OXIDATION RESISTANT INDICATOR MOLECULES 5 CROSS-REFERENCE TO RELATED
APPLICATIONS This application claims the benefit of U.S. Provisional Application No. 60/861,707
filed November 30, 2006, and U.S. Provisional Application No. 60/903,291 10filed February 26,
2007. STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
15Not applicable. BACKGROUND OF THE INVENTION 1. Field of the Invention 20The present
invention relates to detectable indicators, including fluorescent indicators, having increased resistance
to oxidation. 2. Description of the Related Art 25Fluorescent molecules are used for a range of
applications including fabri®$A@R &P riyhtdraNdighl D&rfolisRinke ¥ty diagnostics as tags
and probes when linked to antibodies or other molecules, and can be configured at a molecular level
to be used_as 30 chemical and biochemical active indicators specifically designed to detect certain
analytes, for example glucose. The complexation of carbohydrates, including glucose, with

phenylboronic acid has beeRRrRSwR o RRIHGEIIHE ahLthEFByedmsidifityZsf tkatSnteraction has served

asa This application claims the benefit of U.S.

Provisional Application No. 60/861,707 filed November 30,
2006, and U.S. Provisional Application No. 60/903,291
10 filed February 26, 2007.

STATEMENT REGARDING FEDERALLY SPONSORLED
RESEARCH OR DEVELGCPMENT
15 Not applicable.

BACKGROUND OF THE INVENTION
1. Field of the Invention
290 The present invention relates to detectable
indicators, includﬁng fluorescent indicators, having

increased resistance to oxidation.

2. Description of the Related Art

25 Fluorescent molecules are used for a range of
applications including fabric and color brighteners,
signs, various inks for printing, diagnestics as tags and
probes when linked to antibodies or other molecules, and
can be configured at a molecular level to be used as

30 chemical and biochemical active indicators specifically
designed to detect certain analytes, for example glucose.

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

3%  basis for the chromatographic separation of sugars.
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35 basis for the chromatographic separation of sugars. Specifically, in 1959, Lorand and Edwards
reported association constants for aqueous associations of phenylboronic acid with many saturated
polyols; binding interactions ranged from very weak (e.g., ethylene 5 glycol, Kd=360 mM) to
moderately strong (e.g., glucose, Kd=9.1 mM). See J. Yoon, et al., Bioorganic and Medicinal
Chemistry 1(4)26¥%71 {2893); Thierbihéing, mechanidns ischélidwadds oceppthredgh displacement of

the hydroxyl g

rouRg on-a boronaig maighswith adiagens hydroxyl, gronps,1Q op glucose.

U.S. Patent

5,503,770 (James, et al.) describes a fluorescent boronic acid-containing compound that emits
fluorescence oPB HigH-RREAGKFUBEH Binthid td'8aYctdese ttuding YRIcHseR Rtk idorescent
compound 15hasa=moleculasstructiyicamprising:d fluerophoee, At leastiorie=plenylboronic acid
least one amin (;Ei%ror\{l'bg ngcgltrrg)g Qratgglwhette the nlt(ogen atom is dlseoosed in the

moiety and at

vicinity of the pReRSBoronic

S

. Ty Se, . .
molety so as 10 intera mtra]frﬁg%cu%rl% Witt the bordnic acid. 20

Such interactioK therébygausesStne sompound te et fluor8scencerupen sacchEitichinging. See

also T. James, &) a); 1 A0 (M, 89c- 117355 8052 8, d.99p) Addipaahs Jugreseent sensors

using an anthr

y

oronic acid-containing compound for detecting 25 blood glucose are known in the art.

_ For example, JP¥bbavefakol IRLEheit B8 194558 425875 11692) desripe Ry anthrylboronic
acid can be usegd gsfluerescentehemesensasdor signaling: garhohydrate hingingginslyging binding
of glucose and fructqse. 30Fluorescent molecules are susceptible to degradation, where they lose
fluorescente intéhst L](%?:E)Efightness) over time by often variable rates of oxidation. The oxidation may
be commonly associatéd wWithtehdtobleaehiny] Whidhistechaically "photessxidéticn"a or may be 04

15

20

25

30

fluorescent boronic acid-containing compound that emits
fluorescence of a high intensity upon binding to
saccharides, including glucose. The flucrescent compound
has a molecular structure comprising a fluorophore, at
least one phenylboronic acid moiety and at least one
amine-providing nitrogen atem where the nitrogen atom is
disposed in the vicinity of the phenylboronic acid moiety
so as to interact intramolecularly with the boronic acid.
Such interaction thereby causes the compound to emit
fluorescence upon saccharide binding. See also T. James,
et al., J. Am. Chem. Soc. 117(35):8982-87 (1995).
Additicnally, fluorescent sensors using an
anthrylboronic acid-containing compound for detecting
blood glucose are known in the art. For example, J.
Yoon, et al., J. Am. Chem. Soc. 114:5874-5875 (1982)
describe that anthrylberonic acid can be used as a
fluorescent chemosensor for signaling carbohydrate
binding, including binding of glucose and fructose.
Fluorescent molecules are susceptible to degradation,
where they lose flucrescence intensity {(or brightness)
over time by often variable rates of oxidation. The
oxidation may be commonly associated with photobleaching,

which is technically “photo-oxidation”, or may be

-



oxidized by various reactive oxygen species within the local environment of the fluorescent molecule.
Any number of potential oxidants exist in the environment and atmosphere such as ozone, or may
exist inside aliving 5 body ranging from humans to bacteria. Inside a living body, normal rgactive
oxygen species (ROS) can include those involved in typical healthy healing reactions such as

peroxide, hydroxyl radiealspperaxyniitite, supetoxide, andethespdaside avlivingsystem there are 10

also specific enzymes called oxygenases for the specific purpose of oxidation in the breakdown of
molecules. Anr;é/\?éeerggﬁﬁ%’f%r%a{l&iv %ox%%%n%ipue%%assgre (S%ygr%%%guglc%\'/ity %rﬁ a fluorescent
molecule is typivaipdosséf fudresténde. in tive tase of hntindicatorencleEdies oRans passive tag,

probe, or label, the Usef life andisensitivity of the, deyice, akdiagnostic,ds limitegy opgay be rendered
completely ineffective by oxidative degradation of fluorescent signal. Therefore, there remains a need

for fluorescent RIAVCUIBE HAthavESSD HEPERSEd R AShEES 16 oxidhl S SSRTER SUMMARY OF THE
INVENTION Injoneyaspestiihe presentimeentonyisndisgeted e ( mOMethadch farrusingia molecule in

oxidative conditiong, 25 Whichcompiisesin; &l liaiing,s malesule having.aq apd harggie acid
residue having one or more electron wit &)rawmg groups on the aromatic moiety which contains the
_ boronic acid residueesigeti ot the Aroteatlle it ieiRahcaasdddation 30 tésistance as compared to a

corresponding melrGulg Withous the ene ©F smorerelegtien avithdvawing:greups; amne rebhsubjecting the
molecule having the one or.more electron with r%\éngﬂ%grou%)s to oxi(cjfative %onditionsk . In
S t S

another a]sBect, Opr’%@%ﬁé' ventio 1"Givectd A hiethod Tor dete the

e eCl
tecting théapresence or
concentration purpose of oxidation in the breakdown of molecules. An

adverse result of reactive oxygen species or oxygenase
activity on a fluorescent molecule is typically loss of
fluorescence. In the case of an indicater molecule, or a
15 passive tag, probe, or label, the useful life and
sensitivity of the device, or diagnostic, is limited, or
may be rendered completely ineffective by oxidative
degradation of fluorescent signal. Therefcre, there
remains a need for fluorescent molecules that have

20 increased resistance to oxidation.

BRIEF SUMMARY OF THE INVENTION
In one aspect, the present invention is directed to
a method for using a molecule in oxidative conditions,
2% which comprises:

a) obtaining a molecule having an aryl beronic acid
residue having one or more electron withdrawing groups on
the aromatic moiety which contains the boronic acid
residue, such that the molecule has enhanced oxidation

30 resistance as compared to a corresponding molecule
without the one or more electron withdrawing groups; and

b} subjecting the meolecule having the one or more
electren withdrawing groups to oxidative conditions.

Tn another aspect, the present invention is directed

35 to a method for detecting the presence or concentration

e



of an analyte in a sample in an oxidative environment, said method comprising: a) exposing the
sample to an indicator molecule having a detectable quality that changes when the indicator 5
molecule is exposed to the analyte, said molecule comprising an aryl boronic acid residue having one
or more electron withdrawing groups on the aromatic moiety which contains the boronic acid residue,

such that the ingdicatar mplaguie has ephanged Oxidation resistanae,as dQwcorapalesdo the

corresponding molecule without the one or more electron withdrawing groups; and b) measuring any
change in said 88tttAEIRAIRPIPIETEHY determine the presence or concentration of said analyte in
said sample. 15 a)In angthel agpect thmpresent inventibnds. doectedrto lecarhpouad haying the

following structyre; BOHIZBOH)Z N AL 7 RAR-AA (334 NAUR2IAL () phetelpr, pach Aris an ary
group; ‘2ach RT and RY are the same or different and are 25an electron withdrawing group;
5 molecule is exposed to the analyte, said molecule

comprising an aryl boronic acid residue having one or

‘more electron withdrawing groups on the aromatic moiety

~which contains the boronic acid residue, such that the

indicator molecule has enhanced oxidation resistance as
10 compared to the corresponding molecule without the one or

more electron withdrawing groups; and

b) measuring any change in said detectable quality
to thereby determine the presence or concentration of

said analyte in said sample.

15
In another aspect, the present invention is directed
to a compound having the following structure:
B\(OH)z B{OH),
Ar-R~R,~R-Ar
/
20 (RZ}m (R],)n
(1)
wherein:
-each Ar is an aryl group;
~each R; and R; are the same or different and are
25 an electron withdrawing group;
~-m and n are each independently integers from 1
to 10;
-Ry 18 a detectable moiety; and
-each R is independently a linking group having
30 from zero to ten contiguous or branched carbon
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-m and n are each independently integers from 1 to 10; R4 is a detectable moiety; and -each
R is independently a linking group having 30from zero to ten contiguous or branched carbon and/or
heteroatoms, with at least one R further containing a polymerizable monomeric unit; and wherein the
compound has enhanced oxidation resistance as compared to the corresponding compound 5 without

the one or more electron withgrawing-awrps: bnanothet Aspect] thespresest nveatohds directed to a

compound having the followmg:tstructure 10B %Olg#l?%égH) 2\, Ar-R-R4-R-Ar, /(122)111 wherein:

_each Ar is an aryl group ofif8t &R BhenfI; 284 are the same or différent and are 15an

electron withdrawingegtbugierein the compound has enhanced oxidatlon
resistance as compared to the corresponding compound
5  without the one or more electron withdrawing groups.
In another aspect, the present invention is directed

to a compound having the following structure:

B(OH B(OH)2

ArRRqRAr
é:/ (Rl)n

10 2 m

wherein:
-~each Ar is an aryl group cother than phenyl;
-each R; and R, are the same or different and are
15 an electron withdrawing group;
-m and n are each independently integers from 1
to 10;
-R; is a detectable moiety; and
~each R is independently a linking group having
20 from zero to ten contiguous or branched carbon
and/or heterocatoms, with at least one R further
containing a linking group capable of attachment
to a solid support or a polymeric matrix;
and wherein the compound has enhanced oxidation
2% resistance as compared to the corresponding compound
without the one or more electron withdrawing groups.
In another aspect, the present invention is directed
to a methed for the production of an indicator

macromolecule for detecting the presence or concentration



-m and n are each independently integers from 1 to 10; -R4 is a detectable moiety; and -each R is
independently a linking group having 20from zero to ten contiguous or branched carbon and/or
heteroatoms, with at least one R further containing a linking group capable of attachment to a solid
support ora polymeric matrix; and wherein the compound has enhanced oxidation 25 resistance as
compared to thg corresponding.cqmpgynd yithaut the ane or magre.glectean withdeawing groups. I
another aspect, the present invention is directed to a method for the production of an indicator
macromoleculecforgetecting theRtésBRde 8iBncentration of an analyte in an oxidative environment,
said method comprising copalyme¥iziRgie irdd DREtArMEEENsicater campasest monemers which
individually are no sutfi(gieryct)gg/ water sol%ble t%germit 5t eirwléste in asngggi%?%uscgnviéorrr]ﬂmgnt for
detecting the pré&ands Bitonleftratdn of Shid analyte. wherdin the indicator component monomer
comprises tompbend havingithesfollewirepstsucture: 1O BEOH) ZB{OH)E2 8CARRIRIIR-Ar A\ ((R2)mRi)

n presence or concentration of said analyte, wherein the

indicator component monomer comprises compound having the

..following structure:

10
B{OH) B(OH),
Ar-R-R,-R~Ax
/ R
(RZ)m ( l)n
wherein:
—each Ar is an aryl group;
15 -each Ry and R, are the same or different and are
an electron withdrawing group;
-m and n are each independently integers from 1
to 10;
~Ry 1s a detectable molety; and
20 -each R is independently a linking group having

from zero to ten contiguous or branched carbon

and/or heteroatoms, with at least one R further

containing a polymerizable monomeric unit: and
b) one or mere hydreophilic monomers;

25 such that the resulting macromolecule is capable of
detecting the presence or concentration of said analyte
in an agueous environment and wherein the compound has
enhanced oxidation resistance as compared to the
corresponding compound withcout the one or more electron

30 withdrawing groups.



wherein: -each Ar is an aryl group; 15-each 111 and R2 are the same Or different and are an electron

withdrawing group; -m and n are each independently integers from 1 to 10; -R4 is a detectable moiety;
and 20-each R is independently a linking group having from zero to ten contiguous or branched carbon
and/or heteroatoms, with at least one R further containing a polymerizable monomeric unit; and b) one

or more hydrophilic mepomers; 23 such that theyresylting dnacremeleculg s capaliefdetecting the

presence or concentration of said analyte in an aqueous environment and wherein the compound has
enhanced oxid&or? résptaAEE Ashmpared ® the tbPhesp8nding “&dmip&und without the one or more
electron 30 withdrawing groups. In another aspect, the present invention is directed to a
compound having the following structure: B (OH) 2 (RI)n 5(II) wherein: -Ar is an aryl group;  -each
R1 is the same or diff&t nd is an electron withdrawing group;

5 {I1)
wherein:
-Br is an aryl group;
-each Ry is the same or different and is an electron
withdrawing group;
10 -n is an integer from 1 to 10; and
-R is a linking group having from zero to ten
contiguous or branched carbon and/or heteroatoms, which
linking group further contains a polymerizable monomeric
unit and a detectable moiety;
15 and wherein the compound has enhanced oxidation
resistance as compared to the corresponding compound

without electron withdrawing group(s}.

in anothef aspect, the present invention is directed

20 to a compound having the following structure:

B (OH) ,

(Ry}q
wherein:
~By 1s an aryl group;
25 -each Ry is the same or different and is an electron
withdrawing group;

-n is an integer from 1 to 10; and

-7



10-nis an integer from 1 to 10; and -R is a linking group having from zero to ten contiguous or
branched carbon and/or heteroatoms, which linking group further contains a polymerizable monomeric
unit and a detectable moiety; 15 and wherein the compound has enhanced oxidation resistance as
compared to the corresponding compound without electron withdrawing group(s). In another

aspect, the present invantian is ditegied 20ie &gorapound havingdbg faliowing:sipisiure; B (OH) 2
(R1)11 wherein: -Ar is an a_rylggroup; 25-each R1 |s the same or different ang IS an electron
withdrawing gr&p;n’id AR GEF HEm 106G and™ “=Ris'&linkiRg GFolp To a chromatographic
support, said linking gredp bavingrfremdzero tba¢r toatigusus or branched carbon and/or

heteroatoms; and wherein the cempaupd hasenhancegxidation esistanes as compared to the
corresponding compound without electron withdrawing group(s). 10BRIEF DESCRIPTION OF THE

DRAWINGS  FERjLFéE ANfiGeRiies B2E8MtS 6f tHetexparnta UEstiBed AR A ble 1. Figure 2

illustrates the resultscafronrg etthecexperiments.desgriveduip Example 2. 15Figure 3 illustrates the
results of one of the

10 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates the results of the experiment
described in Example 1.
Figure 2 illustrates the results of one of the
experiments described in Example 2.
15 Figure 3 illustrates the results of one of the
experiments described in Example 1.
Figure 4 illustrates the results of the experiment
described in Example 3.
Figures 5 A and B depict several preferred compounds
20 of the present invention.
Figure 6 illustrates the results of one of the
experiments described in Example 4.
Figure 7 illustrates the results of another
experiment described in Example 4.
25 Figure 8 illustrates the results of another

experiment described in Example 4.

DETAILED DESCRIPTION OF THE INVENTION
During the inventors’ ongoing work to develop an
30 implantable glucose sensor based on a flucrescent
indicator molecule, an observation was made that in
addition to photo-oxidation, which is a direct and
predictable function of gquantitative light cumulative
exposure, that for a series of fluorescent indicator

35 molecules tested in vivo, there 1s an additional, severe,

.



experiments described in Example 1.  Figure 4 illustrates the results of the experiment described in
Example 3. Figures 5 A and B depict several preferred compounds 20 of the present invention.
Figure 6 illustrates the results of one of the experiments described in Example 4.  Figure 7 illustrates
the results of another experiment described in Example 4. 25Figure 8 illustrates the results of another
experiment de%@&@%&%@@ﬁ'@fb&%ﬁé'ls“-l@rBIiS@cE’dBT@&ltOEJctdﬁéNYENIﬂ@M During the
inventors' ongoing work to develop an 30 implantable glucose sensor based on a fluorescent indicator

molecule, an oB¥&rvaREH L mAdEthatHPAdditiSA 15 photo oXidafisn, which is a direct and
predictable function of gmantative lightf dwmutativergx posdie; ahatfor arseriaspdffiigréscent indicator

35 molecules tes(gd Ny, 1asres anaddiiend. seyere, andianid yawscens egnal loss that

occurs in vivo, buf d6es not.occur gnificantly in vitro. Samples of a fluorescent indicator were
implanted, ‘and Bubsegueatp e¥SIBAtd 6ome SaH R ot WedkS & S FiRd Saibids were then
chemically analyzed fellqwing sevese dpss1of signal. Theianalysis sbaweda specific feaction whereby
the boronate recogniion element of the indjcator, system had, been spegiigally,xigized o a
indicator system had been specifically oxidized to a
hydroxyl group, thereby causing total loss of activity
10 (specifically, fluorescence modulation) in the molecule.

This in vive coxidation reaction 1s shown below:

: @ Q :
15 HO_? /\/tk - "o _N/\)J\O'

20

standard indicator molecule in-vivo altered indicator maolecufe

Bond Energies: C-C =358 kd/mol C-B= 33_3_ kJdimol B-O = 519 kJ/mol

25
The destructive in vivo oxidation reaction was shown
to be very specific, oxidizing only the boronate group,
and leaving a hydroxyl group in its place. The oxidation
was duplicated in-vitro by treatment with 1, 5, and 10 uM
30 hydrogen peroxide. Both in vitro and in vivo, only the
boronate moiety was found to be oxidized to hydroxyl.
This was unexpected since ROS were thought (by us) to be
more generalized and indiscriminate in where they may

oxidize and damage the molecule.



hydroxyl group, thereby causing total loss of activity 10(specifically, fluorescence modulation) in the
molecule. This in vivo oxidation reaction is shown below: The destructive in vivo oxidation reaction was
shown to be very specific, oxidizing only the boronate group, and leaving a hydroxyl groupgn its place.
Thé oxidation was duplicated in-vitro by treatment with 1, 5, and 10 uM 30 hydrogen peroxide. Both in

vitro and in vivo, only the bpranate moiety Wasdound te beaxidizad tq fygraxyh This was unexpected
since ROS were thought (by us)to be more generalized and, indiscriminate, in where they may oxidize

and damage tHBRBRELTS AL GotHe PrédeMIRIEHTON FidlcAdr hidlgclizy co%taining an
aryl boronic acighrgsicuemaydie madermore cesistant ¢o okidatiod bycaddieg onergrtaore

electron-withdraying giguRs, 0y 1he Aromptis,molely whichhS coptajas the heranis agiesidue, thus
stabilizing the boronate moiety. It will be understood that the term "aryl" encompasses a wide range of
aromatic gPoupSCBGEH BS pHeRyP PeNHUtI 4T E oRTati! RetetBRONTARIL bR tRIedre
hgéeroaroma;icgiogggmmhﬂa@ﬂg}gyexarmﬁle@ﬂqin@éudmgb@@ydg@aphthyk antwyk pyridyl, etc. A
wide range of electron-withdrawing groups is within the scope of the.invention, and includes, but is not
limited to, halogéi, % an%?ﬁﬁ%ﬁ%l’o %ué)stlwtllj &d 5&(%%&%%@118{3%;[ ,%s?é:r?gﬁﬁdni?:%%}%, ketone, 15
_aldehyde, sulfomanitiepsulfone; butfomyle sulfexidaahalossubstifited sufoné isdo-substituted alkoxy,

ha'o-substituteggfmfé@igeh@@eq%ramgmggps@%%reof-monw&tﬂn@@pﬁgt tosStrctures | and Il
above, Rl and R2 preferably are electron-withdrawinghgroups as described
10 include phenyl, naphthyl, anth¥yl, pyridyl, etc.

A wide range of electron-withdrawing groups is
within the scope of the invention, and includes, but is
not limited to, halogen, cyano, nitro, halo substituted
alkyl, carboxylic acid, ester, sulfonic acid, ketone,

15 aldehyde, sulfonamide, sulfone, sulfonyl, sulfoxide,
halo-substituted sulfone, halo-substituted alkoxy, halo-
substituted ketone, amide, etc., or combinations thereof.

With respect to structures I and II above, Ry and R;
preferably are electron-withdrawing groups as described

20 in the preceding paragraph. Most preferably, each of Ry
and Ry is triflouromethyl. Further, as noted above, in
certain embodiments at least one of the R groups will
contain a polymerizable monomer unit which will allow
incorporation of structure (I) into a polymer. Such

25 polymerizable units are well known, and include, but are
not limited to vinyl, acrylate, methacrylate, acrylamide,
methacrylamide, etc.

The indicator compounds of the present invention have
a detectable guality {(shown as constituent Ry in structure

30 I) that changes in a concentration-dependent manner when
the compound is exposed to a sample containing glucose.
Many such qualities are known and may be used in the
present invention. For example, the indicator compound
may include a luminescent (fluorescent or phosphorescent)

35 or chemiluminescent moiety, an absorbance based moiety,

~10-



20 in the preceding paragraph. Most preferably, each of Rl and R2 is triflouromethyl. Further, as noted
above, in certain embodiments at least one of the R groups will contain a polymerizable monomer unit
which will allow incorporation of structure (1) into a polymer. Such 25 polymerizable units are well
known, arid include, but are not limited to vinyl, acrylate, methacrylate, acrylamide, methacrylamide,

etc. The indicatar compounds of fhe presensdaventionhave-a detectable-quality fehayn as

constituent R4 in structure 30 [) that changes in a concentration-dependent manner when the
compound is eRo<eH R SafipIE BBAMRINIAG GhetsSe. MR ductRgaRitRe* ek Wi and may be
used in the presentdinvertien. iorexampler thel inditadoyeompeund nwyindludeta tuminescent
(fluorescent or phosphorescent) 35 or.cherpilum nescent mojgly, ap apsehancehassgmoiety, etc.
The indicator compound may inclide an energ)? donor moiety and an energy acceptor moiety, each
spaced suéh thaethers is acietectbblecelvahye whenctthe iAdieator eompotintlinteraetsSwith glucose.

The indicator compound S maydpelyds aflyeroghere aad aguanchegconfigaredsegh that the
fluorophore is quenched by the quencher when glucose is absent. In that siﬁ%tgosn when glucose is

present, the indidatGPGfdéRgER™s BonfiguratiSRAIchangeWhidh calise! tie §teRcherto move
_sufficiently distantd:Q:sfiom thiesfluordpherscso thatdmrescenceds entitted.cGConverselya tge fluorophore

and quencher may be configuzed such thatn the absgrce otglueese Jhey are sffigiently separated

and the fluorophore emits fluorescencé; upon interaction with glucose, the 15 fluorophore and

quencher’dte moved ik Reffdienesiokinity &P calisd qhdHEHIRG SPRE Bonfigdratibh& change concept is
described in maredesaikin Y, S +publishedapplication 2003(04195681, imcorpaerated herein by

reference. In anoth .embog[imen tl% encher contains 20 an arogmatic boronig acid, and binding of
the boronic acid” %n%]égt%gee rﬁlc])FetP(l:u 21 ?eggf %Iﬁgoeseii% %ﬂ&gs%he augrg\(%helr'e%ciéggcy resulting in a
detectable charmyet Sucheistdescribed ie LES. Patkritisplitats Pudligatidh: 2606/0083688, the

content of whicly is,ineemarates herein 25 hysreference. Alternagively, tae indigator may include a
molety fluorophore and quencher are moved in sufficient
proximity to cause guenching. The configurational change
concept is described in more detail in U.S. published
application 2002/0119581, incorporated herein by
reference. In another embodiment, the guencher contains
20 an aromatic boronic acid, and binding of the bhoronic acid
to the target molecule (e.g., glucose) changes the
quencher efficiency resulting in a detectable change.
Such is described in U.S. Patent Application Publication
2006/0083688, the content of which is incorporated herein
25 by reference.

Alternatively, the indicator may include a moiety
such as a fluorophore capable of interacting with the
recognition element or another moiety spatially disposed
with respect to the recognition element such that in the

30 absence of gluccose, the fluorophore emits fluorescence.
Upon addition of glucose, the gluccse 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

35 recognition element, causing a reduction in fluorescence.
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such as a fluorophore capable of interacting with the recognition element or another moiety spatially
disposed with respect to the recognition element such that in the 30 absence of glucose, the

fluorophore emits fluorescence. Upon addition of glucose, the glucose competes with the interaction
beteen the fluorophore and the recognition element, or the interaction between the fluorophore and

the other moiety spatiglly disnosed with-[espect o the, 35 Feecognition-slements gagsing a reduction in

fluorescence. It will also be recognized that the indicator may be chosen such that the fluorophore
emits no fluoreSEERET oF ¥teI&iatly IdWE IsvErBF REYEERe AT, Wihar tHe HASIOPhBRE fiteracts with the
recognition element ok &lanothen moiely spatially disposed mdtirrespect tohkwe recognition element in
the absence of glucose. Upon addition of glucose, the gluc se compete Y_Vétp] tﬁg ig@raotion between
the fIuorophorega\‘{nucmlQ t"hoepPecc![:)ro%nftirtl')(%rleerlééﬁfeér,lt,w 3‘r§ﬁe£thteer5§t?or% éétv(/eoen the flueorophore and 10 the
other moiely spatiatiy dispesedtwitls Pespect i tHel plrogpitionidBment P&stising ahtificrease in

fluorescence. QOther detestakle meigties include thasewhose flyoressence ispleacted by glucose
interaction via photoinduced electron transfer or inductive effects. 15 These include the lanthanide

chelates disclo$&fittios. Bttt 6288£366 NRcOIbraEd HETBRTEY Fefdrdite’ Bolyaromatic
_hydrocarbons anettherderamatives weaumaties; BobiRy, idansylagdtechelsr etx dmidthenclass of |

mojeties incluclg |03, phose ahperbance, secym L changes P an Leragten of fagindicator

compound with glucose, including Alizarin Red, etc. Another class of moieties include those whose
fluoresceh€e is MEdHEREF b PSRty RsHektd, Jo/g L B GP HoNd i dcceptbepdird Suéh &s
dansyl/dabsyl, gte- 25R1eferably. the-dateciable;quality-is ardeteatable: spectiad changacsuch as
changes in absorptive charagleristics (.- ansarbiivty andior, speglral Shif, 1 fluorescent decay fime
(determined by time domain or frequency domain measurement), fluorescent 30intensity, fluorescent
anisotropy or pdlarizateTea spedtralshiffe of the bmissiog spectiirhcaaphhge i titne-resolved

anisotropy dec?%@k?&%mi@@gdﬂyeti@emamﬁrtm&erzs:y darmainimeaswement), etc. It will be
u

understood that until use, the boronic 35 acid recognition elements may, be capped with a protecting
15 These include the lanthanide chelates disclosed in U.5.

Patent 6,344,360, incorporated herein by reference;
polyaromatic hydrocarbons and thelr derivatives;
coumarins; BoDiPy; dansyl; catechols; etc. Another c¢lass
of moieties include those whose absorbance spectrum

20 changes upon interaction of the indicator compound with
glucose, including Alizarin Red, etc. Another class of
moieties include those whose fluorescence is modulated by
proximity effects, e.g., energy donor/acceptor pairs such
as dansyl/dabsyl, etc.

25 Preferably, the detectable quality is a detectable
spectral change, such as changes in absorptive
characteristics (e.g., abscrbtivity and/or spectral
shift), in fluorescent decay time (determined by time
demain or frequency domain measurement), flucrescent

30 intensity, fluorescent aniscotropy or polarization; a
spectral shift of the emission spectrum; a change in
time-resolved anisotropy decay (determined by time domain
or frequency domain measurement), etc.

It will be understood that until use, the boronic

35 acid recognition elements may be capped with a protecting
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group. Such groups are well known, and include neopentyl glycol, pinacol, etc. In certain
embodiments, the capped recognition element is decapped in the medium in which the compound is to
be used. 5The present invention also encompasses compounds with improved resistance to oxidation
that do not necessarily contain a detectable group. Such compounds can be used in, for example,

chromatography /gsips usae-to SERAIBLE swgarse i thatdnstaneedhemresend cosmpeundsiwould be 10
linked to a resin or other solid support via a linker that is capable f,with%tandicqg thgacondétions to
which the resinDr&ipborPis & ftjected E € The Thdicdto? Bmpounds of the present invention, if soluble,
may be used directtyinisalutior if soetesinesl. d8c@pitke othrerttandydfthendesiredrapplication so

requires, the indicator compoundsmay e immopilized (such as by mechanical entrapment or covalent
or ionic attachment) onto or within an insoluble surface or matrix such as glass, plastic, polymeric

materials, &tc. Whert2@ tRe #ffiator BHRTNOLA i€ BFRrappea Wit Sfor eXERMIE I dthEP polymer, the
entrapping materighpreferabbsshauld be sufficienty peemeablettodgluaese toealtove suitalyle interaction
between glucose a,rg_d :tLhe gndcii%actg[:ggg?gungbgaf th%&%q;c%tg%ggmpggnggrqr%gpggggly soluble or
insoluble in Wat%(r),nyea)t detéction in-an aquegus Medium'is desire , the indicator compound may be
co-polymerizediwith chydrephifié tnosdriereo-fatred hy disphiitSmaefémbrectifas 8E&cribed in, for

example, U.S. Batent 30 6,794,495, the, senteats ot whigh-aredneorperpatedriareinduy eefeeence.
Suitable linking groups to a polymer or support may i&n]t:lu e %rf%#s from aboui 1 tgeabout 20
contiguouslatorhd MR MaS beEBrahchEd Or Substititad ahdSAmER niay 38 indildé bne or more

heteroatoms, whichttetminratedb e furfctiohehgroupidapabie of fativerréaction or attachment to a
polym_er or sup%%ré. @)@3@9@&0%%@9&"&@@&9%g)g[ude alkyl; aryl; acyl; polyamide; polyether;
all optionally substituted, and combinations ‘ ,
The indicator compounds of the present invention, if
soluble, may be used directly in solution if so desired.

15 On the other hand, if the desired application so
requires, the indicator compounds may be immobilized
(such as by mechanical entrapment or covalent or ionic
attachment) onto or within an insoluble surface or matrix
such as glass, plastic, polymeric materials, etc. When

20 the indicator compound is entrapped within, for example,
another polymer, the entrapping material preferably
should be sufficiently permeable to glucose to allow
suitable interaction between glucose and the indicator
compound.

25 If the indicator compounds are sparingly soluble or
insoluble in water, yet detection in an aqueous medium is
desired, the indicator compound may be co-polymerized
with a hydrophilic monomer to form a hydrophilic
macromolecule as described in, for example, U.3. Patent

30 6,794,195, the contents of which are incorporated herein
by reference.

Suitable linking groups to a polymer or support may
include groups from about 1 to about 20 contiguous atoms,
which may be branched or substituted and which may

35 include one or more hetercatoms, which terminate in a

-] 3



5thereof. 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) 10 could be linked to an existing polymer, or the integral compound
in mMonomeric form could be polymerized or co-polymerized with another suitable monomer to form a

polymer. Alternatiyely ; g, $eRale NGRANEHC §8MNONENS-(6:8a ONEFPMRINING the recognition 15
elements, and one containing a detectable moieg/) could be copglymerized saq.that the resulting

polymer contaif B FRREELary I8ty BR the sy st8RPC T Many DERE 6Kt for tha dikafor
compounds of therpresgntinventon nintludkng: lises. as anditators ink. thep2Q. fietdsasf ;energy, medicine

and agricuture, QU EXATpIe 19 Mdiealor cOMpaLe cAN e sed i et shbrlevels o

supra-levels o ose in physiological buffers or fluids, such as blood, plasma, serum, interstitial fluid,
cerebrospinal fltitE ifimE; saliva, intraocular fluid, 25 lymph, tears, or sweat, thus providing valuable

information for diagnpsing: on meniteripg suchaliseases as dinbetes and adreral inguffieiency.

Medical/pharmaceutical production ofctiqlucose for n@@g@éré%rgggutlc aggllcatlon r %ures

monitoring and%tbac:tontiltbef. PL§8&LTor ﬁrgppc?gger?t invention in agncult?ﬁ%s include déte ing levels of

_glucose in soybeansahgnether afeiculturdl products. Glucese mustdserearefully monitored in critical
harvest decisions. forisuchihigh 35 vajHe Preducis as-wine grapegefAs alucose indhe most expensive

carbon source and feedstock in fermentation processes, glucose monitoringhfqr optimum reactor feed

rate contrblis ifiBBRtEntiR poweeAlchRoPprotiticfisr ReRetoy iixing Bnd Ehtidl of Yhitose
concentration alsgrip ds:eriticat towquatityraontiiod duringuorddbetigrodfysaft darkls and fermented

beverages, whigh ¢gpsumes i aigest amoupts gf glisose A aupentable, yjcigal diol) sugars

internationally. Wheh the indicator compounds incorporate fluorescent 10 indicator substituents,
various detectictPterhfifues’alS6 Bié kidfhYin the art Hof BXample tHBThhpounds of the invention

can be used in flugresseAt-sensing devices (&8s44.SiRatendNe.<%644:313)0r can be bound to
pOIymericlrgatereizilesr;nuecrbtgss, teasrgcg)agr% f%ro\zlli%lélaallning a detectable moiety) could

be copolymerized so that the resulting polymer contains

all necessary elements of the system,

Many uses exist for the indicator compounds of the
present invention, including uses as indicators in the

20 fields of energy, medicine and agriculture. For example,
the indicator compounds can be used to detect sub-levels
or supra-levels of glucose in physiclogical buffers or
fluids, such as blood, plasma, serum, interstitial fluid,
cerebrospinal fluid, urine, saliva, intraocular fluid,

25 lymph, tears, or sweat, thus providing valuable
information for diagnosing or meonitoring such diseases as
diabetes and adrenal insufficiency.

Medical/pharmaceutical production cf glucose for
human therapeutic application requires monitoring and

30 control.

Uses for the present invention in agriculture include
detecting levels of glucose in soybeans and other
agricultural products. Glucose must be carefully
monitored in critical harvest decisions for such high

35 wvalue products as wine grapes. As glucose is the most

qu....



15inspection. This latter technique would permit, for example, glucose measurement in a manner
analogous to determining pH with a strip of litmus paper. The compounds described herein may also
be utilized as simple reagents with standard benchtop analytical 20 instrumentation such as
spectrofluorometers or clinical analyzers as made by Shimadzu, Hitachi, Jasco, Beckman and others.

These moleculgs, wawd alsoproyide analyte-spegific chamicalpptisalssignalitansaugtion for fiber
optic-based sensors and analytical fluorometers as made 25 by Ocean Ogti S QDI%%%%n, Florida), or

Oriel Optics. RF & PHER 5,817 81F O ULIISUIE of Whiclk s TheSrporated nereii by reference,
describes a flugreseenea sending devigeintwhichithesorepounidsobictherpredanttihvantion can be used

to determine thg prgsencs, 30 o conganirglion of dlueose.a adiauid mesiur, Thesensing device

comprises a Iayer%g array of a fldorescent indicator molecule-containing matrix (hereafter "fluorescent
matrix"), a‘highigasarfilfer et & phatsdeteetor INTRRsIEHEE W IigRTsHITEd 235 Blerdfdbly a
light-emitting digde {iERnaisrloeatac: at least pastially, within dhe drdisatos snatesal, or in a waveguide
upon which the indicator matrix is discpr(ioseldli sggh tg?g”%g%%ﬁ%@g om m?éigpg ouree-causes the
indicator molechEs %0 HugtBSEE: Thé ig?]-pé:ss fiitsr' 5 alfows emitte %ght to reach the photodetector,
_while filtering ostuscattered irocidertilight fdam the light source. The fluorescence of the indicator

molecules employed,inJhe deyicg,describad S Ralent 55373k isamedulated @ attenuated or

enhanced, by the local 10 presence of glucose. ~ In the sensor described in U.SélgatelnstOS,517,313,
the materld) whicdhfdsiitams tRBRSGIC A holectF s PEinfiabie fo e ATIE TATS, the Snalyte can
diffuse into the matenialdwom the sueraunding st needimm]. 5 therebycaffectimg:the fluorescence

emitted by the indicator compaynds, The.lioht,sopree, indicalor compaund-gentainiag material,
high-pass filter and photodetector are configured such that at least a porfion of the fluorescence
emitted by the ifdicaitor dbnfpolirds20 ilPactk the photddeteEtdr2geRErating h éfdctrical signal

which is indicatiyg 10f{he rensgrisation ok glicose int #ia: syrpundingmedisaal  In accordance with
other possible embodiments for using the jindicator compounds of the present invention, 25 sensing
devices afsd aré GeREfedTh U.g.shﬁgte ?#o%".: 5%1?58&,”&9%9%%{&8% %) 4§e§f all incorporated
herein by referemgemple, glucose measurement in a manner analogous to
determining pH with a strip of litmus paper. The
compounds described herein may also be utilized as simple
reagents with standard benchtop analytical
20 instrumentation such as spectroflucrometers or clinical
analyzers as made by Shimadzu, Hitachi, Jasco, Beckman
and others. These molecules would also provide analyte
specific chemical/optical signal transduction for fiber
optic-based sensors and analytical fluorometers as made
2% by Ocean Optics (Dunedin, Florida), or Oriel Optics.
.8, Patent 5,517,313, the disclosure of which 1is
incorporated herein by reference, describes a
fluorescence sensing device in which the compounds of the
present invention can be used to determine the presence
30 or concentration of glucose in a liquid medium. The
sensing device comprises a layered array of a fluorescent
indicator molecule-containing matrix (hereafter
"fluorescent matrix"), a high-pass filter and a
photodetector. In this device, a light source,

35 preferably a light-emitting diode ("LED"), is located at
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The compounds of the present invention can also be used in an implantable device, for example to 30
continuously monitor blood glucose levels in vivo. Suitable devices are described in, for example, co-

pen_ding U.S. Patent Nos. 6,330,464, 5,833,603, 6,002,954 and 6,011,984, all incorporated herein by

reference. Particularly preferred compounds include the 35 compounds depicted in Figures SA and B
(the compoundg. desigpatad dinsukstituied” and "2-Mett «do nat eertain anelectran withdrawing

group, but are presented for illustrative purposes). The compounds. are. depi in the carboxylic acid
form and with tﬁ%‘b%%ﬁ%eaclfé’ 8?013“’;&)1 éﬁ?‘ei%‘ %n%))rr]o";lt-(l-:‘((::tae%d(.3 oi{/‘\?(re%v}é%f{it 3\iv(%ll %ggﬁg%g%stbod that, for
example, compouridstisving thel damoxyightidisarfortarid/oP Eafsed BBroie 88/l §rofips are

within the scope,of the presentipvention. hesaompayeds of the-presgnt ipvestien caabe 10 prepared
by persons skilled in the art without an undue amount of experimentation using r%gcllg known reaction

mechanisms afd H4Gert® Hor etamisis indiGdingTEchdi Mt haRiEHS WHidh aftéorsistent with the
general procedpies deseribesldelons 15 Seheine 1 Symthdseshaf dlucese Indidators:from
commercially a\slgillq:k()zlg .phefﬁ){!abofgﬂigr%sst%resngea'j)f the indicator molecules

employed in the device described in 0.S5. Patent 5,517,313

is modulated, e.g., attenuated or enhanced, by the local

10 presence of glucose.

