WATER- SOLUBLE FLUORESCENT NMATERI AL W TH BALANCED HYDROPHI LI CI TY AND
HYDROPHOBI CI TY FI ELD OF THE | NVENTI ON [ 0001] The present invention
relates to fluorescent materials, particularly water- soluble
fluorescent materials and nethod of form ng them BACKGROUND OF THE

| NVENTI ON [ 0002] Fl uorescent particles are useful in various

appl i cati ons. FHATERtSOLEBLE FIQJORESEENAT MATESIAL VWETHH BN CERbel s
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detection, and the |like. As the agueous environnent is a common

environment, i S @sﬁ@[w@ﬂﬂ?ﬁhe fluorescent particles are

sol uble in water. wever, many uorophores are not soluble in

water. Further, when the fluorophores are exposed to the environnent,

t hei r per {@00nc el mprdsenafrivestied refptastte falorescanismterald, pagicplarly water-
unstable. It i1s_ thus desirable to en ukate.the fluorophores with a
wat er - sol ﬁﬂfugll%ﬂ‘ﬂngSF%@éF?gm?sc%”q 5??3@8@ Ok ﬁoéfef}“i%&%%g particles

sol ubl e in an aqueous solution and insulates the inner fluorophore

fromthe envir@gnEGRACNO3DETAE ¢VENTIOMhal fl uorescent particles
have hydr ophobi c fluorescent segnents and hydrophilic or anphiphilic
segnents that encapsul ate the hydrophobi ¢ segnments.
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by the environment and may be unstable. [t is thus desirable to encapsulate the
fluorophores with a water-soluble outer layer, which renders the resulting particles
soluble in an agueous selution and insulates the inner fluorophore from the

environment.

[0003] Some conventional fluorescent particles have hydrophobic flucrescent
segments and hydrophilic or amphiphilic segments that encapsulate the
hydrophobic segments. However, a drawback of these particles is that in an
aqgueous environment these particies tend to either aggregate/precipitate or
disintegrate, and are unstable. As a result, performance will decay over time. ltis
thus desirable to improve the stability of fluorescent particles formed from
amphiphilic flurorecent molecules. 1t is known that the stability of particles formed
from amphiphilic molecules can be affected by the balance between their
hydrophilicity and hydrophobicity. However, it is difficult to predict when the
hydrophilicity and hydrophobicity of a particular type of amphiphiic fluorescent
polymers is sufficiently balanced for forming stable particles.



[ 0004] Anphi philic nol ecul es are provided for form ng fluorescent
particles that can remain stable in water. Each nol ecul e conprises a
backbone and side chains grafted to the backbone. At |east three
backbone units are hydrophobic and fluorescent and at | east one side
chain unit is BYMMARY OF THEENMENHOMati o within the nol ecul e of
backbone and side chain units that are hydroph| lic to those that are

hydr ophobic. .is fromabout 1:4 to about 4; f :
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[ 0009] For the anphiphilic nolecule described in the four preceding
par agr aphs, the backbone units may conprise fluorene units and the
side chains may conprise polyethyl enegl ycol. The backbone units may
conprise an aryl ene, heteroaryl ene, arylene vinylene, heteroarylene
vi nyl ene, tbe;sbm@ndamaamatm Flet eamaoylr@aﬁehevenwmwh@f appyt 2 forabput 12,

Ot S o RASRRT b3l SRR AT Ol f oy abot

aryl silyl agpd ¢ 70eferoaryl, aryloxy, heteroaryloxy, alkylthio,
al kyl am no, d| al kyl'am no, arylam no, diarylamno, aryl ether,
het eroaryl ether, aryl thioether, heteroaryl thioether, hal ogen,
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the for rruIE;S

[0008] In accordance with another aspect of the present invention, there is
provided a water-soluble fluorescent particle comprising the molecule described in
the preceding paragraph. The particle may comprise a ligand having a specific
affinity to a selected target. The ligand may be selected from avidin, biotin,
antibody, antigen, and DNA, and the target may be selected from a target

molecule, a cell and an organism.

[0009]  For the amphiphilic molecule described in the four preceding paragraphs,
the backbone units may comprise fluorene units and the side chains may comprise
polyethyleneglycol. The backbone units may comprise an arylene, heteroarylene,
arylene vinylene, heteroarylene vinylene, arylene ethylene, or hetercaryiene
ethylene unit, or a derivative thereof. The backbone units may comprise a unit
substituted with an alky!, alkoxy, alkenyi, alkynyl, alkylsilyl, arylsilylaryl, heteroaryi,
aryloxy, heteroaryloxy, alkylthio, alkylamino, dialkylamino, arylamino, diarylamino,
aryl ether, heteroaryl ether, aryl thioether, heteroaryl thioether, halogen, cyano,
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where p, q, and n are integers, nis from1l to 20, and p+q is from 2
to 200 such as 4 or 10. The anphi philic nol ecul e may have the
formula, PEGOC6H42 C6H12, OPEG is C6HL3C6H13 where p, q and n are
integers, nis froml to 20, and p+q is from2 to 200. For exanple,
in an exel‘?ﬂfoalcﬁrté‘?ﬂﬁaé“ﬁ@ﬂt sulghenyl, @Tniéle"ﬂugf(t?“ﬂd Sroyd, A @hRIAIno group

embodi mentofifidingfhHeRrcal Grctm. T BIRRIIN it rﬂB{r%BH{p?isgaé’pwel%ae

formul a
thienylene, spirobifluorenylene, indenofluorenylene, pyridylene, bipyridylene,

carbazoylene, indenocarbazolylene, benzothiazolylene, or oxadiazolylene unit, or a
derivative thereof. At least one of the backbone units may be linked to a vinylene
group or an ethylene group. Atleast two of the backbone units may be linked with
each other through a single carbon bond, a methylene group, or an atom selected
from O, §, N, 8i, and P. The backbone units may comprise a flexible group
connecting two hydrophobic and fluorescent backbone units. The flexible group
may be hydrophilic or hydrophobic. The side chains may comprise side chain units.
The side chain units may comprise polyethyleneglycol, polyethyleneimine,
polyamide, polyvinylpyrrolidone, polyacrylic acid, polyvinyl alcchol, palylysine, or
derivatives thereof. Af least one of the side chains may be bonded to the backbone
through a single carbon bond, single phosphor bond, ether group, thioether group,
amino group, imino group, sily! group, ester group, thicester group, amide group or
an imide group. The amphiphilic molecule may have the formula,

n

1

where p, g, 1, and n are integers, p is from 1 to 10, q is from 1 to 200, r is from 0 to
20 such as 0, and n is from 1 to 20. The amphiphilic molecule may have the
formula,

dn

- H

where p, g, and n are integers, n is from 1 to 20, and p+q is from 2 to 200 such as 4

or 10. The amphiphilic molecule may have the formula,



[ 0010] The above anphi philic nolecule may be formed by form ng
precursors for the backbone units, the precursors conprising
hydr ophobi ¢ fl uorescent groups; grafting hydrophilic groups to the
precursors, formng grafted precursors; and |inking the grafted
precursors, thus forning the dfRnGshiaN HEUFR. The |inking nmay
conprise |inkjng through a coupling lon. The linking may
conprise |inkKi ;
reaction, St
Sologashlra k
reduction pulynerlz. 6N rea8t|on or polycondensatlon
[ 0011] O her |aspegts sHpat ures of the present inventg
apparent to those of ordinary skill in the art upon review of the
foll ow ng description of specific enbodinents of the invention in
conj unct i @her bhg Bhe reeedntzgeys, rrg|sffrcgu rlef®. 2CBI§InEFp{OESCfRJJrﬁ'I2 ON@F ForE
DRAW NGS [0012]In the figures ch | lustrate, exanple
only, enb@¥HElR & 8f e?‘ﬁ@%%@é‘?ﬁo IRPBhtN 5h, N 60’1%]'&\/\% anlopbe 15 are
schematicg, £qc a %Hﬁm al®tHee®rigla,
respectlveﬁgggkﬁé%%hcg ém? ,agiegﬁ?ary o?&g%ggﬁ?%gﬁFgé%? t he
present invention; [0014]FIG.16 Is a schematic chem aI rea

Qg ’ 8@&@#%?%ry

di agram show n&ﬁ*& alllizzed synt hesis route

of enbodi nents of i nventi on;
[0010] The above amphiphilic molecule may be formed by forming precursors

for the backbone units, the precursors comprising hydrophobic flucrescent groups;

Wi qubeC ahg

grafting hydrophilic groups to the precursors, forming grafted precursors; and
linking the grafted precursors, thus forming the amphiphilic molecule. The linking
may comprise linking through a coupling reaction. The linking may comprise linking
through Suzuki coupling reaction, Grignard coupling reaction, Stille coupling
reaction, Heck coupling reaction, Sclogashira coupling reaction, oxidation
polymerization reaction, reduction polymerization reaction, or polycondensation

reaction.

[0011] Other aspects and features of the present invention will become apparent
to those of ordinary skill in the art upon review of the following description of
specific embodiments of the invention in conjunction with the accompanying

figures.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] In the figures, which illustrate, by way of example only, embodiments of

the present invention,



[0015]FIG 17 is a schematic chem cal reaction di agram show ng a
generalized synthesis route of a polynmer with a flexible segnent in
t he backbone, exenplary of enbodi nents of the present invention;
[0016] FIGS. 18 to 20 are bar graphs show ng neasured particles sizes

formed of jodjqB{ er #9165 anpoLBER; sdHMaticRdHemi2al reaction dizgramasihosing the
measured cel |l "nunbers; [O0018]FIG 22 is a transm smn el

ctro
M cr oscopsytTEsip rowegdobrespraibieseaiic BRIMPPENGS 848 @yqugqﬁléocgg}g&ts of
conmpound gx .embodi nent of the present invention; and
[ 0019] FI (ﬁ“%@gﬁgﬁé“% ssion el ectron mcroscopy (TEM inage of
fluorescent particles forned from anot her sanpl e conpound exenpl ar
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mol ecul e ewHhBRISUSHEE @A PR Sxarincel ?@%B ?“téloiéh%ﬁfﬁ?%%?ﬁ%““o”’
suff|C|entIy bal anced hydrophilicity and hydrophobicity when the
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t he nol ec s from about 1:4 to about 4:1, such as from about 3:
to about ZyBthedisgoatd oia petymm witsa éﬁewbﬂ%a@mrasnb@dhgmka%ﬁ sf‘f@éﬂplaw of

chains grafted to the backbone.and ch of said backbone and side
chai ns i s eMRAEgeRE %fttRPé’ég?e iy %ﬁ%ﬁbone unit or side chain unit,

respectively. As woul d be understood, unit as used herein refers to a

bui I di ng bherY of FraPard iced are var @@the shboingreaslesd pardiclest gizes formed
nol ecul e i's formed by pol ynerizing nononers, the unit is nononeric

unit. | n @hdélesap]eamp i ment of the present invention, the
backbone includes at |east three hydrophobic fluorescent backbone

units, angoidsy eafic OPFisSs e GRAHLA MEhsRE cell numbers;

[0018] FIG. 22 is a transmission electron microscopy (TEM) image of
fluorescent particles formed from a sample compound exemplary of an embodiment

of the present invention; and

[0019] FIG. 23 is a transmission electron microscopy (TEM) image of
fluorescent particles formed from another sample compound exemplary of an

embodiment of the present invention.
DETAILED DESCRIPTION

[6020] It has been discovered that a graft amphiphilic fluorescent molecule can
be used to form stable micellér particles with sufficiently balanced hydrophilicity and
hydrophobicity when the weight ratio of the hydrophilic units to the hydrophobic
Units within the molecule is from about 1:4 to about 4:1, such as from about 3.7 to
about 7:3. A graft molecule has a molecular backbone and side chains grafted to
the backbone and each of said backbone and side chains is formed of at least one
backbone unit or side chain unit, respectively. As would be undersiood, unit as
used herein refers to a building block of a particular molecule, for example, where
the molecule is formed by polymerizing monomers, the unit is monomeric unit. In
an exemplary embodiment of the present invention, the backbone includes at least

three hydrophobic fluorescent backbone units, and at least one side chain includes
5



6 at |east one hydrophilic side chain unit. In one enbodinent, the
backbone may include only hydrophobi c backbone units. In a different
enbodi nent, the backbone may al so i nclude one or nore hydrophilic

backbone units. To form fluorescent particles, a solution conprising
wat er, anatoegsinore bydrophticaite ¢ien anﬂhlhp)bnlalamlnmﬂiimﬁ dhditssbiboms may
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of the anphrphilic nolecule. The organic solvent is renoved fromthe
sol ution, parﬂiiukesaa Isolutiog qdﬁepmmm‘mrl a0 ongAeic sobrend ahdthe ampdiiphilic

partlcles t her al efrom nm_t o ahout

e ons. rRie fieep BeB T Sidinic W e R HeribPaliiti ot
mont hs. [%@m i@t dpgidhdis|fiomh faséutt Ot@awo@tame@@le@ suBR @& rorh tablosit 10
bel i eved that sufficient balance between hydrophilici'ty and

hydr ophobiocatautiiROtGaCauihet CEd> isshashitiedlaparpeatiamecneangiation & il i s

ot woen roUPBBYETREEGSER TS M nrERe 8 cHPOThE AL vt BRI JRGR

t he partiglleging thavabrhipife moldwldwdiopmhinldetiat paniidsheatphecy |p%$|phéral
too strong, the particles tend to disintegrate in water. \Wen the

hydr ophobﬁﬂéetf@wna)fabwtewrﬁnbf@lﬁ@f 18 miskors. r bg parteH 6% remaid siahig ino
aggr egat r. In either case, the particles are
unst abl ee\{vﬁ{e\/{g{) er. P%/\Ren ?Ehgng\v\gf'ght ratio of the hydrophilic and

hydr ophobi ¢ units within the nolecule is within the range given o
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unclear solution may be observed. If the solution stays clear, the particle sizes in
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N, Si, and P. [0025]In different enbodi nents, the backbone units may
include a unit substituted with an organic group. The organic group
may be an al kyl, al koxy, al kenyl, al kynyl, alkylsilyl, arylsilylaryl,
het eroaryl, aryl oxy, heteroaryl oxy, alkylthio, alkylam no,

di al kyl a%@%olLﬁonll @AY Be mehaurih ammenitored luskrighe suitdise epdealibclmihee such
aryl thioether, heteroaryl thioether, halogen, D%éano nitro, car boe¥\‘t

thi onyl , a1 higbhstattedngdectyiaye.u ExeEIRKGY r@%\aas PagiFle fiZRINGI}HIEM
that include et y h u

sel ect od 16 GargrBe T redsr JEMERE ! ?aﬁ#@fu"é@‘??%ﬁgc 5 ghE W Brown
sel ected sodivenyyd. h@héml Vit ﬂ@iy%@paﬂ%dr tranéanteoisvereachsnshofaghich are
t et rahydr of uran (JI{HF) chl orof orm dichl oromet hane, tol uene, or the

|i ke. Forineamephied hereindyl ielEaCHRY i ncl ude hexyl substituted
fluorene bl ocks. [00261 The backbone may further include a flexible

