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WD 2008/ 066921 PCT/ US2007/ 024704 OXI DATI ON RESI STANT
| NDI CATOR MOLECULES 5 CROSS- REFERENCE TO RELATED

WERPBIGATI ONS This application clains the bene€T/USWD7/024704

U.S. Provisional Application No. 60/861, 707 fil ed
Novenber 30, 2006, and U.S. Provisional Application
No. 60/903,291 10 filed February 26, 2007. STATEMENT
REGARDI NG FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

15 Not apgkirpabhen BASKSRAIWNDT Gb1EREORNVENEEONESL

Field of the Invention 20 The present invention
relates to detectable indicators, including
fluorescent indicators, having increased resistance
to oxidation. 2. Description of the Related Art 25
Fl uor escefiROABIHBEHEBENGEeTUsBHLRGEDaAPERGEAGHLONS

a.pplTihClast iaogﬁiicrl&l %qil nc%aafi?rpsri %eari)dencqiog O !Lg.fg.eners,
si gns, vattous G Kks' for printing, 5iagnos ics ‘as tags
BEnel i pi abels Areni ¢atnked No. add / Dedj e37 of i bédheovember 30,

cul es, d _can be configured at a | ecul I I
T e S oo A Shr ke A bt e - ait S, £
fiicatapsuspecid) caddy. designed to detect certain
anal ytes, for exanple glucose. The conpl exation of
car bohydrates, including glucose, with phenyl boronic

acid has been known for a long tinme and the
reversibility of that interaction has served as a 35

basi s for STREEURNENBEEGGRAPNGC FEBBBAELY oRPBNSSBEArs. -1
WD 2008/ 066921 PCEgg§gg@ﬁ/9§4BQQEL§QQEN§!Ca!Iy, in
war

1959, Lorand and S reporte associ ation
contantaprflorcadgigeous associ ati ons of  phenyl boronic
acid wth many saturated pol yols; binding
interactions ranged fromvery weak (e.g., ethylene 5
gl ycol, Kd=360 mM to noderately strong (e.qg.,

gl ucose, KI=9. 1, MoBRB dr YAB"rnfhafon B 007 gani c

and Medi ci nal
1. Field of the Invention

The present invention relates to detectable
indicators, including fluorescent indicators, having

increased resistance to oxidation.

2. Description of the Related Art
Fluorescent molecules are used for a range of

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

basis for the chromatographic separation of sugars.
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Chem stry 1(4):267-71 (1993). The binding nmechanismis

beli eved to occur through displacenent of the hydroxyl
w@r@apes92n a boronate noiety with adjacent hydPORYE2007/024704

groups 10 on glucose. U S. Patent 5,503,770 (Janes,

Sbted £icHESE) | DES1 859 f | Lok £5C e d bdvdt €s reported

aci d-cont ai ni ng conpound that emts fluorescence of a

3 AL LB TSI Di Hl RAYPUS RGO et udi ng
ronfte 4d19resaentafe npount d& has1 fo 1®) estl@ing

structure conprising a fluorophore, at |east one
Prierwa dokomd craed e nbi @t yweryl weak ebStgonesthylene

er provi-gi itro t jtyog

G LS ) S R TIY H el (0 Do R,
K@Bi%etly mM9Q assdeo Ji.ntveroaGt dmtalanolBEcud aydny ovdrid tMeelicinal
boronic acjd, 20 [ action thereby causes the ,
ABREE (bl B 1671 ol TEhhee ThorPakiita Taaiant IF is
e LN 8@ s th SdisEla@mentd.oAMh 1
117(35):8982-87 (1%9%%ddliiij€o%alr?e)/r}t f<l) uor efggﬁr&@ﬁ
FENERT ST IRP BNt IS BOrohi e 2T Eht Ay drergyl groups

5§¥@4&ggggpr detecting 25 bl ood glucose are known in
the"art. For exanple, J. Yoon, et al., J. Am Chem

Soc.U.BL4:BEENEE,D (399D (Thesoy,i bet tdhat) describes a

Anidrylboroni e aeld can, b, Yoo, 5, & fLARLESEENt enits
chenbsensor for signalTng carbohydfate i'ndi hg,
f ned el dgn doe el Ny tof glg | Uctosres atngl dparctiosediB3 to

F t I I tj.bl d dat i
THETE T HGS 1 09 1 U0 e CEBNCEST nt eHT 1§ {01 B Gt radyund

WYVEra tihdBe Y1 Of t e et b b | €oript £5110§ HXf Dadi Sphodde at
oxi dation may be compnly assocjated with
b?ﬁ%b?%%o@ﬁwlbwrbhci%c%%dﬁ%%%ﬁ%“d at least one

ér@ﬂ%@%@ﬁ@irﬁ M3 t 86 gdMYa s -wh MR 2008/ P6682den atom is
PCT/ US2007/ 024704 oxidi zed by various reactive oxygen
Ghereead wit hi e t HeC 1D beal oenvie oreny Lipremic acid moliety

{l uorescent, ool ecul . r ARY1 e AYTDET v Of i PRTEM 118 ronic acid.

oxi dants exist In the environnent” and atnosphere such
Ssclozomesratt hay Exéxeby nsddeea thei agnzowedyt ¢ agnglthg

ELQM PUIBRSe LG ECLEL L LB S Rl DO, £ SBhes,
et al., J. Am. Chem. Soc. 117(35):8982-87 (1995).
Additionally, 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 (1992)
describe that anthrylboronic 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 fluorescence 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
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those involved in typical healthy healing reactions
such as peroxide, hydroxyl radicals, peroxynitrite,

waapsnewetde, and others. Inside a |iving systeptT/g2087/024704

are 10 al so specific enzynes call ed oxygenases for the

SPESi1d& b PWPOSEU ST r Oxd iRk Pk ydert hepd Pakdowh o the

nmol ecul es.” An  adverse result of reactive oxygen

Loer} RN ONRIEh A thRtFlMeeIFeRL MYbr@skent Any

ARhSCH| &f | Sod P £ | x| @88t Ofex {4 MO £SERACEHv] Fokiént and
case of an indicator nolecule, or a 15 passive tag,

@tmhwe | et a3 rfesz W InNFe st semside \a tl,/l‘oing

| d, y. be: .
C'T%ere %p‘f C?dg” y ine %%tk?#eﬁ%i%m dhr3id PPiving
WaMrmﬂ ofed ¢ UV @ STRYG eS| mfmleé'heﬁi@% oregn tireckude

1}1?]%?%232%\20 ee S{%L@{J{grg;&:enﬁ %Jies t hat have 20.on

d&ibpd NENT O\ln}bcﬂlr@;nﬁl aspditald hq»@r@:s@mitrm@ntl on is
directed to a nmethod for_usj | ecule in

ST 4 ool (T OGS | ST ) < ¥iigssygyem there are

PSR P& 1 A0 REREs hawl N adlk P a H98 oMb € a8 dspecific
resi due having one or nore el ectron mnthdramnqghgroups

RAPeFR Af ot dC IR ety Wi dhE R @ hsO | HRO HRF
Ay L& esd by SHiched batvd Nexy r@éﬁ%@ci@é SANeRGShase

oxi dation 30 resistance as conpared to a correspondi ng
FolEcul e omia hblioxdrcane mlmbe el ectyprcad thdkasw ret
QIS&Pésc&P e, b)Ié%eﬁggﬁéé‘@ 5Pear?01r?&£’éaet$‘9‘éﬁc%‘ﬂeé@fe,°”§r a
nore electron wt raw ng groups to oxidative
pansli te onsy, |prevet her bspelt , thaeupebskentifavand i on
is directed 5 to net hod _fo detectlng t he, prese
S LUEEhtY T o€ -G ViB Soce) RSB =
mﬁyéﬁbEﬁéﬂd@f&drbémpﬁﬁﬁéIyiihéﬁfébﬁihﬁ:W@ @m?da@mwent
aid t hod c isin exposjng the s e to an
Joie 298 ot ot ©OH S0 kot aber e 74y R
EaDes awwﬁb&fEbifEh&é&é&céhiﬂﬁ&Eé&&&é§ EXPOSIehd 0

t he anal said nol ecul e, _conprising an aryl boronic
RTEFI din%s%%‘iﬁr?f@e offe ofidation.

4or

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

a) obtaining a molecule having 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 molecule has enhanced oxidation
resistance as compared to a corresponding molecule
without the one or more electron withdrawing groups; and

b) subjecting the molecule having the one or more
electron withdrawing groups to oxidative conditions.

In another aspect, the present invention is directed

to a method for detecting the presence or concentration

-3-



nore el ectron withdraw ng groups on the aromatic
nmoi ety which contains the boronic acid residue, such

wao b@s/oédee1 i ndi cat or nol ecul e has enhanced oxi PEL/US2007/024704
resi stance as 10 conpared to the correspondi ng

ool AC W WHAOUH 4 hsan@ilee Oim A0 e el acived re i i a1y
groups; and b) neasuring any change in said detectable
i iMgthad GHREBAHEL er ni ne the presence or

copgentLabt9AgOt heSahflpaBak ¥t gni Andacdt82Mbeech®el Raving
anot her aspec?, the present invention is directed to

a ot chadanlgl thet Fadl | Svande Sstwheit e igrdagator
5 n%]g(;%glAer %s’ %%&é%? té FQ}“)e rbnglq/t(é?z)sral(cl )mol"g@fl | n:

-ea is an aryl group; -each Rl and R2 are the
aner iorindi fdreraamtl drmk airiec 5L e et debte dre Wik it drrsen g

roup:, -mand n.are each i endent i s frol
: ‘?Oor q ;le-c['g 95 g tg}e sc lalqu egr}dr%%?pe{yos{] aénﬁolle -%a%%ec&cl SI{OOIQé‘y
vwhidgpensgerdidns acie rio mgn igr eupi dase sigdued0 fuam tzerto thoe
ten contiguous or hranched carbon . -4 WO 2008/ 066921
S R OB Tl T HET GHSAC GF (AF S as
10 &pdrddirdidierhe cait ad 41 dYeH ion P Ghynet i Za bl e HEO NEd Cone or

unit; and wherein the conpound has enhanced oxi dati on
RS kel AU Worhrirat 1 THRDT rd¥bondi ng conpound

5 w tihoutyd &, 0Ney Un frdieared e Cid odh MM tdudravd 10 Or ity
I n anot her aspect, the present invention is directed

t@ e Rt Savi TRy thee B8 IV h P BIFUTI/IT e a B(Q@H) of
éﬂé&ﬁékafyfé%fﬁk§%fﬁ sample.
15
In another aspect, the present invention is directed

to a compound having the following structure:

B (OH), B(OH),

Ar—R—R4-R—Ar

\
/

20 (Ra)n (Ra)n
(I)
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;

-R; is a detectable moiety; and

-each R is independently a linking group having
30 from zero to ten contiguous or branched carbon

-4 -
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waeledoBes@nt and are

\' (R1) On 10 (R2)m wherein: -each Ar is an aryl group

ot her than phenyl; -each Rl and R2 are the sane or

15 an el ectron w t hdraw ngPQr/osgwn7/024704
-mand n are each independently integers from1l to

10; - R4 iasidd cdethedteablag omei, ety thard -leach Rnies R further

i ndependently .a linkin roup havin 20 fromzero to
ten contiCGUSEL I % rak &eﬁﬁﬁgﬁe gW@PB\erH& &Pddt ons,

Wit RirRt wWheasti nior@eRd 4 he@NtehRin?@ A dxijieiti®n
group capable of attachnent to a solid support or a
ot Ve & it rGomP AR viteridih e SRV Hegnpound

Shhaneed 1xigat | N o d eSi SHANGE S HRNRANRS Jodhe.

correspondi ng conpound w thout the one or nore
el ect¥roranve tthrir s aRsE tgr dUps . PUes ot Hefedsipattis thigrected

ese ' tian i ' Y or the
B ST P Al S e S SR o
detecting the presence or concentration -5 WD
2008/ 066921 PCT/ US2007/ 024704 of an analyte in an
oxi dative environnent, said nethod conprising

GOOH rizing: a) nor e indi cator conponent

ﬁgngrg'ss which i nd%@dﬁgﬁl y are not sufficiently
x%er soluble to pérmt 5 their use in an aqueous
environnent for_detecting the presence or
conéeritRaRisoR dhLsai d anal yte, wherein the indicator
c onent nononer wonpri ses conmpound havi ng the

ol | owi ng structure: OH2 B(OH 2 A-RR4-RAr
Iﬁ@)m (R1)n wherei n:al@l}Brg

wherein:
-each Ar is an aryl group other than phenyl;
-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;
-R; is a detectable moiety; and
-each R is independently a linking group having
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
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 method for the production of an indicator

macromolecule for detecting the presence or concentration
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-each Ar is an aryl group; 15 -each Rl and R2 are the
sane or different and are an electron w thdraw ng

w@e@apee92m and n are each i ndependently i nt egePGI/USNT/124704
to 10; -R4 is a detectable noiety; and 20 -each Ris

onaapentendey in ldmki: N ok drani MghmditoM ZEIrd et Hean
conti guous or branched carbon and/or heteroatons,
GRHH B 1 NP LAPVNEF ¥ Per  cont ai ning a

pol yneri zahl & mononer;i fq it o r ahpdhean oY € which
hydrophilic nmononmers; 25 such that the resulting

trorblacly 58 rt%tpa‘-’r}!%flcﬁlerd’ehédﬁtrfgf t¥el s difc eppmit
genceniLatd on, pf, &Jsa \Yfleonrﬁéh@gftﬁlq%’é%tlng the
as enhanced

environnment and erein e compoun
pmxe@latc;e)mzr ecswrsctam:rsatamrcmﬁbaﬁraeidd tana het e c orlraaspiondi ey

c%n% V\éér{]oéﬁergthem%]n%or[zog%%@% Ct&%]po&nd having the

roups
f&ﬂidﬁiﬁﬁﬁgﬁﬁﬁﬁﬁukedn anot her aspect, the present
invention is directed to a conmpound having the
follow ng structure: B(OH)2 R r (RL) n 5 (I1)
wherein: -Ar is an aryl group; -each RL is the sane
or different and is an electron wthdraw ng group; 10
H)an integer fr@iaH)g 10; and -Ris a Iinking
gxoup having fromzero to ten contiguous or branched
caxbon and/ or hetzgoatons whi ch [inking group
fur q§ cant pol yneri zabl e nononeric wunit and a
detect a Ie4nD|ety 15 and wherein the conpound has
eAhanced OX|dat|o\\\reS|stance as conpared to the
FQrgespondlng conpouncR

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;
-R; is a detectable moiety; and
-each R is independently a linking group having
from zero to ten contiguous or branched carbon
and/or heterocatoms, 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 one or more electron

withdrawing groups.



wi t hout el ectron withdraw ng group(s). |n another

aspect, the present invention is directed 20 to a
w@eovpoendl havi ng the foll owi ng structure: B(OHQI/U$2007/024704

R-~r (RL)n wherein: -Ar is an aryl group; 25 -each Rl

i's the, saer e r ddfsentt g Ssit el @editoion is directed
MAthdraMAn%U%roup; -nis an integer froml to 10; and

tg NG TS S UM IECTYh IS0 @oUTD S L LYE WYy | i nki ng
group to a chromatographi ¢ support, said |inking group
having fromzero to ten contiguous or branched carbon
and/ ag (Oét)er oat ons; and wherein the conpound has
enhanced oxidation 5 resistance as conpared to the
corfespondi ng conpound w thout el ectron w thdraw ng
%[ up(s). 10 BRIEF DESCRI PTI ON OF THE DRAW NGS Figure
lustrates the results of the experinent described

in anple 1. Figure 2 illustrates the results of one
of the(Rexperiments described in Exanple 2. 15 Figure
3 illustrates the results of one of the experinents

> desE%fbed in Exanple 1. Figure 4 illustrates the
westd i:$: of the experinment described in Exanple 3.
Figures 5 A and B depict several preferred conmpounds
20 of Ahelprsehiy} MeiPon. Figure 6 illustrates the

results; of ©NQ Of Hh@ anRXREY IHBHS FRSGHPES i electron
Exanpl e 4. ﬁigure 7 illustrates the results of another

wekiged Faemy dese bed in Exanple 4. 25 Figure 8
10 N ustg afsesar'i hlen{§gséjllt§rc9£ 2NoJ hﬁ; 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 invention is directed

20 to a compound having the following structure:

B (OH),

wherein:
-Ar is an aryl group;
25 -each R; is the same or different and is an electron
withdrawing group;

-n is an integer from 1 to 10; and

-7-
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experinment described in Exanple 4. DETAI LED
DESCRI PTION OF THE | NVENTI ON During the inventors'

woegsieg2iwork to devel op an 30 inpl ant abl e gl BCDES2007/024704

sensor based on a fluorescent indicator nol ecul e, an

obseryv@ti ora Wesn Rele diRlp it adshtéitddraphic support,
phot o- oxi dation, which is a direct and redi ct abl e

$H ORI UEOHR tRATIRI I T AT ZRARITR EXPOAp @IS or

BPARCAQd EaB8h esn@fof | HOF&8eaNdmd ndi cat or 35
nol ecul es tested in vivo, there is an additional,

Ry ererein Wy 2008 88D 212 PCTHUSPOTT / @24 orand
£80] & IALOT LS CEMp 21 DA o 1086 DAL QG Fnd L Hing
ut does not occur significantly 1n'vitro.” Sanpl es of
wl fhowot esbedit romdi chhidrawere jrplmngled, and
subsequently expl anted sone period of weeks later. 5
The sanpl es were then chem cally anal yzed foll ow ng
severe | oss of signal. The anal ysis showed a specific
reacti on whereby the boronate recognition el enment of
the indicator system had been specifically oxidized

to a hydroxgkigroppsckhereby caushngpkRawaNckoss of
activity 10 (specifically, fluorescence nodulatiaon) in
t he Bl le 11 R GUESING FaatTiorh &t iSgP g ment

sbovp; hed oy Hxfhpe B HO15 HN O NO in-vivo
reaction / \' \ 'y \ I / [/ \N I [/ / “(oxidation) CH3
CH3 FigumgHY NQ Nt g e2p e gresudli SR ame @11 the
THTeel e Honi tnery es P ool 0B = 303
kJ/ mblguB-e0 ¥+ BlaikYatss 26 Hesuwddst rafctange din thievo
OXp IR h AR £ €28 L O 48 SO hp1e 1.

Figure 4 illustrates the results of the experiment
described in Example 3.

Figures 5 A and B depict several preferred compounds
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.

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
implantable glucose sensor based on a fluorescent
indicator molecule, an observation was made that in
addition to photo-oxidation, which is a direct and
predictable function of quantitative light cumulative
exposure, that for a series of fluorescent indicator

molecules tested in vivo, there is an additional, severe,

-8~
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to be very specific, oxidizing only the boronate
group, and leaving a hydroxyl group in its place. The

wo@ziodasdoen was duplicated in-vitro by treat mePtT/vub1007/024704

1, 5, and 10 uM 30 hydrogen peroxide. Both in vitro
A H4p M VoLued yedilie s hpionates ity sesudound ¢osbe
oxi di zed to hydroxyl. IS was unexpected since ROS
ety ededpuht QW@S%lqrbleﬂé:arrﬁ)]r)é Heretal?zed and
|nd| t
the meP S €t o S Sl S B o o TR,
Aot oswh seguent he grekented s iayiddhditatagks later
Iecul contalnln 0 e
SHles AL h, A A PO B SRS £ S dTeY
svere el et ron- sy\icjrmlravmnge Hropss 10 theved cmeetp@clflc
noi ety whi.ch tai,ns the boronic acid residue, t
A1 P S oSr s disrodh i dh SRt Jf e
iigtes St OO G § dxedm tHed tieseh s;?é’c‘;/if'lc%mpﬁﬂﬁsﬁ@ﬁz@d wisles
range of aromatic groups, such as phenyslS gnuclear

%Iﬁ%efylesgrwerwm ausing| Kokt ekt ctivity
OATBE § CS7 1.8 e s N 'rﬁBcﬁdIhgtfd&@Wpir?Stﬂé) hdlcd Metee .
phenyl naph%hy , anthryl, pyridyl, etc A w de range
B‘ﬁl%ler@wb‘nov@xmwrngr@amllss e ree k@ scope of
the invention, and includes, but is not Iimted to,
hal ogen, cyano, nitro, halo substituted alkyl,

car boxyl acid, ester, sulfonic a ket one, 15

al dehyde 'Ifonqn]de sul f one, suﬁl sul f oxi de,
hal eosk ut ed [sul f one, hal o- subsb ed al kpxy,

hal o- &ubs i d ket one, am de, etc. ) znﬂb?nﬁtions

above, R1

and R2 p pS  as
descri bed

pr ef er ably, ~sagk NGoxfatio 3

Furt h§f3 i rents at

| ea 2" R gqups will ¢ ai@1a
pol yrer lzabl'e nonoprer junit which
i ncor poration of fure (1) into & pol yner. ci?25

pol yneri zabl e un re well known, and include, | uﬁ
o vi nyl , acrylate, nmet hacryl

are not limted
acryl am de,
standard indicator molecule in-vivo altered indicator molecule

Bond Energies: C-C = 358 kJ/mol C-B = 323 kJ/mol B-O = 519 kJ/mol

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
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.



10

15

20

25

30

35

met hacryl am de, etc. The indicator conpounds of the
present invention have a detectable quality (shown as

w@emwspedoeent R4 in structure 30 1) that changeGT/Ug20a7/024704

concentrati on-dependent manner when the conmpound is
exposed-d i h§ AW th &€ Pr e dHING B 0, VR SUeh
qualities are known and may be used in the present
Mok Oh. CHYr g1l 3Tl (RRE CHtDra Tehpsinidugripy be
hdted Yds-& L fegnents (4 URIeRGEBy HaPiRg I &S8R e

35 or chem | um nescent noiety, an absorbance based
&t @t 591 ~ W MICh MR W20TB/ DEBIEL FRCTYNSSZ00Ma247 w1 &dtye which
dhe 4 ol catorosonmound Y. ddiclide anenargy; dondly che
noi ety and an energy acceptor noiety, each spaced Ssuc
bdagndtemeoist v detteotiabl e hamiper sitverd tthet ndie dtaom
Kofo) wnd i nteracts vvitlh Iuacr{)see. fThaercimpaiiccat Of uos. such
caolf% un?fl%o%ﬁ/ssfenscl%dé % fiUst opchore and a q%encpne’r,
£OHPheyled salofhudhedr tdworid thioro,p hogtee it ca rpretcies, by

t he quencher when | ucose i s absent. In that
RPLVAFLRAT vaﬁefrﬁrg%%%éet%%sf ot eent! Ot Hel irdi tht ramp L es
el g0esheh ¢onfiin @ty onaln e i icdy causes. the

quencher to nove sufficiently distant 10 fromthe
f | uorbphite sNdhaf fe¢lrRrlesventid idrangng etkoups 1is

MB{ Sl%é/’s&gﬁef #%k?@ﬁqaxﬁer?{)hdorﬂ,u efr}{'ﬁ}’d&e, but is
configured such that 1n the absence of glucose,” they
reoe 1suftfedtient |halsepar atedrand niherd | oy lophoress wiiutsed

f# uor escence: on interaction w ggworgil ucos.e

the 15
¥ }@6 (o) p%ao? eo%ij %uaecnlc erS are ’rms\/uel in Csuaf?lldc’i eﬁetone'

Prautydd y $0l tansel dpie bl fghe , Then fomdy gursatl tmal de,

change  concept is descrihed in re detajil in U S
TS L d i ?P%g?d]di‘fg‘ggﬁ?l‘i%% gorey halo-

hes ot e byed Nedesencamide another enbhadiveitsidhe thereof.

guencher contains 20 an aronmatic boronic acid, and

bi ndi'ht fr 2 HRE Horlohi TLERGHTID t R akhetPanst edtn énd Re

é@e&ra@i&‘%@)em&%d%ﬂ@?r&jﬂé A ELMYscribed

resulting in a detectabl e change. uch is descri bed

im S pRgetin (MR T adtdRn PUiRS t i oirr 4006/ 0083688, Ru
%Hgfepgzgg%gf?h?io%bﬁ@th%'.”C?EPQE@I—?daQeBS’ch 28o¥, 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 polymexr. Such
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 quality (shown as constituent R4 in structure
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)

or chemiluminescent moiety, an absorbance based moiety,
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Alternatively, the indicator may include a noiety
such as a fluorophore capable of interacting with the

w0 e@8Qeioti on el enent or another noiety spati al PEI/US2007/024704
di sposed with respect to the recognition elenent such

&Pat 1hd henScabsenc@nsurtd ugoseind hedd |aroraphage donor

emts fluorescence. Upon addition of glucose, the
P LRDYE ARtV THY P EFHP LI NG EREY orF et WAL Ihesuch

fhaorophos e and fde. £egooni th Hye ehifdBNthe Oind&ator

Interaction between the fluorophore and the other
eoneRynd pint & d gt 3l whds el WEQ e v esPee t Indl gafeo35compound

ogni {.i I IS r ' [ -
Pl L A R e s e ST Do s S s
thhatwi the af bwobeph@oogns zadendiatd tihe i hneli atrorh evmayw Hoen
chosen such ghal the fl orophoge emts no 1 .
FIURIR AR~ a Pl HiTveTy- ol hyeligg glucose is
;Bie@éxets,cetnw,ilmﬂ]ﬁaﬁdme urﬁcﬂ@ﬂj@ﬁ@mar e:dmm@catsi?vhath d¢henge
recogni tion element or 5 another noiety spatjall)
e U AR O L P e S RaRR L ENE
t s absENERuOF o MEDSE RO £ RS dd o e O UapSEsed he

| ucose conpetes with the interaction between the

Foror bphbY e B EHeoFRRIMYFR 13%h JWHEPRME MY Rhe
QL] fécﬁmsl.gﬁ weel: the fluonenhore @f‘d%%pctc%é@, oAef are

noi ety spati y di sposed with respect
$eChini ¢nohy ebepmm ted aard nghant Jwererserd remits
%&&’fee%?&%& u rbefntg&%%&{ e\%ff@rke 18Scddiclyde those
ose uorescence 1s affected by gltlcose i'nteraction
1 @o r phtod 0¢ naiut egu e @t r oare rreotsd @ riror su hiduct évie
effects. 15 These i ncl uq?e. t he Iﬂ,g%hani e chel ates h
RFQLIBLERY TR e BEEHIII 344 Ho0 O e isbr wp'sqt change
&fm@ép%bys r@d efefsed impahdyed ot 1 rwrdrtgcsar tml sl agtted
thejr derivatjves. .c rins; BoDi Py; dansyl;
R LEFROF Lo e%(b&QZ;A%]c %@E?{TEI Jaf%%or%‘?r%?% }?%%e%hc‘%de
thpseenbOse BbSHbANEL SRESEItRR20 EN@Ngesn &N contains

interaction of the indicator conpound wth | ucose, )
FhcR LR A PERT - Rl d et@nd Aot et d P lasishdfboronic acid

«g@i eld e@a%ﬁ]&{ ugler dhepe Whose, fd HOLSSCPNGes b se i at ed
y proxinity effects, e.qg., energy donor/acceptor
pa¢msherchi £ peidarsyr¢slabsing bt ca detectable change.

Such is described in U.S. Patent Application Publication

2006/0083688, the content of which is incorporated herein
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
absence of glucose, the fluorophore emits fluorescence.
Upon addition of glucose, the glucose competes with the
interaction between the fluorophore and the recognition
element, or the interaction between the fluorophore and
the other moiety spatially disposed with respect to the

recognition element, causing a reduction in fluorescence.
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25 Preferably, the detectable quality is a detectable
spectral change, such as changes in absorptive

W@ b@saetoer i stics (e.g., absorbtivity and/ or speRCI/D82007/024704

shift), in fluorescent decay tinme (determ ned by tine

gonpd 1 of1 44 eshIencyoSloBd ) trRAs WIRITBIHJ 1 cdd Ao mese e
30 intensity, fluorescent anisotropy or polarization;

chosgprecivall ST tthe THorarhaiorsieetiun L uprriryee .
& o LEOESL £201 Y b AN SALT QDY FARER LB M iRth Tohd | e

in or frequency domain neasurenment), etc. It wll
Hrueoreehstooth tévaactumtw i tlusid)e thrcdmrioni @n 3blemdnt or

LSS0 B0 S eI Rl BE BB dpi ! A ik
o g e TEOPOII = 9
P Tn &h uhse 1O I T et 4 4 e o
1 e £APDHIMN b é Swd én bignaisErlio Sogher Prasenthéd Nverddroit ion

al so enconpasses, conpounds with inproved resistance
?0°BKE bat ont i hat N iRr #ot L e ST e ot rPrRPore and

et est b} en@f OUP . sSRICH COFMPLEKISs £RNy Pen US@shedt, td Ahe

exanpl e, chromat ography resins used to separate

BpRUsition thiememst afries 1 e hridserifta T mgbuhbe sRgence -

e 30, 1dsnkBEL d 8 TSI s 2t N 1501 rupPalodt a @

|l inker that is capable of wthstanding the condi!
fhuoe stenedel s esi reored upp oy tudess ubjtetaat 1dhevia

L g eal 81 cOMpaUDAS, of Lo, Present davantion. idces
R ud e, hay be Uuse di Fect y in solution if 'so
Tless ¢ ethcldde Qrhé¢ haotheri dancheldtdheddesiossd in U.S.

licati S equi res, the indicator co unds may
BRC ot 11 5000 { SUEHO RO Sk alr HaIP it e or
SOVP4 Eitha 0 c | I9Pd €oc At @eh Nt ) t e © e r Wrd i ve e
i nsol ubl e surface or matrix such as glass, plastic,

PRYREFIS nRRIFPR dartel/ WRFE ke Gl cdtepther class

SOROUOE &S BT @dpechyid Nibsd b XM & s ROt NGk
pol ymer, the entrapping material preferably should be

shdtges ety Pekeeadlon 0l UedsEdirall Yo oreRA | el th
éf‘&&Eé&} 'Pr?cﬂ?&i’\ﬁcfrhﬂi%zpﬁ? I@é@, tg?c.' ndA&?E}%r class of

moieties include those whose fluorescence is modulated by
proximity effects, e.g., energy donor/acceptor pairs such
as dansyl/dabsyl, etc.

Preferably, the detectable quality is a detectable
spectral change, such as changes in absorptive
characteristics (e.g., absorbtivity and/or spectral
shift), in fluorescent decay time (determined by time
domain or frequency domain measurement), fluorescent
intensity, fluorescent anisotropy or polarization; a
spectral shift of the emission spectrum; a change in
time-resolved anisotropy decay (determined by time domain
or frequency domain measurement), etc.

It will be understood that until use, the boronic

acid recognition elements may be capped with a protecting
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conpound. 25 If the indicator conpounds are sparingly
sol uble or insoluble in water, yet detection in an

waeuwenem2hedi umis desired, the indicator conpOUOS200EY24704

be co-polynerized wth a hydrophilic nononer to form

G byl opdhtih Cgr HBASE it el B 1asowtes Cindethd udd Gfeopentyl
exanple, U S. Patent 30 6,794, 195, the contents of
Sy Pl arRindedt potbfed Herefhtaby FRIGEMRRE S suthafarred

LLOKEAG B5QUPBehOn@ PO YEBIpSEd SUPPOEE MEYiuh NG UASi ch
groups from about 1 to about 20 contiguous atons,

Whe chompguie b ahehedl wsedubstituted and which may 35

i nclyde t t ' ] j :
e ME 05 B e el LS BBl arldt e
Topabyed of e $ Us t dmece rieact® batoron athac hdemot onecessarily
olyner or ,support. Exanples of suitable ,l|inki

{%%%% “i%c‘f*%’aég%?%?;g%%: a%%ﬁ*;’ %%W‘%%”rﬁ“de;ca“@e used
o) yedhesxambl e ppthosred t ygsahisy | tedts @l to separate
conbinations 5 thereof. It will also be understood
FIGHTT he DPOVRAHITTIINGN T HAtPTTRPT; cSUMROWI AR be

Bk slet esth ORe SYStERTo Y PEolid Pobyset i€id of mirias,
an integral conmpound, (containi n%éer ecognj tion el ements

Bt dbt eerrdbEe nof et P0G | $PTEL- Yo which
€%ésfé§£np8£y§@§pol ihegipfegrah. conpound in

mononeric form'could be polynerized or co- polynerized
wi t e oitrisbircasinn dsimpamnasret tidof puasentpoinpegtion, if
tively,. _t e no | Cp . t :
g o R R ae T o eLogni 11 P 48”6l ot 22 Href
omet kont ehar nigard det Bctlab| @esor ed ygprbitat ide so

copol ynerized so.that the resulting palyner contain
PROHETEC TS SRanEn s ofoTReIag (oY Rt reeet S,

f otich hes i Ingli ieed odin Comp odimtsa@fieritheor pr@sEdnt Men éroig

i ncl udi ng uses as indjcators in thﬁﬁ?fo fields of

2hkd ,e'ﬁ%bi%ri”h% %’hd‘“”aUH’&Lﬁ”& ut’&s© xRS t e Matrix
$Eh C2$ 0f 1 £OPOBINAISE LA BS1 pseeh ¢ Onged erd 1 SUbet @velighen

or supra-levels of glucose in physiolp%%pal buffers or
thin, for example,

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

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.S. Patent
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

include one or more heteroatoms, which terminate in a
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fluids, such as blood, plasma, serum interstitia
fluid, cerebrospinal fluid, urine, saliva,

wo nios@ewded ar fluid, 25 | ynph, tears, or sweat,P€TuS2007/024704

provi ding valuable information for diagnosing or

R D5 d0 $eskp dFEBSES S5 £k ahert eseand adranal
i nsufficiency. Medical/pharmaceutical_production of

3 RRTFRETortO HurRML YIRF e lIRP AP | CatAH G difi rgsitable
o4 T o @d 1 R0 Gt plyl Uses, foradfie; ESati de;
invention in agriculture i'nclude detecting l'evels of
e Licoisiee ¥ n &bl berisorsndl vt $ides t idgrtiedd tandlcrodiaitisons
éﬂg@&§ nmust be carefully nonitored in critica
arvest decisions for such high 35 val ue products as
W nd tgmeipds .alAD dleucosierss ddve frost thel4bd®e definition
008/.066921 PCT/ US2007/ 024704 ensi ve car.bon source
it 1t SR h TR 1 et SRk Y
1 npd Dyrengi & of oxapt | Mim g eaot amtfeprhl radpoardrol is
i nportant in power, al coho roducti on React.or m xin
RN ot 1l TSR bose COrRIETt raash 85 SR mozety)
€hhld oad 1Dniewltd Yare ont T i iy rg dgri o dust i1k ofntsftal
dri nks and fernented beverages, which consunes the
FApRREd alib UMRORR BF UeUTR Gl RSt BB (3T HalcO-
b Dlde r SHARNS: ¢ L NAL onald yap Mg A e NS cal.Qf 4

conpounds incorporate fluorescent 10 indicator
rohgter uenm st e vt oisl Yettent i srPaTIMinpEENeliso  are

' he art. | e, Hpg- of the
(%(n&en%él%tné cgen' 4 u%g% cl'en Hlurglrneig%rﬁcoﬁ;%gs n;tl evi ces
dergent 4 SIndPatentcdio:a i bHily , BIB)tart Bare be bound daald

olynmerjc material such t est er for., visual 15,
R SR R T L T A { iheh L Wt PIRg Cqains
£XBM & s 4 g oskemm@assir effef e i sy stamnner anal ogous to
determining pHwith a strip of |itnus paper.