In the sensor described in U.S5. Patent 5,517,313, the
material which contains the indicator molecule is
permeable to the analyte. Thus, the analyte can diffuse
into the material from the surrounding test medium,

15 thereby affecting the fluorescence emitted by the
indicator compounds. The light source, indicator
compound-containing material, high-pass filter and
photodetector are configured such that at least a portion
of the fluorescence emitted by the indicator compounds

20 impacts the photodetector, generating an electrical
signal which is indicative of the concentration of
glucose in the surrounding medium.

In accordance with other possible embodiments for
using the indicator compounds of the present invention,

25 sensing devices also are described in U.S5. Patent Nos.
5,910,661, 5,917,605 and 5,894,351, all incerporated
herein by reference.

The compounds of the present invention can also be
used in an implantable device, for example to

30 continucusly monitor blood glucose levels in vivo.
Suitable devices are described in, for example, co-
pending U.S. Patent Nos. 6,330,464, 5,833,603, 6,002,954
and 6,011,984, all incorporated herein by reference.

Particularly preferred compounds include the

35 compounds depicted in Figures 5A and B (the compounds

-16-



a) R1= R2=R3=Re H b) R1= R2=F, R3= Re H ¢) Ri= R3= R4=H, R2= CF3 d) R1= R3= R4=H, R2=
F e) R1= Re F, R2= R3= H f) R1=f32=C1, R3=R4=H g) R1=R3=R4=H, R2=0CF3 Ii) RI=R3=R4=H,
R2=S0O2NMe2 i) RI=R3=CI, R2=R4=-H Scheme 2 Synthesis of glucose indicator from commercially
available phenylboronic acid 8 Scheme 3 Syntheses of glucose indicators from commercially

available disubgtiuied brmmobenzenas 1AL 8® and “2-Methyl” do not contain

an electron withdrawing group, but are presented for
illustrative purposes). The compounds are depicted in
the carboxylic acid form and with the boronic acid group

S being unprotected. However, it will be understood that,
for example, compounds having the carboxylic acid salt
form and/or capped boronic acid groups are within the
scope of the present invention.

The compounds of the present invention can be

10 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:

15
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DMF, 80CCCl4 or benzene Oa, b1011 a,b12a,b a) R=CN, b) R=NO2 Scheme 4 Synthesis of

glucose indicator from commercially available sulfonyl chloride 1516171819 12021 Scheme 5
Syntheses of glucose indicators from commercially available substituted toluenes

"

Scheme 1 Syntheses of glucose indicators from commercially avaitable phenylborcmic esters
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Scheme 2 Synthesis of glucose indicator from commercially available phenyiboronic acid
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a) R1= R2=CF3 b) R1=H, R2= CF3 Scheme 6 Syntheses of glucose indicator from commercially
available substituted phenylboronic acid The starting compound 2 c in Scheme | may be
prepared 5 according to the following general synthetic routes: It will be understood that while the
syntheses shown just above may be used to synthesize compound 2c of Scheme 1, one of ordinary
skill would readilyskigRrEstaisk e\ HuEBakRIReIPBH Sandardipancdi@sle2iaisswald aibosnadnich are

within the scope of the present invention. EXAMPLE 1 The modulation of the fluores of various
10 molecules (depicted in Figure 5) by varying concentratlons lucose was determi The results
are set forth in Figute 1 and show that most of the mglecules tested modulated well. T 0 of the
molecules (the 4- and 2- % su ted cormpwnds) di #45 modulate well stirare
useful as oxidatio sistant t Jﬁ%ﬁmr expegm&nt,’?he ubstituted-comtrol an o]

compounds of the present invention (4-trifluoromethyl and 3,4-diflouro) were subjected to oxidation
treatment with 1 miatydrogen 20 petfbxide, and the loss of fluarescence intensity was idédsured.
Those data are shown in Figure 3.
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EXAMPLE 2 Several gels (produced as in Example 3) containing 25 compounds of the present
invention (4-trifluoromethyl, 3,4-diflouro and 4-fluoro) and a control (unsubstituted) were subjected to
long term exposure to 10 pM hydrogen peroxide and 4 mM glucose/PBS at 37C, and the loss of
fluorescence intensity was measured. Those data are 30 shown in Figure 2. In addition, the measured
in vitro half life datrefar stbyac.af thewcampactnd raieosnifoitly imikabletblyplowide  The data in the
table show that, as compared with the standard unsubstituted monomer, the 3,4-difluoro and 35 the
4-trifluoromethyl analogs have approximately 33 angl 26 times Iongép(lﬂralf life, respecﬁvé’ry, in the

presence of IOpM_hydrogen peroxide..For comparidQnsHiterature reperts that typical pgiological

hydrogen pero 4@ levels ase approximatelys0.5p aximljfgi"%dso e S5¥rom th @are the
differences in ay

igrage fluorescence, intensity-Both.analogs.showlo overgll, modulatfon, but
substantially greater fluorescencef(are brighter) andthus pgvide asfdnger signal, refisiny the signal
to noise ratio and therefore greater resolution in 10 a sensor product as a side benefit. The lower Kd
measured for thesg-trifluoromethyhendicator is super#r to the standarttcontrol for the ptfpose of
human glucose sensing, because it has greater sensitivity to glucose in the physiological range.

.15Table 1 INDICATOR AVERAGE FLUORESCENCE AVERAGE % MODULATION Average t90
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Kd for Glucose HALF LIFE INTENSITY (0to20 mM glucose) (37C) (days) at37C in4 mM glucose and
10

Scheme 5 Syntheses of glucose indicators from commercially available substituted toluenes
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Scheme 6 Syntheses of glucose indicator from commercially available substituted phenylboronic acid
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The starting compound 2 ¢ in Scheme 1 may be prepared

5 according to the following general synthetic routes:
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PM[1202 Unsubstituted 9198 248 4-5 19.1 1.1 3,4-Ditluoro 12690 131 3-4 30.9 33 4- 14921 191 4-5
12.2 26
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Trifluoromethyl 20 EXAMPLE 3 Two compounds according to the present invention (4-
trifluoromethyl and 3,4-diflouro) and the unsubstituted control were each copolymerized with
hydroxyethyl 25 methacrylate (HEMA)and acrylic acid, and crosslinked with ethylene glycol
diméthacrylate (EGDMA) to form a water insoluble polymer graft, which was then implanted into a rat

to be subjected to inive, 9xidaion far22 or 43days, Unamaxplant. the Huetessenes of gach
compound was 30 measured, and the data are shown in Figure 4. The com%ounds of the present

invention retainéBSgreale? YRIoTESE N e tRifp &R d 8 thE TBNES]. EXRMBIE 4% Séveral compounds of
the present inventignnwele eagle of ordinary skill would readily understand

how to make compounds 2a-2b and 2d-2i as well, all of

5 which are within the scope of the present invention.

) ~ EXBMPLE 1.
The modulation of the fluorescence of vaziods

10 melecules (depicted in Figure 5) by varying
concentrations of glucose was determined. The results
are set forth in Figure 1, and show that most of the
molecules tested modulated well. Two of the mclecules
{the 4-nitro and 2-methyl substituted compounds) did not

15 modulate well, but still are useful as oxidation-
resistant tags. In a further experiment, the
unsubstituted control and two compounds of the present
invention (4-triflucromethyl and 3,4-diflouro) were
subjected to oxidation treatment with 1 mM hydrogen

20 peroxide, and the loss of fluorescence intensity was

measured. Those data are shown in Figure 3.

EXAMPLE 2
Several gels (produced as in Example 3) containing
25 compounds of the present invention (4-trifluoromethyl,
3,4-diflouro and 4-fluoreo) and a control (unsubstituted)
were subjected to long term exposure to 10 pM hydrogen
percoxide and 4 mM glucose/PBS at 37°C, and the loss of
fluorescence intensity was measured. Those data are
30 shown in Figure 2. In addition, the measured in vitro
half life data for three of the compounds are set forth
in Table 1 below.
The data in the table show that, as compared with
the standard unsubstituted monomer, the 3,4-~-difluoro and

35 the 4-trifluoromethyl analcgs have approximately 33 and
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copolymerized with hydroxyethyl methacrylate (HENA), acrylic acid and ethylene glycol dimethacrylate
(EGDMA) to form water insoluble polymer gels, as in Example 3. 10 Their stability towards oxidant
was assessed by subjecting the gels to 1 mM hydrogen peroxide in PBS at 37C. Those data are
shoWwn in Figure 6. In a further experiment, two of the indicator gels (the 4- trifluoromethyl and

4-trifluoromethylsulfone. ge@%sgg @g@j@gt@@}torjegﬁé@yg@gp}p’ perexidesindhequrgsence of 4 mM

glucose in PBS at 37C. Those data are shown in FigEure 7. Half-lives calculated from the two
aforementione® Sty XBERRRTHs BRE 88t f5fth in“fbIE 9™RE A ¥GHer E%&’ﬁﬂgﬁt‘: ¥he fluorescent
change 20(% meguatien)tfiam G tgp2emMrylvedsd ofvardushindicagenggls was nreasured and the

results are shown jn Fioure.8. 25Table 2 Indicater Gehtl(2 ¢Tingies) 2 Nogwaliggd to Unsubstituted
Unsubstituted Z\l{v 1 f—ﬁuoro
5 from the table are the differences in average
fluorescence intensity. Both analogs show lower overall
modulation, but substantially greater fluorescence (are
brighter) and thus provide a stronger signal, raising the
signal to noise ratio and therefore greater resolution in
10 a sensor product as a side benefit. The lower Kd measured
for the 4-trifluoromethyl indicator is superior to the
standard control for the purpose of human glucose
sensing, because it has greater sensitivity to glucose in

the physiological range.

15 Table 1
INDICATOR AVERAGE RVERAGE % Average ; Kd for HALF
FLUORESCENCE | MODULATION £ 90 Glucose | LIFE
INTENSITY (0 to 20 (37°C) (days)
mM at 37°C
glucose) in 4 mM
glucose
and 106
]JM HQOQ
Unsubstituted 9198 248 4-5 19.1 1.1
3,4-0ifluoro 12690 137 3-4 30.9 33
4 14921 181 4-5 12.2 26
Triflucromethyl
20
EXAMPLE 3

Twe compounds according to the present invention (4-
triflucromethyl and 3,4-diflouro) and the unsubstituted
control were each copolymerized with hydroxyethyl

25 methacrylate (HEMA)and acrylic acid, and crosslinked with
ethylene_glycol dimethacrylate (EGDMA}) to form a watexr
insoluble polymer graft, which was then implanted into a
rat to be subjected to in vivo oxidation for 22 or 43
days. Upon explant, the fluorescence of each compound was

30 measured, and the data are shown in Figure 4. The
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6 1.5 4-Dimethylsulfonamide 9 2.2 3,4-difluoro 13 3.2 4-Fluoro 13 3.2 4-Chloro 15 3.8
4-Trifluoromethyl 17(30*) 4.2 4-Cyano 18

P

10

15

20

25

compounds of the present invention retained greater

fluorescence compared to the control.

EXAMPLE 4

Several compounds of the present invention were each
copolymerized with hydroxyethyl methacrylate (HEMA),
acrylic acid and ethylene glyccl dimethacrylate {EGDMA)
to form water insoluble polymer gels; as in Example 3.
Their stability towards oxidant was assessed by
subjecting the gels to 1 mM hydrogen peroxide in PBS at
37°C. Those data are shown in Figure 6. In a further
experiment, two of the indicator gels (the 4-
trifluoromethyl and 4-triflucromethylsulfone gels} were
subjected to 1 mM hydrogen peroxide in the presence of 4
mM glucose in PBS at 37°C. Those data are shown in
Figure 7. Half-lives calculated from the two
aforementioned stability experiments are set forth in
Table 2. In a further experiment, the flucrescent change
(% modulation) from 0 to 20 mM glucose of various

indicator gels was measured and the results are shown in

Figure 8.
Table 2
t i
£t 12 Normalized to
Indicator Gel (minutes) Unsubstituted
Unsubstituted 4 1
5-Fluoro o 1.5
4-Dimethylsul fonamide 9 2.2
3,4-difluoro 13 3.2
4-Fiuoro 13 3.2
4-Chloro 15 3.8
4-Trifluoromethyl 17 {30%*) 4.2
4-Cyano 18 4.5
4._
Trifiuorcoemethylsulfone {35%)

“25-



4.5 4- Trifluoromethylsulfone (35*) 3,5-Dichloro 22 5.5 5-Trifluoromethyl 24 6.0 4-Trifluoromethoxy 24
6.0 3,4-Dichloro 32 8.0 3,5- Bis(trifluoromethyl) 495

r

3,5-Dichloro 22 5.5
5-Triflucromethyl 24 6.0
4-Trifluoromethoxry 24 6.0
3,4-Dichloro 32 8.0
3,5~
Bis{trifluoromethyl) 495 124.0
* In 4 mM Glucose
Solution

5

EXAMPLE 5

Synthesis of 3,4-difluoro Indicator: 9-[N-[6-(4,4,5,5,-
tetramethyl-1, 3, 2-dioxaboroliano) -2, 3-difluorokbenzyl]-N-
10 [3~ (methacrylamido)propylamino]lmethyli-10-[N-{6-
(4,4,5,5, ~tetramethyi-1, 3, 2-dioxaberolano) -2, 3-
difluorobenzyl]-N-{2-
{carboxyethyl)amino]methyljanthracene sodium salt (4b).

15 Step 1: 9-[N-{6-(4,4,5,5,-tetramethyl-1,3,2~
dioxaborolano) -2, 3-difluorobenzyl]-N-[3- (metha-
crylamido)propylaminolmethyl]-10-[N-[6-(4,4,5,5,-
tetramethyl-1,3,2~dioxaborolanc)-2,3-diflucrobenzyl] ~N-
[2- (tert-butoxycarbonyl) ethylaminolmethyl]lanthracene

20 {3b) :
9~ [N-[3~{methacrylamido)propylamino]lmethyl}-10-[N-[2Z2~
(tert-butoxycarbonyl)ethylanino]methyl]-anthracene (1,
2.40 g, 4.91 mmol) was placed into 150 mL round-bottom

2% flask and stirred in 19 mlL dimethylformamide until
dissolved. 2-(Bromomethyl)~3,4-difluorcophenylboronic acid
pinacol ester (2b, 4.920, 14.7 mmol, 3 equiv.) and DIEA
(6.8 mL, 39 mmol, 8.0 eq) were added and stirred undex
Argon stream until everything dissolved then heated to

30 80°C in an oil bath and under a stream of Argon for 3
hours. The DMF was removed under vacuum, ether (200 mL}
added and washed with phosphate buffer (100 mL of 0.1 M,

pH 7.0). The agueous solution was backwashed with ether
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124.0 * In 4 mM Glucose Solution 5 EXAMPLE 5 Synthesis of 3,4-difluoro Indicator: 9-[N-[6-(4,4,5,5,-
tetramethyl-1,3,2-dioxaborolano)-2,3-difluorobenzyl]-N-
10[3-(methacrylamido)propylaminolmethy11-10-(N-[6- (4,4,5,5,-tetramethyl-1,3,2-dioxaborolano)-2,3-
difluorobenzyl]-N-[2- (carboxyethyl)amino]methyl]lanthracene sodium salt (4b). 15 Step I:
0-(14-[6-(4,4,5,8-tetratetiyl-1:3;2- the combined ether solutions were dried

dioxaborolano);2 3-difiuozphenzy 1)-Nc3:(methacndaridoiprapyiaminalmeindh k0 Nel6-(4,4,5.5,-
tetramethyl-l,3,2-d|oxaboroqlano -2,3-difluorobenzyl]-N- [2-(tert-butoxycarbonyl)

ethylamino]metfilahtHrage s DOP3h)POHRER- frhethaeAIEMido) b TARAMBTmE -0 (N-[2-
(tert-butoxycarberyflethylamineknethyli-anthracene{E 2.46 gr418demmoiivas pldcéd irntd 150 mL

round-bottom 25 flask and stirred | L, dimethylformamide untiLdissqlved. ~whi
h ff-whit
2-(Bromo ethi'/"'I}- ,4-%ﬁfuqo:?88hegr%?ltz}§ro%|c é/gdggf\rélacol e@tjer (2p, 4.90, 14.7 momol,%équeiv.) and

DIEA (6.8 mL, 89utiatol <&.0ed) Sterevadded &yd Sfitred Undef ArgeMBHBANTEAR everything dissolved

then heated to 30.80G 4 ag.il hath apgcunder 2 streamsef Avgeafag3 HoussiTheMF was removed
under vacuum, ether (200 mL) added anmashed Wi@dphosphalt]e 9uffer 109 mL. %fi 1 M, pH 7.0).
_ The aqueous soflitfoh w48 BAcRTESRESE (th etRBF (330106 mi) & T

d.t%%ecomgin]'éﬁ ether solutions
were dried oves Na2S04 4T ke ethel veas. réipoved-andeénvacutiy andtaé wesulting yellow powder

triturated,with %ng(ﬂg dob)for 15 minutes, ;krisurationaf the ceude;proguct 2 600).

RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters
3.9 x 150 mm NovaPak HR Cl8 column with guard column,

15 0.010 mL injection, 0.75 mL/min, 1.500 mL injection loop,
254 nm detection, A = water (0.1% v/v TFA} and B = MeCN
(0.1% v/v TFA), gradient 10% B 2 min, 10-80% B over 18
min, B0-100% B over 2 min, 100 %B 2 nin, retention time
16.4 min.

20
Step 2: 9-[{N-[6-(4,4,5,5,~tetramethyl-1,3,2~-dioxaborolano) -
2,3-difluorocbenzyl] -N-[3-
(methacrylamido)propylaminolmethyl]-10-[N-[6-(4,4,5,5,~
tetramethyl-1,3,2-dioxaborolano) -2, 3~difluorobenzyl]-N-[2-

25 (carboxyethyl)aminolmethyl)anthracene sodium salt (4b)
9-[N-[6-(4,4,5,5,-tetramethyl-1, 3, 2-dioxaborclano) -2, 3~
diflucrobenzyl]-N-{3-{metha-
crylamido) propylaminolmethyl]-10-[N-[6-(4,4,5,5,~

30 tetramethyl—l,3,2mdioxaborolano}—2,3~difluorobenzyl]*N—
[2~(tert-butoxycarbonyl) ethylamino]lmethyl]anthracene
(3b, 1.50g, 1.51 mmol) was placed into a 100 mL round
bottom flask and dissolved in 10 mL of a 60:40 CHyCl,:TFA
solution. The reaction mixture was allowed to stir at

35 ambient temperature for up to 2 days or until HPLC
analysis showed less than 1% of starting material

remained. The solvents were removed under vacuum. The
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5 with boiling 80/20 ethyl acetate/IPA yielded an off-white powder of - 98% purity by HPLC. Crude
samples were combined and recrystaliized by suspending in boiling 80/20 ethyl acetate/IPA and
adding ethyl acetate until all solid dissolved. Upon cooling, pure product 10 crystallized as an off-white
powder (1.54 g, 32% yield). RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters 3.9 x 150
mm NovaPak HBG 18 £0lumaavithrguard ecolunal £60.010 MD inBetdn, HASLN LT min ok&00 mL

injection loop, ﬁ?f; gggﬂ g%eftio% @h:ew%g%g%%%uvr{\égf@.%%.: MeCN (0.1% viv TFA), gradient

10% B 2 min, ver 18 min, 8 B over 2 min, 100 %B 2 min, retention time 16.4 min.
20 Step 2: 9-MdbqAle scmaeiranfetiY 55103 PidioRabodTaR) T 2 BLamubisEem§a f-R-pRr e
(methacrylamido)propydamingmethyld-10-Milé-¢4 Addme a yellow powder. The
tetramethyl-l,3,2-dioxaborolanog-z,3-difluorob§§z%1]-N-g3- dZ5 gﬂarbo%eég%lg%minnocsmethyllanthracene
sodium saft (45 fX6 142 5 52 @ranetA-£3, 2 dickabdisianc)-2 13- diffiorobenzy1]-N-[3-(metha-
crylamido)propytaridofinethwildel O-(NA62(04/8.6,c3Dd saturated aqueous NaHCO;

tetramethy1-1,3,2-dioxghqrolang)-243:diflugrohenzyllsN+ [2:(ertbiteycagaonyly <c.
ethylamino]methyllanthracene (3b, 1.50g, 1.51 mmol) was placed into a 100 mL round bgttom flask
_and dissolved iR Fblord 80:4PCHIEL2 FEA DUt SHrehehon mixitid wis dllotvéd to stir at

35 ambient temperatire dobyp e daysariungil 6P LG analygisrshowed: lessghan d %of starting _
depvacyym, Ihe jregidual pradyctwas dissolved in

material remained, T reisé%vggtgrwearrgqr}(;?%vueg '#1%
30 mL of CH2C¢ ™ followed by removalo the solveht uder vacuum. The dichloromethane dissolution
/ evaporation treagadatsavére?]l g yellow powder. The crude product was

dissolved in 30 mL of anhydrous CH;Cl; and transfered to a
100 mlL round bottom flask. PS-DEAM beads (0.38 g) were
added to the flask and the reaction mixture was shaken at
15 ambient temperature for 16 h. The beads were filtered and
washed with 5 mL dichloromethane. The combined organic
sclutions were concentrated undexr vacuum. Pure product

(0.979g, 68%) was obtained as a yellow powder.

20 Structure determination:
RP-HPLC conditions: HP 1100 HPLC chromatcgraph, Waters
3.9 x 150 mm NovaPak HR C18 column with guard column,
0.010 mL injection, 0.75 mL/min, 1.500 mL injection loop,
254 nm detection, A = water (0.1% v/v TFA) and B = MeCN

25 (0.1% v/v TFA), gradient 10% B 2 min, 10-80% B over 18
min, 80-~100% B over 2 min, 100 %B 2 min, retention time
14.1 min.
'H NMR (400 MHz, CDCly): & 1.32 (s, 12 H), 1.33 (s, 12H),
1.50 (m, 5H, O=C-C{CHp)CHs3), N-CH2CH;CH;-N), 2.33 (t, 2H),

36 2.38 (t, 2H), 2.78 (m, 2H), 2.83 (m, 2H), 4.21 (s, 2H),
4.41 (s, 4H), 4.60 (s, 2ZH), 4.80 (t, 1H, C=CHy}, 4.95 (s,
1H, C=CHy), 5.25 (br, 1H, NH), 7.15-7.25 (m, 1H, ArH),
7.28-7.32 {(m, 1H), 7.35 {(m, 4H, Arg), 7.68 {dd, 1H, ArH},
7.82 (ad, 1H, ArH), 7.8 (d, 2H, ArH), B.20 (d, 24, ArH).
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repeated until the product became a yellow powder. The 5 powder was dissolved in 60 mL of
dichloromethane and added dropwise into 250 mL cold saturated aqueous NaHCO3 at a rate such
that the temperature stayed below 5 C. The solution was stirred for an additional 5 min at < 5C
followed by partitioning of the layers. The organic layer 10 was dried over anhydrous Na2SO00 filtered
and concentra@8 T Main(FER agebboi poidef wake ehide’ pfodbct Was HeSoRed in’36 ril of

anhydrous CH212 and iransfered tg a Q0 gk raynd bostor flagkRSDEAN baads (2,38 g) were

added to the flask ané! the reaction mixture was shaken at 15 ambient temperature for 16 h. The beads
were filtered aktPRRBREI IG5 i BRMiGToRRtR&Re 2 Fife BEMbARAFST ié’gglﬁﬁoﬁéﬁvere
concentrated ugdervacuwdnd Puie peoduct (0.9F9gn68%s ivas obtained as a yellow powder. 20
Structure determination: RP-HPLC conditions: HP 1100 HPLC chromatograph, Waters 3.9 x 150 mm
NovaPak HR C18 column with guard column, 0.010 mL injection, 0.75 mL/min, 1.500 mL injection
loop, 254 nm detection, A = water (0.1% v/v TFR¥ARBIE =MeCN 25(0.1% v/v TEA), gradient 10% B 2
min, 10-80% B over 18 min, 80-100% B over 2 min, 100 %B 2 min, retention time 14.1 min. NMR

(400 MHz, CDG{3)Rreb 32 (6£14 Hr 1 88:(Sr dkbnY, DOHU Lk ¥253G-C(CHR) CHI),

- N-CH2CH2CH2:N)4 2533 (t- 2H).:3088 {1 2H) 32 7810,2H), 283 (m) 288, 4.21 (5, 2H), 4.41 (s, 4H),
4.60 (s, 2H), 4.90£t, Akt 1GREHRY,14 95618y 1H-8=CH2), 5.25 (br, 1H, NH), 7.15-7.25 (m, 1H, ArH),
7.28-7.32 (M, 1H)e VI35t 14K i AcH ) Tob§ [ddy it awe); 7.80- (Rt M- IrHY 47 8,(8l, 2H; ArH), 8.20 (d,
2H, ArH). ESI-MS (FRatdeelonitrite/vadé) ¥ 220 34MBH20FH)4, 738.3 (M-2H20+H)4, 756.4 (M-
H20+14)4, 794 -+ Nay4 sstethb bidtetbnic dcid Béronic esters are not observed under the acidic
conditions of thiscanBIg%ise STEARPLE 67 Hindsie bF ArAfRIF oty Thdigdtor: (G$N6-

(4,4,5,5,-fetramethy1-1,3,2-dioxaborolano)-3- 10(trifuoromethy|&benzglI-N-(3-
Step 1: 9-[N-{6-(4,4,5,5, ~tetramethyl-1,3,2-

dioxaborelano} ~3- (trifluoromethyl)benzyl] -N-[3-
(methacrylamido)propylamino]methyl]-10-[N~[€6-(4,4,5,5,~
tetramethyl-1,3,2-dioxaborolanc) -3~
20 {(trifluoromethyl)benzyl]~N-{2- (tert-butoxycarbonyl}
ethylamino]lmethyllanthracene (3c)
9- [N={3~ (methacrylamido)propylaminolmethyl]-10-[N-[2-
(tert~butoxycarbonyl)ethylamino]lmethyli]-anthracene (1,
25 2.10 g, 4.29 mmol) was placed into 230 mL round-bottom
flask. It was dissolved in 5 mL of degassed
dimethylformamide. 2-{(Bromomethyl)-4-{trifluoromethyl)
phenylboronic acid pinacol ester (2e, 3.80, 10.4 mmol,
2.4 equiv.) was dissolved in 4 mL of N; sparged DMI and
30 added to reaction flask. The solution was stirred and
fiushed with N, for 5 minutes. DIEA (6.0 mL, 34 mmol, 8.0
equiv.) was added to the reaction mixture and the
solution was allowed to stir under a gentle stream of
nitregen and in the dark at ambient temperature over 2
35 nights. After 48h the solvent was evaporated in vacuo.
The residual product was dissolved in 100 mL of
dichloromethane and extracted with 2 x 50 mlL portions of
phosphate buffer (0.1 M, pH 7.0). The dichloromethane

solution was dried and evaporated in vacuo resulting in a
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(methacrylamido)propylaminolmethyl)-10-[N-[6-(414,5,5,- tetramethyl-1,3,2-dioxaborolano)-3-
(trifluoromethyl)benzyl)-N-[2- (carboxyethyl)amino]methyllanthracene sodium salt (4c). 15 Step 1:
9-W-N-(4,4,5,5,-tetramethy1-1,3,2- ;
dioxaborolano)-3-(trifluoromethyl)benzyll-N-[3(methacrylamido)propylamino]jmethy1]-10-N-(6-(4141515
- tetramethy1-4¢8, 2<tioxalborolae®) <120 (Thiftucromdehy Yoetzgl- Nz (tektiunreRy darbohyl)
ethylamino]methydlanihragene (369 INv3renethagpdamido)propylapainplpethyl]-10-[N-[2-
(tert-butoxycarbonyflethylaminolmethyll-anthracene (1, 25 2.10 ﬂ? 4.29 mmol) was Elacjgd into 250 mL
round-bottom fRIEKS RS BRsBRRY A mLF d@%\sgééj‘bﬂﬁ% ViBmARfiggetant ©

2-(Bromomethyl)4-(riftunromeihy) phesythoronic acid3pibacolesStgr@ind.§8;id:4 mmol, 2.4 equiv.)
was dissolved jn 4 mL of,N2 spa DME ”19 3Q dded to reaqtionflask. The solution was stirred
and flushel%c:l with N2 F6r" ?niﬁﬁ%eig.%%ré\;ﬁ?;% nl;L, §4 mmol, 8.0 egé]iv.) was added to the reaction
mixture and the spletioh Vias alowed 6 atir inderZrBEARS Biteartolnifrbgehn ahtfinkR&E dark at

ambient tempegature gyer-2 35-nights. After 48 the solveptwas,auanasategdaa@cyoy The residual

product was dissolved in 100 mL of dichloromethane and extracted with 2 x 50 mL portions of
_phosphate buffét 0.1 M, pH 7.0). The dichloromethane solution was dried and evaporated in vacua
resulting in a golden oily residue. The crude product was stirred for 15 - 30 minutes with 10 mL of

hexane uipéil yegg\évu recipitat occurre(%..lt was filtered and the weight of the product was determined

(- 3.5 g of yellow pow 36.695 eegﬁjﬁ%apr(lngﬂlc't was purified by multiple crystallizations from hot

2-propanol (< Rt HELP ACpeddrabens compolhly) PUECrediem3Ey wasitolleWatECs.5 g). 10
Structure determination; RP:HPYC Conditions: HR 1409 HBLG chromatagiaph, Waters 3.9 x 150 mm

NovaPak HR C18 column with guard column, 0.010 mL injection, 0.75 mL/min, 1.50Q mL injection
loop, 254 nm d8tethiBn™R 2 REt&EPTY6 Viv jHrEA‘)le(ﬁ‘dlé'z Mty 18t0.189 G~ “PER), ‘§i88rent 10% B 2
min, 10-80% Bxver A8 mi; 80:100P)p B.over tain, 100 PAB&/min; #2terdion thne 17s€/in. 111 NMR

(400 MH3Z, CDC13); § 1,95 (Gl CLGHRIDNL 326 425, Qi G(CHRIAAORIZIC0), ¢l 35 (s, 12H, 0-
min, 80-100% B over 2 min, 100 %B 2 min, retention time
17.8 min.

g NMR (400 MHz, CDCli): & 1.25 {s, O9H, C(CH3)3), 1.32 (s,
12H, 0-C{CH3).C(CHs3),,C-0), 1.35 (s, 12H, O-
20 C{CH4),C(CH3)2,C~0), 1.46 (s, 3H, O=C-C(CH,}CHs}, 1.65 (m,
2H, N-CHCH,CH,-N), 2.43 (t, 2H), 2.52 (¢, 2H), 2.88 (t,
2H), 3.04 (m, 2H), 3.98 (s, 2H), 4.05 (s, 2H), 4.42 (s,
2HY, 4.45 (s, 2H), 4.82 {(s, 1H), 4.88- 4.90 (br, 2H, NH
overlap with CH), 7.38-7.42 (m, 5H, ArH), 7T.5C (d, 1iH,
25 ArH), 7.63 (s, 1H, ArH), 7.8C (m, 2H, ArH}), 7.89% {(d, 1H,
ArH), 8.32 (m, 4H, ArH).
ESI-MS (TFA/acetonitrile/water): 858.4 (M-2H,0+H)", 876.3
(M- H,0+H)" for the bis-boronic acid. Boronic esters are
not observed under the acidic conditions of this

30 analysis.

Step 2: 9-{N~-[6-(4,4,5,5,-tetramethyl-1,3,2-dioxaborolano)-
3- (trifluoromethyl)benzyl] -N-[3- (methacrylamido)propyl

35 aminojmethyl]}-10~[N-[6-(4,4,5,5, ~tetramethyl-1,3,2-
dioxaborelano) -3~ {(trifluoromethyl}benzyl]-N~[2~

~30-



20C(CH2)2C(CH2)21C-0), 1.46 (s, 3H, 0=C-C(CH2)CH3), 1.65 (m, 2H, N-CH2CH2CH2-N), 2.43 {(t,
2H), 2.52 (t, 2H), 2.88 (t, 2H), 3.04 (m, 2H), 3.98 (s, 2H), 4.05 (s, 2H), 4.42 (s, 2H), 4.45 (s, 2H), 4.82
(s, 1H), 4.88- 4.90 (br, 2H, NH overlap with CH), 7.38-7.42 (m, 5H, ArH), 7 50 (d, 1H, 25ArH), 7.63 (s,
1H, ArH), 7.80 (m, 2H, ArH), 7.89 (d, 1H, ArH), 8.32 (m, 4H, ArH). ESI-MS (TFA/acetonitrile/water):

858.4 (M-2H203£1) 11,8283 8MA H2R44 D feigiiaborgnie asld. Kuuonis exders ared)ot observed

under the acidic conditions of this 30analysis. Step 2:
9-[N-[6-(4,4,5,5+tetamethyil-1,3:2 gljoxahoralaad)ry 1 - 1, 3, 2-dioxaborolano) -3~

3-(trifluoromethyhbenzy1]-N-P-(methacrylamido)propyl 35 .
aminojmethyl]-fg-ﬁj[lg%f%ﬁ?ﬂg, ,}fe?%r%}ge%ﬁr;}]ffl}EZ?%iogné%%}rl&gﬁgﬁl-&(triﬂuoromethyl)benzyl]-N-P-
(carboxyethyl)amindirmethylizhtimaceresttivhl salf (4d)- [6-(4,4,5,5, ~tetramethyl-

9-[N-[6-(4,4,5,5,-teframegthy ;L 3. -digxahosalane)-81 (i Hecraemernyl benayiN-{8-(msthacryl- 5
amido)propylam|no]methy11-10-[N-(6-(4_ 4,5,5,-tetramethyll,3,2-dioxaborolano)-3- gifluoro-methyl)ben
zy11-N-(2- (tertiE@t%&?@éﬁ)%%@Wﬂwbﬂﬁ@ﬁ@ﬁ%fﬁ?éxw&ﬂc}, 35374 T80 mifiol) was placed
into a 250 mL round heftom flask and dissalvethinal@ el ofca 68:40bdegasseshibdl GHR2E LA TPA

solutio_n. The re _C;gig_g _rgi%((tyr was ?@%\geq_ 3rt]o .fgr %Earéwgiea[lt _%pggr%}g[geafsog gél-48 h or until HPL_C
analysis showed 1ess than 1% 5 starting material remained. The residual product was washed with 30

mL of CHZC12G6H6Wedlby: rernbvalistthe Bofvert apbép Paduiufh V15 THesdigRlbriiRetHahe washes

were repeated uptil,the produgthacame sellowrowder. Theqpowderwas dissohectin 60 mL of
dichloromethane and added dropwise into 240 mL _cold saturated, a(%ueous NaI-!LCOB at a rate such

that the temperaltitd Stdye FBEIG5 € 5Fhe- 58 ltdr V\?aé Stirfsd 26 fof 'S &

of & additional 5 min at < 5C
followed by partitiaring of the tayers.sEhmoiganic éxtractsaveresdriettovertanBfrods Na2S04, filtered

and concentrated yislding § g yellow popler The gwda arodyet uigs dissalyedindaL. of anhydrous
CH2C12 and transfered to a 100 mL round 25 bottom flask. PS-DEAN beads %0.55 g, 1 mmol, 1 eq)

were addéd to theci|abkANPIHEREREBA M8 SvaCHESHERRRRR Ritrdgdn-for 2'finutes. The solution
was shaken at gmbignitempesatare forshe bwThebeads wene fiteretk and avashiesswitlv @ 10 mL

dmhkﬂonﬁﬂhanghTES(ﬁﬁp%?egichioromethane and added dropwise into 240
mL cold saturated aqueous NaHCO; at a rate such that the
temperature stayed below 5 °C. The solution was stirred

20 for an additional 5 min at < 5°C followed by partitioning
of the layers. The organic extracts were dried over
anhydrous Na;304, filtered and concentrated yielding 1 g
yellow powder. The crude product was dissolved in 10 mlL
of anhydrous CH;Cl; and transfered to a 100 mL round

2%  bottom flask. PS-DFAM beads (0.55 g, 1 mmol, 1 eq) were
added to the flask and the reaction mixture was flushed
with nitrogen for 2 minutes. The solution was shaken at
ambient temperature for 16 h. The beads were filtered and
washed with 2 x 10 mL dichloromethane. The combined

30  organic solutions were concentrated under vacuum. Fure

product {4c) was obtained (0.603 g, 60% of indicator).

