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" HIGHLY EMISSIVE FAR-RED/NEAR-INFRARED FLUORESCENT
| CONJUGATED‘ POLYMER-BASED NANOPARTICLES =~

- RELATED APPLICATIONS

- This appllcatlon claims the beneﬁt of U.S. Provrsronal Appllcat1on No.

61/675,570, ﬁled on July 25,2012, and U.S. Provisional Appl1cat1on No.

61/845,672, filed on July 12, 2013. The entire teachmgs of the above appl1cat10ns

are 1ncorporated herein by reference

BACKGROUND o'F THE INVENTION

Development of rellable ﬂuorescent probes with high sensmv1ty and

_ select1v1ty for biosensing and blolmagmg applications is of central 1mp0rtance

Since the far-red/near-infrared (FR/NIR) region (650-1000 nm) offers a unique
interrogation window for biological applications with minimal interferential -

etbsor‘ption, low biological antoﬂuorescence, and high tissue penetration, FR/NIR |

l_fluorescent probes have attracted great interest in the multidisciplinary field of

biology, chemistry and materials science.-[l] So far, Various materials including'

- organic fluorophores, fluorescent proteins and inorganic semiconductor quantum

dots (QDs) have been widely e‘xploit_ed:for FR/NIR ﬂuorescence biosensing and .

- -bioimaging. Organic fluorophores and fluorescent proteins, however, suffer from '

limited molar absorptivity and poor photostability, while inorganic QDs are highly
cytotoxic in an oxidative environment, which have greatly limited the scope of their
biological applications [2] Exploration ofa new generati'on of FR/NIR fluorescent

probes w1th hlgh fluorescence, strong photobleachmg resrstance as Well as low

cyto-and systemlc tox1c1ty is highly desirable for in vitro and in vivo sensmg and -

1mag1ng ‘applications.
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In addition to ﬂuorescence based b101mag1ng, photoacoustic mlcroscopy

) | , (PAM) has emerged as a promising techmque in biological 1 1mag1ng due to 1ts ’

nonmvaswe, high resolution and deep penetration characteristics.[3- 6]

Photoacoustic (PA) imaging is built on the PA effect, which involves light

absorption by target obj'ects; transient thermoelastic expansion and subsequent

: generation of ultrasonic waves.[7,'8] PA imaging contrast ge_nerally relies on the
_ optical ahsorption of the target substances in the exCitatiOn anelength | Based on
 the intrinsic optical contrasts in blologlcal systems, numerous biological apphcatlons :

) 1nclud1ng have been achieved, 1nc1ud1ng v1suallz1ng blood vessel structures,[9]

studying brain hemodynamxc changes,[10-13] and imaging tumor angiogenesis[14]. -

Unfortunately, most intrin’s_ic- optical contrasts, such as hemoglobin and deoxy-

‘ hemoglobin absorb light in the visible spectrai region, a region having

overwhelmmg light scattermg in biological t1ssues Wthh results in limited

‘sensrtrvrty and resolution.[3] In addltron many brologlcal objects or disease 51gnal
_ molecules do-not show PA contrast due to the1r low extinction coefficient, which

, 'hampers spec1ﬁc detectlons w1th their mherent PA signals. However

1mplementat10n of an exogenous contrast agents serves to enhance the sensmVlty of
PA imaging by adjusting the absorptlon region in near infrared (NIR) spectral region

to reduce the scattering 1nterference and also to target the specrﬁc blologrcal objects

'Vto generate sufficient PA signals for accurate analys1s [9,15-18]

Exogenous contrast agents such as optlcally absorptlve organic dyes metal

and carbonous nanomaterials and ﬂuorescent protelns have been apphed in

~biological systems and shown 1mproved PA contrasts 1n in vivo'studies.[18-21] In

: partrcular orgamc dye based photoacoustlc contrast reagents, such as 1ndocyan1ne

green (ICG) or IRDye 800 conjugated to cyclo(Lys -Arg-Gly-Asp- Phe) are

' blocompatlble and brodegradable in biological env1ronment [9 14 16, 22 ,23] Both

ICG and IRDye 820 are also fluorescent dyes. Typically in the art, it is believed that |

two factorsdetermmmg the strength of PA signals of ﬂuorescent.materla_l-based

_exogenous contrast reagents are (1) a large intrinsic extinction coefficient and Q)

high nonradiative quantum yield, defined as (1 — quantum yield).[3,21] ‘Both the -

extinction coefficient and nonradiative quantum yield of a fluorophore can be
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adjusted by synthetic design, permitting_the'experimentalist to fine tune a

ﬂuorophore for performance in PA imaging Due to light scattering in the visible
spectral region, there is a need to develop photoacoustic contrast reagents havmg
absorption in the FR/NIR region.

Conjugated polymers (CPs) are macromolecules with -conjugated

: backbones which allow the formatron of excxtons to fac111tate photo- and
_ electrolumlnescence [24 27] CPs combine semtconductmg propertles and llght
o harvestlng ab1l1t1es Wthh have made them an 1mportant class of optoelectronlc
.‘ materials in applications spannmg from llght -emitting dlodes to field-effect

10- . trans1stors and photovoltalc dev1ces In addition, their large absorptlon coefﬁment

light-harvesting propertles and srgnal amplification effects open up opportumtles for:

" hrghly sensitive chemical and blologlcal sensing. Most recently, great research

interest has also been focused on the apphcatlon of CPs for blolmaglng due to. the1r

good photostablllty and low cytotox1c1ty, which makes them very promrsmg

vmaterlals for next generatlon fluorescent probes.[2_8]

- In the past years, various CPs with emission spanning from ultraviolet

" through visible to near-infrared, have been developed, which are readily tuned by

employing copolymerizat'ion or varying linkage'bondls.‘ However, most reported

.CPS exhibit poor water solubility due to the hydrophobic aromatic backbones. Asa

‘result CPs usually demonstrate low photoluminescence (PL) quantum. efficiency,

induced by strong tendency to self—assemble into aggregates in aqueous solution. In -

~ general, the PL quantum efficiency decreases sharply with changlng the emission
- from blue to red. Quantum y1elds of the most reported CPs with FR/NIR emission
-are below 2%. [29] In spite of the unique advantages of CPs with FR/NIR

ﬂuorescence in brosensmg and bro1mag1ng appllca‘uons there is still a challenge to
de51gn CP-based probes with high molar extrnctron coefficient at FR/NIR
wavelength and high quantum yield.
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SUMMARY OF THE INVENTION

o The p’r_esent invention relates to the synthesis and application of highly -
emissive FR/NIR light-emitting CP-based nanoparticles (NPs). Conjugated
polyrners with FR/NIR ﬂuorescence were prepared by Suzuki or Stille

polycondensatlon whrch was followed by click chemrstry to 1ncorporate hydroph111c _
. side chalns to self-assemble into CP NPs. Wlthrn the conjugated backbones, two
’ narrow band gap units were employed as donor and acceptor segments to achreve

" - Férster Resonance Energy Transfer (FRET). In addltlon, the CPs were also

encapsulé.ted into _bioconipétible matrix to fabricate CP-loaded NPs. The excess

functional groups in the matrix allow further surface functionalization of the NPs

- with targeting_' ligands.

15

20

*m%ﬁ

The invention relates to cOnjugated polymers of formula (I):

-[—D A1HD A2<]~
(D

~ wherein: D is'a conjugated system of one or rnore optionally substituted aromatic or

- heteroaromatic groups comprising:

R!

Alis a conjugated system of one or more optionally substituted aromatic or

heteroaromatic groups;

AZis a conjugated system of one or more optionally substituted aromatic or

_ heteroaromatic groups;
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R'is 1ndependentlyH (CHz)pQ (OCH2CH2),,Q x ‘C Cor X : O

m is an integer from 1 to 100; -

 nis an integer from 0 to 100;

Y is C(R'),, Si(R'),, of NR';
Zis O, S or Se; R

b

‘ p is an integer ranging ‘from 1 to 24,

is (Ci-Cpp)alkyl, (C6-C14)aryl or (Cl Cm)alkoxy(Cl Clz)alkyl
Qis 1ndependently CH;, H, COOH, NH,, NH3 , N3, SH, SO3Na, POsNa, or =

10

Wis independenﬂy a fluorophore, a bioconjugate, a (C 1'-C100)alkyl group bound to a

fluorophore or a blOCOIl_] ugate ora polyethyleneox1de group bound toa ﬂuorophore

' or a bloconjugate '

*isthe pomt of attachment to A A’ ora polymerlc unit;

for n greater than or equal tol, the energy band gap of A is larger than the energy
band gap of A*; and
further wherein the energy band gap of D is larger than the energy band gap of Al

“and the energy band gap of AZ.

" The conjugated polymer of the present invention self-assemble into

~ nanoparticles, or alternately are encapsulated into a blocompat_rble matrix
comprising polyethylene glycol, polyethylene glycol conjugated to 1,2-distearey1—

‘ sn-glyeero-3-phosphoethanolamine, bovine serum albumin (BSA) protein,

poly(lactic-co-glycolic acid) (PLGA) block copOlymers, collagens or lipids.
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In aspects of the invention, substituents A' and A? in Formula (I) comprise

; wherein:

R! R

—

Substituent W on the optional tri_eizo_le of R' comprises

p-tolyl

' p-tolyl

p-tolyl

ZT

,\/\N/fo_late .
L , an amine-labeled cyclic

peptide, an oligonucleotide, an acyclic peptide, or a protein, wherein v is an integer

10 ranging from 0 to 45.
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Preferred embodlments of the 1nvent10n lnclude the conj ugated polymers

- CPl, PFTTQ, and PIDT-TTQ.

The present 1nvent10n also relates to methods for makmg conjugated polymer
based nanoparticles comprlsmg a Suzuki or Stille- -type cross coupling reaction,

comprising reacting a cross coupling partner such as an organoborate or an

: organ'os_tannae containing donor group'D with a dihalide containing A', and for

B compounds for which nis not equal to Z_ero_,,a_sécond d'ihalide 'containi-nglAZ in the -
o presence ofa transition m‘etal eatalyst to produce the conjugated polymer The
' conjugated polymer is then solubilized or suspended in aqueous solution to self-

10 , v'assemble 1nto nanopartlcles

The CP-based NPs of the mvent1on show hlgh quantum. y1elds in water (21— -

- 32%) and high thermal and photostability. Cellular and in vivo imaging studies

reveal that these CP-based NPs can be used as fluorescent probes in b101mag1ng

| _ appllcatlons and particularly have shown the ut111ty of compounds of Formula (I) in

cancer cell stammg The present invention further relates to the use of the CP NPs
descr1bed herein as photosensmzers in photodynamlc therapy ‘

The CPs described herein also demonstrate high PA contrast and good
photothermal therapy performance The synthesized CP NPs show h1gher

photoacoustlc signal than do conventional agents of indocyanine green (ICG) and

ivpolyhydroxyfullerene (PHF). The larger absorption coefficient and low

fluorescence quantum yield of CPs contribute to their high PA intensities.

~ Additionally, the obtained CP'NPs show high heat generation capac_ity under NIR
light irradiation, which is effectiye for cancer cell treatment in mere minutes.

- Surface functionalization‘ of CP NPs-enables their ability to target biological species,

which enhances the application of CP NPs in tumor treatment. Such pho_toacoustic
probes have the potential for application in high resolution imaging in tissues with a
penetration depth in mm to cm. | c |

. The present 1nvent10n also descirbes methods for photoacoustrc 1mag1ng of a

_ target utlllzmg a compound of Formula (1), compr1s1ng incubating a target witha .

polymer of Formula (I) to form an incubated mixture; irradiating the mixture with a -

pulsed_lase'r', wherein the pulSed laser optically excites the polymer, to generate
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: thermally induced acoustic waves, whereln the acoustic waves result from energy
.‘_emrssron from the exc1ted polymer; detectlng the thermally-rnduced acoustlc waves
with ultrasound; and translatlng the acoustic waves detected by ultrasound into an
- image of the target. ’ ‘
5 - Inaddition, the synthe51zed CP NPs generate heat upon NIR light absorption.

