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| MAG NG AND CANCER CELL DETECTI ON USI NG LI GHT HARVESTI NG CONJUGATED
POLYMER- BOQMAasddh AR CONJUGATES RELATED APPLI CATI ONS 5Phirscapplooead i on
claims the benefit of U S Provisional Application No. 61/359,737, filed on
June 29, 2010 and U.S. Provisional Application No. 61/487,880, filed on My
19, 2011. The entire teachings of the above applications are incorporated
herein by reference. BACKGROUND COF THE | NVENTI ON 10FI uorescent cell ul ar
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possess | owfided @t Miayil®y201do dthepnttowachingsi dfithaalsbve applicationd atbr i ght ness f or

use as cellul ar oﬁé@@ﬁs' . ConJ(flrJgat i on of fluorescent materials to
anti bodi es {1f8fP erelp . TefeTENEs fi nity to receptors in target cells is a
general nethod of constructing cellular probes. 25 However, inplenentation
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clinical diagnosis and therapy. Various materials including organic fluorophores,
fluorescent proteins and semiconductor quantum dots (QDs) have been extensively
applied for cellular imaging. However, each of these materials has disadvantages

15 (e.g., low photobleaching thresholds for organic and genetic fluorophores, severe
cytotoxicity for QDs under oxidative conditions, and, for live cell imaging,
microinjection or electroporation techniques are often necessary to deliver the
fluorescent probes). Recently, conjugated polyelectrolytes (CPEs) with n-electron
delocalized backbones and water-soluble side chains have provided a versatile

20  platform for biological sensing and imaging. In particular, primary investigation
using CPEs as simple nonspecific stains reveals that they possess low cytotoxicity,
good photostability and sufficient brightness for use as cellular probes.

Conjugation of fluorescent materials to antibodies that have a specific affinity
to receptors in target cells is a general method of constructing cellular probes.

25  However, implementation of such a strategy using CPEs appears to be difficult
because strong nonspecific electrostatic and hydrophobic interactions, which can
significantly influence bioconjugation reactions, exist between CPEs and
biomolecules. These interactions could also depress the selectivity of the obtained
probes. As a result, there is a need for selective, fluorescent cellular probes based on

30 CPE-antibody conjugates.



SUMVARY OF THE | NVENTI ON One enbodi nent of the invention is a conpound
represented by any one of Structural Forrmulas (1)-(1V), or a salt thereof,
wherei n twe 2omlwesniand alternative val ues for the vari abcescasa/cae2¢9efi ned
in the Detailed Description of the Invenéi on. 5Anot her enbodi nent of the

I nvention is a nmethod of detecting a tafrgét in a sanple, conprising
exposi ng a sanple to a conpound of Structural Formula (1), (I1) or (IV), or
a salt ther : el e nd alternative values for the variables
in Structurglw{’éﬁ]%%ﬁm (I'V) are as defined in the Detailed
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Yet another embodiment of the invention is a method of detecting a target in a

-4-)

sample, comprising functionalizing a surface of a solid support with a charged ligand,
thereby creating a charge on the surface of the solid support; incubating the ligaxtd-

20 functionalized solid support with a sample, whereupon binding of the target, the
charge on the surface of the solid support switches; incubating the sample with a
conjugated polyelectrolyte (CPE) or a conjugated oligoelectrolyte (COE) that has a
complementary charge to the charge of the target-bound surface; and detecting the
ﬂuorescence of the solid support, thereby detecting the target.

25 The compounds of the invention possess high photoluminescence quantum
yields in biological media, low cytotoxicity, and excellent environmental stability and

photostability, and can be used in biosensor and bioimaging applications.

BRIEF DESCRIPTION OF THE FIGURES

30 The foregoing will be apparent from the following more particular description
of example embodiments of the invention, as illustrated in the accompanying figures.

FIG. 1 is a synthetic route to P2.



3 FIG 2 is tinme-resolved confocal |aser scanning mcroscopy (CLSM
fluorescence i nages of SKBR-3 breast cancer cells stained by

af f i body-wotaiveewiP2 under | aser scanning for (a) 0 m nram&Geo)/0dE29 Nut es.
FIG 3 is CLSMfluorescence and fl uor escgnce/transrri ssion overl apped 5

i mges of SKBR-3 (a and b), MCF-7 (c and~d), and NIH3T3 cells (e and f)
treated with affi body-attached P2 (0.5 M for 20 mnutes at 4 C FIG 4 is

a synthetic rout 0, EA:functionalized .CPE-g- PEG (P4.1). is a TEM
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10 the enlarged picture of the nanoparticles). FI G Is CLSM (a)

f | uor escencéngderdasgep scanning fers @) Aarintand (B} Smintesover | apped i mages of MCF-7

cells stained by 4 r .
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f 1 uor escencémagsd of SKBR-8q4 and b)) MCF738 2l 4%,ia0d NIV¥e3 TRpdiB(c andgaseatdd Nl H 3T3

cells stained by 15 P4.1 citation at 543 nm (5% | aser power) and

col | ecti on &fthaff 9%%@&3&%@%6%%%%4 -G 7 shows the chenical
structure of P3- | 4 e .di | _ . ' -CI‘EKE- | mage of Hel a
cel |l s under cont ?E%bﬁ?%Q@}tﬁgg%%{%@gﬁngxmgcnfglﬁﬁ%gﬁger ?%I}])'(A) and 15
mn (B) and the flGof sscERME(a) axhTapping-owde atonia figreen2€roscopy €AFM) t he

correspondi ng cel |l C, D). taken after incubati wi th P3-phalloidin for 2
ot o0 e gniitage vtk st seckiond) SaaySis ) o P 1 ersemblcoiORgt Ansedsharys ¢ o
i ncubat |@n el dnldPged pibfiird 6f e Ratdpartitdeye for 2 h at 0.5 gM FI G
10 is CLSMimages of Hela cells after incubation with P3-phalloidin 25

conjugate for 2 KIGt6 &.CLYMI (aFl@rescen¢esand (bY fludresdence/sansmissionigesrlappet hed

HCPE- PEG. Fl 2 t he cheric S I&.0f bi nodal, ,HCPE. FI G
13 is in vi \lfga%eéﬁfmic\%s ?‘%ﬂ%&ég?éhlcgll%sggﬂ%’fesﬁﬁfetaﬂ% -bearing mce
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FIG. 7 shows the chemical structure of P3-phalloidin conjugate.
FIG. 8 is confocal image of Hela cells under continuous excitation (Amax = 488
nm) after 0 min (A) and 15 min (B) and the fluorescence/transmission overlapped
20  images of the corresponding cells (C, D) taken after incubation with P3-phalloidin for
2hat0.5 uM.
FIG. 9 is a 3D sectional CLSM image of Hela cells after incubation with P3-
phalloidin conjugate for 2 h at 0.5 uM.
FIG. 10 is CLSM images of Hela cells after incubation with P3-phalloidin
25  conjugate for 2 h at 0.5 uM. ’
FIG. 11 is a synthetic route to dye-attached HCPE-PEG.
FIG. 12 shows the chemical structure of bimodal HCPE.
FIG. 13 is in vivo non-invasive fluorescence images of Hy, tumor-bearing
mice after intravenous injection of Gd(III)-labeled HCPE NPs.
30 FIG. 14 is T1-weighted MR images of Hy, tumor-bearing mice after
intravenous injection of Gd(IlI)-labeled HCPE NPs at O (left image) and 3 (right
image) hours post-injection (the dotted line indicates the tumor site).

FIG. 15 is a schematic illustration of CPE-based, label-free protein detection.



FIG 15 is a schematic illustration of CPE-based, |abel-free protein
detection. WD 2012/ 002911PCT/ SG2011/ 000229 4 - FIG 16 is an
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15 DETAILED DESCRIPTION OF THE INVENTION

A description of example embodiments of the invention follows.
As used herein, the singular forms “a,” “an” and “the” include plural referents
unless the context clearly dictates otherwise. Thus, for example, reference to “a’
biomolecule” can include a plurality of biomolecules. Further, the plurality can
20  comprise more than one of the same biomolecule or a plurality of different
biomolecules. "

2 66

As used herein, “conjugated polyelectrolyte,” “conjugated oligoelectrolyte,”
“CPE” and “COE” refer to fluorescent macromolecules with electron-delocalized
backbones and water-soluble side chains. CPEs and COEs combine the light-

25 harvesting properties of conjugated polymers with the electrostatic behavior of ‘
electrolytes, providing unique opportunities for construction of sensory and imaging
materials.

As used herein, “oligo” refers to a monomer unit repeating ten or less times in
the chain. For example, “oligo(ethylene oxide)” refers to an ethylene oxide repeat

30 unit [e.g., -(CH,CH,0),], wherein n is 1-10; 2-10; 2-5; 5-10; 2-8; 2-6; or 3-6.

As used herein, “poly” refers to a monomer unit repeating ten or more times in

the chain. For example, “poly(ethylene oxide)” refers to an ethylene oxide repeat unit



30unit [e.g., -(CH2CH20)n], wherein n is 1-10; 2-10; 2-5; 5-10; 2-8; 2-6;
or 3-6. As used herein, "poly" refers to a nononer unit repeating ten
or nore twoesiZzam24ihe chain. For exanple, "poly(ethyl eneproXisdedii/onekers to
an et hyl ene oxide repeat unit WO 2012/002911PCT/ SG2011/000229 5 [e.qg.,
-(CH2CH20) n], wherein n is greater than®10. Specifically, n is 10-100,

10- 200; 10-50; 10-15; or 50-100. In sonme enbodi nents of the
i nvention, the CPEs and s are functiopalized with polyhedral oli 8omari c
si | sesqui ox #ag&s -(CPESRO)dswherein mis gesater thagy 1 Q, \3pgcrfically. g isdnild, 40-200;

si | sesqui ox%%j le_rlsi'g;%?l'o@re a category of polycyclic conmpounds, which
consi st of a sificon/ oXygen cage surrounded by tunabl e organic substitution
groups. Due to t Ihesdaeembodihrdtsdifniemivertion) thefGRES andr@OES aredim@ionalized

substitution groups, POSS serve as Qrgani ¢-inqQrgani c nangbyj !l din | ocks
for the condf YW"&PIIS‘I’Q}%‘P‘&‘ESSW“‘W@H%&@S al a8 W%ﬁ%nmg’i‘ﬁ& n wth
PCGSS cangm Ry B A& sl o <« > @éy;‘,l,ggﬁﬁ ic &b

desi rablse fgpg%%ts?‘fszg SE%gp| | cgét angesgoﬁagﬁﬁaés of t ey‘lzyrlg\{l}ent?%ﬁ I(%?a first
enbodi ment wthictheonsistefid sibenn/oxygelCPigecunooidddsbyatuhghle piganicciubstit@idn ( HCPE) .
Specifically, the HCPE.is represented by Structural..Fornmul.a (l.):. 150r a
salt ther go‘rng‘\Bﬁ'ePé‘F fo Fb@naach-.ac ‘E'F'E“é'gﬁﬁniﬁ fa¢ é’h‘?ﬁéﬁ‘fﬂ%@ﬁﬁ?@s&éﬁo& a
charged si dgrd@iipQUROSIhdroe aorghi8Gfdrghfit WRRibuddaiabl&dks fork dshstliction 6f 1S an
optional |y substituted nonocyclic or polycyclic aromatic ring systemor an

optional |y flubres¢ent nanpmaseriads; Funstionalizatign yithiPOSfecan mainimirgseli-qrenching
system ,and ' a . afe,each i.nd . \hating group, -L or
- U B, \Mll ref)ﬁcﬁﬁﬁﬁ%‘i] %Dng‘é’LJé:gc F‘ﬁ cés&xgaﬁ%e'}gf?é’ﬂ%al ?’i’éﬁ%ﬁ%&group and wherein
B, for each Conpoindyvfehe Invertivdependent |y a bionol ecul e. As used herein,
"hyper branched conjugat ed pol yel ectrol yte" or "HCPE' refers

In a first embodimeént of the invention, the CPE or COE is a hyperbranched

CPE (HCPE). Specifically, the HCPE is represented by Structural Formula (I):

T
m
T R” R3
D,
15 or a salt thereof, wherein:
R' and R® are each independently hydrogen or a charged side group;
| m is an integer between 2 and 50, inclusive;
Ar is an optionally substituted monocyclic or polycyclic aromatic ring system
or an optionally substituted monocyclic or polycyclic heteroaromatic
20 ’ ring system; and
T, T' and T" are each independently a terminating group, -L or -L'-B, wherein
L and L' are each independently a linking group and wherein B, for
each occurrence, is independently a biomolecule. |
As used herein, “hyperbranched conjugated polyelectrolyte” or “HCPE” refers
25  to a CPE which has a densely branched structure and a large number of end groups.
In a first aspect of the first embodiment, Ar is fluorene, benzene, biphenyl,
thiophene, benzothiadiazole, 4,7-di(thien-5’-yl)-2,1,3-benzothiadiazole, pyridine,
bipyridinium, triphenylamine, anthracene or carbazole. Specifically, Ar is

benzothiadiazole or benzene. More specifically, Ar is benzothiadiazole. The values



25 to a CPE which has a densely branched structure and a | arge nunber of
end groups. In a first aspect of the first enbodinment, Ar is fluorene,
benzene, wophempb9iit hi ophene, benzot hi adi azol e, PCT/SG2011/000229

4,7-di (thien-5 -yl1)-2, 1, 3-benzot hi adi azol e, pyridine, bipyridinium

tri phenyl am ne, ant hracene or carbazol e>”Specifically, Ar is

benzot hi adi azol e or benzene. Mre specifically, Ar is benzothiadi azole. The

val ues WO 20 002911PCT/ SG2011/ 000229 -.6 .and al ternative_ val ues for the
Sl i g v 2 AATBAT G aIUES TOIDE FPBAROE Y TAbIEY e 26 AEHBREY HE T 1 he second
enbodi ment , eRhoditREE bStheReédaa emboBirfent Sor8pectstBeebr Of the first enbodi ment,

T, r and T" are each a termnating group, -L or -L' -B, wherein L and L' are
each i ndependent Illyaaedomdla;smtgfthg%rsmmedMeT,rTdefT&aree@Ghamatmce, i s

i ndependently a hi omplecul.e. .1 n one,enbadi nent, .I...T ..apd T" are .each - CCH.
Al ternati veﬁ%up’l’,tL qmd% wPereé? «EJ a@ﬁi‘h ar-elia%,l H‘%ﬁ%‘?"é’ﬁﬂ“’éﬁ‘ I‘Pg'r"g@é%‘}? %lgc urrence,
i s i ndepgndehktein B, Rir@aEl 6stuhencellstifddpehdettlyya bidmoleculRNdn dne anbBodiarht,- L' - B,
wherein each B is a bionolecule. Alternatively, T, T' and T" are each

L' -B, wher & &' ®d Foare gaghrCSHuAltemmatively.oT, T gad I aeergach -brR, whereip, for

di fferent bij . . LB, 251, St I Mol ra
reporter taSgéﬂgdlfgﬁlqg@h}sflﬁlrgeg%g%%g?{ta%é%&ﬁgb Wt‘g%'&" %@%ﬁ? giéé;%acgf t he
two differed'-BiwintiacacleB is 8 bjpmesleoule. | Altérhativebyr3) Thand Thare\eathids-Band
alternative yal ue or the remai ning, variabl es are as.described in the
first enbodl"v:g’é?ﬁlfﬁoﬁ’rteﬁ%t‘?m?“%ﬁég‘?m f°_,ne(9|ft‘f'?|§1 Sey R fSrent, or
aspect s1¢ heLpr a prowdif], s%chlakEW%toﬁrerﬂf&é,%hc@wﬂh%ﬂent &ye and R3 are
each a chargéd side group sel écted fromthe group consisting of

- ( CH2) nN( R2im®leculedGidarRreinerdh afithe twio differaCHianole@RGSIPNSRR)IB the wherei n R2
s (C1-C6)al kyl .S an.inte bet ween 2 .a 13, .incl usiyve IS an

bt sger bet HRoud, heties pbd Rhemaeahes fidhe rtnainBE BB el o e
val ues and akdcAibedin the fivetleHdodintént i dr¢hd SR¥BAspetidhdRbf, dbtiRSead 20 as
described in the first enbodinent, or first or second aspects thereof, or

second enboginhediment, o5 asneetssherpel eof . In a fourth aspect of the first
enbodi npt,  the HOPH:lFadhER P B fiuSFerModiene R AR e TheH E it Sig¢ mul &
group selected from the group consisting of -(CH3).N(R?);X, -(OCH,CH>),N(R*);X
and -(CH,CH,0),CH,CH,N(R?);X, wherein R? is (C1-C6)alkyl, n is an integer
between 2 and 13, inclusive, q is an integer between 1 and 12, inclusive, and X is an
anionic counterion. The values and alternative values for the remaining variables are
20  as described in the first embodiment, or first or second aspects thereof, or second
embodiment or aspects thereof.
In a fourth aspect of the first embodiment; the HCPE is represented by the
following structural formula:

T R =R3 = (CHy)gN(CHa)sBr

2

25  wherein the values and alternative values for the remaining variables are as described
in the first embodiment, or first to third aspects thereof, or second embodiment, or
aspects thereof.

In a fifth aspect of the first embodiment, m is an integer between 2 and 30,

inclusive, wherein the values and alternative values for the remaining variables are as



25 wherein the values and alternative values for the remai ning variabl es
are as described in the first enbodinent, or first to third aspects

t her eof , wo 28002d1enbodi ment, or aspects thereof. pCm/S&2611fovée2as pect
of the first enbodinent, mis an integer.,between 2 and 30, inclusive,
wherein the values and alternative valuég'for the remai ning vari ables are
as WD 2012/ 002911PCT/ SG2011/ 000229 7 described in the first enbodi nent, or

the first tq fourth aspects .t her eof r .secopnd enbodi nt, .or aspects
thorcof - descripd ih BE AT enbodimend; or e 65F ot uuR fthctahpreos Or s&OBAG T+ ar e
each i ndepegg®bliinyent, lor @bpects th&eofther ein each B is a bi onol ecul e and wherein
the values and alternative 5 values for the variables are as described in

the first enbodi Aeasixtlhaspeetrafithe Brst embedimeptdi 3" andeF case eaddy independently
enbodi ment, or_as .h - . vent of sthe fi.rst
embodi ment , 'Qofg[‘%%ﬁhzeg‘;elﬂ%%o%ﬁs %Rlé’mo(}l&tuﬁee"ﬁﬁo %%n%ggﬁéﬁsc Gl g??rul as:
44, "' N_e?5 _Nyalves\for Gt varihbRes hfe d9dedéited in theefirst doitsodiént, dhfirsy ) fulls and
alternative values for the variables are as described in the first

enbodi nent , agrectsithereok; or sqoend,epbodiment, o aspeets theggofsecond enbodi nent, or

aspects thereof. en [ JEREAR6Ldi pes fdorSkn@ iR L' is
represent ed by orll%ag v t 18@8%02@“5 ng strucdtn%%%tlt’ ?%réﬁufsgg: NQ% EIEK%ES- 15H
150r following structural formulas:

XD

o

N=N N=N
%/K/N(\/\O,);/NHz %’&/N(\/\O’)’\/U\OH

8-15
or ) ’

10  or a salt thereof. The values and alternative values for the variables are as described
in the first embodiment, or first to sixth aspects thereof, or second embodiment, or
aspects thereof.

_ " Inan eighth aspect of the first embodiment, L' is represented by one of the
following structural formulas: '

N=N H N=N o)
%&/Nv\om“'f %N“Aoﬁiu ¥
15 _ or .
The values and alternative values for the variables are as described in the first
embodiment, or first to seventh aspects thereof, or sécond embodiment, or aspects
thereof.
In a ninth aspect of the first embodiment, T, T' and T" are each independently
20 aterminating group, wherein the values and alternative values for the variables are as
described in the first embodiment, or first to eighth aspects thereof, or second
embodiment, or aspects thereof.

A second embodiment of the invention is a molecular brush represented by
structural formula (II):



The val ues and alternative values for the variables are as described in the
first enbodi nent, or first to seventh aspects thereof, or second
enbodi mrenwo 2012/m3aects thereof. In a ninth aspect of thechiscavii@oizadi nent ,
T, T and T'" are each independently 20 a_term nating group, wherein the

val ues and alternative val ues for the vaSrables are as described in the
first enbodi ment, or first to eighth aspects thereof, or second enbodi nent,

or aspects thereof. A second enbodi nent of the invention is a
nol ecul ar brush represented ?y structural formulq (11): WD

2012/ 002911PCT/ SG2011/ 0002291 8 of a salt therg¢of; wherein: R and R3 are
each independently hydrogen ) AL Qe | up, wherein the charged
side group is-optionally f ' arP -L' -B, Swherein L and L'
are each i ndependently a |inking grobg and whereiln B, for each occurrence,

i s independently a bionolecule; m iR aR®integer ghween 2 and 50,

I ncl usi ve; Ar is an optionally substituted m)nocycl{)@ or polycyclic
aromatic ring systemor an optionally substituted nondcyclic or polycyclic
het er oar omat i ¢ 10f & Bqlt thybo€Wheaeil: T and T' are each independently a
termnating grou here| | ecul ar qgash" refer to a CPE

or COE with densgl @%Ra?@éﬁéi&i"‘g@@ﬂﬁli‘t 0gen Qr Lhar Isvjﬁiﬁr?‘&”

the charged side group is optionally functionalized with -L or -L'-B,

5 wherein L and L' are each indépendently a linking group and wherein
B, for each occurrence, is independently a biomolecule;
m is an integer between 2 and 50, inclusive;
Ar is an optionally substituted monocyclic or polycyclic aromatic ring system
or an optionally substituted monocyclic or polycyclic heteroaromatic
10 ring system; and
T and T' are each independently a terminating group.
As used herein, “molecular brush” refers to a CPE or COE with densely
grafted side chains on a linear polymeric backbone.
" Inafirst aspect of the second embodiment of the invention, R' and R? are each
15  a cationic alkyl group or a cationic oligo or poly(ethylene oxide) group functionalized
with -L'-B, wherein each B is a biomolecule. The values and alternative values for
the variables are as defined in the first embodiments, or aspects thereof, or the second
embodiment.
In a second aspect of the second embodiment, T and T' are each independently
20 hydrogeﬁ, halo, -CH=CH, or -CH,CH3, wherein the values and alternative values for
the variables are as defined in the first embodimeﬁt, or aspects thereof, or the second
embodiment, or first aspect thereof.
In a third aspect of the second embodiment, the CPE or COE is represented by
the following structural formula:



In a first aspect of the second enbodi nent of the invention, R and R3 are
each 15 a cationic alkyl group or a cationic oligo or poly(ethyl ene oxide)
group funwoizonalobemed W th -12-B, wherein each B is a bi egwiseaulimoozihe

val ues and alternative values for the variables are as defined in the first
enbodi nents, or aspects thereof, or the $é&cond enbodi nent. In a
second aspect of the second enbodinent, T and T' are each i ndependently 20
hydr ogen, hal o, -CH=CH2 or -CH2CH3, wherein the values and alternative

val ues for the d in the first enbodi nent, or aspects
t hereof, or thd I rst aspect thereof. In athird
aspect of the 9 @ JCPE or CCE is represented by the
following str 4 W 90291 RPER? SHNOCBHB9 9

, Wherein the Values ang al t [ bl ues for the variables are as
defined in thel[first,Rse®nd or fifth pbodi ments, or aspects thereof, or
the sixth enbodinent, or the first or second aspects thereof. 5 .fourth
aspect of the second enbodinent, Ar is an optionally substitutéd nonocyclic
or pol ycycl e «alites @hd hhérnativd validsfor thy Shrabley araas definedria the/fist) Bedond Wi ed

nmonocyclic qr polycyclic (C6-Cl2)heteroaromatic ring system wherein the
val ues and &ﬁb&m@@w@&rw&ﬂ%%@ﬁa}m ﬁgbwmeabwééhe;%@t FseeRislr i bed

in the fi rshsr‘ﬁggqgé’rﬁgwt, or aspects thereof, or the second enbodi nent, or
the first through third 10 aspects thereof. In a fifth aspect of the
second efrbodi nenin a fowthGBpea of GEESecondembadapents Anissah dptionhléy $ublstitwiddng

structural ];n%rnggyllc?i:c o’r\lap81331§}§(:c111%:%6-C12)aromatic ring system or an optionally substituted

monocyclic or polycyclic (C6-C12)heteroaromatic ring system, wherein the values
and alternative values for the remaining variables are as described in the first
embodiment, or aspects thereof, or the second embodiment, or the first through third
10  aspects thereof.
 In a fifth aspect of the second embodiment, the CPE or COE is not represented
by fhe following structural formula:

, wherein the values and
alternative values for the remaining variables are as described in the first embodiment,
15  or aspects thereof, or the second embodiment, or the first through fourth aspects
thereof.

In a sixth aspect of the second embodiment, m is an integer between 2 and 10,
inclusive, or 20 and 30, inclusive, wherein the values and alternative values for the
remaining variables are as described in the first embodiment, or aspects thereof, or the

20 second embodiment, or the first through fifth aspects thereof.



, Wherein the values and alternative values for the remaining variables are
as described in the first enbodi nent, 15 or aspects thereof, or the second
enbodi menwp 20r2/abkeE1first through fourth aspects thereof PCT/SG2011m0@2%i Xt h
aspect of the second enbodinent, mis an integer between 2 and 10,

i ncl usi ve, or 20 and 30, inclusive, wherl®n the values and alternative

val ues for the remaining variables are as described in the first

enbodi ment, or aspects thereof, or the 20 second enbodi ment, or the first
through fifth aspeaseventeaspest of thesesendembodymentcAr sxfupreng benzege, 10 -

In a sevent R Ch: A ofl+ . ' ene,
bl pheny |t DR tidtihehO belARRNNaSRORY Miien- 57y} 2, 1.3 oA imd AECIE;
4, 7- di (t hi epyading,hipyidinitnt) eriphenilaadne aotheacepe or chirbezolehi Specifetalhy, A is

tri phenyl am ne, ant.hracene or carhazole. S i ficall Ar. i . .

benzot hi ad YSHUBGRAZ i Felmesnerfbe afise St Aterogtive Hines for e egmaining ¢ ne
remai ni Ng SyYR4HI&Ure s aéserib&d HARE fikd efbbAinten ok h§p°e§:tsQH$i€6|ﬂ BEtHe se€ndaspect s

thereof, or the second enbodi ment, or the first through sixth aspects
t her eof . embpdiment, o g firstihpagh soth aspectsdbeseef. enbodi nent, R and R3 are

each i ndependent hyd en _or .an unfinctionalized ed side group,

wherei n the val uﬁ%ﬁgﬁﬁngsgﬁgfﬁvg%ﬁgbq%we%@ *}“@@%‘F ﬁ%ci/ari abl es are
as descri beghdeperdestly hydrogdorurnadinittiohaliRd chaiged bide ighaipe aheredt thehe second
enbodi nent, or the first through seventh aspects thereof. In_a ninth

aspect of t Neluseanshaltemabive vatugg for the remeining yariablesare aydasembmdinithmBrst zed
h d,si d ' i th
Comnni 16 EmBoditfin, 47 SR haGot/ Bl HESAM itBiraty oy BiutfRobgll | 10

t her eof , or séveathldspessthetbofnbodi ment, or the first through ei ghth aspects

thereof. 1In a tenth aspect of the secopnd. .enbodinent; Ar is wherein the
val ues and al t er Ha# the,secppd.em ﬂ‘HP‘r‘FPhg* G%H{aﬁ‘ieeﬁgdé?"é as descri bed

in the fi rsanﬁﬂbﬁm' haPled R tipr&Rthe Plludshd 3REMAGvETRAG OB e, O
the first throug r?lﬁﬁﬁc gg%ects hglg’eof. v
remaining variables are as described in the first embodiment, or aspects thereof, or the

15 second embodiment, or the first through eighth aspects thereof.

age
3 3
In a tenth aspect of the second embodiment, Ar is RR S,
wherein the values and alternative values for the remaining variables are as described
in the first embodiment, or aspects thereof, or the second embodiment, or the first
through ninth aspects thereof.

20 In an eleventh aspect of the second embodiment, the charged side groups are
selected from the group consisting of ~(CH2) NR)RHX,
~(OCH,CH2).NR?),(R*X, and -(CH,CH,0),CH,CH,N(R?),(R*)X, wherein R? is
(C1-Cé6)alkyl, R? is (C1-C6)alkyl, (C1-C6)alkenyl, (C1-C6)alkynyl or azido(C1-
C6)alkyl, n is an integer between 2 and 13, inclusive, q is an integer between 1 and

25 12, inclusive, and X is an anionic counterion. Specifically, R3 is (C1-C6)alkynyl or
azido(C1-Cé6)alkyl. More specifically, R? is (C1-C6)alkynyl. Yet more specifically,
R? is -(CH,),CCH. The values and alternative values for the remaining variables are
as described in the first embodiment, or aspects thereof, or the second embodiment, or
the first through tenth aspects thereof.



20l n an el eventh aspect of the second enbodi nent, the charged side groups
are selected fromthe group consisting of -(CH2)N(R2)2(R3) X,

- ( OCH2CHayvoN0R2N2(1R3) C, and - ( CH2CH20) , | CH2CH2N( R2) 2( R3PXI/Seher 2R i s
(Cl-C6)alkyl, R3 is (Ci1-Co6)al kyl, (Ci-Cg),al kenyl, (Cl-C6)al kynyl or
azido(Cl- C6)alkyl, nis an integer between 2 and 13, inclusive, q is an
I nt eger between and 2512, incI usi ve, and X is an anionic counterion.

Specifically, R3 al azi,dq( Cl-C6)al k e specifically,
R3 is (Cl-C6)al k%w“g’%@ %ﬁﬂ Wﬂ&&ﬁ CE ¢ éﬁ%t%#n%heal ues
and al ternatf(glwggﬁl@&ujapforﬁm&s{ emai ni ng variables are as described in the
first enbodi nent, or aspects thereof, or the second enbodi nent, or the

first through tenth a cts t her eof . natwelfth aspect of the
second enbodi nent, epresent ed by oneéﬂ e follow g structural
formul as: or and by o b 6f Sstructural -
formul as: 5O The values and&# ternati ve val ues for&the remaini ng

vari abl es are as described in the firstorenbodi ment, or aspects .t hereof, or
t he second e ment r,.the fi.rst hr ou ewv aspects thereof.
Athird enbﬂ’gg)ﬂ‘elﬁ e‘fff’sefl%é‘b yRpg ot fo lgw}P h‘l’ﬂgég“?lg‘bresent ed by 10
Structural Formul a (Ib}I).

=N

%ﬁ%(\/\ o~ \"3{ %N\:)N\(\A 7\)1\
0

5 or

The values and alternative values for the remaining variables are as described in the
first embodiment, or aspects thereof, or the second embodiment, or the first through
eleventh aspects thereof.
A third embodiment of the invention is a CPE or COE represented by
10  Structural Formula (III): ’

(11D,
or a salt thereof, wherein:
R and R? are each independently -(OCH>CH;),OCHj or -(CH2CH20),CH3,
wherein p is an integer between 1 and 100, inclusive;

15 R' and R? are each independently hydrogen or a charged side group;

m is an integer between 2 and 50, inclusive; and

T and T' are each independently a terminating group.

In a first aspect of the third embodiment, the CPE or COE is represented by

Structural Formula (III), or a salt thereof, with the proviso that the CPE or COE is not

20 represented by the following structural formula:



or a salt thereof, wherein: R and R2 are each independently

- (OCH2CH2) 1, OCH3or - (CH2CH20) pC} 13, wherein p is an integer between 1 and
100, inclweizoe/oiER and R3 are each independently hydr egersGaeiiaoehar ged
side group; mis an integer between 2 aqg 50, inclusive; and T and T' are
each independently a term nating group.” *“~ In a first aspect of the
third enbodi nent, the CPE or COE is represented by Structural Fornula
(Irr), or a salt thereof, with the proviso that the CPE or COE is not 20
represented by the fol | owing gjjoj§tural formgogna - 12 - NaO3SSCBNa ,
wherein the values and alternativeyval ues fgr the remai ning variables are
as described inrthe first or second enbodi ngnds, or aspects thereof, or the
third enbodi nent. ' ird enbodiment, R and R2 are
each 5 - ( OCH2CHp ifically, Rand R2 are each

- (CH2CH20) pCH3 gger between 1 and 50,

I ncl usi ve, betwe een 1 and 10, inclusive, or
between 1 and 5 ~qnd alternative val ues for
the remaining vari alges are@s described in the first or second

enbodi nents, or aspegcts theer%, or the third 10 enbodi nent, or first

aspect thereof. Im a third aspgct of the third enbodinent, R and R3 are
each i ndependent+§ a charged s group, wherein the values and alternative
val ues for the yenaining vari abl are as-described in the first or second

enbodinents,,gr aspects thereof, off the third enbodi nent, or first or

second aspects thereof. 15In a fourth aspect of the t‘i}ﬁéré%n%ﬁ@\?acﬂ,&ea% R

and R3 are each a charged side
alternative values for the remaining variables are as described in the first or second

embodiments, or aspects thereof, or the third embodiment.
In a second aspect of the third embodiment, R and R? are each
5 +(OCH;CH,),0OCHj; or -(CH2CH;0),CHj. Specifically, R and R? are each
-(CH,CH,0),CH3. More specifically, p is an integer between 1 and 50, inclusive,
between, 1 and 25, inclusive, between 1 and 10, inclusive, or between 1 and 5,
inclusive or p is 3. The values and alternative values for the remaining variables are
as described in the first or second embodiments, or aspects thereof, or the third
10  embodiment, or first aspect thereof. ‘ -

In a third aspect of the third embodiment, R' and R? are each independently a
charged side group, wherein the values and alternative values for the remaining
variables are as described in the first or second embodiments, or aspects thereof, or
the third embodiment, or first or second aspects thereof.