Structure determination:
mp : 91~9% °C (uncorrected)
35 RP-HPLC conditionsg: HP 1100 HPLC chromatograph, Waters
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30 organic solutions were concentrated under vacuum. Pure product (4c) was obtained (0.603 g, 60%
of indicator). Structure determination: zap:91-95 C (uncorrected) 35 RP-HPLC conditions: HP 1100
HPLC chromatograph, Waters 4.6 x 100 mm Symmetry 3.5p C18 column (with Sentry C18 guard
column), 0.010 mL injection (sample dissolved in 70/30 water/MeCN with 1% v/v TFA), 0.100 mL

injection loop, Q. 75 mL/Mp, AR4 SAetacsion, &~ water(1 19T B BranskR =MeSN (0.1% viv TEA),
gradient 10% B 2 min, 10-80% B over 18 min, 80-100% B over 2 mjn, 100 %B 2 min, retention time

149 min.  1PFRMR ER00MHz, CpE18) ™1 WECT 9D, {158l d i 5$ 3874 6b°m, 5H,

0=C- C(CHz)CHs))/Bbcm@ﬂ@émwﬁ;mn@(wzﬂ)mm (t,2HY) @.87.(mp 22<1)1 2192 (M, 2H), 4.05
(s. 2H), 4.35 (s, 211), 44 ). 4.55 4 H2)., HqG= 5.3-5.4
(br, 1H, NH), 7%%0 42 (n? gjﬁ%{:{#’ﬁ)n 5% f? W%“ﬁ Gi%%@%%‘%d %H A”r%%?& 86 (brs. ﬁ:@m)
7.85-7.90 fm, 3+NAB)=1EPOY (4011 ATHlY, §.12)d, SM>Aia) 838, Bz#f R, ESINi8s

(TFA/acetonitrile/water): 8024 (M-2420 b}, 82034 M-H2QhH)+,0838 4 (M)t,for the bis-boronic
acid. Boronic esters are not ghserv lig[ ugr;der the acidic conditions of this analysis. 20 EXAMPLE 7 25
6-

Synthesis of 4-ERIo78 indiBator 6 [N 6 {44-E 5, -
tetramethy1-1,312-tidRalidlant)=3-flodWhenzydi-N[34 (s, 12 H), 1.38 (s, 1ZH),

(methacrylamidp) @pylaf“ n?)thyggm B4 fc N-CHoCH,CHa-N) | 2. 31
tetramethyl-1,3, |oxabor 3 quorobenz 1 (Carboxyethggammolmethyllanthracene
sodium sak (4d)*?— 2H) 2 (t, 05

(s, 2H), 4.35 (s, 2H), 4.44 (s, 2H), 4.55 (s, 2H), 4.95
(¢, 1H, C=CH.), 5.05 {s, 1K, C=CHz), 5.3- 5.4 (br, 1H,
NH), 7.38-7.42 {(m, 4H, ArH), 7.52 {(d, 1H, ArH), 7.68 (d,
iH, ArH), 7.80 (br s, 1H, ArHj}, 7.85-7.90 (m, 3H, ArH),

15 7.9%1 (d, 1H, ArH), 8.12 {d, 1H, ArH), 8.28 (d, 2ZH, ArH).
ESI-MS (TFA/acetonitrile/water): 802.4 (M~-2H0+H)", 820.3
(M- H,0+H)"*, 838.4 (M+H)® for the bis-boronic acid.
Boronic esters are not observed under the acidic
conditions of this analysis.

20

EXAMPLE 7

25 Synthesis of 4-Fluoro Indicator: 9-(N-[6-(4,4,5,5, -
tetramethyl-1, 3, 2-dicxaborolano) -3-flucrobenzyl] -N-[3-
(methacrylamido)propylamino]lmethyl]~10~{N-[{6-(4,4,5,5, -
tetramethyl-1,3,2-dioxaborolano) -3-fluorobenzyl}-N-[2-
{carboxyethyl)aminolmethyllanthracene sodium salt (4d).

390
Step 1: 9-[N-[6-(4,4,5,5,~tetramethyl-1,3,62~
dioxaborolano) -3-fluorcbenzyl] -N~([3~ (metha-
crylamido) propylaminolmethyl]-10-[N-[6-(4,4,5,5,-
tetramethyl~1,3,2-dioxaborolano) -3-fluorcbhenzyl] -N-{2-

35 (tert-butoxycarbonyl) ethylamino]methyl]lanthracene (3d)}:

9-{N-[3- (methacrylamido)}propylamino]lmethyl]-10-[N-[2-
(tert-butoxycarbonyl)ethylaminolmethyl]~anthracene (1,
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30 Step 1: 9-(N-(6-(4,4,5,5,-tetramethy1-1,3,2-
dioxaborolano)-3-fluorobenzyli-N-[3-(methacrylamido)propylamino]methy1]-10-(N-[6-(4,4,5,5,-
tetramethyl-1,3,2-dioxaborolano)-3-fluorobenzyl]-N-(2- 35 (tert-butoxycarbonyl)
ethylamino]methyl]anthracene (3d): 9-[N-[3-(methacrylamido)propylamino]methy11-10-[N-[2-
(tert-butoxycarhguyflethylamineimethyl-asthresene d, L850k 42 memobywas stisedda 5 mL
dimethylformamide until dissolved, 2-(Bromomethy|)-4-fluor nylboronic acid pinacol ester (2d,
1.85g, 5.87 mnlﬁ&,t&]eq‘)"a%%oél‘é%?(l.(%ég,afﬁ“ﬁﬁrrﬁ%dt%‘{’ %aﬁgféléﬁ%%%?@cﬁé’a%%%g 80C 5 for 18
hours. Ether (186:mLwasthén added atRithelsdidtipn washedwmith,pHospihté BEffed Eix 100 mL of

0.1 M, pH 7.0). The, grpanic,sollion wasdiled oyet Nazsahend emavedipderyaesum. The crude
product was triturated with hexanes (2 x 50 mL) then recrystalized 10 from 25 mL of boiling 80/20 ethyl

acetate/IPA whishryiefdeeban sf-ite powdeP (052 §7a7oh StrRdfeéBfininAtion: RP-HPLC

Conditions: HPsLHQO HPA G.shviematograph; Watsks 46 39 x50 nun NovadakiHBC 18 tolumn with
guard column, 0.010 mL injection, 0.75 mL/min, 1,500 mL ig};cti;n Ioocp, 254 n dg@ction, A = water
; rle %

(0.1% viv TEA)andB = MECN T0495 VAPTER) gratiert 10 fiin C10°80% B 6ver 18 min,

80-100% B ovetrizmin,cl0dB 2maiar retentiom tinfh20 5. 2dnine H4MNMR (409 MHz, CDC13): 6 1.3

(two overlapping,siaglets, 24H, O-C(GEI2E(CHB)2,C0). 433 (n OK1, LIEHBBY1L52ds, 3H), 1.55 (s,
1H), 1.70 (t, 1H), 2.48 (t, 2H), 2.55 (m, 2H), 2.82 (t, 2H%§.OS (m, 2H),4/3.85 (s, 2H), 4.05 (s, 25 2H),
4.45 (s, 2H, 46598, 213),mgP fd PP 565 f A1) e8 88 e AR B (P HHYPE68 (dd, 1H), 7.20 (dd,
1H), 7.44 (m, 4}41}14168 (dd, BH) 418 (dd pbw)8:36 (m2Hy,,8.43Xin, 2H). ESI-MS: 957 (M+H)t,
874.4 (M+H)+ for mono boronic ester 30 mono-acid, 792.3 (M+11)+ and 774.2 (M-H20+H) for

bisboronic acid. Boronic esters and acids were observed under the acidic conditions of this analysis.
Structure determination:

RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters
15 3.9 % 150 mm NovaPak BR C18 column with guard column,
0.010 mL injecticn, 0.75 mL/min, 1.500 mL injection loop,
254 nm detection, A = water (0.1% v/v TFA) and B = MeCN
(0.1% v/v TFA), gradient 10% B 2 min, 10-80% B over 18
min, 80-100% B over 2 min, 100 %B 2 min, retention time
20 15.7 min.
1y NMR (400 MHz, CDCl;): & 1.3 (two overlapping singlets,
24H, 0-C{CH3)2C(CH3)2,C-0), 1.33 (s, 9H, C(CHs)s), 1.52 (s,
3H), 1.55 (s, 1H), 1.70 (t, 1H), 2.48 (t, 2H), 2.55 (m,
2H), 2.82 (t, 2H), 3.08 (m, 2H), 3.85 (s, 2H), 4.05 (s,
25  2H), 4.45 (s, 2H), 4.55 (s, 2H}, 4.82 (d, 2H), 5.05 (br,
18}, 6.83 (t, 1H). 6.84 ({(t, 1H), 7.08 (dd, 1H), 7.20 (dd,
1H}, 7.44 {(m, 4H), 7.68 (dd, 1H), 7.78 {dd, 1H), 8.36 ({(m,
2H), 8.45 {m, 2H).
ESI-MS: 957 (M+H)', B874.4 (M+H)' for meno boronic ester
30 mono-acid, 792.3 (M+H)® and 774.2 {(M-H,0+H)" for bis-
borenic acid. Boronic esters and acids were cobserved

under the acidic conditions of this analysis.

Step 2: 9-[N-[6-(4,4,5,5,-tetramethyl-1,63,2-dioxaborolano) -
35 3-fluorcbenzyl] -N-[3~ (methacrylamido)propylaminojmethyl] -
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Step 2: 9-[N-(6-(4,4,5,5,-tetramethy1-1,3,2-dioxaborolano)- 35
3-fluorobenzyll-N-[3-(methacrylamido)propYlamino]methY1]-
10-EN-[6-(4,4,5,5,-tetramethy1-1,3,2-dioxaborolano)-3-
fluorobenzyl]-N-[2-(carboxyethyl)amino]methylianthracens sodium salt (4d)

59-M-[6-(4,4,5 bgtefranpethyl 143, 8-dioxaharelanoindy1 -1, 3, 2~dioxaborolano) -3~
fluorobenzyll-NeBs@neibeneyemidoyzopyianneleeiyl)) aninoJmethyllanthracene
10-[N-[6-(4,4,5 sxedgetiamein-1¢32ydioxaborolano)-3- fluorobenzyl]-N-[2-(tert-butoxycarbonyl)
ethylamino]methyl]anthracene (3d, 0.450g, 0.47 mmol) was 10 dissolved in 10 mL of a 60:40
CH2C12:THA solytion ard stirred &b amkienbtemperatire Y02 16 hownsd:dihel maetiod -solution was

diluted with dichloromethan 0 mL) the di ' i idlysticred.i d saturated
agueous NaHCh‘L](ID]%f.g %ﬁé%%‘g%r% Ieg;/elr %/vz(gn gggagra%e'}d% l%g{ ggieb? ?\]}grﬁgﬁigybc{ilrﬁgfl%a%%%, filtered and

concentrated uh8er Vadium 4idlding 0.3 Veikst phwder. Srie Erbere351oaBEARAS dissolved in
anhydrous CH2G 12 ppdshaken-avel PS-REANheassavertight, The beads were filtered and the

organic solvent remqved under vacuum. Pure product 20(0.235¢g, 55%) was obtained as a yellow
powder. Struct_ﬁrjéh&ét@?}ﬁfh%}%ﬁ?ﬁﬂ'lﬂ]ﬁ‘#‘@ﬁfﬁ%nsﬁ% ﬁowﬁtcochagmwggr phZWaters 3.9 x
150 mm NovaRaksHR1G28 columo wilh guarsl colurht, 2B8X00%L0 TiAingedtion] On7%ml/min, 1.500 mL

Injection 100p, 234 ”megeth“%rb% én“é’aﬁ?én((?éz"@e’é‘éér@% and B s MeCN ©,1%.Wy JEA), gradient
80% in. 80-100% B

10% B 2 min, 1%- over 18 min, 80 over 2 min, 100 %B 2 m n, retention time 13.7 min.

301H NMR (400MHEieDCEs): 9113598 12 Hy, £380s0roms 4hesem B8R, BLC-Et€M2)CH3),
N-CH2CH2CH2:MN)e 3.33:(t321h 2:48 s 2H)t 388 c2H), 2:95 (rag2tiyet 048, 2H), 4.32 (s, 2H),

4.48 (s, 2H),4.62és, 2H), .gO té_H %:g{?%l), 5,11_}3 (s Irl_c|j C:CH@% 5.48§br 1H Nlilg, 6.95 (dt,
351H), 7.15 (A TH) 7 507 A 730" f U3, 7 48 (I 3BT <7 80%G4, TAY, 758%m. 2R)’ 8.05 (dd,
1H), 8.3715 dried over anhydrous Na;30y, filtered and concentrated

under vacuum yielding 0.32 g yellow powder. The crude

product was dissolved in anhydrous CH.Cl, and shaken over

PS-DEAM beads overnight. The beads were filtered and the

organic solvent removed under vacuum., Pure product

20 (0.235g, 55%) was obtained as a yellow powder.

Structure determination:
RP-HPLC conditions: HP 1100 HPLC chromatograph, Waters
3.9 x 150 rmm NovaPak HR C18 column with guard column,

2%  0.010 ml injection, 0.75 miL/min, 1.500 miL injection loop,
254 nm detection, A = water (0.1% v/v TFA) and B = MeCN
(0.1% v/v TFA), gradient 10% B 2 min, 10-80% B over 18
min, 80-100% B over 2 min, 100 %B 2 min, retention time
13.7 min.

30 'H NMR (400 MHz, CDCls}: & 1.33 (s, 12 H), 1.35 {s, 12H),
1.62 (m, 5H, 0=C~C(CHy)CHs}, N-CHCHyCH,-N), 2.33 (t, ZH},
2.48 (t, 2H), 2.88 (m, 2H), 2.95 (m, 2H), 4.04 (s, 2H),
4,32 (s, 2H), 4.48 (s, 2H), 4.62 (s, 2H), 5.00 {(t, 1H,
C=CH,}, 5.12 (s, 1H, C=CHz), 5.48 (br, 1H, NH), 6.95 (dt,

35 14y, 7.15 (dt, 18y, 7.22 (br, 1H), 7.30 (dd, 1H), 7.48
(m, 4H}, 7.8C {(dd, 1#), 7.90 (m, ZH), 8.05 (dd, 1H), 8.37
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(m, 2H). EXAMPLE 8 5 Synthesis of 2,5-difluoro Indicator: 9-[N-[6-(4,4,5,5,-
tetramethyl-1,3,2-dioxaborolano)-2,5-difluorobenzy1]-N[3-(methacrylamido)propylamino]methy1]-10-[
N-[6- (4,4,5,5,-tetramethy1-1,3,2-dioxaborolano)-2,5- (difluoro)benzyll-N-[2-
10(carboxyethyl)aminolmethyl]anthracene sodium salt (4e). Step I: 9-W-[6-(4,4,5,5,-tetramethy1-1,3,2-
dioxaborolano)g,5-giffyiorobenzyl]-N-[3-(methacrylamido)propylamino]methy1]-10-W-[6-(4,4,5,5,- 15
tetramethy1-1,3,2-dioxaborolano)-2,5-difluorobenzYlj-N- (2-(tert-butoxycarbonyl)
ethylamino]methyllanthracene (3e): 9-[N-[3-(m Q L%nglo)propylammo]methyl] -10-[N-(2-
20(tert-butoxycarbonyflethylamino]methy1]-ant racene (1,0.872 g, 1.78 mmol) was placed into 100 mL

round-bottgm f?f}éa{@sityr%%w by dipetiyforpamide untl dissalved - (4, 4,5, 5,

6- (Bromometh o rqpherzzyltzor@p&%ggmmﬁszerazalaeﬁ@@ﬂ&aemml 2b.equiv.) and
DIEA 25(1.8694 34. An@mglcgﬁggwgbwgg%ggggﬁlmmg@qquqdqro&rg@n gfream until everything
dissolved then h@aHGCBEOE;f}O@éIﬁ aanRikbath-andynderia steamafArgonzguernight. More
6-(Bromomethyl): 2 5-diftuerephenyldemniczacid pinacol ester (.300g, 0.5 equiv.) was added and 30
heating continuecha iseegnd mjght=Ether {160 nyll)l was mddedte the rdantionasiutidkeand washed with
pH 7.0, 0.1 M phosphate buffer. The organic solution was dried over Na2S04, the solvent removed
under vacuum 8hegha reSid it triratéd4vith hexdeds emg Bavht] The235 resulting reddish-brown
solid was treated- exikisaidg@hexafes (St Ml yogehmned hhdthd 3eémedproduct (0.499) collected as
white crystals fromkaaido ke SwrideehgdibrhatBn {20 RP-MALE Conditions: HP 1100

HPLC(mhﬁnmﬁgﬁﬂﬂmQWQE#31 3,2-dicxaborolano) -2,5-difluorcbenzyl] -N-
[2- (tert~butoxycarbonyl) ethylamlno}methyl]anthracene

(3e):
G- {N-[3- {methacrylamido)propylaminclmethyl]~10~[N-[2-

20 {tert-butoxycarbonyl}ethylaminolmethyl]-anthracene (1,
0.872 g, 1.78 mmol) was placed into 100 mL round-bottom
flask and stirred in 7 mL dimethylformamide until
dissolved. 6-(Bromomethyl}-2,5-difluocrophenylboronic acid
pinacol ester (2e, 1.49, 4.47 mmol, 2.5 equiv.) and DIEA

25 {1.86g, 14.4 mmeol, 8.0 eguiv) were added and stirred
under Argon stream until everything dissclved then heated
to 80°C in an oil bath and under a stream of Argon
overnight. More 6-(Bromomethyl)-2,5-difluorophenylboronic
acid pinacol ester (.300g, 0.5 equiv.) was added and

30 heating continued a second night. Ether {100 mL} was
added to the reaction sclution and washed with pH 7.0,
0.1 M phosphate buffer. The organic sclution was dried
over Na-;S50,, the solvent removed under vacuum and the
residue triturated with hexanes {2 x 50 mlL}). The

35 resulting reddish-brown solid was treated with boiling
hexanes (50 mL), decanted and the desired product {0.49%g)

collected as white crystals from the cooled hexane.

Structure determination:

40 RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters
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3.9 x 150 mm NovaPak HR C18 column with guard column, 0.010 mL injection, 0.75 mL/min, 1.500
mL injection loop, 254 nm detection, A = water (0.1% v/v TFA) and B = MeCN (0.1% v/v TFA),
gradient 10% B 2 min, 10-80% B over 18 5 min, 80-100% B over 2 min, 100 %B 2 min, retention time
15.0 min. Step 2: 9-[N-[6-(4,4,5,5,-tetramethy1-1,3,2-dioxaborolano)- 10 2,5-difluorobenzyl]-N-[3-
(methacrylamidp)gropyaminglmeth ¥t Q- [Me[6etdhd SSamn with guard column,

tetramethyl-1,3,2-dioxaborolano)-2,5-difluprahenzyl]-N-[2- (c xyethylaminolmet thracene
sodium salt (4(5 ‘1%@[!([‘-1[‘6-3(55,11%%,1-?é}rar§ét 1@%&%!&%%?&%%-%@ BEeIB uda; |
difluorobenzy 1}k B4[3(mdthaenamido)prepylarhiriolrhetihyi]- VONYBAY 48% B = MeCN
tetramethyL-1 3.-dipxaheroang). 24 diflorabenzyls (2 tar-Duoaromilc 10
ethylaminolmethyllanthracene 20(3e, 0.49) was stirred in 10 mL of a 60:40 overnight.gy which time
HPLC shoWed Rbrstafthgtterial Pemkired™ he 610erits erd rBmdvetUhdetVactiim, the residue
dissolved in dichdQrpmgthane (3 mL) and added dropwise into rapidly stirring pentane (100 mL). The
product trifluoroacetic 25 acid salt was isolated as a yellow powder by filtration (0.40 g) and
characterized by mass spectroscopy The freebased indicator was obtained as follows. The powder

1(0.20 g) was diggalyed in JO/gL of dighlgramethaneaad aedgd diopwisednin 1008 L0 saturated
agueous NﬁHC}D%,Q&tﬂ@gﬁgﬁwﬁqqge fgmperature stayed below 5 C. The organic layer was
separated then' driad gver anhydiays Na2sQh RS AN eadsdO o) weta addsddg the flask and
the suspensionyyas shakgy at amblentiempasatebe avesniahts Fiation aoBdRIAVRHOE (ize- solvent
under 35 vacuuyp yiglded DEaguGtd95 aqas ayel awpowden Stwsaienietamtnatien: RP-HPLC
conditions: RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters 3.9 x 150 mm NovaPak HR

C18 columm with-guardssolumn, 8,01,0-métinjestionyQ.-75, rBl-Ani &:600omb linjectiod Idop, 254 nm
detection, A = V&%tgfkgg'g'g/}gﬁ\a%vzyi] -N-[3- (metha-
crylamido)propylaminolmethyl}-10-[N-{6-(4,4,5,5,~
tetramethylml,3,2—dioxaborolano)m2,5wdifluozoben2y1}—N—
[2- (tert-butoxycarbonyl} ethylaminolmethyl]anthracene
20 (3e, 0.49) was stirred in 10 mL of a 60:40 overnight by
which time HPLC showed no starting material remained. The
solvents were removed under vacuum, the residue dissolved
in dichloromethane (3 mL) and added dropwise into rapidly
stirring pentane (100 miL). The product triflucroacetic
25  acid salt was isolated as a yellow powder by filtration
(0.40 g) and characterized by mass spectroscopy The
freebased indicator was obtained as follows. The powder
(0.20 g} was dissolved in 10 mL of dichloromethane and
added dropwise into 100 mL cold saturated aguecus NaHCO;
30 at a rate such that the temperature stayed below 5 °C.
The organic layer was separated then dried over anhydrous
Na,S04. PS-DEAM beads (0.5 g) were added to the flask and
the suspension was shaken at ambient temperature

overnight. Filtration and removal of the solvent under

35 vacuum yielded product (95 mg} as a yellow powder.

Structure determination:
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5 TEA) and B = MeCN (0.1% v/v TFA), gradient 10% B 2 min, 10-80% B over 18 min, 80-100% B over
2 min, 100 %B 2 min, retention time 12.9 min. EST-MS (TFA/acetonitrile/water): 720.3 (M- 3H20+H)+,

738.3 (M- 2H20+H), 756.4 (M- H20+H)+, 778.3 (M-H20+Na)+ for the 10 bis-boronic acid. Boronic

esters are'not observed'under the acidic conditions of this analysis. EXAMPLE 9 15 Synthesis of

3,4-dichloro Indigator, A INJQ {44 8P~ RP-HPLC Conditions: HP 1100 HPLC
tetramethy1-1,3,2-dioxaborolano)-2,3-dichlorobenzyi]-N[3- (methacrylam|do)gropylam|no]methy11 10-[
N-[6- (4,4,5,5, @Wﬁ?ﬂlﬁgmﬁd%ﬁésém&n(ﬁ 2,31 dftHoleRAPAINFR. 18 coluns

20(carboxyethypaminglmethylanthracens sadium.sal (4fy tStep : 9-[N6n(# 425, -tetramethy1-1,3,2-

dioxaborolano)-2,3-dichlorobenzyl ethacrylami o) ropylamino ethyl 10-(N-[6-(4,4,515,- 25
tetramethy1-1 8b. &BQ&E&PO?%%%%’& I%%rcfben y&f § (tert- utox%/’?ar orLyI)olg ¥

ethylamindimethyljanthnaicene- (3@ [N3- Imetﬁacrvlﬁhildo)prepgnanﬁnd]ﬁmtﬁyﬂ TG-N-[2-
30(tert-butoxycarhanydlethylaminolmethyll-anthracane £L. ;25 920,51 mmajhwas plagechinto 100 mL

round-bottom flask and stirred in 5 mL dlmethylformamlde until dissolved.
2-(Bromomethyl3 2nditAlbrbpRényiBordrit Acid pinacol ester (2f, 0.56, 1.5 mmol, 3.0 equiv.) and
DIEA 35(0.7 mes4 IMametsd. P tueretaddas) sad stifred ToleB N24in thedark, at roden femperature

for 48h. The DMF w ;s rgn\z?ved I\/L#r%cgflr va Cn%l glg c}oxom,e}lgage %p mlo)&%qed 999 \Q{g%hed with

phosphate buffé;rvl(4 0 dichloromethane Solution was dried over
Na2S04.1The Ummomhan@waé reﬁqm@dummmuﬁ?fén@ﬁe P AT e iV edsidue triturated

with hexanes (10,mL) 191,15 migytes:under siow fionsotN21 Tatuation of the crude product (0.41 g)
with cold IPA yielded an yellow

EXAMPLE 9

15 Synthesis of 3,4~dichloro Indicator: 9-[N-{6-(4,4,5,3,~
tetramethyl-1, 3, 2-dioxaborolano)~2,3-dichlorcbenzyl]~N-
[3-!methacrylamido)propylamino]lmethyl}-10-[N-[6-
(4,4,5,5,~tetramethyl-1, 3, 2-dioxaborolanc) -2, 3-
dichlorobenzylj-N-{2~-

20 {carboxyethyl)amino]methyllanthracene sodium salt (4F)

Step 1: 9~[N-[6-(4,4,5,5,-tetramethyl-1,3, 2~
dioxaborolanc)~2,3-dichlorobenzyl]-N-[3- (metha~
crylamido}propylamino}methyl]~10w[N—[G—(4,4,5,5,—

25 tetramethyl-1,3,2-dioxaborolanc)~2,3-dichloxocbenzyl] ~N-
[2- (tert-butoxycarbonyl) ethylaminoclmethyllanthracene
(3£) :

- [N-{3-(methacrylamido)propylamino]methyl]-10-[N~[2~

30 (tert-butoxycarbonyl)ethylaminolmethyll-anthracene (1,
0.25 g, 0.51 mmol} was placed into 100 mL round-bottom
flask and stirred in 5 mL dimethylformamide until
dissolved. 2- (Bromomethyl)-3,4~dichlorophenylboronic acid
pinacol ester (2f, 0.56, 1.5 mmol, 3.0 equiv.) and DIEA

35 (0.7 mL, 4.1 mmol, 8.0 eq) were added and stirred under
N,, in the dark, at room temperature for 48h. The DMF was
removed under vacuum; dichloromethane {26 ml) added and
washed with phosphate buffer (40 mL of 0.1 M, pH 7.0).

Collected dichloromethane solution was dried over Na;30,.
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5 powder of - 89% purity by HPLC (0.29 g, 54% yield). Structure determination: RP-HPLC Conditions:
HP 1100 HPLC chromatograph, Waters 3.9 x 150 mm NovaPak HR C18 column with guard column,
100.010 mL injection, 0.75 mL/min, 1.500 mL injection loop, 254 nm detection, A = water (0.1% v/v
TFA) and 13 = MeCN (0.1% v/v TEA), gradient 10% B 2 min, 10-80% B over 18 min, 80-100% B over
izrai)n, i0308‘)f>8ﬂ5@imir@mr£mmgalrﬁa4mig. 151 NM RO Mitze GRC 13)1 5tha?2 (s, 9H), 1.32 (s,
, 1.38 (s, 12H), 1.56 (bs, , 2.35 (t, 2H), 2.50 (t, 2H), 2.78 H), 2.91 (q, 2H), 4.20 (s, 2H),
4.28 (s, 2H), 4.§§5(§,lﬁﬁﬂ’,%.éiigg’ﬁHieiéﬁg‘iﬁ)s,gﬁ%%(ﬁ‘?é‘% )f'sc,?fﬁ)‘,gh.%e)z‘sa,riﬁ, 5%@ f“n%,}mg, 7.45) (m,
2H), 7.69 (d, 2HR 208516 {myded). Stefe2: $(03-[6124 55 -tetrafeiiyar e Bioxlieabeilano)-
2,3-dichlorobenzyl]N-[3; gngthacryamide)propyaminolmetir)- 1 Nobu(4uth Syl 1 26w
tetramethy1-1,3,2-dioxaborolano)-2,3-dichlorobenz 1L-N-L§- é arboxyethyl)amjng]methylJanthracene
sodium saft (4f?9-‘{f§-‘[6-‘(£,4‘,5,%,-’fet?éﬁrﬁéﬁ'ﬁ/l}?i’,i%{j xabo aﬁO)-é, 2 dichiorobenzyl]-N-[3-(metha-
30crylamido)propylamino]methyl]-10-[N-[6-(4,4,5,5,-
tetramethyl-1,3 'd{%%?x%o'g@ L—gm%ggpkoggbenzyl]-N- [2-(tert-butoxycarbonyl)
ethylamino]me yﬁant racene (3f, 0.29g, 0.27 mmol) was placed into a 100 mL round bottom flask
and dissolved iRIB-HBLET £60ctepe1 HPFAESoliltion. THETRAERGHT AftRturd da dlowed to stir at

ambient temperatygre, for 47 h.ar wati) HRLC apalysis showas lesscihagh 1% ebstarting material

remained. The ) L .
1 0.010 mL injection, 0.75 mL/min, 1.500 mL injection loop,

254 nm detection, A = water (0.1% v/v TFA) and B = MeCN
(0.1% v/v TFA), gradient 10% B 2 min, 10-80% B over 18
min, 80-100% B over 2 min, 100 %$B 2 min, retention time
16.4 min.

15 'H NMR (400 MHz, CDCls): & 1.22 (s, 9H), 1.32 (s, 12H),

1.38 (s, 12H), 1.56 (bs, 5H), 2.35 (t, 2H), 2.50 (t, 2H),

2.78 {t, 2H), 2.9% (g, 2H), 4.20 (s, 2H), 4.28 (s, 2H),

4.38 (s, 2H), 4.91 (s, 2H), 4.50 (bs, 1H), 4.65 (s, 1H),

4.79 (s, 1H), 7.36 (m, 4H), 7.45 {(m, 2H), 7.69 (d, ZH),
20 8.16 {m, 4qH).

Step 2: 9-{N-[6-(4,4,5,5,-tetramethyl-1,3,2-dioxaborolano) -
2,3-dichlorobenzyl] ~-N-{3-
(methacrylamido)propylaminojmethyl]-10-[N-[6-(4,4,5,5, -

2?5 tetramethyl-1,3,2-dioxaborolanc)-2,3-dichlorobenzyl]-N-[2-
{carboxyethyl)amino]methyl]lanthracene sodium salt (4£)
9-[N-{6-{4,4,5,5, ~tetramethyl-1, 3,2-dioxaborolano) -2, 3~
dichlorobenzyl}-N-[3~ (metha-

30 crylamido)propylaminc]methyl]—10—{N—[6—(4,4,5,5,—
tetramethyl-1,3,2~dioxaborolano) -2, 3-dichlorobenzylj-N-
[2-{tert-butoxycarbonyl) ethylamino]methyl]janthracene
(3£, 0.2%g, 0.27 mmol) was placed into a 100 mi round
bottom flask and dissclved in 6 mL of & ©0:40 CHCLl,;:TFA

35 solution. The reaction mixture was allowed to stir at
ambient temperature for 17h or until HPLC analysis showed

less than 0.1% of starting material remained. The
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solvents were removed under vacuum. The residual product was dissolved in 10 mL of CH2C12
followed by removal of the solvent under vacuum. The dichloromethane dissolution / evaporation
treatments were repeated until the product 5 became a yellow powder. The powder was dissolved in
10 mL of dichloromethane and added dropwise into 70 mL cold saturated aqueous NaHCO3 at a rate
such that the teypperaiuee stayedhslowaiCulhe solutionivas stiredder duatiditiondbkBimin at < 5C

followed by partitioning 10 of the layers. The organic layerw r ver ydrous Na2S04, filtered
and concentrafé?jsyié?ﬁ‘lsnsgo .‘é%“% :)L/’é/llév% pn(])ilw eg%?ﬁ%é?rﬂdgogé)gﬂgtg qu. dll'as%%lved inolt) mL of
anhydrous CH264¢2 smtirarisfersteto a300umk rdhed bbabAPHasE PRUDE AN BRSO3 g, leq)

were added to jhe, }5 flask.and.the reactian mixiyse wassshakeaat anbient ismperaduredfor 16 h. The

beads were filtered and washed with 5 mL dichl romethgne. The cgmbi%equo?a&c §glu{tﬂi ns were
concentrated URBERUECGUME PURY pPEalRE (0. 257 7196 WaE oBfiinéd 88 R 'yeilow powder. 20 Structure
determination: RP-H#R1Q conditionsnEHPali0:HPt € cdnomsitegraph; Waterg8.9°2 180 mm NovaPak

HR C18 column with guard colymg, 0.Q1Q;ml injection, 0. 25 ik 4min.k50Q yal- injection loop, 25 254
nm detection, A = water (0.1% v/v TFA) and B = MeCN 30 (0.1% v/v TFA),gradient10% B 2

min,10-80% B 6¢&MIEE000% B 6del2 hii, 100 %B 3 Htin FetehtibA™L4 T Tnif t 1HIEMR (400
MHz,CDC13):5¢1.3565,1244)i k. 88(s; 11.58(m.5H) 2.28(5,28) o420, 2570 rtit ioning

2'89(t’2Hf’61'28&%’2l€%’é'ﬁ%1(38/é2rH5)34"14§és’0415%%@12@)1%39@{5’%E'g’4c&%ghlglgfér3%ﬁhydrou 5
Na,S0,, filtered and concentrated yielding 0.23 g yellow
powder. The crude product was dissolved in 10 mL of
anhydrous CH,Cl; and transfered to a 100 mL round bottom
fiask. PS-DEAM beads (0.13 g, leg) were added to the

15 flask and the reaction mixture was shaken at ambient
temperature for 16 h. The beads were filtered and washed
with 5 mL dichloromethane. The combined organic solutions
were concentrated under vacuum. Pure product {0.2g, 71%}
was obtained as a yellow powder.

20
Structure determination:

RP-HPLC conditions: HP 1100 HPLC chromatograph, Waters
3.9 x 150 mm NovaPak HR Cl18 column with guard column,
0.010 mL injection, 0.75 mL/min, 1.500 mL injection loop,

25 254 nm detection, A = water (0.1% v/v TFA) and B = MeCN
(0.1% v/v TFA), gradient 10% B 2 min, 10-80% B over 18
min, 80-100% B over 2 min, 100 %B 2 min, retention time

14.1 min.

H NMR (400 MHz, CDCls): & 1.35 (s, 12 H), 1.38 (s, 12H),

30 1.58 {(m, 5H), 2.28 {(t, 2H), 2.42 {t, 2H), 2.70- (g, 2H),
2.89 (t, 2H), 4.28 (s, 2H), 4.42 (s, 2H), 4.48 (s, 2ZH),
4.60 (s, 2H), 4.92 (s, 1H), 4.05 (m, 1H), 5.30 (s, 1H),
7.38 (m, 3H), 7.49 {(m, 4H), 7.58 (d, 1H), 7.72 {(m, 1H),
7.88 (d, 1H), 7.91 (d, 1H), 8.17 (m, 1H).
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7.38(m,3H),7.49(m,4H),7.58(d,1H),7.72(m, 7.88(d,1H),7.91(d,1H),8.17(m,1H). 18 time 12H), 2H), 2H),
1H), 1H), ESI-MS (TFA/acetonitrile/water): 822.3 (M-H20+H)+, 804.4 (M-2H20+H)+ for the
bis-boronic acid. Boronic esters are not observed under the acidic conditions of this analysis. S
EXAMPLE 10 Synthesis of 4-Trifluoromethoxy Indicator: 9-N-[6-

(4,4.5,5,-tetramedlydsd 3 3%&9&%@%9@@%%%@@?6@&)@“ ellydn) + 804.4

10(methacrylamido)propylaminolmethy1]-10-[N-[6-(4,4,5,5- tetra-methyl-1,3,2- dloxaborolano) -3-
(trifluoromethoxijbehzH-N-[2f pearbbrySthh BRTRS) Afethy - dnttBaceie- Sodiine &4t 49 15 Step I:
9-(N-(6-(4,4,5,5detramethiviled, J:3adioxaheralane): 3-(fiflvatomethoxybertzy4]-N-[3-
(methacrylamldo%propg/lamlno]methyl] -10-(N-[6-(4,4,5,5,- tetramethyl-1,3,2-dioxaborolano)-3-
(trlfluoromethofy Ben: ]SN [2-(tert-butoxycarbonyl) 20 ethylamino]methyl]anthracene (3g)
9-(N-[3-(mé&thacrylamido)propylamino]methy11-10-(N-[2-

(tert-butoxycarbonyflethylamino]lmethyl]-anthragene; £1,:0.2 @, 0.41 mmol) was placed into 150 mL
round-bottom 25 flask. It Was dissolved in 5 mL of degassed dlmethylformamlde 2-(Bromomethyl)-4-

(trlfluoromethoi@ ﬁ@r%ﬁ otfc AciBd; ﬁé&& Herhhol, 274 qt[n@/) was dissolved in 4
mL of N2 sparged’d aF’ndEﬂBéé%’? é.’&t “EURRATSH RS SO%tlrred and flushed with N2 for

5 minutes, DI é 536?1'11_0’3-%“? ?%}gégng 1no aﬂé% t%reﬁgtl% mixture and the solution

was allowed to stir un er g&gg e dark at ambient temperature overnight.

After 24h the sq ‘é‘%’ltf"i(ﬁ% BY e%%@ JBYACHA. ] -

{carboxyethyl)aminol] methyl anthracene scdium salt (4g)

15 Step 1: 9-[N-[6-(4,4,5,5,-tetramethyl-1,3,2~
dioxaborolano) ~3-{(trifluoromethoxy)benzyl]-N-[3-
(methacrylamido)propylamino]methyl]-10-[N-[6-(4,4,5,5,-
tetramethyl-1l, 3,2~dioxaborelano) —3-
(trifluoromethoxy)benzyl] -N-[2-{tert-butoxycarbonyl)

20 ethylamino}methyl]lanthracene (3g)
9~ [N~ [3- (methacrylanido)propylaminojmethyl] =10~ {N-[2-
(tert-butoxycarbonyl)ethylaminc]methyl]-anthracene (1,
0.2 g, 0.41 mmol) was placed into 150 mL round-bottom

25 flask. It was dissclved in 5 mL of degassed
dimethylformamide. 2~ (Bromomethyl)-4-
(triflucromethoxy)phenylboronic acid pinacol ester (24,
0.37, 0.97 mmol, 2.4 equiv.) was dissolved in 4 mL of N;
sparged DMF and added to reaction flask. The solution was

30 stirred and flushed with Ny for 5 minutes. DIEA (0.6 mL,
3.5 mmol, 8.0 equiv.) was added to the reaction mixture
and the solution was allowed to stir under a gentle
stream of nitrogen and in the dark at ambient temperature
overnight. After 24h the solvent was evaporated in vacuo.