0o O B AR SRS etk et

group may d or exanpl e, 'the flexible
group nmaypHigrrvn oalchﬁJgetenLuﬂlgoanmstThane@(hmamwmed oﬁbwb@nﬁw@fﬁewmch

| kenyl | kyny! h ,
e e S Ut o S4Bt o B SR %,
silyl gr Ot!g%roghobf&%dd'ﬁ%re% et SRS hhapBEtEp&ahg Mitsu dEhesideameirns intivee

above lis roup, any substituted or unsubstituted aryl or
het er oar yhydophilic sideyctian ends aflorsyeight eaiip Ffdheiyeianiiia %@? §Bgin units to

0027] The .si de ch | , t

oot dtie” nyi SHPPREOS APt R ThE SR8 M bR 1rof BB Tt ebout

chai ns or4ifn lﬁﬁ}?o%ﬁih?&%hombrlH}@r@hﬁlﬁh@s@@hﬁﬂ@\gﬂmgd&mmlth@F?EEE)ac;ule In
a

polyethylenelnlne m de, polyvinyl pyrrolidone |y i.c acid,
pol yvi nyl sam@cmbodlmenb‘@ltyey\@l@iﬁ Fahpmab%eéf%ﬁp%wegotaﬁ ng?’ The
hydrophilic units in the side chains my be bonded to the backbone

thr °”9ha‘ﬁ,‘;°n%oi1§' € Q&b%enhgg c?é)ﬁﬁ%ryléﬁ@eiﬁetgfda#ﬂenéha@%mlnylef?e

gr oup, roup, 1M No grou roup, ester group, thioester
group, anhelt-;efgammwawmwanemmer@reibplenﬁhel‘ hgamrmiaﬁecetbv@éea% A52may

be |linked ta osi t.i f the ,,ba kbone

the mi ddl €eByatieNgERat, A 1o ©f8098]'1 %R‘?ﬁ?ﬁﬁ]@%"ﬁ% F %F g{"éﬂrd?
formul a OEoﬁte%Frfdl@dié@fhd’(@a@ﬁ@fﬂae fidted iesioletiskife amiss}bi;achitemrﬂjtmcand that
units (segments) in the nol ecule may be readll identified bme{)%elferﬁgﬁve

skilled i anvmnmmatlcnﬁwworr@pr%oahq l!?é%%' RS 18 F5os? 8PS

t t | | th
rom e veryfeetigher i FRL SR 6 BRUnli0Re, BRefie) PlegnisRayIcre, the
(segnent s)nde‘r'hﬂubcémﬁemeupghayleme aﬂnpym;den@,marbaz@ﬂgmnn@emrbwlyfene

t ot al ht of all dro Obl rrent i.n th C
r espect i vglsﬁﬁzﬁféﬂ‘%?tﬂ 3&?%@1 @% ge%hgfero? m SpdRfiment of
Al ternatiyel Y e(?ﬁ |rﬁ/eﬁ%bfnfﬁé r@ﬁeﬂhdgmﬁiﬁé inf ’mémwbnéﬁmﬁmm@eﬁmm

units, the Ight ratio of the two types of segnents in each nono
unit of t heitpollynae emyodimentlachackbededit m%@etlml@gttgrqﬂlﬁglepﬁé;roup br an

wei ght rat I’E]’?ylglfle tgpoeupen/&lb 2ekS rLeyURirt maV‘E]38 be linked to a single or two C-C tripie
bonds. In another embodiment, the backbone units may be linked with each other

through a single carbon bond, a methylene group, or an atom selected from O, S,

N, Si, and P.

[0025] In different embodiments, the backbone units may include a unit
substituted with an organic group. The organic group may be an alkyl, alkoxy,
alkenyl, alkynyl, alkylsilyl, aryisilylaryl, heteroaryl, aryloxy, heteroaryloxy, alkylthio,
alkylamino, dialkylamino, arylamino, diarylamino, aryl ether, heteroaryl ether, aryl

thioether, heteroary! thioether, halogen, cyano, nitro, carbony, thionyl, sulphonyl, or
8



wei ght ratio nay al so be determ ned in another suitable manner known
to skilled person in the art. [0029] 1 n one enbodi nent, the graft

nol ecul e may be formed as follows. The precursors for the backbone,
units are prepared or obtained from avail able commercial sources,
such as Shammoratiy gri, o‘FIamkan'ﬁMngepﬂkétthmTGEE m hetbfoanAgsaumMI hehe

Cki 11'ed_ pRvsSiHien oraid A1 beelpeia: bJORED 6 Neras i Ly S07 ST bfhgule i
hydr ophob% SoldHol €5t rﬂ?e{”s'@%enﬁhgg el BRahftCssidmg sﬁ%jé@ dtraHyeirofuran

si de chaih™groups are 0 respective precursors, formng
grafted peredmE) anlbsofofrrhed@hwrmdthmmc tolsens, ardhe ke s &ive etsamia,fteeent
nol ecul es. The graft.ed B@et%lpj(rsors hen_ | ked to formthe final

graft nol GWigle MY Pl yishbsiify %d%IHQTEH? 8% %e precursors are
selected so that the weight ratio of the hydrophilic segnments to the

hydr ophob %é&bﬁhe%é@mﬁheﬂf idelti@e abebttbxégaou;ﬁm@ﬂng rmm
bout

about 3: 7 3. Each grafted precursor may be a nmonone
ol i gomer, ﬂmreacmmterm tit basklinshi beflexible arovy reay aﬁffwémhﬂ*t‘g%f t ed

D0 o By T ST PR Bp Pt o

bi oconpat |RilkdtituteRikSEhe, RIRARAENL, Mtyrgides; etredreyrem, thioether group, amino
characteristics. The grafted precursors may be |inked tq

he
t hrough ageBupiming gr@a@te@fﬁr JIER, FHAPSTEREIWREIER FRANP: Ba‘e‘i? %'i?i%?“y'
coupl i ng Lg Gl fgﬁ Qéhgstﬁaéﬁﬂs heRek rﬁ?& ofthaldddve lfé.%ﬂ)btdl@)

reaction. cur ors ma a s0 be ed to formthe

grafted mh?eubﬁﬁuwmmtnmma arylpohptfﬂfoawhgrmm eaydeten,atoms, or any
reducti on polyneri zatl on reaction, polycondensation reaction, Heck
react i on, CopHFESR thare¥acti on, or the like. The grafted precursors
may be d|rectly | i nked, or |nd|rectly | i nked by ot her backbone units,

as can bey r St'ﬂ%js@hé drageemalkiihdiade deet dreaiguhits Avihich ki tugn bmikdene
unit that "l 1nks grafted precursors nmay have no si de_chain at ed to

it or havbaydmghdic uniise l‘é&‘diepblﬂeluﬁgaa?i{l'ﬁweﬂ‘q %‘dPtChaF@rOYéﬁéﬂ% Pre

I'i nki backh f f t
erbod nent S Hatgra polEt e P Eer S SRS e, ﬁ%’?’*‘@é‘ﬁiiﬁur es.
F(r)]r exarrpbe{ gmygﬁjrgﬁﬁtabgbpp&@wgt il[)mi;gbeolyum abgbpboedo@h@m&q@lt‘;@@
calnsare en grafte ackbone. i |

reacti ons! erfhafdﬁethék%ﬁpl @W‘fﬁ” éhﬂmg? %%@a ﬁfﬁ%b ?' 8stor¥%€§
be graft eg LRnded ¥hBY fﬁgm@%rsmr pmmﬁﬁ b@hlﬂ)’éﬁﬁb@gﬁo@ waethacgrdup,

chl oride groups, or a groups. In another exanple &?
chains w tamiamgqudnllmmajgr@lpoaﬂzd %@Ummﬁi@?gf@epgﬂm&ﬁée'h&@a“ﬁeaw geyp or

o backboncs et 00 i, LS LBk SR R r o

"Facil e, yaergbnd, @iRELEPINE®Td &Rin the rakid|pobihrdiaciboneat i on
functionalizati on approaches for well-defined fluorescent conjugat ed

fl based gl | Ma | 006
o 5747 670581 | ChepahbrnamicalaepBRAPToaRtA Rarreh g el e
tetramer ?\8 Rﬁsmg%ﬁtfﬁg%gﬁagigmnﬁ d(éégﬁq@zh?s!) 1R MR RORSELI® i bd Feadily

product an ectroel ectrochem cal
propert i efdentfadibystargoc$ skileein ﬁiesart 2008, weight ratip of thesepivo fypes of units

i o 11 o panptyniingbtieyplFould Bl Yot PETEIBhel AR EAF AR atomic
preparat %@{ﬁt@%ﬂﬁé’%i‘e‘?ﬁérﬁs pﬂ’i‘@@brﬁﬁr‘?ﬂﬁé ﬁb@p@@t;ﬁ@ahm@mems) The totai

characterization”, Mucronol ecul es, 2004 ét
and J.S. menglatn:nfaﬁltydrmm Beg;rgllents mt@m@ wghk@f@[hm{oghoblc segm nts

regloregula h|o hene throu

functi onal Ve o e S35 G EAR calglats heir ralo

9882- 9889 A!feh&atﬁem, ot 5 pelyneacdr digentdr fohhed ofirepdatingnponameduhits ¢he
weight ratio of the fwo types of segments in each monomer unit of the polymer may

be calculated and used to determine the weight ratio of the entire polymer. The
9



[ 0034] A first solution containing the graft nol ecul es dissolved in an
organic solvent is obtained. The organic solvent may be THF,

chl orof orm dichl oronmet hane, toluene, or the like. The first solution
may be a product solution fromthe formation process for the graft

nol ecul e.wdiget Ritieduay akol n8 deermmeddia sdhecuithbld manher kopwn bmakilled
necessary treatnent depending on the particular case. The first

sol ution mgoranrstﬁleo%’r separately prepared by dissolving the graft

nol ecul es in the organic solvent. The first solution is mxed with
wat er, rm a
wator or 19928 DS SFERATHGTE S bRt mUp s PRy IR RRFRIRIShL T
the fi rstpreodlrlssbrs)fmrmi’mjbbekl:&xﬂﬂelmlt&]amrepamd mwmatamaddmwtammen The

| ut | ud t d
ol Ut on.COTBCEGACT TR, PHE P SIAERP TN AbiTat e SToRRG o andira
sol ution shoyne ?ﬁe@gatdr% serﬁay'ﬁéﬁ:&%g})&%d lﬁﬁﬂ%ﬁh?'s‘&%@(é t@&ﬁﬁ;gu@@kﬁ@h}h%

has a criti cal aggr I on concentr 1 ON he secon
sol ut i on,skilteel pemor M theet arbn Abfeash someadittheawireciusers inplutdyseeiinbic

solutlon houl d be from about 1 to out, 1 n d

and fr om HREERCOIH HYBgh %’B "@A&Cﬁﬁ Mq%gghﬁgﬁ‘gg? %ﬂﬁ g%liﬁ% %%Eé]%ﬁed
a given gpabk @@iv@%b@uﬂs@rsﬂf@h\fﬁg Falted bRstur®dts baheedraftatipescryors may
m)nltorlnglnten5|t ht emtted fromthe solution while

i ncreasi rizg stimecurt Eﬂbm ugs. t hlge graftad pRscUts@re argpian [ﬂfﬂi‘@d to form the
concentr glneﬁ qi oé%ug%af\’fwaﬁg cfSt"L{% difle RS nﬁ%%é gﬂatﬁﬁs@fs Ot 28A%ed 86

CAC val u y ehrBrts arp increase.
CAC nay hbpatersweigii ﬁﬁwfdh@@ydmmfmgnsnMO trosl By diioptibbEesbdments is

Cha st yromegeL %o&hoaébomﬁ‘?& ichas TroRtARa SR e B e tafted
I ncor por ghed, %rr% rrﬁ&ﬁéfﬁap%n olg(mél of B ARfrHaN The Stol@nbmesrid et

renoved fromt S cong sol ut1on, Lus al'lowing the graft nol ecul es
to form tcbfejliﬁalmﬁ graefed prechrsas Uh’nhm&snbiecdgsna’b VRry am@dmaygahselected

I t b at
cxanpl e, CERREng S8 s 0r et ARding e ThaleDkr S BB SR  on
of the organp&tstyySficalPogRetyl éﬁb‘chetraél%dam’c'@fao@n@ﬂcst h&he geafteti
solution to vacuum by heating th. In sone errboiil ment s

| east 90YRTEEULINES Braydift tinkast t@aﬁth%‘ﬁamtkﬂlh@wé%@e@acm BPPOHB%| y
process |r§8‘ #N%ﬁ gfgq_,ﬂ&%&ﬁmnb @36{@1 hg fbbé;éh iﬂb%ﬁ&ﬁdrpfb?asnlie

anong th ere nments | he water.

