- 1 - WATER- SOLUBLE SI LSESQUI OXANES AS ORGANI C QUANTUM DOTS FOR SENSI NG AND
| MAG NG RELATED APPLI CATI ON This application clainms the benefit of

U S. Prowei2onl4$8ppl i cati on No. 5 61/246,623, fil ed onPE#EGmMo®n038e, 2009.
The entire teachings of the above application are incorporated herein by
ref erence. BACKGROUND OF THE | NVENTI ON The nucleus within a eukaryotic
cell is a conplex but well-organized dynam c architecture that acconmpdates
gene expression, replication, 10 reconbination and repair, as well as RNA
processing and ribosome subunit assenbly, neking it the central hub for the
deternmination of cell fate. Since variatilons in nuclear structures provi de
i mportant di agnostic and prognostic i nformation for pathol ogi sts, nucl eus
imaging is of vital concernnment in the field of bioinmaging. 15F uorescent
mat eri al s have been proven to be a powerful i npl ement for biological

applications, inoyVAdERISOLUBIESIISSESGUREXANESIAS URIGANIC SUARTENR |
fl uorophores suffer fromlow ghot obl eachi ng thresholds that Iimt their

effectiveness i n 1 ong term i OR SEN iAMNRIMABING at i ons,

sem conducto ?pﬁ 1@@\) have enmerged as a category of bri ght and
photost abl e erna I Ves. wever, QDs tend to aggregate and | ose their

| um nescence in acmis spplicaticinel aings thé bbheﬁt of UcS. ArovikionalcAgyiediidr Nos.

Moreover, the intrinsically-toxic elements wt ch as cadm um and
sel eni um Sar &134% ﬁlc?dr"éll%ﬁ@bﬁﬁa%g‘p@ur’[}lﬂereéﬂﬁéF%g&& the abe¥pecial Iy in
radi ati on-ca ugh surface nodification of
QDs with bi ot@?ggﬁ es or gf:%?p%%%%@ olynmers could mtigate these

detrinmental BACKEROUNR @F%EWENT&ONOWI i cated, and tine-consum ng.
bor e Lrporantl v, St ace Lt} caLion SLLSE, has giapatiXELopact on ihe
wi t h hi gh thiy%MiE HEHERARE tlfaP hacoﬂﬁﬁ(mawsr‘g\éh@E)Ebreﬁ%drephcatlon
10 . recombination and repair, as well as RNA processmg and ribosome subunit
| | assembly, makmg it the central hub for the determmatlon of cell fate. Since
variations in nuclear structures prov1de 1mportant diagnostic and prognostic
1nforr!nat10n for pathologlsts, nucleus imaging is of vital concernment in the field
of bioimaging. .
15 ' Fluorescent materials have been proven to be a powerful implement for
biological applicutions, inuluding biosensors and cellular imaging. Since small
| fluorophores suffer from luw photobleaching thresholds that limit their
effec_tiveness in long-temi and multi-dimensional applicaﬁons, semiconductor
uuanmm-dots (QDs) have emerged as a catégory of bright and photostable
20 alternatives. However, QDs »tend to aggregate and lose their luminescence in acid
| environments, (pH < 5) or isotonic conditions. Moreover, the intlinsically;toxic
elements within QDs, such as cadmium and selenium, are liable to release and in
turn render toxicity, especially in radiation-caused oxidation environment.
Although surface modification of QDs with biomolecules or biocompatible
. 25  polymers could rhitigate these detrimental problems, this strategy is complicated,
and time-consuming. More importantiy, surface modification often has a negative
impaﬁt on the lufninescence and dimension of QDs. As such, new fluorescent

nanomaterials with high photoluminescence (PL) quantum yield, good



2 photostability and bioconpatibility remain in urge demand for optical
bi ol ogi cal applications. SUMVARY OF THE | NVENTI ON The i nvention
gener al | yWP@DH{488%20 wat er - sol ubl e, highly fluorescent BOTEGAHOAN366

ol igoneric silsesqui oxane (PGOSS)  conpounds for sensing and bi oi magi ng
applications. The general chenical structyre of these conpounds is as
follows: "AAA. ?.70.6\ -st. A0 0O\ AFUTSI"-AC A A Conjugated
digelectrolyte 10The POSS conpound is assenbl ed by substituting the

con) voat oaompelBR T ERTpESoBett e denafl Bk et SRl aEED %

wat er- sol ubl g f,hm{rogge based diners, and are attached to a silicon atom of
POSS through a single bond, double bond and tri pl e bond. The structure of a
CPE or - a UMM&B?;’QFTHESINMENWIQEy be any aromatic group. For exanple,
Ar can be sel ecte I

bi pyri di nium- tri E)ilrvtliany{)3 RLOH%ES&%%?%%@E@%?% &hﬁﬂé{ hlglﬁ gh%lg}zeg ent or

benzot hi adi azelyhedibelifdmercsiBesjuidxage (R@s;rco@lfaﬁuﬁwfobeersmgamut uted with R
Each 'R may be i ndependently sel ected from drogen, a cationic alkyl side

group (for exeiplaging apprigatiopekix gsperal cham) Rtytﬁmmwﬁrtbesr% coppoungls is 183) and
cationic oli qg@( Sidyl ene oxide) group (for exanple, - (CH2CH20) nNMe3X or

- (CH2CH20) Nive where n = 3 - 13). Each R may be independently sel ected

from hydrogen,. a cationic aI kyl side grotaR(for exanple, -(CH2)nNwe3X,
where n= 3 - 13), and cationic oligo EKE%I @? o@)‘ 1 for exanpl e,
- an¥gni m i

(CHZCHZO) " vaesx Wnerg n = 2 - 100) c courl Xis
| g S'IO\cs)'\ : RGR |
SIEO\SIQ o . : , :
AN RA eSS ars TN
\OSl\o/—’& . :
ASI\O/S' A . R_R : '
A: Conjugated Oligelectrolyte \._ Q' n —

" R:Cationic Side Group .

10 . | * " The POSS compound is assembled by substituting the silicon atoms of the
POSS core with a conjugated polyelectrolyte (CPE) or a conjugated »
" Qli-goelectrolyte (COE), as tepresented by A. CPEs and COEs are water-soluble
- ﬂuorené based dimers, and are attached to a silicon atom of POSS through a single.
bond, double bond and triple bond. The structure of a CPE or a COE includes Ar,
. 15 wh1ch may be any aromatlc group. For example, Ar can be selected from
ﬂuorene,_ benzene, blphenyl, pyridine, bipyridinium, triphenylamine, anthracene, -
thiophene, carbazole, or benzothiadiazole. The fluorene of the COE or CPE may
be substituted with R. Each R may be independently selected from hydrogen, a
cationic alkyl side group )(for example, -(CH;),NMe;X or -(CHz)nNM'e}X, where n
20 =3 -13), and cationic oligo(ethylene oxide) group (for example, - |
(CH;CH,0),NMe;X or -(CHZCHQO),;NMe3X, where n=3 —13). EachR may»be
independently selected from hydrogen, a cationic alkyl side group (for example,
-(CH,),NMe;X, where n'= 3 — 13), and cationic oligo(ethylene oxide) group (for
- example, -(CH2CH20)ﬂNMe3X where n = 2 — 100). The anionic counterion X is



3 selected from but

anmoni um hexaf | uor ophosphat e,

i S not

limted to,

and

t et ral ds[WwWp=2etive(gsei f | uor onet hyl ) phenyl ] bor at e.

for exanpl e,

Bf, F, BF4-,

ARCTISE20 19)®ONES66 |

CF3S03-,

cl ass

of cheni cal

formula: Ap A ..
accept abl e salt thereof;
substi tut ed aromatic group; 10Each R is independently a cati on| c

or neutral al
OX|de) group,

10

4,10,sic0 04A CSi (A A A
wherein Each Ar3

structure is a conmpound represented by the follow ng structural
Cbnjugated Ollgel ectrolyte.5 an

I s independently an optionally -

St R 8E s B SR o o BB i
- CH2CH2- H%%Qﬂ‘ud%pﬁo%phzﬁg SR RtRRis[ Y, 58t fRiokéth&hAgpheh §Sdrhtée 9 rou p

Another general class of chemical structure is a compound represented by the

following structural formula:

e L S S LI

A Conjugated Oligelectrolyte

an ac,ceptable'salt thereof; wherein

Each 3

1s 1ndependently selected from:

ﬁﬂ@ O

Each Aris indepe_ndently an optionally substituted aromatic group;

EachR is independently a cationic, anionic, or neutral alkyl group or a

]

cationic, anionic, or neutral oligo(ethylene oxide) group;

oli

8>

ani oni c,
| ene
- CH2-

- Each Linker is a single bond, double bond, triple bond, -CH,- or -CH,CH,-; '

~and

15

20

Each R’ is independently H or a terminal reactive group.

The POSS compounds of the invention are orgamc-morgamc hybrid

nanomatenals that possess hlgh photoluminescence quantum yields in biological

media and excellent enwronmental stability and photostability, which can be used

in biosensor and bioimaging.



15 The PCSS conpounds of the invention are organic-inorganic hybrid

nanomaterials that possess high photol um nescence quantumyields in

bi ol ogi cawormedi®ossad excel | ent environnental stability aou/Sghetosesability,
whi ch can be used in biosensor and.bioinmaging. 4 BRI EF DESCRI PTI ON OF THE
DRAWNGS - The foregoing wi 1 be appa#:nt fromthe follow ng nore

parti cul ar description of exarrpl e enbodi nents .of the invention, as

il lustrated in the acconpanying figures. FIG 1 is the chem cal structure

of POSSFF. FIG 2 is the chemical structure of POSSFBT. FIG 3is a

PAetl € SR SEo BTN RAABBR ARG ) o7 1) PACPPRO) 4, hacs

Pd( QAc) 21P( o-t ol ylvté,fo;@%lb'grﬁmlb@ Egasentafmmhelﬂﬁbﬁngdmb&pmam&hetlc scheme
f or POSSFBT. rmal i zed UV-vis absorption spectra of

fl uorene di rreipsmpnpn oﬁ@s@nﬁe mmbo@mw&.qfﬁhmmtm, pelpstrated inethie| | nes), and
phot ol um nescence a&?g_) eé:tra of FF and POSSFF (solid line) in water.
Excitation af*“YHeP 1}Sﬁ%ron maxi mum 15, FIG 6A is a graph showi ng the PL

I nt ensi tysof EB atFI6lDisthe MCMWEWOMOSSEESFF] f or EB/ ssDNA and
EB/ dsDNA m xt ur es u on excitatjion at 390 nm FIG 6B is a graph showi ng the
PL spectra of EB, H /%mcmcémmofW$$@BEbsence and presence of 1.4

pg m-1 POSSFF.  pig 3is agynﬁ'le@c séfenkeSto ggs@@pnﬁugéﬁe Iguécyfuﬁtl@ﬁbdl)m- spectra

of POSSFBT in wat ér ation at I's tthe PL
spectra of ZM(MIBQSBE,‘EM, tol@nerH4CR B8 °Cp#B hyiifTHF M Xh NMess 8hbeiigind presence

of DNAwith [ gi ng at the - intervals of 0.4 upon
excitation athﬁ%BC)rZ R?t‘ﬂﬁgbp%ré{)ﬁ&ﬁts“’tlﬁg Ehg%graphs of the fluorescence .

sol uti onggof POSSHG, A%aiéﬁt}ﬁe%%&?e%e(fo?i)@ssﬁw presence (right) of 25 3.2
llMDNAunder WV radi ati on at rorm

, FIG. 5 is the Normahzed UV-vis absorption spectra of fluorene dimer

_ '(FF), POSSFF and ethidium bromide (EB) (dashed lines), and photoluminescence
(PL) spectra of FF and POSSFF (sdlid line) in Watér. Excitation at thé absorption
fnaxir_num. ‘ e .

o ! FIG 6A is a graph shbWing the PL intensity of EB at 610 nm as a function
of [POSSFF] for EB/ssDNA and EB/dsDNA mixtures upon excitation at 390 nm.

» FIG. 6B is a graph showmg the PL spectra of EB, EB/ssDNA and

- EB/dsDNA in the absence and presence of 1.4 pug mL™' POSSFF.

| FIG. 7A is the normalized UV-Vis and PL spectra of POSSFBT in water.

15

20  Excitation at 460 nm.
| _ | FIG. 7B is the PL spectra of 2 pM POSSFBT in 25 mM PBS (pH =7.4) in
tﬁe absence and presence of DNA with [DNA] ranging from 0 to 3.2 uM at the
~ intervals of 0.4 upon excitation zat 460 nm. Inset shows the photographs of the
fluorescence solutions of POSSFBT in the absence (left) and presenée (right) of
'25 3.2 pM DNA under UV radiation at 365 nm. |
) FIG. 7C is the two-photon absorptlon (TPA), spectrum of 2 p.M POSSFBT
in water. 1 GM = 1 x 10®:cm*s- photon™"‘molecule™. |
FIG. 7D is the twd-photon excited fluorescence (TPEF) spectra of 2 pM
POSSFBT (labelled as FBP in the figure) in the absence and presence of 3.2 uM
30 DNA ubon excitation at 760 nm.



