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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 a-hydroxy acids or B-

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 gﬁymembmﬁﬂ&BGO nﬂ@ to
noderately strong (e.g., glucose, Kd= 9 1 M. See J. Yoon, et a

Bi oorgani ¢ and Medicinal Chem stry 1(4):267-71 (1993). The blndlng
mechanismis believed to occur through bondi ng of adjacent hydroxyl

groups on glucose to hydroxyl groups on a boronate 10 noiety. U S. Patent'
5, 503, 770 (Janes, et al.) describes a fluorescent boronic

aci d-cont ai ni ng conpound that emts fluorescence of a high intensity upon
binding to saccharides, including glucose. The fluorescent conpound 15 has

a mol ecul gpesifidaluyp DOMYIRKI NGrank| el sEhares Bépottast one phenyl boronic
acid noiety and at | east one _am ne- %rOV|d|ng nltrogen at om where the

ni trogen &% YHH3E10R; CYHEER T FPRe2GreTH AFSBFLERECHHENY | bor oni ¢ acid noi ety

SO0 as to pidreflaeirohid regid adthamkiy WsdturttedbpsopbLs Aaithdirg Such
I nteraction thereb causes, the conpound to emt fluorescence upon

sacchari dEMHTRATAE0S SAngqd FrPm yehkdveakeleag. . gthRSChem Soc.
117(3%) : 8987 &k}FI¥D) mMé\ddbtﬂn@cﬂ@ialﬁélyf lst'%rﬂfcﬂi‘tg. 5e33QESsélsi ng an

anthryl boroni ¢ aci d-containing conpound for detectln 25 bl ood glucose are
known i n Xave - &rf) -ForSegxdrplkeonyg. ebvddn, Bioqrganiy aRﬁiu Medéeinadoc .

114: 5874- e k99204 ) Gasycryinbg1bbaf | antar MLH@IQ@':&e&Fdrﬁsﬁxamsbe used as a

fl uorescent, chenbsensor for si nalln car hbohydrate bindin i ncl udi ng

bi ndi ng %ﬁqHESSEPeﬂﬁfqﬁ’G@FBEQh BN PE URRI TSP QBIFEGENAs whi ch i nt er act

Wi th gl ugSfipsi BntdiadsrNes HoaebkPEd ANBY ol § byt tendency to
|nteract mnth ot her conpounds havi ng hydroxyl groups, thus reducing the
spec |(nq9}e *a glucose assay, especially when assaying physi ol ogi cal

sanpl es whi ch, gRWat2n® SepoePrl 2f2Q6s, et al.) describes a
fluorescent boronic acid-containing compound that emits
fluorescence of a high intensity upon binding to
saccharides, including glucose. The fluorescent compound

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. Scoc. 117(35):8982-87 (1995).

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

25 Dblocd 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 amounts of |actate, acetoacetate, &tSeptefbaer 206@npl e,
sone di abetic patients also develop lactic acidosis, in which blood

| actate |l evels are greater than 5 mml/liter. Thus, there renmains a 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 10 I n one aspect, the present invention is directed to a nethod
for detecting the presence or concentration of glucose in a sanple which
may al so contain an a-hydroxy acid or a (3-di ketone, which conprises: a)
exposi ng tdetsaniheetdeai corpewndshagi g-taitd, casktodbetate,r ecogni tion

- elenments f gl.ucose, oriented suc hat _.t.he_ interaction between the
conpound %ﬁ%’ glfg’fogﬁarln j""?’r’orseomesldélﬁ %E{%aﬁ?ttl‘r‘?éltisnﬁzf%’lccﬁ?voeﬁoﬁet ween t he
conpound kawtitchecidebysly oky vadicth blo¢d-XHdeitendeveds daxonpound al so

cont ai nin det blLe | et.y havi a detectabl e.20 quality that changes
in a conégﬁgﬁﬁFigﬁgﬁeééﬁgghﬁjﬁﬁﬁner¥ﬁﬁﬁbﬂﬁ§§pdr@8ﬁﬁ%ﬁﬁhqrga xposed to

gl uco$e imexhifdrsgiptese agshils) vhtas mtengednay ivkinginsensisidedet ect abl e
qual ity 0.t her term t.he presence or concentration of 25 gl ucose
Tsai o SR niRks £ SRS al RSP RS RR, 720 8%r e

13- di ket otectddes not substantially interfere with said determination. In
anot her aspect, the present invention is directed to a conpound having the

follow ng structure 3G sERRARIHF T2R00uvERT R RS R4
10 In one aspect, the present invention is directed to a
method for detecting the presence or concentration of
glucose in a.sample which may also contain an a-hydroxy
acid or a B-diketone, which comprises:
a) expoéing 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 f-diketone, said compound also
containing a detectable moiety having a detectable
20 guality that changes in a concentrafion—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




Z RLR6E RR7T R I RO - R3 RO wherein: 5 -RlL and R2 aBepteihberg8d® or
different and are selected fromthe followng: i) hydrogen; ii) a -
substituent to nodify the pKa and hydrolytic stability of the R6 nviety,
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 containing a detectable noiety; -R3 is- hydrogen or a |inking
group capable of attachnment to a solid support or a,, polynmeric matrix,

15 said support or matrix optionally containing a detectable noiety; -R4
and R5 are the sqﬁg or different and arg, Selected fromthe follow ng: i)
hydrogen, 1i) a gubstituent to nodify tyte pKa and hydrolytic stability of
the R8 20 noj iii) a detectabl e noi r_iv) a linking group capable
of attachR solid support or a matri x, said support or
matri x opti o# containing a detecta iety; -each Z is independently
carbon or nit ;25 - - and R7 ar. sane or different and are i)

i nking groufy ha¥ing fTrom z&€rfo to ten uous or. branched carbon

and/ or heteroatong, or ii) A | i nki ng q§oup capabl e of attachnent to a
solid -4 5 Septermfer 2006 §%pport or a wolyneric matri x, said support or
matrix optionally containing a detectable nmoiety; -Ris selected fromthe
following: i) an aliphatic

wherein:

-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, iii) a detectable moiety, or iv) a linking
10 group capable of attachment to a solid support or a
polymeric matrix, said support or matrix optiocnally
containing a detectable moiety;
-R; 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;
~Rs 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 Rs
20 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 2 is independently carbon or nitrogen;
25 | -R¢ and R; 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




and/or aromati c spacer containing from1l to 10 5 conti §&epismber@n®s sel ect ed
fromthe group consisting of carbon, oxygen, nitrogen, sulfur and
phosphorus, i) a detectable noiety, or iii) a linking group capable of
attachnment to a solid support or a polynmeric matrix, said support or
matrix optionally 10 containing a detectable noiety; -each R8 is the sane
or different and is an optionally protected noiety which when unprotected
is capable of interaction with the vicinal diol groups present in

gl ucose; and 15 -R9 and Rio are the sane or different, and are i)

hydr ogen, L:bup?dﬁﬁeﬂiﬁbbﬁlpﬁéﬁi@hmthﬁg,aséﬁdnahppmhtcbr:maﬁﬁixiIi nki ng .
group capabl e attachnment. to a solid support, or a polynmeric matrix, sai
support or nﬁ???ﬁn%ﬁﬁﬁ<§ﬁ3£?§niﬂﬁu%ﬂq?Fﬁ§tﬁb§£Iﬁ@f%@?able noi ety, and/or b)

i ncludes a fuRcisofelectgdofipor apablf@lobwahg eri)ngnt heéiphysical properties

of the compound; with the proviso that.the indicator npound contai ns at
| east one de?gg{%{)laeroﬁlgﬁ:é'fys%%%%rcicé’flgalflﬁ‘é?eﬁﬁ%i Pt ﬁgr 25 directly or as
part Bf the sohtigwippatbmsrselpaitedefirom tid rgpoupl roapbsthiarg aspect, the

Compound | deSr FRR ub§UE0e80 HeR Bt PH ARCoR PET RN NGB i gure 1
il ustrates Lhp addatelcitabile fraitgscerceiipn dsindnngl gkour@ 420 nm) of an
indicator as gesefd Redat Pacin@Phe b soPid SPPFIPEE 2006,
‘polymeric matrix, said support or matrix optibnally
10 containing a detectable moiety;
~each Rg is the same or differentzand is an optionally
protected moiety which when unprotected is capable of
interaction with the wvicinal diol groups present in
glucose; and
15 -Rg and Rjp are the same or different, and are i)
‘hYdrogen, ii) a detectable moiety, iii) a group
which is a) a linking group capable of attéchment
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
fo 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.




Figure 2 illustrates the. normalized fluorescence eni s$iSentefbér20060 428 nm)

of an indicator as described in Exanple 2. Figure 3 illustrates the
normal i zed fluorescence 5 emssion (/1o @428 rin) of an indicator as
described in Exanple 3. Figure 4 illustrates the normalized fluorescence
emssion (/1o @427 nm of an indicator as described in Exanple 4. 10
Figure 5 illustrates the normalized fluorescence emssion (I/1o @540 nn
of an indicator as described in Exanple 5. Figure 6 illustrates the

absor bance spectra of an indicator as described in Exanple 6. 15 Figures
7-8 iIIustraFEgﬁﬁe:Iaﬂﬂﬂsﬁfatae1ﬂh§®bbﬁﬁ££zed45ﬁxﬁﬁk586c@n)of an indicator
as descri bed |n %} Fi?ur 9 |Ibgstrates t he no lized
f1 uor escEATESL8R égﬁgche@(l FoQ Oarhrbn GFREAT | i EBRGr°ES déscribed in 20
Exanpl e @xampgyre. 10 |IIustrates the fluorescence spectrum in the absence
of glucose apd in t ence 100 of an indicator as
descri bed i ngﬁﬁ?ﬁpli% UEFHOrE ei PPE@M&?%@ ﬁr‘r\?rﬁéFﬁ’é‘F? zed fl uorescence
25 enpssieasEli.oho(BAIGT0 428) nnj of heh Ahedeater odis gaseesbednth | actate, of
an indicgtor 38 escribed in Exanple 6. Figure 12 illustrates the

r

nor mal i z&FP scence enmission (1/10 at 525 nn) of an indicator exposed
to glucose B;Bgtd&scﬂr iihédstnatEeeamhleenﬂ:BmaBDzéa dilneréscehdaistrates the

normal i z e L/, 0 nm,of a cat or exposed
to |act gﬁe a¥8£ gfﬁﬂqbgdfl%m %ﬁar‘?rpﬁ nlégdi‘%a?g‘r as de%crlgeérﬁq'l
Example 4.
10 Figure 5 illustrates the normalized fluorescence

emission (I/Io @ 540 nm) of an indicator as described in
Example 5. .
' Figure 6 illustrates the absorbance spectra of an
1ndlcator 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/Iy at 550 nm) of an indicator as described in
20 Example 6.
Figure 10 illustrates the flucorescence 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 gluceose and
lactate, of an indicator as described in Example 6.

- Figure 12 illustrates the normalized fluorescence
emission {I/Ip at 525 nm) of an indicator exposed to
glucose as described in Example 10.

30 Figure 13 illustrates the normalized fluorescence
emission (I/Ip at 530 nm) of an indicator exposed to
lactate as described in Example 10.




5 Septenber 2006 Figure 14 shows the relative fl uoreséesepiemperizess on (I @
430 nnm) of an indicator exposed to glucose and |actate as described in
Exanple 11. Figure 15 shows the relative fluorescence enmission (I 5 @430
nm of an indicator exposed to glucose and |actate as described in Exanple
12. Figure 16 illustrates the fluorescence of an indicator exposed to

gl ucose and |l actate as described in Exanple 13. 10 DETAI LED DESCRI PTI ON OF
THE I NVENTION I n one aspect, the present invention provides a way to
detect the presence or concentration of glucose in a sanple which may al so
contain intefFignradLahposntdbe sicdtivs d3uaréyckrwey eadsstsoror(I

(err) - 3L R UPhy) P TP ARALLIbL Ve IS (81 g somaunds tagd ude | act ate,
acet oacetat e d. etcd resen nvention is
carried @wtdagpngbam 1nrﬂxa@@ﬂer1bonpound whi ch is capabl e of recognizing

20 gl ucose. | B3 fuS0 T bl cHELEN s ksl Lielandio heconni g | nterfering

conpounds in cator mpoun as a
recogﬁit@oﬁ3@lemtn@é aﬁ(anQBQCGBeﬁxpmaa@ntedgiuc¢sefﬂﬂd ﬁhetamﬁeractlon

bet ween heelRdi gad o ngdxgnd gl ucose is nore stable than 25 the
|nteract|on etween t. e I ndlf cat or conpound and the interfering conpounds.

Suit abl e recBysing dip dllénehratemdhedéluweres¢escamsifchn are capable of a
pref er ablyy 4t 845 81 Bl dd 8l §EEdNL gq hhlagwegsaes fRIReELEL YW th the diol

groups present in 30 glucose’” Sever such recognition elements are known,
and pref@%é@P&elh%4ude boroni c acid, boronate ion, arsenious acid,
arsephte ion, telluric acid, tellurate

DETAILED DESCRIPTION OF THE INVENTION
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

. arerrecognition elements containing boron. It will be

.




ion, germani ¢ acid, germanate ion, etc. Mst preferred5Sapiembe@dhi ti on

" elenents containing boron. It will be -7 5 Septenber 2006 understood that
until use, the recognition elenents may be capped with a protecting group.
Such groups are well known, and include neopentyl glycol, pinacol, etc. In

certain enbodi nents, the capped recognition elenent is 5 decapped in the
medi um in which the conpound is to be used (see, e.g., Exanple 5). The
recognition elenents are preferably spaced on the indicator conpound a
sui tabl e di stance fromeach other so as to allow at |east tw of the
recognitMmMeeBEGethhat)uﬂiiﬁnusezunhamnqugngtumoﬁdemahesumey resulting in

spacer o uSBPBLALELEY g PaPaRERR iamtn e st R ey P b T ecogn ¢ i on
eIenentskapﬂnoran@tEnbkuﬂ@hneopﬁntuﬂugﬁygpé,capa¢¢qixﬂbtbe|n@mabout 6A apart
when 15 i %%Ei‘ﬁté n¥ DQl UERSE ap}%% %@bgﬁ.‘LP{on‘?%&Bﬂ&HgSlQ“ the present

i nvent i o Chave tabl e quat’ i'n a concentration-
depenflenterapped minerhet htedccmp:aundmczb é}hposen:lptn@chlsahplbe cont ai ni ng

gl ucose. Nhay gggh gu I|? gﬁ fg knomn and 20 maybe used in the present

i nventi on exanpl fe cator conpound may include a | um nescent
(fIuorescentThequﬂmggph@pes@kﬁmgpterachepréfnmahiycenaceﬁnan)ﬁhean absor bance

based 0l ey ea B8 - ccifounBlL OB QA TRIURdnBY e i Shifioo Al £Tieg 0y, donor

noi ety anhd an ener each space that there is a
detect ablae tchahlgw merletahe twaicdattbe cenpgum@qmteéea@m'ssmqh gl ucose. The

LT EREROY LT, GIGLUCE sy cHhg) RDEL A 18 erlisg oorl oo
specmf1c1ty In general, the recognition elements may
have a spacer of up to about 30 atoms between them.
Preferably, the recognition elements afe oriented such
that they are capable of being about-GA apart when

15 interactind with glucose.
The indicator compounds of the present invention have
a detectable quality 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
fiuorophore and a quencher, configured such that the
fluorophore is quenched by the quencher when glucose is
30 absent. In that situation, when glucose is present, the
indicator undergoes a configurational change which causes
the gquencher to move sufficiently distant from the
fluorophore so that fluorescence is emitted. Conversely,

the fluorophore and guencher may be configured such that

-8-




30 absent. In that situation, when glucose is present, StSapiemberddatit or

under goes a configurational change which causes the quencher to nove
sufficiently distant fromthe fluorophore so that fluorescence is emtted.
Conversely, the fluorophore and quencher may be configured such that -8 5
Sept enber 2006 in the absence of glucose, they are sufficiently separated
and the fluorophore emts fluorescence; upon interaction with glucose, the
fl uorophore and quencher are noved in sufficient proximty to cause
guenching. 5 The configurational change concept is described in nore

detai |l innOWheC@ppeneh R apRkbsQ} | e Seireabulpi ci 1464, 219, filed January
5, 2001, entitle "Q%t ctign of ~Anal ytes", incorporated herein by
r ef er enc & CPALEEFART éﬁ?,f HET PR T CRaf LA PrS c%'nBP8%y 10 such as a

f 1 uor ophamzegapabbe wifthH Blecasé) nchavifiluckbphotr€cghiduieanherenment or anot her
- noi ety spatiallé dispo§%d .mﬁéh re&pe%} 0 the recognition el enent-such
that in tHE TEEERNTR BELGLIEBE LT PHOYYUEPoPFIt e BIREEPPuor escence.  Upon
addi t pon Thle gbu€bhgeratimagl vhasge conmepes iw désdhibeld inneract i on bet ween
the fluorophore,and the_recagniti%gf elenené or, the interaction between
t he quoPﬁ%ﬁ&}elﬁdanffﬁbp8P DY fRIAFAEFEPI BTV uitposed with respect to
the . recogni’sdonl @) ehideid, Jeausing a 20@dycthoitigd MDeteestemosf An exanpl e
20 It will also be recognized

of that %pngegt RS jllgstgg%qg inEanﬁgle ?é Ld _
that the®PREVESEor HHEPBSTERDSUT iVt REFSTHF1 uor ophore emits no
fl uorescencerlternativelp} i tled yindiwakeyehapfirfdludeescrobety when the
spat 1811 Suh s BR e ahRrkbhdeh P i s B IR vebncPene i n the
absence okcgbuioben dlipemant aoddidnairheaf mghiatysspattiled 1yl dispesebnpet es wit h
the with respect to the recognition element such that in the
absence of glucose, the fluorophore emits fluorescence.
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
-fééognition 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

-0~




~i'nteraction between the fluorophore and the recogniti of Seplemb®r®06 or t he
i nteraction between the fluorophore and the other mpiety spatially:

di sposed with respect to the 30 recognition el enent, causing an increase in
fluorescence. O her detectable mieties include those whose fl uorescence
Is affected by glucose interaction via photoinduced electron transfer or

i nductive effects. These include the |anthanide chelates disclosed in -9 5
Sept enber 2006 copending U. S. Application Serial No. 09/265,979 filed
March 11, 1999 (and. published as PCT International Application WO 99/46600

on Sept er@é%n&@ngl@%%) AppllAESt P aead ahersi no 2 e%fwventked pol yaromatic 5
hydr ocar bons and f deri vat cou Bo dansyl ; catechols;
etc. Anoﬂi‘éicfléss{%éJ 6Pt Pg]@ilsﬁ?ﬁq Saegghog‘ét%ﬁ{@?épéﬁéor bance spectrum
changes wpen ichdiéh afd 99465600 hen Isuﬂaltéﬁbér tonaesd , Wi th gl ucose,

I ncluding Alizarin Anot her class.of noieties 10 include those

d,
whose fl 8FQ§BBH%EF$§?%E§&BIB¥eEF eNGEoXPRIYS B et s, e.g., energy
d0n0r$aC@1Qﬂlﬁ:6E:aﬁﬁdnli§ ahdC laheas d@ﬂ‘hsmlt/ldabsybouxﬁnnd?r sbeikgd y, the

det ect abl e it det cta ral change, .such as changes in
absor pt i % n%g h%%éﬁéh? Pst? ghﬁ’ b§ PBTI Qﬁ%ﬂéi&ﬁ&?ﬁr spectral  shift),
in fluoreseentiedeisaye mmﬁee(dhﬁdﬁbﬁnm&dsbyctrmmachhmg@bnuponfrequency domai n
measur emgn uoQr es anisgtropy or

f t { t
polarizaﬁp%%?aﬁéﬂgégifggﬁ éﬂ&*f & ?ﬁ@PSHvééfb §B€59ruh1 a change in 20
time-resghv¢edding AXizepyindRedy étd:et eAmmEdr b:;/latssmfdmnﬁetnea)r f requency

donggg neasguﬁ%.rhéé g 5 T?g rujc%agor ungds, the present invention,
| ubP& LLEE=8i 1T R gof‘ﬁt'f' af .go desi r ed.
proximity effects, e.g., energy donor/acceptor pairs such
as dansyl/dabsyl, 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 reqguires, 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 ezample,
30 another polymer, the entrapping material preferably
should be sufficiently permeable to glucose to allow
suitable interaction beétween glucose and the indicator

compound.
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On the other hand, if the desired application so 25 re§uierembenddgsi ndi cat or
conpounds nmay be imobilized (such as by nmechanical entrapnent or coval ent
or ionic attachnent) onto or within an insoluble surface or matrix such
as glass, plastic, polyneric materials, etc. When the indicator conpound
is entrapped within, for exanple, 30 another polyner, the entrapping
material preferably should be sufficiently perneable to glucose to all ow
suitabl e interaction between glucose and the indicator conpound. -10 5
Sept enber 2006 |f the indicator compounds are sparingly soluble or
insoluble in , e [ §¥%ﬁb esired, the

i ndi cat or co%%ggﬁ% ﬂ%ﬁkggsgo&%%ﬁeﬁgglggeaggﬁ égﬁsgyggk?f?g nononmer to
form a hydSeghPlLecin WH@Toniie e cdfteecdd csedBr pheaYSPUSOMPRHER N U. S.

appl | cat i@ S8 | 8he NhaiQUt632bitburd hey BUILSLpdymd0feqthe contents  of
whi ch are incorporated herein by referen Pr ef eerh I ndi cat or conpounds
have t he &y émﬁh@r%hlﬂd@t fpRomer) ts fREM mshydromilic R R6 R R7 R2 RO R3

RO whergicomoRdcary :—Bzd%rs@rilg@i %@%oobeﬁaiﬁﬁr@rg apgLeEs s ected 15
fromthe following: i) hydrogen; ii) a substituent to° nodify the pKa and

hydr ol yt P€Tdeaple; t‘}/g)cﬁazt' &4 Refidesl éWUSFu fy 20YULt sbeasPeteti%ty, or iv) a .
Linking ogr QURcEaRAd| icRirpati BN MRIF¥e1hOpd $OFdferignport or a

Preferred indicator compounds hawve the following
structure:
10

wherein:
—Rl 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 Ry
moiety, iii) a detectable moiety, or iv) a linking
gfoup capable of attachment to a solid support or a
polymeric matrix, said support or matrix optionally
20 containing a detectable moiety:;
~R3 is hydrogen or a linking group capable of .
. attachment to a solid support or a polymeric matrix,
said support or matrix obtionally containing a
detectable moiety; |
25 -Rq 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
moiety, iii) a defectable moiety, or iv) a linking
-group capable of attachment to a solid support or a

-11-




polymeric matrix, said support or matrix optionally 205September 2096 a
detectable noiety; -R3 is hydrogen or a |inking group capabl e of

attachment to a solid support or a polyneric matrix, said support or
matrix optionally containing a detectable noiety; 25 -R4 and R5 are the
sanme or different and are selected fromthe following: i) hydrogen, ii) a
substituent to nodify the pKa and hydrolytic stability of the R8 noiety,
iii) a detectable noiety, or iv) a linking group capable of attachnment to
a solid support or a -11 5 Septenmber 2006 polyneric matrix, said support
or matrix oppbOpadtic GRtrakNi fifid LAppoctabkendiriiel vptiewehiy is
independentlé carpon or Hitro %g#b -R6 _and R, are the sanme or different and
are-5 i) linkPRRHHGRHE 35??&% M°2&FE7t o ten contiguous or branched

carbon and/ orelét €% Qad AiBepniddrit)lya calrbbki 8g witxweaapabl e of attachnent to
2 Sl SUPRRTL o 2 PO TSI LEL T e BB, SURROLL o Tty optionally
al i phatic angd/ pinkim@atroaps feodne Erbai Beng fo aanlcbatidguowont i guous at ons
selected {7 OfL e, AW cCoheh Ll REreRbiPle OBIUED) 1 trover, TSul fur and
- attachnent tbimkig igtospppapdble of apobyheentc twatr salidai d support or
o R SO R CRLES A0S P b S R (e O
capabl e of dfkiotadilyctoohaimirdy hdetectalale dicdletgr oups present in
10 -R is salected 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,
ii) a detectable moiety, or iii) a linking group
15 capable of attachment to a solid suppoit or a
polymeric matrix, said support or matrix optionally
containing a detectable moiety:;
-each Ry is the same or different and is an optionally
protected moiety which when unproteéted is capable of
20 interaction with the vicinal diel groups present in
glucose; and
-Rg and Ry are the same or different, and are i)
hydrogen, iil) 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
vsupport or matrix optionally containing a
detectable moiety, and/or b) includes a functicnal
group capable of altering the physical properties
of the compound;
.30 with'thelproviso that the indicator compound contains at
least one detectable moiéty associated therewith, either
directly or as part of the solid support or polymeric

matrix.
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glucose; and -R9 and Rio are the sane or different, and sepembdr20bydrogen,
1) a detectable noiety, iii) a group which is a) a linking group capable
of . attachment 25 to a solid support or a polyneric matrix, said support or
matrix optionally containing a detectable noiety, and/or b) includes a
functional group capable of altering the physical properties of the
conpound; 30 with'the proviso that the indicator conpound contains at

| east one detectable noiety associated therewith, either directly or as
part of the solid support or polynmeric matrix. -12 5 Septenber 2006

Sui t abl e grogpstébie npdidps figrt hedpKangndhbyodKal arid hysirabytiday of the Re
noi eti es l.d .be L |y, apparent t ng_ of ordi Ll ... and i ncl ude
groups sus\(lz%%étg'lgﬁaf)ogg% Rr‘?’i F‘fgtl)%gﬁensi r‘f’g’u lﬁaﬁ%g’éenacglﬂﬁ)sq{% E’%ﬁ?é‘é‘l atlokyl ;5

opt i onal logne wisbirtidihedy cairiddxybpdatytludeetgmpunist suthke;as am de; ester;

al koxy; et.g. It ligki f st{f.ent may include

groups fﬁgﬁfgggﬂtﬁ?kf%'a oﬁggzggggﬁ ?dﬁ%ﬁgqé g%@,éiﬁ i‘ch may be branched or

subst ist utapd: imnd 1\hMgi shbsEytut@d nelrbokeylonecyi ; nbeto hetidimddeons, which

"termnate_j.n,.a ngti I roup capabl e of further reaction or attachnent
p! -

amide; egge ) : .
to a pol yner 6r support. anpl'és of suitable |inking groups include

al kyl; aryl; Satyébled jrkindegroyed Yeirheny sltbstojptuemalmby substituted, and
combi nat ignsual SokBEhE Franandlfl R @ TukUpbNEL icldidestype! | onal groups
capabl e of alterrng e physical properties of e - conpound,” such as

sol ubi'l i mhicpKmayebe . bfuchedanpl sybstituted and which may

10 include one or more hetercatoms, which terminate in a
functional group capable 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. o |

Ry and Ry 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 iom, 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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these include optionally substituted carboxyl ates, an BGeR@myETEIPS,
quartenary ammoni um groups, sulfonates, PEG etc. It will be understood
that when any of the substituents is a detectable noiety, that could al so
i ncl ude suitable I'inking groups which Iink the detectable mpiety to the
rest of the indicator conpound. Suitable 25 |inking groups include those

| i sted above. Suitable detectable noieties include those defined above. R8
is preferably selected fromthe group consisting of boronic acid, boronate
ion, arsenious acid, arsenite-ion, telluric acid, tellurate ion, germanic

aci d, gergﬁp { 8301 LdH cagbLpat i eregf. Wekhrgl so be
under st 0o ?%EFL_% abngp%gfgg?%?gﬁjq?ﬁg%Etheg%r%é%ﬁi cgﬁpounds and
det ect i orcompovagsinggoyaenis feryneeyld er prlyhesizeth ogrncegral conpound

(contal niﬂﬂgan%%gggatwm AUrRARBLSsRYhHIR! REhaRbe FOI LI a- 18 -----------
------ 5 "Septenpber 2006 could be |inked to an existing polyner, or the

i nt egr al PSSP FRIRRTdTEAYe FOP SPFIREChBOBOMSAHT | zed or co-

pol yng”é%fi’.‘pwwenten@érbe.r, Sl BBh €a IR et P& Q8 G onPO! YITEr . o
Alternativel'y, two separate nononeric conponents (e.g., one containing

the recogrieniedhis, eprdreamnes coahainies coslespatagla mriatol abPeldoi ety) coul d
be co- polpuTRLLgedymor 11t sbhenbesud %&ug/gwwo%@beﬁmm& hecessary
n

el enents of the system (see Exanple ) uses exist for the indicator
conpound@1df neRessaxy FleFentsi Al cHts SYStPRcK$R% ntrafPd€ 8%-indicators in the

fields of engsgy nd®dieine BHE @Y iieBEENESr FMpRRABPLE, thd he indicator
conpounds can be used to detect sub-levels  or supra-levels of glucose in

physi®l oFireaPNBUEIEIT 160, ARGTERING HERSadShHIGtSa 10 Es AR, tRRr um
interstitdiahafl & bbnergy, medicine and agriculture. For example,.

the indicator compounds can be used to detect sub-levels
or supra-levels of glucose in physiological buffers or
fluids, such as blood, plasma, serum, interstitiél fiuid,

15 cerebroépinal fluid, urine, saliva, intraocular fluid,
Yymph, tears, or sweat, thus providing wvaluable
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 guality 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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15 cerebrospinal fluid, urine, saliva, intraocul ar fl ubdeptempenostears, or
sweat, thus providing valuable information for diagnosing or nonitoring
such di seases as di abetes and adrenal insufficiency.