3% The residual product was dissolved in 10 mi of
dichloromethane and extracted with 3 x 15 mL portions of
phosphate buffer (0.1 M, pH 7.0). The dichloromethane
solution was dried and evaporated in vacuo resulting in a

golden ocily residue. The crude product was stirred for 15
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35 The residual product was dissolved in 10 mL of dichloromethane and extracted with 3 x 15 mL
portions of phosphate buffer (0.1 M, pH 7.0). The dichloromethane solution was dried and evaporated
in vacuo resulting in a golden oily residue. The crude product was stirred for 15 minutes with 5 mL of
ether and then the solvent was removed. The yellow oily residue was kept under vacuum for 30 min
resulting in foanyrpowden(Bgh 04 1y, 3186 gididy 53RP-HREC Chrditods el 1409 HPLC

chromatograph, Waters, 3.9.x 150 mi,oyapak HR 018calumn yith guarskcolyain, 8010 mL
injection, 0.75 mL/min, 1.500 mL injection loop, 254 nm detection, A = water (0.1% v/v TFA) and B =

MeCN 10(0.1%E0% FEAN Gradiefr10d6:8 2 ik CFo8ossBdier 139mirf bt 80098 over 2 min, 100
%B 2 min, reteg@gqgjme 15.0 min. 15 Step 2: 9-(14-(6-(4,4,5,5,-tetramethy1-1,3,2-dioxaborolano)-
3-(trifluoromethoxy)benzy1]-N-[3-(methacrYlamido)propyl
amino]methy1]-10-[N-[6-(4,4,5,5,-tetramethyl-1,3,2- dioxaborolano)-3-(trifluoromethoxy)benzyl]-14-[2-
(carboxyethyl)a&minBRnethydadthracese s6diuni 88l 4§ 20hromatograph, Waters

9-(N-(6-(4,4,5,5-1grg e flioxabarglanpy-3: o L th d column,
(trifluorometho%y)geﬁ;rﬁ%}l@i 3-.(methacryl-amido)prog)({)lalr)ﬁr?r?ol%lethyl -lljs-r[l.\l-[%?(éf?érln,515,-tetramethyl-
1,3,2-dioxabordlafd 3 rifiiliGRbitixy)BenzyIEN{pin, 1.500 mb injection loop,

25(tert-butoxycarpnyfletiydaminolmethyllantrasene (39,20.4 4, Or37% mraal) was=ptaeed into a 100 mL

round bottom flask and dissolved in 5 mL, of a 60:4Q degassed C "sz[éj EA solution. -The reaction
mixture was alldWed to &fi¥ af gfl%])oier%"ig%lpee%tu%@ forSZJ? h'6r Until FIP garé\alf))/gieé‘mf e

min, 80-100% B over 2 min, 100 %B 2 min, retention time

15.0 min.

15 Step 2: 9-[N-[6-(4,4,5,5,-tetramethyl-~1, 3,2~dioxaborolano}~
3- (trifluoromethoxy)benzyl}l-N-[3- (methacrylamido)propyl
amino]methyl}-10-[N-[6-(4,4,5,5, ~tetramethyl-1,3,62~
dioxaborolano) -3~ (trifluoromethoxy)benzyl]-N-[2~
(carboxyethyl)amino]methyl]anthracene sodium salt {4qg)

20
9-[N-[6-(4,4,5,5, -tetramethyl-1, 3, 2-dioxaborolano} -3-

(trifluoromethoxy)benzyl]-N-{3- (methacryl-
amido)propylamino]methyl]-20~{N-[6-(4,4,5,5, -tetramethyl-
1,3, 2~dioxaborolano)-3-(trifluoromethoxy)benzyl]-N~[2-

25 (tert-butoxycarbonyl)ethylamino]lmethyl]lanthracene (3g,
0.4 g, 0.37 mmol} was placed into a 100 mlL round bottom
flask and dissolved in 5 mL of a 60:40 degassed CHpCl,:TFA
solution. The reaction mixture was allowed to stir at
ambient temperature for 21 h or until HPLC analysis

30 showed less than 0.1% of starting material remained. The
residual product was washed with 10 mL of CHyCl, followed
by removal of the solvent undexr vacuum. The
dichloromethane washes were repeated several times. The
powder was dissolved in 10 mL of dichloromethane and

35 added dropwise into 80 mL cold saturated aqueous NaHCO; at
a rate such that the temperature stayed below 5 °C. The

solution was stirred for an additioconal 5 min at < 5°C
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30showed less than 0.1% of starting material remained. The residual product was washed with 10 mL
of CH2C12 followed by removal of the solvent under vacuum. The dichloromethane washes were
repeated several times. The powder was dissolved in 10 mL of dichloromethane and 35 added
dropwise into 80 mL cold saturated aqueous NaHCO3 at a rate such that the temperature stayed
below 5 C. Thessalutier avasystirsed: foriamadditionalS enin ay<3C  fBleweddngartitioning of the

layers. The orqapis exractsatsre dried oyeranhyious Ne2Sed, diered anckGanpeswated yielding
0.18 g yellow powder (49, 46% vyield). 5 Structure determination: RP-HPLC conditions: HP 1100 HPLC

chromatograpt Wagsks 4e¢ R4 0oimht Sytnfet 395y BLBWbIRARAGHth 'Sty 848 guard column),
0.010 mL injectjon {sgmple dissolved in 10 70/30 water/MeCN with 1% v/v TEA), 0.100 mL injection
loop, 0.75 mL/min, 254 nm detection, A = water (0.1% TEA) and B = MeCN (0.1% v/v TEA), gradient
10% B 2 n?ln, 10-80% B over 18 min, 80-100% B over 2 min, 100 %B 2 min, retention time 12.9 min.
15114 NMR (460 MKz u€BCL3) 511132 (9,0k2 H), 1.33 (s, 12H), 1.51 (s, 6H), 2.31 (bm, 2H), 2.40 (bt,
24,282 (0. 260 B LR OB 2L LA ATBAHADO ol 486 (0 26),
4.88 (bs, 1H,), 7.32 (d, 1H), 7.40 (m, 5H), 7.82 (d, 1H), 7.92 (d, 1H), 7.96 im, 202H%, 8.40 (d, 2H), 8.27
(m, 2H). EXAMPLE 1100 mm Symmetry 3.5p €18 column {(with 18

guard column), 0.010 ml injection (sample dissclved in

10 70/30 water/MeCN with 1% v/v TFA), 0.100 mL injection

entry

loop, 0.75 mL/min, 254 nm detection, A = water (0.1% TFA)
and B = MeCN (0.1% v/v TFA), gradient 10% B 2 min, 10-80%
B over 18 min, 80-100% B over 2 min, 100 %B 2 min,
retention time 12.9 min.

15 'H NMR (400 MHz, CDClz): & 1.32 (s, 12 H), 1.33 (s, 12},
1.51 (s, 6H), 2.31 {(bm, 2H), 2.40 (bt, 2H), 2.82 (bt,
2H), 2.89 {bm, 2H), 3.85 (s, 2H), 4.22 (s, 2H), 4.43 (s,
2H), 4.56 (s, 2H), 4.86 (d, 2H), 4.88 (bs, 1H,), 7.32 (d,
1H), 7.40 (m, S5H), 7.82 (d, 1H), 7.92 (d, 1H), 7.%6 {(m,

20 2H), 8.40 (d, 2H), 8.27 (m, 2H).

EXAMPLE 11

Synthesis of 4-Sulfonamide Indicator: 9-[N-[6-{4,4,5,5,~
tetramethyl-1, 3, 2-dioxaborolano) ~3- (N, N-

25 dimethylsulfameyl)benzyl]-N-[3-
(methacrylamido)propylamino]methyl]~10-[N-[6-(4,4,5,5,~
tetramethyl-1, 3, 2-dioxaborolano) -3-(N,N-
dimethylsulfamoyl)benzyl}-N-[2-
{carboxyethyl)amino]methyl]anthracene sodium salt (4h)

30
Step 1: 9-[N-[6-(4,4,5,5,-tetramethyl-1,63, 62~
dioxaborolanc) -3~ {N,N-dinethylsulfamoyl)benzyl]}-N-[3~
(methacrylamido)propylaminolmethyl]-10-[N-[6-{4,4,5,5,~
tetramethyl-1,3,2-dioxaborolano) -3~ (N, N-

35 dimethylsulfamoyl)benzyl]-N-{2-(tert-
butoxycarbonyl)ethylamino]methyl]anthracene (3h)

9~ IN-[3- {methacrylamido)propylaminclmethyl]-10~[N-[2-
(tert~butoxycarbonyl)ethylamino]lmethyl]-anthracene (1,
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Synthesis of 4-Sulfonamide Indicator: 9-[N-[6-(4,4,5,5,- tetramethy1-1,3,2-dioxaborolano)-3-(N,N- 25
dimethylsulfamoyl)benzy1]-N-[3- (methacrylamido)propylamino]methyll-10-[N-f6-(4,4,5,5,-
tetramethyl-1,3,2-dioxaborolano)=3-(N,Ndimethylsulfamoyl)benzyll-N-[2-
(carboxyethyl)amino]methyl]lanthracene sodium salt (4h) 30 Step 1:

9-(N-[6-(4,4,5,5-tstramethy k.32 dioxaboralana)s 3NN dimethwisutamoyiengy lin: - |
(methacrylamido)propylaminolmethyl)-10-M-[6-(4,4,5,5,- tetramethy1-1,3,2-dioxaborglano)-3-(N,N- 35
dimethylsulfamdyl)BeRzy FILN [ HRStRAGHEArBoRyethy A TR IAtArate R (3R)

9-[N-(3-(methagriamide rropyiamino] et E8«(B2e acid pinacol ester (2h,
(tert-butoxycarbonyl)ethylaming]methylFanthracene (1, 0.27 g mmal) was_ dissplved in
anhydrous DME (2 TLfin & 28 mI“P8 rid-bo to%qﬂéégk’) rldOpleR (H‘_OJg\é’ mﬁj’ P

2-(Bromon5ethyd)ﬁéJ(N,Bldhfqethylsrm‘ambj&)phenylb@tdmg%t@idlpiﬁacoﬂeste?QZﬁb@.S@%Rj&:1.47 mmol,
2.7 equiv.) and DIEA, (9,765 ml., 4 4,5.mmo),.8 eg) yiere-addedeandsstied updgeN2y in the dark, at

room temperature for 19 hours. The DMF was removed under vacuum, dichlorome hacpe (10 mL)

added and waskedagith PRBYPhate BUH (9SETO M of 64 MLpHAFET THE dickftSMethane solution
was dried over Na2S Q4 fitered 4 Ouartd emoved uhtiemuaetfurd.. Trittratieh f thie.cride product with

hexanes (2 x 5 mL) yielded a yellow powder of - 90% purity by HPJ G, (099 9, 84%.yeld).  RP-HPLC
Conditions: HP%ﬁ%g[ﬁﬁi?:e@{r%%eatgagﬁfWat"é%/ fg 3.9 x 150 mm NovaPak HR 018 column with
guard colufn, 8:040nemdnjeétion @75 AERNIA; 17500 mighRfeetior fodp 252 R detection, A = water

(0.1% viv TEA) andiB & MeG (0 d %6 M TRA) .gredient 10%: B2 min, 1Q-800 Brovefd8  min,
80-100% B over 2 min, 100 %13 2 mkln, reter&tionotiryg 20149(3 gnin.igaecp) 2:
O-[N-[6-(4,4,5, 5% fetfampthyd f 3ty Py HPLC (0.59 g, 3457y '
dioxaborolano)-3-(N,N-dimethYlsulfamoyl)benzyl]-N-p(methacrylamido)propylaminolmethy1]-10-[N-(6-(

44,5525 letgelyl Al orolane SN Ndme s Ume gy s
(carboxyethyl)amino|methyllanthracene sodium salt (4h)
15 3.9 x 150 mm NovaPak HR C18 column with guard column,

0.010 mL injection, 0.75 mL/min, 1.500 mL injection loop,
254 nm detection, A = water (0.1% v/v TFA) and B = MeCN
(0.1% v/v TFA), gradient 10% B 2 min, 10-80% B over 18
min, 80-100% B over 2 min, 100 %B 2 min, retention T ime

20 14.6 min.

Step 2: 9-[N-[6-(4,4,5,5,~tetramethyl~1,3,2-
dioxaborolano)}-3- {N,N-dimethylsulfamoyl)benzyl]-N-{[3-
(methacrylamido)propylamino]lmethyl]-10-{N-{6-(4,4,5,5,~
25 tetramethyl-1,3,2-dioxaborolano)-3-{(N, N~
dimethylsulfamoyl)benzyl]-N-{2-
(carboxyethyl) amino]methyl]anthracene sodium salt (4h)
9-[N-{6~({4,4,5,5, -tetramethyl-1, 3, 2-dioxaborolano) -3~
30 (N,N-dimethylsulfamoyl)benzyl}-N-[3-
(methacrylamido)propylaminolmethyl]-10~[N-[6-(4,4,5,5,~
tetramethyl-1, 3, 2-dioxaborolano) -3- (N, N-
dimethylsulfamoyl)benzyl]-N-[2- (tert-
butoxycarbonyl)ethylamninolmethyl]anthracene (3h, 0.44q,
35 (.39 mmol) was placed into a 100 mlL round bottom flask
and dissolved in 10 mL of a 60:40 CH,Ci,:TFA solution

prepared from N, sparged reagents. The reaction mixture
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9-[N-[6-(4,4,5,5,-tetramethy1-1,3,2-dioxaborolano)-3- 30(N,N-dimethylsnlfamoyl)benzyll-N-J3-
(methacrylamido)propylaminolmethyl]-10-[N-[6-(4,4,5,5,-
tetramethyl-1,3,2-dioxaborolano)-3-(N,N-dimethylsulfamoyl)benzyll-N-[2-(tert-butoxycarbonyflethylamin
o]methylJanthracene (3h, 0.44g, 35 0.39 mmol) was placed into a 100 mL round bottom flask and
dissolved in 10.m¢ of1d 60D €H201 2:TRA setitidarpreparaceframud2 spargetBreadgénts. The reaction
mixture was allowed to stir at ampient perature far T olyent re remeued-under
vacuum. The rS’é%‘d%P%r%dﬁ%ﬁvaée |§)§}()%\%:e igr% % n{,% %ﬁ%}ﬁzgﬁﬁ% f(%l%%v%%&%y?regmoval of the solvent

under vacuum wBise dicrioronesthane Afssblutin 51 &k drafioR iRatREntslierlefehted four more

times until the prpduct besame & yelow nowder. The powder svaswdissalveddn 20ablhiofon
dichloromethane and added dropwise into 40 mL of ice-cold staé%ra%%d aqueous JC\IaH%OB at a rate

such that the témBEARARS St§Bd Heféh BE S The Sofution 16 Was stifred for an additional 5 min at <
5C followed bywpariifioning of thelayerbsHaeerganie layer wasidisad oVércamieydteds Ne2S04, filtered

and concentratgd yielding,0.24 ¢ (57,%0) Aroductas ayelowRawder Laatugture Rrteraination:
RP-HPLC conditions: HP 1100 HPLC chromatograph, Waters 4.6 x 100 mm Symmetry 3.5p 018

column (with SéRtr§ 018 ghardtoldmAy, o0 FAL Hekfish A8 HidEl if Yoo Rater/MeCN
with 1% v/v TFA)®. 100a1L imjecticmaatlonpy 07 S miyvmin, 25donmdetEctiai A satater ¢0.1% TEA)

and B = MeCN (0.1% v/v TEA)..gradient_10% B in, 410-80% B oyer 28 mig; 80;100% B over 2 min,
100 %B ’\Zﬂgnin,“rggtsen?i%hrtf:rﬁéﬁ o @goij-/k/% %?ng/gaSc:etonitrﬁ‘e/water): 920.3 (M-H_20+yl.ila)+, 898.2
25(M-H20+H)4p fartthe isis-besorsié deht BorbRkSestBRearRiRt bifsetfatt tindécthéraGdic conditions of

this analysis. EXAMPLEN2130us Na,50,, filtered and concentrated yielding
0.24 g (57 %) product as a yellow powder.

15 Structure Determination:
RP-HPLC conditions: HP 1100 HPLC chromatocgraph, Waters
4.6 % 100 mm Symmetry 3.5p Cl8 column (with Sentry C18
guard column), 0.010 mL injection (sample dissolved in
70/30 water/MeCN with 1% v/v TFA}, 0.100 mL injection

20 loop, 0.75 mL/min, 254 nm detection, A = water {0.1% TFRQ)
and B = MeCN (0.1% v/v TFA), gradient 10% B 2 min, 10-80%
B over 18 min, 806-100% B over 2 min, 100 %B 2 min,
retention time 12.7 min.
ESI~MS (TFA/acetonitrile/water): 920.3 (M-H,0+Na)', 898.2

25  (M-H,0+H)" for the bis-boronic acid. Boronic esters are
not observed under the acidic conditions of this

analysis.

EXAMPLE 12
30
Synthesis of 2-Methyl Indicator: 89— [N-{2~(4,4,5,5,~
tetramethyl~1, 3, 2-dioxaborolano) -3-methylbenzyl]-N-{3~-
(methacrylamido)propylamino}methyl]—10w[N«[Z*(4,4,5,5,—
tetramethyl-1, 3, 2-dioxaborclano) —3-methylbenzyl}-N-[2-
35 (carboxyethyl)amino]methyllanthracene (8).

Step 1: 2-(bromomethyl)-6-methylphenylboxronic acid (6):
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Synthesis of 2-Methyl Indicator: 9-[N-(2-(4,4,5,5,-
tetramethyl-1,3,2-dioxaborolano)-3-methylbenzyll-N-(3-
(methacrylamido)propylaminolmethy11-10-[N-[2-(4,4,5,5,-
tetramethyl-1,3,2-dioxaborolano)-3-methylbenzy1]-N-[2- 35(carboxyethyl)aminolmethyllanthracene
(8). Step I: 2-(bromomethyl)-6-methylphenylboronic acid (6): 2,6-dimethylphenylboronic acid (2.22g,
14.8 mmol), NBSq1Bi19; 7h36 phraoly Dok eqh and BN (£128,9L.0 md 118101 k) WEYe heated in
efiuxing COLA for 2ihours. Theiaslution wascplowed foreaol lhen fliered, Thessolution was then

washed with water mL), dried over Na2304 and the solvent evaporated in vacug, The resulting
white powder (1.650)5tds Y8466 &6y HPLC 8hd E5HENEG Stating halktat Snd Sofe
di-brominated produet.(Gokiamn 20 Thrematagrapby ontsilicaigdl Gdrtutiorttenditdng 0%6- 2%

methanol in dichloromethane) failed to.impraye.the puyri d the.crude matefjal was ysed for the next
step. Step 2: 9%&&(2{-%52,gf@%&a?érﬁ}egtﬁyly%\g%?lgggo%é%%ro%%%—&methylbeﬁzyﬁ-N-(B-(metha—
Cry|amido)propymniﬁ@]m@ﬂfy”el:@.mx@t(qgh’ggg,’yacuo. The resulting white

tetramethyl-l,3F%-9é@@bpfo|@@§)-3ﬂ§§thylWYpUﬂ\é-%}(ta{bbgtcawamyB:;ned
ethylamino]methyl]anthracene (7); 209-[N-[3-(meth cr)gamidog%roéafylamg]_ Irg%thy&]lo-‘[nl\fl-[z-
(tert-butoxycarﬁGﬁﬁFe’tﬁ)gla’ﬁﬁﬁ&‘]ﬁ&hyﬁ-‘éﬂﬂﬁﬁ@?ngﬁ, 3. 8B OFF il Was' plaled into a 50 mL
round-bottom flaskanek stirrecbiny2 onl dimethylfgeramidel antildissoleethditions 0% -

2-(Bromomethy)) G:mefylanenyloorenif 36/t {63389 mas & Lanaal) g BIFA (Grg4 m, 1.4 mmol,

8 eq) were added and heated to 80C in an oll bath under an Argon filled balloon overnight. The DMF
was removed unidel Vacanmh, dichIGrontthBAE $20 L AduetFgRd hrshbB Wil plhoSiidte buffer (3 x
10 mL of 0.1 M, pH 7.0). The

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

15 dioxaborolano)-3-methylbenzyl]-N~[3- (metha-
crylamido)propylamino]methyl}~10~-[N~-{2~-{(4,4,5,5,~
tetramethylwl,3,2-dioxaborolano)~3~methylbenzyl]—N—[2~
(tert-butoxycarbonyl) ethylamino]methyl}anthracene (7):

20 9-[N-[3-{methacrylamido)propylamino]methyl]-10-[N-{2-
(tert-butoxycarbonyl)ethylamino]methyl]-anthracene (1,
0.85 g, 0.17 mmol) was placed into a 50 ml round-bottom
fiask and stirred in 2 mL dimethylformamide until
dissolved. 2~ (Bromomethyl)-6-methylphenylboronic acid (6,

25 389 mg, 1.7 mmol) and DIEA (0.24 mL, 1.4 mmol, 8 eq) were
added and heated to 80°C in an oil bath under an Argon
filled balloon overnight. The DME was removed under
vacuum, dichloromethane (20 mL) added and washed with
phosphate buffer (3 x 10 mL of 0.1 M, pH 7.0). The

30 organic solvent was dried over NazSQ, the solvent was
removed under vacuum and the resulting yellow solid
triturated with hexanes (2 x 10 mL). This c¢rude product
was purified by flash column chromatography on silica gel
60 eluted with 1-5% methanol in dichloromethane to yield

35 93% pure material (55 mg, 41%).

Structure determination:
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30 organic solvent was dried over Na2S0O4 the solvent was removed under vacuum and the resulting
yellow solid triturated with hexanes (2 x 10 mL). This crude product was purified by flash column
chromatography on silica gel 60 eluted with 1-5% methanol in dichloromethane to yield 3593% pure
material (55 mg, 41%). Structure determination: RP-HPLC Conditions: HP 1100 HPLC

chromatograpt, Wolefs 3,950, NoyaPsl R Qa8Colyn i guatd colyay, 6,010 mL

injection, 0.75 mL/min; Iinjection loop, nm detection, A =water (0 1% v/v TEA) and B =
MeCN 5(0.1% ¥vITRA), giadiente0edB R Hin CLE 8098 Braver 18hmir 8041 60% “Bdver 2 min, 100 %B

2 min, retention;tigesL %8 Min; Sten 3r 9-W-R {45 bitetramethy Ink. 3i2rglioxaberolase), 10
3-methylbenzyli-N-(3-(methacrylamido) rgpylamino]meth)}(l]‘; G 8 = MeCN
10-(N-[2-(4,4,5 5> 4efEmBHi At 3 Ddiokabortfdifg)-3-> - 18 v/Vv TFR) an - e

methylbenzyl]-N{(Z%(@a&b&xyeflw)l),ar@in_e]meﬁhylia@mracéwe:ttirhluoﬂdhc%ﬁ% agicbsalt (8)8
159-[N-P-(4,4,%?(g'ﬁ?tr@é’rlﬁt@é{;-Jas&gli)xgb%%gn(;_;L)O%- 28 2 min, retention time

methylbenzyll- methacrylamido)propylamind]methyl]-

10-[N-[2-(4,4,5 5x>tdtramBthyl-1,3,2-dioxaborolano)-3- methylbenzyll-N-f2-(tert-butoxycarbonyl)
ethylamino]methylianthracene (7, 55 mg, 0.070 mmol) was 20 dissolved in 2 mL of a 60:40
CH2C12:TFA sekdionzand stirredovesnight UBdera thadinonHijibd byith 2rgdoxabacdlisoral-10 mb of
dichloromethane-watrgibdangithasolentasisradepicnetdaider vag lam Didimetdrpathane (10 mL)
was added andibhe gohEN egpdn EerBoves: tindarvagiuih, 25 Thdidissdiotor/auapor@tion step was
repeated three smatbtirbes ziH1g eNdp2pr0dacbwag ertuyatedmiitiy dtiret ¥ 10 hainttheadwptane (3 mL)
yielding - 90% pitrefiiraduotas trifivoxcdckteaddid 68k (59 mg, 88%) as a yellow powder. 30 Structure
determination: RP-HPLC conditions: RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters
3.9 x 1501hm NbvEPakZHRIOHS Belbint dithagiail totumaA, G.030 ME Hseds ©.75 L/min, 1.500 35

mL injection loqp. 2R41¥a.deteqtian, fu= water Q1% uivi HeApans B aMen(@chip vy TFA),
gradient 10% B 2 mify 10604 P 9vey 18.1in. 80:109% B oye) 20000 400,42 8)05 -

methylbenzyl]-N-[2- (tert-butoxycarbonyl)
ethylaminolmethyl]lanthracene (7, 55 mg, 0.079 mmol) was

20 dissolved in 2 mL of a 60:40 CHyCl;:TFA solution and
stirred overnight under a balloon filled with Argon. An
additional 10 mL of dichloromethane was added and the
solvents were removed under vacuum. Dichloromethane (10
mL) was added and the solvent again removed under vacuum.

2% The dissclution/evaporation step was repeated three more
times. The crude product was triturated with ether (10
mL} then heptane (3 mL) yielding ~ 90% pure product as
trifluorcacetic acid salt (59 mg, 88%) as a yellow
powder.

30
Structure determination:
RP-HPLC conditions: RP-HPLC Conditions: HP 1100 HPLC
chromatograph, Waters 3.9 = 150 mm NovaPak HR Cl18 column
with guard column, 0.010 mlL injection, 0.75 mL/min, 1.500

35 mL injection loop, 254 nm detection, A = water (0.1% v/v
TFA) and B = MeCN (0.1% v/v TFA), gradient 10% B 2 min,
10-80% B over 18 min, 80-100% B over 2 min, 100 %B 2 min,
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retention time 14.2 min. ESI-MS (TFA/acetonitrile/water): 694.4 (M-2H20+H)+, 712.4 (M-H20+H)+,
730.4 (M+H)+. 5EXAMPLE 13 Synthesis of 4-Cyano Indicator: 9-[N-[6-(4,4,5,5,-
tetramethyl-1,3,2-dioxaborolano)-3-cyanobenzY1]-N-[3-
10(methacrylamido)propylamino]methy1]-10-[N-[6-(4,4,5,5,-
tetramethyl-1,3,2-digxabgrolang):31cyanohenzyl]-N-[2- (carboxyethyl)amino]methyl]anthracene sodium

salt (14a). Step 1: 3-Methy1-4-(4,4,5,5-tetramet yI 15 dloxaboro n|t ile (11a)
4-Bromo-3- me%%e‘ﬁ%orﬁ%ﬁﬁ/ eﬁcﬁ‘@]tﬁ’oﬁg ‘Tﬁ&le’i éélv )%\/a{g} 1})

round-bottom flagk icantaining 153.mL ef-anhydrous dlmethylformamlde 20Pota55|um acetate (7.5 g,
0.076 mol, 3 equiv.), 4,4,4',4'5,5,5',5'-Octamethy1-2,2'-bi-1,3,2- dioxaborolane (10, 7.12 g, 0.028 mol,
1.1 equiv.) and [1,1f-bis(diphenylphosphino)- ferrocene]dichloropalladium(ll) (0.56 g, 0.00076 mol, 25
0.03 equivd were added to the flask and the reB&AH hiixtbife was heated to 80C for 24h. The solution
was cooled to ambient temperature and the suspension was filtered hot. Collected solvent was
removed under vacuum. The obtained oily dark brown product was dissolved in 200 30 mL ethyl
acetate and traggiefiaskipsa separatganionnal 2E8wak of wvater\as atddedsarid the solution was
extracted. The eeganiadayey Wwas, Golieatad and drietlzover-ahhydrousoda2 30%- N'he3solvent was

removed i vacuee The crydepicduciwas parified bydabl totukin bﬁrdrﬁatb‘brépﬁy ém
tetramethyl-1, 3, 2-dioxaborolano}-3-cyanobenzyl]-

{carboxyethyl}aminclmethyl]anthracene sodium salt (14a).

Step 1: 3-Methyl-4-(4,4,5,5~tetramethyl-

15 [1,2,3]dioxaborolan~2-yl)-benzonitrile (lla)
4-Bromo-3-methylbenzonitrile (9a, 5.0 g, 0.0255 mol, 1.0
equiv.) was placed into a 250mL round-bottom flask
containing 153 mL of anhydrous dimethylformamide.

20 Potassium acetate (7.5 g, 0.076 mol, 3 equiv.),
4,4,4',4',5,5,5",5"-0Octamethyl-2,2"'-bi~1,3,2-
dioxaborolane (10, 7.12 g, 0.028 mcl, 1.1 eqguiv.) and
[1,1" -bis{dipvhenylphosphino}-
ferroceneldichlicropalladium(IT) (0.56 g, 0.00076 mol,

25 0.03 equiv.) were added to the flask and the reaction
mixture was heated to 80C for 24h. The solution was
cooled to ambient temperature and the suspension was
filtered hot. Collected scolvent was removed under vacuum.
The obtained oily dark brown product was dissclved in 200

30 mL ethyl acetate and transferred to a separatory funnel.
250 mL of water was added and the solution was extracted.
The organic layer was collected and dried over anhydrous
Na,50;. The solvent was removed in vacuo. The crude
product was purified by flash column chromatography on

35 silica gel 60 (elution conditions 2% - 20% EtOAc/Hexane}.
Approximately 5 g of material was collected. The product
was further purified by crystallization from hot hexane.

Pure product (lla) was obtained (3.7g, yield 60%).
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35 silica gel 60 (elution conditions 2% - 20% EtOAc/Hexane). Approximately 5 g of material was
collected. The product was further purified by crystallization from hot hexane. Pure product (11a) was
obtained (3.79, yield 60%). Structure determination: RP-HPLC Conditions: HP 1100 HPLC
chromatagraph, 3.9 x 150 mm Symmetry Column HR C18 column, 0.010 mL injection, 50.75 mL/min,
1.500 mL injection loop, 254 nm detection, A = water (0.1% TEA) and B = MeCN (0.1% TEA), gradient
10% 2 min, 10-80% B over 16 min, 60-100% B over 2 min, 100 %B 2 min, retention time 10.7 min.
1H NMR (400 MHELEDTEIFSEE 3B8212ANE(CH3)3), 2.55 (s, 103H, CH3), 7.41 (m, 2H, ArH), 7.81
(m, 1H, ArH). Siep 2pBcBernametians4-(Am, 5 botetramethyifl 3rdldicyabptolars- 2%y B -liertzonitrile
(12a) 15 3-Methy1-4-(4,4,5,5-tetramethyl-(1,2,31dio aborolagl-%-%l)- erkzonit(r:i eignla, 3.39,0.0136
mol, 1.0 eq) wd¥pla¥8Y fith*a >80mL ol dbiottont TSk tontaining 50 ML-0f carbon tetrachloride.
NBS (2.5 @ 0.0142°mol, AnQ% 20&q6R0) anid tatadyticiarmolineef,2,254zobisidebatykd-onitrilé (0.03 g,

0.00018 mol, 0.014.cquiv) yiere adderd an the teagtlon mistie wasjefluseddoLsEh T resulting
n

solution was filtered hot then the solvent was removed under vacuum. The crude product was purified

by 25 crystalliz&tiéh féRy hdChéind® PTGt EL 2} Ronfiiting $bnfe RY astoBthihed 08y, 70%).
Structure detergynatian R P-HRLG Ganditianss HP 1108HPLC chromatograph, 3.9 x 150

'H NMR (400 MHz, CDCly): & 1.35 (s, 12H, C(CHa)3), 2.55 (s,
10 3H, CH3), 7.41 (m, 2H, ArH), 7.81 {m, 1H, ArH}.

Step 2: 3-Bromomethyl-4-(4,4,5,5-tetramethyl-
[1,2,3)dioxaborolan-2-yl) -benzonitrile (12a)

15
3-Methyl-4-(4,4,5,5-tetramethyl-{1,2, 3]dioxaborolan-2-

yl)-benzonitrile (11la, 2.3 g, 0.0136 mol, 1.0 eq) was
placed into a 250mL round-bottom flask containing 50 mL
of carbon tetrachloride. NBS (2.5 g, 0.0142 mol, 1.05

20 equiv.) and catalytic amount of 2,2'-azobisiscobutyro-
nitrile (0.03 g, 0.00018 mel, 0.014 equiv.) were added
and the reaction mixture was refluxed for 53h.The
resulting solution was filtered hot then the solvent was
removed under vacuum. The crude product was purified by

25 crystallization from hot hexane. Product (12a) containing

some lla was obtained (3.08qg, 70%).

Structure determination:

RP-HPLC Conditions: HP 1100 HPLC chromatograph, 3.9 x 150
30 mm Symmetry Column HR C18 column, 0.010 mL injection,

0.75 mL/min, 1.500 mL injection loop, 254 nm detection, A
water (0.1% TFA) and B = MeCN (0.1% TFA), gradient 10%
B 2 min, 10-80% B over 18 min, 80-100% B over 2 min, 100

$B 2 min, retention time 13.4 min.
35 'H NMR (400 MHz, CDCls): & 1.38 (s, 12H, C(CHs3)s), 4.85 (s,
2H, CH,Br), 7.55 (d, 1H, ArH), 7.68 (s, 1H, ArH), 7.92 (d,
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30 mm Symmetry Column HR C16 column, 0.010 mL injection, 0.75 mL/min, 1.300 mL injection loop,
254 nm detection, A - water (0.1% TEA) and B = MeCN (0.1% TEA), gradient 10% B 2 min, 10-80% B
over 18 min, 80-100% B over 2 min, 100 %B 2 min, retention time 13.4 min. 35111 NMR (400 MHz,
CDC13):6 1.38 (s, 12H, C(CH3)3), 4.85 (s, 2H, CH2Br), 7.55 (d, 1H, ArH), 7.68 (s, 1H, ArH), 7.92 (d,
1H, Ad-I). Stepl% 9- ﬂ\hﬁ) (4,4,5,5,-tetramethy1-1,3,2- 5

dloxaborolano) -3-cyanobenzy1]-N-(3-(methacrylamido)propylamino]methY1]-10-[N-[6-(4,4,5,5,-
tetramethyl-1,3,2-dioxaborolano)-3-cYanobenzY1]-N-P(tert-butoxycarbonyl)
ethylamino]methyllanthracene (13a) 10 9-[N-(3- (methacrylamldo)pro yIamlno]methyI] -10-N-[2-

(tert-butox carmle?hylgmm%tﬁﬁ%nﬁw ce oI 1.0 eq) was placed into 25
mL round- ottd?‘r’r‘ﬁé?i?%ﬁajtﬁ?@lv d' fﬁ*’i"? E
r

hyIf mlde
3- Bromomethyf‘?ﬁaﬁ"@’sd?)[ 0 n- -_ e C)nlt ér Q.53, 0.0016 mol,
2.7 eq) was disEivEamR Pt dr- % anlélo ed e (gu jon was
stirred and flusHEE WRFPRE IS FHRE F ]?i t% %ﬁ% equw was added to the

reaction Tbxture and the solution was aIIowed to stlr under a gentle stream of nitrogen and in the dark

at ambient temBeaure;for g0ty 10 feaglion ppleR| waR SYBPAIAY 1 vaguanThetesidual product

was dissolved in 2 methane and extracted with 2 x 10 mL portions of phosphate
buffer (0.1 M, pl—F‘?U‘?“ﬁh@ @éﬁfb?ﬁé@ﬂhth lorbhietREAS @kt gt Xveredridtr 8R§e%apdrated in vacuo

resulting in a gejdgn Qily desigbes The rrude preguctuas stireadstor 15:030 minutessaitas mL of

bottom flask and dissclved in 4.5 ml of degassed

15 dimethylformamide. 3-Bromomethyl-4-{4,4,5,5~tetramethyl-
[1,2,3)dioxaborolan-2-yl)-benzonitrile (12a, 0.53, 0.0016
mol, 2.7 eqg) was dissolved in 2 mL of N; sparged DMEF and
added to reaction flask. The solution was stirred and
flushed with N; for 5 minutes. DIEA (C.85 mL, 0.0049 mol,

20 8.0 eguiv.) was added to the reaction mixture and the
sclution was allowed to stir under a gentle stream of
nitrogen and in the dark at ambient temperature for Z6h.
The reaction solvent was evaporated in vacuc. The
residual product was dissolved in 20 mL of

2?5 dichloromethane and extracted with 2 x 10 mL portions of
phosphate buffer (0.1 M, pH 7.0}. The combined
dichloromethane extracts were dried and evaporated in
vacuo resulting in a golden oily residue. The crude
product was stirred for 15 - 30 minutes with 5 mL of

30 hexane until yellow precipitate occurred. It was filtered
and the weight of the product was determined (~ 0.9 g of
yellow powder). The crude product was further purified by
multiple crystallizations from hot Z2-propancl (~ 3 mL of
IPA). Pure product (13a) was collected (0.07g, purity

35 88.8% by HPLC).

Structure determination:
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30 hexane until yellow precipitate occurred. It was filtered and the weight of the product was
determined (- 0.9 g of yellow powder). The crude product was further purified by multiple
crystallizations from hot 2-propanol (- 3 mL of IPA). Pure product (13a) was collected (0.07g, purity
3598.8% by HPLC). Structure determination: RP-HPLC Conditions: HP 1100 HPLC chromatograph,
Waters 3.9 x 1g@-ruprgyrosrediycEoksnn KR Cl@ocolemn, 6:04cat dojestibn, @Semb/min, 1.500 mL
injection loop, 254 nm g tection, A = water (Q.1% v/v d B =MeCN (0.1% 5.v/v TEA), gradient
10% B 2 min, 1%)‘-303/% %o{seWSSrHW%bg}io % gﬂgveﬂr%?nlliéj ].cdbl‘%%lZ r%ih%%gelﬁ%on time 15.2 min.
1H NMR (400 Niize ©OCH3): 6.7.31¢E, 21r1, 0-CYTHI)RCILOHSYL,80), 134ps, 44, nm

0-C(CH3)2C(O413)21¢5Q), 1.35(s, 911 L(CH3)R), 1.63(FrR11NLH2CHRZCH2-N +iNH overlap),
2.51(m, 104H), 2.59%, 211, 3.10(q, 2H), 3.089|és, 2H), 3.99(s, 2H), 4.45(s, 211), 4.53(s, 2H), 5.09(m,
1H), 5.13(S, 111),%.35%¢, 119r2PRAE1HOArH), &7 A3y, 1HP Ay, ‘?.56%&3?5 > 145 7,850, 1H, ArH),
7.70(s, 1H, ArH)oB78{d oLk, Ark)i8,35(00 245, Ark)n8.416d, @, i)t 1BESISMS: mi/z 790.4 (M4,
100%). Boronig a t Qhserv. nder the acjdic_condifjpnsof thj j tep-4:
9-[N-[6-(4,4,5,5,-te rame{%){/}f?-1@;2-’dioc('aggg(%ro'la:g]]o):E %gy%rfobg%%l]q?w(-f[g%%za?é&?{ygﬁ%o)-propyI
amino]methy1]920 10-344[6-(4128 5, defidfibthal-103 2-diékeborolanéfds, H,

oyanobenzyl]-N-[2-{carhoxyethy))aminglimethyllanthtacene sediym sakt £348)) , 2.51 (m,
9-(N-[6-(4,4,5,5,-tet‘rameth€v1-1,3 2-dioxaborolano)-3-

25 H 3.99 2H
cyanobeﬂﬂll-l\l‘lf@-('méth% Mam?dﬁ)tpr%p}/paffﬁno e\thY?]=89(S' 2H), 3.99(s, X
10-[N-[6-(4,4,5 b, -4etramethyl- 1,3, 25digxabdnioland)-3 Tyanobenzy pNi[24@ert-t H} , 5.22

(t, 1H), 7.29(d, 1H, ArH), 7.42(d, 1H, ArH), 7.5C(m, 5H,
ArHY, 7.62(d, 1H, ArH), 7.70(s, 1H, ArH), 7.78{(d, 1H,
ArH), 8.35(m, 2H, ArH), 8.41(d, 2H, ArH).

15 HBSI-MS: m/z 790.4 (M', 100%). Boronic esters are not

observed under the acidic conditions of this analysis.