15 In a fourth aspect of the third embodiment, R' and R? are each a charged side
group. Specifically, R' and R® are each an anionic side group. Alternatively, R' and
R? are each a cationic side group. The values and alternative values for the remaining
variables are as described in the first or second embodiments, or aspects thereof, or
the third embodiment, or first through third aspects thereof.

20 In a fifth aspect of the third embodiment, m is an integer between 2 and 10,
inclusive, or 20 and 30, inclusive. Specifically, m is an integer between 2 and 10,
inclusive. Alternatively, m is an integer between 20 and 30, inclusive. The values

and alternative values for the remaining variables are as described in the first or



group. Specifically, R and R3 are each an anionic side group.
Alternatively, R and R3 are each a cationic side group. The val ues and
al t ernat iwe 2edoem1f or the remaining variabl es are as desarsiched/ober2d he
first or second enbodi nents, or aspects thereof, or the third enbodi nent,
or first through third aspects thereof ~1301n a fifth aspect of the third
enbodi nent, mis an integer between 2 and 10, inclusive, or 20 and 30,

i nclusive. Specifically, mis an integer between nd 10, _i n¢l usi ve.

Al t er nat i vep§eonghembodiments, gpaspesls theaent Sﬂﬂfé@‘g‘? pr/frst tarQugh, | yes and
alternative Mg.gp%? ¢ remaining variables are as described in the
first or V\{D 1 Sé(ggglf[i%ﬁl SG2011/ 000229 - 13 - second eq‘oodi ments, or
aspect s thereof , Ima sixitheasphétraf tiarthirdiembiodiment, f isr3sandtRirapd df afoeachh aspect s
thereof. In i xt spect of fhe third.enbodi ne iS d R and R3
are each -(@Mﬁ“&ﬁﬁ%ﬂ? a_‘?ds{('ds sofrg, ﬂg’&‘&ﬁ‘ﬁﬁ?‘“ﬁ% e %“faltllgeval ues-

and al t es naghies for iR wiiabled ard d3@le¥@bed th Bfe fsEordcsiRisibddatents, drfaspdcty st or
second enbodi nents, or aspects thereof, or the third enbodi ment, or first

to fifth asphseeof, erithe 8urd embodimentporsfirsbiodifinaspegss theresf. t he third

enbodi nent, the ¢harged.,si [ i eIl - 0n] L si de
group, an ani oni 8?‘9‘662% ?%%gﬁ? go éteﬁl)?’ gﬁ%&g’xtﬁ%gt}arg?fd%&%%&gk% an

ani oni ¢ or gmbhRIYreaicHiy alkiyhsiie poup xartamiorit 8ecgionitoligo(ethylene éxide)sidees 10
and alternative values for the varjables are as.described i.n the first or
second erbo&8TovRr &n apjoniggrcatienic palyéethylens oxide) sids grqupBsacindhs valbgs £ r st

to sixthyas 3 i t pad

enbodi mi;?lt , %ﬁ?ﬁ%ﬂ%ﬁ&r tB‘F’ (‘)’%}Ehb?% agée e%%ggﬁﬁr%l?ﬁg& g{ra%éﬁgh‘g:onsi sting of
- ( CH2) nN( R2 gdKodim{entHRAChipeetdi(HeRgad)or thé thifdGradddent] GHRSHRNERR agpécts- ( CH2) |, X,
-(OCH2CH2) " X', - (OCH2CH2) nOX', - (CH2CH20) nX and - (CH2CH20), | CH2CH2X1,
wherein R2 -C6)alkyl, nis an integer between 2 and 13, inclusive, (q

is an integer bef\gen ct &f tHethird Sn¥Bdimént, ThéehaRgddudCerofp i Rldcid and
X is -0Q2Y, -S03Y or g?lPOB %, wheerei n Yis h Eiro en or a cat?%nic

count er i on. fiohethe granpsconsisting & GH)NR K HQCHL Ho )N (R 1Xoabl es are as 20

third oibourtsSREHGHTHREHAE R, I PR SO CHarR RO ot pect of
the third e%ngbmmﬂx'Bnaq@rﬁtmoqq@aﬂﬂﬂ,m&mazﬁmosoalmgﬂm0) pCH3;

and R and F re each hydrogen or a charged side group, wherein the val ues
and al t er nainteger betwess 2ragd 13hinclusiveabisean igtegerhetwerniband 1% drelpsive, feist i r st

or second e i S r ; _ t. i e Q
o 265000 AR i BAESTSCO S G T, IS Ry
enbodi ment , citihicoimmesion. iThevalues ashaleandtiveStatues fatrthe vartabbasl aze 49Vh) :

20 described in the first or second embodiments, or aspects thereof, or the third

embodiment, or first to seventh aspects thereof.

In a ninth aspect of the third embodiment; R and R? are each
-(OCH,CH,),0CHj or -(CH2CH;0),CH3; and R' and R3 are each hydrogen or a
charged side group, wherein the values and alternative values for the variables are as

25  described in the first or second embodiments, or aspects thereof, or the third
embodiment, or first to eighth aspects thereof. ‘

In a tenth aspect of the third embodiment, the compound is represented by
Structural Formula (I1Ia):



- 14 - (Ma), or a salt thereof, wherein the values and alternative val ues
for the variables are as described in the first or second enbodi nents, or
aspects twenenfazaan the third enbodi ment, or first to nipotrsGasn®o0e39
thereof. 5In an el eventh aspect of the third enbodi nent, the conpound is
represented by the Structural Fornula (-Ift-h): NaCBSSMBNa (11th), wherein
the values and alternative values for the variables are as described in the
first or second enbodi ments, or aspects thereof, or the third enbodi nent,

or first to tenth 10 aspects thereof. In a fourth enbodi nent of the

I nvention, the CPE or Is fiinctionalized with POSp and is represented
by the followi ng structjural fornula: WD 2012400R8911PCT/ SG2011/ 000229 A A
N sSi6"w--Sis..A0 OA0\ | pgr.. A

T -T

(I1a),
or a salt thereof, wherein the values and alternative values for the variables are as
described in the first or second embodiments, or aspects thereof, or the third
embodiment, or first to ninth aspects thereof.
5 In an eleventh aspect of the third embodiment, the compound is represented by
the Structural Formula (IIIb):

(I1Ib),
wherein the values and alternative values for the variables are as described in the first
or second embodiments, or aspects thereof, or the third embodiment, or first to tenth
10  aspects thereof. |
In a fourth embodiment of the invention, the CPE or COE is functionalized
with POSS and is represented by the following structural formula:



A: Conjugated Aigelectrolyte
substituted aromatic group; Linker

t hereof, wherein: Ar
Is a single bond, double bond,

is an optionally
triple

bond or -wWBl28t200vherei n each R is 5independently hydrogemsGhedimgeny
hydroxy, am no, (G -C6)al kyl, (Cl- C6)al kenyl, (G -C6)alkynyl, or

(G -0C6)al koxy; wherein the al kyl, al keriyl”,” al kynyl or al koxy may be
optionally substituted with hal ogen, hydroxy, (G -C4)al koxy or am no; -

each Ris
100l i go or
enmbodi nent ,
- CH2CH2- ,

i ndependent |y hydrogen, a catd ogic al kyl
pol y(et hyl ene oxi de) group,

Li nker is a single bonds

wher ei n t hg val lfes and al

side group or a cationic

aspects thereof.

d by ATa

as descrl bed int eof'%UPt\ enbodi nH
m%rs\k;h errbog'

A-40--se A A ?

with POSS and is rQ§§§§2¥
L&

wher ei n:

10

15

a salt thereof:

g 7',':
ted O\Igel ectrol yte ,

\Conj ugg or

Yata

R: Cationic Side Group

A: Conjugated Oligetectrotyte

, or a salt
thereof, wherein:

Ar is an optionally substituted aromatic group;

Linker is a single bond, double bond, triple bond or -CR';-; wherein each R is

independently hydrogen, halogen, hydroxy, amino, (C;-Cs)alkyl, (C-
Ce)alkenyl, (C,-Cg¢)alkynyl, or (C;-C¢)alkoxy; wherein the alkyl,
alkenyl, alkynyl or alkoxy may be optionally substituted with halogen,
hydroxy, (C;-Cs)alkoxy or ar_m'no;

each R is independently hydrogen, a cationic alkyl side group or a cationic

oligo or poly(ethyléne oxide) group.

In a first aspect of the third embodiment, Linker is a single bond, double bond,
triple bond, -CH,- or -CH,CHj,-, wherein the values and alternative Values for the
variables are as described in the fourth embodiment or in the fifth embodiment; or
aspects thereof. |

In a fifth embodiment, the CPE or COE is functionalized with POSS and is
represented by the following structural formula:

r R AL G

A: Conjugated Oiigelectrolyte

salt thereof, wherein:

> =

each is independently selected from:



eachi s i ndependently selected from - 16 - each Ar is independently

an optionally substituted aromatic group; each R is independently a

cati oni c,weannmioggiior neutral al kyl group or a cati oni cPCRISGaO1®)0229

neutral oligo or poly(ethylene oxide) group; 5each Linker is a single bond,
doubl e bond, triple bond, -CH2- or -CH2df2-; and each R is independently a
term nating group. In a first aspect of the fifth enbodinent, Ar is

fl uorene, benzene, biphenyl, pyridine, bipyridinium triphenylani ne,

ant hracene, thiophe rcar bazol e, ror 10 besgot hi adi azol e. Opti onal

. : . N .
substituents inclu e dejtgey Ry R e val and alternative val ues
for the remaining | es a aes-cr d.¢m t fifth enbodi nent or in
the fourth enbodi nent, or aspects thera®b. | R a second aspect of the

fifth enbodi ment, each R is independently selected fromthe group

consi sting of hydrqaoens mdegig&%f_}g‘ié% tioddtyiSbdivred Yromatic group;
- (CH2CH20) , | CH2CH2NMe3X and - ( CHZB) , | CFRCH2NEt 3X, wherein X is an
ani oni ¢ count er i each Riis independenthycpecationicnardonig, enmeutral alkyl@renpieres and q i s

an integer between 1 and 12, inclusive. cificall each Ris

i ndependent f 0%’88198:&’?%%% '%%‘Eﬁﬂ?ﬁésﬁgf Pﬁgﬁggyoﬁ?drogen_, - (CH2) NNIVE3X
and - (CH2CH20) , | c4dAQHRREAS XsinghehoRldNdotibléSbad, &iPleBowd, COHM G-CBRCHR-;1 s an

i nt eger between 2 and 13, inclusive, and g 20 is an integer between 1 and
12, inclusieed The val ues and alternative values for the renaining

vari abl es are as I ' QuEt! | ment, or aspects thereof, or
in the fifth enbgﬁneﬁ%gﬁg?énpé@fagspe&ﬁng%r of . In a third aspect of
the fifth enbodi Heafirst bépechsiGhe fikheibodmhént cAr SFmosenebdnzese, bipheryent ed by
the follow ng structural, forpula:, - 17 - .
pyridine, bipyridinium, triphenylamine, anthracene, thiophene, carbazole, or
10  benzothiadiazole. Optional substituents include those defined by R. The values and

alternative values for the remaining variables are as described in the fifth embodiment

or in the fourth embodiment, or aspects therof.
_ | In a second aspect of the fifth embodiment, each R is independently selected
from the group consisting of hydrogen, -(CH;),NMe;X; -(CH,).NEt:X;

15 -(CH,CH»0);CH,CH,NMe;X and -(CH,CH;0),CH,CH,NEt;X, wherein X is an
anionic counterion, n is an integer between 2 and 13, inclusive, and q is an integer
between 1 and 12, inclusive. Specifically, each R is independently selected from the
group consisting of hydrogen, -(CH;),NMe;X and -(CH,CH,0){CH>CH,;NMe;X,
wherein X is an anionic counterion, n is an integer between 2 and 13, inclusive, and q

20  is an integer between 1 and 12, inclusive. The values and alternative values for the
remaining variables are as described in the fourth embodiment, or aspects thereof, or
in the fifth embodiment, or first aspect thereof.

In a third aspect of the fifth embodiment, the POSS-functionalized CPE or
COE is represented by the following structural formula:



In a fourth aspect of the fifth enbodi nent, the POSS-finctionalized CPE or
COE is represented by the followng structural fornmula: R =

- (CH2) 6N(wbi2pR2Br2@|15I n a fifth aspect of the fifth enmbodcmseR11R0229 an

ani onic group selected from-(CH2)"X , - 2C112)n) C, -(OCH2CH2).OX ,
-(CH2CH20) X' and - (CH2CH20), | CH2CH2X' , WwhHerein X' is selected from -S03Y,
-P03Y2, and -0Q2Y, n is an integer between 2 and 13, inclusive, g is an

i nteger between 1 and 12, inclusive, WO 2Q12/002911PCT/SG2011/000229 - 18
- and Yis a cationic counterion. The vals and alternative values for the
remai ni ng variables are as descri bed inR fourth enbpogdi nment, or aspects
thereof, or the fifth enbodi rst throuurth aspects
thereof. In a sixth aspect o yodi nent ch Ris selected from
-(CH2)n)C, 5 -(OCH2CH2) nX' ~ H0) nX and

- (CH2CH20) , | CH2CH2X' , wherei nr »303Y, -P03Y2, and -0Q2Y,
nis an integer between 2 and 13, d4h integer between 1 and
12, inclusive, and Y is sodium or
val ues for the remaining variables a i bed in tRerfourth

enbodi nent, or aspects thereof s A EY @ﬁ?@* the first
through fifth aspects the{gs >pdd msHt of t he

i nvention, the CPE or COE r®% Formula (IV): (W,
or a salt thereof; wherein: 15R and dependently hydrogen or
a charged side group; :

In a fourth aspect of the fifth embodiment, the POSS-functionalized CPE or
COE is represented by the following structural formula:

R= -(CHz)sN(CH3)3Br
® ©

5 In a fifth aspect of the fifth embodiment, R is an anionic group selected from
-(CH,)X', (OCH,CH,),X", -(OCH,CH,),0X', -(CH,CH,0),X' and
-(CH>CH,0){CH,CH,X', wherein X' is selected from -SO3Y, -PO;Y>, and -CO,Y, n is

an integer between 2 and 13, inclusive, q is an integer between 1 and 12, inclusive,



mis an integer between 2 and 50, inclusive; and T, T and T" are each
i ndependently a termnating group, -L or -L'-B, wherein L and L' are each

i ndependewol2g12200k41mki ng group and wherein B, for each oecusGeaa®pIns a

bi onol ecul e. 20ln a first aspect of the sixth enbodinent, R and R3 are
each a charged side group, wherein the-d8l-ues and alternatlve val ues for
the remaining variables are as described in the first and second

enbodi ments, and aspects thereof, or the sixth enbodiment. In a second
aspect of t hedYiisalcatiortioaounterion. tﬂ@\@hmsgedakmenwvﬁhmfgﬂaezgn@amgom c

al kyl group ationi lmﬁ 8 Rj,oni ¢
al kyl groupv?)]? b?‘?%ﬁa%é?sgnbgﬂéﬁﬂo? po tgi%et Fﬁhe 0 S%s egé}dg’u%% herein the
val ues and ainibaamant\&maﬁme&udughfbimwmsmmgofyan abl es are as descri bed
in the first and_second enbodi nents, and asgects t.her eof si,xth

enbodi ment, or flhiléﬁlxﬂbwéﬁtq fitas Rk embodimen ?P@ngiim‘is@@r@ﬁ@@&% - 19
- I t N roup is
- (CH2) ZCQI]-I,'% et el %B?hgo\%zggg)“% gtlj tﬁg?ﬁg?%e&n\ﬁl altggéégg?ﬁteﬂéé%?m ng
vari abl es amelemn Nesaelebied from tS(b,Yf i-PO1Y gradd sSEOsYich israndnliegarhetyecardarsls pect s

t her eof he sixth enbqdi rre ir or .secon .S _thereof. 5In
some enbodi r]réﬁflﬁluﬂf’e’t%@ aPrWSﬁ?r eef‘ﬂe"“@z’;%*b‘lé’&“sé‘fedgmbﬁgﬁo WM %Be a cationic
al kyl si de g&ﬁk@mamemeésn@atmwlﬁ@fo&mﬁﬂmﬁh QaSdb)elar@hs & cati onic
poly(ethyle e oxide) side group. As used herein a cationic alkyl side

group" is adéﬁnb@lﬁl) &b lfo)urtlt mbOdlmsmtudeaspaCtﬁﬂleE%f orghe fifth smbedimgnteor ¢ hat
confers p V. . erein, "cationic ollgo(ethylene oxi de)
si de grb@p QEH%Stﬁ%. ﬁ??@&hylene oxi de) side group" refer to a
pol ymer of ethyl ¢ng spat &ﬁbédiﬂknt dfahe¢!BRention] eiesCE of COE 39 cdfmpatndief t hat
confers a positive charge. The am ne can be a prinary, a secondary, a
tertiary orsauqvﬁﬂgpﬁ@ﬂy(aﬁine Specifically, the amine is a quaternary
amne. Alternatively, the anine is a protonated anm ne. In sone enbodi nents
of the invention, the charged siTde group can be an 15 anionic alkyl side
group, an anionic oligo(ethylene QUP Oor an anionic
pol y(et hyl ene oxi de) side group. dni oni ¢ al kyl side group”
refers to a (C 1-C 15)al kyl that €t ym such as a phosphonat e,
a sulfonate or a carboxylate, tWat confe g I{g,egatlve charge As used
herein, "anionic oligo(ethylene oxide) side dgroup” angysanionic
pol y(et hyl ene oxi de) side group” refer to a pol yner ’

or a salt thereof; wherein:

15 R' and R are each independently hydrogen or a charged sidé group;
m is an integer between 2 and 50, inclus_ive; and
| T, T' and T" are each independently a terminating group, -L or -L'-B, wherein
L and L' are each independently a linking group and wherein B, for each occurrence,
is a biomolecule.

20 In a first aspect of the sixth embodiment, R' and R3 are each a charged side
group, wherein the values and alternative values for the remaining'variables are as
described in the first and second einbodiments, and aspects thereof, or the sixth
embodiment. '

In a second aspect of the sixth embodiment, the charged side group is a

25 cationic alkyl group, a cationic oligo or poly(ethylene oxide) group, an anionic alkyl
group or an anionic oligo or poly(ethylene oxide) group, wherein the values and
alternative values for the remaining variables are as described in the first and second

embodiments, and aspects thereof, or the sixth embodiment, or first aspect thereof.



20 of ethylene oxide that includes a noiety, such as a phosphonate, a

sul fonate or a carboxylate, that confers a negative charge. In sone
enbodi nenwe 20fzdob|1i nventi on, the charged side groups arersehreqloes2$romthe
group consisting of -(CH2)N(R2)3X, -(001 2) N( R2) 3X,

- (CH2CH20) , | CH2CH2N( R2) 3X, - (CH2)nX', -(CGCH2CH2), X, -(OCH2CH2) nOX', 25

- (CH2CH20) nX' and - (CH2CH20), | CH2CH2X', wherein R2 is (Cl-C6)al kyl, n is an

i nt eger between . i ned usi.v i s an i,nteger .between .1 and 12,
nctusi ve, X to 2 Safird sl B bk ortdindit b BB SEIRRR . D5v2.
wherein Y i s(CHYOCQOM, Wheteift tHei valiies afid bltérstiveivaldel fox the rerfaihRgivaamsies of the

i nvention, the charged side groups are selected 30 fromthe group

consi sting fea fhpdirst MM@@WMWBW ;'ox'the sixth

- (CH2CH20) . Xmidafhne W) %%g&g rein R is (Cl-C6)alkyl, nis an
I nt eger between gn%{{tn’ , |r?c uggiv , qﬂllel\égggn I nt eger between 1 and 12, WO
2012/ 002911PCT/ SGa6drhé embaditnents26f the invehtici, des, ch¥rged side groupeintbecpunt eri on

and X' is -0QRY,. -S03Y.or -P03Y2, wherein is hydrogen or a cationic

count eri on, catomc @E%%moﬂ%mﬁtﬂo(%gwm%ﬁ&%‘?ﬁgrpm%ﬁa%t@@w si de
groups are Ieé&th p i 154 k0O - "
~(ocHCHR) e 321@3%18’@%& i?%o&%z%%ﬂ R%aél)? e’?lgl‘dr??%ez Fade

( Cl1- C6) al | c¥f1-Gl Spalkrrthatrinedydes dmoistie such asrag atfine,ithaticosferss popitiee an i nt eger
between 1 angd 12, ,i nclusive,.and X i.S ni oni. ¢.count eri,on. . Specifically,
R2 is net hylcg%rrge'ef\ﬁyls > HeTeln, “qajos g%%@‘?ﬁ?&ﬂ‘ge) S%Létgﬁ@"ﬂ rwgnfﬁﬁ’ﬁ‘fc the
char ged16i dgoB@hpienebtidepli@siotp T fePtd ag)oy;(mrbfeﬂménéfokﬂﬁ tR4t indlid&R)a X,

- (OCH2CH2) X, - (OCH2CH2) "OX', 10 - (CH2CH20) "X and - ( CH2CH20), | CH2CH2X
wherei n n i $nQigty; fch gean painge that condfery apesitive charge Ehe amins can beatpsigeary,

between 1 a ' | ' 'g-g : - PO3Y2 erein Yis
hydr ogen or Q%e%%d%?k&@%ﬁé/ﬁo{gﬁﬁgﬁﬁaé%em %&P@Wﬁém@g%ﬁ S‘f‘a P32
Mor e speci f iansihd. yAltofhatively, 83afmindlid £proddnated aming. i S a cationic counterion.

In sonme enbodi nents of the. inventjon, the charged side groups are
optional Iy 15 fufRsomBasmpodimentsiof thq inyention, ﬂ’B,C%W@#éldﬁ groypfanbe agr e each

DS oINS 00 RIS e SRR BGGHOE RIS

i ndependent|y a bi ono In a specl
groups are palyethyend oxide) side group. As usdd heBin\ftaaionicalkylaside grouplt efeath a

erbodi nent . HECACH bR o paieRs S aa el RO S
carboxylate, that confers a negative charge. As used herein, “anionic oligo(ethylene
oxide) side group” and “anionic poly(ethylene oxide) side group” refer to a polymer

20  of ethylene oxide that includes a moiety, such as a phosphonate, a sulfonate or a
carboXylate, that confers a negative charge.

In some embodiments of the invention, the charged side groups are selected
from the group consisting of -(CH,),N(R?);X, -(OCH,;CH,).N(R?*);5X,
-(CH>CH,0),CH,CH,N(R?);:X, ~(CH2),X', (OCH,CH,), X', -(OCH,CH,),0X,

25 -(CH,CH;0),X' and -(CH,CH,0),CH,CH,X', wherein R? is (C1-Cé6)alkyl, n is an
integer between 2 and 13, inclusi\}e, q is an integer between 1 and 12, inclusive, X is
an anionic counterion and X' is -CO,Y, -SO;Y or -PO;Y>, wherein Y is hydrogén ora
cationic counterion.

In other embodiments of the invention, the charged side groups are selected

30  from the group consisting of -(CH,),N(R*);X, (CH2CH;0),CH,CH,N(R?);X,
~(CH2),X', (CH,CH;0),X' and -(CH,CH,0),CH,CH,X', wherein R? is (C1-C6)alkyl,

n is an integer between 2 and 13, inclusive, q is an integer between 1 and 12,



20 consisting of -(CH2)N(R2)2(R3) X, -(OCH2CH2)aN(R2) 2(R3) X, and

- (CH2CH20) , | CH2CH2N(R2) 2( R3) X, wherein R2 is (Cl-C6)alkyl, R3 is

( C1- CB) al wpl2p12(06191€6) al kenyl , (C1- C6) al kynyl or azi do( Cke@8Gabiybo22n i s an
integer between 2 and 13, inclusive, g isyan integer between 1 and 12,

I nclusive, and X is an anionic counterion. Specifically, the (Cl-C6)al kenyl
I ncl udes a term nal al kene and/or the 25 (Cl1-C6)al kynyl includes a term nal

ner 2in, "t erinare g o Gpinieion R0 SOV B e PR Lt enc

of a pol ynethydfgen bea cativaii¢ @sunedrionne pol ynmeri zation reaction. Non-limting
exanpl es of term nati ng %roups i ncl ude hydrogen, halo CH=CH2, -CCH and 30

-CH2CH3. "Li nki ndR §PBEFm °Q‘§nea§9élfth%¥"é’%“°% diesharged sidegrounsare snlegted | nker

that is capgRyg f roup of a

conmpound of Strbl%t uérS orrru%vb%?c?lzﬁ’ ?jg’e'??é@éc ﬁgﬁgkﬁgﬁg%"g reacting

with a cHNpHEHAHO0)CHCHINRE )3X,W&rbﬁﬂk Bqaﬁlﬂﬂky{slﬁk)iﬂh?ég&%ﬁ]eeﬁl -
coval e i nk, pet ween, t he

Gonpound of 3 FaBEPEVe L ANB bR eRy Pt i uickinive el Bi1bABABEDI.
Typi cal |y, %ﬂtéﬁmtS&&ﬁicailer’%nféﬂmbk 1.two functional groups |inked via

an al kyl ene or a divalent oligo or hyl ene oxi de) radical. For
exanpl es of comrdmbgme g@boqhmegmftm@hfemmm thecehBragd sidegroupsaré-ealenters on,

C200). o GG SRS «CREREC B bR ang PERRERITR 1

het er obi6 une(CHYGH,0)iX'ead ~(CHTH, 00 CHACH X keherbindeis GA it S %ew&ﬁ 205nd
chemi cal reaction with the compound of Structural Formula 85% or (1v)

and a di f f ed rinclupi¥Rs ¢igianinigser betvean handnk, mslysiearand XliseC a
het er obi funcltq)einagvhgeﬂ{( ﬁ?@éﬁ%{%@gnﬁoﬁtﬁgf’gugp&lﬂ kvisasénY%l kyI

group or an ol1gd or poly t0 an anrhe group can
undergo a [:-PQ;]Yszbmaapdmﬁczdly D@tsc-SOm \Altefnatively, Maamh&omaamaithwne of a

e Tor Cexanpl 8 seife sabodinests a He ertion, deichbeged s eomipe ges aionaldy | -
used heygi nadfRlIREd $AALR -Enﬁtwa%inihﬁ%ﬁfarétewlpﬁaffﬁﬁtg&(ﬁl?ﬁgn d prior

coval ent bond with the conpound of Structural For
to formati ogroup and sherdie By far@ach ogduirendreis lindependently @ bidmholetulesbda her ei n,

denor s o7L ol B RN, bl LS SuSe AL P 1 @
wherein L and L' are each a linking group and wherein each B is a biomolecule. In
another specific embodiment, the charged side groups are selected from the group
20  consisting of -(CH,).N(R*)z(R*)X, (OCH,CH:),N(R?) »(R*)X, and
-(CHZCHzo)qCHZCHzN(Rz) 2(R*)X, wherein R? is (C1-C6)alkyl, R? is (C1-C6)alkyl,
(C1-Cé)alkenyl, (C1-Cé6)alkynyl or azido(C1-C6)alkyl, n is an integer between 2 and
13, inclusive, q is an integer between 1 and 12, inclusive, and X is an anionic
counterion. Specifically, the (C1-Cé6)alkenyl includes a terminal alkene and/or the
25  (C1-Cé6)alkynyl includes a terminal alkyne. More specifically, the (C1-C6)alkynyl is
-(CH,),CCH. |
As used herein, “terminating group” refers to the functional group left af each
end of a polymer upon termination of the polymerization reaction. Non-limiting
examples of terminating groups include hydrogen, halo, -CH=CH,, -CCH and
30 -CH,CHs. |
“Linking group,” as used herein, refers to a bifunctional linker that is capable
of reacting with a complementary functional group of a compound of Structural
Formula (), (II) or (IV) and capable of reacting with a complementary functional



20 and the conpl enentary functional group of the bionolecule is -COOH, then
"L" is: NHIs! 8-15 O her functional groups suitable for formng a
coval ent worndiavioefiia conpound of Structural Fornula (1) PCfiSGRoarog2y)

i ncl ude functional groups capable of reagting 25 with an al kene, allcyne or
halide in a chem cal reaction. For exanpl'e, a diene or an azide could react
in a cylcoaddition reaction with an al kene or al kyne. Mtal-catal yzed
cross-coupl i C . ' (&. . i t.ak yzed reactions t at hesi s
WO 2012/ oozﬁ‘%@%&#@ﬁo@ﬁ%bﬁwg gacﬁ‘%ﬁs} oo dBe sampRind 6 f or m a
coval ent bostrubrialdermalaf(DNAl) (BV) g1dakip bivmdleduld) KEypicdlly, a bifangtivaad of

Structural Formula (1), (I1) Qr'gil\/). Functional groups suitable for
forming a cAnKFESIMBEISAYWY fuBctions groype linked Vi ap glkylengor adivalensolige a5 t ed t o,

am no, carb scall hal f@% hat n dyl
ester, sul f%ﬁ%@ﬁﬂeﬂ%ﬁiwyﬁgﬁ‘}%‘c irpr??r%xcy lggéé(éédr?mtgﬁl@é%ﬁg 0, ofial elliHg™ :
i sot hi ocyanataups,set HepnemohyGreg D dbacedguta Véchnigales i Second Editian,0oademic

t hi oacetyl, _sul fona(ég nd phosphoram dityl. Preferably, the functional
group i s antho™ P& 9& ate, hydroxyl, thio, nitrophenolyl, N hydroxy

succi ni m dyl est ¢4 séthe EbbifRhANNR MR orRY hifikd? id'h H¥tbrobfufttionyFlink¥p! ©
preferably, the functional group is amno or 10 carboxylate. For exanpl es

of functi onaeapingthslinkerundirgoesmng typs oflpheomiral repatiorowith gheecomepovadofn, G eg
T. Bioconju Techni ques, (SeC Edi ti.qr adem.c Press...lnc. (2008).
"Al kyl " rrea%g—hgmga; Bﬂﬁégﬁa@ﬁé’lﬁgﬁﬁcﬂ‘@ﬁa‘h@nﬁfe"B‘L\‘g‘}e“Ef?‘éF"dﬂf’!‘é‘ﬂﬁﬁ tﬁermnoval ent
hydr ocal®on bioastledile. ot ex@mples a hipefobi fuétidhalifker @bmprikiAg An akideBrouphus,

"(Cl-C6) 15 al kyl" neans a radical_havi n? from 1-6 carbon atons in a |inear
or branchedl ‘P‘éﬁ’f&eﬁaﬁk}’l growp o ¢ligeyarpofy(ethylene oxidg) grexphiglaa amige hy| |

t hyl, | S0P ) 1. - : .
Tyoycal [y * Epica uAGEY s (3 oI thaqaGh teatbnlfinDfep bam el lifle ot 1 o
8, or from tompoundosfiStructunil FoemulaAll) (iNeora(TV)raad a couplirig veadtiva vaith, [fat i c

branched or straight-chain divalent. )
examﬁe,gan activated car xyhec acid of a biomolecule.

15 - “L,” used herein, denotes said bifunctional linker after formation of the
covalent bond with the compound of Structural Formula (I) or (II) and prior to
formation of a covalent bond with the biomolecule. “L',” used herein, denotes said
bifunctional linker after formation of a covalent bond with a biomolecule. For

example, if “L” is:

N=N ’
NN~ G~ NH:
8-15 :
20 '

b

and the complementary functional group of the biomolecule is -COOH, then “L" is:

N=N H
ANNeor N
815 0
Other functional groups suitable for forming a covalent bond with a compound

of Structural Formula (I), (II) or (IV) include functional groups capable of reacting
25  with an alkene, alkyne or halide in a chemical reaction. For example, a diene or an

azide could react in a cylcoaddition reaction with an alkene or alkyne. Metal-

catalyzed cross-coupling chemistries (e.g., palladium-catalyzed reactions, metathesis



20 hydrocarbon radi cal having the specified nunber of carbon atons. Thus,
"(CG -C6)al kyl ene"” neans a divalent saturated aliphatic radical having from
1-6 carbowmoavm®w29im a | i near arrangenent, e.g., -[(CH2)PcI/sehernmoon2ys an
integer froml to 6, "(G -C6)al kyl ene" ipgludes nethyl ene, ethylene,

propyl ene, butyl ene, pentylene and hexyl ene. Al ternatively,

"(CG -C6)al kyl ene"” neans a dival ent saturated radical 25 having from1-6
carbon at onmsdafti e 2 , .

