(0.845 g, 3.76 mol, 1.03 equivV. r al hour period. The reaction was
subsequently stirred in theg dark at bi ent tenperature for 16 hours. At
this tinme, the reactionf Xyt &~fas~concentrated in vacuo and the residue
di ssolved in 105 nL of a sol #ytion of 90/15 ether/ 15 CH2Cl12. The organic

| ayer was extracted with 4 x 225 nmL ‘%})S hate buffer 7.0). The

ool the chror eyl paeriian: SRR Ar AL N Y

addi tion .Ngg%zﬁ, &9 Rl shyPm i o |dé}yj§g R Eddcaidid on with
6 x 500 nL %HZ 1 The corrbl ned organl c :Ik%yerls C;v?/ere 0 ]drl ed over anhydrous
Na2SO4, fi |lTeradsahet conceht$atédlin

5 (methacrylamido)propylaminolmethyl]-10-N-[6-

‘aminohexylamino)methyl]anthracene (1.68 g, 3.63 mmol) and
a few crystals of BHT in 20 mL CHyCl, at ambient
temperature was added‘dropwise a solution of
cyclohexanecarboxylic acid N-hydroxysuccinimide ester
10 (0.845 g, 3.76 mmol, 1.03 equiv.) over a 1 hour period.
The reaction was subsequently stirred in the dark at
ambient temperature for 16 hours. At this time, the
reaction mixture was concentrated in vacuo and the
residue dissolved in 105 mL of a solution of 90/15 ether/
15 CHxCl,. The organic layer was extracted with 4 x 225 mL
phosphate buffer (0.4 M, pH 7.0). The pH of the combined
phosphate buffer washes was adjusted to pH 11 by addition
of Na;CO; (sat’d aqueous'solution), followed by extraction
with 6 x 500 mL CH,Cl,. The combined organic layers were
20 dried over anhydrous Na,S04, filtered and concentrated in
vacuo to yield 1.2 g (60%) of product.
TLC: Merck Silica Gel 60 plates, Rf 0.30 with
85/14.5/0.5 CH,Cl,/CH3sOH/iPrNH,;, see with UV (254/366)
HPLC: HP 1100 HPLC chromatograph, Waters 8 x 100 mm
25 NovaPak HR C18 column, 0.100 mL injection, 0.75
mL/min, 0.400 mL injection loop, 360 nm detection, A
= water (0.1% HFBA) and B = MeCN (0.1% HFBA),
gradient 10% B 2 min, 10-80% B over 18 min, 80-100%
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vacuo to yield 1.2 g (60% of product. TLC. Merck Silica CGel 60 plates, Rf
0.30 with 85/14.5/0.5 CH2C12/ CH3COH/ i PrNH2r see with UV (254/366) HPLC. HP
1100 HPLGvohBomsarogr aph, Waters 8 x 100 nm 25 NovaPak HR et®/usod/enyss 0. 100
m. injection, 0.75 nlL/mn, 0.400 nL injection |oop, 360 nmdetection, A =

water (0.1% HFB and % ent m 10-80% B
over 18 min, 80- % Wﬁ%@%bfﬁ%@u@%m tllsl oéi/grﬁz nn1ﬂn 100% B
2 mn, retentlontlne174 NHHO \ OHbHCH HO NHN\S-OH HzZC C
9- [N (2-boronobenzyl) -N
(et hacryl am do) pr opyl am no]
boxonobenzyl ) - N[ 6- (cycl ¢oheXane I noT- net hyl ] ant hracene.
A solution of 9-[N-[3- (neth 'cryl am do)propyl am no] met hyl ]-10-[ N-[ 6-

(cycl ohexanecar boxam do) hexyl a ety - ant hracene: 10 (1.0 g, 1.8

mml ), D EA (1.81 g, 2.44 ni, ) .8 equiv.),

2- br ononet hyl phenyl bor oni ¢ gC|o i Nag gster (2.14 g, 7.20 mmol, 4.0
equiv.) and a few crystal s [of BHT i °CHC13 was stirred in the dark
at anbient tenperature i 2 T%me, the reaction 15 mixture

tetramet hyl - 1, 3, 2- di oxabor ol ano) benzyl ] -N-[ 6
(cycl ohexanecar boxam do) hexyl am no] et hyl | ant hracene) 20 suspended in 150
mL et her. The @&-dgani (2-beypenokenzydsdld [3-

5 (methacrylamido)propylamino]methyl] -10-[N-(2-
boronobenzyl) -N-[6~ (cyclohexanecarboxamido) hexylamino] -
methyl]anthracene. A solution of 9-[N-[3- .
(methacrylamido)propylamino]methyl]-10-[N-[6-
(cyclohexanecarboxamido)hexylamino]methyl]—anthracene;

10 (1.0 g, 1.8 mmol), DIEA (1.81 g, 2.44 mL, 14.0 mmol, 7.8
equiv.), 2-bromomethylphenylboronic acid pinacol ester
(2.14 g, 7.20 mmol, 4.0 equiv.) and a few crystals of BHT
in 30 mL CHCl; was stirred in the dark at ambient
temperature for 60 hours. At this'time, the reaction

15 mixture was concentrated and the residue (9-[N-[2-
(4,4,5,5,-tetramethyl-1, 3, 2-dioxaborolano)benzyl]-N-[3-
(methacrylamido)propylamino]lmethyl]-10-{N-[2-(4,4,5,5,-
tetramethyl—l,3,2—dioxaborolano)benzyl]—N—[6—
(cyclohexanecarboxamido) hexylamino]methyl]anthracene)

20 suspended in 150 mL ether. The organic layer was washed
with 4 x 50 mL phosphate buffer (0.4 M, pH 7.0). The
organic layer was concentrated and the residue dissolved
in ether in 200 mL 0.1 N agueous HCl. The aqueous layer
was washed with 3 x 50 mL 1:1; ether:ethyl acetate and

25 the pH was adjusted to pH 11 by addition of NazCO; (sat’d
aqueous solution), followed by extraction with 3 x 150 mL

CH,Cl;. The combined organic layers were dried over
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with 4 x 50 nL phosphate buffer (0.4 M pH 7.0). The organic |ayer was
concentrated and the residue dissolved in ether in 200 nL 0.1 N agueous
HC1. The wousousi24 ayer was washed with 3 x 50 nL 1:1; et hrerrztest)hymszacet ate
and 25 the pH was adjusted to pH 11 by addition of Na2CO3 (sat'd aqueous

sol ution), JfolJPMaek 5.0, ! agt 108 ik tind Xoddhtitat &4i201 2va die wonbi ned
organic layers were dried over -58 WO 03/078424 PCT/ USQ3/ 07938  anhydrous

Na2So4, filviesled aamﬁci:cs:rﬂclehtqcamﬁéwﬁ% ViGud o5 dUR &l & s 10iEdy Eonpound.

The residu ' RCENRL; A i1ry washooyi el d 1.17
g (85% ofee a yed% ow so dﬂ;}rao%d;? q}b'?'cﬁ%p I\/Eryf:lk télleql ca gc( Ioat es, Rf

0.59 with aBQ/@H@HZ:‘@]J@/d}HaGHquBe wi th UV (254/366) HPLC: HP 1100 HPLC

chr onat gﬁfaph Wters 8 x&]em NovaPak | Hng é—%}ggégmnyo Q% Mien

i njecti 0.75 i, I'njection nmdetectlon A 10 =
wat er (0.1% HFBA@O/eij CBig@lNé@N;C(I-O, KeHRBAD, UVgr(@dide®6610% B 2 nin, 10-80% B

over 18 mn, 0% 2 100%.B 2 m.n tention 19.6 m n.
1H Nl\/R(91d6 OJH’/%Q Ws?é‘r(orﬂgtﬂ%rafo a(et TS Sy tlf 18730 (m
T, T i S O B e S NGB G 5 é”}

m - (m rn
2H, N CH2- CH2- ymL/zigg (%40zﬂ4mL G agierl 0ors, g G gm &ﬁtecﬁéﬁ?en D-N),

4.57 (sp 2H, athragena- Ghi2-1IN) ,HF%A59ar(cts,B %Me@mhr@cqr%em , 5.20 (t 1H,
J =1.5 H, 20 C=CHR), S5 46

1H, 4-7.5 Ar- w [-52
(m 2H, Ar-H), ADSiiEH 2H)mln8 @),Qr @Hove/g;r fﬁ)an, 80-100%

N, N- di met hyl acr Qﬂ?éi:e 2hmrrpgql 08 tgh 29‘n{_1|}{‘ ( Zfez:@ntlon tlme 19.6 min.

bor onobenzyl N-[ 3- ( net hacryl am do ropyl am no rret
y1- [ N&R (9:1 gﬁ-acetgn£>D£% ) %H 1.03 (m,

2H), 1.18-1.30 (m, 6H), 1.35-1.48 (4H), 1.62 (m, 1H,
15 0=C-CH(CH,)CHp), 1.66-1.75 (m, 7H), 1.77 (m, 2H, N-
CHa—CHp-CHz-N), 2.52 (m, 2H, N-CHp-CHp-), 2.63 (m, 2H,
N-CH,-CHp-), 2.98 (m, 4H, -CH,-NH-C=0), 3.98 (s, 4H,
benzene-CHz-N), 4.57 (s,V2H, athracene-CH;-N), 4.59
(s, 2H, athracene-CH»-N), 5.20 (t, 1H, J = 1.5 Hz,

20 C=CHp), 5.46 (s, 1H, C=CHz), 7.4-7.5 (m, 8H, Ar-H),
7.52 (m, 2H, Ar-H), 7.95 (m, 2H, Ar-H), 8.23 (m, 4H,
Ar-H)
D. N,N-dimethylacrylamide hydrogel with 9-[N-(2-

25 boronobenzyl)-N-[3- (methacrylamido) propylamino]methyl]-
10-[N- (2-boronobenzyl) -N-[6-

(cyclohexanecarboxamido) hexylamino] methyl]anthracene. A
solution of N,N-dimethylacrylamide (40% wt.) and N,N’-
methylenebisacrylamide (0.8% wt.) in phosphate buffer,

30 pH=7.4, 200 mM was prepared. 9-[N-(2-Boronobenzyl)-N-[3-
(methacrylamido)propylamino]lmethyl]-10-[N-(2-
boronobenzyl)-N-[6- (cyclohexanecarboxamido)hexylamino]
methyl]anthracene (18 mg, 2.15X107° mole) and 60 mg of

fructose were combined with 2 mL of MeOH. This solution
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10 - [N- (2 -boronobenzyl) -N- [ 6- (cycl ohexanecar boxam do) hexyl am no]

nmet hyl ] ant hracene. A solution of N, N-di nethyl acrylam de (40% w.) and

N, N - netwplosnedaesacryl am de (0.8% wt.) in phosphate buffecr303/pss. 4, 200
mM was prepared. 9-[ N (2-Boronobenzyl)-N[3- (nethacryl am do)

proDyla”inQ%??;f%%ééQ{%&Pﬁﬂé&l all of the fructose dissolved and was
y - -

bor onobenz (cycl ohexanecar boxani do) hexyl am no]  net hyl | ant hr acene
(18 ny, 2.1BXieduemthy PGSR dfo m)@i FsS N cibithed WOLR2 nL of

MBCH. Thi s 1,?qwtéﬁgbﬁégpA’QQ%@ﬁf%@ﬁsﬁ%i@%&%%%%iﬂ@%me%t gesunti |
all of the fructose dissolved and was subsequently evaporated to yield a
solid. To tdddedol iAften senigatgingsdivat d bafiferthsid @dlort iedn®aisni ng

nonomer . . .added. SOM cat j in thi. ut i 5

filter e?i ﬁlolu%%r%éj&}gﬁ%é%ﬁe%nﬁbgn%gf% I"ﬂegrlﬁpa&c?u?&ﬁ%%@ém%%&ﬁﬁ%%er sul fate
(20 .iL, 5%mwhonivRSp&rsbl fetk WA tihe 59 eyl atdOromBiedde stk mgresol ution
was placed in glove box purged with nitrogen. An aqueous sol ution of

N, N, N, N - tfea i ot hylleh e Bhi e q AP LUt 50 wias) Blgsed radd@i S o t he

monorer f orgpy a4 OfL & 0, AAE & £ Al fen POIMTRIdZAI Lo 1THE Jre s ti ng
formul ati on was poured i1nto a nold constructed from glass m croscope

sl i des and N,&, 10, W -steii raresteh wheddly lspeckaminfe ed heilng SRepit -foWa® hours

in a nitrogen, atnosphere, the mld s.placed in 1 haosphat e buffered

sal i ne bpl—ig‘f{]dlﬁé E%e’tq?ﬁ e ésqrinﬁlesa W rgc.o saecﬁaerarea&e and the hydr ogel
was renoveto e riystogel s weshad iwid oG it iafh plaes platredbuf f er ed

sal i ne (PBS) contai ni'ng 1 rrMIatger%l sul fate sodi um sal t nd, 1 mM EDTA

t et r asodi um'Sd t2 13 LR TIHES AR SHPT BTG SRS 2 &Fr v Ty,

fol | owed by, viashing dinl ESOYRRS (2R .by MAler, b2 dhgl®@pil)orand finally

with PBS (H=7.4, 3 x 100 nlL). The resulting hydrogel filmwas
hours in a nitrogen atmosphere, the mold was placed in

15 phosphate buffered saline (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 tetrasodium salt for 3 days, the solution

20 being changed every day, followed by washing with
EtOH/PBS (20/80 by vol., 3 x 100 mL), and finally with
PBS (H=7.4, 3 x 100 mL). The resulting hydrogel film was
stored in PBS (pH=7.4) containing 0.02% wt. sodium azide
and 1 mM EDTA tetrasodium salt.