The
conPRINISHSs G idd foar dilF ey i93d6 Th € MAAUNEisd Ofs the
ST Teagenton W it Bidndandsaenchtop analoid cal @

i nstrunent ati on such as spectrofl uoroneters or
ez 0 e YrereECHRRISHY H AR T+ t £ example,

IS Cohd BeCkMBNcompounds can be used to detect sub-levels
or supra-levels of glucose in physiological buffers or
fluids, such as blood, plasma, serum, interstitial fluid,
cerebrospinal fluid, urine, saliva, intraocular fluid,
lymph, tears, or sweat, thus providing valuable
information for diagnosing or monitoring such diseases as
diabetes and adrenal insufficiency.

Medical/pharmaceutical production of glucose for
human therapeutic application requires monitoring and
control.

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

value products as wine grapes. As glucose is the most
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and ot hers. These nol ecul es woul d al so provi de anal yte
specific chem cal/optical signal transduction for

WO 2d@8n6692pt | c- based sensors and anal yti cal fl upCDIE1007/624704

as made 25 by Ccean Optics (Dunedin, Florida), or

Sp&hs Y | €Srbort). SHuRad emid S &lds ke dtrher dhing tostiran
of which is _incorporated herein by reference,

RIRET T IS 14T dRUBHR Wehsi g W i 5R3Hi Uh §9Rs
EXWLIS Of {heinfesant i Nvesd o cahde gisathdtGion.

determ ne the presence 30 or ‘concentration of glucose
Repet o qui i e 0i iin COTHer 0k s | ARS8 CROTEGHPri BelsPmh also
ver &g Q SN dOHERXduction of soft
JIﬁ%léeazl([:llJ e%%ﬁ%/%i%lf%lgﬂrgtél X ( erdea’;]lt egrcaé" f(?uucotrleosnceont 50
ametmkx"gnd af dwrgdn pad od Ve taye andvlial clphotrodmescttdre | n

his device, a light, source 5 | . .
[ E it bR PSR, frigingipaion)
0B © 66924 RETY WISPODY/ 024704 | east partially within
t he j.ndi cat or, terial, or in wavegui de upan whi ch
t he R Gt HEHGH 5 5 SRS 1SR gt NG ASAEn
ih@htadsomdhe: 1§ @it SO e aisestddeion i @aiiojues also

nol ecul es to fluoresce. The high-pass filter 5 all ows
HFE LR i Ghtthe 3%ach e prgtvtfet ddtorcomgfyds of the

faddering o iseaided eth | poisienicdighdedd 0y tds i daht
source. The fluorescence of the indicator nol ecul es
ey oyl § n Rafeeleee Yesktibed) ior ga3 Imytkgind to

- ' t -sq;gwlanced,
%@Pﬁ%pfgoclg%é?gy%?ée@%c% grfesg cose. ﬁe%t le sensor
despecthechi n ThS Reateet S&LY @18, walled petrert alfor
whi ch, contai ns the indicator nolecule | rmeable to
TR y1 RIS AT e STy 1 a1 s o] TR hes
divett e i df ool tet ks u rotnidd nef tlestmusediaprr 15 THer eby
af fecti he f] uorescence emtted t he, . i ndi cat or,
SOt ARl S REEDEE I S e 114 28 S Yimp1e

- DI ad th igh ratissn @t ohi e passcdi | ter and
phot odet ect or are configured such that at |east a

POt T HPETREA HY U0 3T eHRRE BT e BYP TS i i Satbrcal
%ﬁil aL0nd dPaGY St Nea PAO! GHRL LA OF  JARNST ald WA
and others. These molecules would also provide analyte
specific chemical/optical signal transduction for fiber
optic-based sensors and analytical fluorometers as made
by Ocean Optics (Dunedin, Florida), or Oriel Optics.

U.S. Patent 5,517,313, the disclosure of which is
incorporated herein by reference, describes a
fluorescence sensing device in which the compounds of the
present invention can be used to determine the presence
or concentration of glucose in a liquid medium. The
sensing device comprises a layered array of a fluorescent
indicator molecule-containing matrix (hereafter
"fluorescent matrix"), a high-pass filter and a
photodetector. 1In this device, a light source,

preferably a light-emitting diode ("LED"), is located at

N
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signal which is indicative of the concentration of

gl ucose in the surrounding nmedium |In accordance with
wW@eweneqossi bl e enbodi nents for using the i ndPCHUS2007/024704

conmpounds of the present invention, 25 sensing

Tevs € g5a 0 501 By evdasiaf i tred imdidB oPaiardriNds,. or in a

5,910, 661, 5,917,605 and 5, 894,351, all. |ncor or at ed
PRI ER R B! %Hb@ﬁlfﬁﬁﬁﬁ e osed,

dUMENERON TRkt BdrSo b@ws&ebm e Feen 11@{1@rgcah}cea deMiges the
for exanple to 30 continuously nonitor blqod glucose

Ittt on Mo lRLUl i bt B IRAcRs ale deitriRas iflter

0T o exalpl €re§Ori Ao dhS A eHoMRfet&HB3R0, 461
5,833,603, 6,002,954 and 6,011, 984, all |ncorporated

heheelnlrtg/ vt es@ciee razhrincident ylnpﬁetf efr ol tdmrdomfers

et

e conmpounds 0 024704
RS e B RN S 088 oakE o e T G 0
dﬁslc@rmem"ﬂmmmwwcmmbd 2irivet Hyl "PajnarrtotS 517,313
conta an_ el ectron thdra u t
RS S naT ST S adifent, s decal
B s slegd cd edgltcodde carboxyllc aci d forn1and MAth t he
boroni c acid group 5 being unprotected However.,

wi | o hehdssiBodatrt et ot kaimplfet enpoutds 313, the
v g 1 hen a4 boxyd 4 th aci gk saddi c s af1 £ apped

boronic acid %pou ps are within the scope of the
nt

;p@]@g&éqﬁle nve %nanal')rbét%onpﬁl‘,!-h?js tgte t&ﬁ’é’ﬂ]p\flééfﬁn diffuse
irﬁ‘e’&‘“&‘l &l PE1 é&&ﬁ%@é%@o&%ﬁ%‘%é&'rﬁ&ﬁdnﬂ the

art Wlt out an un anmount of exper|l nentati on usi ng
trre@mtb)y &hoewt reacthont 1 weohsrd ses emd veddanttshe f or

SSAPAES) (LML 2o sapelat s WY s
dehpyund-4&on i W @ CO8Y 660P,1 mﬁimﬁﬂme?ﬂébnd
SHIEARed o YOk Neaes ol Aluoose LI SEAOTS, Mo gprcion
of the fluorescence emitted by the indicator compounds
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,
sensing devices also are described in U.S. Patent Nos.
5,910,661, 5,917,605 and 5,894,351, all incorporated
herein by reference.

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

compounds depicted in Figures 5A and B (the compounds
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15

~ORA\ / RO HNOOOBB, ON DEA DWW\ \ \ +
R4 Br I \'\'\ RBRLo- NHRZ NB-( NHI-I N\ R / \

weR®se228-i ORZ R3 R3 R2 3 a-i RO i) 40% ACAUSON/&4704

\' / RO-Na* ii) NaHCO 3 aqg OMB a) Rl= R2= R3= R4= H
cﬂ%@ufﬁaﬂ:@tﬂ: Rirs o s RBFu T Hind )™ Rire 371 ‘Rédo hhoRasor@adin
d RI=R3=R4=H R2=F LNO-~B- /NH/-' R R4 e =
F=e Fecipen Rt MAray NG ey, fidRALE RY §eeREd)for

RRRBcRcH e B XSk d) . RIS s PNV § Ae et 4
i) R1=R3=Cl, R2=R4= H))Scherre 2 yn% hesi s of gllucose n

el @2 lo@ X ¥ } ben aoAref il 50 avkil die JHeani barei group

@%@g ‘%f‘g%é%‘n 1/%@%H% “NB%N%'% 6 |1'f‘%Ol Hhat,

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

procedures described below:
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ONa-oH NH/'" NH-/ IIIf NW O 017 0HOBI N

HO 1) 409%9FA/DCM OH ~/N B-OH NH./ 0 8 -18 WD
wWQO®8HeBeO021 PCT/ US2007/ 024704 Scheme 3 Synt heGEESIN7/024704

gl ucose indicators fromcomercially avail abl e

di sulsshdnteutseathdsesoripb@seiedietors from d@mmergially 'aBilal@HMen@AniCesters

% PdCl y( dppf )o NBS, AI BN ( Br O B-BO DVF, 80C
or benzene R a, 10 11 a,b 12 a, b RR @ . ° o+
, OB\/ OB\/~O ONI) 40% TFENDCM _~, < d—g }_);

DI EA, DI\/F |)NaHCOS HI\gE/AmIA}IHNBomB- N
4.
J& sooll
/\/N Ela—-(
NH/\/ )W(NH Rb\'?
0 2 ai o & R
3ai

1

Ry R,
R ot
i) 40% TFAIDCM ¢ R /_)L ONa
i) NaHCO 5 aq 0\;3 N a)Ry=R,= R3=R4=H
——
0 b)Ry= Ry= F, Ry= R,=H

OO /S< C) R1= R3= Rs=H, R2= CF3

0 d) Ry=Ry=Rs=H,R,=F
N B—O
)\‘(NH o~ e)R;=R,=F,Ry=Ry=H
| R1 Rq f) R4=R,=Cl, Ry=R,=H
R2 R3 g) R1=R3=R4=H, R2=OCF3
4 ai h) R1=R3=R4=H, Rz-_‘SOzNMez

|) R1=R3=Cl, R2=R4=H

Scheme 2 Synthesis of glucose indicator from commercially available phenylboronic acid

[0}
o}
HO OH HO OH
g’ ~g” DS::EA . HO\B
, 80 / N
NBS HO
Br o
T s oo

HN.

OH

5 6 — o

)\‘(NH/\/
NH
J\‘(NH/\/
o}
1 7
0
OH
HO—g
/ N
HO
i) 40% TFA/DCM
— 900
(I)H
N B—OH
)\'(NH./\/ C
o}
8
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ly -1 /NH / \ 1 Xl NMRR i X11( 1 13 a, b 14 a,
b a)R=CN, b)R=NC2 5 -19 WD 2008/ 066921
WEMBBRR07/ 024704 Scheme 4 Synthesis of gl ucPGEUS2007/024704

i ndicator fromcomercially avail abl e sul fonyl

C fecmeivie GSyiBiesBrof GludobiBinditdBr3rds demmercially agqilatiB disuBstituBid®romobenzenes

di borane KF, 18C6 TASF KOAc CH3 NBS & 30 OS-O ANN

OS—O TFM TMS, pentane 0=S-O 1| / Al - PdC 2(dpp~
CF308—0050 DI\/F QCCFB‘GES 15 16 17 18 19

o4~ .2@,,0| ) Ha\ | g:nONa N
N 0 N ) 4-9 or'nenz
B-0 N ~Z @380‘0 0o 3 NH ° 1 20

R
-20
9a b 11 a,b 123,b

O\BQ ﬁ* +

O\B ( /_)'
C; i) 40% TFA/DCM
DIEA, DMF if) NaHCO 3 aq
)% ?)%
B_
* )\‘(NH/\/ b NH./\/ b

NH/\/
13a b 14a,b
1

a)R=CN, b)R=NO,
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WD 2008/ 066921 PCT/ US2007/ 024704 Schenme 5 Synt heses
of glucose indicators fromcomercially avail abl e
w@aiesvedoat ed tol uenes Br KOAc 0, 0 OB O PCT/US2007/024704

NBS/ TFA/ H2SO4 PdCl 2(dppf B NBS/ AIBN Br DM, 80C CCl 4
RScRenie 4 Sihdsis ofYiucodr indizatfrifrom 2onimePcRallpavailabl@ Suifonyl dhlofide o, b

25 a, b R i) 40% TFADCM R2 DIEA, DMF, RT O\ RP-.+
ii)NaHCOgao OB\ R IONe .-LI ) B O1N

-~ O NB H 0NB NHO0Q toaa | |08 R /-~ RdQo

C
ﬁzm%ae a'7 a,,b a)ucoRzm@Fs DL RA= H Re= @A&

S, pentane

eorener ci aI I yoa‘val I"abl" € Susstt utredwphenyl bor oneeccaci d

RER yl~ /71 HOBOHP 'Bo@&cO 0LD EA DVF i
E20/ pi nacol B, NBS, AIBN B
15 16 17 18 19
F3C\s /<0 Fac\s /<0
~o ~o
Q 0+ 3 ONa
O—pg O—g
! N / N
>;/o i) 40% TFAIDCM >S»o
i) NaHCO, aq
DIEA, DMF, RT —
e OO seo I
| {
% o N B—O N B—O
/__) )\‘(NH/\/ _%3 )\(NH/\/ ‘%3
\JW o O\ 0 Oy
B ~N ~N
> { # O//S\CF:, o//s CF,
l NI
NH
Y
' 1 20 21
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2\ RMS4 |1 , CO4/ "r RR R R Rt ~IYNH 1
28 a, b29a b30a b~R RZ it 131a b RRO
WO 20080869TFA/ DCM \ / ii) NaHCO 3 aqg B 0-0 N B-PCHUSHR#024704

HRF 1(oeY(l R, R b)) R =C, RR =H 32 a, b The
Stsateink B GynfHe$8s o1GNdos2 indicatérs ah@mbretialyayailibi: spystp@d ®ilene
according to the follow ng general synthetic routes:

-21 WD 2008/ 066921 PCT/ US2007/ 024704 Br O B~O NBS

110 \ Li TMP PdCl 2(dppf) B GBr4 Bis I n coI at odi bor

Al BN CF3B8GrR8.0F3 CF3 5 Al dri @Jauz(aép70384 Li Th4SaeN
B(ggr)B———Zﬁ—PI—H-&COL/@\/ \ BEcn_WBN/@\A'

O_I —_ R, DMF, 80C
22a,b 23a,b 24a,b 25a,b
R i) 40% TFA/DCM
DIEA, DMF, RT 3Lj}-o-+- ii) NaHCO 5 aq
O—g —_— o /1_)—
/_(}t-o—l'— '73‘01 N \B
o - oo i
N B—0 |
ot S~ N B—0
e il AT
Ry
1
26a,b 27a,b
a) R1= R2= CF3

b) R1= H, R2= CF3

Scheme 6 Syntheses of glucose indicator from commercially available substituted phenylboronic acid

R, R‘

DIEA, DMF °‘B§‘< /

0. .0
Et,Ofpinacol B NBS, AIBN
—. _— A { |
(o]
R i MgSO, ccl, /} | o
R N B- O

R4 I ad —2-—/
‘allie
28a,b 29a,b 0ab Am~" R R
1
1 31a,b

R, R,
B4 SRS
i) 40% TFA/DCM /_)—0 Ne
i) NaHCO 5 aq o8
? 74

N B—0
)YNH/‘/_Q a)R,=H,R,=F

R Re b)R, =Cl, R, =H

The starting compound 2 c¢ in Scheme 1 may be prepared

5 according to the following general synthetic routes:
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Et20 (j O Buli,

Et 20 Li TMI/NES01QR4704

/ AIBN CF3 CF3 CF3 CF3 Aldrich 439320 Boron

BO "O0OO0O '0O0,B110 C B B Pi nacol,

Mel NBS Br CF3 AIBN CF3 CF3 CF3 Frontier C 1322
woieyoBe@R0\ B"O 0, B"0 OVvB"O Pi nacol ,

Br Mel |

Mol ecul ar BM 289 Br Br 0"B'0 0,810 Li

P. INNBS | Br
P

PdCl 2(dppf% L
n Al BN CFSCI(:) 5

t ntheggs sho

skill would readily
Zodridhvs7ased 2d- 2i as wel |, all
scope of the present invention.

nmod I@Liimgw‘ipr)ghe fl uorescence of various
cul es (depicted in Figure 5) by varying

nmol

ust above may be
syntdaesi ze conpound;2c dffispinGelrederon
dnderstand how to Ofgke compoundscr,
of 5 which are within the

pd tO

Mel Bi spi nacol at odi bor
CF3_CF AIT ich 15692 -22 WO 2008/ 0663921
2007, 04 wi | | P95ppider st odgd_that Nethi | e
h

one of of“&l"nary

EXAMPLE 1 The
10

con¢enfr¥eli ons of gl ucose was determined. The results

areyset forth in Figure 1,
nmol ecul es tested nodul ated wel .

and show t hat nost of the

Two of the nol ecul es

(t -nitro and Z-methyl substituted conpounds) did
nal,_ 16 nodul ate wWig-O but still are useful as
oxi Jati on- negsi stafgt tags. In a further experinent,
th substitute nt®ol and two conpounds of the
pr t irfBhtio -trifluoronethyl and
3, 4- gl flouro) were gesubjected to oxidation treatnent
with31 mM hydrogen
HO\ /OH H H
o__0O 0...0 o__O
Pinacol, Et,0 Cl Buti, Mel NBS
- - Br
CF,4 ©/ ©/ AIBN ©ﬁ
CF,4 CF; CF,

VAR

AR AR

HO\B/OH O\B/o O\B/O O\B/O
Pinacol, Et,0 LITMP NBS
—" . e E— Br
Mel AIBN
CF, CF3 CF, CFj
AlLdrich 439320 Boron Molecular BM 289
0...° o_ 0
Br Br B g’
LiTMP PdCl,(dppf) NBS
—_— - B — Br
Mel Bispinacolatodiboron AIBN
CF3 CF3 CF3 CF3

Aldrich 152692
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WEXNRPEE22 Sever al

20 peroxide, and the | oss of fluorescence intensity
was neasured. Those data are shown in Figure 3.

gel s (produced as in Exanpl BCBYS2007/024704
contai ning 25 conpounds of the present invention

(4-trd fiuar eetiiter stk difdow 1and He fdwaneseandhdwn
control (unsubstituted) were subjected to term

I
Hxlosih@ve gnay b BSRKE o nSYPerdxt &R %@pqur.xﬁ(fﬂnzqc of
@ér&&&é?ﬁ,P%@to§7&fdﬁm§r§r2§kip§sw&hdff@mfﬁy%rstand

Intensity was neasured. ose data are 30 shown in
Rwyute make ncampiberdh, 23 heéb need et evivebl, il ¥ of

i P St R e S B a7

conpared with the standard unsubstituted nononer, the
3,4-difluoro and 35 the 4-trifluoronethyl anal ogs
have approxi mately 33 and -23 WO 2008/ 066921

PCT/ US2007/ 024704 26 ti exaMpaBEgér half |ife,

re tively, in th f 10pM h
per oo e, PR R R ohie | | e BT RICT pbr T2

hyPé @l e Physé Ol @8 gal n hydgeeens pespxvgeyingvel s are
approxi mately 0.5pM maxi mum Al so notable 5 fromthe
capfenaratips dpf f ek eree’ V&S adetageined yorBiterfealts

4t ensi tyo - B9ty apgbegs shoun oyesy oves@lhost of the
nodul ati on, but subStantially greater fluorescence

fatecubes gheet§d anade hasedrovide alwerohgehe shgkrgules

g@lé'ﬁgnwfo Sh@nal L op 0PI S LAt L Q0 BRI LRSS QL £ did not
Feater tesolUtion 1n 10 a sensor product™ as a S|dé

hethelate Whel) ovetr &dibtasuveedsefwol dheoxidation-

4-trifluoronmethyl _indicator is_.s rior.to e
LY ahue? A contfol 1Bt %rgﬁ?ﬁo%%ggfl%%%%h %%%cose
SENSH HNYi t becdusent tohasngread ecospoasnds vof ythe ot eicaste
in the physiol ogjcal range. 15 Table 1_] NDI CATOR
e LR CE 58 5BV ROl 707 Bl 7o El DO e eENE

dd O\ b 90 (aeDSe tHERmENTENSEH YL (1M tioy @Bod &7 C)
(days) nMat 3 . .
perdxide, 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
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 37°C, and the loss of
fluorescence intensity was measured. Those data are
shown in Figure 2. 1In 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

the 4-trifluoromethyl analogs have approximately 33 and
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glucose) in 4 nM glucose and 10 UM H202

Unsubstituted 9198 248 4-5 19.1 1.1 3,4-Difluoro
wa2898066D377 3-4 30.9 33 4- 14921 191 4-5 12. 2 PGI/US2007/024704

Trifluoromethyl 20 EXAMPLE 3 Two conpounds accordi ng

1@ tihe Priesefdr inventl ofe (4redpédd Uogsopptiyltiencdbresence

3,4-diflouro) and the unsubstituted control. were each

LopdIWHehy FRpTh tREHPHE Wy et IR SRRy | dlerature
ﬂéﬂ%@%@%a@rwpﬁc@pi&%@f&@gmi k@b g e @dhndene
gl'ycol di nethacrylate (EGDMA) to form a water

Josdlum e posARstieatdty Qniidh Nesinwen iApiamRhif o

5 for §ind Adior Subl ectied doria o ol dasdiaryd or 22 or

ays. Upon expl ant, uor escence of” each
Clomporawkwes B0t ereasy ed, Batd artwel oz sshove sinain dverall
Jgéﬁyg%anj-e'%'ggbgta 2008/ 9 éggefxgz&gﬁ%gggéggn?gke
conrpounqos of~ the present 1 nvention tetalned greater
Y iugrescenoed conparedotiodd he ctondngdr SAMALE vhidfing the
Several conpounds of the present invention were each .
SO et IT2EP S TR Y T kv FOT - e HEET 3Tt & (Hay2on i
10 AaWader geishudid £ hyl ende gbaot i ) nEtdhacswd Atied measured
f(EaE%(;\DNA) to formwater insoluble polyner gels, as in
ot 57 Cabf M ometiapt | 1191 (3T d5S SSRRIMC ey the
ASIRESEY Wt S €64 | g ther@eds O Hun hydiQaan
peroxide in PBS at 37C. Those data are shown in .
THIRITED 6. 09GBS S Uk HErsS &5 FreFRNS bV Y the glucose in

indi - 4 trifluoromethyl and
ﬂﬁﬁ%?%%%%éﬁ gﬁ??%%e gels) were 15 subjected to 1

15 mM hydr ogen peroxi de in tHBebpeesence of 4 nM gl ucose
in PBS at 37C. Those data are shown in

INDICATOR AVERAGE AVERAGE % 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 10
pM H,0;
Unsubstituted 9198 248 4-5 19.1 1.1
3,4-Difluoro 12690 137 3-4 30.9 33
4- 14921 191 4-5 12.2 26
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 dimethacrylate (EGDMA) to form a water
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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wadamBee@21 I n a furt her

Figure 7. Half-lives calculated fromthe two

af orenentioned stability experinents are set forth in
experiment, the fl uor esPEnUS2007/024704
change 20 (% nodul ation) fromO to 20 mM gl ucose of
AMIANR s 1JHiIaR Prood s ias R ek @ithdd ey feetiddt s

are shown in Figure 8 25 Table 2t 1/2t 1/2
Norrg s e Fonariichtter &8 qaRtR’es) Unsubstit ut ed
Unsubstituted 4 1 5-Fluoro 6 1.5

4-Di met hyl sul fonamde 9 2.2 3,4-difluoro 13 3.2
4-Fluoro 13 3.2 4-Chl orBXAMPBES4 4-Trifl uoronethyl 17
(30*) 4.2 4-Cyano 18 4.5 4 Trifluoronethyl sul fone
(35*)Seve25mc2m81r&8592& tPET/ISEOW 02Egk ion were each

5-.Di chl 22 T fI 6,0
SRR e L LY B Qi
Birsfitird fdaiat amet h:yd})y% 1g214,zc£b1 *dJImretéha’rf\ﬂ}Gai:cHJs GDMA)

(A Gt et (e e f1sy G Bidore 3.

TRt ARt rils 3, owh xahot tl an0)w s IHdd il abenzy| ]
- 10 [ 3- (et hacryl am do) propyl am no] net hyl] 10- [N'é
WIeH B9 tidtg ffethyie 1L -k edsit & ea?ﬂiﬁl S at

37°C. Those data are shown in Figure 6. In a further

experiment, two of the indicator gels (the 4-
trifluoromethyl and 4-trifluoromethylsulfone 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 fluorescent change

(% modulation) from 0O to 20 mM glucose of various
indicator gels was measured and the results are shown in

Figure 8.

Table 2
t 12
t 1,2 Normalized to
Indicator Gel {(minutes) Unsubstituted
Unsubstituted 4 1
5-Fluoro 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 4.5
4_
Trifluoromethylsulfone (35%)
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W@ 298/066926 Step 1: 9-[ N

di f 1 uorobenzyl ]-N-[2
(car boxyet hyl ) am no] thyI ] ant hr acene sodi um sal t

di oxabor ol ano) - 2, 3-di fl uor obenzyl ] - N-[ 3- (et ha-
gr ¥l am.de)propyl am noj thylizlo [N— [ 6- (45455 5,
3=

or-orano)=2 H 'é.lud obenzyl ] - N

? -4y ’ - [9]]
o~[7ifLBPIroRGtaYcar honyl)

et—hryllérmnm]ometthpk]yanthracene24 20 ($b) : 6.0

9- 0Dk 3nfagbhacryl ani do) propyl ani no] met hylq - 10- [ N[ 2-

é 2![-UUluxyLdIUUHyI)ElHyIaﬂanJﬂE hyti=anthracene (1,
E

thiﬂugiomgglh&,l pl acgdsi nt 0150 moy o4'nd- bat t om

L O N cuG;uol ISI Fet—n J.U IIl_ UI el II_yI I vl 1matti UC Uil t| |
g i ol vgy f@rgnonethyl) 3, 4-di fl uorophenyl boroni c
'nacol ester (2b, 4.90, 14.7 mmol, 3 equiv.)
and DIEA (6.8 nL, 39 mmol, 8.0 eq) were added and
stirred under Argon streamuntil everything dissol ved
then heated to 30 80C in an oil bath and under a
stream of Argon for 3 hours. The DVMF was renobved
under vacuum ether (200 nL) added and washed with
phosphate buffer (100 nL of 0.1 M pH 7.0). The
aqueous sol ution was backwashed with ether -26= WO
2008/ 066921 PCT/ US2007/ OBARZMRLE(2 x 100 mli) and the
conmbi ned ether solutions were dried over Na2SO4. The
et her was renoved under vacuum and the resulting
Spal theve ipoveker3 t4+duf latecb Windi deeb@ne sO | 0O e)4, 4,dr, 3,5
e tndneschylr 1 W8 ,a + diino s0f b di el axiau)de2 03 -adhiufe u 2o iEh ) 1 [5-N-
VB -t indxid d gl L 29 et sy 1 et @ltned 1 1RAL y+ B0 -dipd- o
of f4 \#i 3 ,6-t povdiest 10f1 1 9898 -pdi dt 3b dwyo HRLKD. - Lr3rde
dﬁﬁmﬂdgbwgﬂﬁylpqnbnned and recrystaliized by
hy 1) 00 Tk £ 180 Pohiat fvd e a6 b sd Bl R BN ab)

addi ng ‘et hyl acet at e untl | all solid dissol ved Upon

BCaRE e
h' - rgng\lovaPak

tehramethyl ot 7%%14%*@%%’0@%‘ % %%Plf?i?ﬁ?zylzls'@'
@E )@a@mb\t#pxwaﬂrmﬁ) (Pl amin

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

flask and stirred in 19 mL dimethylformamide until

dissolved. 2-(Bromomethyl)-3,4-difluorophenylboronic acid

pinacol ester (2b, 4.90, 14.7 mmol, 3 equiv.) and DIEA
(6.8 mL, 39 mmol, 8.0 eq) were added and stirred under
Argon stream until everything dissolved then heated to
80°C in an o0il 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 aqueous solution was backwashed with ether

_26_‘
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(0.1%v/v TFA), gradient 10%B 2 mn, 10-80% B over 18
mn, 80-100%B over 2 mn, 100 %8B 2 mn, retention

wWaQ 2098/066081 4 min. 20 Step 2: PCT/US2007/024704
9-[N-[6-(4,4,5,5,-tetranet hyl -1, 3, 2- di oxabor ol ano) -
@ 3k didd uarobatzWie Ndribined ether solutions were drled

<n25§Qﬂ%E%lan%gg)g g¥|3g¥ng gg%gglhﬁégr[bg 6u&4énd thé

ﬂéﬁdl%ﬁ&)ﬁ}ellléﬂﬂ sl xabor ol @nde?, vt th flaseiraenzydd )

-[2- 25 (carboxyet hyl ) am no] net hyl ] ant hr acene sodi um
@gﬁthlﬂﬂnutes Trituration of the crude product (2.60 g)

ﬁ%%ﬁ*%gaflhélébﬁéOté%%gﬁ“%é@@a@eﬁﬁé%c&f@%ﬁ%ﬂ(gﬁ”Eﬁfi%ﬁﬁte

uorobenzyl ]

W@nn@:i@)pr&ﬁwlmmm)}] ri@y HYPLC 1 CTWg 6sqmp e S wRra0

SSRIATE Wy 13 2040 piabor 913pod ok LA uat ahenzld - N

&1 A0 aan:imd] neetdityd j @k bk acetheadq By AL15PY, adettdtemwoiil

S d,Jnt m_ro bottomflas nd
a\&ﬁss% ]v]eog Cgl\f'ﬁf} RBO807? %Pﬂ%’cﬁu ﬁli(u ion. The
d@as:ﬂalolmmd(tag &arwasfﬁhb}oﬂ\ie@l BOIGEE I ( nts4 3@3, add enteld) .
tenperature for up to 2 days or until HPLC anal ysis
showed | ess than 1% of starting material renained.
The solvents were renoved under vacuum The -27 WD
2008/ 066921 PCT/ US2007/ 024704 residual product was
REJRAG Gprndi Goomg - dfP d@@%?%lwa%@mwﬂmdﬂa%rs

§ "!? xc’oi%/(?%m LWCQ&?&(PS’]@CIW% a;‘rhéoﬂhr&#'\fr’{ %@QP& colum

dissolution / evaporation treatnents wer repeate
wmid nlhelrpyeocduoctn beane raL)yreiﬂx,OV\l pod@ienl Jfl'rhﬁecstm\dkacmp,

di s oIved in L of di and
%&%Ms S5 % oI5 c"&?%ersaf(gr t e ag'g@gus I—%(Beb&]I Ea
€0 r1ed ev SHCIFA hatgtddi ¢ epE0 At BIre 151y ero bed dvB Soker 18
The soI u]oél\%?n was st|£re_d fo @no aﬂgltlonal 5 mnp at <
d By PR 1 tTEM nLO 3% e THYyerketeipelon time
mg@r}ﬁpnl ayer 10 was dried over anhydrous Na2SO4,

filtered and concentrated yielding 1.21 g yellow

powder. The crude product was dissolved in 30 niL of
sheny & ol NG A 4arfd St Samdedrametdyd -11802ndiexabrrolano) -

D03 tbinfi ¥uersther® IFAM b?ads (0.38 g) were added to

(neet Hd crsikl aamicd & )pexr spsyplcdn mo Jmecthy B] wbG- Bfrakéen(4t4,5,5, -
tetramethyl-1,3,2-dioxaborolano) -2, 3-difluorobenzyl] -N-[2-
(carboxyethyl) amino]lmethyl]anthracene sodium salt (4b)
9-[N-[6-(4,4,5,5,-tetramethyl-1, 3, 2~-dioxaborolano) -2, 3-
difluorobenzyl]-N-{3-(metha-
crylamido)propylamino]lmethyl]-10-[N-[6-(4,4,5,5, -
tetramethyl-1, 3,2-dioxaborolano) -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 CH,Cl,:TFA
solution. The reaction mixture was allowed to stir at
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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15 anbient tenperature for 16 h. The beads were
filtered and washed with 5 nL dichl oronet hane. The

W@ ouBioe@ell or gani ¢ sol uti ons were concent r at edPCITt82007/024704
vacuum Pure product (0.979g, 68% was obtained as a

e il e P gywerRTu c 12 G 5t fcm‘:&tw]ﬁ\rétﬂ?tﬁ{ rrimam]; ot ERCHPLEo11owed
conditions: HP 1100 HPLC chr aph, Waters 3.9 x
s oF 1A Wbl dPak- R X217 4t d B8 um, 0.010

dieH i 5td 19hn - Is 89 Wi 1bn I/ @&%ﬁ&réﬁ"i&@%ﬁhﬂn@ﬂas were
254 nm detection, A = water (0.1%v/v TFA) and B =

e s (W tioh, VrRe TR duGHy Ao @aite 1% LoV RRWARK 8RB

% :
SIS 100D 5 S BB A o,

A2 (dnoptdi ¢ Mt BR {6, M1k 1d 9a1B0rtyd HHuEE dlaHCO;

- t .3&
Bt ugl RS T Mpe 2y tse a0y #%c.