FIG 7Cis the two-photon absorption (TPA), spectrumof 2 ti M POSSFBT in
water. 1 GM = 1 xcn#-s-photon-I|-nolecul e-1. FIG 7D is the

t wo- phot OWOgrtlV4es82f | uor escence ( TPEF) spectra of 2 p. MPRPOSSEETD/0003abel | ed
as FBP in the figure) in the absence and presence of 3.2 1.1M 30 DNA upon
excitation.at 760 rim 5 FIG 8A-D aresconf ocal |aser scanning m croscopy
(CLSM i mages taken of breast cancer cell’s (MCF-7) denonstrating the use of

POSSFF as a- si gnal anplifier. = . FIG 9A-B are.(A) OPEF and (B)
OPEF/ t r ansni ssi on over | apped i mages of MCF-cells stai ned with 1 11M
POSSFBT. The signa e colle above 560 nm upon atlon 8 nm
FIG 9C and D areFf%EgAr g‘? fcw%mmmﬁax Hn‘igei SFBT

(Q) or SG ( Dlprdddf camclr ceﬁg' @M@Fg‘padeﬁlo%@atﬁ@ th& Gecst PRSI R60:i5Mh uRph ﬁer

excitation at 760 nm FIG are one-photon excited fl uofescence (OF EF)
i mges of MCF-7 1(FIGeI9AsB |a1m049)a®BEFmdNBMQPE&/mnwmecmeﬂaprdnmgerﬁ

{ages h, "5 MGFeels ey D v Qg nir HGRmas atoedistifiofe 380 ot &

E and F, 5esnggﬁby§{a‘ﬁon'5h¢gg‘hﬁor escence signals are collected above 560 nm
excited at 488 nm_ These experinents were conducted under the sanme confocal

| aser scannl ng i d:rIGS(%fpym( € or9 TOEFt imagss Ofé\’lpﬁabﬁu%l@“?ﬁ&ﬁié”l@h]é 8Nhe

scal e bar,
fluor escence s?’g{@; {BL ??Qf@ %r ng S?‘éaﬁ Jrggéghgct ?‘p% %E%&g
concentrat i omxclfdii%nﬁavaoﬁme ext ract ed frominages FIG 9A— F. FIG 11 is a

bar graph depicting the in-vitro viabi I|t of NIH 3T3 cells tr w th
POSSFF sol ut i ons d%GtWe‘\ -E sreenfrphgtomexcied uerfsqesp%léfk EF)G“@ECS(%@%E% gray)

or 0.1 mgpnl Lhi 9,% }th ﬁ% %ﬂce%aﬁo ??Ac(ﬁrurm&@réen"l' @@)I ity of

treated cells I's ca tlvetot untreated cells wth a
viability ar t(Dt-F)aﬁbr B)h tEBR]nedi @$ a0 pM for infag& A]1B and Carespbativelyi. c

' usgt»:r ?t | Qn [gG] 1s'] % 1b de (Sj 0& ukﬂror 1magesq£ (E el(f'F (jx'ee;[p%gtgve?)cl ‘The fluorescence
|  signals are collected above 560 nm excited at 488 nm. These experiments were
conducted under the same confocal laser scanning microscopy (CLSM) settings.
15 hnagés A-C share the same scale bar, the same for images D-F.
. FIG VIOG.is a graph depicting fluorescence intensities of the cellular nuclei
_ as a function of dye concentfation. The data are extracted from images FIG 9A-F.
v FIG. 11 is a bar graph depicting the in-vitro viability of NIH 3T3 cells
treated with POSSFF solutions at the concentration of 0.01 (black), 0.02 (dark
20  gray) or 0.1 mg/mL (light gray) for 8 and 24 h. The percentage cell viability of
| 'treatéd cells is calculated relative to that of untreated cells with a viability
arbltranly defined as 100%.
- FIG. 12 is a schematic 111ustrat10n of POSS-based label free protein
detection.
25 -
-DETAILED DESCRIPTION OF THE INVENTION
- A description of example embodiments of the invention follows.
The teachings of all patents, pubhshed applications and references 01ted
herein are incorporated by reference in their entirety.
30 ' Fluorescént nanomaterials have been widely épplied in sensory and

biological applications. Although semiconductor quantum-dots (QDs) have emerged



25 DETAI LED DESCRI PTI ON OF THE | NVENTI ON A description of exanple
enbodi nents of the invention follows. The teachings of all patents,

publ i sheaw@ppl/gedskons and references cited herein arePCRSG2pO089366 by
reference in their entirety. 30Fl uorescent nanomaterials have been w dely
applied in sensory and biological applications. A though sem conductor
quant um dot s (QDs) have energed 6 as a category of alternatives for
organi ¢ dyes, the concentration dependent cytotoxicity of QDs, mai nly
caused. by OX|dat|ve degradation of the heavy netal conponents remai ns a

probl-em al t hough: vari o nodi.fi cations. have been to coat QD cores with
ZnS shel | or ais%r"?ﬁ’@? é#f?étﬁgﬁpﬁ? OEPIEACt e%ltg b5 c nmatrixes.
St abi | i zat i ongyRito @y bQDE Ih&iglFHus&)Sy S8t R aaat &eaﬁheh frRAGS! |
nodification, yg{/%nt ual I y inparting thi'ck s%el I sg{ hat1 precl ude t hem from

entering nuc|oemponans,hem@mgatpeahivraratthmghtvan@um@iﬂmaonﬁ hewg been made to

sensitive blose rs re e, th escent to hav xcel | ent
phot ost abi | i t°§7 n@@ LS "?@Hg 311681 beﬁc%fl §blsl n c glgﬁ with snall
mol ecul es 5t hajolyrréit rh@tnlil@s ISadbik£htion of @sqwbaﬂbgsansglstémlgeq@xﬁbé sdvefe upt ake,
nanoparticles are nore likely to traverse the nuclear pore conplex (NPC) to

t he nucl eus wrfp%s}gpdﬁ@cmm asendpnllyBnparting hick shelisshafpyesiedebem

one- photon fI E%I%&t% i ncl udi ng reduced phot odamage, i nproved

spat i ot enpor a I'on, decreased Raman scattering, and mnimzed 15

cel lul ar autofl uorlhﬂnm;gacnhnndedmédsmaEMg mﬂcﬁenmvelmgans@ysl s highly
desirabl e. Despite these advantages, .two- ph ton_fl uo scen# ;'ngl ogi.es
are rarely expiuiretheflyoreseegt matenalsdp haye exgsl ?IH(S’!‘BWS (QProayss)

chronophgpes ! ggtbrfg}g@f Ol?ngdgh*‘ﬁhh’orﬁ&rﬁh Bmbi $ndIetl & 4Bat tQRﬁb%'b@ﬂeJ RAhe

nanomat eri al s orescence i magi ng of nucleus remai ned a
chal l.enge at d.ytwlasmmlrnfg eellnlar nptake, |mnopa2m1‘ﬂaeme hhelgt@trgme;:thc nor gani ¢

hybri.d t |s_wh t f th
extremely | olngsr wdy CepplredRED b BatoclabSo? ol g Y Yot

' advantages over one-photon ﬂuorescence including reduced photodamage,

1mproved spatiotemporal resolutlon decreased Raman scattering, and minimized
15 ) cellullar autoﬂuorescence two-photon fluorescent nucleus imaging is highly
des1rable Despite these advantages, two-photon fluorescent technologles are rarely
. exploited due to the lack of two-photon absorption (TPA) chromophores that can
selectively stain the nucleus. Designing TPA nanomaterials for two-photon
fluorescence imaging of nucleus remained a challenge at the time of our invention.
20 Water-soluble organic-inorganic hybrid nanomaterials which have the merits
| 'of inorganic dots, but with extremely low (or no) cytotoxicity are described herein. -
These nanomaterials are conjugated oligomer substituted polyhedral oligomeric -
silsesqﬁioxanes (POSS), which :'have the high photoluminescence quantum yields in
biological media, good environmental stability and long-term stability. These hybrid
25  nanomaterials can be utilized as efficient light-harvesting molecules for optical
amplifications in biosénsof and bioimaging. Participation of these nanomolecules in
biological assays can signiﬁcantly ennance the fluorescent signal, ultimately
allowing naked-eye detection of biomolecules in trace amount. The advantages of
the compounds of the invention include a reduction in the amount of dye and laser

30 © power required to give bright and clear images.



These nanomaterials are conjugated oligomer substituted pol yhedral

ol i goneric sil sesqui oxanes (PGCSS), which have the high photol um nescence
guant um YWeI2ds1/446882  bi ol ogi cal nedi a, good environnment RCTSGAOI0003¢6 and

| ong-term stability. These hybrid 25 nanonaterials can be utilized as
efficient light-harvesting nolecules for -pptical anplifications in

bi osensor - and . bi oi magi ng. Parti'ci pati on of these nanonol ecules in

bi ol ogi cal assays can si-gnificantly enhance the fluorescent signal,

ul timately all-owi ng naked-eye detection of bionolecules in trace anount.
The -advant ages of . of., Lhe. | ol d 1. C [ ioen in the
anount of dye and lfotl] g(rap %ﬁg%ggn/ecrmlrsésﬁﬁforx%g gl \)é’&b*lr&g?eﬁ"?%ﬂﬁ‘g@?% ac:ﬁ-c i mages.
7 ' Pol yhegipelndy, whiviesbonsistiflasiitouoxypaecage ROSSInded by ausdlegrganic Of

pol ycyclic conpounds, which consist of a silicon/ oxagen cage.surrounded by

t unabi e or garseestisution grevuRs: Hiye ie hemano-sealed dimensiopand Tacilgmadifisa¥endfon and

facil e nodifi i 0 i L0 5

or gani c-i nor gsgﬁ%dg& %&%8%3?35%%5@%@ ééngr%sﬁf ?&%ﬁﬁﬂ%fbl?ﬁkag?rescent
nanonat er al songihuchion gfiflserescent namoamteeiats. RGBSugasomdfiworescepd @88 haveost  of
them are synthesi zed by attachnent of. ot i c _dyes to .POSS, e e | ow
sol ubi lity arf§eR FFRPEEGMRost P? : CW‘E§&%§EW a&ﬁéﬂ"%l"ﬁﬁa{nc aggs to&ﬁ?é’gat ed
pol yel ectrol yigsh ﬁﬂ%ﬁé_&v s@ﬁl@ilﬁ? ﬁh&&é}&&ephfnae@bmgi@l x%lg&aﬁ&QEs) are

fl uorescent macrono ecul es w el ectron-del ocal ized backbone and 10
wat er - sol ubl e si déanjugates. potyebectrotytesoiCPEishandrenngugatddooligoplertnal yteh e

| i ght - ha t - ‘ ti f conj t ed. : i th
behavi ors o CREsDPgHoktsSes Rasrangiits b el e eed SEAPOREARE | bt on
of sensony arhtérBRUIBMsidRERIASR There Thrctional @RRARI Combiidrhé Hglhtdtlkhangs of

CCOEs -can result in polyner ‘aggregation and often result in self-quenching
of the fl uor @sereriies df goniyaated polymerswith glegirostatic bebavierssofedectrolydgsev at ed

i onic strength. .Ti S : . ' - PSS, have
m ni m-zed seltp 0‘8&@%3&?@3 °§E avi or sftdisgérilléggétgdntn%fesr eﬁ# %ﬁ%@g{éﬁ%@g@:&? “opti cal
appl i-.cat i ons.The hydropRobielatomatiz! babkisoney bf COBs Raivedsalt in pslymenagaegatiohe based
on pal yhedral oligonerjc¢ sil sesqui pxane (POSS) and conj ugat.ed

ol i goel ect'r oIayé@ﬁem)ﬂ%?el%wnclmgﬁﬁ&%ﬁiﬂqrmswsleéﬂ?e%E}f‘éwsalil rHestng i s
descri beqshergl ' ot T RRE LR dhe TBH YA S hhef! G 1 and
POSSFBT, qIgl Gﬁf%ﬁeggggﬁg%ggﬁmof .aﬁgtli’l'giérglem I |S%§ﬁ-%%gg§§a§%e ’surer ounded by

t he cat i oni.c aGathedito®OSS, have minihized selfiquénchagybehdvios, ami aya ¢hemeforest r uct ur e
provi des nucl eu?ﬁh?eé)?eabi lity.and |light-up response toward DNA, enabling to
sel ectively. idepiahls 1o oPHeAL aRRIi9aBAS- st r icture with a high 25cont r ast .

' : ' A water-soluble hybrid unimolecular nanoparticle based on polyhedral

61_igoméric silsesquioxane (POSS) and conjugated oligoelectrolyte (COE) for two-
20 photon fluorescent nucleu‘é imaging is described herein. The three-dimensional
| 'macromolecule (POSSFF, FIG. 1 and POSSFBT, FIG. 2) is composed of a rigid
silicon—oxygen cage surrounded by the cationic COE arms on its globular periphery.
- This uhiciue nanostructure provides nucleus permeability and light-up response
toward DNA, enabling to selectively illuminate the nucleus structure with a high
25  contrast. o
Cationic Qligoﬂuoréne sﬁbstituted POSS compounds are nanorriaterialS that
are efficient light-harvesting anterinaé for optical amplification in biosensor and
cellular imaging. The synthetic route toward POSSFF is depicted in FIG. 3. The
synthesis of POSSFBT is similar to the strategy described above for POSSFF and is
30 - depicted in FIG. 4. | |



Cationic oligofluorene substituted POSS conpounds are nanomaterials that
are efficient light-harvesting antennas for optical anplification in
bi osensorw@rdiggPdsal ar i magi ng. The synthetic route towRCH/SBIBBMPI366
depicted in FIG .3. The synthesis of POSSFBT is sinilar to the strategy

descri bed above for . POSSFF .and is 30 deplgct edin FIG 4. 8 In.
summary, . the synt hesi s invol vés the pal’l®adi um nedi at ed Suzuki

Cross- coupl i ng reaction between .
2- (9, 9- bi s(6-bromohexyl ) fl'uoren-2-y1)-4, 4,5, 5-

tetranmet hyl-1, 3, 2-di b |
R TSI EE It I M e thoypaljedipmy ediated Suzui cross-
2- (7-br ono- 9c%al%lir&(r@a&foﬂrﬂéﬂﬁ‘é&ﬁ@-@wasRT]Ur%}ﬁo%e)?yl Lﬁ)rénGZ 4>mshaexyl ) fl uorene

(3). Quaternization of vmthtrlrrethylamne afrorded 2-

br ono- bi s( 6- Nethamethyli k2 tdjoxaboretanie (i) anshd, T ﬁfbrqmpé%ﬁrhys(ﬂyb@@@lﬂxﬂ)ﬂwrene
t t hyl h fl I th

wat er - 5ol ubl LA 21 ke SRR eSS Dol i o e
Pd( QAc) 2/ B( 0-bréthyHex$1)Blaérhy @ dQiiaethieuR bfmgnmaﬁﬁteu@mlae aftbated 2t(1e

cationic macronol ecul e POSSFF. Exanple 1_10 grow des_ further synthetic
details for HRMA-DEESANNimticdmpymoniya)hexpuerenyl)-Bis(@-NeV-Mvention is a

polyhedral as a
DD o mpou R e fmOl LRIV RiGAE FOTROBAY BB, W EREPRIbRe™> B
POSS core andimértdans féatted withRictaviryl @OﬁSx(tS)J vie ath{OeAca)z/P(uhelyé)b nathlygedCOE or
CPE, or both is attached to the P core,at 15 t | ons .of the
POSS core.  Heck 1%%°Réﬂ9ﬂ6$£ﬁﬁat}WP?r8W°F “% ﬁé}f@ﬂ: %‘M‘F sent ed
by the f gl Oi%r ﬁnﬂﬁ‘%ﬂé 1e6i Qo Sor bothOSIHE & FOSEItPT & oup or an
accept abI es ereo erein: ‘
“One embodiment of the invention is a polyhedral oligomeric silsesquioxane
_ 'c_ompound, herein referred to as a “POSS comppund.” As used herei_n, POSS
" compound is a compound that includes POSS core and either COE or CPE, or a
mixturé thereof, wherein the COE or CPE, or both is attached to the POSS core at
15 the sii-icon atoms of the POSS core. N

One embodiment of the invention is a compound represented by the

- following structural formula:
' R_R
, - 50
o 5' o\g' ‘ R__R
*sig f0—5i2 | ’ ' gy
4 O\SI\ ‘\)As{ : =9 Q'O Covs>—{ote B\ !
S /%i/ 0 “a

N (o]

A: Conjugated OIigelecvone | L Q'O

R: Cationic Side Group

_ . of an acceptable salf thereof, wherein:
20 |  Arisan dptionally substituted aromatic grougp;
“ | Ljnker is a single bond, double bond, triple bond, -CR!;-; wherein R! is
' hydrogen, halogen, hydroxy, amino, C;-Cgalkyl, C;-Csalkenyl, C;-

Csalkynyl, or C;-Cgalkoxy; wherein the alkyl, alkenyl, alkynyl or



20Ar is an optionally substituted aromatic group; Linker is a single bond,
doubl e bond, triple bond, -CRin-; wherein RL is hydrogen, hal ogen,

hydr oxy, Wi2a0/04@82C6al kyl , C - Céal kenyl, Cl- C6al | cynyPCTSG200/0@B&b koxXy;
wherein the alkyl, alkenyl, alkynyl or 9 - alkoxy may be optionally
substituted wi‘th hal ogen, hydroxy, Cl- | koxy or amino; each Ris.
|ndependently hydrogen, a cationic alkyl “side group or a cationic

ol i go(ethyl ene oxide) group. In a specific enbodinent, mis 1 or 2. One
enbodi ment of the invention is a conmpound represented by the follow ng

structural fornula: ncS| cept ahl al t
t her eof ; wherein: Ar i saﬁ?frzfyér& Y on‘?ﬂt'lo?a gﬁ%‘%btsf‘&%do‘ﬁlﬂiﬁ%lﬁg?n g‘ (g'?o p7'"10Each
Li nker'is a si ngl e bond34ant@54§ablea1hmgl triple bond, -CH2- or -CH2CH2-; each

R i s independently hydr ogen, a cationic alkyl si de Egr oup or. a cat|0n| c
ol i go(ethyl ene oxiedeh) gméspenﬂsmtlmdéegﬂ@s a s Akl sidg groHR of AgEIMIGON | s _a

Corrpog nd represent ?Qo(%ﬁéh% oxide) group. In a specific embodiment, mis 1 or 2.