25
E. Modulation of Fluorescence with Glucose.

The modulation of the fluorescence of the 6-
(cyclohexanecarboxamido)hexylamine indicator/DMA hydrogel
film prepared in this example by glucose and lactate was

30 determined. Figure 14 shows the relative fluorescence
emission (I @ 430 nm) of the hydrogel film in PBS (pH 7.4
containing 0.02% NaN3 and 1 mM EDTA) containing 0 to 20 mM
o-D-glucose, 0 to 10 mM L-sodium lactate, and 0-20 mM a-

D-glucose in the presence of 4 mM L-sodium lactate. The
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stored in PBS (pH=7.4) containing 0.02% wt. sodium azide and 1 nM EDTA
tetrasodiumsalt. 25 E. Mdul ati on of Fluorescence with G ucose. The

nodul at i owooB/otdaes f | uor escence of the 6- (cycl ohexanecar bexarisda)teesyl am ne
i ndi cator/ DMA hydrogel filmprepared in this exanple by glucose and

| act ate wasy e [ ws ¢ he, rel at fdugresgence
em ssion (| gggggi rr;ml? @'}105 rogﬂ?llk?afom i n PBS (pl%%éar lcont aining 0.02%
NaN3 and 1 xrrd&'hi:':f)@é\)lﬁoaaltBII/IMlencgu*ﬁ)eittoeZé)tna\/|4aO Bngllecos@110 to 10 mM L-sodi um

| actate, and 0-20 uco n {he. prese e of ium | act ate
The -60 \/\d“%%%%%‘ﬂ%ﬁ%d‘f?%éd%? %9%1_8‘% yaroget ?ﬁ‘b%ﬁi@gkness
di anet er di §1kécm5flmnmﬁeﬂermatm\@mcmwm¢re it :a7045ﬁn anglie: A3

nmeasurenents were nmade at 37C iP&@ Shi zu RF; 5301 S ectr uor onet er
with exdtatfon28e A istri? Mg and éfi’sstont nm(slit = 3
nm at |ow EMissensiti Vi tglu&s@oaejmdsctdmﬁlmdaacé actcm@emu:ﬁﬁircatsj ons
were checked usi ng the Y Model 2300 STAT p eﬂ#@ g,JéAcose zer. Error
bars are st%ntard %‘é]@?%t‘ﬂ%W% thhe Y31 pfodsd 1 chﬁl‘é% S poi nt.

The fl uoresgeatezdp. Wwesradf esd e Metmrmmmﬁtzgimqm but not by the
presence of |actate. Mor eover the re%%ence of lactate m\Q had no
si gni fi cantEBHPLEF2 bR THEIDE 8P R R br atlith %]L}’r SUMPLE 12

15 2- (qar boxyet Ayt @nddeny wan@agsmsm@r@f d1dcdde HButN'nt kﬁ}"t}'\»ebH

presence of lactate. Moreover, the presence of lactate
(4 mM) had no significant effect on the 0-20 mM glucose
calibration curve. '

EXAMPLE 12

15
2- (carboxyethyl) amine indicator monomer

\ou
"o

Hﬁﬁi\H/MKv/«\v/m_j

20 Chemical Name: 9-[N-(2-boronobenzyl)-N-[3-

CH,

(methacrylamido)propylamino]methyl]-10-[N-(2-
boronobenzyl)-N-[2-
(carboxyethyl)aminojmethyl]anthracene (uncapped)
Chemical Formula: C4oHs5B;N304

25 MW: 701.4
Physical appearance: faint yellow powder

Solubility: PBS/methanol, methanol, ethanol,
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CH HO NHNB-OH HC:~ly 20 Chem cal Nane: 9-[N-(2-boronobenzyl)-N[3-
(met hacryl am do) propyl am no) net hyl ] - 10-[ N- (2- bor onobenzyl)-N-[2-

(car boxyaewbyBpamzao] net hyI ] ant hracene (uncapped) Chem calpCFarsnzidz3s
CA0HO5B2N307 25 MW 701.4 Physical appearance: faint yell ow powder

Sol ubi lity: PBS/ gﬂggg%mneab@ﬂ%roﬁé@m -61 WO 03/078424
PCT/ US03/ 07938 chl orof orm di chl oronet hane Capped I ndi cator:

9-[N-[2- (4, 4, 5, 5Capped aFpdbgaton: 392N b&ab/bfr‘bJ ) bemizyame Ny 1

(et hacryl am do) pr L 5

(4,4,5,5, tetrarrgt %9?%%9%5?%2% %¥%$ %{)é\z[?] N-

[ 2- (car boxyet hyl Iraﬁth@q:mlmiqiahpmaicmmo}me@ym]t hekis[0-H3C ~ }I Il ~CH3
HNC V CH1CH, N HZG Y,

9- [N-[BQ( met hacry an dg%ﬂpr opy améén% %‘ny’li dibo}fa}\]ioﬁ(ﬁlﬂoertferbﬁ oxycar bonyl )
et hyl am no] net hyl ? anthracenet hib) ams@]mﬁtmyll dnth maderopr opyl met hacryl am de
(12.9 g, 90.7 15 mml, 4.99 equiv.), 13-alanine tert-butyl ester (13.2 g,
90.9 mmol, 5.00 equiv.) and several crystals of BHT in 700 nL CHC13 was

added 9, 10- bi 9(.chl eyauaheyils) ant hracene (5.00 g, 18.2 muol ). The reaction
m xture was

HyC

/”\V/ﬂ\ /Limh
CH,
. . CH,-
Hzc‘41\\H//NH\‘/’/\\\V/’NH
10

A. 9-[N-[3- (methacrylamido)propylamino]methyl]-10~[N-
[2- (tert-butoxycarbonyl)ethylamino]methyl]anthracene. To
a solution of 3-aminopropylmethacrylamide (12.9 g, 20.7

15 mmol, 4.99 equiv.), P-alanine tert-butyl ester (13.2 g,
90.9 mmol, 5.00 equiv.) and several crystals of BHT in
700 mL CHCl; was added 9,10-bis(chloromethyl)anthracene
(5.00 g, 18.2 mmol). The reaction mixture was
subsequently stirred in the dark at 30 °C for 88 hours.

20 At this time, the CHCl; was evaporated and the residue was
dissolved in 500 mL ether. The solution was stirred for
1 hour at which time salts had precipitated from
solution. The ether solution was filtered and
subsequently extracted with 10 x 350 mL sat’d aqueous

25 NaHCO03. The ether layer was further extracted with 6 x
350 mL phosphate buffer (0.2 M, pH 6.5). The pH of the
combined phosphate buffer washes was adjusted to pH 11-12
by addition of Na,CO; (sat’d aqueous solution), followed
by extraction with 6 x 500 mL CH,Cl;. The combined organic
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subsequently stirred in the dark at 30 C for 88 hours. 20 At this tine, the
CHC13 was evaporated and the residue was dissolved in 500 nm. ether. The

sol uti on wavsmtdse4 ed for 1 hour at which time salts had pceaispsiomsed from
solution. The ether solution was filtered and subsequently extracted with
10 x 350 nL 0, ?{%—% e r r extracted
wth 6 X %9%{9 ﬁ%gghglfsjég% er g@&@g qu Eh%éﬁégf gl?ﬁe conbi ned
phosphat e buctnheenmshe@ MSV@dglust@dyi@lcpl-&rllolllzy @Wucmjcpmdmﬂbf Na2CO3

(sat'd aqu %SF 6 x 500 nmL CH2C12.
The conbi nggrq%rgg%#% gg%d‘flg ‘@‘?%?@ﬁﬁgy /{}%O%J;%%%% ayers were dried
over anhydromsohalSfaphiy| {20 egd Shaish comdntsiatieth igelvadedt o yield an oily
crude prod t ru du t y | e omat ogr aphy
(50 g flashﬁg?%dgﬁﬂ 2 %ﬁeé Tagighes %O&}ggC?ZOgt pggr%d%en ?{/to yi el d
2.04 g of aysiickysoyadll 021\8%)01 id (23%9. TLC. Merck Silica Gel 60 plates, Rf
0.29 with 90/10 CH2d 2/CH3OH,. see with W (254/366) and ninhydrin 10
stain. HPLC. HP 1100 HPLC chromat ograph, Waters 5 x 100 nm NovaPak HR C18
col umm, O. 100 MLTLO] edéi ok, SQ17ka WeAman, glfalsks,mMrinpezdi enthodp,/1280 nm
det ecti on, = wat er 1% HFBA) and B = Me % HFBA) , 15 rad| ent 10%
B2 mn, 10- 80 %*@C&\?éi&ﬁ%‘*m $eB07168% VB o%‘f%%{)n, P BIY IR,
retentilgn time 1dgHinmn. C O HHCHS O NOCH H3CDb

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR Cl18 column, 0.100 mL injection, 0.75
mL/min, 1.500 mL injection loop, 280 nm detection, A

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

15 gradient 10% B 2 min, 10-80% B over 18 min, 80-100%
B over 2 min, 100 % B 2 min, retention time 17.0
min.

A)J\ /I<CH’
0— N o CH,
he %
Hy
HyC
1 SOEY
CH,
CH, CH,
HﬁfJ\H/ﬁlv/A\v/N 2 §__
20
B. 9-~-[N-[2-(4,4,5,5,-tetramethyl-1,3,2-

dioxaborolano)benzyl]-N-[3-
(methacrylamido)propylamino]methyl]-10-[N-[2-(4,4,5,5,~
tetramethyl-1,3,2~dioxaborolano)benzyl] -N-[2- (tert-

25 butoxycarbonyl)ethylamino]methyl]anthracene.
A solution of 9-[N-[3-
(methacrylamido)propylamino]lmethyl]-10-[N-[2- (tert-
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H HNC H3 HBC CH3 CHI CHI CH NH_ N\8 FC 20 B.
9-[N-[2-(4,4,5,5,-tetranet hyl -1, 3, 2- di oxabor ol ano) benzyl ] - N-[ 3-
(et hacryWemist)clm opyl am no] methyl ]-10-[N-[2-(4,4,5,5,- PCT/US03/07938
tetranet hyl -1, 3, 2-di oxabor ol ano) benzyl ]-N-[2-(tert 25
but oxycar bom%&%ﬂ%gﬂpﬂ@@ hyédﬁmm nﬁuse;& did 0{}\10 - [ N [13-
(et hacryl am do) propyl am no 2%/*%@ (tert -63 03/ 078424
PCT/ US03/ 079881) bu@b&%cé%b vd) avﬁno% HWC]Jaznt'l’w%c,%CﬂbW(l 54, 3.1
mol ), O E%xr(]g‘m&?% R ftho Mnfe MWL firfaOlideter 2364 g, 12,2

en oronlc 3.9

br ononet hyl acid pinacol ester (3. g, mol

equi v.) andmaOIeV\B c? yeuals. ofaBHR |fﬁ‘/50¢1?ﬁ_5@4@133f5 B/% Jsrt |5roréti4 iGiiGlee dar k
at anbi ent fr Ayt i1gn m xture
was co%cen‘%%“gfgé%ﬁ%&t%e tr%gldue suspendleécnthisnﬁéZ rﬁ{ﬁgi% '?'éqhe et her

| ayer was extunst edit wilths rima25 g pevspien énlmn‘%rwa(?o 2 M pH 7.0),

g“c(ragdgver &(5111]? ?ﬁ #%e resi dutek}%aéé% raq‘g ura@sg%e% qé;%qggn%(r)é ﬁjegzlug t(2) >1“4€|gd

(769 of afﬂmetetlse)tlbaywmas Hﬁcﬂﬁﬁﬂ:&dﬂ@@hr%m&tb@ia@h phifspdrar s x 100 nm

15 NovaPak H I j ect ] 1.500 nmL
injection I o?fpg g&n%@et et | or? A vva & A‘P%E 1‘%‘%@ 2%()9—" McCN (0. 1%
HFBA) , 10gr afli et rdd)% i1 thndenﬂlfhm.ﬂ’l (mm'ud_&cmyu,el&() alOﬂ%de

product.: The residue was triturated with hexanes to yield
2.14 g (76%) of a white solid.

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
15 NovaPak HR C18 column, 0.200 mL injection, 0.75
mL/min, 1.500 mL injection loop, 280 nm detection, A
= water (0.1% HFBA) and B = MeCN (0.1% HFBA),
gradient 10% B 2 min, 10-80% B over 18 min, 80-100%
B over 2 min, 100% B 2 min, retention time 19.2 min.

20

cC. 9- [N- (2-boronobenzyl) -N-[3-
(methacrylamido)propylaminolmethyl]-10-[N- (2~

25 boronobenzyl)-N-[2-(carboxyethyl)amino]methyl]anthracene.
A solution of 9-[N-[2-(4,4,5,5,~-tetramethyl-1,3,2-

dioxaborolano)benzyl]-N-[3-
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B over 2 min, 100%B 2 mn, retention tine 19.2 mn. 2011 HO No OH OH
CH HO NHN\$-OH HzCv VC 9- [N (2-boronobenzyl) -N [3-

(et hacr ywearms@og42pr opyl am no] nethyl] -10- [N (2 25 PCT/US03/07938

bor onobenzyl ) - N-[ 2- (car boxyet hyl ) am no] net hyl ] ant hracene. A sol uti on of

9-[N-[2-(4, 4w - &l - -
03} 07%422 Pa%g%%%giéﬁﬂgéhp(fo;lyﬁa@xn&]@é@wplmmpmemyd4 N5 -64 WO

(et hacryl & 663pe bpyt aki %off Nt eapengl e ey 4l gipl4- (tert-
tetranet hylb&t? f?]QfQéﬁPP @%Pax{?ant%l;elt%i]?ar(%r%kene (0.294

but oxycar bonyl I am no acene : g, .0.319 r?rml) in5nL
of 20% TFA/mmzmwaé swrﬁﬁe@Lm tHe? ?%&@H&lzawsﬁeﬁﬁliféﬁﬁewatw% for 22

hours. At tdU S tLIe, 1 He: reafhl o0 (Xt Hse y@%&mentx@t@dl@rtdméwe residue
triturated wth ether. The residue was dissolved in 5

acet one/ wattgre anelast i on editonre W\@%r%on%mtlfﬁfsedtﬂ% tft@lefﬁffelé%iﬁ on mxture
was concenttr%{tgg&gﬁgﬁspgtﬁoe{ _?rpéé'fé'é &éj Wi M@é&fv@&derBﬁnﬁpH 7.4

cont ai ni ng and 1 resulting in the recovery of 0.062 g
(28% of a 30 ght yettomedortelr M(Btmqqo@HF&@ws)mt%rw Waters 5 x

100 M 15 NoyaPals £ CIE £ol U 0400 SLe )AL Lo 070 i/ min, 1. 500

m. i njecti nm det ect1 on, A wat McCN (0. 1%
HFBA) , 10gr ark eidud 086 Br2rafed WD:18006 B pvasrd 18BHi fRH §0-400%taining

0.02% NaN; and 1 mM EDTA) resulting in the recovery of
0.062 g (28%) of a light yellow solid.