Tmedf]sc(ls,;tﬂ:}-ﬂ) walks 66(1:1(131;ec2|—jjqr 4a90addi t ddha CCHR)n &k 96 5°C

5. 25, H 7.15-7. 25 .1
fekhoved, g B € fig o2 e Mllvedds 1opls ed i dlayer
A e SR e LT e

YE LA q ﬂp;?%c%tseﬁﬂw IRIWGR Tor ) They 268 TG NR T OHBEs Has
138 31 v dVHiZH20 i, o§5§11gyc§1%u§ Q@)‘CDIE ar®% ok MNDG to a

for the bis- boronic aci Boronic esters are not

o erly ecpwirbidrot ey Bkasi ¢ RO AN dreads thid8 g) were
ﬁa!ﬂ% IS tk?e Ear@d%’ﬂg hesi st 08n 4ailid dFdoromeiiyilen at

cator: -
iy BT, &emmetlremmltehyﬁorl B 4 dixabrradamdre-filrered and

ARl ) S ey e e e 2B
soﬂuﬂr&n&ﬂdgﬁe]cdhdbmhKnmﬁmnmndﬂmnvébuum Pure product
(et tidey hD1 A oI Tt hr bk RRHURF sal ¢

(4c). 15 Step 1. 9-[N-[6-(4,4,5,5,-tetranethyl -1, 3, 2-
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 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, CDCl3): & 1.32 (s, 12 H), 1.33 (s, 12H),
1.50 (m, 5H, 0=C-C(CH)CHs), N-CH,CH,CH,-N), 2.33 (t, 2H),
2.38 (t, 2H), 2.78 (m, 2H), 2.83 (m, 2H), 4.21 (s, 2H),
4.41 (s, 4H), 4.60 (s, 2H), 4.90 (t, 1H, C=CH;), 4.95 (s,
1H, C=CH;), 5.25 (br, 1H, NH), 7.15-7.25 (m, 1H, ArH),
7.28-7.32 (m, 1H), 7.35 (m, 4H, ArH), 7.68 (dd, 1H, ArH),
7.82 (dd, 1H, ArH), 7.8 (d, 2H, ArH), 8.20 (d, 2H, ArH).
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di oxabor ol ano) -3-(trifluoronethyl)benzyl]-N[3-
(et hacryl am do) propyl am no] net hyl ] -10-[ N[ 6-(4, 4,5, 5,

WO 2a0806@eet hyl - 1, 3, 2- di oxabor ol ano) -3 20 PCT/US2007/024704
(trifluoronethyl)benzyl]-N[2-(tert-butoxycar bonyl )

mMsammAa&iéwdmﬂmmc)no 3 (M- 3H20+H) : 738 3
Smet hacr | am do) pr opyl am ntz] nmet rllly -10-[

@‘l‘@fﬁz tHY oxyéaP b nWTeﬁﬁg Atimr ndPfte Chy M- Nant h?%ée'ﬁ]ée(kils‘

For kD dbidh HhBWld Mase A aged ddi Cbk?s@rxf@d under the

round-bottom flask. It was dissolved in 5

adsighiss exb n i tieartsy | dfortiirg cRnalysis.

2- (Bromonet hyl )-4-(trifluoronmethyl) phenyl boronic
acid pinacol ester (2c, 3.80, 10.4 mml, 2.4 equivVv.)
was di ssolved in 4 nL of EKBMBpEr §ed DMF and 30 added
to reaction flask. The sol uti on was stirred and

flushhedvmt fo nm nut es (6.0 4
Yhas %m % S350 G ¢ he
('540I4ut51 vét%ﬁ'ﬁ‘ }%1 eyst ream of
W aiforerengtd Y 1 ke 3anmbi ent te erature over
@@Wa@rﬁ@awq@rpwk%w%ﬁfﬁywsl% o &t &b 4 5
tedaipane thnhe T ek iUl Ol 2 Vs~ 3t ssol ved in 100 ni
Gfr 1 fdj ueh asredifet harrn zidl &kt bacted with 2 x 50 ni
(Eorthons tdfy 1 Jphoisphlaet hyof Fanrtixgadeng g4l inng)salithe(4e) .
di chl oronet hane solution was dried and evaporated in
StspIA I esUIN+ PEF (4, 4, 5 29, We 2008 1600211, 3, 2-
ﬁczﬂmamuﬂ(tmmmé%ymmlﬂm g3-ude
fdd)f Pa(m;.lz%]me m%ﬂﬁvﬂ\ﬁéhd%@@t
Iéocﬂ 2’?1 ogcurred t was
{] z%wqj 3D L OGEL WA, Al 1Y ned
cru
il 31%’“ ons from hot
opanol (< 2 nL of IPA ram of conmpound). Pure
&f& ( a«sagvl@dwmwoé’qzhar%m@})mew PHE 2"
6¥3f¥iﬂdﬁﬁﬂ§ﬁbrﬁ%%§ﬂmé%%?%ﬁﬁiﬂéﬂﬁét PO Lene (1,

chr omat ogr aph, Wat'ers X 150 mm NovaPak HR C18
ZolWren Wi 43P guead oo unmlaced ooe o2 3 hjrelet ¥ @ind-goatstom

fﬂggﬂyhlé“ﬁgg)d@sééﬂ&%ﬁifﬁ'éQQﬁ’of degassed
dimethylformamide. 2-(Bromomethyl)-4-(trifluoromethyl)
phenylboronic acid pinacol ester (2¢, 3.80, 10.4 mmol,
2.4 equiv.) was dissolved in 4 mL of N, sparged DMF and
added to reaction flask. The solution was stirred and
flushed 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
nitrogen and in the dark at ambient temperature over 2
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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254 nm detection, A = water (0.1%v/v TFA) and B =
MeCN 15 (0.1%v/v TFA), gradient 10%B 2 nin, 10-80% B

wWO®8/04821 ni n, 80-100% B over 2 mn, 100 %8 2 PETIPS2007/024704

retention time 17.8 min. 1H NWMR (400 MHz, CDC13) : 5
gblzﬁer{ 9011%1?&1(@'653) Tf?de ,cud? diodud2haD-L i(:GHY) 2@ 15

(CH3 C 0) : 12H, 20 | 2C (CH3
2 30(:“t})nutef zrﬁlt(*‘s 103,H‘L &fc*tff%acﬂ%)mtﬁ%% (Ydﬁ%*s (ﬁn )
pgrl'e'c %Wr@ed 2It43wa(§ fi2Hered %hd tth2heidhtB&h £
, 3.04 (m 2H), 8 (s, 2H), 4.05 (s, 2H),
e4:pr( luctyppas @Qtsev(ﬂsmezH) B (Lt mgllaw gewieno
I 38114 m 5H, Ar
7 50%5!I ?ﬁ N \%7J%3Q%Cf kin Alrtrlr)dfglé? 80 (m 2t||)
cmyf'.)t,al‘/h&@t(ldmﬂl{romme)t %—r&ibr(anOMI—K A HL ESITHVS per
(TEA acetoni tri 2H20OF 876, 5
™ G9P Qr”&d 15- Fbrocf'dzlh?t é\éc\:é B ||r_%onl| LS Ggr% 1.5
@re not observed under the acidic conditions of this
30 anal ysis. Step 2:
9-[N-(6-(4,4,5,5,-tetranet hyl -1, 3, 2- di oxabor ol ano) -

s%r(JJﬂJﬂéJQr&@Ma)&ny] N-[ 3- (et hacryl ani do) pr opyl
35 amno]nmethyl]-10-[N-[6-(4,4,5,5,-tetranmethyl -1, 3,2

&H-@mmmu@s{r rHE Ilﬂd}%#éﬂlrﬁllqhmr&@mqgmqm WA RAD
21 RC /5530

3’(Zgagr gl%%gtnﬁg/l an néj qzr}( (gﬁan? ur%r}:enlet}e aurrrcrl sa ]tu"(n’c)

RA-JIN [n8r (ih e & imn,t 6 r"eamrrvyrm, 3, 25 oxiabior 8 @nig)rr Jroop,

trrflﬁf nEtth%/o] t%/w% thﬁ\?r#‘% ) 204 & rattg i

%jgﬂéifv Tﬁ? ,lgra%1%§? 10;|B 2 mln, 1?)%P° B over 23
i_oxabar ol ano trifluaoro- et enz N[ 2-
ey 8 Gu ey EarBisity13 by 2l hojBret H‘%‘{ n’fehtr teﬂ‘@“ 4 e
15 BB 4G.n 0. 980 mol ) was placed into a 250 nL round
Jpottom flask and dissolved in 10 nL of a 60:40
He%sééoﬂomcﬂﬁciﬁh sl bt 2en(sTh@Hr eaéEHors) mi At-dee (s

I t afy)ami t te rat ure for 24-48
%lcsir %urﬁqltﬁpHﬁ’?&Cé X g)l énghg\%edtsl gg?fhgn 1% of
CS(tCaPraD b@rgChﬁrja)tzeCr@I , rlerm ned. 3Bhe O=€siCdGal ) pHoduct . afas(m,

e S%HMS&?C r vacu30r_rk2t0122]I o2 W, AR A
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,
ArH), 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-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

analysis.

Step 2: 9-[N-[6-(4,4,5,5,-tetramethyl-1,3,2-dioxaborolano) -
3-(trifluoromethyl)benzyl] -N-[3- (methacrylamido)propyl
amino]methyl]-10-[N-[6-(4,4,5,5,-tetramethyl-1,3,2-
dioxaborolano) -3- (trifluoromethyl)benzyl]-N-[2-
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15 The di chl or onet hane washes were repeated until the
product becane a yel |l ow powder. The powder was

wale@sobosed in 60 nL of dichl oronethane and adeerus2007/024704

dropwi se into 240 ni cold saturated aqueous NaHCO3 at
@ Articxyethy I kadi Hdjene A INrthf o erien sl ingd aaalse Q4c)
The solution was stirred 20 for an additional 5 mn at

2C (el (WS I3y, pardidning-1,0f, 2-hei d.asrso L alh -3-
organl c extracts were dried over anhydrous Na2SO4,

(F 1 T yueer oaedr hodn ez dltled v/ St @@q{@alcr@' Vel | ow powder .

S Py A A S B A S bot??%?ﬁq“% b
H,|3a@cdmam1@eans—3(msafgluqmmthml )N s e N- [

(f dedsd-ebt Qchrizte%J | as’nkyl edc}} ﬁtrﬁﬁ%syni ]Zﬁqnq{heralv% | on Wd

e SO

1shekey) at. 98&)Tbmfeﬂt t\@mpeprmwce ifrafo 16 260 Tie heads bottom

fil d and hed with
LS e e L e U S e ceasbns

AMELe, CPRL est 1@t £6n UNTIRE ¥Yagetdn FHE 8t uPE OflkSt 2 { A6Nedaso
obtaf ned (0. 603 g, 60% of indicat ogﬁ Structure

sdétterdti madignt mMenERragIe (it ord ¢t dH)o R P P REC

RN 45l Ongroud 310, LG ohy Qi@tsoc%[ﬁpfho%\ﬁ%teéﬁal 31 WO
3608/ 066951 PCT/ 052007/ 024704 4.6 X mm Synmet ry

BIER CEHB  ddleunre (wivehl SarmductCres gm@%o{m)% onlmcof

/
ey B8 ol is ol Yot L1 TOLG0 HRAEE P,
e miirgh 125bmehbdatee otd sirg s Ale:re/vatmea(taedl%n'ﬂﬁﬁ) tthhand B
0.1% v/v TEA) g{})a ent O%B 2.mn, 10;80%., B

= MECN
PR g BGRB8 1% € BYIE I dlSSOl"ed
1f{ﬁt3§ﬁ?ﬂlolblﬂ2id|_ﬁl;i:kﬂ¥1br§3gm’(ﬂharié; ahﬁ‘sz ag-dkg.gj Mﬁopvﬁ[ﬁl.@nto $40
S S, -
i q G rEEHd awmﬂ?@@ Npt, 32 rgfe f@c@t tiz‘*ﬁ) the
t%nﬁﬂer(att,ur?é")st 6317 deMowH ,° %é@oﬁfﬁmorﬂx@%(%lrred
2H), 4.35 (s, 2H), 4.44 (s, 2H 55 (s . 4.95
far, 'arHadcidyimnals s, aty i Fcfcrizallcweai kaupamrltlmlng

oh‘!H)the l%%/ersdfz ’I(HB 04('% rﬂ'd'bex 7r£ts( dyeAdd dﬂé’cﬁ ’0\76168
1H, “ArH), H, , 7.85-7
amhgﬁrous Nazso4, flltered and concentrated yleldlng 1 g

yellow powder. The crude product was dissolved in 10 mL
of anhydrous CH;Cl,; and transfered to a 100 mL round
bottom flask. PS-DEAM 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
organic solutions were concentrated under vacuum. Pure

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

Structure determination:
mp: 91-95 °C (uncorrected)
RP-HPLC conditions: HP 1100 HPLC chromatograph, Waters
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15 7.91 (d, 1H, ArH) , 8.12 (d, 1H ArH , 8 .28 (d,
2H, ArH) ESI-Ms (TFA/ acetonitrile/water): 802.4

w@ ko8eio2H) +, 820.3 (M H20+H) +, 838. 4 ( MtH) +PE¢DUS100E024704
bi s-boronic acid. Boronic esters are not observed
argler 10k raci Sintnetond 191011 Ofcd hitn anad t1si Sent2fy C18
EXAMPLE 7 25 Synt heS| s of 4-Fluoro Indi caté) : )
%Fﬁ%@[%?%%mh 6(% 10 mL injection (sample dissolved in

TetI@nRided sMey Zrdiroxebor of anel y 3-6 | Loy q@@nzlyjelcﬂ\ﬂrs
(rrethacr | am do) rongllamno rrethl] 10-[N-[6-(4,4,5,5,
loop, 5 mL/mln, nm detectlon, A = water (0. 1° TFA)

ne D Y, N- o
I%oxyet yI am no ne?ﬁﬂ? %%%%%%ug%d%%sﬁ {¢=s04

E(zm/)er B0 rgtrep 810- LAN-F 63‘(e4r 4 58) - t Q¢ et hyird, 3, 2-
| or ol f robenzyl] N-[ 3- (et ha-

rde %ﬁ“gt%od]o)tgqulggpy]lzar%ﬁrg met hyl - 10-[ N-[ 6- (4, 4, 5, 5,

lueummmbyol MHZz3, Zpdilgxabdr bl ano) s3- ﬁQusvobenzyl IsN-[L2H),

ngtéterlt but(oxycSaHr bon_yl) e&%ylc%r? nol] CH2 Igz]cfil{r;thr acgngl

& [ NH)3- (et hagy y Izafm do) pgopyh am o) netdy | [m 108N [2:-05
(tert- but ogglcar bon eth | am no] nmet h I]-anthracene (

Y ZV\Drzo‘b 066921 kﬁm/@%owozawmm% 6. 27, 4.95
QETP W5 wWas- &t I 1 ed gish (3 mi)Hd weichyh f osmami dey yptil 1y,
I ssol ved. 422 g

(Br om)rret 4-F1 unro phényl boronic’ acid
Ni Inacbl3&st €42 (au, 4H85%H)5. 87- 5ﬁmld Alieq)Axhd, O B8 (d,

& 380 T, i Thodth) "he o Gatba Ao ho

Bd Ut fdn Mashediw tth. Thosphatie, bluﬂi)er {32& (D0 2, ofrH)

Dot o st S oL O 20 B AL B0

WRS H, ok ur aged, w t(MJrhﬁxafk?lS e Xo PI-dd ot N€MNacid,
recrystali zed 10 from 25 nlL of boil | ng 80/ 20 et hyl

Boearhi/q 78 Wihi 4 %@%I%?P%Y\e%f‘#n%lft’éh%o@/@é?l‘{o 52

GbnPikBons A UGt & defweyd nation: RP-HPLC Condi tions:
HP 1100 HPLC chromat ograph, Waters 15 3.9 x 150 nm

NovaPak HR C18 columm with guard col umm,

EXAMPLE 7

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

tetramethyl-1, 3,2-dioxaborolano)-3-fluorobenzyl]-N-[3-
(methacrylamido)propylamino]lmethyl]-10-[N-[6-(4,4,5,5, -
tetramethyl-1, 3, 2-dioxaborolano)-3-fluorobenzyl] -N-[2~
(carboxyethyl)amino]methyl]anthracene sodium salt (4d).

Step 1: 9-[N-[6-(4,4,5,5,-tetramethyl-1,3,2~-
dioxaborolano)-3-fluorobenzyl]-N-[3- (metha-
crylamido)propylamino]lmethyl]-10-[N-[6-(4,4,5,5, -
tetramethyl-1, 3,2-dioxaborolano)-3-fluorobenzyl] -N-[2-
(tert-butoxycarbonyl) ethylamino]methyl]lanthracene (3d):

9-[N-[3-(methacrylamido)propylamino]methyl]-10-[N-[2-
(tert-butoxycarbonyl)ethylaminolmethyl]-anthracene (1,
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0.010 nL injection, 0.75 nL/mn, 1.500 nL injection
| oop, 254 nmdetection, A = water (0.1%v/v TFA) and

w2608 (0. 1% v/v TFA), gradient 10% B 2 m PCT/LS2080054704

B over 18 nmin, 80-100% B over 2 nmn, 100 98 2 nin,
7168 le 01 ineol R0vdd. gt it Fed 1th NVRa, %Mylm&hde

C;ltvvo over | afpl ng singlets, 24H 0O-C ( O_g%o )
P B, P abrandy T ( trjoRypheny Bhofanic
a?ér'ril)d plr%bc(ﬁ,eéﬂ'&r ézlzio 1(t85g1H)5 @10%&1, @(F&Sq 2a|_1§c§ DIEA
(410552q,s 1225mm4; ‘4. MSSCQ)S v'«ez:rg A0S i@d lmteét g2 w c

151y e o R (g i jyeng 4d@5%8975% apy

So IA8: {{ald, wéldrll)ed 8v 3th (;Fhos;i’rh-ate Soubf€m (2Hy . 1GH.°BImIl§/8)f 0.1

orRd abi 0 79 S TARENC S 270 M A 45T br 0

1O Nt e dl. u s O NV Lo @Fh £ Bhanclr @dé dsr y&d et ob&gr ved
under the acjdic conditions of this anal ysis.

TN ] WL 5 51eXRG Akt i 24, mLb. Eh%&ab%%y%l 12%%

&Jnk oy qkz?rkzﬁ/lﬂoi\t{&;z(m F@cs yh i £lod ps ooyt eari el et hy
]- -33 WD 2008/ 066921 PCT/ US2007/ 024704

viedeqd e 04 silsite gpevedrt hif - 32 39 2- i dkabor ol ano) - 3-

fluorobenzyl]-N[2-(carboxyet hyl)am no] net hyl ] ant hr ace

ne sodiumsalt (4d) 5

DU ueee et Srei nateteranet hyl - 1, 3, 2- di oxabor ol ano) - 3-

R LD CEAd b LI 66 TR SRIGRLPISAIDAOTREL O
205 [0 (s iy 72X et aes hyd b3, 2s ok bt ok D -

bt 2 ot R B B cBHET b L 0SGG0R: bR ) Loop.

2"@@ k) G Esot v, 140 L0y dte OF ( @ B0 ¢y G123 A& AR = MeCN

solution and stirred at arrbl ent terrperature for 16

Houks . v Thel Flact3ordient it ?onB wasndni ut @B Wt over 18
i g hl oy onedhagie 30 iy 4 hepyo agglesl 0, 3 P&Eéh@{@n'{‘irﬁ’e

rapi d y stirred ice cold saturated agueous NaHCO3
I[9ne7 omganl c layer was separated, 15 dried over

vacuu o@"%?gngzl gergd agd goncggg%ﬁggglnénggnglets,

24H, 0-C(CH3)2C(CH3)2,C- C%el 1. 33 (s, 9H, C(CHs)3), 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,
2H), 4.45 (s, 2H), 4.55 (s, 2H), 4.82 (d, 2H), 5.05 (br,
1H), 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)*, 874.4 (M+H)' for mono boronic ester
mono-acid, 792.3 (M+H)® and 774.2 (M-H,O+H)' for bis-
boronic acid. Boronic esters and acids were observed

under the acidic conditions of this analysis.

Step 2: 9-[N-[6-(4,4,5,5,-tetramethyl-1, 3,2-dioxaborolano) -
3-fluorobenzyl] -N-[3- (methacrylamido)propylamino]lmethyl] -
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product was dissolved in anhydrous CH2Cl2 and shaken
over PS-DEAM beads overni ght. The beads were filtered

wW@easHb®21 or gani ¢ sol vent renoved under vacuunPCRUSE07/024704

product 20 (0.235g, 55% was obtained as a yell ow
1OWGEY [ 6- (Stwcstse-aﬂﬁnmwim,smdﬁﬁwmaﬂm
ffDdEHﬂLdﬂD a éﬁgﬁﬁﬂyeﬁﬁyfféhlﬁbfhé% dithracene

colum with guard colum, 25 0.010 nL
|nject|on m./mn, 1.500 nL injection |oop, 254

Y%ov/y JE =
d(lg[].‘\g—a: {/4 %@%gr\é&g{en t(l%y)l v2y2 @%)8{%%%)3\%_18
filiug r BErBA%-B-oMeT (& thar,c ik riRI@) propy Yatent jreetchyl] -
' .7 0 .1H NMR 0 1 3

T (08 G s S Y 5 {2 RO ARSNGB 3
ﬁﬂﬁﬁrob@&&k@CHQQH@4@ertébdﬁbijcaﬁﬁényl 2.48 (t, 2H),

88 (m 2H) 4 (s 4. 32 (s
emylazmw (r@,etm arutfeﬁzaqesne zﬁad 500@5(( - Q{7 s pywas
d':_i}_is%l(vced L, 1(5‘(131'_]5'2’0%.%23690(.&{{’? cllﬁ)'dzlzgl_ﬁiéza (égg’ét%%i’aé.éém
Jtrir g ,at7. és@i(edct Qe 1A 1B0rg rﬁozzH;6 tgw0ss ( dthe gaction

3 0
B S S o BRI AR g G then
éﬁdd@[iﬁ(Elpbﬁtfbns into rapidly stirred ice cold

tr | -2,.5-di fl b |
R R R o g PEnB e Ay Yo /o, L arated,
drd.eH 53\531- taatmamity INdLSB, 2- fi DxabedohaldoreRcbntrated

S SAFORIY 1 Ok 1A 1Bt L ROASRR it Grude

drduct HLP diisHAINd 60 drth pifoud G’JHz@'IFz‘téWch -dhakeén over

di oxabor ol ano) - 2, 5-di f I uor obenzyl ] - N-[ 3- ( et ha-

Ryt chysto sy it ] et HiA [Ree] 62 (I U r el angd the

J (fﬁygﬂggdvéht:%emoved under vacuum. Pure product
oxabor ol ano) - 2, 5-di f| uor obenzyl ] - N-

([02 3%t -Ihi oﬂgﬁtﬁarmr}e%taﬁlla&rﬁ et deant hr acene
(3e) :

9-[ N[ 3- (et hacryl am do) propyl am no] net hyl ] -10-[ N-[ 2-
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 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.

'H NMR (400 MHz, CDCl3): & 1.33 (s, 12 H), 1.35 (s, 12H),
1.62 (m, 5H, 0=C-C(CH;)CHj3), N-CH,CH,CH,-N), 2.33 (t, 2H),
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=CH;), 5.48 (br, 1H, NH), 6.95 (dt,
1H), 7.15 (dt, 1H), 7.22 (br, 1H), 7.30 (dd, 1H), 7.48
(m, 4H), 7.80 (dd, 1H), 7.90 (m, 2H), 8.05 (dd, 1H), 8.37
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40

20 (tert-butoxycarbonyl)ethyl am no] net hyl | - ant hr acene
(1, 0.872 g, 1.78 mmol) was placed into 100 nL

wo ouseddot t om flask and stirred in 7 mL PCT/US2007/024704

di met hyl f ormam de until di ssol ved.

©@r,( Broonet hyl ) - 2, 5-di f | uor ophenyl boroni ¢ aci d

pi nacol ester (2e, 1.49, 4.47 mol, 2.5 equiv.) and
DIEA 25 (1.86g, 14.4 mmol, 8.0 equiv) were added and
stirred under Argon strB%WEBREi P everyt hing di ssol ved
then heated to 80C in an oil bath and under a stream
Sofnthegds ofy & At luane Indicator: 9-[N-[6-(4,4,5,5,-
e t(Bmm st -Hyl 3),-22; Bi-a Fd aror lephemyA Hordin loaogéenzyl] -N-
[ nlareoi h gt yelran(i, BOQ; oy Imreique Mgt vials] -alditelN -ain@- 30
Heat,ind ,carett rawet hey 1s€lc,oh® 1 ightabdtdlern )00, ) was
(@didedi dro Jtden 2yedctN-ofik sol uti on and washed with pH 7.0,
&k I plragphgtaming frert hylhearettgedenes adad i won et dedeed.
over Na2SO4, the solvent renoved under vacuum and the

dft%% Ciue sifntw[féﬂ 4M§ s hee@keainéa; 510 qla- The 35

CLe anes ei;g rﬁl é!‘f:ﬁi‘- b0| ling
ey ;“gs"‘%ag ﬁ;wstk o Aot

lé’onm%r@twoﬂw latﬁ] hmae*r%hra%@%
%8/ 066921 PCT/ US2007/ 024704 3.9 x 150 mm NovaPak HR

C18 colum with guard colum, 0.010 nL |n]J ecti on,
D- (7% A (miat; halc BOGmHLdd ) sy loam 3 rovlme t lppl) ik - [N- [2-

(o e 8L LAl }fé‘*?hﬁ‘]do%t&a%er g

. 81 N,g,80- T ¥ndIoveras? pliated Gh @ DML i @iredHb®It om
time 15,0 min. Ste

g B £u E e i tf%tmeﬁh@@mmrm%) 10

& Ssdifddorabanzmtdmdtidl) -2, 5- dlfluorophenylboronlc acid
(nethacrylamdz)propylamnJmsthyl] 10-[N-[6-(4 5,5,
rinacol ester . 7 mmol, 2.5 equiv.) and DIEA

tyg | 4o N
<E]{3'2-6ac’|(‘ngar oxyjfnéﬁyl )am z&iqjmet hqﬁ ant C§glécéene so%)l@{t?mﬁ/és%ﬂ t

qnﬁgrjﬁigon stream until everything dissolved then heated
to aé\écl[cﬁoggbaednzd%] %ec[}éaa(rreé h%r{delr Al OXRPOF A ANG) - 2, 5
wrgtrangran) My | @nd BrajumeddtyH f 1)1:02 [ N-d 6F (i dohén ylboronic
acid pinacol ester (.300g, 0.5 equiv.) was added and
heating continued a second night. Ether (100 mL) was
added to the reaction solution and washed with pH 7.0,
0.1 M phosphate buffer. The organic solution was dried
over Na,S0,, the solvent removed under vacuum and the
residue triturated with hexanes (2 x 50 mL). The
resulting reddish-brown solid was treated with boiling

hexanes (50 mL), decanted and the desired product (0.49qg)

collected as white crystals from the cooled hexane.

Structure determination:

RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters
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tetranet hyl -1, 3, 2- di oxabor ol ano) - 2, 5-di f| uor obenzyl ] -N
- [2-(tert-butoxycarbonyl)

weedvgloeiyeno] net hyl ] ant hracene 20 (3e, 0.49) WwaBCHUB00B0R4704

in 10 nL of a 60:40 overnight by which tinme HPLC

Brovwed 5O gt aNdvaRpEiRr¢E  cenmimedi t Thguasol aehisn,
in

were removed under v m_t he resi ssol ved.

AR GonetrRaie 0o Ly Stk Atk o SN Te TS H i 3PP
B34 ik Nk AN BIYE, (plO-O wider The. P¥ OHUEITEX) fém@rwaneewécm
25 acid salt was isolated as a yel | ow powder

£G4 115 at o FY)0. ArafieHd tharhct etine Q)yBQmS% over 18

@F}fcts’@waf e rze%bﬁ%edlom@az Qi MRS OB 16 Be
T ows.” The powder 0.20 g) was dissolved in 10 ni

Iof. Mirghl or onet hane and added dropwi se into 100 nL
col d saturated aqueous NaHCO3 30 at a rate such that
the terrper ature stayed below 5 C. The organic |ayer

agLZté’eﬁléB( 347 E;-‘%V SraBRtsirte s Poar ok thne) -

anbi ent terrIJer ature

wbﬁwlam#q»mqqumwlb nENSESvERtd UhdRr ™
35 namakthy 17l 3t dropkers o) 2 o8&~ di flnoenbengle-N-[2-
Gtaxtxixyetigel o malnerhy 1 B 0 20082 066@dm salt (4e)
PCT/ US2007/ 024704 RP-HPLC conditions: RP-HPLC
Lok té-00s,.4 HP, ilﬁ)ed—ﬁrﬁét@&em R i a Wit @ Sn @) 92 X5-
C#Efo nm NovaP %ﬁ col um with guard colum, 0.010

Fu SRS Y 27.500 nL injection |oop,

254 4 deteedp mmﬁlam@ﬁwlxma—/@m 5/65 4FFA)5,a5uj-B =
MeCN (0. 1% v/v TFA . gradi ent 10% B 2 mn, 10-80% B
teRierame i b, 1 8- A0 B RRER L3N T/ ivé)l%l@rwc?ﬁzyl

Fet andian, td S, dee 1 Ay 1y é%%%?@%lno]met%%i&anthrac%ne

(TFA/ acetonitri | e/vvater)

(3a, 20—!2‘t9!-l—|)wa|-s srtsnsrzzec( Mn HXOm) of 7760 34Q¢ MR € +by
gt e 9y Oév?e”é ¢ écééarﬁ%g%é?t?efﬁi St L&A, The
obser ved un e e'aci dic ‘condi t anal'ysi s.
SXAMRLES %é& S;mndsm surede 3, viacliwrh)] otloe | rm:@ne)rdlssolved

VoI I ITAERE of Blor B A% SETRA 87 oHRR A TR ALY
stiﬁr;(ﬂ@?tgf@ctfa/rhéim o) propy | eime net sk dy | § r 101 hdNdeetic
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 aqueous NaHCO;
at a rate such that the temperature stayed below 5 °C.
The organic layer was separated then dried over anhydrous
Na,S0,. 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

vacuum yielded product (95 mg) as a yellow powder.

Structure determination:
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(4,4,5,5,-tetranet hyl -1, 3, 2- di oxabor ol ano) - 2, 3-
di chl orobenzyl ]-N-[2 20
w@ casloaeyet hyl ) am no] et hyl ] ant hracene sodi um Bel/USZ041/924704
Step 1. 9-[N-[6-(4,4,5,5,-tetranet hyl -1, 3, 2-
b - R0 rd i) s oh 3 REHBIO i 4 idhd 3-{pret 1e6 HPLC
cryIan1do)propy|an1no]nethyl} 10-[N-[6-(4,4,5,5, 25
qhqugﬁgqgﬁphb Waters 3.9 50 mm NovaPak HR C18 column
QﬁﬁgQ[ 2 r{ N-
W?jZZtcH(tert- utogg%grggéﬁyfhg?h an1n6%net%y{?éﬁ%4w%%bn% >00
mnﬁgnjectlon loop, 254 nm detection, = water (0.1% v/v
(gret | ) [
ﬁﬁ# (Hq %ﬁt§§3%§r@m%%3izﬁp%§% ﬁﬁggﬁéﬁﬁ 1é§%ﬁ2€éﬁ€”
10 80%’) RPovgr OLSSJrnmmlaoﬂ\HsO%)Immebr N2 onil®0 MO0 %B 2 min,
roun ottom f and stirred in 5 nL
%ﬁﬁ?cﬁﬂ%ﬁl rﬁ%q di ssol ved.
E%K-E!@WM&t&ﬂtﬂiI&}ﬂﬁ&hﬁﬂWMI@n(w— a@mz@m o 738.3

i nacol ester (2f, 0.56, 1. equi v.)
B9800, 7758+ 1 Ho ol F B0 T8 Jucit Fadibn) anor the

48%1.%&}%(;”5%01'\@ By dle dat ke r @, FOOMD { ESPSL AT &N Suf @ r

was renoved under vacuuni
tdie H ordimetdrrdl R s £ dduied] armllywashed with
phosphate buffer (40 nL of 0.1 M pH 7.0). Collected
di chl or onet hane sol uti on was dried over Na2Ss®™. -37
WO 2008/ 066921 PCT/ US200ZXBHPBEBR49 The di chl or omret hane
was renoved under vacuum and t he resulting yel | ow

TR S%%V*‘rt“ DLAgeat et (on bt ilffhﬂe 5,5,
S 4 R G 9 e 6 T

gwﬁm%% L I@gﬁ 391 W]}@?f@ylz - B §1 ol

b agyla ;emmﬁ 4§97 el d

& rduct Uit e TRl 1R Hatd ohe 3 %M@m@%m P 110%)
Hrg el vgkdphl2vwWaters 3.9 x 150 mm NovaPak HR
(@18 ket et ¥k tdmigualmee oy Linay thige ©e1g Os edl i ymj 22t § ofdf)
0.75 mL/mn, 1.500 nL injection |oop, 254 nm

Siedecl i 9% [N F6-Wed o1, § (5 196 et vanidty brtl, B, 2~ MeCN
d&ﬁﬁgd&j&aﬂ?&ﬁgz mﬁi]moﬁéﬁépﬁglm r?é_m— [30¢ROPAB- over 18
By a8, DMEI nf) i thy [E0(4/£tmngjon

{d i i3, 4595 S AL N, 3 B oz olerdz 2] -N-
ffh(é) t*théﬁ&égibJ&yQ) 'ethylamino]methyl]anthracene

(3£) :

9-[N-[3-(methacrylamido)propylamino]methyl]}-10-[N-[2-
(tert-butoxycarbonyl)ethylamino]methyl]-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
(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 (20 mL) added and
washed with phosphate buffer (40 mL of 0.1 M, pH 7.0).