5 One embodiment of the invention is a compound represented by the

following structural formula: -

R R
A - D> -
] o-SI’O\SI ‘ _ .R R ' _ ' '
SiO/O\s s O ' ) S
o\ o\s. é)As/ A=< Q'Q Cnke>—{_AL B\ .
~o/2=si =/ :
As'\ofs{ <0 "a R R

" A: Conjugated Oligelectrolyte  \_ Q'Q 5
' ' : R: Cationic Side Group
l or an acceptable salt thereof wherein:
o " Arisan optionally substituted aromatic group;
: 10' .‘ _ Each Linker is a smgle bond, double bond, triple bond, —CH>- or —CHZCHZ-
. a.n d :
| each R is independently hydrogen, a cationic alkyl side group or a cationic

oligo(ethylene oxide) group.

15 * In another embodiment of the invention is a compound represented by the .

. following structural formula:

Sond @R

A: Conjugated Oligelectrolyte

éui acceptable salt thereof; wherein



follow ng structural formula: A AA ..sblo,s1(0 A/ \ Si SLA A Conjugated
Aigelectrolyte an acceptable salt thereof; wherein - 10 - Each Ar is

I ndependewOl2g11203088pt i onal | y substituted aromatic group. PCT/SGpewiohdseal |y, Ar
can be.independent!y selected fromfluorene, benzene, biphenyl, 5 pyridine,
bi pyri di ni um-triphenyl am ne, anthracene,,thi ophene, carbazole, or
benzot hi adi azol e. Opti onal substituents include those defined by R

Each Ris |ndependently ‘a‘cationic, anionic, or neutral alkyl group or a
cationic, anionic, or neut'r al ollgo(ethyfene oxi de) group;

>

: Each is indépendently selected from:

*ﬂ«:} O

Each Ar is independently an optionally substltuted aromatic group.
: Spemﬁcally, Ar can be independently selected from ﬂuorene benzene, biphenyl,
5 pyndme b1pyr1d1mum triphenylamine, anthracene, thiophene, carbazole, or
benzothxadlazole Optional substituents include those defined by R.
~ ' EachR isindependently a cationic, anionic, or neutral alkyl group ora
catlomc anionic, or neutral ohgo(ethylene oxide) group,
. Each Linker is a single bond, double bond, triple bond, —CH,- or -CH,CHj,-;
10 | Each R’ is independently H or a terminal reactive group. |
o As u_sed 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
unit (e.g. (-CHCH,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
15  in the chain. For example' “poly(ethylene oxide) refers to an ethylene oxide répeat
unit (e.g. (-CH,CH,0),, wherein n is greater than 10. Specifically, n is 10-100, 10-
200 10 to 50; or 50-100.
- A cationic alkyl side group is an alkyl group that may be straight or branched
and mcludes a moiety, such as an amine, that confers a positive charge. A cationic
.20  oligo(ethylene oxide) group is a polymer of ethylene oxide that includes a moiety,
such as an amine, that confers a positive charge. The amine can be a primary,
secondary, tertlary or a quaternary amine. Spec1ﬁca11y, the amine is a quaternary
amine. A cationic alkyl group includes, for example -(CH;),NMe;X where n=3 —
» 13; 3-5; 5-7; 7-9; 9-11; or 11-13; and specifically nis 6. A cationic oligo(ethylene
25  oxide) group includes, for example, -(CH,CH,0),NMe;X, where n =2 - 100; 2-50;
2-25; 2-15; 2-1‘0; 2-5; 50-100; 25-50; 15-25; 10-15; or 5-10. The anionic counterion



Each Linker is a single bond, double bond, triple bond, -CH2- or -CH2CH2-:
101 Each R is independently H or a termnal reactive group. As used
her ei n, WDIZQIiIMﬂSSfZers to a nononer unit repeating ten ®CTISE26101004366 i n t he
chai n. - For exanple, olrgo(ethylene oxrde) refers to an ethyl ene oxide
repeat unit (e.g. (-CH2CH20)., wherein n_ s 1-10; 2-10; 2-5; 5-10; 2-8:
2-6; or 3-6. As used herein, poly ref et “to a nonomer unit repeating ten
or nore times 15 in-the. char n. For.exanple, "poly(ethylene oxide) refers to
an et hyl ene oxi de repeat unit (e.g. (- CH2CH20) n, wherein n is greater than
10. Specifically, nis 10-100, 10- 200; 10 to 50; or gl&g . A
cationic al kyf I%ﬂekr@teg\rfmp, hus isznet limited t‘@rf%?i‘m?’ Bra), B ﬁ%ht or-
branched and. tr&fﬁ% el i Ve
charge: A cat ‘oni g‘g‘a‘&f‘ﬂ%ﬁ% e‘rcilean giﬁﬂssﬁ? %Esp I'S Ig)p&wl?r% IEHgt&ﬁyl ene
oxi de that incl udetsnaltfablaﬁdyysldsgtdupasamaikwgmm ﬂlahmhybeﬁtfragbtcahwsilcﬂ ve

charge. The am . ne can be a pri r , secon ertiar uat ar
am n(ge Speci fandas yRcharged. é‘ﬁ’lpqll@' P ’H%P@ﬁ'ﬁﬁ%ym&rﬁt%s %P EHfi Hﬂ "3{‘3'@ Y
group inc Ud ouﬂ éy‘ﬁi?fl’ﬁﬁ%lﬁw &ﬁ@nﬁlb%@3§pwﬁéﬁlynanelﬁral alk3l gdupis - 7; 7-9;

9-11; or: speci fi cal A cationic oligo(ethylene 25
oxi de) group (@H&)@Hg wHanclnexaBrﬂBe5 13(33|§|2®I—Q-@W+NWH@W& moéethylmezoxldq)oo

2-50; 2-25; 2-15;.2-1 5

ani oni c count%?‘?ﬂ)ﬁaﬂﬂg"ﬂﬁl‘%egwg@g 2@@ %‘%’Gfﬁﬁgffg {:ljugeﬁ,;ggﬁ] but
i's not 1im tednbOimfted toBtAoRI el oxid diﬁ( thﬁ“&?aiﬁﬂd ﬁcal
hexaf | uor ophothatme1 and tetraki s[%x,1 d)g?s trr?‘l uor omet hyl he %bor ate. -
A neutr al aI Iqeutrslra!bylgnmrpd«t group isa( Kb CH 2@ He uherginy 15 8- ])sq% i ghP-28¢ -
branched | r may include 3-100 atons.

Speci fi c Iy, SSRUQ?’EaﬁSQ T r%k)k‘?"'n 3813)03 13 carbon atonms. Specifically, a

neutral al kyl" gr OUAQnhﬁmn(c@ﬂ@)Eﬁbl%rOMemalkyhgﬂoapﬂialmay'be]s&mgﬁt61' or 5-100.
A neutral oligo(ethylene oxide) group is a q? ui%r of. ethyl.ene oxi de that
i s unchar ged.branched and, }ncb-}dﬁﬁrﬁm%ﬁ'gy’@&%as yutcd (sugpic) phasphepie gr

ol go(et hyl eng JarByHle) Rt é@g%@s% AifanomPBREHIIY oxBePBdLpal

et hyl-ene oxi I's - erein n is
1015;- 50-100; or&ﬁlﬁ@lhy[bﬁe 851,de)1@'011151s a)poly'm&lOof ethylenemmdtrﬂl@hncludﬂktymoﬁﬂe

roup i s _an aIk grouy str nched and ncl.udes a‘
?mr ety, ddch € aﬁana&‘rl@ i‘%’gfulco ‘Hﬁ‘bg’b ’W%S}’@Pﬁ%%fﬁ%e)g Yo nf er s
a negative c &ﬁgﬁon{érg;ﬂ@ aeruaesoch&% eihy xgoﬁzemcd)%k VIR iDSdIvdted hy| ene

r e

oxide) group is a pol of ethyl ,ene_oxi that includes a noi eté 15such

as an acid ( sfidrhpbutds ngttisipsddo; &OpYchOleamtﬁOﬂhmd s HG 3a50n w%ive

o ser ect ed 1o Fbfh 2eEs ISR 1505t Fo-157%s Sl AEBBN.His2 08§ X
is 3-100, 3-5fkalPmefl 013anl§ka13ea1@n métab; Spelifitaldy, \Qﬁ-s@&cteaﬁi'o?@,bui&rikﬁ or

5-10: Alternatively, nis 2 Y is an
20 llmlted to,Na" and K"

As used herein, a terminal reactive group includes, for example, COOH,

pd
=

(i—

NHz, CHO, and SH. The presence of a terminal reactive group is to allow for
bioconjugation of the POSS cofhpound to antibodies. Conjugation to an antibody
would allow for targeting capability of POSS compounds, ultimately making
25 specific biosensing and bioimaging feasible. v )
Conjugation reactions are known to those of;skill in the art. For instance,
when R’ is -COOH or -NHz, a carbodumlde-actlvated coupling reaction can be
conducted between the POSS compounds and antibody molecule. The compound is
first activated by 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) and N-
30 'hydroxysulfosuechﬁnﬁde sodium salt (sulfo-NHS). Next, antibody is added. The
| product can be purified by dialysis or sodium dodecyl sulfate polyacrylamide gel



al kali metal or an alkali earth netal. Specifically, Y is selected from
but is not 20 limted to, Nat and K+. As used herein, a termnal reactive
group i ncWodQes/o4882 exanpl e, COOH, NH2, CHO, and SH. Th@CpiS€3em®e0iss a
termnal reactive group is to allow for bioconjugation of the POSS conpound
to antibodies.” Conjugation to an antibody,would allow for targeting.
capabi ity of “POSS conpounds, ultimately making 25 specific biosensing and
bi oi magi ng feasible. Conjugation reactions are known to those of skill in
the art. For instance, when R is -COCH or -NH2, a carbodiin de- activated
C g g TR A GRS S MBS RAB BRBI A 2T oy
1- et hy1- 3- ( 3-FHSEhitBcAF ORPOARY With asrbertgd dpaility=0ed GaérdT MHergfanson, Ed.
hydr.oxysul f osucci ni m dg] sg?i um sal t sulgfé(;ﬂ-pNHSf}E Next, anti body i s added.

The product diifcomdugsate lechriguesy Agadenyie Prese,r1 996the entinsdeashings of which are
ot on vi elietorategnbfeis bERAEIRAD AR Eisirnio Urd o ARAER Y bebw Gl iy O

capabi | i t 5. Smea BDSY cdre thleOG0H on~CHD. Bi oconj ugat e techni ques. Acadenic
Press, 1996, the eptire teachings gof which are incorporated herein by
reference, for. des&%ﬁ»léﬁs%l%%ﬁl'F‘Ff@n%ﬁ%"rﬁ’%amp}/e:bet ween NH2 on a PUSS core
to -COCH or -CHO "Linger—rsma s rrorTci e for, exanple: , for
exanple:  "Linker is N Suninsnn ’gf?g?ﬁg‘f“@!e'; for exanple: CH

“Linker is a double bond” means, for example: .

. . . . | . 3 . . ) .
o - 7/C ; for example:

- Gl —cH

10 “Linker is a triple bond” means, for example:

D c=—c— Gl - focxanvie

“Linker is -CH,-*“ means, for example,



10"Linker is a triple bond" means, for exanple: cc, for exanple "Linker is
-CH2-" means, for exanple, WD 2011/040882PCT/ S&2010/000366 - 13 - .CH2
for exanpVe 2011/d4pa8ar is - CH2CH2-" neans, for exanple, , PEBSGaKAMPI366 CH2

-13-

“Linker is —CH2CH2-“ means, for example,

G oo

CH2

. ' In a spec1ﬁc embodlment Ar is selected from the group consisting of
5 - ﬂuorene benzene, blphenyl pyr1d1ne blpyndlmum triphenylamine, anthracene,
thlophene carbazole, and benzothiadiazole. '

In another specific embodlment each R is independently selected from the
group con51st1ng of hydrogen, -(CH2)aNMesX; -(CHz)nNMe3X; -(CH20)aNMe;X;
and -(CH,0),NMe;X); Wherein' X is an anionic counterion and n is 3 to 13. In

- 10  another speciﬁc embodirﬁent, each R is independently selected from the group
| consisting of hydrogen, -(CHz)nNMe3X and -(CH,0),NMe;X); wherein X is an
anionic counterion and n is 3 to. 100. -

~ In yet another spe01ﬁc embodiment, X is selected from Br’, I, BF4 , CF3SOs5’,

: ainmomum hexaﬂuorophosphate, and tetrak1s[3,5-b1s(tr1ﬂuoromethy1)pheny1]borate.
| 15 In a specific embodiment, the compound is represented by the Vfollowing
" structural formula: | '



, I'n a specific enbodinent, Ar is selected fromthe group consisting of
fluorene, benzene, biphenyl, pyridine, bipyridinium triphenylam ne,
ant hr acer¥0 20H/3p8sene, carbazol e, and benzot hi adi azol e. PCT/SG2014/08¢%6¢ her
speci-fi'c enbodi nent, each R is i'ndependently selected fromthe group
consi-sting.of "hydrogen, -(CH2)"Nwe3X; -(CH2).NWe3X, -(CH20)"Nwe3X; and
- (CH20) nN\Ve3X)'; wherein X is an anionic counterion and nis 3 to 13. In 10
another specific enbodi ment, each Ris independently selected fromthe
group consisting of hydrogen, -(CH2)nNMp3X and - (CH20) nNMe3X); wherein X is
an anionic counterion and n is 3 to 1Q
enbodi ment, X is selected fromBr-, Fg
hexaf | uor ophosphate, and tetral ds[ 3, 5-
15 n a specific enbodi ment { Y he conpoung
structural formula: - 14 Y % anot her
represented by the foll ow ng St\u Y
Anot her enbodi ment i s a conposi Rco 2 Si @ POSS conpound and a - 15
- Anot her enbodi ment of thifyinvgntion is a method of inaging the
nucleus in a cell, conprising the : %_Iscyﬁ‘:~§a\exposi ng thcell to a POSS
conmpound; allowi ng the POSS confafind TgsDispilot /1 pEc| £8 gnd assayi ng t he
cell.-to deternine the @‘@ . ﬂ) G ‘ﬂ' hi or on the cell.
, >< |

is repretd by the follow ng
peci fi O- bodi ment, ! conpound is
‘ R =-(CH2)6N(CH3)3Br 0 e

In anothef specific émbodiment,? compound is _represented by the following

- | structural formula:

R = -(CH,)gN(CHa3):Br
® ©

5 Another embodiment isa composition comprising a POSS compound and a

carrier.