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
15 NovaPak HR C18 column, 0.100 mL injection, 0.75
mL/min, 1.500 mL injection loop, 280 nm detection, A
= water (0.1% HFBA) and B = MeCN (0.1% HFBA),
gradient 10% B 2 min, 10-80% B over 18 min, 80-100%
B over 2 min, 100 % B 2 min, retention time 17.4
20 min. _
FAB MS: Glycerol matrix; Calc’d for CgeHs3B2N3O; (bis
glycerol adduct) [M]* 813; Found [M + 2]% 815.

D. N,N-dimethylacrylamide hydrogel with 9-[N-(2-

25 boronobenzyl) -N-[3- (methacrylamido) propylamino]methyl] -
10~ [N- (2~boronobenzyl) -N-[2-

(carboxyethyl) amino]methyl]anthracene. A solution of
N, N-dimethylacrylamide (40% wt.) and N,N’-
methylenebisacrylamide (0.8% wt.) in phosphate buffer,

30 pH=7.4, 200 mM was prepared. 9-[N-(2-boronobenzyl)-N-[3-
(methacrylamido)propylamino]lmethyl]-10-[N-(2-
boronobenzyl)-N-[2- (carboxyethyl)amino]lmethyl]anthracene
(14 mg, 2.0 x 10™° mole) and 60 mg of fructose were

combined with 2 ml of MeOH. This solution was. sonicated
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B over 2 min, 100 %B 2 mn, retention time 17.4 20 mn. FAB Ms. d ycerol
matrix; Calc'd for C46H53B2N307 (bis glycerol adduct) [M+ 813; Found [M +
21+ 815. Wo oBlofg4eli net hyl acryl am de hydrogel with 9-[ N- (2 PET/US03/07938

bor onobenzyl ) - N-[ 3- (net hacryl am do) propyl am no] nethyl]- 10 - [N (2

- bor onobenzyl) -N 2 - (carboxyethyl)ani po] net hyl ] anthracene, _A sol uti

of N, N-di rﬁa@%ﬁl a%¥£l %Fﬁl%‘éof(%o%%i%‘y%%c?f@ rﬁl"-aFfPé%/%%ﬁcgﬁébiYﬁ Y Bami deu(b.og%
wt.) in phosphate bpfferis 8PN 4l 200 gAYty epaf®sk solution

9-[ N-(2-boronobenzyl)-N-[3- (nethacryl|am do)propyl am noj.neth IJ-JOO-[N-(Z-
bor onobenzquW{QlQ%ﬂW%Wé%rﬁ%ﬁﬁ%t H{fﬁe&ﬁﬁﬁ on 4 mj 2.0 x
10-5 mol e) and,, 60, Jgé IUet 0S¢ VB e i uhidned iddh 2 1 (@f pMeEH. This

sol uti on was. soni cated -65 WO 03/078424 PCT/US03/07938 wuntil all fructose

di ssol ved afdl eyaporrgecsbi® yredrehi en mofsul fafe t(dG Hol ik Wov) efasphosphat e
buffer solution containing noner s was adqgled. After. sonicati.on for 10

minutes t hi SRR RRT ot Wast ¢ | UEH T HPgh 62 TGRE Y fﬁqclt%etrl.onAqueous
anmoni um pegsul i e 20n La SV -Dovagsurgairhiingd nittoddie f ammul ation. The

resulting solution was placed in a glove box purged with njtragen. An
aqueous sol AARVPUDF SN W T I\Pﬁt%wré?wml\ill‘éﬁﬁﬁaé%éﬂgﬁ%e Zfl)‘ali‘}l oWt .) Was

added to the, goponmess for nulatd opydey 19 agtel @il Dol JRiliAAldoo The
resulted fornulati on was poured in a nold constructed from m croscope

sl i desiand ad08l &t staipd bgee izt igpaceihe Afaserlissd rigp Hepta tfigm &ashours in
147 O0EN S IDTALS y ISKABLCG RS, AACSH ) sl MOSANL DU 1 gl 1 (10,
removed. Theo o hydr ogelnvess vesded spadeL0RMenfoqihes preatte fauf féer ed
hours in nitrogen atmosphere the mold was placed in
phosphate buffered saline (10 mM, pH=7.4)} the microscope
15 slides were separated, and the hydrogel was removed. The
hydrogel was washed with 100 ml of phosphate buffered
saline (PBS3) confaining 1 mM lauryl sulfate sodium salt
and 1 mM EDTA tetrasodium salt for 3 days, the solution
being changed every day, followed by washing with
20 EtOH/PBS (20/80 by vol., 3 x 100 ml), and finally with
PBS (pH=7.4, 3 x 100 ml). The resulting hydrogel film was
stored in PBS (10 mM, pH=7.4) containing 0.02% wt. sodium

azide and 1 mM EDTA tetrasodium salt.

25 II. Modulation of Fluorescence with Glucose.

The modulation of the fluorescence of the 2-
(carboxyethyl)amine indicator/DMA hydrogel film prepared in
this example by glucose and lactate was determined. Figure
15 shows the relative fluorescence emission (I @ 430 nm) of

30 the hydrogel film in PBS (pH 7.4 containing 0.02% NaN; and
1 mM EDTA) containing 0 to 20 mM a-D-glucose, 0 to 10 mM L~
sodium lactate, and 0-20 mM glucose in the presence of 3 mM
L-sodium lactate. The hydrogel film (100 um thickness, 8

mm diameter disk) was mounted in a PMMA cuvette at a 45°
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saline (PBS) containing 1 mMIlauryl sulfate sodiumsalt and 1 mM EDTA
tetrasodiumsalt for 3 days, the solution being changed every day,

fol | owed W9 masagng with 20 Et OH/ PBS (20/80 by vol ., 3 x Pa@/ushig79and
finally with PBS (pH=7.4, 3 x 100 m). The resulting hydrogel filmwas
stored in PBS (10 . nt aj ni Yout o spdi azigde apd 1 nmMV
EDTA t et r as3df tim J{;M .Hpe%z’lr@“eﬁgau‘?%‘?% gﬁacg Q%I Sorescgﬁc%@valt h G ucose. The
modul ati on 801 hepéttooEscencmebér t hietl2- exchr bokget &yl 3afi ne i(AdiLEator / DVA
hydrogel film prepared in__this_ex e by Jcose and _la t £, Wagyr

det er ni ned. Fingﬁr ndﬁSergh%\sA/lsO?hg%rgqlr%bltiQ/lg f(ggg?esce%cgmém%;tgi%% (I @430
nm of 30 thenbydiogel.fi ChucosEBSnpH-godiunnfachiehg God2¥nkak8iand 1 niM

EDTA) cant ai ni ng t 0 MM a- | u e o] cm SQCI UM e, and
0-20 mM gl utosEe FﬁeF%E pruesslélr‘?cg}g? ggwog?éo&%&%ﬁ\%c Tat%?uéi]'hghﬁ)%/érg%gel
film (100 mikigkaness, Tk davadiianelertdisky was avamded dh txipWBatavett e
at a 45 -66 WO 03/ 078424h§<%/ US03/ 0793 angl e. e%\ICI measurem?%%t re made
at 37 Cin R@SeHa2t 8 12 pedtrof 106G CET AT SeXEFt Ao &t 370 nm
(slit = 3 py) taed rassian af 430cBBe(slbdut mSt nby athd ope&dnce of
sensitivity, ducose and L-sodi uEn | actate conﬁeﬁtrgtjcon?I 58@?‘% ghecked
using the YSIChptR! 24PBSSTRAT pFlS BFEEBRE® Qnaf§sertCThé a"f€ BPotted
as thejaver aggn ofi ¢4 Pl it vahueshd on-eachmdatdl g . cihebkbhuabescence
was affected by the presence of glucose, but not by the presence of

| act ate. MF¥ebV®r, the presence of lactate (4 mM had no 10 significant

effect on the 0-20 nM gl ucose calibration curve. EXAMPLE 13 Fl uorescent

gl ucose indicator containing two detectable 15 noieties:
EXAMPLE 13

Fluorescent glucose indicator containing two detectable

15 moieties:

' o : ‘ ‘
NH\/\/\/\ Jk/\
NH N
o

_
? CHq
O CH,
H4C CH;,

Chemical Name: 9-[N-(2-boronocbenzyl)-N-{3-
(methacrylamido)propylamino]methyl]-10- [N~ (2~
20 boronobenzyl) -N-[3-(N-6-(9-

anthracenecarboxamido) hexylamino
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H3C CH3 H3C H3C awe CHZ NH CH3 NHNHN OB/ OCH3 O CH3 H3C CH3

Chem cal Nanme: 9-[N-(2-boronobenzyl)-N[ 3-

(et hacr wamwsdwupsr opyl ami no] net hyl ] -10-[ N- (2- 20 bor onoberzylisedb793s (N-6- (9
ant hr acenecar boxam do) hexyl am no -67 WO 03/078424 PCT/ US03/ 07938

carbonyl) e ' .ant ] For mul a:
CoarBTB2NG0 T L5 O TTGY By e Ar capoar s arfe) (FEEASY Douder

Sol ubi lity: PBS/ nethanol, methanol, ethanol, chloroform 10

di chl or onet hane . Pi.nacol e d: 9-[N-[2-(4,4, 5, 5,
-tetranethyFﬁfylffezggfgﬁgggxgﬁ%@%&%ﬁgjbenzyF]-k—[g

(met hacryl am do) propyl am no] nethyl ]-10-[N-[2-(4, 4,5,5., -
tetramet hyl -1, 3 iﬁgioxaborolano)benzyl]-N—[3-(N—6-(9-
anthracé%ec§WBo; do) hexyl ami no carbonyl et hyl am nomet hyl ] ant hr acene.

Physical appearance: faint yellow powder

Solubility: PBS/methancl, methanol, ethanol, chloroform,

10 dichloromethane

Pinacol capped éompound:

9~ [N~[2-(4,4,5,5,-tetramethyl-1,3,2-

15 dioxaborolano)benzyl]-N-[3-
(methacrylamido)propylamino]lmethyl]-10-[N-[{2-(4,4,5,5, -
tetramethyl—l,3,2—dioxaborolano)benzyl]—N—[3-(N—6—(9—
anthracenecarboxamido) hexylamino
carbonylethylaminomethyl]anthracene.

20

I. Synthesis

A. 9-Anthracenoyl Chloride: Anthracene-9-
carboxylic acid (1.2 g, 5.4x107% mole) was combined with
25 15 ml of thionyl chloride. The solution was refluxed for
2 hours followed by evaporation of the volatile
components. The obtained solid was dried under high
vacuum for 24 hours yielding 1.3 g of material
(quantitative yield). This material was used as is in

30 the next step.
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20 1. Synthesis 0 C A. 9-Anthracenoyl Chloride: Anthracene-9- carboxylic
acid (1.2 g, 5.4x10-3 nole) was conbined with 25 15 m of thionyl

chl ori de.wohw/ossabait i on was refluxed for 2 hours foll owed IpgTAWape™at i on of
the volatile conmponents. The obtained solid was dried under high vacuum
for 24 hours yielding 1.3 g of material (quantitative yield). This
material was used as is in 30 the next step. -68 WO 03/078424

PCT/ US03/ 07938 O NH NHZ HCI B. N-(6°40i acene- 9- car boxam de
hydrochl oric acid salt: 9-Anthracenoyl: W24 nmole) in 50
m of anhydrous CH2C12 was added drQpw s .6 g ofye
hexanmet hyl enedi am ne (100 mmol e) i CH2C12 at OC. The solution
was stirred at OC for 1 hour the armto roomtenperature and
stirred overnight. The solvent wa Gvapér atéd and 200 nl of water was
added to the residue. This nixture was 10 sonicated and stirred for 1 hour
then filtered. The Lﬁ gg soL sagg und§§ é%un1f 24 hours.
MeOH (50 m) an onc %ﬁﬁﬁﬁ?% TR Y0l | owed by
evapor at i Onh9BrUEQIlorIBeaé£§UJsilﬁg $0hh th ¥eSen s el o 1dre hot . LHC12/ MeCH
(90/10 vol. % and 15 recr stalllzed fromMe(OH, yielding 0.51 g of the
product (289%%. "TR&Ehuint O oLt pE %?%H@E‘?U%%H@Hecm%a BYdpPLErorHpEe: HP
1100 HPLC chgomat @ggaeb h /%4 RE 8h P1 &n d@0a TR Novedaknid} &18; £0l a1 0. 1 b

injection, 0.75 nL/mn
of CHﬁHQ at 0°C. The solution was stlrred at 0°C for 1

hour then allowed to warm to room temperature and stirred
overnight. The solvent was evaporated and 200 ml of
water was added to the residue. This mixture was

10 sonicated and stirred for 1 hour then filtered. The
filtered solid was dried under vacuum for 24 hours. MeOH .
(50 ml) énd 2 ml of conc. HCl was added to the solid,
followed by evaporation of MeOH. The resulting solid was
washed with hot CH,Cl,/MeOH (90/10 vol. %) and

15 recrystallized from MeOH, yielding 0.51 g of the product
(26%). The purity of the product was checked by HPLC.

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

NovaPak HR C18 column, 0.1 mL injection, 0.75 mL/min
flowrate, 2 mL injection loop, 280 nm detection, A =

20 water (0.1% HFBA) and B = MeCN (0.1% HFBA), gradient 10%
B 2 min, 10-80% B over 18 min, 80-100% B over 2 min, 100

%$ B 2 min, retention time 16.5 min.