Medi cal / phar maceuti cal production of glucose for 20 hunman therapeutic
application requires nonitoring and control. Uses for the present
“invention in agriculture include detecting |levels of glucose in soybeans
and other agricultural products. ducose nust be carefully 25 nonitored in
critical harvest decisions for such high value products as w ne grapes. As

glucose is tRgeADSe RWRCASLYECEMINUNASS QHESEp L eadotesdent fernentation
processes, c%-Iucoselgit,)nltorlng for optinumreactor feed rate control is

i npor t anth enﬁﬁodﬁ%?+?ﬂ? dgfeRbLR oreTHRGINGSaft®Cont rol  of

gl ucose m%bwatmrtw @t . SF@fléztair@dlet, OtHY atdrpbuEdt hel thkri ng
production of soft drinks and ginented beveraq}ﬁa whi ch consunes the
| ar gest FTOGREL OB o PeodseEndnf EFYRARSSEPE PERVINMAIGTLGPF  sugars

i nter Batlm@l L, yu. sl@a&eﬁetpuenbsrsﬂﬂcﬁmv\bencamaé HHugat @6 conpounds
uor escent, |nd|cator substituents, various detection

|ncorporat(?l~éﬂm's

t echni quéAFE51C 13- iGiin SPAPL A2 WA, PRBPL e pleuadne conpounds of the
i nvent i O nGpRcbeonSehin hbueé@s\@@fﬂnﬁ;@eswaﬂl&i@ém& Sfee.g., U'S. Patent
No. 5,517,313 can be bound to meric material such as test paper

for visu&i*@ “‘ipa@pe%]t"r%ﬁe PRASUF ST 1t“e hARRRE IR GIPUPNTE, for  exanpl e,

gl ucose rRasufnentRy pHNwathaanetrgnalfogounus Cpalﬂeﬁi errrhal ng pHwth a strip
of Iifrmus

o L Ab™BgBgRRtas e EpETRENE P LLR S D AP, A st i zed
reagents with standard benchtop analytical
instrumentation such as spectrofluorometers or clinical
analyzers as made by Shimadzu, Hitachi, Jasco, Beckman
and others. These molecules 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 liquid 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 is 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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i nstrumentation such as spectrofluoroneters or clinicabSepdabyzess as nade
by Shi madzu, Hitachi, Jasco, Beckman and others. These nol ecul es woul d

al so provide analyte 15 specific chem cal/optical signal transduction for
fi ber optic-based sensors and analytical fluoroneters as made by Ccean
Optics (Dunedin, Florida), or Oiel Optics. OS. Patent 5,517,313, the

di scl osure of which is incorporated herein by reference, describes a 20
fl uorescence sensing device in which the conpounds of the present

i nvention can be used to determ ne the presence or concentration of

gl ucose ignRdyedUi RElidEPicEhaes8LNSdNG ndeVECeps0eR i55637a31yered array
of a fluorescént indicator nolecule-containing matrix (hereafter 25
"f | uor escEhtmosRlAERd) € F i GhIFAERLEY |9eeDRARCEd, INbtEEet8EROr. In this

devi ce, ap,}é%besgyrgg_icogg.ef erably a light-emtting diode ("LED"), is
| ocated at | east partially wthin the indicator natﬁrigé,.ﬁi in a
wavegui de updR WA® cIENSRE CREFERRe alrPx Fatentspusddr 338 suth that

i nci dent g4t afir @A & ecdrit@ihsS OHE Condidases hbBecuTwliigat or nol ecul es to
fluoresce. The high-pass filter allows nittef |ight to_ reach the
phot odet R&TEALRA| & tHe |1 AN YES - outPWoathEr BRAFHET F&R HFEGHT  from the 1i ght

source. THfd kuer pstenca Erokhehé nsieaiodingl essit asedilin, 5 Sept enber 2006
o oY o B SN O TR Bl o, LB GO M3 L2 o] 2t e,
sensor desilchedri colpcmnddat evhe 51:63ht, 3bdrcé heindigmicari al which contains
t he indicator | ecul e i.s erneabl e .t.o.the an te. Thus, the anal yte can
di ff&fe SGOHPGUPHEC Lg%ﬁqﬁﬂg B?gﬁ¥% §ﬁﬁp68ﬁﬁ?r£ﬁ%§§ﬁ aﬁ@diLnn t her eby
-~ af f ecti nghidtedbt eior®@s carc eocafii yhes yncbhehat at least a portion
of the fluorescence emitted by the indicator compounds
impacts the photodetector, 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 herein 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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I ndi cat or conpounds. The |ight source, indicator 10 co&peptadbeacoatai ni ng
material, high-pass filter and photodetector are configured such that at

| east a portion of the fluorescence emtted by the indicator conpounds

I npact wa d3@7gabot odet ector, generating an el ectrical PETARSIO79%MiI ch is

I ndi cative of the concentration of. 15 glucose in the surroundi ng nedi um

I n accordance with other possible enbodi nents for using the indicator
conpounds of the present invention, sensing devices also are described in
U S. Patent Nos. 5,910,661, 5 Exampd@S5land 5,894,351, all incorporated 20

herein hy reference. The conpounds the present .i.nvention can al so be
used in t??nﬂéiﬁﬁ;ﬁ 8°B@£&%g% Fop? 5%%$%§3%?”%§8ﬁ??ﬁu%ﬂ§|y noni t or bl ood
gl ucose yggvedes in vivo. Suitable devices are described in, for exanple, co

25 pending U S. Patent Application Serial No. 09/383,148 filed August 26,
19995° as well as U.S. Patent Nos. 5,833,603, 6,002,954 and 6,011, 984, al

i ncor porgt eGsyrileiia BY h&{SHRReRatdhen eRreeatlSnafichber present invention
can be 30 prepared by persons skilled in the art w thout an undue anount

of experdanprlymesizedi iy YT EPIRRGAPPEEYT 'on  nechani sns and reagent s,
for exanple including reaction mnechanisns which are consistent with the
general procedures described below -16 - - --- - ---------- -5 Sept enber

- 2006 W& -03/0184dneplmrrcsyigrdpgorrianine methylantisresfie copol yner of
antqbacene ésrgvéaégéhéﬁgﬁ o%ﬁﬁgfglaminopropyl)methacrylamide
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 recocoled to 0°C. To the cooled mixture was
added dropwise a solution of 9~chloromethylanthraéene-
(5.0 g, 22 mmole) in CHCl; (100 mL) over a 1 hour period:
"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 aqueous layers were extracted
with CH,Cl,. The combined organic extracts were dried
over anhydrous Na,S0;, decanted and concentrated in vacuo.
The crude material was purified by silica gel
.25 chromatography (flash silica gel, 2-5% CH3OH/CH.Clz) to
vield 2.44 g (33%) of a solid product. '

TLC: Merck silica gel 60 plates, Rf 0.39 with 90/10
CHoCl,/CH3OH, see with UV (254/366), ninhydrin stain.
B. 9- [N- [2- (5,5-dimethyl-[1,3,2]dioxaborinan-2-yl)benzyl]-N- [3-
(methacrylamido)propylaminoimethylanthracene.
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,

-17-




5 1. Synthesis of nopno-boronate-anthracene indicator &&epeinber@fd&zed in

wat er - sol ubl e polyner: A 9-[3-(nethacryl am do) propyl am no] net hyl ant hracene
10 To a suspension of N-(3-am nopropyl)mnmethacrylam de hydrochloride salt
(11. 82gwod&oB42mol e, 3.0 equiv.) and DBWP (10ng as ipghitdod@big 1 n 250 nlL
CHCl 3 at 0OC was added dropwi se DIEA (18.5 g, 25.0 nL, 144 mvole, 6.5
equiv.) .over. a 20 na'glgh)ﬁriod. The m xture was allowed to rmto 15 25C

and t hen +&oBled?? To £he eIoted HXPAFELORS °V&Fdédlr opwi se a
sol uti onniln Beehby ofEiilvweanbiir 6@ NEropis@ gdd22ism@lfels in CHA 3 (100 ni)

over a 1 hqur  period The m xture. was subsequent]y stirred. at 25C for 1

hour . 5EEIFEE0T 2 ho(A DraRaTE Rl BRRS W POIORLGr SCLheORFEESD ¢ i e, t he

mxture watewashedd vt 18.41xmeO1eL P dgpny. pfoverteo amnd the conbi ned

aqueous | ayer e extracted wth CH2Cl 2. The copbined.qQrgani c extracts

wer e ﬂri 88¥“8§e¥\e§herlw3ﬂ§ehﬁﬁcﬂfb§f@é‘§%i& 3%%%%%%&?3&% Tn vacuo. The

crude mater habrswas Furtihfisedity, Sild adxgelre. ¥ds odwreat egerphy (flash silica
339 of a.solid.product. TLC

gel , 2-5% CHIOH. 12) to. vield 2. 44 '
Vor ck_si FPERT et ™ ot FaPBinddyadpesivs, AAKE B Hef® sdrsFeBOn, see with LV
(254/ 366y)ithi Qiydei N BleaicdombiBed Qerddhid 2xtracts were dried
(5, 5-di net hyl - [,1 2] di orinan-2-yl ) benzyl ] - 37 .
(et hacr W%%{n' %%‘33’6%85‘% grgﬁ)%] n%?%ﬂ%#r#”é‘cgﬁﬁéﬁ%%g%%ﬁﬁ vEu8t
9- [ 3( neThaceybderinddppiapywasnimolif igdt byl ahtivaeele (2:44 g, 7.34 mol e)
and DBVP_( 10 s . inhibitor)...n _200.nm Cl dded DI EA (2. 85
g, -17 %ﬂﬁﬁﬁégﬁﬁiﬁph¥oggfaﬁH)%ﬁ%ﬁ??s&ii'ﬁ%%%bégéﬁg93§§ﬁgf8§¢nt, 22.0 rmol e,
. 3.0 equiyigld r2.fdr g dM6%bvel aa 1i@htiynypklowdrylsakbbivd bylide dropw se
addition of a .

Mp: 72-73°C.

15 a
TLC: Merck silica gel 60 plates, Rf 0.36 with 90/10
‘CHzC1,/CH30H, see with UV (254/366), -ninhydrin stain.

C. Water soluble copolymer of 9-[N-[2-(5,5-dimethyl-[1,3,2]-
| 20 diuxaborinaan-yl)'rbenzyl]-N— [3—{methacrylamido)propylamino] -
methylanthracene and MAPTAC (1:20 molar ratio). .
To a solution of 9-[N-[2-:(5,5-dimethyi-[1,3,2]-dioxaborinan-2-yl)-
benzyl]-N-[3-(methacrylamido) propylamino]methyianthracene
(0.0490 g, 0.105 mmole) and [3-(methacrylamido)propyl]-
25 trimethylammonium chloride (MBPTAC, 50 wt % agueous
solution, 0.48 g, 0.90 mL, 2.1 mmole, 20 equiv.) in 1.5
.mL ethyl'ene 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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sol ution of (2-brononet hyl phenyl)boronic aci d neopent yls Septeimesr 2086 49 g,
8.81 mmole, 1.2 equiv.) over a 30 mn 5 period. The m xture was :
subsequently stirred at 25C for 20 hours. At this time, the m xture was
washed with water, and the conbi ned aqueous | ayers were extracted wth
CH2C 2. The conbi ned organic extracts were dried over anhydrous Na2SO4,
decanted and concentrated in vacuo. 10 The crude material was purified by
silica gel chromatography (flash silica gel, 2-5% CH3OH CH2C12) to vyield
2.50 g (76% of a lightly yellow crystalline solid. M: 72-73C. 15 TLC

Merck siliheaqggl y R ma%@%aal%ag %a%wa@@él& dREkd/ G6BOH, see with WV
(254/ 366) , nlnhydrln stain Wat er sol ubl e copol'ynmer of

9-[ N-[ 2- (ygeg d@ﬂ?'é’t%)gl ([6§9'3 gf aypllow glassy solid.

di oxabori nan- 2-yl pbenzyl ] - N-[ 3-. (et hacryl am do) pr opyl am no] -

met hyl ant hracene and NAPTAC (1: 20 nolar ratio). To a solution of 9- [N [2-
(5, 5- di néﬂhwM?dpl@tg]ondpgxgg,g?;%ﬁpngeymth Glucose and Lactate

benzyg] - N [ Ir{drebRaekyt oM ép)ﬂ{eorﬂbagémrf@etw RRLNEBEEer( 0. 0490 g, 0.105
mol e) and_ [ 3- (et hacryl am, dolﬁ ol yI'J 25 trinmethyl anmoni'um chl ori de

(MAPTAC, (8bigk %né@aééué S4By ogelusog elprggity preparefdile, 20 equiv.)
in 1.5 &hlsté%ln@n@ BPy@th&@é aftadcdade -wOReHrraneyal eric acid) (0.008

g, 0.03 nmmole, 1. % of total nononer). The solution was purged with
“argon gafiggre s ?@"WPnEP@sn%FfEPJtlt?@ﬁi hEBPERFIRPBOETLASENR %P for 18 hours.

At this gigeo dud)eori 9C8URgFRL WdIWiVAS SOAUHRI do@oa%er fijaged with 5
wat er and gl all{zed througg a cel |yl ose acet #enbrane ( MACO 3500)
agai b8t Bo¥ag Jatde)wdfeFBS A Rigagfeih et éb(?f@’ HECBFAIR)zed material was

concent r gt 20l dvp 1@EYBEES t Spydtedad werd3Ped AdERsthgaayshi-al assy solid.
RF-5301 spectrafluorometer with excitation €365 nm;
"excitation slits at 1.5 nm; emission slits at 5 nm;
ambient temperature. Error bars are standard deviation
15  with duplicate wvalues ;fér each data point. The
fluorescence of the copolymer was affected by the
: presenée 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

A

0

N o\/\ou

A. 9,10-bis[[2~ (Z—hjrdroxyethoxy) ethylamino]lmethyl} -

‘30 anthracene.
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Il. Modul ation of Fluorescence Wth G ucose and Lact at & SeBteiiber 200@1Iul at i on
of the fluorescence of the copolyner (which contains a single recognition
el enent) prepared in this exanple by glucose and | actate was determ ned.

Fi gur e WOSROWY24 he normal i zed fl uorescence em ssion (ROTVES03/@320 nm) of 0.5
ng/ mL sol utions of the copolyner (1:20 10. nolar ratio) in PBS containing

a) 0-20 nM gl.ucose; . b act at corded using a

Shi madzu T@Sﬁlsgtl)ug e ﬁ%&%%ﬁ%ﬁ%’%j@%gp% Fa@25 9%m excitation
slits at 395) o, éBﬂsmmohe,le(t $ atjubvnmin aﬁbm&ntﬂtﬁm&r aslice. Error bars
are stand at yes f tg point. The
fl uoresce‘ﬁ%sg gﬁ tdhtti-:-;3 i &J? ﬁ%hl%rg}dgjc?fe ntéﬂ!nacetnﬁe%pgg ngg %f gl ucose and
| act at e. ricEmil.e ZhEOSM)\dtjicat iwes ofilred bior dirat darkdfeaté® coval ently

- attached wat o] ot hysi ol ogi cal
i nt erltg'er ehn(%:‘%s At §Rtk%2&s]§(§éoo )ﬁg?é\g 2 i haérl? r%%o %H%% tfho

bi s- bororﬂat:eﬁﬁnmhr anén% % ndiOc afLopoiNH atrs CMI—|N‘aIHOOy S@Eusated

Sopronbe A" “é%iﬁéﬁ?gggjsgj@gy%i%kgs2’%f%*%g;g o
2- ( 2- ami redyhoryy eVazfita ereg, an@0congentzge Eie qui v in 4
'mmlog)ms hte é%?:utl on ﬁgs st?ﬁrogvg IS(ﬁﬂﬁnﬁLPy%g}gﬁg 3?2 (it 9:1h|gs gﬁng
added0 10RPrHPEFR OV Ps aprrndeshed a#tds- 1 x 50 nL and 2 x 100 nL portions of
NaHCO3 (saturated

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

ok
S

W ¥

400

min.

i o\/\ou
) o,
CHy

 B. 9, 10-bis[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yl)benzyl]-N-
20 [2-{2-hydroxyethoxy)ethylamino]lmethyl] anthracene.

A solution of 9,10-bis{[2-(2-hydroxyethoxy}-
ethylamino]methyl]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~




aqueous solution). The organic extract was dried over 5&ebgabaRé0fNa2SO,
filtered and concentrated to yield 4.67 g (79% of a yell ow powder.
Product (-85 % pure by 10 RP-HPLC) was carried on as is. HPLC conditions:
HP 1100V8eRB/78¢Hr omat ogr aph, Vydac 201TP 10 x 250 nmmPC®/USean7938. 100 ni
injection, 2 mL/mn, 370 nm detection, A = water (0.1% HFBA) and B = MeCN

0.1% 15 HEBA), ' 0% B 2.nin, 10-8Q0%B. 18 min, 80-100% B
> min, 160°98°8 Bt degk FoR £6MOYESs A Roigr e, 6% B o
[1(2)- l(3|2 SL N(-j::{e%c(tﬁpﬁ- i setdey vak 1c3n@dnl pxaibriniana 2ty | Pbertpcl- N 20

- - y r

th thyl ani thyl lanth . A soluti f
9, 10- bj s[e["%i*(’%’%ﬁ%%@e%hg%ﬁr‘g] gﬁ%‘i‘/ %Jrﬁa”ﬁgﬂ%ﬁéi‘?ﬂ%mﬁv rﬁ%ﬁ‘%a?gﬁ}éo( 4.02 g, 9.75
‘nmol e), DhBAreti@ué wps prrffieqd ¥y .Humimlae colmd adpematpgaadhy
2-b | i i 7.25 g, 48 le, 4.9
CaquivS) n B ELH Y BBLELEF SLIAREE" DY asotn B bt “Rod 037 o Taang
iPCT/U$030@§938556Vrgeﬂfﬁ%m bﬁeadwii;dqﬁioma Rbiicls . sodti diifiiedt npen t he
opot! OnSHRRHARE, MR RRng L at e b AR ubYe) U CargYRROOA ON, e

usi ng a vacuum 0 renove he Tési due was purified by

al um na esl asm chronmat ography 5. (150 g activated neutral alumna, 0-3%
CH3OH/ CH2A 2) to vyield 5.67 g (70% of a viscous oil which solidified upon
standi ng. Product (-85 % pure by RP-HPLC) was carried on as is.. 10 TLC

Mer ck0 baBl€: aMemsindasiat astuniia 13T emi.t RE98/33 wihCPO2/BH3OH, see with UV

(254/ 366} p,c1,/CHs0H, 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 i0% B 2 min, 10-80% B over 18 min,
80-100% B over 2 min, 100% B 2 min, retention time 18.8
min,
oK,

Nen
S

OO

~e
o

C. 9-[N-[2-(5,5-dimethy|-[1,3,2,]dioxaborinan-2-yl)benzyl}-N-

20

[2~ (2-methacroyloxyethoxy) ethylamino]methyl]-10-
[N-[2«(5,5-dimethyl-[1,3,2,]dioxaborinan-2-yl)benzyl]-N-[2-
(2-hydroxyethoxy) ethylamino] -methyl]anthracene. (Single-

25 . methacrylate monomer)

-21-




HPLC condi tions: HP 1100 HPLC chromat ogr aph, Vydac 201FReptk@ber 2866 nmm
colum, 0.100 nL injection, 2 nL/mn, 370 nm 15 detection, A = water (0.1%
HFBA) and B = MeCN (0. 1% HFBA), gradient 10% B 2 mn, 10-80% B over 18 mn,
80- 100%¥vB 039242 min, 100% B 2 min, retention time 18&dArosodevess | an ~~o/ f ox
20 C. 9-[N-[2-(5,5-di methyl-[1,3,2,]di oxabor i nan-2-y|)benzy|]-N—

[t2h(|2 [n:eit gatz:royl gyget hox e%t&x})ggln_glﬁ_]n&}i%yeihlﬁ)_h gz o2)(8‘(5 5-dim

et hy i Y zZyt ] - e

(2- hydr ?wzypeymﬁmm%?%yg}?wﬁg?ﬁax ?J gi:lg%.?ngi?:gﬂ:ret Ihatcr yl atfe

nonomer enber solution o

9, 10- bi s[T¢ ‘d?ﬁ%‘i‘%y P8399] 167, meeRacH Y

?gr;gan 2209 b(@ﬂﬂﬂld]gNQ.Z%t%(ﬁarﬁ;ydBosyenﬂmd )@tlgyldfaqum]hormﬁ:hmyl ]g)agghraclene
_ agrLy aci , 3. mol e,

9. 84 quu(/ ')5%5%@2]@ ?%‘@%%E‘ 1 é8 ST ¢, a%% B Hu‘?bm a'é?’d N, N- di met hy! -

am nopyrlainmp@ﬁlﬁiﬂe g(O.(DZOGgm“rﬂLéG tiolte e Quidd. pquiivlp im 15CWRC12 at 23C

was 1111 SPRGLAAY 2308ctat rarta Bl TPorth g Sint BRE he osi due was. 10

purified tbmsaltumenatlmlmtabnomtlgreapms f30tgredtanht ed neutral al um na,

0-4% CH3 79 ow.solid. FAB ME:

Cal c=d f(()gfav %%%%E%‘%\l% x?ﬁ?,r% ggp%)%tﬁ. Li] Eg&l%"%é'é% TLC. Merck basic

al uniha puatiéded Rﬂy G uUBminat ko dEnm ct@dﬁ@t@éﬂaﬁﬂ‘l (Seq wcthveNe@254/ 366) .
neutral alumina, 0-4% CH3OH/CH;Cl:) to yield 0.150 g (47%)

of a yellow solid.

FAB MS: Calc=d for CsHgeBoN204 [M]+ 885; Found [M + 117
15 88e. '

TLC: Merck basic alumina plates, Rf 0.45 with 95/5
CH2Cl,/CH30H, 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% HFBAZ), grédient
10% B 2 min, 10-80% B over 18 min, 80-100% B over 2 min,

_ 100% B 2 min, retentlon time 21 min.

25 .

D. Water soluble copolymer of 9- [N-[2-(5,5-dimethyl-[1,3,2,]dioxa
borinan—2—yl) benzyl}-N-[2- (2-methacroylékﬁ*{ethoxy) ethyl-
amino]methyl] ~10-[N~-[2~- (5, 5-dimethyl-[1,3,2]dioxaborinan-2-yl)benzyl]-

N- [2~- (2~hydroxyethoxy) etﬁhylamino] -mei:hyl] anthracene and

30 T™AMA (1:50 molar ratio).

| . To a solution of {2-(methacryloxy)-ethyl]trimethyl—
ammonium chloride- (TMAMA, 70 wt% aqueous solution, 0,344
g monomer, 1.66 mmole, 50 equiv.) in 0.600 mL water was

=P P -




20 HPLC: HP 1100 HPLC chr omat ogr aph, Vydac 201TP 10 x 25(Septembectooem, 0. 100
m. injection, 2 m./mn, 370 nmdetection, A = water (0.1% HFBA) and B =
MeCN (0. 1% HFBA), gradient 10%B 2 mn, 10-80% B over 18 m n, 80-100% B
over 2 wpn3ngdd0% B 2 nmin, retention tine 21 mn. 25pBruddsiessgsol ubl e
copolymer of 9-[N-[2-(5,5-dinethyl-[1,3,2,]dioxa

bori'nan-2-yl ) benzyl ] - N-[ 2- (2- met hacr oyl oxyet hoxy) et hyl - am no] net hyl] -10-
[N- [2- e8del- di aetyfdon of332[M Bealsdi-dimethy?{ 4B plbexapbijinan-2-yl}-

N-[2-(2- Xyeth ' - ek b PGS JMAMA (1:50
mol ar ratB %ér%%zﬁéoﬁ a%?%b?%%%mf%? ﬁg%?g%ﬁ%’( e?%;lﬁ]atg}rl?ﬁ]et hyl - ammoni um
chl or i de! Q-INVIEMA, S-timnephyid hgdtdiere barinant 3-gibengy 3aul2-(g- nononer, 1.66 mole, 50

equiv.) i 5 _ 0Q6 3/ 078424
P 1 3507 32888 g U R Mo e 3L PERLRERSIn AR 002D §

9- [ N-§ 2- 50833 mrels) i1 3300wk Medbor i Aantbis inixtaszyprs -2ddesd (2- net
“hacroyl oxygt hgxyn £4 W-3ahoei 1@ty laclia)  (0.0075 g, 0.027 mmole,
10-[N-[2-(5, 5-di nptoa%l -[51 3, 2] di oxabori nan- 2-y_|% benzyl ]-N-[ 2-(2-

hydr oxyet hBx§9Ee iy | nitRE hefoRamedilt hr ABBnsot et BOnAag, FELERIREB3 ol e) in
3.00 mi MrLhigh 19 d.isp mbab e W8I taddedas outrget? QB (At Odpeaval eric acid)
(0.0075 g, 0.027 mole, 1.6 nole % of t ot al m)nomerg. The sol ution was
filteredgasheeddihen Beasedribrthee derkt @F, SHed faur dédhoRxH nifity ogen gas and
L hen reateds | 01 ddie HR1 b1 8o S8R DalSoo la 1 bBFE dddre, the viscous
sol ution was cooled to 25C and .concentrated in vacuo. The residue was

di | ut ed epmeerprated gt Becund Thet sesddedrvagididuoed widdbrédhe filter. The

500y adly it A sSLEEPAHEOEHER 8, BF neflafe, PR i ned 38,5 L
of pol yneie malywidrosolCohareasatliabyoéd athporigior oklihlssesol ution to
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 IXY. 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 acetoacetate was
25 determined. Figure 2 shows the normalized fluoresceﬂce
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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dryness indicated 0.0075g polymer per 1.0 nL sol ution. 5Sapembbd 2006 2899
(77% vyield of polynmer. 20 I|I. Modul ation of Fluorescence Wth d ucose,
Lactate and Acetoacetate. The nodul ation of the fluorescence of the
copolymer (which contains two recognition elenents) prepared in this
exanpl e by glucose, lactate and acetoacetate was 25 determ ned. Figure 2
shows the nornmalized fluorescence emssion (I/lo @428 nm of a 1.5 ng/nL
solution of anthracene bis boronate-TMAMA (1:50 nole ratio) copolyner in
PBS containing a) 0-20 mM gl ucose; b) 0-20 mM Il actate; c¢) 0-20 nM Iithium
acet oacetate. Spectra were recorded 30 using a Shimdzu RF- 5301 '
spectrafluoroneter wth excitaEkggEEBGB nnm excitation slits at 1.5 nm

emssion_slits at. 1.5 nm anbj ent tenpagature. The fluqﬁgf nce of the
copol ymeEEFStaPF AR thy 1R EPH E OB EPegfRRO S85POBEE FHt°Ey t he presence

of lactabe giudssd QA tha! flusrescen@PbeNBes- KM atEXaRBheacerd f ect of

| actate in Solution on the dose response effect of glucose on the

f | uorescandicatodi s- boronat e-anthracene 5 indicator JtO flit -Me N C LHC
u X A 9,10-bis[[2-(tert-butoxycarbonyl)ethylam no] nethyl]- 10 ant hracene.
A solution of (3-alanine tert-butyl ester hydrochloride (3.06 g, 16.8
nmmole, 5.09 equiv.), DIEA (4.27 g, 5.75 nL, 33.0 mmole, 10.00 equiv.) and
9, 10- b|s(chloronethyl)anthracene (0.910.9, 3.31 nmole) in 75 15 nL CHC13

at 23C was stirred in the dark fo/‘gimxﬁkf% At

e .
A. 9,10-bis[[2- (tert-butoxycarbonyl)ethylaminc]methyl] -
10 anthracene. .

A solution of B- alanlne 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
Na504, filtered and concentrated to yield a crude yellow

20 so0lid. The residue was purified by silica gel column
chromatography (30 g gravity grade gel, 0-3% CH3;0H/CH»Cl;)
to vield 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
' CH2C12/CH30H, see with UV (254/366).
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“this time, the solution was filtered and washed w th 15%&epé@beri208thd 2 x 60
mL portions of NaHCO3 (saturated aqueous solution). The organic extract
was dried over anhydrous Na2SO41 filtered and concentrated to yield a
crude YEPOYNBELE soiid. The residue was purified by sPCTESOHEP38col um
chromat ography (30 g gravity grade gel, 0-3% CH3OH CH2C12) to yield 1.06 g
(659 of a viscous yell ow oray Product was carried on as is. 25 TLC:
Merck silica gel 60 plates, RMNQ. 33 Wik 9&/5 CH2C12/CH3OH, see with W
(254/366). -24 5 Septenber 28 7 579424 PCT/ US03/ 07938 a ay H C dCN
B. 9, 10-bis[N-[2-(5,5-dim di oxabori nan- 2-yl ) benzyl]. N

[ 2- (tert-butoxycarbonyl)ew#yl a | ] afg=ir acene. A sol ution of

9, 10- bi s[[ 2- (t ert - but oxycarbony FaniTy] met hyl ] ant hr acene (1.60 g,
3.25 mvole), DIEA 5 (4.45 g,%6.00 34 mmol e, 10.6 equiv.) and (2-

br omonet hyl phenyl ) bor oni ¢ acikeF(ney ester (4.80 g, 17.0 mmole, 5.22
equiv.) in 30 nL CHC13 at 23C was sti ﬂE} in the dark for 4.5 days. At
this time, 45 nL CHC13 were added to the mi xture and the m xture was
washed 10 with 2 x 25 nlL portions of NaHCO3 (saturated agueous sol ution).
The orgagi c ext{@girnes dE] > drous. N , _filitered and

concentr at ed ?{»‘.O‘r@flgfl%"?%gﬂgg‘ﬁﬁ% gfbhia ﬂ\f?*“%?ﬁ'é'aPN%éﬁﬁfé‘zm' purified by

al um na &2t (her ctintmatyegrbpinyl iy lgnd ob] natied leithirakeaéum na, 0- 3% 15
i S50l ved, 10 SURIISY Phec e 3R - Re R o e BER s Mo e (D1 EA- Her
salt). Teehglmiriajmenhgl]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 ¢,

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 NaHCO; ({saturated aqueous
solution). The organic extract was dried over anhydrous
NazS04, filtered and concentrated to yield crude reddish
0il. The residue was purified by alumina column
chromatography (100.g activated neutral alumina,  0-3%

15 CH30H/CH;Cly) 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 HPIC) was carried on as is.

TLC: Merck basic alumina plates, Rf 0.66 with 95/5
- CHzC1,/CHi0H, see with UV (254/366).