[ (CH2CH2 mzrgf'lighd@i’(s %43) 1 m%%@z c‘:’f—’ljz%f W% a functional group of a

- [ ( CH2C( CHR) Inghiet @rdba rompoundcb ft SteachirkdForfiya (@a(Iyor @V).cyl ene has 1 to 50, 1

to 25, 1 to 10 or.1-8 carbon at . . Alkenyl" refers to g straight_ or

branched al i phati]é‘mtfﬁ%% gP4ns S %ﬁgggﬁomég@agm@ngdﬁ .aWH{og%ley,

al kenyl gr oujpgluda\sat brfedivt Bnfid 12, aaihd Qartk9ibe, QWY1 1o, 1&1doaﬁ%?rw.2 to 6, or
= .

from2 to 4 carbon atonms. Exanples of al kenyl "groups inclu henyl
(- CH=CH2)Y, rbylresyopesipimidyl ¢syer, sulfonatori-bydioxyseertinimidyl ester,dhipkyanateg t he

li ke. WO 20 0p229 -23, - .. AlK " f t
B R
unsat ur at i orsulfoygto aad pliospabiaviiifityld Pe¢fegbb tHefufictionaPerbdp s 4rRing, 2 t0 6 or 2

to 4 carbon atons, Exanples of al kynyl groups include ethynyl propargyl
(- CH2C- - =CH)carbnxylate, hydropd, $hig, Ialtraphfnpwg N-hydroxg succipjavidyl ester or Slﬂ%aﬁtogen"

refers to fl ' tEJilﬁfﬂ'i : ] rLadi : " and "hal 0" are
used inter chj‘:i-?\1 gggmﬁ erel é}qesgoﬂtﬁﬁﬁ%fﬁ%ﬁéh eaﬁﬁg'?%%r grroggil%gmgﬁrac hed
t hr ough 18n mashyylate. rkorregamplesof funcliena? pedups xyinmionty wtd Torsbsnjygati6hhoXy
and propoxy._ " |" or “ar Jdc"  mean n aromati ¢, _npnocyclic or

pol ycyclic (°&° ?(e?‘mwoaa ‘é@?&?‘f?‘%‘fo W@y@cﬁ’lﬂ”ﬂuﬁﬁmqlﬁo%i%d%%ﬁ& Thus,

" (C5- G 4) ar Yihe. (2608). (5-14) - nenbered nonocylic or bicyclic system Aryl
systens include, but are not limted to, phenyl, naphthal enyl, fluorenyl,

i ndenyl , azul enyl“Alkyld meansia saturagad aliphatic braeched ot straight-chaimmbhevalapl acenent

of at | east rbop..atom.in._a rin stemwith at |east oneg heteroatom
sel ect ed fr&%c@oggglggl%ﬂggﬁeo?eﬁﬁfgwg?gﬁmoT% &E‘ﬂﬂ’ @ﬁé&t of at
| east oné cailkytNmeaya fadicalhasoElrb® 155 ShrBbh atdntidh Allfhehr Sibranchbgm or a
hetero acyclic systemnay have, for exanple, 1,2 or 3 carbon atons replaced

by a het er o @Rt iazfrajalky "rinciwhsefoeiammﬂm wethyk sthyl, propyhoserpmpyl,
o N b EARENGYL Bl B0 HEYE' TSplofing) it foliob il bk o 6o, ' M9

radical. A hete
1to25,1to 15, from 1 to 8, or from 1 to 6 carbon atoms.

“Alkylene” means a saturated aliphatic branched or straight-chain divalent
20  hydrocarbon radical having the specified number of carbon atoms. Thus,
“(Cl-Cs)alkylene” means a divalent saturated aliphatic radical having from 1- 6
carbon atoms in a linear arrangement, e.g., -[(CH,),)-, where n is an integer from 1 to
6, “(Ci-Ce)alkylene” includes methylene, ethylene, propylene, butylene, pentylene
and hexylene. Alternatively, “(C;-Cs)alkylene” means a divalent saturated radical
25  having from 1-6 carbon atoms in a branched arrangement, for example:
-[(CH,CH,CH,CH,CH(CH,)]-, -t(CHZCHZCHZCH2C(CH3)2]-,
-[(CH,C(CH3),CH(CH3))]-, and the like. Typically, alkylene has 1 to 50, 1 to 25, 1
to 10 or 1-8 carbon atoms.
“Alkenyl” refers to a straight or branched aliphatic group with at least one
30  double bond. Typically, alkenyl groups have from 2 to 12 carbon atoms, from 2 to 8,
from 2 to 6, or from 2 to 4 carbon atoms. Examples of alkenyl groups include ethenyl
(-CH=CH,), n-2-propenyl (allyl, -CH,CH=CH,), pentenyl, hexenyl, and the like.



20 1, 2, 3 or 4 heteroatons independently selected fromN, 0 and S. Thus,
"(C5- Ci4)heteroaryl” refers to a (5-14)-nenbered ring system wherein at
| east onewoantram2atiom has been replaced with at | east omRreTIseermai2am
selected fromN, S and 0. Heteroaryls ing ude, but are not limted to
furan, oxazole, thiophene, 1,2, 3-triazol’é, 1,2,4-triazine, 1,2,4-triazole,
1, 2,5-thiadiazole 1, 1-di oxide, 1,2,5-thiadi azol e 1-oxi de,

251, 2, 5-t hi adi azal 3, I |ne

i mi dazol e, isothi???f‘é’,’ eferUPAL %&%3’?5’2 %hédh@h%ﬁ&?"%ﬁmﬂ‘ﬁ%&?e (1 86

pyri di ne- N- ofalkgnylpysatntation. Typicallyliatieymypgroups &)ntilﬁt'zrtalelEto &rmltotémazol e.
"Bi cycl oheteroaryl," as used herein, refers to bic I c heteroaryl rings,
such ase bi &/t P@‘i{’ﬂnﬁqy}s Frampl %ﬁﬂf aH‘[Wth'@PP?f inghge reﬁwgyls(yQFGHé, rreparayhi ng at

| east one 3 e Li.n n eroat ons i ndependently sel ected
fromN, O agéﬁg’ )sB albed(m Ef e invention, the first ring is a

nonocycl§c heter@&mb&he&ﬁyeﬁal lréﬁéfsltafﬂi‘xbnﬁad:hldiﬁles&%ﬁﬁﬂebﬂlaﬂm'es a
nonocyclic ar (such as pheny or a nDnocycllc heteroaryl (such as

pyri dine). al?ﬁ fresansk “hglad\age psedrinterchangepblyrhergis. WO -
2012/ 002911PCT/ Sg LA i i o,
i ndol e, qui noline, quygg%ﬁ?nea&glenzggﬁl%g %dnwnzo?‘g’éedl,‘mﬁggmh

2, 3-di hydr ob(e!hz@g‘)alkamy’ inelndedimethok w ethxyzindipgepoxlye, i ndazol e,

benzi soxazol e, xazgl e. and, benzot hi azol.e. "Cyc|.oal kyl" neans a
saturated ali phat CiCW:I HEMRYE  HEAS AP ATPTARL m‘l’ﬂ?f‘é":llsonﬂﬁib’@ﬂ:‘%?-éal kyl "

g ydrealkyl®
nyar oca pon ey e oAl BurbBtychic e Sy O, (PRI bR (o

hydr ocarbon ring. A cycl oal k
cycl opr opy| memperesiondcylic pr bicpedint systent yAtyd Kpsterhs tacthdeymit @bt limited to,

"Het erocycl yl" an sat urate cli.c 4-12 nenbered aljphatic ring

cont ai ni ng ﬁl}en?r gJSPa]SHHmy H%‘/lgﬂ%l Aty ﬁf‘h§a"§8}'lect ed fromN, 0 or
S. Wen 10 one heH@feﬁﬁ’tI@fBréﬁ)tﬁer a&ﬁ;@nb@f&méabpdiﬁldammlﬁﬁrﬂgs%&ﬁenat ed
(i.e. -S(0)- or -S(O 2-). The heteroc¥ t\ilcscan be nonocyclic, fused

bi cyclic, bwithgéleaps waetq;oat@rpuscbcw @nd €| ‘Hsterof’ QISOEefststarﬂw and

het I
sﬁbg[ ??L%nt geilén%e{h edéagtg%e W%@%ﬁl“&oxy,ﬁrﬁﬂ i %k %ﬁ ﬁ>{§y/‘8‘?“o‘§{y,
15( C5- C14) aa jikterd &@cﬁ‘&@simﬁ aiagdiaye, fof EAnipl&)1G L ok Q&Eﬂbﬁh,atoms replaced bya

(C3-C15) heterocycl yl, am no,
hetercatom.

'3

“Heteroaryl” or “heteroaromatic” means a monovalent heteroaromatic
monocyclic or polycyclic (e.g., bicylic or tricyclic) ring radical. A heteroaryl contains
20 1,2, 3 or 4 heteroatoms independently selected from N, O and S. Thus, “(Cs-
Cis)heteroaryl” refers to a (5-14)-membered ring system, wherein at least one carbon
atom has been replaced with at least one heteroatom selected from N, S and O.
Heteroaryls include, but are not limited to furan, oxazole, thiophene, 1,2,3-triazole,
1,2, 4-triazine, 1,2 ,4-triazole, 1,2,5-thiadiazole 1,1-dioxide, 1,2,5-thiadiazole 1-oxide,
25 1,2,5-thiadiazole, 1,3,4-oxadiazole, 1,3,4-thiadiazole, 1,3,5-triazine, imidazole,
isothiazole, isoxazole, pyrazole, pyridazine, pyridine, pyridine-N-oxide, pyrazine,
pyrimidine, pyrrole, tetrazole, and thiazole.
“Bicycloheteroaryl,” as used herein, refers to bicyclic heteroaryl rings, such
ase bicyclo[4.4.0] and blcyclo[4.3.0] fused ring systems containing at least one
30  aromatic ring and 1 to 4 heteroatoms independently selected from N, O and S. In
some embodiments of the invention, the first ring is a monocyclic heterocyclyl (such
as dioxolane) and the second ring is a monocyclic aryl (such as phenyl) or a

monocyclic heteroaryl (such as pyridine). Examples of bicyclic heteroaryl rings



(G -05)alkyl am no, (G -05)dial kylam no, thio, oxo, (G -05)alkyl,
(Cs-Ci4d)arYl (C - 05)al kyl, (C5-Cl4)heteroaryl (G -05)alkyl, nitro, cyano,
sul f onat owopbapbamat o, carboxyl ate, hydroxyl (G - 05) al kelcTaedo11/000229

hal o( G -05) al kyl . Each aryl and heteroaryl can also be optionally and

i ndependently substituted 20 with a cha’r%e‘d side group which is optionally
functionalized with -L or -L"-B, wherein L and L' are each independently a

| i nki ng group.and, wher ei h accurrence, ndependently a
bi onol ecul e“P"lu e, butgge B?ﬁqgn’é‘?i{fﬁt %‘ﬁ qm%’é“%@%‘%?’& #“ZPE‘I“%!&’@ %0 a

negatively @B @&an OsLdi BlizBdloRole B RRidRAS e, lifddZBRE, but are
not limted to, halide, 25 frifl uoroacetate, acet at e, benzenesul f onat e,

benzoat e, pbewzisaxazle, bespoxnagolatand bbnzothisslat e, car bonat e, citrate,

mesyl ate, methyl gul fate ..nitrate hosphat g/ di S hat sulf

trifl uoronet hanesﬁV‘fIS?'ilgy ?@P?ﬁ??‘gag?‘gﬂﬁgﬁ(écy‘g aIL0h|318’phosphat e
and tetrgki SCAC3cydld 1r’ Inidau@a apaobarbo® Ritidal bb@(sam;enﬁswd)fsa@adtw the

anionic counterion is de, tetrafl uoroborate

trifl uor onealihatiseyel mwlaxdéocaabﬁmgjrﬁ qye’e#@pfhegb#a%é’%w noglimited 49 3, 5,

bis(trifluor ) bar [ he halldels bromde
or 1ot de. - SRONGPL BAR Gyl EFIcRAT abd Ecibherth!

2012/ 002911PCT/ StRetkidHOIyP Aearda saturated cycﬂ'at@bhnrenthatadtahphm tings used
herein, refers toapouseL? charged |on 1f| %ﬁ the oni c
count eri on FROtaHHE 2 311%’% ?ﬁé NQo t ®Bat i oni c
count ery@n bﬁT ﬁ&&'oHﬁhP %g%?tﬂlfy%%'o‘{ﬁi-ﬁxy Bte@Rid. QQ(G) ppunt erion

is a positively char e such as cisplatin. 50ne enbodi nent
of the inver§(n).i The hétembydylsamhe nnecydi, fusedsbicyglic dpidgedsbiciic, spiro
functionaligzation of NPs1 e.g., Silica NPs, polystyrene NPs,

pol y( net hy| REYRICORROLYFlikpsT "with a |igand, such as an aptamer, to vyield

l'i gand- functi onabhaﬁﬁyi\lﬁﬁh&&awlidcﬂﬁaﬂaﬂmﬂtm@mhuaﬁ@dwmﬁ@a be furt her

treated with a blocking agent, such as ethanol am ne, to generate bl ocked

NPs. Upon i Fsemplanosubsfitugnts incledst halogsns Cﬂlrﬁﬂ@}kﬁxﬂéct' }gﬂqylthmbydrggy,a
B ndt ng'd - (AT JEICEG IR RIC DB GRER (CREIno L b8 O

NPs wer e | n(C}-Yhlkylaaias,i(CpiQp sk, tofois, (CF-Cgalt, (0oCAmAC  he NPs

wi || be positively-charged. A fluorescent CPE that has a conpl enentary

charge to tkeall} é@ls Ga e%@aﬁdﬁéoci Wh&‘%ﬂ%“@aﬁ‘é&’@%ﬁh‘égppﬁn%ﬁﬁel d

CPE/ target/|, h the NP, giving rise to

fl uorescent ﬁgs a Cet r&ég xazlgsgﬂﬁ:gfi, |é’h can be acconplished, for
exanpl e, by a waEhelcangt mdhnjabmheamdﬁmbmo;ﬁiomallpm&hﬂspexﬂbnﬂ;esubsﬁtutmﬂi ng

t akes place b en the I| and. and non-s fIC urface

char ge %(ﬁ tP‘Ve“fl V%‘ﬁ*ﬁfd ‘éfmcgéﬁom Yu Bﬁﬁﬁa ;[mort he t ar get
renains the wgafh B3 masre@acﬁ Hﬁq&?ﬁentﬁ‘@hﬁﬁﬁg fouipl 4 vHeRGh B Fradabr al | Y

repelled fromNPs not bound to 20 target and, as a resul't, NPs not
bound t o t hecquareges, iy independently 4 biooobesulent . By t aki ng advantage of the

recogni tldon i nduged. ﬁlvgb%%ggggpg%asur ae%%&crh?ﬁggdan%%agl f&rﬂ:ﬁ @P(iaked e]}/e
protein detectio : M refers to
a natural OEx&mples 6f irfiofie lcBanttRordsdhclU8E but are not limited to, halide,

25 trifluoroacetate, acetate, benzenesulfonate, benzoate, perchlorate, sulfonate,

bicarbonate, carbonate, citrate, mesylate, methylsulfate, nitrate,
phosphate/diphosphate, sulfate, trifluoromethanesulfonate, tetrafluoroborate,
ammonium hexafluorophosphate and tetrakis[3,5,-bis(trifluoromethyl)phenyl]borate.
Specifically, the anionic counterion is halide, tetrafluoroborate,

30 trifluoromethanesulfonate, ammonium hexafluorophosphate or tetrakis[3,5,-
bis(trifluoromethyl)phenyl]borate. More specifically, the halide is bromide or iodide.
Yet more specifically, the halide is bromide.



i n biological systens. Exanples of bionolecul es include, but are not
limted to, 25 proteins, peptides, enzyne substrates, bioactive snal

nmol ecul eswol2ogands; hornones, anti bodi es, affibodi es, aptirgens.i/obepd ens,

car bohydrates, oligosacchari des, polysaéﬁharides, nucl ei ¢ aci ds, aptamer,
fragments of DNA, fragnents of RNA, repdrter groups (e.g., fluorescent

dyes, contrast reagents) and m xtures thereof. "Ligand," as used herein,
refers to a nolegule that s ecLIicallﬁ binds.to a SQ.bioqglec Le, such as a

target. Exanples GRIQTSSOHRCTiqn | axfised ferein, refersde apoifively chareed fath ner

[e.g., anti sk&éﬁémg?ﬂﬁ%ﬁsﬁﬁ chintenbitisAdGul Gt of Potadsilm RireCT AAA GAG
TGC AGA GIT ACT TAG SEQ ID. NO 1), anti-thronbin aptaner (5'-NH2-GGT TGG

TGT GGT TGGsp&Hallyhe mabiondy ¢ountgriantis sediwm(as pgtassiump Alternatively, the

2012/ 002911PCT/ $G2011/ 000229 -.26 ,- . antj-t in), affi ies (e.g.,
ot hERo 2P e I Rosiffery cndtBhd et BNRPIK: 9i8h o RPHER b Oy e
smal | nof ecul es Ome@mbodinsdt of the.invdhtibh @8 Wiustratédin FIGAA5AFIG. 15 depictiRgieor t er
group,” as used herein, refers tqo_a nolecule that can be detected in

bi ol ogi cal pstigpalizationef NBula g odliehNBs, nobnhrensdPs, poly(methylpethacrylated
t | ' ' . . (ol ts, th
Tooort or or s IREN g, WEhA0RRGBrabdSE b S6e1d a B GATRRFIPL IR B (e

enbodi ment s ligadiefunetiomalieed NPo ugm besfuztheotnéated with adbdeking agent, such as

di et hyl enei ri am_nepent aaceti c aci d-chelated. Gd(lI1)].. As used herein,
b oatt | ve. CHANIRGIee s BB R NP JPEHBPROAHGR U &samele HRREIE Dot os
in a spegi f Ledd] fidhAPa pRot&RTEL], mow(&.a, thel A6 KRl NPSpeci sl BiRd fhemiget.f | ed
by 10 netabol ites, secondary hetabolit’es, natural products, pharnaceuticals
or pepti desBindingeokths taages suiitchesithe chdrge atthd Nits. Jiop exaieplapf teNBsweleat  bi nd

to a specific.tarqget .nolecule, Mre.specifically,.a ne can..b

CFacsi roa gt e Rhatges, wrpt BindBiCot b Reel; o REATIPERBIFFYS anas
of ol i gonuckkabédies flRbrescdnt CIME thit iRl Rcomplahdtfy ichargoto the $4gEt candei abl e
pepti de domain, attached at both ends to a 15 protein scaffold. An aptamer
to be i mobpddedde thaNPyieated sampletp yisld CPE@@@E&@& complexes pa the susfage)i [ty

to bind{{ he _phahagi ¢ I\ EL !

her ei n. 1§ ref girhg I\?g gg@tlﬁ gpn‘%)'l%gy’lu e ta@; Ssabfgeeglg?r?%‘éall P{/e’Bﬁ-E%gdgﬁ%’ow%lgtﬁ;'ﬂc%gﬁg

bi onol ecul eacdoxmpilishes fafexmdpReby a iwash-dehtrifiliationralispetsion piotesd. Sinceao
protein, a peptide, an enzynme, an oligosaccharide, a polysaccharjde, a
fragment of bigdmedakesplacg ligandand noprspecitie PEALEIBS cgrharge

i nventi on, G Ll i aXe E e.g.,
bR ] aRi PhtidRaliAed WPs th¥SRE ¥TBbouhl tPHR té}ézt?kfglgjédé 2 4s

anti-lysozynme aptanmer, anti-thronbin aptaner). rein, _
"functi onal theedf the €P. sSTHedCPE iscthid ¢lectoostdtieally speBahiremtNRY not boundtosthpl e, a

'Toand 4@ a, RANORE"S aGesite, Abs ToPtoundto fe tafpet femmain Soi Husiascent. By taking 2" 1 ©

advantége of the recognition-induced switching of surface charge, label-free, naked-

eye protein detection can be realized.
“Biomolecule,” as used herein, refers to a natural or synthetic molecule for use
in biological systems. Examples of biomolecules include, but are not limited to,

25  proteins, peptides, enzyme substrates, bioactive small molecules, ligands, hormones,
antibodies, affibodies, antigens, haptens, carbohydrates, oligosaccharides,
polysaccharides, nucleic acids, aptamer, fragments of DNA, fragments of RNA;
reporter groups (e.g., fluorescent dyes, contrast reagents) and mixtures thereof.

“Ligand,” as used herein, refers to a molecule that specifically binds to a

30 biomolecule, such as a target. Examples of ligands include, but are not limited to,
aptamers [e.g., anti-lysozyme aptamer (5’°-NH,-ATC TAC GAA TTC ATC AGG
GCT AAA GAG TGC AGA GTT ACT TAG; SEQ. ID. NO. 1), anti-thrombin
aptamer (5’-NH,-GGT TGG TGT GGT TGG; SEQ. ID. NO. 2)], antibodies (e.g.,



25 (2) noncoval ent attachnent of, for exanple, a ligand to a nanoparticle,
as mght be achieved by surface adsorption. In sone enbodi nents, a surface
of a sol iwoxompoedii(e.g., NP) is functionalized with a lpcgsaedoiilono2e her
enbodi ments, a linking group is coval ent functionalized with a |igand
(e.g., phalloidin, folic acid), a report®r group (e.g., a fluorescent dye)
or a pharmaceutical (e.g., cisplatin). 30The conpounds according to the

present invention be..in. free far |, t formo hysi ol qgi cal |y
accept abl e, aﬁ%’ﬁﬁf’gﬁ’?%’ g@ibf’gl.esﬁi%s?ﬁggﬁﬂz ﬂi@i}“g’g’ WBFeé‘isn(féﬁBﬁéePt@ ng the
respective eoMR)UAISbivAdtVeRARimdledile(elgy, cisplatid, phAIRIdiA] fofic agid).bases.

Exanpl es of such salts include but are not limted to hydrochloride, -27 -
hydr obr oni de, hy dRepertRr@souns Y afy wed hevein sefersi to aapelecule fiah ean bedetentedaine |

pyrosul f at e, sul.f i ' i i at

nonohydr oge r? f)‘ﬂgé%ﬂﬁas?set e@% ia%}é rs%%gr? g‘ﬂ’g’gcgﬁgi‘gq“%gfgp ﬁ@?gﬁg‘?’é’g s-%eﬁ:rg fﬁ‘?g 4 phat e,
i SOBi coth narim:,gnI aﬁﬁﬁe&blﬁncf tmsigling)(mnc)@.t bt s mémboditients, thea¢p"o|ytleﬁg1eup isla

i sobutyrate, lactate, salicylate, citrate, tartrate, 5 oxal ate, nal onate,
suberat e, sd&ygreseent Qe e exaFupr® 5o hle 18 othes embgdimants fieggpeter group is

di ni trobenz Birad® i?éiﬂﬂ?l o . ,
bitartrate, gg.}s)cor bg%agall tgggc idnat e&%&%@%@?ﬂ%ﬁﬁ g‘imrlfgtﬁ éltd%?ifwnﬁgg e,

gl uconat e, gl ucusnemedhersin; Ebinactive smfatimeleenle’beefiers & any sphall mokecale that

net hanesul f onat e, . et hanesulf pnat e,. benzenesul f ona p- toluenesul fanat e
and panpat e PRt in 3 3peiiie BPging inEefioh myhauRgErs: MuSieroscampiarCl o
Cert ai ni@¢o Wﬁi&l{lféﬁtegj s&@ﬂ&ﬁﬁﬁ%b%,%ﬂnﬁ%rﬁhﬂi@ &iﬁﬁﬁ@é&hﬁéﬁd o pRpf&L abl e

salts with various anm no acids. Suitable base salts include, but are not

limted to, al umwptamers ged digonucleictapid onpenddgiamolegnles that hinditomspensli¢ um

zinc, and dj ] el | et h nedi amg ne, . or cai ne,
cholf no. i LRSI MFrord it Mtaniar Ko RE L NG BRAREORRES

procai ne sahptamers)cofdistingsf (sually sHoet) caamisofdligomuddutideoedptie

Anot her enbodi ment of _the invention_is a nethod of detecting a target in a

sanpl e, conpPAECHycRnsiHaEf a sharh wamable pepside dapmaim atteshedat bath 6rds topgr nul a
I I . i p . . £, I
for the ey Pefiindedifil, AAHpERticr (MBElfinyliifs SEISHR ot LB Badel 1o

Det ai | ed Despon jt¢ alnlityatb birkbth2 Gidlogieal tmalecul@bf invéresy. t he conpound to bind to
a target; and detecting a signal produced.by th onpound, .t hereb
detecting the tar'g%rtg.et’l?ﬁwge’@%g?fgﬁéﬂf 10 W@F%@i}gﬂl&g%éénce or
magneti ¢ r egiRd%Romolecule. BRANPRE of PQAL R Obutlaf fotil¥iRiAlth Wprbfif a8t hod
of determ ning the location of a conpound in a cell, conprising the steps

of exposi ngpeptslecal énzymeH@pPeligsacchpride apolysatshagde,iacfragnadnt HOPDNA and 2 ) ;
al l owi ng, t he conpo o.bind to,a,.target. wthin.or,on. .the cell; and
assayi n‘go t h%’%‘@% #g&&ét é‘?ﬁﬁ“ﬂ%e?mdlfngg%ﬂf&e» We'i}i’?él’ E?&%F;Sé’fﬂi@”a*%i n or on
the cell. lysozyni¥ thrdfbin)Hifd Hgands $&2Y kit ys6Zymé @ht@mbt, Affi-thiohdis t0 a _
determ nation of the quantity or |ocation, or both of the conpounds of this
i nvention i APtAMSANpl e. 30 "Visualizing" is a method of assaying. The
conmpounds of the,i ' [ t .l bot h
invitro (e.qg., f\rsi%é&ﬁl%/rgﬂte Ctgogi u%gr%&sgfotﬁgﬁe(@gﬁﬁgﬁﬁﬁk%§§él Ig) or
in vivo (e.gxample d ligaddso Bjnasdparticiel @b nfight BeCkhichedrby shenigalreadtiod, aidver
manmal s%.
5

(2) noncovalent attachment of, for example, a ligand to a nanoparticle, as might be
achieved by surface adsorption. In some embodiments, a surface of a solid support
(e.g., NP) is functionalized with a ligand. In other embodiments, a linking groui) is
covalently functionalized with a ligand (e.g., phalloidin, folic acid), a reporter group
(e.g., a fluorescent dye) or a pharmaceutical (e.g., cisplatin).

30 The compounds according to the present invention may be in free form or in
the form of physiologically acceptable, non-toxic salts. These salts may be obtained
by reacting the respective compounds with physiologically acceptable acids and

bases. Examples of such salts include but are not limited to hydrochloride,



-28 - As used herein, a "cell" is any cell with a nucl eus.
Specifically, the cell is a eukaryotic cell. Further, the cell is a cancer
cell. Inworeizmwbkadi nents, the cell is a cancer cell anactise2edarngendi s a
protein indicative of a cancer, for exa(rg;,l e, HER2. The nucleus within a
eukaryotic cell can be imged by the us€’of the 5 conmpounds of this

I nvention in bioinaging of live, fixed cells or cell |ysates derived

th ff d h t f
exposi g ¢ nEVeEEPToTEge iRl RdsoEriR: W, SNeI s RS o Bt
conpounds oy, bisulfite rﬁuoepha&@ aeaa%%ﬁrﬁteemwnbhyd}ogénpﬁasﬁﬂa& cel I, and

visual i zing the fluorescence emtted from t he conpounds of thi s I nventi on.
The fluores ééwd@g@mhmbat@anetb@oapbﬁywqp}wsm ilsqa@gtlmemm,t o those of
skill in th I nf.ocal 0 phot on
fl uor escenc?@n’%‘r’%@%&%?‘lﬁg%’t? c%éj\&{a?%g%;% S"atgq tQt% Sea%c E:ee%sp Pr’%a bpy";

al so knosn agalafe| malonam] suberate, seb‘d&el!é]; mﬁﬁddllzfté mniﬁdrbvenzoat& methylben#date,
el ectromagnet i c spect rosc q;l)y whi ch anal yzes fluorescence froma sanple. A

beam of | i gHinitrohenzeats, phthalaic,inherylagstajeimalate, Mh@@%@%@, @sqoglate,

el ectrons i B&[Esr mgﬂ% thﬁr ht of
a | owner energlglgé)g;{H &Cllﬁ# éﬁt‘?)g lﬂ%ﬁﬁ(ﬁlﬁnecé sar?? VI SI ﬁttg% a‘?@#&nﬂd&%l ly,
fluor escencbempa&tgh@mﬁggmﬂhaﬂesﬂ&m&aslhmmﬁbnalé ltehmembsﬂlfcmamp- f requenci es

of fluorescent light that, are enitt by. a sa , |Ie hol.d

excitation 9 'g? ongte 45 pamjoat Fgﬂﬁ%/th% z Xy 'PF %"gﬁ)«ince

spect r 0$g OP¥alts! €eﬁaxh)é9ﬁxp9ﬁnds|df%@§&&ﬁ% cah $67ind gﬁ&ﬁﬁ&dtﬂﬁﬂ y h&lepfablealts he
guasi - si mul t aneous absorption of two or nore otons (of either the sane or

di f f erent emﬁhgvga)mbg/mammlcei@u$mtablebasesaltsmlm éwytmmptymltpétta met hod of
counting and sortin A beam of usua | aser Jight, is used
to excite t%]é" “'é‘&?%‘ﬁ’é‘“ E‘We&i‘ﬁ%% ‘3? lélflhs %‘ b GH§s2"25 causi ng them
to emt I|i ghieﬁﬁhoaxﬂlﬂa\MNeaﬁmyletﬁylen&ﬁédee éHléi@pﬂ;‘éﬁﬂBC@oﬁﬂéCt roscopy

i nvol ves neasurenent of the different frequenm es of fluorescent |ight that
are enitteddisyclg h@%ﬂﬂl’@ea WIP@WJG ey methylglucamine; and progaine saltsa const ant
wavel en né?‘ ! 0 ell to the conmpound” neans the
cel | anggthe conp t?l'glcgfn g%‘ggsoz‘%glln%gﬁagl same container or in the sane
sol ution and rrayAmoﬂmremb@dmntaﬂheuﬂepﬁmmgméthoctefﬂetbétmmum i ncl udes

addi ng the conpound, either in solutfon or as lid, the c Iture medi a
used to cul £ f:,ecopmgsg)& gxposing a sample to acompoundo Struc Formula (I)

(II), or a salt thereof, wherein the values and alternative values for the variables in
Structural Formulas (I) and (II) are as defined in the Detailed Description of the-
20  Invention; allowing the compound to bind to a target; and detecting a signal produced

by the compound, thereby detecting the target.
In some embodiments, the signal is fluorescence or magnetic resonance.
Another embodiment of this invention is a method of determining the location
of a compound in a cell, comprising the steps of exposing the cell to HCPE
25  represented by structural formula (I); allowing the compound to bind to a target
within or on the cell; and assaying the cell to determine the location of the compound
within or on the cell. |
As used herein, “assaying” or “detecting” refers to a determination of the
quantity or location, or both of the compounds of this invention in a sample.
30 “Visualizing” is a method of assaying. The compounds of the invention can be used
to detect a target in a sample both in vitro (e.g., in a live cell culture or single cell, in
fixed cells) or in vivo (e.g., in live subjects, such as mice, humans, rats, and other

mammals).



CPEs with Aptaner-Functionalized Silica Nanoparticles W)

2012/ 002911PCT/ SG2011/ 000229 - 29 - CPEs undergo a phot ophysical property
change upso 2mymeacti on Wi th proteins. For exanple, thepemissg0amnoexngensity,
em ssi on maxi num and/or the absor ptlonazgam mum as well as the associated
fl uorescence and absorbance profiles ‘change upon interaction with
proteins. (See (a) Anbade, A V., et al., S. Polym InL 2007, 556 474- 481.
(b) Ho, H A, etal. cc, Chem, Res. 08, 41, 168-178 c) Li, K ; Liu,

B. Polym Chem Zoused hereiss “oelly is any ol ih a ielsps, orectigaly, tepedl s

achi eved thg awgo 10411&9&11310 @Jellqbewﬁ%rwﬂrm%hle'&nﬁouﬂﬁéﬂtmﬁéeéuf@% to the
macr onol ecul ar backbone. vvater solubility mnimzes pol'ynmer 1 nterchain
aggr egat i oncanser céll ambths targetlues prat¢in indicative of ab@nmefncbuammlarﬁlim eat er

fl uorescence int

[ Slt eou sol.uti han, etal., Chem
Commun. 2005, 58Al8gH e?so‘}'" “Yﬁ& %‘? %{L‘g &'ﬁi}ﬁm ?6‘%?6 1983- 1985:
the entige b&ﬁﬁ&hﬂlﬁ%fﬂﬁs Mbﬁtkb@ah%wlﬁfagﬁ@cufqiv@dﬁmr&u@ oPYell §bRéLdGRed | N

addi ti on, good polyner water solubility can mnim ze nonspecific

i nt er act i onthereafroan ficrkor dead celie Thaophed comprsesithrstens,of expesing thegelny
backgr ound met hod of
det ecting a&{glrg%g{np?jﬁn%% osfglrrﬁgﬁg{e{}@g&r‘rpaﬁ%‘g{%%gfg I%g{;ﬁngﬁg?{lﬁ{z}% ir?g'g%ﬁozlo I d support
w th a | i gaackumulste Bthiner dmm(alcelg,amdvfimnhnglﬂiﬁ fluszekcende enitted frofid thei t h a
sanpl e; incubating the sanple with a CPE or CCE; and detecting the

f1 uorescenc EOIBPO‘H%é of this mvenfigsythe ﬂq%?ses@cemlw FaPe asgaved bydechniques

Speci fi ggl | g]égn
enbodi mntsh?%%cﬁgéwsﬁtgégﬂgg%un represente % %ﬁructg%)ryal %orrmla

(1), (M) photoMflnorescenot hecroscipydandefidve cytohetrgPE or COE is a conpound
described in the, {__ourth or fifth egrbh':gs nts of the invention, or aspects
thereof. In yet ot WOPESERNGEIPGHRILPY as SHEoTaelTy Ofpound descr i bed
in the firstgRErsMhidose @@é%@bf@fee&&ﬁa@éﬁ@@f)é&%m@&vﬂﬁ gﬁaqygegereof 25A

sanpl e can be for exa a‘cel lular Sate, a bionodl ecul e, cell, a
m xture of ﬂumemfremasamme nAhemmsvftl @emallyAﬂga\nplleehglarquleedw the form
of a so{ tion

As used erg’f‘f’i%e%?ﬁgﬁBOé{sl'%&%g%@? F%gang?%ag e Udeéﬁ‘gnﬁgl %@ gtlsanl e

anld the CPquxfw&%e@yetypfoanyrﬁutnatﬁd@essaﬁW@vﬁmngmer or in the sane
sol ution an

Typically, fluorescence spectroscopy involves measurement of the different
frequencies of fluorescent light that are emitted by a sample, while holding the
excitation light at a constant wavelength.