25

-69-



flowate, 2 nL injection |oop, 280 nmdetection, A = 20 water (0.1% HFBA)
and B = MeCN (0. 1% HFBA), gradient 10% B 2 mn, 10-80% B over 18 m n,
80-100% Bvowsn7€d24rin, 100 %B 2 min, retention tine 16. 5prarmsoR&79369 WO
03/078424 PCT/ US03/07938 H3C CH3 H3C 0O H3C5 ~cHZ N-~NHCH3 NH\ NH v
N 101 / o Bio CH3 0 CH3 H3C CH3 15 C.
.9-[N-[2-(4,4,5,5,-tetranmet hyl -1, 3, 2- di oxabarpl gno) benzyl]-N-[ 3-

(nethacrylanido)propylanino]nethyl]-lO-[N—[%b( 4’5, 5, -
t et ranet hyl - 1, 3, 2- di oxabor ol ano) benzyl ]-N-[ 3t %(9 20
thyhand

ant hr acenecar boxam do) hexyl am no car bonyl
9-[N-[2-(4,4,5,5,-tetranet hyl -1, 3, 2 di oxabor ol ano) b¢
(et hacryl am do) propyl am no] nmet hyl ]-10-[N-[ 2-(4, 4,5
t et ranmetshyl - 1, 3, 2- di oxabor ol ano) benzyl ]-N-[ 2
car boxyet hyl am no] net hyl ] ant hracene (40 ng, 4.5 .8\5/ﬂ{¢1§iﬂAA%%Hconbined
with N-(6-am nohexyl)-ant hracene- 9- ’

10
0
T/\ CHy
0 CHy
HC  cH,
1 5 . .
C. 9-[N-[2-(4,4,5,5,~tetramethyl-1,3,2~-

dioxaborolano)benzyl] -N-[3-
(methacrylamido)propylamino]methyl]-10-[N-[2~-(4,4,5,5, -
tetramethyl-1,3,2-dioxaborolanc)benzyl] ~-N-[3- (N-6- (9~

20 anthracenecarboxamido)hexylamino
carbonylethylaminomethyl]anthracene :

9-[N-[2-(4,4,5,5,-tetramethyl-1,3,2-

dioxaborolano)benzyl]-N-[3-
(methacrylamido)propylamino]lmethyl]-10-{N-[2-(4,4,5,5,~

25 tetramethyl-1,3,2~dioxaborolano)benzyl]-N-[2-
carboxyethylamino]lmethyl]lanthracene (40 mg, 4.5x107° mole)
was combined with N-(6-aminohexyl)-anthracene-9-
carboxamide hydrochloric acid salt (20 mg, 5.6x107° mole),
diphenylphosphoryl azide (15.4 mg, 5.6x107° mole), and 2

30 ml of DMF. Diisopropylethylamine (39 20 pL, 2.44x107
mole) was added to the mixture and the solution was
stirred at room temperature for 24 hours. The DMF was

evaporated under high vacuum, the residue was dissolved
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car boxam de hydrochloric acid salt (20 ng, 5.6x10-5 nole),

di phenyl phosphoryl azide (15.4 ng, 5.6x10-5 nole), and 2 30 m of DW-.

Di i sopr opwbatlyd4asm ne(39 20 pL, 2.44x10_4 nole) was addeacrarsvsreross xt ur e
and the solution was stirred at roomtenperature for 24 hours. The DVF was

evapor at ed yndep H!LQBfVE{s?@Wén atdiesd 8sidug; was, L ssol yeth -0 WO B 078424
PCT/ US03/ 07938 in 50 of Et OAc and washed with water (3x10 m). The

Et OAc sol utEbﬁAWaéoéléba@fat‘éﬂs gepaer (d@d2Styed BWReSCavapahdt ed produci ng 46

g of solid.{84-,%yLgl Broaltihd Yse Ghgthe LB LLi ady vas, chreked By  HRLC. 5
HPLC: HP 1100 HPLC chr%rr%to Faph. e(%f 5 X 108é S”1'\|o Hak HR C18 col umm,

0.1 nL inj e@flbhe 0278 hg ] nWEqu ¢111©<v\k%sdeby HPRC | nj ection Ioop 280 nm

2mne 20 s0% 5 AERt" 187 O ORGSR o vt o T 1P

retention thNoeaRdk42RnCh8 EABimmsSe sheck rumecgtiwe,rcﬂ hatml Awircal cul at ed

for C67H75B2N509 ycerol add [ =111 found [Mt1l]+=1117. 15
1. Effect o"éffu%%‘sefoﬁif} UbY estd ug %Ef I\ﬂ%o Jat oot rﬁ’rlbcbl’l |A;AeFd i n hydrogel
filmPreparaiten of. HEMANBAY hacd y8 i€ MeiN f’@/d]r%)g‘ETBAI\)I t hgradisasel dndi cat or:

20 A 50 % sol uti dro C e(4.7 o

net hacryl i \éﬁa%lla to. g@ gé 2% %%%%;%itr%y%’uf# aldé/ %f)‘ﬁer %%R \r;agoo
prepared. @ uzosen) neeecatorof 1dinmg,20.14D nxlriL.O 5 m)l e) and 60 ng of fruct ose
were combined with 2 m of MeOH This solution was soni cat ed (l;q[“ltl| al |

fructose di-ssol VERP FPRSTVERRFETEY (HXFHAY PAFIY, R HLSdi9% 1 nd of

phosphat e %heggzﬁgcbyta&@ GORRIARI1NG ddRAIMERS +was 1addedundf t er soni cation
for 10 nlnuh?fl]+ 1117.

15 1II. Effect of glucose on fluorescence of indicator

immobilized in hydrogel £ilm

Preparation of HEMA/Methacrylic acid hydrogel with
glucose indicator:

20 A 50 % wt. solution of 2-hydroxyethylmethacrylate(4.75 g)
and methacrylic acid (0.25 g) in phosphate buffer,
pH=7.4, 200 mM was prepared. Glucose indicator (11 mg,
1.0 x 107 mole) and 60 mg of fructose were combined with
2 ml of MeOH. This solution was sonicated until all

25 fructose dissolved and evaporated to yield a solid. To
this solid 1 ml of phosphate buffer solution containing
monomers was added. After sonication for 10 minutes this
solution was filtered through 0.2 uM PTFE filter.

Agueous ammonium persulfate (20 pL, 5% wt.) was combined

30 with the formulation. The resulting solution was placed
in a glove box purged with nitrogen. An aqueous solution
of N,N,N’,N’~-tetramethylethylenediamine (40 uL, 5% wt.)
was added to the monomer formulation to accelerate

polymerization. The resulting formulation was poured in
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solution was filtered through 0.2 M PTFE filter. Aqueous anmoni um

persul fate (20 L, 5% w.) was conbined 30 with the fornulation. The
resul ti ngveeButs4on was placed in a glove box purged w thportusogenss An
aqueous solution of N, N, N ,N -tetranethyl et hyl enediam ne (40 L, 5% w.)

was added tp e, FQU Al o 40, Rc6Rl enate s ROl BeNiggaton.  The
resul ting fagrrrcg'f%y?on vvaus poured in -71 WD 03/ 0784254 PCT/ US03/ 07938 a nold

const r uct ecsfaiom e T roscopesidades @fdexr RO ketpdi floes$ sowels dpacer .

Ao ool TR AL DA ROSA ALTRRNEGS e SIRladenas PLaced

i n phospha I'ne € mcroscope slides 5 were
separ at ed, ranflfded hyedriogel (MasM, emiired.4 ) The hehydrogeslcopes sdaslesd with 100
m of pphosphat e buffer

ed, salj (PBS). containing 1 mM I a | sulfate
sodi um 2al € Hhd® PN FOTA a[neO{ &g’seo&]lyu%)rﬁo&elqt wfa%r K%m(fé’fg,' t#ré?ésol ution being
changed everydsisyel fuald avedchday wiscthilty wilt fo £1@hictspiaPBS btd@ed@dby vol ., 3 x
100 M), and fi nal ith PBS.(pH=7. 3 x.100 .. _The resul tiing hydrogel
film was Storetfi {"}yﬁs %Wl("?ﬁ—t:lﬂ‘% IS rﬁ“ﬁifaﬁ.eof%%ufn S8di um azi de
and 1 mM EQRA tetmasmivnnsaldsodimnEfddat fofr ¢l Wegse am@ lscdadiivm | act at e
on hydrogel filmcontajnin | ucose indi cator. The experinment was
conduct ed ibr‘?Ja{‘ger'rrharsl'li?z@d]l Iﬁ'—v%élg a¥pC &wre(aslf %Jo?ﬁar?z‘tléllgpé’d&ihpped with a
variable tmrmersiireetdadinentl. Bxcid atticomivegvelengtihanas sethat 20 370
nm.slits 3/3 nm |ow PMI sensjtivity, em ssiqn was scanngd from 400 to

| Pl
600 nm G Fdbse Rl 14-sotitumUtadtidte” T EERt &tiPon S YREPESChEEREd using YSI

Model 2300 STATs+ s iG] uanse 1analw,zen=7The Rydregelinig lomoQ20@tm t hi ckness,
round shape - 8 25 nmdianeter) was nounted in a PWMA cuvette at 450
angl e. sodium azide and 1 EDTA tetrascdium salt.

15 Effect of glucose and L-sodium lactate on hydrogel
film containing glucose indicator.
The experiment was conducted in a Shimadzu RF-5301
PC spectrofluorimeter equipped with a variable
temperature attachment. Excitation wavelength was set at
20 370 nm,.slits 3/3 nm, low PMT sensitivity, emission was
scanned from 400 to 600 nm. Glucose and L-sodium lactate
concentrations were checked using YSI Model 2300 STAT
plus glucose analyzer.
The hydrogel film (100 um thickness, round shape - 8
25 mm diameter) was mounted in a PMMA cuvette at 45° angle.
Phosphate buffered saline (PBS), pH=7.4 containing the
desired amount of glucose, L-sodium lactate, and glucose
with L-sodium lactate were heated to 37 °C in a water bath
and placed in the PMMA cell containing the mounted
30 hydrogel. After each addition the PMMA cell was allowed
to equilibrate for 45 min at 37°C. Fluorescence intensity-
measurements for each glucose/lactate concentration were
conducted on two different samples and an average value

was used in the calibration curve. Calibration curves
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Phosphate buffered saline (PBS), pH=7.4 containing the desired anmount of

gl ucose, L-sodiumlactate, and glucose wth L-sodium]lactate were heated
to 37 C iwoasmwe4er bath and placed in the PMVA cel |l cont acmiusgs/otess nount ed
30 hydrogel. After each addition the PMVA cell was allowed to equilibrate
for 45 mn g 300es ELUOL CELENE; L PLANSI Y ndTEASUTEHROL S, LA SACH e re

gl ucose/ |l actate concentration wer conducted on two different” sanples and
an aver age vataenedmtousetu¢mse hel esddiumatlart aue veandCayiwredd oim curves - 72
WD 03/ 07842 7938 Fluo sit t 4 VS,
concentrati g%g({\%e%gggé%t%?n%dw o# %?%@gg&%{{%g%l un?/rlxegc{ea%gl,&;nna&segl ucose in
t he presencehofn3imMigwodi Uen | actate. The results are shown in Figure 16.
5 EXANP%E 14 6-(3-carboxypropi onam do) hexyl am no i ndi cator nonomer 0 NH
O N OH” H3C H3 H3C H3 H3C CH3 CH3 CH3 \B- CH3 NH N HZC 10 Pi nacol
capped compound: 9- [N [2- (4, 4, EXaMPLE tldtranethyl -1, 3, 2- 15

di oxabor ol ano) benzyl l__ N-! 3 . ) . L
6~ (3-carbo ropionamido) hexylamino indicator monomer

OH

10

Pinacol capped compound:

9- [N-[2-(4,4,5,5,-tetramethyl-1,3, 2-

15 dioxaborolano)benzyl]-N-[3-
(methacrylamido)propylamino]lmethyl]-10-[N-[2-(4,4,5,5, -
tetramethyl-1, 3, 2-dioxaborolano)benzyl]}-N-[6-(3-

carboxypropionamido) hexylamino]methyl]anthracene.

20 Uncapped compound:

9~ [N-(2-boronobenzyl)-N-[3-
(methacrylamido)propylamino]lmethyl]-10-[N~- (2~
boronobenzyl)-N-[6- (3~

25 carboxypropicnamido)hexylamino]lmethyl]lanthracene.
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(et hacryl am do) propylam no]lnethyl] -10- [N [2- (4, 4, 5, 5, -

tetranet hyl -1, 3, 2-di oxabor ol ano) benzyl ] - N-[ 6- (3- carboxypropi onam do)

hexyl am nwpeotesbd ant hr acene. 20 Uncapped conpound: PCT/US03/07938

9-[ N- (2-boronobenzyl )-N-[ 3- (nethacryl am do) propyl am no] methyl]-210-[N(2-
bor onobenzyl )-N-[6-(3 25 car boxypr opi onam do) hexyl am no] net hyl ] ant hr acene.
-73 WD 03/078424 PCT/ US03/ 07938 Synthesis: 5 The synthesis may be carried
out in an anal ogous fashion to Exanple 11 using 9-[ N-[ 3-

(et hacryl am do) propyl am no] net hyl ] - 10- N-[ 6- (hexyl am no) met hyl ] ant hr acene
as the starsyntgheaierial. 10 In contrast, the amne starting material is
reactedsM th. the N hydroxysuccinimde (NHS) ester of the nono nethyl
ester of succinithackgntheplaceapfbé heaNHSe@sbet Of agystaheyxanecar boxylic
acid used in itional ydrolysis step is required to
conpl ete agﬁéggyEPhé§?@plﬁkgghPﬁﬁ%9hﬁigﬁB HNI HN O o~CH2 CH3 CH3 H
NH NH H mﬁneﬂhbé}yiaﬂwo%r@yl@llﬂ metkydp-thGibé2C CHz z HZC Ha H C

H *HN
(hexylamino)methyl]anthracene as the starting material.