Gener al | yeoupyidyaphctin "Elea@gmftexi mndum:emayoﬂale@bbdmkeéﬁerfomm aieried,

whi | e hydrophilic se nt.g and water. ecules attra

facili tat@o%ﬁé‘{ @ﬂﬁ? YPrHpRlYBES Zg?ﬂ'é r%%%@ﬂdr %‘]C@PP%’@?%QE%%{?Q a
pH of abauhciof %&Wﬁeﬁ%sh&?wlbﬂgH@BkTré'@ct@@sPSbfc@asﬂna r%d&tidm or the
evapor ati on and particle 12 formation, the second solution may be

][ral nt alb ndtkeat The g@fﬁ@elrmegw@ow myabﬁ)dtrefctiydirtk?da%mdit‘soﬂxchn@?bhy Qﬁﬁer
Ct
1o 200U 5ok RECH: A0S wbATRLLLD FEREE B¢ O Al e

post - f or rﬁ’édk@@nbﬂﬁﬂttﬁmﬁni&@bﬂeﬁ pexturacts may haueirfd sxde ichain atiadhegl, todt or
the |i ke, depending on the application

0 di f
embodi merave @m opAIATE §ldeschails Egaﬁlﬁ?m& %Pﬁ ;{n rﬂé‘hf”%%@é’&m%@e

For exa I y be forned by dissolving anphiphilic
bl ock cg'g}o %/thp M)lg q%naugﬁre of water and an organic solvent to

forma m xture sol ut| on, and the organic solvent my be extracted
from t he [00801r e Is aldiffiérent emboidfrhent the graftmessles maarbeem? atsing other

process (dialysis process t he .m xt re solutio r

o s o RIbgedaresy borSamble. pOavoRT PrAks el B Y ater LBRE i fice

to conce f I WRBkizaNd redtictibus.erf onen

the t ubertlslﬁﬁgé tgﬁeeﬁlive}(vela1 %‘?ﬂ@&agcﬁkhe %g&m%@ﬂbﬁswngﬁ b% r ef ]; eshled from
example, PEG with OH end groups or amino groups may be grafted to polymer

backbones that include alkylbromo groups, acid chloride groups, or anhydride
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exenpl ary processes descri bed above are soluble in water and can
exhibit stable fluorescent em ssion over a relatively |ong period of
time such as up to 6 nonths in an aqueous environnment such as in

wat er (see e.g. Exanple 13 below). In conparison, when nanosized,.
parti cl esgruess o ﬁﬁgﬁm g ISHGhFhqles I«Pﬂ%ﬁ @EIOE I\%Y%tgfﬁa% og pRhydyjde
constitue ' ' e SI05% the
hydr ophob gﬁgggﬁnae\%pg g}?%ﬁ%#eo %%@g?ééﬁﬂﬁgagﬁ%gﬂgk?ﬁ%@(anggff)?’b%% to
4:1, the prémbRirgposmplbeerimaibaklibehniguents dianibsetdn Cufiure Yrewhes, as

a fluorescent probe is exBect,ed_to deterjorate.over @ I Iat[.i v
short per iF@@l8fvarsaidle NERYYRSIGRYPH ANG PAS OLIW%@tW@eWC@B'?a ’@@ér%l e,

hi phi | | | -2 e i - ' ) P
anphi phi b}%pl%%éiflé? ﬂﬁ e\f%TF?%flir?ed ﬂdﬂr@ééﬂ%ﬁ Pnfliddited fluorene-based glycopolymers’,

pol yet hyl €énegl'yco uorene a
2- br on- 9MRICROmpleykishg0edegl \dSIntedy| ppl Dbt enéshdtcBbgeal found to be

table | ter. The weight rati. t he hydrophi.l | t
hydr ophobitosSagwisrigao orates phan faisstattel e papapblgT e Subliral
contrast, o@ﬁzéﬁ%ﬁt&ftﬁe SRR ahB s aib@fbdnRenivel A spedtice g chantid

range from-about 1:4 to about 4:1, and the concentration of the graft
mol ecul espiaperiies’s 6bondstgoOf Maderialas280% mohbiduno1 28 obpind-2 (b KeAeiga

h f t, 10.t.0 aboyt 100 -he,. e
ol ccul eset BpneankebsiuelRepult Pefdar i) kB B Gt A iaation
stable i ”fdMIShaI@a\%bnaﬁre@éifﬁm_ﬂﬁdf)é@tfd:&fbpﬁf, dridnepectivelechechemecal han
six months. [0039]1n one particu

9]l n ¢ ar enbodi nent, E)%Ie b%gllé S gf %hﬁ-
graft nol chaleeterizadpnddatmaefaciss 808y Volo By Neroh dHe ot hangiys tu
hai . 5 e ; _ . .
woront. 866 DTG Bt bl TR RE R PO cB b8l pBlyiophene
li nked t htinoghh poStpolikhertaijoni fagcticradizaiion”’, Masrowdipeulasag2 ofol %

l'i go- | yf ip th I I is f bout 1: ‘1.
Fr om abou?” sof S8 Bee: e soniets RESRe ahSabiiaon e Prarmyadieten®y
sol vent =R& ol uene or dichl oronet hane. The first solution may be

added to water drop-wise as the mixed solution is stirred. The
organi ¢ solvent nay be renoved by evaporation. The resultin

parti cl es [0@311haveomperaxsmnial embedimanterPhiecniesgibimerIn E%a*?eTI?é’I’%IF"”

m cr onet er, 0 h i . i |1kl i

when_d spEPUE Tibkabel defiries Fnidd PORE ot i B8tulh toeatdd Bheve. The
The fl uor pagrisemeghdve apasplicrd sise figra10iruwteddeniceonspethe padpkarabsize
a confocal spectroneter.,[0041] The iptense fl uore nce exhihij

these par {5 Sedarige ﬁfﬁlrl"ﬁ%{jt ierpqrﬂ‘élﬁi "?’I@p%?r Il Z@ﬁ?'&ﬁ%@%ﬁ? Ié%asﬁfg a}r%g ,
such as iﬂréﬁd@a%de%a&i S unifim ﬁ%@éﬁﬁhégaéri@ﬂepeﬂrsﬁié?r‘&érsrm}th@effective or
attached to speci'fic ligand. The ligand nay be a nucl eoti de

si ngl e- st paacee Oaneteidobfhe partiaese i efectiierdjpmeter ofriBan-eRAerical particle
doubl e- st ded RNA ti [ ' :
oub’ €- 3 Esgﬁeg gq@éﬁ,&a{g@b\%r{%&g&i@eﬁ{& Has%@géﬁ%%éuﬁ@ Ak, a

receptor, el'c aci nding protein, a

mol ecul e, sPReKE WIEMEIEPS Thatsizeof thie Farttieguray be needsurad uding any suitable
streptavidin, biotin, a nonosaccharide, a polysacchari or tqe

i ke, Thetqatiniaus BilUinGOpHea OF EOtioBId RRSIE TREMMIRHGR debt SraiiGethe,
specific I gani ey [ hZEH gal ly in
t he nanorrgfzgrc’ Ojgﬁ%g,artﬁfti car@[)ﬂee A§§§?I‘y up%?'?%%éﬁhg?é%%ﬁﬂs@%}r@ﬁg%gani SNE..
The particles can also be prepared so that they are conpatible with
the sel ecf@eBainvi Tiomparticlaniriay dsclutie adigandravinga specific afinitidesnpplected

h f th icl . , A
of the pafioEl cEOuBRIARo NI TABIE SftiBsPiod: arPaRi onglh IR
bei ng t oxixpgtiRe 1@ et RdyShe hORGIRLUIEX BMRIIRS an organism.

[0033] In an exemplary embodiment, the particles may be formed as follows.

[0034] A first solution containing the graft molecules dissolved in an organic
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[ 0043] Exanple 1 (Synthesis of Conpound 1) [0044] Conpound 1 was
2,7-dibronmo -(9,9-dihexyl) fluorene, prepared according to the
reaction shown in FIG 1. 2,7-di bronofluorene (9.72g, 30mmol,
obtained from Sigma-Al drich was added to a m xture of aqueous sodi um
hydr oxi de semngmobtamw Tihet ergboto/saveninhayrbb ridti denigrbf@ oy,

63mmol 8 80C, Af h
geenmsr?l Zrd é%p%c?%"e‘:i) %‘%gﬁ)éﬁﬁgorfﬁ%% %F%P%ED?QHO%W %éréfgﬁrjr\mtasvd’&%n
t enper at ufrem Freefoxstion rd@%sffb?(ﬁfé gYaftmBietlie? rﬂﬁ@bfb%ﬁf%t &Bluﬁesﬁ zﬁ%ﬁ be

the reaction product. The organic layers were sequenti al
with wat epubigglisoiughecpptioral @r neaaaswutmtmmhédaaemmus; Ioaﬁbes;)ammaar case.

dried I t .

br omhexan e aar o) Sl A 3hin. 5% T8pAlrRCaRe B ER PSRN R iare replpouies
col um chimtiat @gEﬁi@f‘abl@éTﬂ Mereamet Sslutidieisein@at witd Retdu EHLfé ﬁﬂnmgoéi d€tond
cont ai ned a white solid, which melghed 14.55g correspondi ng to

yield of §8lugonpyofergrbe sependreak ﬁ@dwgteé@trla@ asfuadve satition r@emb@ added

17170 (m A0ty oG st e Rl on 3 b Bl waheR P bl

product cealutipnedhE€arpeond sblut%nﬁndlubé@mtel( %n9- rﬁlahms)d thclude @l PRiguifer
[ 0045] Exaa'rcL)II e 2_(Synt hesj s  of npound 22%”0046 npound 2 was

2, 7- Bi s(459/UHOB. (TBecaneeRyatan Qf PR GIGRABO l&ﬁlaﬂg@ge@ond solution should be
d| hexyl f |

usi g Contguayeg: PREBRGRG A€ Al drirrBREERTLA AR dRdR D Tie
(50ml) t ocpeanteativol CriChnn tHgheesmidisdlotionyethe mnbedtratdbraot‘mmaﬁmlecules
of -78C. 1 (18 I hi 1 he e, .obtai ned from
Al drich 7&7‘%0&“@5@@@%5&’@”&%% nbguflito ? ﬁdlﬁ CANGr B OPFhe

m xture V\aﬁlb‘ﬁ)ﬂiméﬁdaﬁéﬁroh] BBYLL Y0 tdabbg: FE0 BRICOM ARITREF 8hBb8iment. The

mai ntai ned at -78
2-1 sopr opbR\= for g %V%ﬂ galt aeieciya ina giverds it ravabredermingd by monitoring

12. 98mml Mgwsﬁty@g.bpﬁgﬁl%d ﬁ@rlnqhg oﬂ.lt orﬁe\ﬁgfié( {r\%ﬁaesdﬂ-%ﬁ-ér %? %‘%é”ltra%ﬁg of the

m xture was room -t errper ure a

m xt ure wgsfpooteedld. niendhe condbrtrat@acof e grafdihclecile ifithé oRitvASs at or
rocess was, repeated 3 tines.

extracted usi lﬂg a ! 3e ext.ractio F‘

The oxt r aRTad B /At vayen B STestan SaHbirdts bl st o B v Rt ERRe AV
dri ed ovemagHy/ge SAPEHIR P | went

r enoved bya?ot a@yggl?/%poratl olﬁ t@%‘g&?@p%rgﬁ&@??@?&%l&cﬁﬂbyed;Irl("‘ﬁﬁfmberg
col um ch‘?’&ﬁ‘{a iR qf eoked sudace éﬁﬂ@)@dﬂ@iﬁ%}:‘fwmmm f2, €hapter 13,

roduct t it i ivinng a yield of 62%Db
vei ght) . %eﬁn”g%gﬁ:og%%‘e%e' C%Wﬁ@%ﬁ’?@ OISR 1H NVR (CDCI)?:
400MHz) 6[ppml: 7.793 (d, 2H, J=7.6Hz), 7.742 (s, 2H), 7.725 (d, 2H,
J 7 6Hz) ,[003695 (Time ctblniclkcBami (s neRddmovkddtdm(the séabhd sBIutidn, thus

o o0 b B reB Bl o b o B sl Gt S semby.
di hexyl f | Tgs Q@m& Q&Géﬂ]tbrﬁéﬁv%' e \%@ytg( hStafbn CHIHUL synﬁ% @;hmgue For

[ 0049] Conmpound 3 was (9, 9- uorene esl ze
accor di nggxample, a rotary evaporation technique may be used. The evaporation of the

organic solvent may be facilitated by exposing the second solution to vacuum, by
heating, or by both. In some embodiments, at least 90% of the organic solvent
should be removed. The self-assembly process is driven by the hydrophilic and
hydrophobic interactions among the different segments in the graft molecules and
the water. Generally, hydrophobic segments and water molecules repel each
other, while hydrophilic segments and water molecules attract each other. To
facilitate the self-assembly process, the second solution may have a pH of about 2
to about 12, depending on the application. During evaporation and particle
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the reaction shown in FIG 3. 2-bronofluorene (12.25g, 50mml) was
added to a m xture of aqueous sodi um hydroxi de (91nil, 50%,

t et rabut yl anmoni um brom de (3.03g, 9.38mmol), and 1-bronohexane

(42.3ml, 300mml) at 80C. After having been stirred for 4 hours, the

m xt ure wabreeibrdhecscond sobdiontreap eeahaintaindd ten tebpersttiiefom lkout 0 °C
di chl or onef hane |ne organi ¢ la ers e sequentially washed

Wi th WaterII aj%ﬂ}ggbg%f*l \ fgq ag%%’tgr tohéﬁ dried over

anhydrous My804. After renoval of remaini ng sol vent and excess

1- br omohexppogsf r omﬁéw@sdnmg%otm%d fesror R e Einf r‘ngﬁjj'zgysubject to

silica gel colum chromatography using hexane as t ete uent
resul ti ng Phosritable paskiosmation freatmenl suchogsvestrgdtidnd pudfication, drying, or the

li ght -yel | th th t f 1H NWR
(0 3 aofl BB Wk appbalod [ MHRR0TC PSS 0T IR Y s
(m 2H), 7.35 (m 3H), 195(m4H) 109(m 12H), 0.79 (t, J=7.1Hz,

6H), 0.62 [(OBBT]H-D In dificsemtrardbedimiags, ShapRiises may be formed usmg different
2- brono- (9, 9-di hexyl ) fl uorene. [0050] Exa le 4 (yS nt hesi s of

Conpound @rocF@@r@}g] Riple, thg particies may be formed by dissolving amphiphilic

or cpar ed 2aoh BEISHER fd adn BRI HALAEnE et selel Y borpb B RG re
6. 2g (15nmaxiytief, abdrhe wngaific salvent xexy é ehird€@dforatthy ghbause Ibtio in

forma solution, 22.5nml of n-BuLi (27mmol added to the solution,
whi ch was ﬁﬁ re?é&mGﬂ*f’ée%o;rh?i‘gﬁe @tﬂ‘"??%%e%iyﬁﬁé’f?@ﬁs) Heegpigture

addi ng 2- Soﬁ@t&frpﬁ@&bétrénsrfeﬁeél ﬂ{tbaJ@’tamé?s e, %mﬁ’dr%qg&ﬁ %ﬁ'{é‘?sé]cfrn%ﬂa