Step 4: 9-[N-[6~(4,4,5,5,tetramethyl-1,3,2-dioxaborolano) -
3-cyanocbenzyl]-N-[3- (methacrylamido) -propyl amino]methyl]-

20 10-[N-[6~-(4,4,5,5,-tetramethyl-1, 3,2-dioxaborolano) -3~
cyanobenzyl]-N~[2- (carboxyethyl)amino]methyl]anthracene
sodium salt (14a)
9-[{N-[6-1{4,4,5,5,-tetramethyl-1, 3, Z-dioxaborolano)-3-

25 cyanobenzyl]~N-~[3-{methacrylamido)-propylamino]lmethyl}-
10-[N~-[6-(4,4,5%,5, -tetramethyl-1, 3,2-dioxaborolano}-3-
cyanobenzyl]-N-[2- (tert-
butoxycarbonyl)ethylamine]methyl]anthracene (13a, 0.064q,
0.066 mmol, 1.0 eq) was placed into a 25 mL round bottom

30 flask and dissclved in 2.5 mL of a 60:40 degassed
CH,Cl,:TFA solution. The reaction mixture was allowed to
stir at ambient temperature for 24h. The residual product
was washed with 5 mL of CHyCl; followed by removal of the
solvent under vacuum. The dichloromethane washes were

35 repeated until the product became a yellow powder. The
powder was dissolved in 10 mL of dichloromethane and

added dropwise into 20 mL cold saturated aqueous NaHCO; at
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butoxycarbonyl)ethylamino]methyllanthracene (13a, 0.064g, 0.066 mmol, 1.0 eq) was placed into a 25
mL round bottom 30 flask and dissolved in 2.5 mL of a 60:40 degassed CH2C12:TFA solution. The
reaction mixture was allowed to stir at ambient temperature for 24h. The residual product was washed
with 5 mL of CH2C12 followed by removal of the solvent under vacuum. The dichloromethane washes
were 35 repeatedrunt# the product became: anyetlowtpowdert Ihepdvederwas dissoRked in 10 mL of

dichloromethane and added dropyisg,inio 20,mL colfhSaturaled aguepus NaHCOB at a rate such that

the temperature stayeé) elow 5 C. The solution was stirred for an additional 5 min at < 5C followed by
partitioning of thelayersdThe drgaiit ekertrdwete BHigd b¥er aRhydRRIsNZ28OY, filtered and 5

concentrated yisldipg0:Q42 aryellgw: pawgder - Theerudespredust was, dissalvedda 3amd of anhydrous

CH2C12 and transfered to a 25 mL round bottom flask. PS:DEAM bheads (Q.039 g, 1. mmol, 1 eq) were
added to the flé:scfglgﬁrﬁ‘FﬁeaFeea%tigﬁer%élwr% \?&a@ ?Iésﬁeg %?t%oﬁ'ftrgggrg for2 %?lﬁutcgfs'f}"% The solution

was shaken at amsienttemaperdire dor &6 hiThe bdadsfwerdfiltered arfehwabhédvith 2 x 10 mL

dichloromethane, Jheccomhined qrgasicsolutionswese €gpcentialrd unsiepyaguums Rire product
(14a) was obtained (34 mg of indicator). 15 Structure determination: RP-HPLC conditjons: HP 1100

HPLC chromaté§raph? Watets W9x 10b fifh SYRTRefty'3%h 618 tBRintH,35.618HL ij&ction (sample
dissolved in 700 wateriVaCh-with 194 y/\f TEA) 220 91100 miltinjegtion feap,D.M5malt/esn, 254 nm

detection, & = Water (0.1% TEA) and 8= MeCN (O3 iy, TF &), o120ian 40% .2 i, 10-60% B over

18 min, 8]O 100 over 2 min, min, retention time 12.9 min. 1H NMR (400 MHz, CDC13): 5

1.33(s, 12H), 1T38{sbeaidy 251165(hi, 119); ad7 2 {iss, 'S 2 B5(d YH)2 248t I,

dichloromethane. The combined organic solutions were
concentrated under vacuum. Pure product (14a) was
obtained (34 mg of indicator}.

15
Structure determination:
RP-HPLC conditions: HP 1100 HPLC chromatograph, Waters
4.6 x 100 mm Symmetry 3.5p C18 column, 0.010 mL injection
(sample dissolved in 70/30 water/MeCN with 1% v/v TFA),

20  0.100 mL injection loop, 0.75 mL/min, 254 nm detection, A
= water {0.1% TFA) and B = MeCN (0.1% v/v TFA), gradient
10% B 2 min, 10-80% B over 18 min, 80-100% B over 2 min,
100 %B 2 min, retention time 12.9 min.
'H NMR (400 MHz, CDCl3): & 1.33(s, 12H), 1.36(s, 12H),

25 1.65{m, 2H), 1.71 (bs, 3H), 2.35(t, 2H), 2.48B(t, Z2ZH),
2.88(t, 2H)Y, 2.9B{g, 2H}, 4.C1{s, 2H), 4.25(s, 2H),
4.48 (s, 2Hy, 4.58{(s, 2H), 5.1C{s, 1H), 5.28(s, 1H),5.61
(bs, 1M), 7.45{m, 5H), 7.865{d, 1H), 7.72{(d, 2H), 7.81(d,
1H), 7.92{(d, 2H), 8.06b{d, 1H), 8.30(d, Z2H).

30

EXAMPLE 14

Synthesis of 4-Nitro Indicator: 9-([N-[6-(4,4,5,5,-

tetramethyl-1,3,2-dioxaborolano} -3-nitrobenzyl]-N~[3~-
35 {methacrylamido)propylaminolmethyl}-10~-(N-{6-(4,4,5,5, -

tetramethyl-1, 3, 2-dioxaboreclano) -3-nitrobenzyl]-N-[2-
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2.88(t, 2H), 2.98(q, 2H), 4.01(s, 2H), 4.25(s, 2H), 4.48(s, 2H), 4.58(s, 2H), 5.10(s, 1H), 5.28(s,
1H),5.61 (bs, 1H), 7.45(m, 5H), 7.65(d, 1H), 7.72(d, 2H), 7.81(d, 1H), 7.92(d, 2H), 8.05(d, 1H), 8.30(d,
2H). 30 EXAMPLE 14 Synthesis of 4-Nitro Indicator: 9-(N-[6-(4,4,5,5,-
tetramethyl-1,3,2-dioxaborolano)-3-nitrobenzyl1]-N-[3-

35(methacrylamigo) peapydaminp] metd lnd@{N1(Pat#hbdsene sodium salt (14b).
tetramethyl-1,3,2-dioxaborolano)-3-nitrobenzyl]-N-(2- (carboxyethyl)amino]methyl]lanthracene sodium
salt (14b). Stepsteg-NitroH-ith 4 He5-tet(@anesity)SHy2 Sidimeagrblan-2-y1)-toluene (11b) 5
2-Bromo-5-nitrqto|uerse] (s 4 8keg; ian r2mel) \was biseed iftbld100mL round-bottom flask with
potassiummcetate (7.149, 72.7 mmol), 4,4,4',4',5,5,5',5'-Octamethyl1-2,2'- bi-1,3,2-dioxaborolane (10,
13.3 g, 52.3 mrael ¢ Eyd'- 10rbis(cdiphenydplros(@ino)iferdgendidichloropaladiam () ¢4:E3img, 0.506
mmol) and DN_§ r@g rrE13L)1e(y5rE)crin Lher reaction ?gé re %%pe%%eghto 0G for.Adays, g’ggas_géutlon was
cooled to ambiént temperature, ice Water? mL) was added and the black suspension was

extracted with ethyl15 acetide (300 mLY. Fhd sofvent wasTenovedahangudandthe crude product

was purified byiflash eplump;clrgmatedrapby orvsiliea gel 60 eluted withohexanes, then 5%
EtOAc/Hexane). Approximately 95% pure product (2,09 g, _17,0/§%was .ob%ﬁle | from Ihg purest fraction.
20 Structdfe detdinlMaBBRTRPREPEBTEBRATIORS AP TOF BT EGH3MaBgraph! Waters 3.9 x 150

mm NovaPak HR Cil&egolutrbwihrguard cetuinnM301051L mjectiory 0 R migatin i2500 mL injection
loop, mixture was heated to 80°C for 4days. The solution was
cooled to ambient temperature, ice water (125 mL) was
added and the black suspension was extracted with ethyl
15 acetate (3 x 100 mL). The solvent was removed 1in vacuo
and the crude product was purified by flash column
chromatography on silica gel 60 eluted with hexanes then
% EtOAc/Hexane}. Approximately 95% pure product (2.09 g,
17%) was obtained from the purest fraction.
20
Structure determination:
RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters
3.9 % 150 mm NovaPak HR C18 column with guard column,
0.010 mL injection, 0.75 mL/min, 1.5C0 mL injection loop,
2% 254 nm detection, A = water (0.1% v/v TFA} and B = MeCN
(0.1% v/v TFA)}, gradient 10% B 2 min, 10-80% B over 18
min, 80-100% B over 2 min, 100 %B 2 min, retention time
10.48.
'H NMR (400 MHz, CDCl3): & 1.36 (s, 12H, C{CHi)s), 2.62 (s,
30 34, CHs), 7.89%9 (d, 2H, ArH), 7.92 {(dd, 1H, ArH)y, 7.97 (d,
1H} .

Step 2: 3-Bromomethyl-4-(4,4,5,5-tetramethyl-
35 [1,2,3]dioxaborolan~2-yl)-nitrobenzene (12b)

3—Nitro—6—(4,4,5,SMtetramethyl~{1,2,3]dioxaborolan—2wyl)~
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25 254 nm detection, A - water (0.1% v/v TFA) and B = MeCN (0.1% v/v TFA), gradient 10% B 2 min,
10-80% B over 18 min, 80-100% B over 2 min, 100 %B 2 m n, retention time 10.48. IH NMR (400
MHz, CDC13): 6 1.36 (s, 12H, C(CH3)3), 2.62 (s, 303H, CH3), 7.89 (d, 2H, ArH), 7.92 (dd, 1H, ArH),
7.97 (d, IH).  Step 2: 3-Bromomethy1-4-(4,4,5,5-tetramethyl35
[1,2,3]dioxaborolan-2-y1)-pjtrobengze, 2b) 3-Nitro-6-(4, -tetr hyl-[1,2,3]digxghorolan-2-y1)-
toluene (11b, 3?5%%%%%6%%01)%&?% (:'ediiglg)wilog ag%ngoirﬁlﬁ%gn -%%‘%e% fyfei,icignctjgining 50 mL of
benzene. NBS {2884y, 450 ¢AmblL a5k egoit pand eataltiddmelnbenz 2nsazobisisdsut§fo-nitrile
(AIBN, 84 mg, .5 mma)) wesa b addedeand the reagdionapixiure wassefluxeddinder an-Argon stream
for 3.5 h. AdditionagNBS .27%, 1.5 mr’_nol.lO.l &q} Was ggded an(a rgﬂux gg?tim%ed for 2 more hours.
The cooled suspeRsion W feti Bid te SoventWwas témoved under vactufh: The crude product
was purified byakierystallizdtion fremdiotdhrexahst Preduct £128)Mas obitainee £2.42g, 46%). Structure
determination: RPHRLG Conditipns: 5P-1100 HRLG chromategsapth Walers 1553846120 mm

NovaPak HR C18 column with guard column, 0.010 mL injection, 0.75 mL/min, 1.500 mL injection
loop, 254 nm détetti6H)-AATaF (6o VA TEAT WHIBLIMBERAC D% VVIER), [P Adint 10% B 2
min, 10-80% B prer 384nisg 88uk00% B oviers2 min;. 10098 2amdn, vetentiohviime 2042.5. IH NMR
(400 MHz, CDC13): 5 1.40 (s, 121-1, C(CH3)3), 4. 21-1, CH2Br), 7.9 . rH), 8.08 (dd, 1H,
ArH), 8.22 (d, 1FF Ormszgrg%tgﬁ 3‘:’39[%’[%‘-(?%%,5%%%% eﬁﬁ%f-%%,)ﬁ?s Bty
dioxabordl@no)3xmitrobbhi g2 NA3-(Arsthabifarhfte) propyRirideiiiethyAbl0-Ng6-(4,4,5,5,-
tetramethy1-1,3,2-digxahorolanpy-3-nikrgbenzyl]-N-(2- 30 (tert-butoxycarbonyl)
ethylamino]methyl]anthracene (13Db):

Structure determination:
RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters
15 3.9 x 150 mm NovaPak HR Cl8 column with guard column,
0.010 mL injection, 0.75 mL/min, 1.500 mlL injection loop,
254 nm detection, A = water {0.1% v/v TFA) and B = MeCN
(0.1% v/v TFA), gradient 10% B 2 min, 10-80% B over 18
min, B0-100% B over 2 min, 100 %$B 2 min, retention time
20 12.5.
'H NMR (400 MHz, CDCly): & 1.40 (s, 12H, C(CHia)3), 4.92 (s,
2H, CHBr), 7.98 (d, 1H, ArHj), 8.08 (dd, 1H, ArH), 8.22
(d, 1H, ArH).

25
Step 3: 9-[N-{6-{4,4,5,5,-tetramethyl-1,3,62~
dioxaborolanoc)-3-nitrobenzyl]-N-{3- (metha-
crylamido)propylamino]lmethyl]}-10-[N-[6-(4,4,5,5,~
tetramethyl-1,3,2-dioxaborolano) ~3-nitrobenzyl]-N-[2-

30 {tert-butoxycarbonyl) ethylamino]lmethyl]anthracene (13b):
9-[N-[3-(methacrylamido)propylamino]methyl]-10-{N-[2~
(tert-butoxycarbonyl)ethylaminc]methyl]-anthracene (1,
0.509 g, 1.04 mmol) was placed into 100 mL round-bottom

35 flask and stirred in 5 ml dimethylformamide until
dissolved. 4-Nitro-Z-(bromomethyl)phenylboronic acid

pinacol ester (12b, 1.09, 3.19 mmol, 3 equiv.) and DIEA
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9-[N-[3-(methacrylamido)p

ropylamino]methy1]-10-[N-[2-

(tert-butoxycarbonyflethylamino]methyl]-anthracene (1, 0.509 g, 1.04 mmol) was placed into 100 mL

round-bottom 35 flask and
4-Nitro-2-(bromomethyl)ph

stirred in 5 mL dimethylformamide until dissolved. ;
enylboronic acid pinacol ester (12b, 1.09, 3.19 mmol, 3 equiv.) and BIEA

(1.45 mL, 8.38 mmg}, §,:20) wera agded angl thg)solidian herted ta89C: a6l batlvand under a

ba

lloon filled with Argon for 2 hours. The DMF was removed under vacu
added and wasHitkRh phodBhiteBndferi2’x 56 L 3F .1u!(}l?ef>lr—| ?.éf

4, dichiargmethane (S0 m.)
. The aquéeous solution was

backwashed with glichierprethane 25 enlclsand tiee BUinbirretl orgramicesolutices driedwver Na2S04.

The organics were r%
1ch
hexanes (50 mL eac

145 mg of pureprodaEt ds

%{&L% yiel

L vagyumy gnd ihe resuliing, redzveliow il trifrated dyice with boiling
a tan powder. Trituration with boiling 80/20 ethyl acetate/IPA yielded
atahhonder. Moré plire Plodud (408 g AsreepitteP ABm-tHe cooled

ethyl acetate/IRA and1he puse selids are genbinachis: Stueture detarminatior: IRP-HPLC Conditions:

HP 1100 HPLC chromatqg
0.010 mL inject?é’ﬁ%ﬁ‘?%%n

raph, Waters 3.9 x 150 mm N
Gethrtaeaeiar Ay

\é%gggdfl—ﬁ%%g@ coﬂ,lrllrgn Ov)\_Li 99@%‘1 column,

detection, A =Wwater (0.1% viv

TEA) and B = MeCH (0:1%v¢/d TRA)e gradientut0% B Xinin, 19s809%1B dvee 48X ikl 80-100% B over 2
min, 100 %B 2 min, ketention time 16,048in, {HINMR: (400 Mhlkz, SRE1): 6 k3248 ch3H:0-

25C(CH3)2C(CH3)21C-0), 1.36 (s, 21H, 0-C(CH

0eC-C(C
2H), 3.96 (S, 21d) 4 H5:(8]

3%?:
)CH3F 475 (e 2H NCR2CH2EH S Ny

%’:\?é%)@tzt %5952123%? 2%86%%&3%% 3.15 (m,

DH) y4 4BAScI2HY,54 .65 (8,£2HN 505 (901, 5288 s, UH), 5.25 (br, 1H),

15

powder. More pure product (400 mg) precipitated from the
cooled ethyl acetate/IPA and the pure solids are

combined.

Structure determination:
RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters
3.9 % 150 mm NovaPak HR C18 column with guard column,

0.010 mL injection, 0.75 mi/min, 1.500 ml injection loop,

20

min, 80-1
1.0 min.
'H NMR (4

254 nm detection,

(0.1% v/v TFA), gradient 10% B 2 min,

i (0.1% v/v TFA) and B MeCN
10-80% B over 18

100 3B 2 min,

water

00% B over 2 min, retention time

00 MHz, CDCly): & 1.32 (s, 12H, O~

25

30

35

C{CHa)2C(CH3)2,C-0), 1.36 (s, 21H, 0~C({CH3)2C(CH3):,C-0 + T~
butyil), 1.65 3H, O=C-C{CHz)CH3}, 1.75 2H,
CH2CH,CH;~N) , 2.55 {t, 2H)Y, 2.59 (t, 2H), 3.0 {t, 2H),
3.1% {m, 2H), 3.96 2H), 4.05 2H), 4.48 (s, 2H),
5.55 (s, 2H), 5.04 {(s, 1H), 5.08 (s, 1H), 5.25 (bx, 1H},
7.44-7.52 (m, 4H, ArH), 7.64 (d, 1iH), 7.76 (dd, 1H, ArH},
7.80 (d, 1H)}, 7.92 (dd, 1H), 7.96 {(d, 1H, ArH), 8.25 (d,
1H, ArH)}, §.36-8.44 (m, 4H, ArH).

(S, {mr N-

(s, (s,

Step 4: 9-[N-[6-(4,4,5,5,tetramethyl-1,3,2-dioxaborolano) -
3-nitrobenzyl)] -N-[3~- (methacrylamido)propylaminclmethyl]-10-
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30 7.44-7.52 (m, 4H, ArH), 7.64 (d, 1H), 7.76 (dd, 1H, ArH), 7.80 (d, 1H), 7.92 (dd, 1H), 7.96 (d, 1H,
ArH), 8.25 (d, 1H, ArH), 8.36-8.44 (m, 4H, ArH) . Step 4,
9-[N-[6-(4,4,5,5,-tetramethyl-1,3,2-dioxaborolano)- 35
3-nitrobenzy1]-N-[3-(methacrylamido)propYlaminolmethyl]-10-
EN-(6-(4,4,5,5, g1 Elefbly%'ls?”g;ql'%@%%ﬁ’é 131, 3,2~dioxaborolano) ~3-
mUobenzWFN-gi@:5g%gégqvﬁﬁn ety Q%%?f?éﬁ&“ﬁ?ﬁ@@ﬂ;ﬂ}ﬁhthracene

TRYL- 1%E@Iloxaborolano -3-

59-[N-(6-(4,4,5{¢§§Q§Qm§ )
nitrobenzy1]-N-[3-(methacrylamido)propylamino]methyll-10-

[Nr-][?-(4,4,§|,5,-tﬁllrlfl?\;@le[gbyhl,,%%*ﬂj@&ab@&'ﬁ@ﬂb@hQ'Eﬁqb@zyﬂd\i&c«éﬂeﬂrbm@%w&rb@ny|)
ethylaminolmethyllanthracene (131>, 0.499q, 0.493 mmaql) .10 was dissolved in. 10 ml qf.a 60:40
CH2C12:TFA s‘bﬁftﬁcﬁpﬁﬁ’&%ﬁr]rég"o(/%mi@ﬁ T The" o@gﬁtgsgv?/gr‘zéo %ggvnéﬁnﬁ eert\];]a}t':%ﬁun(%ot?le residual

product was dissohed-in2@ niL 6f EH2GEx followkd by reinovaluikie sdReat nAder vacuum. The
dichloromethane. dissolution { pvaperatipn.treatmants Jowersreppated four more times until the

product became a yellow powder. The powder was dissolved in 20 mL of dichloromethane and added

dropwise into 88l kot satraedyAdieti R REATO 3 18R raft- ditifthal e’ terfiBrhture stayed
below 5 G.gThe,solution;wasstitred-2Q foran addigonal:3 minatcd 5C Axdditianad dichlaraiethane (50
mL) was added to aid §artitionin% of the ,IraR/ers. Tlr{re gg%anviq% %trg:cets were dJieéiec%ver anhydrous
Na2S04, filteredard concditrated Vielding 157 g yellow powder. The crude product was dissolved
in 10 25 mL of amhydrous CH42C&2 ahcktiamsferted towas0G A srolirricbotior flask. PS-DEAM beads

(0.10 g) were added, the flask sealed with a.septumrandg Jushad with Argesangkthesgaction mixture

was shaken at ambient temperature for 16 h. The beads were filtered and washed with 30
dichloromethan&h® ¥1 6O SHE AGHBIndHSt gaHic SBiutiorfs WRRF 8drcehtratea thaRF Yacuum. Pure
product (Q.425 mgr 2626} was ebtained asca yeltowpowder iStruttere detbrmindtioradd RP-HPLC

conditions: RP-HPLC Conditions: HR 11§% HRLC chromatograph, Waters 3.9 x 130 mm NovaPak HR
018 column 14%\?&?8‘&61&?‘56%%%& 6‘81 mL ?rlﬁection, 0.75 mL/min, 1.500 mL incjlection loop, 254 nm
detection, A = whHteh (@195 ek ane and added dropwise into 80 mL col

saturated aqueous NaHCO; at a rate such that the
temperature stayed below 5 °C. The solution was stirred

20 for an additicnal 5 min at < 5°C. Additional
dichloromethane (50 mL) was added to aid partitioning of
the layers. The organic extracts were dried over
anhydrous Na,S0,, filtered and concentrated yielding 157
mg yellow powder. The crude product was dissolved in 10

25 mL of anhydrous CH;Cl, and transferred to a 100 mlL round
bottom flask. PS-DEAM beads {0.10 g) were added, the
flask sealed with a septum and flushed with Argon and the
reaction mixture was shaken at ambient temperature for 16
h. The beads were filtered and washed with

30 dichloromethane (2 x 10 mL). The combined organic
solutions were concentrated under vacuum. Pure product

(0.125 mg, 26%) was obtained as a yellow powder.

Structure determination:
35 RP-HPLC conditions: RP-HPLC Conditiens: HP 1100 HPLC
chromatograph, Waters 3.9 x 150 mm NovaPak HR C18 column
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TFA) and B = MeCN (0.1% v/v TEA), gradient 10% B 2 min, 10-80% B over 18 min, 80-100% B over 2
min, 100 %B 2 min, 5retention time 13.7 min. EXAMPLE 15 Synthesis of 4-Trifluoromethylsulfone
Indicator: 9-[N-[6- 10(4,4,5,5,-tetramethy1-1,3,2-dioxaborolano)-3- 14
(trifluoromethylsulfonyl)benzyll-N-[3(methacrylamido)propylamino]methy11-10-[N-(6-(4,4,5,5,-
tetramethy1-1,3, 2egjoxaler@lano)wdu(rifuaromethylsuienybbenzy t:N42mL /min, 1.500
15(carboxyethyl)aming]methylianthracene sodium salt d£21) Step.1: 4-Brgmo-3;methylbenzenesulfonyl
fluoride (16). 4 Bromd 55 R}Ible%%%he%aﬁoﬁw Hioride (187 0.87g, 3676 36 n%rq}o f’a‘ﬁz%rous ’
potassium fluoritkn (8.56 4y, 146 Maddl, 4 @q) and/t8-EAN-6(0:280=g,t1.18mEhok, MO8 eq) were stirred

in anhydrous agefopigle-(20k) gyerpight pWhishilime SRLC shawed qamplete soparsion of
starting material to product. Water (100 mL) was added to the 25 reaction mixture and the product
separated dut d5c47 0il L PRe attRobid sblttidh-was decanted then extracted with hexane (50 mL). The
oil was dissolved in the hexane extract, dried over Na2S04 and the solvent removed under vacuum. A
waxy, white solid (8.08 g, 87%) was isolated. 38%9 T 47748 C. Structure determination: RP-HPLC
conditions: HP 1100 HPLC chromatograph, Waters E% x 100 mm Symmetry 3.5p 018 column (with
Sentry 018 guard column), 0.010 mL injection (sample dissolved in 3560/40 water/MeCN with 1% v/v
TEA), 0.100 miSirgddtpniloopt 1 Somifhe vomeathitadifana Ingikearprd PEAY ah8B = MeCN
(0.1% VIVIPEA) { §rafiéntoL0%eE 12 1101869678 ovei 950 BBLEIT% B 6ver 1 min, 100 %B 1 min,
“nenﬁont”ne10q;ﬁﬁﬁporomethylsu1fonyl)benzyl]wNwEB—

(methacrylamido)propylamino]lmetnylj-10-[N-{6-{4,4,5,5,~

tetramethyl-1,3, 2~dioxaborolano} -3-

(trifluoromethylsulfonyl)benzyl]-N-[2-

15 {carboxyethyl)aminolmethyllanthracene sodium salt (21)

Step 1: 4~Bromo-3-methylbenzenesulfonyl fluoride (16).

4-Bromo-3-methylbenzenesulfonyl chloride (15, 5.87g, 36.6
20 mmol), anhydrous potassium fluoride (8.50 g, 146 mmol, 4
eq) and 18-crown-6 (0.299 g, 1.13 mmol, 0.03 eq) were
stirred in anhydrous acetonitrile (20 mL) overnight by
which time HPLC showed complete conversion of starting
material to product. Water (100 mL) was added to the
2% reaction mixture and the product separated out as an oil.
The aquecus solution was decanted then extracted with
hexane (50 mL). The o0il was disscolved in the hexane
extract, dried over Na,30,; and the solvent remcved under
vacuum. A waxy, white solid (B.08 g, 87%) was isolated.
30 M.p. = 47-48 °C.
Structure determination:
RP-HPLC conditions: HP 1100 HPLC chromatograph, Waters
4.6 % 100 mm Symmetry 3.5p C18 column (with Sentry C18
guard column), 0.010 mL injection (sample dissclved in
35  60/4C water/MeCN with 1% v/v TFA), 0.100 mL injection
loop, 1.50 mL/min, 254 nm detection, A = water (0.1% TFA)
and B = MeCN (0.1% v/v TFA), gradient 10% B 1 min, 10-80%

B cover 9 min, 80-100% B over 1 min, 100 %B 1 min,

—5H-



1H NMR (400 MHz, CDC13): 5 2.5 (s, 3H), 7.68 (dd, 1H), 7.80 (d, 1H), 7.86 (d, 1H). 5 Step 2:
6-Bromo-3-(triflLuoromethylsulfonyl)toluene (17). (TASF, 0.61 g, 2.2 mmol) was suspended in
anhydrous pentane (40 mL) in an oven dried 2-neck flask equipped with addition funnel and cooled to -
5C. 4-Bromo-3- 10 methylbenzenesulfonyl fluoride (16, 5.00 g, 19.8 mmol) dissolved in pentane (40
mL) was added.and adhermemgteninsertgdinto the suspension. Trimethyltriflouromethylsilane
(TEM-TMS, 6.4,mL, 41 mmol, 2.1 eq) dissolved_in pentane (20.mL) added tq the 15 suspension
dropwise via thé"a forl {0h & ticn RS e regac ion t %b(f%thfe ;/yv\{aaégm |dn éir?(le between 4-5 C.
Stirring was cortiraed oy Sikoyrswisite the, suspension was allowed to warm up. The clear solution
was decanted from a brown solid, washed with water (100 mL), dried over Na2S04, 20 filtered and the

solvent removed,undey vaguym, A yello P}Jﬁ@?&n&%ﬁ%ﬂ%’ii@@ e§ yduch thengrystallized
(needles) rlzél)pongsft:ae ding. Structure detee;%nination: 25 RP-HPLC conditions: HP 1100 HPLC

chromatograph, \¥ajers 4.65¢ 190 mm Syunetry 35 04 8 colwani(withnheatry 4 Gguarsheolumn),
0.010 mL injection (sample dissolved in 60/40 Wa%M CN with Jf%c:ﬂv/éTFé)E 0.100,mL irg%ction loop,
1.50 mL/min, 254 thntetectibn, A= &Y (0996 TEAY 3655 B S MEEN %p\ff/?/drFK} gradient

10% B 1 min, 18808 & over Bamir; 180-1:00% B ovet ddnin tt00 %B 1mik;, reténtforetiae3t1.0 min.
NMR (400 Hz, CDC13): 52,853, 3t A 70546l 1H).7-83 4, 16) b7 ¢l 1H) 35 Siep:3

2-Methy1-4-(tri uoro%ethylsqlfonyl)phenylboronlc acid pinacol ester (18). A 250 mL round bottom flask
was charged with pataksfisn 5aceare @98 gf 46 nihol)"Asyadded and a thermometer

bis(diphenylphogphine)fesroceneldichlorppalladium(ll) (0.378r@ 0.51 mmol) asd dis{piaeolato)diboron
(5.2 g, 20 mmol) and flushed with N2. 6-Bromo-3- (trifluor tr [fonyl)toluene (17, 5.0.9, 16 mmol)
in 10 anhydrou BMEEM&HE)}\ESE XLE a%%stﬁeasrﬁ%pe(orﬁglmggtec% t'0218(5%tlffe Unétjérr m@%%r’ 24 hours.
The solvent wag rdmaved uhies vagedm and fentesutting sfurpleluted dovasldiida §el 60N@&0 g) with
95/5 Hexane/Ethylacetate (509, mL),Rempyal affhe salyept yielded :6d1g stude prRgHCE ne

reaction temperature was maintained between 4-5 °C.
Stirring was continued for 5 hours while the suspension was
allowed to warm up. The clear solution was decanted from a
brown solid, washed with water {100 mL), dried over Na;SOg,
20 filtered and the solvent removed under vacuum. A yellow oil
(5.35 g, 89%) was isolated which then crystallized

(needles) upon standing.

Structure determination:

25 RP-HPLC conditions: HP 1100 HPLC chromatograph, Waters
4.6 x 100 mm Symmetry 3.5p C1l8 column (with Sentry C18
guard column), 0.010 mL injection {(sample dissolved in
60/40 water/MeCN with 1% v/v TFA), 0.100 mL injection
loop, 1.50 mL/min, 254 nm detection, A = water {(0.1% TFA)

30 and B = MeCN (0.1% v/v TFA), gradient 10% B 1 min, 10-80%
B over 9 min, B80-100% B over 1 min, 100 %B 1 min,
retention time 11.0 min.
gy NMR (400 MHz, CDCl;3): & 2.55 (s, 3H), 7.70 (dd, 1H),
7.85% (d, 1iH), 7.7 (4, 1H).
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15 as a white, waxy solid. Recrystallization from hexanes yielded 3.78 g (68%) white crystals; a further
0.44 g was isolated from a second crop. Structure determination: 20 RP-HPLC conditions: HP 1100
HPLE chromatograph, Waters 4.6 x 100 mm Symmetry 3.5p C18 column (with Sentry C18 guard
column), 0.010 mL injection (sample dissolved in 60/40 water/MeCN with 1% v/v TFA), 0.100 mL
injection loop, BEeEMIFmiR Meithmiadedtst fA varamne Wl s R AR B°Y IRE R 1% viv
TFA), gradient 2036 BPERARC10B9Y6 B &P 9 min, 80-100% B over 1 min, 100 %B 1 min, retention
time 8.0 min. IH NMR (400 MHz, CDC13): 6 .37%5, 12H), 2.62 ésa 3H)t7.8OO(CrQS%Ii| ,m8.00 (d, 1H).
30FAB MS (mNBAT Sl (MeEyE ?%a\ﬂ?isf)]ias &5 7 S HomEthy £

(trifluoromethylsukard yohehybayenigltacicpinacol ester-35(19).

2'Methyl""“.”E&%f?@g%ﬂx@yhfgaxs'mq%@@Q@%@@ﬁe@ta@egll%s}@@g@ 24606 {03 mmol),
N-bromosuccinimide (1.92 g, 10.8 mmol, 1.04 eq) and AIBN (25 mg; 0.15 mmol, 0.215 eq) were-
heated in refluxifig €G148 (7P mt) W@i?rﬁ?ﬁeﬂ%ﬁt@é%%&ﬁ”ﬁgéﬁbké%@ﬁt HAb%oP5 hours. 5 The

solution was thep aligwed terreaeh earteniperaiyre, géadtydilteraéd and the solvent removed under
vacuum. The crude, product was purified on sili | eluted, yvith and t 10 % ethyl acetate in
hexanes and 1é?ﬁi§z5&%ﬁ1{3§‘§r¥1§y§i8u9f%ny1rfc??§uene' VAN )?e’llgive\?r;ﬂ8§ .

romide’a was isolatéd as a .65 g, 60 %).
Structureldeteraninations RP-BHFLC Tohditionsy &P 210@ $1PLCI chfomategpapts \Waters 4.6 x 100 mm

Symmetry 3.5p,G18 calumn gwith Seniy, CA8 15 guad selumn), @:9104Bk jaigetiqn ésample dissolved
in 60/40 water/MeCN with 1% v/v TFA), 0.100 mL injection loop, 1.50 mL/min, 254 nm detection, A =

water (0.1% TEPIPE SRREN (GA85 VN REAT Gratft 135 B £ 1A 108095 Bors 8 min,
80-100% B oves fimins 1001%801 nsin, gPretentiors fife B#:mime/Ethyl acetate (500

mL). Removal of the solvent yielded 6.1 g crude product
15 as a white, waxy solid. Recrystallization from hexanes
yielded 3.78 g (68%) white crystals; a further 0.44 g was

isclated from a second crop.

Structure determination:

20 RP-HPLC conditioms: HP 1100 HPLC chromatograph, Waters
4.6 x 100 mm Symmetry 3.5p C18 column (with Sentry CI18
guard column), 0.010 mL injection (sample dissolved in
60/40 water/MeCN with 1% v/v TFA), 0.100 mlL injection
loop, 1.50 mL/min, 254 nm detection, A = water (0.1% TFA)}

2% and B = MeCN {0.1% v/v TFA), gradient 10% B 1 min, 10-80%
B over 9 min, 80-100% B over 1 min, 100 %B 1 min,
retention time 8.0 min.

H NMR (400 MHz, CDCls): & 1.37 (s, 12H), 2.62 (s, 3H),
7.80 (m, 2H), 8.00 (d, 1H).
30 FAB MS (mNBA): 351 (M+H)7, 335 (M-15)".

Step 4: 2-Bromomethyl-4-
(trifluoromethylsulfonyl)phenylboronic acid pinacol ester
35 (19) .

2-Methyl-4-{trifluoromethylsulfonyl)phenylboronic acid
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IH NMR (400 MHz, CDC13): 5 1.37 (s, 12H), 4.92 (s, 2H), 7.96 (dd, 1H), 8.02 (d, 1H), 8.08 (d, 1H).
25Step 5: 9-(N-[6-(4,4,5,5,-tetramethy1-1,3,2-
dioxaborolano)-3-(trifluoromethylsulfonyl)benzyl1)-N-P(methacrylamido)propylaminolmethyl]-10-[N-[6-(
4,455, - tetramethy1-1,3,2-dioxaborolano)-3- (trifluoromethylsulfonyl)benzy1]-N-[2-(tert- 30

bUtOXycarbonylb?Hb\’mi@‘i@ihyﬁﬁ@;h@(?@@@,(ZQ)J .3 mmol), N~bromosuccinimide
9-[N-(3-(methacrylamido)propylamino]methy1]-10-[N-[2- :
(tert—butoxycarbbﬁy‘f’)%tr‘?yla%ﬁ‘rcﬁn?@’fﬁ li-ahtHtacé (%,rﬁ%?@é&}\]l.ﬁ%%%b, 3-BrodiBiRéthy1-4-
35(trifluoromethylsulfornyt)pheaykeorenic atid pinaetli esten (19,2111 (@)and-DIEA{4S mL, 26 mmol)

were dissolved in ahydioLs DVIE, (12 ) angstifredalo0m lamperalurg, Lndef3,N2 siream. After

26 hours, the solvent was evaporated in vacuo. The residual product was dissolved in 30 mL of

dichloromethanBrendwbdhéd it X362 porivRd dtPhbEpRAteITHer @ PRE DT D). The 5

dichloromethangsolutign wastdriashoverdNalsO4 fillered anshevaporatertin vactoiresulting in an
orange oil. The crude rEroduct wa trL(t_uratgd with, xanes n(loinili)cgeneqis%%lg%% (lp m.ir%i}rpal IPA and
hexanes added (il é@%lﬁlﬁﬂ “e%arﬁ*&&%?" he solvents were rdmoved under 1ovacuum leaving
a yellow powded (1.93gy D39 nSirlcture derdrminatiensRR:HPERagmrwlitions: HP 1186HPLC

chromatographw\J/_\ézz;erSs&.g é}g% g{wcéy@mt%S‘g)QSOJi%gqlgg‘gb(vggw septry 018 15 guard column),
0.010 mL injection (sample dissolved in 70/30 water/MeCN with 1% v/v TFA), 0.100 mL injection loop,

0.75 mL/rath, 254 nfibdetection ?A = water (0.1% TFA) and B = MeCN (0.1% v/v TFA), gradient 10% B
2 min, 10-80% B over 18 min, 80-100% B over 2 min, 100 %B 2 min, 20retention time 17.4 min.

Structure determination:
RP-HPLC conditions: HP 1100 HPLC chromatograph, Waters
4.6 x 100 mm Symmetry 3.5p €18 column (with Sentry C18

15 guard column), 0.010 mL injection (sample dissolved in
60/40 water/MeCN with 1% v/v TFA), 0.100 mL injection
loop, 1.50 mL/min, 254 nm detection, A = water (0.1% TFA)
and B = MeCN (0.1% v/v TFA), gradient 10% B 1 min, 10-80%
B over 9 min, 80-100% B over 1 min, 100 %B 1 min,

20  retention time 8.7 min.
4 NMR (400 MHz, CDClz): & 1.37 (s, 12H), 4.92 (s, 2H},
7.96 {dd, 1B}y, 8.02 (d, 1H), 8.08 (d, 1H).