10 In contrast, the amine starting material is reacted with
the N¥hydroxysuccinimid§ (NHS) ester of the mono methyl
ester of succinic acid in place of the NHS ester of
cyclohexanecarboxylic acid used in Example 11. An
additional base hydrolysis step is required to complete

15 the synthesis.

o
CH,
. /\/\/\/ L \ﬂ/\/u\ NH \ﬂ/\/“\o/

CH, CH,

NH NH NH \/\/NH
Hy ~N H,C:

‘ o .
1) NH
0— NN OH
[ o JEN Br
3

2) base \s

20
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CHz CH, 2) base " CH H9 zCv V 20 -74 WO 03/078424 PCT/ US03/ 07938
EXAMPLE 15 d ucose indicator/ nmononer excited with visible light 5 CH3 CH2
NH O N Owood0783248NH HN N \ (HO 2B B(OH) 2 Chem cal Nane: PCT/US03/07938

N- (3- Met hacryl am dopropyl )-4-[2-N-[[ 2- (borono) benzyl] - [6- (N [2-
(borono) benzyl] -6-N (3- 10

car boxypr opanam doet hyl ) am nohexyl ] ] am noet hyl am no] napht

hal ene- 1, 8- di car boxi m de Chem cal Formula: CA47H60B2N6010 15 M W: 890 The
conpound may be synt hesi zed as sho .20 -75 WO 03/ 078424

PCT/ US03/ 07938 CH3 CH3 O ~\ %—@E

Glucose indicator/monomer excited with visible light

: \J (HO),B
B(OH),

‘Chemical Name: N-(3-Methacrylamidopropyl)-4-[2-N-[[2-
(borono)benzyl]~[6-(N-[2~(borono)benzyl]-6-N-
(3=

10 . carbdxypropanamidoethyl)aminohexyl]}aminoethylamino]napht

halene-1,8-dicarboximide
Chemical Formula: C,;7HgiB:NgO1g

15 M. W.: 890

The compound may be synthesized as shown below:

20
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CH2 CH2 NH NH H2ZN NH2 O N OO N ONH NW, 60 C- NH 15 HN\NHZ Br

HN NH

CH2 CH2 NHNHCH3 CH3 0O 00 NH2 HNO NO O NO O NHo NO DCM MeOH NH O

O / CH3 H3€o oBrorde4AN Br O NH NH CH3 B(OH) \ 2 NH CH2 1) r2TAKo3/@p3Base

NOHOO O NH HN (HO 2B B(OH)2

CHy
o ' O§7//L§CM
NH
’/’/ NH2
1 0 N o
NMP, 60 C
OO ;;OO i
| HN\/\NHZ /;
HN
\\|\NH ‘
CH,
w* | | e
CH3 0

RN

NH B(OH),

H/ 0 2) Base
1
X

(HO)2B,

B(OH),
-76-

0



-76 WO 03/078424 PCT/ US03/07938 EXAMPLE 16 Alternate gl ucose

i ndi cat or/ nononer excited with visible light CH3 ONOHICCH2 O NH HN
(HO 2B B¥OHpA7E24£hem cal Nanme: N-Butyl -4-[2-N-[[2-(bor onecharsaybiosg 6- ( N-
[2- (borono) benzyl] -6-N (2-

nethacrylanidoethyl)aninohexyl]]am§g¥ggggg¥gruﬂnaphthale 10
; 7B2N50.7 M W: 789.5 15 The

conmpound nay
PCT/ US03/ 0793 '
+ 15 NHZ HN Br NH

(o]
z
o

Chemical Name: N—Butyl—4—[2—N—[[2—(borono)benzyl]—[6—(N—
[2-(borono)benzyl] -6-N- '

(2~ .
methacrylamidoethyl)aminohexyl]]aminoethylamino]naphthale

10 ne-1,8-dicarboximide
Chemical Formula: C4;H57B2N5O4

M. W.: 789.5

15 The compound may be synthesized as shown below:

20
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CH3 CH3 0 CH NHZ HN J--r ONO. O ONO CH3 NHN O DCM MeOH NH O \O I \ \
CHZ H3C HN Br HN NH B(OH)2 NH CH3 O NO . H3C/CHZ O NH HN (HO 2B
B(OH) 2 \ woo3/0wWanH3/ 078424 PCT/ US03/ 07938 What is cl ai meecraisodo79ss nmet hod
for detecting the presence or concentration of glucose in a sanple which
may al so contain an al pha-hydroxy acid or a beta-di ketone, which 5
conprises: a) exposing the sanple to a conpound having at |east two
recognition elenents for glucose, oriented such that the interaction

bet ween the conpound and glucose is nore stable than the interaction

bet ween the conpound and 10 the al pha-hydroxy acid or beta-di ketone, said
conpound also containing a detectable noiety having a detectable quality
t hat changes iy, a concentration-dependent manpets when said conmpound is
exposed to ucose in said sanple;

NH,
0 N 0 K‘
" NMP, 60 C I
DO (0
HN\/\NH2
HN
INH

Br

CHs
o)

CH,
NH, HN
0 N 0. H ﬁo o N o} H CHy
4 .
o p N\ 0 DCM/MeOH H
o}
o9 e e
CH,
HaC
HN _ HN
I NH

Br \‘\
) . B(OH),
(‘/CHS
0 N o .
H;C CH,
0 NH

o \

I /\/\/\/N

N
: J (HO},B.
B(OH),
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and .15 b) measuring any change in said detectable quality to thereby
determ ne the presence or concentration of glucose in said sanple, wherein
t he presewoaspfssthe al pha- hydroxy acid or the beta-di ket ®cg/usore798%t
substantially interfere with said determ nation. 20 2. The nethod of claim

1, wherein th corrpg g Es- fhe following structure: Rg R8B RS Z\ R4 Z
R R6 RR7 gtlif— e} Q = Rio wherein: -Rl and R2 are the sane or

different and arée. sekeutenod ffaomddeedoliovimg:pigsdnar agen; ii) a

substituent . -79 WD 03/078424, PCT/ US03/ 07 odi Ty th Ka and
hydrol ytic %?%%?Wf@t%élgt%é uc?r%? ety,® is|9‘51|%§3plaet &eﬁ%} art%alye al(rerlns!ooet y, or iv) a
| i nki ng groupt £apadh ea bfhath witowentadiol aorsd ik tsaHhidtdt core ,a whpahyneri ¢

matrix, said supgort. or matrix optionally 5 containing a detectabl e noiety;
“R3 is RydroyBRE oS3 Iinking group capable of attachment to a solid
support or a polynerégpoming xthe ssdanbsuppord cdrmpatnd »>haoptrigorad |y

t ai ni det ect abl jety. 10 -R4 R5 th di f f t
and aro o1 BE1Eh CFF oMt ERE Y O hul TS 1YY Tt Bl OT9 F S (e to

nodi fy the gpia: atige hitht @t ydt Corstidiwddry tfe tdwengRBindmaret \gluddse ds
detectablelggigt ﬁaéﬁeig agiéﬂéﬂqgg%raction between the compound and
10 the alpha-hydroxy acid or beta-diketone, said compound
also containing a detectable moiety having a detectable
quality that changes in a concentration-dependent manner
when said compound is exposed to glucose in said sample;
and
© 15 b) measuring any change in said detectable quality
to thereby determine the presence or cdncentration of
glucose in said sample, wherein the presence of the

alpha-hydroxy acid or the beta-diketone does not

substantially interfere with said determination.

20
2. The method of claim 1, wherein the compound has
the following structure:
Rg Rg
N
Rs | Ry
Z Z
R R K B R
I !
Ry R; Ryo
25
wherein:

-R; and R, are the same or different and are selected

from the following: i) hydrogen; ii) a substituent
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group capable of attachnent to a solid support or a 15 polyneric matrix,
sai d support or matrix optionally <containing a detectable noiety; -each Z
i s i ndepemdantss2£car bon or nitrogen; -R6 and R7 are the samasos/omdsd f er ent
and are i) linking groups having fromzero to ten contiguous 20 or

branched carbon and/ or. het at.onms red i 1 1 nki 1§ ble of
attachnent to a g%lrp%él%;gp%%ér)t&gar aan%o}f}bdn%orlﬁlctln%gﬁa%lgél%%sflcjgcglgr tR%or

mat ri x optional Ijoteny ai hing a detectable moicty,; oRiw selldotkdddf rom t he
following: i)' an_aliphati,c, 25 and/or_ar tic spacer containi froml to
10 contiguous a?breP sETReled 11 oht the” erng—'trjrgcOcoénsél%?tlidngsupﬁoa}‘écaroggr?, oxygen,
ni trogen, sulfurpahgnghiospliettiss, i$9id dedpeottald e mayiretsy opdrional)lya | i nking
group apable of attachment to a sqlid support or a 30 polyneric matrix,
sai d support or PREYFIUH ion ?F?/Ctag%]h? a{?orﬁeﬁtg}”a detectabl e moiety; -each R8
is the sane or diRf ersemtydanders oa rDilehkingapable ekphbteracti on with the
vi cinal diol groups resent in glucopse; and -80 WO Q3/078424 .

PCT/ US03/ 07938 2 FOPSFHS - Ard THE G amiiPR r%i%%&é’rﬂq,ynheﬁ&cafr@tir)lxhydrogen,
ii) a detectabl esaDd edyppdit JoR mfHOUP oMY ichhdld ya)comddinking agr oup capabl e
of attachnent to a solid support or a polyneric 5 matrix, said support or
matrix optional |§8tROARE ST & Wet ect abl € noi ety, and/or b) includes a

functigpal group-rapafl ®;0kral trei Bemet BE Physteaht piRPedité ese Dictidie
conpound; with the proviso that the jindicator conpound contains at 10
| east one detect&BPe T QL HERT atled AR T1) & substituent

to modify the pKa and hydrolytic stability of the Rg
moiety, iii) a detectable moiety, or iv) a linking
group capable of attachment to a solid support or a
15 polymeric matrix, said support or matrix optionally
containing a detectable moiety;
-each Z is indépendently carbon or nitrogen;
-R¢ and Ry are the same or different and are
i) linking groups having from zero to ten contiguous
20 or branched carbon and/or hetercatoms, or ii) a
linking group capable of attachment to a solid
support or a polymeric matrix, said support or
matrix optionally containing a detectable moiety;
-R is selected from the following: 1) an aliphatic
25 and/or aromatic spacer containing from 1 to 10
contiguous atoms selected from the group consisting
of carbon, oxygen, nitrogen, sulfur and phosphorus,
ii) a detectable moiety, or i1ii) a linking group
capable of attachment to a solid support or a
30 polymeric matrix, said support or matrix optionally
containing a detectable moiety;
-each Rg is the same or different and is a moiety
capable of interaction with the vicinal diol groups

present in glucose; and
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3. The method of claim2, wherein R8 is selected fromthe group consisting
of boronic acid, boronate ion, arsenious acid, arsenite ion, telluric
aci d, telwomavm4ib i on, gernmanic acid, germanate ion, andPCOMSHIIEIBONS
t hereof. 4. The nmethod of claim 3, wherein each R8 is a boronic acid

group. 20 5. The_getat}gggg ghaim 2, syherel i he compoundy canprises at

| east two detectabl e noieties that are capabl e of ehergy transport from
one to the otheri) anddroder ei bl bad dderesipb s asboty, i siwodul ated by the 25

presence of gl uc S The, Jpgﬂ: 0 i wherei n at

| east one of 8§§uﬂ> %é}w%}l P%%FR%GIM% odTS%rrprl séesﬁ @jf%nu%fr ophore noi ety
and further \Aherettla@mm¢le1asto onesofid hogepgriouwps Bcmeriises a quenchi ng
noi ety, and V\herrg%pris)gl dsa{ajgué)ﬁ Ig(};lp{ eofgn Itlh)gr q!#Lenc d or dequenched when

sai d corrpound interacts w tose in 't e sa fThe nethod of claim
2, wherein the coopoaiming5a cderpecisEsla nidmsoprmvdyozarmb the fl uorescence
of said -81 V\DO3/ 78424 PCT/ US03/ 07938 flu r hore i S ,nodul ated by the
interaction of sai dP <§e ou%gnvldfjf%na Utos8, CBa r’%ﬁ ha(?ut o 'd aim 1,
wherein the sanptlee |;sh3asu5abkgmmngmxaloﬂ‘ laied. ccﬁupo'ﬂhe:i,rret hod of claim8,

wherein the soI0|caJ fluid is sel dfromthe ou con5| ting of
bl ood, pl a‘%ﬁgx #5 OV hiriq i e eccerr eBTEEP rP(Lﬁ 1% urine,
salivajoi ntI@&)@tll@die fdiet €kt dyrehmo teay sssmmatted mﬁlerrﬁwj&ml og| caI buffers.

10. The method of claim1l, wherein the conmpound is
3. The method of claim 2, wherein Rg 1s selected
from the group consisting of boronic acid, boronate ion,
arsenious acid, arsenite ion, telluric acid, tellurate
15 ion, germanic acid, germanate ion, and combinations

thereof.

4. The method of claim 3, wherein each Rg is a
boronic acid group. -
20
5. The method of claim 2, wherein the compound
comprises at least two detectable moieties that are
capable of energy transport from one to the other, and
wherein said energy transport is modulated by the

25 presence of glucose in the sample.

6. The method of claim 2, wherein at least ohe of
R, Ri, Rz, R4, Rs, Rg Or Ryp comprises a fluorophore moiety
and further wherein at least one of those groups
30 comprises a quenching moiety, and wherein said
fluorophore is either quenched or dequenched when said

compound interacts with glucose in the sample.

7. The method of claim 2, wherein the compound

35 comprises a fluorophore, and the fluorescence of said
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exposed to the sanple in solution. 15 11. The nmethod of claim 1, wherein
the conmpound is immobilized on or within a solid support. 12. The net hod
of cl ai mwo,03mfsaeze£in the solid 20 support is a pol ymeri cPomtusd}079383. The
met hod of claim 1, wherein the conpound is associated with an inplantable

devi ce, and e ce,Ln: yi 514, - The. et hod of
claimz2, mhgigﬁn HO?E ES géthiggéﬁgk eg?%ué¥£§gécﬁg?& F ggl%ﬁd R5 are
hydrogen Rﬁomgndna7watb dilpethgl am ne residues; each R8 is a boronic acid
group; one or both of RO and R1O are aliphatic 30 carboxylic acid residues;
and each Z is carbon. 15. The nethod of claim 14, wherein one or both of

R9 and R10 are pBopimhbcmaChddreéidheSm 1 82w ©3n 07184 2¢lamClié USH32 07938

16. The th d oflclal 1 ein Ris a hexanethyl ene residue; Rl, R2,

R3, R4 Y88 ﬂ%ﬁ?n%eﬁ ul and R7 are di net hyl ani ne resi dues; each R8
is a boronlc acid group; RO is a naphthalinide residue; R1I0 is a 5

di net hyl am nobenzyl si due; and_ea s carbon, _17. The, thod f claim
2, wherein Ris gn gﬁ?h?gggﬂg s?gﬁém éﬂ re?@ tha RN %9% %@drogen
R6 and R7 aleldimﬁtbyﬂaﬁtee Eesindties; geanp EBnsSsaihgrenilsidddaci d group;
RO and R10 are the sane or, ffei f g sel cted fro ég %roup

consi sting B aamanEFﬁQEWylé ab3 kg%a eStdb ﬁ%%?%@? x5etHoxyal kyl
residue,o a hydnexyethoxyal kit reesudae, fmﬂdanl@rﬂphﬂpa&&ﬂs resesltie; and each

Z is carbon. 15
and physiological buffers.