25 EPLC conditions: HP 1100 HPLC chromatograph, Vydac 201TP
10 x 250 mm column, 0.100 mL injection, 2 mlL/min, 370 nm
- detection, A = water (0.1% HFBA) and B = MeCN {0.1%
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filtered and the filtrate concentrated to yield 2.72 g5 Sgp@fder@do@n or ange
solid. Product (>80 % pure by RP- 20 HPLC) was carried on as is. TLC Merck
basic alumna plates, Rf 0.66 with 95/5 CH2C12/CH3OH, see with WV

(254/ 366.038%3444PLC condi tions: HP 1100 HPLC chr omat ogicaikosddyskac 201TP 10
x 250 mm columm, 0.100 nL injection, 2 mL/mn, 370 nm detection, A = water
(0. 1% HFBMRANd gBadFi MY 00 B1% 25, @@W@%&egoﬂﬁ niWp 884078424
PCT/U803/0793 ﬂFBA) radlent 10% B 2 mi n, -80% B over 18 mn, 80- 100%
B over 2 YA0% B1owss B S fin 1008 o ehimhich tneﬁ;@nﬁsog BRE 2323 RN Wy ~bH
No NO* B_qI 1101( ~/ C 9, bi sS[ N- (2- bor onobenzyl)-N-[2- 5

(car boxyet hyl ) am no] - et hyl ] racenes A solution of 9, 10-bis [N [2-

(5, 5-di met hyl -[ 1, 3, 2] di oxabor nh;NT/lH?
- yl)benzyl]-N-(2-(tert- buto?V ar bony anmno ] nmethyl]- anthracene

(0.556 g, 0.620 mmole) in 5
dark for 25 hours. At this 10 t
under a stream of N2 gas. The ¥
portions of ether. The residual
(87% of a fluffy yell ow powder®
CA2HA6B2N2010 (‘bis gl ycerol add
1100 HPLC chronatograph Waters 5 x 100
injection, 0.75 nL/m

: cC. 9, 10-b:.s [N- (2~boronocbenzyl) -N-[2-

reacti on m xture was concentrated
as triturated with 3 x 10 nL
§n|ed in vacuo to yield 0.351g
'~ ycerol matrix; Calc=d for

sol

5 (carboxyethyl)amino] ~methyl] anthracene.

A solution of 9,10-bis([N-[2- (5,5-dimethyl-[1,3,2]dioxaborinan-2-
yl)benzyl]-N-{2~ (tert~butoxycarbonyl)ethylaminolmethyl] -
anthracene (0.556 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, tggm;;;ctlon 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: Glywerocl matrix; Calec=d for C4zHieBaN>010 (bis
glycerol adduct) [M]* 760; Found [M]* 760.

HPLC: HP 1100 HPLC chromatograbh, Waters 5 x 100 mm
NovaPak HR Cl18 column, 0.025 mL injection, 0.75 mL/min,
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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20 - 1:5 nL injection-loop, 360 nmdetection, A = water EBeplnideBBpsand B =
MeCN (0. 1% HFBA), gradient 10%B 2 mn, 10- 80% B over 18 mn, 80-100% B
over 2 min, 1000B 2 mn, retention tinme 16.7 mn. 25 D. Mdul ati on of

Fl uorescence Wth d ucose and Lactate The nodul ation of the fluorescence
of the indicator conmpound (which contains two recognition elenents) -26 5
Sept enber 2006 prepared in this exanple by glucose and | actate was
determ ned. Figure 3 shows the fluorescence (at 428 rin) of 75 pM

sol uti ons ' r I i.Sz.por pnat e- t hracene indicator in PBS
- cont ai ni Pégﬂ&?il-ganﬁ?%yg%c _23, bg _ér‘l%f‘faoascet aaﬁg; T%()?t%eldqaﬁvl gl ucose, 2 nmM
| act at e; defjerpmingdeiM Bams S, sbor thetAtwreSpents alater@8r eobr ded using a
Shi madzu RF- g roget ' xgitation @65 rim excitation
slits at %575%%?% %%flgéslf%}# %gl .9’?5 gérqg.)éhﬁ%% g%%i eonliontae@r?per ature. Al points
10 neasuranthnacengpindigadorwinhPiS Soraradoiinbaak 9+l mited. The presence of

| act alge ddlﬂidb%%,sﬁbr&ﬁ aﬁ.rc‘itcjt%lt:(# ;Eggjs%ﬁr@fglgﬁé{:?g&e?f&@gﬁgggg%ati on of the

i ndi cat or” by %I ucose. Exanple y 0 oronate d ucose
| ndi cat orc) &18 pozkicoss, banMalactate-Ac8peatet ategeWrenorded cat or

Coval ent lug irlgmiobiiiesh =0-5g1 Myt agele irqn of
Dual - Met hacryl am de_Mbononer go ﬁ%p;&&ﬁfﬁﬁl ~Cp JIl~/CH,
"NFN~NH y €xcitation €365 nm; excitation slits at 1.5 nm; emission

slits at 1.5 nm; ambient temperature. ' All points
10 measured in triplicate, with 31 SD error bars included.

The presence of lactate did not substantially affect the
fluorescence modulation of the indicator by glucose.

Example 4
15 Selectivity of Bis-Boronate élucose Indicator for Glucose
' vs. Lactate and Acetoacetate When Indicator Covalentiy
Immobilized in the Hydrogel

I. Preparation of Dual-Methacrylamide Monomer

20
CH,
"Ew/”\v/mkg/n\mg
YOO
NN
Hy
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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H2 A. 9, 10-bi s[ 3- (net hacryl am do) propyl am no] - net hyl aStSepaceee20025 A
suspensi on of 9, 10-bi s(chl oronet hyl)anthracene (1.5 g, 5.45 mole), DI EA
(28.17 g, 38.00 nlL, 218 mmole, 40 equiv.), N-(3-am nopropyl)nmethacrylam de
hydr ochwors/ms424salt (9.76 g, 54.5 mol e, 10.0 equi V. pcTaroko7ede ng of BHT
-27 5 Septenber 2006 WO 03/075424 PCT/ US03/07935 in 200 nL CHC 3 at 23C
was stirrid 200 tileCHAlK aftoe3aCdays stairr@CinAthé hark ifioe, 4t Heys enperature

was i ncregsegd d . t.he mxture was stirred for 3 d | onger. At

this ti neé,a‘éaébpicgcig?% S Ha ef’oFﬁ%d{;erﬁ%eer‘i}ﬁ%teuV@Smb%c§%qq%¥3?ed, and the

solid prothidl agidssbevietkture Wasnshinmed fooonHagh A2, Atyel | ow

crystalli l.i.d, [:S.: drochl pride, sa of ,the desired product,

f or med oé\}grsfli%d'hg' (%rﬁ%éjégl%lﬁgéﬁt ﬁ?gtfwgd'lok‘}ﬁ@lw]ﬁﬁ( ¥§4si ¢ al umi na

- plateb, Riilkezedw amd 90iel GolCH2ORQAGHS @i ssodeedi ih e AD4M3MR6) . HPLC. HP

e om0k ke A IR B 1

= MeCN ((hyEorpbBpyiderseditent £Heo @ 2ined) proGusd mmeer 18 nin, 80-100% B

over 2 mcﬂrer%aggfg‘&Bf:? 1@& F?‘E‘@P}zﬁ%&‘}é me 15.0 mn. cp~"'C 20 "S B 9,
575-dim - [F1,3, P

10- bi S[ N-[ 2- di meth xabori nan- 2-yl ) benzyl ] - N-
[ 3- (met hacryl am do) pr opyl am no] net hyl ant hracene. (Dual - nethacryl am de

MonofEr) phcs Obutdiehadi 9a i PhS [rAeTRE Nag ¥! $M A 00/10

CH,Cl,/CH30H, 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 6vér 2 min, 100% B 2 min, retention time 15.0
min.

o,

Sa

.

¢ o,
20 cH,

B. 9, 1D-bis[N-[Z-(S,S-dimethyI-[1,3,2]di0xaborinan-2-y|)benzy|]-N-
[3—(methacrylamido)propylamino]methylanthracene.r(Dual-
methacrylamide'monomer) | '
A solution of 9,10-bis[3- (methacrylamido)-~
25 propylaminolmethylanthracene (0.0.650 g, 1.34 mmole of
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© 25 propyl am nol nmet hyl ant hracene (0.0.650 g, 1.34 nmol e5deptemB& B0dHept enber
2006 WD 03/078424 PCT/1JS03/07938 the free am ne), DIEA (0.612 g, 0.825
m., 4.74 mmole, 3.55 equiv.), (2-brononethyl phenyl)boronic acid neopentyl
ester (WOISO4244. 74 mmol e, 3.55 equiv.) and BHT (5 nppcasseievassbitor) in 20
mL CHCl 3 at 23C was stirred in the dark 5 for 5 days. At this tine, the

reaction ﬂﬁé(tﬂ;tre@ msn@p,nq;qm:w avedipngyag e and, t Be7y egidleg was purified by
activaied neutral al um na,

al um na mat ogr a
CH3OH/ CH 9" ‘%%Afé’@gﬁef%/y %?YHR%P?RV?%%J@?@F&S@ oil. 10 TLC
Mer ck ba&isd:ea-l Ui, aa qp,l .69, mikb18, 59. 5% tdy Q. 10an&1ﬁ@2(schlaohls see with W

(254/ 366), L 0 _HP t.Qaraph, Waters 15 NovaPak
HR C18 c&“ﬁ‘r}g Thrhoif d Fﬁ tgi:i At G5 Hgfn?‘fﬂrr%(}“nw Sk | on,
T = watBr f@rl% HeRA) d:rtdtth —t MREN tHD. ﬂé’édﬁEBA)mgtm &ls 10% B 2 m n

80- 1000/ B over n, 100% B 2

10- 80% B over retention time
16.9 i fF° nfﬁnérawn%pfd]r YECHR %‘F NRE o I Hﬁ?yﬂ’%’fﬁf(}é’%&r ogel with
gl ucose iddindabochronaoigatphn 020N, fN-abtiRtalptassyt 2l dQumdss Ww.) and

N 15 BT ERLRELED 05, (0RO de Lt SHLYGES, ygel 25 v prepared

benzyl | - Mi8ogaeydblawy lbaldi do) pr opyl am no] net hyl ant hracene (17.8 ng, 2x10"5
nol e) and 40 (err)L of aqueous ammonium ,persulfate (5% w) were conbined
"W th 01 m. of ethylene glycol nonomer solution. The resulting solution was
30 pl aceBL€n Mextloeshoxapuniged plidtesni RE0YeHO mmwemus

' CHzC1,/CH30H, see with UV (254/366).

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
15 NovaPak HR C18 column, 0.050 mL injection, 0.75 mL/min,
360 nm detection, A = water (0.1% HFBA} and B = MeCN
{0.1% HFBA), gradient 10% B 2 min, 10-80% B over 18 min,
80-100% B over 2 min, 100% B 2 min, retention time 16.9
_ min.
20
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
25 . was prepared. 9,10-bis[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-y|)-
. benzyl]-N-{3-(methacrylamido)propylanino]lmethylanthracene
{17.8 mg, 2x10™° mole) and 40 pL of aqueous ammonium
.persulfate (5% wt) were combined with 1 ml, of ethylene
glycol monomer solution. The resulting solution was
30 placed in a glove box purged with nitrogen. An aqueous .
solution of N,N,N=,N=-tetramethylethylenediamine (80 pL,
5% wt.) was added to the monomer formulation to
accelerate polymerization. The 'resulting formulation was

poured in a mold constructed from microscope slides and
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sol ution of N, N, N=, N=-t etramnet hyl et hyl enedi ami ne (80 (&¥eplember3206\t . ) was
added to the nononer forrmulation to accelerate polynerization. The:
resulting fornmulation was poured in a nold constructed from m croscope
slides and -29 5 Septenber 2006 100 micron stainless steel spacer. After
bei ng kept for 8 hours in nitrogen atnosphere the nold was placed in
phosphate buffered saline (PBS) (10 mM PBS, pH=7.4), the mcroscope slides
wer e separated, and the hydrogel was 5 renoved. The hydrogel was washed

with 100 of PBS _containin nNIIaury qu e _sodi um t and 1 v
EDTA so&mgrﬁ“%%ﬂ:?n fS&Flf%Eﬁﬁ?/ssg?e#e FECGEEr o 1iae'rrn e&ﬂgng%‘g e@og}']ry day,
foll omdsbmommmwlmbbeﬂﬂr&@r(ek@ hebyoldlwas Blaced0n L), and finally
with PBS (pH=7.4, .3 Th hydr og mer was stored
in PBS (EggﬁRﬁ’%TB%b“fg .4% a&r%%ﬁg gaz‘%t’ﬁh%'sﬁgu 3mEJaZ| ¥ and 1 mM EDTA
sodiun1smhbrob¢odeEduuasiwmréﬁséﬂanmueﬂceandeﬂNdImkaugetewaiactate and 15
Acet gacet at e he d of the or e e of the.indicator conpound
(whi cﬁﬁ?3Vﬁg ﬁgp gggﬁﬁ? gﬁ&ﬁ é%?@%%ﬁ%d %ng?%is exanpl e by
gl ucose, cbﬁth&tmcﬁrldmmamemqabatanfat\wsodémersamedndFlgmmeEDJI’Pshows t he 20
. normalized t] uorescence en155| (14h9, @42 cont ai ni ng
“the gl ucBeE MY ag‘rsﬁ |on3n%"1%%' fSOIPﬁ% exal%g gﬂ}:aﬁaighé/rﬁ%%s pH 7.4
cont ai ni dgyp. 295 1ed8 Bpdwaghiny BETA @Mﬁfaﬁ$n&ﬁyﬁ@arbpuEOhnDUhvs of

sodi um le@éﬁ?’?{g&‘?&l 'ﬁz‘?%%qﬁpq:tho%%t qhﬁ =Prya BD-XgllHﬁ Dafip, were recorded

25 using a spectrof | ororreter W T ex0|tat|on @65 nm
(sl in0 = Besulirgndhydmogsl (pplaftmetﬂtaﬂn’sthM tin=PBSnik} 0 amM |RRG,/sensitivity at

S7C usingy2 1 PIRGLALHI Sy 1YY U CUoaBlR! £ Rk 1 The syt tes

sodium salt.

II. Modulation of Fluorescence With Glucose, lLactate and
15 Acetoacetate '

The modulation of the .fluorescence of the indicator
compound {which contains two recoganition elements)
prepared in this example by glucose, lactate and
acetoacetate was determined. Figure 4 shows the

20 normalized fluorescence emission fI/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 (slitv= 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 hydrogeis wére mounted on glass slides
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containing 3 nL of the desiréed solution were equilibrat&dpBbert208¥C for 15
m nut es before neasurenent. Each hydrogel sanple was neasured in four

i ndependent sanples. Error bars are standard deviation w th quadruplicate
val ues for each data point. The hydrogels containing a glucose
recognition nolecule were prepared as previously 35 described. The

hydr ogel s were nounted on glass slides -30 5 Septenber 2006 and covered
wi th polyester nesh in PMVA cuvettes at 450 to the incident |ight.

Sol ut i ons, of ng,_ odi,um Lz tate [Al dric 5, 10 and 20
o 1t hi G gé‘é %%%é&a e%f’igﬁgy%ﬁ]s",‘?%ng}‘l?‘l“% ‘%{"%Ftefo?{ a‘ir}gaij 20 MM 5
a- D- gl ucéoe ther engidspdr dd ghh- 10SedMtPBSs pH V. 45,cAlt andi g mM). 2% NaN3 and 1
nmvl EDTA. | uC C opohyn f.f. by the presence of
glucose,5§§$u$nﬁgigy t qugéggﬁgk §? ?gcggééﬂgimgéésggggtate. 10 Exanple 5
d ucose S¢ekteoacstiate Qldrachht eendbilng2bi 4, bor ckiat endr @¢aghi ti on and

proxi &ity._gu i (Wolg) if . : -
N-( 2, gn dixlefﬁ hg%ﬁﬁlﬁ%- grkgﬁis;gﬁé &dngahgtnﬁa I?SFﬁ eH. ?Ig xogﬁaslpnelr?sgl on of

4- br ono- £ 8% ikt Badi & MWH-deThelgl@Ig%S@@.cs efiothe and ami noacet al dehyde
diethyl aegb®med 43l a¢rectdf B thed rés%e’oﬁggggbge) gt 45 nL Et OH was

stirred at " 45C for 3 days. At this tine, resultrng suspension was
filterednohalhithy Eiresepeerpankhatiage2or racstacai@asedried to yield 13.3 g
(94% of a light brown solid product. TLC. Merck silica gel 60 plates
plates, Rf 0.17 with 98/2 CH2Cl12/CH3OH, see with UV (254/366). 25 HPLC. HP
1100tHPLC chromat ogr aph, Wt er sEx¥pmplen§ mm NovaPak HR C18 col urm, 0.050 ni

_ inj ecti 0g3uOoded s@i:/egitgvity vs. lactate using bis-boronate

recognition and proximity quenching signal generation

A. N-(2,2-§iethoxyethyl)—4-bromo-1,B-naphthalimide.

15 A suspensioﬁ of 4-bromo-1, 8-naphthalic anhydride
(10.0 g, 36.1 mmol} and aminoacetaldehyde diethyl acetal
(4.81 g, 5.26 mL," 36.1 mmol, 1 equiv.) in 45 mlL EtOH was
stirred at 45°C for 3 days. At this time, the resulting
suspension was filtered, washing with EtOH and the

20 residue was dried to yield 13.3 g (94%) of a light brown
solid product.

TLC: Merck silica gel 60 plates plates, Rf 0.17 with 98/2

CH2Cl,/CH30H, see with UV (254/366).

25 '
HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR C18 column, 0.050 mL injection, 0.75 mL/min,
1.5 mL injection loop, 360 nm detection, A = water (0.1%
HFBA) and B = MeCN (0.1% HFBA), gradient 10% B 2 min,

30 10-80% B over 18 min, 80-100% B over 2 min, 100% B 2 min,

retention time 24.2 min.

- B. N=-(2,2~diethoxyethyl)-4-butylamino~1,8~naphthalimide.
A solution of N-{(2,2-diethoxyethyl}-4-bromo-1, 8-
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1.5 nL injection |loop, 360 nmdetection, A = water (0. 5%eplamBg)2086d B =
MeCN (0. 1% HFBA), gradient 10%B 2 nmin, 30 10-80% B over 18 min, 80-100% B
over 2 min, 100%B 2 mn, retentiontine 24.2 mn. B.

N- (2, 2-di et hoxyet hyl ) - 4- but yl am no- 1, 8- napht hal i m de. A solution of

N- (2, 2-di et hoxyet hyl )-4-bronp-1,8- -31 5 Septenber 2006 naphthalim de
(0.797 g, 2.03 mmol) and n-butylamne (1.48 g, 2.00 nL, 20.2 nmol, 9.96
equiv.) in 8 nL NW was heated at 45C for 66 hours. At this tine, the

resultin pensi, gn |l owed o caql tq 25C, followed by 5 filtration.
The resi g't?é’sr\%;@ei&f"%‘g%l 0@?9\% Fhmgooitm“aqﬁerangaﬂ'ébwgéf’ﬁd?%‘% 50 nL water.
The organg,c 22X ati M2 nehoiledo o¥@reqriw.gr anss Nﬁ{.?w (vjdhisl tered iand
concentrated to_, vigl cr.ud el low.p er,.The crude terial was

purifi edq'beﬁ‘%ﬁdl faEadge(Td % rggraﬁ‘a%?sa'ph?(‘t( %E{& bHo%e ey rsERt YT Gel . 0- 1%
CH3OH CHZGiEpenisdoyi wddl 1.1688dot¢ 82991 afo asyel | milgpeddey. TLC. Merck silica

gel 60 plates, Rf 0.71 with,95/5 _ C12/. S ith UV (.254/366). 15
HPLC: QHP 3 pre: chTE"oen&FSQja‘é%h‘fa%éF?lggiqi%ﬂ‘ i Mo R CLe col um,
- 0.050 n. angj ectranted.7x S0/ mlnwatelr.5 Mhel apemiicorxteapt W0 nm det ecti on,
A = water, (Q..1% HF = . 1% HEBA) radient .10% B 2 mn, 20
Yo 805 5348E'S eﬁ1%§§%ﬂégﬂﬁgﬁﬁﬁﬁﬁgﬁk£é%?ﬁ%§*a?ﬂo@%é?%ﬁﬁﬁaﬁ?d P8t ention 1o
23.5 m nyi€ldNa(rudeeatcllyb) - dovrlgryl afheocty@e magtieirialli wagle. A sol ution of

N- (2, 2-di.et.hq t:hyl ):~4-hu 1.00- - napht hal i o . 622 g, 1.62
nmol ) angg%??éfgﬁe%-glgélcgoﬁ%%a%%%%'aﬁégggﬁgﬁrgzt[g;dz%.rﬁ%gg,é%. 3 mol, 0.032
equiV0) Brl1250nl% 0HACHGAs) sta ieddal. 83€ 4 0f8288 of a yellow

powder.

TLC: Merck silica gel 60 plates, Rf 0.71 with 95/5
CH2C12/CH30H, see with UV (254/366).
15

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR C18 column, 0.050 mlL injection, 0.75 mL/min,
1.5 mL injection loop, 450 nm detection, A ﬁater (0.1%
HFBA) and B = MeCN (0.1% HFBA), gradient 10% B 2 min,

20 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—butylahino—1,B-naphthalimide.
A solution of N-(2,2—die£hoxyethyl)—4~butylamin6-

25 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
30 gravity grade gel, 0-1% CH3OH/CH,Cl;) to yield 0.470 g

(24%) of an orange solid.

TLC: Merck silica gel 60 plates, Rf 0.61 with 95/5
CH»Cl,/CH30H, see with UV (254/366).
35
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“hours. At this tine,  the solution was concentrated and 5 Sdpenesiodee
purified by silica gel chromatography (25 g 30 gravity grade gel, 0-1%
CH3OH CH2C12) to yield 0.470 g (949 of an orange solid. TLC. Merck silica
gel 60 plates, Rf 0.61 with 95/5 CH2C12/CH3OH, see with UV (254/366). 35
-32 5 Septenber 2006 'H NMR (400 MHZ, CDC13); 6 1.03 (t, 3H, J = 7.3 Hz),
1.53 (m 2H), 1.78 (m 2H), 3.38 (t, 2H, J 7.2 Hz),5.02 (s, 2H), 6.64 (d,
in,J':8 Hz), 7.52 (dd, 1H, J = 7.4, 8.3 Hz), 8.08 (dd, 1H, J = 1 Hz,
8.5 Hz), FRR( 3 #413) 43846 {fdd; 1. 7.3 Hz), 9.75
(s, 1h R Cpties BB DAk0Gt St & DA MO0 8 Novarak HR
C18 col unfit: RH501ni8 | Hhedton3. 6875tm_2/Hn d,= 1.7 Hal) i 5. 68t {on | oop, 450 nm
detectio t (5 1% 10gH (0. 19%,H gradl ent 10%
el Bwaled, (G 1% eﬁgg%lo(ﬁ)sgwﬁfqulx% gA%BZ

B2 mn d-80% B over ‘18 nin over
retenti on‘l%)irn@ 08, 69¢i AH,DJI R~ L4Hdi .8 rietHry)l afri Hbbiehz H) - 4, 8- di ani nohexane.

15 A sus i o] d t Ry hanyno al,dgh ( 0 70mm|) Na2S04
(6. 70§g, pgjf;gs}&r) b 4167 eod}feegu?vrr? aﬁgrt)Zl?ngFgﬁl n%ﬁg’xe{%é %g) g, 33.5 mol,

5.00 equiv.) in. 20 mL anhydrous EtOH was stirred in the dark at 25C under

an at nosphaie @b Didg m& eﬁ§ het umt 0 the sol ution
was fil tered and NaBH4 (1 o o&&ﬂp efg Eﬂy iSlavﬂﬁl vvas added to the

filtrate. Oﬂﬁ'@aksﬁgp@ﬁ?sﬁﬁﬁ%s gtWQé‘H‘ &PJES@Q%r O57RomR&mind this tine,

the reacti,gnmmi xﬁj@&l\@@sweﬁcemm %@%e%e@ti&? A esl,dygrdigspl ved in 50 ni
wat er and extracted 3 et her. The conbi ned or gani c extracts were

washefl 2 1FBg) apg %m@PCNTI‘]‘é %%rfbﬁ'ﬁﬂf‘éd g5adirnt dP0fr BcRsmiRre extracted 2

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

retention time 19.6 min.

D. N-(4-dimethylaminocbenzyl)-1,6~diaminohexane.
15 A suspension of 4-dimethylaminobenzaldehyde (1.00 g,
' 6.70 mmol), NazSOq (6.70 g, 47.2 mmol, 7.04 equiv.) and
1, 6-diaminohexane (3.89 g; 33.5 mmel, 5.00 equiv.} in 20
mL 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
mL water. The combined aqueous extracts were extracted 2
X 50 mL ether. The combined organic extracts were dried
over NapS0Os, 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 CH:Cl,/CH3OH/iPrNH;, see with ninhydrin stain, UV
(254/366) .
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x .50 nL ether. The conbined organic extracts were dri ed SepieebeNaRESO4,
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

CH2C 2/ CH3OH i PrNH2, see with ninhydrin stain, U/ (254/366). -33 5

Sept enber 2006 HPLC. HP 1100 HPLC chromat ograph, Waters 5 x 100 mm NovaPak
HR C18 colum, 0.050 nL injection, 0.75 m./mn, 1.5 nL injection |oop, 280
nm detection, A = water (0.1% HFBA) and B = MeCN (0. 1% HFBA), gradient 10%

B 2 mn, - 8094 \Y/ 8.mn - 1Q0% over .2 n 100% B 2 m n,
Cetenti Oné]f#@rfe%%?ﬁ.goﬁj %L(é_ch@om’atggra&], %BcQ¥E 5% b ik
N- 2- [ 6- N(RoviaREKTBRNG1 Bintololmenz Pl. P56 mio Hiewekt 4annod . 75 mL/min,

et hyl)-4- - am. ng- - t hgkbhm de . sus i

N (- bxock B Fpgeridl AR, "3k i terebial. (A SIBRY 10,8 o) in s
anhydr ousHFBAROENAaB adtkd o OsdRuliFeh ,ofgrbdidnti h@t By |2amine-

benzyl) - 15 5-dH.am X (0. 384 I, . 2. equi,Vv and acetic

aci d (50. 0 (g égj,% ??9%;0@%]#10 ggwlgogj ZBlé%angOm‘rlT%' an Ofd(rﬁoasm ‘OH. To this

‘mi xture weetendded wimealdtd sdnef NaCNBH3 (0.070 g, 1.1 mmol, 1.0 equiv.) in
5 nL anhydrous MeOH. The reaction m xture was stirred at 25C for 15

hours. At this tinme, the MeOH was renoved by rotary evaporation and the
resi due Vs &i-€sbfve@di-4rdimerhyaninchenzyThamindhasivdl amavoadj usted to pH 2

\émolt Bt }ow#ﬁ%ﬂ%ﬁﬁ%‘%"g@%hghiig-éﬁ%éfqm iﬁg ?thsgl:]ﬁetnlt lrrg e;PrGact ed 3
x 5016L CH2ClZeo dhsxspemsinedof oi-geiHoxoexhyhct & mandandabed, 8- x 50 nL wat er,
dried over, 25nanfaOYD. HagSOH H LaLef NG $9RcenkLALggsto vield a
MeOH was added a solution o(f N—(4-—dimethylamino¥
benzyl) -1, é-diaminochexane (0.554 g, 2.22 mmol, 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 NaCNBH3 (0.070 g, 1.1 mmol, 1.0 equiv.) in 5
mL anhydﬁous MeOHp 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 nL
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 CH,Cl;. The combined
" organic extracts were washed 3 x 50 mlL water, dried over
25 anhydrous NayS04, filtered and concentrated to yield a
crude brown oil. The crude material Qas purified by
silica gel chromatography (35 g flash grade gel, 0-50%
CH30H/CH,Clz, then 45/50/5 CH;OH/CH,Cl,/iPxNH,) to.yield
0.19%0 g (32%) of diamine product.

30 |
FAB MS: Calc=d for CiHesNsO» [M]* 544; Found [M]* 544.
TLC: Merck silica gel 60 plates, Rf 0.42 with 80/20
CH2C1,/CH30H, see with ninhydrin stain and UV (254/366).
35 '
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- crude brown oil. The crude material was purified by sbPiSeptambes|2006

chromat ography (35 g flash grade gel, 0-50% CH3COH CH2C12, then 45/50/5
CH3OH CH2C 2/i PrNH2) to yield 0.190 g (32% of diam ne product. 30 FAB ME:
Cal c=d WOro3/C33H445N502 [M' 544; Found [M' 544. TLCPOWISek07938 i ca gel 60
plates, Rf 0.42 with 80/20 CH2C12/CH3OH, see with ninhydrin stain and U/
(254/ 366)nPL35HP34160 Semcerm@bmaesgram OR{t@£8484x PO W03/ 07938 HPLC:

HP- 1100 HPLC ch 100 R.C18 I
0 050t Nerased B L8 & imner Re03q ul Aiaqtaoer o ToOB 8o nm det ecti on.
?O_S\SIa/t grl (ﬂ)n&WmnhEBﬁ%ramN??,/—é%%(%bﬂ%dﬂEB@%? %rl\lB-zv&chant(Ola% B2mn 5

% I 0 m n 0 retentlontlrre
17. 6 i n HHEAIa5dT B % MGG ié%ﬁ : [£|§5
- di et Byi :1[01—833%2]3ddmbm intian- 20yl berE Widani2nabaxyl 6qL2H 2, midi methyl -[ 1, 3, 2

, ] di oxa a y. nzyl ] am noet hyl - 4- but yl am no- 1, 8- napht hal i m de.
To a sol Lﬁe (‘jar?%&fml\glzm'f GHN-%‘(EN-"L% di-met hyl am nobenzyl) -

am nohexyl ] am noet hyl ) - 4- but yl am no- 1, 8- napht hal im de (0.150 g, 0.276

mol e) and DLEA (0. 358 G, 2.81 1 1 equiv.) in 5 n
CHC13 wa 'adhgg ;Qslglfﬂ ﬁi’ﬁ‘fz’zg’(% i@ngolgn[ﬁ ‘%’dgom ¢ aci d neopentyl
ester (0dB®ghyig[1,32RBoxaotiean-3-y0beagiamipohexy?-[2(5, Gdithy Fie3.gdliskRon was

subsequent |y stifr at 25C for 27 hours. At this_tine, the m xture was
conceft rgPEén Eié'fiﬁﬂl?‘eé'éﬁ &?W%'@Wéﬁmw&l & na col um

chr omat og gg@uaiﬁmgg activated neutral alum na, 0-5% CH3OH CH2Cl12) to

yield 004%(19% of awscous brown oil .
o a solution of N~2~{6~N—(N- 4~d1methylam1nobenzyl)—

aminochexyl]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 mlL CHCl; was added a solution of
‘ {Z-bromomethylphenyl)boronic acid neopentyl ester (0.390

g, 1.38 mmole, 5.00 equiv.) in 2 mL CHCl,;. The solution

was subsequently stirred at 25°C for 27 hours., At this

time, the mixture was conceﬁtrated 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 CsiHeB:NsOg [M]* 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.Cl,/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,
1.5 mL injection loop, 450 nm detection, A = water (0.1%

HFBA) and B = MeCN (0.1% HFBA), gradient 10% B 2 min,

_35-




FAB M5 (gl ycerol matrix): Calc'd for C53H67B2N508 [ M +5$2atemds 200 s
gl ycerol adduct in place of bis neopentyl ester of boronic acids); Found
[M+ 924. TLC. Merck neutral alumna plates, Rf 0.62 with 80/20

CH2C1l2hghidsaigargee with UV (254/366). 30 HPLC: HP. 11@@1jukhfe7638" omat ogr aph,
Waters 5 x 100 nm NovaPak HR C18 columm, 0.050 nL injection, 0.75 nL/mn,

1.5 L injsecii t terads0pl BA) and B-
MeCN (o.%%ﬁbBA °‘8‘gr)lgols4§‘tqnio Bfé&mé Q’eés ept(:aler%% i{ooﬁ'g‘g WO 03/ 078424
PCT/ US03/@1e38100- B 300\7em1m8 mn, 80- 100% B over 2 min, 100%B 2 mn,
retention tine 20.7 mn. G N 2-[6-N (N 4-dinethyl am nobenzyl)-6-N 5

[ 2- (bor ono) benzyl ] am nohexyl ] - [ 2- (bor ono) benzyl ] am no-

et hyI 4- But yNaht ho=-N-; @i4aghnkthyhiecbeBsflhefa¥Q bi s- boronate). The free

bi s roni,c .acid product din e3 83y from di ssol ution
of N 5 [ 42K PRESR B HB R Hoh Sl 1O oo Rt gy b ol

(5, 5-di rrethyll pipSpPllathiinsah 08 +ndsh tha limi db e (BMFdheaa~Qo- hexyl | - [ 2-

(5 5-dir eth %ﬁb % 2] di oxabori nan-2- yl)benzyl]anmi noet hyl -

but yl am EJSI ff)ral i mide in the MeOH PBS buffer system 15 H.