: Therefore another aspect of the 1nvent10n relates to the use of the CP NPs descr1bed

herein as a therapeutlc agent for use in photothermal therapy The present invention.

) further provides a method for photot_hermal ablation of a cancer cell, comprising:
, ' i_ncubating a cancer cell with a conj_ugatedlpolymer n.ano'particle of formula (I) to
lO; V_fojrm,an incubated-'mi‘_xture; and irradiati_ng the mixture with a laser_, wherein the
polymer absorbs energy from laser irradiation and cOnyerts the energy to heat,
thereby causmg ablation of a cancer cell. | |
The present 1nvent10n also relates to low molecular welght conjugated

- molecules of the formula (II)

15 (II); wherein:

. OR? ‘ R?
R’ is independently H, (CH,),CH; , (OCH;CH,),CHs, 2% C o % ‘ N
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r isan 1nteger rangmg from 1 to 24;

IS (C1 Clz)alkyl (C6 C14)aryl or (CrC]o)&lkOXY(C] Cp_)alkyl a.nd |
* is the point of attachment to A', A% ora polymeric unit.

BRIEF DESCRIPTION OF THE DRAWINGS

~ The fbregoing will be ap'parent"»'from the following more particular

, descrip_ti'oh of example embodiments of the invention, as illustrated in the
accompanying dr’awingvs'in_Which like reference characters refer to the same parts
) thioughout the different views. The drawings are not nécessarily to scale, emphasis

1nstead being placed upon illustrating embodlments of the present invention.

FIG. 1 shows hydrodynamlc dlameter distribution of PFBDDBT10- PEGIOOO-

' COOH in water. The partlcles were prepared by adding 2 mL of PFBDDBT10-

PEGIOOO—COOH DMSO solution with concentratlon of 0. 5 mg/mL (a) 0.25 mg/mL

: (b) and 0.17 mg/mL (c) mto 10 mL Milli- Q water under sonication, respectlvely

FIGs. 2a and 2b show the (a) UV-vis and (b) PL spectra of PFDBT10-

| -PEG;OOO—COOH (black) PFBTDBTlO PEG;OOO-COOH (red) and PFBDDBTIO-
| PEG,OOO-COOH (blue) NPs in wat¢r, respectlvely,. The excuatlvon occurr_ed at

maximum absorpt»ionvwave'length. ‘The insert of FIG. 2b shows photbgraphy
‘pictures of PFDBT10-PEG040-COOH, PFBTDBTlO PEG)000-COOH and

)PFBDDBT]O PEGlooo COOH solutions (from left to nght) under 111um1nat10n at -

365 nm. . |
FIG. 3a shows PL spectra of PFBDDBT104PEG1000-COOH in the pfesence

of BSA w1th the concentratlon of BSA’ ranging from 0t0 0.25 pM at intervals of
-0.05 uM in 150 mM PBS with excitation at 488 nm. The arrow indicates the

increase of the concentration of BSA. FIG. 3b shows a plot of fluorescence
quantum yields for PFDB-TIO-PEGIOOO-CQOH;_PFBTDBTIO-PEGIOOO-COOH and
PF BDDBTiO-PEGlooo-CO_OH in water, rcspectively< Thc CP NPs were incubated

in P}BS/BSA (150 mM/O 25uM) mixture at 37 °Cfor0,1,2 and 3 days

FIG. 4 shows physical characteristics of formulations of PFBTDBTIO

nanopartlcles FIG. 4a shows a size dlstrlbutlon of CP-loaded DSPE-PEG NPs, FIG.

4b showsa T EM image of the nanopart1cles, while FIG. 4¢ shows UV-Vis and PL
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- spectra of CP-loaded DSPE PEG-FA nanopartrcles The chemical structure of
_ PFBTDBTI0 is shown in FIG. 4d. -

FIGs. 5a and 5b show(a) PL 1ntens1ty changes of CP- loaded DSPE-PEG-FA
NPs, Alexa Fluor 555 and Rhodamine 6G when incubating-in PBS buffer at 37 °C

~ for 7 days, and (b) Hydrodynamrc size change of the CP-loaded DSPE- PEG FA NPs
}-vwhen rncubatlng in PBS buffer at’ 37 °C for 7 days . o

F IG. 6 shows confocal fluorescence i images of MCF 7 breast cancer cells

“after2 h 1ncubatron w1th (a) CP- loaded DSPE- PEG FA NPs and (b) NPs without
o folate, respectively. Confocal fluorescence i 1mages of NIH/3T3 fibroblast cells after
2h 1ncubat10n with ©) CP loaded DSPE PEG-FA NPs and (d) NPs without folate,

respectrvely The cellular nucle1 were starned with 4 6 d1am1d1no 2- phenylindole

~ (DAPD.

FIG 7 shows photostab111ty comparlsons among CP- loaded DSPE-PEG-FA

NPs Alexa Fluor 555 and Rhodamme 6G upon continuous laser exc1tat10n at 543 -

,nm for 0- 10 mm Ipi is the mmal ﬂuorescence intensity; [ is the ﬂuorescence

_ mtensrty of the sample at vanous time pornts

FIG. 8a shows blood circulation curves after intravenous 1njectlon of CP-
loaded DSPE-PEG NPs with and without folate functionalization, respectively.
FIG. 8a plots percent injection dosing in blood against time. FIGs. 8b and 8c show

in vivo non-invasive ﬂuorescence imaging of H22 tumor—bearing mice after

intravenous injection of CP loaded DSPE-PEG NPs wrth (FIG. 8b) and w1thout

- folate functionalization (FIG. 8c), respectrvely

FIG.9 shows ex vivo fluorescence i images of various organs at 24 h post .

. -_intravenous injection of CP-loaded DSPE -PEG NPs with (a) and without folate

functionalization (b), respectively .(c) Biodistribution analysis of CP-loaded DSPE-
PEG NPs with and without folate functlonahzatron in H22 tumor- beanng mice, |
respectrvely, at 24 h post administration. FIG. 9¢ plots average PL intensity in a.u.
agarnst tumor, spleen, lrver, heart, lung, stomach, kldney, brain and intestine.

| FIG. 10a sho_ws 'body weight changes of the mice with various treatments . |

indicated plotted against time. FIG. 10b shows tYpical images of H&E;stained liver -
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- and spleen shces from H22 tumor-bearlng mice treated with dlfferent protocols. The

scale bar is 100 pm.
FIG 11 shows the UV -vis and PL spectra of CP1 nanoparticles (NPs) in .

water. The absorption of the CP1 nanopartlcles has two absorption peaks centered at

| 455 and 563 nm, Wthh correspond to 7r-7r* transition of the conjugated backbone

and charge transfer state respectlvely The NPs exhibits a PL spectrum w1th an

emission peak at 685 nm. The quantum yield (QY) of the NPs based on CPl was

- measured to be 7 & 1%, usmg rhodamine 6G in methanol as reference (QY = 95%)

FIG. 12a shows metabolic V1ab1hty of MCF- 7 breast cancer cells after

_1ncubat10n w1th PFBDDBTIO PEGlooo-FA NPs with concentration of 2, 10 and 20
uM for 24 h, 48 h and 48 h, respectlvely, FIG.12b deplcts the photostablllty for
" PFBDDBT10-PEG 90-FA NPs in MCF-7 cancer cells upon continuous laser.

excitation at 488 nm with laser power of 2.5 mW from 0 to 10 min. -Io is the initial -

‘ﬂuorescence intensity and / is the fluorescence intensity of sample at various time -

pomts after contmuous scanmng
- FIG. 13 shows the UV and PL spectra of PFBDDBTIO PEGIOOO FA in

FIG. 14 shows the UV-Vis absorption spectra of PFTTQ and’P_IDT-TTQ -

NPs in water. PFTTQ has two absorption peaks located at ~430 and 775 nm, which

-were attributed to z-7* transition of the conjugated backbone and charge transfer ,

state, respectively' PIDT TTQ NPs show a broad UV-vis-NIR absorption band

| from 620 nm to 1100 nm. Both PF TTQ and PIDT TTQ NPs have strong absorption

at 800 nm, where the light has deep penetration in biological tissue.

" FIG. 15 shows the experimental setup of the photoacoustic mlcroscopy .
system. . | . | |
| FIG. 16a shows PA intensity measurements for PETTQ NPs, PIDT-TTQ -
NPs, ICG and PHF with the same rnass co‘ncentrations of 1 mg/mL. FIG. 16b shows
the respectlve PA images of (1) PFTTG NPs, (2) PIDT-TTQ NPs (3) ICG and (4) .

‘PHF. All images share the same scale bar of 100 um

FIG. 17 shows the temperature evolution of PFTTQ NPs, PIDT- TTQ NPs

and water under 800 nm laser irradiation at a power density of 1 5 W/cm

o
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FIG 18 shows relative viabilities of MCF-7 breast cancer cells after PETTQ"

. NP induced photothermal ablation at different laser power densrtles _'

FIG 19 shows fluorescence i images of Pl-stained MCF-7 cancer cells w1th

and without PFTTQ NP incubation after bemg exposed to 800 nm laser at drfferent

power densities. All 1mages share the same scale bar of 200 um

' DETAILED DESCRIPTION OF THE INVENTION

A description of example embodlments of the mventlon follows.

CP based nanoparticles (NPs) with ultrahlgh quantum ylelds in water (from

}about 21 to about 32%) were developed The strategy of using a comblnatron of

electron rich and electron deficient m01et1es to form alternatmg donor-acceptor (D- o

* A)backbone structures is employed to develop CPs with FR/NIR emission. One
challenge with conjugated polymers with D-A backbones is that, because they

'possess intramolecular charge transfer their ﬂuorescence is signiﬁcantly quenched

_when ina water medlum To allow for an enhanced quantum yield while increasing

the water solubrhty of CPs two strategies are employed in this 1nventlon Oneisto

attach hydrophlhc side chains to the CP backbone, which is folIowed byvself-
assembly into conjugated polymer nanoparticles (CP NPs) and the other is to

prepare CP-loaded NPs through nano-precipitation or encapsulation. In addition, the

‘rfeasibility and advantages of CP-based NPs for biosensing, bioimaging,

photoacoustic imaging and photothermal therapy appIications are demonstrated.

Scheme 1 shows a general procedure for"synthesis of the conjugated

_polymers of the present invention. Generally, the conjugated polymers contain two - B

: components: FR/NIR light-emitting conjugated backbones and optionally

functionalized side chains. Within the conjugated backbones, narrow band gap units
are employed as donor (D) and acceptor (A" and optionally A%) segments, wherein o
the .energy band gap of D is Iarger.than the energy band gap (Eg) of the acceptor
segments When the donor segments are excned fluorescence resonance energy
transfer (FRET) occurs from the donor segments to the acceptor segments thus
realizing FR/NIR emission. The absorption wavelength of final CPs i is adjust_ed by

changing the donor unit. Similarly, the emission of the final CPs can be tuned by
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- changing the acceptor unit.-In some embodiments of the invention, FRET occurs

| between Al and Az, wherein the enefgy band gap of Alis larger than that of A%, In

yet further embodiments of the invention, D and Al are identical, and therefore, no

FRET oeCurs;

‘S-cheme 1.

. L g _. S ' cross couphng :
" J-D—J- + Br-A'—Br + Br—A>—g —————= -{-D A1-]—{—D A2+

**
Qm%ﬁ
WO@

Y : CRY),, Si(R1)2, NR' . . R
Z:0,8, Se ' -

- R': H, alkyl or PEG chains with or without terminal functional groups (e.g. COOH, NH,, NH3", SH,
SO;Na, PO3Na, N), substituted or unsubstituted phenyl, substituted or unsubstituted hydroxyphenyl. -

-As shown in Scheme 1, the conjugated polymer of Formula (1) is synthesized

by a cross coupling polymerizatibn reaction, preferably a Stille or Suzuki cross .