20 ~“Two-photon fluorescence spectroscopy” is a type of fluorescence
spectroscopy that relies on the quasi-simultaneous absorption of two or more photons
(of either the same or different energy) by a molecule.

“Flow cytometry” is a method of counting and sorting cells. A beam of light,

usually laser light, is used to excite the electrons in molecules of certain compounds,
25  causing them to emit light of a lower energy.

Typically, fluorescence spectroscopy involves measurement of the different
frequencies of fluorescent light that are emitted by a sample, while holding the |
excitation light at a constant wavelength.

As used herein, “exposing the cell to the compound” means the cell and the

30 compound are present in the same container or in the same solution and may come
into contact. Exposing the cell the compound includes adding the compound, either
in solution or as a solid, to the culture media used to cultivate the cells.

CPE:s with Aptamer-Functionalized Silica Nanoparticles



30 may cone into contact. Incubating the sanple with the CPE or COE

I ncl udes adding the CPE or COE, either in suspension or as a solid, to the
sanpl e. Iwoommoginhodi nents, the method further includegcirschatijong2d he
solid support fromthe sanple. In other odi nents, the nethod further
includes isolating the - 30 - solid support fromthe sanple and washi ng
the solid support. Isolating the solid support fromthe sanple and/or

washi ng the soli ppart can occur, hefore detecting the fluorescence of
the S0t o cunpor CPHa etz g Tholirhy S PPty SRS AR ioh SHEPTORES) or
sol i d- st at e FRYERInpIL Afie enfssidn infRANE), emBsdhInaiddbd, 2hd/oPtelaborplicn | N
particul ar, can be easily functionalized, are chemcally inert, and are
easi |y sepamdxinui; ahwbll as thgiassciatestfluprescarcesindrabserbanggirefilesitdan charigesi | i ca
NPs can be acconpl ished em.cal | } Usi\n eact,i funcgignal gr (e.0.,
Cyanur o ohiBpt M SRERTRBRER: GethfbiRe B,V 4 4P S AR 2 e o
G, et ab., 5Bj 4POUSTROPHIOAAA., tBal S- BRbm. KA 2008)41, BB (cfLi, K.; IRGys. 10
Chem B 2005, 109, 19604-19612; and Liang, Y, etal., Talanta 2007, 72,

443- 449, t h&S- Eebm ChewadBlhds283-289dh are i ncorporated herein by

ref erence). NEan\g?gtkﬁssol @gﬂ@ﬁqgg&#gﬁg&?@h%gﬂrﬁcg& Qf&B@wf acilitates

easy separation I ol ogl ca
cent r i f ugat ihgdrophidicifometioadiitigseo thengacromoleeslar Backibone. nBbdbwateasolhkilipy t 0

el i m nat e nonspeci fi roteins, while retaj.nj t he, boynd target, and can
pr onot e thevﬁﬁwﬁ%@iﬂg?@e‘:@r&wﬁ%ﬁa&%@?ﬁpﬁ It flge YoreseRpfes. | n

addi ti opg Shhéﬂbﬁiﬂ?ﬁd%e&%ﬁm&c&&'%i inalgBedus30fuidh &Ske (d) KiahUAS
solutions, and their optical properties do not interfere wth those of

f1 uorescent etigle LChem. Comanun. 2005, AB#-a786r (H)ilrees KoWa) éraéd iein. iGoamdps 2080 be an

effective pl LaLf.or sel ectively.c uring a target.. such.as | zyme or
Chronbi n g EnpEs 6 effreeishings g SARY s Plaobed fipein ¥y reredince) 567
centri f ugat h@ditisiSdool polyRsbr RRérSolibilay cah MininliYSAFnsperie MlbrBdtidne
aptanerfinctionalized silica NPs switches the surface charges of Apt-NP
from negat i Petwegn §REsiangd the nanepartiles, therebndeaneasing amythagkgrpunsdwignadr  CPE

bi ndi ngycwWhich ¢ - . e f exanpl e,
t he nakle% eye or @ée%ﬁjb%?fgé%{éﬁ)gteh%}ggégy {ralg%eéﬁgor% it k/bﬁtgiﬁ;(\?/(g(?{]&erﬁgx glart]%g?t th3

intensity i sanpleseongrisity: Yurtiofalizisg ©solRissuppard withChigand; mtubatingthere
concentratign al | ows tarll_ea?ccurate guantification_of Iﬁlsozyrre in t
¥

| n the
concent r at | §8andfgstiopaliged splidsupport Muthea spmple; ancubatipg the saiple; withya CEE; ect i on
of appr oxi . té&gdrg.tg ' ' [
sol UEPI [ tyng’%égEgmgﬁeso ena F;ﬁg&r?gi% 925@%9@%%‘3 o%%g??g%dﬁfﬁ{epi conol e
sensi ti vi t ytarget. 8pegificallyi, thec®PIO dr €OR is atcharged §RECori GOBN Impinaer of SEQ | D.
NO. : 1 d the 30 target . is | me. For exanpl e, aner-functi.o I zed
11 ca Mnofberiaiel. HRcE enti OB A spuppyaisprsentd B SRRy Romualib nf ng
of the surfggR) Ghﬁllﬂl?. Tof St BsbYdiniénts, the@PE iR QOE ROSédrhptind B&ribed in

aptaner/protein bind g‘gl event can be nonitored by fluorescence
spect r oscopthe fopih o figh godiodineents ¢fthSoyentiond or aspegtsdhereefailn yet ather

embodiments, the CPE or COE is a compound described in the first or second

)

embodiment of the invention, or aspects thereof.

25 A sample can be, for example, a cellular lysate, a biomolecule, a cell, a
mixture of biomolecules, or a mixfure thereof. A sample can be in the form of a
solution in buffer, for example, and can include biological media. |

As used herein, “incubating the sample with a CPE or COE” means the sample
and the CPE or COE are present in the same container or in the same solution and

30 may come into contact. Incubating the sample with the CPE or COE includes adding
the CPE or COE, either in suspension or as a solid, to the sample.

In some embodiments, the method further includes isolating the solid support
from the sample. In other embodiments, the method further includes isolating the



WO 2012/ 002911PCT/ SG2011/ 000229 - 31 - protein/aptamer/ NP conpl exes via an
el ectrostatic interaction. The blue-green fluorescence of PFVS03 can be
observed wo 20fropriesence of |ysozyne by the naked eye, WwairlSe20u1/000229
fluorescence is obtained for NPs treat ed%q/:/ith a non-specific mxture of
proteins. 50ne enbodi nent of the invention is a nethod of detecting a
target in a sanple, conprising functionalizing a surface of a solid support

with a charged,liga t hereby.creati charge (e.g., .a.positive or
negative chgf’g‘é)su"g’r?ﬁtd%gngﬁﬁ?g{péeﬁq Wﬁ%ﬁ%‘gﬂ&&?ﬁ; I?‘ﬂ%ﬂ%a‘f‘? ﬁ‘él“fhe
| i gand- f unctsuppeit fré@ahé Sdrmple aH@BPWhashihg theRoRd SEppdrt A VctMtRForeidefdbfgg Of t he
target, the charge on the surface of the solid support switches (e.g., from

10 posi ti ve thefluargspenceoishe solihsuppgdit i ve to positive); incubating the

sanple with a cory,\ . C > | ed

ol i goel ectrol yt e@u%@%e%%&é?& %gg@g&(‘i;gd%{ en aﬁg%ﬁ%%sip gg&ﬁ%&?{?esugﬁ%a}eﬁe of the
tﬁr get abﬁugde.gu pﬁpai,eglcgs, quartz) f Silice NliHs[ @eparticulag i , ca(;we‘ casSity ﬁ&xcﬁ)emi;z'b%,@ré’
charged, the, CPE qr . is positively charged and visa versa);.an

det ecti ng tﬁgewcﬁ’gygle?&teﬁ%‘ia%@aﬁl eseparapledron hiolegical sradiz (Tihg ghemicat ar get .

151 n some eRiidRidhof siifds NPsan fe 'g&@ﬁg&g&%@&g@ggﬁ%mm fal:

"charged ligand” refers to a |1gan or net r?egative
char ge undegraups (€ gndydnuok shiviideedehydeyand NiP$ estet)(seet fox exampllef | ons ar e

neutral conditions Qr neutgal pH  Pratei s_and S ca I be
descri bed a%te"&lﬂg’g(g'd“ ‘ﬁf’ é’ ’l’fﬁ(feioﬁ“nﬁ}%%g(gﬁ @tooﬁ?mﬁé a?'i %Scharge
under the c@wdim BOW®s5O{0d, 1960539812; 4Rd LidhgSPESAdl), Ta Ve D, 4430849,

bi ol ogi cal nolecule to be detected is |ysozyme, which has an isoelectric
poi nt (pl) d&te entirgteaghingsy of each arednenrporajed diersin by yefetenee)e Meanwinilasthal pH.

o st ng. ac it S SOucRReY B HctiBits o) iberelB b1 NER SRopfleangh' © ™
Ther ef ore, nledid yia eentrifugativewashinlrédispersing cigelés] Shoha héod bahélpko | ndex

for many di seases such as 25 H'V, nyeloid |leukem a, etc. (see (a) Vocadl o,
D. J., etal chimpaicnenspemiic profeins, refapung the bpued targatndsan promote the oc .

Nat|. Agad. étlec(? : 06 - i f
her ei n ?%coFEg‘%-%t e o@f f%ﬁ%‘ﬁ?&?@@e@%a‘f“@ﬁﬁyBPE@F’%%?@?%‘R%g a
| abel - f r ee, dianietet-aeyansparent/inelihiet stdtions, andttheid optidah properties do not

aptaner-functiqgnali.zed siljca NPs as the cognition elenent 30 to capture
a target andPteriers Bsec‘tfrﬂc‘i? il n@éf s "a polyneric stain" to

transduce a si gnalptanfefithttddnbfizell sfita NPs can be an effective platform for selectively
capturing a target, such as lysozyme or thrombin, and effectively isolating the target

20  via centrifugation-washing-redispersing circles. Lysozyme binding to aptamer-
functionalized silica NPs switches the surface charges of Apt-NP from negative to
partially positive, which subsequently allows for CPE binding, which can be detected
as blue-green fluorescence by, for example, the naked eye or a fluorescence
spectrometer. Moreover, the linear intensity increase of polymer emission as a

25  function of lysozyme concentration allows the accurate quantification of lysozyme in
the concentration range of 0 to api)roximately 22.5 uM with a limit of detection of
approximately 0.36 pg/mL. The high quantum yield and good water solubility of
CPEs also enables naked-eye lysozyme detection with picomole sensitivity.

In a specific embodiment, the ligand is an aptamer of SEQ. ID. NO.: 1 and the

30 targetis lysozyme. For example, aptamer-functionalized silica nanoparticles (NPs)
can capture lysozyme, resulting in a switching of the surface charge from negative to
partially positive. The aptamer/protein binding event can be monitored by
fluorescence spectroscopy. Upon its addition, PFVSO; binds to and “stains” the



WD 2012/ 002911PCT/ S&2011/ 000229 -32 - Exanple 1. Synthesis of

Bi onol ecul e-funclional i zed HCPEs. An affibody-attached hyperbranched
conj ugat esopoiymebact rol yte (HCPE) was used for targetedpPCirsoredmence

I magi ng of human epi dermal growth fact o_r3];_ecept or 2 (HER2) positive cancer
cells. Early-stage detection of HER2 is of clinical significance 5 in
personal i zi ng cancer treatnment, because HER2 expression |levels are closely
related to t ;EQQ&J | pdcal S0 i - H ' y instead
of commnly-luseg HEm-sﬂgggla@@c&gén%%g%& er ceﬁél%%‘gdo\ﬂa?ﬁéﬁysefé as the
recogni ti on fbiogeseerice af PFViSOw caf be bbsdrvghiarthepfesetice f fysozyddBy thechaked| | er

si ze (approxi mat 7,kDa) conpared to. herceptin (approxi mately 150 KDa).
The HCPE (Pf)ye.’u‘gﬁ p,flugrg %Pﬁgghﬁrb&’g‘é‘idi %ﬁ%é‘géﬁgw@ﬁl ey $pegifigniggure of
core-shel | rgbtefyl ar architecture to mnimze nonspecific interactions with
bi onol ecul es and to facilitate bioconjugation and targeted cellul ar

i mlagi ng. S Tr@m@@mmofm;@ft@ ihadnqhqufstem:cﬁng Iawgctdfljawgnnphﬂ
. . i.near. PEG
ey e aqt (QBHSHEAERGRAALARE & s8e ordS8id Bipnbt S n Shed HERY by ne

pol ycycl ot r icreating atcharge §&1g., alplsyitie 8Zh&hative blfdfg?hﬁrﬂlékdrfaceg‘?ﬂﬁ%ﬁd
| ong-wavel ength em ssion that reduced the autofl uorescent interference,

4- (9, 9' - bi s(CBERATS ARswbalng the ligand,finchpnalized saljd suppert wyitha ssenple wheselipanol e
b2 i s depi ot oRiaE ot ine g 8otE ShingBloh (PRl bEfhe SHRF siER MRS o, e
ot el it ppeipioniiiiot o syl e rre iy i R
cationi c colRAuLEH Polé'Pla trolyge; @%S Hégrpeﬁpgﬂeéeﬁwme{m@%%w aNH2- PEG
doubl - | ayer opinde] chabe Rf e Charh Bt B pS Bind eilhoq el it Bereer. | o

aqueous sol bpurdhsurfaee isnegativdly charged; the GPE pr €QRispesitivelygharged and visk d as
conpared to Pl but .also.m nim zed nonspeci fic, biol ggical .interactions to
facilitate BF’S%gﬁ?ﬁgsﬁeftb% ‘ﬁﬁ?“?’é??ﬁeé’f’%?ﬁ’&lsf‘ﬂp?r *heré%ﬂ%&mwheiwt-of t he
vari abi fifty of coi sofiéembodifiFRRNERIEaAD abélﬁi@@cl%h&.i A8 uSdnEeghs. HCPEs are
useful for various sensing and | maging tasks.  30Conjugation of P2 with

anti - HER2 af thasgrdyligand” refers ﬁnggwgwm Bet@esitive of netdegatise chatgedindeupl i ng
reaction. Sqdi a | aj. de gel el ect rophoresi s

( SDS- PAGE) %ﬂ#ﬁpﬁé@ﬁ??ﬁigeﬁg&eﬁp@@ﬁgé g%“d’éﬁ“f%gag? nepltief Gonditions of Aevtralery - po
conj ugat e r aH. #roteis ICPRS éndCOEs vhiealea be Aesctibadhd “oHEFgRd™ Hhéyf ket WO

2012/ 002911PCT/.SG2011/ 000229, - 33 - 7kDa. Moreover, dynam c |ight
scattering Pitye orRft aegatiye charge upderthg eqnditionsiof thessayne ant i - HER?

af fi bodyg P2conj ugay é@ﬁﬁi élﬂg(gﬁlé gﬁzm EH&] | D%Eﬂf”

P2/ af fi body m xt ur e.gp Bot h SDS- a{aéer&B% CO(I’)I Ir rgng(g{’% ﬂée)(gésié%gggss c

f or mat i on oWwhidhfliab aul ysogtertrichpmintRAI) of 11.0, and is, therefore, positively charged at
neutral pH. Lysozyme is a ubiquitous protein serving as the “body’s own antibiotic”

by cleaving acetyl groups in the polysaccharide walls of many bacteria. Therefore, the
lysozyme level in blood is regarded as the clinical index for many diseases such as
25  HIV, myeloid leukemia, ezc. (see (a) Vocadlo, D. J., et al., Nature 2001, 412, 835—
838. (b) Lee-Huang, S. et al., Proc. Natl. Acad. Sci. U.S.A. 1999, 96, 2678-2681, the
teachings of each are herein incorporated by reference). ‘
One embodiment of the invention is a label-free, naked-eye lysozyme
detection method using aptamer-functionalized silica NPs as the recognition element
30  to capture a target and an anionic conjugated polymer as “a polymeric stain” to
transduce a signal.

EXEMPLIFICATION



5Conj ugation of a COOHterm nated HCPE with phalloidin allowed specific
staining of filamentous actin (F-actin) in living cells, specifically HelLa
cell's (FIWB.208/m@ped110). Actin, an inportant protein in egkacgotiosonel |s, is
i nplicated in a nunber of cel I ular activities, including shape

determ nation, cytokinesis, cell notili t3§ and establishment of cell-cell
and cel | -matri X i nteractions To achieve living cell imaging, 10 the
current conmercial probes reguire mcroinjection or electroporation

t echni ques EZample L.oSynthesis pf Biemelecnlefungtionajlized HCREss i ch i ncrease the

O o BTy R30S SRR e

filaments ugididfot fapgitéEiidrestenct infigiiy &uﬁmﬂﬂl epiieRhaNVgro®eh fbtoR rdcepiopli ve way
to observe f| I arrent dynamcs in living cells. 15 However, the transfect i on
operation i 6 ts\@mtmgqruceléq é?@rlmeagsld@te@mreaﬁmiﬂg ispf dimical mignificanees

ohal | of cf O”M%Aﬁﬁ‘gﬂ%om B Gt eaudt AEROSLREROR eI AL 109 Flac
phot ost abi | td tam{or behaviigr. ani[hhnﬁ:yhidlaﬁnﬁ AhtiIPER S affibpd ¢ irstkatl 0f Ebrimohly-

20Synt hesi s of 4- 9' -Bi s(6-hbronmhexyl)fl uorenyl).-7- brormbenzothl adi azol e
(2). Y lgz-speclﬁc argtlbody (herceptlbxll) %vas chosen%s Zhe recognition element, in

2-(9,9-B , b |
5% 8'458,@“? QTR e bt/ G VBR Y e thalied S5 @BlobhardtyS kDS 013007 O] AN
Pd( PPh3) 4 (SdmpgedﬁxKbtﬁepﬁnc(hpproqdmwdyilﬁmmb”ﬂmﬂéP&(PZBmd f@2. 0 mol ) were
| d i 100 L db tt d,fl f t 12 nL d
Do cenel {30 bioB oA srdp od B ith auaquis SOrasRel malepulat BrBfechEe e yan

degassed. ThEniMixd ARp&asic iﬁt&@ém WwithBibbReuRs aftPfe fhsilitate BidYSnjugitfoB’ it
was cooled to roomterrperature di chl oronet hane was added to the reaction

m xt ure. Thandtargetedoceular imagings separ at ed and vvashed vmth brine before

eai dues wer o puthf Fg o AR 2 Red By ed PR Folsaiea oS dd 50
di chl or onet flaseédeaxeste and lin€ar poby(&thilend gltyeolatlﬁmplct&lr&&sgn@pmwcﬁeé bilt |iquid
(2 g, 62%. 111 NWR (500 MHz, CD3Cl, 6 ppm): 8.0-7.87.(m H, 7.85 (d, 1

H J= 7184 apd wagsypthesized by combining élsngolycrycmm(nenzqmq an ﬁllw.ns-?!zildf) ,

]7_ 3151 ]7_ 2(2) E?ni]wkz h:@%m t%r g‘é g%fn’llgﬂ% mavﬁlép?ﬂm%{%&n uc]ed%e fitbfiforelcent

2012/ 002911 ferfepéntie] 4-(DOOR/B-bromohdxyl) 7-ethynyhludrenyl)-B3- 0. 66 (m 4 H). 13C
NEMR (125 Ny Thonzothisdibiale (5) ws the monomer Tor polyeyelotritenization. The
detailed synthesis of P2 is depicted in FIG. 1. Homo-polycyclotrimerization of 5 led
20  to the neutral hyperbranched polymer (P0), which had terminal alkyne groups for

later use in a click reaction. Subsequent quaternization of P0 yields its cationic

counterpart (P1). Click chemistry was conducted to attach NH,-PEG to the periphery
of P1, affording the core-shell HCPE (P2).
The double-layered HCPE (P2) self-assembled into core-shell nanospheres in

25  aqueous solution, which results in not only enhanced PL quantum yield as compared
to P1 but also minimized nonspecific biological interactions to facilitate _
bioconjugation and targeted cellular imaging. In light of the variability of core-shell
components and biorecognition elements, HCPEs are useful for various sensing and
imaging tasks.

30 Conjugation of P2 with anti-HER?2 affibody was realized based on a
carbodiimide-activated coupling reaction. Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) confirmed the success of the coupling reaction. The
anti-HER2-P2 conjugate ran at about 210 kDa, whereas pure anti-HER2 ran at about



141.76, 140.50, 135.37, 134.49, 132.31, 128.24, 128.05, 127.58, 127.08,
123.79, 122.91, 120.13, 119.89, 112.81, 55.16, 40.12, 33.92, 32.60, 29.04,
27.73, 23%62012d02AWMALDI - TOF): m z 707.37 [Mt 5Synt hesi $c®fsG2011/000229

4- Bronmo- 7- (7- bronmo- 9, 9' - bi s(6- bronohexyl)fiuorenyCbenzot hi adi azole (3). 2
(0.80 g, 1.14 mmol) was dissolved in di"AI-or onet hane (20 nmL) and cooled in
an ice bath. Bromne liquid (0.45 g, 2.72 mml) was then added sl owy.

After stirring at 45 C for 12 haurs, the ction enched w th sodi um
sul fite sol dkPanMampRusrsbaamialight ssﬁ@naa&é_ﬁ,g) Wﬁaﬁéﬁﬁﬂgﬁwdf@uﬁ&?ﬁ%n was
separ at ed a%ma@%gzb ﬁpé&@aﬁ%&&&mﬁg&aﬁ, ARDYARHS ah@RO4. The

sol vent was evaporated, and t I d residues were purified by colum
chr omat ogr aP2iafibodyi hixture g BothuSD 8P AGE hhd DliSstonfinped theamecessful Hrmagome| uent

to afford 3 as.yello r als (0.81 g, 90%9. 1l NWR (500 MHz, CD3C1, (5
ppm: 7.95 ?g?ﬂ%wy'ﬂ%%?ai’é- Hz), 7.91 (dd, 1 H J= 1.33, 7.89 Hz), 7.88 (s,

1 H, 7.81 (d, 1Cdnjubation &2 CODH-terminated HCPE with phalloidin allowed specific
staining of filamentous actin (F-actin) in living cells, specifically HeLa cells (FIGS. 9

and 10). Actin, an important protein in eukaryotic cells, is implicated in a number of
cellular activities, including shape determination, cytokinesis, cell motility, and
establishment of cell-cell and cell-matrix interactions. To achieve living cell imaging,

10  the current commercial probes require microinjection or electroporation techniques to
deliver the fluorescent probes into cells, which increase the complexity of the
experiment and may disrupt the plasma membrane. Green fluorescent protein (GFP)-
tagged protein can be integrated into actin filaments using transfection, a technique
which provides an alternative way to observe filament dynamics in living cells.

15 However, the transfection operation is always sophisticated and photobleaching of
GFP limits its applications to long-term monitoring. The designed HCPE-conjugated
phalloidin (FIG. 7) shows good living cell permeability and excellent photostability
(FIG. 8).

The synthesis of P2 is depicted in FIG. 1.

20 Synthesis of 4-(9,9'-Bis(6-bromohexyl)fluorenyl)-7-bromobenzothiadiazole
(2). 2-(9,9-Bis(6-bromohexyl)fluorenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1)
(2.84 g, 4.60 mmol), 4,7-dibromobenzothiadiazole (2.16 g, 7.36 mmol), Pd(PPhs)s (53
mg, 0.046 mmol), potassium carbonate (4.43 g, 32.0 mmol) were placed in a 100 mL
round bottomed flask. A mixture of water (12 mL) and toluene (30 mL) were added to

25  the flask and the reaction vessel was degassed. The mixture was vigorously stirred at
90 °C for 2 days. After it was cooled to room temperature, dichloromethane was
added to the reaction mixture. The organic portion was separated and washed with
brine before drying over anhydrous MgSO4. The solvent was evaporated off, and the
solid residues were purified by column chromatography on silica gel using

30 dichloromethane/hexane (1 : 5) as eluent to afford 2 as grassy yellow liquid (2 g,
62%). 'H NMR (500 MHz, CD;Cl, § ppm): 8.0-7.87 (m, 3 H), 7.85(d, 1 H, J=7.84
Hz), 7.77 (d, 1 H, J=7.26 Hz), 7.66 (d, 1 H, J=7.57 Hz), 7.45-7.30 (m, 3 H), 3.27 (4,
4 H, J=6.84 Hz), 2.14-1.97 (m, 4 H), 1.74-1.62 (m, 4 H), 1.32-1.18 (m, 4 H), 1.17-



157.64 (dd, 2 H J= 8.12, 13.86 Hz), 7.50 (m 2 H), 3.28 (t, 4 H J= 6.70
Hz), 20 (m 4 H, 1.67 (m 4H, 1.23 (m 4 H, 1.11 (m 4 H, 0.73 (td, 4
H J= 7. Mo 2f/Mmioiiz) . 13C NVR (125 MHz, CD3Cl, (5ppm : p¢t58G9811/08639 14,

150. 46, 140.60, 139.54, 135.86, 134.20, 132.29, 130.30, 128.46, 128.13,
126.23, 123.83, 121.50, 120.04, 113.04,-35 51, 40.05, 33.96, 32.61, 29.00,
27.74, 23.60. M5 (MALDI -TOF): niz 785.44 [|vr ZOSynt hesi s of

4-(9,9' -Bi s(6-bronohexyl)-7-((tri hyl si | yOet hynyl ffl uorenyl )-7-
((trimethyl ;W%HH%QW&%EWMHS%Q i Nﬁ%&%lfﬁwmn}/ dP#R8¢ hyl si Iyl
acetyl ene (. 5 / opyl am ne
((iPr)2NH) ?iggﬁg‘nﬁ)]%mg%@? lv]t\‘,i]ly% §0t1§5§721 ul'?? gr?%%' !i gA&%QWSS 0 mmmol ),
(Ph3P) 2PdC1227 68,]1'25' 08, 123.29, 122x91) 12@11131 109189( D128, 53, 16040.52;133093 32r60( i Pr) 2NH
(50.0 L) under e he reaction m xture was

t hen sti rreagz)f1 %‘,3 ﬁS%@%@oﬂm 2{#5\ZMermved under reduced -
pressures and th%yﬁtﬁé&zﬁbf% m&br@rm.&p,gxsﬁ@ry;gtgpn silica gel using hexanes
as eluent to give 4(2.8 65% yel Tow crystals. 111 NMR (500 MHz,

CD3Cl1, 6 ppb)amdhe@ﬂ)f(uwe@l)layrgzorhz@dmwe (3). 2,039 g7 139 mmpl) wasghisspyedin H, J=

(%3 50 & 7aapenyie @Ol i1 gobled idaf el Sap. Brbtpine idd QS w2780

H, 1.66 (nlmﬂolb"))vas the’ hddéa sléwiy). Affer Qﬂrrfn@lat 45 P fo01 /kburé, dhe rfeatlion)was/. 70,
15,16 Hz), 0.36 (s, 9 H), 0.30°(5, 8 H. 13C NVR (125 M, CD3CL, (5 ppm:
1L

155. 41, 153 qeenchedwithgodivgosudfte smkmoe ichlogomethanesgas afided.;and the 01’3413,1082

20121 gok 11?@W§%fﬁﬁﬁ%§%g%§€%%@g%%§e@%&é@ ?%5”%’?@"%%4@50“ 101. 84,

100. 52, 94. 48e sGlvent ivaséVapiitated JarfdGhe &ﬂuﬁésldﬁ& Wétre pirifiédby 28luma, 0. 10, 0. 04.

DO s i sk dich s B e b Py SEb AToM o o

0°hi) " and addadeiw Estils ORf grdiobr R S00 6hf COICED oy VST 9D, 1
\rIrML% 3 ;I]'ge m xtTeHepS. %;(:ig,rbfl dFilriﬁ)m&%i@eM&ﬁs,_d IE)Jﬂ i? (Irdolle Jaw’dS&Hgb,Z(r:t ed
sodi um La 1 G QAT a1 2,133008, L30 o 2 e bob bt BBV ST s PR Gl 0e! g

hexanes as lH)e1 6’7 n&HI)Fiegmﬁtml)lﬂat @mgkldwgwmpluymfggé)rmrmtfmnﬁb gave

5(1.6 g, 92% 0 yellow crystals 111 %
7.98 (dd, 1NMR11-251N&12 CDsgt, ): 15998,(153. 14, 0.4, 1990.60¢ 139,544 13 =867 34 Hz) ,

784 (3. 1 oy d5 1B iode 1598, (8814 A5 AT A 18 s o B8 il M 0=

3.27 (t, 1 6551—460574396 326[‘1229)00 2717, 2560 MH)(MAZLIOBTOM rﬂ/zl"i)&S‘m[ﬁﬁ] (m 4
H, 1.22 (m 4 H), d( OHzl) 13C
NVR 15(205 Mz, @w ‘bfﬂﬁ -Blﬂ@sbremohwé’ &gmmstﬁylfdyl)qbo'yﬁﬂuo'fm)ﬁ

140. 97, 136, (&ﬁme&ﬁézzﬁ?ethﬁéﬁb%m&%az%% @23 Shutichof thmethyifyPacetyiént 91,
(1.08 g, 1.55 mL, 11.0 mmol, d = 0.695 g/mL) in diisopropylamine ((iPr);NH) (20.0
mL) was slowly added to a solution of 3 (3.9 g, 5.0 mmol), (Ph3P),PdCl, (0.175 g,
0.25 mmol), and Cul (0.047 g, 0.25 mmol) in (iPr),NH (50.0 mL) under nitrogen at
25  room temperature. The reaction mixture was then stirred at 70 °C for 8 hours. The

solvent was removed under reduced pressure, and the residue was chromatographed
on silica gel using hexanes as eluent to give 4 (2.8 g, 65%) as yellow crystals. H
NMR (500 MHz, CDsCl, é ppm): 7.94 (m, 2 H), 7.87 (d, 1 H, J=7.39 Hz), 7.81 (d, 1
H,J=17.85Hz),7.73(d, 1 H,J="728 Hz), 7.69 (d, 1 H,/=7.82 Hz,), 7.50(d, 1 H, J
30 =7.86Hz),7.47 (s, 1 H), 3.26 (t, 4 H, ] = 6.79 Hz), 2.00 (m, 4 H), 1.66 (m, 4 H), 1.21
(m, 4 H), 1.09 (m, 4 H), 0.70 (td, 4 H, J=7.70, 15.16 Hz), 0.36 (s, 9 H), 0.30 (s, 9 H).
13C NMR (125 MHz, CDsCl, 6 ppm): 155.41, 153.20, 151.10, 150.87, 141.01, 140.91,
136.19, 135.16, 133.82, 131.43, 128.51, 127.27, 126.27, 123.86, 123.85, 121.85,



120. 84, 120.31, 120.07, 114.48, 84.52, 83.70, 79.55, 77.47, 55.27, 40.06,
33.88, 32.61, 29.02, 27.75, 23.60. M5 (MALDI-TOF): mz 673.01 [M.