Modul ation of Thé UEFeRS ©@BCBo Wb Tl gsldi@%@oaﬁ@'thﬁé‘écﬁtlﬁ gliBeseodul ation of the
fl uorescencg}of t he |nd| cat or ound (which contains two recognition

el enent sFHUBi P AP £RPE ‘%’aﬁﬁﬂ Yo Phcse Bl 1Hcfat e was 20
det ergm n&ﬁneﬁhgll-rﬁnlﬁoﬁbﬁi\ﬁlI*@—mqum(lﬂszﬁﬁefﬂyum$3m@d’k@nﬁor|r%lm§SI on (I/lo @
535 nm 01 0. 015 nM.sol HtIO:[‘I]S [og
ybenzyllamino-hexyl]- -—(5,5-d1methy|-[1,3,2]d|oxabor|nan-2-
yl)benzyllaminoethyl-4-

butylamino-1, 8~-naphthalimide in the MeORH/PBS buffer

systemn.

15
H. Meodulation of fluorescence with glucose and lactate.

The modulafion of the fluorescence of the indicator
compound (which contains two recognition elements}
prepared in this sample by glucose and lactate was

20 determined. Figufe 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
nn; 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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i ndi cator compund in 70/ 30 MeOH PBS contai ning a) 0-2058kbtemgbercose; b) 0- 20
nmVvi | actate. Spectra were recorded using a Shimdzu RF-5301

spectrafl uoronmeter with excitation @25 450 nm excitation slits at 1.5
rim enWoOIBRBIR4M| its at 1.5 nm anbient tenperature. HEITVURO3ATAISS ar e
standard deviation with triplicate values for each data point. The

fl uorescence of the indicator V\%@ed by t-he presence of glucose, but
not subst ially affected bé e presence of lactate. -36 5 Septenber

2006 OGRS 490 EE PSSRt B AR fe Fe b CRtRIBIRTor | actate on
acrylan1d&qg@kmﬁeﬂﬁétfléﬂido)propyl]—3 4~dihydroxy-9,10-dioxo-2~

N-[ 3- (et hacryl am do) pr opyl 4 di hydroxy 9 10- di 0x0- 2-

ant hr acer?@QFﬁGﬁaﬁ’F merrider i(Aliearis Redoferpromerh and |

O e AR AR

3,4-Di hydﬂ@@agrﬁmmmﬁtmmﬁi&%ﬂmayb (B0s dibamiideacid

3, 4-di hyqlr g 10- di oxo- 2- ant hracenesul fonic acid sodiumsalt (1.4 g, 3.9
mol es) was con{)r ned with 30 nL of chlorosulfonic acid and heated to 90C
for 5 hours, after V\/mch the solution was cooled to OC and poured 15 into

10090f |ce e IIed he | ution xtracted with CH2C 2
(3 x 100%m)3 ‘%ﬁwée‘ﬁ? 2 ‘P&gﬁﬁaﬁ%’?%s%if d, dried with Na2SO4
and wapahmbeﬂdeio pr oduce 0 87 g of solid (Yi eld 66% . 20 B.

N-[ 3- ( met hacr m .4do) pr opyl - di hydroxy-9, 10-
diEXOSZ-anthr%tﬁﬁEgU% y ] leXO %—anthracenesulfonlc acid

3, 4- di hy de@xym SalG- ct|10>40g2 am hh@aeReSwhé arymhb GIHPWids 8§6ny, 0.28 mmol es)
and N_(BB .rrclzr?fgrroosplﬁlf)onic acid and heated to 90°C for $ 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 f&bClz (3 x 100 mL), methylene chloride
extracts were Eombined, dried with Na,S0O4 and evaporated

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

20 B. N-[3-(methacrylamido)propyl]-3,4-dihydroxy~9,10~
dioxo-2-anthracenesulfonanide:

‘ 3,4—dihydroxy*9,10-di6x0—2—anthracenesulfonyl
chloride (96 mg, 0.28 mmoles) and N-(3-aminopropyl)
methacrylamide hydrochloride (108 ﬁg, 0.6 mmoles) were

25 combined with 20 mL of CH,Cl,. To this suspension EtiN

' {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 $i0; (10 g) with CH,Cl,/MeOH (90/10) as

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

| ng, 64% yield).

FAB MS: Calculated for CxnHxoN.0,S M* 445; Found M* 445.
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met hacryl am de hydrochl oride (108 ng, 0.6 nmol es) were S S2pteadatdoned Wi th 20
m. of CH2Cl 2. To this suspension Et3N (303 ng, 3 mmol es) was added. - The

m xture was stirred at roomtenperature for 24 hours, filtered, and

sol vent was evaporated. The resulting solid was subjected to colum

chomat ography on SiQ2 (10 g) with CH2d 2/ MeOH (90/10) as 30 an eluent. The
product was obtained as a red solid (80 ng, 64%yield). FAB Ms: Cal cul at ed
for C21H20N2O7S M 445; Found M 445. -37 5 Septenber 2006 HPLC. HP 1100

HPLC chr 0 No C m, 0.100 nL

i njecti O%{E&:-gggpﬁ(}MPihscgn%ma gercrgg}lbnﬁgggﬁs, I_gi(o lgrke?ectl on, A = water
(0.1% HFBARPakdHB ciﬁlve‘@lilu(nﬁ, 1%]-%81\1;. 1gna@ﬁ-m, QO%San/Inﬁifhr 2 10-80% B
over 18 r;gLn[lﬁ%ch %l% 573 ﬂﬂlrbet%gg.{‘b ] ]i Qwatlerret(@ni% on tinme 17.67 mn.

C. a,a -Dbrs mdo) pr opylam no A sol ution of
N- ( 3- ami EBAG pgrhd rﬁtﬁé@ﬂw éﬁthe fmAhydgmﬂi%m dlé)%sél 2 £B8100 g, 16.8 mol e,

'tzerzép qUI]1 di carg%égﬁg gn Sgtgzﬂ%:% gogggplgm gg%%SéO’ﬂfm (10 7 9, 75.3

mol e, 9.:9];eet;]u01w.191men1756?eramhydr ous MeOH was stl rred in the dark at
25(err)C for 18 hours. At this 15 tinme, nore Na2SO4 (10.7 g, 75.3 mmole,
9.91 equiv.) was added and stirring continued for 6 hours longer. At this
time, th&.sokuttl drisids (Rethecxrlanidohnpraylaniz®lgl, 45xylenthpl e, 6. 01

| equiv.) was agdggl#&ohh ffhl& aatnﬂnog\ﬁggpprﬁt ere%% syhsequently stirred at

25C for 21 holi suspensi on rou h Celite and the
filttatehydaeckbrrcisiet sated (3 THe a edfdBenmple diZs L3l %HlYn) A00 nL CH2d 2 and

gezregn%y rousgkéégcgrgtﬁ?iggggagﬁe @C@Bequ{ya) organi c extract was dried

terephthaldlcarboxaldehyde (1.02 g, 7.00 mmole} and Na;S0,4
(10.7 g, 75.3 mmole, 9.91 equiv.) in 75 ml. arhydrous MeOH
was stirred in the dark at 250C for 18 hours. At this

15 time, more Na,SO; (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 NaBﬂq (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 agueous 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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and concentrated to yield a viscous oil. The product w&SSephbeaaooéed on as
Is. HPLC. HP 1100 HPLC chronmat ograph, VWydac 201TP 10 x 250 mm col um,
0.100 m. injection, 2.00 nL/mn, 260 nm detection, A = water (0.1% HFBA)
and B =WRB@brs¢d. 1% 30 HFBA), gradient 10% B 2 min, 1Q0&0Q%KoR07e38er 18 min,
80-100% B over 2 mn, 100%B 2 mn, retention tine 15.8 mn. -38 5
Sept enmbern 2004 a=V5). § Ri-O[8-4 245 -Gl GO 8L 2TAB& bBxinam-2-ghbdizgll{ N- [ 2-
(5,5-dinethyl-[1,3,2]dj oxabarinan-2-yl)benzyl]- i
N [ 3- (et é’%k&ﬁ?%&ﬁ %MrﬁB)fli‘?’iQ‘g()ﬂleﬁé?‘Ylﬁ“%ol ution of
(err), (err)=-hi sbPufied o1y lo@belg) 3 P(rHad iy Nohido A= Xyl ene (2.94 g, 7.61
mmole), DIEA (2.97 .5 g, 4.00 nL, 23.0 mmles, 3.02 equiv.)
(2 br oroREIYLansRR kv A hendene 48+ & ropeflyede by QI&P‘S(‘ZQ?-?Z& 0 mol e,
~ 3.02 gquigy. 4.80dmBH2X.D ﬁiﬁ'loi%si,nbi@itﬁ@i\ﬂ.m,75z%réﬂr&gt%ylat 25C was

I S

stirred in the dark for 28 hours. tipe, the nixture was washed 1 X
25 m. sat%egﬂfibbaﬁ%sa% N&HE@?@!@Wgéﬁrgge% ratt? WES18ri ed over

anhydr ouss. 0l8a2&@Xv. ¥ iddde et g8dmgone eninidiedr) Ton tTEe eyt was added 200
mL. et her _and_.the suspension was. stirred for_18 hours. The suspensi on was
filtered azng‘r’tﬁew?sésﬁ&dlfere‘jdilgsgme WE%?HZ%PZ},‘O‘FWT efdd*8h8 the filtrate 15
concent r atiee, The tnixtsnle Grasesbshed Viak 2ddad dSfurdtedetlheecand t he

he suspensi on was

SUSpPeRsi qn s stirred for 18 hours.. At .this tine, t
Fi1 toPea PP ndE. G5981LF SRR 4P UFISH R BORIEFOUS0 PAB Mo Cal c=d
for CAGHBAB2MN406ilddred Hhd fconednEhbted.) + To7/8he H¥{dudHRak100 HPLC
chr omat oqr , ter 10 NovaPak HR C18 colum, 0.050 niL
i nj ect | o%,déggﬁwm m.sert]:?xe):& ang i suspension was stirred for P!?
hours. The suspension was filtered and the residue
dissolved in CHCl,, 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 CggHg:B:Ns0s [M]* 790; Found [M + 1}*
791. '

HPLC: HP 1100 HPLC chromatograph, Waters 5 x 100 mm
NovaPak HR C18 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

nin.

30 E. Preparation of acrylamide gel containing
N« [3- (methacrylamido)propyl] -3, 4~dihydroxy-9,10~dioxo-2~-
anthracenesulfonamide (Al:i:zaiin Red S monomer) and
o,x'-bis[N~[2~- (5,57dimethyl-[1,3.2]dioxaborinan-2-yl)benzyI-N-I3-
. (methacrylamido) propylamino] -1, 4-xylene:
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25280 nm detection, A = water (0.1% HFBA) and B = MeON SepichiotioBe),
gradient 10%B 2 mn, 10-80%B over 18 mn, 80-100%B over 2 mn, 100%B 2
mn, retention tinme 13.4 mn. 30 E. Preparation of acrylam de gel

cont ai mMwvo@3/0794143- (et hacryl am do) propyl ] - 3, 4- di hydr oxge1Ryshfg9ig0X0- 2-
ant hr acenesul fonam de (Alizarin Red S nononer) and a,a" -bis [N [2-

(5, 5-di net hyl dj rd 2=V p‘gﬂgél - 3-
(nethacrylanigg%gggéélgn1no f%g%?ié?éhé: - %§3ééprghber 2006 WO

03/ 078422PUHeNSgS/ 67938- &% 1jH-e He Nyt yeithy ksleliisesrybamdaiveg 30% wt . -

acryl am dqa-apade@d. 8% wt. N, N -net hyl enebi sacryl am de was prepared.

N-[ 3- (et hacryl am do) propyl ] -3, 4-di hydroxy-9, 10-di oxo-2-a 5

nt hr acendsulrdrgfhaeryiamide) prepyd) x3 10-dhysirekyahdl Qetioko-err)' -bis [N

[2- (5, 5yAinRcBYbshirehAide0X@ .5 mg, 3.38 x 10°° mole) and
bori nan- 2-yl ) benz I£éha£3-(neth-achLan1dSSpropyian1noT-l, 4- xyl ene (28
ng, 3.54%°10P5sE8rEd- (er-ddmbilhéd!diP¥h 800 pL of ethylene gl ycol nononer

sol uti on rRdn48-ply of L&%yhq -wt-[3amm@hu%%§wﬂﬁmhﬂhi s
formul ati on aced i_n _a glove box pdrged wth itrogen along with a

nol d con§f?§@gaﬁ F?%ﬁ“bl§%§4n¥04%§c@%%ele%ﬁﬁsCﬁﬂéimgé wite B9 st ai nl ess

steel SPRLeb OOhATMROUE el UibAhdd sdMulibh. Mat £ nameiehgket hyl enedi ani ne
(40 , Smem.& was 15 added to the nononer solution to accelerate
pol yheri Phr i BHCSAE (R HE) PEEFMA3S-on THAS FotmEdRtionowas gl ass ol d. The

nol d wasplletéd ules qlidveOB8R patd@ms Rhehent ffodén Wy wadthes Which it was
I ner sed if PBStng:7.4% and%ihe ghass slides, were separated to 20 afford
a hydr ogBPLBoroRrrusted FoPm gta CROPCPRE Thides @aql €PAg hydrogel thin

fil m wasmivashe st inleb@0stbeDfspacer. An aqueous solution of
N,N,N',N'-tetramethylethylenediamine (40 pL, 5% wt.) was
15 added to the monomer solution to accelerate '
polymerization and the final formulation was poured inte
‘2 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 sodiuﬁ
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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phosphat e buffered saline containing 1 nM Il auryl sulfat&eptsatiéraosgal t for 3
days, the solution being changed every day, followed by washing with
I\/EC]—I/PBS 820/80 by vol., 3 25 x 100 nlL), and finally with PBS (pH=7.4, 3 X
100 mL WO N7 Bgel pol ymer was stored in PBS "(10 mvRSEESOHYEFE 4)
containing 0.2% wt. sodium azide and 1 nM EDTA sodium salt. 30 F.

Modul at i b féerpdser b PRS) h pHatobecentdilndogatesimed ansddtat i on of the

absor bangg glykbes |5l watioh 104EL00%)ad WURBLCRR! 33 RS 4, recoani i on

el ement s) gar ed in this exanple ucose and |l actate was determ ned.
The acr yWakegebgh %H%@Gﬁﬁeélnl‘ﬁh@mpc@elﬂSSOnﬁa%W%éﬁé’ W&} as descri bed

in Examplbeed, FOSPhaLE pudOcs Bapl STAICRR080 YOLOBIIEAA24ARCTI USD3/ 07933

buffered saline (PBY, pH=7.4 containing desired anount ~of glucose or
sodi U | 48t BiB ahs3 hdat edoparbamre measursmenthiph each H1a6€€§% n t he PMVA

cel I conpai ﬂ!h@gaﬁé‘eccgﬁientéﬁk%nV‘J}‘é§rbc§d2ﬁ1c%|¥mlﬁejch;¥?§:a%|é owed to

~equilibrate for m n at C. Absorbance neasurenent for each gl ucose
or |act af@rcéﬂ@érf??aa‘?cqrﬁﬁ‘eﬂés é}éﬁa’{kﬁt‘@? g% EPPpiic¥d e useah@Sedch

measur enBihnkAbs pE3RIES aks65QptFavas Y3 aslavablaler A(650 nm) was
subtracted from al | val§ s_of A(450nm and A(530 nm) 10 Figure 6 shows the

“absor banfé4 é wet rapg &y (5 rEH“ém de gel (30% containing 4 MM Alizarin Red S

. nonorer and. 4141 Wi B $hbesothe Asddtbmienepetid 0¥ adriyhamtagl ucose.

Figure 7 sho the ef fect of se on abs rbance of acryl am de gel (30%
cont ai nlﬂ‘é;T %Nqoi%raﬂ-ﬁl%d‘l%‘% ABr R&Rd° 4RSS €7Hoi*8ni ¢ aci d

- Monomer . mifi Pis ebdronikRoWsit htoideactwieh aadi ulthaet allmceeabsor bance of
~acrylam 919193% ’;Bs%Qwscgﬂt al fe?& Abfméllﬁlcioégrég’aesdor ance of
acrylamide gel (30%) containing 4 mM Alizarin Red S
15 monomer and 44 mM bis boronic acid monomer. Figure 8
shows the effect of scodium 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 Gluceose 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 «,a'-bis{N-[2-(5 5-dimethyl-[1,3,2]dioxaborinan-2-yl)-
.benzyl]—N—[3—(methacrylamido)propylamino]-l,4—xyiene were
30 used) was determined.
The .experiment was conducted in a Shimadzu RF-5301
PC spectfofluorimeter equipped with a variable
temperature attachment (excitation at 470 nm, slits 3/10
nm, high sensitivitf). The acrylamide gel was attached
‘35" to a piece of a glass slide which was glued in a PMMA
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mononmer and 44 nmM his boronic acid nononmer. The absor [ss&zpembér 2006

i ndi cator was affected by the presence 20 of glucose, but not substantially
affected by the presence of lactate. G Mdul ati on of Fluorescence Wth

G ucose and Lactate The nodul ation of the fluorescence of an acryl am de
25 gel synthesized substantially in accordance with this Exanple 6 (except
that 1.9 ng of N[ 3-(nethacryl am do)-

propyl)-3,4-di hydr oxy- 9, 10- di oxo- 2- ant hracenesul fonam de and 35 ng of a,

a'-bis [N [2- (5,5-digethyl-[1,3,2 r|n
benzyl ) - ﬁl‘[’%r?ﬁqﬁcl:? nf cﬁpﬁr%pﬁpgg?no] Iﬁﬁ% %\?e]rjee':l 30 used) was
det er m ngéth Thes eupeEi PESt (pﬂ»ﬁéﬂ alqndnat Beh f ot &oSBﬂﬁadZLStRE}]<5301 PC
spectrof l ugri peter e varl t ttachnent
(exci t at FORNERONEr OF raﬁugg??t@ aPﬁn én“@ﬂ %E‘ngé? v‘i’fy The acryl ani de
gel was Qéiachespbaledt ana Inéaeei czfo a7gd:aa$ & Ivatte rwbach. waim gI ued in a PWA
-41 5 Se enber 6 . fl.uorescenc t_.a_ 45 an The II was filled
wWith=2.5 ir’fq‘bcft Iﬁécs) FBF&G}%{“&?& ﬁggf‘gds?]g ueee wgtc’o%(ﬁge%o Ut :ﬁons of gl ucose
(100 mmmlnwk’rhad%mwmllé) theef haqrespaned amderdweiatyed to 37C in a
wat er bat h. %@? 5 al i quot . of (f at ed gl ucose sgo%k sol tlon was added to the
p

PWA cel #t Ot F2PI UORRTIRES RS Al DPETEhSE FAPEn&Tty at 550 nm was

. noni t or efeasurerfennceveny of rimeekl. n@hmcrmnhcen'er@ltﬂormimut es). d ucose

SR el B Bhplel ol S e ilye! B2 E P S LALN 0o Bod Apglid) 2SD0 STHR

1.0 plus resd own I n gure show t hat the
addiitoi orphis dlucose amallgzs .t h&htl nesebtantshownt enskigumd X he i ndi cator

9! spo TR 88 edch o30GRuLOEL AN IO b AR Ne ef fect of

gl ucose e fl'uorescerice spectrum of € sane type of gel.
intensity of the J.ndlcator hydrogel. The same effect is

seen in Figure 10, which shows the effect of glucose on
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 scolution and in organic
solvents, such as MeOH. Thus upon binding to the glucose
recognition element, Alizarin Red $ changes its optical
properties, such as absorbance and quantum yield of

.30 fluorescence, for example.
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15 That effect is believed-to occur because of the fol5Susender 2006

consi derations. The nethacryl am de nononer of Alizarin Red.S (reporter

nol ecul ) contains a vicinal diol functionality and nononer functionality
(see structure below). In agueous solution and in organic 20 solvents, the
Alizarin Red S and bi s-boronate recognition elenent nononers (see
structure below) are capable of reversible reaction with each other to
forma boronate ester. The boronate ester nolecule fornmed in this

reversi ble reaction is fluorescent, while the Alizarin 25 Red S nononer by
itself displays virtually no fluorescence enm ssion in aqueous solution and
in organic solverts,ossuch as M CH. Thus upon By, t o the gl ucose
recognition ele -uL properties, such
as absor bance un1y|eld of 30 fluorescenge,™~or exanple. -42 5
Sept ember 200t )#S of f Bo-~O N O\ 0 HBC NH CH, CH2 / HN

NHCH HOO 0 N N1‘zar|n Red Rgcognition element with
nononer functionality nondnfi functh

/1>
3;
S
&
o
wn’
o
=
o
S
Q
D
n
—~
n
o
@)

A sqlution of Alizarin
Red S with nmonomer

HN
\n)}\cHa
[»]
CH;

Alizarin Red S with Recognition etement " with

monomer functionality o) monomer functionality
2

A solution of Alizarin Red $ with monomer
functionality 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 it is capable of analyte detection and quantitation.
10 An anpalyte, 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
compound (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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functionality and glucose recognition el ement with 5 nb/fenembeéna9esi onal ity
can be prepared together with a hydrogel nonomer and a crosslinker.

Copol yneri zation of this m xture produces a hydrogel material which is

di ffusable to various snmall and nedium size nolecules; thus it is capable
of analyte detection and quantitation. 10 An anal yte, such as gl ucose for
exanpl e, would diffuse inside the hydrogel matrix and di spl ace the
reporter nolecule previously bound to the recognition elenment. This event
causes a.change.,in_t optical propertije h g id M since it
now cont a{?arq%"a &r ﬁg?cgrg Sr?@r%é?“l%o%éleuﬂ)nori gfrcatf‘r%l @C@%@?u%oﬁ%% to the
recogniti H=al.dirents prEparmddahadt herteaf tiohd7fC uir esoemee béthhe indi cator
conmpound (whi,.ch cont ain recognit4 Qn. S e ed in this
exanpl e bs(ﬂ}:oquu<§8§té@%°%1ds Isoaftc\tagf"‘%o\S/\e/aswaqu%‘rﬂlj géﬁgﬁ# nec]. III"il_hggéxperi ment was
conduct ed({pH¥7a 4 Shivers areparBE- 530 hdRE s eot BoTC uor isnwaeerequi pped with a
vari abl e, tenperat t agh cltati AV A its 5/10 nm

| ow s nsibtait\%’i'ty " alrlif:fgqug%r %%aﬁ?%éeecég%cvt\:&gea??%@%e%lt%g 10? v;‘Slﬂéce of a gl ass
sl i de whizcliedasogthePMMA gePMPefiadireddgnebibeltheat a 450 angle. The cel |

fill 3 . : 7 - tg 37C i t
W?KS*} 5I Se%igﬁ%gﬁ%%g%%rﬁgﬁ}eg g??’cioosl_’ﬁgl Hté?soﬂ%é&;%%fg% ?act at Ien(:;ilo\({)\kfirﬂ(\a/; in
- PBS  (pHEmngrieasopridper dd measiwsmerd eyed3y iminubsst erubbih. St ock
~sol uti f i v PB H=7.4 d and
oL gl SLLEES OB A AR o PRy s o e o0

heat ed t 'n a water 1-aliquot o ate stock
sol ul® on ofabeated exlucosehet P aitiiopewpddiddad \rowiheePM¥e | uor escence

by et BEPLOMDIRG URILY R0 tep il R AL IR, (sl cTent
aliquot 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

(=]

400

NNO\/\‘OH

HEI
A. 9-chloromethyl-10-[ [2~ (2~hydroxyethoxy)ethylamino] -
) methyl]anth:acene hydrochloride salt. ‘
o 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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10 of heated glucose stock solution was added to the PlNEplegbkd 2006
periodically while the fluorescence intensity at 550 nmwas nonitored as a
function of time (1 nmeasurenent every 2 minutes). d ucose concentration in
the PMVA cell = was neasured using a YSI Mddel 2300 STAT plus glucose 15
anal yzer. The results, shown in Figure 11, show that the addition of

| actate had no significant effect on the fluorescent intensity of the

i ndi cator hydrogel, and the subsequent addition of glucose reduced the

fl uoresce p N§_ensi of ..t he .i ndi_cat or. hydroge| . a 7

Si ngl e- rre?‘%%%df y g‘% ﬁlgyr}r%ento}}?é{ry ’81*-918?%%- bm‘o%gt g: abltﬁfgcf@eg%% C *Me p
MOl A 9-mhdlloneThy | mixEyre? wa2- by drpad eitrhaky) @& by | od 9] -

nmet hyl ] a eng.h | ori salt...To a.suspensi on of

9, 10- bi s%ﬁ%‘on@?hgﬁﬂﬁ{lﬁ‘%cgﬁs %%6°‘i’5‘?“1§‘1§!,é“€%."éasrnml e, 3.99 equiv.) in
200 nlL ofcowrnixeted 4o 5 SEptm@nbede 2 0D6-uunddeds @2 2- arienoet hoxy) et hanol
(0.49% g, e ) s dhE. M xture s stirred.i.q the dark for 17
hours.% Atr%#iggt ?Emse,ﬁ%%ljeﬁrggg%?i Gy Jﬁ??t%ﬁec&ég%\aﬁ%%grfca&ﬂyr jllég Fo - 50 nL
under vaciRaWidly §o@le Fidi%ar gsildue-1esk Qo fdRA1lby ti lvieddgel

chronat ogy apity (15 ray| ade sild gel, 0-10% CH3OH/ CH2d 2) to
yield 0.425 gg’-( %4%5)95?95 éé?%g‘\%ora%e ssog_ ffid. TLC Merck silica gel 60
p!ates,_Rf 0.72 with 70/30 10 CH2C12/ CH3CH, see with UV (254/366),
ninhydri Byd.allyck silica gel 60 plates, Rf 0.72 with 70/30

10 CH2Cl,/CH30H, see with UV (254/366), ninhydrin stain.

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, retention time 16.1 min.

H,C

VN |
B. 9-[{2~(2-hydroxyethoxy)ethylaminojmethyl}-10~[[ (3-
20 methacrylamido)propylamino]methyl]—anthracgne.

' To. a suspension of N-(3-aminopropyl)methacrylamide
'hydrochloride salt (3.08 g, 17.2 mmole, 4.2 equiv.), DIEA
(5.1% 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 8-chloromethyl-10-{[2~(2-hydroxyethoxy)ethylamino] -
methyl]anthracene hydrochloride salt (1.56 g, 4,10 mmole)
in 25 mI of CHCl;. The mixture was subsequently stirred
in the dark for 92 hours. At this time, the reactidn
mixture was_filtered and washed with 2 x 40 mL of NaHCO;
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EPI-C: HP 1100 HPLC chromat ograph, Vydac 201TP 10 x 2505Septe@bér2oos 0. 100 ni

injection, 2 nb/mn, 370 nmdetection, A = water (0.1% HFBA) and B- = MeCN

(0.1% HFBA), gradient 15 10%B 2 mn, 10-80% B over 18 mn, 80-100% B over

2 min, woof)tsR42 nmin, retention tine 16.1 mn. H C MNdrhishsdess CH  O-~ON

B. 9-[[2-(2-hydroxyet hoxy)ethylam no] nethyl]-10-[[(3- 20

- net hacr yl gyatdahpEQ P @Hua,o]s@s&hbyb&uantmea@egam&r%x@aedtswssi on of

N-(3-ani ng ropyl)rret | am de chl oride salt 308 17 2 mol e,
4.2 equi \PIEedpPERr 3 Y s ?aeﬁp‘* i@eﬁe de,c‘:’@.cg ?Pg) ®and - 3 ng of

‘BHT in 13}1 @Hélﬁcqu o%&@g%&oﬁﬂd%ﬁtﬂpmsguﬁlﬁiédltbpIal%lné

9- chl or onet hyl - 10- (,2--hydr oxyet hoxy) et hyl a | ] ant hr acene
hydr ochl &5 &i §8‘Ff‘£‘{ 5@09?6 ﬂ‘?ﬁ%v eUtrr%k g]l 'J“Eﬁ mé:%)és The mi xture was

subseguemlaaﬂmﬂgcwd to wikehe daB&d for(22)hedran Starddd olliae, the reaction
m xture was filtered and washed with 2 x 40 nL of NaHCO3 -45 5 Septenber
2006 WD 03/078424 PCT/ US03/ 07938 (saturated aqueous solution). The organic

extract wag: serex si\aﬁ.rcaa@bydﬁoqslelMOkf 0116 ewerh arod300ncentrated to
yield a sti or ange soli i C rifie al umi,na chromat ogr aphy
(50 o actreblvatdliy et uibi e 2S5 o atsinabie BP0 yi ol d 0. 369 4
(209 of an orange solid. "TLC Merck silica gel 60 pl ates Rf 0.16 with
70/ 30 254/ 36 y st 10 HPLC. HP
110019-|Pfg§g%l ‘%‘3 %Pa%ﬁﬁcv?%ﬁ%m @/ #ﬂl\ o L
injecti oaolamm_/crnlrm,o aL0infeeeiqat Immxﬁmyvajm r(nodieqﬁeHEBés)s, amd B = MeCN
(0.1% HFBAL, g dol .