_coupling reaction. The donor segment D is a conj ugated system of one or more

optionally substituted aromatic or heteroaromatic rings. Possible structures of D are
shown in Scheme 1. The Cross couphng partner containing D is generally boron- or

tin- based In some aspects of the invention, the cross cotipling partner is a stannane "

| (1 e. Ji 1s eg, SnBu;;) a boromc acid (i.e. J is B(OH)Z) a boronic acid ester (1 e. Jis,

CH3

| o CHg o o o
L _ %—B :(:CH& "?BiOD . .
e.g B(OCH3)2, B(pm) CHy | B(cat):: O7 "), or a trifluoroborate
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(e is, e.g. BF3K). The cross coupling reaction occurs with one or more dihalide -

. »coupling-partners Br-A'-Br and opti‘onall’y'Br A%Br. In some emb'odiments of the

rnventron the bromine in the dihalide coupling partner is replaced by a chloride or
an iodide. The acceptor segments A' and A? are independently conjugated systems
of one or more optionally substituted aromatic orvheteroaromatlc rings.

- In Scheme 1, m and n are integers that indicate the number of repeat units in.

 the conjugated polymer‘ as well as the relative ratio of the constituent functional
“groups. In certain aspects of the invention, m is an 1nteger ranging from 1 to 100

' and 1s an integer rangmg from 0 to 100. In preferred aspects of the invention, m is

an integer ranglng from 1 to 50 and is an integer ranging from 0 to 50, and in more

preferred aspects of the invention, m is an integer ranging from 1 to 20 and is an

‘ intéger ranging from 0 to 20." Furthermore, the conj_'ugated polymers of the invention

are random copolymers.

It is a versatile strategy to synthes1ze FR/NIR ﬂuorescent CPs with various

functional groups at the end of side chains R1 In some embodiments of the

1nvent1on the side chains of the polymers are alkyl or polyethylene glycol side

chams that are optlonally modrﬁed to have functional groups that include carboxyhc
acid, amino, protonated amino, phosphate azide, th101 ‘maleimide, succinimide or

sulfate groups. In further embodlments of the invention, the side chain of the

polymer contains an azide that reacts with a substituted alkyne through click

chemistry to form a 1,2,3 trlazole Wthh 1s functlonahzed by a llgand suchasa

peptide, an aptamer or a fluorophore, which will make CPs into probes for spec1ﬁc

. b1olog1cal applications. In some embodrments of the invention, the triazole is

- functionalized by a ligand comprising an acyclic peptide, an amine-labeled cyclic

peptide, an oligonucleotide, a protein or a bioconjugate. Specific examples of such

' conj ugated polymers are discussed herein. The length of the alkyl or polyethylene N

glycol side chains is from 1 to 24 repeat units, or more preferably from 1 to 10

repeat units, wherein a repeat unit for alkyl is - CHz and a repeat unit for

_polyethylene glycol is - -CH,CH,0-. -

In another aspect of the 1nvent10n the 51de chains of the conjugated polymers:

are subst1tuted or unsubstltuted phenyl or substituted or unsubst1tuted
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hydroxyphenyl. In such embodiments phenyl is optionally substituted at any
_ _posmon by one or more substltuents selected from (C;-Clz)alkyl (C6-C14)aryl or
(Cl C1o)a1koxy(C1 Clz)alkyl or preferably by C;-Cg alkyl Hydroxyphenyl 1s
optionally substituted on the hydroxy group (1 e. a covalent bond is formed between
) 5  the oxygen of the hydroxy group and the ‘optional substltuent) by one or more
'substltuents selected from (C-C, z)alkyl (CG-CM)aryl or (C1 Clo)alkoxy(Cl-
Ci2)alkyl, or preferably by C- C6 alkyl |
~ Insome embodlments of the invention, A and A2 if A% is present are .
~ conjugated systems of one or more optlonally‘ substltuted aromatic or heteroarométic

10 . rings, which.inelude the following structures:

R' R

15 ‘ - Z A or R! . Foreach of the
precedmg conjugated rmg systems, Z may be O Se or S and R'is H alkyl or PEG
chains with or without term1nal functlonal groups (e g. COOH NHz, NH3 , SH
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SOsNa, PO3Na, N3) 'substit-uted or unsubstituted phenyl, substituted or unsubstituted

. hydroxyphenyl and add1t1onally can have any of the add1t1onal substitution (e.g.

funct1onalrzed triazole) or conjugatlon described for R! above.

In certain embodrments of the invention, the invention does not include

conj ugated polymers of the followrng strhcture

. In certain embodiments, ,‘the.conjugated polymers of the invention ernit light |
in the far red/infrared (FR/IR) range. In other embod1ments the conjugated |
polymers emit light in the near IR range

~ Scheme 2 shows a representative example of molecular design and synthesrs;

As shown in Scheme 2, P1 was synthesized by a cross coupllng polycondensatlon '

using a cross-coupling partner. In some embodiments of the invention, the cross

‘coupling partner is a stannane, such as a trimethylstannane or a tributylstannane. In

preferred embodiments of the invention, the cross coupling partner is'a boron-based

coupling partner, such as a boronic acrd a boronic acid pinacol ester, a boronrc acid

, catechol ester, or a trlﬂuoroborate
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- Scheme 2

A

cross coupling .

- AL

AZ -

R;, Ry = Alkyl or PEG chains with or without terminal functional groups (e.g. COOH, NH2 NH;*,
SH, SO;Na, PO3Na, N3). Ineach A' and A? each Z is independently selected from O, S; Si, or Se.
J.is selected from SnMe;, SnBus, B(OH),, B(pin), B(cat), or BF3K. o

5 InScheme2,m and n are integers that indicate the number of repeat units in
| the conjugated polymer, as well as the relative ratio of the ’constituent functional -
groups. In certain éspects of fhe invention, m and n are each integers independently .
ranging from 0 to 100. In preferred aspects of the invention, m and n are each
integéfs independently ranging froni 0 tc-) 50, and in more pre'ferréd aspec'ts of the
- 10 invention, m and n aré eé,ch integers Iindepen'dén‘tliy_ranging from 0 to 20.

Furtherrnore, the conjugated' polymers of the invention are random ‘copolymefs. '
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In another embodlment of the 1nvent10n the conjugated polymer is
.‘ synthesrzed via Suzuk1 or Stille polycondensatron to yreld compounds CP1,
Poly[9,9-bls(4-(2-ethylhexyl)pheny_l)ﬂuorene-alt—co-6,7-b1s(4_—(hexyloxy)pherryl)-
4 9-di(thibphen-2-yl) thiadiaioloquinoxaline] (PFTTQ) and Poly[(4.,4,9 9-tetrakis(4-
5  (octyloxy)phenyl)-4,9- dlhydro s -lndaceriol[l 2-b:5,6-b ]dlthlophene 2,7-diyl)-alt-
o - co-4.9- brs(thmphen 2-y1)-6,7- blS(4 (hexyloxy)phenyl) (1,2 5]th1ad1azolo[3 4-
g]qumoxalme] (PIDT-TTQ), as shown in S‘cheme‘ 3. . ' :

‘Scheme3.

CeHia0_ OCHis o, - " CpHs  CsHiQ

10

PIDT-TTQ
In Seheme 3,nfor CPl is preferably an integer fr'om 3 t0 100. n for PF TTQ |
is preferably an 1nteger from 4 to 100. For PIDT- TTQ mis preferably an mteger
from 4 to 100. ‘ _ v
15 ~ After synthesis of the conjugated polymers by cross eoupling, conjugated "

polymer nanoparticles are generated. In one embodiment of the invention, the
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: conjugated polymer that is dissolved in organic solvent is added to an aqueous

solution, enabling the self—assembly of conjugated polymers mto nanoparticles In
some embodiments of the invention, the organic solvent utlllZCd in this step is

selected from chloroform methylene chloride, dimethylformamide, tetrahydrofuran,

- or dimethylsulfoxide. In preferred embodiments of the invention, the solvent is

.tetrahydrofuran _ ,
, - Scheme 4.
: : - ‘PEG chains —
o 1. precipitation

. o » 2. THF evaporation
cPs DSPE-PEG ‘

In 'anotheraspect of the invention, the conjugated polymers of the present

“invention are encapsulated into DSPE-PEG ('1,2-Distearoyl-sn-Glyceroe3- '

Phosphoethanolamine conjugated to polyethylene glycol) matrices to form

conjugated polymer encapsulated nanoparticles by' a traditional precipitation method

“(Scheme 4). Typically, a solution of conjugated polymer, for example Pl or
VPFTTQ, and DS_PE-PEGin tetrahydrofuran is poured into 90 % (v/v) water/THF

solution. This is followed by sonication of the mixture for about 60 seconds using a

microtip probe sonicator at about 12 W- output. Without being bound to theory, the

hydrophobic DSPE segmients entangle with hydrophobic conjugated polymer
molecules and the hydrophilic PEG chains extend into aqueous phase under
sonication. The emulsion is then stirred at about room temperature overnight to .
evaporate the tetrahydrofuran, affording the conjugated polymer nanoparticles. In -
other aspects of the invention, the preceding method also applies to encapsulation

into DSPE-PEG matrices functionalized by folic acid or another bioconjugate, as

discussed in Example 5. In alternate embodiments of the invention, the nanoparticle _

1s encapsulated 1nt0 b1ocompat1ble matrices such as bovine serum albumin (BSA)

protein, poly(lactic co-glycolic a01d) (PLGA) block copolymers collagens or llpldS
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In another embodrment of the 1nvent10n the conjugated polymer

‘nanoparticles of the invention are used as sensors in biological apphcat1ons and

have fluorescence properties that can be manipulated. In certain aspects of the

invention, CP NPs particularly uSeful as fluorescence sensors in bioimaging are

'compounds of structure Pl in Scheme 2.°

One major drawback of conventlonal mlcroscopes is that drffractlon of light

reduces the spatial resolutlon ach1evable by a conventlonal microscope, which

) cannot dlstmgulsh between molecular or nanoscale probes that reside in close .

’ prox1m1ty to one another. However the conjugated polymer nanopart1cles of the

mvent1on are des1gned to have controllable fluorescence propertles of the backbone, |
with “on” and “off ’ states The control of “on or “off’ fluorescent states over tlme :
prov1des better tracking o-f specific biological spec1es in vivo and can identify. false

pos1t1ve 51gnals at sub- d1ffract10n scales. Representatlve conjugated polymer

nanopartlcles that fall w1th1n this embod1ment of the mvent1on are shown in Scheme

5.
. In Scheme 5, the compound 1 was mtroduced into the s1de chams of P1 v1a ‘

CllCl( reaction to afford P2. As the structure of compound 1 can be reversrbly |
converted induced by illumination with ultraviolet or visible light and the r1ng-

closed isomer of compound 1 can quench the ﬂuorescence of conjugated backbone

this unique property can be employed to control the fluorescence properties of

conjugated backbone with “on” and “off” states Scheme 5 gives the synthetic route

to polymers P2 and P3.- Compounds having “on” and “off” fluorescent states are

_not 11m1ted to example compounds P2 and P3 in Scheme 5. The invention

-encompasses a variety of reactivecompounds with fluorescent structures, including

compounds that can undergo electrocyclization reactions or intramolecular
cychzatron _ _
In Scheme 5,m and n are 1ntegers that indicate the number of repeat units in

the conjugated polymer as well as the relative ratio of the constrtuent functional

~groups. In certam aspects of the invention, m and n are each integers mdependently

ranging from 0 to 100. In preferred aspects of »the 1nvent1on, m and n are each

integers independently ranging from 0.to 50, and in more preferred aspects of the
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1nventron m and n are each mtegers 1ndependently ranging from 0 to 20.
| Furthermore the conjugated polymers of the invention are random copolymers
In certain aspects of the invention, polymers with controllable fluorescence
properties, such as P2, are used in the detection of cancer cells, or are used to detect
5  tumors due to therr surface functlonahzatlon with target ligands. In another aspect
of the mventlon the polymers are used in 1mag1ng or sensmg appllcatlons w1th cells,

trssues or ammals

‘Sc'h‘eme 5;"_ "‘ o

Click chemistry

uv | "|visible

10 : “In another aspect of the mvent10n the conjugated polymer nanopart1cles »
descr1bed herein may also be ut111zed in photodynamlc therapy as photosensmzers o
Scheme 6 glves some examples of molecules de51gned for photodynamic therapy

The photosensmzer group is mco-rporated onto the CP 51de chains through click
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' chemrstry Energy transfer from the CP backbone to porphyrin acceptor can
enhance the ability of porphynn to generate reactive oxygen species, thus enable
polymer amplified therapeutrc effect in photodynamrc therapy. In addltlon some of

» these polymers by themselves can be used as photosensmzers for photodynam1c
5 therapy apphcatlons The use of CP NPs in photodynamrc therapy is net 11m1ted to
| compounds COl’l_) jugated to porphyrm CP NPs bearmg groups such as o

B phthalocyamnes or molecules generanng single oxygen spemes can be utllrzed as

photosens1tlzers in photodynam1c therapy

Scheme 6

R = Alkyl or PEG chains with terminal Nj groups.