25 Step 5: 9-[N-[6-(4,4,5,5,-tetramethyl-1,3,62-
dioxaborolano) -3-(triflucromethylsulfonyl)benzyl] -N-[3~-
(methacrylamido)propylamino]lmethyl}-10-[N-[6-(4,4,5,5,~
tetramethyl-1,3,2-dioxaborolanc} -3~
(triflucromethylsulfonyl)benzyl] -N-[2- (tert-

30 butoxycarbonyl) ethylamino]methyl]lanthracene (20)
9-{N-[3- (methacrylamido}propylaminolmethyl]~10~{N-[2-
(tert-butoxycarponyl)ethylamino]methyli~anthracene (1,
0.706g, 1.44 mmol), 2-Bromomethyl-4-

35 (trifluoromethylsulfonyl)phenylboronic acid pinacol ester
(19, 2.11 g) and DIEA {4.5 mL, 26 mmocl) were dissolved in

anhydrous DMF (12 mL) and stirred at room temperature
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1H NMR (400 MHz, CDC13): 5 1.30 (s, 12H), 1.32 (s, 12H), 25 ESI-MS (TPA/acetonitrile/water):
1004.2 (M-H20+H)+, 1006.2 (M-H204-Na)1 for the bis-boronic acid. Boronic esters are 30 not
observed under the-acidic conditions of this analysis. Step 6: 9-(N-(6-(4,4,5,5,-tetramethy111,3,2-
dioxaborolano)-3-(trifluoromethylsulfonyl)benzy1)-N-[3-
35(methacrylaﬁfﬁ%ﬁﬁr@p&émﬁﬁoﬁﬁ?&hy -f&ﬁN%égh%,fg,S,-tt%éFraFnOe]tﬁff-&,f‘s‘fﬁ-sdioxaborolano)-s-
(trifluoromethylsubfpoylienty 1) N-£2: (carlithe etled YadnimdInpethgitarithrece néisodidreshlt (21)
9-['\'-[6-(4’4’5’gu-te%"h?ﬁh%lflo%8%8&%@9@9&-%@%@9&@@1{@lftznyé)taﬁmyﬂ]-N-[B-
(methacrylamido)propylamino]methyll-10-[N-(6-(4,4,5,5,- tetramethyl-1,3,2-dioxaborolano)-3-
(trifuoromethyl SRRy ABE N2 RREERBAL BukdK E&rbori) ethylaRiindnidthy i&kthracene (20, 1.00 g,
10 843 mrgol) wasgissadved: in=3Q mioofia 6640 £H2G 12 dFAvsotutien oepafad freneN?2 sparged
reagents. The reaction mixturg Véas. allowed to :stirS gﬁgrﬂpient em eratgre or%%?f thep the solvents
0

were removed Ghder VASUUM. elrgsi‘éﬁgfjgrord%ct was (ﬁsslo ved in 3 [ﬁ%_ CH2C12 followed 15 by

removal of the solveat pndeugacutis. The dichicraiethahe dissonaon! évaporafib freatments were

repeated four morestimes antih the: praduct besamea yehow powslen-the pewdes yas dissolved in 30
mL of dichloromethane and added drgpwise intg 60 mL of ice- 20 cold saturate a%tjgeous NaHCO3 at

a rate such thaf the fetpelaind Gagdd Blow 5. e L8LtiSn WaS st F Y& an'ad§itional 5 min at <
5C followed by-partitioning of theylayeys [They organie layel was dried?évérlanhydrous Na2S04, filtered
and concentrated yielding 0.58 g (60 %) 25 product as a yellow powder. Structure determination:

Structure determination:
RP-HPLC conditions: HP 1100 HPLC chromatograph, Waters
4.6 x 100 mm Symmetry 3.5p €18 column (with Sentry C18
15 guard column}, 0.010 mL injection (sample dissolved in
70/30 water/MeCN with 1% v/v TFA}, 0.100 mL injection
loop, 0.75 mL/min, 254 nm detection, A = water (0.1% TFA)
and B = MeCN (0.1% v/v TFA), gradient 10% B 2 min, 10-80%
B over 18 min, 80-100% B over 2 min, 100 %B 2 min,
20 retention time 17.4 min.
'H NMR (400 MHz, CDCls): & 1.30 (s, 12H), 1.32 (s, 12H),
1.34 {s, 9H), 1.63 (s, 3H), 1.78~1.81 {(m, 2H), 2.55-2.61
(m, 4H), 2.96 {(t, 2H), 3.15 (m, 2H), 3.98 (s, 2H), 4.05
(s, 2H), 4.54 (s, 2H), 4.56 (s, 2H}, 5.10 (bs, 1H), 5.12
25 {s, 1H), 5.30 (bt, 1H), 7.49-7.52 (m, 4H), 7.68 {(dd, 1H),
7.80 (m, 2H), 7.84 {(d, 1H), 7.94 (s, 1H), 8,18 (s, 1H),
8.40-8.42 {(m, 4H).
ESI-MS (TFA/acetonitrile/water): 1004.2 (M-HpO+H)", 1006.2
(M-H,0+Na)® for the bis-boronic acid. Boronic esters are
30 not observed under the acidic conditions of this

analysis.

Step 6: 9-[N-{6~(4,4,5,5,-tetramethyl-1,3,62~

dioxaborolanoc) -3- {trifluoromethylsulfonyl)benzyl]-N-[3-
35 {(methacrylamido)propylamino]lmethyl]-10-[N-[6-(4,4,5,5,-

tetramethyl-1,3,2-dioxaborolano) -3~
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RP-HPLC conditions: HP 1100 HPLC chromatograph, Waters 4.6 x 100 mm Symmetry 3.5p C18
column (with Sentry C18 30 guard column), 0.010 mL injection (sample dissolved in 70/30

(0.1%'TE_A') and B = MeCN (0.1% v/v TEA), gradient 10% B 2 min, 10-80% B over 18 min, 80-100% B
over 2 min, 100¢%8; 2 1Mivr SREARPUSH 1ttt D foaiyy 1 H-WMR2(400 MHz, CDC13): 6 1.32 (s, 12H),

1,35 (s, 12H), 1(63dnba et Bt ) drin(s 2k 13733 4 Qi) a28Re(t s2ildini. 08altitl, 224)4.07 (s, 2H),
4.23 (s, 21-1), 4.54 (s, 2H), 4.60 (s, 2H), 5.09 (s, 1H), 5.26 (s, 1H), 5.56 (M, 51H), 7.45-7.49 (m, 4H),
7.82 (m, 2H), 7D4[fim,[BHY,47,.98 $d STHY, 8 168216 Y BH), 8.391(ox 2H)r ESIMS- 3~

(TFA/acetoén|tr|I<Féwqt§u)(j 9%&&@1"5@9@6‘?@1%&%9 éwwzgﬂt@ﬁ for the bis-boronic acid. Boronic

esters are ©  not observed Undef the acidic conditions of this 10analysis. ExamJJIe 16 Synthe5|s of
3,5-Dichloro-Indiegieragynipnided prppylmminolmethy 1} ~10~ {N-{6-

tetra(lm((ethyl 1,3:2«digxaharolanp)-2, Q(@lgbig{g)hﬁf@ﬁbi\l{%—(-methacrylam|do)propy1am|noImethyI]—lO
-W-(6-(4,4,5,5,-

tetramethyl-1,3, & 5|oxa80ro an(k)1)y % ﬁu(df émgro)) gﬁlzz)yl]l} NT]Z {carboxyethyl)amlno] methyl]anthracene
sodium salt (4i) 20 Stepr-a rod-16-(4 415 8- tetiamensiby B adidxabersiandR0, 1.00 g,

2,4-(dichlgro)bengyll-N-P-(methacrylamido)psonylamingimethylk 1@ dNa@-(444:,9,5:rra
tetramethyl-1,3,2-dioxaborolano)-2,4-(dichloro)benzyl]-N(2-(tert-butoxycarbonyl)

ethylammo]metﬁ?l}érﬁﬁ%béhlée@"l’)r%g ¢ I[Rf“[ﬁ{n?é%ﬁﬁ@%rﬁfﬁ%?&%ﬁ?larﬁlﬂ%l51%?}%}-1]101’?) [N- [2- (tert-

mixture was allowed to stir at ambient temperature for
22h then the solvents were removed under vacuum. The
residual product was dissclved in 30 mL of CHyCl, followed

15 by removal of the solvent under vacuum. The
dichloromethane dissolution / evaporation treatments were
repeated four more times until the product became a
yellow powder. The powder was dissclved in 30 ml of
dichloromethane and added dropwise into 60 mL of ice-

20  cold saturated agueocus NaHCO; at a rate such that the
temperature stayed below 5 °C. The solution was stirred
for an additional 5 min at < 5°C followed by partitioning
of the layers. The organic layer was dried over anhydrous
Na,S50,, filtered and concentrated yielding 0.58 g (60 %)

25 product as a yellow powder.

Structure determination:
RP-HPLC conditions: HP 1100 HPLC chromatograph, Waters
4.6 % 100 mm Symmetry 3.5un €18 column (with Sentry CI18

30 guard column), 0.010 mL injection (sample dissclved in
70/30 water/MeCN with 1% v/v TFA), 0.100 mL injection
loop, 0.75 mL/min, 254 nm detection, A = water (0.1% TFA)
and B = MeCN (0.1% v/v TFA), gradient 10% B 2 min, 10-80%
B over 18 min, 80-100% B over 2 min, 1060 %B 2 min,

35 retention time 15.5 min.
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butoxycarbonyl)ethylaminoimethylFanthracene (1, 0.4 g, 0.82 mmol) was placed into 100 mL

round-bottom flask and stirred in 10 mL dimethylformamide until dissolved. 6- 30

(Bromomethyl)-3,5-dichlorophenylboronic acid pinacol ester (2i, 0.83 g, 2.3 mmol, 2.4 equiv.) and

DIEA (1.14 mL, 6.6 mmol, 8.0 eq) were added and stirred under N2, in the dark, at room temperature

for 24h. The ONE R restayadisndernatyum dichigtometharnzi(30 mLy added arithwashed with 35

phosphate buffgr %;590_’{"—72“ 0.1M E'B-I 7.9). 4 he( goll%c?d d'g}g%ror(’r{eth%ﬁ solutiog was dried over
orofet emaovi { resultin

Na2504. The dich ar%i/vaf)s maved undér vacuum and the resulting yellow foamy residue
triturated with Hekanes (26 mdsfor 18 mirfut€d uhder Skbiv fldw &% NEE Thedrudé prdduét (1.02 g) was
crystallized fromhot IRAgelding ayellow ppwdey, (31,:0.38 g, 44% yield)n Sirustuge desgrmination: 5
RP-HPLC Conditions: HP 1100 HPLC chromat%gra#h( Watg{rI 3.97x 91?0 mm I}Ir?yasz%-éR C18
column with guafd colﬂnﬁ’,ﬁ@f@ m(lf“'rnjé&fdn, 5 LYffin,"T.500 mr’ mjé&ion 00p, 254 nm detection,
A = water (0.1% &/v TEA) ahd:B-=SMe&N«0.1%iviv BFAY, gfadienti10% B 1 min, 10-80% B over 9 min,
80-100% B 10 1 %B .1 mi len.time 8.4 min o 1HNI G Migz,CHC13): 6 1.23
(s, 9H), 1.32 (s%%ﬁ.g"f%%? NG %J&%é%@t%%g ‘(n?‘? %gH‘)? 2@; %’%&ﬁ 2f4e|3d ;;((t), 26;), 2.76 (t,
2H), 2.89 (g, 2HYi 42248 22H) f41 653 2P 54 8718 2F) 24:23 (s BEHR 456 £ ARHS4B7(s, 151H),
4.82 (t, 1H), 7.36,(M 4k %48 (dnbd) 786 (dcid) T 264k 2H) o84 7dm,t2H)s 8.24 (m, 2H). Step 2:
9-[N-[6-(4,4,5,5,-tetramethy1-1,3,2- dioxaborolano)- 2,4-(dichloro)benzyll-N-(3-
20(methatR/lanitd)prdpylamino)methY1]-10-1N-[6-(414,5,5, - tetramethyl-1,3,2-dioxaborolano)-
2,4-(dichloro)benzyl)- N-P-(carboxyethyl)amino)methyllanthracene sodium salt (4i)
259-[N-[6-(4,4,5,5,-tetramethyl-l,3,2-dioxabor@QQﬁ{ggé-]{gichIoro)benzyl1-N-[3-(methacrylamido)-
propylamino]methy1]-10-[N-[6-(4,4,5,5,-tetramethy1-1,3,2-
dioxaborolano)-2u4-{ichlaro)kanzyd-N-[3:{tartutexycabeny)hethylaminelmethylianiypsere (3i,
0.389, 15 tetramethyl-1, 3, 2-dioxaborolanc) -2, 4~ (dichlorc)benzyl]-N~

[3- (methacrylamido)propylaminolmethyl]-10-[N-{6~(4,4,5,5, -

tetramethyl-1, 3, 2-dioxaborolanc) -2, 4~ {dichloro)benzyl]-N-

[2-(carboxyethyl)amino] -methyl]anthracene sodium salt (4i)

20 Step 1: 9-[N-[6-(4,4,5,5,~tetramethyl-1,3,2~dioxaborolanc) -
2,4~ (dichloro)benzyl] -N- {3~ (metha~
crylamido) propylamino}methyl}-10-[N-[6-(4,4,5,5,~
tetramethyl-1,3,2~dioxaborolano) -2,4-{dichloro)benzyl] -N-
[2- (tert-butoxycarbonyl) ethylamino]methyl]anthracene {3i):

* 9- [N-[3~{methacrylamido)propylamino}methylj-10-[N-{2- (tert-
butoxycarbonyl)ethylamino]methyl]-anthracene (1, 0.4 g,
0.82 mmol) was placed into 100 mlL round-bottom flask and
stirred in 10 mlL dimethylformamide until dissolved. 6-

30 (Bromomethyl) -3, 5-dichlorophenylboronic acid pinacol ester

(2i, 0.83 g, 2.3 mmol, 2.4 equiv.) and DIEA (1.14 miL, 6.6
mmol, 8.0 eqg) were added and stirred under N, in the dark,
at room temperature for 24h. The DMF was removed under
vacuum, dichloromethane (30 mL) added and washed with
35 phosphate buffer (50 mL of 0.1 M, pH 7.0). The collected
dichloromethane solution was dried over HNapS04. The
dichloromethane was removed under vacuum and the resulting
yellow foamy residue triturated with hexanes (10 mL) for 15

minutes under slow flow of N;. The crude product {1.02 g)
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30 0.36 mmol) was placed into a 50 mL round bottom flask and dissolved in 10 mL of a 60:40
CH2C12:TFA solution. The reaction mixture was allowed to stir at ambient temperature overnight.
After 20h the solvents were removed under vacuum. The residual product was dissolved in 10 mL of
35 CH2C12 followed by removal of the solvent under vacuum. The dichloromethane dissolution /
evaporation treatisents,wesa rapeated il the: piaduct betdimeyayellehlpowderdire {Fdwder was
dissolved in BOQ'nSé)f dichJ%rgometQ?QZ and added dropwise into 50 mL cold saturated aqueous
NaHCO3 at a rate’sudh tha Thé”femp rature stayed below 5 C. The solution was stirred for an
additional 5 min at < 5C followed by 5 partitioning of the layers. The organic layer was dried over

anhydrous Na2$Q4, filtered and.concentrated yielding a yellow powder. The crude product was
dissolved in 15 mL of anhydrous CH2C12 and transfered to a 100 mL round bottom flask. ES-DEAM

beads (0.2%, |&E Wk orhRPRisk0 AhE thé Feactidh A G e haS Bhakd i 5t Arbignt
temperature for16 bo The beadsraereifitered anstwashed withglGmi. dichloramethdnié. Fie combined

organic solutions were concentrated ynder vacuu ure.pr é&(&}gg 52%ayield)was ghtained as a
yellow powder.ll%jgfr%ét%?é deitgémi#i igﬁ:nRPm@LOCECondinons: HP 1100 HP%C chromatograph,

Waters 3.9 x 13 #m NovaPdk HR'@18 toldima with §uard?doldm, B.010RFNnjEttidA, 178" mL/min,
1.500 mL injectigmloopg 254 1R 20:defegtian A i, water£0.4. 9% VAL EEAY anghB =sileCN€082.% viv

TFA), gradient 10% B | min, 10-80% B oyer 9 min, 80-100% B over 1 5n|g iLn(__)Lg]%B 1 min, retention
time 7.9 mih. ESERFS tTEATceldMtriiEwatB 822 S15MI-HIO 41 For the Big-boronic acid. Boronic

esters are not otssenrd (AEendbthecheidid conditiohs ofthis%halydis 3Exdamplé A7) 30 Byhthesis of

3,5-Bis(Trifluoromet dicatgr; 9-1N-[6-,(4,4,5,5,tetramethyl-1,3,2-gioxaboralano)-2,
bis(trifluorometﬁﬁ)b%%}jﬁfN?g'(%nletﬁéﬁyla?nq?zjé) %635a?n%0%n%’tﬁyi§l%ﬁ€%—(%ﬁ}é 5§- 8
tetramethy1-1,3(2-diéReborotadfo) £ 4- 38) , 2.89 (g, 2H), 4.12 (s, ZH), 416 (s,
bis(trifluoromethy])benzylkN-[25(carhpxyethyhaminoimethy|lanthecene sodimm salt 27a) Step |
2-Bromo-4,6-bis(trifluoromethytolyene (23a), ,2,4-Bis( r‘g uor yhtoluene. (22a, 12.79, .56 mmol)
was placeldgin a hhd-‘%‘or%] m}/ﬁ)aslt.hf’ménzg&nqzl TEA a%w l’7’.80r{nq 2S04 (2%%)0 bf?hés%m%aht of TEA)
were added. NBE (10.097 66 thmobHeq) Was adted toHhe réaétfon{mixtdke in small 5 portions. The
reaction was allowed to run at ambient temperature over two days. After 48h the reaction was worked

up. The reactiorégg'ﬁt%e; vasiRalred Qut4osce; coldawatar 428 1) and she organic layer (oily residue)
was separated {{QRLWBLAF JAUYI)- extraction wHi St8PoBiaF1 ] -N- [ 3-

20 (methacrylamido)propylaminolmethyl}-10-[{N~-{6-(4,4,5,5,~
tetramethyl-1,3,2-~dioxaborolano) ~ 2,4~ (dichloro)benzyl]-
N-[2- (carboxyethyl)amino]lmethyllanthracene sodium salt
(4i)

25 9-[N-{6-(4,4,5,5, -tetramethyl-1, 3, Z2-dioxabcorolano)-2,4-
(dichloro)benzyll~N-[3~(methacrylamido) -
propylaminolmethyl]-10-[N-[6-(4,4,5,5, -tetramethyl-1, 3,2~
dioxaborolano) -2, 4~ {dichloro)benzylj-~N~[Z~({tert-
butoxycarbenyl) ethylamino)methyl]anthracene (31, 0. 38qg,

30 0.36 mmol) was placed into a 50 mL xround bottom flask and
dissolved in 10 mL of a 60:40 CHCL,:TFA solution. The
reaction mixture was allowed to stir at ambient temperature
overnight. After 20h the solvents were removed under
vacuum. The residual product was dissolved in 10 mL of

35 CH,Cl, followed by removal of the solvent under vacuum. The

dichloromethane dissolution / evaporation treatments were

repeated until the product became a yellow powder. The
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10 layer was washed with saturated NaHCOS3 aqueous solution and then the layers were separated.
The organic layer was collected, dried over Na2S0O4 and the solvent was removed. The pure product
(13.19, 77% yield) as a slightly yellow oil was collected. 15 Structure determination: RP-HPLC
Conditions: HP 1100 HPLC chromatograph, Waters 3.9 x 150 mm NovaPak HP C18 column with
guard column, p@ddemLviafectibas b Bred/rin, 30560 nelf injectiohdoepe2b4 men 20 atdesen, A =

water (0.1% v/y,TEA) and B, Me@NH(D. 1% uiv JEA) gradient L% Lumindl0-80% Braver 9 min,
80-100% B over 1 min, 100 %B 1 min, retention time 12.3 min, 111 NMR (400 MHz, CDC13): 6 2.54

(s, 3H), 7.64 (sSEAY, &bétZSt}'Sffeﬁ%‘.“E%@ﬁw‘ﬁ-%,ﬁ%‘?’é{ﬁﬁlugmgth%pﬁenﬁﬁ&oﬁ?&%ﬂoﬁnacol ester
(24a) 302-Bromer4,6shisttrifuommethyl) toti:hei@3a) 16.0g,:80 ammel) W3S pfadedbivea réund-bottom

flask and dissolved,in ZoﬁonTrlagD'g/loFf Then KP?AB% (:852_39,1%%m%1%a§‘qq3 was addeg fo the reaction

mixture in one Bgr%%ﬁ% owed by addition of PdC12(dPpf) 69, 0.9 mmol, 0.03eq) and
35Bis(pinacolayeibordi YEY. 245 45amhoh 1. bad). erfd! seitoR WS Blirfad &t 8DESTHT B%h. Then the

solvent was reTE@\@%ua@%ﬂlfe@@Ckﬁgsigyﬁd@%i&@bﬂ@@tedﬁ@ﬂt:lg@@Jiﬂmﬁ@hi@maﬂ)grmpby (DON)
resulting in dar

green olly residue. The compound was, further purjfied hy second column
chromatograph?l‘(5f’/’c‘?l?/f?é‘ﬂﬁ%/ISElflﬁjk.ZPi_’JHﬁ,‘dpr%gff&t9 .“75,%72%0 as ;i g@lié‘%y%‘?@é‘% o%(\?vg%oglollected.
Structure determiration: RP-HRLC iGonditiotd: HR1110@ &P chromategraph, Wiatefd 35kx 150 mm
NovapakaQOéggokﬁgn¥QQEQ%@%“%§QQWrQI%g%n§haken at ambient temperature

for 16 h. The beads were filtered and washed with 10 mL
dichloromethane. The <combined organic solutions were
concentrated under vacuum. Pure product (0.1%g, 52%yield)
was obtained as a yellow powder.
15
Structure determination:
RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters 3.9
x 150 mm NovaPak HR C18 column with guard column, 0.010 mL
injection, 1.5 mL/min, 1.500 mL injection loop, 254 nm
20 detection, A = water (0.1% v/v TFA) and B = MeCN (0.1% v/v
TFA), gradient 10% B 1 min, 10-80% B over 9 min, 80-100% B
over 1 min, 100 %B 1 min, retenticn time 7.9 min.
ESI-MS (TFA/acetonitrile/water): 822.11 (M-H,0+H)" for the
bis-boronic acid. Boronic esters are not observed under

25 the acidic conditions of this analysis.

Example 17

30 Synthesis of 3,5-Bis(Trifluoromethyl) Indicator: 9-[N-[6-
(4,4,5,5,-tetramethyl-1,3,2~-dioxaborolano} -2, 4-
bis(trifluoromethyl)benzyl}-N-[3-
(methacrylamido)propyiamino]methyl]mlOw{N~[6—(4,4,5,5,—
tetramethyl-1, 3, 2~dioxaborolanc}~2,4-

35 bis{trifiuoromethylibenzyl]-N-[2~ {carboxyethyl}aminec]-
methyllanthracene sodium salt (27a)

Step 1: 2-Bromo-4,6-bis({trifluoromethyl)toluene (23a}
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10 injection, 1.5 mL/min, 1.500 mL injection loop, 254 nm detection, A = water (0.1% v/v TFA) and B =
MeCN (0.1% v/v TFA), gradient 10% B 1 min, 10-80% B over 9 min, 80-100% B over 1 min, 100 %B 1
min, retention time 9.1 min (for boronic acid) and 12.8 min (for pinacol ester). 15111 NMR (400 MHz,
CDC13): 6 1.36 (s, 12H), 2.75 (s, 3H), 7.90 (s, 1H), 8.16 (s,1H). Step 3: 2-(Bromomethyl)-3,5- 20
Bis(trifluoromethylpbesylboidhic acigupinagd) estené2ta) (22a, 12.7g, 56 mmol) was
2-Methyl-3,5-bis(triflugromethyl)phenylbaronic acid pinac er{24a,.2.09,5. Ikand 50 ml 0014
were placed in %S'Z%E 0 i r%una%no%o%n? ?I%g&]. I%S£S&O?@gé8 ’?(ngmgl% 1%95Ae£n ?nrgpAli}Blgllq0.0Bg,
0.078 mmol, 0.81%Caq) Aerecdd ddteand e FearfioREAXtWR Was fsiR ke dBF 3hiA 1AE prédence of
75W incandesgghg bulbs Afier 3iuthe sqlution was eaeled dawniterifoam temperature sitawing the
succinimide to precipitate 30 out. The solid was filtered 91‘{ The so{:vent was r%rpov&(]edbargac%l,1 oily product
was collected. PRE THAAE prodiict whE HUTHed by friturating With hesand Which restfted i 90% pure
product (25a, 2t2aq:908 tyield). 35 Strutture detgmmindtiohe RPHPLC Tonditers: MM 1¥GFHPLC
chromatograph, Waters 3,9 150 pm NavaPalsHR 18 colurn with.0uard alumia, 04 mL
injection, 1.5 mL/min, 1.500 mL injection loop, 254 nm detection, A = water (0.1% v/v TFA) and B =
MeCN (0.1% vAaTER), drdfiert 10058 1%, 20809 B obe¥ 8'mir °80-10d% B Sver Y3in, 100 %B
1 min, retentionstipe S ¢ aringfembaranisracidyand b2 9eninr(fertdinacel sterftiHd NMR {400 MHz,

CDC13): 6 1.41 (s, 12H), 5.08 (s, 2H), 7,94 (s, 1H), 8,2 10 Step 4 co1uri
9-[N-[6-(4$2,5,;}-%é&?armgﬁ?ylwi%?ﬁé;i&a%or%)?écnuo 2 ?4%%&#%&%%?&%%%@5&1 1§-I\?-If3-and

(methacrylamidolsropylaminbfuethy 1 e0-EN-@a 4854 tetrBifetiy 198 B didRa Bbrotdd)-2,4- 15
bis(trifluoromethylyoenzyl-N-(2rftesthutoxycaibomydiethylaminel methyh=anthracenedRéag d .

9-[N-[3-(mE'[haC%Xlgm;%%)gr%%yg%rgéqolr??%h.y}!]é]:O-%_IT\I%P- tieétid) as a slightly vyellow

0il was collected.

15
Structure determination:
RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters 3.9
x 150 mm NovaPak HR Cl8 column with guard column, 0.010 mL
injection, 1.5 mL/min, 1.500 mL injection loop, 254 nm

20 detection, A = water {(0.1% v/v TFA) and B = MeCN (0.1% v/v
TFA), gradient 10% B 1 min, 10-80% B over 9 min, BHO-100% B
over 1 min, 100 %B 1 min, retention time 12.3 min.
' NMR (400 MHz, CDCl3): & 2.54 (s, 3H), 7.64 (s, 1H), 8.00
{s, 1H}.

25
Step 2: 2-Methyl-3,5-Bis (trifluoromethyl)phenylboronic acid
pinacel ester {24a)

30 2-Bromo-4, 6-bis{trifiuvoromethyl) toluene (23a, 10.0g, 30
mmol) was placed in a round-bottom flask and dissolved in
200 ml DMF. Then KOAc (8.8g, 90 mmol, 3eq) was added to the
reaction mixture in one portion fcollowed by addition of
PdC1, (dppf) {0.66q, 0.9 mmel, G.03eq) and

35 Bis{pinacolato)diboron (10.2g, 45mmol, 1.5eq). The scluticn

was stirred at 80°C for 24h. Then the solvent was removed
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butoxycarbonyl)ethylaminolmethyll-anthracene (1, 0.8 g, 1.6 20 mmol) was placed into 250 mL
round-bottom flask. It was dissolved in 15 mL of degassed dimethylformamide. 2-
(bromomethyl)-3,5-Bis(trifluoromethyl)phenylboronic acid pinacol ester (25a, 1.66, 3.8 mmol, 2.4 eq)
was dissolved in 5 mL of N2 sparged DMF and added to reaction flask. The 25 solution was stirred
and flushed witg N2 farrR miputesk DIEAs(Z4: a1L,12s8 namph & equivtwap Regeddetirreaction
mixture and the solution was allowe tir under a gentle stream of nitrogen.and in the dark at
ambient tempeFifﬁPé“S\’ié’rgf ﬁ?dh’fs.{%#%‘f 961% ?ﬁlg F’ela?cgfio'}"lnwacgsa(I:T(?nt{ﬁi“:u‘“:zee(i1 for 304 Bh°A60C. Then the
reaction was cotiled downpthedolventswas evaperated irr ¥ddiis! THevreskiRePPFodue W dissolved
in 50 mL of dicwﬁmsm?ﬂf} exsracipbwjthax 70mkqrtions of phesphatergyffend.4 M, pH
7.0). The dichloromethane solution was dried and_evaporated in vacuo 35 resulting in a brownish oily
residue. The cridé ProductdbaS fritlide (fith R8RS HBM1) for 30 minutes. Collected yellow powder
was crystallized from hot IPA resulting in pure product (26a, 1.2g, 59% yield). Structure determination:
RP-HPLC Condjtions: HP 1100 HPLC chromatograph, Waters 3.9 5 x 150 mm NovaPak HR C18
column with gug}-drbl&ﬁ%? .611.(?%“]3%?%&%}1] 1.5 mL/min, 1.500 mL injection loop, 254 nm detection,
A - water (0.1%RBVHIEA) Soch@itMeGN (071 %NV TEA)X gradiematl% B hmit 210:86%°B%ver 9 min,
80-100% B over 1;min, 100,95, 1 minyretenton. fime 10 8ymin. 10311 NMR (40042 oCRC13): 5
1.23 (s, 9H), 1.32 (s, 12H), 1.36 (s, 12H), 1.74 (s, 5H?i,2.31 (t, 2H), 2.8 (m, 5H), 2.88 (t, 2H), 4.08 (s,
2H), 4.1648, 214y )£ 4%4&N2H)! 4576M&/ DY, 5. 12 &0 Y HPI5 3G ARH O 44 990 4HY 788’ 1H), 7.96
(s, 1H), 8.08 (My2Hc8ild(ma2H),.3: 20 £, (121H), 8/29 (HAH)a Ste®5= MeCN (0.1% v/v
9-W-(6-(4,4,5,5,-tettamethyl-1,3,2- djgxabqrolano)- 2 4-pis(trifluoromethylbenzyjsN=(3x .
(methacrylamid%%‘r pyp%%n%ﬁgfmtet@%-%o- 3%3&,5@53-82%0 %et?gn%éth?/lr}f,%fz}éc!i?ox%(?gé)ro?ano)- 2,4-
bis(trifluoromettapybendylj=Ni2(catidxyéthylJantiholmetsyiRntHraterelgsdifn sam 27a)f for
259-[N-[6-(4,4,9,3 sigtramethyds1.3 ZdipxabopolanQ)rgA-pinacol ester)
bis(trifuoromethy%)benzyli-N-Dgﬂpghacg/lamido) ropélaminolmethglll-lo- N-[6-(434§5,5,-
tetrameth}2-1,3 B-R88a - AR8I S, #P6-rifudrdmethyiibenkg i Nf2-frerdS30 37+ 7. 90
butoxycarbonyflethylamjnclmethyllicanttuacene (26a, 0.013g, 0.011 mmol) was placed into a 50 mL
round bottom flask and

Step 3: 2-(Bromomethyl)-3,5-
20 Bis({trifluoromethyl)phenylboronic acid pinacol ester
(25a)
2-Methyl-3, 5-bis(trifluoromethyl)phenylboronic acid pinacol
ester (24a, 2.0g, 5.6 mmel) and 50 ml CCly; were placed in a
25 250 ml round-bottom flask. NBS (1.05, 5.88 mmol, 1.05 eq)
and AIBN (0.013g, 0.078 mmol, 0.014 eg) were added and the
reaction mixture was refluxed for 3h in the presence of 7T5W
incandescent bulb. After 3h the solution was cooled down to
reom temperature allowing the succinimide to precipitate
30 out. The solid was filtered off. The solvent was removed
and oily product was collected. The crude product was
purified by triturating with hexane which resulted in 90%

pure product (25a, Z.2g9, 9%0% yield).

35 Structure determination:

RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters 3.9
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dissolved in 5 mL of a 60:40 degassed CH2C12:TEA solution. The reaction mixture was allowed to stir
at ambient temperature for 19 h. The residual product was washed with 35 10 mL of OH2C12 followed
by removal of the solvent under vacuum. The dichloromethane washes were repeated several times.
The resulting oily product was dissolved in 5 mL of dichloromethane and added dropwise into 25 mL
cold saturated aqueausdNakiGQ3 At adrte sachdhahthetemipetatarel staybedrdoglow.® T Fiie solution

was stirred for an add£ioggl 5 gﬂ%atm ?J ?&BO"OV?%M pggitici(r}i?% ?{ the 5 Iﬂyg{)s. The prganic extracts
4, il [ i y

were dried ove%gﬂﬁf 1605 Na2S tered’and ‘concentrated yielding 0.012 g yellow powder (27a).
Structure deterntriation: 20, RR-HPretesndiiohd: MPvL ITRHPEEIcRromiegiaph \Whater63.9 x 150

mm NovaPak HR-R18 columnmith gyardscalumm 0.930 sajziniedtioay: 155 mildminol.500sME injection
loop, 254 nm detection, A = water éo.lg/o A% TEA?PT?nd B = MeCN (Oﬁl% v/ TJ;A)IUL radj%rg)trlo% B1
min, 10-80% B BVEF9 mil 8010098 B ovelt Min, L0G°9hB- T ir, Yetention time b.6' min. ESI-14S

(TFA/acetonitriledratet): 96611 (Mad20+R)-© farithe bis-boronie acid. Boremic -esters are not observed
under the acidie,egeilionsaf s anglysis, 200xample 18 Sypifigeis ol g Tilluormetin o
Indicator:9-[N-[2- (4,4,5,5,-tetramethyi-1,3 2 dioxaborolano)-4- (trifluoromethyl)benzyll-N-[3-
25(methacrylanfide) gropylafniné]méthy)-10-[N-(2-(4,4,5,5- tetra-methyl-1,3,2-dioxaborolano)-4-
(trifluoromethyl)benzy1]-N-[2-(carboxyethyl)amino]methyl]- anthracene sodium salt (27b) 30 Step I:
2-Bromo-4grifluoromethyltoluene (2314 4-(Trifluoromethyl)toluene (22b, 9.0g, 56 mmol) was placed in
round-bottom flgglepl an 80 M-TEA @G P, B HAEOALiBLhy1-1, 3, 2-dioxaborolano) -

2,4-bis (trifluoromethyl)benzyl]-N-[3~

(methacrylamido) propylaminojmethyl]-10-[N-[6-(4,4,5,5,~

tetramethyl-1,3,2-dioxa-borolano)-2,4-

15 bis{(trifluoromethyl)benzyl]-N-[2- {(text-
butoxycarbonyl)ethylamino]lmethyl] -anthracene (26a}
9—[N—[B—(methacrylamido)propylamino]methyl]mlO—{N—[Z—(tertm
butoxycarbonyl)ethylaminolmethyl]~anthracene (1, 0.8 g, 1.6

20 mmol) was placed into 250 mL round-bottom flask. It was
dissolved in 15 mL of degassed dimethylformamide. 2-
(bromomethyl} -3, 5-Bis (trifluoromethyl}phenylboronic  acid
pinacol ester {25a, 1.66, 3.8 mmol, 2.4 eq) was dissolved
in % mL of N, sparged DMF and added to reaction flask. The

25 solution was stirred and f£lushed with N; for 5 minutes. DIEA
(2.2 mL, 12.8 mmol, 8.0 equiv.) was added to the reaction
mixture and the solution was allowed to stir under a gentle
stream of nitrogen and in the dark at ambient temperature
over 4 nights. After 96h the reaction was ccntinued for

30 4.5h at 60°C. Then the reaction was cooled down, the solvent
was evaporated in vacuo. The residual product was dissolved
in 50 mlL of dichloromethane and extracted with 2 x 70 mL
portions of phosphate buffer (0.1 M, pH 7.0}. The
dichloromethane solution was dried and evaporated in vacuo

35 resulting in a brownish oily residue. The crude product was

triturate with hexane {(15ml) for 30 minutes. Collected

yellow powder was crystallized from hot IPA resulting in
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of the amount of TEA) were added. NBS (10.0g, 56 mmol, leq) 35 was added to the reaction mixture in
small portions. The reaction was allowed to run at ambient temperature overnight. After 20h the
reaction was worked up. The reaction mixture was poured out to ice cold water (100m1) and the
organic layer (oily residue) was separated from the water layer by extraction with Et20. The ether
layer was colleBteee dpisebiet N@%Mar%%he%%ﬁvé’ﬁt%é@y removed. The pure product (7.86g, 59%
yield) as a slightly yellow oil was collected. 5 Structure determination: RP-HPLC Conditions: HP 1100
HPLC chromatograph, Waters 3.9 x 150 mm NovaPak HR 018 column with guard column, 0.010 mL
injection, 1.5 mEAhHT 1560 AR FELIEH B3R 254 nm 10 detection, A = water (0.1% viv TFA) and B =
MeCN (0.1% vRPHER),Qradedi £0emB:1 Hiin 1 108096 B over®nmn c80-1100% Bdeersl mif, 100 %B 1

min, retention tim .7 min. 1H 13):.5.2.45 (s,:3H), 4 ( ] 7,00 (d, 1H),
7.80 (s, 1H). 15 Siegp 2?“%‘-&8%@%%%3%%2%}%3&@%%}0%%&% gp%r%é?g? 'eg(taelréj%%b)
2-Bromo-4-(trifilioiemetsitolderfe (2BHMS6, 211matdl) Wes 2brgiaeéd # robRatbottdm?flagR and
dissolved in 15QmplRME, Then KOACH(6:2,063 mmoly egrwagradded-tatherreagtion mixture in one

portion followed by addition of PdC12(dippf) (0.46g, 0.63, mymnal, 0.03eq) and Bis(pin ta)diboron
5.9¢, 23.1 mmdi: %(.ﬁieq?.rf‘ﬁiel%fhtiiﬁw szti(%a ‘at g%éé %I%mz% seh rl'?w%enmﬁ%'.sso%%er?tgv%?s%r)emoved
and the black residue Wasisubj@btedi#® glugioolumaichndmatograpisy Et0AdY¥&sulting in dark green

olly residye, ThE,CRIEROLAFY AR L. agicYilied by second calmn shramatography (246 MeOHIDCM).
Pure product (3.5g, 58%§ as a slightly green oil was 30 coliected. Structure determination: RP-HPLC
Conditions: HP 1S.00LRPLC éhrotndtograph, Watérs 3.9-x 50 mr Novarak R A8 ollim with

guard column, 9§10 L. @sinjectiony1.p mlmain,($.5001mL injection {@gp, 254,nM . 76 (s,
2H), 5.12 (s, 1H), 5.32 (s, 1H}, 7.44 (m, 4H)}, 7.88 (s,
1HYy, 7.96 (s, 1H), 8.08 (m, 2H), 8.14 (m, 2H), 8.20 (s,

15 1H), 8.29 (s, 1H).