18. 75mml ) thereto. The resulting m xt'ure was stirred overn
Wat er was watenbatideldue o qgamiﬁra‘tmmﬁeramat; the nrgéﬁt@sn[&&nt wdlrdtﬁumitrom

h d di hI h
Hires. Thand e BRo S bateratt s de Wl AR RIS 1 rRN RS fram Fiie viipe,
anhydr ous SvgBQ evand tiben) Kemee mrr@teeaféshmgvm@@ss H‘é‘v E@fé&%&é@hﬁﬂl the

| ayer was subhect to col um chr omat ogr aphy (éS| lica gel

acetate: HYNERE selvent psubsiaaiallyi rﬁ@%’eﬁrf&m he\ﬁéluﬁlﬁﬂ 1y ﬂE ’8@@ (Taienlly,
84. 5wt %
Cepar's, 4iBirocd MEmERRaKE fiig SPHIEE Y 1 BB RIARH T Riigtly"Whiiog jn the
7. 32% (m tabp w1!lc@ﬂalr(ﬂme p@ﬂ%mle& fc&@nédrs] The hld)alyéss PPEcddure b2y be @tsé&%\/en

t ! t
O a0 b S e Rl SO i Pl S atathe g”y{fﬁ%?@“ﬁ“ﬁ&@ﬁfﬂ"ﬁag fsqoval

[ 0052] Exaéﬂhﬁq@e@ﬂ‘t@télﬂﬁaﬁioﬂfmj@@ﬂﬁﬁ%& héA%he o anlc
2, 7-di brono- 9, 9- bi s(6' - br onphexyl ) f| tor ene, prepar d accor |ng to

react i on ﬁmﬁ' i%\VCFfﬂ@.e suchpay Thifbpbaesipuer éméhis tedmiue, ﬁnammwagolutlon

et rabut yl e Hidip Inj88kaUE SYRAR% BEIN AR RNt hicR i Togne
(7.32g, 3Gesmiing abluﬁaﬁ:msﬁf betsohmm'taftgfdwqaseﬁdd %?g?f self(céhrlgs(;:talloggtt ﬁpﬂﬁﬁ@s

m xture \r/\]ﬁ?_lﬁcool e to roog1 g;per ature.

di chl oro A ICR SE’ BndBaY BeSlined atdperstomnmasatieg i Dalwe daws fed
with wat ergmagd and then dried over

anhydr ousrmsm%%lA?{dedﬁ[? g&\rrrgé {by gog%&nrg?iﬁﬁng sol vent and excess 1,

6- di br onohexane, the residue was purified by silica gel colum
chr omat ogi@BH8] uslt inexrecied thetithe cssiting ﬂw@r‘eseeni)pahcleb@remﬁredtln tidne

| t 5wt % whi t | i
w th meascrenblil of o el HhefiiRdd bbrs'ara S ndvefipdit At sigble
(m 6H), 3u@&%céhtemf§smrﬂ@\%ﬂ% femtivet) lonk: &@r?ccﬂeﬁlﬁﬁe(s’iﬁbh‘é‘é)u b 8PForiths in
4H), 1.083 (m 4H), 0,587 (m 4H), confirmng that the uct was

Conpound 80N agUROHE BNyBDED! Biie 8% imweiasHese € .| isareple. 'lp J belsw) Ekanpl e
6 (syntheghmpahis&R WA Hafdsizdd particles are formed using amphiphilic molecules that

have similar constituents but the weight ratio of the hydrophilic segments to the
hydrophobic segments in the particles are outside the range of 1:4 to 4:1, the

particles may be unstable in water and their performance as a fluorescent probe is
13



[ 0055] Conmpound 6 was
2, 7-di bronp-9, 9(6' - pol yet hyl enegl ycol - hexyl ) fl uori ne, prepared

according the reaction shown in FIG 6, using conpound 5. Sodi um
hydri de (0.96g, 40mml) and anhydrous THF (30ml) were placed in

v

t hr ee- neclkrpeds0id dbtaimkaternier aaeitivebt shospperiaes ofHEGe(geh aWtha"?‘ gay to
THF (50mL h dded .d - W se. at . h i
Fl G ot he® ek T P eRg el SoD SR 53t ofag #8LE Genot e
as PEG200 o&ét@%ﬁ%‘?ycdﬁﬂ\éﬁwﬁuoréﬁe shauy-gropso-9rBier-poigethytdraighie2000

or testing ff

was used purposes and in different enbodinents of .t h?
present i herylifluorendbavebgan faind iscbeatsiehie inavgter| dossyaialt relis gl theg

m xt ure s, stirred for .4 hqurs. Q. : i
ndded to DHOPREGECORRI R paron g Py HER IS ndh ey KGR NS 1o
tenper at un@-f O Rkist, 286t re8elks sNGled thesvinextheaddighit ditipwas detheoange
termnate further reaction.. The organic solvent in the m

t
evapor at edroof sbauid! :¢ie abest 4de and $heicarepnietionPfAne g3t Molecul&s i the
di chl th 4 | . . . i
0t Out by "EEERAT 5 TN RN o 2FBG: 30081, dubihe Aemiidut 300t

he preciprtate was coll ecte

centri f ugighguel 6o URC Shk testtbd shvelppeatt pidiaddesvisiiedr ftuoresgant ivei tidesihat
repeating the above process for 3 tines and then drie ifﬁ. VaClﬂ”H‘as-mgre
resul ti ng ware@bserirsstodsnigabiednavatphonel aERY @d'Pe{@@rﬁ SRR

Conpound ound 7 was .
2- br ono- 9?%@%g%?§$%rggmhexyl )fluorene, prepared according to the

reaction shown in FIG 7. 2-bronofluorene (4.9g, 20mml) was added to
a m xt ur e [003%iquelousnepardisslan enttyatineiti she begkgnasoohthe graft molecules

tetrabutylamoni ym brom de (1 329. 4 =g g{l}_kgga EG
(48.8g, 2 ?PH%?#%@?ERFESW?’H%“?%%% %@?P&%@Sﬁgghg m n'ulti?sE:ZP
the mxwrﬁit@@ﬁa@ﬁ@b@ﬂnﬂ@%&%!@ SO0 Welgper ature. After extraction

wi t h di chl oronet’hane, the conbi ned organic | ayers was sequentially

hed with vat HOl, wat d_brine and t i
annyar ous N6k e GraERRaLISSTS FarerAG reoGURe Tamoe nbed Hfofda

6-di br om@gﬁm?codmng]gr@ab rRe r(;v'RéT;F%lthfria H PP ltdleﬁgcgqir g fuBene in the

chr omat ography Uusi hexane m(v:v = 9:1) as'the eluent, The
product wascleclieglis fipel Bloowut! 1:4do d;1,vifm mgost 89 toawmuey3-elrdthe Wpt n

d i f 1H NVR 13, .4 . : .
TSl e RIS ot S Gy S0 8 B S O st
49, 1. 557méﬂbe4dd}iedjtowéie( froptivise ds h&3mbmd litiorDisaireldm Thitprganic
confirm ng that the product was Conpound 7

- ) 2_ 8 .
br ono- 9, 9-seilvgnd'may baverarYe] by eyReREAtioNg 0By reéuﬁma RATHCIPE AR BRYS of
Conpound ] wWHS | micrometers, Both the first
2- br ono- 98%(%1?1%@ Isye%%%ﬁae% yco?qnﬂg%rﬁ)t? ISS"(ISEF'Feang1 was _ . .
solution and the resulting particles when dispersed in water will exhibit intense
fluorescence emission. The fluorescence can be measured using a fluorescence

specirometer or a confocal spectrometer,

[0041] The intense fluorescence exhibited by these particles may be utilized in
imaging or detection appiicétions, such as in bio-applications. For example, the
particles may be attached to a specific ligand. The ligand may be a nucleotide,
single-stranded DNA, double-stranded DNA, single-stranded RNA, double-stranded
RNA, a peptide, a protein, a hormone, an antibody, a receptor, an anfigen, an
epitope, a nucleic acid binding protein, a molecule, an enzyme substrate or an
analogue thereof, avidin, streptavidin, biotin, a monosaccharide, a polysaccharide,

or the like. The particles with the specific ligand may be used to target a specific
14



synt hesi zed according to the reaction shown in FIG 8, using conpound
7. [0061] Sodium hydride (0.96g, 40mmvl) and anhydrous THF (30ni)

were placed in a three-necked 150nml fl ask under argon atnosphere. PEG
(89, 4mmol) in THF(50nmL) was added drop-w se at room tenperature. The
ni xt ure wasll 8t pp pegelisM. ANheatke pertBRysiceisrgenersily Cotheonanbieiss samgstit

added to ' ' [ tirr further at roo

Cenper a urd PB 1ot p-tgiE RLRHS e PRt Hhe RIS afbioh Bk rreparme
flask to sethtriaéeafdctmeatibieantt MR sclbied AnvirbRmewRsud heRIsti®ounding
evaporate to renove THF. The remai ni n?t m xture was dissolved in 20m

di chi or onkelRarfeormeprapie, ﬂ@ltmmaerﬁﬁ@ heepaiclesdnay bh s@mme% 60 teat the
cantr 1 ool ooThee St SvPa B R P bl Hhded Eitef iR sicrRoimne

resul ti ngtopiceioi thetaadle, was dried in vacuum The resulting product was
Compound 8. [0062] Exanmple 9 (Synthesis of Conpound 9) [0063]
Conpound ﬁ%q\%%i prepared according the reaction shown in FIG 9.

[0064] A r e BR@MRIGFomophenol 2. 63g (15mmol ), di br omohexane 1. 22g
(5mmol ) and anhydrous potassi um carbonate 1.38g (10nmol) was

di ssol vediggazacelnpmaed hepRdsterceihiiundy er 8 hours of

refl uxi ng, water was adde termnate further reaction. The m xture
was mixed with 50nl of ether (3 times) to extract an organic

pr ec |O pi t 2&*3@44Th_e Garaeoynd éww&g—tﬁbmﬂmg@emi?mgﬁ}fa?rrgnzm@p@mmﬂiA um
Xi , . i \Y; u

rgm)val 0 &gé%‘?ﬁﬁﬁﬁgi%ﬁﬂgﬁ%%mﬁgﬁ’%é S%ZEfﬁ%rton\}Q Ofli% @/2?%4 ?I'QFEEH’?

imr;aet ngwbtgfg?dn‘rm %ﬂﬁﬁ/gﬁ?% @c&ioea% h’gﬁuéfﬁm&géﬂéggﬁdig{@wgrmde
Su , - . . - /. ,

L RS, 30T, fetaiermabor e BREiTe (5 EBa0p BaMY, AnBOS( v

4H), 1.5 , . 158. ,

Th sap oy Eine 5 MR EaRlhoh o8 880 A B bedll iRy 68 vl

( Synt hesifbedﬁiXEUﬁWMB;dOdJegi dgmaﬁﬁ“pomﬁhmmmdtuté. \Mﬁ rdixtuotedas mixed with

3F1- PEG20 i ng t i in FIG 10,

reinp. oo BB ASSAEE B h SE  e dit Berd

0. 25mol )secdenpaiintadhéd wib3gateP - ZREHRL)IHCI, water, and brine. The washed
tetrakis(tri phenyl(g%‘osphl ne) pal | adi um &20@3 0. 04mmoi ), aqueous
neg

sodi um cdRYRYRAVRe(drigd using gonydrovs Ygh manigrsoivert anteesopgeriat ed

and t hen K r it . ) : stirr for

2 hours. o TEEGRe e EmePE IREE AR vl Buffieth oo 1Rdd lftmere

wgs ne>2< t dcﬁimdmdt%graﬁhye anﬂtheuaﬂe a‘éhﬁe miodntr § mrffhﬂtmeﬂl{_ﬁﬁédmﬁdeﬂ @& white
about ays and,then, cqoled to the room fenperature. e or.ganig

sol vent i#ﬁh\%’ﬂlﬁ*‘x‘f’ﬁ'%eaéé'%lq B%@R%‘%%bgg& 1 0 ﬁ%-@fé?ﬂmgﬂhghe

di ssol VedneésLﬂ’emsp@FﬁQ|o<vPE%h@%%li&%é@b*i?ﬂlm%bpﬁgfﬂ@ﬁ@qb SiBphA! 533

precipitate. The solvents were renpbved by centri
preci pi t &% 8hD)pil SE8sen vild), A eldSafradl 2H), DrEd2 ({THId), & 88 (rpr éHi)ctonfimsing

weo ust A A AR PR LA v S b ou Sl ien g,

form ng a pal e powder product, which was Conpound 10. The yield of

the synt [jeB45] pr BxaswleBgSPdinvests dF@vipbindaypound 10, the PEG
segnents are hydrophilic and the other segnents are hydrophobic. The

ight ratio of hydrophiljc tg hydrophobic units in a Conpound 10
ol coul & D40, ETRRN AL iR, GEIE fhoarieEDiathy s 2 IPEB OO gRG. o
0068] Taj | i O COsgR | -
Compound 10 Jaeer Sx i v EaRFTAEE o 1o 8% [PRPHRToN niclR Songay

The resulGonmgpws titi on was stirred for 3 days. Mcellar particles
were formed in the solution, which stayed stable for 6 nonths while

'N SUOTaffha71  2.469 (5mmol) of Compound 1 was added to THF (50mi) to form a
solution. The solution was cooled to a temperature of -78°C. 15ml (18mmol) of n-
butyllithium (1.2M in hexane, obtained from Aldrich™) was added to the solution to
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[ 0069] Exanple 11 (Synthesis of Conpound 11) [0070] Conpound 11 was
3F2- PE&R2000, prepared according to the reaction shown in FIG 11,

usi ng Conpounds 4 and 6. A m xture of Conpound 4 (0.46g, 1nmmol),
Conpound 6 (1.123g, 0.25mmpl), tetrakis(triphenyl phosphi ne)palladi um
( 50ny, ofwEmaBIXiUreqlBeWRxEEEWas siare@bf@aﬂéwqmwvttmtmﬂh)horaismn&wme

The. m xt U B RBLCCH T Ba T ol b ey e orere RsbRbd SO R PR e .
t enper at ung.98krRCD MERMeXt Sakiwea Mapidly tbhiBe %mwée'ﬂh@&eébﬂtiﬁ@@ﬁﬁxﬁ@e was
evaporate. The residue was dissolved in 20ntl di chl or onet hane, and

m xed wi t Wagoeato époratiemmperaiuramang atlﬁse@@wpml@nte Then@igdie,was ouradento
d b
s il die aGo BRI BulGls 75 BhRERRE, il RERE" THE Stprter

to di al yspsoosss pgisap8hited :ﬁtny@ss THebexiftedbaiEni® RYeyedicre Ebmmned and
sol ution was freeze dried to forma pal e powder product, which was