Q{—%{C%W

10 .. R'=HF.CN, OCH,

In Scheme 6, m and n are integers that indicate the number of repeat units in
the conjugated polymer, as well as the relative ratio of the constituent functional

groups. In certain aspects of the invention, m and n are each integers independently
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- ranging from 0 to 100. In preferred aspec"ts.of the invention, m and n are each

. integers independently rahging from 0 to 50, and in more prefer_red aspects of the

invention, m and n are each integers independently ranging from 0 to 20.
Furthermore, the conjugated polymers of the invention are random copolymers.

: Reactlon of an alkyne with an a21de as in Schemes 5 and 6 occurs by click

_ chemlstry In some aspects of the mventlon this reaction proceeds by cata1y51s with

N CuSO4 and sodlum ascorbate in tetrahydrofuran or d1methylsulfox1de

In another aspect of the invention, the conjugated polymer backbone is. -

affixed to hydrophilic side chains. The CP-based nanop}érticles selans'semble in
- 10°  water. Scheme 7 gives examples of such CP-based nanoparticles. In particular,
Scheme 7 shows the chemical structures of three NIR. ﬂuorescent conjugated

- polymers which were used as representatlve polymers to illustrate the properties of -

the hlghly emlss1ve FR/NIR ﬂuorescent conjugated polymer—based nanopartlcles

o .revealed in this patent. The polymers poly[ﬂuorene -co- dl(throphen 2-yl)-2,1,3- -
_ | benzothladlazole] poly[ﬂuorene-co 2,1,3- benzothladlazole—co-dl(thlophen-2 yl)
: -2 1,3-benzothiadiazole] and poly[ﬂuorene co -2,1,3 benzoxadlazole -Cco- dl(thlophen- =
>.2 yl) -2,1, 3 benzothladlazole] were denoted to PFDBTI10- PEG1000-COOH,

PFBTDBTIO-PEGI OOO__-COOH and PFBDDBT10-PEG1000-COOH, respectively.

Scheme 7.

PFDBT10-PEG166-COOH  PFBTDBT10-PEG1009-COOH PFBDDBT10-PEG 1000-COOH i

Another aspect of the invention relates to small molecular weight conjugated

molecules. Scheme 8 depicts a synthetic route to such.compounds, which are non-

- polym'eric conjugated systems of carbocyclic andfhetero_cyclic aromatic rings and
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carb_on-ear_bon double bo.nds. Small molecular weight conjugated molecules are

~ generated through a cfoss coupling of an organoborate reagent and a dihalide.

" Scheme 8

Br Ph

Z:0,%,5 | . A OR? OR?
'R®: H, (CHp)(1.0)CH3 , (OCH,CHy)(124/CH;, ‘ _ ‘

R%: (CHz)(o-M»)CHsv {Cs-Caa)anyl, (CHz)(1-10)O(CH2)(o-11)CH3 .

The organoborate reagent is a boronic acid (-B(OH),), a boronic acid ester |

such as a dlmethyl borate (- B(OCH3)2) boronic acid pinacol ester (above -B(pln)
CH,

- CH; ' :
. O:tCH? - o 46 D |
CHis ). boronic acid catechol ester (-B(cat): o~ Jora .

trifluoroborate (-BF;K). In alternate embodiments of the invention, the.

- organoborate reagent is instead an organostannane reagent such'an a trialkylstannane .

-reagent (e.g. —SnBus). Preferably the'Qrganoborate reagent is the diphenylethylene

boronic acid pinacol ester pictured in Scheme 8. The dihalide of the inventionisa

‘ polycychc dihalide contammg heterocycelic and optlonally carbocyclic aromatic

rings. The halogen is chloride, bromide or iodine. Preferably the halogen 1s

bromide. The condltlons for ¢ cross couplmg are typical Suzukl or Stille cross

,couphng condltlons well-known to those of ordinary skill in the art, and further

described in the Examples section herein. Catalysts for the reaction 1nclude, but are -

not limited to frem about 0.5 to about> 10 mol % sz(dba)3 (wherein 'dba is -
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di‘benzy[idene acetone), Pd(PPh3)4:, NiClz; PddCldz, or Ni(cod), (wherein cod is

,> cyclooctadiene) of other Pd(O) Pd(H) Ni(0) or Ni(II) catalysts- In preferred :

embodiments of the invention, the small molecular weight conjugated compound is
the structure depicted in Scheme 8 wherem Ar' is:

R3 R3. : - . v

=
N N

z

- In some embodiments of the invention the smalI molecular weight

: compounds in Scheme 8 are functronahzed in order to increase specrﬁcrty for an

imaging target For example the alkyl, PEG hydroxyphenyl or phenyl substltuents -

“of R? can be functionalized with a fluorophore, a peptide, an ohgonucleotlde,_a

protein, and small molecule ligands‘throughcoupling' chemistry, for example

- 'peptide coupling chemistry, or click chemistry, described herein for the conjugated

15

20

25

polymer nanoparticles ' The small molecular weight conjugated compounds of

, Scheme 8 are used in photoacoustlc 1mag1ng of blologlcal targets such as tissues,

brains; and live animals. ,
Another aspect of the present invention relates to enhancing the sensitivity of

photoacoustrc imaging through synthetic design. By fine-tuning the structure of the

| photoacoustrc contrast reagent, the absorptlon region can be controlled (for example

to the NIR regron) to avoid light scatterlng mterference (for example from the
visible light region). '

Conjugated polymers in general have not been tmplemented as contrast

.reagents-in photoacoustic imaging applications. The present invention also relates to

the use of the conjugated polymers described herein as contrast agents for
photoacoustic imaging. An alternate embodiment of the invention relates to small o
molecular weight conjugated molecules also described herein as contrast reagents.

- To ensure deep trssue penetratron the absorptron of the CPs was fine- tuned

_to near-mfrared (N IR) region. To facilitate their-application i in blologlcal system

the CPs were formulated to be CP NPs by a tradltlonal_ method using 1,2 dlstearoyl-,
sn-glycero-'3-phosphoethanolamine-N-_[methoxy(polyethylene glycol)-2000] as the
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matrix as described herein. -The synthesiied CP NPs demonstrated high PA

intensities which are better than that of polyhydroxyfullerene (PHF ) and commerc1al
dye 1ndocyan1ne green (ICG) which are currently wrdely used PA contrast agents

Preferred CP NPs of the present | invention to use in photoacoustic imaging

‘ applicatlons 1nclude PF TTQ and PIDT-TTQ.

' The present 1nvent10n also prov1des a method for photoacoustic imagmg ofa

B target comprising: -

1ncubat1ng a target with a polymer of Formula (I) to form an 1ncubated

" mixture;

_ irradiating the mixture With a pulsed laser, wherein the pulsed laser optically

excites the polymer, to generate'thermally-induced acoustic waves, wherein the -

- acoustic waves result from energy emission from the exc1ted polymer

detecting the thermally- 1nduced aeoustic waves with ultrasound and -

translatmg the acoustic ‘waves detected by ultrasound into an image of the

In addition the synthe51zed CP NPs generate heat upon NIR light absorption.'
Therefore another aspect of the invention relates to the use of the CP NPs described

herein as a therapeutic agent for use in photothermal therapy The present 1nvent1on

'further provides a method for photothermal ablation of a cancer cell, comprismg

incubating a cancer cell with a conjugated polymer nanoparticle of formula
(D) to form an incubated mixture; and

' 1rrad1at1ng the mixture with a laser, wherein the polymer absorbs energy

from laser 1rrad1ation and converts the energy to heat thereby causing ablation ofa

- cancer. cell

In some embodiments of the invention, the laser used in photothe_rrnal
therapy is a pulsed laser. '
The synthe51zed CPs based agents described herein prov1de a new platform “

for pho}tothermal t_herapeutic applications and theranostic applications in which

_simultaneous diagnostie and therapeutic methods are administered.
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* DEFINITIONS

All deﬁnitions set forth herein apply to standalone terms as well as yvhen
used as a component ofa larger substituent (e.g. the definition of alkyl refers to
alkyl and also the alkyl component of (Cl Clo)alkoxy(Cl Ce)alkyl

: “Alkyl” means a saturated aliphatic branched or straight-chain monovalent

R hydrocarbon radical. “(CI-C6) alkyl” means a radical havmg from 1-6 carbon atoms
ina linear or branched arrangement “(C-Cg)alkyl” includes methyl ethyl propyl
. 1sopropyl butyl, 1sobutyl sec-butyl pentyl and hexyl. '

“A]kylene means a saturated aliphatlc stralght cham divalent hydrocarbon

radical having the specrﬁed number of carbon atoms Thus, “(C)- Cé)alkylene

_ means a divalent saturated aliphatlc radical having from 1- 6 carbon atomsina

lmear arrangement “(Cy- C6)alkylene Aincludes methylene ethylene propylene
butylene, pentylene and hexylene. - _
As used herem, ‘aryl” or “aromatic” used alone or as part of a larger moiety

includes both carbocyclic aromatic ring systems and heteroaromatic ring systems.

. These include monocyclic and polycyclic aromatic groups. The term “(C6-C14)aryl’;’ |

used alone or as part of a larger moiety as in “arylalkyl”,' “‘arylalkoxy”, or

“aryloxyalkyl”, means carbocyclic aromatic rings. The term “carbocyclic aromatic

7 <L

group” may be used interchangeably with the terms “aryl”, “aryl ring” “carbocyclic '

2% e

aryl group” and “carbocyclic aromatic group”. An aryl group -

~ typically has 6-14 ring atoms. A “substituted aryl group™is substituted at any one or

more substitutable ring atom. The term “Ce.14 aryl” as used herein means a

‘monocyclic, bicyclic or tricyclic carbocyclic ring system containing from 6 to 14

carbon atoms and includes phenyl, naphthyl, anthracenyl, 1,2-dihydronaphthyl, :

1,2,3,4- tetrahydronaphthyl fluorenyl, indanyl indenyl and the like:
The term “heteroaryl” “heteroaromatic” “heteroaryl ring”, “heteroaryl
group” and “heteroaromatic group”, used alone or as part ofa larger moiety as in

“heteroarylalkyl” or “heteroarylalkoxy refers to aromatlc ring groups having five .

‘to fourteen ring atoms selected from carbon and at least one (typically 1 - 4, more

typically 1 or 2).heteroatoms (e. g.,i oxygen, nitrogen,' selenium or sulfur). They

include monocyclic rings and polycyelic rings in which amonocyclic
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- heteroaromatic ring is fused to one or more other carbocyclic aromatic or

heteroaromatie rings. Heteroaromatic groups include, but are not limited to furan,
oxazole, thiophene, 1,2,3-triazole, 1,2,4-triazine, 1,2,4-triazole, 1,2,5-thiadiazole
1,1-dioxide, 1,2,5-th'iadia_zole 1-oxide, 1,2,5-thiadiazole, 1,3,4-oxadiazole,. 1,3,4- .
thiadiazole, 1 3, S;triaiine ir’nidazele isothiazole isoxazole, pyrazole, pyridaiine

pyrrdme pyrldme N-oxide, pyrazrne pyrlmrdme pyrrole tetrazole and thlazole

- The term “5-14 membered heteroaryl” as used herem means a monocychc bxcychc
. or trlcycllc ring system contammg one or two aromatlc rings and from 5 to 14 total
' ring atoms of which, unless otherwise specrﬁed, one, two, three, four or five are

_heteroatoms independent’ly selected from N, NH, N(C,_¢alkyl), O and S.