= wat ( s 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

C. 9-[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yl}benzyl-N-[3-
(methacrylamido)propylaminojmethyl]-10-[N-{2- (5,5«
dimethyl-[1,3,2]dioxaborinan-2-yi) benzyl] -N-[2- (2-hydroxyethoxy) -
20 ethylamino]methyl]anthracene. (Single-methacrylamide
monomer)

A solution of 9——[{2—-(é-—hydroxyethoxy)ethylamino]-—
methyl]-10-{[ (3-methacrylamido)propylamino] mei:hyl] -
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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10% B 2 mn, 10-80% B over 18 mn, 80-100% B over 2 'm 15Sept0®86B0R m n,
retention tine 16.85 mn. 15 CH C 9-[N[2-(5,5-dim

et hyl .[1, 3, 2] di i oxabori nan-2-yl)benzyl - N-[ 3-

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

di met hyl -[ 1, 3, 2] di oxabori nan-2-yl) benzyl] -N- [2- (2-hydroxyethoxy) - 20
et hyl am no] net hyl ] ant hracene. (Si ngl e-net hacryl am de nononer) A solution
of 9-[[2-(2- hydroxyet hoxy) et hyl am no) -

met hyl ] -10- ([ ( 3- et hacryl am do) pr | ami_no] net hyl ] - ant hracene (0.343 g,
0. 765 mTBFEPSRBYEAET P03 2 9 50- Db OIS, B. QLY Jadd 20 ML

(2- brOfTD'mUly'@l’ﬂW@ hesost triagi dn tﬁ@ 5a§£pﬂc&ngr nd@ps. maopentyl ester
(1.09 %385 nole,, 5.0 equiv.), CHCl 3 at 23C was stirred in the

in
dar k for S holifs. th] SeRFELeR x‘i”ﬁ"é? r"’é‘écf?’&%erfﬁ%?tt&de was concentr at ed
initi aI I ynb}tlamwrryy &\oa;p@yaév@poréﬁm usheg @si@:lauma@uma pumgd O renove

Dl EA. resi due pu ied by alumna ¢ chr.omat ography (40 g

acti v%lte n&GRPEF mn Ekeor de}" gi%mi aEER20. 299 g (46% of a
yel l ow enangs Sloforﬁhto'ﬁlmaﬁhpO(T@@)Ll;ﬁdadtﬁwabédcmetﬂﬁiaﬂmllu&@da wad-h a suitable
nononer r.eyi ousl| rote and sed to detect

gl ucose. §§ﬁ\ Séé{d@?%ﬂa ¥8r J(%%%é@%%&@? %E/?) %4" e ﬂ'ﬂ [M+ 1]+ 855. 15

. TLC. Mer okabagsi gokidum Taipl atrgsourdd mAy3bewbd+pAideriCER G2 HCH3OH, see with
UV (254/ PLC HP 1100 . HPLC.chr onmat o h, dac 2 P 10 x 250 nm

col um, gg%ﬁb nt. T Hjecti 0 o% S HIH prg%gﬁ%%detdg trlogﬁ(,: ted! 20 = water (0.1%
HFBA)O andn® wsdéde G (dété% HFBA)gsegr adi ent 10% B 2 min, 10-80% B over 18 m n,
80-100% B over 2 mn,

FAB MS: Calc=d for Cs;HgsBsN307 [M]* 854; Found [M + 1]%
855.

15 TLC: Merck basic alumina plates, Rf 0.35 with-95/5
CH2Cl,/CH30H, see with UV (254/366).

HPLC: HP 1100 HPIC 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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100% B 2 min, retention tine 19.7 min. -47 5 Septenber5§em@mbwww@B/078424
PCTI US03/ 07938 Exanple 8 Dual -nethacryl ate nononer of

bi s-boronate-anthracene 5 C% A 9,10-bis[N[2-(5,5-dim

et hyl - [WOd3/@8#h4oxabori nan- 2-yl ) benzyl ] - N- PCT/USG3/07938

[ 2- (2- met hacr oyl oxyet hoxy) et hyl am no] net hyl ] ant hracene. A sol ution of
9,10-bi.s[N-[2-(5,5-di nethyl -[ 1, 8x2hgr&x@bori nan-2 10

yl)benzyl]-N-[ 2- (2 hydroxyethoxVTEf%VTﬁﬁ1no]nethyl] ant hracene (0.100 g,
0.120 mBral-BethzsEniite mpromppidfadtip-borappgetantiracgne0. 110 nt, 1.30
mmole, 10.8 equiv.), DCC (0.316 g, 1.53 mmole, 12.8 equiv.) and N, N

di net hyl am no-pyridine (0.014 g, 0.11 nmmole, 0.92 equiv.) 15 in 5 n CHd 2
was stirred at OC for 1 hour, then 23C for 22 hours. At this time, the
reacté on mxture was filtered and concentrated by rotary evaporation. The
residue was purified by alum na col ym chromat ography (30 g activated
neutral al um na, 0-2% CH3OH CH2 o yield 20 0.030 g (26% of a yellow
solid. This compound may be ynerized with a suitable nonomer as
ted and used to detect glucose. FAB M5

descri bed previously, deprof

Cal c=d for C55H70B2N2010 [M' "933; Found ' 951 (weak nol ecular ion
peak). 25 -48 5 Septenber 2006 : asic alumna plates, Rf 0.67
with 95/5 CH2Cl12/ CH3OH, see i (254 366) HPLC. HP 1100 HPLC

chromat ograph, Waters 5 Xx

A. 9,10-bi.s{N-{2—(5,5-dimethyl‘-['l,3,2]dioxaborinan-z-yl)benzyl]-N-
[2-(2 -met&:gacroyloxy"ethoxy) ethylamino]methyl)anthracene.
A solu_tion of 9,10-bis[N—[2—(5,5-dimethyl-[1,3,2]dioxa‘borinan-2-
10 yl)benzyl]—N—[Z—(2-hydrbxyethoxy)éthylamino]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 & suitable monomer as described
previously, deprotected; and used to detect glucose.
FAB MS: Calc=d for CseH,oBaN2030 [M]* 953; Found [M]* 951
(weak molecular- ion peak).
25 -
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5 ‘NovaPak HR C18 col umm, 0.100-nL i'njection, 0.75 nl/ n5sep@mbat200j ecti on

| oop, 370 nm detection, A = water (0.1% HFBA) and B = MeCN (0. 1% HFBA),
gradient 10%B 2 mn, 10- 80%B over 18 mn, 80-100% B over 2 mn, 100% B 2
mn, retention tinme 19.6 mn. 10 Exanple 9 Dual 5-am nopentyl

bi s- boronat e-anthracene 101 NH DCH CH N CN, " bN, 15 A

9, 10-bi s[[5-(t-BQC) - am nopent yl am no] net hyl ] - ant hracene. A suspensi on of

9, 10- bi s(chl oronmet hyl ) ant hracene (0.28 g, 1 nmmole), DIEA (7.0 m., 40

mol e), nono-t- butoxycarbonyl 1,5-di am nopentane (3.75 g, 10 nmmole), and
20 50 nl THC:CMergkweasist iadumdng nplafesdalil Pob7 widdy 9546 45C.  The sol ution

\(Aﬂ@;éﬁ&?%é%%{q@@éprsaeteeq,i@g%&lat—w/,%tdye organi ¢ phase was dried

sol'vent "was  evaporated. The residue was purified by
al um na chromatography (40 g activated neutral alumna, 95/5 % 25 vol.

CH2d 2/ Mgt gpVY! 5 ' S Qi ' terial was used as is
for the next s gp?f@ﬁﬁ- %sggfgﬁ‘n%%‘%&%%x‘é %\Ee’é%/mo;‘sigg | USD3/ 07938 b B.
9, 10- bi s[N¢vaPak5HB-Clitncetthph, [ 4, B)Rdi drabotioman-02-7¢] hbéniyd -N-

[ 5- (t-BOC):- ani. | .am n V. racepe, ol Hti on of

9, 10- bi s?F‘g?‘?P?B%%*? gﬁﬁ%?épg%gﬁrgréér%@tgoﬁétﬂhyl ]waa'r?te%r (Hale (0.3 g, 0.49

- mmol e), HRBA)( end5E 1t MegZN (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 19.6 min.
10

Example 9
Dual S5-aminopentyl bis-boronate-anthracene

M\NVN”\E/DI?E:
O _

o
r‘\v/\\/”\m(ﬂ\n
'w/tfm
15 A: 9,10-bis[[5- (t-BOC) ~aminopentylamino}lmethyl] -
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 CHCls; was stirred in the dark for 2 days at 45°C.
The solution was washed withAsaturatedIbO/NaHCOy the
' organic phase was dried (Na;S0s), and the solvent was
evaporated. The residue was purified by alumina
chromatography (40 g activated neutral alumina, 95/5 %
25 vol. CHzCl,/MeOH) to yield 0.55 g of viscous oil. This

material was used as is for the next step.
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mol e), and (2-brononet hyl phenyl ) boroni c aci d neopent yb Segigiipar 205 566 g,
2.0 mole) in 20 nL CHZA Z was stirred in the dark for 2 days at 25C At
this tinme, the reaction mxture was concentrated in vacuo and the residue
was 10 WhosHI8&4 by al umi na chromat ography (60 g of a®Cirwsesxsneut ral
alumna, 98/2 %vol. CHZA Z/ MeOH) to yield 0.401 g of yellowoil. This
material was used as is for the step. ON | \ ~~ox TFA TFA bx 15 C
9, 10- bi s(N-(2- bor onobenzyl ) - N; ai?g?lopentyl am no] - net hyl ] ant hracene
trifluoroacetic acid salt. - @ ept enber 2006 WO 03/078424

PCT/ US03/ 07938 9,
10-bi S[N-[2-(5,5-di nethyl -[1, 3, qwaﬁr n2y|)benzy|] N-

[ 5- (t - BOC) - am nopent yl am no ant hr oh{r;g g, 0.39 mol e) was
dissolved in. 20 mM of CH2{ @ 80/ 20 % voI ). The solution was stirred
for 12 hours, the 5 solvent $ £2d, and the residue was washed with
10 mM of ether. A total of 373" e was obtained (72%yield).

- Product was -80% pure by RP- This ound nay be co-polynerized with
a suitable nmononer as descr{ bgd previoudiy, deprotected, and used to
detect 10 glucose. HPLC: HP T10Y HPLC chronat ograph, Waters 5 x 100 nm
NovaPak HR C18 -col um, 0.050 ni ¥ ction, 0.75 nL/mn, 360 nm detection,

A = vaterg (0. 1% HFB 0. 1% HFBA gradlent 10% B 2 mn,
10- 80% B overjg % @ [?53%5%@8)@0@{,%3] joxaberinan oy benzii-: retention, time

16. 0. [5-{t-BOC) ~aminopentylamino]methyl]anthracene.

A solution of 9,10-bis[[5-(t-BOC)-~aminopentylamino]~
5 methyl]anthracene (0.3 g, 0.49 mmeole), DIEA (0.35 mL, 2
mmole), and (2-bromomethylphenyl)boronic acid neopentyl
ester (0.566 g, 2.0 mmole) in 20 mL.CH2Clz 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. CH,Cl,/MeOH) to yield 0.401 g

of yellow oil. This material was used as is for the next

step.
L,
M"“’
400
e T Va
d . TFA
4

15 ¢, 9,10-bis[N-(2-boronobenzyl) -N-[5-aminopentylamino] -

methyllanthracene trifluorocacetic acid salt.
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~mn. Exanple 10 aesoc HNC HO N O -Br 20 A 5 September 2066
K-2-(tert-but oxycar bonyl )am noet hyl - 4- brononapht hal ene- 1, 8- di car boxi m de:
N-t - Boc- et hyl enedi am ne (Fluka, 1.6 g, 10 nmole) and 25

4- br omwQ B8Nt hal i ¢ anhydride (Al drich, 2.77 g, 18CTHRBIEIBwWere conbi ned
with 60 m of anhydrous ethanol, the -51 5 Septenber 2006 suspension was .

‘stirred at 60& Oolglsﬁ\p\,\ghﬁ%?lmeﬁﬁr% 2]90 &%ﬁ}"%ﬁ@g@%‘?de’q and filtered. The

obtained solid , dri ed under vacuum
Yiel d 3. B t(BODyy-amiRpreriydamino] m?Ehb(bﬁnféaracgnw 95 t) 4.35 (2H,
t); 4. 920 (3¢ mre] §4s(dibsddvedBif426 It oﬂ)c:ﬂz@lﬁzmlwomq .58 (1H, d);
8.67 (1H, d). 1-BOC O NH- / \ NH NH CHs

N-2- (t er Yobut ox & sshyta%woeetsﬁwrad(f\?r Ighours, the

met hwharkém@élﬁwlwa&@ B} peRitdty! eng- thé- e siaoxkei d@n%hed dwlth o o

I\I—I\/Etyet enedi am ne (1.48 g, conbi wi t.h 2 o]

1- met hyl 1®- I%]yr‘ifoleit Fﬁone’g(tr@\ﬁ?)l °1f087gm ‘%ﬁ/ 3&F’ﬂ’%% aﬂ-nfd(tert-

but oxy cay s i) noerhydude bra@nnaaal‘@xlwé ane Rb-8PL6. diTaEmsboxi mi de (0.35 g,

0. 845 mmol e resultin sol ut S st r.red. at 4SCfor 40 hours after

B - Rl SR UL s P e i e Eyed
described previously, deprotected, and used to detect

10 glucose.

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

+80C
el

H

N Q

(L

Br

o

20

.A_ N-2- (tert-butoxycarbonyl)aminocethyl-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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The obt ai ned resi due was subjected to col um chromat oge&epemba®ogs of silica
gel, initially CHd z/ MeOH 20 (90/10), then CHzO zZ/ MeOH Et 3N (75/20/5)). A
yell ow solid was obtained (0.311 g, 89 %yield). Purity was checked by
RP-HPLC. 0 H2N NH TFA -CH HOB HOB -52 5 Septenber 2006 C. '
N-am noet hyl - 4- (N - am noet hyl ene-N' [ 2- (bor ono) benzyl ] met hyl am no)
napht hal ene- 1, 8- di carboximde trifluoroacetic acid salt: 5
N-2- (tert-butoxycarbonyl)am noet hyl -4-(N -
met hyl am noet hyl am no) napht hal ene- 1, 8-di carboximde (0.3 g, 0.73 nmole),
2- br onmpmetutepepisény | warordrircedcat, 6¢fCndool 20 dstues, (Oosled t© nmol e)
N, N-diis | - m , . n,.of CH2CA 2 were
~ conbi ned%xéfﬁlg%g{i%%egna&gsﬁéjf%?éegd fgp%ﬂ)ﬁ%lur}e?glp%??ov\%% by addition

of 2 g ofwabety Wit 3k mleoifncedd giRilitantledhhed ogides, vace8m. ol / g). The
reacti on gu xtur.e,an iy N e Iqtated ; f0r hour ft whi ch the
resin maéﬂ%éﬁgééggb ﬁ?%ﬁfrﬁ??oﬁﬁgﬁ' Wasﬁé&ﬁﬁﬂ%ﬁ’dﬁlc?%%gzigg'n1). Conbi ned
15 CHBClZ)solduBbonzH werle dvapothi eds)ard8dr i(kd, undes.¢acylln 02N / \ B(OH) 2

OO0OH/ \,H Met, hylLe orj.desalutjon gontaining 20% vol. TFA and
5% vol . (P s?é'é?éﬁﬁf s?‘ut’l’ghegglagﬁi{dadéd tgo%?hii*?'es?ﬁrti ng 3

et

B. N-2- (tert-butoxycarbonyl) aminoethyl-4- (N~

10 methylamincethylaminc)naphthalene-l1,8-dicarboximide’:

NfMethylethylenediaming (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 CHﬂHq/MeOH

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

RP-HPLC.
o
ESSsos
HES
. ' . N—oCH,
. HO

h=

HO/
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orange residue. The resulting solution was stirred at s5rSepwmberspes ature for
10 hours, after which the solvent 20 was evaporated and the residue:
triturated with ether to vyield a yellow solid. The solid was filtered and
dried in vacuum (yield 580 ng). Purity of the nmaterial was checked by
RP-HPLC. The solid was used as is in the next step. -53 5 Septenber 2006
D. N (3-Borono-5-nitrobenzam do)ethyl-4-(N am noethylene-N'" 5

[ 2- (boron) benzyl ] met hyl am no) napht hal ene- 1, 8- di car boxi nm de:

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

(2- (borono) benzyl | et hyl ani no) napht hal ene- 1, 8- di carboxi mi detrifl uoroacetic
acid sal €.(0. N2amipogthylird~ fbragincetdydpagy¥’s-mi t r ophenyl boroni c acid

(0.085 g,r5Q. gg@%ﬁg (Yol ide4(@.13 mM, 0.6 nole); and
2 m of a[r?hy PouS z&g?ggg%ﬁieg.ihﬁ?h&%%&gpyl -N-ethyl amine (0.7
m, 4 mulicrrivsimiitedrafiduotdmcestalaiicdd sabt:stirred for 20 hours. Ether
(10 m.) was 13 added.to the reacti m.xtur.e and the insoluble residue was
separ at ed andﬁsgn c%tte u\%mo%%c%r nygfanﬁﬁefEhl‘{loqyideql d an orange solid which
was filt eestyiadindtéylandeo) vatitimlendsl piydits¥bprémide Fwd ty of the

~solid was che Vi - 5 . 10) . - 32 (3H, s);
2.82 20 ?‘2H,B'§ %;E-EEI%‘;.%Q ﬁﬁ%%m%@%%?gﬂglﬁ%q%g%é %3?3%?165 (1H, d):
7.0-7.3 e4Hern)9.q.682( tiple), M.NE8lifsbpropyl-NetByldkina) (1.8 47 (111, d);
8.1-8.35_¢3H . t . of - n- 5-.pi m ethyl-4-(N - 25
am noet h?ﬁéng-@ﬂ{yz %ﬁgr%ﬁo’?&é\éﬁﬁ?@r& H%an‘%‘gn“%ﬁ‘ap it hgﬁéne- 1, 8-

di cat®oxspidbidmwasnissiared ofpmiath hghus ostoldowadnbyoaddition

'  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 CHzClp; (2X20 ml). Combined

15 CHxCl, solutions were evaporated and dried under vacuum.

ON

B(OH),

Methylene chloride solution containing 20% vol. TFA and
5% vol. triisopropyl silane was added to the resulting
orange residue. The resulting sclution 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

t checked by RP-HPLC. The solid was used as is in the next

.step.

~-53-




by fluorescence This experinent was conducted in MeOH Bisepphdtezo80 buffered
saline, (PBS, 10 nM pH=7.4). The concentration of N
(3-borono-5-nitrobenzam do) et hyl -4- (N - am noethylene-N " - [2

(borono) benzyl ] met hyl am no) napht hal ene- 1, 8-di car boxi m de in MeOH PBS,
(50/50 vol. %9 was 15 M The glucose -54 5 Septenber 2006 concentration
was varied fromO mMto 50 MM and the L sodium | actate concentrati on was
varied fromO mMto 7 nM The experinent was conducted in a Shimadzu
RF-5301 PC spectrofluorineter: excitation wavel ength was set at 5 430 nm
em ssion was nonitored in the 480-650 nmrange, slit wdth 3/1.5 rim high
sensitivity of° PMI. The results are shown in Figures 12 and 13, which show
that the fluorescence of the indicator of this exanple was affected by the

presencenof gNuQSEEbrdﬁd&Sﬁﬁitréﬁhdxﬁmﬁﬂe)éthg&ﬁﬁHXNﬁL | actate. Exanple 11
(Cyclohexanecarboxan1¢o)hexylan1ne I ndi cator nmononmer ~NH HO V V v yQ
“b" ON, N®ingpthylene=REox 20 15 XNV Vv OH, H2CLY- X A

9- [ N- § 3- (13R4BacsNd AEndQl Phe iy Bl i) ARbRYAA 1Y, 8-
dicarboximide:

N—aminoethyl—4~(N'~aminoéthylene—N"—
[2-{borono)benzyl Imethylamino)naphthalene-~1, 8-
dicarboximide ‘trifluorcacetic acid salt (0.225 g, 0.4

10 mmole), 3-carboxy-5-nitrophenylboronic acid (0.085 g, 0.4
mmole), diphenylphosphoryl azide (0.13 ml, 0.6 mmole),
and 2 ml of anhydrous DMF were combined. N, N-
diisopropyl-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 reaction mixture and the insoluble residue

| was separated and sonicated with 5 ml of CH:Cl: 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-d6/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 (1H, t); 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)benzyllmethylamino) 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’-
aminoethylene-N'’- [2- .
(borono)benzyl]methylamino)naphthalene-l,8—dicarboximide
in MeOH/PBS, (50/50 vol. %) was 15 M. The glucose
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“((6-am nohexyl am no) met hyl ] ant hracene. To a sol uti on of5 Sep@mber 2006

3-am nopropyl net hacryl am de (0.775 g, 5.45 mol, 10.0 equiv. ) and
tert-butyl N-(6-am nohexyl)carbamate (1.18 g, (BB - ool L.
-------- - 5 Septenber 2006 5.45 mmol, 10.0 equiv.) and several crystals
of BHT in 200 nL CHO 3 was added 9, 10- bi s(chl oronet hyl ) ant hracene (0. 150
g, 0.545 mmol). The reaction m xture was subsequently stirred in the dark
at anbient tenperature 5 for 4 days. At this tine, the CHCL3 was evaporated
and the residue was dissolved in 100 nL ether. The organic |ayer was

ext ract edcqneantgaxiopswag vaatied sneiedusMNERCE8 mdn@rgl £hg2ob-nl phosphat e

buffer (Osdtm &chagé J&?ca%raeioﬁ %&%%eedfpap%ow gobyffer washes was

adjusted to 10 pH 11 by addition of CO3 (sat'd aqueous_sol ution),

fol | oned MY ex@heaCKPORINGR @SXCQW%eWQCEZShWZ%@%ﬁﬁ% organi c |ayers
wer . conogntgRlRdonnds i rceS! EE;c 4 £3PLNeE1ERY, WasObod. 20a SOl uti on of

TFA in CH2CL m xture was stirred at anbient tenperature for 2 hours.
15 At % hiS3h infe, ePhRSFYRAESOROM 5@ 1A Nadhext8lcd™ nii tAngex 10 nml sat'd

aqueous NaHQOR: qFhes pH Piant hﬁlgﬁn@mckwaqye@psmayers was adjusted to pH
11 by add|t| on of Na2CO3 (sat d aquequs sol.ution), followed by extraction

with 4 x 75 FReCFeelts BRE ShAWR Nl foyaRsc1eanthdss Weighdried 20 over

anhydrousSHHa%Qét Ehé tﬁrmeaadn@@wrt%a&ﬁdw&d&awoth&g yield 0.068 g
(279 of prodyct. TLC._a) Merck Silica Cel pl at es, 0.16 wth 70/30

CH2C12/ C¥amPiecHas %#queézén/%weﬁ%ﬁ ofcgld@aﬁs@ eE\E‘Fo‘i‘Pt Rf 0.27 with

85/ 1405/ Byb5 the HHREARILCHICHAERP N2, see with UV (254/ 366) final product.
BPLC. HP 1100 HPLC chr omat ogr aph, V\aters 8 x 100 nm
Example 1

€~ (Cyclohexanecarboxamido) hexylamine indicator monomer

ey O
CH, QOO Ho |
» )Yw.da_

15
NH,
NN

Reoo

- A. 9-[N-[3—(methacrylapido)propylaminojmefhyl]-10—N—
[ (6-aminchexylamino)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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NovaPak HR C18 col um, 0.100 niL injection, 0.75 nl/ni B,SePtefhBS dobsi nj ection
| oop, 360 nm detection, A 30 = water (0.1% HFBA) and B = MeCN (0. 1% HFBA)
gradient 10%B 2 mn, 10-80% B over 18 mn, 80-100% B over 2 mn, 100% B 2
mn, retention time 15.5 mn. -56 - -- ------- ---------- 5 Sept ember 2006
NN VVVNNX G CH NHNHB. _
9-[ N-[ 3- (et hacryl am do) propyl am no] net hyl ] -10-[ N- -

[ 6- (cycl ohexanecar boxani do) hexyl ani no] met hyl ] ant hracene. To a sol ution of
9-[N-[3 5 (nethacryl am do) propyl anmi no] net hyl | - 10- N- [ 6-

am nohexy$ a6 mapipt hyld 2athkasessd (dsvedad, cBy$hIBWIf) BANdin a few crystals

ol 1 on 20 Ty EMGHeX AR B h Ao BN HRES LB E AT ester 10
(0.845 g, {B.166 gpobd.,545 @BRo@YUI VTI)eQxBS}:rctaoh hixtueeiiagd. The reaction was
Subzeauer] b SALLED 8 S50l AT Sl LD UBLUL AL 16 MU AL
di ssobvedidm 418sysl dft ahsel Uim@n idfe @ACLS watsherwhpdba€dd@nd The organic
25 R thas LUt B SEB DLE ohgef pr0) T
addi ti on lagerNa2CGrsated witiedisx d@lunL.osgt’ d (alqiuemd yHE¢t-raction wth
Nazsod, 1Y o B Uil BOERRPE di Y for BUEL U BYTY B Bhony o
product . OFL€he Meemikingid| phasekd tb byffarewashys @tasoavigtxhted to -
10 pH 11 by addition of Na,C0; (sat’d aqueocus solution),
followed by extraction with 5 x 300 mL CH,Cl,. The
combined organic layers were concentrated and the residue
dissolved in 5 mL of a.20% solution of TFA in CH,Cls. 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 agueous NaHCQO;. The pH of the combined
aqueous layers was adjusted tolpH 11 by addition of Na,COj;
(sat’d aqueous soclution), followed by extraction with 4 x
75 mL CHzCl;. The combined organic extracts were dried
20 over aﬁhydrous Na»S0,, 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,C1,/CH3;0H, see with UV.(254/366), prior
to deprotection; Rf 0.27 with 85/14.5/0.5
25 CH,Cl,/CH3OH/iPrNH,, see with UV (254/366), final
product. .
HPLC: HP 1100 HPLC chromatograph, Waters 8 x 100 mm
NovaPak HR Cl8 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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85/14.5/ 0.5 CH2C12/ CH3OH i PrNH2,- see with UV (254/ 366) 5 33Blefibet4804.100 HPLC
chromat ograph, Waters 8 x 100 mm 25 NovaPak HR C18 col unm, 0.100 ni.
injection, 0.75 nL/mn, 0.400 nL injection |oop, 360 nmdetection, A =
water (0.1% HFBA) and B = MeCN (0. 1% HFBA), gradient 10%B 2 mn, 10-80% B
over 18 mn, 80-100%-57 5 Septenber 2006 B over 2 mn, 100%B 2 mn,
retention tine 17.4 min. H ~ ~/~ HCG N/~ vv ~NO bHCH3 HD H2C PH
)Y=\/N 9-OH C. 9-[N-(2-boronobenzyl)-N-[3 5 :

(et hacryl am do) propyl am no] net hyl ] - 10- ( N- ( 2-

boxonobenzyl ) - N-[ 6- (cycl ohexanecar boxam do) hex I no] - met hyl ] ant hr acene.
A solution of 9-[N[3- (nethacrylanldo)progMIa ] met hyl]-210-[ N-[ 6-
(cycl ohexanecar boxam do) hexyl amiho < tene. 10 (1.0 g, 1.8

mmol ), D EA (1.81 g, 2.44 nl, 14]0 nmol, 7.8% equiv.),

2- br ononet hyl phenyl bor oni ¢ g e ester (2.14 g, 7.20 mmol, 4.0
equiv.) and a few crystals 30 nL CHA 3 was stirred in the dark
at ambient tenperaturegfor ggars? At this time, the reaction 15 m xture
was concentrated and thd ‘residuel(9-[N-[2-

(4, 4,5,5, -tetranmet hyl w8, 2"diLoxgb8' ol ano) benzyl ] - N-[ 3-
(nethacrylan1do)propy|an1 olmethyl]-10-[N-[2-(4,4,5,5, -

tetrarmet hyl - 1, 3, 2- di oxabor ol ano) benzyl ] -N-[ 6
(cyclohe%&necérﬁﬁxhhTG%%ﬁ@xywéﬂnﬂmqknadmyﬂ?aam¢ﬂm&hhx®]"10 [N-

[6- (cyclohexanecarboxamido) hexylamino]methyl]anthracene.
To a solution of 9-[N~-[3-
5 (methacrylamido)propylaminojmethyl]-10-N-[6-
.aminohexylamino)methyl)anthracene (1.68 g, 3.63 mmol) and
a few crystals of BHT in 20 mlL CH;Cl, at ambient
temperature was addedndropwise 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 ethexr/
15 CH2Clz;. 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,C03; (sat’d aqueous'solution),‘followed by extraction
"with 6 x 500 mL CHzCl;. The combined organic layers were
20 dried over anhydrous ﬁa2804, 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,/CH30H/iPrNH;, see with UV (254/366)
_ HPLC: HP 1100 HPLC chromatograph, Waters 8 x 100 mm
25 NovaPak HR Cl18 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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20 suspended in 150 nL ether. The organic |ayer was was$iSsgtembetdood x 50 niL
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 aqueous HO . The aqueous

| ayer was washed with 3 x 50 ML 1:1; ether:ethyl acetate and 25 the pH was
adjusted to pH 11 by addition of Na2CO3 (sat'd aqueous solution), followed
by extraction with 3 x 150 nL CH2CO 2. The conbi ned organic | ayers were
dried over -58 5 Septenber 2006 anhydrous Na2SO41 filtered and
concentrated in vacuo to yield a red oily conmpound. The residue was

di ssol ved in pebker angirgonoentpat aflin,n rededoisd® dHmel d7141Mim. (85% of a
yellow solid product. 5 TLC. Merck Silica Gel 60 plates, Rf 0.59 with

80/ 20 CH2C12/ CH3(OH, see UV (254/366) HPLC. 4P 1100 HPLC chromat ogr aph,
Waters 8 x 100 nm NovaP C18 colum, 0.10 injection, 0.75 nl/mn,
0.400 nL injection |ogp, #360\ I jmdetaciiQn™ wat er (0.1% HFBA) and B