Collected dichloromethane solution was dried over Na,SO,.
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1.38 (s, 12H), 1.56 (bs, 5H), 2.35 (t, 2H), 2.50 (t,
2H), 2.78 (t, 2H), 2.91 (g, 2H), 4.20 (s, 2H), 4.28

W@ 2008866021 4.38 (s, 2H), 4.91 (s, 2H), 4.50 (brCT/LEH0P7/024704
4.65 (s, 1H), 4.79 (s, 1H), 7.36 (m 4H, 7.45 (m

T ,dicHD{dhettdne W & oen ufH-d)er Stepadn and the
rga%al\]tﬁugiﬂ( gfeg]b]é}&ylf%set \faegegrh tlu_rlatseg t%(ahbeoéé)rllgs?o?lo mL)

]s(cmetlfmﬁmmgmrm&pyém nolsetdw N 1@-iNulrert(ibrd oF The
- 25 tetranethyl -1

czm%mhmtan 421 gd%lrﬂkbr%b]éﬁz&ﬁ*} fgided an yellow

thydgsa thyl h 4f
e e D e e R
- d| chI or obenzyl] N-[3-(nmetha 30

) ol methyl ]-10-[N-[6-(4,4,5,5, -
%tr rame (féto%g{g o(%gﬁorol ano) - 2, 3-di chl orobenzyl ] -N
RP{HPEC(ﬂdndlﬂib@ﬁmuﬁﬂnmﬂgo HPLC chromatograph, Waters
et hyl am no nthra (3f, 0.29g, 0.27 I
e A 22 A0 T i s R ke Lo,
Cﬂl@ls(lﬂn\/@dlﬂjbc@tlrﬂn ofg 3755in4ﬁnﬁl‘12C11250|'0:An1351r$j3é¢1¢1m loop,
The reaction m xture was aIIovved to,stir at anbie

AP TN 17h orvaiks | (HPie wmal Vs %fi*f?ovx%f Tecn

s than f-ah% of r sd Addd N dTed e iRl Fenpl e B Theer 368
2008/ 066921 / US2007/ 024704  sol vents were

g\ UhiferB vaiceium Mhe red0 difil 2 privducteterision time
fﬁ]szls%v red in 10 nL of CH2C12 fol |l owed by renpval of

e sojl vent under vacuum The di chl or onet hane
Toi AR (400N MHz e CDEARRt | Onlt RRat BpndE) wele3Repeat &édH) ,

un t he oduct e ay W, po r. Jhe. powde
Jwa?tsé dier T b 5% ﬁftsr ottt c% %? H&@ﬁe e Galtled 2H)
Adropwise 2mt,0 2709111_ q:,olzzh ,saat wr@t esl, ageous. MHQO,B a)

a rate such that the errperature stayed bel ow 5

4B sbtutdtby vt (51 eddl) £ ot - 2 B t1®hal 4 50 hsrat“i
bG g old owady by; pagt (41 ofnting A0 of rﬁhem)ayefsath@ 2H)

organi c layer was dri ‘ed over anhydrous Na2S
&il4 efred Hhd- concentrated yielding 0.23 g yeI | ow

povvder. The crude product was dissolved in 10 nL of

o 1 L SRR ek T A0 T ot -
(methacrylamldo)propylam1no]methyl]—10—[N-[6-(4,4,5,5,-
tetramethyl-1, 3,2-dioxaborolano)-2,3-dichlorobenzyl]-N-[2-
(carboxyethyl) amino]methyl]anthracene sodium salt (4f)
9-[N-[6-(4,4,5,5,-tetramethyl-1, 3, 2-dioxaborolano) -2, 3-
dichlorobenzyl]-N-[3- (metha-
crylamido)propylamino]lmethyl]-10-{N-[6~-(4,4,5,5, -
tetramethyl-1, 3,2-dioxaborolano) -2, 3-dichlorobenzyl]-N-
[2- (tert-butoxycarbonyl) ethylamino]methyl]anthracene
(3€, 0.29g, 0.27 mmol) was placed into a 100 mL round
bottom flask and dissolved in 6 mL of a 60:40 CH,Cl,:TFA
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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15 flask and the reaction m xture was shaken at

anbient tenperature for 16 h. The beads were filtered
wapasmewked with 5 L di chl oronmet hane. The cop@i/nsm07/024704

organi c solutions were concentrated under vacuum

FrRrPaste (Rmgied Mde Mamabial ek a_eesﬂlcyfdl @¥oduct
powder. 20 Structure determ nation;_ RP-HPL

W o itS sshsre chi L 16h MlipIE (Hiebrat Bﬁ%éﬁvﬁedvmeif%m’éaé f

th%o JANNMARAH G R ek 60! Uik %ﬂ&m&&%mls&mon
mL injection, 0.75 nL/mn, 1.500 nL injection |oop,

/25 amn Tt ieut |tdq¢awenmat‘»@re( o-epgated T arfd B product
égﬁgﬁgéé)fgéﬂHQQ§g%§$ w&g%mﬁ%ézdggboﬂﬁu§Q4i%O mL

% B ove mn, 100 “B 2
crfetCEin:tthrcmatélarnefl ahdrigvdekH d\m%w{m IVHR 7(93@113)00165

Agla Fyloys Ml Sasl 2 hucs 0ubittylm 519, 2. 28

t@nﬁ&r(a&:,uﬁd—l)sta@/e@ k(esl,omﬂl-ﬂ) °Q. 4ithd ssol2H)ion In s(t&,rred

%:]D c?df(tj;@rta:j]) 54|qjln 7a‘c58< g%DC 1%1%09%% 1I_|)pal%1tlonlng

oft. &31@( doayviddhs. 7oHEl drthankik) 186l \A(afE diH)ed -3 MRnhydrous
2008/ 066921 PCT/ US2007/ 024704 ESI -
NerE®e ackt bR %rm\,a?%menéé%t%d(m%@mw 80494yellow

dM R Ot oy 46 Rl firdron 2 ShvBPriani oo ast &8s

are not observed under the acidic conditions of this

araldrsivs BLEXANPIE B SfiRsite of M0rm | pvhet Hasam
ﬂlgacgfgtfg DE%M I%éa 0 13 ngl e a desq to the

tetranet bor ol ano) -
ﬂltarskf lauat orrest rmqgtblmyﬂn]xwr[es Vﬂaos shaken at ambient

negggﬁ: lé”?o gﬁ%QPnyHn'ﬁg \{l%g]%&i€$iéé(5héh5%§%ed
e f di oxabor ol
MﬂﬂhfﬂlMH(ﬁﬂﬂHﬂD@dﬂHﬂﬁaﬁ -T¢Hé2comb1ned organic solutions

di2 et il Jam nel et vl s st I acene. sedium sl o1

was obtained as a yellow powder

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 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),

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, 2H),
4.60 (s, 2H), 4.92 (s, 1H), 4.05 (m, 1H), 5.30 (s, 1lH),
7.38 (m, 3H), 7.49 (m, 4H), 7.58 (d, 1H), 7.72 (m, 1H),
7.88 ( 1H), 7.91 (d, 1H), 8.17 (m, 1H).
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di oxabor ol ano) -3-(tri fl uoronet hoxy)benzyl]-N[ 3-
(et hacryl am do) propyl am no] net hyl ] -10-[ N[ 6-(4, 4,5, 5,

WO 2a0806@eet hyl - 1, 3, 2- di oxabor ol ano) - 3- PCT/US2007/024704

(trifluoromethoxy)benzyl]-N[2-(tert-butoxycar bonyl )

EX¥X -ty BeA d s it 4 g fapeeae: (81).3 (M-H,0+H) Y, 804.4
met hacryl am do) propyl am no] net hyl ] -10-[ N-[ 2-

KM‘e?rfizEb‘@t oxyTarhy ) TR @k S o Fied hy@?ﬁ%fh%%rea%% (are
52 bsdrvly MRt Wase Pl aced: |y 50Hd- §oundsbot t om

25 flask. It was dissolved in 5 nL of degassed
atiavetdnd f or mami de. 2- (Brononet hyl ) - 4-
(trifluoromethoxy)phenyl boronic acid pinacol ester

(29, 0.37, 0.97 mmol, 2.4 equiv.) was dissolved in 4
mL of N2 sparged DVF ariXrdtRiéd 1t reaction flask. The

i S T

1 SowetP TNt ‘?x ¥ stream of nltrogen and

Ve R A g Oeﬁﬁﬂ% aw}ﬁﬂé?ea fmle] ek Gt (4 g rero-
A & ke Wl Vel 3 aerd AP Yacuo. 35 The

(et i r ity MR a skdived in 10 i of

ot gt ot et hiarren gl resde ekt ean Wi tac s s imm ppar ki ofdg)
of phosphate buffer (0.1 M pH 7.0). The

Skeph | or PreiNae- (4501 L8 | D)+ teisr ahiie ety b, yv&porated i n
d&&:ﬁt&bdﬁﬂ&ﬂd)n%-i (A £ 090 ¥lsie €1 d 3y s £} -NHE3<€r ude

I -
kil penssy %ﬁ@ﬁ“"& PG ReOE a0 2.5,

un er rh(? su |1§1{!‘L'|yx é{-ﬁ&?yi"@s
]t Lﬁa’bt%bfa‘iﬁ‘é?d 5§ TR

a}‘“’(”s" 5 RP- HPLC Cond| tions:

HP 1100 HﬁL@lchr O A e Sy B S 2-

dﬁﬁﬁﬂﬁbdﬂb /1 dHy 10 &b h i fth dlnd 100 P ne 2
nm det ectlxo}%aAd—Hywater %O 1%?]/]}*?/ Tléfbip]t and B = I\?beCN&lLO

QOZ % A \Arrmm)ol grvéadt enta e it M0 n1I£3) 1509 B itelron 8
4 801002 By Wen e fh 0 B 2didusdtenton

dimethylformamide. 2-(Bromomethyl)-4-
(trifluoromethoxy)phenylboronic acid pinacol ester (2g,
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
stirred and flushed with N, 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.
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

-40-



15.0 mn. 15 Step 2:
9-(N-[6-(4,4,5,5,-tetranet hyl -1, 3, 2- di oxabor ol ano) -

, - W@2qosnedoruor oret hoxy) benzyl ] - N-[ 3- (et hacr yl anP@dDypr007§24704
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|  amno]lnethyl]-10-[N-[6-(4,4,5,5,-tetramethyl -1, 3, 2-

el raxedO vl @ 0 1 (S 14 nior aired hiehran) btsrmzyédl%rﬁtz-was
(car boxyet hyl ) am no] net hyl ] ant hracene sodi um sal t %
rgmoved. The yellow oily résidue was kept under Vacu

54 N Galr A S Do TSRS AR -Jovdiedr d(ﬁ&ab@r@i@mﬁxsﬁ
(trifluoromethoxy)benzyl]-N (met hacry

waing 1db)) pr opyl am no] net hyl ] - 10- [N-[6 (4, 4 5 5,-tetraneth
yl - 1, 3, 2-di oxaborol ano) - 3- (tri fl uoronet hoxy)
benzyl]-N-[2 25

l(n-amhd)tﬂcmqmtatcbwylmetmmrﬂm mma}mmmemwgs

,. 0,37 |l aced into a 100 round
et oSt 1 P Al S0 S eollm P e 8 gt G o umn,
deges sed 5 JEA 0 SPH Ukdl, afin , ThE. SERGHT oath;f"@dﬁmre loop,
was al lowed to stir at anbient temperature Tor 21

2054 UHt i 4o HE Ahal B sT " BoE S hofvel 1'85% Thah 0d ok of MeCN
aJh g, "ﬁ‘z‘?)” ﬁi @epo Téle% 3] dy@ls@iofgi%&efﬂﬂfs
washed w t

CH2C12 fol Towed by renoval of

nie s -vEMS Lﬁnd@rewaz:umm THEO & chimionmet $iagret Weis hiekme
w§rq re eated several tines. The powder was dissol ved

d" ¥t of dichl oronet hane and 35 added dropwi se into
80 nL cold saturated aqueous NaHCO3 at a rate such
that the tenperature stayed below 5 C. The solution
Sesp A rg-ei-f (@~ @) 496715t i-eetirapetthPlal , 3, 2cdidtaMfrolano) -
§H¥¥¥£¥ﬁﬁ§¥oﬁggﬂ6£¥¥ggﬁ£§¥WENL[iiﬁﬁéWKﬁhf&lamldo)propyl
aﬁﬁ"{ﬁé SR -Ofo-thf—tt@é’ 4 54, The %&@f&ﬁetﬁﬁlf‘% S2yere

ett.
il bkttt
15,3300 [P cyorm enaph o gl

MTII)or&n&Mbm hey £l ) -an- K%(ﬂ@éﬁl&&ﬁ}ﬁm ved in 10
il ) S S M A h S o (Y6~ 0 1% 1 1oL eet iy -
1,3,2-dioxaborolano)-3-(trifluoromethoxy)benzyl]-N-[2-
(tert-butoxycarbonyl)ethylamino]methyl]anthracene (3g,
0.4 g, 0.37 mmol) was placed into a 100 mL round bottom
flask and dissolved in 5 mL of a 60:40 degassed CH,Cl,:TFA
solution. The reaction mixture was allowed to stir at
ampbient temperature for 21 h or until HPLC analysis
showed less than 0.1% of starting material remained. 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 saturated aqueous NaHCO; at
a rate such that the temperature stayed below 5 °C. The

solution was stirred for an additional 5 min at < 5°C
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| oop, 0.75 nL/mn, 254 nm detection, A = water (0.1%
TFA) and B = MeCN (0.1%v/v TFA), gradient 10%B 2

worwg/0d®280% B over 18 mn, 80-100% B over 2 PEMUSHOD024704

9B 2 min, retention tinme 12.9 mn. 15 1H NWR (400 MHz,

£IGR)ed bl . {Scididind ofl. &3 (Bayded) , Thé.&ﬁgdﬁuc
6H), 2.31 (bm 2H), 2.40 (bt, 2H), 2.82

bt

X PR WY | dr—sl%% qeer mhy%r%s (I%azsm falagr?e and
g 32

cfcg?cerfltxsﬁcééztyl?éﬁdl 8(? 178:18%2}?%1?1& 8@0\,(7 24 %4(},’) 14F6i,
i€l (m 20 2H), 8.40 (d, 2H), 8.27 (m 2H). EXAMPLE
11 Synthesis of 4-Sul fonam de | ndicator:
9-[N-[6-(4,4,5,5, -
Stetuaietdyde tle Bn2raki oxabor ol ano) - 3- (N, N 25

AR (520 GO o A O] ey ] R R 5

4. & el ren®etiy | s P 2 '@XﬁprPé a)urd1 (NNh Sentry C18

d| nmet hyl sul farm

Qb S3SAaty) ») %Jd}eq@ﬁ/hwq%tmracwgm%%%ne%m
7?6)/3% qlpat;l_ﬁ ﬂﬂ%d\h (Ot o S By f@“ar@tﬂy@ -1, 31@ ecr*\lt‘:l[%n

di‘'oxabor ol ano) - 3- (N, N-di met hyl sul T anoyl ) benzyl
Yot hatria am/d@)rp,r 02355/4 am nds reethidr] - 10-F Nedeex 4( @, B3 5TFA)

ra ) = 3- N : _ane
4 e}% hy{@elj ahoy benz;%ﬁail?or [ c?)eerr?t (#Eﬁ o%?zcar}ub%’ny][g 80
Eetchyézarﬁmoﬂm,t k@/@-]mﬁ%wrfamer (23h*91n, 100 &B 2 min,
net h I d I thyl]-10-[ N[ 2-
Iiett[eﬁrig o%%ﬁ)%h@lrpﬂ Ig% ﬁ;log?/n ﬁ(r)ri Prg% gl ] ya]nt hr aE:en[e

1l M4 400 208/ @9eA21 : PETAUS2004) 024794 @ 3% 9s,013h)
nmol ) was di ssol ved i n anhydrous DVF (2 in a 25

O olid- Y0t t om 31 a8 2R Br oot H%r) ?4H>(N AL82 (bt

t u bps 0 ac, [ C ster
N R ks A TN R
I, 456 tawl2H8 etp)8oerd adftled Lrdf stbfnebﬁuhde? 32, (

t r efper gt ur S.
j[SDF’ was reh%ve%s uggg%ré v{;la(::)uuﬁnli dﬁ:h%rorr‘ethﬂg{]e (1 @nm
2dtided® o dshat) , 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-
dimethylsulfamoyl)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)

Step 1: 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, -
tetramethyl-1, 3,2-dioxaborolano)-3- (N,N-
dimethylsulfamoyl)benzyl] -N-[2- (tert-
butoxycarbonyl)ethylamino]lmethyl]anthracene (3h)

9-[N-{3- (methacrylamido)propylamino]lmethyl]-10-[N-[2-
(tert-butoxycarbonyl)ethylamino]methyl]-anthracene (1,
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wi th phosphate buffer (2 x 10 nL of 0.1 M pH 7.0).
The dichl oronet hane sol ution was dried over Na2SM4,

wo pdoseeadel 10 and renpved under vacuum Tritur aPCDOSD7/024704
the crude product with hexanes (2 x 5 nlL) yielded a

vl oy poOVERImm®f) -wHO% Pskd Iyedpyi diRAh (P &% pMB402 mL)
yield). RP-HPLC Conditions: HP 1100 HPLC
Fhraonel dyr amfm%ﬁ%ﬁf%om 1513310 271 6 e R arak HRNb1g

&ﬁ\béﬁﬁ}fi’!&ﬁ o ool orcgnpéloaé@dﬁ {268 PNeser/S(2n,

150 |n eC|onIoo nm det ection, A
G Y& ey, (D. 417%mm<vl,TF2&)7 amile MeCGN DIEA 19@ v/ &5 TTFIA,) 4.4

I ent 10%B 2 00/ ver n, .80-100%
A P A0 B o i Pk B der N 0 o
&t epochn @erﬁpNa)[eﬁttilde 4 & 519tMLIJasTEtTiyé DMEB was removed

b I N— di hyl f I [1-N-[,3-
Dt ra%ﬁﬁﬁ%ﬁef#@lrﬁi‘fi%@%%f”é%ﬁw%w
Wwhe i gSH e dyd -du St 2r diZJX>abm czhlartoﬁ -@-IMN-pH 7.0). The
di met hyl sul f anoyl ) benzyl ]

wmm%ﬁwmrﬁm%rﬁlfﬂ«%%e%ée%&&ﬁlm%aﬁl@%fd

Shd Ndfsd A dr -$ £EE@EL Wty 3 2okli OX s ob Angd - 3
30 (N, N-di net hyl sul fanoyl ) benzyl ]

Rmm@ rwd i ey ropy | Ak no] ek mmlcgl%ﬂ [N-YBLYaW pyider

tet X nog g 3-
Rkl P Fite AL
but oxycar bonyl ) et hyl am no] net hyl ] ant hr acene ( 3h,
3 9 nmo| ) i 0.2 100
Rihe ot agie e oTV R B (Mo fr Captmg Mo
CH G 21 JhAus ol ok d Rk 1K ePB8 etb T uirrin WN2e 1S piigedl column,
reagents. The reaction m xtare -43 WO 2008/ 066921

Ustlo o 0270w vias” 2l tol s?YY B HhFemton loop,

AeimaR addi &£ 08n 280. = T\J}T&teﬁoerI%SvMVWAPW&dBMQ%CN
vacuum The resi dual product was dissolved in 20

ot - BHZO2 T ) ovieeRr BietlendVal B of Mmihe Lot {@htB upers 18
YACUUR - [Thes di ch OF ot hane ¢ ss®! pth O, Srdtention time

evaporation treatments were repeated four nore tines
Uhte Imithe product becane a yell ow powder. The powder
was dissolved in 20 nL of dichloronethane and added

SO S€_[N-[6-(4,4,5,5, —tetramethyl-1,3,2-
dioxaborolano)-3- (N,N- dlmethylsulfamoyl)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]lmethyl]anthracene sodium salt (4h)
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, -
tetramethyl-1, 3, 2-dioxaboroclano)-3- (N, N-
dimethylsulfamoyl)benzyl]-N-[2-(tert-
butoxycarbonyl)ethylamino]methyl]anthracene (3h, 0.44qg,
0.39 mmol) was placed into a 100 mL round bottom flask
and dissolved in 10 mL of a 60:40 CH,Cl,:TFA solution

prepared from N, sparged reagents. The reaction mixture
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into 40 nL of ice-cold saturated agueous NaHCO3 at a
rate such that the tenperature stayed below 5 C. The

waeeloane®ar 10 was stirred for an additional 5 nPEI/EHS2067/024704

5C followed by partitioning of the layers. The

W Dai oWy fo asi rd tehmMart ardih eusuNa2H¥¥,28h. The
filtered and concentrated yielding 0.24 g (57 9

4|
SHGHIES %8 VR DIRARE varwim (s eresidual "product

‘A% & Natd 1 R ¢RLC &Pr@-lztc'lgn§olﬂ5>wé&09yl’|?é§oval of
chromat ogr aph, Waters mm Symmetry 3.5p C18

ot il Yenit skt riaansn. dihe dlicdiimmme thayio gissolution

/
1%"\6/Céér'cl)‘alrlLL (c?%?r@eg% énj\/\,g%él gfne eg‘{‘ﬁ%o\gf,%% '}W/%Iﬁ&
Lﬁ&ﬁ]nmruketpemdlmt bﬂecawmtaerye(blds@/oﬁmer artheB poWdON was

jgésrﬁ/ \)-/e/ olTrg /011%5 ! hllog/forri% rr% zanod 8a0d@ec? &Y epgw1se

ret en
iﬂm@1ﬂ2nﬁAﬁdf plres: B ddid1§§Vumnﬁeﬂuaqué&MSWN&HQO3QQDBSrate

Na)+, 898.2 25 (M Pl s-hor oni .
AR S e ree ST b st Tnder Tt S0 futon
Wed il i fd ongn afdd i Sonanad Wsirs . a EXANPLE A1 1388d by
Synthesis of 2-Methyl Indicator: 9-[N-[2-(4,4,5,5, -

REtt et hyIg 08, Theyi Baict ol i) FRt hyl Bz Y13 s Ny ied
et nagiyd AN dNHiseny! am pekagt Ayl cdfcbhekdrd. §1818ing

@ 4 avethy 151,13 Twlitoxabor of W ReAy] benzyl |- N-[ 2
35 (carboxyet hyl )am no] net hyl ] ant hracene (8). Step 1:
2- (brononet hyl ) - 6- net hyl phenyl boronic acid (6): -44

N 2H0 8/ O G2 iCT LiSAD07/ 024704

1%2 _6@%|gcnet h&fml bor on| C aC| d él%%‘%rﬁaﬁ%ra rgm @%NBS

@ @7 emo Viﬁﬁesﬁﬁ?é@ﬂ/ @ 5&%}@«&91&@14 $Ofh 2sé}9@f§ c18
5 sol uti on was | owed to cool then filtered.” The

%lﬂm | &l uryiBls, theQﬂQ/\a%IhelleQW%t evaise ) ssek v in
—Bjésuq W\Aﬂ%@q pic;%dzirjJ Vﬁﬂ%% ]Q)\R/g;@fﬁg%%\lj y -II—-I%EC
b coht & medgd/min, 254 nm detectlon, 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 12.7 min.

ESI-MS (TFA/acetonitrile/water): 920.3 (M-H,0+Na)*, 898.2
(M-H,0+H) " for the bis-boronic acid. Boronic esters are

not observed under the acidic conditions of this

analysis.

EXAMPLE 12

Synthesis of 2-Methyl Indicator: 9-(N-[2-(4,4,5,5,-
tetramethyl-1, 3, 2-dioxaborolano)-3-methylbenzyl]-N-[3-
(methacrylamido)propylaminolmethyl]}-10-[N-[2-(4,4,5,5,
tetramethyl-1, 3, 2-dioxaborolano)-3-methylbenzyl]-N-[2-
{carboxyethyl)amino]methyl}anthracene (8).

Step 1: 2- (bromomethyl)-6-methylphenylboronic acid (6):
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starting material and sone di-brom nated product.

Col umm 10 chromat ography on silica gel 60 (elution
w@onvdiosdoons 0% - 2% et hanol i n di chl or onet hane)T/Usi00EeR4704
to inprove the purity and the crude nmaterial was used

for the next step. Step 2:

D-d N sty oy ri st draietdil a 18,245 14.8 mmol), NBS
di oxabor ol"ano) - 3- net hyl benz IJ 1POU-1[ 3-(net ha-

cryd e do)3fr oA lanmi hol thyan M (D-1g 4, 15, G5 ramol.
¢ eﬁ"f Ry el }‘;Jébazté% oxabar ol ang)g et ByplbenzyllsN- ke

(1 ert ut oxycar bonyl ) ethyl am no] nmet hyl ] ant hr acene
@'utﬂnh was allowed to cool then filtered. The solution

I t hyl
A o 00 R A P
theBEscgl.vethl?e\prﬂljawm it aesclio nt OI‘}m Sﬂasm_ltlng white

LR PR LA, oSk a0 UL B T concatres
s’&ca(xE’cr crggnrﬁ%tt{é/ﬂ:)aﬁ Jred %MWJM@m&e&m@kd&thS &S8Qmn
mml)andDIEA (0.24 m., 1.4 nmol eq) were
FRibt @ 19 g0 14 larP b 1eluat'tlrprurfo%}dlafrﬂ%~°go% -
z‘J lnkee&hé}?él 0 PVE! Y e £t NV )PMR MBSy HESTOMEGSE dnderh e

vacuum di chl or omet hane (20 m_) added and washed with
phoisphatred BuUtd erryde xnate alofwvas MIgd plory g)e Mt 3g-ep.

organi ¢ solvent was dried over Na2SO4 t he sol vent was

d un r racpu t resul.ti yel] ow solid
ﬁ?‘f Lffaté;d ZP Jnsanbd ;?% f%h % écr ude
I 'i"fef Tk tH'l‘abrmto r aphy
%"‘FH‘BH Fg‘é?PyJ@B“’é}‘?ﬂt"é%FW]th‘llo S it nbg
i trame thiek Hand Qﬂmwwags%'pln@m%ﬁfmﬂ(kﬁ%ﬁ%'
‘e . -buStaxytantzongel Je retihpk anpimo st hy Roogissond (7) :
PCT/ US2007/ 024704 RP-HPLC Conditions: HP 1100 HPLC
QHWNﬁﬁﬁfmméﬂﬂacﬁMﬂaMIﬁo1bﬁbpgﬂimhnwmm¢nh¥%%%}ﬁ%Dﬁ8[2—

LRI oY) W&?W%@éme'%& T (3

. wtger d Olﬂ%nvdm REPs) ek = AMBECN 5 Qail % nvd - 6 om
radient 10% B -80% B over 18 min, 80-100% B

k ang rﬁtllm?d%BYQ %nmL Fignadrty WP griansl de 5irgt ind .

t :%e Bromomet methylphen oronic acid (6
déi&][ (%44 -tetrgmsthyl 3y2pd|o or ol ano) - 6,
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 DMF 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
organic solvent was dried over Na;SO; 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
93% pure material (55 mg, 41%).

Structure determination:
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10
3-net hyl benzyl ] - N-[ 3- (net hacr yl am do) pr opyl am no] net hy

WO 2608/066921 PCT/US2007/024704

10-[N-[2-(4,4,5,5,-tetranmet hyl -1, 3, 2- di oxabor ol ano) - 3
Kb enmdl eNd 2- (ear by i Bryd )@mmﬁ&}fwﬂ anfdyaee

ne trifluoroacetic acid salt (8) 15
-9 N [1BQ 49, N6y 53 Pa e tHRarfel hyd o ungy i o xaibor | Ggyrrs-

JRITY ey d et did- (i hagd wh Al do) Sy erl R R dop,

210 [mh [cﬂet(e42t4a,65";,5 A tetwatrest hiQ 13 37/ di Biatord| Buro)MeLN

tert y. arbony _ane
B bt nyi et ot B 7 HaPlo ooy P oy 18
mias, A0-1Esa@ weekd P 2nir, af0@ GO A CH2Gx: drifion time
sol ution and stirred overnight under a balloon filled
th Myon. An  additional 10 nl of dichl or onet hane
mas added and the solvents were renoved under vacuum

|33rQﬂEﬁ%§£?i(@1Q 5”@)—@@%r§ﬂé€ﬁy§nﬂ 8he-gpb¥&rolano) -

]?d rgp}f {ih&? (;‘f \ﬁ@r%éd@,l_%ﬁéaﬁ,% 35 r% 1no]methy1]_

%y%m %ﬁ*&' ﬁtﬁa‘%%ne
'mﬂwq;aﬁm% agid Mg, 8

8% as a yel l ow

owder. 30 Structure determ nation: RP-HPLC
okt 1404 R HPLIES TR £ 0krel » HE2 ik 3T Lano) -

xﬁé(}{}f}?r%ﬁ WMN%W&&&B&%J@“MM% ]Cr?l@th 1]

uard col umm, 0.010 nl 1nj'ection,
A Nl 2-41(500 aémtqw@mﬂwﬁbob 2'2®4O>rﬁﬁ<@”e<tba:rt¢)o'n3-

n’é}rta ?ehrzl%@ é\/Zﬂ theftfoblg%%)g over %(% ﬁ% \élovl-cl)-géjg B

éﬂh¥léh1ﬁd]méiKyBﬁhﬁthmabendﬁ(WM)imﬁﬁjDﬁﬁg@ﬂO mmol) was
PCT/USZOO7/024704 a%% § ESI -

I AR Oy

S Aed (Mé‘ﬂ@cj‘ﬂtﬂuﬂc@r 4 (B\é*'lﬁ)d'on 5f1EJ2M|-vE1t]¥3 Argon An
S%ithesm of 4-Cyano Indicator: 9-[N-[6-(4,4,5,5

add Ry 10, M 0 Shab R TBaTg)ans ¢amh ARded 1 3ndy the
dvents were removed under _vacuum., chhloromethane 10

(et hacryl am do) pr opyl am no] net hyl 1-10-[N-[6-(4,4,5,5,
mL) was added and the solvent again remove under vacuum.

The dissolution/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.

Structure determination:

RP-HPLC conditions: 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
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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tetramet hyl - 1, 3, 2- di oxabor ol ano) - 3- cyanobenzyl ] - N-[ 2-
(car boxyet hyl ) am no] net hyl ] ant hracene sodi um sal t

W@ 1ebapee92tSt ep 1: 3- Met hyl - 4- (4, 4,5, 5-t et r anet hpdT/1152007/024704
[1, 2, 3] di oxaborol an-2-yl)-benzonitrile (Ila)

rﬂet%rrpdmer tetdhylbenzonitrile (9a, 5.0 g, 0.0255 rml,
eq wv) was placed into a 250niL round-bott
o3}

33%@4@ R Qﬁwllmlr&/vtﬁtwhy&%sél (M- 2H20+H) , 712.4
&[%r}qsbgﬁ ﬁorqg?'[ ge(Mg}Q Pot assi um acetate (7.5 g, 0.076

4,4,4'" 4" 5 /5 /5" ,5 -Cctanethyl -2,2'-bi-1, 3, 2-

dloxaborolane (10 7.12 I, 1.1 equiv.) and
[1, 1 -bis(di phenyl phospt?%r%%%&z%m
ferrocene] di chl oropal I adiunm(I1) (0.56 g, 0.00076 nol,
25 0.03 equiv.) were added to the flask and the

SR d s dF X4-lEan@ SIdend £ebit 0 sBO@aip@ e, e, -
& M hyasy |, .00l et st 0 el £ ) 1 r?dk:%rﬁz@l"'}j—ﬂh@—
Wﬁ%m gféﬁﬂ%mtme@gt euem Mes, s, -

% ogu Atlyoksﬂ@fr qmz-
{)r ansdey r eg lt oa%zlq{séépar at OI‘]QQ} unne §2%%&llﬁﬁ:g%ﬂvgt er
h
almaﬁ @eo%@'éf% Pian% %ﬁ“%‘es cudaged T eNSE%%Z'_ °

L ) TP]RApt E rﬁ?ee cf pr oduct

vvas pur|f| ed by fI ash col umm chromat ography on 35

%181 geo-getmthy dbanioni wonk t {¥ms 2% -9.209%60255 mol, 1.0
Et QAc/ Hexane pr X At I Vas,
THIech ét e dlucttO %q rt]‘ﬁO dpﬁ? én‘? %l

cﬁdrytsinaiingzaw})nnn‘ ram é‘rﬂiydm&nailméﬁhﬁlmmﬂhjﬁde( l11a)

was obtained (3.7 el d 60 2008/ 066921
Wwﬁ@éﬁcﬁg%ﬁ Rt Ut e %%t“é i xg?%%" RP- HPLC

Londj tjonss, § '11§&dﬂ£1@mm,o;gra@n1 3 Px 150 mm
SymTet ry Col unn HR C18 col umm 010 rrL [ nJ ecti on 5
@wmmﬁame 1(5b0 M13 rﬁecq1%8 M, 54 §fMiv.) and

e_@?c @hen%l’%sé MTFA) and B = MeCN (_O. 1%

A gra I0% B 2 mn, 10-80% B over 18 mn,

B0 1009 E DVETL @ aran, LAD0m 0B 2 1 56 rat dht GQOH € imrel
(%‘.%i_%)é‘%{ﬁv .1)|2_| \% ge?'oocg)ecﬁw_{zo tql;)eC@as'k 5ar}ld 3&14 Sregtzdorg
mixture 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
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,S04. The solvent was removed in vacuo. The crude
product was purified by flash column chromatography on
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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10 3H, CH3) , 7.41 (m 2H, ArH , 7.81 (m 1H, ArH)
Step 2: 3-Brononethyl-4-(4,4,5,5-tetranet hyl -

W 2908/0&j9eli oxabor ol an-2-yl)-benzonitrile (12a) PABUS2007/024704
3-Methyl-4-(4,4,5,5-tetranethyl -[1, 2, :
3]dioxaboro|an 2 yl)-benzonitrile (11a, 3.3 g, 0.0136
nmol, 1.0 eq) pl aced into a 250nmL round-bottom
3?%%@1t%?ﬁﬂ@1w&n of carbon tetrachl oride. NBS

:§ R o?or%:f‘@:.&?é Hp 0B 29 f?ﬂxyﬁvcﬁré}ﬁ@t&%f%%w,tlﬁa x 150

anmount 2, 2" -azobi si sobutyro- nitrile . g,
@nmmﬁew Col Pird HRIUWEAB )cavesren addedl 0 al’fid tgection,

m xt refl uxed h. T, e
Ut ﬁfm ]lfJ ﬁ%\?@ﬁ Jhrgie le%l{t eolssol ventmﬁ ééjééé&%n’
#eimtyeexd Lde% VEEUWNG The= dvee (0 olRICEEANRS gxmdieretd 10%

by, 25, cry J zation f Hm hot roduct (12a)
i i R el Ot i T ey g2 (ML) 100

oH rUGhig e eetaidd satd one RP- HFHLQI Condl t| ons: HP 1100
,HPLC chr'omat ograph, 3.9 x 150 mretry Col um

HRNMRS (400, MEZ .0 CPFG bt f)njleét5| éﬁr 1éH75Cr@Eﬁisﬁﬂ £.-5060 (s

[ cti~ony 4l 4 detegll er (0. 1%
A)Cﬂ’lies Qll o(%ﬁl 8%1515%% ggrlagl ent iO% 2 mn, i

10-80% B over 18 m n, 80- 100%B over 2 mn, 100 ‘%B 2
mn, retention tine 13.4 mn. 35 "H NWR (400 MHz,

G ) : : 3-5Bromdnd thy 1124+ (L 4 G -BtradeByYs, 2H,
(H2Br31dilobdbd bl it 2 AFH) -benHdni{trilldd, (¥2df), 7.92 (d,
-48 WO 2008/ 066921 PCT/ US2007/ 024704 1H, ArH). Step

33—=Meqtl'[§'1\t-£4§— (4. 4,5, @té@éérﬁ’é@ml{ll, 3, 3?rd§oxaborolan 2-

di oxabor ol ano') '3-‘cyanobenzyl |
ﬂmmmmw afd ] nethyd | QOOH\ﬁ[I@OIA . & &) was
trame i oxabor.ol.ano noben
e?? bllﬁ o?(ycag%gonﬁgl Souel? %t?nt nr?(la] ne?%’?lﬁgn %/lglcne#ig mL
dﬂ3@$rbdﬁ)tetrachlor1de NBS (2.5 g, 0.0142 mol, 1.05

SN AT e o epl et ol et G2

i rdie Oe@mlgm,odom et 1 Was. @l aceghint o v?éréﬂ-added
gég”gke 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
crystallization from hot hexane. Product (12a) containing

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

Structure determination:

RP-HPLC Conditions: HP 1100 HPLC chromatograph, 3.9 x 150
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.
'H NMR (400 MHz, CDCl;): & 1.38 (s, 12H, C(CH3)3), 4.85 (s,
2H, CH,Br), 7.55 (d, 1H, ArH), 7.68 (s, 1H, ArH), 7.92 (d,
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bottom fl ask and dissolved in 4.5 nL of degassed 15
di net hyl f or mam de.

w@2ms0emeet hyl - 4- (4, 4,5, 5-tetranet hyl - PCT/US2007/024704
[1, 2, 3] di oxaborol an-2-yl)-benzonitrile (12a, 0.53,
01 0083y ol , 2.7 eq) was dissolved in 2 nL of N2
sparged DMF and added to reaction flask. The solution
was stirred and flushed with N2 for 5 mnutes. DI EA
(0.85 nL, 0.0049 nol, 20 8.0 equiv.) was added to the
Stexrt3 oro-niNt 6e(Hndl, § He, - st xamerhylasl a3 |2wed to stir
disieiber gedtid )o- Bt deaislnin zyil I FNgE3- @nslthar- t he dark at
éﬁﬁﬁi‘idé ﬂ&ﬁﬁléme&wu] ﬂdme[uepsft(@m,ssuyem was

Moﬂl‘@oréféﬂ % gfﬁ 1-N-[2-
mﬁé)Ze/x 1’8&5&%| ons a?iaﬁmhosp at er r&é‘NrPSJa)
pH 7.0). The corrbl ned di chl or onet hane extracts wer e
%I"‘\g_dlfg_n{d eva orgt ed][é]%) vacuo resu}sr;l iﬂaﬁgﬁ&‘d?‘

si'u or 15 -
&.Oeflﬂlbﬁt%wéfb&nﬂ- @éhﬁpamﬁa@n@ewlj yeth O¥¢ene (1,

(grem pitate occurred. It was filtered and the weight

3 the prRet ek det@®refine§ -PRRY BIto y&) By round-
)e1dde i de; PELAHCE MRS, fEWnt@ecgf pag%s @@dby

multiple crysta I|zat|ons fromhot - propano
d)meeMBADfozﬁmrmqlﬂooﬁchrc(rtl@@@tlvmk%ol4,e4:,tia,d5(toet0f7@nethyl-

B Y SR P P AT LB 0 e

endil i pnsqg) HRA L 100s dPLe ¢ hiomatmgraphy, \é@ia&fg%d IMF %nd
150 mm Synmetry Col unm HR C18 col um, O.
%ﬁ‘ﬁ‘eé%tt}%nrei‘ﬁ@sormﬂﬁ%# 1“5%03‘?1{“}%1?%‘%5?%@‘}30‘65“2%‘@

skl aetd oy "fo-r ek hut@ sl %oen TioAk sard,, B o= oeGNmo1 ,
(0.1%5 v/vT CB?radlent 10%BZmn 10- 80% B over

88 i g0 WDDBBIRA Fo 2Lhe nt e AT OB I‘Zl}FﬁLhre r&dteénthon

dA e 15, 2,44 "%no'k?réci\"\ﬂ% (400, '\{!#dexc%cjggéntlé étﬁéan( Sof
12H, 0-C ( 2C (CH3) 2, 0), 1.34(s, 12H o-

(1CH3)9AT é\(r@ﬂ-lsl)n Ahc-dyrk At mb,lergH t PR U I3) for 26h.

g Ll NTRAPGR N LRl 0y oLl 10

24y idudl 4Aa{sju@H)wadt. &iXsol @) ,i5. DO dH), 5. 13(s,
&fghl§¥g%%thane 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
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-propanol (~ 3 mL of
IPA). Pure product (13a) was collected (0.07g, purity
98.8% by HPLC).