10. The method of claim 1, wherein the compound is
exposed to the sample in solution.
15
11. The method of claim 1, wherein the compound is

immobilized on or within a solid support.

12. The method of claim 11, wherein the solid

20 support is a polymeric matrix.

13. The method of claim 1, wherein the compound is
associated with an implantable device, and wherein step
a) takes place in vivo.

25

14. The method of claim 2, wherein R is an
anthracene residue; R;, Rz, R3, Rs and Rs; are hydrogen; Rg
and R; are dimethylamine residues; each Rg is a boronic
acid group; one or both of Ry and Rjp are aliphatic

30 carboxylic acid residues; and each Z is carbon.

15. The method of claim 14, wherein one or both of

Ry and Rj;p are propionic acid residues.
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18. The nmethod of claim2, wherein the conmpound is selected fromthe group
consisting of: 9-[N-(2-boronobenzyl)-N[2-(2-nethacroyl oxyet hoxy)-. et

hyl am no]wetobgtg4240- [ N- ( 2- bor onobenzyl ) - N-[ 2- 20 ( 2- hydr opgetusoxyp3s

et hyl am no] nmet hyl ] ant hracene; 9, 10- bi s[ N- (2- bor onobenzyl )-N-[2

boxyet hyl ) am, po] - h : in R 1
(oTnorseL ) S L B ) g = 5

propyl am noherahytbpl braceseid@®S; Ri, Rz, R3, Rq and Rs are hydrogen;
9-[N-(2-b | )= N [3- vl ani = . 1, NO; -10- [N
(2 bot onobenyTIe K 2. “(8e Rydiiile: Aoy aehyl SarRokhethyl L Hidoene. o,
10-bis [N £2idopgpoobenkyli)s aNngrrt Ha2-1mieteh aersdduexy & hakxy )a
t hyl am th th 230 . . ,
8, 1%- gpé?ﬂ@%%b%ﬂ%%@%%;%&-e# 5 2h T Rohet Y1 S o] -+ St R ANt hr acene;  and
9-[ N- (2- boronobenzyl ) -N-[ 3- (et hacryl am do) '

| ami thyl]-10-[N-(2-b b | )-N-]6- . :
?Eﬁﬁfoﬁ?xgﬁ]eﬁr b%olﬂamlg%‘% H&‘%?% 'r %gf?rﬁir‘%l%an‘f‘{ﬁ%ecléhe‘? 1BFM0 03/ 078424
PCT/ESOB/PZ&%BhrScéhEfﬁehﬂﬁﬂﬂﬂbﬁﬂf}%)6Rb[3R25nuiE% are hydrogen; Rg
met hacryl am do) pro mn t -10-, - . :
E)oronobe%zﬁr)gh%{)?’?%éﬁw&&ge l%‘;?]mrﬁ&]%ﬁ(ﬁﬂ FafthRactfe? Poronic
9- [ N- (20boranobeqzyhlp; NR{ 3ndl Ryptdweeryhand o) propyl Brd re] ety 1dr€10- [ N- ( 2-

boronobenzyl)_ -N [3- (N-6- (9- anthracenecarboxam do) hexyl am no
car bonyl) etﬁ‘é}%ﬁ??\%] ft’é(éfﬁy’ig]earﬂrrﬁ%e%@?sbs-ﬂ@@( 2hdt onobenzyl )-N-[3- 10

(et hacry! and €103 OF PPth b 104 et heyd { ddd); [ ANrfeleh ornehengyt Jx Ml 1 3-
Carboxyproqugfglg?)ahﬁ%g!gggégﬂggﬁg?l}fﬂgggfg§g¥xand an aminoalkyl
residue; and each Z is carbon.

15 ‘

18. The method of claim 2, wherein the compound is
selected from the group consisting of:

9-[N-(2-boronobenzyl)-N-[2-(2-methacroyloxyethoxy)- .
ethylamino]methyl]-10-{N- (2-boronobenzyl)-N-{2-

20 (2-hydroxyethoxy)ethylaminolmethyl]}anthracene;

9,10-bis[N-(2-boronobenzyl)-N-[2-
(carboxyethyl)amino] -methyl]anthracene;

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

25 9-[N-(2-boronobenzyl)-N-[3~ (methacrylamido) -
propylaminolmethyl]-10-[N- (2-boronobenzyl)-N-[2-(2-
hydroxyethoxy)ethylamino]methyl]anthracene;

9,10-bis[N-(2-boronobenzyl)-N-[2-(2-
methacroyloxyethoxy)ethylamino]lmethyllanthracene;

30 9,10-bis [N~ (2-boronobenzyl)~N-[5-aminopentylamino]-
methyl]anthracene; and

9—[N—(2—boronobenzyi)—N—[3—(methacrylamido)
propylamino]lmethyl]-10-[N-(2-boronobenzyl)-N-[6-

(cyclohexanecarboxamido) hexylamino]lmethyl]lanthracene;
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N- ( 3- Met hacryl am dopropyl )-4-[2-N-[[ 2-

(bor ono) benzyl ] -[ 6-(N-[ 2- (borono) benzyl]-6-N- 15 (3

car boxyprwpasari4gpet hyl ) am nohexyl]] am noet hyl am no] napRrCT/US03/07938
hal ene-1,, 8-di carboxi m de; N-Butyl-4-[2-N[[2-(borono)benzyl]-[6-(N][2-

(bor ono) benzyl ] 20, ( oet hyl ) am nohexyl ]
anlnoethylanlno)gaghtg l%oPSﬁQ?&%X%?ggfb ilﬁlde and salts thereof. 19. A
conpoungghanaghaheyimmi@mlmgO§Yl@miumbmetﬁyl¥¥IQ} MR5(2-R4 z RL R6 RR7 R2

[ R10 r 4 {84 R2 are
he Sanbor SarPrePEnEy Sl o LRk D R T R ogan
ii) a substltuenB [No( hﬂd@fqn®henp%h hy?rolytlc stability OL the Re
noiety, _iii nki ng gyoup capa | e. of
at t achnent %% % §8F¥%a%hp%g$f0%¥lamln% ?éb i]qu]ﬁﬁs sai d support or

. pp

mat ri x opt|Daabhybeﬁ®p131Mwh@—aNdé{e@{able noi ety; -R3 is hydrogen or a
| i nki ng grou 0 a solid support or a polyneric

ab e of
matrix, 10a£5 E%B%%ﬁ?b%ﬁa %??E %%é?mﬁﬁﬁly containing a detectable
moi ety; - RdcanBofdl peehhemsaaenethdl fderterdcand; are sel ect ed

9-[N-(2-boronobenzyl)-N-{3-

10 (methacrylamido)propylaminolmethyl]}-10-[N- (2~
boronobenzyl)-N-[6-(3-
carboxypropionamido) hexylamino]methyl]anthracene;

N- (3-Methacrylamidopropyl)-4-[2-N-[[2-
(borono)benzyl]-[6-(N-[2-(borono)benzyl]-6-N-

15 (3-
carboxypropanamidoethyl)aminohexyl]]aminoethylamino]lnapht
halene-1,8-dicarboximide; '

N-Butyl-4-[2-N-[[2-(borono)benzyl]-[6-(N-[2-
(borono)benzyl] -6-N-

20 (2-

methacrylamidoethyl)aminohexyl]]aminoefhylamino]naphthale

ne-1,8-dicarboximide; and salts thereof.

19. A compound having the following structure

25
Rg . Rg
~N
R5 ‘ R4
Z
R Re R R; R,
|
R9 R3 Rio

wherein:
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fromthe followng: i) hydrogen, ii) a substituent to nodify the pKa and
hydrol ytic stability of the R8 15 mpiety, iii) a detectable miety, or iv)
a |'inki ngvogsou2capabl e of attachment to a solid support POT/i03/poBY/ NEr i C
matri x, said support or matrix optionally containing a detectable noiety;

-each Zis | ndEpeE{'d%@Ltc%)ﬁ] Qoghgrsé}hér@ﬂecﬁllffgpen%aﬁcﬁ‘dal% ,scllg-ddie sane

or different and aré I'ng groups having fromzero to ten conti guous
or branched car bfmrbranldﬂ@rquﬂelt@rm corte, hyrdndgers dinkd mgbgitdtpedapabl e of

attachnment to a solid,, §% W %{ét qubydgﬂ ergatgeg&llgacl}ﬂo%ugp@rt;{?or 25

mat ri x optlonally don -Ris selected fromthe
following: i) ameaiétphatiicl) andieire cradmiest |Htpl§pta0er01tdm aienildgkingm 1 to 10

contiguqus at om; selecte h [ 0 f rhan gen,
ni troge% sul fur?5Zne p%%gp or usi; (e lIlrEEa(;cdenct%eiat a em(r)mslu ?JOQQor i |>eg) a
linking group ocaphjher of reattzanhmld GupmBHlt 15 upEiorix @rptaonﬁdlly’rren c

matrix, said support or.nmatri taining a detectable noiety;
-each R8 is the ‘E% Jor?lrclﬁf? (a(e Cta ae|snyoancc§gL optionally protected noiety

whi ch when unpr ﬁ%feph@d hyc&h‘»g\é@ @3/ @784%&19@@@603/ @29381lei sfcapabl e of
interaction with the vicin di ol Jresent e, R9 and
R1O are the same®'ord@GiReer atrﬂ aa%odhg:{ LHJ% d)rogeﬁ%lgjn)%%q& agggglﬁl e
moietyoiii) a Saod O&mmlsmcfb:r Snagt)r ik Idgﬂﬂldrgalglrptqprctaapa)bln@ ef attachnent

to a solid support or neric matrix, said support or matrix
optional ly cont%*?%‘?‘ﬁtg‘ﬂéf é%/%ﬁ%l e moiety, and/or b)

-R; and Rs are the same or different and are selected
from the following: i) hydrogen, ii) a substituent
to modify the pKa and hydrolytic stability of the Rg
15 moiety, iii) a detectable moiety, or iv) a linking
group capable of attachment to a solid support or a
polymeric matrix, said support or matrix optionally
containing a detectable moiety;
-each Z is independently carbon or nitrogen;
20 -R¢ and Ry are the same or different and are
i) linking groups having from zero to ten contiguous
or branched carbon and/or heteroatoms, or ii) a
linking group capable of attachment to a solid
support or a polymeric matrix, said support or
25 matrix optionally containing a detectable moiety;
-R is selected from the following: i) an aliphatic
and/or aromatic spacer containing from 1 to 10
contiguous atoms selected from the group consisting
of carbon, oxygen, nitrogen, sulfur and phosphorus,
30 ii) a detectable moiety, or iii) a linking group
capable of attachment to a solid support or a
polymeric matrix, said support or matrix optionally
containing a detectable moiety:;
-each Rg is the same or different and is an

35 optionally protected moiety which when unprotected
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i ncludes a functional group capable of altering 10 the physical properties
of the conpound; with the proviso that the indicator conpound contains at

| east onewodeBeti4abl e noi ety associated therewith. 20. Theprcorgsosiom3of cl ai m
19, wherein R8 is selected 15 fromthe group consisting of boronic acid,

boronate ion,  argeni,oug;achg. iﬁfé?giflzﬁoho itﬂeHu%”!} cgﬁ?éf"d &l lurate ion,
germani ¢ acid, gérnanate ion, all opfionally profectéd, and conbi nations
thereof. 20 21. Treupsnpoesdnof icl gintdbe;waedein each R8 is an optionally

protected boronic_acid,group, 22, Th onpo claim 19, wherein the
conpound conprisgg %p?l%ﬂrgﬁﬁogg? %%ﬂgtﬁg #?g%%%%%%hc%p%fag%id 25
fl uorophore i s mduhgtedgby,t he)i at deaettonlefmsaedy, coiownd w th gl ucose.

23. The conpound of cla'n1%9 mhgreig.Rkis an__anthra gge residue; Rl, R2,
R3, R4 ahd R5 argrﬁyargbéﬁ, &8 2807 ant" #ﬁga?Ep%ﬁrﬁﬁQé% i e resi dues: each
R8 is an optionakkyaphetect ed bosobhid acpdogt oup;a onel wiiedbdd h of RO  and
R10 are aliphatic-%atboxglia acid residues& and eacr%ééli s carbon. -86 WO
03/ 078424 PCT/ USB3[678385254. SHRROEbnpbuAdt bt * cPRY 18 L Xsher ei n one or bot h

of RO and Ri 0 ar eopta@ph@niCaadétieteshlesoi @by, Thed ormeund of claim 1,
wherein Ris an 5 anthracene residue; Rl, R2, R%§ R4:€nd R5 are hydrogen;
R6 and R7 are diRELH{PENEn ungki el TEAMR EBPFRLSP St oty y prot ect ed
boroni gaci d grovpe BAyandaRi prapertibe sanmenorceiddaient and are sel ected
fromthe group consisting of a nethacéglanidoalkyl residue, a 10

19
met hacr oyl o%y&Ph&REaPKGV 1Fest ik, TR i bXFeR hoxyaRIAd Gt &hd an
am noal kyl IS%E@U@heaHgtééﬁﬁbZéiﬁoﬁ@ipoﬁssociated therewith.

20. The compound of claim 19, wherein Rg is selected
15 from the group consisting of boronic acid, boronate ion,
arsenious acid, arsenite ion, telluric acid, tellurate
ion, germanic acid, germanate ion, all opticnally

protected, and combinations thereof.

20 21. The compound of claim 20, wherein each Rg is an

optionally protected boronic acid group.

22. The compound of claim 19, wherein the compound
comprises a fluorophore, and the fluorescence of said
25 fluorophore is modulated by the interaction of said

compound with glucose.