Step 5: 9-[N-[6-(4,4,5,5,~tetramethyl-1,63,62~

dioxaborolano) - 2,4-bis (trifluoromethyl)benzyl]}-N-[3-

(methacrylamido)propyl aminolmethyl]}-10-[N-[6-(4,4,5,5,~
20 tetramethyl-1,3,2~dioxa-borolano)- 2,4~

bis(triflucoromethyl)benzyl]-N-

[2 (carboxyethyl) amino}methyllanthracene sodium salt (27a)

25 9-[N-[6-(4,4,5,5,-tetramethyl-1, 3, 2-dioxaborolano} -2, 4~
bis(trifuoromethyl)benzyl]-N-[3-
(methacrylamido)propylaminolmethyl]-10-[N-{6-{(4,4,5,5,~
tetramethyl~1,3,2—dioxa—borolano)—2r4—
bis(trifuoromethyl)benzyl]-N-[2- (tert~

30  butoxycarbonyl)ethylaminc]methyl]-anthracene (26a, 0.013g,
0.011 mmol) was placed into a 50 mL round bottom flask and
dissclved in 5 mL of a 60:40 degassed CH,Cl;:TFA solution.
The reaction mixture was allowed to stir at ambient
temperature for 19 h. The residual product was washed with

35 10 mL of CH,Cl, followed by removal of the solvent under
vacuum. The dichloromethane washes were repeated several

times. The resulting oily product was dissolved in 5 mL of
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detection, A = water (0.1% v/v TEA) and B = MeCN (0.1% v/v TFA), gradient 10% B | min, 10-80% B
over 9 min, 80-100% B over 1 min, 100 %B 1 min, retention time 7.9 min (for boronic acid) and 12.6
min (for pinacol ester). 111 NMR (400 MHz, CDC13): 6 1.35 (s, 12H), 2.58 (s, 3H), 7.26 5(d, 1H),
7.55 (d, 1H), 8.00 (s, 1H). Step 3: 6-(Bromomethyl)-3-(trifluoromethyl)phenYIlboronic acid pinacol ester
(25b) 10 6-Methyl-3(kifluqeameatyl) pheaylbgrenicacidpinaaalesteri@db, 309, LOImmod)land 60 ml

CC14 were placed in 500 ml round-bottom flask. NBS (1.9, 10.5 mmol, 1. nd AlBN (0.02g, 0.14
yflask NBS (1.9, 10:3 minol. 1.05 &a). A AIBN

mmol, 0.014 e W 58ded AR IR 15 168at8R mixtiire WSS TS for 4.5h N the presence of 75W

incandescent bsitia vafiter H8hdie Solutién wadheooleddovirPto rotHh tefpeFatfe afldwingthe
succinimide to preeipitalg outsThe golid was dittered, off o[ be;splyeptwas femoved and aeiyeproduct

was collected. The crude 20 product was purified by triturating wjth hexane which resulted in 80% pure
product (28b, 3169959 yieht). AR det&iiRghion: BH-RPLE EShdltiths: HP {OOMPLC
chromatographydVaters ¥9 25ex 480 anm NevaRak H&R:E€E8 gokihai. nith Quatd calusn 02610 mL
injection, 1.5 mL/mﬁi_y 1.&'1(%(3‘3 L injection loop, 254 nm detection, A = water (0.1% v/v TFA) and B =
MeCN (0.1% vAPEAT gtadiaht 10% B 1 min, 10-80% B over 9 min, 80-100% B over 1 min, 100 %B 1
min, retention time 8.7 min (for 30 boronic acid) and 12.4 min (for pinacol ester). 111 NMR (400 MHz,

CDC13): 6 1.38(s, 12H); 4 Ne(Se 2nZ 50, 1H), 7.64 (d, 1H), 8.06 (s, 1H). 35 Step 4:
9-(24-[2-(4,4,5,5,-tetramethyl-1,3,2-dioxaborolano

4-(trif|uoréﬁheth%5§ﬁ’aﬂ|-ﬁ@[@%&&%laﬁﬁd&?&?é}a%Bﬁ%nﬂm&ﬁ?ﬁ-‘i@?@\i’-ﬁ(ﬂﬁfs‘%ﬁ 3.9

% 150 mm NovaPak HR C18 column with guard column, 0.010 mL

injection, 1.5 mL/min, 1.500 mL injection loop, 254 nm

detection, A = water {0.1% v/v TFA) and B = MeCN (0.1% v/v

TFA), gradient 10% B 1 min, 10-80% B over 9 min, 80-100% B
15 over 1 min, 100 %B 1 min, retention time 9.6 min.

ESI-MS (TFA/acetonitrile/water): 956.0 (M-H,0+H)® for the

bis-boronic acid. Boronic esters are not observed under the

acidic conditions of this analysis.

20 Example 18

Synthesis of 5-Trifluoromethyl Indicator: o-[N-[2-
(4,4,5,5,-tetramethyl-1, 3, 2-dioxaborclanc)-4-
{trifluoromethyl)benzyl]-N-[3-

25 (methacrylamido)propylamino]methyl]—10~[N—[2—{4,4,5,5—
tetra-methyl-1,3,2-dioxaborolano) -4-
(triflucromethylibenzyl]-N-[2-(carboxyethyl)amino]methyl]-
anthracene sodium salt (27b)

30 Step 1: 2-Bromo-4-trifluoromethyltoluene {23b)

4- (Trifluoromethyl)toluene (22b, 9.0g, 56 mmol) was placed
in round-bottom flask. Then 20 ml TFA and 5.6 ml H;S0, (28%
of the amount of TFA) were added. NBS (10.0g, 56 mmol, leq)
35 was added to the reaction mixture in small porticns. The
reaction was allowed to run at ambient temperature
overnight. After 20h the reaction was worked up. The
reaction mixture was poured out to ice cold water (100ml}

and the organic layer {(oily residue) was separated from the
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tetramethyl-1,3,2-dioxaborolano)-4- (trifluoromethyl)benzy1]-N-[2-(tert-butoxycarbonyl)
ethylamino]methyl]anthracene (26b) 59-[N-[3-(methacrylamido)propylamino]methy1]-10-[N-[2-(tert-
butoxycarbonyl)ethylamino]methYIFanthracene (1, 1.0 g, 2.0 mmol) was placed into 150 mL
round-bottom flask. It was dissolved in 15 mL of degassed dimethylformamide. 6-
(bromomethyl)+2=(tefluaremethyl)pherylbecanicracidipinadl ;L0 €Bber (25bet.759y4.8 mawl, 2.4
equiv.) was dissoé\]/ d in 5 mL of N2 spar a t iQn K. tion was
stirred and flushie J‘\'e/\‘?‘lﬁw ﬁ%’fo(r:%lrﬁﬁlu?fﬁsﬁ%%wf%%lfc}%?%r%ﬂ?g%% gu%é vggg%?j%lgd to the
reaction mixturBhndanESoRitioAWas AlfoRéd to Sftunde etk 5 SthdSM obhit’syetPind in the
dark at ambiengtemperatyre averpight. After 24h the solvent was evaporated in vacuo. The residual
product was dissolved in 10 mL of dichloromethane and extracted with 3 x 15 mL portions of
phosphatesbuffer (0.2 M, pH 7.0). The dichloromethane 20 solution was dried and evaporated in vacuo
resulting in a géstdendilyresitiies fihergradeproduct was stirred for 15 minutes with 10 mL of hexanes

and then the sqlyenfawas remayed oggllected yelaw pawdenyamshistiallized from bot IRAgesulting in
pure product (26b, 1.2g, 55% vyield). 25 Structure determination: RP-HPLC Conditions: HP_1100 HPLC

chromatographi W&erg. 912 158t R ovaPak HREM & dS0nFPRAA Jtdtd®dlurtin P8 H10HmL
injection, 1.5 mLiin: 41200 Mk injection-oap, 2b4sam 3edetectionAsnwatenf).1%54v TfRA) and B =

MeCh (0.1% v/v, TFA), gradient 10% I?[l mi ;-80% B 9 m@,%O;l%%NB efd min, 100 %B 1
min, reterttion tife & %?HHHANT\N? 66 M{&izj?oéD‘Hivs)fgggzga’(‘ L 9H), 1.31 (s, %‘H), 1.35 (s, 12H),
1.55 (bs, 3H), ITF3 (m, @EP2526(n, 04HE 219mB5(t, P18 10K 90 2Ry, 39841, 2B -4 ©3%sP 2H), 4.45
(s, 2H)4.51 (s, 2H).,4.97 {5 ,2H) Ry 0B ht, 1LH); £ ,42-2 & { Mo RH) i 1S41(d. 2Hi 760 (d, 1H), 7.91 (s,
1H), 8.01 (s, 1H), 8.34 (m, 2H), 8.39 (m, 211). 5 Step 5: 9-(N-(2-(4,4 S;Eﬁtetrc?\m%t}gl)\(l-},%%-
dioxaborolano)-&L (MR ol B enTPELRY. (3-Ynfethacryfami pro}) (d, vl
aminolmethy11})-(Nx(2-(4:4%9,5-<tetramethy1-1,3,2-dioxaborolano)-4- (trifluoromethyl)benzy1]-N-[2-
10 (carboigethyl)amino]methyl]anthracene sodium salt (27b)
9-[11-(2-(4,4,5,5,tetramethyl-1 3 2-digxapofolang)-4- hvl)oh b . id
(trifluoromethyl%%%%g&N-@ime%%%l?m!gcﬁlﬁ%lﬁly amino n%tﬁflﬁrfg}[N-é-(l}ﬁi5,5%—%tramethyl-
15 inacol ester )
o doxaboroang U R A IRSIAML I RETOHO s 3bonyliyiemineimetdlanthracene
’ 20 placed in round-bottom flask and dissolved in 150 mt DMF.
Then KOAc (6.2g, 63 mmol, 3eq) was added to the reaction
mixture in one portion followed by addition of PdCl,(dppf)
(0.46g, 0.63 mmol, 0.03eq) and Bis(pinacolato)diboron 5.9%9g,
23.1 mmol, l.leqg). The solution was stirred at go°C for
25 48h. Then the solvent was removed and the black residue was
subjected to plug column chromatography (EtOAcC) resulting
in dark green oily residue. The compound was further
purified by second column chromatography (2% MeOH/DCM) .
Pure product (3.5g, 58%) as a slightly green oil was

30 collected.

Structure determination:

RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters 3.9

X 150 mm NovaPak HR C18 column with guard column, 0.010 mL
35 injection, 1.5 mL/min, 1.500 mL injection loop, 254 pnm

detection, A = water (0.1% v/v TFA) and B = MeCN (0.1% v/v

~ T~



0.39 g, 0.37 mmol) was placed into a 100 mL round bottom flask and dissolved in 20 mL of a 60:40
degassed CH2C12:TEA solution. The reaction mixture was allowed to stir at 20 ambient temperature
for 23 h. The residual product was washed with 10 mL of CH2C12 followed by removal of the solvent
under vacuum. The dichloromethane washes were repeated several times. The powder was dissolved
in 10 mL of dichiprgmethane and aridedsiropwise, into B mlBcaldeb satutatedaiiaiifs NaHCO3 at
a rate such that the temperature f&@/egé)elfwm%g. Trll% tsglugon was .snyéreq ]‘%r ani%ddttporkal 5 min at <

5C followed bycb‘é‘?ﬁtio}‘uinlal&’the layers. The organic Extracts were dried over arlllllqydrous Na2S04,

filtered and conventrated gieldihg 07838 §3:elloni80 pbWde? iTRE @fuds pRduct was dissolved in 10 mL
of anhydrous GiH2{al2 angFangiereede 8, 004nk regndpotiom flask. Bp-DEAMbeads. (0:19 g, leg)

were added to the flask and the reaction mixture was shaken at ambient temperature for 16 h. The
beads wera filtdréd dritl wadhéd with 5 1l 85%iéfofdmetthhe. The combined organic solutions were

concentrated under vacuum. Pure product (27b, 0.27g, 72%) was obtained as a yellow powder.
Structure determination: RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters 3.9 x 150 mm
NovaPak HR C48egplusn With gswsaanbiigl0.010 ok ifibjectione £1oy) fiem 1508 oxli mjection
loop, 254 nm dgtersiopiAzevRtsO:k0 (d8d¥A) and B = MeCN (0.1% v/v TFA), gradient 10% B 1
min, 10-8086 B over 9 min, 80-100% B over 1 min, 100 %B 1 min, retention time 7.2 min 111 NMR
(400 MHz, CDGE3)e 6Hly 33 {s, (12 Hj L 1.30cfse 1BIA),) 104160k bBBofmi,SH), #2238 (t, 2HN A7 (t, 2H),

2.85-2.96 (m, 4"% 2,05 63 2H); 4,33 ( ’oz'ﬁﬂ)ncﬂr@%ﬁdz'é'é’ %@0&12We§e0%£%cjelé)’_'§llgd§’ 1H), 5.52
(bt, 1H,), 7.35-7. 5 (m, 4H§? 7.55-7.66 (m, 2H), 7.68 (d, 1H), 7.77-1.88 m, 3H), 8.03 (s, 1H), 8.24 (s,
1H), 8.30 (M, 2H). I3 ESLNIS {FRR/abbstitriléiRater): 620. 2P (M- )* torthe #i8-b85hic acid.
Boronic esters grgsRot phsemved updenthenaeidjc conditions=efjthis @palysisidexampiel 13 26 Synthesis
of 5-Fluorolndicator:9-[N-[2-(4,4,5,5,- tetramethy1-1,3,2-diox lano)-4-fluorobenzyll-N-[3-
(methacr);iamidﬁfﬁ%ﬁg%ﬁ%bﬁﬁé’ﬁ\?l]-”iﬁ[l\ﬁﬁgi(ﬁﬁf?S,gor aat{q_{g AT The pmse%yée CE
tetramethy1-1,3] 2ulioxabordkmnodtfunrdben AfLjeN-[2-~ 2B(cabsoxyethit)aprinbirethgiditfiracene
sodium salt (32g), tep {3-Flugip-6vnritwiphenylboronicagidpinasdl esfer@d@nide  to

precipitate out. The solid was filtered off. The solvent

was removed and oily product was collected. The crude

20 product was purified by triturating with hexane which

resulted in 80% pure product (25b, 3.6g, 95% yield).

Structure determination:

RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters 3.9
25 x 150 mm NovaPak HR C18 column with guard column, 0.010 mL

injectioen, 1.5 nmL/min, 1.500 mL injection loop, 254 nm

detection, A = water {0.1% v/v TFA) and B = MeCN (0.1% v/v

TFA), gradient 10% B 1 min, 10-80% B over 9 min, 80-100% B

over 1 min, 100 %B 1 min, retention time 8.7 min (fcr
30 boronic acid) and 12.4 min {(for pinacol ester).

'H NMR (400 MHz, CDCl3): & 1.38 (s, 12H), 4.91 (s, 2H), 7.50

(d, 1B), 7.64 {(d, 1H)}, 8.06 (s, 1H).

35 Step 4: 9-[N-[2-(4,4,5,5,~tetramethyl-1,3,2-dioxaborclanoc) -
4~ {trifluoromethyl)benzyl] -N-[3-
{(methacrylamido)propylamino]methyl]-10-[N-[2-(4,4,5,5,~
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30 3-Fluoro-6-methylphenylboronic acid (10g, 65=01) and 220 ml of diethyl ether were placed in
round-bottom flask. Then pinacol was added (7.689, 65 mmol, leq) and the resulting reaction mixture
was stirred for couple of minutes until the solution became clear. Finally, Mg804 (15.6g, 130 mmol, 35
2eq) was added and the solution was allowed to stir at ambient temperature, under N2 balloon
overnight. After-24x theteaction \8a2 wibtkechhiprdlg86i-as filtered off and washed with Et20.
Organic layer wasrddlectedaattip? ) sehant was-then reerdvdov Poxy pratheory13.2g, 99% yield) was
obtained as a derkytiaimijwesityk] Sutichaeadetertfflalion: 5 RP-HPLC Conditions: HP 1100
HPLC chromatoqgraph, Waters 3.9 x 150 mm NovaPak HR C18 column with guard column, 0.010 mL
injection, 155 m@7rhtk; 135009 asjeetiamichp, PEARHAFEREI 6% 1R W atdt 10MbA T8EAY and B =

MeCN (0.1% viy FA), @radient 1096 18,1 4pitn 4 9n80%,B pven Oipine80:108% B 10 gyerlmin, 100
%B 1 min, retention time 6.1 min. 1H NMR (400 MHz CDC%%{:_S 1.34%5,&%? 2.42 (s, 3H), 6.97
(ddd, 1H), 7.098EL L HY 24 PEREAT) 1Nt Stép D: BIBISMSNetR S hudrobhenyIbSrohiCacid
pinacol 15 esteg {30a)13~&luoron6-methytphemyboranie ssietpindtokestel (20a,:5u0dg,-21.2-mmol) and

140 ml CC14 were placed in 500 ml round-hot lask; N 2R l41.05.6a)and 20
AIBN (0.0549, (f%%gﬁ%?nmo%éél% §c11)(v%é£ %188%%‘%%&%}r@?%ﬁ%iﬁgﬁi&%gﬂﬁed_for 3.5h in the
presenceldf 7595 ireand@Ebentiblby Aftér 8. 5ithe slufiofi We cooledsdsins 16 186/ tBinperature

allowing the sugﬁjni@pel\gg pg%gg@%tg opls he selichwas diltared off 5 Fhe salvent2awastremoved and
oily product was collected. Purification with column chromatqg%ra[@hyfg%/g Hexantes/EtrMﬁgzetate)
resulted in pureSErbittP 364 55 8oL BT, Fiedq) Lushed with Hp"for > minutes.

(2.8 mL, 16 mmol, 8.0 eguiv.} was added to the reaction
mixture and the solution was allowed to stir under a gentle
1% stream of nitrogen and in the dark at ambient temperature
overnight. After 24h the solvent was evaporated in vacuo.
The residual product was dissolved in 10 mL of
dichloromethane and extracted with 3 x 15 mL portions of
phosphate buffer (0.1 M, pH 7.0). The dichloromethane
20 solution was dried and evaporated in vacuo resulting in a
golden oily residue. The crude product was stirred for 15
minutes with 10 mlL of hexanes and then the solvent was
removed. Collected yellow powder was crystallized from hot
IPR resulting in pure product (26b, 1.2Zg, 55% yield).
25
Structure determination:
RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters 3.9
x 150 mm NovaPak MR C18 column with guard column, 0.010 mL
injection, 1.9% mL/min, 1.%00 mL injection loop, 234 nm
30 detection, A = water (0.1% v/v TFA) and B = MeCN (0.1% v/v
TFA), gradient 10% B 1 min, 10-80% B cver 9 min, B80-100% B
over 1 min, 100 %B 1 min, retention time 8.1 min.
'H NMR (400 MHz, CDCl3): & 1.29 (s, 9H), 1.31 (s, 12H), 1.35
(¢, 12H), 1.55 {(bs, 3H), 1.73 (m, 2H), 2.52 {(m, 4H)}, 2.91
35 (t, 2H), 3.10 (q, 2H)Y, 3.95 (s, 2H), 4.05 (s, 2M), 4.45 (s,
2H), 4.51 (s, 2H), 4.97 (s, 2#), 5.05 (t, 1H), 7.42-7.47
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Structure determination: 30 RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters 3.9 x 150
mm NovaPak HR 018 column with guard column, 0.010 mL injection, 1.5 mL/min, 1.500 mL injection
loop, 254 nm detection, A = water (0.1% v/v TEA) and B = MeCN (0.1% v/v TFA), gradient 10% B 1
min, 10-80% B over 9 min, 80-100% B 35 over 1 min, 100 %B 1 min, retention ti 2 min (for free

boronic acid) ad# 425t hnn—(fo?‘lplﬁéeoljé@ter)’iﬁ@@\ll\ﬁﬁ (4BBMHL; %béi?) dlin ( 2‘-?) 4.88 (s,

2H), 7.04-7.09 (ddd, 14)37.3@a7.37H(dd, 4 H)97.47-7 5)(dd, 1H). 5 Step 3:
9-[N-P-(4,4,5,5,-tetramethy1-1,3,2-dioxaborolano)-
4-fluorobenzyll-N-[3-(metha-crYlamido)propylamino]methY1]-

10-EN-[2-(4,4, 5 -teigmegth)gq 1ri§ 2(glo§agor§)la@<@t4fa}n%ﬂug@_bfngy%l,N (2-(tert-butoxycarbonY1)

ethylamino)me rac

a L4~ (triflucromethyllbenzyl]l-N
9-[N-[3- (methac nlg r¢ I TR EeR; gwgarﬁ@ny%eqma,mgxcg,methyn anthrac
ene (1, 1.0 g, 1 qu R afe ggga})Q,leLd ottom flask and stirred in 16 mL
dlmethylforma UHI m@m )23 -f uorophenylboronlc acid pinacol ester (30a,

1.96, 6. 22%] ﬁé%glﬁ QHEHL:&Q;HQ) weke afded pad @iripd under N2, in
the dark at room te erature for 24h. The DMF was removed under vacuum; dichloromethane (20

mL) added andgugshegbwith P£10§Pbat9t@ﬂf£@n(é@ﬂ’9&0f,03l Mk 780 Eslleated-dichloromethane
solution was dried over Na2S04, The dlchloroan% ge was movc—id under vacuum and the resulting
L)f

25 yellow residdé Fri’tﬁ?a‘h%%ﬁwtﬁé’g ansd @t 5 m|nu der slow flow of N2. The crude
product (1.6 g) waswrystatized from hbteRAtwicel Pielding &yé‘?loﬁ\/ Fowder-6tra8:884 Biirity by HPLC
(31a, 0.89 g, 45f/9 yieidhiggxggﬂcﬁ@[%tqgser@ﬂq%tﬂ@iuorOMmethyl)benzyl] -N-[2-
(tertﬂbutoxycarbonyl)ethylamino}methyl}anthracene {26b,
0.39 g, 0.37 mmol) was placed into a 100 mL round bottom
flask and dissolved in 20 mL of a 60:40 degassed CHpClp:TFA
solution. The reaction mixture was allowed to stir at
20 ambient temperature for 23 h., The residual product was
washed with 10 mL of CH:Cl, followed by removal of the
solvent under vacuum. The dichloromethane washes were
repeated several times. The powder was dissolved in 10 mL
of dichloromethane and added dropwise into 80 mL cold
25 saturated aguecus NaHCO3 at a rate such that the temperature
stayed below 5 °C. The solution was stirred for an
additional 5 min at < 5°C followed by partitioning of the
layers. The organic extracts were dried over anhydrous
Na,S50,, filtered and concentrated yielding 0.33 g yellow
30 powder. The crude product was dissolved in 10 mL of
anhydrous CHoCl; and rransfered to a 100 mL round bottom
flask. PS-DEAM beads (0.19 g, leq) were added to the flask
and the reaction mixture was shaken at ambient temperature
for 16 h. The beads were filtered and washed with 5 mL
15 dichloromethane. The combined organic sclutions were
concentrated under vacuum. Pure product (27b, 0.27g, 72%)

was obtained as a yellow powder.
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RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters 3.9 x 150 mm NovaPak HR C18
column with guard column, 0.010 mL injection, 1.5 mL/min, 1.500 mL injection loop, 254 nm detection,
A = water (0.1% v/v TFA) and B = MeCN (0.1% v/v 35 TFA), gradient 10% B 1 min, 10-80% B over 9
min, 80-100% B over 1 min, 100 %B 1 min, retention time 7.3 min. 1H NMR (400 MHz, C0C13): 6 1.29
(s, 9H), 1.31 (s, 12H), 1.35 (s, 121-1), 1.55 (bs, 3H), 1.72 (m, 2H), 2.54 (m, 41-1), 2.92 (t, 2H), 3.09
(g, 2H), 3.95 (s 211%, 4.03 (éf %l% 4.47.(s,2H), 4.51 (s, 211), 4.96 (s, 211), 5.05 (t, 1H), 7.42-7.46 (m,
6H), 7.54 (d, 1A}, 766 {4145 7B 15t 8.01 (s, 51H), 8.32 (m, 2H), 8.38 (M, 2H). Step 4:
9-W-[2-(4,4,5 RRetRhCtIGand B2 ctipxabbroldds)- 4 Alerobera LRuRpPh, Waters 3.9
(mEthacrylamiqg)E?gqpyllr@{nm%h‘cy]ﬂﬁ(b@é'@dﬂlﬂmﬁ5w‘i]t91 guard column, 0.010 mL
tetramethy1-1,3,2-dioxaborolano -4-f|uorqbenz;§11]-N-42- (carbox_yethyl)amino]meth)ﬁl]Saqnthracene
sodium sak (326) TRRR 204, 4 5:5 -t8tF{Mitthy 14 3 SUdidab drolit) 4 51 OOP nm
fluorobenzyll-NJ3t@rethasrylamida)garepylaming]methylt-28; and B = MeCN (0.1% v/v
[N-[2-(4,4,5,5,- ethyl-1,3,2-di >§g@ olang)-4-flugrohenzyl]-N-(2:(tgrt-butoxygarbaryl)
ethylaminolmegﬁgﬂzth%cae%rﬁ(é a% ?7%%,%.%%*% V%%gz ;%gevc(fgif]t? arxl%FO' m)él?%o%gn%gbgttom flask
and dissolved ia30:20 milibf a 68046 EH2012:TFAeE610E 19 TIié Feactioh Mkdture was allowed to stir
at ambient temperaiuie QueRighi-Aftebe4h)the solvents were remaved undes vaguunre The residual
product was dissolved in 10 mL of CH2C12 followed %éremoval f the solvint uéwdéa%ygcglém. The
dichlorométhank: 28 alssbRutibf/ e@ﬁbora?tio?ﬁregtme )Wer%'rézﬁeéféﬂ Lﬁﬁi the“product became a
yellow powder. {hhe pawderwas dissolyad in 803¥L &f diehloromethanesand ddded-ddpiise into 50
mL cold saturated aq aH atar ch that the. teypperature, gtayed W The
solution was stlt‘ﬁr%)d'B f(c)jdrl%r']Y gdc?i:%%iél 'm?i%ea lé<’ Sg]jz))l'lo%éﬁg%yqp%ﬁt%r%ﬁg;of ﬁieei(%aygrg%he
organic layer w&s driéd over’aftiydrof§ NERS O fitteréd &thd ncéhttated yieldihg®P7 §¥ellow
powder. The cryde preduct was disgelvegl in20m) afignhydraus Ghi2CQ2 and transfered to a 100 mL

round bottom 35 flask. PS-DEAM beads (0.44 g, leq) were gdded to the flask and the reaction mixture
was shaken at Ebidh ShFR{ATTS ?6’rl%6tﬁ}‘lagﬁ‘é' %e%ﬁ ‘\/vegr%aﬂgeirej pf}n%g]\;i‘v"?&@ed with g fr%neL

dichloromethanei Fheccombineddrganiosalutions sisre coacentratedbbndar gdc e Putéproduct

(0.559, 71%) was ohtained as .4 ygllaw ppwder..Stiygtiye determination: RP-HPLC Conditions: HP
1100 HPLC chromatograph, Waters 3.9 x 150 mm NovaPak HR C18 column with guard column, 0.010

mL injection, 1.5 mL/min, 1.500 mL injection loop, 2541nm1%etection, A = water (0.1% v/v TFA) and B =
MeCN (0,196 viv Example

Synthesis of 5-Fluoro Indicator: 9-[N-[2~{4,4,5,5,~
tetramethyl-1,3,2~dioxaborolanc) ~4-fluorobenzyl]~N-{3-
(methacrylamido)propylaminoimethyli-10-[N-[2-(4,4,5,5,~
tetramethyl-1, 3, 2-dioxaborolano}-4-fluorobenzyl]-N-[2-

25 (carboxyethyl}amino]methyl]anthracene sodium salt (32a)

Step 1: 3-Fluoro-6-methylphenylboronic acid pinacol ester
(29a)

30 3-Fluorc~6-methylphenyiboronic acid (10g, 65mmol} and 220
ml of diethyl ether were placed in round-bottom flask. Then
pinaccl was added (7.68g, 65 mmol, leg) and the resulting
reaction mixture was stirred for couple of minutes until
the solution became clear. Finally, MgS0s (15.6g, 130 mmol,

35 2eq) was added and the solution was allowed to stir at
ambient temperature, under N, balloon cvernight. After 24h
the reaction was worked up. MgS0, was filtered off and

washed with Et,0. Organic layer was collected and the
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10TFA), gradient 10% B | min, 10-80% B over 9 min, 80-100% B over 1 min, 100 %B 1 min, retention
time 6.4 min. 11.1 NMR (400 MHz, CDC13): 5 1.33 (s, 12 H), 1.37 (s, 12H), 1.56 (t, 2H), 1.62 (s, 3H),
2.24 (1, 2H), 2.43 (t, 2H), 2.86 (m, 2H), 4.00 (s, 2H), 4.27 (s, 2H), 4.43 (s, 2H), 15 4.61 (s, 2H), 4.89 (t,
1H), 5.12 (s, 1H), 5.48 (m, 1H), 7.12 (ddd, 11-1), 7.29 (ddd, 1H), 7.38 (m, 4H), 7.44-7.52 (m, 2H), 7.57
(dd, 1H), 7.69 (dsh d&h 7.83(n: 124, 8eddbred2Hp X Epamaplec20 (15.2g, 99% yield)
Synthesisof4-Chlorolndicator:9-[N-[6-(4,4,5,5,- . .

tetramethyl—l,ﬁfﬁ?di%?(gﬁérr%ﬁa?no %E-%ﬁ%%%e z%}lﬁ%—[?—lly residue.
25(methacrylamido)propylamino]methy11-10-[N-[6-(4,4,5,5,-

tetramethy1-1,3,2-digxaberolanq):3:chiorebganzylli-N-f2- (carboxyethyl)aminolmethyljanthracene
sodium salt (32b Step 1: 4-Chloro-2-meth %ﬁggglboronic acid Einacol ester 30(29b)
I

4-Chloro-22meRFPHEyIFSBAL &g 35.04F 2 Faftd 06 PRI I5EaR ethé TEre Brated in
round-bottom flasksThem piracob wasiadde® (343 .28 mmal; len)ant] thel resulting. 83 ¢ealtion mixture

was stirred for couple of minut§§ émtrirlzt. d% tlsﬁ)él'ltj.ti(fr.] g)@%arplg clf%s. eFé'%I% MgQ4 (6,98, 58,mmol, 2eq)
0 stir m

was added and the sollitior was allowe at ambient temperature, under N2 balloon overnight.
After 24h the rebtiontiasworked UptgSO4 Wasviiteréddif & B = MeCN (0.1% v/v

TFA), gradient 10% B 1 min, 10-80% B over 9 nin, 80-100% B
10 over 1 min, 100 %B 1 min, retention time 6.1 min.

H NMR (400 MHz, CDCl;): & 1.34 (s, 12H), 2.48 (s, 3H), 6.97

(ddd, 1H), 7.09 {dd, 1#H}, 7.43 (dd, iH).

Step 2: 6-(Bromomethyl)-3-flucrophenylboronic acid pinacol
15 ester {(30a)
3-Fluoro-6-methylphenylboronic acid pinacol ester (29a,
5.01g, 21.2 mmol) and 140 ml CCl,; were placed in 500 ml
round-bottom flask. NBS (3.%7g, 22.3 mmol, 1.05 eq) and
20  AIBN {(0.054g, 0.33 mmol, 0.016 eq) were added and the
reaction mixture was refluxed for 3.5h in the presence of
75W incandescent bulb. After 3.5h the solution was cooled
down to room temperature allowing the succinimide to
precipitate out. The solid was filtered off. The sclvent
25 was removed and oily product was collected. Purification
with column chromatography {95/5 Hexanes/Ethyl acetate)
resulted in pure product (30a, 5.5%g, 84% yield).

Structure determination:

30 RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters 3.9
x 150 mm NovaPak HR C18 column with guard column, 0.010 mL
injection, 1.5 mL/min, 1.500 mL injection loop, 254 nm
detection, A = water (0.1% v/v TFA) and B = MeCN (0.1% v/v
TFA), gradient 10% B 1 min, 10-80% B over 9 min, 80-100% B

35 over 1 min, 100 %B 1 min, retention time 7.2 min (for free
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washed with Et20. Organic layer was collected and the solvent was then removed. Pure product (7.2g,
97% yield) was obtained as a white powder. 5 Structure determination: RP-HPLC Conditions: HP 1100
HPLG chromatograph, Waters 3.9 x 150 mm NovaPak HR C18 column with guard column, 0.010 mL
injection, 1.5 mL/min, 1.500 mL injection loop, 254 nm detection, A - water (0.1% v/v TEA) and B =
MeCN (0.1% VRPISTFA)2Grdtlert thobB 1 M 16580048 BVEPY ik~ 8D1100% B over 1 min, 100
%B 1 min, retehtionine (46 miAzIN MR (100 MHz, TDCL3): 6 1133 (s4 12H), 250 & BH), 7.14 (m,
2H), 7.68 (d, 1H). 15 Step 2: 2-(Brompmethyl)-4-chlorophe, orQnic acigd pinacolester (30b)
4-Chloro-2-met y?g)alﬁ'ei;/?%oroiq? czg’cidfpﬁécg? égggmﬁ)if, 7%&28. r&'mol%'gr?d ?LOE())%rSnI {)Cé)gi'df were
placed in 500 mH20 round-bottom flask. NBS (5.3g, 29.9 mmol, 1.05 eq) and AIBN (0.066g, 0.399
mmol, 0.034 eq) were added and the reaction mixture was refluxed for 6h in the presence of 75W
incandescent bulb. After 6h the solution was cooled down to room temperature allowing the
succinimide to pragipkateg? gu Zhggsalibwas-flieredaéft kpe-so) - wasxameretsan] the product
was collected (3083 9 36,9956 YN SH3ICHE IRl BRiPpLaR 4B PP Bb¢1 GandbpRsthi 1200 HPLC
chromatograph yVaiers 3-930 &, G NRMNR@ERANR-01Bcoluaibwibgusrdeejumn, 0.010 mL
injection, 155 mk{mit, da8@ il inectipn(eepL2b4 poxgeteationyd)= water (0.1% v/v TFA) and B =
MeCN (0.1% v TEAMG adiRne £R%4 Bah BlR 21894 Bravyer 9 min, 80-100% B over 1 min, 100 %B 1
min, retention time 8.05 min (for free 35 boronic acid) and 12.4 min (for pinacol ester). 1H NMR (400

MHz, CDC13): $-1:36 [(3;- 12} 1 85\(5aR 0T 24P 28, rkH et 58 1d -1, (R 742d (168t 5 Step 3:
9-W-[6-(4,4,5,5,-tetramethyl1-1,3,2-djgxeborolane)- - 0
3-chlorobenzyl -ﬁe?[%}-‘(%%:&ﬁ%?c%}’% ?é%)%%é‘%g‘r’nﬁ&gﬁ#éﬁ%)-a“mrace”e o 109
10-[N-[6-(434,5 5, ddtramethy|- ¥3:2-tibxapdrolas)-3-ChisrbbereNR et tembiita§ Eadrshyl)
ethylamino]methytlanitisacene @dbk, dimethylformamide until dissclved. 6-

(Bromomethyl)-3-fluorophenylboronic acid pinacol ester
(30a, 1.96, 6.22 mmol, 3.0 equiv.) and DIEA (2.8 mL, 16
mmol, 8.0 eq) were added and stirred under N, in the dark,

20 at room temperature for 24h. The DMF was removed under
vacuum; dichloromethane {2¢ mL) added and washed with
phosphate buffer (40 mL of 0.1 M, pH 7.0). Collected
dichlcoromethane solution was dried over NazS504. The
dichloromethane was removed under vacuum and the resulting

25 yellow residue triturated with hexanes {10 mlL) for 15
minutes under slow flow of N;. The crude product (1.6 g) was
crystallized from hot IPA twice yielding a yellow powder of
~ 98.6% purity by HPLC (3la, 0.89 g, 45% yield).

30 Structure determination:
RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters 3.9
% 150 mm NovaPak HR C18 column with guard column, 0.010 mL
injection, 1.5 mL/min, 1.500 ml injection loop, 254 nm
detection, A = water (0.1% v/v TFA) and B = MeCN (0.1% v/v
35 TFA), gradient 10% B 1 min, 10-80% B over 9 min, 80-100% B
over 1 min, 100 %B 1 min, retention time 7.3 min.