Structure determination:
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(t, 1H), 7.29(d, 1H, ArH), 7.42(d, 1H ArH), 7.50(m

5H  ArH), 7.62(d, 1H, ArH), 7.70(s, 1H ArH), 7.78(d,
warhos/osgory) , 8.35(m 2H, ArH), 8.41(d, 2H, ArH)PCWBES2007/024704

ESI-MS: mz 790.4 (M+, 100% . Boronic esters are not

%%w%&mlam aep di o anshic | Soft dd¥ Spranatrsd Ss
ep .

334{ N [165Q 41, SyEne st rGavemy |HRL, Bl 8-af oxerbor®! G )mL

a' Cé/c,a{ﬁrérfhz(?/lﬂS gkl[/?fnl(ﬂmtlh%dlnﬁ.mﬂp}e&flo&ylloop, 254 nm
dedN{dGr ( B & SyB; et etG drfetthial -TIERS), i dkabdtasIMng) -3
PRI A (9 B9 SN A BtV A8 KA o-
WINH oved; 4 Min - tEI0 @rthyhin, 3;ek«ttoxaboriotan -B-min.

5 B D9 MERL | SBGHel ok 3 0 128 op§T G Hol RO 7 C-

1.34¢ , 12H CHﬂZC(CH C O% 1.35(s, 9H,
Vs [N 6. 4,5, 5 _tettanet hyl - di oxabor ol ano) - 3-
(byah@b nz }ﬁBKm[ZB@teNrCHﬂHhCHZ + NH overlap), 2.51(m

nyJg et I o]Jret hyi | r ne
6?%%}06@ h%/ Pd‘]d& ﬂ? vvais p g:]e nt oj 19’3@%5' 2H)
4rdufntis,bﬁft Jom 4 3B £4 ,askland A S0 vlelti) A b 2135 (ol Bf) @ 5.22
0: de Cl—gpl TEA sol Th [ act
% xt4181re' %:289:1&? ‘ovied t%% P!:st |S7(r) ZQZ{E Hirbi e’nfmi en‘peira uirm i,
Kwar) 24h.62The, rias) dusH) products, vias, washed i th(db, o of

fol | owe by nov, t sol vent under
% %%w{in'm Hﬁe'thfgh%l{/%( %345 35 repeat ed
B IMS & h@/@rmb_mt becang oa yeIBIonna@\A@%rterEh@repemer
was dissolved in 10 nL of dlchloronethane and added

AropWiest ey 20heria Gl seand b e e dust NeaHEay it s -
-50 WO 2008/ 066921 PCT/ US2007/ 024704 a rate such that

Irre”RF t%g bek%@&%mg ;Ee 9 olano):
R e

ff’ét’e]d'l‘l/" 2 d(WWW@&é@WW”W’&W
rdiduetsadts di4ol ved in 3 nL of anhydrous CH2C12 and
transfered to a 25 nmL round bottomflask PS- DEAM
Pbelts! 6-(04,08% @ 1ternmﬁmet1hxelqj1,vie,rzé-caid@aqult&rm)f£&sk

aynadng?heen Zr?’u]te] Q‘g %gghuar Ut onfc\!/\?g)z srg Fleh anr{oag o&q?%” -
Tener | %-u(rle,tfcﬁ“ 8,6-ttetramethyl-1, 3, 2-dioxaborolano) -3-
cyanobenzyl]-N-[2-(tert-
butoXycarbonyl)ethylamino]methyl]anthracene (13a, 0.064q,
0.066 mmol, 1.0 eq) was placed into a 25 mL round bottom
flask and dissolved in 2.5 mL of a 60:40 degassed
CH,C1,:TFA solution. The reaction mixture was allowed to
stir at ambient temperature for 24h. The residual product
was washed with 5 mL of CH»Cl, followed by removal of the
solvent under vacuum. The dichloromethane washes were
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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The beads were filtered and washed with 2 x 10 nL

di chl or onet hane. The conbi ned organic sol utions were
w@oemwsesoent ed under vacuum Pure product (14a)P@EBS2007/024704

obtained (34 ng of indicator). 15 Structure

detpran Nadi maﬁ%&E%Wﬁdw%téﬂ%dmwm C. The

chr onat ograph, Waters .6 x 100 rrmq? {fé 3. P GL8

I WP O“’atﬁlﬁtrﬂ_rli‘?ﬁ e%qlicf‘ﬂl AP *§ > A/30

Mleavéé@@g,, Whd e B M g FehY £ 10 ﬁé;ﬂ&& Mo &edd it

| oop, nmL./ mn, 254 nm detection, = water (0.1%

SPHAR G B e Ma@w cme% Anhyzgus d\‘aeeéioent filpegedoand
%{beﬁl@ra%é QYRS |ne 122% 9&101{9& e Mk ~AQ0

mn, retention NVR (400 MHz,
t was Ji3gs,vaPHn 3. r@ﬁ(csf alrﬂmdm% CJHz(EElémnd

1, (,b 5(t . 8(t
fzﬁ}:%risfzergegj((tosm% 4111011:(3 Jnc%g@%oxégélga(sl%w% foﬁ‘%goéads
@H)Q3%.H8(Is,mndH), B5.ed)( Sweﬂd-l)addiecﬂ&(cs tHaH) £ B ar(cbsthe

7. 45 , 7.6 . 72 7. d,
SRCe PG g vas oiEne ) Jo R F% EomLiEs-
THe SYEThesds Wis 4sH‘a|i]iefr0 al‘dlCHnﬁIai(éHt t%nﬁ;i\élfaﬁtdrﬂe 48 5.6 h.

tetramet hyl - 1, 3, 2- di oxabor ol anq) - 3- nltrobean/I] N[ 3-
The beads ‘were filtered and washed with

d 18 T (e 0) Wr@y&&xmlf}iﬂdmdmelrhclosch'\h{l%r(é vf]el[% 5,

tetramet hyl -1, 3, 2- di oxabor ol ano) - 3- ni t robenzyl ]
CEICaND TSB! 086U RO WS200WORppict (14a) was

0 e [ ) am ho] net nt hracene sodi um sal t
({bl %@/ %%Cf‘ Ospl\jﬂﬁlo&%é%% 4,5,5-tetranet hyl -
[1, 2 3]d|oxaborolan 2-yl)-toluene (11b) 5

- Br ono- Sﬁ{ntrot ene (9b, 10.2g9, 47.2 mmol) was
TS A% S oL bund- bot t om f1 ask wi t h pot assi um

Beaimice cdx?dllt’-h.cgls 7249 1o )HPLC chromatograph Waters
4, 4 4 4 5'-Cctaneth

4m x 300 %)@@W%@hé(% C 1% @Jgdmrsz B QoI J[rzuelctlon
%l S( d]‘ ep hdelnsysl op Voesdp hll nn 07)O/f3eor rwoacteenre/bgﬁ%NhIwolrtohp a]lci avc( urr( I I )
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, CDCl;): & 1.33(s, 12H), 1.36(s, 12H),
1.65(m, 2H), 1.71 (bs, 3H), 2.35(t, 2H), 2.48(t, 2H),
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).

EXAMPLE 14

Synthesis of 4-Nitro Indicator: 9-[N-[6-(4,4,5,5,
tetramethyl-1, 3, 2-dioxaborolano)-3-nitrobenzyl]-N- [3
{methacrylamido)propylamino]methyl]-10-[N-[6-(4,4,5,5, -
tetramethyl-1, 3, 2-dioxaborolano)-3-nitrobenzyl]-N-[2-
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(413 ng, 0.506 mmol) and DMSO (50 nl) and the reaction

m xture was heated to 80C for 4days. The sol ution was
wW@omBeeeD anbi ent tenperature, ice water (125P@zySwas024704

added and the bl ack suspension was extracted with

etdwi oy et el {S) nte Pl YAt h e 50| ed uivasa 1€ NDVAS)

In vacuo and the crude product was purified by flash

qggq% _{_50 eluted with
i&% deJI;hfﬁe rXE_ \C %Siéﬁfﬂ-%%&)]éb i mately 95% pure
U °Z‘ gl /<)yvvas obt ai ne romthe purest
fractlon 20 Structure det er m nati on: RP-HPLC

OGN H B R HPL RN Wit Bgrapt? Wtk 97333 Rlaced

0y e NeyaPak HiRy -Gl € ah %ﬂtﬁ&va%@a@é% a@e@é@e
mL 1 njection, 0.75 nL/ mn, 500 nL injection |oop,

QBAl%mdei%cTUmplA -4,\/€a,t‘er,‘('015.|ﬂ}é,\ﬁ\h FA)claamee Hh - 2 2'

ek 1 B b BT Tl o0 e i

hrﬁ et p o yf 1 preo s AL k). ﬂéﬂ:MEér(épﬂ)ch-lzormdlmﬁ II)

(47 244 4508 Tl | nd 1S 30 o nd) End pdaasliay

n?rlxtan% ofesTed dwd e 4 1{4 80 G Sedetd dpd hyj‘he 3plution was
3] di oxabor ol an-2-yl ) -nitrobenzene 12b35 nL) was
w

%zcmql 0-%- qraiouerst &Q@@%W Jae magjer |

PR Ol @l 25 Yd Jk - 92 A L0098/ P8692] racted with ethyl
PCT/ US2007/ 024704 t ol uene (11b 3.59 g, 13.6 mmol)

avest pleaced * nt@ anboorhe rmh‘derbbtwmn ferazked on a\rmm@
of 1
an%lng_h ‘rgfu cngIrGr%%IN%SES ‘{gieigur%%%% %¥ ‘40 }§/r o&n r| I e
c(lAicBthcBgﬂra@y Qo1 smhioa v &) a&iﬂe@e@ndlﬁfhéiém.ﬁt Orhen
s refl u under_ a on stream
et S L T S P A LIS

) refd L@bmﬁecmu@@brﬁ ofh& piresthofirsct idmhe cool ed
suspension was filtered and the solvent was renpved

under vacuum The crude product was purified by 10
Syt dd Zadd Ofdomdwt hexane. Product (12b) was

RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters
3.9 x 150 mm NovaPak HR Cl8 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 time
10.48.

'H NMR (400 MHz, CDCl;3): & 1.36 (s, 12H, C(CHi3)3), 2.62 (s,
3H, CH3), 7.89 (d, 2H, ArH), 7.92 (dd, 1H, ArH), 7.97 (d,
1H) .

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

3-Nitro-6-(4,4,5,5-tetramethyl~[1,2, 3]dioxaborolan-2-yl)-
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obtai ned (2.12g, 460). Structure determ nation:
RP- HPLC Condi tions: HP 1100 HPLC chr omat ograph, Waters

. . W@A2008/089x1 150 nm NovaPak HR C18 col umm wi t h gue€™US2007/024704
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colum, 0.010 nL injection, 0.75 n./mn, 1.500 nL

i SN estd omiwom . 58254, nm detieed i Pwa A Flaed@rinth 19036 0mL
TFA) and B = MeCN (0.1%v/v TFA), gradient 10%B 2
TR d 1o iBovs B ke ATt NBRA 0T B 2% MBI OLR - 68

Qégc ! r}%m!leSPE%Oéliﬁixﬂe ger]@atsalA);ﬁé\"\%l&ﬁQ@ Mizz, 20 -

mals@waqrnnwlwmAlwo¥{m 1@45Aml giee

%C??ﬁéf%}(?z’ 4 51’2%5":;5% e@} anst ylfe- 1\/’0%5‘: 21.:efluxed under an

Zblr'rmamﬁmamoﬁeﬁ nil rmbelquqld%ﬂaa[B NB®t h@a-27g, 1.5 mmol.

T VST - S R aTon o 50) ST r eyl T 1o

B (¢ ledud O30yeds DONW s eﬁwﬁ@mmcs]mt&tyé | sl Ve 1| eees

léelr%@%% YRR hatd G i do)propifam i wet iA T -Reoe NG D-Py

&fgﬂaméww boruh )it hyr &pd o] net dyhd a(‘iiﬁﬁ%{l@ (1,
09 g, 1.04 mmol ) was placed into 100

sloumidh bt tHmM B5 f4@sk- and stirred in 5 m_

di nmet hyl formam de until dissol ved.

4-Ni tro-2-(brononet hyl ) phenyl boronic acid pinacol
Sstwrt dLbjetle ORinBc dh mmol , 3 equiv.) and D EA -53 WO

08/.066921 . PCT/ US2007/ 1..45 8.3 |, 8
KRR Ot ST B Yerd iR o B S R e
Did batdp andl nuEerala mldm%éléﬁ@dﬂlwt@ﬂ@%imn

hours. The DMF was renoved under vacuum

Qi CH dtorEt HRFeL 50 M} defeetl indl welshetl wirjpction loop,
phpsphater &-bubf era (2 \b(a@@r Mo of 3 Oy A, MrH 40 ®)B JfM?eCN

aqueous sol ution was bac kwashed wi'th di ch or onet hane
(@am\)/\arw&he gt medl OF gard dnisod ut @ oHES o | @tk VT

thef resu Wﬂg %25%-195% I%ﬁeo{mﬁ%@qﬁg %/WI ce &?dtlme

bbiding hexanes (50 nm. each) to 10 yield a tan powder.

o S Ao Ml P B, 195897 28 $EMYhon, cichaya), 4.92 (s,
2H, CHyBr), 7.98 (d, 1H, ArH), 8.08 (dd, 1H, ArH), 8.22
(d, 1H, ArH).

Step 3: 9-[N-[6-(4,4,5,5,-tetramethyl-1,3,2-
dioxaborolano)-3-nitrobenzyl] -N-[3- (metha-

crylamido) propylamino]methyl]-10-[N-[6-(4,4,5,5, -
tetramethyl-1,3,2-dioxaborolano) -3-nitrobenzyl]-N-[2-
(tert-butoxycarbonyl) ethylamino]lmethyl]anthracene (13b):
9-[N-[3- (methacrylamido)propylamino]methyl]-10-[N-[2-
(tert-butoxycarbonyl)ethylamino]methyl]-anthracene (1,
0.509 g, 1.04 mmol) was placed into 100 mL round-bottom
flask and stirred in 5 mL dimethylformamide until

dissolved. 4-Nitro-2- (bromomethyl)phenylboronic acid

pinacol ester (12b, 1.09, 3.19 mmol, 3 equiv.) and DIEA
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acetate/l PA yielded 145 ng of pure product as a tan
powder. More pure product (400 ng) precipitated from

-Wao b@s/oeel ed et hyl acetate/l PA and the pure soPCHESHENE024704

conbi ned. 15 Structure determ nation: RP-HPLC

Conghi trhonsg . 3P dd0, HPLL chiorat fgdapanddites ssoButdion
150 mm NovaPak HR C18 colum with guard column, 0,010
hrateq deq | B C OLITRMI W rPath 5017 NGy e thdhl ¢bpt 1 bkpd

v?f_’é'] rll@%c?ﬁ eEd it 0N, hdh s Wi e lw(ﬁé//f’erag:\@d k- = ‘vacuum,
1% v/ v TFA) gradl ent 10% B 2 mn, 10-80% B

Mlqzsommthﬁn@oci@o% B anidgd 2and riva gioed O)BLQh r@l'ppsphate
1 40

EEY AT g Tl BB %Mézao‘i%’?)“@%m
1243+, bk Ko { CHB) mr( @ﬁ)hmrc@a@tmme b6 yhl)), dndshss,

3H,, O=C CH3 1. 5 2H N-
P Red Sginic dands Ohg Bridh o AT 1 opganics
fﬁﬁe:fbé%ﬁﬁﬁiffﬁér]ﬁg&ﬁﬁﬁS%?fFﬁhi4réﬁ%}§E?@Fﬁed vle Bbow

S, , . S, . y . Q. S, , . ,
3ot ﬁ@twr%tze% Y A H ,Qbezl.lswq g*'?eﬁﬂ}(?s A% T%Zg,écm to
Wdla gvégh( wééﬂ ﬁ%fﬁhﬁéﬁhoﬂfﬁltﬂ ﬁﬁhifhglgb/ZWfﬁthyl
8.25 (d 36-8.44 (m 4H, ArH). Step

aqina el YRR 4y35e15de<i erarm A -BUEe RERHEHRD! aanfoa)n 35

I
1 5 g Ao 35 ) o ks R

joelsd (gt ly b, Fcetate AhRA nd 1tise Zﬁldli%x%ébblf@iia@b% 3-
zyl]-N-[ 2- (car boxyet hyl ) am no] net hyl ] ant hr acen

&S‘Ml T sal t (14b) 5

9 [N-[6 (4,4,5,5,-tetranet hyl -1, 3, 2- di oxabor ol ano) - 3-

%ﬂ Eégtbgpgyééfel\lr-rg a(tl net hacr yl am do) pr opyl am no] net hyl ] -

RIN-HEEC ACdndi Bionef riapet hyd -HRI; ZC}dzt@Xzatb@jm;&m,O)WaBters
nltrobenzyl] N-[2-(tert-butoxycarbonyl

ah? haTReI MA Jaht H debhec Qaam? Wﬁ*@g@ua@ﬂ A3 R )
d-Q) Wsmlg' sspbvetbh N 407 9n0fmdn 501 490 CHRICLZ: id#fr ion loop,

solution and stirred overnight. The solvents were
%hoveddeiseion, 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
16.0 min.

'H NMR (400 MHz, CDCl3): & 1.32 (s, 12H, O-
C(CH3)2C(CH3)2,C-0), 1.36 (s, 21H, 0-C(CH3)2C(CH3)2,C-0O + t-
butyl), 1.65 (s, 3H, O0=C-C(CHz)CH3), 1.75 (m, 2H, N-
CH,CH,CH,-N), 2.55 (t, 2H), 2.59 (t, 2H), 3.0 (t, 2H),
3.15 (m, 2H), 3.96 (s, 2H), 4.05 (s, 2H), 4.48 (s, 2H),
4.55 (s, 2H), 5.04 (s, 1H), 5.08 (s, 1H), 5.25 (br, 1lH),
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, 1lH, 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) -
3-nitrobenzyl] -N-[3- (methacrylamido)propylamino]lmethyl]-10-
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vacuum the residual product was dissolved in 20 nL of
CH2C12 fol |l owed by renoval of the sol vent under

. W@ 2098106921 The di chl or onet hane di ssol uti on / evBEDUSL00TOR4704

treatnments 15 were repeated four nore tinmes until the
W-OFBLCM bﬁ@@ e tHAlm MM AIOVIOES | 2 TdieDROVEHAS 1 ARS) - 3-
ﬂ%ﬁ?grbdﬂ IygﬂiﬁﬁThéﬂﬂyf¥3k¥hracene

p%% ‘E {ah cold saturat ed aqueous NaHCO3 at
a rate suc at’ the tenperature stayed below 5 C.
Th s 0 tlrred r d 0
@\b [o déﬂ’ Lrorfa ot o gla(ne’rb( %gléﬁ{%bém%l g}] to
r&l‘@kcﬂﬁrtz}t]l](}m—n@-omeﬂmﬁ:ﬂ}aMMBdo Y Tehreo poyr Jgpaumii reo euettrk@dt]s 10-

&L@%g eﬁ §’| e‘i‘%in t&‘ﬂsl :)ngfgdl%{/é%g%rj%dl "fﬂe cr ude

rm&di&inz/m di-spp! Mesk i ot A dtb @iy anhydr ous CH2C12
and transferred to a 100 nL round bottomflask

\ORAN Tseldet ook o i) rarane adddRy, G999 dhid Shamed)
S 4y B SERIMM § dld‘ 'rarﬁggg Qi g W%chndﬁﬁesoiseg hoé‘nd

m xture was Sh en at i ent terrperat ure
Stthier trsch dsv eneries it | tTHree ds alnck viss hesde an Jtehncsoed under

GENLOr AR hane 4@, X 0 dt, JHe FOThiARt of g G, o
Oﬁ: l.HI ons vvere conce CF er vacuum ure produc
(HAC125f o] 026&) byasenbtal ned aBeasybbéOM/pomdervacuum

ERIERE T IR ¥ o LT

Wit ensepb & od 160 mmidiay aPake HRi(EL8. cldifrochbhd: W came a
2008/ 066921 PCT/ US2007/024704 wth guard col umn,

e i RO lect i PO/ Matidissobmy M. 4hjWetdfon

d 2901 o otk 1A et 6d | Qe Frd e (htddoa nL Tdfq and
B = MeCN (0.1% v/v TFA radient 10% B 2 mn, 10-80%

B igviert aB afAuEo80-NOE? Bagver rAte suchoghegs zhein 5

BT S ol g, DRELE IS Sty larirred
fol; 415, a:idat@tcvrmﬁetfhymm & X di &aﬂbicbll@rm)als

Uit AR B MRS Ree 5 i ey s 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
mL of anhydrous CH,Cl, and transferred to a 100 mL 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
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:
RP-HPLC conditions: RP-HPLC Conditions: HP 1100 HPLC

chromatograph, Waters 3.9 x 150 mm NovaPak HR C18 column
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tetramet hyl - 1, 3, 2- di oxabor ol ano) - 3-
(trifluoronethylsul fonyl)benzyl]-N[2 15

. W@ easloeneyet hyl ) am no] et hyl ] ant hracene sodi um Bel/USZ08724)24704

Step 1: 4-Brono- 3-nethyl benzenesul fonyl fluoride (16).

B Qi e homhibe nz comes uhif o el | . (5L 5sL AriBY,9,1. 500
36.6 20 nmol ), anhydrous pot assi um fl uoride (8.50
M4 6L R L LN T IRPP arb 4 S rdRIR B k0 299 [, vat e’ mm}g% v/v

A3 £A eﬂer%awcrepb |-kl ousr Acedoni1d9 1 A 30in,
mL) over ni ght %g which tinme HPLC shomed conpl ete
anin

Hb'rﬁ,(e?sﬂ orv &of ncB 0 e & iBaloer pt deuet . 10t 2 min,
3&%8 @qge%t he 25 reaction m xture and the
pro

separated out as an oil. The aqueous sol ution
was decanted then extracted with hexane (50 niL). The
oil was dissolved in th xtract, dried over
Na2SO4 and the sol vent reénoved under vacuum A waxy,
white solid (8.08 g, 87% was isolated. 30 MP. =

né&_é‘is Jf U@-t'wﬁfﬂ%ﬂxi@ 1601 £ HRLG c:orsht £ 1 onpn-
411#905 HPLL&H}{ SSordt £y 190 mm

f¥3 Kéﬂ% Sant 1y C18 guar d
loa i %TW o ﬁmsg@in{@ﬂm%s
éﬁ@ﬂ% A 10 i nj'ection
A e%é%ﬁé %&i ?g%ﬁi? S A = materqfo 1%
oo ey Ty e T ré%ca;r%over 008 L)

smrﬂ TR 200*%%%#%’#%% Wiy (19

2.5 (s, 3H 7.68 (dd, 1F? (d, 1FD 7 86 (d,
Q}groqpfitmegbylbenzenesul onyl chlorlde 9.87g, 36.6

%§%§&%e£%.gggﬁg%?¥hs%h Qﬂﬁbktoéyln A 17346 mmol, 4

, was suspende hydr ous
gent and 1&ocndyntm AR -@Yén @rlédlz meskl f | &3 eq) were

SE 50 4 0 1.0 ool A PSRyt qyffsgye o
whid. 81nmmIHPL@|$$@M@eU ¢@mpb®t@n@n@¢@rmhxwmasfadd@dting
ﬁggérlapeﬁﬂPnsgg&uckns%&nﬁﬂ:IQH%Othe ?US ens'%Qed to the
reaction mixture and the product separated out as an oil.
The aqueous solution was decanted then extracted with
hexane (50 mL). The o0il was dissolved in the hexane
extract, dried over Na,30, and the solvent removed under
vacuum. A waxy, white solid (8.08 g, 87%) was isolated.
M.p. = 47-48 °C.

Structure determination:

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
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,
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Trinmethyltriflouronethylsilane (TFMTMS, 6.4 niL, 41
mol, 2.1 eq) dissolved in pentane (20 nlL) was added

. W@ 0008l0es92b suspensi on dropwi se via the additi orCT/us2vet/024704

such that the reaction tenperature was naintai ned

hetweeivd-Hite 1(§St5 miimg was continued for 5 hours
V\,hlle t he suspension was_ allowed to warm up

‘@ AR J(H0Q ; vvé%’cd-e?:an@e@ Pr &fy a3Hpr oq\m6§ol(ija
yvagfs@ ?dwfl-lf' f:@o fﬁ-)) dri ed over Na2SO4, 20

ed e so vent Tenoved under vacuum A
yel | ow oi | (5.35 g, 89% was isolated which then
Sterstad | 6 ZRacbmd et es) lupormetaylbswf orf X ot lnene (17) .
determi nation: 25 RP-HPLC conditions: HP 1100 HPLC
clxomato@iap), Mét en®1)4whsx si.l@@eﬁﬁeSymﬁehmyycﬁir&ps Gléhtane

col umm (Mﬁth Sentr 018 gu % col O 010

Hﬁ’ e@iloniPsafpl %scﬂ’%}@dj ~N&G 40 ?Erl%‘ﬁ@%q hwith
Ada M Yord FA¥unPel00 g i njceetiican teop,~ 1. 50cm/ nIl—'IB»romo 3-
254 nm detection, A = water (O. 196TFA) 30 and B =
e b kenvzamragul kel edtl upader 1 (Abn, 1RBO% Bl%v%r “@“01

£ 05085400 Bt sl MO0 48 A8 gLl Bhoneces

BtHert7ed0 (dd, 1H) intd. 85 (d, 1H)th&.7 (d 1H) sBPpersion.

o i D AT 6T OBt 1 1 GROT) By P Bty c 41 oL,

aci depj)nagidsebied (h8)perA DD nR0or aund batt eradddasko the
%%:Qg{qf?d%éﬁlgmsﬁ'%@e 243584842 £b2n2196u2R that the

bl sée phenytpbosphi PO) f@agoma@h%@zhb@r opakkadihunylls) °c.
0.373 g, 0.51 nmol) and bls%plnacolato ) di boron (5.2

tir gy %m%é@rm ONZS BhBEEnEhS- suspension was
éiié&éaw{&rwgml%fﬂwl&wéyem&él@n %95 gdec;eﬁdtm@lﬁrom a

in 10 anhydrous m.) was added and
ksmwenscpbm hmke@dt@m@@rrmrer N frdy) ,2Aplrﬁ@@r ®veThlazS0y,

Qi é?EdVEEH(§§§R§§%%e%ﬂ¢%%m%@%ﬂugh?gg b?@uﬁﬁsuAt'%Fhow oil

surry el ute i ca gel wth9
Hex3me/ & hyBo4tet mbe (560lated which then crystallized

(needles) upon standing.

o

Structure determination:

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)
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 11.0 min.

'H NMR (400 MHz, CDCl3): & 2.55 (s, 3H), 7.70 (dd, 1H),
7.85 (d, 1H), 7.7 (d, 1H).
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m.). Renoval of the solvent yielded 6.1 g crude
product 15 as a white, waxy solid. Recrystallization

. WO ewsnb@zanes yielded 3.78 g (68% white crysPEl/Bs20a7/024704

further 0.44 g was isolated froma second crop.

dpICBUr © qRier Al ( 't@lfl%%r%%e"ﬂlﬂ?@ﬁﬂw i1 b
=t é)%—g,gfé&jfwré) 1og , Waters 6 x 10 ?rr%%g;lrl?r?etof;nlc
co Sentry C18 guard colum), 0.010

e ?‘Wunf&}?@%eq%faﬁ%ﬁﬁad%c a2 Sl

addtate 2540 nm ded extoon, A A water (0.1% TFA) 25 and

0 /o /v, T di 0% in,. 10-80%
B ST TP n ot ioh b e s it et e
(@tml@,n @mee rﬁn@l)méhdlkﬂi\u\ﬁr(aﬂ&ﬁld\w diEAR)  (B.2 g,
37 (s 12H) 2.62 (s, 3Eg1 80 (m 2I—I) 8. 00 (d,
PR VL Y SRR WA T Mﬁq)B@“@g (M 15)+. Step
ggrf%fgéggmgﬂﬁQQSﬁ&fonyl)toluene (17, 5.0.g, 16 mmol) in

rifluoromnethyl sul fonyl) phenyl boronic acid pi nacol
agteirodd M) ( (100 mL) was added and the suspension

AT 00N U erAoh U 00s) SO es” e Ry o ¢
1éoxﬁ%véd Gf}gdeﬂm&m;?%d ,IEIEH[E aneswktci mg mISierrj 1e92teg;(l) down
01 Lbrae heotl off T B afs i Ty DTy v g ate O(sbo
rh]LTadHaérﬁﬂva’\ltchf a s y\@wemmmmn@ bud befode Soroduct
hours. 5 The solution was then owed, to J{/E room

IBrbef e, VaHY PR £ i RIS FHel Yo

PRieyag Uy ngﬁﬁrWKE%é”é¥@§¥aF@5 @Ufwfﬁﬁﬁk(n144 g was
silica gel eluted with O, and then 10 % et hyl

heetated | fir oiexaneC A <1190H>n xed with some dibrom de
and 18 was isolated as a yellowoil 10 (2.65 g, 60
% . Structure determ nation: RP-HPLC conditions: HP
Sﬂn@cm@ %&m@@ﬁm, Waters 4. 6 X 100 nm Symmetry

éf%nkéQMtﬁb 6y &E? c ﬁ%@g§&§§% rWQters
stsoI ved

njec I on’ (‘sanp
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, 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,
retention time 8.0 min.
'H NMR (400 MHz, CDCl3): & 1.37 (s, 12H), 2.62 (s, 3H),
7.80 (m, 2H), 8.00 (d, 1lH).
FAB MS (mNBA): 351 (M+H)", 335 (M-15)".

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

2-Methyl-4-(trifluoromethylsulfonyl)phenylboronic acid
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60/ 40 water/ MeCN wth 1% v/v TFA), 0.100 nL injection

| oop, 1.50 nL/mn, 254 nmdetection, A = water (0.1%
waemp/oéand B = MeCN (0. 1% v/v TFA), gradient 189/BS07/024704

mn, 10-80% B over 9 mn, 80-100%B over 1 mn, 100

JBhdcd Nes?dr r eteent3 oitﬁl NED 83 frkB )., T N 406 M de
CDC13) : 6 1.37 (s, 12H) , 492(s, 2 7.96 (dd,
1) 92 8g021QoB mmq)l gl g% (2p) 1)d BEBNt 3P gag, 0.15 mmol,

%u@%%ﬁ? ol Ano ? }g 5 f%%ﬁ%ﬁ%%ﬁfonyl Nooay TR 3

eradlated with a 75 watt incandescent bulb for 5 hours.