23. The compound of claim 19, wherein R is an
anthracene residue; R;, Rz, R3, R4 and Rs are hydrogen; Rg
30 and R; are dimethylamine residues; each Rg is an
optionally protected boronic acid group; one or both of Rg
and Rjp are aliphatic carboxylic acid residues; and each Z

is carbon.
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26. The conmpound of claim 19, wherein the conpound is selected fromthe
group consisting of: 15 9-[N-[2-(5, 5-di net hyl bori nan-2-yl ) benzyl]-N
[ 2- (2- retWaaBoyd4oKyet hoxy) et hyl am no] met hyl ] - 10- [ N-[ 2- ( 5PCT/US03/07938
5-di net hyl bori nan- 2- yI)benzyI] N—[2
(2- hydroxyethoxy)ethy m no yl hr acene; :
9- [ N- ( 2- bor onoberf2y lT%—[fo §OHB hg% ;P%QyZ?hOVQ?FeEB one or both
ethylanino]%ﬁth&lhn&ORhNa¢2 beppnohenzykt)dNrg2id2ebydr oxyet hoxy)
et hyl am no] net hyl]ant hracene; 9, 10- blS[N—(2 bor onobenzyl ) - N-[ 2-
(carboxyet hyl ) am no] - net hyl ] ant hr acene; 9,
%E[gl ?[ N- LZ (5I 52($IdrTEtI‘hy§| blefnpbaﬂdZO)?La:;DeﬁlﬁKﬂ] Wherein R is an

met hacr yl am do) pr opyl.am ng] met hyl ant hr a
9, 10- bus?npé?tﬁéﬁ6ﬁ86eﬁfﬁﬁﬁuﬂ-[§l(&$thﬁéryﬁaﬁﬁHg%% are hydrogen; Re
pr0py|a”‘nObﬂEI@y'@Béhdﬁ@@ﬂﬁylamlne residues; each Ry is an
9-[N-[2- (5, 5-di net hyl bori nan-2-y| )benzyl]-N-[ 3-
(nethacrylaﬁP&éFﬁ@ééYlQﬁPﬁSFﬁﬁ?h?Pfoﬁbc[ﬁFfé gBoupR/ 3 and Ry are

d'”Ethy|bOftH@”s%mﬁ'erBEYEerhEZaﬁa bydr gxyethexy¥rom the group
et hyl am no] et hyl ] ant hr acene; (2- boronobenzyl ) - N-[ 3- (et hacryl am do) -

propyl am noFﬁ@tSHﬂC]mﬂopffNﬁ(Qeﬁaesms%m?mlm orgdldue, a

hydr ox ho t 8
PCT] USOS) 07355 "0 L0- bl TN 32 L5. br i ot hyt bor | han-3-y1 ) bensy 12N

[ 2-(2- nethaéeéyﬁaﬁyeﬁﬁéx9yeﬁﬁynaﬁihm}né@ﬁyﬁwﬁntﬁm%c%ﬁ@h is carbon.
9, 10- bi S[ N- (2- boronobenzyl ) - N-[ 2- ( 2-

met hacr oyl oxyet hoxy) et hyl am no] met hyl ] ant hracene; 5

9, 10- bi s[ N- ( 2- boﬁénob@hzyppmpppsdaﬂfn@b@hmyl%n1w@@reh®th@¢]@@mp@@@%ne

9-[N-(2- bor Qoggﬁé¥ké Lg ﬁagbggistlng of:
S8 KT or dhob

propylanino net hyl'] enzyl)
(cycloh@kanecarb@xéﬁrdé)héx?fdﬂ@ﬁ@?ﬁé@hyi?@Dt%rﬂkbh%@Zyl]—N—

[2-(2-methacroyloxyethoxy)ethylamino]lmethyl]-10-
A[N—[2—(5,5—dimethylborinan—2—yl)benzyl]-N—[2—
(2-hydroxyethoxy)ethylamino] -methyl]anthracene;
9-[N-(2-boronobenzyl) -N-[2-(2-methacroyloxyethoxy) -
20 ethylamino]methyl]-10-[N-(2-boronobenzyl)-N-[2-
(2-hydroxyethoxy)ethylamino]methyl]anthracene;
9,10-bis[N-(2-boronobenzyl)-N-[2-
(carboxyethyl)amino]—methyl]anthracene;
9,10-bis[N-[2-(5,5-dimethylborinan-2-yl)benzyl]~
25 N-[3-{methacrylamido)propylamino]jmethylanthracene;
9,10-bis[N-(2-boroncbenzyl)-N-{3-(methacrylamido) -
‘propylamino]methylanthracene; |
9-[N-[2-(5, 5~dimethylborinan-2-yl)benzyl] -N-[3-
(methacrylamido)propylaminolmethyl}-10-[N~-[2~ (5, 5-
30 dimethylborinan-2-yl)benzyl]-N-[2-(2-hydroxyethoxy) -
ethylamino]lmethyl]lanthracene;
9- [N~ (2-boronobenzyl)-N-[3- (methacrylamido) -
propylaminojmethyl]-10-[N-(2-boronobenzyl)-N-{2-(2-
hydroxyethoxy)ethylamino]methyl]anthracene;

-87-



10 9- [N- [2- (4, 4, 5, 5, -tetranethyl-1, 3, 2- dioxaborol ano)benzyl ] N-[ 3-
(met hacryl am do) propyl am no] net hyl ] -10-[N-[2-(4, 4,5, 5, -

t et r amet hyb-02/0&424 di oxabor ol ano) benzyl | - N-[ 6- PCT/US03/07938

(cycl ohexanecar boxam do) hexyl am no] et hyl ] ant hr acene;

9- [ N- (2- boronobepz h Iamd [ Ij 10-[N-(2-
bor onobenzyl) - N-F i/% c%?’%tﬁyé% hy{J g y(% %/rﬁa%]c%g N—N [2- (4, 4,

? ?h -tefraﬂgﬂ?yMeﬁhaBrQQlodyeﬁm@QYDéEMmﬁimﬂ?qﬂ@e@hiB}aéﬂhracene,

met hacryl am do 0

t et ranet hyl - gg? %&6%%? ’L%@?Tiﬁ%é\] oxyet hyl )

?m' ?ﬁ] met Py&&gﬂﬁbfﬁpﬁ?ﬁyetﬁekwf}ﬂﬁ}lﬂbairgiwdﬂﬁmwgl ]\hrﬂﬁ“xracene,

met hacr.yl am do yl a

bor onobénzyl ) - FB%? nt %%/%'L%%%&I\b %‘nﬁ%’oﬁmﬂ%@/ﬁl%ﬁww J5ony! )
et hyl am no]heth i]@ﬂt}h\f@@@;ﬁl@, 9-[N-[2-(4,4,5,5,-tetranet hyl -1, 3, 2-
dloxaborolano)benz

(et hacryl ani do) pr g%] %m?‘ﬁ%?%*?%ﬂl TN TN T Q“?waf@’lsamldo
tetramet hylpdody 2afi QXRROERY BNO) BNy | 3 =Bb f Srd bz Oy -n-

ant hr acenecar boxam do) hexyl am no_ ca rbony]| et hyl am nonet hyI ] ant hr acene;
9-[N-[ 2- (4, hCBC%Oh%%IP%%m%af&l%O@GQ@WMWW%%@?F&H%H%[3 -88 WO
03/ 078424 PCT/US@3f@J 38(4,4,5,5,-tetramethyl-1,3,2-

(et hacryl am do)propé(am no] msth% L%lo [ N-[2- (4 4 5,5, -

t et r anet hyl 3198200 He H3aBLP T ANb) ehzyl | - N- [ 6- ( 3-

car boxypr op}aa d ﬁ@%yéé- fEHrﬁﬁﬁﬁﬂ& LS ) 2~
9-[ N-(2- bors)nobenzp? % %ret hacrﬁ{{gamaﬁo pr o p[yl a[m noj math I] 10-[ N-( 2-
tetramethyl 1 3 2- dloxaboro anc)benzyl]-N-[6-

(cyclohexanecarboxamido) hexylamino]methyl]anthracene;

15 9- [N- (2-boronobenzyl) -N-[3-

(methacrylamido) propylamino]lmethyl]-10-[N-(2-
boronobenzyl) -N-[2- (carboxyethyl)amino]methyljanthracene;

9-[N-{2-(4,4,5,5,~tetramethyl-1, 3,2~
dioxaborolano)benzyl]-N-{3-

20 (methacrylamido)propylamino]methyl]-10-[N-[2-(4,4,5,5,-
tetramethyl-1, 3, 2-dioxaborolano)benzyl]-N-[2-
(carboxyethyl)amino]methyl]anthracene;

9-[N-(2-boronobenzyl)-N-[3-
(methacrylamido)propylamino]methyl]-10-{N-(2-

25 boronobenzyl)-N~[3~ (N-6-(9-
anthracenecarboxamido)hexylamino
carbonyl)ethylamino]lmethyl]anthracene;

9-[N-[2-(4,4,5,5,-tetramethyl-1,3,2-
dioxaborolano)benzyl]-N-[3-

30 (methacrylamido)propylamino]lmethyl]-10-[N-{2-(4,4,5,5, -
tetramethyl-1, 3,2~-dioxaborolano)benzyl]-N-[3- (N-6-(9-
anthracenecarboxamido)hexylamino
carbonylethylaminomethyl]anthracene;

9-[N~[2-(4,4,5,5,-tetramethyl-1,3,2~-

35 dioxaborolano)benzyl] -N-[3-
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bar onobenzyl ) - N-[ 6- (3- carboxypropi onam do) hexyl am no] net hyl ] ant hr acene;
N- ( 3- Met hacryl am dopropyl )-4-[2-N-[] 2-

( bor ono) bwoaglois4pH6- (N-[ 2- (bor ono) benzyl ]-6-N- 10 (3 PCT/US03/07938

car boxypropanani doet hyl ) am nohexyl]] arri noet hyI am no] napht

hal ene- 1, 8- |c r boxi-n ro(Rereno), benzyl 1 - [6- (N
[ 2- (borono yﬁylbar%dl%’\égégﬁéﬁacr Iam oeth )@ﬁ‘l%héﬁl ?]35

am noet hyl amtrms]mmpmltwl,@ Mﬂq&@mmlmml]aw-d[%ali-s t hereof. 27. A
det ecti on s(}%%ﬁem for%Pdet £e 1 th}%lp qﬂgqe]et}ﬁgd]oarnt%q:%cee tratl on of glucose

in a sanple on a0 an a roxy aC| Gr a
bet a- di ket one, vt ah- ¢ qumarmrwmmbﬂr&i- haV| ng the follow ng structure

5 oo B 5D e PR R S O 0T
the fol | owigigEordbdiydriogens [64{3a substituent to nodify the pKa and
Rk ng 5 GRO R < L IR o L pareTo o pol ymer & -
matrix, said SupPRG-Me@hataiylianieRpiropglll)y 4-¢antiai[ri2rgy a det ect abl e noi et y;
(borono)benzyl]-[6-(N-[2-(borono)benzyl]-6-N-
10 (3-
carboxypropanamidoethyl)aminohexyl]]aminoethylamino]napht
halene-1,8~dicarboximide;
N-Butyl-4-[{2-N-[[2-(borono)benzyl]-[6- (N-[2-
(borono)benzyl]-6-N-
15 (2- '
methacrylamidoethyl)aminohexyl] Jaminoethylamino]naphthale

ne-1,8-dicarboximide; and salts thereof.

27. A detection system for detecting the presence
20 or concentration of glucose in a sample which may also
contain an alpha-hydroxy acid or a beta-diketone, which

comprises a compound having the following structure

~N
Rs | R4
Z
R, Re 1!1 Ry R,
| |
Rg R; Rio

25

wherein:
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-R3 is hydrogen or a |linking group capable of attachnment to a solid
support or a polyneric matrix, 10 said support or matrix optionally

cont ai ni ngoas/tatect abl e noiety; -R4 and R5 are the sane ecrTdishi/emwsnt and
are selected fromthe following: i) hydrogen, ii) a substituent to nodify

the pKa and'. hydral yti¢ stabilifye ofahdies R8qilbr dPERL Yand 1d e Bs&ipdeciabl e

noi ety, or iv) a i nking group capable of attachment to a solid support or
a polyneric matfrom e f Sppomg ol )ndtidDodsitii dial lay subEH&YHYYg a
detectable noiety: . - IS %SQﬁ,Q%I .car, .Qr; +Ri gen, r.,20 -R6
and R7 are the s%dnem%c}le%fﬁ%r é%ta %glgpa e i l%lﬁﬁisﬁ%%glgc}t} stoilfgvi.ng romzero
to ten conti guousoiatry brigniched dedretyda bded movi dfet ercoations 2 Grinkdnda | i nki ng
group capabl e of attac tQ |_i t I j.C trix, said
supportgor 25 matT9% opafr&?éggrllaﬁ on]@go%taéﬁ%me%;pg%&éﬁ gs(r:otlgbqog'uré%ty;d}a-al? IS

sel ected fromt heofwhdovd mptniix,asadld phatdart and/mert mrometiorsgdaer
containing froml1l to 10. contjguoys.atons .selected fromthe group
consisting of c%?rb%%l,n%(%/gaend,egtrﬁct%raggeen%osluﬁq#ﬁr and phosphorus, 30 ii) a
det ect abl e noi etyg; ars hyidrogehi nki aglgnaupg gapabl eapkbaet athnment to a

solid support or_a pol ric matri.x, said _support or, matr.ix_qpti.qnall
containing a det¥ct gﬁitﬁﬁ Sodach sﬁé)plosrsctﬁo[e)r Sa e oS (ranragnl{thgnd iys an
35 optignal |y predectachpmttetar waitahi g iumarlatye et aindtidgA@ 03/ 078424
PCT/ US03/ 07938 is capabl e of interaction with the vicinal diol groups
present in gl ucd%%t';e% LRI Ufd ¥R10 are the same or differ ent, and are