As used herein "assaying" refers to a determ nation of the quantity or
| ocation, or both of the PGSS conpound "VMisualizing" is a nethod of
assaylng\VOZOHﬂA&Based herein a "cell" is any cell w t hPaTHGEIIVO80366
Specifically, ‘the cell is a eukaryotic cell. The nucleus within .a
eukaryotic cell can be inmaged by the useq ?f POSS 10 conpounds of the
invention in bioimging of live, fixed cells or cell |ysates derived

t hereof fromfixed or dead cells. The nmethod conprises the steps of
exposing the cell to the POSS conpound, allomnng t he PCSS conmpound to

accumul ate W thin bl dliseifblor Bl i3S bRl SERggH 1

from the POSS conpou Horescence em ¥ can

techni ques knpgell, b@npﬂaﬁﬁgﬂafst@kbfIexpaslﬁgtmeeen td-5 POIs$ domiouda:,allbmmacence
conf. ocal m croscopy and two_ photon fl uorescence mcr oscopy "Fl uorescence

spect r oscopy"POSY sempensio hind the guclens and assaying fisellte deigbrinnhe pcatigns 5
type of. el ectgtqg?gf)gglcgnégﬁgmggﬁ)énw(%ﬁ anal yzes fluorescence froma

sanpl e.” A beam I ght', "usua travi light, is used to 20 excite
the el ectrsons in nas e@dllmeelmfassmmgtrefemsmmdmdminmmnsdfnme queatityter em t |i ght

of a lower energy, typica t hot n sar|I . V|s|bel ht ..
Typi cal |y, qﬂBﬁégc%‘yntg’éh {P,(&écgmpq% ol VE ;S @rmsthodye "gFFB"‘Eﬂfferent

frequencies of fl untes%a%teut b 9Bt My @énewﬁmtttle@u@ysfecﬁﬁ 8he Y41 i@
hol ding the excitation light at a constant wavel engt h wo- Phot on

Fl uor'escence fsqkeltyptlosdbpy" is a type of fl uorescence spectroscopy t hat
relies on the qua itan us n o I (of
ei ther the sane or ?‘8&?&8}]%? f}cg B ?:HP%ge byrtﬁeusez%hﬁ{% her ei n
" exposi ngot heoeqiohnapoﬁtheuie%&rp@rm&mg] oFaive, fitkd etk br eldlysdies ReEo&d
conpound are resent in the same contal ner or in the sane solution 30 and

may come i nt dhetsef fiem f@@é@sﬂﬁ%ﬁi qeHe Ehe methed croupgsesohpsignsiof exppsing theaddi ng
e oS SRR SRS cobh ol AR OS5 iR ALyl 8 1
cells ar e as sathd celliand vfshulﬁmﬁgﬂrerihﬁrescence emitted from the POSS compound. The
ﬂuorescence emitted can be assayed by techniques known to those of skill in the art
15 and 1nclude, ﬂuorescence, confocal microscopy and two photon ﬂuorescence
.. microscopy,
“Fluorescence spectroscopy”, also known as “fluorometry” or
“spectrofluorometry,” is a type of electromagnetic spectroscopy which analyzes
fluorescence from a sample. A beam of light, usually ultraviolet light, is used to
20  excite the electrons in molecules of certain compounds, causing them to emit light of
| 'a lower energy, typically, but not necessarily, visible light;
' Typlcally, fluorescence spectroscopy involves measurement of the different
frequencres of fluorescent hght that are emitted by a sample while holding the
excitation light at a constant wavelength. '
25 “Two-Photon Fluorescence spectroscopy” is a type of fluorescence
spectroscopy that relies on the quasi-simultaneous a‘psorption of two or more
photons (of either the same or different energy) by a molecule.
As used herein “exposing the cell to the POSS compound” means the cell
v and the POSS compound are present in the same container or in the same solution

30 and may come into contact.. Exposing the cell the POSS compound includes adding



spectroscopy. In a specific enbodi nent, the fluorescence spectroscopy is
two photon fl uorescence spectroscopy. The POSS conpounds of the

i nvent i orivoan11yg088an be desi gned and used to anpllfy t h@CTISGRY1880e36¢ e

si gnal s. of organic dyes (such as Fl uorescein, -Rhodami ne, Texas red, Al exa
Fl uor, cy3 Cy5, ethidiumbrom de, thiazgfe orange et al.), fI uor escent
protelns and fluorescent nanomaterials ?such as quantum dots, 10

nanocl usters et al.). By choosing appropriate oligoners as the arm of the
PCSS based nol ecul e, the spectral overlap bet ween the em ssion of the PGCSS

conpound and t|o e optinm zed to allow
efficient enéflegeosg g‘%‘ l?'h %siﬁ?illld %’Jﬁf}ﬁ‘t‘lgﬁ? nfeﬂgwgg%l gnal s.
FI G 6 denonshltpfasthe b@usenergy transfer between POSSFF and et hi di um brom de
in solution, which can 15 anplify the ethidiurn brom de signal by a factor

of 50. The Javae embpdineat pitheinyegtion, the ealls areassayed mougtfogescence
ticl th
oo P e canpEasBiy IR et S, MORKREPe HlrdsfahARERo LheY can

surfaces 6f rphbtbp&lddr@baﬁ:cspéuiropb@w surfaces of gI ass or quartz) via

el ectrostatic-interactions. The fl escence of POSS- based dots is
only observed in tifeER¥Y %@Wseg&d’?‘@ﬂlP%Fﬂb@c@ﬁ@qﬁ %‘fm‘g‘Fsﬁgl‘bnshl p
bet ween t he taﬁ{r;@ﬁg (HRTMRELERR s Mist ot rdanfOf RS GARA S ?fuoPéggénbﬁﬁ&dMeaodot s

al so -allows fo eci se quanti ITcation of the tar get. I'S
schematic il I'Emhsmd; Atexaﬂ*‘hRffBSyhébédethmh brwmmlemmelemrat@e@tai)on The

nmet hod co r esth t eps of, sing the na article to the PCSS
Comound.  andRGretE PRtFES R tROTSFe Bateta SRS Bk xavrbin 0RS poss
cormpound.jgTh elaﬁt»a@srt% CEA10EBS %h&ésﬂfk @%ﬂo&m@aﬁgw@s bythé ﬁﬁhafﬂfé@@s@ own to

those of skill in the art and inclu fl uorescence, confocal m croscopy

and two phot dnasetdl m@lﬁeﬂc,dheepqﬁrek@@d@pyem therepeigsiomof the POS Seamimsund

quanti fiying.a | ecul e r|S|n the t ens. of 03|

B ool ecul o RoRED 8 5 b Rt B B SR i ABREAGih Grray | owi ng
the pol yhedr atanSfet gmﬁpmptﬁeélm@utpaxmc a?erﬁgtma RIG. bidefohsiratdsahe

bi onol ecul e; -and %ISS%BE%}; heg% ﬁgggé)a‘!bsh i %Imerdl C S‘Ié# gesqullyo}?ane
compound, V\enm ap (S5t gtbgBum bromiderin sefution.ivwhich ¢an :

bi onol ec%e . ?%ﬁféee%ﬁ ﬁ%ﬁﬁﬂéé‘fﬁr‘?& B éﬁp‘ Sof &y hod, t he bionolecule is

i mmobi |'i zed-on*a;nano ar IC AS{et g?o detect a bi ol ogi cal

nmol ecul e, conpri: sé[ﬂletvtmelsioda.ﬂﬂe BOSSHyasebflidrescent rnodgts anianopartiales chm te
support; incuba i, mobi lized, a mey with a test sol ution posi ng
the test sol 3% %ﬁsgen%?%mﬁﬁ%%f%msge rtt;%yemsgaé%amcak L‘a e and
measur ing t Nnfd ALRSGEAEE (sBth biturl &Furfib b ARopdiGES Bld 91%5@ Glirefids bhe

bi ol ogi cal

glass or quartz) via electrostatic interactions. The fluorescence of POSS-based
20 nanodots is only observed in the presence of captured target. The linear relationship
| b_etwéen the target on surface and the fluorescence of POSS-based nanodots also
ailows for precise quantiﬁcation ot’ the target. FIG. 11 is a schematic illustration 6f
POSS,—béséd label free protein detection. The method comprises the steps of
exposing the nanoparticle to the POSS compound, and visualizing the fluorescence
‘25  emitted from the POSS cempound. The fluorescence emitted can be assayed by
techniques known to those of skill in the art and include, fluorescence, .confocal
microscopy and two photon ﬂuoréscence microscopy. _
One embodiment is a method of quantifiying a biomolecule, comprising the
steps of: exposing the biomolecule to a polyhedral oligomeric silsesquioxane
30 - cempoﬁnd; alloWing the polyhedral oligomeric silsesquioxane compound to bind to

. the biomolecule; and assaying the polyhedral oligomeric silsesquioxane compound,



Aptaners are ol igonucleic acid or peptide nolecules that bind to a specific
target nolecule. Mire specifically, aptanmers can be classified as: DNA or
RNA 10 apwerzerig4ossensi sting of (usually short) strands eCTeG2eom0EEe0t i des
or peptide aptamers, consisting of a short variable peptide donain,
attached at both ends to a protein scaffold. An aptamer to be i mmmobilized
on the solid support is selected based GE nits ability to bind the

bi ol ogi cal nol ecul e of interest. : As used herein, a "test solution",
is a solution that may or 'may not contain the 15 bi ol ogi cal nol ecul e of

interest. The presence and/or quantity.of the. bi ol ogjcal cul e of
interest may tﬁéuﬂgtf@éli"eﬂowfeﬂ'\'@- ﬁ%?ﬁ ligqerf‘ gdimep Sd’i‘u‘?tg‘l’)‘i’ the A
" bi onol ecul .e"bi&hollégﬁlg!ié)ﬁhﬁg%il' &fdhhophriieleudes nol ecul es associated with

cell's. “For instance bionolecul'es include, but are not linmited to, proteins,
peptides, nuclei c Aaietind tbidetedss bislagirad mobéculea comprses thexstgpses nimimehilising

thereof. 20A "bi omarker," s used.herein,.i s _any.substa L he - -
specific bi ndPARTIHE L &sgpqprbm?tgg}g_e lmmoxlh_z‘e&f’ﬁtf}ﬁl%ﬁ"é%& l‘{g one or as
part of asl argfitioRDeo¥ing Wi tedtSsolutiok @ X polyhedrar Sligomericsils@qgivkasy br anched,

saturated aliphatic group having the specified nunber of carbons,. typicall y
5 my

having 1 to I@mpenhdrandmesesuringihe flvarescenge af thy test selutipn, shereby.defecting

have 1 to 8, .1 to. 6 0 to 4 carbon atons. This termis exenplified by
groups such atgplﬁﬁchf’fe&%ﬁyl n-propyl, isopropyl, nrbutyl, isobutyl,
tert-butyl, nhexylAptaimérstareoligdtficleic acid or pephidk amydculesahiatibind to aspetifiai ght or

o1 aups have e molésulzo Mere s G auiptingr oon bb Ssevhed 15 KRVS 3 B 2LKemL

L oSS S o i o e

like.. - " Alowyistig of edletisvatiable peptide dpmainy attachedoit ddthedrids baa proteinoup

Cantai'n 2 1o SRR, drgartamegs begnm ool og tho Rt RBHER ssher i BYRodh A0S,

?Lg”fiskfe_hc,' UdghiGy Y Bld the G%ng,icgﬁ)ﬁm?e%&vdfiﬁteﬁéem , pentynyl, hexynyl, and
S ' " As used herein, a “test solution”, is a solution that may or may not contain the

15 ) biolo?giéal molecule of interest. The presence and/or .quantity of the biological

molecule of interest may be detected by the method of this invention.

A “biomolecule” or “biological molecule” includes molecules associated
with cells. For instance biomolecules include, but are not limited to, prbteins,
peptidés, nucleic acids, lipids, sugars, biomarkers or any combination thereof.

20 A “biomarker,” as used herein, is any substance with the specific binding
| .with a certain biomolecue. , |
.' “Alkyl” used alone or as part of a larger moiety such as “alkoxy”, refers to a
| straight or branched, saturéted éliphatic group having the specified number of
carbons, typically having 1 to 12 carbon atoms. More particularly, the aliphatic
25 group may have 1to 8, 1 to 6, or 1 to 4 carbon atoms. This term is exemplified by
" ~groups such as methyf, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-
hexyi; and the like. | |

“Alkenyl” refers toa strai'ght or branched aliphatic group with at least one

double bond. Typically, alkenyl groups have from 2 to 12 carbon atoms, from 2 to

30 8, from 2 to 6, or from'2 to4 carbon atoms. Examples of alkenyl groups include



"Al kenyl ene" refers to an al kyl ene group with in which one carbon-carbon
single bond is replaced with a doubl e bond. For exanple, nethylene,

et hyl ene,wWonepyl4esse, and the like. 10"Allcynyl ene” ref ePETISG20M/0a03¢y] ene
group with |n whi ch one carbon-carbon single bond is replaced mnth a trlple
bond.. "Aryl" used alone or as part 8% a larger noiety as in "aral kyl"
refers to an aromatic carbocyclic group from6 to 14 carbon atons having
asingle ring or multire condensed . rings. The term"aryl" al so includes
aromatic carbocycle(s) 15 ‘fused; t o cycloalkyl or heterocycl oal kyl groups.