Synt hesi swofofdaweaial Hyper branched Conjugated Pol yner (POriSGAoisohéenk 20
tube charged with 5 (100 ng, 0.15 mmmol) s degassed with three

vacuum ni trogen cycles. A solution of cytlopentadi enyl cobal tdicarbonyl
(CpCo(CO0)2) in anhydrous toluene (1.5 nm., 0.01 M was then added to the

Lo remove okBen [ o s 10PEEtoocH S4B ol A0 oo B0 A 1
i rradiation29igoh27603 3% 090l 660, MSRRALDIIGH): MO8 BP70)MP! aced close to

the tube for 8 hours. Affer the m xture was cool ed to roomtenperature, it
was dropped i ntoSMhanm‘H%'ean(_b}bnomob@gw é—edUnI/lﬂHOIfenylr)e7r The precipitate
was col |l ecte

was fil teregg?' ﬁ'bzﬁ’ g‘f‘r&f) R%@tﬂr d{%sg%) rtioqﬁ(ﬁ ﬂd@ A fiﬂ}’{ N On~

preci pi tﬁtev&lﬂﬂnem@&blqls OME)%ddadaﬂtolmsmtsumn%ho{m@l \mn@gtlﬂl ned as a
br own powder 65 ng, 30 65% . 111 NMR (500 MHz, CDCL13 %)2 50- 7. 30

(m 8 H, (29/0 mL.). Fhe mixgpre pias sturedatigpomernperatyre fof Gourgangy (s, 0. 20
1700 bbb il BB CBd R
150. 97, 150 s&hum]ﬁlfaﬁBIh&dtﬁdéﬁrodﬁéﬁvﬁbhrdxﬁngﬁph&Bdn §ilica g€l lusthg hexAifes
B2 St oot aion g smod ok el v 1. o420 s 30"
33.91, 3¢ 6%11(?\9 cﬂ@talsz TH AMR4306 MHMC:4,/8 Ppm M98 @d=1 B, §=1.47, 7.87
Hz),7.94 (s,1H),791(d,1 H,J=7.34Hz),7.84(d,1 H, J=790Hz,), 7.76 (d, 1 H,
J=747Hz),7.72(d, 1 H,J=7.80 Hz,), 7.53 (dd, 1 H, J=1.10, 7.63 Hz,), 7.50 (s, 1
H), 3.64 (s, 1 H), 3.27 (t, 1 H, J=6.74, 6.74 Hz,), 3.17 (s, 1 H), 2.03 (m, 4 H), 1.66
(m, 4 H), 1.22 (m, 4 H), 1.10 (m, 4 H), 0.71 (td, 4 H, J= 7.72, 15.20 Hz). >*C NMR
15 (125 MHz, CD;Cl, é ppm): 155.61, 153.16,-151.15, 150.97, 141.24, 140.97, 136.15,
135.69, 133.98, 131.46, 128.55, 127.25, 126.55, 123.91, 120.84, 120.31, 120.07,
114.48, 84.52, 83.70, 79.55, 77.47, 55.27, 40.06, 33.88, 32.61, 29.02, 27.75, 23.60.
MS (MALDI-TOF): m/z 673.01 [M]".
Synthesis of Neutral Hyperbranched Conjugated Polymer (P0) A Schlenk

20  tube charged with 5 (100 mg, 0.15 mmol) was degassed with three vacuum-nitrogen
cycles. A solution of cyclopentadienylcobaltdicarbonyl (CpCo(CO),) in anhydrous
toluene (1.5 mL, 0.01 M) was then added to the tube, and the system was further
frozen, evacuated, and thawed three times to remove oxygen. The mixture was
vigorously stirred at 65 °C under irradiation with a 200 W Hg lamp (operating at 100

25 V) placed close to the tube for 8 hours. After the mixture was cooled to room
temperature, it was dropped into methanol (100 mL) through a cotton filter. The
precipitate was collected and redissolved in tetrahydrofuran. The resultant solution
was filtered .through 0.22 pm filter, and poured into hexane to further precipitate the
product. After dried in vacuum at 40 °C, PO was obtained as a brown powder (65 mg,

30  65%). "H NMR (500 MHz, CDCl;, 8 ppm): 8.50-7.30 (m, 8 H), 7.20 (br, 1 H), 3.67 (s,
0.20 H), 3.30 (br, 4 H), 3.20 (s, 0.20 H), 2.0 (br, 4 H), 1.70 (br, 4 H), 1.42-1.06 (m, 8
H), 0.77 (br, 4 H). >*C NMR (125 MHz, CDCl;,  ppm): 155.41, 154.34, 153.73,
153.06, 151.10, 150.97, 150.91, 150.08, 141.43, 140.50, 137.87, 134.02, 131.45,



Synthesis of Cationic HCPE (Pl). Trinethylamne (2 nL) was added 5 dropw se
to a solution of PO (50 ng) in THF (10 nm.) at -78 C. The m xture was
stirred fwo20R/oemans, and then allowed to warmto room Pemseratiwne29 The
precipitate was redi ssol ved by the addition of nethanol (8 mL). After the
m xture was cooled to - 78C, additi onal 30ri net hyl am ne (2 nL) was added,

and the mxture was stirred at roomtenperature for 24 hours. After rem)val
of the solvent, acetone was added to 10 preci tate as_a_ brown

(55 rrg, 9594 29-fbR 2800 12423, 12659123839 975130068, 1@93@ni1%9$ﬁ)346§8 395

0. 20 , 3. Sk v, =4

1. 20 (br gﬁwf;g%%ﬁﬂ 309%@9113?@) (?g’gﬁ@%ggsjgpb %"’gp’% %55, Z%
154.10, 150197, 141.91, 141.37, 140.70, 138.15, 134.00, 133.43, 131.07,
130. 22, 128.54, 128,32, 6.23, 9, 121. 121. 119. 92,
1587. 08, 80. 08, ‘iS’s%fl E’”’%’Z’@%ﬁé@t eﬁ‘é/l&f%“‘eé@“%é é"]’g@ 22.17.
Synt hesi s omogw,@eem%iudagpﬁmagam%mmm%&s-;sw@memﬁkmd NG-
PEG NH2 (140 ng, O. nmolL) were dissol ved The m xture was

degassed, astiredifon lmhmpand thepralewedsiosy tempmnmmm preEnmErn) (12

a0 65 20 ¢ TABRHPLERE s Sy Hrlads Q??%%Q}‘?ﬁfﬁgﬁgﬁﬁ?e £ Rk 20

room t enper g8 BCeaddiorial trifétRl ainiiedRGALPwEs Zfiefarlthe Rgtuel wyestirfedlater . The
filtrate was precipitated into diethyl ether to give a red powder The
crude produgeomniempesainzeder 4 houns. Afieraemanal of the selyens, acetone wappddeddpysi

mobr ankd't optostRARLPT s Fbidtahotndir (A Brusigh IR OB MHE XD Y2 Red as
Zr g\g{wa | geE ppmNéfl\ISW’Kl_-i)BBG (Mé@ H)dg6B)MS(D .20 Hp13)28 (&r 643H7, 3065 (sp118 HY, BOHfhr64 . 78
(12 19, BDeBSE g 4 D4 20 Gor, S A okt 807 Cav B ShiQRA o
agueous sol H%h?ﬁs@w k54, 9?]115M97aﬂ411 6‘12(1218'7 140 76\/9138/613 WﬁﬂlBﬁ'h@ borate

buffer (150 , sul fo-NHS 30 0 pi 1 M 'was added to the
sol ution. Al3E07,13032 128543, 1281324 126123/;/d§5{955k%31|8? H&b@@hl%ﬂ Nad 1808, col um

o andlaul BEOR B0 B oS R sdd Ao 7525, BadSia it Con of Mant 1 R
affibody (20 pL, g tﬁé‘szi%CMh@ﬂME‘(P@r PGB0 I, BLOS Tind. alleyid) AREN;- VO
2012/ 002911PCT/ SG2011/ 000229 - 37 - solution was incubated for 1 hour at

r oom t enper BEG-NH: B40omg, ¢35 mmely) were gisaeved peP Mt mL). (The mixtwe was was

enbr ane_1 opvipstvg P He RN gl PR R BRI ) i m VS

in FIG 7. 55825 handls) st CdBE1 Q@(ﬂrg,(m)zs nithoBPwet: added A Meratactibkiwneéd and
N3- PEG 20  °C under nitrogen for 24 hours, the reaction mixture was cooled to room temperature
and filtered through a 0.22 um syringe driven filter. The filtrate was precipitated into
diethyl ether to give a red powder. The crude product was redissolved in water and
further purified by dialysis against Milli-Q water using a 3.5 kDa molecular weight
cutoff dialysis membrane for 3 days. After freeze-drying, P2 (45 mg, 78%) was
25  obtained as brown fibers. 'H NMR (500 MHz, d-DMSO, 6 ppm): 8.60-7.05 (m, 10.8
H), 4.56-3.40 (m, 145 H), 3.00-2.65 (m, 8 H), 2.47-1.70 (m, 22 H), 1.66-0.78 (m, 12
H), 0.56 (br, 4 H).
Synthesis of P2-Affibody Conjugate. EDC aqueous solution (5 pL, 0.1 M) and
P2 (2 uL, 1 mM) was added into borate buffer (150 uL, 10 mM). Then, sulfo-NHS
30 (10 puL, 0.1 M) was added to the solution. After 1 hour, the solution was passed
through a NapTM-5 column (Sephadex G-25, GE Healthcare) with water as an eluent
to remove unreacted EDC and sulfo-NHS. To the eluted solution, an aqueous solution

of anti-HER?2 affibody (20 pL, 0.14 mM) was added under gentle stirring, and the



COOH (142 ng, 0.25 mmoL) were dissolved in DM (5 nL) The m xture was
degassed, and then PVMDETA (12 ng, 0.0825 mmolL) and CuBr (11.8 ngy, 0.0825
mrolL) werwoadam29iAft er reaction at 65 C under nitrogenpCorsG2diihporme
reaction m xture was cooled to roomtenpgrature and filtered through 0. 22
gmsyringe driven 10 filter. The filtrat¥ Wwas precipitated into diethyl
ether to give red powders. The crude product was redissolved in water and
further purlfled by di a] ysi ainst MII-Q water_using.a 3.5 kDa nol ecul ar
wei ght cut ofpPluiPRas a@ugg%fadghq%ﬁt @oawglpemrer ¢forctiulag imaglge p3(42 ny,
159 vas oblahattiads dN gitudvhSi o B a0l Pt d@é’?@.s EDPRBccul
862703(m§b108 ,45834?{1 U 3700-2"% by, o
152.48- 1. 72“(emght2ﬁtolﬂ)dlalys16m@1lime(for21®uﬁ) 0.56 (br, 4 Synt hesi s
of Phal | oi di n- P3 nj ugate. o ation of HCPE: P3) with

ani no- phal | oi di n"%é@'ﬁ?ﬁ‘? %%P-E@ﬁf’ ‘ﬁ‘hﬁ%ﬁ Rés depicted %&ctl on. In brief,
0.11 nL ¢f HCPE- Wﬁslgf HOBPELGCOB ?ﬁ@o%g%ﬁﬂﬁh&aﬁyﬁé)aﬁﬂ N;-PEG-

am no- phaIIO|d|ng ng/ nL, nethanol) were m xed and diluted to a total

vol ume of 2 GAOHK14bmgt @25 mmek) were(dissolvid ipPMF € 181.). Hoawxsire was| f o- NHS
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at room t enpanhell)were addal. Alfted redeton al 68 I®Oundun fitcbigah Yoreh le,gné rattiod 1 11 Q
water for 48 hours and_ HCPE-phalloidin was_coll ected after freeze-drying.
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high PL qua 31* Qn'@ 79%)%%%%%%&&5% m&ndﬁﬂ'{ t - ni mal

nonspecific i nt eractions w th bionol ecul es and suppressed nonspecific

cel lul ar upM&O dhpwd ek 03 ifme 10840 85842 émd%;ﬂ) 340-160(rer8 His nmake
P4. 1 an i R/ e r_p i mnation and
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from NI H- 3T3 nor cel I i contrast, and.sel.ecti Vi ew
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stains such as QDs and silica nanopartic for clinical diagnhosis and

nmodem bi ol ogﬂcaf HC@Ee@OGH (8 mg;tm!p)rmuoousrmﬂlamnaﬁnd 8 mgnof arhigo-phalloidin

click-chem S ft|n o) app ch has the fe bl|l.t
flexibility 8}/%?‘5/ g:fﬂxf& “f%gﬁ"a? qu%lgv AR ﬁ?‘iﬁ‘g"at ed
backbongg f suffeh .7.c10ptl>H)J= 803°). 272 X ) a:&DS&lbd NHS/ weeethén a@d‘eﬁffhiowhaﬂﬁluﬁﬁﬁ acal
properties of CPE- based nol écul ar brushes. For i nstance, changi n% t he BT

units of P4the ism@mnqmquwphreﬁhg ofy HCEE-CONHERALISufaiNHS & Yak. fThe her
d-shift 1 cat h
[)(raesance of P%’Eo- amaﬁaa))gm %a@groups F;Q‘J& ?t%h%e%&p"%?d; lItl ?sbsﬁes

al lows for tiatyded aghinstCMithiQX watfer forf 48h@ut ahid BICRE>plinlicidin waal @ﬂﬂectbck aftetich as
anti bodi es, aptaners and peptides) to fulfill various sensing and i nagi ng
t asks. Ml e&GF hes are uni que nacrom)l ecules with densely grafted

side 15, ha mpﬂﬂr gpal "grafting
front ms%ho Pﬂ)(i:kf ddyr?gﬁﬁlist@xg ﬂﬁ&gﬁl at eéﬁpo YITEr | zatl on (NRWP) and
atomtransfer raghg ﬁ{olaﬁlawmis}hzamllq 'ava(: AyithdsiZed iz »Sepwise “biaheth érfto”

synthesi ze neutral conjugated pol yner-based nol ecul ar brushes, the

resul ting polefhadrinvalsingslick ehemistryic P44li formed enmershelbspherieal nengpariidderin a
"grafting Ogctlueoug §5186 r%the?emrTB{eePﬁlg rg?a%ng coslstﬁu{eﬁrtﬁe E})e‘iﬁg)',l e way to

encapsulating the charged, conjugated backbones. Such a self-assembled
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30 nanostructure not only resulted in a high PL quantum yield in aqueous solution (11%),
but also led to minimal nonspecific interactions with biomolecules and suppressed
nonspecific cellular uptake. These desirable biochemical and optical properties make
P4.1 an effective FR/NIR cellular probe for discrimination and visualization of MCF-



20 nodify the brush prior to attachnent onto the backbone, while the brush
density is strongly limted by the grafting chem cal reaction used. The

Hui sgen Iw®-2dizpobean cycl oadditi on reaction between or garce/sazod®sozand

al kynes, known as click chem stry all owsaiost-pol ymeri zation
functionalization with nearly quantitati®fe yield, mld reaction conditions,
and broad functional group conpatibility. In light of these 25

consi derations, the "g_r afting onto" strategy. based on click chem stry was
adopted to Jyeanemsele pwé\l%gia@enaﬂzcﬁ%m éﬂtﬁgnmea%qieé%wamwasm
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det er mi nat i echaia$ aideonjiigatedcisackisdnes fdnthe caritrad of water{sviabdityl sesssembly
spectronetry, it _was polyneri with 4, 7-dibronohenzot hi adi,azal e (4.1) via
P B ey 2/ PR ODTa) DIBSHIAE oF FF EPaSeA frolkshsf bR hD Fe ARACR SRESRENS T o of
DVF/ TEA (2: Blp uritls ok 3. Cint®4 I di@hidnIsN§1)E1.8 [hzothia@ia¥ S8 can further red-shift
pol y[ 9, 9-bi s(6" - (N, N-di met hyl am no) héexyl')) fl uorenyl di vi nyl ene-al t-4, 7-
(2',1', 30, - Benerissipa diaxirotme) Fdor therapplifatidaiperypeciiysa therpresencoof bip- P1. 1 with
éét ngimébgg_laml _%gﬁe Iflﬁlctciggal@r())(&p%ro?C?’fE-l;ral_slgc/l N B dheL 0w sTBY achile ¢! i ckable
pol y[ 9, 9- bi afththnkusk ofdifferent bioebbls ¥lemehts oueh ey bntilddied] fixheis\andy| ene- al
t-4,7-(2',1',3", -benzot hi adi azol e) 10 di brom de] (P2.1). This polyner
precur sor hasptides)tedfulfibygsipus sensing anddmagingiasksi de chains, which allows for
subsequent click reaction with azi de conpounds. The click reaction was
carried out in Dioleetlaxtumshes ate umqgueamactemplecules vnth depsaly gafledisislser sed

PEG NH2, { N3- PEG- NH2). at  65C usi N, Ar A t anet yhdi et hvl engt r.j am
CErrrralS o R S ikl AR BB, AT e DA bbb, gt 21 e
Finally, commdigg hitRaYl RElicabhgierd PoBmidizito) (ORNEP) ahd Bdmil trévidter radical

y-carboxylic acid of FA using dicyclohexylcarbodiimnm de (DCC) and N
hydr oxysuccipalymesization- TRE) have been utilized to pynthaszeqeyizal qopjugated peb&nal i zed

CPE- g- PEG (P4 . ’ LOoDI e i fied
by ot o- 11 PEieigR AR, e RALIEHE obiatert pplndy be ffhel RnbubRl B {1 O
wat er usi ng cempafsonQa Kigafting dte! stratepsiig hiore véredtile ds aloffeisw faciddwaye f or 3

days. The _chem cal structures of these. pqlyners re determned by 111
NMVR sped®r a modifythebrsh gripptopftaghment optp §§§R¢ ns.@gle\égﬁﬁaﬁﬁés?w 1§ the 111

NMR sped= o ixﬁﬁ’ﬂg ' Ega] . n al; 1 BB oldet egr al
rati o of thfgﬁgrggo{%lat %géhép%ﬁtﬁ{ t%g?éég{éa’%s%%hﬁm cgg%'lgegggolhg’d-?ﬁala?o t he

met hyl ene prptloadlitierereattion hweenpargartic azided arfd alkyresinoma as|clisk chemidtry 8,
indicating that the degree of quat.ernization, is -96% .The successful click
reaction is3ayeVs PPYdo %ﬁwﬂysﬁe'@?wﬂ%n%’rth&%%%ﬂmwﬁi‘g@é 8.00 ppm
in the NVR $pR6bA Ushdifions3and brokd ﬁlhcﬁ@ﬁcdé%?&&%‘mﬂaﬁbﬂ > HIISROf Ry to the

nitrogen atomof the triazole group. npari son of the integrated areas

bet ween2$ he comsidérptianspibaK graftingyonig” strategysbased om clickichepyisiry wassadoptad too t he
met hyl ene synthesize the surface-amenable CPE-g-PEG molecular brush. ‘
The synthetic route toward the CPE-g-PEG molecular brush and its FA-
functionalized derivate is shown in FIG. 4. 9,9-Bis(6"-bromohexyl)-2,7-
divinylfluorene (2.1), was synthesized in 78% yield by heating the mixture of 2,7-
30 dibromo-9,9-bis(6'-bromohexyl)-fluorene (1.1) and tributylvinyltin in toluene at 100
°C for 24 hours using PdCl>(PPh;),/2,6-di-tert-butylphenol as catalyst. Treatment of
2.1 with dimethylamine in THF afforded the divinyl monomer, 9,9-bis(6'-(N,N-



30 protons of PEG and the peak at 0.56 ppm (assigned to the nethyl ene
protons secondly close to the 9-position of fluorene) reveals a high PEG
graft effwoizersop2afi - 90% which is attributed to the hi gaTaczomiongz2of t he
click reaction using PVMDETA/ CuBr as the catalyst. After FA
finctionalization of P3.1, the Iff NVR-39-40 - spectrum becones nore
conplicated for P4.1. Nevertheless, the characteristic proton resonance

peak of FA | ocated at 8. 66)a_$9m i s separat ed fromthose of the conjugated
backbone. THunethylaminph phyisgiugree 63-1F A fes spopessfpldetermingtisnodthey pe
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whi t e powde(2',113-bivRothigtiazole) ditgpmids] (Bl.p)Quaternigatiqniof P1.Hwith4-7 78 Hz) |
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H), 2.10 (”bati’oxﬁ‘ﬂmém@%gg 99315(N(1;u23')€ﬂﬂ)-}¢,1w) 1.08 (m 8 H, 0.65 (m 4
H). 13C NVR (125 m: 151,25 140,72, 137.40, 136.51,
125. 30, 120dneethsﬂgmm)h@yl)1ﬂ®rgwldlmyme-aét44 842", 113", benzothjadiazolely 90 . 27. 59,

27. 07,
Pol y19 gtbém ﬁﬂiﬁ) TP%}%Q&Q“( ASqr pas T‘lk?w%‘%gﬁﬁtﬁé pad ot the side (2,1
, 3, -benz ot h chalhg dich alﬁjwl&ribffsmbql(eﬁﬂ.clic)( redbtﬁnfwl&rlm&mhﬁnpmmd& Mehegtidk Wi t h
3.1 (100 , 0.212 | .OA 2 , 9 20
umml() aﬁf@GBOQW%QQB“Hé @%)P%oﬁ%é? 'é"g‘)é f:lvmn?h a rubber
t Th [ | t
erove ai - THEOUSBiEHEGHAS, (RIPEGAM L 65 Ol A e Lded Lo the
Schl enk t ubgemtamietyhtiethybehetriemives(PMBETA) awd GuBrasthe catalyst, leadeng toltheee ti nes
t T t t,at 100 C
st £ 1 nbS o CPESREG @ 1T FinalysebphirepriondrEusi g apineegess i3 Lot e
driven fil t§rcaamyﬁé1§'cla beAaIsﬁlgaﬁéym aﬂbaaﬁmshequjm #idrer . The

precipitate was collected and washed w nmet hanol acetone, and then

dri ed under hydromysuctipimige (NIiSﬂgstl@oetalxstmlPMSp g&‘@ghﬁﬁA'@me@bZ?‘bd fibers.

1H NMR (500 7 2. 30
Tor.a ty, SPE pEO TR TROS onik polyrh B 2. 1 )pa it 4 Wik Briflotly, > 2

0.73 (br, 4pnldro-figatioNYBretditation Mnd, firfaDGHRalysiSagupist Mill5-Q Witer dsidg £8.5 141 21
136. 71, 133,89, 129.43, 127.04, 126.43 123 92, 121.25, 120.18, 59.77,

55.17. 28 4kDamplecularoneighy cutoff diglystsmembrapefar3 daysn, = 9500 MiMh = 2. 1.
Vo 2012/ 002911P%§%8%yap&91%33es of these polymers were determined by 'H NMR

spectra. As compared to P1.1, a new peak at 3.08 ppmAappears in the '"H NMR
spectrum of P2.1, which is assigned to the alkyne protons. The integral ratio of the
peak at 3.08 ppm to that at 2.64 ppm (corresponding to the methylene protons near the
25  9-position of fluorene) is close to 0.48, indicating that the degree of quaternization is
~96%. The successful click reaction is verified by the presence of a single resonance
peak at 8.00 ppm in the "H NMR spectrum of P3.1, which corresponds to the proton
next to the nitrogen atom of the triazole group. Comparison of the integrated areas
between the multiple peaks ranging from 4.56 to 3.40 ppm (assigned to the methylene
30 protons of PEG) and the peak at 0.56 ppm (assigned to the methylene protons
secondly close to the 9-position of fluorene) reveals a high PEG graft efficiency of
~90%, which is attributed to the high activity of the click reaction using
PMDETA/CuBr as the catalyst. After FA functionalization of P3.1, the 'H NMR
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Pol y[ 9, 9-bi s(N-(but-3"-ynyl)-N, Ndi met hyl am no) hexyl ) ffl uorenyl di vi nyl ene- al
t-4,7-(2'wd'2020029a@nzot hi adi azol e) di bromi de] (P2.1): 4pBrombuicodeyne (2
m.) was added to P1.1 (50 ng) in THF (5 nL) and DMF (5 nL), and the m xture
was stirred at 55C for 2 hours. Then, 54BWSO (5 nL) was added to dissol ve
the precipitate. After reaction for 48 hours, THF and net hanol were renoved
under reduced pressure. The residue was_then poured into acetone to give
the crude pspa¢trum hesomesimore eamplisetedder P4:A cNeyesthgless, sheschiagacteristic pratpR i ed by

di al vsi : = . _ ol . . 5
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Cubr (11, 5 FRFAoe foapetonm adtiond GinaB¥lanips olehetbhbR iy aadsacair gy "
ni trogen f omidfird\WAY StirredR3€ rdodi fenpefatiietbt' I Eho@s. THRAoR&nt Was fefiréonar at ur e
and filtered through a 0.22 pmsyringe driven filter. The filtrate was

pr eci pi t at etndenredugpdpregsuretand the wgsighe was washedpwititibexanghandopethangdtoduct was

di d ] 4 furt o . ) . i -
water by ng*0 51 Rz Thg, o) & Wille e, SRR EOOMEtAS R Bonll ' (2
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ith DCC ( SNMR {25 MH¥ GG}, )0 ppng): N-HS25,7148.72913704@A836:51p135.20, 1204
}tMerrperatuﬁe. r(r?z re4 |0 ?6di ycl : I ag s7f 3a ed by
1 Erat1on. 1-PRddair s mesat 4548, Rk ho o B S8 0 A5 e B TPy | c
aci d was priygasy(yrpctivated in the DOUNHS 30 reaction due to its higher
reactivity. P3.1 (12 ng, 0.02 mmoL -NH2) was added to the NHS-activated FA

sol ution. The reggithas mljg@m-b@(ts'-mmzmmwrﬁmuﬂ@x)fwﬂu&&nwﬁyleﬁhe
product was further purified by di %Is_g/si s against MIli-Qwater using a 3.5
[

kDa nol ecul ab-delZGit 3'chenspthiadiarolalidibrawidel 4RE I)- Sshlealygl.be/s«qsevharged

freeze-dryi / ' - o My, 72%
was obt ai ne asfg(lsﬂggg%é)\?\%ie@r‘.a&l%ﬂ Q%@%ZW%’%%h %éﬁn%’:g 8.66 (s,
1.2), 820.3- imntol), ahd PR-tdlyl);x(15 fng, 40 umblyhefort.ib@ascaled(with 4 bubbleh septur- 1. 44
(m 27 H, 1.36-0.93 (m 12 H), 0.76 (hr. 4 H. Exanple 3. Self-agsenbly
Properties &he ﬁ?ﬂ@-ﬁ“&ﬁ%%ﬁﬁ?%‘?ﬂ@ F%F%H‘%‘Wg%‘? ¢SSR THPEYSEE _

(HR TEM Shmgﬁ@@@%na%émgm@do%wm@m%a b e SURARARMBE 4ldq8e W th an
average di aneter o O rimi1h aqueous solution. Mreover, these nanospheres
possess a conxtushwad fromnpevacuated;aad thaweddhree times darémovetadn. The and t he gray

SOt TN, IR MR R e
25  then filtered through a 0.22 um syringe driven filter and the filtrate was poured into
diethyl ether. The precipitate was collected and washed with methanol and acetone,
and then dried under vacuum for 24 hours to afford P1.1 (108 mg, 81%) as red fibers.
"H NMR (500 MHz, CDCl3, & ppm): 8.14 (br 4 H), 7.93-7.36 (m, 8 H), 2.30 (br, 4 H),
2.13 (s, 12 H), 2.00 (br, 4 H), 1.30 (br, 4 H), 1.12 (br, 8 H), 0.73 (br, 4 H). >’C NMR
30 (125 MHz, CDCls, 6 ppm): 154.05, 151.68, 141.21, 136.71, 133.89, 129.43, 127.04,
126.43,123.92, 121.25, 120.18, 59.77, 55.17, 45.41, 40.51, 29.98, 27.59, 27.17,
23.82. M, = 9500, My/M, =2.1.




10 a core-shell nanostructure is beneficial to both bioconjugation and cell
I mgi ng, as PEG shells could serve as a protective |ayer. Exanple 4.

Sel f - assaewbl2zg12Rnoperti es of P4. 1. The sel f - assenblpgTisehanioonz9 of P3. 1
and P4.1 in water were at a concentration of 2 pm based on repeat unit (RU)
studied by laser light scattering (LLS)'.‘“Uhi nodal 15 distribution peak was
observed for both polyner solutions, revealing the formation of mcellar

nanoparticles with an J&i%&msters of 108 and 135 rimfor P3.1 and P4.1,
respectively. NosSEwess of PeyibI-beiVbrytivepedeMy of P3.1 (0.17) and P4.1

0.22) indi 1 5 YRAIL 4 .¢)6%2a j - )n size. The
I(ar gez part ??%?%@2‘?%4%2@ g@%@%ﬁg@ggggﬁ{ ﬁiatq ’%f 5%:{6 Esyﬁ%d&%%lége ascri bed
to the addi dilonmidef /AP3db ABramotid-1tyre (2 imls) wasadded of PP4.(30 mg) in THF(5
nor phol ogy of, \P4..1-3ss ed noparticles.in the d tate s further
i nvesti gat ewmﬁr{sgﬂ‘)oﬁ“‘g&géﬁfgﬁe?ﬁaﬁ%%ﬂ&%(%aiﬁ‘?ﬁrst ﬁﬁ‘ﬁf"ng- node -
atom c f9r ceoMBON(SMIOPVas AN t@aﬁmv&me%%caﬂiﬁge. ATte? réRAGE for IR HOuAN FHF Ca,

er

respectively. As shown in Figure 6a, sp i'cal nanoparticles with an

aver age di agad methgholwererempvedurmier ridyeqd prassuye. Thrresidneavasdhen powsed nner

art of the,. tjicles.is rk han e f l.nset Lgure
Bay . i 1 otp ASABH tots e e el B S0P bR e b lash T ot Siandvsthey
el ectron depatifivd by diahgisiapaiuistvallieQ wateraiRjrigdad.s dDaahlbailar wéightlouloff t he
i nner core and_outer shell_of the nanoparticles should _be enriched with
the conj ugadidysimgmbrans fordidaysAfentreszauirying: i1 (3emge28%) ws obtained ARV
I mage i o Fi iﬁﬁrsah ANNMR _ISIRes | . o) Ve 94 (k- assenbl ed
nanopar'?(l)cl ggfe\%i t énﬁaver a(gte36 | arfehfer ofskg%b'ngﬁ?j @3?‘% ﬁg’rsﬁ%ér gﬁﬁt(#é%
cross-secti ehar. 9ol 2 $1)s3.65 (brh2.SAHY] B 4R dbr, 4IH)13204be 8.84H14), 3108t,\1e92 HY al

e o AOBRTES bR 05T AT HIE e B S B o e
O Spar el AePANGRE 1% P AR S SR TR O

di amet er NEREG-NH, (B40g,[(:D5 aitol)iére diss6IvB@ IIEDMIO(SL MR). Theimigtiré Sas |t 1S
anticipated that the PEG encapsul ated m cellar nanostructure of P4.1 in

aqueousl® sdegassednandthen ¥.N& HEHET-pentametyldiethyleaetriaminePMIAETA) €12 mg,
ad O A . I et Lit ot i 3 I
upt ke, Exaggpe’ BufdEy A CRATESShY (i eas'A5bL) Wétd et DERk: bfeebal 45"

phot ol unm nesCander ittbgenspe24 hoursfthPteagtioh Mxture was coledad eosh tempezaturel he
absorption pe; of P2 are 315 and 422 rrespondi ng tqQ 10 the

f1 uor ene angncgéfﬁara@ #Faaéwﬁé_uewnw%@ %%iﬁ%ﬁwaﬁ‘g@mmt% PL,
the BT absoupitypePRkeiol a il powde? driftirhdprolict Was MaisdolNbuSA Wafl ahld®

el ongated effective jugation length due to the generation of triazole
uni ts a?2q er further purnifiethbys dialysis BgainFi Mithi>Q wateraisinga 3.5 kBa nidéculbmweiplitch i s

bl ue-shifted b nmrelatiyv that, of. P1. 1n agddition £, PL _quantum
Ji ol d of  PoovRtigislan memsrans 15, Aale. AReh s dthan orieS gie B0 wes
: obtained as a red powder. 'H NMR (500 MHz, d¢-DMSO, & ppm): 8.60-7.05 (m, 10.8
H), 4.56-3.40 (m, ~145 H), 3.00-2.65 (m, 8 H), 2.47-1.70 (m, ~22 H), 1.66-0.78 (m,
12 H), 0.56 (br, 4 H).