Conpound Washagwily kiing pd dried precariydipus smgneatm ﬁu@f@pomremﬁmmﬁe

about 4. 1-0PEETY AR b oRo KRR, TEThE vy @?&W‘%"jﬁ’%“ )

nunber - avemlagm crfn‘bmahd:gfapml(ghy[ addthteoifiexXarmgsduti) Iﬂh ediepredatined

tood as 't PEMEMEHALEASS BF SRt R%%ﬁ%piw Em wedg% “IEEG AR
3969 r esp@ﬁédt%ﬁ&hemte@&drﬁéﬁé LH'NMR qRirRehat habvens @I&ﬁ];% édle

nol ecul e contal ned only one in which PEG si de wer e

attached do7.8Hg), Jo?‘é%&‘»’r 2d1|)oiﬁﬁ'25[ @0 2pl, JTREHZAC @BSCCDWﬁﬁrﬁndl 386 (wa24H),

rreasured a r.oom

t enper at u P’gnhc?%g ?ﬁgl(tl%nﬁcﬁ% ‘Q%Fgﬂﬂﬁ')r?] gﬁafot ?%&lﬂﬁf Wafhe
CAC of Coabmpmdnalz 207 mad(ar4, 55-1%&&%&%%3 2 iexadborbarppsp@r®e stabl e
particles from Corrpound 11, 10 ng of npound 11 was di ssolved in 10

nL of wat @NeKEHEPREREent to 10 CAC). The resulting sol ution was
stlrred for 3 days. Mcellar particles were forned in the sol ution,

whi ch st aysdigst alphen r{gé 368359};\%% Wtbﬁg'oﬂgﬁt rage. [0074] Exanple 12

(Synt hesi s of " Conpound 12 was 5F3- PEG2000,
prepared according to the reaction shovvn in FIG 12, using Conpounds

2, 3 and B048] ni Gameowid Burasodoraot(9, 23y iuetsne, sgothesizad agcording
(0,250, (rErmiablon SRIBRIAIG £ 04881 O BIR 12 p56, sramol we e o

sogl uLn c amibdns e e(q?lMofulﬁ s&&l‘t&% hydrakideo{Qrienie 50%)6fﬁbabm3amﬁﬂxvmﬁﬂbﬁﬂde
and t hen e refl ux under njtrogen xture was

reflux fo @qjg%égfaﬁw')o Red 1cemr@eh@@ﬁged6%%r@hﬁepam%affﬁ%ec oP‘%ﬁhh%‘”ﬂQ
sol vent igedhgifa&idHEnd@e, MNd ﬁﬁ&é@aﬁﬁ%@ﬁ%&v@ﬂprm térﬁé%r‘%%?r{e"‘@ﬁﬁer

di ssol ved 1 n 20nL of di chl or onet hane. e solution was m x
800nt of @ttmtionwffmdlnh@rqmemqmet wﬁecoﬂihm&doir\genmslawlse/verermq@enbaﬂy

cr ude pr oo LR ATRRE DO HRFICHER oAaR KB, dis iy ued ofg Ahvdrous

di al ysi s MgBuay. Gﬂ(ﬁe?lfeﬁﬂo%lab’@ﬂ r@nwmgfwveak@w éa@@smqkrom%xaﬁéwdn@me
was freeze-dried to forma pale powder product, which was Conpound

12. The yr@adilayass, devsasidunmves axaifipr &y siliea geliaghtmpghrematography using
hydrophi 1G4 AYFEORDAN Srididstiry SRR MhtdReb S PESY twith §7dt% vield) of

a light-yellow liquid product, with the measure spectra of '"H NMR (CDCls, 400MHz)
O[ppm]: 7.681 (m, 1H), 7.57 (d, J=7.7Hz, 1H), 7.45 (m, 2H), 7.35 (m, 3H), 1.95
(m,4H), 1.09 (m, 12H), 0.79 (t, J=7.1Hz, 6H), 0.62 (m, 4H). This product was
Compound 3, 2-bromo—(9,9-dihexyl)fluorene.

[0050] Example 4 (Synthesis of Compound 4)
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[0076] The wei ght average nol ecul ar wei ght (Mv) and nunber-aver age
nmol ecul ar wei ght (Me) of Conpound 12 were determ ned based on GPC
anal ysis, with PEG being used as the standard for calibration, and
were found to be 4409 and 3919 respectively. The GPC resul t in@h&&ted
that each005A ouBdnounsl 4wEse2-thatfab-telaarsaihyl-dfe2-Bie@borefans G

id hai ttached t fl : 7 f
Compound ABeVALIaEAS pERa A ISP AR Al PR R iR ur e
in an aquesHsosw Bt iB0ry (BRmweof TumPollind Bevad Mfketukitd 100 O Z8Thydoous
prepare stable particles from Conpound 12, 10 ng of Co ound%QJIZ,was
di ssol vedTiR tqmrmatﬁowmner-?%@@hggm%ﬂ{! (2%“@‘)5”@@?@6%*‘% HiGhg

Coti e p L : e i
Che  sof urWORN W £ 78 Gy diesRiiar VB8 e oi¢ G MR plaifg S
(0079] Exagpldpoky-4 H5B-kesingetbll- Compaioxdhbiahd @Bah!, CBpounbiBiereto.
(PF1- PEGR2000) was prepared according to the reaction sh i n_Fl Gh
13, usi ngTimdrpssliingsmixtue was gtised pErighb ofVatss V%ﬁ?dt?ﬁ“ dia qienc

te i N .- _ - _
conpound TF Biong THENARIO oS hrng Ry ol REACHIIB i
6 (0. 0898gichi@réiAatirine, (10emi)aior 8 (thmenhEhy lepirasieli orgdupial lhyeti was wagged with

RN e e
The m xt uécﬁné@ﬁa@tﬂ Byl Gk ‘é’&bLéUt t? 091%%‘[%1 @ﬁ‘l@nﬁﬁ@@a@%’gl@iﬁgﬁggn ;é‘gﬁ?i acetate:

terrperature. e organic solvent Int e_m_xture Was 1
evapor at ehaxahe 1d: £6%imoducing adiredotivseighing/mBay dwith Sdnwfaisid)Thihe

solution was m xed w.th onml of et her r r BCARI h

ol vent s MERS TS ERBIY em PGt e e R LT B B f o D bper s 812
repeated gntiMps.7FNenCoHIT 82D awc BHYEE. 3dP g80 B .BO0d [H)r 6138t (sah2H),
and subject to dialysis using a 10k dialysis tube for about one
week.  Thel E8BUM, 0 Hia. T6RAM. {BtDe DAL (nach ). 6P ITHEING thatdRE Ryedychivas
owder pr t |t 4 - {

S 76 of "ol Hha S s T elTR o o phREh 20 ofe b L Erere.
spectra of the product were 1H NVR (CDClI 3, 400MHz) 6[pprn]: 7.854(m

30H), 7.60052] 9MPamp@BetBdynine3ios!) Comporod® 80H), 1.414(m 240H),
0.795(m 200H). The weight ratio of hydrophilic to hydrophobic units

i n Conpou i S~about 1:.1.6, ( 0 d

0. 008 Ny ﬁﬂ’.ﬁoogi‘i'?%”?ﬁ}9ﬁ?%%%@@g(@ﬁo%%p%d%%%%f%tﬁgé%bgbﬁ%a?@d
were test Qd@orF@fQ folthe r@gldstms@ov{gi/gﬂﬂcf.lS_sz;mu!ibrmndaﬂumedef(EmTZggémf ol)
An aqueous sol ution containing 0.3 ny Q anoparticl e me rom
Conpound W@S@dldfdliE@@@@Wev@csa%@é‘b@r%g%”m WA ?fe@%ﬁéog}@orrpound

13 was di i : : f | did 4 BldipPdrHbh&mneltres2g,
initial S@%bpﬂam#iﬁpﬁgﬁ%% uggggW@?Wﬁﬂ% %anﬂle ?‘%e t ot al nveoq'i’ﬁineg
of the reSohmalpasBbid.i Aftembaviag ieensstineddfor dginoinliesd thmmbduigayas cooled

slowy added to the resultin | utipon over.3 h A i .
cont ai nengW”ziO BBPH EMPRRtu t?‘ﬁ@r %@a t&fé‘?’@i d\‘/ﬁ?‘ﬁ{ag‘%ﬁﬁg%%qh&b%'%
Ki mwi pes T %S §epaRle séqeHtiaivwedhetovily seirabquanes HE! dvatey, and
period. After thé 3-day period, water was added to the bottle to

adj ust t hbricerarehtheat diss oferranhyolious MosiQe i Mfernismayahatiremaiping solvent

I f 10 L. The.fi ' j , diAg/
Corpound 930 eaees A aiSPlyolstbe A eCRE e h B S PR ot faumn
added to bh@nsatbtdghyRih@hakdme. shivadfomdi/ivi oM agvhe eludite Thel fesulliege
kept in the culture nedia_for 6 hours. Next,. the cel]s were fjxed
wi t h- 4% paresiusk ran@as 478 {7 Swisuieldaat a white #a MWSP@ $Rgcteg of
[ . Th | i
bat ches ot COIBIGIEL SR uMHAEE (PR T ROSTLaRS O BHFPEPARE R bp2s (m

bat ches o 3 Wwere he test irst batc o
Conpound 48)whe52+1e687T ympakpar.2d3 (hdHet688 (bawdh), 068Cdppotid casfimgisg

stored in an aqueous solution at ro t er re f at | ea 6
that ’the(;:I product was Compound 5, %W—d%rggmo%,lC-Lbxs(ﬁ%romohexﬁ)%!uorene.

[0054] Example 6 (synthesis of Compound 6)
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[0083] I n another test, the cultured BV-cells were allowed to settle
down after 2 days of culturing. Next, the aqueous sol ution containing
particles fornmed from Conpound 13 descri bed above was added to the
culture nedia. Different tests were conducted with different batches
wher e t he[atB%]entCanponsd 6 wah 2, 7adibenns-%8{@rpolyethyiendalyeaiheyybiluerine

corl v, atz)(;g?qagj%égg%fo Sing e nstonsiali dh FIGLE vk oRpbBaks isobl
interval sy, éin&‘e % Jﬁﬁweosl)"%d éﬁi%/d?%@%(iﬁfﬂﬁléﬂ@@@ﬁ!éde@ﬂh a three-necked

Representa Ive ts are shown in Fl For bat ches
wher e t he 166mé ﬁas;k andemaugbnta‘tmopahenecl RE&O8gt dovmelxin THFt(eM)angs then
from1%to

% h d | |
o baowd e it 3t taorm M e etk A5 aFuk it i Y, he o BB aRweipht of
for batcheg pfz@ugéwwagmé;@éd QnofckPie LA or FTHGS g soRrpettied

as the solvent for the particle solution was water. The sig nlflcdg%
i ncrease shomitiéaa:emdiemmﬁﬁb’ﬂhgt PG A80aas Ha@dtfwefeﬁﬂlfﬁﬂ)%f%ﬁﬁ apdripicdfergnt

o o R kP ke o ML PG L

fluorescent particles formed from conpound 13 after the cells were
activat edfod88]s STEgesdstindalixitfiewpastifreti dsr 4 bolrs. be.66gddrmmsolpof

carrier to deliver_drugs or other substan e to sel ecti acti vat

ol | s/ or gaanepaund s nest #vges (4 By nde STk egnia ARERsS PHGRER
Conpound 14 Lyie8 tghown
in FIG 11006313%#3 é)npoun%%of@@g%% gém%gégyénd%i@%' nd "q"
synbol " n'tersndtefartaenredaiionr é'meersrgamcasolventeig&a mmum @as map@f%ed off

I f be f 1 f A
val e O e e s 85390 B DB B g o Fentdhor
0. 48mol ) THEUMIRHHisGnb@d3fith 500@BeTEther UM ﬁb&plfa‘%@ﬂg"he(br@&mﬁat@was
tetraki s(triphenyl phosphi ne)pal | adi um (78ng, O, ,_ agueous,

sodi um carchbecied hyxantafugmalyff thevsolventuehiee p@cm?@ wﬁééua%&%f@‘ ingd Ry
and t hen :}ngéagglgst agafq[\/ll%orﬂeg St b 6R9& And thEn %é&lﬁ‘i fa %PW@resultmg

reflux fo ncoo e€d to roomtenp organi c
sol vent wasodkdtayedChmpewapg@.ate and the resi due vvas d| ssolved in
10nlL di chl or onet hane. The sol uti on was mxed with 400m. of ether to

forma pr t at Th r r enoy by centrifuge. The
preci pi t at 5@%]pro§é§@p\f%z?{a 313'300 :fqmﬂﬁgng%he crude product was
di ssolved in dlchloronethane and subject to dialysis using a 10k

di al ysi s typpsgf or Camwun@nﬁm%bmmgwbmﬁ dsrowechebqytucrede] prpared

formng a'light yell ow powder product

d 14. Th
parti cl es asaarding o thegreagtionshown 'ﬂrﬁlGTﬁe%ﬁ?‘gﬁr‘lﬁ‘P gﬁ g@ %% YAE

170, 0. “ndRETRA Tt MEGARR Dot iy o SRERgNIN. Bk <o

tetrabutyiammomum bromide (1.32g, 4mmoatl), and 1,6- dlbromohexane (48.84,
200mmeol) at 75°C. After having been stirred for 15 minutes, the mixture was
cooled down to room temperature. After extraction with dichloromethane, the
combined organic layers was sequentially washed with water, aqueous HCI, water,
and brine, and then dried over anhydrous MgSO,. After removal of remaining
solvent and excess 1, 6-dibromohexane, the residue was purified by silica gel
column chromatography using hexane/chloroform (viv = 9:1) as the eluent. The
product was a light-yellow fiquid, weighing 8.8g (75wt% yield), with measured
spectra of "H NMR (CDCls, 400MHz) & (ppm): 7.669 (m, 1H), 7.548 (m, 1H), 7.453
(m, 2H), 7.322 (m, 3H), 3.280 (t, 4H), 1.943 (m, 4H), 1.657 (m, 4H), 1.193 (m, 4H),