Exanpl es of ar cl ude fI e, e bi phenyl e,

bi pyr.i di ni um® ﬂéﬂb’ﬁ@éﬁ&?ﬁ# 5 'pé‘?ﬂeﬂy 'Cﬁ%}i (It'lﬁ??e “B al%FIg*X %P%cfﬂ
benzot hi adi azgke, and the Iike. " Al koxy refers to the group -0-R-
where R is "al kyl", cycl oal kyl ", "al kenyl", or "al kynyl". Exanples of

al koxy gr oups i ncladkeynfyb refsraitepd Sralglﬁwhbr@pch@balmhhmgmueﬂlh@ngﬁy eagtrld t he

form or in t AEe PERRYEN BreBhe, T duesly Ao BUfEEMs LT 0T D 08 105, 00
salts maysbe &Qttau%fbohmtdrs@cmﬁqﬁmﬂwgwu SirkRITR QLI (LCEOH),

phy5|olog|cally accept abl e -aci ds 'and bases. anpl es of such salts

i ncl ude. but qampamggtl (4(II|haCIEéIH); perttynﬂyldnﬂxlynyll,dmlthh)hkeobrom de, hydr0| odi de,
hydr of | uori de. ni t S ate, sul f at sul

bisulfite, phospha enzﬂﬁnﬂ ff‘%?)"éﬁ?]%‘?@lﬂy{?ﬂ gb‘ﬁ‘p‘ﬁlo‘g Rag ear on-Girbon

di hydr ogenph%w@ﬁ&d 1§'Fép§’é2:€@%9ﬁ?&&oub%d?ﬂh%%ﬁérﬂple'rﬁaﬂy&ﬁé ifRfine, acCet at e,
trifluoroacetate, propionate, caprylate, isobutyrate, |actate, salicyl ate,
citrate, tar tplr‘a!mne;%@ldﬁhalllkce mal onat e, suberate, sebacate, mandel ate,

chl orobenzoate, nzpa di ni enzoat e.. pht ate henyl acet at e,
nal at e, B nt ot hena ‘I? rf‘?’feﬁftsé li(ofeﬂgtgéoupwmlg’wgghe{%?ﬁ%ﬁ%‘,"c%&f’%ate
genti-sinate, S{W;ﬂtlgrqﬂﬁ&@%ﬁftﬁmpwernate saccharate, formate,
benzoate, glutamate, nmethanesul fonate, ethanesul fonate, benzenesul f onat e,

p-t ol uenesul fonateAéMH%MQD‘éOI(?PSI@ﬂOfalafgermOICtyaSln ‘aralkyl” refers to an
1,1 -nethyle t & ds of
the i nvent i on%?%gt%t? $Srm %ﬁcééu Fﬁ»B ?@a‘léﬁ%%%@a%{@sggﬁpég t’e Y él’igus anm no
aci.ds.” Sui't albhelti le&en&aisédsnngscInﬁeembtﬁrya’raisonﬁtluﬂembmdué carbodyum(gy um
calcium [Lithjiu Ma esi um - pot assi unij sodi um - zinc, . and di et ha | am ne,

N, N - di bdfzyifeseditp endenlkri ardetezeqyslogikybersrne, Examplesel anth sroupsin 3&3? ami ne,

et hyl enedi amgg e BELBN, SIPHEATT PiidiAl SighrRAbACHRAbAamHe, GifaBLl | cation

thiophene, carbazole and benzothiadiazole, and the like.

“Alkoxy” efers to the group —O-R where R is “alkyl”, “cycloalkyl”

':5_

“alkenyl”, or “alkynyl”. Examples of alkoxy groups include for example, methoxy,
20  ethoxy, ethenoxy, and the like.
| The compounds accordlng 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. o o -
‘ 25 ' " Examples of such salts include but are not limited to hydrochloride,

) 'hydrobromide, hydroiodide, hydroﬂuoride. nitrate, sulfate, bisulfate, pyrosulfete,
sulﬁte; bisulfite, phosphate, acid phosphate, monohydrogenphosphate,
dihydrogenphosphate, metaphosphate, pyrophosphate, isonicotinate, acetate,
hiﬂooroacetate, propionate, caprylate, isobutyrate, lactate, salicylate, citrate, tartrate,

30 oialate, nialonate, sube'rat_e,' sebacate, mandelate, chlorobenzoate, methylbenzoate,

dinitrobenzoate, phthalate, phenylacetate, malate, pantothenate, bitartrate, ascorbate,



Exampl e 1. Synthesis of POSSFF and POSSFBT Synt hesi s of

2-(9, 9-bi s(6-bronohexyl ffluoren-2-y1)-4,4,5,5-tetranet hyl -1, 3, 2-

di oxabor ovVare11(i#yss22- Br ono- 9, 97bi s- (6- br onohexyl ) f | uor @6&/SGCABANGG66 7. 95
mol ), bi s(pi nacol at odi boron) (3.02 g, 11.93 mmpl), and potassi um acetate
(2.94 15 @,29* tnnol) were placed in a 19§-nL round bottom flask. Anhydrous
di oxane (80 nmlL) and [PdC12(dppf)] (0.20 g;0.24 nmol) were added to the

fl ask and the reacti-on vessel was degassed. The mixture was 'stirred at 80C
for 12 h under nitrogen. After the m xture had been cooled to room
tenperature, dio ro oration. The.residue was

L etted v HoGRER il seaRnate Hoialind ety OH AR R Rise, S g W th

wat er “and br lmﬁnataruénﬁudt@%lwxﬁate 'ieiasdsufofdi, letafesulfofate Hendtesiiishate; MOV ed
and the residue was purified by silica gel col unm chr omat o raph

y
(di chl or onret Patelyenesutivaate -any papoate (ich-d.1>metipthenechis-62-Bydroxy-3-naphthoate))
2, 7-di br ono- e r ne (1.23
g, 5 ol ) wAbit st SRR i LhRRERE oy Fhor Bhdinac RSBV RGBS { 100
nm., 50 wo, tsehts withivydicusmiing aids. csmdble(base(ﬂs’i&s thcludebitlae n(ﬁtrliimted to,
1, 2-'bi s( 2- br onoet hoxy)ft hane (13.9 g, .50 nunol) at .75 C, After 15 min, the
m xture. was ¢ rr%@tgw%mnmtéﬁsum’twﬁwm gyt CcH2C12, the
conbined org Vel aqueous HCl1 (1
M, water, qrgéﬁﬁl ne an FTed &gg(g%%ﬁl\{l&s&r Aéfctglél\réa‘tflg)grlg\eial of the
sol vent and tdwck»hcs)slamineZethSI&nhilar@ﬁ}ebNanﬁhylghm)mdwamiaprot:inae sati due was
purified by silica gel colum chromatography usi-ng hexane and _
di ¢hl oromet hane (1:2) as the eluent, and - 20 - recrystallized from
et hanol qpd @j@%gﬁgm@, to afford I\/IZ as white needle crystals (1.50 g,
48.09% . . Synt'hesi s of
2- (7-brono- QWQGG-MEQS/PQSSEEMMSSFETbl s(6- bronohexyl)fl uorene

bl ) ot st um EXURTR EL (Ao P Ptk S LR a8 oune

bott om f | ask dzdécawazme(lpfz Bfiney-9,0163s-6)brémiehéxgl)dasené 8054%k)7.98s added to
the flask and the reaction vessel was delgassed The m xture was vi gorousl y

stirred at 9@meolr)<br8(m nagglatodiboras) (3-02 gab!l 83 B1meel).128d powsivEAseAtE (@

di chloro o]
St o OB 2R el A FEHICR SOHER ol ARNIRIL S ABLIY Yo
sol vent vvas enlamrda{Pddlzqdﬁpt)]e(OQOtgthASﬁhmﬂ) wematddaistowhé €flagkidridfthefkabyorc ol umm

chr omat ogr aph silica gel wusing dichloronethane/ hexan 1:5) as- el uent
to affor g 3p v%sse{.I "ghcquxture was’ stlrreg at 80°C for 12 h unger(mtrogen fter

2- (7- br.ono- biggd H}Ja%éﬂ'@éd"%ﬂ lﬁmﬂ'tb&maﬁt’ﬁ}‘é )d;dx'dﬂé@g%ns oa/e%irbrrotawyl ani ne

bi s( 6- NNN—trlrre yl amoni u exy\Wi of ene (4
(-5 evaporatlon The residue was extracted with dichloromethane, and the organic phase

20  was washed with water and brine, and dried over magnesium sulfate. The solvent
| was removed and the re51due was purified by silica gel column chromatography
(dlchloromethane/hexane—l :2) to afford 2.
. Synthesis of 2, 7-dzbromo-9 9-bis(6-bromohexyl)fluorene (2). 2, 7-
Dibromofluorene (1.23 g, 5 mmol) was added to a mixture of aqueous potassium
25 hydroxide (100 mL, 50 vx;%), tetrabutylammdnium bromide (0.330 g, 1 mmol), and
-1;2-bis(2-brqmo¢thox9)ethane (13.9g,50 mmdl) at 75 °C. After 15 mfn, the mixture
was cooled to room temperature. Aﬁér extraction with CH,Cl,, the combined _
organic layers were washed successively with water, aqueous HCI (1 M), water, and
brine and then dried over Na;SO,. After removal of the solvent and the excess 1,2-
.30 - _bls(2-bromoethoxy)ethane the residue was purified by silica gel column

c_hromato graphy using hexane and dichloromethane (1:2) as the eluent, and



15 nL) +as added dropwise to a solution of 3 (1 g, 0.94 nunol) in THF (10
m) at -78 C. The m xture was allowed to warmto roomtenperature. The
preci pi t O 20H#4p888i ssol ved by the addition of water (1®CHKISG2018{00¢366t he

m xture was cooled to -78 C, additional trinmethylamne (-3 nL) was added.
The m xture was stirred at roomterrperat ype for 24 h. After renoval .of the
sol vent , acetone was added to precipitate 20 4(1.2 ng, 98% as white

powder s. : Synt hesis of 4-(9, 9-bi s(6-bronmhexyl)-9Hfl uoren-2-y1)-7-
bronobenzot hi adi azol e (7). 2-(9, 9-bi s(6-bromohexyl)- fluoren-2-y1)-4,4,5,5-

o br omobenzothi xR SO BTl i o PR Mlteitalle ogals o).

25 pot assi um(¢30oag0e)( 4. 43, 32 0 rrm)l) were placed in a 100 nmL round
bottom flask. A m xture of wate and tol uene (3 added to the

flask and the reacnrthgsisabd&l- bﬁﬂéoé?eogéé cerompheaiueren )xﬁa%-%’w@or ously
Zflc[llrg(rjoﬁ;[at ﬁ%ﬁgn&ggyég%%gﬁe%ﬁf%g gctl orﬁmi{?34tsog’ he Or?@ﬁéﬁh&;“ on was

separ.at ed Sandng;am%dnmol)hpditassnnn babonate .43,130. (Bﬁnmﬂ)swmqﬂmdd s 10@&@4 The
sol vent. was evapprat ed_off, and’ th sol i r|f|e col um
chr omat ogr apH9 batiom flask, & mpxdurg e H’aﬁl(g%@gé ‘ifﬂj}‘ Sﬂg‘ ) Was p “{P 5) as
eluent to af figg ﬁas%sanartﬁéfexcﬁdrﬂwsyel %Hugﬁséép%mxm@&% SroRBYstird 8 /- 87
(m 3 H, 7.85 (d =7 26, 7.66 (d, 1 H J
= 7.57), 7. 45907’C3®rerdpys3 AHi)er 1t3~@7copted td rcmm Semy@er@ire, 61cal©)rqmethame—\&asg7 (m 4

1.74-1. 62 3 8 1.17-1. 04 0, 83; 0. 66
(H) m 4 H. 136‘1&&% éﬁ"zH%f’a mﬁé% Tl(“g}’%ﬁ‘ﬁf PORLON oS S%%@@éf%h%% 50. 90,
141. 76, 140. Wine b@ﬁr@&rmrﬂg%‘veﬂﬁnh;@&xs@@l SO28rhe4olvkrBwadevaperatedtoft, had RS,
123,79 122.91, 120.13. 119.89, 112,81, 55.16, 40.12, 33.92, 32.60, 29.04,

27.73; 23.61. somre(smswemﬁeﬁhbzf cphmpchrpmatogsphy leasilicacgel using

4- (9, 9-bi s(6-4 1)-7- 10
brf)m)benlzgg hi a azo ea@m@mgwma&)%oﬁgggregn{r?mt hyl am ne (-5 nl)

was added dr OpWI S&Syhthesis Sﬁi?-l(ﬂ-bmndlfns% WNIN, -t fn Iy Lsmmonium)h el drienyt)-) - at
-78 C. The mixture was all rmto roomtenperature. The prec |tate

was redi ssol PaHo %Ntﬁﬁér"a%réylemmnw)vb&w)ﬂl(omer{ﬂ) Condensed trmethylamipe(
cool ed tqs- 7%]9&%%&& Jﬂo%%pxifgfﬂﬁf(%(g éxﬁl}wﬁn?ﬁ‘ﬁ%{nﬂﬁtm t“re

was-stirred-at roomtenperature fo enoval he sol vent,
acet one was a€d&te mixtpreswasgmallosted t3 watm4o nepm 8d¥feraterey Thé precipitaderas. | Fl NVR

F b T e e SO
(3,18 H, 2.5, gd(ﬂﬁor(d%rﬂl\/@lanﬁneg%_énu?wwhd%d |"ﬂ'he ﬂmé@re]wa%%tlfr% a(BrOlSDn

1.12-0.78 (m- 4H). (13C N 28, 154.5
152. 26, 20152cropSatuteifor 34 h. mmovma@ﬁtbe solyas, mtontm(aadedl@mrec%mmes 93,

128. 46, 585 ]48(’1 2 mg, 98%) as white powders.
- Synthesis of 4-(9, 9-bzs(6-bromohexyl) 9H-fluoren-2-yl)-7-
bromobenzothzadzazole . 2-(9, 9-bis(6-bromohexyl)- fluoren-2-y1)-4,4,5,5-
tetramethyl 1,3,2- dloxaborolane (6) (2.84 g,4.60 mmol) 4,7-
dibromobenzothiadiazole (2.16 g, 7.36 mmol), Pd(PPh3)4 (53 mg, 0. 046 mmol),
‘25  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) adfied to the flask and the reaction
vessel was degassed. The mixture ‘waé vigorously stirred at 90 °C for 2 days. After it
was cooled to room temperature, dichloromethane was added to the reaction |
‘mixture. The organic porti(m was sepé.ratéd and washed with brine before drying

: 30 - over anhydrous_ MgSO4. The solvent was evaporated off, and the solid residues were

purified by column chromatography on silica gel using dichloromethane/hexane



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 POSSFE Cctavinyl PCSS (5) (11.4 ng, 0.018 mmol),
4 (187 mgyoantiosseol ), Pd(OAc)2 (3.2 ng, 14.4 ['nop, amdTRGemmhsEy 3 (24
rrg, 78.4 25 punol) were placed in a 25 nL round bottom flask. A m xture of
DVMF (1 nL), and triethylanine (0.5 ml) wag _added to the flask and the

reaction vessel was degassed. The m xture was vigorously stirred at 100 C
for 36 h. It was then filtered and-the filtrate was poured into acetone.
The preci p| tate was collected and washed with acetone, and was redissol ved

n water. t o] dr en
:‘ i1ter to gi 3(13%?%1%%1#1%[1&8\?@?{(11)4% g? {ﬁghh{ﬁd l-i’?#l\;ilpr o@ﬁv{i{f\?\/gy&?f |%f Ilnggy Y
di al ysi's: agai?mgt (m3 H), 7@5vd £H, U 7]&4)@737% KIDH, JT79I7eZﬂ),I "A66 (an;llg-ntJ =€m150jf :
dialysis -2 reeze-d 4 ny,