40300 A ) oy 4 DL I J 530136 e e,

oxabor ol a

qﬁaviﬁwofnmaémd sand artyd ) ez g JNer{dve(d erdeB0Oracuum.

ut ox rbon et hyl am no h race e
15 RETER SR S 4R GRVDORSA o el ety L 1R aq it
4} e tahyt e ardonyd nh gt fw&aﬁaw]mtma]n@@tamcacmanlxed
(1, 0.706g, 1.44 mol), 2- Br ononet hyl -4 35 _
V(itif}ilff*vcum dgﬁektmlsfiﬁ faory | 3P ey | b bt ed a&s op pigekdt oil

(169O g 11 g) and DIEA (4.5 nL, 26 mmol) were
ssol%ed in’ anhydrous DMF (12 mL) and stirred at

roomt enper ature -59 WD 2008/ 066921 PCT/ US2007/ 024704
stream After 26 hours, the solvent was

%Va‘b ?Lalfeeodefthe%t “he residual product was

IdPMG’QQondﬂ:ﬁﬁxéTL pf i ©hl 1opooTed hiadies et aesh agh vé
x 30 nL portions of phosphate buffer (0.1 M pH
47 ©)x HHe g off e oret h%hép]s%lctﬁlr‘b'?f’ weksl el | N torperC18

WGOI&M er egl oﬁd‘%x?dﬁp?ér@éf&n' MRAGHUO &fs%%mw m

n orange oil. The cru oduct was triturated wt
ks esa {1/ M GN tvhigrh b%s‘sb\rv'léféﬂ)l,n Qananlmmon

gﬁf SR/ N 1 1o d NGy SO é%&@fm@e%@ A0y o T IER)

s wer€ renoved under vacuum | eavi ng a ye
ponvder= (Me@8 (). 05 v TERyuciradiaet erGf matd omin, 10- 80°

P- HPL condlt HP, 1100 LC chr ph Wat ers
K1 s%ﬂ@?% B 0Fi1l Yt unh PJIE?V\/T’DOEﬁJ Afry c18
ﬁ@t@uﬁ@h ctoimmrf) 7 Q@uiyl0 nL injection (sanple dissolved

0
1:321 70/ I30 v(\)/atM%rz/’l\/%%@lvB\n)thél/ogév TFA 2HO 19095rL s, 2H),

7.96 (dd, 1H), 8.02 (d, 1H), 8.08 (d, 1H).

Step 5: 9-[N-[6-(4,4,5,5,-tetramethyl-1,3,2-
dioxaborolano) -3-(trifluoromethylsulfonyl)benzyl]-N-[3-
(methacrylamido) propylamino]lmethyl)]-10-[N-[6-(4,4,5,5, -
tetramethyl-1,3,2-dioxaborolano)-3-
(trifluoromethylsulfonyl)benzyl]-N-[2- (tert-
butoxycarbonyl) ethylamino]lmethyl]anthracene (20)
9-[N-[3- (methacrylamido)propylaminolmethyl]-10-{N-[2~
(tert-butoxycarbonyl)ethylamino]methyl]-anthracene (1,
0.706g, 1.44 mmol), 2-Bromomethyl-4-
(trifluoromethylsulfonyl)phenylboronic acid pinacol ester
(19, 2.11 g) and DIEA (4.5 mL, 26 mmol) were dissolved in

anhydrous DMF (12 mL) and stirred at room temperature
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| oop, 0.75 nL/mn, 254 nm detection, A = water (0.1%
TFA) and B = MeCN (0.1%v/v TFA), gradient 10%B 2

~ WOorevg/049280% B over 18 nin, 80-100% B over 2 PETUSZ00024704

9B 2 min, 20 retention tinme 17.4 mn. 1H NWR (400 MHz,
HAdB)a (N5 sl:r%@rr(.S,Af?c%lrl) 2,6 hod2s(,sthk2idplvent. 34s(s,

oH), 1.63 (s, 3H), 1.78-1.81 (m 2H), 2.55-2.61
%‘zﬂppo@a%d oL ‘Q;%UOS e (FRs gl %%%‘: &Jf%gﬂ"ed
{8, 3@HIL %&ﬁloﬁd‘rﬁet}ﬂa&@ a(r$d v?al'&he& vli)cr{ bzs,x 139 .mL
5.12 25 (s, 1H), 5.30 (bt 49-7.52 (m 4H).

T8 ¢, oﬂmhospﬁv%@ (khb}ffEH) H?(% B4 RH 17r|)0 BE (s,
%A]]&drﬁetgﬁané@olutslcﬁp W 2k e r BRI 2'5@ B:éltéered

acetonitril e/ water 1004. 2 (M H2O+H) +
vl RGN art dabrin hea b -hoswiti naci . arBormnq:e extler sThe

(fIﬁLfG%e 3gn2 @cst?gﬁae%;/tefjl?%ﬁngae{ed q?l@?'k?éfa&é@dud q{]ﬁ) Q(Ihen
DrgMb I Ged 41,r4 rﬁlﬁlma]etilalnaidtylhéx&é’s added until the

g £xabor gl ano): 3 {5141 1 uaronet hyd spl onyl) henzyl ] - N4

@i RCT ¥4 @i ¢l w@md»arpcmiémt Myl 43 19- [9% [$r (4, 4, 5, 5,
tetramet hyl - 1, 3, 2- di oxabor ol ano) - 3- -60 WD 2008/ 066921
PCT/ US2007/ 024704

gt Fih b4 whos ot b sl f oy ) benzyl ] - N[ 2-

(car boxyet hyl ) am no] net hy I(Lant hracene sodium salt (21)
RPTHPLG-¢andi Bions 1 il akhkld yHlEIlC Fhrenaebort atthter s

L bt OB SO ol RO R ST T o e Sk £

gud s&d resedry) - 10 3) 6 duloxabips ol B310) éé’ample dissolved in

A veroreipaR s o R LE et o cion

Wood0 B4 mDiniwmas? $h seel detkdti &0, m =0fwa’;1t@1_0 4®.1% TFA)
CH2C12: TFA_ sol utj on pre ar ed fromN2 S a&g
deehdferit MeGhe(} ebietT6n Tiftht (FePdweral} ¢ Vst r1Gz80%

B et ¢ enper ador e d DB A themid hel ol vent sumer e
renoved under vacuum The residual product was

J@ﬁ%@bﬂ@d g0l td gritoH2C12 fol | owed 15 by renmoval of
FRIT REGEN D AR ere, 20,
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
(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-H,O+H)", 1006.2
(M-H,0+Na)* for the bis-boronic acid. Boronic esters are

not observed under the acidic conditions of this

analysis.

Step 6: 9-[N-[6-(4,4,5,5,-tetramethyl-1,3,2-
dioxaborolano) -3-(trifluoromethylsulfonyl)benzyl]-~N-[3-
(methacrylamido)propylamino]methyl]-10-[N-[6-(4,4,5,5,-
tetramethyl-1, 3,2-dioxaborolano) -3~
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repeated four nore tines until the product becane a
yel |l ow powder. The powder was di ssolved in 30 ni of

‘walr@klemenet hane and added dropwi se into 60 nmlP@Ff/USI@7/024704

20 col d saturated aqueous NaHCO3 at a rate such that
1 9ei £ 1 oPsnetny Bswl £oiofl isdoxy D) (- e sol ution was
?ééfﬁ&@yeé}%l%ﬁ%’j:ﬁéaﬁai]a%mfhéén SSaiwh | oyed pr1)

partl i'oniig of the l|ayers. The organl c Iayer was
n r %ﬁ%éﬁ?ﬁ
coL h?rg{e% @%/g’l gtlyeqntr (f60 9 25 pr odu %lta%% a
yetimmmvﬂ@uylsﬂfmymkeemyb}fﬂﬂhh on: RP-HPLC
itio 1100 LC r .
(Gt ARG R G L

@@Wﬂn@ﬂhyMJ) 3,02{)d.Dombd>mme>)on3{ san‘pl e d| ssolved in
ZO/BP wat er / MeCN %v/v TFA hg&oo nmL injection
u ¥ bttt o

"r&yjrﬁ‘hlv% hater (0.1%

g&@éxy@@ﬂa&_li\/e@ﬁ\hﬁpar&ffﬁdfﬂeﬂ_kw}argﬁaﬂéc%ﬂe 1026 B £2.00 g,
mn, 10-80% B over 18 mn, 80-100% B over mn, 100

B3 oo ), oms rét el eed tine3Agnh o re 6@514QM§H2C12 TFA
%@é %%EQ%JSEP&%/I@Z%%%WWM&Q@ M, r%:i)on

1.69-1.72
BHjfupe Maﬁtal;tmyed 20631y PH)anRigg (ttemp@m@tuse ofpr

% S0 oifs el Bt ey et didngdy ddin e
ﬂé—BldJalﬂfSpﬁod@ct( wadHlisdoBled min 2H) ,mIy. on ((HEC]_LE%Ip_llowed
FIA?%(&%‘J{’]on‘%_% r‘%h%/%\%f‘é‘?f}t (‘g&%e ‘Zﬁ\ﬁ%m 970. 0

&Mﬂrﬁ&&l@éﬂhé@é dhes bl st b oni evass ta t Bo ot €a @8RS were
are not observed under the acidic conditions of this

RePeMat sf QUT ERAD| BlMES Syht hbstiae gproduct became a

br & o wior | nehEat Qe O- kA [OrddoBvda Din 36 mL of
et r amet hyI 1, 3, 2- di oxabor ol ano) - 2, 4- (di chl or o) benzyl ]
ddphloromethane and added dropwise into 60 mL "of ice-

&%Icﬁ Bl NAFL¥d @M G0l HE oYL ad NAleel e W diNdBie( 41d S
t etpanet hd - 1t 3y dvekaibo of @Gndjhe, do Yl o oray benzyigd
fséa\l:'f tiﬁ%ﬂtb%é(aei hyl ) A nolz e hyhd ANS AL RAENE, S0] R n i ng
of the layers. The organic layer was dried over anhydrous
Na,S04, filtered and concentrated yielding 0.58 g (60 %)

product as a yellow powder.

Structure determination:

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
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,

retention time 15.5 min.
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20 Step 1:
9-[N-(6-(4,4,5,5,-tetranet hyl -1, 3, 2- di oxabor ol ano) -

wQ@2008f¢6hioehl or o) benzyl ] - N-[ 3- ( net ha- PCT/US2007/024704

cryl am do) propyl am no] met hyl ]-10-[N-[6-(4, 4,5, 5, -
e v Tetalon Miz3, Spdilgxaber ol apo)s2, #2644 chl 8po)benzyi],

tert-but oxycarbonyl)

Jet%%hn{%oﬂmrretfﬁwr] a%t%abfe'ne”()sn )2-535(t, 2H), 2.89 (t,
z%i'H%é NESdacsyy amd@)p{gpyip@yﬂ n@]matryl ]2H'l)0 [N-42- (s,

tert-" but oxycarbonyl)et hyl am no]neth -ant hr'acene (1,
DY - 60. 82 mibl) Wp{%,ceﬂﬂm% 2 O Sk ¥bundh bt t Ot

{hpsk andq SET1Rd 4y 107 o diRtdwy fof rem de, Uiy 7. o8
(dBr ohibnetdyl )-8, K6 dirchl 4 opheny/d bbn,orﬁft acid pinacol

E(e%i%ﬁs n‘.ﬂly%"g tgﬁﬁ?jmosé%‘r e9%d edl%n%go tqurreg%O 0

uwrdeso N2 *i Rokhendapks-batoh@enuteapepatohect est@db. are
The DMF was renpved under vacuu di chl or onet hane (30
TRY IRV eth IR eh v @ R B mfdg%yhtawﬂfbm efh¥s0 ni

of %{S’Llé\/l pH 7.0). The collected dichloronethane

soﬁl lon was dried over Na2SO4. The dichl or onet hane
was renoved under vacuum and the resulting yellow

foamy residue trlturateda%gr%;z}L %nes (10 nm.) for 15
e

m nut es under slow flow© crude product (1.02

?Elfeg%'%/\?egfof% g; PCT/_L{SZ 07/ 0247014%0[W 4 4, 5 5
I4

ram

f@f?ﬁorﬁ?w

Hﬁ%"é‘%%gh‘ 3y %?

L e %ﬁ: i
&oi@amoxwﬁ@é% Puinal Hn%&w& lengh Brerng. Srcrﬁ“éléh
| oop, 254 nm detection, A = water (0.1%v/v TFA) and
$rep MeCN 1 IN-106-(4, 4 ,159,&), tetzxamethylods B, 2-diexabergiame) -
B, vvdichhorg) 13 4PUP6M- [I0(eekad nmin, 100 Y8 1 min,
¢ £y Barh i i) 1t Sy Bani i Jme tiky NVRL 40~ [\&12(4 aDE ¥, -6
de@arsthP 1, 3, 32d{Sxabdddlano )32, 4-s(diliord) Ken£J5) -N-
?fﬂ(téréﬁbdﬁgx%g?n%?%ng @khy&ﬁ%anglﬁéth¥l]agtﬁraééﬂgs(31)

é)—f‘\? ? g@@hac%%ﬁ%n{%%gé%?%ﬁpyiﬁﬁqngf]ﬁ}gﬂ%l]4]1_§7rﬁi %261pcert-
Yol oxycarbonyl)ethylamino]methyl]-anthracene (1, 0.4 g,
0.82 mmol) was placed into 100 mL round-bottom flask and
stirred in 10 mlL dimethylformamide until dissolved. 6-
(Bromomethyl) -3, 5-dichlorophenylboronic acid pinacol ester
(24, 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 N, in the dark,
at room temperature for 24h. The DMF was removed under
vacuum, dichloromethane (30 mL) added and washed with
phosphate buffer (50 mL of 0.1 M, pH 7.0). The collected
dichloromethane solution was dried over Nay;S0O,. 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 gq)
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1H , 7.76 (t, 2H) , 8.17 (m 2H) , 8.24 (m 2H) Step
2: 9-(N-(6-(4,4,5,5,-tetranethyl -1, 3, 2-

walc@gatoenl ano) - 2, 4- (di chl oro) benzyl ] -N-[ 3 20PCT/US2007/024704

(et hacryl am do) propyl am no] met hyl ] -10-[N-[ 6-(4, 4,5, 5,
wad ed¥ Tyl zel Frdndihotalienoaedying a yellow powder (3i,
2,4-( |chloro)benzyl]

A 39-9 cat boxye H) ) ani no] met hyl ] ant hr acene sodi um sal t
(4i) 25

9-[N-[6-(4,4,5,5,-tetranet hyl -1, 3, 2- di oxabor ol ano) - 2, 4
Stl(ldtt'tlht@r@ﬁ)mmiymé}ti\mﬁa ( met hacr yI am do) -

lEléoﬁ)ﬁ(of"oxa ano%] ZHlLQ %dl cﬁ? oro }g%%ﬁg*{f@ﬂ Wgte]rss 39

bulmmrwwakefumWanJ]m hyiﬂ}argmmmdr&,, 0 010 mL

0. 38 3 was . p ed into.a 50 nL round
Bt P asi - and oA Gbor YedOPn Mo hEI8FEacR0 JAPP, 254 nm

&él?&éelJrEA sok whdosy: {hers reactTom) mxd ug e= wescnal (oved v/v

to stir at_ anbient tenperature overnlght After 20h

TR 0¥ vamitan het @ renbvetn unt&r8 0% 8 (RiFe E Tha s itiliai00% B

PrOAULL RS thGSOh VEGnin, 1Pe€%ﬂ@{or35t§kgcél27 flh owed

by rem)val of the solvent under vacuum The
™ AWMROr(@96t Meime EPE3o) utd on 23 evapSHati dn32r éat mels 1.37

Bk AP ing: #6480 30a Bokaipct tsob07 oddroRt - 2-48

p@yvdm was. ™ sl ey i 12.30 g, oRHdi, cll. dkoret hame, ahdle (s,

ded opvvls j.nto ol.d saturate
3{7 a Srat 'su%hg% nth' ﬁg’ t’erf‘pﬁata iﬁgyeé 67 (s,
n@j owg58L. (the 13pl,ut7 ome \(\m gt r,r ed 4e0r (@n add| t 7088l (d,
m n_ at <5Cfo||ovvedb artltlomng of the
1%1&/er—é Tqhét or gfahi c8i1a§/e¥m«/\a£ Hlr i @24 ol&r dhhydr ous

Na2804 f| | tered and concent rat ed y| eI di ng a yellow

%E&ﬁ@: PAf Osi@t 3! 1?0Lrhd0f
E‘%H%%;** *z%ﬂ%‘:* %’f‘%?*‘* *\%

(R nASHERe¥Y e thb) ing] pekhy efmes
Mlg}hnl c solutions were concentrat ed under vacuum

Pure product (0.19g, 52%ield) was obtained as a
ge[m@m5p0Md@;5,5,—tetramethyl—1,3,2—dioxaborolano)—2,4—

(dichloro)benzyl]-N-[3-(methacrylamido) -
propylaminolmethyl]-10-[N-[6-(4,4,5,5, -tetramethyl-1,3, 2-
dioxaborolano)-2,4-(dichloro)benzyl]-N-[2-(tert-
butoxycarbonyl) ethylamino]methyl]anthracene (3i, 0.38g,
0.36 mmol) was placed into a 50 mL round bottom flask and
dissclved in 10 mL of a 60:40 CH,Cl,: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
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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15 Structure determ nation: RP-HPLC Conditions: HP
1100 HPLC chr omat ograph, Waters 3.9 x 150 nmm NovaPak

- WoiR0gL&9enl urm wi th guard columm, 0.010 nL i NPEDUBIINT/024704

1.5 nb/mn, 1.500 niL injection |oop, 254 nm 20

pei@st i hs A ssoBEE {10 100V, Vo fT ) sk dinet NN Ay Béded
viv TFA), gradient 10%B 1 mn, 10-80% B over 9 mn,

BeR0os Bntsved Miniaeldl Getypatedi AduperantplrOt idfe @ rate
gﬁ@hn%ﬂatE§%eN@%ﬁg&@é@ﬁ?&OthyéBebﬁ@B%rB °8221ht solution

O+H) +for the bis-boronitc acid. Boronic esters
vaar@ amrn@@efoédaunmdltz@maﬂe Sadiidl caeondPt Fohgldpwed by

I 0 t
&5&8 %’kﬁy |8£F§$§toh§?’g‘?%du ?étgo%%g%[l%f Ypyer was dried
o§v1e14 mbydtets am@tSWL i;Bth@Idoa(ra@m@hca&m)raﬁteﬂ yielding a

Iy h |
et LT Sa T To i s fdEadid e vas disselued 4o 1 gl of
anﬂiy‘ﬂdf@m@t oybcI, 3n2t dimacmﬂmddant)c)) 3, 486 mL round bottom

bis(trifluoroneth b car bo t hyl)

%’@1]%&%%&%!@%(1?@% ‘}-ht % e§?ex)é% RS S P
2nBron®- fe £ bl SA i £ wes angd hé/rka)lt@{ L@@%rﬁkﬁf@')t tehbeMAture
2008/ 066921 PCT/ US2007/ 024704

pon- Bbstr ieudr it hyeyeofaeheredoand 2aghedewyhp| y0 mL
a@@%1&45%@%%éﬁba ropad- QQ%EQHEE|3§%gaEQ%n 2810k ibFA  were
and 8 mM H2SO (28% of the anobunt of TFA) were .
@@m@@ntmq 1000t secuml Pulr@qprmgcmd@d 19¢/t pesyield)
nggcéﬂ)@ LM xture, |ne pgw(pé)ftl ons. The reaction was

al T owe run at lent” tenperature over two days.
After 48h the reactl on was worked up. The reaction
gx&ure % ermed out toice cold water (200nm) and

Helor gahi YAyt |?y residue) was separated from

RetEPLE aty&ﬁdbulcsw.raem | DO OM H L Et Qo onfd ey r lh | agesrers 3.9
was washed with saturated NaHCO3 aqueous sol ution and

% her0 R Yok Wikt e 5o pe0 iy, Wit Braethi tuyer Quakl0 mL

eldeecisd, drisedyouein Naas%oamchtmﬁ setyent 1\/&% 254 nm
renoved. The pure product (13.1 7 %vyield) as

detemeignyeh | owakrT (Rsleol{ectiddy. 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 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

the acidic conditions of this analysis.

Example 17

Synthesis of 3,5-Bis(Trifluoromethyl) Indicator: O9-[N-[6-
(4,4,5,5,-tetramethyl-1,3,2-dioxaborolano) -2, 4-
bis(trifluoromethyl)benzyl]-N-[3-
(methacrylamido)propylamino]lmethyl]-10-[N-{6-(4,4,5,5, -
tetramethyl-1, 3,2~-dioxaborolano)-2,4-
bis(trifluoromethyl)benzyl]-N-[2-(carboxyethyl)amino]-
methyl]anthracene sodium salt (27a)

Step 1: 2-Bromo-4,6-bis(trifluoromethyl)toluene (23a)
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15 Structure determ nation: RP-HPLC Conditions: HP
1100 HPLC chr omat ograph, Waters 3.9 x 150 nmm NovaPak

wWoiR0g&9enl uim with guard colum, 0.010 nL | NPEDUSINT/024704

1.5 nb/mn, 1.500 niL injection |oop, 254 nm 20

get egtd ofy i A do MeH@h (O, d9bdne TFZ9a And2 B7g, MBENmnB11%was
v/ v TFA), gradient 10% B 1 mn, 10-80% B over 9 mn,

zsbaq@@%rs a oyernd-kehtomoplagks Fhan 2Bt Bht T6A fnfe /-8 ml

%Z%g?i c?‘_g_' é\lﬁ\% e(orrgtqg'lﬂg’gf 1%13r)ere 6dd?défl' (s 3o .0g,

advet h)llecﬁ SNBB s(atdldleﬁl Lio® ortélﬁhyr e)@@éhfyfll bovemivgeacty small

i nacol _es

Ig ronl{‘)54 %érl Fﬁuor onet hyﬂ])]toﬂel?enéo( 2§a, 160t Oga,mblent
Bé}npesm‘mtt\)re/va@v;elrace\dm miaqzsr ouhdtbottékﬁh f thek wemction was
di ssol ved i Then KQAc

SRS i TP THET TR T 0 Tth Do poriqorold
Wt dpwedobyiaddirtd oahef oR@GLA dppfdrr(0.H8Y, DPedidu®) , was
0.03eq) and 35 Blséplnacola 0) di bor on %}0 2 45mol
aers%a«;tedrh%r% BeFeh 1RMSTsPYr F&FTACTE Do ik 2Orhéther

I SOl yENta MRS WMDY el turf® MONEAB8) 08H9%2%Jus solution and
/USZOO?/ 024704 and the bl ack residue was subjected

tfeerm (i ec ol AHAL S cheoifat 8§PAPAYSEDCMNG eSEPRENAG | hARF k Was
%éf E0-0L4 Y af%&ugverﬂm% g8 dtm@sss%fnf@rwegr ifdRYed.
DCM . Pure

econd co chi omat ograp y (2% Me
Tﬂn@dpore(swglpc%%waéga F@Iylgﬁ’ﬂtd)y g eansoilghiidy yellow

col |l ec cture determ nation: RP-HPLC
indl %ocn%l éﬁf:y‘ﬁoo HPLC chr onmat ograph, Waters 3.9 X

150 mm NovaPak HR C18 colum with guard col unm, 0.010

injection, 1.5 n./mn, 1.500 nL injection |oop,
%ﬁ“%‘f%t Rt O A Ot er (0.1% v/v TFA) and B =

REGPLO . ddadi ¥iodEA)HP Or BEL et 1 d 0% Borda tBdkagdhl)- 8RPodEs 3.9
over 9 mn, 80-100%B over 1 mn, 100 98 1 mn,

¥e¥%@1t%rﬂ“@‘f?r%a]9 HR i 18 ($Fumib ot Bt o3 et ) Calritnryp Og 010 mL
ﬁgecg{gén ﬁa‘go'ml‘;ﬁﬁﬁ{) 11§OOHHN.NR1£1§QQt%E 1966L3) 258 nm

detectlon, A = water (O 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 12.3 min.

'H NMR (400 MHz, CDCls): & 2.54 (s, 3H), 7.64 (s, 1H), 8.00
(s, 1H).

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

2-Bromo-4,6-bis(trifluoromethyl)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 followed by addition of
PdCl, (dppf) (0.66qg, 0.9 mmol, 0.03eq) and
Bis(pinacolato)diboron (10.2g, 45mmol, 1.5eq). The solution

was stirred at 80°C for 24h. Then the solvent was removed
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(s, 1H), 8.16 (s,1H). Step 3: 2-(Brononethyl)-3,5 20
Bi s(trifluoronethyl)phenyl boronic acid pi nacol ester

W@ 2®apea@2ivet hyl - 3, 5-bi s(trifl uoronet hyl) phenyl BOr/U81007/024704

acid pinacol ester (24a, 2.0y, 5.6 mvol) and 50 ni

&4 wes e il aged ddsiaiue?5 wih) Mubjeuwtddottcompiih@sk column
NBS (1.05, 5.88 mml 105]3'% and AIBa%é0.0la, 0. 078
FRPTa e pEaPRY) (Rl Yhelarhe4bt§Th HiRt deeidue-

MWas ré%&ﬁé@ﬁdfoﬁa§h fﬁrﬁh@rprﬁﬁﬁﬂﬁﬁe@f BOW second column
i ncandescent bulb. After 3h the solution was cool ed

ovaing o g g t(@r%péﬁeﬁ’ﬁu@é:Mél | B BgPEREUSHCES NI dePYlo @S 2

wade-spldd was filtered off. The
sof@lé% \?%s rem)ved and oi [y product was coll ected.

The crude product was purified by triturating with

exane whi resulted in 90% pure product (25a, 2.2g,
% NARA ) 56*3%“‘&%%%%% det ermi nation: RP-HPLC

KorgbLd aend i ddH0 HPLO edriormet agiegits t Matadts, Haters 3.9
-66 WO 2008/ 066921 PCT/ US2007/ 024704 x 150 nm NovaPak

HR T e HAraPan tHR dullt CTBiUmt 1t oA cq kot P10 mL
%r\f e SR & N, 1155%%“{ nj chb@n n{Loo@njg('%'le locﬁ 254 nm

ection, A'= water (0.1%v/v TFA) and
d/sét/ectrm(),, Hradierr 1006 B 1v A i FAD- :30%@ oWECN <rﬁ r16 v/v

g&iﬂooﬁﬁlerﬁ’é’e{o& 1 400 1/63015101c2 fof oxFeef trﬁ 9D i@ oos B

boroni c acrd) an or gi naco
es¢er ). ndith NMROQ4GB I\/HzmlﬁDCLSQtenﬁldn 411(118 A2H)min (for
5.08 (s, 2H), 7.94 (s, 1H),_8.2 1OStep4
@9??\?3(%-?911{_&), Sa%‘?Jt?etE?é?rbrf h%qﬁ,%lr%%‘?]joxeasbo?r | ano) -
2 4l q@ooi Mior epet byl )dbenzd J(s\ 13H), 2.75 (s, 3H), 7.90
Emathacryl am do) pr opyl am no] net hyl ] - 10- [N-[6-(4, 4,5, 5
st etFame? hif - 1S 3L1PL di oxa- bor ol ano) -2, 4 15
bi s(trifluoronethyl)benzyl]-N][2- (tert-
but oxycar bonyl ) et hyl am no] net hyl ] - ant hracene (26a)

?té% £3 lg)?_)é)rg_pyl am no] met hyl ]-10-[ N-[ 2-(
Eteb gf e T ol et s Ant e, (1
(25a)

2-Methyl-3,5-bis(trifluoromethyl)phenylboronic acid pinacol
ester (24a, 2.0g, 5.6 mmol) and 50 ml CCl; were placed in a
250 ml round-bottom flask. NBS (1.05, 5.88 mmol, 1.05 eq)
and AIBN (0.013g, 0.078 mmol, 0.014 eq) were added and the
reaction mixture was refluxed for 3h in the presence of 75W
incandescent bulb. After 3h the solution was cooled down to
room temperature allowing the succinimide to precipitate
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, 2.2g, 90% yield).

Structure determination:

RP-HPLC Conditions: HP 1100 HPLC chromatograph, Waters 3.9
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20 mol ) was placed into 250 nL round-bottomflask. It
was dissolved in 15 nL of degassed di net hyl f or mam de.

~wWQ200glos@eonet hyl ) -3, 5-Bi s(trifl uoromnet hyl ) phenpdusmmni/a24704
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acid pinacol ester (25a, 1.66, 3.8 mml, 2.4 eq) was

i 350! e dNovaPHk THR of 1 N2 spatigedi DMgwned agtdlednrt,0 0.010 mL
reaction flask. The 25 sglgbion was stirred %pd
FHRAEHM t h-R2 Fof™ B mi nuP8Y. "B EAIEST2OHL 1opR g 254 nm
da0lct Bod), EAUL VAt daS(Qdpedy 1o THE) raasts on MaitW.eas v/v
and the solution was allowed to stir under_a gentle .
Bt bard B2d et obeh Bnd mint hE0 otk Btovei dAgin, 80-100% B

é@é@?ﬁatngfrf, QWEr «h Nt ghtis, Afd€in OB, t henkearti opiMas for
conti nue or 30 4.5h" at 60C. Then the reaction was
coodric dowhd) tded sb? vemin wakorviabvreredestrevacuo. The

r.esidual, product d] lved , in m..o

df%o?‘gr?t@t E‘gﬁé gﬁgié)xt fézgt’él(e} V\(/ist’hlgg%’ 78@7% (Spbr%l?)o’ns7'94
of, phosphatza bué fem) (0.1 M pH 7.0). The

di chl or onet hane sol ution was dried and evaporated in
vacuo 35 resulting in a brownish oily residue. The

crude product was triturate with hexane (15m ) for 30
Stemt s . 90N &t i 4 \Pol3 ovepsamethydsle By4rdipXakerolano) -
2 érbhe(ti PRAluesene thyl ) enzpl7] SAD PHO8/ 066921

BRIt hIROPTAMPAT Oir oyl am juioethy PHal 04 [Ng[ 6 50464 ,5,5, -
Yé €t she tISF I T} 31 2-dod£4 B oed1ams) RP; 4PLC Condi ti ons:

biPs l&@ﬂfﬂ?&ﬁoﬁ@fﬁ@il@&ﬁﬁi‘] -NAf2r prde€@ 5 x 150 mm

DOUEKPka B9 ) SOhY M M iRy th COk T Lh D 1026

Injection, 1.5 nL/mn, I njection |oop, 254 nm
et.ectio = water. % A = MeN (0. 1%, _
§7£ﬁtﬁii$5e%§%fuen% %ﬁ%ip d?§%¥ﬁ?ﬁf%@§g&¥§]o%g$ﬁ§ &?netgrt
B0t A0084 Boroplere thyiaminbQte¥Byl | renthretentdi ¢h, t0e g, 1.6
10.8 min. 10 'H NMR (40 CDC13): 6 .1.23 (s,. 9
mnagb) (yasgphpced wtqs?SQA;zm}, IO RO ) ,f%%ﬁ- (H)r'ft was
B soPv8d (Mn SH)5 21880t , deddBsed- Qﬁir&sétlhzyzl(l'ﬁornial_rbliﬁie . 2-
: S, :

S, 2H), 4.47 (s, 2H), 4.76 (s, 2H _
éblsqmwf«tfm),-snizthtmwl,uqr.@sefw,hrmr}ybb%or(lscs acid
%f%%c%gogiéfi é%%%,gilé6§”B.gH%mo§;29.Qseq)l%a%HHissolved
Ba [ N1B-¢8, M, SrErdest Mitfetand 2@ R -t direealidrosl ddg)sk. The
g%lé%fggﬂﬁgg.%%%%E%geggxl}ngﬁgé]ﬁf%ﬁiﬁé 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 continued for
4.5h at 60°C. Then the reaction was cooled down, the solvent
was evaporated in vacuo. The residual product was dissolved
in 50 mL 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
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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(et hacryl am do) pr opyl
am no]nmethyl]-10-[N-[6-(4,4,5,5, 20

wo ewosae®ehyl - 1, 3, 2- di oxa- borol ano) - 2, 4- PCT/US2007/024704

bi s(trifluoromethyl)benzyl]-N [2(carboxyethyl)

00} ped vyt | ppddy aceng, svsk wasedt. (27a) 25
P§Sll-j%l\l- 6- (4,4, gm% {t eﬁnet hyluifﬂl, 3,)t2- di oxaborol ano)-2, 4

- bis(trifuoronethyl)benzyl]-N[3-

émg@&fé(lﬁg}é_i@gﬂ%%@m no] met hyl ] -10-[ N-[ 6- (4, 4, 5, 5,

- tetramet di oxa- bor ol ano) - 2, 4-
RPsHPEC f Comairei drys ) biEhzy1 Q0 NHPIG (¢lereama0ograph, Waters 3.9

bu carbon et hyl am no t hyl ] -.ant hr acen 26a,

B bASG BT il ) ol Vo] T o 4 G L PBlng 010 il
bojéembéh ask .andnL i 550! ¥ed0DN i, Mingkc8ibA: 4dop, 254 nm
degassed CH2C12: TFA solution, The reaction m xture _
d@seattohed* tD ¥RT9T atl akibi ent THEMGtRire ¥ 19 3 /v
THR) | egi S4adnPr ooICE Wasi Washeos v th SheA 0 Midf 80-100% B

CH2C12 fol l owed by renoval of the solvent under,
Yeetunnihe HPQhiBrbrtthanes bWRivhERN viekee rehehatieln -

I i . resu tq il Y gpk oduc

07 (0 Mg, EDELLPe L O b b600212 (o 121, 1.36
PCT/ 1820071 024 7G4, Sdi)chl2oBdndthadd) and . added G opvid S8 (t,
into 25 col sat yrated aq us I:,C(E at rate
%%Eh hggtt(ﬁé t er tﬁ%eqSSt gg‘gd kflg?]ow ’C.Z%m 1:76 (s,
%@{Ftsongag,sunnnedsfyz aﬁ, aﬂstPumal EnﬂLmHaI 7.8€ (s,
ol  owed by partitioni of the 5 |ayers, The organi
Jeli('iraZtg%\élse dritded v@? é’ﬁhygﬁéus&ﬂézsﬂc ?Wtegeag (s,
amd congentgateg) yielding 0.012 g yell ow powder

(27a). Structure determnation: 10 RP-HPLC Conditi ons:

HP 1100 HPLC chromat ograph, Waters 3.9 x 150 mm
SeepPak HRIN1B6THA wp 1 htejerane ey imdh, 3 (2010 nL
dipxaboomlanob- n2 / 47lmi s (S0 woxrome ey 1 )dven zypb] -N-H5E3nm
(eé €lcd Oy ardi do Mot @y 1 Card h o) e HliA) ] -e1ak- BN-=[ 640N 4 (5 19/ -
¥é¥ran&Pyl 91 f8l| 2AdideYeBodoTans) 102 8H% B over 9 min,
1895 1009% Buodém Llbdhdy1l0¢-%8 1 nmin, retention tine
P%fi§%§k3§§1594% TAY AREEOPL LA LREAIRL AL ) soPPfin Csalt (27a)