(@]

25 Synthesis of PFVBT-g-PEG-FA (P4.1): Thé carboxylic acid group of FA (16.5
mg, 0.0335 mmol) dissolved in DMSO (0.8 mL) was pre-activated with DCC (8.25
mg, 0.04 mmol) and NHS (7.5 mg, 0.065 mmol) at room temperature. In the reaction,
dicyclohexylurea was formed and removed by filtration. Although FA has a- and -
carboxylic acid groups, y-carboxylic acid was primarily activated in the DCC/NHS

30 reaction due to its higher reactivity. P3.1 (12 mg, 0.02 mmoL -NH,) was added to the
NHS-activated FA solution. The reaction was kept at room temperature for 48 hours.
The product was further purified by dialysis against Milli-Q water using a 3.5 kDa
molecular weight cutoff dialysis membrane for 3 days. After freeze-drying, P4.1 (22



15 (0.03). As previous reports have reveal ed that charge-transfer involved
BT em ssion is sensitive to environnental polarity, these data indicate

t hat the wonplegmead segnents of P2 are |ocalized in a nmpcreseavitrnoment with
| ower polarity relative to that for Pl, due to the formation of a PEG
protective layer. Wth sufficiently high yellow fl uorescence and an
extrenely large Stoke Shift (143 nn), P2 is suitable for 20 fl uorescence

i magi ng. T . L i } i nt ions of Pl and
2. the pL oG 728 B Shucd A90TBRElCr L NMR T900 Bt B TS0 BB

bovi ne ser umB&i6Heini.2), 8 B37.5anm,el 3n))ist 55 bd,. 2.4)0 4.5012,60 @A CETAE), 0f3- P4 s,
significantl h i th.inc sed [[BSA], indicating that nonspecific
interacti onsﬁggﬂsﬁggﬁgnmtlgéﬁ hg%igr’f‘dﬁmti on of conpl exes within which
the | ocal hydrophobicity of Pl decreases. In contrast, the fluorescence of
P2 remains nE&Pmplﬁt%esebémemplyrfmrﬁésme BSA, suggesting no significant
interactions occufred between P2 and BSA owi ng to the shielding of PEG

shel I's. These dat &igrisselutioniransmission elestren migroscepy (HR-EEM) shaves thateP2 an

ef fecti vel | iat f E_frominteracting with
30 bi onol eguﬂgﬁgﬁgféﬁgg}t{i% ng %goéﬁpi%?g?ﬁh%giag%ﬁf ﬁlbag%elte&r? géﬁ%ﬂ g 6.
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- 44 - Tge 0 tbi E%O{Qgert' s of P2.1, P3.1, and P4, 1 in water were
studi ed and ¥ FﬁSHf f Sasrgtep T?ffde © Y TIAcoBRSAoRd rithsdomginsenpiched P2, 1
and P3. 1 shawfthcletraksih RbhjaBatER g%ny ?szan'ﬁs'énﬁ‘é}% pee; &gg&g%%f%ﬁg@&i' to the

fluorene and BT units, respectively. P4.1 has two pea a 2 and
505 nm W& h #cemrshellianostrudus is bennficibh to bethy brakjughti@Bahdrelliimaging] aded t o

t he FA absorpts C ding to the.nol ar absorption coefficient of FA at
282 nm (- 2. SP%%BQIMPW atl?{gp"&%%"c‘l@mfr ation of FAis estimated to be
appr oxi mat eIExﬁnﬁle@ﬁSeff@d&mEl?@rﬂ?éﬁfesBﬂ’Qﬁm age of FAin P4.1 should be
57.5% which coincides well wth the 1H NVR data (60% . The em ssion

maxi mum of P2. 1 iEhd setfaassembly belaioumiof PBilcind P4.Diniwatehivietest atdnb3rafibsl 635

nmfor 10 PS, andléql? 1, respectiv I%"F .However, P3.1 and P4.1 have intense
em ssi on t ai {1 BB dased AR repga m digdpylgserdight seattoring (Jd-Ds Pahmedal

| magi ng.15Thedifkbati peawas Sbssval fofBoth 8 e format d
11% respect ilyel y, neasured using qﬁ?%}%dgﬁgéﬁogggng’ﬁe%e@ﬁgﬂ%%é%{%&g 55%
as the standaicgllaragneparticles withf mednedismbtersof 108]any 135 memfpe P31 ayB&Lence of
P3.1 and P4. .C red to,that of P2.1, 15 ed- e visual i zation of
the sol uti onr%?q%ﬁ%‘Feg%‘ RE_v St tbﬁé{afogrﬂi’?ﬂ%@ %gﬁiaﬂfié’.“-l 0.22) gy

previ ous r efindicatedidiaethe a¥RAbR fdndpartibR FIRA i bi tal
(LUMD) and hi 1hegt occupi ed nol ecuf)ar Oﬁ%ﬁ@iﬁ#&%@%ﬁ%@%ﬁ%@g%

pol y(f I uor erfE X4k asepmpaggd to that\pé $3ishould beraseritied do the aiditiopel FA anmfpsionf r om

the fluggen SIEN the BT units due to strong el ectron deficiency
of BT. Thi sqg%ggéoccur&s@%? P2.1, P3.1 and P4.1 due to their simlar

backbone st ruct urkie.méiphelogy o0P4.1-dskenblednanopaitidesih ehekirg stabPwds funthégt er
originates from.the charge transfer character of the excited states, which

| eads to quéhyastigeted by raasmissien eleetrongmicressopy (HaM) aed tapping-redeatomioyi el ds
d bl ue-shi oni s i Es (P3.1 5 P4. 1
Folati ve to PE isiepy RAFNDUER dOhasllfe dakorRk bidl afmieal fedpgeney. A3 P4 )

relative to P2.1 indi
hydr ophobi c shown oeFguretayspiteritalrnanbparticles withtaadvbagk nfrtera§as0 fin a8t er

i nvasi o resul ti i s quenched fluorescence 1n water. This is
r easonag? e & SW%P&JEEMTEiﬁr qYF“Aéﬁ/I“H’&f Bar¢ BE egnepasticlesis dagker than the f or m
core- shel | hte? ph (InSg 7 Pt €4)°ahiFedtiyaQite. SIthiclle WARkfre! EfnstRfing 92! o0
backbones are mainly localized in the core. reover,

the high electron density of the unsaturated n-conjugated backbone of P4.1, the inner

core and outer shell of the nanoparticles should be enriched with the conjugated

backbones and PEG grafting chains, respectively. The AFM image in Figure 6b also

30  shows the spherical morphology of P4.1-assembled nanoparticles with an average
diameter of 155 nm. Furthermore, the cross-sectional analysis of the AFM image

illustrates that the vertical height of the nanoparticles is 55 nm, which is smaller than
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spectra of both polymer solutions upon addition 6f charged bovine serum albumin

(BSA) were monitored. The fluorescence of P1 is significantly enhanced with
increased [BSA], indicating that nonspecific interactions exist and induce the

25  formation of complexes within which the local hydrophobicity of P1 decreases. In
contrast, the fluorescence of P2 remains nearly the same upon addition of BSA,
suggesting no significant interactions occurred between P2 and BSA owing to the
shielding of PEG shells. These data prove that the core-shell molecular architecture
can effectively prevent the conjugated segments of HCPE from interacting with

30 biomolecules, thus allowing for efficient bioconjugation.

Example 6. Optical Properties of P2.1, P3.1 and P4.1.
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orbital (LUMO) and highest occupied molecular orbital (HOMO) transition of

poly(fluorene-alt-BT) derivatives is accompanied by charge transfer from the fluorene

20  segments to the BT units due to strong electron deficiency of BT. This also occurs for
P2.1, P3.1 and P4.1 due to their similar backbone structures. Accordingly, the low
quantum yield of P2.1 in water originates from the chafge transfer character of the
excited states, which leads to quenched fluorescence. In contrast, the increased
quantum yields and blue-shifted emission maxima of the PEG-grafted CPEs (P3.1 and

25 P4.1) relative to P2.1 indicate that the PEG grafting chains provide a hydrophobic
microenvironment for the conjugated backbones against water invasion, resulting in
less quenched fluorescence in water. This is reasonable as the LLS, TEM and AFM
data confirm that P3.1 and P4.1 form core-shell micellar nanoparticles in aqueous
solution where the conjugated backbones are mainly localized in the core. Moreover,

30 the dense bulky PEG grafting chains could inhibit intramolecuar and intermolecular
n-n stacking to reduce the formation of low-emissive defects. This molecular effect
should also partially contribute to the high quantum yields of P3.1 and P4.1, which
are the highest among reported red-fluorescent water-soluble CPEs.
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in aqueous solution. The difference in fluorescence responses of P2.1 versus P3.1 and

25 P4 toward BSA indicates that grafting PEG onto the CPEs as the side chains can
effectively encapsulate the charged conjugated backbones and in turn prevents them

from contacting with biomolecules, ultimately leading to stable optical properties for
CPEs.

Example 7. Cell Imaging with P2-affibody conjugate.

30 Targeted fluorescence imaging of HER2-positive cancer cells using a P2-
affibody conjugate was investigated. SKBR-3 breast cancer cells with high HER2
expression were chosen as the target, while MCF-7 breast cancer cells and NIH-3T3
fibroblast cells lacking HER2 were used as the negative controls. The confocal laser



10The cytotoxicity of P4.1 was evaluated in nouse enbryonic fibrobl ast
cells (NIH3T3) using MIT cell-viability assay after being cultured with
P4.1 sol woane/mbotthe concentration of 2, 10 or 50 pm f ®CTRG2618/000229 2
hours. Noteworthy is that the concentra_t'é)_ns of these polyner solutions are
much hi gher than that used for practical "cell imaging (1 gm. The cell
viabilities were >90% w thin the tested period, 15 indicating the | ow

(a1 g con] ussimiemicresisbd (CESHD bR MRF b el RofPatvafached PA” ©°
pol yt hi ophene steiwnviatRIGe 2) Thscetlube hu€laicir ¥Qined ByRir6pidiins iddide (P)S SHéng

engi neeri ng applications. Thesp&ood cytoconpatibility of P4.1 should al so
benefit frorfuorescecemanly facused at the cellylanpembrang is gbseried for YEBRvE edbls) i vi ng

systens. Ex Gardo ' “@;ﬁ adj Bt :
absorption gﬂgieem ssnlll nd]%/\tgvgtllegngt %‘&%ﬁcﬁ%@%ﬁ%@gﬁ%@l‘ﬁi arlﬁNIaIﬁnd 3¢)
wer e desbgnéd3aells.SEhettheseszente ibtansitydiedizaselby lessthtuo 1 0%RRePESatitublis cat i oni ¢
charges, while 3c can e t o negatively charged HCPE- PEG 20Synt hesi s
of 29", (6 1 SauiBR oo FmunyR Fitrarangesd Bholosaniiyar e eiohs: These

1, 3, 2- di oxalyga ) i ; el &wg%p (1.74 g,
7.36 mol), P Ig%ir?%)éll%agﬁm%%?séﬁlg@m&ﬁ%g%ggg@ﬁcar oé]%tgg@}f 4.43 g,
32.0 mvol ) ateshed P2/apd HERPeTesos0n exga@iabr dongins, wsratsoplighligtit the a 100 ni

round botto £l ask. 1 xt ure of ter. (12 nL d_toluene (30 nmL) were
added to thgﬁg ?%‘{seﬁésgr?gé dody é%flfegmsé#mﬂﬁgh PeYALE %‘.poﬁlfwe g’?’iﬁ‘f’h?%lswas
Vi gorousdy dioint 6theérsaln 19ght Of tVlow cJaiSxicify AT hizh holodtability SRR AROLIR140 oom
tenperature, dichloronethane was added to the reaction m xture. The organic

5 portion wREbsdwldsareat premmisainpragtical epplisations. bef or e dryi ng over anhydr ous
MySO4. The sol vent was evaporated, and the solid residues were purified by

col um chr oExaopleBHelb Imagingovith) BS-phelloiginl comjugatenet hane/ hexane (1: 5) as

eluent to affordg2a... thesi . of : a .14 mmol ) was di g§sol ved
i n di chl or onet harﬁégitgl%ﬁl%l)ﬁ% §§8I°§ﬁs%2%"?b€gg Fonu Rz ﬁ%Stt“g‘.e%

mol ) was t The cesfdedl imagekhowsAhitahe AifflinginémBrand 6f fvihg Hel@cdlRYd S, the
reaction was quenched wth sodiumsulfite solution. D chloronmethane was

added, &hd sprsifisallylabeleddnt P3rphalleidin epningatedtaking aduantege ofithergand ne before
drvi . ad .t.h i d
oot Ges e rRHBHicim b e HICPE fad G0N RACRBR b8l edn pRAfbidi Gl 3

actin. After 15 minutes of continuous excitation, the green fluorescence from P3-
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(FIGS. 8-10). '
20

Example 9. Cell Imaging with P4.1.
Cell imaging based on P3.1 and P4.1 is investigated with confocal laser
scanning microscopy (CLSM). Breast cancer cell (MCF-7) and fibroblast normal cell
25  (NIH-3T3) are tested in order to demonstrate the uﬁlity of P4.1 in targeted cancer cell
imaging. After incubating the cells with the polymer solution (1 uM) for 1 hour, the
cells were fixed for fluorescence imaging studies. The excitation wavelength was
fixed at 543 nm, and the fluorescent signals were collected at 650 nm. The CLSM
images of P3.1-stained MCF-7 cells are shown in FIG. 6. A few fluorescent dots with
30 low brightness are observed for the cells, which are discretely localized in the cellular
cytoplasm. These images imply that P3.1 is inefficiently internalized by MCF-7 cells,
presumably because the PEG shell of the P3.1-assembled nanostructure inhibits
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discrepancy in the fluorescence images between cancer cells and normal cells. These

data illustrate that P4.1 is an effective macromolecular probe for FR/NIR targeted
cancer cell imaging with good cellular specificity and high fluorescence contrast.

15  Example 10. Cytotoxicity Assays with P2.

MTT assays were performéd to assess the metabolic activity of NIH-3T3
fibroblast. NIH-3T3 cells were seeded in 96-well plates (Costar, IL, USA) at an
intensity of 2% 10* cells/mL. After 48 hours incubation, the medium was replaced by
P2 solution at the concentration of 0.01, 0.02 or 0.06 mg/mL and the cells were then

20  incubated for 8 and 24 hours, respectively. After the designated time intervals, the
wells were washed twice with PBS buffer then freshly prepared MTT (100 pL, 0.5
mg/mL) solution in culture medium was added info each well. The MTT medium
solution was carefully removed after 3 h incubation in the incubator. Isopropanol (100
uL) was then added into each well and the plates were gently shaken for 10 minutes at

25  room temperature to dissolve all the precipitate. The absorbance of MTT at 570 nm
was monitored by the microplate reader (Genios Tecan). Cell viability was expressed
by the ratio of the absorbance of the cells incubated with P2 solution to that of the
cells incubated with culture medium only. In all cases, >90% of the cells were viable
after 24 hours, even at the highest concentration of P2 tested.

30 Example 11. Cytotoxicity Assays with P4.1.

To explore the potential of the CPE-g-PEG molecular brush in long-term
clinical applications, the photostability and cytotoxicity of P4.1 were investigated.
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10 The cytotoxicity of P4.1 was evaluated in mouse embryonic fibroblast cells
(NIH-3T3) using MTT cell-viability assay after being cultured with P4.1 solutions at
the concentration of 2, 10 or 50 pM for 24, 48 or 72 hours. Noteworthy is that the
concentrations of these polymer solutions are much higher than that used for practical
cell imaging (1 uM). The cell viabilities were >90% within the tested period,

15 indicating the low cytotoxicity of P4.1. This result is consistent with the previous
studies using conjugated polymers (such as polyaniline, polypyrrole, and
polythiophene derivatives) as electroactive biomaterials for tissue engineering
applications. The good cytocompatibility of P4.1 should also benefit from its PEG
brushes that are intrinsically compatible with living systems.

Example 12. Synthesis of Other HCPEs.

To adjust the absorption and emission wavelength of HCPEs, new monomers
(5a, 4b and 3c) were designed and synthesized. 5a and 4b can lead to HCPE-PEG
with cationic charges, while 3¢ can lead to negatively charged HCPE-PEG.

Q=T s <oe = e OO

BrCgHqz CgHq2Br BrCgH1, CgH12Br BrCgH12 CeH12Br
1a 2a 3a
i — — i —
- TS %3@ =ms - =
BrCgH12 CgH12Br BrCgHq2 CgH12Br
4a 5a
20 Synthesis of 2a. 2-(9,9'-Bis(6-bromohexyl)fluorenyl)-4,4,5,5-tetramethyl-

1,3,2-dioxaborolane (1) (2.84 g, 4.60 mmol), 1,4-dibromobenzene (1.74 g, 7.36
mmol), Pd(PPhs)s (53 mg, 0.046 mmol), potassium carbonate (4.43 g, 32.0 mmol)



10 dropwi se. The m xture was stirred at roomtenperature for 1 hour under
argon at nosphere. Then, tert-butyl acrylate (5.25 g, 41 nmol) was added

dr opwi se.wdQotrowesm1l ater, the nmixture was diluted wth dcesicasameshane and
washed with water several tinmes, then drjed over MpSO4. After renoval of
the solvents, the crude product was puritied by silica gel colum

chromat ography using a m xture of 15 hexane/di chl oronet hane (6/4) as
eluent, affording |¢. as white sqlid. Yield: 70%, Synt hesi s, of

9, 9- bi s( 3- (¢ PREY A 3r ﬁ‘{?aﬂ%af%anﬁ-bxﬁ?msﬂsf#%h ArEtrgre of yia eét@? ) and

f1 uor ene (26inenk(30 HP} WekdRddls 1 e Hollf HDUR: BablcH Aok Vs d8ged. The
propanoate))fluorene (2.9 g, 5 nmmol), Pd(PPh3)2Cl2 (175 ng, 0.25 mml) and
Cul (47 ny, ntix@fe was vigoronshostinced 3t294-°C Sor 2ridpysrider the guintuzse had poaded to
trinmethylsilyl acetylene (.1 96 20 nungl s added sl qwl The reaction
was stirr edr%/ﬁm %EP%%IF i‘%ﬂ‘g&?mﬁ’f? erw«?ﬁ'nz\r@?a 6(\?,\%1%%%%&[\/%%?:% 8¢ 9% was
redi ssol yed pbhiodi i spermeidnaidewadhedd WatBiine\béfore/\dryiig 6wt @nRydrous®MESOLhe
crude product was purified by silica gel colum_ chromatography using a

m xture of MABgasdyent cwhoeyARATRigHe a{ui/t%y splide repigues wereo pyrifigd 2y gelummni t e

Synthesi s of iRy el UREUIHGORIAAIIETY ) de chent s offod o)

9,9- Bis(3-@aert-butyl propanoate))-2,7-bis((trinethylsilypethynyl)fluorene
(2.2 g, 3.5 mmol) s digssolved in_a mixture of THE 0.nl),. apd net hanol
(25 L) under ar é'b;fl\ﬁ&‘t’ &"é‘.’l’oﬁlﬁflgadééﬁ V%"S:_‘Eﬁsgg’ﬁd(‘%d ,Or%eé&m was
added Sthﬁ\g* {29 yeL té,dww fa ¥R%ce bath " Bforfhe (090 AP HAL Wik adbed SRS

| at er, S were renove e residue was dissolved in
di chl or onet Adtee stimirghatdd S\WPE Hfomdh2 doursetherrshctioneas quenchett with sodinm SMyS@) .

U filtrati . ti , L.h i,d hr. t h
S Tca gel - SUPRG O PARG PO 1) Scgit; SRHISN R PR S i ¢ o
crystals. Yisgakkkd WitRoridOM0id ®§ing over dMSdfous MSOA MThe 861 oréted,

synthetic route for the preparation of a dye-functionalized HCPE-PEG

conj ugat e | end thswelidnresidaes were pygiHied( by oelummochremetpgeaphy . silica Bpiuss
N3- Al Fl 555 (140 0 ! Wl g P _zusangjt f
T (5 B, ARt ARsadaof T UofE HOR AR S I kAR, AL ©

0. 0825 molLpow)d CuBr (11.8 ng, 0.0825 15 nmolL) were added. After reaction
at 65 C under nitrogen for 24 hours, the reaction nmxture was_coaqled to

room t enper at ur e SHHless pf 4. selbion gk tumethybsuylacetensd -OF vk Mlktld 0 The
el Rty ‘5 ! . e g
bowter vas. EATH BisdGhRE @pBRI) (8081 ) 9046617 a8 W Ellion'BE T ©

The sol vent 3a4S.0rmmol)e (Ph;P),PACYH (0] 75g0 026 anmeB)j sdeCub .4 7eg,i (23 atmaal) fr om
di ethyl _eth 20 tgqce. After dr(vﬁigg under vacuum at_40 C for 24 hours,

dye- f un?i oEDRNEHOCAbmb ANSE Abgeom temperature. (Thefeactin Xy Wag,)| o
azi de- modi f igee GHRAARMOPE HREhbRS. THY SIVER s FemoVae ufdtr GbdiRdd PpLsyare! S

emt the dye fluorescence through energy transfer fromthe HCPE'f r amewor k.
Thus, the absdthetresiduecawas ehromafograpbéd eiCsilicPEet using hisxanh¢ asceluens ta givedas or

various applications. .EX le 13. Streptavidi n- HCP nj. _Pr tion.
The conj ugati on gwtiﬁbﬁofc%@%ﬂ“ﬁo%s[ Sroi 03\/9%0}?8&8&‘%%%?#‘@%?%@{“15@@% EDAC
coupl i ng r eqkidfited WAt ieffanolX(139 fill) Aid sdRE16QirRa @ofution B 4a (2.1 g, 2.5

mmol) in THF (20.0 mL). The mixture was stirred at room temperature for 6 hours

then was extracted with hexanes. The organic fraction was washed with water and
dried over sodium sulfate. The crude product was chromatographed on silica gel
using hexane as the eluent. Recrystallization of the product from methanol gave 5a
(1.6 g, 92%) as yellow crystals.



streptavidin were mxed in 1 nL of borate buffer (0.1 m PH = 8.5). EDAC
and Sul fo- 30 NHS were then added into the solution at a stoichionetric

nol ar ratwo 20f2/de8RE- COOH EDAC/ Sul f o- NHS = 1/ 10/ 10. The PCESsGR01000012S
allowed to carry on for 3 hours at roomtenperature with gentle m xing. The
obt ai ned product was dialyzed WO 2012/0%2911PCT/ SG2011/ 000229 - 53 - usi ng
a | Ow Da nol ecul ar wei ght cutoff dialysis nenbrane against MIIliQ water for
2 day to elimnate the excess EDAC and Sul fo-NHS as wel | as,streptavidin.
Labeling cell surface marker Epithelial cell adhesion no)€cule (EpCAM .
MCF-7 cells (50 w) in 200 ILL |abeling buffer were Mgubated sequentially
with 2 5 fig/nL primary giti=human CD326 - P ~gLel biotinyl ated
secondary anti.-nouse |§ aﬂe *nM HCPE- ST 3 i 30 m nut es each at
roomtenperature, followd t ashing tw ce The obtained cells were
collected for flow cytenetry stugy usigg pure MCF{ cells without treatnent
as the control group. Exanple 14. Binpdal HCPE. 1®Recently, various

mul ti modal nanoparticle i n'ggi ng probes have been ijnyestigated. In

particul ar, nanomaterials gerdai#i ng fl uorescence gned magneti c resonance
i magi ng (MRI) have attractg8™ ncreasing interestglecause they have the
advant ages of both the high sensitivity of the fl U0 ¢ phenonenon and

the high spatial resolution of MRI. In our case, D groups bound by
HCPE were used to 15 reath di"echl engt£ 1y goeki ¢ ( DPTA)
di anhydri de, which is Yo y—t+abeling w ramions (G(I11)),

af fordi ng bi nodal HCPE {(&chehg 3). Al HCPE/PEGW th -COOH groups can be
used for the synthesis of Gd(| - | abel ed pol ymers_ 5Ot her nmagneti c
materials such as Mh2+ can al so be used. Synthesis of GJ(I111)-1abel ed HCPE
5 ng of DTPA di asyysesisief(28.dAi e mlvasuad-basisiaed tflask wad whaged okithiCBE- NH2
(20 nmg) in anhydrous DVMSO (10 rrLiﬂcont ai_ni ng 20 pi of triethylamne. The

m xture was PRPSH-4(6 bromabexrydfluarenec(lih gy Rammabidns 2 mlsofgpy IHRpRdh s
foll owed by dialysis against MIliQ water using a 3.5 kDa nol ecul ar wei ght
cutoff dialysis nenbrane for 2 days. Thereafter, excess anount of GICl3 was

added to an i (o} - (o] | aLy ng. i 5 was
mai nt ai ned a gﬁ?‘ﬁ? g%&af@gv%gl;@g&r%%@ Alitn"]ts ﬁ@é%agé‘éikln@ohrelg% g'(')%}rlfsf“.?iﬁ%e
unbound Gd(111) was renoved by dialysis against MI1iQ water using a 3.5
kDa nol ecul ar wei ght cutoff dialysis nmenbrane for 2 days. The obtai ned

suspensi on was frozen and freeze-dried for 2 days to yield GJ(I11)-1abel ed
HCPE as a fine powder. The GJd(111) content in the product was determ ned by

i on coupk ed niph @Iy Was Bt RiEd BRI Riikitre3 Wab |siRel/For A1 mfiflites. BMIFH(18308);

|2

2.5mmbl) was added subsequently. The solution was stirred for 2 hours at -78°C and

then kept at room temperature overnight. The ;esulting mixture was quenched by

water, and the solvent was removed by evaporation and extraction with chloroform.

The organic phase was separated and dried over MgSO,4. After evaporation, the

10  residue was purified with silica gel column chromatography (DCM/hexane = 1:1) to
yield 300 mg (25%) of 2b as a colorless oil.

Synthesis of 3b. To a stirred suspension of zinc powder (0.5 g, 7.6 mmol) in

dry THF (6 ml), was added TiCly (0.4 ml, 3.6 mmol) slowly at -10 °C. Then, a

solution of 2-bromo7-formyl-9,9-di(6’-bromohexyl)fluorene (2b) (0.4 g, 0.7 mmol) in

15  dry THF (2 ml) was added dropwise while the mixture was refluxed and stirred for 5

hours. The solution was quenched with saturated aqueous NaHCO; solution and



WO 2012/ 002911PCT/ SG2011/ 000229 - 54 - imaging and MRl of Gd(I11) |abeled
HCPE NPs. I CR m ce were inocul ated subcutaneously at the left axilla with
Hn tunor wele/2e16x106 cells per nouse). H22 tunor - bearcngcriamoyRy e
intravenously injected with 250 pl of [11) |l abeled HCPE NPs at a dose of
20 i nnol Gd/ kg when the tunor vol une reached a nmean size of about 5 300
mB. For in vivo fluorescence i mging, the mce were anesthetized and

pl aced on an ani nal  plate heated to 37 C. The_ ti nme-dependen
bi odi St 1 buPFEHGhwih taten Jbg eﬁ%?‘ﬁ@”alsh‘@ﬂ%bﬁéé’ﬂﬂbbw’%w@ e, MeSQuence

i magi ng SysEﬁﬂk&%ﬂ@&.: The bhudbiredtiiddwas ﬁﬁﬂﬁé@by\mﬂ&eﬁbﬁmﬁgﬁﬁm@ﬁgﬂ%swo

sel ected as the excitation source. In vivo spectral imaging fr
nm at 10 nnDSMfhexamrms =clod thugive 80wmg (68%6) of3bas eolorieseryssals10 150

m | liseconds for each.image franme. Autofl uorescenc Serenoved.by using
spectral unmi xi né‘y'gg?sﬁ/vg’?e@' arfes c@&?ﬂ%’;"gﬁt&\tﬁzﬁ? _ ré‘ia"%n%aﬂ , 8
hours, and gfméBlsitylRRefyldneiafig thedhydidlfsié BsiHg KORr € shown in FIG 13.
Furthernore, MR 1mEgi ng was al sq performed wwth a 7 T M cro-MR scanner

(Phar maScan 70/ 17, Brucker). TheXi st r wreptal par anet pET €0S as
follows: TRITE = 1300 ns/9ns, fi &l d_of Xi%w 15 (FOV) = 3 B cm matrix
size = 192 x er—of awer ag , _and—giee-}hi §-mm

G spl ati n- conpl 8Xed=FICPE NPs. THEr ¢ nul tifunctiony pgrtTcI es

have recently attracted increasing at¢ention due to their akilities to

achi eve sinul taneous di agnosis of disease, targeted drug delivery and drug
tracking. In this 20 case, cisplatin was conplexed with HCPE NPs | argely

t hr ough conpl ex formation betweenXheg plati¥um (11) of cisplatin and the
term nal carboxylic group of PEG ofthe HCPE NP surface. Cisplatin

(ci s-dichl orodi anm nepl ati nam (H) ong of the nost widely used anticancer
drugs, is very effectivefor?he @Q@ of a variety of solid tunors,
such as gastrointestinal, genitourinary_ and |iver cancers. However, the 25
severely systemc side effects attributed to its poor blood circul ati on and

si gni fi cant acculynthesionf 2, i-dibiremior UHdipE3-Gerslnityl propanoate) Mlueténai(déeh To a

PP cul at | onsHg €2 pditromShpdiste -7 1.2 Fifieh nd leshiSidngBoRumtbromide, | (<
distributi O(gpsiorm 8).78 mithél) imtotiene (2SI e filded, £isdous KIOH {50064%0F ahlLy ed

HCPE NPs. HCPE- PEG COCH was 30 dissolved in MI1iQ water ([repeat unit
(RU)] =100 nfigopwised Theemixturey Was i shirigd sataxpouY tempeatyey for 1 Jaqus ygrden -azgon

cisplatin:cgrl t 4 oURS - P, . i . to
Ceant ot oy RERSENE Sl R ST AL Wil Bisd R ¢
2012/ 00291 1 16uiks Fstef) thé GRRARE wasSdluted withhi dickloramethaienaid viasHed Qvithivedterusi ng
a 3.5 kDa nol ecul ar wej ght, cutoff dialysis nenbrane ft%r6 3 dq%gss. The

obt ai ned sus§yerdjtaRes,dacy dgisd pveRn MeP Qe 2ATtgr reoyal jofothg splvents, the cqude

cisplatin-f LORAL I , M@% €of
detection o?%%gto%kneﬁ%g}eﬁgcggpgég&Sg%tl yso%grr?e ap ag{g{ %%gg“%@&ﬁé QI'AC GAA
TTC ATAAGChéxane/dichloesBethan: @3N aSEfucACRIPAINSECQas dwhifde solid. Yield: d0%er ed from

Si gma- Genosys. Hen egg white | ysozynme, BSA, and human trypsin were ordered
from Si gma- Al drich. Human R-thronbin was ordered from HTI.

Synthesis of 9,9-bis(3-(tert-butyl propanoate))-2,7-bis((trimethylsilyl)ethynyl)-

fluorene (2c). To a solution of 2,7-dibromo-9,9-bis(3-(tert-butyl propanoate))fluorene
(2.9 g, 5 mmol), Pd(PPh3),Cl; (175 mg, 0.25 mmol) and Cul (47 mg, 0.25 mmol) in
20 (‘Pr);)NH (50 mL) under argon atmosphere, trimethylsilyl acetylene ( 1.96 g, 20
mmol) was added slowly. The reaction was stirred at 70 °C overnight. After removal
of the solvent, the residue was redissolved in dichloromethane and washed with water
several times. The crude product was purified by silica gel column chromatography
using a mixture of hexane/dichloromethane (1/1) as eluent, affording 2c as a white

25 solid. Yield: 95%.



I nstrunentation. The NVR spectra were collected on a Bruker ACF400 (400 10
MHz). The absorption spectra of aptaner and | ysozyne were neasured using a
UWi s speworomaoesil( Shi madzu, UV-1700, Japan). The phot ecursicGaesmence
spectra were recorded on a fluoroneter (Rerkin-El mer, LS-55) equipped with
a xenon | anp excitation source and a Harmamat su (Japan) 928 PMI, using 900
angl e detection for solution sanples. The size of sili ca NPs was cal cul at ed
using a field em ssion s an ing 15 electron m 9sc - SEM JEOLJSM 6700
F) after coatingS¥fiesine 'I(te(}‘i'léf‘tlélcﬁﬂ]"é‘ﬂ a‘?‘é %"’fé‘f@ obent i al

of the NPS yag3iRASHiGH (%%a)ga% VZAR NN yféﬂya &Msgl?;ﬂ%eé’?é Gr%g, 35

Br ookhaven I nstrunments room't enperat ure. si s and
Char act er i zatmal) voils d55¢B@4d. in23 Thikiube o HE €S0 imd()2andmethanol (25 mL) under

v one! Do adbn a0k AhiagheaiS O R Rion Bl o e Ngitiddedfiayly e,
Mat er. 2808mil@re was gnrré@&&ooﬁlbﬁelﬂé%ﬂﬁne F1.5MoursRENthe Golvents vJere'%iho@Fm
Soc. 2006, 128, 15786-15792 c et al., Chem Mater. 2009, 21,

3816- 3822, mwldue M@adlﬁsﬂlggf)i &t dwhlcmmaﬁhenq, mhgbwaﬁleaatnrewml bignes,

f B et 2 |
() S 519 hand, A ik MRS GIBY Shian Sdl Rbachiiidn " e desihi a0 S
(1.23 g, 2. emmtdgraﬁmdbmtsihw gol hising Kekaaad@moﬁananma(l/adﬁlaﬁaﬁha)gvd 56

ng, 0.09 nmmol), 2, 6- dl-tertbu I0 henol (8 .ng, 38 mml), and toluene (20 nl)
were ni xed 3ﬁa%1wéﬁeﬁ‘[}’s‘falsa¥ke °oreaction m xture was stirred and heated at

100C f o§qn24 hour r t gr.e he
m xt ur eivvas di | u?yrgﬂ%?{ hd}1 bﬁfg?ﬁ&??@%gg }\fm&?ﬁ; Pict ] v@ SThERTHEAR! Hr° the
2012/ 002911 preparatan ldif/ ﬁlamaﬁnemﬁﬁhzedsbl(mE-BEGwammgMn i§ i shoemenh FIGr déiove

was T omoveuHiE{0 Fsmmalalad b Bt i Redienkiad 390 0 e Ba%a on

silica gel Hhdgy \b&é%ﬁv%@lhﬂkh@ﬁﬁt&feeot(ﬁﬁﬁ? %%[,)eidﬂe@m‘l,g me/al;&ukavzso g,
68% as a blue I'iquid. i HNMR (50 d, J=7

Hz), 7.44 (gegagsem and tizm wmlzrmaamg,w P25, mencid e(midCuEr (—ll § . (90825

3.4 o, 15) Lol pére aadh At Feablibh uijos G Sipafdhitrfadyfog i ours, Bgfeltion,” i3
= 3.2 Hz), Bmﬁare( fas Gobled ©. robnl temperiture) and filterét) thrduglh a(0.224unHsyringed Hz

2.40 (t, 4 H,_ J =5.17 Hz 3CNMR (125 MHz, CDC13, 8 ppn): 149.50, 139. 96,
137. 00, 136dmven filges. The ﬁgpzeﬁ was prfszlplt%d frompdisthyl ﬂmtogve gredppwden B

69. 96, 66.9

2. 7- 0 br omo 8, BRSEE yps iitvedh ARhlorompthane and weshed;vtith wafer ayd brine. The

Di br onof | uosainent (vfasgembﬂedmmracuamd aﬁdatlreadesntiyé m’@rwmlbﬂt@hfrdlﬁ dlaﬂyhg);en/ver e

di ssolved in am ture, of %a fs aolutlog of SOdI i‘fépoélde (8
m) and?@i nBYifg Alen dryingdn § fon24 bots; ge- Sinctionlized ‘Ul t one
(4 9. 29 MMPBEEG was obtained.

Any commercially available azide-modified dye can be used for this reaction.
The obtained polymers emit the dye fluorescence through energy transfer from the
HCPE ﬁamework. Thus, the absorption and emission of HCPE-PEG can be fine-

25  tuned for various applications.

Example 13. Streptavidin-HCPE Conjugate.