= MeCN (0. 1% HFBA), gradjent 10906 B 2 nin, 1¢-80% B over 18 nin, 80-100% B
over 2 min, 100%B 2 mn, reke ime 19.6 mn. 1H NWR (9:1

d6- acetone/ D20): S 0.90 (m ' (m 2H), 1.18-1.30 (m 6H)

1.35-1.48 (4H), 1.62 (m 1 5 PC 2H(CH2) CH2) , 1.66-1.75 (m 714), 1.77
(m 2H, N CH2-CH2-CH2-KF, 2.52 [m 2HmeN CH2-CH2-), 2.63 (m -2H,

N CH2- CH2-), 2.98 (mc MiC=0) | 868 (s, 4H, benzene-CH2-N), 4.57
(s, 2H, at hr acene- CHZ? .59 S, at hracene-CH2-N), 5.20 (t, 1H, J =
1.5 Hz, 20 C=CH2), 5.46 (%, 1H, C=CH .4-7.5 (m 8H Ar-H), 7.52 (m

2H, Ar-H),. 7.95 (m 2H, Ar-H), 8.23 ( 4H, Ar-H) D

N, N- di met hyl acryl am de hydrogel with 9-[N-(2

C. 9-[N-(2-boroncbenzyl)-N-[3-

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

. {methacrylamnido)propylamincolmethyl]-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
témperature for 60 hours. At thishtime, the reaction

15 mixture was concentrated and the residue (9-[N-[2-
(4,4,5,5,-tetramethyl-1, 3, 2-dioxaborolanc)benzyl]-N-[3-
(methacrylamido)propylamino]methyl]-10-[N-[2-(4,4,5,5,-
tetramethyl—l,3,2—dioxaborolano)benzy1]—N—[Q—
{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, pR 7.0). The
organic iayer was concentrated and the residue dissolved:
in ether in 200 mL 0.1 N agueous HCl. The agueous 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 NaxCO3 (sat’d
aqueous solution), followed by extraction with 3 x 150 mL
‘CHzCl2. The combined organic layers were dried over
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25 boronobenzyl)-N-[ 3- (et hacryl am do) propyl am no] net 58eptember 2006

10-[ N- (2- bor onobenzyl ) - N-[ 6- (cycl ohexanecar boxam do) hexyl am no] :

nmet hyl ] ant hracene. A solution of N, N-dinethylacrylamde (40% wt.) and

N, N - met hyl enebi sacryl am de (0.8% wt.) in phosphate buffer, 30 pH=7.4, 200

mM was prepared. 9-[ N (2-Boronobenzyl)-N-(3-

" (et hacryl am do) propyl am no) net hyl ] - 10-[ N- ( 2-

bor onobenzyl ) - N-[ 6- (cycl ohexanecar boxam do) hexyl am no] et hyl ] ant hr acene

(18 ng, 2.15X10-5 nole) and 60 ng of fructose were conbined with 2 nL of

MeOH. ‘Thdhygrows 2580 Sidépredbend XouwenkiastednitaasgouliPil all of the

fructose ydieggoh vedh A1d WBSmpSHRs e AHRNTEY QYRR sbov¥i el a solid. To

this solid, 1 nL of phosphaltae buffer solution containing nononers was

added. APtBersend caniceRtEated oimiveaqus §0spieRd dn Mas 583%1 t&red through a

0.2 pM PIFG.REPrans o bkb&fict AQueous ammoni um persul fate (20 L, 5% w . )

was conbined with the fornulation. The resulting solution was placed in

gl ove® box puFBed wit hMAreko§éhicanGaguéBuplabeaii BA 6f 59 with

N, N, N, N -tetggmi @H‘zéiz%hg‘@%di&@ B8 th4Gv Lio9p3¢ey) was 10 added to the
C

nmononer fornulation to accéelerate polynerization. The resulting

fornul ati on WABLGolPed 109 HBLG aonylomagoasapluctied etrsom yl B8 M cr oscope
slides and 3% D) e ee s After bei ept for 8 hours
in a ni trogeﬁN at nﬁgépﬁg?%?éti@%'dbﬁggégﬁcle eitcgg'ig’ pﬁgzs%hat e buffered
sal ine (pH=7.mMY/mirhe 088 ovle dpd esttiidaslogmr 860sepadatect icand At he hydr ogel

was ygenmoved. Jhe«hydpopel E\ﬁ]% hed_ wi 0 hosphat e buffered
sal | n‘g (PBS) cont aei niqggﬁl Hrr1\/| a\l%[rﬂél gsu%%@el@o&i%tﬁ?%% t and 1 nM EDTA

tetrasodi um sgadiesr 30U L mihe 48r80% oh PEraéBngiehfyddSvery day, _
folloved by vashjeRg2whih, Fd@HEPBSHEA0/ S0k 1%0! timd ¥ JPGipl). and finally

wth B NMR (9:1 dg-acetone/D;0): & 0.90 (m, 2H), 1.03 (m,
2H), 1.18-1.30 (m, 6H), 1.35-1.48 (4H), 1.62 (m, 1H,
15 O=C-CH(CH,)CH,), 1.66-1.75 (m, 7H), 1.77 (m, 2H, N-
CHp-CH,-CHp-N), 2.52 (m, 2H, N-CH>-CH»-}, 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,_ZH, athracene-CH,-N}, 4.59
(s, 2H, athracene~CH>-N), 5.20 (t, 1H, J = 1.5 Hz,

20 C=CH;), 5.46 (s, 1H, C=CHp), 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 boxoncbenzyl)-N-[3- {(methacrylamido) propylamino]methyl]-
10~ [N- (2-boronobenzyl) -N-[6-

(cyclohexanecarboxamide) hexylamino] methyllanthracene. 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]methyl]~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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- PBS (H=7.4, 3 x 100-nL). The resulting hydrogel fil m wacSeptmbeectdosn PBS
(pH=7.4) containing 0.02% wt. sodiumazide and 1 mM EDTA tetrasodium salt.
25 E. Modul ation of Fluorescence with G ucose. The nodul ation of the

fl uorescence of the 6- (cycl ohexanecarboxam do) hexyl am ne i ndi cat or/ DVA
hydrogel filmprepared in this exanple by glucose and | actate was 30
determ ned. Figure 14 shows the relative fluorescence emssion (I @430
nm of the hydrogel filmin PBS (pH 7.4 containing 0.02% NaN3 and 1 mV
EDTA) containing O to 20 mM a-D-glucose, 0 to 10 nM L-sodium | actate, and
0-20 MM (W& ponigriggdicedd li plihet pres dvsetore 4dimddlveddadth ¥a%tate. The - 60
5 Sept emyans2dly Iy dvaRrakblm g 101 Lhipkigss 1 ciikdsarmier disk) was
nmounted 'i'n a PMVA cuvette at a 45 ‘angle. Al neasurenents were nmade at 37C

in a Shi fad@iuoRFPEIThate bEEFer | SRFHHONe CORFR NG MOAOMBAS H2B70 S (slit =
3 5 nm gnRdyen R8N RnitdRisM £&) il mid BRMls Aol RWoRMbagensi tivity.

G ucose and L-sodiumlactate concentrations were checked using the YSI
Model 52330 188AFd ptieugihu@ode? hBRFEemenbrane Hiditerar eRavedidiar d devi ati on
with triplicate val far ch data_point, The.fluaresgce 10 was

af fected yOPHESpE€§§§¥§§t§f‘gﬁd@853% Hﬁf5n%@stﬁfqﬂﬁgegpFﬁg%ggié(ﬁ | act at e.
Mor eover fotrhelpt sencehef reasglaimy soduttibn hegks i asiegnihi gbone ef fect on the

0-20 M gl uogse. _galilor alion our Ve, EXAMELE 13 18, 2: (oar boxyet hyl ) ami ne

: N,N,N’,N’ -tetramethylethylenediamine (40 ulL, 5% wt.) was

10 added to the monomer formulation to accelerate
polymerization. The resulting formulation was poured
into a mold constructed from glass microscope slides and
a 100 pM stainless steel spacer. After being keét for 8
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% NaNj and 1 mM EDTA} containing 0 to 20 mM
a-D-glucose, 0 to 10 mM L-sodium lactate, and 0-20 mM. o~

D-glucose in the présence of 4 mM L-sodium lactate. The
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C', no HZONH ~~ 9 ON 20 Chem cal ‘Nane: 9-[ N (2-bor onolseepyhperdops-
(et hacryl ami do) propyl anmi no] net hyl ] - 10-[ N- (2- boronobenzyl)-N[2-
(car boxyet hyl ) am no] net hyl ] ant hracene (uncapped) Chem cal Fornul a:
CA0HA5B2N307 25 MW 701.4 Physical appearance: faint yell ow powder
Solubility: PBS/ nethanol, nethanol, ethanol, -61 - ---------- 5 Sept enber
2006 chl orof orm dichl oronet hane Capped | ndi cator:
‘9-[N-[2-(4,4,5,5,-tetramet hyl - 1, 3, 2- di oxabor ol ano) benzyl ) - N-[ 3-
(et hacryl am do) propyl am no] nethyl ]-10-[N-[2 5
4,4,5,5, h}tthtqga&efhyh 1 ® ZmditbkakmesH,aBo)bediyhdtdy disk) was

N
ﬁ~(3grgﬁ% Q%I%ﬁnlq%hﬁﬁtgﬁlggnthracqﬂ@ anéhe_Sy%EheS|s 0 X, c JI1 I x-CH,
[ N-[ 3- (m&ﬁduaemyhtwnwhﬁqamapylamnﬁﬂﬂcnﬂnhylBhﬂﬁhdi& RF-5301

[2-(tert- )4 rb I t n1nq% t.hyl ]l an cene. sol ution of
3-am nopr r%%gacfy §%§He¥ﬁﬁze§F {niié% L?SEiﬁnﬂ lég qul R- al ani ne
tert- Eutmeesmére@ﬂﬁS£bqgat Q00 9nmmd Lit5=008 ﬁ@plat)lo®n®M$everal crystals of

BHT in 001t : 01 3 WaucRddetnd nOshe Bhar At iyl ant bt agene

were checked using the YSI Model 2300 STAT plus glucose

(
[
X
9-

anélyzer. Error bars are standard deviation with
triplicate values for each data point. The fluorescence
10 was affected by the presence of glucose, but not by the
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 moncmer

A
QO

o,
NH \B—OH

A

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

(methacrylamido)propylamino]lmethyl]-10~[N-(2-
boronobenzyl) -N-[2-
(carboxyethyl)aminoimethyl}anthracene (uncapped)
‘Chemical Formula: CspHssBaN30Oq
25 MW: 701.4
N Physical appearance: faint yellow powder

Scolubility: PBS/methanol, methanol, ethanol,
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(5.00 g, 18.2 nmol). The reaction mxture was subsequeBtskitembér20esl i n t he
dark at 30 C for 88 hours. 20 At this time, the CHC13 was evaporated and
the residue was dissolved in 500 nL ether. The solution was stirred for 1
hour at which tinme salts had precipitated from solution. The ether
solution was filtered and subsequently extracted with 10 x 350 nL sat'd
aqueous 25 NaRCO3. The ether |ayer was further extracted wwth 6 x 350 niL
phosphate buffer (0.2 M pH 6.5). The pH of the conbined phosphate buf f er
washes was adjusted to pH 11-12 by addition of Na2CO3 (sat'd aqueous

sol ution), foldndeedfoly, eictcma@lrbmetmnm 6 x 500 nL CH2C 2. The conbi ned

organic -62 5 Se e . la ed, over drous Na2SM4,
filtered and & g&ﬁﬁ) c °ﬁ'v§c¥§ f%m@’{ el'g’gh “brt er%tlféf product. The
crude pr oduct ya3s 2pdioddtestdlyans) benzyXjelN- [GRr onat ogr aphy (50 g flash grade
silica gel, 50/ 2 st y 2.04 g of a sticky
yel | ow solid ( acﬂ%%?@l@%?’f%&%‘%& %gﬁibl ZQQ Ll\? I%f 0.29 with 90/10
CH2C13/ CH3COH, .(45ee5mh t+tdi afn2biy B6D) 3 ,Mdivkabydsiano)@ngyal fii- HPLC. HP 1100
HPLC chr omat Ogrgal?ﬁifbo’gr}’eert%yiéﬁmﬁ{ﬂf%mpé‘é’t V%Eﬁkaé"eR C18 col um, 0. 100 ZL ~

i njection, oop,neZBO nm det ecti on, =
wat er (0.1% HFBA) and B = MeCN (0. 1@6HFBA)P 15 gradient 10% B 2 mn,

10-80.% B o er %? @& 180 100% B over 2 mn, 100 %B 2 mn, retention tinme
17.0 nin. PP2¥IxcH O N H,

ks
900

. . CHy-
Hzc)\ﬂ/ e
10

A. 9-[N-[3~ (methacrylamido)propylaminc]methyl] ~10-[N-
[2- (tert-butoxycarbonyl)ethylaminc]methyl] anthracene. To
a solution of 3-aminopropylmethacrylamide (12.9% g, S0.7

15 mmol, 4.99 equiv.), B-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
subsequehtly extracted with 10 x 350 mL sat’d aqueous

25 NaHCO3;. 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 agueous solution), followed
by extractiqn&with 6 % 500 mL CH»Cl;. The combined organic
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N-CC NH H HCCH3CH CH CH3 H ~ N H=CvVv V 52pSmber 2006
9-[N-[2-(4,4,5,5,-tetranet hyl -1, 3, 2- di oxabor ol ano) benzyl ] - N-[ 3-

(et hacryl am do) propyl am no] met hyl ] -10-(N-[ 2-(4, 4,5, 5, -

tetramet hyl - 1, 3, 2- di oxabor ol ano) benzyl ] -N-[2-(tert 25

but oxycar bonyl ) et hyl am no] met hyl ] anthracene. A solution of 9-[N[3-

(met hacryl am do) propyl am no] nethyl ]-10-[N-[2-(tert -63 5 Septenber 2006
but oxycar bonyl ) et hyl am no] et hyl ] ant hracene (1.5 g, 3.1 mml), D EA (3.16
g, 4.26 n., 24.4 mol, 7.9 equiv.), 2- brononethyl phenyl boroni caci d pi nacol
ester (3.Bbdyers Mer2 dnbed o0 amdyidvoys dNedS8y,f ddleeystiaksd of BHT in 50 ni

003 5 vesnabldredel gl oAU LIRS s gt 10, hovre,

this tine, i On 4 1 esi due suspended
in 200 niTk¢ herude Phedettharad pperifivad extgiddeedgedth 3 x 125 nlL phosphate

buffer (O , | ed,Quer [, 2 d0 filtered and
concent ra?léjﬁnfg\{lkan ggczfggg’t E)éjq/ige%&%ggc %‘%ﬁ;é’dsplﬁiﬁgacl\??f‘?ﬁoe 5g%esi due was triturated
Wit h Ifexaie@i:0lelstep2gtddiprtic%oe ghiehd whiltde gsoffi d. sticky

yellow solid (23%).

TLC: Merck Silica Gel 60 plates, Rf 0.29 with 90/10
CHzC1,/CH;OH,. see with UV (254/366) and ninhydrin
10 stain.
BEPLC: HP 1100 HELC chromatograph, Waters 5 x 100 mm
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),
‘15 "~ gradient 10% B 2 min, 10-80% B over 18 min, 80-100%
B pver.2 min, 100 % B 2 min, retention time 17.0

min.

20 ,
B, 9-[N-[2-(4,4,5,5,~tetramethyl-1,63,2~

dioxabo;olano)banzyl]-N-[3—
{methacrylamido)propylaminojmethyl]-10-{N-[2-(4,4,5,5,~
tetramethyl-1,3,2-dioxaborolano)benzyl] -N-[2- (tert-
25 butoxycarbonyl)ethylamino]methylijanthracene.
A solution of 9~ [N-[3~
(methacrylamido) propylamino]methyl}-10-[N-[2~ (tert~
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HPLC: HP 1100 HPLC chromat ograph, Waters 5 x 100 nm 15 ShpeabalkeottR C18
columm, 0.200 nL injection, 0.75 nL/mn, 1.500 nL injection [oop, 280 rim
detection, A = water (0.1% HFBA) and B = MeCN (0.1% HFBA), gradient 10% B
2 mn, 10-80%B over 18 mn, 80-100% B over 2 mn, 100% B 2 mn, retention
time 19.2 min. 20 Jlol~ XO~N~V OH bX C+t, NO/,}ItIYX N\a-CH C

9-[ N-(2-boronobenzyl)-N-[3- (nethacryl am do) propyl am no] net hyl ] - 10-[ N- ( 2-
25 boronobenzyl ) - N-[2- (carboxyet hyl )am no] nmethyl] anthracene. A solution
of 9-[N-[2-(4,4,5,5,-tetranethyl -1, 3, 2- di oxabor ol ano) benzyl ] - N [ 3- -64 5
Sept enberb&ﬂﬁ@ca@:ﬁéhhﬂb&‘gﬂﬂ!&rﬂﬁb@ﬁéﬂ&#]ﬂmm]raeéhyI 13109 N B21(4,4,5,5,

tetraneth - di r ol benzy. N- 2 (t

but oxycar%’b 1) E’iﬁ& g%aﬁé;)gﬂet hg%) th%Jace 9% qRuivy. Y318 mmol) in 5 n
of 20% THAY dBdaSitRyhplsersglibaresicnatbe rhrcaol atsterrb(:e.rﬁe; genp2rature for 22
hours. At _this.ti .t1he reacti.on mxtur nce e d the residue
triturat 9%t r?‘l(e)g%%?l.él}héaqdagl Eﬁ’@ %Stcf' \N?v%@? ? Orrrffi gBéljf

acet obe/ weterstamdedt in ridck fdalrkZahoamls:.eant tehpsratumre, fdrhd6reacti on m xture
was concq{ltr%t %&)ﬁﬂﬁg 10 I‘ESI trlr}%r%%cln%gh wat er and PBS (pH 7.4

contai ni ng resu I'm the recovery of 0.062 g
(28% of ca:ﬂqe@hrayedila:m s:ddel desft{ﬂ%hé: suﬂ@enﬁeﬁ HPLZDQ:hﬂomhegraph Waters 5 X

100 mm 15, NovaPeky SR CIR LAkl & AN kM 2610 bnelphate

buffer (0.2 M, pH 7. 0}, dried over anhydrous NazS04,

10 filtered and cgncentrated in vacuo to yield a crude
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.

o
@ee
o

Wb

Cc. 9-[N-{2-boronobenzyl)-N-[3~

20

(methacrylamido) propylamineimethyl}-10-[N- (2~

25 Dboronobenzyl)-N-[2- (carbéxyethyl) amino]lmethyl]anthracene.
A solution of 9-[N-{2~(4,4,5,5,~tetramethyl-1, 3,2~
dioxaborolano) benzyl] -N-[3- |
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m./mn, 1.500 nmL injection |oop, 280 nmdetection, A 5 Ssptember(200d% HFBA)
and B = MeCN (0. 1% HFBA), gradient 10%B 2 mn, 10-80% B over 18 m-n,
80-100% B over 2 min, 100 %B 2 nmin, retention tine 17.4 20 mn. FAB M
G ycerol matrix; Calc'd for C46H53B2N30O7 (bis glycerol adduct) [M+ 813;
Found [M + 21' 815. D. N, N-di net hyl acryl am de hydrogel wth 9-[N-(2 25
bor onobenzyl ) - N- (3- (et hacryl am do) pr opyl am no] net hyl | -

10- [ N-(2- bor onobenzyl ) - N-[ 2- (car boxyet hyl ) am no] met hyl ] ant hracene. A
solution of N, N-dinethylacrylamde (40%w.) and N, N -

met hyl enemesiataqriyéﬁmu@o)(m?c@wmmﬂInetﬁhdépﬂﬁt'éNb[#‘f 4o 30°pFH=7. 4, 200 v
was prep ( [ - -

(et hacr?/{ g%tﬂm%p%,‘g% Qﬂ]%gﬂéy{: ax%d l] ~N-[2-(terxt

bor onoberbzwg&WFQO{lﬁh)r%W@mhyb Iaﬁﬂnd]}@@tt aq:alm ht&Z®e9r (14 gy, 2.0 x
10-5 1l gy, ﬁrbdumlwl&fs frrg.ugfo§@%V‘@fﬁ/cﬂ%@g%'w%%ds%}f‘eg i tpk MeOH This

sol uti on was soni cat ed Sept enb until all fructose dissolved
and eVapshdeatt enhient tempsrpurqofenia? serrd. 1 A WasphéBBhat e buffer

sol uti on ¢ HONRALRE BY HDAYFRS ﬁagﬁéo@cs’aﬁ%téat §hd S Galsi@fef or 10 minutes
this solution was filtered through 0.2 gM PTFE 5 filter. Agueous amoni um

per sul f att& (tpgaLedseitht othras Tombierddiug Fﬂst¢k§§Q%Wﬁﬂ &P 3L The resulting -

sol utiongouag Blcé@@ﬁe}dht%rglaﬁ&es@:%ré&”f%%dz%éubré” t A@g@RisAn  aqueous
solution of N[N, N ,N -tetranetyl et hyl enedi am ne (40 L, 5% w.) was added

to the mbA8fer ther ReAiosnMEstare M COnsPBERISA% &PFon. The resul t ed

formgpat r@RiWAE tPOMIRA eldNwdt HDk& £ORS B8k ethd rom raoatagmma slides and
100 (err)letalnIess steella?acer After being kept for fhours in

ni t r ogen afrdsPaly @ndné W) s T§FR4EHNG in the recovery o
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 C4eHs3BaNiO, (bis
glycerol adduct) [M)* 813; Found [M + 2]°

D. N,N-dimethylacrylamide hydrogel with 9-[N-(2-
25 boronobenzyl)-N-[3- (methacrylamido)propylaminojmethyl]-
10—[N—(2-boronobenzy1)—Nj[2—
(carboxyethyl) aminojmethyl]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-boroncbenzyl}-N-[3-
(methacrylamido) propylaminolmethyl]-10-[N-(2~- |
boronobenzyl)-N-[2-(carboxyethyl)amino]methyl]anthracene
(14 mg, 2.0 x 107° mole) and 60 mg of fructose were
combined with 2 ml of MeOH. This solution was. scnicated
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phosphate buffered saline (10 MM pH=7.4), the m croscépgepedbglZd0tes were
separated, and the hydrogel was renoved. The hydrogel was washed with 100
m of phosphate buffered saline (PBS) containing 1 mM | auryl sulfate
sodiumsalt and 1 mM EDTA tetrasodiumsalt for 3 days, the solution being
changed every day, followed by washing with 20 EtOH/ PBS (20/80 by vol., 3 x
100 M), and finally with PBS (pH=7.4, 3 x 100 ml). The resulting hydrogel
filmwas stored in PBS (10 nM pH=7.4) containing 0.02% wt. sodium azide

and 1 nNIEDTA tetrasodiunlsalt 25 I'1. Modul ation of Fluorescence with
@ ucose. RN AL o 01 UPT AR 8UGEo Ol dd G o2 yifgarpoyet hyl)am ne
|nd|catoﬁ? roge In1pre ared 'S éxa | ucose and

| act at.e \mslmﬁet eTmti@ds skilg dré mlJ_BDfsmngPhh‘ee rlelﬁielrvéoﬂutub?féscence eni ssi on

(| @230 #E%?%uf’%g @&%ﬂ@f@r laddddn | ?—‘.f?@? {iH] il fopbai 19 19 0. 02% NaNG

and alnlng glucose, O to 10 mM L- sodi um
Iactate remoit@s 20h iV gl lutdse wastfmiQaﬁethheough:D QNUMLP%EﬁannI actate. The

hydr o f|In1(100 R t hi ckness, nm. di S s, mounted in a PMVA
cuvetge L 1exs0 AAURPYS & @BP%%%Ewp%ﬁﬁﬂg% gﬁg i§ éif E%emgu}éﬁﬁ%ts wer e nade
at 37 C idpmd izl MR R féﬁﬁ&lé@ﬁﬁirO&hHOf@mtqrn@lwsbmuemmtatlon at 370 nm

(slit =3 nm _and em ssion at 430 nm (slit = at low PMI sensitivity.

G ucose #%¢ PLa3eed U 12aGLare RYhdJBHRISE FORR “%FR&%%Q ch®ked using the YSI

Model 23QQuabAd $dUfi@nUedsSR, MNal yWretetThretidictiya epbaiitthaas the average
of trlpllcate val ues for each data 50|nt The fluorescence was affected

by the prddeHte ¥ "H-dcHaE, 29dRd f& the PRROPLFOrRElBEion 4G ate. Moreover,
‘the Péess@%eéeiaé@ ?ﬁ\e(:ﬁ}zg%@orhad 180 05810 At a8{E8GkaON the 0-20 MM
glucose calibratio rve
- poured in a mold constructed from mlcroscope slides and
100 pM stainless steel spacer. After being kept for 8
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 (PBS) 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 FEtOH/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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EXAMPLE 13 Fl uorescent glucose indicator containing twsSigtee®babbe 15
noieties: HNCCH3 1330 H' OWB ICH2x N, NHIXI CH , NHHN YO
CH3 0;~, O3 NSC Cy Chem cal Nane: 9-[N-(2-boronobenzyl)-N[ 3-

(et hacryl am do) propyl am no] met hyl ] - 10-[ N- (2- 20 boronobenzyl)-N[3-(N-6-(9
ant hr acenecar boxam do) hexylam no -67 5 Septenber 2006

car bonyl ) et hyl am no] net hyl ] ant hracene (uncapped) Chem cal Formul a:
C73H87BZN5O7 5 MW 1168 Physical appearance: faint yell ow powder

Sol ubi lity: PBS/ nethanol, mnethanol, ethanol, chloroform 10

di chl or on&idianeaPi naccurenpped wveespmdtdat 37 °C in a Shimadzu RE-
9-IN-12- (45 6% %2t LEH QOBIN el ySth excitation at 370 nm (slit =
3 nm) and emission at 430 nm (slit = 3 nm) at low PMT
sensitivity. Glucose and L-sodium lactate concentrations

5 were checked using the YSI Model 2300 STAT plus glucose
analyzer. The data is plotted as the average of triplicate

values for each data point. The fluorescence was affected

' by the presence of glucose, but not by the presence of
lactate. Moreover, the presence of.lactate (4 mM) had no

10 significant effect on the 0-20 mM glucose calibration

curve.

EXAMPLE 13

Fluorescent glucose indicator ccntaining two detectable

15 moieties:

HG  CH,

CH,

NG NP
CH,

HsC CH;

Chemical Name: 9-{N-{2-boronobenzyl)-N-{3-
{methacrylamido) propylamino]methyl] -10-{N-(2-
20 boronobenzyl)-N-[3-({N-6-(9-

-anthracenecarboxamido)hexylamino
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15 di oxabor ol ano) benzyl ]-N-[3 -~ 5 September 2006

(met hacryl am do) propyl am no] nethyl ] -10-[N-[2-(4,4,5,5., -

tetramet hyl - 1, 3, 2- di oxabor ol ano) benzyl ] -N-[3-(N-6-(9-

ant hr acenecar boxam do) hexyl am no car bonyl et hyl am nonet hyl ] ant hracene. 20
1. Synthesis 0 C A 9-Anthracenoyl Chloride: Anthracene-9- carboxylic acid
(1.2 g, 5.4x103 nole) was conbined with 25 15 m of thionyl chloride. The
solution was refluxed for 2 hours followed by evaporation of the volatile
conponents. The obtained solid was dried under high- vacuum for 24 hours

yi el di ng &aBbénl) dBhlyeaindho) hethgnlhhehiycend qudkapgbd)s material was used as
isin 30 the next step. -68 5 Septenber 2006 O NH2 HCI B.