P R o0 Ly SR G S AL A TR e~ 2 KN
PGSS (5 11. 0 9 1 ﬁfﬁe 3.2

14. 4 én’z)lg P??air%%d {88 yf@)()ﬂ ﬁo{t@if@g g?) vvempl acﬁ In 212225( m pgund
bot t ﬁm ; : i:t MHz CR{QDe6 pﬁmbwﬁc(é)l) i3 .35,462. 88215&1.9@4|1&1n76,el{(x)5(513{i)37was added
t/:)gf)l’ gusl y st %gd{‘gilﬁ‘g&g @%?%7 g’?’tl ?2@29’&%&% ﬁ\glpﬁé’ filtrate

was poured i r1"19 8aC84. 96‘940 1'§h93 DL.ED 60, bol0a, ¥AF3 %'dleM§Ml®Ilet‘be§le th
acet one, and was redl ssolved in watér. The solution was filtered through a

0.22 gm 10 sy7|07:3@é1\'ﬂr|ven filter to give linpid sol utlon Finally, the

P aca ar el ant SSouets 4 Y Bt AN kil eiie hep ket K751

POSSBT (96 NGvordbénzofhfadnlzbR (8)?($gﬁﬁ1e§i§ bf o,whddnbar ﬁlmelﬂ)?llaINMR (5L )N, CD30D,

8 8. 47
7. ?Pp 76 (magiéed#ropvrlssfgoasqlgmelhpf 3 (kg 09417141!10?) @ﬁ%ml%ﬂl&% 78§§H5'be 38 (m

?mH) g E‘) 09 ( %&1 éﬁﬁg)"f al%mégﬂ)% \’@gm(trd]rogin |_grnpe'lrats?l?e Jl'h@?)récmltafjé Ws redisstved 40
' by the addition of water (10 mL) After the mixture was cooled to -78 °C, additional
.tnmethylamme (~3 mL) was added The mixture was stirred at room temperature for
15 24 h. lAﬁer removal of the solvent, acetone was added to precipitate 3 (1.4 mg, 99%)
| as yellow powders. 'H NMR (500 MHz, CD;0D, § 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). (**C NMR (125 MHz, CD;OD, & ppm): 155.28, 154.50, 152.26,
E 20 152.055,143.31, 142.18, 136 97, 135.38, 134.03, 129.73, 128.93, 128.46, 125.18,
- '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 dctavinyl POSS (5) (11.4 mg, 0.018 mmol), 4 (187
mg, 0.144 mmol), Pd(OAc); (3.2 mg, 14.4 pmol), and P(o-tolyl); (24 mg, 78.4 -
25 pmol) 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 tl}e reaction vessel was degassed.
The niixturd 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 witﬁ
o édetdne, aﬁd.was redissolvdd in water. The solution was filtered through a 0.22 um
30 5 syringe 'dr,iven ﬁiter to vgivd limpid solution. Finally, the product was purified by

dialysis against Milli-Q water using a 3.5 kDa molecular weight cutoff dialysis



Thi s uni nol ecul ar nanoparticle has a good water-solubility (-23 ng/nL at 24
C), as aresult of its high charge density on its nanogl obul ar surface. The
nor phol ogyoant/@sse of POSSFBT were studied by hi gh-reseCuisicanotoneseni ssi on
20 el ectron mcroscopy (HR TEM. Spherical nanoparticles with an average
di ameter of 3.3 0.5 nmwere observed, ch coincides well with the

si ngl e-nol ecul ar si ze of POSSFBT. POSS c6fipounds contai ni ng catoni c,

ani onic or neutral R groups on either Ar or 25 Ar' can be synthesi zed by
the simlar nethod as that used to synthesize POSSFF and POSSFBT. Exanpl e

SOssrE | - warRRERNE P Bliot S e BRR EDSsKE a8 M 580 pRBRhagsr

absor ption am:ghepélwpdswﬂag(l ma of POSSFF are 390 and 433 nm respectlvel y.
The -phot ol uni.nescence (PL) quantum yi el ds of POSSFF is 0.85, °
measur ed using quinhesis af PASSFBR @ctgwnylr&M(S()(ﬁhbﬁmgzﬁ;ﬂlélmel)oS GIQP as the

st andard. Mor nap St ate buf fer
sal i ne ( PBS, I%%\ﬁefgrh&%a?f &@%@@%g&éx?gém%%?t@n ?‘?gghplﬂﬁoc resi st ant
f1 uorescefice ymdlpeefeisid maQSrIﬁEedundn:ettgm filskoA niigturopf DVEH (1anh),iahd cat i on

i n biol.ogical .app]ications. I e 2b Sig Anpl i fication ysing POSSFF
and POSSFBT ,g (&p%w“taf) aﬁheeq%?w%%wafg gaRdi fy t he

signal of et ﬁﬂfé'dﬁ%&é%@%&%@y&ﬁfeﬁ‘é@ﬁ'ld:*;ﬂffor%% ?ﬁ’@é&kﬂ&ﬁfﬁlt %@Yhet ransf er

10 experiments were. condu I'n 25 nm PBS at m an or
[ dsDNA] =2 nffiltrate W&@OHMW@C@H@%@W@CMIW th callectediang wa’shﬁBﬁnlhDNA upon

direct excitation of .EB at.47 Id of that - o fr and was
nearly the saEon pates rdispbed mvaRy s siredibroeBh G2 issrr
i nt o EB/ PHA %91114 d @iven!flRr id % ﬁﬁﬁﬁd‘&olﬁﬁ&ﬂﬂnamf tﬁ@b%cﬂ@@d’blﬁiﬁ‘ddt I on at
390 nm 15 was - | ected at 610 summari zes the FRET-i nduced

PL intensity d@alymmt MIHHQ‘\MW using %)5 5d@mol@@niclewclght ¢ubeft dialysis
ey doona wh TamEe ok driebt ARG e BT CoHk IR ARGERT S L
[ PGSSFF] = 1.yélibwdibets: I NMR (500 MHz CD30D, o ppm): 8.47 (s, 1 H), 8.43 (d, 2 H),
| o 8.31 (d, 1 H), 8.25 (d, 2 H), 7.74i-7.76 (m, 2 H), 7.83-7.74 (m, 1 H), 7.74-7.63 (m, 2
15 - H), 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'fm, 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

20  electron microscopy (HR- TEM). Spherical nanoparticles with an average diameter
| 'of 3.3+ 0.5 nm were observed wh1ch coincides well with the single-molecular size -
of POSSFBT. |

POSS compounds containing catonic, anionic or neutral R groups on either Ar or
'25  Ar’ can be synthesized by the similar method as that used to synthesize POSSFF and
POSSFBT. ! |

‘ Example 2a. Optical Prbperties of POSSFF and POSSFBT
o The optical propertie$ of POSSFF in water and in buffer were examined. As
| 30 - shown in FIG. »5,4the absor_ption and emission maxima of POSSFF are 390 and 433
nm, respectively. The photoluminescence (PL) quantum yields of POSSFF is 0.85,



20The PL spectra at the saturation point are depicted in FIG 6B. For

EB/ dsDNA/ POSSFF, two em ssion bands centered at 443 and 610 nm are observed
corr esporNiDrg11f(d088pe f| uorescence of POSSFF and EB, respEESGRe105p0036he PL
intensity of EB/dsDNA/ POSSFF at 610 nmis 52-fold of that of EB/dsDNA. In
contrast, only the enission band of POSSh g is present for 25
EB/ssDNA/POSSFF and its PL intensity at 610 nmis sinilar to that of

EB/ ssDNA. As a result .of the discrepancy in the signal anplification and
spectral profiles, naked-eye discrimnation of dsDNA from ssDNA in the

presence of P f r cent

sal uti ons of @gﬁﬁgﬁﬁﬁﬁ%ﬁﬁilOnf%&%%gg%éﬁéjgﬁdd sgﬁhe of 1.4
jig ni-1 POSSEndarddviord6ber] the qudhtumdyields oNP@SSFE homommﬁioﬁpha@é:buﬁ&NA] =20
nmand [ EB] =2 gm were_taken. The photographs - 24 - show_ that the

fl uorescence Sé*qu_‘lfﬁﬁ\lRHs'oM? ars{s80. sTheexremely strongiand iopicEenisiatt POSSFF,

whi | e strong ce of
ke oy " AR s PUSSRE G3PREGARIS RRBEN R afoRRRRACP, O
opti cal sﬁecthlologrball%w%‘bnsn wat er are shown in FIG 7A-D. POSSFBT has two
absor ‘ption peaks at 320 and 468 nmwith the emission maxi numat 650 rim
The PL quantumyield of POSSFBT is low (1% in water), which can be
substanti al | ye\ahsIe2pE Si G@WM ﬁéa%h'uﬂﬂn pOSSPRANIPOSORBT! N addi tion,
POSSFBT coul d be ‘excite ot on absorption), which can be
used for mul ti phothqandghtyg)fPQﬁﬂFé? @mmmmnbtmﬁmlmépﬁnse of

e ne (Poa SR HChSRaC el iR O Sl o BAARRRRRE 70 Lol 1 on

of DNA'ingo tdﬂper&ﬁéﬂtﬁmfewﬂdua%uﬂmm&l[EBi £ e ahd pssDNA]@se i n the

em-ssi on -of POSSFBT. The saturation occurs at where the

enisl. sion i r[fiﬂ?ﬁﬁ 1 §7 20 Hodurabsenge G ROISHR, the 161ff?f]5f1‘56)’9f1ﬁ3/4$ BP@han t hat
th b P F
!sﬂbst gl’ltal Zlelny tur r’fe[”)@@bn {)ﬁi ‘{ﬁl eagﬁﬁ %r{g)h% f&%ﬁfﬁ%ﬁ@%?eg V@éofg[ I(:che

(i nset of FI Ghe Sdd)e asthat dfl@thBJfbrlEﬁmmm. Idﬁo:Pﬁi&lfc&ToﬁR(DMKFiﬁNA results

fromthe co exat i on bet opposi tel y-charged POSSFBT and DNA via

el ect r ost at {Tﬁg ’ PB%Vf‘iAﬂ‘t‘QfﬁscFW Sc‘@'fai g Qﬁgé ‘g’oﬁfE}F‘S’éWBBF ¢9QMi r onment

to reducgs20 @Q%ﬁg&é@&tm@qﬁﬂ\een the polarity-sensitive arm of POSSFBT and

wat er. nol ecul es. he TPA cross sections (02) of POSSFBT in the absence

and presence of DI‘MGV\éAesumnmes thatFREThinduead Pib attensitgof EBZONA asar escence
R N T e T e T T T
to 770 nm  Thro hifsigifichrtlTnereased for EB/dsDNA, while it slightly changed for
| EB/ssDNA. The saturation occurs at [POSSFF] = 1.4 pg mL™.
20 | The PL spectra at the saturation poirit are depicted in FIG. 6B. For
' EB/dsDNA/POSSFF, two emission bands centered at 443 and 610 nm are
ohserved corresponding to the fluorescence of POSSFF and EB, respectively.
The PL intensity of EB/dsDNA/POSSFF at 610 nm is 52-fold of that of
EB/dsDNA. In contrast, only the emission band of POSSFF is present for -
‘25  EB/ssDNA/POSSFF, and its PL intensity at 610 nm is similar to that of
EB/ssDNA. As a result of the discrepancy in the signal amplification and spectral
profiles, naked—eye discrimination of dsDNA from esDNA in the presence of
: POSSFF Jbecomes feas1ble |
_ _ Photographs of the ﬂuorescent solutions of EB/ssDNA and EB/dsDNA in
30 the absence and presence of 1.4 pg mL™' POSSFF under 365 nm UV radiation are
shown in FIG. 6C. [DNA] =20 nM and [EB] = 2 uM were taken. The photographs



25 POSSFBT in water reveals that a2 reaches a maxi nrum of 126 GM at 760 nm
within the detected range (FIG 7C), which is conparatively |arge anong the
exi sti ng wet2er/8e88abl e TPA chr onophores. The TPEF of 2 BNIBG3BEBT36war d
DNA in 25 mM PBS was then probed upon excitation at 760 rim As shown in
FIG 7D, the TPEF of POSSFBT has an em ?ﬁl on maxi numat 608 nm and its
intensity increases by -12. 7 30 fold in the presence of 3.2 uMDNA rel ative
to that in the absence of "‘DNA. In fact, the 02 and a2(1) of POSSFBT/ DNA at
760 nmare 220 and 145 GM' which are VO 2011/ 040882PCT/ SG2010/ 000366 - 25

- respective apd 11.5 .han t hose of. POSSFBT al.one.
Smiarto | rbbyhi e ioretieted QU R SHulioas VPR ekin R e Ofon. of
POSSFBT i s ageysdmd v&lﬁ’l'e strbfg bRAYARA b{h'll fludrdsBenda)aes Stlineld ¢ the présefide @mophor e
m cr.oenvi ronrrent I?Oﬂ ‘conpl exati on. The DNA-i nduced enhancenent in the TPEF

of POSSFBT ( -POSSFH for £B/ss T‘b’bﬁBdEBﬂhBNA belntiens, raspertivelyt in its one- phot on
fluorescence (-6. TﬁeciL%%uE eJtl %%E&Q?fﬁ@%fﬁllﬁ%@@eﬁh%mTfﬁfG'ﬂ\ | ul ar