Preparation. The conjugation of HCPE-COOH with streptavidin was carried
out through EDAC coupling reaction. In brief, 0.26 mg of HCPE-COOH and 0.6 mg
streptavidin were mixed in 1 mL of borate buffer (0.1 m, PH = 8.5). EDAC and Sulfo-

30 NHS were then added into the solution at a stoichiometric molar ratio of HCPE-
COOH/EDAC/Sulfo-NHS = 1/10/10. The reaction was allowed to carry on for 3
hours at room temperature with gentle mixing. The obtained product was dialyzed



15 in DVBSO (20 nL) was added dropwi se into the m xture under nitrogen.
After stirring at roomtenperature for 4 hours, the reaction m xture was
preci pi t avedoimwmiacet one to afford the crude product. Phe/Seredmwed2nas
collected by filtration, washed with ethanol, recrystallized twice from
acetone/water, and dried under vacuum at”“60C for 24 hours to yield 2 as
whi te needl e crystals (4.3 g, 58.699. 1H NWR (500 WMHz, CD30D, 8 20 ppm

158 (8 0 i o Moty ey by el it P e fon 5

=7.83, J=7. %élﬂ:ﬁmﬁéth@eﬁoes@laﬁxdm , Sutf-NHE s véliPas streptabidin. J=15. 65 Hz, ).
13C NWR (125 0D, 8 pprr) 153.39, 140.68, 131.61, 127.38, 122.74,

122.52, 52.37, 4 : WI,,Q
( See, for exarrpl (eiazlgm%g?l;%? ?'P"kéysé Po yk cl_ﬁ]:)(%zg% Ji%a.g?c(%%ﬂ%}g
entire teac M@Eﬁ cdllsvisD o) ar éO(D mutotabdmg bnlfférewelrenmbt}batef sﬂqanmmlby with 2

i 54 U8 TR FFTY FOBTHED GF & en e, el BBy Seothfisd ghfiy 9;

0.423 mml ) mohisé ﬁazﬁwﬁ@ﬁma)mvm&%cz@ﬁﬁu@s @Hah&h%ﬁn téﬁﬁie)atux%nd
P(o-toly1)3 (30 30 ng, 0.098 mml) were placed in a round-bottoned flask. A

m xture of fNfowed by washingtwigel TGICntham ells werh poleatede for1fleow ryfometsy added
to the flask, ,and the r xture was

vi gorously g'{"d?/%lggé’f’“ W?Sﬁlsﬁl F\A?unflﬁ?%?ﬁiggg?ua\%w iltered through a
0. 22um syripge dri Jilt t, andtheflltrate was WO -

2012/ 002911%‘? ﬁ% Eééﬂg - poured into acetone. The precipitate
was col ] ected and washed with acetone .and then drjed_ under vacuum for 24

hours t&0afford (ggg)uagm e EB@?@}C%S“W‘P%V\P’PP%H?VH

ggoa) 'VHé Sg%ghgaged)prﬁl %r%x gy (){Hate}é&s'%mgmﬁ%o(ﬂ%res%d& rc,:t’r)bg (5m

H), 2.20 (bresodandg imbghg (MR]) Havi) attractdd llédrcasmg‘bnterm(bemﬂe(theﬁ hiasvz theCD30D,

8 : 150 0, 149. 140, 6 140. 00, 37.01, 128.63, 128.25
SR \sigtabes Bt hath thq bikhsensiyte bt the upieschieqhenggown ShEBing oo
69. 50, 57, 76patﬁﬂre§31uﬂ5&oﬁﬁlm4ﬁ1&i¥ca§egﬂ?@amﬁ5 Plups GOTRSY BEPIciBed t

integrated areas between the peak at 5.95 q_ mand t he peak 10 at 76 ppm

reveal etb t hzgact withrdiethglenetviamingpentaapetie (BP d}atéb’dlde,l\ﬂnCIQ !PfOIbrweﬂFWSOB i s

ppr oxi mat ciyetas ol Bl al PRI, iRl Bl EPE Thehine 21 oY 5o
ng/ nL at 24HCPEFPEGawsh'GOOH @60psdbai bk Wiskd €6 HeC Synitidsis 6maatmn-1§ﬁe1acvsos
in water are 15 depicted in FIG 16. The polLyner concentration based on

repeat uni t Pelgers. Other magnepripatrzialssuch as bss orasralivbenseinum at 428 nmand a
shoul der peak at 455 nm while its emssion maxinumis at 475 nm Wil e not

wi shing to be boSwethésys offGd@H)-abeled AVCPEc mg oft INEP A|dianhydude(Addrich) was of
PRVS03 45 aldddauted lon SPHCPENHY B 2) U astdrous DMSO (10 mL) containing

20 pL of triethylamine. The mixture was stirred at room temperature in the dark for

24 hours, which is followed by dialysis against MilliQ water using a 3.5 kDa
molecular weight cutoff dialysis membrane for 2 days. Thereafter, excess amount of
GdCl; was added to an aqueous solution of HCPE-DTPA for chelating. The mixture
25  was maintained at pH 5.5 and allowed to react in the dark for 24 hours. The unbound
Gd(III) was removed by dialysis against MilliQ water using a 3.5 kDa molecular
weight cutoff dialysis membrane for 2 days. The obtained suspension was frozen and
freeze-dried for 2 days to yield Gd(IlI)-labeled HCPE as a fine powder. The Gd(III)
content in the product was determined by ion coupled plasma-mass spectrometry

30  (ICP-MS, Agilent ICP-MS 7500).

In vivo fluorescence imaging and MRI. Male ICR mice implanted with

murine hepatic carcinoma cell line Hy; were used to investigate the fluorescence



bond to the pol yner backbone, which elongates the effective conjugated

|l ength 20 relative to that of polyfluorene. The PL quantumyield of PFVS03
in water we 2012a62amd was neasured usi ng quini ne sul f at e Pcm/SG20IMobIRSOA
(quantumyield = 0.55) as the reference. 5 Jhe high water solubility provided
by the terminal sul fonate groups and the ‘et hyl ene oxi de side chains is

t hought to be responsi ble for the high quantumyield of PFVS03 in aqueous

ol on (TRl 4R G yondt RCHE ks Tor il R Sued,

Apt aner - Funaubansieoasist abilid left AHsa with &1, AirforSéells §5-6NPE° MBS %eﬁmh%)s'
according to a m)dl fied Stober method, which yielded uniformNPs w t h a

di aneter of tWmMEFb mtreqcy “@@)@m‘ﬁﬁ’ ogsly imgestigd with 250 leltloﬁﬁd(lm labejed | FITRE

Interface S
i ncor por at eg\st]a?%Slrogiggf g@%ﬁﬂ%&@% &C@?@Iﬂg I&Fh% SSC gf%\bodl Y he
density 6f <i0Dinma’ (Ebr%vgocﬂnmﬂaﬁcencé magu@,&heﬁhcmmdnbﬁnéuzbdan&pla@éd bhe
synt hesi zed NPs . cg{l ns % ,th x 1012 NPs. Mydification of the
silica NP sd‘f‘f%ﬁi‘é‘ H@‘Bq ?tg q ime-dgpepdent, bidistribytion "&é@FaWaS Chem
2007, 79, 7 r fe

SrhAped? {Haavt %be i vyvﬁaﬁmr%én& uﬂﬁ@é@h g?t%&r e dé@ re L1 it W

2012/ 002911P S@Ol%./ 000229 - 58 - 1ncorporat
First, the sidentral wivelength atA55enin wiasiseldcted s thopexeitgticn smir@oimswbapmt(aAPTES)

to generate an.no gro 0 he NP _surface. Then e am no-functionalized
NPs wer e tré@?@&g\ﬂq{nhggég) 20(5 pmcat 19,5 gtegs wap F?%C#B‘Y AR EXRASurefime of
tri azi nggcovs0 adilfschidie forOdach U6 Upithe. 3R1BARSrebSBIBY ivrds ZrdblodBd bs‘xf bihg °
chem cal nodi f| cation, the triazine-functionalized silica NPs (1°ng) Wwere

di spersed i PeckisbBNMIXing Sefivarer Seans wege caming iout at:Zéeuns,S_hoursrrS/llvumgnd

et abor at ¢ 56Nl fecchn 2T ARG Bl 2PIGL. purerhinERETSRER0S

assays, the k| neti‘c an er nodynam ¢ DI %an be

si gni fi cant Ivgaslalsblpwm:iﬁdi bzythtahBTdﬂm-MR@éanhbﬁ(HlﬁﬁﬂMWOﬂ%Bﬁmk&) The t he
10 solid sup ort. %fee for exanpl e, Pet erson, A , etal Nucl ei c
Aci ds Res. e? pamgcters gyere Sgf) WSPTR/IEW é%@p HR/9mﬂ?rﬁS’4,d ofxiqw

hod SES ROV 20080 0 SAHIEA00, 1) B8 e o b L o Wi

i ncor por at ednblereesnOHymnef erence.) Previous studl es have shown that
aptanmer-target binding can be inhibited by densel y-packed aptaners 15 on

gol d rod el ectrodksplatirscémplexeds HORFO NP Thérag@ivsaé onilfifutichomll nafbpuitéles
sequences (See, for exanple, Wite, R J., etal., Langnuir 2008, 24,

10513- 10518 haye, geesntly; é“{as%?éh iRfgeasHE wﬁmlpnar@eu m,oﬂls@r abilitieh dpeiaghipye
reference. f I e on,
di fferent %o%@g%%gg%él %E@o%{s ‘gf)‘?%‘%ge"r ?R‘t angi ngrhyrl{éérér?%gfl oﬁ%wwgkfrneﬁﬁg
i ncubat 2@ wicase, sisplatin WisscabiplédednyjthtICPE ey larggdy {mBagM/lcbdnpwxf foehetivn

aptarrer den ities on the NP surface. . The surface densit expressed as
"nunber of ‘?”fﬁ’ert%eblé aB\va?ﬁ? éﬁ fEmP‘HecaF céfoqpn%fs?gﬁa‘fn

hunber of i wEMCPE N s@PicBNE]splakif &Euaéh@&rah R
solution. Various ali (s1uots ofsﬁlelHZ (alpt aner slg utlglﬂ ﬁoot]{l{%}fnfrom tsa to 9

| LL were subidalyiused gnticdues drugso is myNﬁesu‘quﬁnsthonhamihenap)aloﬁlaedmty oHom

tenperature_for 14 25 h urs The uspension wa centrlfug and t he
super nat ant %J“'i%qrfe N}Dd"z git éﬂé le-l%wever the

apt amer 2§ Mdickdly egstdiii s)wé effeas B&Hbu%d b itSposI bloéatcheﬁla{%ﬁ hid sightfRafuber

of inmmobilized aptaner nol ecules on the silica NPs was cal culated fromthe
-absor bance atipadn the kipeymeisatlydiant ﬁhehrapqlamhcmnuﬂm i of digh

I mobi | 1 zat hﬂﬂor%ge {31&0%‘11%%9%]0%%%“%(1& bn 'om&a Zl%ﬂrg\r/]e i naccumulatlon on

target and trace its distribution in cells and in vivo.

Synthesis of cisplatin-functionalized HCPE NPs. HCPE-PEG-COOH was

30  dissolved in MilliQ water ([repeat unit (RU)] = 1 mM), and then cisplatin was added
at a molar ratio of 1:1 cisplatin:carboxylate groups of HCPE-PEG-COOH. The
mixture was allowed to react at 37 °C for 3 days. The unbound cisplatin was removed



30 renoval. The surface density was calculated to be in a range of 30

Apt /NP to 510 Apt/ NP. To m nim ze nonspecific absorption of proteins
on NPs, evbanlmmime was used to bl ock the free triazi necsiscesiionoznfne NP
surface after aptamer inmmobilization. W) 2012/002911PCT/ SG011/000229 - 59
- (See, for exanple, Wang, Y. S.; Liu, ‘8> “Chem Cormmun. 2007, 34,
3553-3555; Frederix, F., et al., Biochem Biophys. Methods 2004, 58, 67-74;
t he teachi ngs of which are incorporated herein by reference.) Bl ocking was
carried out byydialysts against MyllkQ, évagqstusma(% ?@a milespiae ysight rafE diglysisy

et hanol ani n en%}wgg\ff IS , fFMeNIfd Free R , pL)
and i ncubat Frhg t he roggu Yélﬂ%er%%%re oér}lg%a%%r at roo%e%enpe?dgl'})grzg.%%he NP
suspensi on tagieldwsplatenfunctionphided HCPEENR®d wi t h washi ng buffer (20 niv
Tris-HC1, 100 mM NaCl, 5 mM MyCl2, pH = 8.5). Optim zation of Assay.
Apt amer - f un@xiagipié 13.chabflsfrée) Nakedwyt detbictibe bE DysquyaieUsing OPEses were -

i ncubated with the same concentration of |vsozyme (20 ug/nl). 10 then
washed. The |ysoAP#Yyssameartamsher Nk AT ﬁgﬁﬁ(‘éf\ Clﬁﬁ% uently
treated wt TdMaA/ ez U Edbr {guw' i ch
was fol | owe AE)G; msﬁ%éﬁgggmveégg: ggwp%f ;i/'jrr‘;é/?g Thga(g_on?gtensiéﬁlos f the
final NP su#earggwhitedgsopimtt BSIA smdhumandtypsm wéreapdered fromSigmacAldenks.i t v,

and the resy]ts shown in ElIG, 17. e PL intensity significantly
decr eases \/\H"I’P@ﬁ%‘ﬁgﬁ WY??&F@QJ%’%@WN density, which could be
ascribed to i nsufifdsginntaridh Hhé MR spetid WerE cdlRcRAlAEBrukbr AUFYO0 efbosur f ace
density. (See Cheng, A. K H., et al., Anal. Chem 2007, 79, 5158-5164, the

entire 1@acMHgsThe¢ abderntionspectianinptameitand lysoryane weye megsuradiusing a WV-| ow

surface densit apt . have p hchy f . hei r et
folding str Wt%%%&%gﬁ% mgoﬁgﬁmg P Poﬁﬁ&%ﬁ%&g%eewé%&%%g §
surface densécoydedd Slwsrbméerp (HekieElendlS-65 ¥ @uipped adthcth kenvpdimphe specific
bi ndi ng between | ysozynme and the aptamer. To further confirmthis

hypot hesi s, exfitatiga sebeand 3 Hampmatsidlapanh?2&PMd . ueieg P angle deteqtiondor
difference %mﬁ?ﬁ"% lg{.‘l‘ﬂéﬁi}eh ﬁli@@ﬁf’sl\%ﬁ%@éﬁﬁteﬁq§ﬂ% elﬁ%fﬂ?&%éit é_’“.'.hran%' on

and the supernata utron after 1 ncubation wt eren s and NP
renoval 15 As ekbeommiicrosdofie (EB-SEM EEQETSMAG700F) afteticiating d thind tayee vida

i ncreases wifh increas apt aner density.on NPs, which. verifies that nore
| ysozyme. moPLASBIBEoRE the et e ALDERBS WS Heh SHERAFHBREIE. The
opt i mum sur %ﬁ@%aeml&,moﬁpﬁwms&%ﬁh& Elp3ht AT fnipRfati¥®. (60 Apt-NP),

where the p r 'stained Apt-NP PL intensity’reached the maxi mum which is
beneficial for efSywbesivend GhanyenzafivafiRFGN5 3,7-Didoroo-9ifibis@-@n@-t he

surface char ch e .upon r/lysozynme/,PEVSO3 | nt.eraction, .the
zet a- pot ent @?@%@Wﬁéﬁ%ﬁ%ﬁﬁwﬁwﬁw&ﬁmﬁ% a%rcgpg %bo%aré;ww
20  report. (See, for example, (a) Pu, K. Y., et al., Adv. Funct. Mater. 2008, 18, 1321-
1328; (b) Wang, F. K.; Bazan, G. C., J. Am. Chem. Soc. 2006, 128, 15786-15792; (c)
Pu, K. Y., etal., Chem. Mater. 2009, 21, 3816-3822, the entire teachings of which are

incorporated herein by reference.)
9, 9-Bis(2-(2-(2-methoxyethoxy)ethoxy)ethyl)-2, 7-divinylfluorene (1). 2,7-

25 dibromo-9,9-bis(2-(2-(2-methoxyethoxy)ﬂethoxy)ethyl)ﬂuorene (1.23 g, 2.0 mmol),
tributylvinyltin (1.33 g, 4.2 mmol), PdClx(PPh3), (56 mg, 0.09 mmol), 2,6-di-tert-
butylphenol (8 mg, 38 mmol), and toluene (20 mL) were mixed in a 50-mL flask. The
reaction mixture was stirred and heated at 100 °C for 24 hours under nitrogen. After

cooling to room temperature, the mixture was diluted with ether, treated with an

30 aqueous solution of HF (approximately 10%), and stirred for 12 hours. The mixed



upon incubation with 20 gg/nL of |ysozyne, followed by washing wi th washing
buf fer and redi spersion), and PFVS03/|ysozyne/ Apt - NP (the obtai ned

| ysozyme/wpt2012/008312012/ 002911PCT/ SG2011/ 000229 - 60 - NPsTI$Gao1fooeziher
treatment with 1 RM PFVSO3 fol |l owed by washing with water and redi spersion)
were nmeasured. 60 Apt-NP possess a negaﬂé\/’e zeta-potential value of - 39.34
1.55 nV, due to the Iarge anount of negativel y-charged aptanmers on NP
surface. The capture of %/ ozyne shifts the zeta potential from-39.35 to
-14. 96 0. 8solytigyywag thenify q%%ﬂﬁ’@%%@é sghids, aad thefdfryterasdgied aVgsozyme

ot o pot ent FASdrSW N30, o Pwil etV ildr it brisfur® bukdif fRfe '
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ARSI CE B Bt s A i Rk ET O BT WA RN G ik v S SN
M T pore G T A e T by s 2SO e
The mi xtur e GRES! fﬁﬂpmétt 0ot 06,130 0001360 4 25 RPrANRS. TAL BELLIGEH. anas by &

trifygat hi buf f 100 nm, 3
[ mes) . e TEaR) R0 S B SBEIERREV008, WAL o7 PeS but fer 20(pH = 7. 4)

for fluor escence2rmasbrmw19-$zs(4-sulfona%ugu)ﬂabrm|desrodtuan .21 e conduct ed
using a m xtyre of BSA ro 01.1qg/ nL sin
(2011g/ i) DibBsmouaene K 8o (ﬁb@@ﬁﬁrg@ T ® and
trypsin havals%lvfkﬂ X3 )&Ilreﬁofz 507w107 u&ms%ﬂﬂltﬂ)g oP sodiERREatdxIdR (8-mY ddy net

negative, neutra positive charges on the protein surface u er the
25exper i rrenti'ailethyiraulfbxldn $DMSQ) (60 m{pt ANRlytidndfrigd-butase sulonb & g,dlﬁmme

L g . B, MG BT W aidkR dippst e ok it o e A BT or
(20 nM Tri SaHGl;m teRiperailre B hous, Thé M&i&, mBlthre whsprecipiftédnBriadeione®b Y mer
staining ([RU =11ii,M for 5 m nutes and NP washi ng wi th washi ng buffer
(20 mM Trisa | the omdee predustcThe produxt was collected by filtration, washed with ethanol,
recrystallized twice from acetone/water, and dried under vacuum at 60 °C for 24 hours
to yield 2 as white needle crystals (4.3 g, 58.6%). '"H NMR (500 MHz, CD;OD, &
20 ppm): 7.68 (d, J=8.11 Hz,2 H), 7.63 (d, 2 H, J = 1.45 Hz), 7.52 (dd, 2 H, ] = 1.42,
8.08 Hz), 2.68-2.47 (m, 4 H), 2.22-2.00 (m, 4 H), 1.62 (td, 4 H, J =7.83, J=7.83,
J=15.65 Hz,), 0.67 (td, 4 H, J= 7.83, J=7.83, J=15.65 Hz,). 13C NMR (125 MHz,
CD30D, é ppm): 153.39, 140.68, 131.61, 127.38, 122.74, 122.52, 52.37, 40.76, 26.19,
24.25. MS (MALDI-TOF): m/z 619.89 [M-Na]. (See, for example, Huang, F., et al,,
25  Polymer 2005, 46, 12010-12015, the entire teachings of which are incorporated herein
by reference.) _
Poly[9,9-bis(2-(2-(2-methoxyethoxy)ethoxy)ethyl)fluorenevinylene-alt-9,9-
bis(4-sulfonatobutyl)fluorenevinylene Sodium Salt] (PFVSO3). 1 (216 mg, 0.423
mmol), 2 (271 mg, 0.423 mmol), Pd(OAc), (4.0 mg, 0.018 mmol), and P(o-tolyl); (30
30 mg, 0.098 mmol) were placed in a round-bottomed flask. A mixture of DMF (3.0 mL),
H,0 (1.0 mL), and triethylamine (1.5 mL) was added to the flask, and the reaction
vessel was degassed. The mixture was vigorously stirred at 110 °C for 12 hours. The

mixture was filtered through a 0.22um syringe driven filter unit, and the filtrate was



30MgCl2, pH = 8.5). The PL spectra of the redispersed NPs are shown in FIG
18. Intense polyner em ssion at 475 nmis only wtnessed in the presence of
| ysozyne woeot2odie recognition-i nduced switching of |y®oziscedApoenp
charge, followed by PFVSO3 sel f-assenbly ./due to electrostatic interaction.
No pol yner fluorescence was WD 2012/ 00'2%1'1PCT/ SG&2011/ 000229 - 61 -
observed in the presence of interference proteins. The nonspecific

absorption of far.eign proteins (e.d,. positively,charged.trypsin S
| ar geIOy avoif@ gﬁéat}?%o%ﬁ%@ﬁfe'n ¥R e {)shcogf’ﬂgﬁﬁ‘?%}?f’%géﬂﬂ“ %%E%Fﬁéd\ﬁ%é‘ NPs.
As such, PF\dred ufdérdlaymsrh 3614 RAGSI0 AfRrd PEVEIOR G328 g 1%, M#e15000) as

S5el ectrostatic reﬁ%ul sion in our experinental conditions and NPs remain

nonf | uor esc&i§towfrbersd il INMR, (506 MHz, (2200 drppm): #3175 Hom18d)AB381s 4upon
i ncubati on Wit J Xt f hot e r el 2 /L
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obt ai ned5f r diy, 226y AaH), b.68r(bt, diH), 0i76t(br, d51)i BGINMRE (125 MHATD3@D,Shat from

h | T i fi it £ 10i i
e nomoet 15090 14383C 4 . A 08 Vit adh 6. D3 ird B OB Bl et g
but al so hi 9bb.i89,hifﬁ;0452‘11’9.6&?“9’.56?3‘1.4%?6@95, ¢t Hﬁ.@sr,gév'ési,%b%rof §7.94C% 67

i solation of the siliéa NP sensi g platform efonstfate 1ysoZyne
quant i fi cat i5dr8, 42.01.6¥9%4, 26MAcent rat i ons of |ysozyne (ranging fromoO to

37.5 /m) were dncubated.with 60 t-N uspensi on for 30 15 m nutes. The
Iysozsgre/ Ai)t-NPs P@"Pﬁ%ﬂfgﬁﬁﬁ%fa‘ af‘f‘?sﬁeﬁs“'?ﬁﬂ%ﬁ:ﬂ@gé‘tgtgﬁ@ EB%2% hen
washed. 1Ghe aPb.76 ppsi rededdéd mﬁmmm&a&msgew%@&rﬁﬁéwﬁof@)&ﬁ The PL

intensities of the NPs progressively increase with increased |ysozyme

concent r at i &Y SOgH$ apnreximpdely d5i Fausetheaymberaverage molgeglar weightis Apt - NP
f [ ' A 1 ' Ich b/
hor eased naPBOREERAN3 0, Tho ey sHRORLIS HACKGHBblRRack De ISR T

NPs. | n addi#ic@gn, the fluorescence of the NP suspension upon treatment with
| ysozyme and PFVS03 can be nonifored by the naked eye. The intensity of the
bl ue- green fl uoré%eéh%bwm&@wmwv (PR srestia of PRVSRL ipatse At of

e L T L T T
gg/ nL (10 2BFNiB6);has Finebsogptidr maxiommcatr428 rimoand y stesjdee pelalt #6t5i5om,ivehikhown |
: ;sglzsnengﬁggﬁ’ﬁ%ln: %ﬁt"ﬁ% %laﬂféﬁ &i%ﬁﬁé@gﬁiﬁgﬁ gé ‘g‘g}sﬁﬁ%’é{ﬂlﬁgﬁg l }Moahof
appr oxi mat ekheody i Blié heen Eifissidhbf PRESO] {¥BkAuted t@heintPéidctiod 6FEAC2- 4
pmol , based on 3a fromsix i hdependent 30 neasurements) using a standard
f | uor onmet er bonghtocthe pelymer bagkbone.twhich clongatessthe effbetiecosjugated dertgtini cal and
f1 uor esggnt , SLEANS ARt pilyHhBiend TPt Jilne QR R SHPEVEB, 3 SEAPIY £ and
was measured using quinine sulfate in 0.1M H,SO4 (quantum yield = 0.55) as the
reference. The high water solubility provided by the terminal sulfonate groups and the
ethylene oxide side chains is thought to be responsible for the high quantum yield of
PFVSO0; in aqueous solution. (See Mikroyannidis, J. A.; Barberis, V. P. J. Polym. Sci.,
25  Part A: Polym. Chem. 2007, 45, 1481-1491.)
Preparation of anti-Lysozyme Aptamer-Functionalized Silica NPs. The bare
silica NPs were synthesized according to a modified Stéber method, which yielded
uniform NPs with a diameter of approximately 100 nm. (See Stober, W., et al., J.
Colloid Interface Sci. 1968, 26,62—69, the entire teachings of which are incorporated
30 herein by reference.) On the basis of the NP size and the density of silica (1.96 g cm’
%), it can be estimated that 1.0 mg of the synthesized NPs contained approximately 1 x
10'% NPs. Modification of the silica NP surface involved two steps. (See Wang, Y. S.;

Liu, B. Anal. Chem. 2007, 79, 7214-7220, the entire teachings of which are



of ELISA. (See Vidal, M L., etal., Agric. Food Chem 2005, 53, 2379- 2385,
the entire teachings of which are incorporated herein by reference).
However, wbeostmadiegy WO 2012/ 002911PCT/ SG2011/ 000229 P62/SG20i11/00620ng
Apt-NP as a platformfor |ysozyne detection reduces the bonding affinity
(Kd) of the aptaner to its target. The‘a5;§p‘arent IQin our assay is
approximately 9 gg/ nlL (approxinmately 625 nM, which is estimated fromthe
| ysozyme concentration that induces_half-maxiqnumsignal .in FIG 20. Simlar

to that of asomaseted hersi by marenss). gFisstathe silica NF,was regetgd vt 3-s 20-7 ol d

| ; . . e,
oo %Y. S P HpREERInGRTARHE APTES P dtheAll fnthoJidups Opiie NPRUUETP! B,
entire teaclhenythaaminorfoctioralizealiNPe weretrdayed witke 2 difie gjchlorbd ,3, Satgazikdtoon t he
NP surface is detrinental to .ass ensj ti vi could be,the result of: (1
the steric RF ﬁ&éa@?a%?efsﬁd&yﬂ?%frefs%@f “?%%Btﬁ@ﬁmﬂg‘ﬂ}?%&ﬂnng‘fﬁ%' |ySOZ)(/rr23
whi ch pr &vegh&nicltmddifiesticic il trizRhe MickiohA1eH sMHcd INFG (1 Mg) wer8ldRpéSéd in

structure; (2) the binding of |ysozyne on the Apt-NP surface hanpers

subsequent apmebiizatignbufferd2®i mMrhyrigweid b.4andbsadinm setraboraggdgcehysivate,

Al t hough qui few st I es have been reported for |ysozyne detection,
very few al Ilm%gnl‘?bég&gﬁ%ﬁvi si bl e detection and quantification of

| ysozyme in real idhéterpendonaassags, e kibwtiy dristherntidyRadbicfiindifig pRioeSFdithe

t hesi f
> (o, o-bi s  nalyte sen b gigpificaiuinfinenc by the density of threpvgpition element on the

ol ). o1 0 pr ot patoSE BTG ey 38 (e R k) o MEARRA 08 0L o1
i 5,0 sy et e S,
to %/he fIangoolerég(?éiégrlé"a%?-i ﬂ%&éﬂv’ﬁgd‘tﬁééﬁ#%@%ﬁ?m%gﬁg Prred

at 80C for #z Orheathifdd SFHEoh ardlih@rpdiafed Hetdin b9 rdfadnBEE Pr&RGUsQtdi& T oom

tenperature, dioxane was renoved by rotary evaporation. ‘The residue was
extract ed whave showinl thataptaniennargethioding cawbejinhikited hysisnsdy-packedaptamersii t h

andt hols es P ESId Y Clsbfpdcs BT oBRrReaR R At vkl i yepes " emved
(di chl or ome{dwnfrer¥mple; White, ROJ. 2dria®! Bargmiidy DOGE; 24.510513-10518, the entire

2, 7-di brono-9, §)_- bi sé‘s?_brorm.hexyﬁfl uorene (2). 2,7- Dibronofluorene (1.23
g, 5 mmvl) teashingsieliwhigh gareningerperatasrhesejn dyuefepmeassi um 30 hydroxi de (100

m., 50 weg, tetr | ' rég%m

1, 2-bi s(2-br ome?ﬁ%%dyelﬁgag%e&?igéﬁmﬁ?gg%gxﬁg?ﬁgﬁs ) %tagfmﬂ% mn, the
m Xt ure was césehestidng of aptainety pmighigUfrém 2Ab 36pM xter@iticubatedwith siliddGIF3, t he
conbi ned organic | ayers were washed successively with ter, aqueqgus HCl (1

M, wat&9, Bhmghia prepasArtNBsopibdifferent aplemendensitics YP surface. The
surface density, expressed as “number of aptamers per NP”, was determined by the

ratio of the total number of immobilized aptamers to the total number of silica NPs in
solution. Various aliquots of NH;-aptamer solution (100 pM) from 0.5 to 9 pL. were
subsequéntly added into the NP suspension and incubated at room temperature for 14
25  hours. The NP suspension was centrifuged, and thé supernatant was collected for
absorbance measurements. The aptamer-immobilized NPs were washed with
immobilization buffer. The number of immobilized aptamer molecules on the silica
NPs was calculated from the absorbance difference at 260 nm between the aptamer
solution before immobilization and the supernatant after immobilization and NP
30 removal. The surface density was calculated to be in a range of 30 Apt/NP to 510
Apt/NP.
To minimize nonspecific absorption of proteins on NPs, ethanolamine was

used to block the free triazine sites on the NP surface after aptamer immobilization.



- 63 - then dried over Na2SO4. After renoval of the solvent and the excess
1, 2-bi s(2- bronoet hoxy) et hane, the residue was purified by silica gel

col um chwormt2geaphy usi ng hexane and di chl or onet hane @LTRG2e19/006229 el uent ,
and recrystallized from et hanol and CH2 (5:1) to afford M2 as white

needl e crystals (1.50 g, 48.0% . 5SyntheSis of

2-(7-brono-9, 9- bi s(6-bronmohexyl)fluorenyl)-9, 9-bi s(6- bronohexyl)fl uorene

bl ) - bot adSP TR ERIr g Y4 Ss Ll B, Crtey Fonlrine” JPOLAA 5525588 vt F oune
bott om f | askreddriftl KL 6F &, BioWehe Bidphss. Wathad32008) 35 89- 743 thetbachitds ofidded to

the flask and the reaction vessel "was d%%:ssed. The m xture was vigorously

stirred at 9vhidlvareineprparatgd hereinby referenceyja Blackingovas carmesbont by wedispersing,

di chl or onet han .19 Lh t ] re, r ' ti was
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the aptamer. To further confirm this hypothesis, the adsorbed lysozyme was

monitored according to the UV difference at 280 nm between the same lysozyme
solution before incubation and the supernatant solution after incubation with different
Apt-NPs and NP removal. As shown in FIG. 17, the percentage of unbound lysozyme

25  increases with increased aptamer density on NPs, which verifies that more lysozyme
molecules are captured by Apt-NPs at a low surface density. The optimum surface
density was approximately 60 aptamers per NP (60 Apt-NP), where the polymer
stained Apt-NP PL intensity reached the maximum, which is beneficial for effective
lysozyme quantification.