+ for the bis-boronic acid. Boronic esters
are not observed under the acidic conditions of this

NALYPES(4,4,5,5, ~tetramethyl-1, 3, 2-dioxaborolano) -2, 4-
bis(trifuoromethyl)benzyl]-N-{[3-
(methacrylamido)propylamino]methyl]-10-[N-[6-(4,4,5,5, -
tetramethyl-1, 3,2-dioxa-borolano)-2,4-
bis(trifuoromethyl)benzyl]—N—[2—(te£t—
butoxycarbonyl)ethylaminolmethyl}-anthracene (26a, 0.013g,
0.011 mmol) was placed into a 50 mL round bottom flask and
dissolved in 5 mL of a 60:40 degassed CHy;Cl,:TFA solution.
The reaction mixture was allowed to stir at ambient
temperature for 19 h. The residual product was washed with
10 mL of CHy;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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20 Exanple 18 Synthesis of 5-Trifl uoronethyl
I ndicator: 9-[N-[2-

. W@ 2008/066921 - t et r anet hyl - 1, 3, 2- di oxabor ol ano) - 4-PCT/US2007/024704

(trifluoromethyl)benzyl]-N-[3 25

d 1Bt heed v @nd 5o) p&@@ylaaa@@] nawwaséo ENecb2- €4, 418, 5cold
tetra-nethyl -1, 3, 2- di oxabor ol ano

FAFy R RS @\%&ewﬁ) Héﬁ§9$ GRNE| Za(céar"’b}@?y%bﬁ?l §0% FARRRat ure

é@%ye@nﬁﬁiﬁﬁﬁn% SQ@'””Tﬁélts&ZZ@io§o ﬁ$§p déiirred for an
2-Brono-4-trifluoronethyltol uene (23b

addeidnabroneinydtt 61 befefp22pwed. Dy, PBELARBPN1RGs of the

[ t fl T n .
%9{@%04 T?lf })J P%?PP%e%StngS%?%of %E-A) %\%ér@g a(g\g%g gm%é@ rous
Mdz@(ng, 58 teweld, drel)c@tcemsr atbdyi@ldhegreatiton yellow

ure&}[,p smal | portions. The reaction was all owed
EP%W h hbi ent tenperature overnight. After 20h
the reaction was worked up. The reaction mxture was
goured out to ice cold water (100m ) and the organic
UL T | JerRENERRY 1S separated fromthe -69 WO

I@Q%]Q@G&Qdfgé&@zqw/%%LWﬁforhﬁ rakb’n Wattedrs 3.9

extraction wth Et20. The ether |ayer vvas
xIr1 20 roweloWaRBOMHRNL & Ixeofs\ohwemtwenedmﬁe]dmn,ﬂ@e 010 mL

ur e roduc 7. 590/ d) .as I 1o
]2 Cldol Itlec(?t engr(sﬂ@o‘”étr ﬁbe et eﬁpng ??%nﬁo\é%’ P%%l nm
&‘@ufl@lcttti@rm,s A HP J4606r HRILCL%:hxr/(mHID!g)ran’rd BA&t MeCNB. @ . & v/v
0. mm No aPak 8. colu ard co
B e T 10 B0 i s B S odi 1008 8
@odr "ndOn deteots®m T, V\ﬁé‘@ént(ﬂ)ri%i/r/\é/ 9'|'F63\)m16md B
MeCN (0.1% v/v TFA gradl ent 10%B 1 mn, 10-8 + % B
BYETM ﬁh/aeema%al eleatarki 95608 JB-H:Gif),  for the

k%fé ex%fc%llé 'a{'@l?dléf7(rg@,nqc %@t%'ygog%%dnygﬁ?b%é%a (usr,%er the

a¢@d1q5cém@¥¢1pns of this analysis.
6- Met hyl -3-(trifl uoronethyl)phenyl boronic acid

pi nacol ester (24b) Example 18

Synthesis of 5-Trifluoromethyl Indicator: 9-[N-[2-
(4,4,5,5,-tetramethyl-1, 3, 2-dioxaborolano)-4-
(trifluoromethyl)benzyl]-N-[3~-
(methacrylamido)propylamino]methyl]-10-[N-[2-(4,4,5,5-
tetra-methyl-1, 3,2-dioxaborolano)-4-
(trifluoromethyl)benzyl]-N-[2- (carboxyethyl)amino]methyl]-
anthracene sodium salt (27b)

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,SO, (28%
of the amount of TFA) were added. NBS (10.0g, 56 mmol, leq)
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 (100ml)

and the organic layer (oily residue) was separated from the
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2-Brono-4-(trifluoromethyl)toluene (23b, 5g, 21 mmol)
was 20 placed in round-bottom flask and di ssolved in

. wWaAz@snb6oRVF.  Then KOAc (6.2g, 63 nmmol, 3eq) wesT/Hszdet024704

to the reaction mixture in one portion followed by
x%iﬁéd'ﬁB! D?y@f Bgil(je&é:&@@d bat)lon( G«51Ztﬁg EtOzzng Tl et WeD3egyer was
an i s(pi nacol at o) di boron

SR O Rs ST RISk HHE s SV itsert dilyed.
%vsn£em1@§oaaeequ 8Bg,t k®black d)esigug wasghtly yellow
subjected to col um chr omat ogr aphy ( Et OAc)
Qk%nﬂ%ﬁrﬁpllﬁpﬁ%gk green oily residue. The compound
was further purified by second colum chronat ography

(2% MO/ DCM . Pure product (3.59, 58% as a slightly
Yroertwi¢ detserBnapidrect ed. Structure determ nati on

PR IR R d o i gy B, -0

0. 040 i NShaPal et i doBund-/wiith dud@0 gdlumm, ea:Jt |oar® mL

| oop, 254 nm detection, ter (0.1% vy/v TFA) an
RN Q. 19 v/ WL “Vldlr\/\olzéﬁﬁ%éﬁgéﬁwﬁtr}%z 42%5 nm

dEAct wadient JD%B élonl%mv/wﬁwﬁ?argyai =9MECIN (0.1% v/v
80-100% B over 1 mn, 100 B 1 nmin, retention tine

TER) mi grdimnt bord cl dei) HhBaR B aHer (3 Gtiipi r?a@cé|00° B

T, A6 49y S R 1

‘awpsmoo MHz, CDCl;): & 2.45 (s, 3H), 7. 34 (d, 1H), 7.50

nD t rlfluoronethyl)phenylboronlc acid
Binattl” st {256y o

6- Met hyI 3-(trifluor orret hyl ) phenyl boroni ¢ aci d pi nacol
SEdST f24b6—ﬁeQﬁ 118-eehF1a8doR8tAl1 én%@ﬁ@r@h@éedacid

_{h§991 ddeLou ttomflask. NBS (1. 5 nmol
IS 5 eqg) and %148 (0.02g, 0.14 mol, O 014 eq) were

reactlo mxture refluxed.for
ﬁdlgﬁom%_{jhétrﬁég% MY v Fekhd et scentg%UI gl Afpal was
“h &bed hen sgbuﬁdouaou\@@m cepbgrd afl@waikeol oem tianpeoatnmr eMF .
al | owi aggt he succinimde tq precipitate out.

AT dKQRS 1P £8r e@ofMOLlThed st vt a‘é\%%drE?m\f/Ea ZRfgction
R Y P8 oI CEn 0VqS0 £601 bieCEt S ol 18y Wiition of PdCl, (dppf)

(0.46g, 0.63 mmol, 0.03eq) and Bis(pinacolato)diboron 5.9g,
23.1 mmol, 1.leqg). The solution was stirred at 80°C for
48h. Then the solvent was removed and the black residue was
subjected to plug column chromatography (EtOAc) 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
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
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
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20 product was purified by triturating wth hexane
which resulted in 80% pure product (25b, 3.6g, 95%

W@ R2@BMy6921 St ruct ure determ nati on: RP-HPLC ConedT/U82987/024704

HP 1100 HPLC chr omat ograph, Waters 3.9 25 x 150 mm

NovaPakr 4dR &8 10004 ML Wiy guevel e d wier @ @i, m30-100% B
injection, 1.5 nmi/mn 1500rrL|nect|onIo 254 n
Getecti FHNA LOQatd ¥ 0Midy /AP EE dhat E“e (%NTJOn 1%0r

Bgﬂbnﬂgvgcléﬁfﬁﬂd”ﬂZ 19%B 1 MM, piHkE0%Bwer. 9 mn,
0% B over 1 mn, 100 9B 1 mn, retentlontlrre

8 NMFH r(4()f)oMHZBOCBGlﬂm & doid®) (and12B) 4 #iy8 (for 3H), 7.26
n I ) MR IgDCl 6 1.38 (s,

%H)aﬁ% '\fg ) W et oY Mtﬁ) 64 (d, 1H), 8.06

(s, 1H). 35 Step 4

9-[N-[2-(4,4,5,5, -tetramsthyl-l 3, 2- di oxabor ol ano) -

Sedgd rif] ugq MM —b-N‘dﬁfluoromethyl)phen lboronlc
4%@{%9% 11 no] met hyl ] -10-[N-[2-(4, 4,5, 5,
066921 CT/U82007/024704

- di ox
é(teb{left?r?r?ao ngifh Oernoz]“g/ ’z-‘/ﬂ% oxycar onyI fmaCOl
aftud a(rnm] met)tjyl ]lanﬁuhcbﬁpwed((ﬂﬁbt)l @c14 were placed .'Lrl 500
9-[ N-[3- rrethacr%I am do ropyl amndnr,%et hyl é é
T ler FOURATRRYERR b Pﬂ?ﬁ}(et tsan(llné“)] ek 'hr]ac e fli and
plmﬁq g (0208, mMB! ) 4 Wag Pl acedoh at 0edH0 wirer OHAde8OtAM the
fTask. I't was dissolved in 15 nL of degassed

Qﬁaﬁﬁ1gnfmﬁxﬁwﬁ@ewa@ refluxed for 4.5h in the presence of
3= (L riflu t d

(oI e (boL! promet blPbeRytbSLgILe ek connes
d@msn ditssolrvedh | neapenatofreNzakpawglegi DNfe arsdicaddddhitde  to
reactlonflask T sol tion wa d d
Qﬁ??]RtF% ? %u ? e ﬁg&% é;iﬁ%f%% o?P &bgsggqvent
eRI Fenowas aahd@d otldyc hprodactl ores m:xzoilﬂxeetaud tTtm crude
solution was allo sti_r .under .a gent] e

Cﬁw‘ ¢ ogér aﬂﬂrﬁﬁe?ﬂe r K73 %Ugﬁﬁ,lgﬁ? ‘t"i—:\{:llber ?"Lﬁ%e “hich
@/@Im&htm Aderp A ¢hedsal Vezsb Was. @&y, apmateikld) .

vacuo. The residual product was ‘di ssolved in 10 nL of
di chl oronet hane and extracted with 3 x 15 nL portions

sggr cﬁh?;eprk?%]tee flars érp 1 M pH7.0). The

i'chT oronet hane solution was dried and evapor at ed
RP-HRLC Comeditioms): iHP al100 HPLC chromatograph, Waters 3.9
x 150 mm NovaPak HR Cl18 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
over 1 min, 100 %B 1 min, retention time 8.7 min (for
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, 1H), 7.64 (d, 1H), 8.06 (s, 1lH).

Step 4: 9-[N-[2-(4,4,5,5,-tetramethyl-1, 3,2-dioxaborolano) -
4~ (trifluoromethyl)benzyl] -N-[3-
{(methacrylamido)propylamino]lmethyl]-10-[N-[2-(4,4,5,5, -
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gol den oily residue. The crude product was stirred for
15 mnutes with 10 nL of hexanes and then the sol vent

. woeerms/os@eoved. Col | ected yel | ow powder was cryRBCHUS108T0R4704

fromhot [IPAresulting in pure product (26b, 1.2g,
Bofe MhStKh 1 - 253 3 L A kK50 6T LN n@u i on RP- HPLC

é%%g%{:iig?ﬁéﬁzﬂ ££iﬁh[ g% guard colunn1%8901é

|nJect|on | oop,

TN (%S%fd@?aeccﬂﬂ%%sld“ 33 P end b Yo BB g tere-

bu%ﬁxﬁbdﬂbbnyﬂ)éﬂﬂyﬁd&1n©qﬁbthyﬁﬂHaniﬁ@a&@hé mn,1. O g, 2.0
retention tine mn._ 1H NVR (400 MHz, CDCl g
o) §5‘59+F?)1acfd31”(%0 15y MLy mgnng-botinm Tha 5515 (bE, was

@fgsoﬂv&@ (iR 21@ m% 58f(”dieéemse@ Qil-lm@t%}(ltfoﬁr@m:Lde 6-
10 (q, % 5 (s, 2H), 5 (s, 2H), 5 (s
Qkpq;ommn@:lh trlzflgrpr@@et@wl pseoslpprorm} acid pinacol

%%4& 7:;’5&1 (17275‘1@% ?40%%@\%‘39212 7CL, H§§981&%§43%‘}30ﬂ\}82% in 5
5, oflH), Bp3dgédy M), aBdS&c(dad 2tb.'r@asttei@n5:fiasi<. The
tetr

4, hyl -1, 3,.2- _
AT S i A Er PR bt OMRE T T For n (ainutes. DIEA
(zm%hagryU@mmxﬁprO@ym equiv. ) was added to the reaction
am no] met hyl ] -10-[ N-[.2- (4, 4,5,
Pt Pt -the SRlhtd e uesi é.%éywad to stir under a gentle

éﬁféi%ugfoﬂﬁﬁbe%ReQﬁM|LhNth Y8rk at ambient temperature
(car boxyet hyl an1noLnethyI]anthracene sodi um sal t
¢vg)ight. After 24h the solvent was evaporated in vacuo.

’J?ré% |N1: F%s(_l.éu%’lsysg%&%é k@%s (rre %oacr ab91[10| ei'bo) rﬁ'L of

or omet h enzyl |
@i ldb) prropyhame nahdeehyirhcted] Ni[t2- (4,4, b5 bmbt poramenk of

| 1 .
SR Bha & AR andf- 3- (r 1 FLoT o0kt rIHS bEHSIPEQREShane
iérmﬁx&mt@ascarbeﬂyhmethybpﬁraebdehhybhambhmaeeneing in a
é%ﬁg 39 0. 37 nng % | aced into a né
%”b%% eF1duR - ahBedFEEEPVRICFRCS O YRS éFléré - 4 15

BegRsSSdw Qk@clﬁiﬂEﬁ oF0InHtes TARAr @dehl Othdn ¥bUient was
was allowed to stir at 20 anbient tenperature for 23

FemaRd r 5P HLRFE PR ottt OWaROW RIS HERS viF ¥ ¥ Tl izt from hot
BRAZ oL oyed, by, rempvahuof 136b, 1.29, 55% yield).

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
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 8.1 min.

'H NMR (400 MHz, CDCl;3): & 1.29 (s, 9H), 1.31 (s, 12H), 1.35
(s, 12H), 1.55 (bs, 3H), 1.73 (m, 2H), 2.52 {(m, 4H), 2.91
(t, 2H), 3.10 (g, 2H), 3.95 (s, 2H), 4.05 (s, 2H), 4.45 (s,
2H), 4.51 (s, 2H), 4.97 (s, 2H), 5.05 (t, 1H), 7.42-7.47
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sol vent under vacuum The di chl oronet hane washes were
repeated several tines. The powder was dissolved in 10

~WOork008/06692li chl or omet hane and added dropwi se i ntRCBOSI907/024704

cold 25 saturated aqueous NaHCO3 at a rate such that

the senper d4ar ey, stByed el qu,516) , Thegsolg) i Dm) wes. 01 (s,
stirred for an_ additional 5 min at < 5C fol | owed by

bk ti®idhi M ofHi heB- PAyERs. 2fthe organic extracts were
dried over anhydrous Na2SO™4, filtered and
concentrat ed yielding 0.33 g yellow 30 powder. The

ude pr t ssolve n 10 hydr ous
’bé [a%a?% § % g?[ t%nd’%%‘ n fl ask.
‘1‘%’&‘7’“ ﬁﬂ agk,

émt%%rym%% FORY br amia] lg% 5,
t%hmatwb‘lf%ﬂi@l%ah‘h@bmb‘%re f| I ter ed and
WeshEtuerome Bhyl) Bénziy thidr b2et hane. The conbi ned
Ocgebhoxysthyl ) ansnopnethgbharthr atene usecdiuw agalin (27b)
Pure product (27b, 0.27g, 72% was obtained as a
yelhoye ponplers, 573té/\&£r€1)@8}/1956921, P MIER00T S Do 044 -
Structure determnation: LC Condi tjons: HP 1100
H‘PEE%WPB%%@Y%HW“%%H& é (MGtRZGT ¥y NovaPak HR

5};§d59ﬂ>yapy%mnay@égh§pi une [(9- PA0(4rg, S, § NHest i ARethyl-

i njection |oop, 254 nm det ect i on,
Jq,?z %za%@xwow&w@ T‘?:AjtléhﬁllBOPO%WE(b Repzy V] NrF[aé-
% B
e P AV Be el D TRy P PG T B 1 126
VB ( 400 0MBZ, nBDQL3)was Uad3d (sptd2aHL0) ©L3Fofmd bottom

%f_ﬁtgkza%%o 15%01%%53341!1@0 4“%§% 33%4’ AJ%?S(ZSS%?E&}Cl? TFA

éofr@tién 2he 4ré@c(‘_$on 21H)xtL&eO3w(aS all‘l)owéd 180o(sstir at

5.52 (bt, ), 1.35-7 m 75576&
Qmﬁleqt geg@erfﬁyre7 Eor 7 2§8ltn] h§Fbr %}Qﬁ?ksprgay t was
BagledSwith) . 18. 30 (08 2H)c1 15 ESloM by removal of the
(TFA/ acetonitrile/water): 820.12 (MH2O0+tH) + for the

BPEVERFE ontindeici FaBeFoni Ehest @1 shapEonsthepgervathes were
%gg@%%é@eseéékglCtQHQg[tTH@SpQ@dEQ'%a@néﬁﬁ%b§veéxé%ph% mL
of dichloromethane and 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
additional 5 min at < 5°C followed by partitioning of the
layers. The organic extracts were dried over anhydrous
Na,S04, filtered and concentrated yielding 0.33 g yellow
powder. The crude product was dissolved in 10 mL of
anhydrous CH;Cl, and transfered 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
dichloromethane. The combined organic solutions were

)

o

concentrated under vacuum. Pure product (27b, 0.27g, 72

was obtained as a yellow powder.
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Synthesis of 5-Fluoro Indicator: 9-[N[2-(4,4,5,5, -
tetranet hyl -1, 3, 2- di oxabor ol ano) - 4-f| uor obenzyl ] - N[ 3-

- W@ eBhe®ey| am do) propyl am no] met hyl ] - 10- [ N- [ 2-#dT/4S505024704

tetrarret hyl -1, 3, 2- di oxabor ol ano) - 4-f| uor obenzyl ]-N-[2
(car boxyet hyI ) am no] net hyl ] ant hr acene sodi um sal t
5'(‘312&)*51113 e rmimg {ity- 6- net hyl phenyl bor oni ¢ aci d

a) F137s Y0 | BRhRisC
aci 109, ﬂtl&%g a}}l%OlZg%d: W%f&d@%%%r ki)o(\%/«;_\c(rég s%3.9

>p|]a&:(bdmn rchmH’Hje bR 1@ fdelskon Tigrh piarat gowag,add@d 0 mL

an resulti a n
SiaRotms Tot ity "L onBf . T b EPeAb AT, ase m
cﬁeﬂaﬁumhbac&rmﬂa:dee@r 0 Hdallvy, TH\}Q}S%c(JEB =6g;4ec1130(0 1% v/v
mo| ed and t tion s .all o
T s'thraa‘%leq'g it ?]erﬁfenr'at e‘?‘ve?@\/%érﬁndo%\ge_qmﬁ B
OMeF N gitn, Afd@rsR4h mihe fee@é:rtﬂmh WBISNaNOT K G dUp.

1l\/gSO4 was filtered off and washed with Et20. Orgzanic
Hap@R weOQ M ct €RCHNIG thel - 3740 260B) 066932 (s, 12H),

P 71024 olwe the ed,yPur
1pfgg(éj£t2é)§()l ;gggg%%yﬁ\él :j](;t Wast ob?a%ﬁggyasm? % 85-2.96

e I4)‘W,0|4 )O&e(sa,d@éi ,Str. 3St Use dBt er A Aat (on: 2P5) 4 60 (s,
di t4,0n LC t.0grap ter
%F é_qiggp jl@vaPsa R%lsﬂFo’l usfr:}gév)vl t uarg c\c?fl&% o743
Go,010HN. 7i. I';'bJSGﬂt i6®n, (rd,. 521/ m/ne81l. mNHO m ,| nyet?+on88 (m,
op,, 254 ec % V., TFA) and
%? l\?eéﬁ? %qs éﬁ% gr]a{%}‘a éfgiyl %n 10- 80%

Eb PUYeS arm/hcé&ﬂﬂw/ﬂfe/d&wr g v 1m mzwﬁl*mfmr the
retention time 6.1 mn. 1H NVR (400 MHz, CDC13) : 5
Q_1%1pc{lgon11:2ﬁ)01d2 Fpregic3Fptegsgzre(gal, oppgrved ogder the

%Cdl(d%réor%orr%(t; %r(gd% L]jdcﬁ%spher%l%sorom c acid pinacol 15

ester (30a) 3-Fluoro-6-nethyl phenyl boronic acid

pi nacol ester (29a, 5.@ExpmPZE 2%mwl) and 140 ml CCl4
were placed in 500 mM round-bottom flask. NBS (3.97g,
Shthesid , bf05 bgFlando20 Bidedbi05499-QN332rmdl, 4,5, 5, -
s D eetth) y Wel £3 apteteih aatsh i diean & yeast £ ouo robd il el was- [ 3-

e el X061 do B bl X d1ei s leseitogl 0f10- [N-[2-(4,4,5,5, -
tetramethyl-1, 3,2-dioxaborolano)-4-fluorobenzyl]-N-[2-
(carboxyethyl)amino]methyl]anthracene sodium salt (32a)

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

3-Fluoro-6-methylphenylboronic acid (10g, 65mmol) and 220
ml of diethyl ether were placed in round-bottom flask. Then
pinacol was added (7.68g, 65 mmol, leq) and the resulting
reaction mixture was stirred for couple of minutes until
the solution became clear. Finally, MgSO, (15.6g, 130 mmol,
2eq) was added and the solution was allowed to stir at
ambient temperature, under N; balloon overnight. After 24h
the reaction was worked up. MgSO, was filtered off and

washed with Et,0. Organic layer was collected and the
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75W i ncandescent bulb. After 3.5h the solution was
cooled down to roomtenperature allow ng the

. W@ msioeiozi de to precipitate out. The solid waBCT/US2007/024704

filtered off. The solvent 25 was renoved and oily
YoM Was epbh ecéreve®Ur Phigapkofucw (NSCOLUMOS yield)
chrormt ogr hy (95/5 Hexanes/ Ethyl acetate) resulted

%ﬁlﬁﬁ J IFLK Y FHIPW Aok irasHIUe St r uct ur e
determ nat| on: 30 RP-HPLC Conditions: HP 1100 HPLC
chromat ogr aph, Waters 3.9 x 150 mm NovaPak HR C18
otuginng t@@m@@tﬂm 0.010 nL injection,

HPB copiihdind %f’%%%%g%:’f‘;aﬁo%"“ E) er8 3.9
Qricel end Nld)%E&kl HAR rClS].OxB]Q%ermzté‘r dhard, coﬂﬁ)mﬂ:mQO% B10 mL
35 0 1

o 178 Wb a00s 066839 BET LS0GYH D54 TERE, 254 nm
d&r@ml%r@cud) amtéﬁ do misn forrginace] mest Me)GN g .N&Rv /v

(400 M, CDC13): 5 1 36 (s, 12 , 4.88 (s,
TER4- FRFP {d, Om)B Y7 g7 Ko § Gk B m)em9 wn? 5§-100% B

wid, 1 Hdn, 568 &8 3 min, retentlon time 6.1 min.
9 [N-T2-(4, 4,5,5,-tetramet hyl - 1,3, 2- di oxabor ol ano

H-NMBor(éB@nMW} ﬂDFka)(rT@t Ha-3dr y(Bam’lab) propyd arén Hmat 6. 97
%ﬂ?’l\l—l[l—b)-’( 4, 4% %d,q’t e]tP} a(rret“ny% - (1dd.’3’ 21 d)i ‘oxabor ol ano) - 4

10 fluorobenzyl]-N[2-(tert-butoxycarbonyl)

Sty | 2 10| HERdnivhhd S} 1) -S8-aud, 1b 4 L
egsté{g* [ &3ddyet hacr ylgrrr% do) pr opyll?rﬁﬂ%eoriymtohryﬁlilclgc[ll\l- Flnaco

tert- ut oxycar bonyl ) et hyl am no] net hyl ] -ant hracene (1,

g‘éﬁ ﬁfﬂg%éq%fgs Ceda%ﬁ%p6p%§ g&l ester (29a,

rou Hred
i oy hyjziozrmmode lmidlld(l)Sﬁml ved, Gere placed in 500 ml

(Brom)rre [)-3-f orophen ron cid naco ester
TGN 5225 koM Els. b ehii. 1 andDFRA. (2 nd

PllﬁBN mml 058 0 e(ﬂ)By\Efnﬁ\onde@ @I‘@l éhl rr@@r@naaaew add‘ the
the dark, 20 at roomterrferature for 24h. The DMF was

HeARRD UNHEFUL S add@int © Bt eRe@r SRt RaRB (DOtHE) PARGeRCE of
2 mRshiege i d e @@P@Phﬁfﬁepuﬁfgﬁ Qﬂ@ Bb10£i8nlwMs BHoled

7.0). Collected dichloronethane solution was dried
aner NP SegponmTheemperature allowing the succinimide to

precipitate out. The solid was filtered off. The solvent
was removed and oily product was collected. Purification
with column chromatography (95/5 Hexanes/Ethyl acetate)
resulted in pure product (30a, 5.59g, 84% yield).

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, 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 7.2 min (for free
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di chl or onet hane was renoved under vacuum and the
resulting 25 yellow residue triturated with hexanes

W@ 1@smeg92f or 15 m nutes under sl ow fl ow of NZPCTHE2007/024704

crude product (1.6 g) was crystallized fromhot |IPA

B &eL i &b tindad YER | DWhpowdesr GfinacdB. &%qurity by

4HPLC (31a, 0.89 g, 45%yi el dl 30 Structure

"Ho MR A4PPoMHZRP-GRSIS) Corftli ¢ 1 3Rs:(SHP 12100 HPLRS (s, 2H),
tOQr tars 0 Pak G318

crqﬁﬁ Q/)\néyt ﬁegﬁla\/\g‘@m uﬁn%o%o%g rer :\I(r)llngct [ EF'& 1?[ >0 (ad,

YHYmn, 1.500 nL injection |oop, 254 nm detection, A

= water (0.1%v/v TFA) and B = MeCN (0.1% v/v 35 TFA),

gradient 10%B 1 mn, 10-80%B over 9 mn, 80-100% B

0
over(lom ni 1[00 B 15m§nI retr?gltel on tllngai &ox oI—l|‘_mo)_
Q-%Blorqiaewlzbds'/ mtm?xﬂmﬁ noﬂmthyll'

0SBV 2= (814 , 5 15 7ot ¢ brameghy b- 5.3 (%dmaqul‘@@nq)t i-
PHjorcbaidzy 1 ~1H)2 - Geabt {syttycarbdy Xk, 2H) . 4.47
dthylaiino Yméthy ) arthirade®® (F1ap@H), 5.05 (t, 1H),
742746 (m 6H) , 7.54 (d, 1H) . 7.60 (d, 1H) .

(3¢ rﬁ'é’ﬂ)hac l%l((ﬁ) pr g%rlﬂ)amlﬁo$ﬁeﬁﬁ};l?bﬂo ﬁ\l-3§2-((f’6ert—

Ste 4: t et ranet
wmwmmmtwmmhm yN @thracene (1, 1.0 g,

41954 hagey] alLdoLRLoRY AHP] 1% hrxtl r30nbNb2e bt 423s% and
O tetranet hyl-1,

8 Rexckkdxalpor bb amd) - dihé tioy bberzghiddl- udtil dissolved. 6-
{@goggmxé/&yhi”l?’%ﬂ? retivllanthracene sodiumsally  ester
304N [ 2- 64, 462,22, nmedr anet bykqhis, 2- dineX aummol azmos AL, 16

15 f Iuorobenzyl] -N- [3- (methacryl am do) - pr opy!
PR Fro] 8 rReta Rl qerq@idcte[q angl. starrgd gndsr Nz, in the dark,

at ethapetdMlsdrathre- ngX@%N0|@MQ)DM@*WAéK%Qmoved under
benzyl ] - I\I-[f tert- butoxycarbo am no
Yame iy ]damfﬂrcer@éwaeth(as@ 897 ppdyasashed with

t t f
e P é%‘é‘i\” %f‘ﬁ?ﬁiﬁ’j fas eot3teted
daecatclommemxamee sasut abhowwd st o detlied atowibi eIszO4 The
1c oratr%iJr neervpéghééml.%%grurgé &JT&&TW Vecmtsnewexreesultlng

fenove er vacuum I esi al roduc

ok Sod vedzsllmiu]ao ﬁtloﬁré:t@d:l&nftdi I hwednby r(e]rﬁ)vallL) ofor 15
t he sol ven er yacuu I]’heﬁl chl or.onet hg e
minutes un er s oW © e crude product (1.6 g) was

crystallized from hot IPA twice yielding a yellow powder of
~ 98.6% purity by HPLC (31a, 0.89 g, 45% yield).

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
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 7.3 min.