1.073 (m, 4H), 0.604 (m, 4H), confirming that the product was Compound 7, 2-
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[ 0087] An aqueous solution containing particles forned from Conpound
14 was prepared using the same procedure as that described above for
Conmpound 13 by replaci ng Conpound 13 with Conpound 14. The fi nal
aqueous sol ution contai ned about 0.3 ng/nL of Conpound 14 (equival ent
of about BABNGACR)-bislBebmwhtaidahflparenecl es in the final solution

remai ned stable for 6 nonths while in stor age [ 0088] Exanpl e 15
(Synt hesi Conmpound 089 ound was PF3- PEG2000,

pr epar ed ﬁecd(::g(?r]di %rBPlF??g@é‘g*&?%'%ﬁ?gﬁH‘vﬁPq G 15, using Conpounds
1, 2, 6, and 912 In FIG 15, n may be fromlIto 100 such as fromlto

20, d . L
20 Zgn 8%01 mf)tl)d)?ﬂnbtégﬁ@ gﬁﬁrr%@f[‘}(?gmggg b %o’;@é&h}d@né &Bﬁglo%e]x Ui%f%ﬂ/@s

0. 08mm|)Symteﬁsezﬁdﬁopﬁrq@mtwtnﬂfeepmrmem\unnedﬁl@ (ugiag cagpound

0. 055mmmol ), aqueous sodi um car bonate (2M 0.88nmL), and tol uene

3. 5nml e S
Beanpl ¢ 13 0Ge reddm ErEle Y 8ed. H0E oA 2R AR PO P Baisuplage
15. The prmalm’eepwdkedlﬁﬁniﬂ&ﬁisa LmdéeacgjoraMSphEBe NPEG (&g, vinehd)was
21 Wm % T? B ratl of hydrophilic to hydrophgbic units in
Conpound g”é?gorg VRS 89ged GHAD-WIRE HiTOCHMSHIRRT aitsemaéweframﬁw epwagpetirred for

0. 0004 NY4Hoyrs. bf?a@lodf %‘FE}% SRl WO (QRLANBH Y tRARTkBHE S The

formed from Conpoun prep red using the sanme procedure as that
descri bedmitiovewke rstn@edﬂuﬁhelr di3obyn reemperaiurg fmoaunm]nmhel\ﬁeekt Water was

Compound 15 ekhd, AEneREHOIS 13l o BRu s e regeid JPePUItES s
the final apeked k®BVASIRIR iR ?HF‘OTTI‘@ ["@?ﬁ'élh g%lﬂ&e'ﬁa@ﬁ%éé&éd in 20mi
[0091] Exanple 16 [0092] BV-2 cells were culture days and then

act i vat eddi ereﬁaﬁnesarbiﬂlaumeibaﬂ@lf fad dinen puxeewith£000n etherdo form a

71 uor es coRtZ s c1b8 RS FE I Rirs ol ERBAR, BAl, e hi b

descr i bedpretifieatiopl rodsss Whe remdated ntimes. JHddeadstiting lpeeciﬁitdzte%dst difieed in
nedi a. The vol urrg. rati o of the solution to the culture nedia was

1: 100. Th¥P34Yidr dbedreu!ing Hrodurt WRsHCaMResindghi t ored using a conf ocal

i magi ng technique. It was observed that when the stimulation

i ntensit y[ogsR]i NGeRH gqgme@ggf Gg,rﬁmndsg)nul ation agent), the
fl uorescent em ssion from t'he cell s becane stronger, indicating that

nore fl uorescent rticles had become engul fed by the activated
cells. CS%IHP%”% M%‘%P@P@(ﬂe aReorging hedaniee sBownie §1G. 9.
rout es may be rmdlfl ed or generalized to produce other graft

mol ecul esjoa@agr diAmhidBRESE 5- b‘?émBPﬁeHn(g%gﬁélgor rTE?‘rg)tl)' Qibro he%ﬁ‘érﬁl%gng

wat er - sol ubl e fl uorescent pol yners eneral Iy accor
to the refoinoh asttoamhyidnors @Dtaﬁégunandrqmﬂamer%g/mommbbmaﬁ cdas&ﬁgedam S

IFlnGt h%baacé(qurqg a”%yhea?eé) SR &d ﬁger%rﬁl e[f?'eﬁg}gné s e'r%]assac?am d {
terminate further reaction. The mixture was mixed with 50m| of ether (3 times) to
extract an organic precipitate. The precipitate was sequentially washed with 2M
sodium hydroxide solution, brine, and then dried over anhydrous MgSQOs4. After
removal of remaining solvent, the crude product was re-crystallized in ethanol,
forming Compound 9 weighing 1.15g (46wt% yield) and with measured spectra of
"H NMR (CDCls, 400MHz) 8[ppm}: 7.369-7.347(d, 4H, J=8.8Hz), 7.776-7.754(d,
4H, J=8.8Hz), 3.929(t, 4H), 1.803(m, 4H), 1.533(m, 4H). "*C NMR (CDCls,

400MHz) 0 (ppm):158.429, 132.409, 116.548, 112.885, 68.299, 29.290, 25.982.

[00658] Example 10 (Synthesis of Compound 10)
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[ 0094] For the reaction shown in FIG 16, the values of x, y, z, p, Q,
and n, which represent integers, may vary. The sum p+q (=x+y+z) may
al so vary. As can be understood, to form Conpound 13, x=9, y=10, z =
1, and in Conpound 13, p=1, =19, and n=1. In different enbodi nents,
t he val ugoo66p+qCumypawardyGues desotech it 2-REG2000, voparsdl accoiding to the

or vt GhireRENPBSRPWT b1l NS FPCUEHNCRE e 4o TIAUR o4 G ERothd 2
[ 0095] Gen@(%;jllgég?gw qungﬂyﬁggg,t@_ggm),f orm st abl e nanosi zed

particles ma d as fo propri at e anmounts of Conpounds

1, 2, andegraﬁisetriphezmdphmphim?pa&fdiBl(nt Opige i) D pmorphieaeppes PRI

) L
aqueous. <o U cabRRIT 5.0 LSNUI 0 Y eDIIR RefPufofeq I gpon neste
embodi Meng,, refie uﬁ@@ﬁﬁiﬂbggh{j%eqﬁiwa%ag SRES@RIrS! HBWsh®. 10301 8mMdlpof

1.0 M The m xture nmay eoxygenated and then heated to rerl ux
under ni t Cogpountifedintolved in eyl dfdolurte wasergxhadsed tadhe pigurer ThA

ext ended period such,as days._t e | ower
t enper at B‘t‘ér@c‘ﬁaﬁgurm% S%HS%&%%@%&%&@ gﬁ%éﬁ%}} g%‘ﬁ?‘glt(gg?%/g)r?ﬁ in the
m xture ignildrampd. Mhetgavicdofent ietHeaphdwe Way allewdd o elvaestaten ahe
m ni mal anount of dichl oronet hane or anot her suitabl e sol vent

: . The new
Sol ut | on fesidyecas disshivecdn i mbREhipromRInaSTe @hdhENXaLWtB \ACHY ether to form
precipitate.  The vo i i t t i y
from 1: 106%{%0“1'?%é0. hseglg%dtgg%{rgtrgnﬁg Qgé’bﬁgﬁsﬂéﬂﬂgugﬁ%ﬁ %Eﬁﬂ@ﬁfoﬁ)ﬁrocess
cent ri f uggas Tosedted @ Pheat Trencpdeqesductayabdissepedtindichioomeiiade, and

times. The crude product obtai ned be di ssol,ved.ip dichlor

or anot hepukiaskigrlialysis iPhah PyLRIe s ”§'6'9\f€h§lf d?ﬁﬁ%ﬂ?%ﬁ@%ﬁ@@@%’n?{%‘%
di al ysi s, s : bral dsbcgart qotf Qi Domsied: (.0Th

suchyas ftrh%*nlaq%b%%t al%éd;g?/@mg‘ gk"oﬁ%@m@ hg@LsI((;)ti %:W%y be et ©

freeze- dryiet vidhEmynthasiepiocaas wasctiwie.whi ch contains particles
formed fromthe desired graft nolecules. The sizes of the particles

may be co l e i I . I

el gnt, ol ia RerEinaR 18, e PERsE Sis Ble KRB ERE ther
prepared gsgraefisyrettyditishaacThewdightiiato omyamprﬁllmetoeﬁmvephobic units in
rocedure, where the reagent .copcentration re.sel ect 0 . P
gnd t he tét%mﬁmﬂoé‘?&gﬁ‘éﬁﬁ%ﬁ 0%‘%’:{'5 maﬁgoﬁggn@g@nﬁﬁﬂﬁng&é}g 505
resul ting.eampound was nmeasured using the DLS technique at room

tenperatur€ in an aqueous solution, and was found to be 0.008 ny/ni.
The wei ght average nol ecul ar wei %ht (Mv) and nunber - aver age nol ecul a{o

wei ght (M00633f tFo preparpsitableonp L@ﬁffmm&@@p@ﬂﬁiiﬁgd1%§%@?gﬁﬂt§%“d

analysis, with P i S . f~C agy 1R,

ver e’ T ounti® e VRSBt ARy (AR RBIER 0 (RO FHeiBp o chion was
al so cal cyfirpe®sbrimaggs. oniddVRr paailgsewerd foraed indise Solutidnt whish sdays!

The GPC result indicated that the sanple conpound nol ecul e contai ned
only one Blablafar® WenEs els &Y 8398 ns were attached to a fluorenyl
group. [0097] For preparing a compound according to the reacti on shown

[ FIG  1ihogdysi MRl OCRAMRIBY Borf@draneq wi (h the exception
|

that an a onal conpound,” Conpound 9, is included in the initial
m xture. Synbols a, b, ¢, d, and r in FIG 17 al so represent .
i nt eger s. [0078] ol Gempaund 14evae3n2CHpE300@ weratedacasdingto the reaction

Coner ai 1y Shawiy FRS. 11 o £Eipglingis’ o 8" gl RE A Cphidunti£0.450,
be from 11h9n<2;§>,,caﬂﬁgnmﬂr6y(1m3‘g oM Shinel)] efrakistripeniighos pbinefreladium (

values of a, b, c¢c and d may be sel ected accordi n/g o.the (%e5| re ﬂi?g |
or oduct s. 50mge A4semappraveeisgodiunesarpongte 2hb tafmbuandpuepgl1y7omD

is the sa ' itfhddrer ixture was
embod nontes e Gefinh YRR ed d efivahdet Bifidert B mixiyre
stirred for 2 days and then cooled down to room temperature. The organic solvent

in the mixture was allowed to evaporate. The residue was dissolved in 20mi of
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[ 0099] As discussed earlier, the particles prepared according to

enbodi nents of the present invention can exhibit good stability in an
aqueous environnent. For exanple, the particles can remain stable for
more than 6 nmonths in water. [00100] Some of the ternms used herein can
be under sgiepidrothéthanef angnixed with@0issarfetiosr thdsine ateapitaie. pﬁ%/ﬁ%’h’e”ts

Chem . 1088 olovesehy ReaBigepp epe AN Rrigeenrr CrsrdBimey The
uhi ch_ar 4 REGTORNAVRA BELAG BY dichlopbifientand 1 8ddies: ieaflalyeis using an 8k

appr eci at@ I 'nent s e present invention have various

appl i cat i gialyslstubefibeatantt dricekeisk.afite isntiiionnwassfreszg-derdipiam apale
graft nol ecul es and particles describ above .my 0

f I uor esc ePRWRRIOHEE UCT, &M@Wﬁ qq{@%"‘i"?ﬁﬁ%{h%ﬁ yéﬁgasc’fgﬁ% ﬁFogcgsgi%\f)ac%ﬁ.e%@é eﬁ\ S
fiel ds. Thex, AbBuH3Thuinel WlelhtLtRIE 19RASD RS es¥hdrophebio/segatarts ani sm
i magi ng, disease di aghosi s, “anal yte detection, and the |ike.

[ 00102] O Bempomatiurieis abloehdfli.t s and advant ages of the enbodi nents
descri bed herein not expressly mentioned above can be understood from

this d | ot d the. d ] ' [ .

oSS 2 A s SR R ENRR M 5 Rt A
|1 ustr at jifoditninaigft (V)16 Qipbind 1 h@are Hatorriined baeed entysdpetmestion
are susceptible to many nodifications of form ar

t of ts,
details acbromatography dREGaTSHSISHEIT REGh PEW, usest frote stansattdified o
encorfpasseal,g Faﬁéi?irﬁ%% it a8 Y A¥Aahd $986 98 eivefe M TrHEGPIY rdshit

cl ai ns. ]
indicated that each Compound 11 molecule contained only one block in which PEG

side chains were attached to a fluorenyl group.

[0072] The CAC of Compound 11 was measured using a dynamic light
scattering (DLS) technique at room temperature in agueous solution, and was
found to be 0.1 mg/mL. The CAC of Compound 11 in water is 0.10 mg/mL.