I magi ng" woul d have a tras I Ng W POSSFF

and POSSFBT Qub$SEFBTRBas v ovibssrpR6ISpEdks 26320 gﬂbAésanﬁlvuxfm theé eimloﬁmlmadl usi ng
breast 10 cancer cells S an exa i ncubati on wi th POSSFF

sol ution (0. Bt§89 pm) ThﬁiiLma%WF'ér?fPPSgﬁT lﬁéwél% in pafer); which can ey o
fixed for fl %ﬁé&@&&ﬂ&llﬁ&%w R@&iﬁ?&&& on With ﬁiﬁﬁﬁ 109 d A5 @h‘éﬂ%‘%ﬁéf 405

and 488 nm an uoresce SI gna S are co e ranges of 430

to 470 nin anduRiteexciéatv00 nne@pocihows absofﬁhen);wmcﬂc@hﬂeaeedfoecanm ng
m croscopy (CLSM . i mages were taken. 15 The fl uorescent inage upon

excitation ofm'EBPh(ttg’éFma%tlg488 nmis dark. |In contrast, excitation of o
POSSFF ag[9405 nm gfh‘é%?xe-ﬂhgf‘onttﬂml?é et B §n§é S $$W§§%(%a}§?ﬁﬁlé?@58d? o

t hat - POS Fis efficient donor . ecul I magl ng
8A-D) .- One pthesngaaﬂlrt Rlﬁ)mMphmsphhtadmﬁ’er:Me QHBS ApH e 749eay [POSSFBT] = 9A— D)
bas ed , "uM As deplcted in FIG. 7B, addition of DNA into the solutlon induces a
progresswe intensity increase in the emission of POSSFBT. The saturation occurs at
[DNA] 3.2 uM, where the emission intensity of POSSFBT at 610 nm is ~6.7 fold
15 ) thher than that in the absence of DNA. Therefore, the dark fluorescence of
POSSFBT is substantially tumed-on by DNA, leading to bright orangered
~ fluorescence (inset of FIG. 7B). The light-up response of POSSFBT toward DNA
results from the cemplexation between oppositely-charged POSSFBT ahd DNA via
electrostatic attractiohs, which in turn creates a hydrophobic environment to reduce
20  the contact between the pelarity¥sensitive arm of POSSFBT and water molecules.
- _ .. The TPA cross sections (02) of POSSFBT in the absence and presence of
DNA were investigated by two-photon excited fluorescence (TPEF) technique using
~ a femtosecond pulsed laser source and Rhodamine 6G as the reference. Because of
the laser limitation, o, was measured from 630 to 770 nm. The TPA spectrum of
‘25  POSSFBT in water reveais that o, reaches a maximum of 126 GM at 760 nm within
the detected range (FIG.7C), which is comparatively large among the existing water-
| selubie TPA chromophores. The TPEF of 2 uM POSSFBT toward DNA in 25 mM
- PBS was then probed upon excitation at 760 nm. As shown in FIG. 7D, the TPEF of
- POSSFBT has an emission maximum at 608 nm, and its 1ntens1ty increases by ~12.7
30 foldin the presence of 3.2 uM DNA relative to that in the absence of DNA. In fact,
the o, and 6,®D of POSSFBT/DNA at 760 nm are 220 and 145 GM, whlch are



20 on POSSFBT was investigated and conpared using breast cancer cells
(MCF-7). After incubation of MCF-7 cells with 1 pM POSSFBT for 2 h, the

cel | s werwO20Kéd0§82r i magi ng experiments. One-phot on an@CTRG2PHIODEHG6

f1 uorescence i nages of theMCF-7 cells were then obtained. The fluorescence
signals are col | ected above 560 nm upon_excitation at 488 and 760 nm
respectively. One-photon fluorescence 2577 nmagi.ng upon excitation at 488 nm
denonstrated that POSSFBT is efficiently internalized by the cells, and
enters the nuclei (FIG ,9A B). The nuclei perneability of POSSFBT benefits

o ameter of  CHESHNSEAF7 0751 anfh ey toh e SEBOSSERTANG: SRR Rikpossrer
to traverse tone-phofenBuopasséit behaliibr thei DNA-dnhaisdi TP A0f POSSFBT idsesisénce 30
intensity in the nuclei is higher than that in the cytoplasm due to the
presence of at_o.Flmrgéu%mumthedty%lmmlimtqféhﬁmpéprqm@roe@awomgﬁmﬁ@i ally

enhance the fl uyaores ' | ~ph n '
f | uor.escence cfngg%%ggﬁglglﬁ%el\]x%flf@%eg r?% %%gmdl&]ﬁgﬁgl\%ﬁ ?ﬁ%?s.(é)m%ﬁié?nud ei
are indi cat edoldy is doasiderablydagenthan diat ROESHBIpHdtd I luGesdonce (617 fokd)or e, t he
strongest fluorescence 'f f ocused_on th? nucl eol i \Mlgre the nucleic acid
concent r at i orfellecting it ytilizatiop of TPEFa sellyjar imagingaxguld haye 4 bgstep Roftest:

fl uorescence of POSSFBT is nore effective in visualizing the nucl eus
structure than one-photon fluorescence does, which originates fromthe

hi gher t wo- pHExamplé Bu&elidneaging with ROSSFB an®@CENIFBT oward DNA rel ative to

its one-photon flygrescence.., herical surface of POSS and
DA enfanced 11 uorteoBmeb e ityPBSSFE 3F Higha sAbAist ves ST U HePrFasD o
uni nol ecypar aaceRalld (MCE-7h as arehtmip] e oefterlifdubhibls with PORSFF géﬁfﬁ%ﬁqsﬂt

nucl eus irragii“r;?. Conparison investigation reveals that two-photon
fl uorescence Ke mPIBg\E@, solutipe (¥ pMidorchlk,-MAEt beelks|wave Exedfos dluoreseant | eus

i maging, as a-resulf of the higher intensit an nt of, TPEF toward DNA
ol ative o dmaEngstugfs. TREGUMAR pplRacints e HTARERTEM, M gl 1 PIOCS PO
are 15 ef f edifirézaditRiphelsiapd collebted at tie Fafhed 6f 430 Rl 470 i hedbabiove G50 @eh,

gene/ drug delivery to nucl eus. Exapple 4- Conparison with the Conmerci al

Dye The one- peipeefivebydibecanioraldpses sempmgmuprsor§ L) isrgepetekaed
IN! fgr escqgee T%E'?EF&esESlt iMh 3 up RS AT B 514388 Bih #REHR I QortAgP 2T €d
: excitation of POSSFF at 405 nm gives rise to bright and clear images. These data
show that POSSFF is efficient donor molecule for amplified cell imaging (FIG. 8A-
D). | |
| One-photon and tw'o-photo fluorescent cellular imaging (FIG. 9A-D) based
20 on POSSFBT was‘investi‘g..ated And compared using breast cancer cells (MCF-7).
| Aﬁer incubation of MCE-7 cells with 1 uM POSSFBT for 2 h, thé cells were fixed
for imaging experiments. One-phdton and two-photon fluorescence images of the
' MCF-_7 célls were then obtained. The fluorescence signals are collected above 560'
nm. upon excitation at 488 and 760 nm, respectively. One-photon fluorescence
25  imaging upon excitation at 488 nm demonstrated that POSSFBT is efficiently
internalized by the cells, and enters the nuclei (FIG. 9A,B). The nucleil permeability
_ of POSSFBT benefits from its small particle size (3.3 nm) within the effective
- Etrénsportafio:rg diameter of the nuclear pore complex (~9 nm), consequently alldwing
'POSSFBT to traverse the NPC by passivé diffusion. In addition, the fluorescence
30 - iﬁtensity ih the _miclei is higher than that in the cytoplasm, due to the presence of a

large amount of DNA in the nuclei that can substantially enhance the fluorescence of



20 that for SYBR Geen | (SG. SGis so far the nost sensitive comerci al
dsDNA stain that easily penetrates living cells, allowing for TPEF cellul ar
nucl eus iweghng4®ee 1. M Mckay, K E. Arden, A N ts®R&SGRRIOI080366 Aci ds
Res. 2002, 30, 1292, the entire teachings of whi ch are incor por ated herein
by reference.) After i ncubation of the _6gl.ls with PCSSFBT or SG at the dye
concentration 25 of 1, 0.1 and 0.02 RMfor 2 h, the cells were fixed for
confocal |aser scanning mcroscopy (CLSM experinents. OPEF inmaging was
obtai ned by excitation of the cells at 488 nm and col |l ection of

fluorescence phavfs rison t he
fluorescence ‘i-nage | anﬁy %}gﬁ?é]héﬁgﬁ%?é%{g%%&g ?Qo%e%% thl‘l 7§{)/8P]| apped
i mage in Fl Gsh&@Bthalt enlylthe hnddéicaé adidatedtbyIhe ROGDERAcE 6f BOSSEIB”E m(y o

i nternalized: cell and. accunul ates in the nuclei. The nucl eus
perneability % Dbc%%%%ﬁmtmgﬁtmmsempgﬁ focussron thanpudepibuherathes mal |

WO 2011/ 0408&}1%@@@ a2 OoReAPARA s Ih%?xes& IuP@élf ' ’?lllé%? ahtﬁ‘?e\;ea? hat tWD- % e S

wi thiin the effective transport at anet er e nuc ear re conpl ex
(-9 nm. bn dhivdre¢scence of IR@S§tFBd‘ng rridrueffexztn/enn gishaltwing the mulehestrucmraﬂtanl bed

to the presence a nucl.ei c cl ud| dsDNA and
RNA) -and: t hei®® gﬂfﬂ“ed%l%%\ﬁm F%t ﬂ%m?ﬁnTtﬁ% ﬂ%ﬁgf’lg{ﬂ QYypstantial Iy
enhance the fﬂdé%s@&%@és%oﬁie JSIPBSESIFBT {onaQ(PDtN’@%laﬁ\% th 8 one-photon
hormgenously stai ned nucl eus pattern of SG (F 10D), the brightness of

nucl eol us i n floBSFATest ai ned i mage is slightl y h| gher than that of

nucl eopl asm This grene hou th act that .S |y
shows strong |l ghtqule >PY esﬁofﬁ acF8s\/gP§§(f§%WgWH¥% g&%ﬁéﬁe Eﬂf)@v?og%.?al Iy
strong | iight -cbﬁstf@@ﬁﬁ&éusﬁ-p%ﬂfeﬁiﬂeﬁiﬁmmﬁh@pmﬁﬁehﬂ&é&@ht&ﬁesl for #Wo-t he site
of ribosomal. nthesis, it has _the highest concentration of RNA in

nucl eus. TherP@BS"m orq%?rémlclﬁ%mwg ﬁeemaesmmngﬁsuggh@rsrefvn@s that twe-ar
| eol | t
nucl eol us Mo ﬁ)§ tgﬂ;?%% otf?d%tslﬂ'%rl' S é)?lg'ghg%ﬁt@;&esc mg@l%ﬁgé{fs ion is

further support sim lar nuc which is
a general nu aﬂnagmg,am aiesulyef thé highehmwmmﬁ amﬂaylc?ﬁﬁetﬁlof TPERttoward@NAONS €S

toward dsDNA al For TPEFsd magi ng,. the dye conc§nt rations are fixed
at 1 1.M 'andegfiee o ?tlﬂ Qpe-phaign l\%?see%eqﬂrer%nmmé&e e ifVSRLF afehe cel | s

at near-igfr eﬁeéélma%ﬂﬁ%lals( zmomg%e Gadibged ﬂagaéaf%-gg@ggr&h% g 560

nm - As- shown in FIG the TPEF 1 I ng patter imlar to
that for onenphbu.‘on eXCI ted fl uorescence

Example 4- Comparison with the Commercial Dye
| The one-photon excited fluorescence (OPEF) and two-photon excited
fluorescence (TPEF) cellular imaging based on POSSFBT was also compared with
20  that for SYBR Gpeen I (SG). SG is so far the most sensitive commercial dssDNA
| ‘s_tain' that easily penetrates living cells, allowing for TPEF cellular nucleus imaging -
(See I. M. Mackay, K. E. Arden, A. Nitsche, Nucleic Acids Res. 2002, 30, 1292, the
entire feechings of which are iné:orporated herein by feference.) '
After incubation of the cells with POSSFBT or SG at the dye concentration
25 of 1,0.1 and 0.02 pM for 2 h, the cells were fixed for confocal laser scanmng
rnlcroscopy (CLSM) expenments. OPEF imaging was obtained by excitation of the
cells at 488 nm and collection of fluorescence above 560 nm under the fixed
parameters. Comparison of the fluorescence image in FIG. 10A and the
ﬂilor‘esceﬁce/transmission overlapped imége in FIG. 10B clearly indicates that
30 - POSSFBT is efficiently internalized by cells, and accumulates in the nuclei. The
" nucleus permeability of POSSFBT benefits from its rigid spherical shape and small



(OPEF), as shown in FIG 10A, while the fluorescence contrast between the
nucl eoli 20 and the nucl eoplasmis sharper for the TPEF inage. |n contrast
utilizatiwe 20f1/@®s8as TPEF stain does not provide a cl eaPCESIG2ul0ap0366rage
under the same experimental conditions (FIG 10Dy due to its |ow TPA cross
section. Furthernore, when excited at thg TPA maxi num of SG (800 nn), the
TPEF i nt ensi ty of SG stained inage remal Z'nearl y the sanme as that for FIG
10D. These data highlight -that the.large 25 TPA action cross section (Tio)
_(I)_}‘DEE(_BSFBT in ]Ehe presence of nucleic acids makes it superior over SG for

i magi ng of cellular nucleus. Exanple 5. Cytotoxicify The cytotoxicit
ng . )F>oss_FBT wepartiglesize (3 3amp that s within the %P%HWPSW‘N“U%‘BF‘&&?%@I I's (NI Hy

usi ng met| i phenpy! .t Ofp Bhbe fr¥maki hidiy assay.
FIG. 11 surrnanﬁllmzéé}s&%rgégﬂlnﬁiegl(t ORI Bl M YTy ifare fxc%g%ei frin iy %‘Ef“*- i
cul B ur1 ed }Mth?’hdfbﬁbe@mha passence@f atlarge amaunt dfeuckeicasids (atchwlingydsNABnd 0. 02
or 0.1 nmg/nml for 8 or 24 h. Wthip the tested perjod, the cell viabilities
are close to RIS0yand thair campliges Wehpaoteiny it Buglet (atgangs lailﬁtf"ﬁﬂ;ce |
appl i.cabi lsi t b RubQBQntEEPOSSIVE.Th BRIRPAS EPthb WBmopRORyETailasnadiain si i | ar
resulfts. in cytotoxicity study. Example 6. Nanopartficle based assay p]atform
for lysozynme metmoifiSEh(HE. i0D) she brightndgss ofhleolps indIQRSSHEY-s@ingl images nm

silica nanopartjces. (NPs) j.n splution. | bj. ki zat i on af i

negatively cﬁ;‘ggbti’ﬂﬁ’&ﬁ?ri tﬁ%ﬂ g’?&?ﬁ"‘ﬁ: ?E%@Vlswléerﬁﬁée sg'gu@pbte%%sé@mevari ous
surface _qenS'ﬁiétQﬁat Sthesl§ shiRes Sirshgfzht-up réponskQoivariadsDIN AV wiilecPOSSEBEN ne t o
generate bl ocked Apt- NPS. Li/_soz_yma can be used as an _exanpl e bionol ecue.
L%/s ozy {ne Ihas mzs-mllamgng lightrun respanse grwardsy dgNA@and RNfohs P‘b‘%?‘g‘?%‘ﬁar ged

at neutrgl. pH,_ . Ubon. i.n B Y : : .qunder

2 change 10" <l PR RRSOHE kAR Shlrbsi FRR/ P nighPR BhORKSoDE RN AT 9005
recogni tion hivefbubdrieesbyediffcidie fropt SGEPOSSFBIP highlightsehecallularswelgolss | n t he

_more as compared to other parts of the nucleus. This deduction is further supported

by the similar nucleus imaging pattern of SYTO 9 which is a general nucleic acid
dye that showsvnéarly equal ligh%-up responses toward dsDNA and RNA.
115 ' For TPEF imaging, the dye concentrations are fixed at 1 puM, and the cellular
imag'és were acquired by excitation of the cells at near-infrared wavelength (760
~ nm) and collection of signals above 560 nm. As shown in FIG. 10C, the TPEF |
imaging pattern of POSSFBT is similar to that for one-photon excited fluorescence
(OPEF), as shown in:FIG. 10A, while the fluorescence contrast between the nucleoli
20  and the nucleoplasm is sharper for the TPEF image. In contrast, utilization of SG as
TPEF stain does not provide a clear cellular image under the same experimental
conditions (FIG. 10D) due to its low TPA cross section. Furthermoré, when excited
' at the TPA maximum of SG (800 nm), the TPEF intensity of SG stained image
remains nearly the same as that for FIG. 10D. These data highlight that the large
25 TPA action cross section (nd) of POSSFBT in the presence of nucleic acids makes it

: shperiof over SG for TPEF imaging of cellular nucleus.