H NMR (400 MHz, CDCl3): & 1.29 (s, 9H), 1.31 (s, 12H), 1.35
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25 dissolution / evaporation treatnents were repeated
until the product becane a yell ow powder. The powder

_Wor®s/o6iozsol ved in 30 mL of di chl or onet hane anpCHUSZ®A7/024704

dropwi se into 50 nL cold saturated aqueous NaHCO3 at

gs ratggsuch thatpst heyy enpenat yne stiayed.bel qw, 54@ 2.92
he sol ution vvas stlrred 30 for an additional 5 at

K& 5CHIl 10 8y paPti Si-d8i 1§, éH)1hé-Payéss. HI')he4 47 (s,
%}{gam; Csiayer was dri e oner ﬁlﬂ)h,ydﬁ%l?r ’c\'a-?%%* 7.42-7.46

It ered and concéntrated yieldinhg 8
(tmv\cfé% Thékr @Uelﬂﬂroddct@wd@l dﬂé’éol vel |hsr201hlﬁL, af-01 (s,

d to a 100 nL round

ttomo%g ﬁggﬁ P?jléééAl\/Pﬁ (O 44 g, leq) were
added to the flask and the reaction nm xture was

stk en: - N[ 2nt4 [ £10PES Attt eranothyB-h, 3 The beads

dﬂﬁﬂdi&ﬁrﬁﬁ) andfmsfwlaﬂt $11 BN-nE3- - 77 WO 2008/ 066921
RIS B RO AS Pélhﬂ!&ffﬁé —1lee[1€-0m31 £d,s,5,-

e S R

HP 1100 HPLC chromat ograph Waters 3. 9 X 150 nm

Pak HR C18 | d | 010 i,
3 nﬁl\gc& off 4 % gﬂ%#ﬁn&g}n‘l‘g u%r_ %”'(r:ﬁo ‘?’fﬁpqwn‘?&f} nm

/ i %1 0-
f%%?ﬁ%?éﬁ%élﬁ 1?2%%§ﬁf&%8§?g1aﬁlagﬁ}gﬂﬁg%ﬁé 1%§i§$ﬂﬂbﬂ9 10

W[ 2801 1D0% B - erierame h vl — 1,09 28 1o rabpr olamentidad Luoro-
y 13) : 5 1.33 (s, 12
%r@y% gh%m(% 12%%%%%“ , )1 62 (s. 3H§S 2. 24

é(tthymﬂ)inozmetrm]ezm};ra@em ((a]laZH)O BP0 (52 20pol) was
43 2 4 4 y

Sigced ins e g il i potipt #a8% aAfpidegved g 30

n(lI_ddﬂf, 7&-2%0 (43%38&2(0112 4FD§33<ED’114’418n 52Ti{en re2H)i o/ ik td@d was
. 7. , 1H), 7..
SN2 Syt Wé}?siaglé&@ni- éﬁF‘BﬁSaFHEFCgf(’%Fnlé@ Afoter 24h

éhér*i$iﬁéhf%!5ﬁ%re removed under vacuum. The re51dual

t et r amet hyl - 2- di oxabor ol ano) - 3-chl orobenzyl ] - N-[ 3-
product was dlssolved in 10 mL of CHxﬂq followéd 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 50 mL cold saturated aquecus 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,S04, 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 (0.44 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
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25
(et hacryl am do) propyl am no] net hyl ] -10-[ N[ 6-(4, 4,5, 5,

W0 edqosacmehyl - 1, 3, 2- di oxabor ol ano) - 3- chl or obenzptT/UB0p2624704

(car boxyet hyl ) am no] net hyl ] ant hr acene sodi um sal t

d320)or Sh&thdie 4- Chhor ocdmBEhBY! PBegyhher oBodudtcds were
pi nacol ester 30 (29b) 4-Chl oro-2-net hyl phenyl boroni c

GBS DL d 29NARH| YV aghdmroF U 5A Rﬁocbﬂei% hw ebPer 'haf ewas
Maesd L Oémﬁdepp&; Jd&sk. Then pinacol was added
(3.43, 29 mml’, leq) and the resulting 35 reaction
m xt ure was stl rred for couple of mnutes until the
b Finally, MSO (6.98, 58 mol,
*‘é%@eaﬁé aljdgﬁe solution was allowed to stir at
mmdmmm Cemict s 2, HRINDECO N2PI@| d:}mmmmtvcegmgght WoAfetrer 3.9

24 the reaction rked up. s filter
oA NTE R Doa b eI TBET IS O A im0 L
;{é‘cﬂ@r@, . gamc/mhayer 1V\@SOCQﬁﬂ.e@h§5Cﬂﬂdnthﬁ>op, 254 nm
vent was then renoved. Pure Froduct (7.2

Ciﬁ"e?‘d‘)lor\]/vasp’ozbt"ﬁ”h% B&- B vkl ¥ o B St %u(roe 1% v/v

ft%f‘zﬁﬁi&mt R*P’"E’L?rﬁmdlicb%@e P, 1d 005 hIPLrC 50-100% B
chroma ograph, Waters 3.9 x 150 nm NovaPak HR C

@(‘ﬁltmh 0 Jg@%rdBcblrmhm 02 ‘DAt 3@n ¢Jn]1ec@+‘bﬁnlr1 5

: er(‘%%o%q&)]vh C)t Iand iBO%)I\/I%%}\I4 rT}f‘g/o V/Lle%?Oq%F @2H

preali ent 20%,B 1L 68 n s,lOBBQ% .aver( t9 na ), , 89.4@0%:8 2H

e L E et giiion g do g i

47é14 mzafﬂ),, 47555;8 (€, 1H), B313tew,2:1H), 5. 48 (m, 1H),

2-(Br om)neth -4- chl or hen | boroni ¢ aci d pi n
Estar Ebh)! -rChW -#ro- & pheényPbdéfonf ) a07d44 1.5 (m,
pipacel sesiey, (zﬂb, 77689 daS yufmOh), 8@nqm10%f)1 @0%41 (m,
were placed in 50 20 round bottomflask NBS

4%). 39, 29.9 mol , 1. 05 eq) and AIBN (0.066g, 0.399
mmol, 0.014 eq) were added and the reaction mxture
was refl uxed for 6h in the presence of 75W

i ncandescent bul b. Afterp )?J}Té spl ution was cool ed
down to roomtenperature al'l ow ng the succinimde to

SeQPIIate ,e 4 chloro Indicator: 9-[N-[6-(4,4,5,5,-
tetramethyl-1, 3, 2-dioxaborolano)-3-chlorobenzyl]-N-[3-
(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
(29b)

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

the reaction was worked up. MgSO, was filtered off and
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25 out. The solid was filtered off. The sol vent was
renoved and the product was collected (30b, 9.3g, 99%

W@ R@BMy6921 St ruct ure determ nati on: RP- HPLC ConPdT/U82987/024704

HP 1100 HPLC chr omat ograph, Waters 3.9 30 x 150 mm

m&kaBhC]-lgtRP' uBRgwhte guayér CQJalﬁmco@l@éQem— and the
s(ﬁitectlon . rrL/mn 1500rrL|nJect|onIoop

nm
eitti oves Athewatr@i‘no("@dl%P\P/r\? AUty B i%oPﬂeoYi%ld

Wi/ othFﬂned yad] wlt@fﬁzcﬂefﬂ n, 10-80% B over 9 nin,
80-100% B over 1 mn 00%31mn retention tine

8.05 mn (for free 35 boronic aci d) and 12.4 mn (for
W %%ml%%d 2008/ 066921 PCT/ US2007/ 024704

: 51.36 (s, 12H), 4.85 (s,
FHHHPLCY. dbﬁmcﬁfﬂﬁ)r(sn HH)1 100 38 L@, cHidma t ograph(,d Watldrs 3.9
5 Step 3: .
>9-1[%\Q [ MPRBR s HR G138 Hn viED R gsHo o) 010 mL
i?rT' arsenzyb] oy fdr{ et haoor ydiam doe ot 0y | amiopg] NBS A nm
%ﬁqq@i[@,(@fev%te& et diet Wy -BER), And dkdbdlsitar§)- 13 v/v

15)0r enzdde Ned 2K terd rput sy bonwer 9 min, 80-100% B
et hyl am no] net hyl ] ant’hr acene (31b): 10 9- [ 3-

qret Haawizl ani Go) ¥ opytiami i esthid] tae | s [B-n-
i-xlﬁkilz dQHboﬁg‘iarEBEﬂgetéW 2w nql ”EEPY'] aé‘(?rﬂ(sa,ceﬁﬁ, 7.14

I"aced
mourgd)bott.ogB fi{dskind st rred in 15 nL
di met hyl f ormam de until dissolved. 2 15
(Brononet hyl ) - 4- chl or ophenyl boroni ¢ aci d pi nacol, ester

S, 2 1.5 (Begwngithy 1)z 4 e xephentinronie apjdpinacol
sty h&ﬁh) 8.0 eq) were added and stirred under N2,

in the dark, at roomtenperature for 24h. The DMF was
J-QIFDLtﬁIb—tB’}d&’thy/]qﬂmrmlkEBMﬂm Omhianpl(lé.ﬁﬁl mostaded29b,

and washed with 20 phosphat 2 X
B SRes . Mmoo TRPe kilo o bt Tt S st aetn Thso0d m
HdrRd oMNFA3G4k. TR (di.chl, oponet AaBE, Waso s espvethd AIBN

under vacuum and the resul ting vyellow residue

¢4 Gehat & WS Hm‘l*f?e&rarfésoj(“lcﬁ%)wefliﬁ Ftedhiand ddeugéction

o0 A d vy f I}J%flﬁ%ocrlf@% PeRduEh (@h@ Pr@H &S of T5W
crystallized from hot A yieldin I ght pink powder

(rgEndes @ g, bnih)yﬁéw@y oh the so?utlon was cooled down to
room temperature allowing the succinimide to precipitate

out. The so0lid 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
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
over 1 min, 100 %B 1 min, retention time 8.05 min (for free

boronic acid) and 12.4 min (for pinacol ester).
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Structure determ nation: 30 RP-HPLC Conditions: HP
1100 HPLC chr omat ograph, Waters 3.9 x 150 nmm NovaPak

_WORg&9enl um with guard colum, 0.010 nL | NPEDUSINT/024704

1.5 nb/mn, 1.500 nL injection | oop, 254 nm
1HeheRl | pAo0 AMEZVRIHCIL: 1% VI v3GFAL, and B, = MaEN (9, 1%,
viv TFA), gradl ent 16%8 1 mn, 10- 80%B over 9 mn,
78@4T00%B (185 lder 71 38 n(d, 10018 71 T nid.r dfnti on ti me
7.7 min., 1H NWR (400 MHz, CDCl3): 6 1.27 (s, 9H), 1.31
(s 12H), 135 (s 12H), 1.50 (bs, 3H), 66(m 2H) ,
44 (t, ;PG g WO 2008/ 06](§9§1
SrfeP/ 33280 i&?dé 445 znfetéa%%t rolano) -

3yighlogokenzyl] l34-@2e =4i°4>@ °§Y1 mgghyl] -
105, [N>H)6 - (ﬁﬂ mtramegzu( /3 @:odlg:mﬁam-s-
chl@&obet&xm¢u—m@1(tkmmmy(mborml) 7.37 (d, 1H),
ShI4A-afid Ja thgHl)] antihdehe 1431b)7. 63 (d, 5 1H), 7.72
(d, 1H), 8.30-8.39 (m 4H). Step 4:

9R-[NN-[[36- %t‘ﬂﬁa@r@laﬁn@ﬁba@bbyﬂaﬂuBo]Zmethyl] -10-[N-[2- (tert-
di oxabor ol ano) - 3- chl or obenzyl ]

bc@w&&ah%ﬁldcﬁtﬁmmmwﬁ]ﬁ%ﬂmlﬂyﬂnthqw% (4,4,8-8 9/

21%&4 \f?é(ls iz 3ed into 100 ml, fqund-bottom flask and
I oXxa ano chlorobenzyl] 2-

S(taa;rrmﬁ(yenhyll 9 amibnod et thiyy ] mmmame ustdilumssdelved. 2-

32b .
SR H 1 4 SRR Y S A5 GooPbraRe} . sester
B‘i)};f];hlloranbemzal@]mxhbls 2 et baeiyl pnade) bpEApYRansnal., 16.3
met -
MR % 8(4) £%, §eIrfetrAdREL RPF- 3C3r5di BRABBr N and) the dark,

a0l psghenatiderithd-o t £51 - buhoxysad bony! Jyaset Ayho @l Nahder
met hyl ] ant hracene (31b, 1.0g, 10.09 mmol) was pl aced

viaguing 100<hiorsmadhBBet otk ¢4 agk) arﬁfﬂ%ﬁ%senﬁedﬂaﬁh% with
p%%sgghaocfe %@Pfeﬁ]ﬂom t?oJ Fir,sgkubi eny The Fegetienyjected

re was o stir at a |ent t enper at ur e,
dirdhdro inelidldrnson sobet vght waaf t eiri2gh tdversolNex§Os. The

t .
YR SIRIR AL s R Rl A G R e ing
chidosml vesuduadetrryialmmmmdmzetzs Uexahesométmamb for 30
di | uti ti t
R oo s Lk 4 SNk B oot P gy vas
orass tdilssicleedf kom3God. DPAdIyERIlerionet hand gand paltledpowder

dropvm se intq 80 nL cold saturated aqueous NaHCO3 at a
gy 1.6 g, 79% yield).

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
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 %8B 1 min, retention time 7.7 min.

'H NMR (400 MHz, CDCl3): & 1.27 (s, 9H), 1.31 (s, 12H), 1.35
(s, 12H), 1.50 (bs, 3H), 1l.66 (m, 2H), 2.44 (t, 2H), 2.53

-80-



10

15

20

25

30

35

such that the tenperature stayed below 5 C. The
solution 30 was stirred for an additional 5 mn at <

_WoMBobdonwed by partitioning of the |ayers. TPEI/US2007/024704

organi c layer was dried over anhydrous Na2SO4,

fd,| tened sams cancemyr,atedeyigl dery, @.339¢ yﬁlim)vy 4.02 (s,
owder. The cr ude product was_ di ssol ved in

m. of
hydt A3 €Fpced) and -Aransterdt t o} o —ioé)snLlF‘buné §g (bs,
0ot tondd ask. RE DEAM depdss (ud2 o) | en)ever @ @dded 1H)

to'the flask and the reaction mxture was shaken at

Tard ehd, ﬂ@r)rper7at4tﬁ"e7 4 16 h4HYhe 'néads(dwer BH¥ i | {eféd (d
lgﬂ%_v‘g' %%V‘Déi%/é)ﬁ@z qu U82007/ 024704 wth
i ¢

Ioronethane he combi ne organlc sol uti ons
wer e concentrated under vacuum Pure product (32b,

b : ST - PEars(Dpt 5 ed- test manyest hyolv oot . 5

BB £163 )6+ 30 dlill d b ey HRPRG Dndi tions: HP 1100

Wéﬁﬁmﬁm% Mﬂ&ﬁa&hmnmi\wa%m HR 5
révl

e B T e as%
gradient 10%B 1 min, 10-80% B oyer 9 mn, 80-100%B

P i O g B S PR 5 T 21
c]k?ﬂ@nobehz@ﬁ )N [ ?H){melh@%r@b;émlatﬂ) pZoﬁ?lﬁﬁlzb%&]('tget%xl_llt)“]ﬁ-lo—
&“296{24 D, 5f4r‘ﬂt1(a§“et2‘ml ]4/3&85(%1 P13~

h — X ¥ n 1
%07%%3(1; »3-\;82 M&?@alﬁg‘ﬁ bd; 14(m H ,

oty L) i rmtr(yﬁ MpheagEe (d3Lbii, Oa, 241@%9’1 gpl) was
B K SR e
niloto s efveth Wwilexl,: TFR acldti towontié¢ i vesctofort Mikture was
0Bl YS! 5, 25582 WO 2008 066921 PCT{USZ2007/ Q24708 .11 o,
overnight. After 20h the solvents were removed under
vacuum. The residual product was dissolved in 10 mL of
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
powder was dissolved in 30 mL of dichloromethane and 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 additional 5 min at < 5°C followed by
partitioning of the layers. The organic layer was dried
over anhydrous Na,S0O4, 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, leq) were added to the
flask and the reaction mixture was shaken at ambient

temperature for 16 h. The beads were filtered and washed
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1. A nmethod for using a nolecule in oxidative
condi tions, which conprises: a) obtaining a nolecule

_whanosigsoan aryl boronic acid 5 residue havi ngp@nES1907/024704

nore el ectron withdrawi ng groups on the aromatic

wiirety i ehc ko8t @heshihe. bonentemBéhdd begkdie, sslelRions
that the nol ecul e has enhanced oxi dati on resistance

WY & CHTHT R - @F CoRIRE phREREY - nBREBUPECIRFENIGRPY h& - 529,
Y. I r i r W ups; and 10 b)
S?l}gj &at%bettaﬁer%rgolaceg;uﬁme}; %@vﬁﬂw t (%'rrg'ne or nore
el ectron w thdrawi ng groups to oxidative conditions.
S\%‘ Tcga%rrémche({der%inca{taii rpl,l, wherein the el ectron
it Hdr s ng group co%r'l ses one or nore of the
R HEOE bndiadiages, Hy a0 rHET®, cHisdnta tsatdhsdpH, utieders 3.9
al kyl, carboxylic 15 acid, ester, sulfonic acid,
Xt Bhdm Ay HR G & giradniee, Wit 181 SGRfeRy) 0-010 mL
s daxide, habomsupst,it ut edoswif ongjebalonsukyd,t uted nm
al’koxy, hal o- substituted ketone, anide, or
dedeisitiaar orfs t herteot . (8. 197He/ vt iffold astd &b ai MeCN (0.1% v/v
tY Cld) e D! REUIE o 2 havi 6 N Ay dIDTE B ECT 008 B
wi t’Hdr'aw ng groups on the " aromatic noiety further
amprl seis,a et edd ablrel iyr ot et 1 ofhet et Hod® afirel ai m
3, wherein the detectable group conprises an
ant hracene residue. 5. The nethod of claim1, wherein
‘gheMpo| @00 eMHZ25 ¢BEEiy)g dnel o34 nose eberyyon.37 (s, 12H),
Wi t hdr awi ng groups on the aramatic noiet

lasocitat edfiin t B-82ddPSece ¥hHat 45°% i Fipl a%‘f‘gdl ?n‘lg (t, 2H),

Jreygel e, 6opThe omethody of 28} ai m. B3 whereim the devige on),
determ nes the presence or concentration of glucose in

BAYi (B 72H) The -9t hotr ofHel aPrly, Wherki t e_1O (s, 1H),
o gcple i‘ﬁ)é', ng epe @Qr nme e} efdrpnav thdrawi ng; 53 (g,

groups on t aromati ¢ nol €ty conpri ses:
194)[N-T166Q4,d,51%)-t et rdretdyl 1H) 3, 2--didoxabor 2 Anoy- 86 (d,

](:iﬁr’i fq 'u204r_08rfe%1yi13'be2nHz)y1 ] - N-[ 3- (et hacryl am do) propy! -
-83 WD 2008/ 066921 PCT/ US2007/ 024704

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.
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am no] nethyl]-10-[N-[6-(4,4,5,5,-tetranmethyl -1, 3, 2-
di oxaborol ano)-3-(trifluoronethyl)benzyl]-N[2-carboxy
W0 2@Blgdoram no] et hyl ] ant hracene (4c); PCT/US2007/024704
9-[N-[6-(4,4,5,5,-tetranet hyl -1, 3, 2-di oxaborol ano)-3 5
w?iarﬂ LﬂyaﬂlQﬁeﬁegwl)ml folnyl ) benzyl ] - II\I- [ 3-
nmet hacr yl am do) propyl am no] net -10-[N-[6-(4,4,5,5,
- etankt ﬁ?FbT?ls,fﬁgdPékBBo 01“8%?1%9 ihNokfattive

ddrd ift it O Meitd s Wi 9denzyl ] - N-[ 2-

(car boxyet hyl ) am no] net hyl ] ant hracene (21); 10 ,

9- N [ 60PBaaNngng at BPLgRELRYNaY139228i ax¥boPBKraRedY- 2cad

o Dfifd THIMYAPLR ) BNy I d Tl Rsn withdrawd

r(ensgt acry am'ggo propyl am no] net hylr]1 -V%Llo- [ I\f-a[%l-rtg4,g4l:05u,p55, on
the etrcareet iy Imali &3 v -vii ioxaberrol & -thet-boronic acid

a(trif ) ' 1Y 2 nal -
Bl A e S e A R SR en
terersgaince.aA amtgroced dro deteet ¥ exp i py eselme lor
STIEE 121 Rl Ui Dl RN o e
exppsi@gbgbetsaqptﬁetméaacbmdinab@hgnnhecuhe bavibge a

detectabl e quality that changes when the indjcator
SR W@%@Wt%%&sa Iy Y TR s -

conprd si Mghamandd ko ani £imcl d wieskdue thayidte aner
nore el ectron withdraw ng groups on the aromatic .
Wig het A2 WIE Gt MR GFRTER HisS § h OB roni O &R i ff rieddg dfirel Lowing:

rgé;il‘"dégaérhatcﬁ}?o, | i Gat gf, 101 S & hase EUBACE carboxylic

tion resistance as conpared to the correspondi ng
amidbcd st ani t outfarhiec el dr ketorree el @kdeloyden t hdr awi ng

SRS YRR A IR I, 38 g el ect bl
auhuﬁﬂﬁutﬁd(Hgkﬁoneuﬂhhkqﬁﬁgbititutﬁﬂ(hkknqyﬁahéﬂgqhe
SR D LR S5 S g et o
hal ogen, Tanmethvd ref diad im subsihd i vt @kyglecule
KGNS of Sore A0 PGP AT G YL OHE Bh 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
having one or more electron withdrawing groups on the
aromatic moiety is associated with a device that 1is
implanted in a mammal.

6. The method of claim 5, wherein the device
determines the presence or concentration of glucose in
vivo.

7. The method of claim 1, wherein the molecule
having one or more electron withdrawing groups on the
aromatic moiety comprises:
9-[N-[6-(4,4,5,5,-tetramethyl-1, 3, 2-dioxaborolano)-3-
(trifluoromethyl)benzyl]-N-{3- (methacrylamido)propyl-
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acid, ester, sulfonic acid, ketone, aldehyde,
sul fonam de, sul fone, sulfonyl, sulfoxide, halo-

wasoeaoet ed sul fone, hal o-substituted al koxy, PEEIS2007/024704

substituted ketone, am de, or conbinations thereof. 5

amnon%trﬁImadlmf[m @d-mB,4 Wheg eldbdhgn i3 2t he
det ect abl e qual i te/ is an optl ‘cal change The
c#mwlzﬁl@odu-rﬁ*s twfértanpmeﬁe‘l}awatm@%]s N@u?mﬁs@oxy-

ehlag{}’ilﬁ@%‘l%]%dcnﬁfl]%l H?a%eﬁ@?{f&cfn, the nolecule 10

g one or re electron w raw ng groups on t he
%at [ovretd —c( 4vol €1 ,\6 ,comgiriasgesthyl-1, 3, 2-dioxaborolano) -3-

- [. 6-(4 55, -tet thyl -1, b I 3-
Er RS T e 2 U o o) o omy -
@B ure]amti ilach@d I 16 4 s th y 1 et Tamet-hyd — 44,34 ,25 15, -

tocl—:! oxabo;}g}lrﬁa%ﬁﬁ%%%ﬁj% onet hy_I( E)enzyl ] - N-[ 2- car boxy
A iR b B s ult 3 A dhA v 11y, - 2 i oxabor ol ano) - 3-

(trlfluoronethylsulfonyl)benzyl]

(Q?Bftk}m@ﬁﬂ% m@www@n@tmqéqoqw[a (4,4,5,5,
tl‘lfe[Itél’JO dn¥ ysiiyﬁ 3qefztony %%}g%z%’]%n%[%oxaboromno) ~2,4-

kﬁﬁaﬁFD§W%f%?®ﬁhﬁhﬁﬁi“ﬂYQQﬂ&Hmﬁﬁacene (21% ) .

et.rane 0O 0 n -

R LA Mgy Bt onRnes ol £0p)s 5.2

t(dt&tdﬁ&;(tﬂ'Wlﬁml @)w@md aamrgtD]]aY}ﬁhﬂ]Z}lO [N-[6-(4,4,5,5,
tetranet 1 OXabqQr ol an

S T T TR K (- (Qatbseheeit ) i)

H%M]]aqr{ttﬁkraqgc&{@ A ) or a residue or salt thereof.
3. A conpound VI ng the follow ng structure: -85

Q@le@ﬁ@m PEHWUSICOHD24704 B (OH) 2 B (OH) 2
Al - R'8R4' R ’%Tet}{o%?)fgl( %Iét&:tiv}’tbertﬁlé]:presence or
concentration 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
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
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.

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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-each Ar is an aryl group; 5 -each Rl and R2 are the
sane or different and are an electron w thdraw ng

W@e@8pe692m and n are each i ndependently i ntegePGI/U8mnT/A24704

to 10; -R4 is a detectable noiety; and 10 -each Ris

ddwdependant | Vs ddiikd ng- 0 OuRe thavd a1 ddropaeero to ten
conti guous or branched carbon and/or heteroatons,

shlfpreamideas ts Wi £ W Heny bortwh it hkfey halo-

R HTERN 22D | & IR £1 U (5 5 20 e T L1 st fie 1epmppound
has enhanced oxi dation 15 resistance as conpared to
stues toldrutessh dradtiane ,c ampisighd O X @dTaRitna thieoroh et g r 9ol e

el ectyron Wt ' oups.. : Y
T3 WG ol R A Rt A o A G "
tthee dedddawilige dhed ldigen,i<yanmptitdk cchdrad .

subst.i.t ut al kyl arboxylic aci ester,, 20 sul foni.c
Sora et o i iiaed o B S B e T T e
sluldaywyl , sul foxi de, hal o-substituted sul fone, hal o-

substi tuted al koxy, hal o-substjtuted ketone, al‘i?c:“ﬁ de,. or

conbilfat i O fHIERA Ch LR LonPnfd bithe gile

HhErR) 4 GO S aSl e A &N AR BGRNE) @sh Ee orlhe
The compound of claim 13, wherein the conpound
figpdnoiety comprises:

RN (£ 48, 9, A S ABUYI -1, 5, 2= Spahor ol ) - 3
(bt Y weoramretmd ))bﬁerrmyli]]-w [337 (rerstt e wA ami do) ol =

- 066921 P 71024704

I =0 TR (5 (7 5.8 et IR T 3 2
diicmeﬂd&lmaﬂl a_am)))-33; (tnlrji ﬁllnm%ﬂvyl ))Afldé?myyll =N\ [ 2~ czardoosgy-
- ani no ;
e&fﬂq{%gkw]ﬁ%t%lhgaé%%qm - %‘%), 2- di oxabor ol ano)-3 5
1N aroronetdyd sl dorme Vi |3 IProxaborolano) -3-

(et hacryl am dof propyl am no] met hyl ]-10-[N-[ 6-(4, 4,5, 5,
(e pigdelagiamai il s Qs of ahidy = B3 -

(i dHd usroanetdy s g e IRene A dy N 420 - (N- [ 6- (4, 4, 5, 5, -
tetramethyl-1, 3, 2~dioxaborolano)-3-
(trifluoromethylsulfonyl)benzyl]-N-[2-
(carboxyethyl)amino]lmethyl]lanthracene (21);
9-[N-[6-(4,4,5,5,-tetramethyl-1, 3, 2-dioxaborolano}-2, 4~
bis{trifuoromethyl)benzyl]-N-[3-
(methacrylamido)propylamino]methyl]-10~[N-[6-(4,4,5,5, -
tetramethyl-1, 3, 2-dioxaborolano) -2, 4-
bis(trifuoromethyl)benzyl]-N-[2-(carboxyethyl)amino]-
methyl]anthracene (27a);

or a residue or salt thereof.

13. A compound having the following structure:
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(car boxyet hyl ) am no] net hyl ] ant hracene (21); 10
9-[N-[6-(4,4,5,5,-tetranet hyl -1, 3, 2-di oxaborol ano)-2, 4

WO 2085¢d9e1 f uor onet hyl ) benzyl ] - N-[ 3- PCT/US2007/024704

(et hacryl am do) propyl am no] met hyl ] -10-[N-[ 6-(4, 4,5, 5,

B met hyl -1, 3, 2-di bor ol ano) - 2, 4-
i@%ﬁ%?fuoronethyl)g@k@???-N—[Z-(carboxyethyI)anino]-
1

nmet hyl ] ant hracene (27a); or a residue or salt
thereof. 17. A copipound having the follow ng
strigriteR,~BoAxOH)2 B(OH2 A-RRRA (R)m(R1)
n /wherein: -each is an aryl group other than
enyl; 25 -each Rl}a are the sane or different
)are an electron Wthdrawing group; -mand n are
each independently integers from1l to 10; -R4 is a
detectabl e noiety; and 30 -each R is independently a
WHd¥ding group having -87 WO 2008/ 066921
PCT/ US2007/ 024704 . from zero to ten contiguous or
br anched "€&BoAT &FdFer Hetle G s, with at |east one

R contaipiRg &, hAKI RY HFrOUPhEaPARL o Ty ot taedBNNd are
to a solid support or a polyneric matrix; 5 and

wher ei n @ite Sd@RFFPRd WHad divaAGe §TOXRIat i on
resistance, ag L£omared ti%%ega%rﬁvﬁﬁgsg'iﬁﬁeﬁ%omm 1

W t hout the one or nore electr W Nng “groups.
18. The ¢onm@dund of claim 17, wherein Rl and R2 each

conpri ses jone_or f. the follow ng; hal ogen,

cyano, 184n%Fr3,H%ég8938 Sti 8 é 'aPE?I, car boxylic

aci d, estemchs® fieniiadegethdekatlgne, lalrdemydeyroup having
sul f onam _de, sul fone, sulfoqy sul f oxi de,

|
hal 0- subSEAUZEF s 1% &1 FPR - ibs 19 % & Aach,ap reen
hal o- subsitnid/¢irethelreRe o)l Ge,tOlfat least one R further

containing a polymerizable monomeric unit;
and wherein the compound has enhanced oxidation
resistance as compared to the corresponding compound
without the one or more electron withdrawing groups.

14. The compound of claim 13, wherein R; and R; 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 thereof.

15. The compound of claim 13, wherein R, comprises

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-
(trifluoromethyl)benzyl]-N-[3-(methacrylamido)propyl-
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conbi nations thereof. 15 19. The conpound of claim 17,
wherein R4 conprises an anthracene residue. 20. A

woredoRoeh9tor t he production of an indicator PCT/US2007/024704

macronol ecul e for detecting the presence or

FONEERd Aty 10n-10f [N aned Y4 65 9, ateoxdmtednye-1, 3, 2-
environnent, said nethod 20 corrpr)itbsi ng coplgl meri zi ng:
TN~

ARSI Aftstle I nidh Tt BT T CAELOXy -
épﬂ;rg}r%V)'téiﬁJita}Ld]}fn@&?ymnmgégﬂgnuy) water soluble to

ei r use in an aqueous environnent for
delitectdngt thed, presenoamarhcbonteht 2-adi omlodrabinp) -3-

nal yt e, wher.ein. th i.ndi ). C onent rnononer
or f)r/ll sderso%egtn%lusnu ﬁoar\?/}?ln)g %Lzyffo | oW ng structure:
2008 066921, PCI/LS3007/ 024704 et oi M- - each Ar 16 an
! rein: -each Ar is an
tﬁ%ﬁa%%}é_l'g&_céiomwaﬁ%)%é same or different
@l ANe r e e I U oMb v 1 skrey Ng-g¥ p2; 5 -mand n are
each independently integers from1l to 10; -R4 is a

Fe et ) i o lprE Nehlan i racenfiepehdent 1y a
dnki 0 Vi 11 1 ' _
ir %cﬁ%d&{:’af’rb%o’n@’ 1%&3%%5%“%%%%’2% o%§%%& at i)e_gfé,'t4
koiree( £, 1R furtdrert lgohitks md gl eV pb3yneri zabl e nononeri c
nit: an b. ne or re hydr.ophj]i ONErs,; su
s A D R U O L S PP pa, 2165, -
ke regitd gy 1-Hle, Pprieseineealosr coneet2 a4+ on of said

anajyte 15 in.a ueous vironnent and wherein the
R I RRL R il Tt | D T o R Wb Beemino -
e Arethdr dden£orzrgpondi ng conpound wi t hout the one

or nore electron
or a residue or salt thereof.

17. A compound having the following structure:

B (OH) , B (OH) ,

Ar-R-R,-R-Ar

/

(R,) (Ry) g

m

wherein:

-each Ar is an aryl group other than phenyil;

-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
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wi t hdrawi ng groups. 20 21. The nethod of claim 20,
wherein RL and R2 each conprises one or nore of the

wo edoBoegdony: hal ogen, cyano, nitro, hal o substPeTUSH07/024704

al kyl, carboxylic acid, ester, sulfonic acid, ketone,

al dehyde,r sl fRNRAMGE t esUldNE.gusid TN narisHdD 08 0n
hal o- substituted sul fone, halo 25 substituted al koxy,

hal o- subsfid/Pe d KT, i de, thor t cgitsithations
thereof . 22.,0he dethad 0 I'Bu?ggoc 7, ® %t tachment

conprises an anthracene resi due. . The met hod of
cl ai m 20,towderssili & ralpESPoRTd @ donpiiesdlss matrix;

- - 5,2 | - A no) - 3-
%ér :ﬁéeﬁ%érjéqn:?}%ﬂ 3%%%@%36-%}1% %%%r%%%%rgr oi)yl -
s ] arethyd § -dnpae¢ -t dl, thS, Sortetpamet my| cdnBo@nd5
£ ggReral eno)e el LSl QUELLY ) bERYL) el 1 2 by
ethyID&Uﬁrmﬂénﬁdm@d&ﬂﬂlWEuf?Tﬁm4r7; ﬁrerei? Rﬁ and R, each
9-[N-]6-(4,4,5,5,-tetrapet -1, 3, 2-di oxabor ol ano) - 3-
QEIDEATRA G I ST o) e D T ER PO, Ly dio,
(et actyl @ndwog o opyed @nd ney et byt o P {4 61§ 4 dsBe B,
5 tetranet hyl -1, 3, 2- di oxabor ol ano) - 3-

i I oramed hyfsidrony? ) deingss | -feffonanide, sulfone,

deprhpxy ety 9 am o) et fyld g by acene §dildone, halo-
9-[N-[6-(4,4,5,5,-tetranethyl - 1, 3, 2- di oxabor ol ano) -2, 4

sulis ity ddor Dt hy | Hbkerzsps N fBta@d ketone, amide, or
ég};@gm%rﬂgﬂ%&g&gpyl am no] met hyl ]-10-[ N-[6-(4, 4,5, 5,
yl -y, 9, &7

- tetranet di oxabor ol ano) - 2, 4-

bi s(tS.i f dveo remnipdurise Ay |d1l-anf 2-7,c arlEmejiat Ryl rampmapes an
nettl,gé/lclanet hrrascle@ue (27a); or a residue or salt thereof.

A5 2E A cor?pounaehavi ng the foll ow ng structure:

B(O42 R- 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 indicator component monomers which
individually are not sufficiently water soluble to permit
their use in an aqueous environment for detecting the
presence or concentration of said analyte, wherein the
indicator component monomer comprises compound having the

following structure:

B (OH), B (OH) ,

Ar—R—R4—R—Ar

/

(R2) (Rl)n

m
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(R1)n wherein: 20 -Ar is an aryl group; -each Rl is
the sane or different and is an electron w thdraw ng

w@e@apee92n is an integer from1 to 10; and - R PGI/HS2007/024704

| i nki ng group having fromzero to ten 25 conti guous or

Wwieancihed carbon and/ or heteroatons, which |inking

group further contains arp ymer i zabl e nononeric unit
25

and a det E&CALIE ASi &FYy: IMPEPEi n t he conpound has

enhanced —@xiclhalr, 0Andr RS St ANGEe aSak@PAr @0f £Oréhe and are
correspondi ound 30 without electron

wi t hdr awigig eale@&;;@@) W1tHS A 1250 SEPeEI2 1

PCT/ US20Q7{ Q24704 5 125 c aHe 1GRipRuRA of1 £1i3it82hs from 1
wherein Rl conprises one or nore of the fol | ow ng:

hal ogen, t@yé@o nltro hal o substituted al kyl,
car boxyl i % 58& %f gg&gt Gid,q ketone,

al dehyde, onam one, I’f onyl, 5 sul foxi de,
hal o- subs—teiatclhlt &d Jsullﬁmie@erhmlrals»ubsthmm gaddupxyxavmg
hal o- sub t| t ut ed kgt one, or__conbi nat i

Chereof . 136 Fr& r?p&?ﬁ‘d‘:&“ gélioﬁﬁszﬁ?r HEaHTY irg rbon

det ect ablagdyRirethy teaiRricsesS antantdy acens s dugurtier
27. A conpound having the followi.ng structure: B(OH) 2
R r (R FORtaiRend @ POAYMES 1Py MGEIFEL o snidc i nd

RL ibg t RgieS P mfr ity leiopMi 18Rd richoMe el ;ect ron
wi t hdrawi ng group; -n is an integer from1 to 10; and

syl shat | rieE GHIU G dNaC kI DHRE Bk abhi aRADIROrAL
%e?déjcé r{k}%fanch QR haying f50m 280 {6, ten SOM | GUOUS o

d carbon and/ or heteroatons;
in an aqueous environment and wherein the compound has

enhanced oxidation resistance as compared to the
corresponding compound without the one or more electron

withdrawing groups.

21. The method of claim 20, wherein R; and R, 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 thereof.

22. The method of claim 20, wherein Ry comprises an

anthracene residue.

23. The method of claim 20, wherein the compound
comprises:
9-[N-[6-(4,4,5,5,-tetramethyl-1,3,2-dioxaborolano)-3-
(trifluoromethyl)benzyl]-N-[3-(methacrylamido)propyl-
amino)methyl]-10-[N-[6-(4,4,5,5,-tetramethyl-1,3,2-
dioxaborolano)-3-(trifluoromethyl)benzyl]-N-{2-carboxy-
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and wherein the conpound has enhanced oxi dati on
resi stance as conpared to the correspondi ng conpound

waowdakoet2el ectron wi t hdrawi ng group(s). 28. TheCT/US2007/024704

conpound of claim 27, wherein Rl conprises 25 one or

JFRRA )G itRA @l Wi h halegen.aoy.ano, nitro, halo
substituted al kyl, carboxylic acid, ester, sulfonic

Oaditt, [ 6 et dne, Saldetiyrdaie tdul fdnaividdeli osialdairelano) - 3-
e e A Aoy PR i ea ket one
(@ratdhen,c rorl agdrs ) petdpyisimi3® Jirtedrteaf]. - -BA[N-[6-(4,4,5, 5, -
tetramethyl-1, 3,2-dioxaborolano) -3-
(trifluoromethylsulfonyl)benzyl}j-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-
(methacrylamido)propylamino]methyl]-10-[N-[6-(4,4,5,5, -
tetramethyl-1, 3, 2-dioxaborolano)-2,4-
bis(trifuoromethyl)benzyl]-N-[2-(carboxyethyl)amino]-
methyl]anthracene (27a);

or a residue or salt thereof.

24. A compound having the following structure:

wherein:

-Ar 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 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;
and wherein the compound has enhanced oxidation
resistance as compared to the corresponding compound

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 moiety comprises an anthracene residue.

27. A compound having the following structure:

wherein:

-Ar 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 heterocatoms;
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 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.
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