Each aryl and heteroaryl is optionally and independently substituted.

’ Exemplary substltuents include halogen, (C,-C3)alkoxy, (CI-C3)alkylth10 hydroxy,

(C6-C14)ary1 (Cs- C14)heteroaryl (C3-C15)cycloalkyl (C3-C)s)heterocyclyl, amino, ‘
(Cl -Cs)alkylamino, (C;- C5)d1alkylammo thio, oxo, (C;-Cs)alkyl (Cs- C14)ary1(C1— '
Cs)alkyl (Cs C14)heteroaryl(C1 Cs)alkyl, mtro cyano, sulfonato, phosphonato

carboxylate hydroxyl(C1 Cs)alkyl and halo(Cl -Cs)alkyl. “Tolyl” as used herem

means a_phenyl group substituted by a methyl group, at either the ortho, meta or
para position. | . '

The term “alkoxy” means —O-alkyl wherein alkyl is defined above;

| “hydroxyalkyl” means alkyl substrtuted with hydroxy, ‘aryl alkyl” means alkyl

substituted with an aryl group; alkoxyalkyl” mean alkyl substituted with an alkoxy '

- group; “alkylamine” means amine substituted with an alkyl group; cycloalkylalkyl” )
N means alkyl substituted with cycloalkyi; “dialkylamine” means amine substituted

-with two alkyl groups. Thus, “(CI-C6‘)alk0xy(C1-C1 2)alkyl” means an alky‘l group

having from 1-12 carbon atoms in a linear or branched arrangement, that is |
additionally substituted at any one of carbons 1-12 by an alkoxy group‘having from

1 - 6 carbon atoms in a linear or branched arrangement The orgamc fragment to

Wthh the (C| Cs)alkoxy(Cl Calkyl is attached may be bonded at any one of
_carbon atoms 1-12 on the (Ci- Clz)alkyl chaln

“Organoborate as used herem is a reactive boron spec1es suitable for use as -

a cross-coupling reaction partner. “Organoborate includes boronic acids of the |
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“formula R-B(OH), organoboronic esters of the formula R-B(pin) or R-B(cat), or

organotrrﬂuoroborates of the formula R- BF:K, where R is the organlc fragment to
which the boron atom is attached. In R-B(pin), ¢ (pm) stands for pmacol wherern
the oxygen atoms of the pinacol diol are covalently bound to boron. In R-B(cat),
“cat” stands for catechol wherem the oxygen atoms of the catechol diol are

“blocompatlble matrix” is a scaffold that supports a chemrcal compound

j ora polymer that serves to perform an approprlate functron ina specrﬁc applrcatron
~ without causing an inappropriate or undesrrable effect ina host system. Examples

of blocompauble matrices include poly(ethylene glycol), 1,2-Distearoyl-sn- glycero-

3-phosphoethanolamineeN-[meth_oxy(polyethylene glycol)] (DSPE-PEG), poly(l)L- o

, lactide co- glycolide) chitosan, bovine serum albumin, and gelatin. In a matrix, and -

partlcularly in a DSPE-PEG matrix, PEG can mean, for ‘example, PEGlOOO

| (averaglng a molecular weight of 1000) PEG2000 ((averagmg amolecular werght
of 2000) PEGSOOO (averagmg a molecular welght of 5000). Asaside chainona
conjugated polymer, PEG means a polyethylene glycol polymer made up of 1 to lOO

 repeat units, or more preferably 1-50 repeat units.

“Folate” means a folrc acrd derivative, often a salt, which is covalently

bond'ed_ to a molecule, for example a conjugated polymer. Generally, the folate or

._folic acid salt is covalently- bonded through the terminal primary carboxylic acid.

A “bioconjugate” as. used herein is typlcally a small molecule w1th an
affinity for a biological target, for example a complex in a cell- membrane
- “Ablation” means loss of cellular function through death of a cell.

- “Theranostic” means simultaneous diagnostic and therapeutic method.

EXAMPLES

The following examples are provided to illustrate-one or more preferred

' embodrments of the invention, but are not limited embodlments thereof Numerous

‘vanatrons can be made to the following examplcs that 11e w1th1n the scope of the |

invention,
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‘ Examplé 1: Representative synthetic proeedure for low molecular weight conjugated

molecules

Toa solution of 4,9-bis(5- bromothlophen-2 yl) 6,7-bis(4- (hexyloxy)phenyl)
[1 2,5]thiadiazolo[3, 4-g]qu1noxalme (86.0-mg, 0.1 mmol), 1-(4-(4,4,5,5- -tetramethyl-
1, 3 2-dioxaborolan-2- yl)phenyl) 1,2,2- trlphenylethylene (114.5 mg, 0.25 mmol)

- Pd(PPh3)4 (11. 5 mg, 0.01 mmol) and tetrabutylammonium bromide (32.2 mg, 0.01

- 10

mmol) in toluene (15 mL) was added K5COj3 aqueous solutlon 2 M, 5 mL). The

k. reaction was performed at 90 °C for 24 h under ¢ argon atmosphere After removing-

the solvent, the residua was purlﬁed through silica gel column chromatography

-using. hexane/drchloromethane (7/3) as cluent to afford 6,7- bis(4- (hexyloxy)phenyl)—

4 ,9-bis(5-(4-( 1,2 2-tr1phenylvmyl)phenyl)thlophen-Z-yl)-[l 2,5]thiadiazolo[3, 4-

15 v
 tube was charged with 4,9-dibromo-6,7—,bis(4-(hexyloxy)phenyl)—‘
(1,2 5]thiadiazolo[3 4 g]quinoxaline (139.6 mg, 0.20 mmol), 2,7-bis(4.,4,5,5-

20

25

~ . g]quinoxaline as black solid (98.2 mg, yield: 72%). Each compound shown in

Scheme l was made by the analogous procedure.

Example 2: Synthesis of Conjugated Povlymer‘CP-J

~ /N m -
s’ _ CP-1. A Schlenk

tetramethyl-1,3,3- d1oxaboralan 2-y1)-9,9-bis(4- -(2- ethylhexyloxy)phenyl)ﬂuorene
(165.2 mg, 0.20 mmol), palladlum acetate (4 mg, 0.018 mmol) and
tricyclohexylphosphine (lQ mg, 0.036 mmol )in toluene'(_lO mL) before it was
sealed with a rubber septum. The Schlenk tube.wa's degassed with three freeze-

pump-thaw cycles" to ,remove air. After the mixture was heated to 80 °C, an aqueous

.Et4NOH‘ solution (20 wt %, 1.5 mL) was added to initiate the reaction. ‘After 3 days, - |

the reaction was. stopped and cooled down_ to room temperature. The mixture was

dropped slole into methanol (100 mL) to precipitat‘c the crude polymer followed :
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by c_entriﬁ_igation. The c_rude polymer waé subsequently redissolved in chloroform -
(200 mL), washed with water 3 times, and dried over MgSOs. “After solvent
removai, the polymer (68 mg, yiel'd': 31%) was obtained as a black solid by

. precipitation in methanol. 'H NMR '(500 MHz, CDCls, ppm) &: 8.09 (br, 4 H), 7. 44-
.   5 | 7.23(br, 10H) 6.72 (br, 8H) 394(br 4'H), 369(br 4H) 1.76 (br, 4H), 1. 63 (br,

| -'2H) 143125(br 28H)089083(br 18H)

’ Example 3: Syntheszs of . PF T TQ

HOQ! =  CgHi30 / \ -

o ’ NO, . N S on
SR oW ‘ v :
Br— Br Br—QVBr = R [N »/s\ R v
| AT NAR . o _
- . s° » s ; v ' -

CeHus0 OCgHy3

PFTTQ

. The preceding synthetic route to PFTTQ is detalled in the procedures below
| IQ , Reagents and conditions: i) KOH 1 bromohexane, H,0, 100 °C, 1 h i) Cul, .
| Pd(PPh3)2C12, trlmethylsllylaceylene, i-Pr,NH/THF, ron temperature, ovemlght;- :
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iii) KOH, THF/MeOH/H;O, room temperature, 1 h; iv) Cul, Pd(PPh3),Cl,, 1, i-

Pr,NH/THF, room ternperature, overnight; v) KMnO,, NaHCQ3, TBAB, CHZCIZ, _

room temperature, 2 days; vi)-H2$O4, HNO;, 100 °C, ovemight; vii) Pd(PPh3),Cl,,
2-(tributylstannyl)thiophene, THF 80 °C, overnight; viii) NBS, DMF, 60 °C, 3 h; ix)
a) Iron, acetlc acid; b) acetlc acid, 135 °C 24 h; x) Pd(OAc)z, Cy3P Et4NOH
toluene 18 h o ‘ -

" . 1-Hexyloxy-4-iodobenzene (1). To a solution of tétrabutylamr_nonium bromide (100

mg, 0.31 mmol) and 4- iodophenol’ (58227 rnmol) in aqueOus potassium hydroxide -

‘ ."(50 mL 50 wt%) at 100 °C was added 1-bromohexane (437 mL, 31.1. mmol) in one ‘
. portion. The reactlon was kept for 1 h at 100 °C before it was cooled to roor

N temperatur_e. The mixture was extracted with dlchloromethane, washed with water

and dried over MgSVO4. After solvent removal', the residue was puri_ﬁed by silica gel

" column chromatography using hexane as eluent to prO\‘fidei as a colorless liquid

638 yield: 91%). '"H NMR (500 MHz, CDCls, ppm) 8:7.53 (d,J=8.5 Hz, 2 H),
6.67 (d,J= 8.5 Hz, 2 1), 3.91(t,J= 6.5 Hz, 2H), 1.75 (m, 2 H), 1.45 (m, 2 H), 1.33

(m, 4 H); 0.91 (t, J= 7 Hz, 3 H). *C NMR (125 MHz, CDCl;, ppm) &: 159.06,

138.1_ 6, 116.97, 82.40, 68.16, 31.57, 29.14, 25.69, 22.60, 14.04.

[(C5 (Hexyloxy)phenyl)ethynyl)tnmethylsnlane (2). To a solution of 1 hexyloxy-4-

iodobenzene (3.25 g, 10.69 mmol), copper iodide (104 mg, 0.54 mmol) and
Pd(PPh3)2C12 (] 50 mg, 0.21 mmol) in d11sopropylam1ne/tetrahydrofuran (30/ 10 mL)

- at room temperature under argon atmosphere was added trimethylsilylaceylene 245

.g,25 mrnol) via syringe. The reaction was -performed at room temperature

overnight. The mixture was diluted with dichloromethane, filtered through a cehte

pad, concentrated under reduced pressure and punﬁed by 5111ca gel column _

chromatography using hexane as eluent to afford 2 as a colorless liquid (2.8 g, y1eld :
95%). '"H NMR (500 MHz, CDCl,, ppm) 8: 7.38 (d, J=8. 5Hz,2 H),6.79 (d,J=

8.5 Hz, 2 H), 3.94 (t,J = 6.5 Hz, 2 H), 1.75 (m, 2 H), 1.45 (m, 2 H), 1.33 (m, 4H),

0.89 (t,/=7 Hz, 3 H) 0.29 (s 9 H). 13c NMR (125 MHz, CDCl, ppm) 8:159.37,
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133.44, 115.02, 11436, 105.34, 92.27, 68.07, 31.57, 29.15, 25.68, 22.58, 14.00,
. 0.08. | | ' | o |

1-Ethynyl-4-(hexyloxy)benzene (3). A round bottle flask was charged with ((4-
(hexyloxy)phenyl)ethynyl)trimethylsilane (2.74 g, 10 mmol), potassium hydroxide

» (5 6 g, 100 mmol), THF (50 mL) methanol (25 mL) and water (18 mL). The
“mixture was strrred at room temperature under argon atmosphere for 1 h. After
' solvent removal the residue was subsequently redrssolved in dlchloromethane

. | washed with water and dried over MgSO4 The crude product was purified by srhca

gel column chromatography using hexane as éluent to yield 3 as a colorless 11qu1d

(1.9 g, yield: 94%). 'H NMR (500 MHz, CDCls, ppm) &: 7.42 (d, J = 8.5 Hz, 2 H),
2, y v | :

6.83 (d, J= 8.5 Hz,2 H), 3.95 (t, J = 6.5 Hz, 2 H), 3.00 (s, 1 H), 1.77.(m, 2 H), 1.46

. (m, 2 H), 1.35 (m; 4 H), 0.93 (t, J=7 Hz, 3 H). ®C NMR (125 MHz, CDCls, ppm)
! _ ,. p

8: 159,59, 133.57, 114.49, 113.95, 83.80, 75.67, 68.08, 31.59, 29.17, 25.71, 22.61,

. 14.03.