N- (6- Am nohexyl ) - ant hr acene- 9- car boxam de hydrochloric acid salt:

9- Ant hr acehayi c4ihIFekmdRat 1c,3HGB.NsD; 4 Mol e) in 50 m of anhydrous CH2C 2
was added dropwise 5 to 11.6 g of hexanet hyl enedi am ne (100 mmole) in 100
m of CH2Cl 2 at OC. The solution was stirred at OC for 1 hour then

al l owesl tmwwaryggt 0 roomtenperature and stirred overnight. The sol vent was
evaporated and 200 m of water was added to the residue. This m xture was
10 sonicated and stirred for 1 hour then filtered. The filtered solid-was

dried undeKyssalUBbbesrddedOdadnt MpEH ol 3wkt and 2 nl of conc. HA was
added to the solid, followed by evaporation of MeOH The resulting solid

was
Solubility: PBS/methanocl, methanol, ethanol, chloroform,

10 dichloromethane

Pinacol capped compound:

9- [N-[2-(4,4,5,5, ~tetramethyl-1, 3, 2-

15 dioxaborolano}benzyl]-N-[3-
(methacrylamido)propylaminojmethyl]—10~[N—[2—(4,4,5,5,—
tetramethyl—l,3,2-dioxabofolano)benzyl]-N-[3—(N—6—(9—
anthracenecarboxamido)hexylamino
carbonylethylaminomethyl]anthracene,

20

I. Synthesis

(2

A, 9-Anthracenoyl Chloride: Anthracene-9-
carboxylic acid (1.2 g, 5.4x10"° 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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‘washed with hot CH2C.2/ MeCH (90/10 vol. % and 15 recr sHeptembaezdodr om MeCH,
yielding 0.51 g of the product (26% . The purity of the product was
checked by HPLC. HPLC. HP 1100 HPLC chromat ograph, Waters 5 x 100 nm
NovaPak HR C18 colum, 0.1 nmL injection, 0.75 nL/mn, flowate, 2 nL

i njection | 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 mn, 80-100% B over 2
mn, 100 %B 2 mn, retention tine 16.5 mn. 25 -69 5 Septenber 2006 H3C
CH3 FCOHCCH2 5 N~NHInm6 ONHN 10/ O CH OB //\\CH3 15 C
.9-[N-[2-(4,4,5,5,-tetramet hyl -1,-3, 2- di oxabor ol ano) benzyl ] --N-[ 3-
(nethacrylanido)propylanino]nethy%]-lO-[N—[Z-(4,4,5,5,-
tetranet hyl -1, 3, 2- di oxabor ol ano) bergy < 0
ant hr acenecar boxam do) hexyl am no ¢
9-[N-[2-(4,4,5,5,-tetranet hyl -

B. N- (6-Aminohexyl)-anthracene-9-carboxamide
hydrochloric acid salf: 8-Anthracenoyl chloride (1.3 g,
5.4 mmole} in 50 ml of anhydrous CH,Cl, was added dropwise
5 to 11.6 g of hexamethylenediamine (100 mmole) in 100 ml
of CH,Cl, at 0°C. The solution was stirred 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 CHpCl,/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
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di oxabor ol ano) benzyl J- N-[ 3- - SSeﬁtemberZODG

(et hacryl am do) propyl am no] net hyl ] - 10-[ N-[ 2- (4 4,55 - 25

tetramet hyl - 1, 3, 2- di oxabor ol ano) benzyl]-N-[2

car boxyet hyl am no] net hyl ] ant hracene (40 ng, 4.5x10-5 nole) was conbi ned

w th N (6-am nohexyl)-ant hracene-9- carboxam de hydrochloric acid salt (20
mg, 5.6x10-5 nole), diphenyl phosphoryl azide (15.4 ngy, 5.6x105 nole), and
2 30 M of DMF. Diisopropylethylam ne(39 20 pL, 2.44x10"4 nole) was added
to the mxture and the solution was stirred at roomtenperature for 24
hours. The DWF was evaporated under high vacuum the residue was dissol ved
-70 5 Septenmber 2006 in 50 m of EtOAc awd spshed with water (3x10 nl).
The Et OAc sol ution was separated, driedgpg SO4), and evaporated producing
46 nmg of solid (87 %yield). Purity of, naterial was checked by HPLC. 5
HPLC. HP 1100 HPLC chr omat ogr aph, Wat er’s 5@(‘ ] NovaPak HR C18 col um,
0.1 mL injection, 0.75 nL/mn flowate, 2 nL i tion | oop, 280 nm

det ect5| on, A= water (0.1%HFBA) and B = 9°1% HFBA) , gradient 10% B
2 mn,” 10-80% B over 18 mn, 80-100% B over 2 nln LFp@blO B2 mn,

retention tinme 20.42 mn. FAB nmass-spectrury s X . calculated
for C67H75B2NSOY, (bis gl ycerol adduct) [ [ MF1J+=1117. 15

1. Effect of gl se on fluorescence |nnDb|I|zed i n hydroge
film Preparation HENA/thhacryIic 8 with glucose indicator:
20 A 50 % w. and

nmet hacrylic a pH=7. 4 200 nmM was
prepaged. G

15

C. 8-[N-[2-(4,4,5,5,-tetramethyl-1,3,2-
dioxakorolano)benzyl] -N-[3~

(methacrylamido)propylamino}methyl}-10- [N-[2-(4,4,5,5,~
tetramethyl-1l,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—l,3,2~dioxaborolano)benzyl]-N~[2— »
carboxyethylamino]methyl]anthracene (40 mg, 4.5x107° mole)
was combined with N~ (6-aminohexyl)-anthracene-9-
- carboxamide hyquchloric 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, 2.44x10™*
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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1.0 x 10-5 nole) and 60 ng of fructose were conbi ned wistdepteribed 2006 MeOH.
This solution was sonicated until all 25 fructose dissolved and evaporated
to yield a solid. To this solid 1 mM of phosphate buffer solution

contai ning nononers was added. After sonication for 10 minutes this
solution was filtered through 0.2 gM PTFE filter. Aqueous amoni um
persulfate (20 L, 5% w.) was conbined 30 with the fornulation. The
resulting solution was placed in a glove box purged with nitrogen. An
aqueous solution of N, N N, N -tetranethylethyl enediamine (40 L, 5% wt.)
was addedt $& Wé ABnBERAC fa@ldnuhamct)rmrt@ aAeterefmE ol ynBhe zation. The

resul ti ngdimibab L pbh WAS %%E!F?Qté&‘ o eﬁ ggé’ﬁéﬂ’él ) 06 a mold

constructed from m croscop Ides ‘an ess steel spacer.
After be|QY@H@éBFe¢oPr®q¢d@gs4ﬁmg aDﬁwlstorlégeM&t%erﬂi@lﬂe t feriind d was pl aced

i n phosphat ng{:gfﬁg_ %%H 7.4), the mcroscope slides 5 were
separ at ed, ang t he % S e\ﬁfgésé%awvé{%ﬂe%e hydr ogel was washed with 100

m of5phosphaﬁ81-§uffll QELCn@I(qHBtE)DggénhalWﬁng:slSHM 1é@imyd sul fate

sodi um sgj d et or he solution being
changed Zq\?tgﬁ)? alf/l,% (frﬁl Iﬁﬁhbyé\;\aggﬂi #55\%9%% ’i’o DE%@%%%”%ZO/ 80 by vol., 3 x
100 ), far¥reteal 4 yﬂlwltﬂleCPB@ (Ystepz. 2803nw d@@eatiipn, The=resul ting hydrogel
film wagastered. {9 #283)(10gMM- %éf ]ﬂg ?in?ﬁézpl ng Q4943 v%% sodi um azi de

and 1 mM EDTA tetrasodi um salt. dcose "and L-sodium | act at e
on hydro8ef mip nl‘b‘&@ﬁaﬁnpﬁgrglﬁjé@@e Bﬁdi@%ﬁcﬁ OVEre 2emper i %t was

condygt ed pNmgn Smé@ﬁ%gogthgglzo R apgctrofluorimeter equipped with a
variable tenperature attachnment. Excitation wavel ength was set at 20 370

nm.slits 3/ 3FMNasArSPRFtEEnsialvgerpl matsitoralgslated for
Ce7H75B2Ns0g (bis glycerol adduct) [M]+=1116, found

S [M+1]+=1117.

15 II. Effect of glucose on fluorescence of indicator

immobilized in hydrogel film

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 10™° 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.

Agqueous ammoniuh persulfate (20 pL, 5% wt.) was combined

30 with the formulation. The resulting solution was placed .

- in a glove box purged with nitrogen. BAn agueous solution
- of N,N,N’, N’'-tetramethylethylenediamine (40 plL, 5% wt.)
was added to the monomer formulation to accelerate

polymerization. The resulting formulation was poured in
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scanned from 400 to 600 nm { ucose and L-sodi um | act ateSepembeciods at | ons
wer e checked using YSI Mobdel 2300 STAT plus glucose anal yzer. The hydrogel
film (100 mthickness, round shape - 8 25 mmdianmeter) was nounted in a
PMVA cuvette at 450 angle. Phosphate buffered saline (PBS), pH=7.4
containing the desired anount of glucose, L-sodiumlactate, and gl ucose
with L-sodium | actate were heated to 37 Cin a water bath and placed in
the PMVA cell containing the nmounted 30 hydrogel. After each addition the
PMVA cell was allowed to equilibrate for 45 mn at 37C. Fluorescence

i nt ensi t &= mmads oeoententctetlof remchi gtamsope/ Batdeat eancoacdfbrigdi on were

conducted on_two different sanpl and an avera val ue used in the
cal i brat iS6R™ éﬁ%.sﬁi 5PatFon c}gf?R/egs%-e‘}‘EgS G %%gr %ﬁ%@ﬁ’( FI uor escence-
| nt ensi t y atit480en i ahmesphepaceind matlicowpsvwelacedlimaiphedphate gl ucose,

L-sodi um,| act , gl ygose in,t pr nce of 3 MM L:godium|actate. The
results ztajru ?egégv\%ﬁqﬁeﬁ(ggr%ﬁ’ufm S%E*Al\/gﬁé fproscope S&lées
6- ( 3- £ar exgprseopamataud, dehteklyd aydmorgeddiveat oemovedonefhe/ ONH O ° N H H3

b H3 / | h&d&ogglrggg{%%sgtg &%ﬁ% faésmEBthkkogé%ate buffered

saline (PBS) containing 1 mM lauryl sulfate sodium salt
and 1 mM EDTA tetrasodium salt for 3 days, the sclution
_ being changed every day, followed'by washing with
10 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.

15 Efféct of glucose and L-sodium lactate on hydrogel

film containing glucose indicator.
The experiment was conducted in é 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 660 nm. Glucose and L-sodium lactate
concentrations were checked using YSI Model 2300 STAT
plus glucose analyzer. ,
The hydrogel film (100 pm 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%. .Fluorescehce 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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~ Pinacol capped conpound: ‘9- (N -[2- (4, 4, 5, 5, -tetraseptamberkpo3, 2- 15
di oxabor ol ano) benzyl ] - N-[ 3- (nethacrylanldo)propylanlno]nethyl]
-10-[N-[2-(4,4,5,5,- tetranethyl -1, 3, 2-di oxabor ol ano) benzyl ] - N-[ 6- (3-
car boxypr opi onam do) hexyl am no] nethyl] anthracene. 20 Uncapped conpound:
9-[ N-(2-boronobenzyl )-N-[3- (nethacryl am do) propyl am no] net hyl ]-10-[ N- ( 2-
bor onobenzyl ) -N-[6-(3 25 car boxypr opi onam do) hexyl am no] net hyl ] ant hr acene.
-73 5 Septenber 2006 Synthesis: 5 The synthesis nay be carried out in an
anal ogous fashion to Exanple 11 using 9-[N-[ 3-

(et hacr y{Bivicdey penpsy | Brtianclingt byl 301 GmNvEG- c@ﬂneeuytlmﬁmn) meewy| ] ant hr acene
as the st 0 kn tipng material is
react ed Wﬁﬁélﬂggg'ﬁL%ﬁl&oo%ys%cc%%M g'%rcfﬁlkg) es ecfl Fh%gm)no met hyl

est er of1§Ut@¢nﬁ@n©@|Q€q31mm éCQOQEumliaCNHSeestthe(ﬁesuiyel@h@xanecarboxylic
acid usexgﬂd%n ﬁ”?i 1g\n additional base hydrolysis step is required to
conpl ete t he synt esl s. XX, HH /uy b HN~I~~ 1 N CH 1) ~ ~ ~ /[~
~WH  &-H V Vv-H bH Cl%

EXAMPLE 14

6-(3—carboxypropionamido)hekylamino iﬁdicator monomer

10

Pinacol capped compound:

9-([N-[2-(4,4,5,5, ~tetramethyl-1, 3, 2-
15 dioxaborolano)benzyl]-N-[3-
 (methacrylamido) propylaminolmethyl]-10-[N-[2-(4,4,5,5, -
tetramethyl—l,3,2—dioxaborolaho)benzy1]—N—[6—(3—
carboxypropionamido) hexylamino]methyl]anthracene.

20 Uncapped‘compound:

8- [N-(2-boronobenzyl) -N-[3-
{methacrylamido) propylaminojmethyl]-10-[N-(2-
boronobenzyl)-N—[64(3~

25 carboxypropionamido)hexylamino]methyl]anthracene._

_73_




2lbw CH. 20 -74 5 Septenber 2006 EXAMPLE 15 d ucose i bdiepimbér/a00n0mer
excited with visible light 5CH OmM "CH2 NHONOHOO O HHN (HO 2B
8(OH) 2 ' Chem cal Nane: N-(3-Methacrylam dopropyl)-4-[2-N-[][2-

(boron) benzyl)-[6-(N-(2-(borono)benzyl)-6-N (3 10.

car boxypr opanani doet hyl ) am nohexyl ) ) am noet hyl am no) napht

hal ene- 1, 8-di car boxi m de Chem cal Formula: C47H6082N6O10 15 M W: 890 The

conmpound may be synt hesi zed as shown below. 20 -75 5Septenber 2006 CHp
CHa )CHpCHa NH NH H2N NHp 0 N N O

Synthesis:

The synthesis may be carried out in an analogous
fashion to Example 11 using 9-[N~[3-
{methacrylamido)propylaminoc]lmethyl] -10-N-[6-
{hexylamino)methyl]anthracene as the starting material.

10 In contrast, the amine starting material is reacted with
the N4hydroxysuccinimid§ {NHS) ester of the mono methyl
estexr 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.

NN COOR .
10 SedEEE S 04

" o 5 ? 2 m;S:Ei;w/\v/\v/\w/mjrﬁ\/ﬂ\mu
s He cHy
Gy
CH,

- O
u,:)\ﬁ/m\/\/ >

20
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Nn NMP, 60 C~>\" \ NH + 15 NN~ NHp O XN N CH2 | Gddntembhi#00§ NH J
IXI -"CHa IXI "CHy 0 NHp OHN 0 OO0 ONO Nn i%"~ DCWECOH NHo 'O
n~o/ O HNO )"HN NH CHa B(OH)2 ry NHCHZ 1) 2 2) Base ONONO 0 O
NH HN (HO)2B / I/ ~I e(OH)2 -75 5 Septenber 2006 EXAMPLE 16 Alternate
gl ucose indicator/nononmer excited with visible Iight

EXAMPLE 15

Glucose indicator/monomer excited with visible light

o]
-
Q

HO 0

9 Jo
HN, Lj
NN

1 N
" >
: \J (HO),B
B{OH},

‘Chemical Name: N~ (3-Methacrylamidopropyl)-4-[2-N-[[2-
(borono)benzyl}—[G-(N—[2-(borono)benzyl]-6-N-
{3~ ' ‘

10 . carboﬁypropanamidoethyl)aminohexyl]]aminoethylamino]napht

halene-1,8-dicarboximide
Chemical Formula: Cy7HeoBoNeOig

-15 M. W.: 890

The compound may be synthesized as shown below:

20
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CH3 ONO H3C-CF1z O NH HN N (HO 28 B(OH) 2 5 Cheni cé&lSeNember 2006

N-Butyl -4-[2-N-[[ 2-(borono) benzyl]-(6-(N [2-(borono)benzyl]-6-N (2-

met hacryl am doet hyl ) am nohexyl ) ] am noet hyl am no) napht hale 10

ne- 1, 8-di carboxi m de Chem cal Fornula: C44H57B2N507 M W: 789.5 15 The
conpound may be synthesized as shown below. 20 -77 5 Septenber 2006 CH
CH2 | 2N NH2 p NO ONON NW, 60 C-1~\ \ NH 15 ~~? HNryH2 HN Br
CHO CH3 CH

CHy CHy

o . o
CH, CH,
/ HN Kr NH,

o N o
NH NMP, 60 C
+ — ' NH
DO 20

] Q ‘) ﬁ 0 N 0
e N DCM/MeOH ~
OO ¢ -
+
c)/cua
HN. ’

o
0
I o . Br
N s
CH,

B{OH),
NH

1)2
(( -2) Base
0. N 0 HO.» 0
O NH
HNI H

NSNS

B(OH),
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" NH3 HN ONO. OO NOCHI ' NH ZM O DCM MeOH NH  Hy CsldpBfnbeir2ao6 NH \
"B(OHH2 NH CH 21 / ONO HaC~~2 OINH HN  (HO2B B(OH)2 -79 5.

Sept enber 2006 What is clainmed is: 1. A nethod for detecting the presence
or concentration of glucose in a sanple which nay also 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 between the conpound and gl ucose is
nore stable than the interaction between the conpound and 10 the

al pha- hydroxy aci d or-bet a- di keEXAMPLES3i6d conpound al so containing a
det ect abl e noi ety having a detectable quallty that changes in a
concentra&;ggggﬂgpgﬂﬁﬂ¢nernm&nﬁﬂmrta Pme & ] Yisibike gHtt o0 gl ucose in
said sanple; and 15 b) neasuring any change in said detectable quality to
.thereby determ ne the presence or concentration of

CHy

Chemical Name: N—Butyl—é——[Z-—ﬁ—[[2—(borono)benzyl]—{ﬁ-(N—
[2- (borono)benzyl] -6-N~

(2- .

methacrylamidoethyl) atninohexyl] Jaminoethylamino}naphthale
10 ne-1,8-dicarboximide

Chemical Formula: C4yHs7BN5O4

M. W.: 789.5
15 The compound rnay be synthesized as shown below:

20
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gl ucose in said sanple, wherein the presence of the ab@Seaehyer2068/ aci d or
t he. bet a- di ket one does not substantially interfere with said _
determ nation:. 20 2. The nethod of claim11, wherein the conpound has t he
following structure: Rg Rg RS RA R R6 RR7 R2 25 RO R3 Ro wherein: -R3
and R2 are the sane or different and are selected fromthe follow ng: i)
hydrogen; ii) a substituent -79 5 Septenber 2006 to nodify the pKa and
hydrol ytic stability of the Re noiety, iii) a detectable noiety, or iv) a
| i nki ng group capabl e of attachnent to a solid support or a polyneric
matrix, said support or matrix optionally 5 containing a detectable
noiety;. -R3 is hydrogen or a |inking group capable of attachnent to a
solid support or a polyneric matrix, said support or nmatrix optionally
containing a detectable noiety; 10 -R4 and R5 are the sanme or different
and are selected fromthe followng: i) hydrogen, ii) a substituent to
modi fy the pKa and hydrolytic stability of of,he R8 nmoiety, iii) a.
detecta;LT/ﬁblety, or iv) a linking groyp capable of attachment to a solid

support off a 15 polymeric matrix, said support or matrix optionally

cont ai ni tectabl e noiety; -each A is indeperitent|y carbon or
nitro d R7 are the sane gi ff.erent apd are

2y .
. NMP, 60 C '
—————i NH
16
HN
\/\Nﬂz )
(|/ ’ CHa,
OH3
DCMm%OH
HgC /E’

B(OH)

CH

2

HSCICHZ
[¢) NH
g’ IHO)-.-B

B(CH), '

~18-




i) It nki ng groups having fromzero to ten contiguous 2@epemberdGdhed car bon
and/ or heteroatons, or ii) a Ilinking group capable of attachnment to a
solid support or a polynmeric matrix, said support or matrix optionally
containing a detectable noiety; -Ris selected fromthe followng: i) an
aliphatic 25 and/or aromatic spacer containing from1l to 10 contiguous
atons selected fromthe group consisting of carbon, oxygen, nitrogen,

sul fur and phosphorus, i) a detectable noiety, or iii) a linking group
capabl e of attachnment to a solid support or a 30 polynmeric matrix, said
support dthatatisi xlaptdcdrial:ly containing a detectable noiety;, -each Re is
the sanme or diffegent, .and s iet pable of interaction with the

vi ci nal di ol &r’ou%sm.et&roéiggﬁf ?ﬁ%‘ﬁ%&%’%’gé‘?gaﬁﬂés—%b"% °§eptenber 2006 -R9 and
Ri 0 are tdunceaneaviordidf erlenbseain asenp)e whlicdyemy isilyoa detectabl e

moi ety, iddk 3, g opn il L, Ao Lnk! Bg gron.capable; gf | attachment to
a solid supporP Oor a polyrnerrc matri X, sai d support or natrix optionally
cont abni npmprdeesct abl e noi ety, and/or b) includes a functional group

capabl e of al tering.. . S| raperti t.he . und; with the
provi so that %ﬁe %%hﬁ%gggo?néo%%@%ﬁgt%o%té#ﬁé?61d &E%lﬁggg one detectabl e
noi ety assestated tduoomiitinn glemdnd smEphogl wiosd aioni2ntethesusiin RS i s

sel ect ed thfa“coghé NG UQUR 5 60 “Eéﬁié%e{?ﬂ £k B&E;géﬂrtﬁdeﬁ%;ﬁf gggezig@%e on,

arseni ous aci arsenite 1on, ric aci ion, germanic
aci d, gemewgattablen thandtbenbhtersation 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 ﬁresence 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
S
Rs I R4
Z
R R ]lR K R
i
Ry R Rio
.25

wherein:
~R; and R are the same or different and are selected
from the following: i) hydrogen; ii) a substituent

-79-




thereof. 4. The method of claim3, wherein each R8 is & Sebemben2006ici d
group. 20 5. The nethod of claim2, wherein the conpound conprises -at

| east two detectable noieties that are capable of energy transport from
one to the other, and wherein said energy transport is nodulated by the 25
presence of glucose in the sanple. 6. The nethod of claim2, wherein at

| east one of R Rl, R2, R4, R5, Re or Rio conprises a fluorophore noiety
and further wherein at | east one of those groups 30 conprises a quenching
noi ety, and wherein said fluorophore is either quenched or dequenched when

said conpouncd mipei gt sheVigha @hdChgérdlytilee ssapplety &f The Rethod of claim
2, wherein the conpound.,., 35 ¢ i ses a fl.uorophore, nd.the fl uorescence
5 sEePEaBT Vit o

of said -81 H¥EYenbet! & 3dNHF%Yrs° o4 DY"%he interaction
of said conpounduni tapajle ase att8chridier ret Bododid céupipurt, onharein the
SR E 2 2 SoBBEEL IR B shnqllpTERRE S i BRALEy el e
pl asnd, serumcontaénsng ta aletilybdle aerisyospi nal fluid, 10 urine, saliva,
e o e Bk OB SRy o280 INBRLOBEeRL DUTTers; 30 The
solution. 15 BkttaThwemetthod sblidaswpphriwber ei polymerdenpetnik, s
L. mobi | i zed Ola%4 Eﬁéﬁﬂf% %u5$££91§t%ﬁ%¥3hally containing a
detectable moiety;
10 -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 Ry
moiety, iii) a detectable moiety, or iv} a linking
group capable of attachment to a scolid support or a
15 polymeric matrix, said support or matrix optionally
containing a detectable moiety;
-each Z is indépendently carbon or nitrogen;
—Rs and R; are the same or different and are
i} linking groups having from zero to ten contiguous
20 or branched carbon and/or heteroatoms, or ii) a
linking group capable of attachment to a solid
support or a pelymeric matrix, said support or
matrix optionally containing a detectable moiety;
-R is selected fromlthe following: i) 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 iii) 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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12 The method of claim 11, wherein the solid 20 suppé&r3epiesiber 3006 yneri c
matrix. 13. The nethod of claim1l, wherein the conpound is associated with
an i npl antabl e device, and wherein step a) takes place in vivo. 25 14. The
met hod of claim 2, wherein Ris an anthracene residue; Rl, R2, R3, R4 and
~R5 are hydrogen; R6 and R7 are dinethyl am ne residues; each RO is a
boronic acid group; one or both of RO and R10 are aliphatic 30 carboxylic
acid residues; and each Z is carbon. 15. The nmethod of claim 14, wherein
one or both of RO and R10 are propionic acid residues. -82 5 Septenber
2006 16. The +fetémll kb taithe? sambeoridi fRergnt, hexdiretehyl ene resi due; R1,

R2, R3, R4 and .Rj.. dr.agen; R7 are di nethyl am ne residues; each
Re is-a boronidlc) %Xg%gg%r{'oulpg %dﬁgg%ﬂr#gghpﬁéﬁgﬁi dettled due; Rois ab
di et hyl am nolgxnerp| wiish dise;alandliaking grsupachpable BE The nethod of claim

2, wherein R i -thhrﬁ‘f}’FEaW&%e%%ﬂgﬁée@i%rt?érR%%%@G&?%ﬁ?g R5 are hydrogen;

R6 and R7 are I et mne resi ea 10 acid group;
RO and R10 ar @athéxsasmidrsugipbirer entmatmdxappticmdEgt ed from t he group

consi sting of 1%y ] iLdue t.hacr oyl oxyet hoxyal kyl
resi due, a hyé"r%é)l%et 0 yala?:{?&%%?geéli%uiﬁ%ggd %ﬁgécgmrl?nb al kyl residue; and each
Z is carbon. Enclgdeste functddnal giaupmcapabberef mitteeingnpound is
SRS oy onshETOS S SRR W B e canmen

et hyl ani n)the thg | proaggonthatbbhenbisbisaypy - defpound contains at

10 . least one detectable moiety associated therewith.

3., The method of claim 2, wherein Rg is 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 Ry is a
boronic acid group. -
20
9. 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 one of
R, Ri, Rz, Ry, Rs, Rg Oor Ryp comprises a fluorophore moiety
and further wherein at least one of those groups
30 compriseé 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..comprise$ a fluorophore, and the fluorescence of said

-81-




20 (2- hydroxyet hoxy) et hyl ami o] met hyl ] ant hr acene; 5 September 2006

9, 10- bi sS[ N- (2- boronobenzyl )-N-[ 2 (car boxyet hyl )am no] - met hyl ] ant hr acene;
9, 10- bi s[ N- (2- bor onobenzyl ) - N-[ 3- (et hacryl am do) -

pr opyl am no] net hyl ant hr acene; 25

9-[ N- (2-boronobenzyl )-N-[ 3- (et hacryl am do) -

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

hydr oxyet hoxy) et hyl am no] net hyl ] ant hr acene;

9, 10-.bi S[ N- (2- boronobenzyl ) - N-[ 2- ( 2-

net hacr oy fduysdgimae) eshpbdnt aoddrelyhyhe ahtteeesiien o80said

9,10-b - (5- am nopent yl am no] nmet hyl ] ant hr acene; and
9- [ N-( IZS[b%I?I(é‘% "Eggn%qﬁ‘?’ %%ggf?’r’et hacryl am do)

propyl am no] et hyl ] - 10- ( N- ( 2- bor onobenzyl )-N-[6-

| ohexanecgy bo nt/ hr acene Sept enber 2006
gc{ﬁl- (2- )tior ono en)z@@) Q%%Fgéy&? lgg]r"y ‘y}%l'fl 5§Faﬁ?rh%]]err€tshyl ]-10-[ N-(2-
bor oncdbenplyyiatdodcgdafbokget hyl ) am no] met hyl] anthracene; 9- [N
(2-boronobenzyl) -N [3 5 (nethacryl am do) propyl am no) nethyl]-10-[ N-(2-
bor onobenzyl )-N-[ 3- (N-6- (9- ant hracenecar boxam do) hexyl am no car bonyl)
et hyl anmi no] netthy| That hetlehef SLpn (2, bd‘rama(iloenbyl phdfcd-ogiBal '
Car boy Py on Snak SoTRERy AR Ehe FEoP qisdzeafl b aaen,) - L& (=
N-( 3- NgfH&gﬁyﬁanﬁggpmopymgenﬁtlzlau {Ipld, cerebrospinal fluid,

(bor ) hgnzwl 1 [ RQ).b 1
car bg%propgﬁ#amsggé?%; %&nﬁcﬁé% i i am nogpﬁhf a‘tr:)nél ! r?é{’Sﬁ‘t !
and phy51ologlcal 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;, Ra, R, RJ and Rs are hydrogen; Rg
and R; are dimethylamine residues; each Ry is a boronic
acid group; one or both of Ry and Rye are aliphatic

30 carboxylic acid residues; and each % is carbon.

15, Thé method of claim 14, wherein one or both of

Ry and Ryp are propionic acid residues.
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hal ene-|"8-di car boxi m de; N-Butyl-4-[2-N-[[2-(borono) bériyeplenbec00f- [ 2-
(borono) benzyl] -6-N 20 (2 net hacryl am doet hyl ) am nohexyl ] ] ani noet hyl ani no)
napht hal e ne-1, B-di carboxi m de; and salts thereof. 19. A conpound havi ng
the followng structure 25 RB RN RS I \ R4 ZR RERRR R RO R3 RO
wherein: -84 5 Septenber 2006 -Rl and R2 are the sane or different and are
selected fromthe followng: i) hydrogen; ii) a substituent to nodify the
pKa and hydrolytic stability of the R8 npiety, iii) a detectable noiety,

or iv) a Iinkiqg 3 %rou capabl e of attachnent to a solid support or a

pol ymeric matri%, dEFd™R Rf GladBt £i xWRPSIONRI £§ acontaihing a

det ect abl ke g@heiitilenB3réSi duklr ®RIEMRAT RS, 'mnﬁhagasgraguphg@wg@r@ of
attachnen% to soliddiuggor or a polyneric matri X, 0 said support or
matri x optf c?ﬁg Ry ¥sh3P PLinfrESLEBER’ RAt e 1RA BIORECare the same
or differantd antbua;eRsaleat adphisomdie rekiowe N®, i)s hydrogen, ii) a
substituent to nndifg t he pKa and hgdrcﬂégic stabrlity of the R6 15

moi et Y, i T HYdErRP R Y ngiest gueor 209 eaghy Znkf ngRTRfoup capabl e of

attachnment to a solid support or a polynmeric matrix, said support or
Matrix optiondlly gy, nmethod of claim 2, wherein R is an
anthracene residue; R;, R;, R3, Ry and R; are hydrogen; Rg
_ and Ry are dimethylamine residues; each Ry is a boronic
10 acid group:; Ry and Ryg are the same or different and are
selected from the group consisting of a
methacrylamidoalkyl residue, a methacroyloxyethoxyalkyl
residue, a hydroxyethoxyalkyl residue, and an aminoalkyl
residue; and each 2 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~boron0benzyl)—N~[3-(methacrylamido)—
_ propylaminojmethylanthracene; |
25 9-[N-(2?boronobenzyl)-N—[3—(methacrylamido)-
propylamino}methyl]—10-[N—(2~boronobenzyl}-N~[2-(2—
hydroxyethoxy)ethylamino]methyl]anthraéene;
9,10-bis[N-{2-boronobenzyl)-N-[2~ (2~
' methacroyloxyethoxy)ethylamino])methyl}anthracene;
30 9,10-bis{N—(Z—boronobenzyl)—N-[S-amihopentylamino]—
~methyl]anthracene; and
9—[N-(2-boronobenzyl)—Nw[B—(methacrylamido) :
propylamino]methyl] -10- [N~ (2-boronobenzyl) -N- [6~
(cyclohexanecarboxamido)hexylamino]methyl]anthracene;
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cohtaining a detectable noi ety; -each Z is independent |5Sepiariben2096
nitrogen;, 20 -R6 and R7 are the sane or different and are i) I|inking
groups having fromzero to ten contiguous or branched carbon and/ or

het eroatons, or ii) a linking group capable of attachnment to a solid
support or a polyneric matrix, said support or 25 matrix optionally
containing a detectable noiety; -Ris selected fromthe followng: i) an

al i phatic and/or aromatic spacer containing from1 to 10 contiguous atons
selected fromthe qroup consi sting of carbon,. oxygen, nitrogen, sulfur and
phosphor us, 30%1 - {3-BererekanayltoNe{ds or iii) a Iinking group capable of

attaChnEnQméghgtﬁthmﬂd§;§¥5§§léﬁin@]mé{ﬂp@ﬂﬂjbc[ﬂBRQLX sai d support or
matri x optionally ontagg a detectable noletﬁ i-each Re is the same or
y:

di fferentP gﬁﬁpqhgngﬁf§5N Qﬁﬁﬂh°§YBF¥ﬁ¥ﬁﬁmé&°ﬁ§PE IR a®kBBR’ unpr ot ect ed
-85 5 Septenbap[&OQﬁ-b¢§bﬁﬁﬁ§ﬁyyg)oﬁ [mieractlon with the vicinal dio
groups pr?se gose nd Ri.o_are the sane or different, and
are Yl %’%@gﬁﬁ‘ﬂpéhﬁﬁw 10r{(§-42-5 group which is a) a
i nklng gmamuhdb@naplﬁpmﬁ[3u¢ﬁyﬂqqgnt to a SO|Id support or a polyneric
matri x, Saqu@| ort _or matrix o ionally containing a detectable noiety,
and/ or ng Egaqu dﬁﬁF B4} capabl e of altering 10 the physi cal

properti e@aﬂfodyhﬁieﬂqmmmﬂﬁh]nwthbl]mmfa@%hép that the indicator conpound
cont ai ns at 9 ﬁ: % ne det tagi? QD ety associated therewith. 20. The
conpound of cla { el ect ed

10 (methacrylamldo)propylamlno}methyl]*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]napht
halene-1,8-dicarboximide; .
N-Butyl-4-[2-N-[[2- (borono)benzyl]) - [6— (N-[2-
(borono)}benzyl]-6-N-
20 (2~
methacrylamidoethyl)aminohexyl]]aminoefhylamino]naphthalé

ne-1,8-dicarboximide; and salts thereof.