30 To understand the surface charge change upon aptamer/lysozyme/PFVSO;
interaction, the zeta-potentials of 60 Apt-NP, lysozyme/Apt-NPs (2 mg of 60 Apt-NP
upon incubation with 20 pg/mL of lysozyme, followed by washing with washing
buffer and redispersion), and PFVSQ;/lysozyme/Apt-NP (the obtained lysozyme/Apt-



3H, 7.85(d, 1 H J=17.84), 7.77 (d, 1 H J =7.26), 7.66 (d, 1 H J =
7.57), 7.45-7.30 (m 3 H), 3.27 (t, 4 H J = 6.84, 6.84), 2.14-1.97 (m 4
H, 1.74-woeRiopord Hy, 1.32- 1.18 (m 4 Hy, 1.17-1.04 @owsé2édoo@283-0. 66
(m 4 H). 13C NMVR (125 Mz, CD30D, 8 5ppn): 154.00, 153.35, 152.83, 150. 90,
141.76, 140.50, 135.37, 134.49, 132.31,-6028. 24, 128.05, 127.58, 127.08,
123.79, 122.91, 120.13, 119.89, 112.81, 55.16, 40.12, 33.92, 32.60, 29.04,
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(m 1H, 8
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155.28, 154.50, 152.26, 152.055, 143.31, 142.18, 136.97, 135.38, 134.03,

129. 73, 128vial rolejig lywzymedgetegtiorr0124. 33, 121.35, 121.05, 113.78, 67.81,

55. 58, .68, 41.19, 30, . . ' POSSFF.
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3.5 kDa ol egEleqbdidfirsiatin MiIRIG ™ ativpbe CBRpHwARS (100 uD), B8Ry PFVAD, 10030

freeze-drying, POSSFF (74 ng, 45% was obtalined as |ight yellow powders.
Synt hesi s of uMOSSEBWaSadded. nite mRi3Bge W85 ifcubated dey, 5 minies. Exessy PFYSOs19 ny,
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added to the flask and the reaction vessel was degassed. The m xture was
vi gor oud®y soH T def) der fluayescerge measpremantsyas t hen filtered and the filtrate

was poured into a o) -4 Bsin : W t h

acetone, and was fe | @%ép%ﬁerﬁ%%{‘m{%o&ﬁﬁﬁ e soggﬁlgﬁﬁgggﬁsgl(?g?g@%)ﬁr ough a

0.22. pm thrombin (20 pg/mL), and trypsin (20 pg/mL) to examine the assay specificity. BSA,
human thrombin, and trypsin have pl values of 4.7, 7.0—7.6, and 10.5, respectively,

2

with net negative, neutral, and positive charges on the protein surface under the

25 experimental conditions. The 60 Apt-NP (0.2 mg) was incubated with lysozyme (20
pg/mL) as well as a mixture of interference proteins (20 pg/mL BSA, 20 pg/mL
thrombin, and 20 pg/mL trypsin) in binding buffer (20 mM Tris-HCI, 100 mM NaCl,
5 mM MgCl,, pH = 8.5), followed by polymer staining ([RU] =1 uM) for 5 minutes
and NP washing with washing buffer (20 mM Tris-HC], 100 mM NaCl, 5 mM

30 MgCl12, pH = 8.5). The PL spectra of the redispersed NPs are shown in FIG. 18.
Intense polymer emission at 475 nm is only witnessed in the presence of lysozyme
due to the recognition-induced switching of lysozyme/Apt-NP charge, followed by

PFVSO0:; self-assembly due to electrostatic interaction. No polymer fluorescence was



5 syringe driven filter to give linpid solution. Finally, the product was
purified by dialysis against MIli-Q water using a 3.5 kDa nol ecul ar wei ght
cut of f diwbysizoranbr ane for 5 days. After freeze-dryi ngcTRGSEBH0(AS Ny,
73% was obtained as yellow fibers. NVR (500 MHz, CD30D, 8 ppm: 8.47 (s, 1
H, 843 (d, 2 H, 831 (d, 1 H, 825-M,"2 H), 7.74-7.76 (m 2 H),
7.83-7.74 (m 1 H, 7.74-7.63 (m 2 H), 103.54-3.38 (m 4 H), 3.09 (s, 18

H, 2.57-2.39 (m 4 H), 1.95-1,80 (m 4 H), 1.54-1.40 (| H, 1.13-0.95
(m 4 H).  obsemgddn theinseieres ehint ¢ Prqteips he ng C\Egﬁ‘%}Pﬁ%P bility

(-23 ng/nL : r ' tp,?g{h il ' '
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hi gh- r esol ut NBsiwithatimhbhsiinnamel washingthe NRsi cr oscopy (HR- TEM). Spheri cal
nanoparticles with an.a e dianeter of 3. 0.5 .n e,observed, which
coi nci des wel | wi éﬁS?%i‘E.{’Sgﬁsé‘aﬁ@Y M&Fgaﬂvfg' Wﬁ%&‘gﬁéﬁs Y S
conpound§ cogt@iditafie rEfllaoh fn o ekpetifierthl ddRUitionk aml BIPS vifaif Rofflidi8dce. OF
Ar' can be synthesized by the simlar nmethod as that used to synthesize
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i ncl usi ve; Ar is an optionally substituted nonocyclic or, polycyclic
aromatic ri nmjmeyithe same apthabisem hepyurg lysepyme: Theperibis sespenitonsf Iyssryms el i ¢

het er oajgmat h%r&tgfd mktards ﬁ&rgnly?‘ﬂﬁhcates the effectiveness of aptamer-protein binding
but also highlights the intelligent target capture and interference isolation of the silica
NP sensing platform.
To demonstrate lysozyme quantification, different concentrations of lysozyme
(ranging from 0 to 37.5 pg/mL) were incubated with 60 Apt-NP suspension for 30
15 minutes. The lysozyme/Apt-NPs were then stained with 1 pM PFVSO; for 5 minutes,
then washed. The PL spectra of polymer-stained NPs are shown in FIG. 19. The PL
intensities of the NPs progressively increase with increased lysozyme concentrations.
This is due to increased positive charge on the Apt-NP surface in the presence of
higher lysozyme concentrations, which enables increased numbers of negatively
20  charged PFVSQO; to self-assemble on the NPs. In addition, the fluorescence of the NP
suspension upon treatment with lysozyme and PFVSO; can be monitored by the naked
eye. The intensity of the blue-green fluorescence of PFV803 gradually increases in
the presence of increased concentrations of lysozyme, which allows clear naked-eye
discrimination of lysozyme with a limit of detection (LOD) as low as 1.5 pg/mL (10
25 pmol). _ |
The calibration curve for lysozyme detection is shown in FIG. 20. The PL
intensity of the NP suspension increases linearly with lysozyme concentration and
finally saturates at a lysozyme concentration of approximately 22.5 pg/mL. The LOD
is estimated to be 0.36 pg/mL (2.4 pmol, based on 3¢ from six independent
30 measurements) using a standard fluorometer, which is more sensitive to aptamer-based
electrochemical and fluorescent arrays and is similar to that obtained from a standard
of ELISA. (See Vidal, M. L., et al., Agric. Food Chem. 2005, 53, 2379- 2385, the

entire teachings of which are incorporated herein by reference). However, the strategy



T, T and T" are each independently a termnating group, -L or -12-B,
wherein L and L' are each independently a |inking group and wherein B, for
each occuwpen#29413 a bi onol ecul e. 15 2. The conpound of PCraGavili/oe a sal t
t hereof, wherein R and R3 are each a cationic alkyl group or a cationic
oligo or poly(ethylene oxide) group. 3."Fie conpound of Claim1, or a salt
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7. The cormomlﬁfacaseuem:ﬁemartoassaglsensidaﬂtﬁeéuldmwﬂesuﬁrof 1) thastetic are each
-L'-B, wherein each B is a _bionolecule. 10 8. _The conpound of Claimb5, or a

salt t her eofindsanse indyced by the falded aptamer ppep-binding to fysepane whighpreventsiBed or
a reporygr %JQUéht aptamers from folding into G-quartet structure; (2) the binding of lysozyme

on the Apt-NP surface hampers subsequent aptamer/lysozyme binding due to
electrostatic repulsion.
Although quite a few strategies have been reported for lysozyme detection,
very few allow label-free and visible detection and quantification of lysozyme in real
15 time.
Example 16. Synthesis of POSSFF and POSSFBT
Synthesis of 2-(9,9-bis(6-bromohexyl)fluoren-2-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (1). 2-Bromo-9,9-bis- (6-bromohexyl)fluorene (4.54 g, 7.95
mmol),bis(pi nacolatodiboron) (3.02 g, 11.93 mmol), and potassium acetate (2.94
20  g,29.82 mmol) were placed in a 100-mL round bottom flask. Anhydrous dioxane (80
mL) and [PdC12(dppf)] (0.20 g,0.24 mmol) were added to the flask and the reaction
vessel was degassed. The mixture was stirred at 80°C for 12 h under nitrogen. After
the mixture had been cooled to room temperature, dioxane was removed by rotary
evaporation. The residue was extracted with dichloromethane, and the organic phase
25  was washed with water and brine, and dried over magnesium sulfate. The solvent was
removed and the residue was purified by silica gel column chromatography
(dichloromethane/hexane=1:2) to afford 2.
Synthesis of 2,7-dibromo-9,9-bis(6-bromohexyl)fluorene (2). 2,7-
Dibromofluorene (1.23 g, 5 mmol) was added to a mixture of aqueous potassium
30 hydroxide (100 mL, 50 w%), tetrabutylammonium bromide (0.330 g, 1 mmol), and
1,2-bis(2-bromoethoxy)ethane (13.9 g, 50 mmol) at 75 °C. After 15 min, the mixture
was cooled to room temperature. After extraction with CH,Cl,, the combined organic

layers were washed successively with water, aqueous HCI (1 M), water, and brine and



9. The conpound of Caim8, of a salt thereof, wherein the ligand is an

af fi body, 15an anti body, a protein, or a bioactive snmall nolecule. 10. The
conpound Wb 2€2z10m11, wherein the conpound i s represent e#CimgGring/ohakd owi ng
structural fornula: 20 11. The conmpoungd, of Claim1, or a salt thereof,
wherein L is represented by one of the ToOlTow ng structural fornmulas:
N:NN:NO 8-15 N H2N8- 150CH or, or a salt thereof. 25 12. The conpound of C aim

Lt O S Ao AR Ml o EBE GRS 5 B 2 D5 00
bromoethoxy)ethane, the residue was purified by silica gel column chromatography
using hexane and dichloromethane (1:2) as the eluent, and recrystallized from ethanol
and CH,Cl, (5:1) to afford M2 as white needle crystals (1.50 g, 48.0%).

5 Synthesis of 2-(. 7-bromb-9, 9-bis(6-bromohexyl)fluorenyl)-9,9-bis(6-
bromohexyl)fluorene (3). 1 (2.84 g, 4.60 mmol), 2 (4.5 g, 6.9 mmol), Pd(PPh;), (53
mg, 0.046 mmol), potassium carbonate (4.43, 32.0 mmol)‘ were placed in a 100 mL
round bottom flask. A mixture of water (12 mL) and toluene (30 mL) was added to the
flask and the reaction vessel was degassed. The mixture was vigorously stirred at 90

10  °C for 2 days. After it was cooled to room temperature, dichloromethane was added to
the reaction mixture. The organic portion was separated and washed with brine before
drying over anhydrous MgSOj,. The solvent was evaporated off, and the solid residues
were purified by column chromatography on silica gel using dichloromethane/hexane
(1:5) as eluent to afford 3.

15 ~ Synthesis of 2-(7-bromo-bis(6-N,N,N-trimethylammonium)hexyl)fluorenyl)-
bis(6-N,N, N-trimethylammonium) hexyl)fluorene (4). Condensed trimethylamine (~5
mL) was added dropwise to a solution of 3 (1 g, 0.94 mmol) in THF (10 mL) at -78
°C. The mixture was allowed to warm to room temperature. The precipitate was
redissolved by the addition of water (10 mL). After the mixture was cooled to -78 °C,

20  additional trimethylamine (~3 mL) was added. The mixture was stirred at room
temperature for 24 h. After removal of the solvent, acetone was added to precipitate 4
(1.2 mg, 98%) as white powders. | |

Synthesis of 4-(9,9-bis(6-bromohexyl)-9H-fluoren-2-yl)-7-
bromobenzothiadiazole (7). 2-(9,9-bis(6-bromohexyl)- fluoren-2-yl)-4,4,5,5-

25  tetramethyl-1,3,2-dioxaborolane (6) (2.84 g, 4.60 mmol), 4,7-
dibromobenzothiadiazole (2.16 g, 7.36 mmol), Pd(PPh;); (53 mg, 0.046 mmol),
potassium carbonate (4.43, 32.0 mmol) were placed in a 100 mL round bottom flask.
A mixture of water (12 mL) and toluene (30 mL) added to the flask and the reaction
vessel was degassed. The mixture was vigorously stirred at 90 °C for 2 days. After it

30  was cooled to room temperature, dichloromethane was added to the reaction mixture.
The organic portion was separated and washed with brine before drying over
anhydrous MgSO4. The solvent was evaporated off, and the solid residues were

purified by column chromatography on silica gel using dichloromethane/hexane (1:5)



NO' N1? 8-15 13. A compound represented by the follow ng structural formula:
50r a salt thereof; wherein: R and R3 are each independently hydrogen or a
charged swdeorooeqai wherein the charged side group is opCIr®eadi1y00229
finctionalized with -L or -12-B, wherein L and L' are each independently a
linking group and wherein B, for each o®urrence, is independently a

bi onol ecul e; 10mis an integer between 2 and 50, inclusive; Ar is an

optional l'y substituted nonocyclic of polycyclic aromatic ring systemor an
opti onal |y sutlsentitepdardwseessy liguidorH NYIRAFE0 MHR SIHQRARRRY 8 0784 By st om
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128.24, 128.05, 127.58, 127.08, 123.79, 122.91, 120.13, 119.89, 112.81, 55.16, 40.12,
33.92, 32.60, 29.04, 27.73, 23.61. MS (MALDI-TOF): m/z 707.37 [M]".
Synthesis of 4-(9,9-bis(6-N,N, N-trimethylammonium)hexyl)fluorenyl)-7-
bromobenzothiadiazole (8). Synthesis of Condensed trimethylamine (~5 mL) was -
10  added dropwise to a solution of 2 (1 g, 0.94 mmol) in THF (10 mL) at -78 °C. The
mixture was allowed to warm to room temperature. The precipitate was redissolved by
the addition of water (10 mL). Afier the mixture was cooled to -78 °C, additional
trimethylamine (~3 mL) was added. The mixture was stirred at room temperature for
24 h. After removal of the solvent, acetone was added to precipitate 3 (1.4 mg, 99%)
15  as yellow powders. '"H NMR (500 MHz, CD;0D, 8 ppm): 8.38-8.26 (m, 2 H), 8.26-
8.19 (m, 1 H), 8.19-8.12 (m, 1), 8:12-8.00 (m, 2 H), 7.79-7.56 (m, 3 H), 3.53-3.42 (m,
4 H), 3.09 (3, 18 H), 2.55-2.42 (m, 4 H), 1.95-1.72 (m, 4 H), 1.53-1.31 (m, 8 H), 1.12-
0.78 (m, 4H). (3C NMR (125 MHz, CD;0D, & ppm): 155.28, 154.50, 152.26,
152.055, 143.31, 142.18, 136.97, 135.38, 134.03, 129.73, 128.93, 128.46, 125.18,
20 124.33,121.35, 121.05, 113.78, 67.81, 55.58, 53.68, 41.19, 30.35, 26.98, 24.92, 23.75.
Synthesis of POSSFF. Octavinyl POSS (5) (11.4 mg, 0.018 mmol), 4 (187 mg,
0.144 mmol), Pd(OAc); (3.2 mg, 14.4 umol), and P(o-folyl); (24 mg, 78.4 umol) were
placed in a 25 mL round bottom flask. A mixture of DMF (1 mL), and triethylamine
(0.5 mL) was added to the flask and the reaction vessel was degassed. The mixture
25  was vigorously stirred at 100 °C for 36 h. It was then filtered and the filtrate was
poured into acetone. The precipitate was collected and washed with acetone, and was
redissolved in water. The solution was filtered through a 0.22 pm syringe driven filter
to give limpid solution. Finally, the product was purified by dialysis against Milli-Q
water using a 3.5 kDa molecular weight cutoff dialysis membrane for 5 days. After
30 freeze-drying, POSSFF (74 mg, 45%) was obtained as light yellow powders.
Synthesis of POSSFBT. Octavinyl POSS (5) (11.4 mg, 0.018 mmol), 8 (119
mg, 0.144 mmol), Pd(OAc); (3.2 mg, 14.4 umol), and P(o-tolyl); (24 mg, 78.4 umol)
were placed in a 25 mL round bottom flask. A mixture of DMF (1 mL), and
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acetone, and was redissolved in water. The solution was filtered through a 0.22 um

5  syringe driven filter to give limpid solution. Finally, the product was purified by
dialysis against Milli-Q water using a 3.5 kDa molecular weight cutoff dialysis
membrane for 5 days. After freeze-drying, POSSBT (96 mg, 73%) was obtained as
yellow fibers. '"H NMR (500 MHz, CD;OD, 3 ppm): 8.47 (s, 1 H), 8.43 (d, 2 H), 8.31
(d, 1 H), 8.25 (d, 2 H), 7.74-7.76 (m, 2 H), 7.83-7.74 (m, 1 H), 7.74-7.63 (m, 2 H),.

10 3.54-3.38 (m, 4 H), 3.09 (s, 18 H), 2.57-2.39 (m, 4 H), 1.95-1.80 (m, 4 H), 1.54-1.40
(m, 8 H), 1.13-0.95 (m, 4 H).

This unimolecular nanoparticle has a good water-solubility (~23 mg/mL at 24
°C), as a result of its high charge density on its nanoglobular surface. The morphology
and size of POSSFBT were studied by high-resolution transmission electron

15 microscopy (HR- TEM). Spherical nanoparticles with an average diameter of 3.3 +
0.5 nm were observed, which coincides well with the single-molecular size of
POSSFBT.

POSS compounds containing catonic, anionic or neutral R groups on either Ar

or Ar’ can be synthesized by the similar method as that used to synthesize POSSFF
20 and POSSFBT.



8-1508- 15H 150r 21. A conpound of the followi ng structural formula: or a
salt thereof; wherein: 20R and R3 are each independently hydrogen or a
charged swoeogrooeqai - 70 - mis an integer between 2 amrdTBG2011v0022%1 Ve,
and T, T" and T" are each |ndependently'é§tern1nating group, -L or -L'-B
mhereln L and L' are each independently & Tinking group and wherein B, for
each occurrence, is independently a bionolecule. 5 22. The conpound of
Claim 21, or a salt thereof, wherein gagzﬁ% and R3 are each a charged side
group. 23. The conpound of C aim 22, %It.thereof, wherein the charged
side group 10is a cationic al kyl group, a cationic oligo or poly(ethylene

oxi de) grou ni c. al kyl group or an anionic oligo or poly(ethylene
oxi de) grouRNhigisgiﬂ’%edlShpound of Claim23, or a salt thereof, wherein the

charged side group is -(CH2)2CO0H. 15
1. A compound represented by the following structural formula:

(eglecer

5 or a salt thereof; wherein:

R' and R® are each independently hydrogen or a charged side group;

m is an integer between 2 and 50, inclusive;

Ar is an optionally substituted monocyclic or polycyclic aromatic ring system
or an optionally substituted monocyclic or polycyclic heteroaromatic

10 ' ring system; and

T, T' and T" are each independently a terminating group, -L or -L'-B, wherein

L and L' are each independently a linking group and wherein B, for

- each occurrence, is a biomolecule.

15 2. ' The compound of Claim 1, or a salt thereof, wherein R' and R? are each a

cationic alkyl group or a cationic oligo or poly(ethylene oxide) group.

3. The compound of Claim 1, or a salt thereof, wherein R' and R> are each a
charged side group selected from the group consisting of -(CH;).N(R?);X,
20 -(OCH,CHy):N(R*);X and -(CH,CH,0),CH,CH,N(R?);X, wherein R? is (C1-
C6)alkyl, n is an integer between 2 and 13, inclusive, q is an integer between 1

and 12, inclusive, and X is an anionic counterion.

4, The compound of Claim 1, or a salt thereof, wherein Ar is fluorene, benzene,
25 biphenyl, thiophene, benzothiadiazole, pyridine, bipyridinium, triphenylamine,
anthracene, carbazole or 4,7-di(thien-5°-yl)-2,1,3-benzothiadiazole.



25. A nethod of detecting a target in a sanple, conprising: a)exposing a
sanple to a conpound of one of the follow ng structural fornulas: 20or a
sal t therwof2pivboeriei n: R and R3 are each independent|yPoydcoganoensa
charged side group; mis an integer betwgen 2 and 50, inclusive; Ar is
an optionally substituted monocyclic or polycyclic aromatic ring system or
an optionally substituted nonocyclic or polycyclic heteroaromatic 25ring

system and 3, T Tﬁé‘goﬁ[ﬁoﬁdeof@lﬁihlliW%%gm%fygﬂﬁeﬁ{(f‘f%h%ag&ggg “Lor

-L'-B, wherein L and L' are eac ndepen ent I’hg gr oup an for
each occurrence, tesminatinggrompnill gr 4.6, wiheteirc Bl for each occuridnee, is  Ar m

independently a biomolecule.

5 6. The compound of Claim 5, or a salt thereof, wherein T, T' and T" are each

-L'-B, wherein B, for each occurrence, is independently a biomolecule.

7. The compound of Claim 5, or a salt thereof, wherein T, T' and T" are each

-L'-B, wherein each B is a biomolecule.

10
8. The compound of Claim 5, or a salt thereof, wherein B, for each occurrence, is
independently a ligand or a reporter group.
9. The compound of Claim 8, of a salt thereof, wherein the ligand is an affibody,
15 - an antibody, a protein, or a bioactive small molecule.
10.  The compound of Claim 1, wherein the compound is represented by the
following structural formula:
N’S‘N
T \ :
O Q O‘O T R'=R®= (CH6N(CH3)3Br
m )
T R’ R3
20

11.  The compound of Claim 1, or a salt thereof, wherein L is represented by one

of the following structural formulas:

N:N N:N (0]
%’Kx”(\/\(yfe}sx"‘”z A/NMOMOH

8-15
or , or a salt thereof.

25 12.  The compound of Claim 1, or a salt thereof, wherein L' is represented by one
of the following structural formulas:



or a salt thereof; wherein: R and R3 are each independently hydrogen or a
charged side group, wherein the charged side group is optionally

fincti onavozetk/onedim -L or -L'-B, Swherein L and L' are eatisGeodepengent|y a

linking group and B, for each occurrenceggi s i ndependently a bionol ecul e;
I's an integer between 2 and 50, inclusive, Ar is an optionally
substituted nonocyclic or polycyclic aromatic ring systemor an optionally
substituted nonocyclic or polycyclic heteroaromatic 10ring system and T

and T' are each indepbéiafiently a te¢p1nat|ng InYP b) aII ng the
(7 IN=
af@ﬂ

conmpound to bind to%?(\/ ﬁ/L\ ng%detec signal pr duced by the
conmpound, thereby detect R &;5arg t al m 25,

wherein the signal is fluorescence oP magnetic resonanc& H 27 The
met hod of Claim 25, wherein the sanple i% a cancer cell. 20 28. A conpound
represented by Structural Formula (I11): (11l1), or a salt thereof,

wher ei n:
13. A compound represented by the following structural formula:

5 or a salt thereof; wherein:
R' and R? are each independently hydrogen or a charged side group, wherein
the charged side group is optionally functionalized with -L or -L'-B,
wherein L and L' are each independently a linking group and wherein
B, for each occurrence, is independently a biomolecule;
10 m is an integer between 2 .and 50, inclusive; |
Ar is an optionally substituted monocyclic or polycyclic aromatic ring system
or an optionally substituted monocyclic.or polycyclié heteroaromatic
ring system; and |
T and T are each independently a termihating group.
15 _
14. The compound of Claim 13, or a salt thereof, wherein R’ and R> are each a
charged side group functionalized with -L or -L'-B, wherein L and L' are each
a linking group and wherein each B is a biomolecule.

20 15.  The compound of Claim 14, or a salt thereof, wherein each B is a ligand ora

reporter group.

16.  The compound of Claim 15, or a salt thereof, wherein the ligand is an

affibody, an antibody, a protein, or a bioactive small molecule.
25

m



- 72 - R and R2 are each independently -(OCH2CH2) 1, OCH3 or - (CH2CH20) pC113,
wherein p is an integer between 1 and 100, inclusive; R and R3 are each

i ndependewdlay12peniegen or a charged side group; mis anpcmisegerobehyeen 2
and 50, inclusive; and 5T and T' are eac i_ndependently a term nating
group; provided that the CPE or CCE is not9 represented by the follow ng
structural fornula: NaGBSSGBNa 10 29. The conpound of CI ai m 28, represent ed

by Structural,Forgy a.t

sanpl e, COITpII!I si ng: LTS J“l[}%l)o()frlc?ai | zf%}graa%g%ﬁ{e&go é ﬁﬂ':g Ty ‘W&ene

i ncubating the |i biphenyl] thitiphers begthisdibiale, pypidiie} biﬁlyhbmmrﬁ

i ncubating the sa charged conj ugat ed ect roI yte 8’CPE) or

e wWth ol yel
conj ugated ol i goe@wereyfege@ézyrﬂmﬂnm 2002, 8@ elirdBeple11/ 000229 -

73 - detecting the fluorescence of the solid support, thereby detecting the
target. 31.The nethod of C aim 30, wherein the CPE or CCE is represented by
one of tHe fb.l owlhgcopamdiofflaifiol Inwlesein tre congmwiund isweprsénted By the

following structural formula:

T/\

‘ T R’ = R3 = (CH,)gN(CHs)3Br

19.  The compound of Claim 13, or a salt thereof, wherein L is represented by one

10 of the following structural formulas:

N:N\ N_—_N‘ O
N . .

or

20.  The compound of Claim 13, or a salt thereof, wherein L' is represented .by one
- of the following structural formulas: |

N=N H NN o)
%K/N(\/\OI);}S/N\([)];{ %&/N(\/\om)\uk{

15 ‘ or

21. A compound of the following structural formula:

or a salt thereof, wherein:

20 R' and R? are each independently hydrogen or a charged side group;



.,0 0\ S --STAA O0'"AA Conjugated Aigelectrolyte wherein: Ar is
an optionally substituted aromatic group; Linker is a single bond, double
bond, triwbeotxandsior - CR12-; wherein each Rl is indepengemtsiczohydexgen,

hal ogen, hydroxy, am no, G -C6al kyl, Cl "9 0Ce6al kenyl , C -C6al kynyl, or
Cl - C6al koxy; wherein the al kyl, al kenyl’ "al kynyl or al koxy may be

optionally substituted with hal ogen, hydroxy, Cl-C4al koxy or am no; and
each R is independentl|y, hyd en, .a i.oni c_al kyl side group or a cationic
oligo or poly(et @Fse%%ﬁﬁzﬂé&ﬁ?‘bﬁﬁ?gib’@awyf’@ WA sitio,s1"0 0/A_
p--si-of-si |io--IaMahd T" are each independently a terminating group, -L or -L'-B, wherein

L and L' are each independently a linking group and wherein B, for

each occurrence, is independently a biomolecule.

22.  The compound of Claim 21, or a salt thereof, wherein the R' and R> are each a

charged side group.

23.  The compound of Claim 22, or a salt thereof, wherein the charged side group
10 is a cationic alkyl group, a cationic oligo or poly(ethylene oxide) group, an

anionic alkyl group or an anionic oligo or poly(ethylene oxide) group.

24.  The compound of Claim 23, or a salt thereof, wherein the charged side group
is -(CH;),COOH.
15
25. A method of detecting a target in a sample, comprising:
a) exposing a sample to a compound of one of the following structural

formulas:

@ ;

or
20 or a salt thereof, wherein:
R' and R? are each independently hydrogen or a charged side group;
m is an integer between 2 and 50, inclusive; |
Ar is an optionally substituted monocyclic or polycyclic aromatic ring sjrstem
or an optionally substituted monocyclic or polycyclic heteroaromatic
25 ring system; and
T, T' and T" are each independently a terminating group, -L or -L'-B, wherein
L and L' are each independently a linking group and B, for each

occurrence, is independently a biomolecule; or



A: Conjugated digelectrolyte 15 wherein: eachis independently sel ected
from - 74 - each Ar is independently an optionally substituted

aronmat i ¢ woao/ooeaeh R i s i ndependently a cationic, ani eqrsG2or/oneasr al

al kyl group or a cationic, anionic, or ngutral oligo or poly(ethylene

oxi de) group; 5each Linker is a single bond, double bond, triple bond,
-CH2- or -CH2CH2-; and each R is independently a term nating group;
wherein: 10R and R3 are each independently hydrogen or a charged side
group; mis an integer betweenr2 and 50, inclusiv Ar is an optionally
substituted nonocyclic or polycyclisaropatjc ringl systemor an optionally

substituted nonocyclic or polycye p @ qati ring system and
: T / Ar+T

m

or a salt thereof; wherein:

R' and R are each independently hydrogen or a charged side group, wherein
the charged side group is optionally functionalized with -L or -L'-B,

5 wherein L and L' are each independently a linking group and B, for .

each occurrence, is independently a biomolecule;

m is an integer between 2 and 50, inclusive;

Ar is an optionally substituted monocyclic or polycyclic aromatic ring system
or an optionally substituted monocyclic or polycyclic heteroaromatic

10 ring system; and

T and T' are each independently a terminating group;

b) allowing the compound to bind to a target; and

©) detecting a signal produced by the compound, thereby detecting the

target.
15
26.  The method of Claim 25, wherein the signal is fluorescence or magnetic
resonance.
27.  The method of Claim 25, wherein the sample is a cancer cell.
20

28. A compound represented by Structural Formula (III):

(III), or a salt thereof,



15T, T and T" are each independently a term nating group; or wher ei n:
R and R3 are each independently hydrogen or a charged side group; mis an
i nt eger bwoweermo2iand 50, inclusive; 20Ar is an opti onalPCy/Ssabgtonaas ed
nmonocyclic or polycyclic aromatic ring .ﬁtem or an optionally substituted
nonocyclic or polycyclic het eroaromati ¢ ing system and T and T' are each
I ndependently a term natl ng group; WO 2012/ 002911PCT/ SG&011/ 000229 - 75 -

Pormi o NaCBsSCARERd R°Be g iirprgtiS ORERLERL It o AN Burp e
conpri sing: wherein p is an integer between 1 and 100, inclusive;
R' and R? are each independently hydrogen or a charged side group;
m is an integer between 2 and 50, inclusive; and
5 T and T' are each indepéndently a terminating group;
provided that the CPE or COE is not represented by the following structural

formula:

10 29. The compound of Claim 28, represented by Structural Formula (ITa):

or a salt thereof.

30. A method of detecting a target in a sample, comprising;:
15 functionalizing a solid support with a ligand;
incubating the ligand-functionalized solid support with a sample;
incubating the sample with a charged conjugated polyelectrolyte (CPE) or
conjugated oligoelectrolyte (COE); and



S5functionalizing a surface of a solid support with a charged |igand,
thereby creating a charge on the surface of the solid support; incubating
t he | i gamofamoeamnal i zed solid support with a sanple, waeseapanodz2ndi ng of
the target, the charge on the surface of,{he solid support sw tches;

10i ncubating the sanple with a charged conjugated pol yel ectrolyte (CPE) or
a charged conjugated oligoel ectrolyte (COE), V\/nerei n the charge of the CPE

or the COE is co r tothe ont the
t ar get - bound sur ;Hécegggh% %mtresgfncﬁgo %efes%? USSP %e%?‘ﬁ’é’gstgﬂaﬁgeé'upport,
t hereby detecting the target. _

31..  The method of Claim 30, wherein the CPE or COE is represented by one of

the following structural formulas, or a salt thereof:

Nasat Ve

A
—S ’O\SI
VR ) <3
°(“o\s.‘/ < D> B
“Si~g A .
As'\o/s.//° A R R
A: Conjugated Oligelectrolyte . O'Q WinkeD—{ _ Ar B———!
5 R: Cationic Side Group ,
wherein:

Ar is an optionally substituted aromatic group;
Linker is a single bond, double bond, triple bond or -CR',-; wherein each R' is
independently hydrogen, halogen, hydroxy, amino, C;-Cgalkyl, C;-

10 Cealkenyl, Cl-C6alkynyl, or C;-Cealkoxy; wherein the alkyl, alkenyl,
alkynyl or alkoxy may be optionally substituted with halogen,
hydroxy, C,-Csalkoxy or amino; and -

each R is independently hydrogen, a cationic alkyl side group or a catiohic
oligo or poly(ethylene oxide) grdup;

A: Conjugated Oligelectrolyte

15 — % ' ,

wherein;

s S

each is independently selected from:



WO 2012/002911 PCT/SG2011/000229
-74 -

Go b

each Ar is independently an optionally substituted aromatic group;
each R is independently a cationic, anionic, or neutral alkyl group or a
cationic, anionic, or neutral oligo or poly(ethylene oxide) group;
5 each Linker is a single bond, double bond, triple bond, -CH»- or -CH,CHj-;
and

each R' is independently a terminating group;

T
Ak
T R’ R3
wherein:
10 ~ R'and R? are each independently hydrogen or a charged side group;

m is an integer between 2 and 50, inclusive;

Ar is an optionally substituted monocyclic or polycyclic aromatic ring system
or an optionally substituted monocyclic or polycyclic heteroaromatic
ring system; and

15 T, T' and T" are each independently a terminating group; or

wherein:
R' and R? are each independently hydrogen or a charged side group;
m is an integer between 2 and 50, inclusive;
20 Ar is an optionally substituted monocyclic or polycyclic aromatic ring system
or an optionally substituted monocyclic or polycyclic heteroaromatic
ring system; and

T and T' are each independently a terminating group;



WO 2012/002911 PCT/SG2011/000229
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provided that the CPE or COE is not represented by the following structural

formula:

32. A method of detecting a target in a sample, comprising:
5 functionalizing a surface of a solid support with a charged ligand, thereby

creating a charge on the surface of the solid support;

incubating the ligand-functionalized solid support with a sample, whereupon
binding of the target, the charge on the surface of the solid support

. switches; ,
10 incubating the sample with a charged conjugated polyelectrolyte (CPE).or a

charged conjugated oligoelectrolyte (COE), wherein the charge of the
CPE or the COE is complementary to the charge on the surface of the
target-bound surface; and

detecting the fluorescence of the solid support, thereby detecting the target.