-R, and R; are the same or different and are selected
from the following: i) hydrogen, ii) a substituent
to modify the pKa and hydroclytic stability of the Rg
15 moiety, iii) a detectable moiety, or iv) a linking
group capable of attachment to a solid support or a
polymeric matrix, said support or matrix optionally
containing a detectable moiety;
-each 7 is independently carbon or nitrogen;
20 ~R¢ and Ry are the same or different and are
i) linking groups having from zero to ten contiguous
or branched carbon and/or heterocatoms, or 1ii) a
linking group capable of attachment to a solid
support or a polymeric matrix, said support or
25 matrix optionally containing a detectable moiety;
-R is selected from the following: 1) an aliphatic
and/or aromatic spacer containing from 1 to 10
contiguous atoms selected from the group consisting
of carbon, oxygen, nitrogen, sulfur and phosphorus,
30 ii) a detectable moiety, or iii) a linking group
capable of attachment to a solid support or a
polymeric matrix, said support or matrix optionally
containing a detectable moiety;
-each Rg is the same or different and is an

35 optionally protected moiety which when unprotected
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i) hydrogen, ii) a detectable noiety, iii) a 5 group which is a) a linking
group capable of attachnent to a solid support or a polyneric matrix, said
support oworsabrs4x4 opti onally containing a detectabl e noi ecyjusasia/oss b)

i ncludes a functional group capable of altering 10 the physical properties

of the compound:  wi L1 Lhe. RV 80, 1 hats e, iiGal of; gmpound cont ai ns at

| east one detectable noiety associated therewth. 28. T detecti on system
of claim 27, whegedvpRPIEsens sel gbt@bdr omd he group consi sting of

boroni c acid, bo&or&q.ltde rhdr@ragglso = G ddl@f]rﬁs&;}{g e drﬂ:ﬂ Iteel luric acid,

tellurate ion, gernmanic ermanate 1on ptlona y protected, and
conbi nati ons thei)edﬁydm)gézrg, il'h)e aedentdtab sy stamtaf, cligi)ima8, wherein each

R8 is a optlonall r;?»ﬁﬁe&]ied boro |cr%g|nq%g§ (r)p apne getection system
t S a ophh

of claim 27, whetei corrpoun conpris ore, and the

fl uorescence of a2Sactaneht |tuorophokied | suppoid a:treda baolmreeriim eraction of

said conpound wth gxucose 31 T det ea%g tem claim 27, wherein
P c?%%l@’ are

Ris an anthrackhe Fesi ydrogen 30 R6 and

R7 are di net hyl ammtearmgimsdetsmtmkﬂ& mso:aat;qptamh’aﬂﬂ yo)pr ot ect ed boronic
acid group; one or

Oareall tlc r.-hoxylic acid
resi dues: and eadh 2! é?ss aer%b%tlor?lal ljé%ﬁ 8 32. The
det ect ilgn syst eniod i s i3l pmlsmzeunresartef (ﬁ’hd)@idmpﬁurﬁg and R10 are

propi oni ¢ aci i dues.. 33. The detect on ) stem of claim.27, wherein Ris
5 an ant hré‘@e&é tre}é%l%{fév 159 thet %? SgaH-2 1% agnd R7 are

di met hy| anines stesimiiass t @acth R rh<$1e'i:§b05rs£H’chLated therewith.

28. The detection system of claim 27, wherein Ry is
15 selected from the group consisting of boronic acid,
boronate ion, arsenious acid, arsenite ion, telluric
acid, tellurate ion, germanic acid, germanate ion, all

optionally protected, and combinations thereof.

20 29. The detection system of claim 28, wherein each

Rg is an optionally protected boronic acid group.

30. The detection system of claim 27, wherein the
conmpound comprises a fluorophore, and the fluorescence of
25 said fluorophore is modulated by the interaction of said

compound with glucose.

- 31. The detection system of claim 27, wherein R is
an anthracene residue; R;, Rz, R3, Ry and Rs are hydrogen;
30 Rg¢ and Ry are dimethylamine residues; each Rg is an
optionally protected boronic acid group; one or both of Ry
and Ryp are aliphatic carboxylic acid residues; and each 2

is carbon.
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acid group; RO and R10 are the sane or di-fferent and are selected from
the group consisting of a nethacrylam doal kyl residue, a

met hacr oyWoxgetdaekyal kyl 10 residue, a hydroxyet hoxyal kyl pcegisduerosand an
am noal kyl resi due and each Z is carbon. 34. The detection system of

| aim 27, wh f t f:
(1:5a|9m[ N- [ 2- (grgl e]‘;]ﬁ bor i nan Cglsy tee% Qﬁ C{\]!-Oamr& I’kel gr‘”%%[}ecl%n%n% 'ng o

[ 2- (2- net hasr dyéﬂxy@f Hax ehett Ryd aammq:]rrrg:tlrwz]G E@id residues.

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

(2- hydr oxyet hoxy) et hyl am no] - net hyl ] ant hr acene;

9- [ N- (2- bor onobehzy! )’PINe [cﬂet(e’l:tmeirhas@rscmnmq;fetdmm 2720 wherein R is
et hyl a no] net

et hyl am no]arfbﬁ%rr)'}%%‘? % err‘je &&0,2 1bl yI) ér%&ébg%g‘%{fgy {I 3gdn;

(car boxyet hyyl lavad mQ]aﬂéthyﬁéaﬂph&@t&®6re5£ﬁues, each Rg is a boronic
10-bi s[N-[ 2- (5, 5-di met hyl bor.i 2-yl benz 25 .
N- [ 3- (et h&tT ¥4 & A8 privp @ an h%]arfee%/ a%?a@ernéi,l’fferent and are

9, 10- b1 sl '\Fs(e’iré?@rffmonﬁﬂrzydae N R rmid’saesrt)ﬂrﬁ;mdio)a-
8r€Rg[g?}gO T ant r Eﬁ&ﬁ’Z%ﬁ%%ﬁﬁ%yﬂ W@Hﬂ?CrOyloxyethoxyalkyl

(nethagoqumsﬂamﬁonyl rayE e et e 1101 Mes2-dife,,5and0 an aminoalkyl
di rnet hyl bori nan- 2- yl )benzyl ] N-[ 2- (2- hydr oxyet hoxy)

et hyl am nolffet i amtit &cEmie;2 16 (W42 bor onobenzyl ) - N+ [ 3- (et hacr yl ani do) -
propyl am no] net hyl ] - 10- [N-(2 bor onobenzyl ) - N-[ 2-( 2-

hydr oxyet hoxy) ety}/I am no] methyl]anthracene; -92 WD 03/078424

PCT/ US03/ 07938 3 10- 1% [A YRI5 Stisherh P Sliadan 22y 5&eAm [ER

[ 2- (2- met haé‘dngyémetsl@@q)@é@a FAeldmRE dantdyacenang oF: 10-bis [N
(2- boronobenzyl)

met hactdyl oxyet h%x@l‘}'e[{%y %rﬁ?%ﬁm?étwqoéﬁ{%@er}’é benzyl]-N-

[2-(2- methacroyloxyethoxy)ethylamlno]methyll—10—
[N—[2—(5,5—diméthylborinan—2—yl)benzyl]-N—[2—
(2-hydroxyethoxy)ethylamino]-methyl]anthracene;
9-[N-(2-boronobenzyl)-N-[2- (2-methacroyloxyethoxy) -
20 ethylaminojmethyl]—10-[N—(2—boronobenzyl)—N—[2—
'~ (2-hydroxyethoxy)ethylamino]methyl]anthracene;
9,10-bis[N-(2~-boronobenzyl)-N-[2-
(carboxyethyl)amino]—methyl]anthracene;
9,10-bis[N-[2~(5,5~dimethylborinan-2-yl)benzyl]-
25 N- [3- (methacrylamido)propylamino]lmethylanthracene;
9,10-bis[N-(2-boronobenzyl)-N-[3- (methacrylamido) -
propylamino]methylanthracene;
9-[N-[2-(5,5-dimethylborinan-2-yl)benzyl]}-N-[3-
(methacrylamido)propylaminolmethyl]-10-[N-[2~-(5, 5~
30 dimethylborinan-2-yl)benzyl]-N-[2-(2-hydroxyethoxy) -
ethylamino]lmethyl]anthracene;
9-[N-(2-boronobenzyl)-N-[3-(methacrylamido) -
propylamino]lmethyl]-10-[N-(2-boronobenzyl)-N-[2-(2-
hydroxyethoxy)ethylamino]lmethyl]anthracene;
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5 9, 10- bi s[ N-(2- boronobenzyl ) - N[ 5-am nopentyl am no] - net hyl ] ant hr acene;
and 9- EN- (2-boronobenz-yl) -N [3- (nethacryl am do)

propyl amwoloamtdagd ] - 10- [ N- ( 2- bor onobenzyl ) - N-[ 6- (cycl oheramamsas/omzan do)
hexyl am no] et hyl ] ant hracene; 10 9-[N-[2-(4,4,5,5,-tetranethyl -1, 3, 2-

di oxabor ol ano) be

N-[ 3= . .
(et hacryl am do)%r%g%ﬁ]a%ﬁ\]nbﬁer_eﬁiyﬁ_]qlﬂ?-t[kﬁl[bf-r(lﬁazp,_&-éfl-) penzyl]-N-
Eet riamﬁt hyl 215 &bﬁn@ﬁm«a{m}mmm}zwt]hyl\}a[nﬁ-no]methyl] anthracene; ‘
cycl ohexanecar bo i.do X nm no t-hyl.].a r ;15
9-[ N-( 2- bor onobe?Y;];a/q%b-Jr\T")- [[kkg_- y%‘?%???d{@%nfyﬁl]cﬁ%ﬁc%f/%reﬁ no] met hyl ]-10-[ N- ( 2-
gorgnobfntZwét%dﬁoxmmdﬁ&ﬂ%t)r@fﬂiaﬁﬁ]nmﬁmmﬂfﬂydﬂtdﬁtaﬁmwn&- [N-[2- (4, 4,
, 5, -tetrame

-1, 3,..2- dioxaborol ana)benzyl ]-N[3- 20 .
(et hacPyl ami do) ]oopwja?ﬁIﬁ'oﬁ%feq%ﬂr]o-bf@-z[yﬁz)F@({%,Jﬁ@,’%{pen%ylamno} B
EEt ramet hylhmﬁr%zﬁaﬂmﬂw@ anmdenzyl - N-[ 2-
car boxyet hyl ) am no] net hyl ] ant hracene; 9- [N (2-baqronopenzyl) -N [3
(met hacr yl ani do)$r Bby ﬂg f}%%wiql)rélﬂr&‘((%ﬂe RS [
bor onobenz W Yo\ 1 a3n b Bnd Sy BN 1y -a@enecieniicde)y hex @+ no car bonyl )
et hyl am no] net'hyl ] ant hracene; 9- [N [2- (4, 4, % 5, ~-tetramethyl-1, 3, 2-
diOxab0r0|Eﬁﬁﬁquﬁ%ﬁﬂnq@%gpoggpldo)hexylamlno]met yllanthracene;

(et hagpy! ani do)qr gpyi am 0 et dethQudd¥r2--14.34.%5. 5,
tetranmet hyl -1, 3, 2-di oxabor ol ano) benzyl ] -N-[3- (N-6-(9-
ant hr acenechirtRea U W'~ [Sar bony! et hyl anmi nonet hyl ] ant hr acene;

L b AT oot Tl erergy by 5 5 Vo
tetramethyl-1, 3,2-dioxaborolano)benzyl]-N-[6-
(cyclohexanecarboxamido)hexylamino]lmethyl]anthracene;

15 9~ [N- (2-boronobenzyl) -N-[3- '
(methacrylamido)propylaminolmethyl]-10-[N-(2-
boronobenzyl)-N-[2-(carboxyethyl)aminolmethyl]anthracene;

9-[N-[2-(4,4,5,5,-tetramethyl-1, 3, 2-
dioxaborolano)benzyl]-N-[3-

20 (methacrylamido)propylaminojmethyl]-10-[N-[2-(4,4,5,5, -
tetramethyl-1, 3,2-dioxaborolano)benzyl]-N-[2-
(carboxyethyl)amino]lmethyl]anthracene;

9- [N- (2-boronobenzyl)-N-[3-
(methacrylamido)propylamino]methyl]-10-[N-(2-

25 boronobenzyl)-N-[3-(N-6-(9~-
anthracenecarboxamido)hexylamino
carbonyl)ethylamino]lmethyl]anthracene;

9-[N-[2-(4,4,5,5,-tetramethyl-1,3,2-
dioxaborolano)benzyl] -N-[3-

30 (methacrylamido)propylamino]methyl]-10-[N-[2-(4,4,5,5,~
tetramethyl-1, 3, 2-dioxaborolano)benzyl]-N-[3- (N-6-(9-
anthracenecarboxamido)hexylamino
carbonylethylaminomethyl]anthracene;

9-[N-[2-(4,4,5,5,-tetramethyl-1,3,2-

35 dioxaborolano)benzyl]-N-[3-
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(et hacryl am do) propyl am no] methyl ] -10-[N-[ 2-(4, 4,5, 5, -

tetranet hyl -1, 3, 2-di oxabor ol ano) benzyl ] - N-[ 6-( 3-

car boxyprwpiosnasae4o) hexyl am no] et hyl ] ant hr acene; PCT/US03/07938

9-[ N-(2-boronobenzyl )-N-[ 3- 5 (nethacryl am do) propyl am no] net hyl ]-10-[ N- ( 2-

bor O”Obenzy@?%i%%%f’amfﬁ qpﬁ%@; oaq,}lq{@jrﬁéﬂcq,)quexl}d_amq@]_@t hyls], &nthr acene;

N- ( 3- Met hacryl a -4-
( bor ono) berzt fafe:E N | 2~ ,%TWWZWHHC@-D@HZJ}@ (3

car boxyprop ‘
hal ene-1, 8 %%I%da ﬁﬁ%}[}%4+\gl @?‘%@blg?ono) ben}zﬁ)t(/el] [6- (N[ 2-

(bor ono) benzyl ]- %—Wi&(@omdmwla)m%@rhyl ) anmi nohexyl .]]
am noet by a7 20) DARDE D) o) S5l Bfl-GAheRA i oo A Al LS thereof . - 04

boronobenzyl)-N-[6-(3-

carboxypropionamido)hexylaminolmethyl]anthracene;
- (3-Methacrylamidopropyl)-4-[2-N-[[2-

(borono)benzyl]}-[6-(N-[2~- (borono)benzyl]-6-N-
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carboxypropanamidoethyl)aminohexyl]]aminoethylamino]napht
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ne-1,8-dicarboximide; and salts thereof.
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