H NMR (400 MHz, CDCl3): & 1.29 (s, 9H), 1.31 (s, 12H), 1.35
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10 9- [N- [3- (methacrylamido) propylamino)methyl] -10- [N-[2- (tert-
butoxycarbonyl)ethylamino]methYllLaflthraCefle (1, 1.0 g, 2.04 mmol) was placed into 100 mL
round-bottom flask and stirred in 15 mL dimethylformamide until dissolved. 2- 15
(Bromomethyl)-4-chlorophenylboronic acid pinacol ester (30b, 1.8, 4.89 mmol, 2.4 equiv.) and DIEA
(2.78 mL, 16.3 mamoi,-8i9 eq) wese adeedand, stirred under N2, in the slarkgt roam, tebngerature for
24h. The DMF was removed under vacyum; dichloromethane (10 ).ad an shed with 20
phosphate buffef 12 <400 1_Ejl fg.(i’M%%i—l'I ).%ol%étet%ﬁdiéhI%)r'c?rr%glﬁwse{ng Elglbtigh\ﬁlv?ag%'ried over
Na2S04. The @ighlordméthane wadiremdvetbunder vaituumaritbthétresdlitihg yéHdwTésitiRie triturated
with hexanes (]th'm lehfpr 39 minutgs upgder stovgflovwwof Na,) The caude produgt, (169 g) was, 25
crystallized from hot IPA yielding a light pink powder_(31b, 1.6 g, 79% yield). Structure determination:
30 RP-HPPC Cdhiditidh .%|P‘T108¥?PL§ chforitodriph, Waters 3.9 x 150 mm NovaPak HR C18
column with guard column, 0.010 mL injection, 1.5 mL/min, 1.500 mL injection loop, 254 nm detection,
A = water (0.1%tdp TFA) BniiB 2MEEM (3.150 vheTRANefehstibnl 18928 1 min, 10-80% B over 9 min,
80-100% B 35atiardahmiy,cliGmenB- 1 riibneetehtontible¥-7I@m. 111 NMR (400 MHz, CDC13): 6 1.27
(s, 9H), 1.31 (s{teehat 85 emiAd) Hx6pBerdiHp Imed iml 2H} 02 I8 (L 2H)d 2453 (B .2H), 2.88 (t, 2H),
3.06 (g, 211), 3 fenthyloA (3 A1¢isxgheroland 48 (£ pragigney Ui1y-422 (bs, 1H), 5.00
(t, 1H), 7.09-7. ¥5:{adbokey)e Phy2 ¥ao6i friefl Ma iyl Bath1acp e modigumsaly, 335y, 1H), 7.63 (d,
5111), 7.72 (d, 111), 8.30-8.39 (m, 4H). Step 4: 9-(N-[6-(4,4,5,5,-tetramethy1-1,3,2-
dioxaborolano)-3-chlorobenzylA-N-(3- (methacrylamido)propylamino]methyl]-10-(N-(6-(4,415,5,- 10
tetramethy1-1,3,2 Hiox&5drbahoy-3cAlbFos: W%Qéoa?b%"ﬁiﬁﬁfiﬁﬁﬁﬁﬁ%ﬂ’?yﬂ%thracene sodium
salt (32b)13-[N-f6-(é A brrtatiamethyl-1 Be2cdimxapboratano)-3p Abpylaminc Jmethyl ]} -10-
chlorobenzyll-N-[3-(methacrylamido):propylamingimethyl]»10y . A -
[N-[6-(4,4,5,5,-tgﬁaﬁéﬁfﬁ’-%,ngz-gfoi%%g%ggﬁg-l cEIQ%légtlandzly RN E-Ji?elrggagoxﬁilcg%ﬁlgnrﬁ)
ethylamino]metbgiianthtadene? (31b: 1OR U6 PRFRPIWAS placed into a 100 mL round bottom flask
and dissolved ig 20 20 Ainef 26040 CHAGL 2 TEASOlIoRN, The reaGtion rgixtuiayas allgwed to stir

at ambient temperature, under N2 balloon overnight. After 20h the solvents were remove%éjnder
vacuum. The résl@ebroaher wad ArssBhvePHRF0 FRE bPEHIGES faitsivéd B FehTsvaldr te solvent
under vacuum.riihesZ5 dichiaromethang. dissalutiohutevapordtien treatrhénts were: repeated until the

product became p yellow pawder. The powder ywas dissolved.ip 30,ml of dighlorgmethang,and added
dropwise into Saj?ln%%% d ggtuggte%l aqueouslNchoggt a rate sugh thatl %e temperature stayed
below 5 C. Theldtgutig®lvents were removed under vacuum. The residual

product was dissolved in 10 miL of CHyCl; followed by removal
of the solvent under  vacuum. The dichloromethane
25 dissoclution / evaporation treatments were repeated until
the product became a yellow powder. The powder was
dissolved in 30 mL of dichleoromethane and added dropwise
into 50 mlL cold saturated agueous NaHCO; at a rate such that
the temperature stayed below 5 °C. The solution was stirred
30 for an additional 5 min at < 5°C followed by partitioning
of the layers. The organic layer was dried over anhydrous
Na,S0,, filtered and concentrated yielding 0.7 g yellow
powder. The crude product was dissolved in 20 mL of
anhydrous CH,Cl,; and transfered to a 100 mL round bottom
35 flask. PS-DEAM beads (0.44 g, leqg} were added to the flask
and the reaction mixture was shaken at ambient temperature

for 16 h. The beads were filtered and washed with 5 mlL
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30 was stirred for an additional 5 min at < 5C followed by partitioning of the layers. The organic layer
was dried over anhydrous Na2S04, filtered and concentrated yielding 0.7 g yellow powder. The crude
product was dissolved in 20 mL of anhydrous CH2C12 and transfered to a 100 mL round 35 bottom
flask. PS-DEAN beads (0.42 g, leg) were added to the flask and the reaction mixture was shaken at
ambient tempegatyra forcl&hhEhe beagswere filietacand waghed cwitk 5t idiekioromethane. The
combined organic solutions were concentrated undey vacuum, Pure pr, §32 5q,.57%) was
obtained as a y%ﬂ%%eaéﬁai:ﬁ % Strjctdre e(;[g}lﬁihaeggrlf? ng-ﬁlgﬁjé%orﬁgii%] : Hblgl%iog'J I§|€I>3LC
chromatographoWaterse 3.3 % 1850¥RMNEevaPER$R 018 column with guard column, 0.010 mL
injection, 1.5 mL/min, 1.500 mL injection loop, 254 nm detection, A = water (0.1% v/v TFA) and B =
MeCN (0.1% v/v 10 TFA), gradient 10% B, 1 min, 10-80% B over 9 min, 80-100% B over 1 min, 100
%B 1 min, teteftidN Gt 8. ARIE T RMET400 MHz, CDC13): 5 1.34 (s, 12 H), 1.37 (s, 121-1), 1.56
(t, 2H), 1.62 (bRBHPRABLEndly A6 (t,12H)] 16(R.861 26 2r8t (g 24Dh4.08: (s52H)3 4929 (s, 2H),
4.44 (s, 2H), 4.58 (s,.2H), 5.00 (t, 1H),.5. , 1H), 5.44 (bt,,1 . 1 1H), 7.40-7. , 5H),
7.53 (d, 1H), 7.%0%,0 1ﬂ%ﬂ, g}{%ig(tg?FHEﬁ?]ﬁi(%m?%M“a}.g%l}d? 1 %,gé%’gﬁg%%mm, gﬂ?.az%qﬁ(g-wls

(TFA/acetonitrileniater): 752,28 -(M-Redyifor the-15i8botnicidtig Bdronic ¥xddrs afe fotBbserved

under the acidiggopditions of this anatysis. 25. Whavis ctatmediisy B <. emethod far using a
molecule in oxidative conditions, WhiCQ comprises: a)abtai ;n a molecyle having an ary] boronic acid
5 residueltfavinh éHe of At Bidctron withdrdWifig (éugs(? nq?hé) 5%m§ti@%%iegyﬁv%gc%cé)ntains the
boronic acid residae, Suathi that 1l midledule hras ertacedwxiddtion fesfstanoe as compared to a

corresponding mplggiie YYHIPULNE, Org,ek [areselgctian withdrawing groups; apd 10p) gpbjecting the
molecule having the one or more
1.56 (t, 2H), 1.62 (s, 3H), 2.24 (t, 2H), 2.43 (t, 2H),
2.86 (m, 2H), 4.00 (s, 2H), 4.27 (s, 2H), 4.43 (s, 2H},
15 4.61 (s, 2H), 4.8% (t, 1H), 5.12 (s, 1H), 5.48 {(m, 1lH),
7.12 (ddd, 1H), 7.29 (ddd, 1H), 7.38 (m, 4H), 7.44-7.52 (m,
2H), 7.57 (dd, 1H), 7.69% (dd, 1H), 7.83 {(m, 2H), 8.24 (m,

2H}) .

20
Example 20

Synthesis of 4-Chloro Indicator: 6-{N-[6~(4,4,5,5,-
tetramethyl-1, 3, 2-dioxaborolano) -3~-chlorobenzyl]-N-[3-

25 (methacrylamido)propylamino]methyl}-10~{N~[6~(4,4,5,5,-
tetramethyl-1, 3, 2-dioxaborolano) -3-chlorobenzyl}-N-[2-
(carboxyethyl}amino]lmethyl]anthracene sodium salt {32b)

Step 1: 4-Chloro-2-methylphenylboronic acid pinacol ester
30 (29b)

4-Chlore-2-methylphenylboronic acid (5.0g, 29 mmol} and 100
ml of Diethyl ether were placed in round-bottom flask. Then
pinacel was added (3.43, 29 mmol, leq) and the resulting
35 reaction mixture was stirred for couple of minutes until
the solution became clear. Finally, MgS0, {6.98, 58 mmol,
2eq) was added and the sclution was allowed to stir at
ambient temperature, under N; ballocon overnight. After 24h

the reaction was worked up. MgS0; was filtered coff and
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electron withdrawing groups to oxidative conditions. 2. The method of claim 1, wherein the
electron withdrawing group comprises one or more of the following: halogen, cyano, nitro, halo
substituted alkyl, carboxylic 15acid, ester, sulfonic acid, ketone, aldehyde, sulfonamide, sulfone,
sulfonyl, sulfoxide, halo-substituted sulfone, halo-substituted alkoxy, halo-substituted ketone, amide, or
combinations thefetd Wit ThE feth&E 8POAM 1aAWRSreil e MOELERE56 halifg otr$ee or more
electron withdrawing groupsontherarematic saniety fuetherreamptisesia detectalie gieupl) 4. The
methgd of clair"r;a?}g erljecrggin g}; %etectavw% greo?og%rgp(ises an anthraceng residue. 5. The met_hod
of claim 1, wherein tha molecule 25 %avmg one or more electron withdrawing groups on the aromatic
moiety is associated with a device that is implanted in a mammal. 6. The method of claim 5,

wherein the deyice gatgrminesithe frasencsqr concentration of glucose in 30vivo. 7. The method

of claim 1, wherein the molecule having one or more electron withdrawing gro onth omatic
moiety compriER PIEERPISHEATS teAmathyL L 5.2 GIORABB O 1o rete 50
35(trifluoromethyl)Fenzyti- N« 3« methacytamsidoypropyl-with guard column, 0.010 mi

amino]methy1]-10-[N-N-(4,4,5,5,tetr WI-1,32:00 m1 indect; 1 254 nm
dioxaborolano)}g-zt%ﬁﬁéégrﬁet%yl beﬁa}fnglﬁ\l-(2-ca'rboxyer{thyl)ér%?neocfm%a?ﬁyliar?tﬁ?écene (4c);

9-[N-N-(4,4,5, 5iedearmbeiyl-B, 32 dasabollahd)-8¢ B(FfdorotrethiistIiMRGHod Nz NI
(methacrytamidgypiopylaminoimethydd - 50{NnN (4,415, 3gerameathylsl 3id-dio@booolans)-3-
(trifluoromethylsulfonyl)benzyll-N-(2- (carboxyethyaminglmethyllanthracene (21);
109-[N-N-(4,4,Q%?fet}arﬁéﬂfylﬂ)é,Zﬁ(gioi(a%gpdlaﬁgt-ﬁfh‘ggon VIR A

¥ NMR (400 MHz, CDCl;): 35 1.33 (s, 12H}, 2.50 (s, 3H), 7.14

{m, 2H), 7.68 {d, 1H).

15 Step 2: 2-(Bromomethyl)~4~chlorophenylboronic acid pinacol
ester (30b)
4-Chloro-2-methylphenylboronic acid pinacel ester (29,
7.2g, 28.5 mmol) and 100 ml CCl; were placed in 500 ml

20  round-bottom flask. NBS (5.3g, 29.9 mmcl, 1.05 eq) and AIBN
{0.066g, 0.399 mmol, 0.014 eq} were added and the reaction
mixture was refluxed for ©6h 1in the presence of 75W
incandescent bulb. After 6h the soclution was cocled down to
room temperature allowing the succinimide to precipitate

25 out. The solid was filtered off. The solvent was removed

and the product was collected (30b, 9.3g, 99% yield).

Structure determination:

RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters 3.9
30 x 150 mm NovaPak HR €18 column with guard column, 0.010 mL

injection, 1.5 mL/min, 1.500 mI injection loop, 254 nm

detection, A = water (0.1% v/v TFA) and B = MeCN (0.1% v/v

TFA), gradient 10% B 1 min, 10-80% B over 9 min, 80-1C0% B

over 1 min, 100 %B 1 min, retention time 8.05 min {(for free

35 boronic acid) and 12.4 min (for pinacol ester).
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bis(trifuoromethyl)benzy1]-N-[3- (methacrylamido)propylaminoJmethy1]-10-[N-(6-(4,4,5,5,-
tetramethyl-1,3,2-dioxaborolano)-2,4- bis(trifuoromethyl)benzyl1)-N-[2-(carboxyethyl)aminol- 15
methyllanthracene (27a); or a residue or salt thereof. 8. A method for detecting the presence or
concentration of an analyte in a sample in an oxidative environment, said method comprising: 20a)
exposing the sampiso g3 ddicear, malCcul having adietettablé guality th&haageswhen the

indicator molecule is expased to analyte, saigd molecule,camprising,an aryl boronic acid residue
having one or(?nu'o(iré5 'é?e'c%(r%on vn\}fthg}?i 'inzg gtggugsgén%) e hr?rﬁz?c énao'iet%/@gS' which contains the boronic
acid residue, such that the indicator molecule has enhanced oxidation resistance as compared to the
corresponding molecule without the one Or more electron withdrawing groups; and b) measuring
any chande in 84ebd&ectbliyletitA3d i iferebg trtdptilEind pledafienvreoredattation of said
analyte in said $asiglerobenzyht ethdd GietdiAT sruheridmNe ERRYAMARRARERRY Yroup
comprises oneldThBrel 6 thé fbHEwihg: BakRaRe EYAAGC it o 2nabostARARREARMNT 3carboxylic acid,
ester, sulfonic sbidiorelrrzaktab2sifarimRRerNGAERMBAYI, sulfoxide, halo-substituted
sulfone, halo-sabbstbariarbee thald kapEhiAseREtol Bhride, or combinations thereof. 510. The

method dftlaim 8, wherein the change in.the detectaple qualty is.an qptical ghange 11. The
method of claim 8! %hfe%éiﬁ“ﬁw%hﬁﬁélﬂeafglg 0¢ELSPY aTé."?ﬂéX‘r‘n%é}%% iR i
molecule 10 having age or woorgielectsen svithdedwinghgrblips mhhthacromaticimoiety ondprises:

9-[N-N-(4’4’5’5 -F%tﬁamethél-lwg’ -digéacl%(c):[m 92;3100, mlL round-bottom flask and
(tnfluoromethyl?benzy -N-]3-(methatrylamido propylam|no]methyl]-lO-[N-(§6-(4,4,5,5,-tetramethyl-1,3,
2- stirred in 15 mL dimethylformamide "until dissolved. 2-

15 (Bromomethyl)~4~chlorophenylboronic acid pinacol esterx
(30b, 1.8, 4.89 mmol, 2.4 equiv.) and DIEA (2.78 mL, 16.3
mmol, 8.0 eq) were added and stirred under Nz, in the dark,
at room temperature for 24h. The DMF was removed under
vacuum; dichloromethane ({100 mL) added and washed with

20 phosphate buffer (2 x 100 mL of 0.1 M, pH 7.0). Collected
dichloromethane solution was dried over Na;$04. The
dichlioromethane was removed under vacuum and the resulting
yellow residue triturated with hexanes (10 mL) for 30
minutes under slow flow of N;. The crude product (1.9 g) was

25 crystallized from hot IPA yielding a light pink powder
(31b, 1.6 g, 79% yield).

Structure determination:

3() RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters 3.9
% 150 mm NovaPak HR C18 column with guard column, 0.010 mL
injection, 1.5 mL/min, 1.500 mL injection loop, 254 nm
detection, A = water (0.1% v/v TFA) and B = MeCN (0.1% v/v
TFA}, gradient 10% B 1 min, 10-80% B over 9 min, g0-100% B

35 over 1 min, 100 %B 1 min, retention time 7.7 min.

'H NMR (400 MHz, CDCl;): & 1.27 (s, 9H), 1.31 (s, 12H), 1.35
(s, 12H), 1.50 (bs, 3H), 1.66 {m, 2H}, 2.44 {t, 2H), 2.53
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15 dioxaborolano)-3-(trifluoromethyl)benzy1]-N-(2-carboxyethyl)amino]methyllanthracene (4c);

9-[N-N-(4,4,5,5,-tetramethyl-1,3,2-dioxaborolano)-3- (trifluoromethylsulfonyl)benzy1)-N-[3-

(methacrylamido)propylamino]methy1]-10-[N-[6-(4,4,5,5,- 20 tetramethy1-1,3,2-dioxaboroldno)-3-
(trifluoromethylsulfonyl benzyII-NgZ- (carboxyethyl)aming]methylianthracene (21);
9-[N-N-(4,4,5,5{ %etrafhbthy1-153, §
25(methacrylamigdo) propyamiselnrethy1]410+HN-[6-(4,415,5,- tetBamethyl-13) 2-dibxaborGiano)-2,4-

zyl] -N- [2-,(ca yethyDamin [Jlanthrac Ta)HQr sidug;or salt
Aoy i e olonng Svcure! BOR)Z0OH)S A R AR AN I 1
(R2)m(R1) whéteh? -elabh Atis anarfEgroup 5-8ach R and

(trifuoromethyl
thereof. 3013.

tioxaborofariy-24: bisittifuctomethyhbérzyi-R:B2 {5

electron withdraying gropp; 1a,andin arg eaghdndepemdendlyintegers from 1 to 10;

10

15

20

25

30

35

Step 4: 9-{N-[6-(4,4,5,5,~tetramethyl~-1,3,2-
dioxaborolano}-3-chlorobenzyl]-N-[3-

(methacrylamido) propylaminolmethyl]-10-[N-(6-(4,4,5,5,-
tetramethyl-1,3,2-dioxaborolano) -3~-chlorcbenzyl]-N-{2-
(carboxyethyl)aminoc]methyl]anthracene sodium salt (32b)

9-[N-[6-{4,4,5,5,-tetramethyl~-1, 3, 2-dioxaborolanoc) -3~
chlorobenzyl]-N-[3- (methacrylamido)-propylamino]methyi}-10-
[N—[6-(4,4,5,5,~tetramethyl-1, 3, 2-dioxaborolano) -3~
chlorobenzyl]-N-[2-(tert~butoxycarbonyl)
ethylamino]methyl]anthracene (31b, 1.0g, 10.09 mmol} was
placed into a 100 mL round bottom flask and dissolved in 20
mL of a 60:40 CHxCl,:TFA solution. The reaction mixture was
allowed to stir at ambient temperature, under N; balloon
overnight. After 20h the solvents were removed under
vacuum. The residual product was dissolved in 10 mL of
CH2Cl,; followed by removal of the solvent under vacuum. The
dichloromethane dissolution / evaporation treatments were
repeated until the product became a yellow powder. The
powder was dissolved in 30 mL of dichloromethane and added
dropwise into 80 mL cold saturated aqueous NaHCO3 at a rate
such that the temperature stayed below 5 °C. The solution
was stirred for an additional 5 min at < 5°C followed by
partitioning of the layers. The organic layer was dried
over anhydrous Na;S0,, filtered and concentrated yielding
0.7 g yellow powder. The crude product was dissolved in 20
mL of anhydrous CH;Cl, and transfered to a 100 mL round
bottom flask. PS-DEAM beads (0.42 g, leg) were added toc the
flask and the reaction mnixture was shaken at ambient

temperature for 16 h. The beads were filtered and washed
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-R4 is a detectable moiety; and 10-each R is independently a linking group having from zero to ten
contiguous or branched carbon and/or heteroatoms, with at least one R further containing a
polymerizable monomeric unit; and wherein the compound has enhanced oxidation 15 resistance as
compared to the corresponding compound without the one or more electron withdrawing groups.

14. The compoundhoficlaitn &3,ahensim&ihane R2echcsomhpiisss ond ek htore OF e f6lfowing:
halogen, cyang, njitto, hala sybstituted aliyl carboxylic acid, £stes, 20 sutfonigAcid, ietane, aldehyde,
sulfonamide, sulfone, sulfonyl, sulfoxide, halo-substituted sulfone, halo-substituted alkoxy,

halo-substituted Ketome sarldlea bR edniinatioisithetedtowder - 15 The compound of claim 13,
wherein R4 comprises 25 an anthracene residue. 16. The compound of claim 13, wherein the
compound comprises; ’\%j 6-(4,4,5, 5 -tetramethy1-1,3,2-dioxaborolano)-3-
30(trifluorometAYFBEHAAS- f’oé B §I§3\ﬂ1|do)propyl-
aminolmethy 1]RES-H¥aN: (4:drhd5 stetrasmethyl-1 38)2- HPLC chromatograph, Waters 3.9
dioxaborolano)-3-(tri Iuoro eth nzy] C thyl t aceng{4c
9-[N-N-(4,4,5,5- té(ttéégm"é%yl 1 %95 %|ééb%gaﬁg?%t%%%?ag#gﬁ%ﬁbe% 6|1(|§’1 %“-L
(methacrylamldabmmﬂémmoﬁﬂnéthﬁfdi@l{lw +(6-44,208 5 MetramERMHIL S, 2 XdiGRaboroldnd)™s-

(trifluoromethylgulferydoanzyl-N-[2-(carboxyethy aminomethyllanthracere @10 . 1% v/v

109-[N-[6- 84 4 5}E5Ate,tr%rg§c!1yeln]ﬁ 31%-9%(8{30%%@?0)1-8,_4@0% B over 9 min, 80-100% B

over 1 min, 100 %B 1 min, retention time 6.9 min.

'H NMR (400 MHz, CDCl3): & 1.34 (s, 12 H), 1.37 (s, 12H),
1.56 (t, 2H), 1.62 (bs, 3H), 2.32 (t, 2H), 2.46 (t, 2H),

15 2.86 (t, 2H), 2.91 (g, 2H), 4.03 (s, 2H), 4.29 (s, 2H),
4.44 (s, 2H), 4.58 (s, 2H), 5.00 (t, 1H), 5.10 (s, 1H),
5.44 (bt, 1H), 7.24 (m, 1H), 7.40-7.46 {(m, SH), 7.53 {(d,
18), 7.60 (d, 1H), 7.74 (d, 1H), 7.84 (m, 2H), 7.96 (d,
1H), 8.24-8.34 (m, 2H).

20
ESI-MS (TFA/acetonitrile/water): 752.23 {(M-H,0)" for the
bis~boronic acid. Boronic esters are not observed under
the acidic conditions of this analysis.

25
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bis(trifuoromethyl)benzyli-N-[3- (methacrylamido)propylamino]methy11-10-[N-(6-(4,4,5,5,-
tetramethyl-1,3,2-dioxaborolano)-2,4- bis(trifuoromethyl)benzyl1]-N-[2-(carboxyethyljamino]- 15
methyllanthracene (27a); or a residue or salt thereof. 17. A compound having the following structure:

20 B(OH)2B(0OH)2 Ar.—R-Rﬁ-R—Ar 1215)_0 wherein: -each Ar is an aryl group other than phenyl; 25-each

Rl and R2 are thé5ah? §r'@#8iEnt 5hd are an electron withdrawing group: -m and n are each

independently integerks.frotn heb 10 -Rd s asdatecabieo ieinty carid 30%6aEH-RYS independently a

linking group haying; frpg},zera,te:ten cantigrous o branched carbon and/or heteroatoms, with at least
one R containing a linking group capable of attachment to a solid support or a polymeric matrix; 5 and
wherein the comp8dind ha2 Hegdbtpdtfg? e having an aryl boronic acid

5 residue having one or more electron withdrawing groups on
the aromatic moiety which contains the boronic acid
residue, such that the molecule has enhanced oxidation
resistance as compared to a corrasponding molecule
without the one or more electron withdrawing groups; and

10 b) subjecting the molecule having the one or more
electron withdrawing groups to oxidative conditions.

2. The method of claim 1, wherein the electron
withdrawing group comprises one or more of the following:
halogen, cyano, nitro, halo substituted alkyl, carboxylic

15 acid, ester, sulfonic acid, ketone, aldehyde,
sulfonamide, sulfone, sulfonyl, sulfoxide, halo-
substituted sulfone, halo-substituted alkoxy, halo-
substituted ketone, amide, or combinations thereof.

3. The method of c¢laim 1, wherein the molecule

20 having one or more electron withdrawing groups on the
aromatic moiety further comprises a detectable group.

4. The method of claim 3, wherein the detectable
group comprises an anthracene residue.

5. The method of claim 1, wherein the molecule

25 having one or more electron withdrawing groups on the
aromatic molety is associated with a device that is
implanted in a mammal.

6. The method of claim 5, wherein the device
determines the presence or concentraticn of glucocse in

30 vivo.

7. The method of claim 1, wherein the molecule
having one or more electron withdrawing groups on the
aromatic molety comprises:
9~-[N-[6-(4,4,5,5,-tetramethyl-1, 3, 2~-dioxaborolanc)-3-

35 (trifluoromethyl)benzyl]-N-[3-(methacrylamido)propyl-
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resistance as compared to the corresponding compound without the one or more electron withdrawing
groups.  18. The compound of claim 17, wherein Rl and R2 each comprises one or more of the
followjng: halogen, cyano, 10 nitro, halo substituted alkyl, carboxylic acid, ester, sulfonic acid, ketone,
aldehyde, sulfonamide, sulfone, sulfonyl, sulfoxide, halo-substituted sulfone, halo-substituted alkoxy,
halo-substitutextiietoheeimidd, o Combinatidrs theesf. 1529 rFRe Ebrpound: 8fclaim 17, wherein R4

comprises an gntlragene fesidie. 204 methed fonihe.profuetion of anIndicatorspagromolecule for

detecting the presence or concentration of an analyte in an oxidative environment, said method 20
comprising co&pirkrRigie I mak Bié bihidreRaitad®@mponent monomers which individually are
not sufficientlyovgter seluble to, permit their-use than agueoeds envitabmenl fargdetdeting the presence

or concentration of said analyte, wherein the 25 indicator component monomer comprises compound
having thegfollo ti%b%?u%?ﬁ%?%“@@ﬁfig%@f—%% Ar-R- 4(-:§-A R1) n wherein: -each Ar is an aryl
group; -each RiremichR2 e aive dameronditferdiitaiteareyan eledtroN Wit Awihg group;

tetramethyl-1, 3,2-dioxaborolanc) -3~
{(trifluoromethylsulfonyl)benzyl}-N-[2~
{(carboxyethyl)aminoimethyljanthracene (21};

10 9-[N-[6~(4,4,5,5,-tetramethyl-1, 3, 2-dioxaborolano)-2,4~
bis(trifuoromethyl)benzyl]-N-[3-
(methacrylamido)propyiamino}methyl]—lO~[Nm{6—(4,4,5,5,*
tetramethyl-1, 3, 2-dioxaborolanc} ~2,4~
bis{trifuoromethyl)benzyl}-N-[2- (carboxyethyl)amino]~

15 methyllanthracene {(27a);
or a residue or salt thereof.

8. A method for detecting the presence or
concentration of an analyte in a sample in an oxidative
environment, said method comprising:

20 a) exposing the sample to an indicator molecule having
a detectable guality that changes when the indicator
molecule is exposed to the analyte, said molecule
comprising an aryl boronic acid residue having one or
more electron withdrawing groups on the aromatic moiety

25 which contains the boronic acid residue, such that the
indicator molecule has enhanced oxidation resistance as
compared to the corresponding molecule without the one or
more electron withdrawing groups; and

b) measuring any change in said detectable quality

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

9. The method of claim 8, wherein the electron
withdrawing group comprises one or more of the following:

halogen, cyano, nitro, halo substituted alkyl, carboxylic
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5-m and n are each independently integers from 1 to 10; -R4 is a detectable moiety; and -each R is
independently a linking group having from zero to ten contiguous or branched carbon 10and/or
hetergatoms, with at least one R further containing a polymerizable monomeric unit; and b) one or
more hydrophilic monomers; such that the resulting macromolecule is capable of detecting the
presence or coacediraten ef saishdrnalytecl = mian agaeons enwitcinedeand wherein the compound

has enhanced gyidalon, ¢istancs, s comparac n, e cariasAoneling carmpgund withou the one or

more electron withdrawing groups. 2021. The method of claim 20, wherein R1 and R2 each comprises
one or more of tHBSSHGWIRGIh&lobERNEyart: 16 WA b StiBsfditéd AR cafdRflic acid, ester,
sulfonic acid, ketone: addetydex sulfergmide; ssllfobe, sufanyh suifoxiser halossuhstituted sulfone,
halo- 25 suybstituted alkoxy, halo-substituted ketone, amide, or combinations, thereof. 22. The
method ofgclaim 20, \?\j‘rl@e'reinjﬂlgg) Iélg%%ﬁﬂg}eg é(ncgn?ﬁ%ghewggiﬁ%é% %’f %\3 ﬁ?eethéa of claim 20,
wherein the corpoutieitcorptises: @NENE(,4 5,5 Rtetaiietibyl- B dxaborolano)-3-

(trifluoromethyl)benzyil]-N-[3-{oethachiamido)pIQRV- 8, wherein the analyte is
amino]methy1]-10-[N-[6-(4,4,5,5,-tetramethyl-1,3,2- 35

dioxaborolano)3-#rifiiBromethyl)benzyll-N-[2-carbOxy- ethyl)aminolmethyllanthracene (4c);
12. The method of claim 8, wherein the molecule

10 having one or more electron withdrawing groups on the
aromatic melety comprises:
9-fN~{6~(4,4,5,5, ~tetramethyli~1l,3,2~dioxaborolano)-3-
(trifluoromethyl)benzyl]~N=-[3~-{methacrylamido)propyl-
aminc]methyl]-10-~[N~[6-{4,4,5,5, ~tetramethyl-1,3, 2~

15 dioxaborolano) -3—-{triflucromethyl)benzyl]~N=[2-carboxy-
ethyl)amino]lmethyljanthracene (4c¢j;
9-[N-{6-(4,4,5,5, ~tetramethyl-1, 3, 2~dioxaborolano)-3-
(trifluocrcomethylsulfonylybenzyl] -N-{3-
(methacrylamido)propylamino)methyl]-10~[N-[6~-(4,4,5,5,-

20 tetramethyl-1, 3, 2~dioxaborolano) -3-
{triflucromethylisulfonyl)benzyll-N-{2-
(carboxyethyl)amino]lmethyljanthracene (21);
9-[N-[6~(4,4,5,5, ~tetramethyl-1, 3, 2-dioxaborolanc) -2, 4-
bis(trifuorcomethyl)benzyl]-N-{[3-

25 (methacrylamido)propylaminojmethyl] -10-{N-[6~(4,4,5,5, -
tetramethyl-1, 3, 2~dioxaborolano) -2, 4-
bis (trifuoromethyl)benzyl]~N~i2-{carboxyethyl)amino}-
methyl]anthracene (27a};
or a residue or salt thereof.

30 13. A compound having the fellowing structure:
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9-[N-[6-(4,4,5,5,-tetramethy1-1,3,2-dioxaborolano)-3- '
(trifluoromethylsulfonyl)benzy1]-N-D(methacrylamido)propylamino]methy1]-10-[N-16-(4,4,5,5,- 5
tetramethyl-1,3,2-dioxaborolano)-3- (trifluoromethylsulfonyl)benzyll-N-(2-
(carboxyethyl)amino]methyl]anthracene (21); 9-[N-N-(4,4,5,5,-tetramethyl-1,3,2-dioxaborolano)-2,4-
bis(trifuorometr@ljﬁé’h)zyl]-N-13- 10(metteatBtBmido)propylaminolmethy1]-10-[N-[6-(4,415,5,-
tetramethyl-1,3,2-dioxaborolano)-2,4- bjs(trifuoromethyl)benzyl]-N-[2-(carboxYethyl)amino]-
methyllanthracene, (27a); or a residueOr salt thereof. 15 24. A compound having the following
structure: B (OH) 2ART)R-wherdmAR0-Ar is an aryl group;  -each R1 is the same or different and is
an electron Witg?éwing group; -n is ampteger from 1 to 10; and -R is a linking group having from zero
to ten 25 contiggous or branched carbon ar@g/?; heteroatoms, which linking group further contains a
polymerizable fonbmeric unit and a detectable moiety; and wherein the compound has enhanced
oxidation  resistance as compared to the corresponding compound 30 without electron withdrawing
group(s).

wherein:

-cach Ar is an aryl group;

5 -each R, and R, are the same or different and are
an electron withdrawing group;
-m and n are each independently integers from 1
to 10;
~-Ry is a detectable meciety; and

10 ~each R is independently a linking group having

from zerc to ten contiguocus or branched carbon
and/or heteroatoms, with at least one R further
containing a polymerizable monomeric unit;
and wherein the compound has enhanced oxidation
15 resistance as compared to the corresponding compound
without the one or more electron withdrawing groups.

14. The compound of claim 13, wherein Ry and R; each
comprises one or more of the following: halegen, cyano,
nitro, halo substituted alkyl, carboxylic acid, ester,

20 sulfonic acid, ketone, aldehyde, sulfonamide, sulfone,
sulfonyl, sulfoxide, halo-substituted sulfone, halo-
substituted alkoxy, halo-substituted ketone, amide, or
combinations thereof.

15. The compound of claim 13, whereln Ry comprises

25 an anthracene residue.

16. The compound of claim 13, wherein the compound
comprises:
9-[N-[6-(4,4,5,5,~tetramethyl~1, 3, 2~dioxaborolano)-3-

390 (trifluoromethyl)benzyl}-N~-[3-(methacrylamido)propyl-

«~BH-



25. The compound of claim 24, wherein Rl comprises one or more of the following: halogen, cyano,
nitro, halo substituted alkyl, carboxylic acid, ester, sulfonic acid, ketone, aldehyde, sulfonamide,
sulfone, sulfonyl, 5 sulfoxide, halo-substituted sulfone, halo-substituted alkoxy, halo-substituted
ketone, amide, or combinations thereof. 26. The compound of claim_24, wherein the  detectable
moiety comprigdsian dnaiaréns F8sidls.[fo2A A compouht Hedig thefollowirty structure: B (OH) 2
R- (Ri)n whereify cAk is:ab piyl-groap;(tr-eathdtidadhe gamecor-gifferent Aheds ancedgetron
withdrawing groui%;é-%is an i;{/(ren el fr%:j\?l Eqr}%o ande (4Q-B,is a linking group to a chromatographic

support, said liRk r%rlnfbrho INg 1m 2&re oigre]%ontiguou's or 20 branched carbon and/or

heteroatoms; ahe[Whéreir thd compouhd theareritianced ckidatibrpredistande Bs cofpared to the
corresponging PQ?}W&M&Q‘B%&'EE@%Wfpﬁ%‘%iﬁ‘ﬁlthip(@l& The compound of claim 27,

wherein R1 comprises 25 one or more of the following: halogen, cyano, nitro, hala sybstituted alkyl,

carboxylic acid!BeterasHioMEAER, REUHE: AHSHHES 5l é’rﬁf&l’éf@ﬂl?&ﬁe{,%uﬁo?\y  sUlfoxide,

halo-substituted sulfene: hgip-sybstituad by batmsybsiituted ketone, amide, or combinations
30thereof. (trifluorcomethylsulfonyl)benzyl]-N~{2~

(carboxyethyl)amino]methyl]anthracene (21);

10 9~ [N~[6-(4,4,5,5, ~tetramethyl~1, 3, 2-dioxaborolanoj-2,4-
bis(trifuoromethyl)benzyl]-N-[3-
{methacrylamido)propylamino}methyl]mlOw[N—{G-(d,4,5,5,w
tetramethyl-1, 3, 2-dioxaborolano)-2,4-
bis(trifuoromethyl)benzyl]-N-{2- (carboxyethyl)amino]-

15 methyl)lanthracene (27a);

or a residue or salt thereof.

17. A compound having the following structure:

20
B (OHJ, B(OH),
/ .
(R2}m ( l)n
wherein:
-each Ar is an aryl group other than phenyl;
25 -each R: and R; are the same or different and are
an electron withdrawing group;
-m and n are each independently integers from 1
to 10;
~-Ry is a detectable moiety; and

30 ~sach R is independently a linking group having
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from zero to ten contiguous or branched carbon
and/or hetercatoms, with at least one R
containing a linking group capable of attachment
to a solid support or a polymeric matrix;
and wherein the compound has enhanced oxidation
resistance as compared to the corresponding compound
without the one or more electron withdrawing groups.

18. The compound of claim 17, wherein R; and R; each
comprises one or more of the following: halogen, cyano,
nitre, halo substituted alkyl, carboxylic acid, ester,
sulfonic acid, ketone, alidehyde, sulfonamide, sulfone,
sulfonyl, sulfoxide, halo-substituted sulfone, halo-
substituted alkoxy, halo-substituted ketone, amide, or
combinations thereof.

19. The compound of claim 17, wherein R; comprises an
anthracene residue.

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

a} one or more indicater component moncmers which
individually are not sufficiently water soluble to permit
their use in an aqueous environment for detecting the
presence or concentration of said analyte, wherein the
indicator component monomer comprises compound having the

following structure:

B{OH) , B (OH) ,

Ar-R-R,~R-Ar

/

(R,

)Il’l
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wherein:
-each Ar is an aryl group;
-each R; and R, are the same or different and are
an electron withdrawing group;
-m and n are each independently integers from 1
to 10;
-Ry is a detectable moiety; and
-each R is independently a linking group having
from zero to ten contiguous or branched carbon
and/or hetercatoms, with at least one R further
containing a polymerizable monomeric unit; and
b} one or more hydrophilic monomers;
such that the resulting macromolecule is capable of
detecting the presence or concentration of said analyte
in an aqueous environment and wherein the compound has
enhanced oxidation resistance as compared to the
corresponding compound without the cne or more electron

withdrawing groups.

21. The method of claim 20, wherein R; and Ry each
comprises one or more of the following: halogen, cyano,
nitro, halo substituted alkyl, carboxylic acid, ester,
sulfonic acid, ketone, aldehyde, sulfonamide, sulfone,
sulfonyl, sulfoxide, halo-substituted sulfone, halo-
substituted alkoxy, halo-substituted ketone, amide, or
combinations thereot.

22. The method of claim 20, wherein R, comprises an

anthracene residue.

23. The methoed of claim 20, wherein the compound
comprises:
9~ [N-{6-1(4,4,5,5,-tetramethyl-1, 3,2-dioxaboroclano) -3~
(trifluoromethylibenzyl]-N-{3-{methacrylamido)propyl-
amino}methyl]-10-[N-[6-(4,4,5,5, ~tetramethyl-1,3, 2~
dioxaborolano) -3-{(triflucoromethyl)benzyl]-N-|[2-carboxy-
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ethyl)amino]lmethyl]anthracene (4¢);
9-[N-[6-(4,4,5,5, ~tetramethyl-1, 3, 2-dioraborclano) -3~
(trifluoromethylsulfonyl)benzyl] -N-{3-
(methacrylamido)propyiamino]methyl]—10~[N—[6~(4,4,5,5,—
5 tetramethyl-1,3,2-dioxaborolano})—-3-
(trifluoromethyisuifonyl)benzyl]-N-{2-
(carboxyethyl)amino]methyl]anthracene (21);
9-{N=-{6~-(4,4,5,5,~tetramethyl-1, 3, 2-dioxaborolano)-2,4-
bis(trifuoromethyl)benzyl]-N~{3-
10 {methacrylamido)propylaminoimethyl]~-10-[N-[6-(4,4,5,5,~
tetramethyl-1, 3, 2-dioxaborclano) -2, 4-
bis (trifuorcmethyl)benzyl!=N-[2- (carboxyethyl)aminoj-
methyllanthracene {(27a);

or a residue or salt thereof.

15
24. A compound having the following structure:
B (CH),
Rd&g\
(Rl)n
wherein:
20 -Ar is an aryl group;

-each Ry is the same or different and is an electron
withdrawing group;

-n is an integer from 1 to 10; and

-R is a linking group having from zero to ten

25 contiguous or branched carbon and/or heterocatoms, which

linking group further contains a polymerizable monomeric
unit and a detectable moiety;
and wherein the compound has enhanced oxidation
resistance as compared to the corresponding compound

30  without electron withdrawing group({s).
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25. The compound of claim 24, wherein R; comprises
one or more of the following: halogen, cyano, nitro, halo
substituted alkyl, carboxylic acid, ester, sulfonic acid,
ketone, aldehyde, sulfonamide, sulfone, sulfonyl,
sulfoxide, halo-substituted sulfone, halo-substituted
alkoxy, halo-substituted ketone, amide, or combinations
thereof.

26. The compound of claim 24, wherein the
detectable moliety comprises an anthracene residue.

27. A compound having the following structure:

wherein:

-RAr is an aryl group;

~each R; is the same or different and is an electron
withdrawing group;

-n is an integer from 1 to 10; and

~R is a linking group to a chromatographic support,
said linking group having from zero to ten contiguous or
branched carbon and/or heteroatoms;
and wherein the compound has enhanced oxidation
resistance as compared to the corresponding compound
without electron withdrawing group(s).

28. The compound of claim 27, wherein R; comprises
one or more of the feolliowing: halogen, cyano, nitro, halo
substituted alkyl, carboxylic acid, ester, sulfonic acid,
ketone, aldehyde, sulfonamide, sulfone, sulfonyl,
sulfoxide, halo-substituted sulfone, halo-substituted
alkoxy, halo-substituted ketone, amide, or combinations

thereof.
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