1-,2-Bis(4-’(hexyloxy)phenyl)ethyne 4. A solution of 1 -ethynyl-4-

‘ ) (hexyloxy)benzene (2,02 g, 10 mmol), 1-hexyloxy-4-iodobenzene (3.19 g, 10.5
~ mmol), ¢opper iodide (95 mg, 0.50 mmol) and Pd(PPh3')2C12 (140 mg, 0.20 mmol) in

diisopropylamine'(30'mL) was stirred for 20 h at room temperature under argon -

“atmosphere. After solvent removal, the residue was subsequently redissolved in
'd1chloromethane washed w1th water and drled over MgSOy. The crude product was

~ purified by silica gel column c_hromatography,(hexane/drchloromethane =9/1) 10

afford 4 as a white solid (2.6 g, yield: 69%). 'H NMRV' (500 MHz, CDCIQ, ppm) &:

7.42(d; J=8.5Hz, 4 H), 6.84 (d, J=8.5 Hz, 4 H), 3.97 (t, J= 6.5 Hz, 4 H), 1.78 .

(m, 4 H), 1.46 (m, 4 H), 1.35 (m 4 H), 091 (t,J=7 Hz, 6H). 3C NMR (125 MHz,
CDCl;, ppm) 8: 158.99, 132 83, 115.54, 114.52, 87.96, 68.09, 31.59, 29.19, 25.71,
22.59, 14.02. ' o

1 2-Bis(4 (héxyloxy)phenyl)ethaneQ1 2- drone (5). To a solution of 1,2- bis(4-
(hexyloxy)phenyl)ethyne (2 5 g, 6.6 mmol) in dichloromethane (20 mL) was added
tetrabutylammomum bromide (100 mg, 0.31 mmol) NaHCO; (1.2 g, 14.3 mmol)
KMnO4 (3:3¢g,209 »mmol) in water (40 mL). The mixture was vigorously stirred at
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* room ternperature for 2 days, and sodiurnbisulﬁte (8 g) and hydrochloric acid (10

- mL) were subsequently added. The mixture was extracted with _dichlorornethane and‘

washed with water, and the organic'phase was dried over MgSOy. After solvent
removal, the residue was puriﬁed by silica gel column chromatography

(hexane/ethyl acetate =19/ l) to afford 5 as a white solid (2.5 g, yield: 92%). 'H

| NMR(SOOMHZ CDCls, ppm) &: 792(d J=8.5Hz,4 H), 6.94(d, J= 8.5Hz, 4
',H) 4.03 (t,J=17Hz, 4H) 1.80 (m, 4 H), 146(m 4 H), 1.34 (m, 4 H), 0.91 (t, =7
. Hz, 6 H). °C NMR(125 MHz, CDCls, ppm)8 193.56,164.50, 132.35, 126.13,.
o 114.72, 68.48, 31.50, 28.98, 25.60, 22.56, 13.99.

10 - 4,7-Dibromo-5,6- dinltrobenzo[l 2 5]th10dlazole (6) To a mixture of sulphuric _

ac1d (10 mL) and nitric acid (70%, 10 mL) at 0 °C was added 4,7- d1b_romo -2,1,3-

‘ benzothiodiaiole (2 g, 6.8 mmol). Aﬁer stirring at 100 °C overnight, the mixture

was cooled down to.room temperature and poured into ice-water (lOO mL), which

Was followed by add1t1on of SOdlle hydrox1de solution to neutrahze the excess acid.
, The precipitate was ﬁltered and washed with water. The crude product was pur1f1ed

'by silica gel column chromatography (hexane/dichloromethane = 8/2) to afford 6 as ‘

a white solid (522 mg; yield: 20%). MS: m/z = 383.9. -

5,6-Dinitro-4,7-di(thiophen-Z-yl)benzo[1_,2',5]thiadiazole (7). A solution of 4,7-

' dibrorno-S ,6-dinitro-benzothiadiazole (250 mg, 0.65 mmol), 2~
-(tributylstannyl)thiophene (971A mg, 2.6 mmol) and dichlorobis(triphenyl-

phosphine)palladium (45 mg, 0.65 mmol) in anhydrous THF was heated to 80 °C

* under argon atmosphere. The mixture was allowed to react at 80 °C overnight. After
“the solvent removal, the residue was ‘puriﬁed by silica gel colurnn'chromatography

(hexane followed by hexane/dichloromethane = 7:3) to afford 7 as an orange solid

(230 mg, yield: 90.7%). "H NMR (500 MHz, CDCl;, ppm) 8: 7.78 (d, J = 4 Hz, 2

H), 7.55 (d,J = 4 Hz, 2 H), 7.27 (t, J = 4 Hz, 2 H). |
4,7-Bis(5-bromothiophen;2-yl)-5,6-dinitrobenzo[’1-,2,5]thiadiazole (8). A solution
of 5,6-dinitro-4,7-di(thiophen-2-yl)benzo[ 1,2,5thiadiazole (230 mg, 0.59 mmol) in -

‘DMF (20 mL) was heated to 60 °C. N—bromoSUCcinimide (215 mg, 1.21 mrnol) was

added in one portion to the mixture. After 1 h, another portion of NBS (215 mg, 1 21

~ mmol) was added, and the reaction was continued for additional 1 h The reaction

i
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- mixture 'was cooled down to room temperature and poured into water. The collected

v precipitation was Washed with methanol twice to afford 8 as an orange solid (274

mg, yield: 85%). 'H NMR (5001 MHz CDCls, ppm) 8:7.29 (d. /= 4 Hz, 2 H), 7.22
(d, J=4 Hz, 2 H).

4,9- Bls(S bromothlophen-Z-yl) -6 7-b|s(4 (hexyloxy)phenyl)-

[1,2,5]thiadiazolo[3,4- g]qumoxallne 9. A mlxture of 4,7- bls(S bromothlophen 2-
yD- 5 6-dinitrobenzo[1,2 5]th1ad1azole (300 mg, 0. 55 mmol) and fine iron powder
- (368 mg;-6.5 mmol) in acetic ac1d (20 mL) was heated to 80 °C. After 6 h, the

mixture was cooled down to room temperature and filtered off The ﬁltratlon was

- -mixed with 1,2-bis(4- (hexyloxy)phenyl)ethane 1,2-dione (225 mg, 0. 55 mmol) and |

stirred at 135 °C under argon atmosph_ere for 24 h. After solvent removal, the residue '.

was washed with methanol. The precipitation was purified by silica gel column

ehromatography (heXane/dichlorom"ethane =7/3) to afford 9 as a black-green solid . '

" (241 mg, yield: 51%). '"HNMR (500 MHz, CDCL, pprn) 3: 8.83 (d, J = 4 Hz, 2 H),
7.70 (d,J = 8.5 Hz, 4 H), 7.21 (d, J= 4 Hz, 2 H), 6.96 (d,J=8.5Hz, 4 H),4.05(t,J
=6.5 Hz, 4 H), 185(m 4 H), 1.54 (m, 4 H), 138(m 8 H), 0.93 (t,J =7 Hz, 6 H).
f 3¢ NMR (125 MHz, CDCls, ppm) 8: 160.63, 153.01, 150.67, 137. 32, 133.79,

133.05, 132.50, 129.94, 12940 12021 11946, 114.11, 68.19, 31.68, 29 30, 25.81,

22, 66 14.09.

'Poly[9,9—bls(4-(2-ethylhexyl)phenyl)ﬂuorene-alt-cO'-6,7 -bis(4-(hexyloxy)phenyl)-
- 4,9-di(thiophen-Z-yl)thiadiazoloquinoxaline] (PFTTQ).

A Schlenk tube was charged with 4,9_—Bis(5-bromothiophen-2-yl)-6;7-bis(4-

(hexyloxy)phenyl)-[1,2,5]thiadiazolo[3,4-g]quinoxaline (100.0 mg, 0.116 mmol),

2,7-bis(4,4,5 ,5-tetramethyl-1 ,3,3-dioxaboralan-2-y1)-9,9-bis(4-(2-
ethylhexyloxy)phenyl)ﬂuorene'(95.8 ‘mg, 0.116 mmol), palladium acetate (3 mg)
and"tricyclohexylphosphi’rle.(7 mg) in toluene (iO mL) before it was sealed with a o
rubber septum. The Schlenk tube was degassed with three freeze-pump-thaw cycles

to remove air. After the mixture was heated to 80 °C, an aqueous Et;NOH solution

(20 wt%', 1.5 mL) was added to initiate the reaction. - After 18 h, the reaction was

stopped and cooled down to room temperature The mixture was dropped slowly

mto methanol (100 mL) to precrpltate the crude polymer followed by centrlﬁJgatlon

1483547.1 :
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) The crude polymer was subsequently redlssolved in chloroform (200 mL), washed
. ,w1th water 3 times, and dried over MgSO4 After solvent removal the polymer (45 |
mg, yield: 30%) was obtamed asa black-green solid by prempltatlon in methanol.
| 'H NMR (500 MHz, CDC13, ppm) 5:9.00 (br, 4 H), 7.81-7.14 (br, 14 H), 6.80 (br, 8
-5 H), 3:98 (br, 4 H), 378(br 4H) 1.83 (br 4H) 167(br 2H) 1.50-1 26(br 28H),
. >093085(br 18 H). S »

. Example 4: Synthesis of PIDT-TTQ'

Chooc. | Emanamso, | GH00C CPaEPhCh THE  CHO0C HGHaO~{ Ml
- hooc e, on 85°C. 150 NN
: Brszr —_— . B ! - I ]
- Co Yield: 90% : ) - IYACOHISS0s
il . COOC,H; b ‘ 5
. ) COoH Yield: 93% ‘ . 2 v 3 ' Yieml 78%
CyHy70,
: #-Buli, 78 °C, .
SR NBS. THF/DMF (21 timethyttin chiofide \Sn
. Shield from light -
L : " viedieaw » Yield: 91%
o OCsHy7 i
: . . 6
COHIBO\ OCqH,,
A N 2
7 Ny . -
N , . .
Br /S> ./S\' -8r
b
- Ne

PIDT-TTQ

' 10 - Diethyl 2 5- dlbromoterephalate (2). To a solution of 2,5- d1bromoterephtha11c acid -
- (10.0 g, 30.8 mmol) in absolute ethanol (50 mL) was added concentrated H,SO4 (15
mL). The mixture was reﬂuxed- ovemight. Aﬁer cooling to room t_emperature, the
' precipitate was collected by filtration and then further purified by recryétallizatiorr
from ethanol to give d1ethy1 2 5 drbromoterephalate as a white crystal Yield: 93%.

15 Diethyl 2,5- dl(thlen-Z-yl)terephthalate (3). To a solution of drethyl 2,5- ‘
o dlbromoterephthalate (4.3 g, 11.3 mmol) and Pd(PPh3)2C12 (397.1 mg, 565.7 umol) ‘
in anhydrous THF (15 mL) was added 2- (tr1butylstannyl)thlophene (10.8 mL, 33.9

mmol) The reaction mixture was stlrred at 85 C under argon atmosphere for 15 h.
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After cooled to room temperature, the mixture was treated with KF aqueous solution

| (10 wt%, SO-mL) for 2 h. The produet was extracted with dichlorornethane 'three

times, and the combined orgamc phase was washed with water three times and then
dried over MgSO4 After filtration, the solvent was removed under reduced pressure

The residue was purified by silica gel chromatography (hexane/ethyl acetate = 9/1)

to afford diethyl 2,5-di(thien-2- yl)terephthalate as a white solid. Yield: 90%. 'H
NMR (400 MHz, CDCL, ppm)5 7.83 (s 2 H), 7.41 (dd, 2 H), 7. 12(m 4H), 424
o (q,4H) 118 (¢, 6 H).