13. A compound having the following structure

25
. & N
Rs |\R4
Z
Ry Fﬁ f ?q Ry
Ry R, Rio

"wherein:
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15 fromthe group consisting of boronic acid, boronate %%tptemigr 286i ous
acid, arsenite ion, telluric acid, tellurate 1ion, germanic acid, gernanate
ion, all optionally protected, and conbi nations thereof. 20 21. The
conpound of claim 20, wherein each Re is an optionally protected boronic
acid group. 22. The conpound of claim19, wherein the conpound conprises a
fl uorophore, and the fluorescence of said 25 fluorophore is nodul ated by
the interaction of said conmpound with glucose. 23. The conpound of claim

19, mhereln R is nthra ne residu R3, R4 nd R

a t
hydr ogen; KL %’h%l 724F ﬁ@?ﬁy?ﬁﬁ*ﬁ%’f@éﬁtdﬁé‘g Fady ﬁg ?‘S
oF;iﬁn?!ly pr&temfeﬂebfmi?uWIngglﬂ)gnm:ggeﬁnﬁlm[ ﬁuﬁdbsmﬁtﬁéntagdSRéo ?rﬁb
al i phatic carhoxyli,c.aci,d residu ac car ept emrber
2006 WO 03/ 078434 HER ) iy 3763 tgte Hg%oﬁgﬁ%ﬁl %53 “uherein one
or both of RﬁloaadleDna)ra meoatmblce acidtyesodues). a251nlifi:mag conpound of
claimz1, wherein n resi due 4 and RS are
hydroéen R6 géﬁap %ﬁé;%nq%e Eé? 5 sgsﬁdﬁgéﬁgéggﬁbﬁgsls an optionally
prot ect ed bor pplgmacic mptoiy, SidrehpRpetace méteissapeionaliy ferent and are
sel ected fro %E€a£ﬁ %%@géééﬂfg; gf egnethacrylan1doalkyl residue, a 10

nethacroyloxye oxya resi kyet hoxyal kyl residue, and an
~am noal kyl resRdue handatoganrmZa ilnhnbg)rgro@ﬁ capableompound of claim 19,

o0l 0 e, CaRbRUeny S5 SELAP LERBLLS, LUB Rt tAcLET 15 0 (M
[ 2- (20nethacréyi@»@MRHﬂ2$yP€thqtnmn wormenhyly dgntaining 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
15 moiety, iii) a detectable moiety, or iv) a linking
' group capable of attachment to a solid support or a
polymeric matrix, said supporf or matrix optionally
containing a detectable moiety;
~each 72 is independently carbon or nitrogen;
20 -Rg and R; 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
support or a poelymeric matrix, said support or
25 matrix optionally containing a detectable moiety;
-R i1s 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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[N-[2-(5,5-di methyl-[1, 3, 2,]dioxabori nan-2-yl)benzyl | -INsdpfember 2606

(2- hydr oxyet hoxy) et hyl am no) - et hyl | ant hr acene;

9-[ N- (2- boronobenzyl ) -N-[ 2- (2- met hacr oyl oxyet hoxy) - 20

et hyl am no] net hyl ] - 10- [ N- ( 2- bor onobenzyl )-N-[ 2

(2- hydr oxyet hoxy) et hyl am no] met hyl ) ant hr acene;

9, 10- bi s[ N- (2- boronobenzyl )-N-[ 2- (carboxyet hyl') am no) - net hyl ] ant hr acene;
9, 10-bi sS[N-[ 2-(5,5-di methyl -[1, 3, 2] di oxabori nan-2-yl)benzyl] 25

- N[ 3-(net hacryl am do) propyl am no] net hyl ant hr acene;

9, 10- bi s[ N- ( 2- ber oxpildrez pE) idedzxqtienhadtlyl @m ddkrinal diol

Brf&ﬂ[ gm( goéngéﬁg%xﬁgy}dﬁe%ggggjj%l%l%a S6FT n%’ﬁq 2-yl ) benzyl ]-N-[ 3-
gm;t ]hg_cr yl grri _dol}qomﬁyRamﬁn@]ﬂ;ﬁ reime- &0- @Mi%—e(rgt{ﬁgndi arethyl-[1,
, 2, ] di oxabori - en - -(2¢ X Xy) -

et hyl aﬁr;‘i no] nmet ﬁgﬁ%ﬁgﬁ%égﬁﬁ) %%kl-%gg-gggér/%% %HZyH.Yi\I-T 3- (et hacryl ami do) -
|am med . NL¢ 2)bar daokéen ouy [c2pbBie of

E;g%xyrent Egiy)ﬂr?yj ! @o{g% ﬂignklp&ggwg - Eﬁpg S: LEen‘oer 2006 WO

03/ 078424 PCT/ u,sos,/lg'7[é9h38 9,10-bi S| ’?geq'aréﬁ PPathivt=T 1,

3; 2] di oxabor i eA-2%y| FhedzSUHpoNL or matrix optionally

[ 2- (2=net hacr Wdr@&ﬁ%&ﬂ@xy)&éﬂ%ﬁ:gg%g%%ﬂw Lanvhrasene:

9, 10- bi s[ N-(2- bor onobenzgl ) - N
met hacr oyl oxyetrsddpet ayliunmtienadt aydimmdpebdenef aBtering

o NS hor one P 184 tyl.aminol- nethyl]anthracene;
9- Nj?Z-SLO_r gno%?@??%‘f’ﬁmy&& ﬁé%gyl aﬁ‘?%o%oﬁ‘gb&%,

pr opy| am"ﬁd]hTéitn?yP}'O_I@ST : _[§bfzoh@;ﬂ)@azt)p|r) chmpeund contains at
v A e B e A TV BT
(et hacryl am do) propyl am no] net hyl ] -10-[ N-[ 2-(4,4,5,5, -
20. The compound of claim 19, wherein Ry 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 optionally

- 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; Ry, Ry, Rs, R4 and Rs are hydrogen; Rg
30 and Ry ate dimethylamine residues; each Ry is an
optionally protected boronic acid group; one or both of Rg
and Rjyp are aliphatic carboxylic acid residues; and each 2
is carbon.
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t et ranet hyl --1, 3, 2- di oxabor ol ano) benzyl ] - N-[ 6- (cycl ohegaepemb&reEoas do)
hexyl am no] net hyl ] ant hracene; 15 9-[ N-(2-boronobenzyl)-N[ 3-

(et hacryl am do) propyl am no] met hyl ] - 10- [ N- ( 2-

bor onowem@yd7g42N- [ 2- (car boxyet hyl ) am no] net hyl ] ant hr apE¥g503/07938
9-[N-[2-(4,4,5,5,-tetranet hyl -1, 3, 2- di oxabor ol ano) benzyl J-N-[ 3- 20

(et hacryl am pr I 4°)% - - 4,5 5,

tetramet hyl - 1, f2-gﬁ%xégﬁﬁy%%ano¥bé%%gﬁgéiiz%é?géin Ghe>'or both

( car boxyetthyHs) andl nxp n@xdhyHrioparhiacened regifdMeé2- bor onobenzyl ) - N-(3

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

bor onobenzyl ) - N-[ 3- (N- 6- ( 9- anthracenecarboxan1do)hexylan1no

car bonyl ) et hyl28ri nBherexdmpopadt bf acbaim 19- WReFRig R 4538 -t et ranet hyl - 1, 3, 2-

- di oxalgoro% f%ale@ﬂéyké s Nided~ R30 ooy Fon R 3P Rs 365 Bydrogen; Re

(et hacry o) pro amno)rreth 2-(4,4,5,5,
tetranet mnd Ri3ape I@w&bw@nm)wﬂaﬁ}a Negah (Re- &S (a0

ant hr aceneaaihexa W%ﬂwhaﬁb%m&%&@#r%hﬁg' RTRQNR],N¥kbant hracene;
9-[N-[2-(4,4,5,5,~tetrameth I oxaborol ano) enzyl] N-(3 88 5

Sept enberthzso@eme(ﬁétq!ﬂafcﬁeﬂea}ﬁlm aeg pﬁ’iﬁ)ﬁ%ﬁ@}’nﬁ%lﬁhﬁlgrf’b@[ 2-(4,4
tetranet fadnsisalzgdép@%whaﬁ BRI eyl k6s{die, a

car boxypr opi onam do) hexyl am no] met hy| ) ant hr acene
9- [ N1P2- HWESB@%%%B)QWOE‘S% ¥ eh%?(?r‘ﬂﬂfaﬁ Eiﬁ‘)“ﬁ?"’c}‘pﬁsﬂh&#ﬁ’ﬁé]‘%t hyl 1- 10- [ N- ( 2-
bor onobenrzayl Hubl [ Hnd 3m @ﬁ&h@gyg,rpm@@%@%mwcﬁmzn%n@&hu&ﬂlant hracene N-

(3- N@thacrylan1dopropy|) -4
26. Thé compound of claim 19, wherein the compound
'is selected from the group consisting of: .
15 - 9-[N-[2-(5,5-dimethy!-[1,3,2]dioxaborinan-2-yl)benzyl]-N-
- [2-(2-methacroyloxyethoxy)ethylanino]methyl]~-10- .
- [N-[2-{5,5-dimethyl-[1,3,2,]dioxaborinan-2-yl)benzyl]-N-{2-
(2-hydroxyethoxy}ethylanino] -methyl]anthracene;
9~ [N~ (2-boroncbenzyl)~N~[2~ (2~methacroyloxyethoxy) -
20 ethylamino]lmethyl]-10-[N~-{2-boronobenzyl}-N-[2-
(2—hydroxyethoxy)ethylamino]methyl]anthracene;
9,10-bis{N~-(2-boroncbenzyl)-N-[2-
{carboxyethyl) amino) -methyllanthracene;
9.10-bis[N-[2-(5,5-dimethyl.-[1..3,2]dioxabo_rinan-Z—yI)benzyI]-
25 N-[3-(methacrylamido)propylaminolmethylanthracene;
9,10-bis{N-{2-boronobenzyl)-N-[3-{methacrylamido}-
propylamino}methylanthracene; -
‘ 9-[N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yl)benzyi]-N-[3-
{methacrylamido)propylamino]methyl}-10-[N~[2-(5, 5~
dimethyl—[‘l.3,2,]dioxaborinan-2-y|)benzyl]-N-{Z-(2-hydroxyethoxy)-
ethylamino]methyl]anthracepe:
9-[N-(2-boronobenzyl) ~N-[3~{methacrylamnido) -
propylaninojmethyl] -10- [N~ {2-boroncbenzyl})-N- {2~ (2~
hydroxyethoxy)ethylamlno]methyl]anthracene,- '
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(borono) benzyl] - [6- (N [2- (borono) benzyl) -6-N 48et@nber 2006
carboxypropanan1doethyl)an1nohexyl]]an1noethy|an1no]napht

hal ene- 1, 8-di car boxi m de; N-Butyl-4-[2-N-[[2-(borono)benzyl]-[6- (N—[2-
(bor onaypenemidk- 6- N 15 (2- PCT/US03/07938

met hacr yl am doet hyl ) am nohexyl ]]am noet hyl am no] napht hal e

ne- 1, 8-di car bcsgjxmmJ gﬁ"cga@d%é ett@oiuden bgr?nan'a?g Eeq&g:leﬂn system f or

detecting the pres Ion of uco in a sanple which
may al so [z-qmt—abﬂha@r@jrhheydtyldkgx;tmﬂm]aebhsra}ahﬂ&mamw;a,wh| ch

conprises a c und_havj th | trycture RB RB R5 | \ R4 Z R
R6 it. R7 R %g@{?éﬁlﬂ}g (Gbey g?% Zﬁw‘s § 25 égtenber 2006 -R and R are
t he sane mathdictbel exye drukygredhgthmtteiohe thivdimhberioddeowi ng: i) hydrogen;

1] agsubstit egét%ﬁ di@‘_fy%rgﬁogg z;?l’}d)nh—ﬁgr%ﬁéceétal% %y of the R8

noiety, iii) up capabl e of
att achnmemte thyljasthratengeport or a polymeric matrix, said support or matrix

o ot SO A ERSELTLLE MR gudiicr ogen of 2| kg,
sald supmux@y@amnmm}me¢hmﬂhﬂ&ﬁaﬁﬂy(thunmnnbagzal)tﬁﬁé@{able noi et y;
({cyclohexanecarboxamido)hexylamino]lmethyl]anthracene:

10 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-1, 3, 2-dioxaborolano}benzyl]-N- {6~
{cyclohexanecarboxamido) hexylaminolmethyl]anthracene;

15 9-{N- (2-boronobenzyl) -N-{3~- '
{(methacrylamido)propylamino)methyl}-10~[N- (2~
boronobenzyl) -N-[2- (carboxyethyl)amino]methyl]anthracene;

9-[N-{2-(4,4,5,5,~tetramethyl~-1,3,2-
dioxaborolano)benzyl]-N-[3-

20 (methacr?lamido)propylamino]methyl]~10*[N—[2-(4,4,5,5,-
tetramethyl-1, 3, 2-dioxaborolano)benzyl]-N-[2-
(carboxyethyl)aminojmethyl}anthracene;

9-[N-(2-boronobenzyl) -N~{3-
(methacrylamido)propylamino]lmethyl]-10-{N-(2-

25 boronobenzyl)-N-[3-(N-6-(%-

-‘anthracenecarboxamide) hexylamino

carbonyl)ethylaminolmethyl]anthracene;
9-[N-[2-(4,4,5,5, -tetramethyl-1, 3, 2-

dioxaborolano)benzyl]~N-[3-

30 (methacrylamido)propylaminojmethyl}-10-[N-[2-(4,4,5,5,~
tetramethyl-1, 3,2-dioxaborolano)benzyl]-N-[3- (N-6-(9-
anthracenecarboxamido) hexylamino
carbonylethylaminomethyl]anthraéene:

9-[N-[2-(4,4,5,5,-tetramethyl-1,3,2~

35 dioxaborolano)benzyl]-N-{3- |
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-R4 and R5 are the sane or different and are sel ected 5fSepteriblezgbol | owi ng:
i) hydrogen, ii) a substituent to nodify the pKa and hydrolytic stability
of the R8 15 noiety, iii) a detectable noiety, or iv) a linking group
capabl e of attachnment to a solid support or a polynmeric matrix, said
support or matrix optionally containing a detectable noiety; -each Z is
i ndependently carbon or nitrogen; 20 -R6 and R7 are the sane or different
and are i) linking groups having fromzero to ten contiguous or branched
carbon and/or heteroatons, or ii) a |linking group capable of attachnent to
a solid &gpedrydenadpbpyomlianinalméthyldail@-uppdr (4.6, 525, matri x
optional |l y .cont ai nin lef. i o1y BRul $-Sel ected fromthe
fol | ow ng*%’eﬁlaa"g%'hgh %hgt?c&l%g{tﬁggggléﬁdo)ﬁ%%zglgEgci? @ont aining from1 to 10
cont i guousa rtcypreplesaribd)herryl awinglowgkhvddsnshiracenayf car bon, oxygen,
ni trogen, sul furangd_ I 30_j4) a detectable noiety, or iii) a

s égpgg BOS a'(t23 tnggﬁheal@ 3 ;

| i nki ng group e’ o nt to a solid support or a polyneric
mat ri %, shiathsgpydanide)pranyilrmope lrngidiyl) ~10oi¥aidt ng a det ect abl e noi ety;

-each Re i 5.4 C _fiéjfgrent and is an 35 optionally protected noiety
; gf 3 . . .
whi ch wheﬂno t?ng’?)gtﬁg tzag.ﬁ -90( 5 Septenber 2006 is capable of interaction

wi t h t he camiomabrapbdpngmisidiepy barinolinetylyddesehragrpe/R9 and Rio are the
ar oup whi ch f*‘é?Eg%%nﬁlﬁglg%%{%@égggﬁﬂ%‘“‘3%_[ B achment to a sol 1d support
or a pol yikerogo) haneyk] - K (§-$dppertonsy) beaeyl k-opit onal | y
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]]aminoethylamiﬁo]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

Rg Rg
N
Rs | R4
_ Z
R, Fﬁ F- — Ry Ry
|
_ Ry Ry Rio
25 .
wherein:
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containing a detectable noiety, and/or b) includes a fasaitentaaboogr oup
capable of altering 10 the physical properties of the conpound; with the
provi so that the indicator conpound contains at |east one detectable

noi ety associated therewith. 28. The detection system of claim 27, wherein
RO is 15 selected fromthe group consisting of boronic acid, boronate

I on, arsenious acid, arsenite ion, telluric acid, tellurate ion, gernmanic
acid, germanate ion, all optionally protected, and conbi nations thereof.
20 29. The detection system of claim 28, wherein each R8 is an optionally .
prot ected bor oRecaRRiRk gFoUpe semeTRE dbfEruardn aggseesn BFLeat&dm 27, wherein

the Comoundﬁgﬂpﬁhéeﬁoﬁ&w'iﬁﬁ'fOPPQ{ﬁiro@é%;t*ﬂ&’)fé_ hteeQegtof 25 said
fl uorophore is nodul ated by the interaction of said conmpound with glucose.

31. The det ectPofiod}sY difioPKe| &t BYArajyddei atrpikityawfatbfir Beene resi due;

R, R2, R3, RfoandyR5iianehydtesedbie iR yandy Riyare 19hwehgyl am ne
resi dues; each Re 1s an optionally protectéed boronic acid group; one or

both Bf RO aldo®Po2R%Le PHatFaCheokpl Bcsatid supPcdtiesT &nd each Z is
carbon. -91 5pSepheriemaz@@f, 0 DINDPHRAR4cRPGIAMSO30{938a82y The detection

systemof claim 31, whereiin one or bqth of RO and Rio are propionic acid

resi dues. 33. STREAHANL A JRLSGARNA FOLELNF m 27, wherein Ris 5 an

ant hracene resrgugs hifdrof@n dB.a R4nrNEg Rraie Jaypdbesestr R6 and R7 are
di mret hyl am ne_yesi dues; .each %%§ts, a boronic acid group; RO and RIO are
the sane or dPFFRTRIRNTAEE &r3PLi% S9PPRITT PEN? tRRLYGESHE BBREI&ting of a

met hegr yl ani deal kyduppesitdoe, met iad bpeionkoxy eddivarak kyl a

detectable moiety;
-R¢s 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 opfionally
containing a detectable moiety; .
-each 2 is independently carbon or nitrogen;

20 -Rg and R; 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 6f 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 Ré is the same or different and is an

35 optionally protected moiety which when unprotected
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10 resi due, a hydroxyethoxyal kyl residue, and an am noaldeplembeemitslue; and

each Z is carbon. 34. The detection system of claim 27, wherein the.

conmpound is selected fromthe group consisting of: 15

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

[ 2- (2- met hacr oyl oxyet hoxy) et hyl am no] nethyl]-10- [N (2-

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

(2- hydr oxyet hoxy) et hyl am no] - net hyl ] ant hr acene;

9-[ N- (2- borongbenzyl).- N- [ 2-(2- met hacr oyl oxyet hoxy) - 20,

ethylanino]neﬁﬁy?ﬁgégiﬁI4&52§58F6ﬁ65§h Fg-KPTZYl%%PQHyEﬁB}yethoxy)

et hyl am no] negbytpaiiyszeenen gBuddsddi shd- (2- bor onobenzyl ) - N-[2

(carboxyet hyl ) am no] -.met hyl 1 ant hr acene;_, 10-bi s 2-(5,5-dimethyl-[ 1,

3, 2] di oxabor i L8 a3 IR}%&%yILF? Same or as ePetnt, hid L2

N- [ 3- ( net hacr y) anydggqemopyiliamk néd teidayplannbi@cgneiii) a '

9, 10- pi sS[ N-(2-boronghenzyl ) - 3:-(net hacryl am do), -

propy anino]ngf?ﬂﬁeﬁhﬁﬂhagénggkg ;1{Eing grdus capgble of

9-[ N-[ 2- (5, 5- dttatimdnt] To3a2kdl DX adumporrane?-y | pdigmeydil- N- [ 3-

(et hacryl am do) pr.opyl_am ngl nmet hyIL])-l -%N— 2-(5,5-..30

dinethyl-[l,S?i% i'oxasor °H 895§Y? 8@%5 F]-R&ﬁ%ﬁ%iiyhydroxyethbxy)

et hyl am no] metdiyt 4 iaritiyr ac eneect &blldNmpebpy carobemz ) - N- [ 3- (et hacr yl ami do) -

propyl am no] | 1-.10- [\ (2: bor-onohenzyl ) - -A 2- .

hydr oxyet hox;?’Ié@%uy#easm%n%fﬁé%ﬁ%a]Jarﬂrﬁggcé%%?bl\t—%%fg%%gspén er 2006 WO

03/ 0Y8424 PCTERSEBYYG1e38 PrdiPebiissNoff2td, donghonund;

ethyl-[1 1 4 _nap: 2=y, lL,=N - :

[2 {2 metbihy b SRR S pEE A b heP R SRR sepgaine =t

9, 10- bi sl ee$R-dur cledlbetaipl -moid-y 2ssociated therewith.

nmet hacr oyl oxyet hoxy) et hyl am no] net hyl ] ant hracene; 5

9, 10- bi s[ N- (2- bor onobenzyl ) - N-[ 5- am nopent yl am no] - net hyl ] ant hracene; and
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
compound 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, Rs and Ry are hydrogen;
30 R¢ and R, are dimethylamihe_residues; each Rg is an
optionally protected boronic acid group; one or both of Re
and Ryp are aliphatic carboxylic acid residues; and each 2

is carbon.
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. . R b September 2006
-[ N-(2- boronobenzyl ) - N[ 3- (et hacryl am do)
ropyl am no) net hyl ) - 10- [ N- (2- bor onobenzyl ) - N-[ 6- :
cl ohgaamesssboxam do) hexyl am no) net hyl | ant hr acene; pchifusos/o793s
N[2-(4,4,5,5, -tetrarrethyl 1, 3, 2- di oxabor ol ano) benzyl ) N-[ 3-

9-[
pro
o1
met hacr y! ani r I 0= 4,
get r amet %yl %%) : gii?% &E)@ér% ano%%%%%& ?i &][aém( ﬁi @néréin one
(cycl ohexandcdhbofaRe dorh8xy pam podpEehyt )arichiraebriess 15
9-[ N-(2-boronobenzyl)-N-[3- (nethacryl am do) propyl am no] net hyl ]-10-[ N- ( 2-
bor onobenzyl ) - N-[ 2- (car boxyet hyl ) am no] nmet hyl ] ant hr acene;
9-[N-[2- (4, 4,835, -The rmypnlsssuemm%mmoﬁanoww@w ]RNS[s 20
_ th L I YIR,- 1 5
(e e hSgpeoRy AORLITRRY AL N gnd i ademyazogen,
-(carboxyé%h?ﬁ?a&aﬁéFn@%$@@ﬂ2%ﬂﬂﬁP&céﬁéldu%ﬁ{Nﬁ%%LB@FUhdbéﬁ%VPPQN-[S
(et hacr )élc@rﬂ‘) 99)>t1§f C’E&"aﬁa‘ RQ) HBE hihd -sllid M alfgér?_lnt and are

bor onobenzyl - ant hracenecar boxam do) hexyl am no

carbonylFéﬂﬁ9F8ﬁ1fﬁﬂﬁnﬁh@yﬂF&H?h?%ﬁﬁ%ﬁ?lﬂg-Pﬁ-P2 (4,4,5,5, -tetramethyl -1, 3, 2-

- di oxabor glaRgLbenZyd dodhdy3- r§91due, a methacroylox ethoxyalkyl
(et hacryl am do) pr opyl am n { 4y

o) met h
T tet rHivet gFiqus, 22 &WMPB%@W%@kweFJNPFB #rd @iy @mlnoalkyl
. ant hracepgganhoxadAd @aexy! ag &orbgzar bonyl et hyl am nonet hyl ) ant hr acene;
9-[N-[2-(4,4,5,5,-tetranethyl -1, 3, 2- 35 di oxaborol ano) benzyl ]-N-[3 -93 5
Sept enber 2006 (net hacryl am do) propyl am no] net hyl ]-10-[N-[2-(4,4,5,5, :

tetranmethyl - 138, 2-#coxebeeol B naray b¥- Mbbn (37, wherein the
- compound is selected from the group consisting of:
- 15 9- [N-[2-(5,5-dimethyl-[1,3,2]dioxaborinan-2-yl)benzyl}-N-
' [2- (2-methacroyloxyethoxy)ethylamino]methyl}-10-
N=-[2~-(5,5- dlmethy! -[1,3,2]dioxaborinan-2-yl}benzyl}-N- [2-
{(2— hydroxyethoxy) ethylaminoc]-methyl]anthracene;
9-[N-{2-boronobenzyl) -N-[2- (2-methacroyloxyethoxy) -
.20 ethyla‘minojmethyl] ~10-[N-(2~boronobenzyl)-N-[2-
" {2-hydroxyethoxy) ethylamino]methyl]anthracene;
9,10-bis{N-(2-boronobenzyl)-N-[2-
' (carboxfethyl) amino}-methyl]anthracene;
9,10-bis[N-[Z-—(S,5-dimethy|~{1,3,2]dioxaborinan-2-y|)benzyl]-
-25°  N=[3- (methacrylamido)propylamino}methylanthracene;
9,10-bis[N-(2-boroncbenzyl)-N-[3- (methacrylamido) -
propylamino]lmethylanthracene;
9-‘[N-[2-(5,5-dimethyl-[1,3,2]dioxéborinan-2-yl)benzyl]—N-[3-
e ) (méthacrylamidp) propylamino]methyl}-10-[N-{2~(5, 5~
30 . - dimethyi-[1,3,2,]dioxaborinan-2-yl)benzyl]-N-[2-(2-hydroxyethoxy}-
ethylamino]methyljanthracene; '
9~ [N~ (2-boi:onobenzyl) -N-[3~-{methacrylamido) -
‘propylamino]lmethyl]-10-[N-(2-boronobenzyl)-N-[2- (2~
- hydroxyethoxy) ethylamino)methyl]anthracene;

~G2-




car boxypr opi onam do) hexyl am no] met hyl | ant hr acene; 5 September 2006

9-[ N-(2-boronobenzyl)-N-[3 5 (nethacryl am do) propyl am no) met hyl ] - 10-[ N- ( 2-
bor onob |)-N-[6-(3- carboxypropi onam do) hexyl am no] et hyl ] ant hr acene;
N- ( 3- the‘ﬁg%’ﬁ%}?“?ﬁdopr opyl )-4-{2-N-[[ 2- _ PCI/US03/07938

(borono) benzyl ] -[6-(N-[ 2- (borono) benzyl]-6-N- 10 (3

car boxypr opahani dme{tdwib%am(fscﬂlwﬂymm,amanbenmbm?mlavurlN- o (N[
s ey b2 o HRAg b B oY) ethd Fatidd i RS PARMRENA, L& (M

met hacr yl am ddatiffyb)afiiiniheoddnparnnpk) 4844 [+ (20] napht hal e

ne- 1, 8- di arQXl Th 86ve ARG PA S 1 LREESRlc t iy anthracene;

5 9,10-bis [N~ (2~boronobenzyl)-N-{5-aminopentylamino} -

rethyl)anthracene; and ,
9-[N-(2-boronobenzyl) -N-[3- (methacrylamido)
propylamino}methyl]~10-[N-{2-boroncbenzyl)-N-[6-

_ (cycloﬁexanecarboxamido)hexylamino}methyl]anthracene;

10 9~[N-[2-{4,4,5,5,-tetramethyl-1, 3, 2-
dioxaborolano)benzylN~[3-
(methacrylamido)propylamine]methyl)~10-[N-{2-(4,4,5,5, -
tetramethyl-1, 3, 2-dioxaborolano)benzyl]-N-[6-
{cyclohexanecarboxamido)hexylamino]methyll}anthracene;

15 8- [N- {2-boronobenzyl}-N- {3~ ' '
(methacrylamido)propylaminolmethyl]-10-[N- (2-
boronobenzyl)-N-[2- (carboxyethyl)amino]lmethyl]anthracene;

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]methyljanthracene;

9-[N- (2-boronobenzyl)-N-[3~
(methacrylamido)propylamino]methyl]~10-[N- (2-

25 boronobenzyl)-N-[3-(N~6-(9-
anthracenecarboxamido)hexylamino
carbonyl}ethylamino]methyl)anthracene;

. 9-{N-[2-(4,4,5,5,-tetramethyl-1, 3, 2-
dioxaborolanc)benzyl]~N-[3-

30 (methacrylamido)propylaminolmethyl]-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-

~-03-
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(methacrylamido)propylamino]methyl]—10—[N—{2-(4,4,5,5,~
tetramethyl—1,3,2—dioxaborolano)benzyl}—N-[G—(3—
carboxypropionamido)hexylamino]lmethyl]anthracene;

9- [N~ (2-boronobenzyl) ~N~[3-
(methacrylamido)propylamino}methyl)~10-[N-(2-
boronobenzyl}~N-[6- (3~
carboxypropionamido)hexylaminolmethyl)anthracene:

N- (3-Methacrylamidopropyl)-4-[2-N-[[2-
{(borcono)benzyl]-[6-(N-[2- (borono)benzyl]-6-N-
(3-
carboxypropanamidoethyl)aminohexyl] }Jaminoethylamino]napht
halene-1,8-dicarboximide;
N-Butyl-4-[2-N-{{2-(borono)benzyl]~[6~ (N~-[2~
(borono)benzyl]-6-N-
(2- _ .
methacrylamidoethyl)aminohexyl] ]aminoethylamino]lnaphthale

ne-1,8-dicarboximide; and salts thereof.

-94-