: Example 5. Cytotoxicity: .
| The cytotoxicity of POSSFBT was also evaluated for mouse embryonic
, 30  fibroblast cells (NIH 3T3) using methylthiazolyldiphenyl-tetrazolium (MTT) cell- _
viability assay; FIG. 11 summarizes the in-vitro NIH 3T3 cell viability after being



15 | ast sky, addition of anionic functionalized POSS nolecules to the

sol ution yields POSS/|ysozyne/ Apt conpl exes on NP surface, giving rise to
fl uor esceno 2MAY48882er renovi ng excess of POSS nol ecul es PEIr&G2010/000366
centrifugation/redi spersion of NPs and washing. On the contrary, since no
recognition takes place between the apt aggr. and non-specific proteins, the
surface charge on Apt-NPs renmai'ns negative, and no stain 20 will occur. As
such, |l abel-free. protein detectlon can be realized by taking advantage of
recognltlon i nduced swi tching of surface charge of aptaners and subsequent

i 25 rof eraiibid PEXRnRe RO AR i Bhreh RSB R, it &ffou by

those skill ednj/L 0¥ ¢34 K.Iithinahe ws&dcplaﬂaaaﬁe bl Viabiltied arettdsith 30098y be
made therein w thout departing fromthe scope of the invention enconpassed
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. departmg from the scope of the inVenﬁon encompassed by the appended clai_ms.
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CLAIMS

What is claimed is:
L. A compound represented by the following structural formula:

A ’
AY "'O\S.
O‘S' i
A‘Slif/o\s"é\
/ 0] ~a O

o} A\\
. [o A
\ O'Sl\o. = S
Si_ Si/,o’ M
K 07

5

5 or an acceptable salt thereof; wherein:

each A is a group independently selected from the following structural formulae:
R__R

(S|

', and

:, wherein:
10 Ar is an optionally substituted aromatic group;

Linker is a single bond, double bond, triple bond, -CR';-; wherein R! is hydrogen, a
halogen, a hydroxy group, an amino group, a C-Cg alkyl group, a C,-Cg
alkenyl group, a C,-Cs alkynyl group, or a C;-Cs alkoxy group; wherein the
alkyl, alkenyl, alkynyl or alkoxy groups may be optionally substituted with a

15 halogen, a hydroxy group, a C;-C4 alkoxy group or an amino group, wherein
mis 1 or 2; and

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

oligo(ethylene oxide) group or a cationic poly(ethylene oxide) group, provided that at

least one R is not hydrogen.
20
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The compound of Claim 1, wherein Ar is selected from the group consisting of
fluorene, benzene, biphenyl, pyridine, bipyridinium, triphenylamine, anthracene,

thiophene, carbazole, and benzothiadiazole.

The compound of Claim 1, wherein each R is independently selected from the group
consisting of hydrogen, -(CH;),NMe;X and -(CH,CH,0),NMe;X; wherein X is an

anionic counterion and n is 3 to 13.

The compound of Claim 3, wherein X is selected from Br', I, BF4', CF3805’,

ammonium hexafluorophosphate, and tetrakis|3,5-bis(trifluoromethyl)phenyl]borate.
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The compound of Claim 1, wherein the compound is

\ Q//s' V‘.\ R<R
AL f‘o/o‘Si"“o\o N NN
= = 3 \ \ 7 _ _
22 TAYRY :
N\ // N\ / _ ///0f31\0/,13; >
< Sin__g-0 = R R
R™ R // o

wherein R represents —(CH,)sN(CH;);Br’.

A method of imaging the nucleus in a cell, comprising the steps of;

MCSLLP
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exposing the cell to a polyhedral oligomeric silsesquioxane compound comprising a
polycyclic compound consisting of a silicon/oxygen cage surrounded by tunable organic

substitution groups attached to silicon atoms of the silicon/oxygen cage;

1) wherein the tunable organic substitution groups are independently selected

5 from the following structural formulae:

R_R

D

Y

R_R

a%a

', wherein:
Ar is an optionally substituted aromatic group;

10 Linker is a single bond, double bond, triple bond, -CR!,-; wherein R! is hydrogen, a
halogen, a hydroxy group, an amino group, a C;-C¢ alkyl group, a C,-Cs alkenyl
group, a C,-Cs alkynyl group, or a C;-Cg alkoxy group; wherein the alkyl, alkenyl,
alkynyl, or alkoxy groups may be optionally substituted with a halogen, a hydroxy
group, a C;-Cy4 alkoxy group, or an amino group; and

15 each R is independently hydrogen, a cationic alkyl side group, a cationic
oligo(ethylene oxide) group or a cationic poly(ethylene oxide) group, provided that at

least one R is not hydrogen; or

(i)  wherein the tunable organic substitution groups are independently selected

from the following structural formulae:

20
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', wherein:

: is independently selected from:

each Ar is independently an optionally substituted aromatic group;

each

each R is independently a cationic or anionic alkyl group or a cationic or anionic
oligo(ethylene oxide) group or a cationic or anionic poly(ethylene oxide) group;
each Linker is a single bond, double bond, triple bond, —CH,- or -CH,CH,-;

each R’ is independently H or a terminal reactive group;

allowing the polyhedral oligomeric silsesquioxane compound to bind to the nucleus;
and assaying the cell to determine the location of the polyhedral oligomeric

silsesquioxane compound within or on the cell.

The method of Claim 6, wherein the polyhedral oligomeric silsesquioxane compound

is represented by the following structural formula:

\ 0- Sl\o/..—3|

Sl\o/slf

or an acceptable salt thereof; wherein:
each A is one of the tunable organic substitution groups and is independently selected

from the following structural formulae:

a%a
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Ar is an optionally substituted aromatic group;

', wherein:

Linker is a single bond, double bond, triple bond, or -CR!,-; wherein R! is hydrogen,
a halogen, a hydroxy group, an amino group, a C;-Cg alkyl group, a C,-Cy
alkenyl group, a C,-Cs alkynyl group, or a C;-Cs alkoxy group; wherein the
alkyl, alkenyl, alkynyl, or alkoxy group may be optionally substituted with a
halogen, a hydroxy group, a C;-C4 alkoxy group, or an amino group; and

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

oligo(ethylene oxide) group or a cationic poly(ethylene oxide) group, provided that at

least one R is not hydrogen.
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The method of Claim 6, where the polyhedral oligomeric silsesquioxane compound is

wherein R represents —(CH;)¢N"(CH;);Br.

A compound represented by the following structural formula:
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A A
Q—Sl’o\SI
S'/O\sl/o \O
AU
adAl

\ 0- SI\O/———SI

or an acceptable salt thereof; wherein:

each A is a group independently selected from the following structural formulae:

', wherein:

is independently selected from:

each Ar is independently an optionally substituted aromatic group;

each R is independently a cationic or anionic alkyl group, or a cationic or anionic
oligo(ethylene oxide) group, or a cationic or anionic poly(ethylene oxide) group;

each Linker is a single bond, double bond, triple bond, —CH,- or -CH,CH,-;

and each R’ is independently H or a terminal reactive group.

10.  The compound of Claim 9, wherein the cationic alkyl group is -(CH,),NMe;X, where
n =3 — 13; the cationic oligo(ethylene oxide) group is (CH,CH,0),NMe;X, where n
=2 —100; wherein X for both -(CH,),NMe3;X and —(CH,CH;,0),NMe;X is selected
from Br’, I', BF4', CF3SO37, ammonium hexafluorophosphate, and tetrakis[3,5-
bis(trifluoromethyl)phenyl]borate.

11.  The compound of Claim 9, wherein
the anionic alkyl group is -(CH,), X’ and the anionic oligo(ethylene oxide) or
poly(ethylene oxide) group is -(CH,CH,0) ,X’; wherein for both
-(CH2),X’ and -(CH,CH,0),X’:
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X’ is selected from SOgZ'Yz, PO32'Y2, and CO;Y;

Y is selected from Na" and K*; and

nis 3-100.
5 12.  The compound of Claim 9, wherein the terminal reactive group is selected from
COOH, NH,, CHO and SH.
13.  The method of Claim 6, wherein the polyhedral oligomeric silsesquioxane compound

is represented by the following structural formula:
10

MO~ !
-Si Si
6 \

A‘ '//O\ Ve
Si s'\A o)

O/A 3\ fo)
\ 07Si~0/—S5i

si 20"\
A/ \O/SI\A

or an acceptable salt thereof; wherein:

each A is one of the tunable organic substitution groups and is independently selected

from the following structural formulae:

15

' wherein:

'is independently selected from:

R OR R

RO R

20 each Ar is independently an optionally substituted aromatic group;
each R is independently a cationic or anionic alkyl group, or a cationic or anionic
oligo(ethylene oxide) group or a cationic or anionic poly(ethylene oxide) group;
each Linker is a single bond, double bond, triple bond, —CH;- or -CH,CH>-; and

each R’ is independently H or a terminal reactive group.
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A method of quantifiying a biomolecule, comprising the steps of:

exposing the biomolecule to a polyhedral oligomeric silsesquioxane compound
comprising a polycyclic compound consisting of a silicon/oxygen cage surrounded by
tunable organic substitution groups attached to silicon atoms of the silicon/oxygen
cage;

(1) wherein the tunable organic substitution groups are independently selected

from the following structural formulae:

' wherein:
Ar is an optionally substituted aromatic group;

Linker is a single bond, double bond, triple bond, or -Cle—; wherein R! is hydrogen,
a halogen, a hydroxy group, an amino group, a C;-Cs alkyl group, a C,-C¢ alkenyl
group, a C,-Cg alkynyl group, or a C;-C¢ alkoxy group; wherein the alkyl, alkenyl,
alkynyl, or alkoxy groups may be optionally substituted with a halogen, a hydroxy

group, a C;-C4 alkoxy group or an amino group; and

each R is independently hydrogen, a cationic alkyl side group, a cationic
oligo(ethylene oxide) group, or a cationic poly(ethylene oxide) group, provided that at

least one R is not hydrogen; or

(ii)  wherein the tunable organic substitution groups are independently selected

from the following structural formulae:
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', wherein:

each : is independently selected from:

azatRasas v iy

each Ar is independently an optionally substituted aromatic group;

each R is independently a cationic or anionic alkyl group, or a cationic or anionic
oligo(ethylene oxide) group, or a cationic or anionic poly(ethylene oxide) group;

each Linker is a single bond, double bond, triple bond, —CH,- or -CH,CH,-; and

each R’ is independently H or a terminal reactive group;

allowing the polyhedral oligomeric silsesquioxane compound to bind to the

biomolecule;

and assaying the polyhedral oligomeric silsesquioxane compound, thereby quantifying

the biomolecule.

The method of Claim 14, wherein the biomolecule is immobilized on a nanoparticle.

A method to detect a biological molecule in a test solution, comprising the steps of:
providing an aptamer capable of binding the biological molecule;

immobilizing the aptamer on a solid support;

incubating the immobilized aptamer with the test solution;

exposing the test solution to a polyhedral oligomeric silsesquioxane compound
comprising a polycyclic compound consisting of a silicon/oxygen cage surrounded by
tunable organic substitution groups attached to silicon atoms of the silicon/oxygen

cage;
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) wherein the tunable organic substitution groups are independently selected

from the following structural formulae:

R_R

a%a
@
5

Ar is an optionally substituted aromatic group;

each Linker is a single bond, double bond, triple bond, —CH,- or -CH,CH;; and each R is

', wherein:

independently hydrogen, a cationic alkyl side group, a cationic oligo(ethylene oxide) group,
or a cationic poly(ethylene oxide) group, provided that at least one R is not hydrogen; or
10

(ii)  wherein the tunable organic substitution groups are independently selected

from the following structural formulae:

15 ' wherein:

each : is independently selected from:
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each Ar is independently an optionally substituted aromatic group;

each R is independently a cationic or anionic alkyl group or a cationic or anionic
oligo(ethylene oxide) group, or a cationic or anionic poly(ethylene oxide) group;

each Linker is a single bond, double bond, triple bond, —CHj-, or -CH,CH,-; and
each R’ is independently H or a terminal reactive group;

and measuring the fluorescence of the test solution, thereby detecting the biological
molecule.

A compound represented by the following structural formula:

or an acceptable salt thereof, wherein:

each A is a group independently selected from the following structural formulae:
R__R

a%a
w

wherein:

Ar is an optionally substituted aromatic group;

each Linker is a single bond, double bond, triple bond, —CH,- or -CH,CH,-; and
each R is independently hydrogen, a cationic alkyl side group, a cationic
oligo(ethylene oxide) group or a cationic poly(ethylene oxide) group, provided that at

least one R is not hydrogen.

The compound of Claim 17, wherein the cationic alkyl group is -(CH,),NMe;X,

where n = 3 — 13; the cationic oligo(ethylene oxide) group or cationic poly(ethylene
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oxide) group is -(CH,CH,0),NMe;X, where n = 2 — 100; wherein X is selected from
Br, I, BF4, CF3SO;", ammonium hexafluorophosphate, and tetrakis[3,5-
bis(trifluoromethyl)phenyl]borate.

The method of Claim 16, wherein the polyhedral oligomeric silsesquioxane compound

is represented by the following structural formula:

\ O‘SI\O -—-SI

\
ASI\ /SI O A

or an acceptable salt thereof; wherein:
each A is one of the tunable organic substitution groups and is independently selected

from the following structural formulae:

wherein:

Ar is an optionally substituted aromatic group;

each Linker is a single bond, double bond, triple bond, —CH,- or -CH,CH,-; and
each R is independently hydrogen, a cationic alkyl side group, a cationic
oligo(ethylene oxide) group or a cationic poly(ethylene oxide) group, provided that at

least one R is not hydrogen.

The method of Claim 16, wherein the polyhedral oligomeric silsesquioxane compound

is represented by the following structural formula:
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A I
%5i—0~Si
o-Si D
A\S’i(/O\Si,O\
/, o] ~a O
A & /
\ Io‘sl\o. —-—',Si
Sis Si’o “a
XA 077

or an acceptable salt thereof; wherein:

each A is one of the tunable organic substitution groups and is independently selected

from the following structural formulae:

5
', wherein:
is independently selected from:
N__R OR R
RO R ;
10 each Ar is independently an optionally substituted aromatic group;

each R is independently a cationic or anionic alkyl group, or a cationic or anionic
oligo(ethylene oxide) group, or a cationic or anionic poly(ethylene oxide) group;
each Linker is a single bond, double bond, triple bond, —CH,- or -CH,CH,-; and

each R’ is independently H or a terminal reactive group.