4, 4 9,9- Tetrakls(4 (octyloxy)phenyl) 4 9- dlhydro-s-mdaceno[l 2 b:5,6-
;b’]dlthlophene 4). A solutlon of l-bromo 4- octyloxybenzene (9.975 g 35.0 mmol)

in anhydrous 7THF (70 mL) was treated with n-BuLi (21.87 mL, 1.6 M in hexane, 35 |
mrnol) at —78 °C for 1 h. Then a 'solution of diethyl 2,5-ﬂdi(thien—2-yl)terephth’alate '

(1.93 g, 5.0 mmol) in anhydrous THF (10 mL) was added Slowly int.o the reaction _.

_ mixture. After addltlon completed, the reactlon mixture was stirred at at —78 °C for

another 1 h and slowly warmed to room temperature for another 12. The solutlon .

subsequently extracted with dichloromethane (100 mL x 3), washed with water (100

mL x 3) and dried over MgSO,. After ﬁltration and solvent removal, the crude

product was dissolved in boiling acetic acid (100 mL) and dropwisely added with 3

vdrops of Conce_ntrated HzS04. The reaction was allowed to reflux for 3 h and then

quenched with water (100 mL). After solvent removal, the residue was subsequently

extracted with dichloromethane (100 mL x 3), washed with water (100 mL x 3) and

~dried over MgSO4. The crude product was purified by silica gei column
' chromategraphy using héxane/dichldromethane (8/2) as eluent to yield 4,4,9,9- .

Tetrakls(4 (octyloxy)phenyl)-4,9- dlhydro -S- 1ndaceno[1 2-b:5,6-b’ ]dlthlophene as -
light yellow solid. Yield: 78%

2, 7-leromo 4,4,9,9- tetrakls(4 (octyloxy)phenyl) 4,9- dlhydro-s-mdaceno[l 2-

b.5,6 b’]dlthlophene (5). To a solution of 4,4,,9,9 tetrakis(4-(octyloxy)phenyl)-4,9- -

“dihydro-s-indaceno[1 ,2-b:5,6-b’]d_ithi0phene (3.50 g, 3.23 mmol) in THF/DMF (2/ 1,

75 mL) was added N-bromosuccinimide (1.26 g, 7.11 mmol) in portions within 20

nlin. This mixture was stirred for-3 h in the presence of light at room temperature
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' and then the solvent was removed under reduced pressure. The residue was

. subsequently dlssolved in dichloromethane (200 mL), washed w1th water (3 x 100

mL) and dr1ed over MgSO4 After concentration, the residue was purified by 5111ca
gel chromatography (hexane/dlchloromethane = 7/3) to afford 2,7-dibromo-4,4,9 9-
tetrakls(4 (octyloxy)phenyl) 4,9- dlhydro-s 1ndaceno[1 2-b:5,6-b’]dithiophene as a
white sohd (3.80.mg, y1eld 94%) lH NMR (500 MHz, CDC]}, ppm) &: 7. 31 (s 2

- H), 7.14 (d,J = 8.5 Hz, 8H) 6.98 (s, 2 H), 680(d J=8.5Hz, 8 H), 392(t J=6

. Hz, 8 H), 1.76 (m, 8 H), 1.44 (m, 8 H), 132(m 32H) 0.90 (t, 12 H). "CNMR
(150 MHz, CDCl;, ppm) 5: 158. 65, 155. 61,153.35, 141.57, 13630, 135.33, 129.32,

12638, 11747, 114.78, 114.19, 68.41, 63.18, 3221, 29.74, 29.63, 26.48, 23.04,

14.47.

- 4, 4 9,9- Tetrakis(4 (octyloxy)phenyl) 4,9- dihydro-s-indacenol[l'z b:5,6-

' b’|dithiophene-2, 7-d1yl)bls(trlmethylstannane) (6) To a solution of 2 7- d1br0mo-

. 4,4.9.9- tetrakls(4 -(octyloxy)phenyl)-4,9- dxhydro-s mdaceno[l 2-b: 5 ,6-

15 .
- n- butylllthlum (1. 6 M, 2.17 mL, 3.48 mmol) dropWISe over 10 min. The reaction

20

25

30

b’ ]dlthlophene (1.8 g, 1.45 mmol) in anhydrous THF (50 mL) at—78 °C was added.

- mixture was stirred at —78 °Cfor L h, and then mmethyltm chloride (1 M in hexane,

4.0 mL 4.00 mmol) was added in one portion. The reaction was allowed to warm to

“room temperature and stirred overnight. The mixture was concentrated and

subsequently redissolved in diethy_l ether (250 mL), washed with water and drie_d ,

over MgSO0,. E\}aporation of the solvent followed by recrystallization from

methanol afforded (4,4,9,9-tetrakis(4- (octyloxy)phenyl) 4,9-dihydro-s-- |

“indacenol[1,2-5:5,6-b "Jdithiophene-2,7- d1yl)bls(tr1methylstannane) as a light
"brownish solid. (1.87 g, Yield: 91%)

Poly[(4,4,9,9-tetrakis(4- (octyloxy)phenyl) -4, 9 dlhydro-s-mdacenol[I 2-b: 5 6-
b’ldithiophene-2,7-diyl)-alt-co-4,9-bis(thiophen-2-yl)- 6,7-b1s(4- V

(hexyloxy)phenyl) (1,2 5]thlad1azolo[3 ,4-glquinoxaline] (PIDT-TTQ) A Schlenk

tube was charged with (4 4,9,9-tetrakis(4-(octyloxy)phenyl)-4,9-dihydro-s- '

indacenol[l 2-b:5,6-b ]dlthlophene 2,7- d1yl)bls(trlmethylstannane) (164 mg, 0. 116

mmol), 4,9- bls(S bromothlophen 2-y1) 6, 7 bis(4- (hexyloxy)phenyl)

. (1,2 5]th1ad1azolo[3 4-g]qu1noxalme ( 100 mg, 0.116 mmol) sz(dba)g (5.3 mg, 58
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umol) and P(o- tolyl)3 (7 1 mg, 23. 2 umol) and toluene (12 mL). The Schlenk tube

. was degassed with argon by three freeze- pump -thaw cycles to remove air. The.

mixture was heated to 100 °C and stirred for 40 h. After cooling down to room

temperature, the mixture was dropped slowly into methanol (100 mL). The

_ prec1p1tate was collected by centr1fugat10n Then the crude polymer was

subsequently redissolved in d1chloromethane (200 mL), washed with water by three

' times, and dried over MgSO4 After filtration, the m1xture was concentrated to ~35
. mL and added dropW1se into methanol to prec1p1tate the polymer. The polymer was
~ collected by centrifugation and drled in Vacuum oven to afford the polymer as sohd

(101 mg, Yield: 49%)

Example '2' Self-assembly ofCP-baséd nanoparticles in water.

A set of PF BDDBTlO PEGlOOO COOH NPs were prepared by addmg 2 mL
of DMSO contammg CP with concentratlon 0f 0.5, 0.25 and 0. 17 mg/mL into 10

- mL of Milli-Q water, respectwely. FIG. 1 shows the laser hght scattermg (LLS)
 results of PFBDDBT-PEG1000-COOH in water with different CP feeding

concentrations. As shown the particle size decreases from 116 nm to 28 nm with ©

decreasing the CP concentration in DMSO, 1nd1cat1ng that the size of CP NPs can be

controlled by fabrication procedures.

'_Example 3: Spectros_copyl of CP-based nanoparticles in water.

FIG. 2 shows the UV-vis and PL spectra of PFDBT-PEGIOOO-COOH,

* PFBTDBT-PEG1000-COOH and PFBDDBT-PEG1000-COOH NPs in water,
: respectlvely Although the three CP NPs exhibit different absorption spectra, they

‘show almost identical PL spectra centered at 680 nm. This is because that they have

the same NBG2 unit of the vicinity of 4,7-d1(th10phen-2-yl)-2,l,3-benzoth1ad1azol_e.
(DBT) units. The emission spectra extend very broad from 550 to 900 nm, and most -
are located in NIR region. 'Fui'thermore, the NPs have lafge Stokes shift from 192 to

277 nm, which minimizes the interference between the absorption and emission

. .spectra. . The PL spectrat of the NPs match the confocal laser scanning microscope -

(CLSM) with 650 nm long pass barrier filter for signal collection. The quantum.
y1elds of PFDBT PEG1000- COOH PFBTDBT PEGlOOO COOH and PFBDDBT- -
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. measured to be 7 + 1%, using rhodamme 6G in methanol as reference QY= 95%)
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- PEG10005COOH in water were rneasured to be 30 + 1%, 32 + 1% and 25 % 1%,
‘respectively, and 46 1%, 59 + 1% and 45 + 1% in DMSO, respectively, using 4-

(dicyanomethylene)-2-methyl-6—(p-dimethylaminostyryl)-4H-_pyran (DCM) in
methanol as a standard (43%).{30] By far, these are the highest values for NIR

~ fluorescent CP NPs in water Compared to those in DMSO, the QYs of the CPEs in

: water only decrease by ~33 -45%, which i is a much smaller drop in companson with.

prevrous reported CPEs [29 3 1] where the decrease even up to ten to hundred

" times. This 1nd1cates thatthe PEGloQO side chains provide a hydrophoblc
’ micrOenvironment for the conjugated backbone against water invasion, thus -

‘ suppressmg ICT- 1nduced fluorescence quenchmg in water '

FIG. 11 shows the UV-vis and PL spectra of CPl nanopartlcles (NPs) in

“water. The absorptron spectrum of the CP1 nanopartlcles has two peaks centered at -

455 and 563 nm, which correspond to 7r-7r* transmon of the conjugated backbone

‘ and charge transfer state, respectlvely ‘The NPs exhibits a PL spectrum with an -

emission peak at 685 nm. The quantum yreld (QY) of the NPs based on CP1 was

FIG 14 shows the absorption spectra of PF TTQ and PIDT-TTQ NPs in water
PFTTQ has two absorptron peaks located at ~430 and 775 nm, which are attributed

to 7-7* transition of the conjugated backbone and charge transfer state, respectrvely.

.,PIDT TTQ NPs show a broad UV- Vls-NIR absorptlon band from 620.nm to 1100

nm. Both' PFTTQ and PIDT- TTQ NPs have strong absorption at 800 nm where the

llght has deep penetratlon in b1010g1ca1 tissue.

' Example,4.j.Photolumznescence measurement in the presence of Bovine Serum

- Albumin.

Since the optical s_ignals of CPEs used as cellular probes are often disturbed
by nonspecific interactions between the probes ‘and biomolecules, bovine serum
alhumin (BSA) was chosen as the model biomolecule to study the effect of
nonspeciﬁc interactions on ﬂuorescence due to its abundance in culture medium,
and surfactant like hydrophoblc interactions w1th small fluorophores, and charged or
neutral CPEs in aqueous media. FIG: 3a shows the representanve PL spectra of

PFBDDBTIO PEGIOOO COOH in 150 mM PBS in the absence and presence of
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- BSA with COncentrations from0to 0.25 uM As shown, only a slight decrease in

‘ ﬂuorescence 1ntens1ty of the CP NPs was observed upon increasing the BSA :

concentratlon ‘with the saturatlon occurring at [BSA] =0.10 uM, 1nd1cat1ng that

small var1at1on occurs for the local microenvironment of the conjugated backbones

due to the protection of PEG chains.

' To evaluate the thermal stab1l1ty of the optlcal propertles of the CP NPs

~ three CP NPs were 1ncubated in PBS/BSA (1 50 mM/O 25uM) mlxture at 37 °Cfor3

days, respectwely The varlatlons of the quantum y1elds for PF DBTlO PEGIOOO-V

- COOH, PFBTDBT10-PEG1000-COOH and PFBDDBTIO PEGlOOO COOH are -

‘shown as a bar graph in FIG. 3b. During the 3-day expenments, no obvious changesl

in quantum yields were observed, indicating that these CP NPs have good thermal

_' stability

Example 5 Nanopartzcle assembly by encapsulatzon into a matrix.