[0073] To prepare stable particles from Compound 11, 10 mg of Compound 11
was dissolved in 10 mL of water (equivalent to 10 CAC). The resulting solution was
stirred for 3 days. Micellar particles were formed in the solution, which stayed

' stable for 8 months while in storage.
[0074] Example 12 (Synthesis of Compound 12)

[0075] Compound 12 was 5F3-PEG2000, prepared according to the reaction
shown in FIG. 12, using Compounds 2, 3 and 6. A mixture of Compound 2 (0.23g,
0.4mmol), Compound 3 (0.25g (0.6mmol), Compound 6 (0.45g, 0.1mmol),
tetrakis(triphenylphosphine)paliadium ( 32mg, 0.028mmol), aqueous sodium
carbonate (2M, 0.88mi), and foluene (2.6ml) was deoxygenated and then heated to
reflux under nitrogen. The mixture was under reflux for 2 days and then cooled to
room temperature. The organic solvent in the mixture was allowed to evaporate
and the residue was dissolved in 20ml of dichloromethane. The solution was mixed
with 800mi of ether to form a precipitate. The solvents were removed by centrifuge.
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1. A nethod of formng fluorescent particles, conprising: providing a
sol ution conprising water, an organic solvent and an anphiphilic

nol ecul e di ssolved in said organic solvent, said anphiphilic nol ecule
conprising a plurality of backbone units form ng a nol ecul ar backbone
and a pl uThé iprgcipitatminderoctss wasgepéated 3 timeai d hevireds predushwasshesolved

ith h f id sid i f d i i
g Ca o taeAne g Sitiectin ES uEbein pf ARty fil €5 gpot ne
bei ng hydg@pji gh%ls%'ﬂﬂicﬁﬁtwé:?ﬁ%bzéjﬂirrf‘eﬁ tﬁ{foﬁﬁbﬁaaﬂ@%lﬁ%@?pbtmdc@, st gvas

hydr ophobi ¢ an uorescent, the weight ratio within said nol ecul e of
backbone GoinpouaddiZi tee yieki wasmiods in this exampley dFlepmeight raip phiaydophilic

that are hydr pophohi.c bei ng.from ab .1:4 out 4:1, the
concent raﬁWfﬂBPh‘g@PdmiﬁﬂﬁpﬁmﬁqL@ bsc‘cfﬁ%]tt%nﬂgai d sol ution being
fromabout 1 to about 1000 CAC, wherein said CACis the critical

aggr egat i Ip7GPNCErHd weighhavéragel rdorenkir Rightq M lsadutenber-aairdge
sol ution, and renovi n? said organic solvent from said sal u}égg t hus
al | owi ng swilerwapheight (Vo ofdt@dpeend 32 marmdsiernipad Prseeon RJaysis,

peri pheral .si fr 10 0 C s

o ol ar m 1ty A A s 1 AP SR LBl BT ver oA 1

i In said Sth:Bi%Q ré§p%\%1ﬂmyabﬁb§G(f@t@swﬂindbamh@@\é‘acmct?ﬁmm%mmcule
claiml or claim2, erein said sa ion is .prepare | Xi wat er
W th ' preeniagiad Gy GOPGPaNE RS s NenAcactrd e TR
sai d arrph'gm(]j ic nolecule. 4. The nethod of any one of clains 1 to 3,
wherein said’'renoving conprises renoving said organi c solvent from

said solution by evaporation. 5. The nethod of any one of clains 1 to
4, wher ei [00ZH]d” SBhaiCAGhohGempoprd 2 wasmeasurer upipgithe DL Sigghpigugiaty

f b 0 8 6l f
clarme 1 [P SqRBRe Eariadieia Solufon, Sna Vs FELROR, S 09BmORRL

7:3. 7. The method of any one of clains Ito 6, wherein said backbone

U”: ts ﬁolﬁlﬂﬂﬁﬂf f |T@péﬁmrﬁ@télﬁe ﬁagﬁcﬂfﬂ flosi @empbands! 2¢ dApng @Comm%ound 12
pol yet hyl enegl ycol. 8. T net hod of .any e ' [to 6. erein
Bal o bat KBERAIAY BoHbs6 UR S (GAUHRENTE, b2 54 APenine dryftpd S bR
vinyl ene, wé%ts%{r%%lrgfb%y\é! B pAHiKES RRsrBOhEN f thel sdhalt, QaTioh skged

ethylene unit, or a derrvative thereof.
stable for 6 months while in storage.

[0079] Example 13 (Synthesis of Compound 13)

[0080] Compound 13 (PF1-PEG2000) was prepared according to the reaction
shown in FIG. 13, using Compounds 1, 2, and 6. The symbols p and g used herein
represent integers. As shown in FIG. 13, p+g= 19. A mixture of compound 1
(0.089g, 0.18mmol), Compound 2 (0.117g, 0.2mmol), Compound 6 (0.0898g,
0.02mmol), tetrakis(triphenyiphosphine)paliadium (2mg, 0.002mmol), aqueous
sodium carbonate (2M, 0.284ml), and toluene (1.15ml) was deoxygenated and then
heated to reflux under nitrogen. The mixture was under reflux for 2 days and then
cooled to room temperature. The organic solvent in the mixture was ailowed to
avaporate and the residue was dissolved in 4ml dichloromethane. The solution
was mixed with 100ml of ether to form a precipitate. The solvents were removed by
centrifuge. The precipitation process was repeated 3 times. The crude product

was dissolved in dichloromethane and subject to dialysis using a 10k dialysis tube
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9. The nethod of claim8, wherein said backbone units conprise a unit
substituted wth an al kyl, al koxy, al kenyl, al kynyl, alkylsilyl,
arylsilylaryl, heteroaryl, aryloxy, het eroaryl oxy, al kylthio,

al kyl am no, di al kyl am no, arylam no, diarylam no, aryl ether,

het er oar ybr gbderoneaivigekt Mheabhion \ﬁm ﬁ-rem%@ezet—dn@étfhﬁnmgrmh@hjéh@“OW

o7 "an aninrdsrupdeBnBRTNG Ul hel 86 BRiemeRct At F AR Sbout
any one qfs ﬁ@a"fﬁ %I fPwls 19981 %E%HP@W%aémé §p@sﬁfﬁ36ﬂ$@ rroduct

phenyl ene;, i enyl Spi robi uoreny ene, 1 ndenofl uorenyle
pyridyl em@eremmNMR}(C@(élﬁ 400 iz [ pemal; ?la’aﬂémmaam,aasvg(r@n%om '3.643(m,

i’fi”z%g' A SRk, SOhG. bt 1ok 7o) B ors™ Aol TRENGR! PREEY o
gr oﬁgl, o%?&aﬁeﬁ;m&o&j ﬁ?%llacghﬁ? vl\g@cﬂ?n ;Z%d;f%ld ﬁggﬁk%détﬂketmuﬁﬁ grhagrjgnlﬂl ﬁﬁlzgd

wi t h eachCetpeunt HBouvas faursi indiee0 §8Bbpg/nlond, a net hyl ene group, or
an atomselected fromO, S, N, Si, and P. 12. The nethod of any one

of clains erein sa ' i

or oup. corlRBf ng T tEyaR Gt <4 SO 9 B oS Bk b
flexi ]E)I eI lg[‘”ﬁg Q?rb?vn%%g}gdWQMdltﬁe@lfoﬁwdaymhablaqueﬂnasEb&ltlmﬂtdmttalcmg&@
one of clai 0

, Wherein said side chain [
pol yet hy| mgépbf/ranqpasticige foreshEpii (ﬁ@mpsang}gﬁi (qu PEGIE] w3 prepared as
pol yvi nyl pyr r ol i-done C ajrqoto form an initial
pol yl'ysin @Y O¥p- él)’e Q\fjgtc?%é&%ereg‘fa% qgsolff_ﬁé Y@’Tg%yhrlgL yo oone of
claims 1 ¢glufiéh. Thensitial stluticrewts Grtherfdisdadiwithdéifc uati!rtheutgtabmlag@ ¢fo
sai d backbone through a single carbo ond 0s
et her gr otig, reshitipe SRUHI WaDH 2 Ny ﬁd’f‘GPgﬁ‘ﬁ'dﬁ'%d;@aﬁ‘ﬂYﬁ? £9w3§/$8%€dohopthe
ester groppy, Itﬁ'@ Gér%'ﬁouémﬂ?e 6108 Wasabniainge igaditile. Iﬁeﬁbﬁle
nmet hod of any alns [to 5, wherein said anphiphilic. nolecu
has t he fwemmbaered w1th a piece of Kimwipes™ tissue paper, to allow THF 0 evapora e
over a 3-day period. After the 3-day period, water was added to the bottle to adjust
the concentration of the final solution which had a total volume of 10 mb. The final

solution contained about 0.3 mg/g of Compound 13 (equivalent to about 40 CAC).

[0082] The solution was added to the culture media with a ratio of 1:10 (viv}.
The cells were kept in the culture media for 6 hours. Next, the cells were fixed with
4% paraformaldehyde for 2 hours and then washed with PBS for 3 times. The cells
were observed under a confocal microscope. Two batches of Compound 13 were
used in the test. The first batch of Compound 13 was freshly prepared. The
second batch of Compound 13 was stored in an aqueous solution at room
temperature for at least 6 months. In both cases, the fixed cells showed similar

intense fluorescence.

[0083] In another test, the cultured BV-cells were allowed to settle down after 2
days of cuituring. Next, the aqueous solution containing particles formed from
Compound 13 described above was added to the culture media. Different tests
were conducted with different batches where the concentrations of the aqueous
solution in the culture media was 1%, 2%, 5%, 10% or 20% (v/v) respectively. For

each batch, the cell viability of BV2 cells was measured four times at 12 hour
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where p, q, r, and n are integers, pis from1l to 10 is fr
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solution was in the range from 1% to 5%, the measured number of cells in the
culture media increased significantly with time. The increase was less pronounced
for batches of higher concentrations (10% and 20%). This was expected as the
solvent for the patticle solution was water. The significant increase of the cell
numbers indicated that the fluorescent particles of Compound 13 was non-{oxic or

only of very low toxicity o the cells.

[0084] it was observed that the cells could take up more fluorescent particles
formed from compound 13 after the cells were activated. This suggests that the
particles could be used as a carrier to deliver drugs or other substance to

selectively activated cells/organisms.
[0085] Example 14 (Synthesis of Compound 14)

[0086] Compound 14 was PF2-PEG2000, prepared according to the reaction
shown in FIG. 14, using Compounds 1, 2, 6, and 8. Like symbols “p” and “d’,
symbol “n” used herein also represent an integer. In FIG. 14, the value of n may be
from 1 to 100 such as from 1 to 20, and p+g= 10. A mixture of Compound 1 (0.16g,
0.32mmol), Compound 2 (0.28g, 0.48mmol), Compound 6 (0.36g, 0.08mmol),
Compound 9 (40mg, 0.08mmol), tetrakis(triphenylphosphine)palladium (78mg,
0.07mmol), aqueous sodium carbonate (2M, 0.93ml), and toluene (3.72ml) was
deoxygenated and then heated to reflux under nitrogen. The mixture was under
refiux for 2 days and then cooled to room temperature. The organic solvent was
allowed to evaporate and the residue was dissolved in 10m| dichloromethane. The
solution was mixed with 400ml of ether to form a precipitate. The solvents were
removed by centrifuge. The precipitation process was repeated 3 times. The crude
product was dissolved in dichloromethane and subject to dialysis using a 10k
dialysis tube for about one week. The solution was freeze-dried, forming a light
yellow powder product, Compound 14. The product particles had a size of about
154 nm. The yield was 37wt%. The weight ratio of hydrophilic to hydrophobic units
in Compound 14 is about 1:0.9. The CAC of Compound 14 was found to be
0.00032 mg/mL.
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[0089] Compound 15 was PF3-PEG2000, prepared according to the reaction
shown in FIG. 15, using Compounds 1, 2, 6, and 9. In FIG. 15, n may be from 110
100 such as from 1 1o 20, and p+g= 4. A mixture of Compound 1 (0.16g,
0.32mmol), Compound 2 (0.28g, 0.48rimol), Compound 6 (0.36g, 0.08mmol),
Compound 9 (40mg, 0.08mmol), tetrakis(triphenylphosphine)palladium { 64.1mg,
0.055mmol), aqueous sodium carbenate (2M, 0.88ml), and toluene (3.5ml) was
prepared. The mixture was processed as described in Example 14. The resulting
product was a pale powder product, Compound 15. The product particles had a
size of about 178 nm. The yield was 21 wt%. The weight ratio of hydrophific to
hydrophobic units in Compound 15 is about 5:2. The CAC of Compound 15 was
found to be 0.0004 mg/mL.

[0090] An aqueous solution containing particles formed from Compound 15 was ~
prepared using the same procedure as that described above for Compound 13 by
replacing Compound 13 with Compound 15. The final aquecus solution contained
about 0.3 mg/mL of Compound 15 (equivalent of about 750 CAC). The micellar
particles in the final solution remained stable for 6 months while in storage.

[0091] Example 16

[0092] BV-2 cells were cultured for 2 days and then activated for 24 hours by
adding different concentration of a simulating agent, lipopolysaccharide. An
aqueous solution containing fluorescent particles formed from Compound 13 was
prepared as described in Example 13. The solution was added to the celi culture
media. The volume ratic of the solution to the culiure media was 1:100. The
fluorescence from the media was monitored using a confocal imaging technique. i
was chserved that when the stimulation intensity was increased (after adding the
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25. A wat er-sol ubl e fluorescent particle conprising the nol ecule
formed according to the nethod of any one of clains 1 to 24. 26.A
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FIG. 17,

[6094] For the reaction shown in FIG. 18, the values of X, v, Z, p, ¢, and n, which
represent integers, may vary. The sum, p+q (=x+y+z) may also vary. As can be
understood, to form Compound 13, x=9, y=10, z = 1; and in Compound 13, p=1,
g=19, and n=1. In different embodiments, the value of p+q may vary such as from
2 to 200. Molecules with different sum of p+q may be prepared by adjusting the

relative molar or weight ratio of the reactants present in the reaction mixture.

[0095] Generally, a fluorescent polymer that can form stabie nanosized particies
may be formed as follows. Appropriate amounts of Compounds 1, 2, and 6 are
mixed with tetrakis(triphenylphosphine)palladium, agueous sodium carbonate, and
toluene, to form a mixture. The concentrations of the reactants in the mixture may
vary. In one embodiment, the concentration of {otal reactants may be from 0.1 M to
1.0 M. The mixture may be deoxygenated and then heated to reflux under
pitrogen. The mixture may be under reflux and stirred for an extended period such
as 2 days fo 1 week and then cooled to a lower temperature such as the room
temperature. The organic solvent in the mixture is allowed to evaporate. The
residue may be dissolved in a minimal amount of dichloromethane or another
suitable solvent. The new solution is mixed with a suitable amount of ether to form
a precipitate. The volume ratio of the new solution to ether may be from 1:100 to
1:500. The solvents may be removed such as by centrifuge. The precipitation
process may be repeated, such as 3 times. The crude product obtained may be
dissolved in dichloromethane or another suitable low boiling point solvent, and may
be subject to dialysis, such as using a 10k dialysis tube, for an extended period

such as from about 3 days to one week. The solution may be freeze-dried to form
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30. The nol ecul e of claim 29, wherein said backbone units conprise a

unit substituted with an al kyl, al koxy, alkenyl, alkynyl, alkylsilyl,
arylsilylaryl, heteroaryl, aryloxy, heteroaryloxy, alkylthio,

al kyl am no, di al kyl am no, aryl am no, diarylam no, aryl ether,

het er oar ythedinakprodaicy Whidhi aetthias panisties mgd fremdbe desired graiy melecules.

oY oan ani T Seeast pRtieieadtay hatenga bytbaRo e Meiat ke hEtere,
cl a1 m 26 )l i R, HSBRUBnSShtbRagene units comprise a

phenyl ene, thien spi robi fl uorenyl ene, indenofl uorenyl ene,
pyridyl ene, bipyridyl ene, carbazoyl ene, indenocarbazolyl ene, |
benzot hi 48696] ené, samplexeairpewid/waserepared ascording fo the 1apstiom ) EK3. 16

32. The nol ecyl e ,of any one of ,cl ai 6 LN )

one of SeiH s o RRRdre Wi K e P on iRIoR dugrblsscted 88 that
et hyl ene gPHRg 1198 tdtad) nivhBECHThatkbbASLnith W8 sThd (aC kif treerasuiting
are linked with each other through a_single carbon bond, a net hél ene

group, orcanpetTves reeawded usidtheDL R teahniqusmat oM emesatyrs BAN e

f L ; . ‘b : \
2l exi b oSSt SRt Ay rauloib 0 9B InGRFIC CTE g Roage oe 2
units, sangldduriviRkightidyrarehmgbbydvenpigel rholesnianydrigiph{efh) of trisisambie
e e oL Lo 8 e S, PO AL
pol yvi nyl puruold &0 R8iinBab aaty We?? ﬁﬁJ?’rgj to%geif%wbné'Q‘B@BQbspectiVely. The

I n
pol yl ysi ne,” or derivatives thereof. nol ecul e of any one of
cl ai ms 26vdloe 34 Mawhas also aticulastbased @t NMR inedsteenrat, sadivaspimedo be

idb h a singl d '
ether ar ol o1 hiaconerogr Dapledat HERIRE SpT R Al el O gRAg Rop Rt
ester grogmy dndl K168k AT wHICAUPE Galldél ehaihe wicreratitheditcle frovemyl g86udhe
nol ecul e of "claim 26, having the formula,

[0097] For preparing a compound according to the reaction shown in FIG. 17, a
similar procedure may be followed with the exception that an additional compound,
Compound 9, is included in the initial mixture. Symbolsa, b, ¢, d, and r in FIG. 17
also represent integers. The molar ratio between Compound 9 and all other
constituents may be from 1:100 to 1:2, such as from 1:50 to 1:2. Generally, p may
be from 1 to 10, g may be from 1 to 200, r (=d) may be from 1 to 20, and n may be
from 1 to 100 such as 1 to 20. The values of g, b, ¢ and d may be selected
according to the desired end products. As can be appreciated, when r =0, the
compound in FIG. 17 is the same as the compound shown in FIG. 16. In different

embodiments, the sum of p+q may vary such as from 2 to 200.

[0098] The particles formed from the compounds prepared according the
reaction routes shown FIGS. 10 or 17 can also have desired particle size
distribution. For example, as shown in FIGS. 18 , 19 and 20, the particle sizes
(effective diameters) of Compound 11, 12 or 13 in aqueous solutions were from
about 10 to about 300 nm. The particle sizes were measured based on
transmission electron microscopy (TEM) images of the particles. FIGS. 22 and 23
show exemplary TEM images of fluorescent particles formed from Compound 10

and Compound 11, respectively. The samples for TEM imaging were prepared as
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foliows. A 90 ul of particle aqueous solution was mixed with 10 yL 1% PTA
aqueous solution by vortex. A drop of the mixture was then put onto a 400-mesh
carbon-coated copper grid and air-dried ovemight. The particles shown in FIG. 22
had effective diameters ranging from 100 to 200 nm, and the particles shown in
FIG. 23 had effective diameters ranging from 10 fo 20 nm and from 50 to 80 nm.

[0099] As discussed earlier, the pariicles prepared according to embodiments of
the present invention can exhibit good stability in an agqueous environment. For

example, the pariicles can remain stable for more than 6 months in water.

[00100] Some of the terms used herein can be understood with reference fo
“Glossary of basic terms in polymer sciénce {(IUPAC Recommendations 1996)",
published in Pure Appl. Chem., 1996, vol. 68, No.12, pp. 2287-2311, the entire

contents of which are incorporated heréin by reference.

[o0c101] As can be appreciated, embodiments of the present invention have
various applications in different fieids and industries. For example, the graft
molecules and particles described above may be used as fluorescent probes,
labels or tags in many fields such as biochemical fields. They are useful in drug
and gene research, cell/microorganism imaging, disease diagnosis, analyte

detection, and the like.

[00102] Other features, benefits and advantages of the embodiments
described herein not expressly mentioned above can be understood from this

description and the drawings by those skilled in the art.

[00103] Of course, the above described embodiments are intended to be
illustrative only and in no way limiting. The described embodiments are susceptible
to many modifications of form, arrangement of parts, details and order of operation.
The invention, rather, is intended fo encompass all such modification within its

scope, as defined by the claims.
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WHAT IS CLAIMED i8:

1. A method of forming fluorescent particles, comprising:

providing a solution comprising water, an organic solvent and an amphiphilic
molecule dissolved in said organic salvent, said amphiphilic molecule
comprising a plurality of backbone units forming a molecular backbone and a
plurality of side chains grafted to said molecular backbone, with each one of
said side chains formed as at least one side chain unit, at least one of said side
chain units within said molecule being hydrophilic and at least three of said
backbone units being hydrophobic and fluorescent, the weight ratio within said
molecule of backbone units and side chain units that are hydrophilic to those
that are hydrophobic being from about 1:4 to about 4:1, the concentration of
said amphiphilic molecule in said solution being from about 1 to about 1000
CAC, wherein said CAC is the critical aggregation concentration of said

amphiphilic molecule in said solution, and

removing said organic solvent from said solution, thus allowing said amphiphilic
molecule to form said particles having a peripheral size from about 10 nm to

about 10 microns.

2. The method of claim 1, wherein said concentration of said amphiphilic malecule

in said solution is from about 10 to about 100 CAC.

3. The method of claim 1 or claim 2, wherein said solution is prepared by mixing
water with a precursor sofution that comprises said organic solvent and said

amphiphilic molecule.

4. The method of any one of claims 1 to 3, wherein said removing comprises

removing said organic solvent from said solution by evaporation.

5. The method of any one of claims 1 to 4, wherein said solution has a pH of about

2 to about 12, and is at a temperature from about 0 to about 80 °C.

8. The method of any one of claims 1 to 5, wherein said weight ratio is from about
3:7 to about 7:3.
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7.

9.

The method of any one of claims 1 to 6, wherein said backbone units comprise

fluorene units and said side chains comprise palyethylehegiycol.

The method of any one of claims 1 to 6, wherein said backbone units comprise
an arylene, heteroaryiene, arylene vinylene, heteroarylene vinylene, arylene

ethylene, or heteroarylene ethylene unit, or a derivative thereof.

The method of claim 8, wherein said backbone units comprise a unit substituted
with an alkyl, alkoxy, alkenyl, alkynyl, alkylisilyl, arylsilyiaryl, heteroaryl, aryloxy,
heteroaryloxy, alkylthio, alkylamino, diatkylamino, arylamino, diarylamino, aryl
ether, heteroaryl ether, aryl thioether, heteroary! thioether, halogen, cyano, nitro,
carbany, thionyl, sulphonyl, or perfluoroalkyl group, or an amino group
comprising a heteroaryl group.

10. The method of any one of claims 1 to 6, wherein said backbone units comprise

11

a phenylene, thienylene, spirobifluorenylene, indenoftuorenylene, pyridylene,
bipyridylene, carbazoylene, indenocarbazolylene, benzothiazolylene, or

oxadiazolylene unit, or a derivative thereof.

. The method of any one of claims 1 to 10, wherein (1) at least one of said

backbone units is linked to a vinylene group or an ethylene group, or {2) wherein
at least two of said backbone units are linked with each other through a single
carbon bond, a methylene group, or an atom selected from O, §, N, Si, and P.

12. The method of any one of claims 1 to 11, wherein said backbone units comprise

13.

14.

a flexible group connecting two hydrophobic and fluorescent backbone units,
said flexible group being hydrophilic or hydrophobic.

The method of any one of claims 1 to 12, wherein said side chain units comprise
polyethyleneglycol, polyethyleneimine, polyamide, polyvinylpyrrolidone,
polyacrylic acid, polyvinyl alcohol, polylysine, or derivatives thereof.

The method of any one of claims 1 to 13, wherein at [east one of said side
chains is bonded to said backbone through a single carbon bond, single
phosphor bond, ether group, thioether group, amino group, imino group, silyl

group, ester group, thioester group, amide group or an imide group.

30



where p, q, r, and n are integers, pis from1lto 10, gis from1l to
200, r is fromO to 20, and nis from1l to 20. 37. The nol ecul e of
claim36, whereinr 0. 38. The nol ecul e of clai m 26, havi ng the
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cl aim 26, having
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where p, q, r, and n are integers, p is from 1 to 10, q is from 1 to 200, r is from O
to 20, and n is from 1 to 20.

16.The method of claim 15, wherein r ='0.

17. The method of any one of claims 1 to 5, wherein said amphiphilic molecule has
the formula,

- n
- 1

where p, q, and n are integers, n is from 1 to 20, and p+q is from 2 to 200.

18.The method of claim 17, wherein p+q =4 or 10.

19. The method of any one of claims 1 to 5, wherein said amphiphilic molecule has
the formula,

where p, g and n are integers, n is from 1 to 20, and p+q is from 2 to 200.

20. The method of claim 19, whereinn =1, andp=q=lorp=g=2
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where p, q and n are integers, nis froml to 20, and p+q is from?2
to 200. 41. The nol ecule of claim40, wherein n =1, and p = q =1 or p
= g = 2. 42. The nolecule of claim26, having the formula, 43.A

wat er - sol @il'End mathasokany pae oF claéms dnprs, siheyeinheridehadhiplelio nadesulehas

of clains 26,La 42

22.The method of any one of claims 1 to 21, wherein said amphiphilic molecule is
formed by:

forming precursors for said backbone units, said precursors comprising
hydrophobic fluorescent groups:

grafting hydrophilic groups to said precursors, forming grafted precursors; and

linking said grafted precursors, thus forming said amphiphilic molecule.

23.The method of claim 22, wherein said linking comprises linking through a

coupling reaction.

24.The method of claim 22, wherein said linking comprises linking through Suzuki
coupling reaction, Grignard coupling reaction, Stille coupling reaction, Heck
coupling reaction, Sologashira coupling reaction, oxidation polymerization

reaction, reduction polymerization reaction, ot polycondensation reaction.

25.A water-soluble fluorescent particle comprising the molecule formed accaording

to the method of any one of claims 1 to 24.

26. A molecule comprising:

a plurality of backbone units forming a molecular backbone; and

a plurality of side chains grafted to said molecular backbone, with each one of

said side chains formed as at ieast one side chain unit,

wherein at least one of said side chain units within said molecule is hydrophilic

and at least three of said backbone units are hydrophobic and fluorescent, and
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44. The particle of claim25 or claim43, conprising a |igand having

a specific affinity to a selected target. 45.The particle of claim

44, wherein said |igand is selected fromavidin, biotin, antibody,
antigen, and DNA, and wherein said target is selected froma target
nol ecul e, a WEPIeiAMRE weitht galip within said molecule of backbone units and side chain

units that are hydrophilic to those that are hydrophobic is from about 1:4 to
about 4:1.

27, The molecule of claim 26, wherein said weight ratio is from about 3:7 to about
7:3.

28. The molecule of claim 26 or claim 27, wherein said backbone units comprise

fluorene units and said side chains comprise polysthyleneglycol.

29.The molecule of claim 26 or claim 27, wherein said backbone units comprise an
arylene, heteroarylene, arylene vinylene, heteroarylene vinylene, arylene
ethylene, or heteroarylene ethylene unit, or a derivative thereof.

30. The molecule of claim 29, wherein said backbone units comprise a unit
substituted with an alkyl, alkoxy, alkenyl, alkynyl, alkyisilyl, arylsilylaryl,
heteroaryl, aryloxy, heteroaryloxy, a!ky!thio, alkylamino, dialkylamino, arylamino,
diarylamino, aryl ether, heteroaryl ether, aryl thioether, heteroaryl thioether,
halogen, cyano, nitro, carbony, thionyl, sulphonyl, or perfluoroalkyl group, or an

amino group comprising a heteroaryl group.

31.The molecule of claim 26 or claim 27, wherein said backbone units comprise a
phenylene, thienylene, spirobifluorenylene, indenoflucrenylene, pyridylene,
bipyridylene, carbazoylene, indenocarbazolylene, henzothiazolylene, or

oxadiazolylene unit, or a derivative thereof,

32. The molecule of any one of claims 26 to 31, wherein (1) at least one of said
backbone units is linked fo a vinylene group or an ethylene group, or (2) wherein
at least two of said backbone units are linked with each other through a single

carbon bond, a methylene group, or an atom selected from O, S, N, Si, and P.

33. The molecule of any one of claims 26 to 32, wherein said backbone units
comprise a flexible group connecting two hydrophobic and fiuorescent backbone

units, said flexible group being hydrophilic or hydrophobic.

34. The molecule of any one of claims 26 to 33, wherein said side chain units
comprise polyethyleneglycol, polyethyleneimine, polyamide,
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polyvinylpyrrolidone, polyacrylic acid, polyvinyl alcohol, polylysine, or derivatives
thereof.

35. The molecule of any one of claims 26 to 34, wherein at least one of said side
chains Is bonded to said backbone through a single carbon bond, single
phosphor bond, ether group, thioether group, amino group, imino group, silyl

group, ester group, thioester group, amide group or an imide group.

36. The molecule of claim 28, having the formula,

n

1

where p, q, 1, and n are integers, p is from 1 to 10, g is from 1 to 200, r is from 0
to 20, and n is from 1 to 20.

37.The molecule of claim 36, wherein r = 0.

38. The molecule of claim 26, having the formula,

L. 4 n ,
where p, q, and n are integers, n is from 1 to 20, and p+q is from 2 to 200.

39.The molecule of claim 38, where p+q = 4 or 10.

40.The molecule of claim 26, having the formuia,
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where p, g and n are integers, n is from 1 to 20, and p+q is from 2 to 200.
41.The molecule of claim 40, whereinn=1,andp=g=1orp=q=2.

42.The molecule of claim 26, having the formula,

43. A water-soluble fluorescent particle comprising the molecule of any one of
claims 26 o 42.

44. The particle of claim 25 or claim 43, comprising a ligand having a specific affinity

to a selected target.

45.The particle of claim 44, wherein said ligand is selected from avidin, biotin,
antibody, antigen, and DNA, and wherein said target is selected from a target

molecule, a cell and an organism.
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