The folic acid (FA)-functionalized PFBTDBT10- loaded 1 ,2- d1stearoyl sn-

:glyc_ero-3-phosphoethanolamme-N-_[methoxy(poly ethylene glycol)] (DSPE-PEG) .

NPs were synthesized, USing‘a modified nanopreci_pitationmethod.[3 2] A
tetrahydrofuran (THF ) solution containing CP, DSPE-PEG2000 and DSPE-

-PEGSOOO-FAV(SO mol% of the matrix) was added into water under sonication,

- resulting in the hydrophobic DSPE segments entangling with hydrophobic CP
‘molecules andl hydrOphilic PEG chains extending into the aqueous phase.’ After

~ evaporation of THF, the CP-loaded DSPEi-PEG-FA-NP suspension was conected

after further purification using a 0.2 pm syringe filter. As a control group, CP-

- encapsulated DSPE-PEG2000 NPs without surface folic ac1d funct10nal1zat10n were

25

30

also fabricated following the same procedure. LLS results reveal that CP-loaded
DSPE-PEG NPs with and without folate functionalization have similar volume

average hydrodynamic diameters of ~80 nm (FIG. 4a). High resolution

* transmission electron microscopy (HR—TEM) observatton was conducted to study

the morphology of the CP- loaded DSPE- PEG- FA NPs. As shown in FIG. 4b, the
NPs are nearly spherlcal in shape with an average size of ~60 nm, which is smaller
than LLS result due to the shrinkage in dry sample state in the HR-TEM
observation. F IG 4¢ shows the UV-vis absorptlon and PL spectra of CP loaded
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 FIG. 5a, no decrease in fluorescence intensity of CP-loaded DSPE-PE_G-FA NPs is
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DSPE-PEG-FA NP suspension in water. The NPs have four absorption maxima at -

1320, 383, 448 and 53 5 nm, respectively, and an emission peak-centered'at 698 nm,

which is beneficial to bioimaging 7applications. Moreover, the quantum yield of CP- .

loaded DSPE-PEG-F A NPs in water is measured to be 21%, using 4-

- (dicyanomethylene)- 2- methyl 6-(p- dimethylammostyryl) 4H pyran in methanol asa
 standard (43%). | |

The precedmg procedure of encapsulatmg orgamc conjugated polymers into -

] DSPE- PEG matrices is applicable to conjugated polymer nanoparticles withor -
- without fohc acid functionahzauon Both PFTTQ NPs and PIDT TTQ NPs were -

- synthesized followmg the precedmg procedure. ‘Notably, no obvious precipitation

was observed from the prepared nanoparticlersolutio'ns after storage at 4 °C for 3

‘ mdnths indicéting their excellent colloidal stabi'lity'

Example 6 Examznatzon of T hermal Stabzlzly of CP-basea’ NPs

~ The thermal stabihty of the optical properties of CP-loaded DSPE-PEG- FA
NPs was mvestigated upon mcubation of the NPs in PBS buffer at 37 °C using

observed after their incubation in PBS at 37 °C for 7 days. In comparisons, Alexa

Fluor 555 and Rhodamine 6G show ~18% and ~25% decrease in PL intensity upon
incubation in PBS at-37 °C for 7 days, reSpectiVely. This result suggests that CP-
~ loaded DSPE-PEG-FA NPS has better thermal stability than the widely used organic

dyes. In addition, CP-loaded DSPE-PEG-FA NPs show little hydrodynamic size

change when incubation in PBS buffer at 37 °C for 7 days (FIG. 5b), mdicatlng their

high kinetic stabllity in aqueous environment.

Example 7: Application to cancer cell zmagtng._.

Cell imaging based on CP loaded DSPE-PEG NP.S'With and without folate

functionahzation was investigated with confocal laser scanning microscopy

V(CLSM) MCF 7 breast cancer cells and NIH/ 3T3 fibroblast cells were used to

demonstrate the utility of CP- -loaded DSPE-PEG-FA NPs in targeted cancer cell
imaging. The CLSM images of CP-loaded DSPE-PEG-FA NP-stained and CP-
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 loaded DSPE-PEG NP-stained MCF-7 cells are shown in FIGs. 6a and 6b,

_respectlvely Obv1ous red ﬂuorescence can be observed for both the NP-stained

MCF-7 cells, which are drscretely localized in the cell cytoplasm. In addition, the
fluorescence 1ntensrty in FIG. 6a is much h1gher than that in FIG. 6b, indicating that
mOre FA- functionalized NPs are intemalized into the MCF-7 cancer cells that

overexpress folate receptors in the cell membrane through the receptor—medlated

_ endocytos1s The spemﬁc targeting ability of CP loaded DSPE-PEG-FA NPs to
o MCF 7 cancer cells were further assessed by NIH/ 3T3 fibroblast cells. As shown i in
o FIGs. 6¢ and 6d, the fluorescence mtensrty of CP- loaded DSPE-PEG-FA NP- stamed
NIH/3T3 ﬁbroblast cells is similar to that of CP-loaded DSPE- PEG NP-stained |

NIH/3T3 cells, which is because of the low expressron of folate receptors in the

NIH/3T3 cell ‘membrane.

The photostability comparISons among CP-loaded DSPE PEG FA NPs,

’ .Alexa Fluor 555 and Rhodamlne 6G in MCF-7 cancer cells were studied under
.contmuous laser scannmg upon excitation at. 543 nm. As shown in FIG. 7, CP-

: loaded DSPE-PEG-FA NPs show ~3% decrease in PL mten31ty after cont1nuous

laser exc1tat10n at 543'nm for 10 min, which has better photostability than those for
Alexa Fluor 555 (~8% decrease) and Rhodamine 6G (~37% decrease).
Compared to PFBDDBT10- PEGIOOO COOH, two new peaks centered at

’,280 and 320 nm for PFBDDBT10- PEGlOOO FA ascrlbed to folic acid absorptron

appeared after conjugauon suggestmg the success of the mtroductlon of. FA groups

(FIG. 13), while the emission resembles with each other The NPs have a mean

- dlameter of 40 nm. The QY of PFBDDBTlO PEGlooo-FA in water was determmed ’

“to be 24 + 1% using DCM in methanol as a reference.

Example 8: Fluorescence imaging in mouse model..

For the animal experiments the animal model was established by
subcutaneously moculatmg murine hepatlc H22 cancer cells with overexpressed

folate receptors into the left ax1llary space of ICR mice. The CP loaded NP levels in:

the blood over time after intravenous m;ectron of NPs with and without folate

functronahzatlon respect1vely, were 1nvest1gated by determmmg the CP .

fluorescence in blood at various time pomts po,st injection (FIG. 8a). The in vivo
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blood circulation half-life values of CP-loaded DSPE-PEG NPs with and without

- folate functionalizationa‘re calculated to be ~1.7 and ~1.8 h, re‘spectiv_ely. FIGs. 8b°

and 8c show the .time-dependent biodistribution profile and tumor accumulation of

CP-loaded DSPE-PEG NPs with and without folate in H22 tumor bearing mice,

} respectively, using a Maestro EX in vivo fluorescence imaging system. Although

- the NPs are widely dispersed among the whole body of mouse within 1 h post—

mjection they tend to accumulate in the tumor tissue over time. Moreover, much

higher ﬂuorescence mtensrty is observed at the tumor site of folate- functronalized

" NP-treated mouse as compared to that of CP-loaded DSPE-PEG NP-treated mouse
- at all time points post-injection This result suggests that CP- loaded DSPE- PEG FA |

NPs are able to preferentially accumulate in tumor tissues not only through passive -
targetmg resultmg from the enhanced permeablhty and retention (EPR) effect [33]

but also via folate receptor-mediated active targeting effect.

- Example 9: Ex- Vivo F luorescence»imagihg

FIGs. 9a and 9b show the ex vivo fluorescence images of various organs at -

24 h post 1ntravenous 1nJect10n of CP- loaded DSPE PEG NPs with and without

folate functionahzation, respectively. The organs includlng heart, lung, spleen,

liver, stomach, kidney, brain, intestine and tumor were isolated to assess the tissue

- distribution of the NPs. Fluorescence signals can be observed in tumor, liver and

spleen tissues at 24 h post-injection, indicating that the NPs are mainly accumulated

in these tissues. In addition as shown in FIG. 9c, the average fluorescence intensity

~ at the tumor site of folate-functionalized NP-treated mouse (1626 2+193.6)is ~1.7

- times higher than that of CP-loaded DSPE-PEG NP-treated mouse (981.0 + 202. 6)

25
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confirming the active targeting abllity of CP-loaded DSPE-PEG-FA NPs in in vivo

“studies.

Exahéple 10: T oxicity Studies of CP-based nanoparticles in mouse model _

The in vivo tox101ty of CP loaded DSPE-PEG-FA NPs was studied usmg
healthy tumor-free mice. As shown in FIG. 10a, nelther mortallty nor body weight
loss of the mice post intravenous injection of CP-loaded DSPE-PEG NPs with and

without folate functionalization, respectively, is observed as compared to the
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- untreated and healthy mice. Histological analy'ses were also conducted to evaluate

the in vivo toxicity of CP-loaded NPs. After 7 days post intrayenous injectionof
CP-loaded DSPE-PEG NPs with and without folate functionalization, respectively,

the mice were sacrificed and the liver as well as spleen tissues were excised, sliced,

~and performed H&E staining. The H&E stained slrces from the organs were

evaluated by 3 independent patholog1sts FIG 10b shows the representatlve 1mages

 taken from the H&E- stamed slices, which reveal that both the NP treatments do not -
" cause any s1gn1ﬁcant lesron-to the tested organs-._ ‘These results indicate that CP-- _
" loaded NPs have no obvious in vivo toxicity to the mice, which is essential for

- bioimaging applications.

Example 11: Toxicity in cancer cell imaging. ,

The cytotoXicity of PFBDDBTIO-PEGlooo-FA against MCF-7 breast cancer
‘c'ells was evaluated by MTT assays. FIG. 12a shows the cell viability after

' incubation with the PEBDDBT10-PEG00-FA with concentration of 2, 10,20 pM

15
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‘ '(basedvon repeat unit) for 24, 48 and 72 h, respectively. It ls'worth noting that _
' PFBDDBTIO-’PEGIOOO-FA shows low cytotoxicity even at 20 uM after 72 h, thus

making it a safe bioimaging probe for targeted cancer cell imaging.

The photostability of PFBDDBT_I 0-PEG gpo-FA was investigated under

“continuous laser scanning upon excitation at 488 nm with 10% laser power (2.5

mW). As shown in FIG. 12b, after_l-O-minute continuous laser illumination, the ,

ﬂuorescence intensity from PF BDDBTIO-PEG,OOOfF A stained MCF-7 cancer cells |

: decreases ~10%, which is obviously better than that for many commercial organic
"dyes.[34] This revealed that the PFBDDBTIO-PEG@@-FA has hi’ghphoto‘stability,

‘which is essential for bioimaging applications, especially in long-term studies.

Example 12: Photoacoustic (PA) Signal Measurement

To eyaluate the PA signal generation capability of both PFTTQ and PIDT-
TTQ NPs, their PA intensities were ’investigated ona nonabsorbing polyethylene
tube w1th a 50-MHz dark field confocal PAM system and compared with the PA
1ntensrt1es of ICG and C60, two typical PA contrast agents The schematic
1llustrat1on of thls setup is shown in FIG 15. The pulled tubing was ﬁlled with the



WO 2014/017983 v PCT/SG2013/000308

10

15

20

25

30

-46 -

© venous samples in the focusing' depth. The laser was pulsed with a pulse repetition -

rate of 10 Hz and 'coupled by alens to an optical fiber to illuminate Samples. PA

waves were detected with a 50-MHz transducer and then through the A/D card to the
PC for further data analysis. An optical parametric oscillator pumped by a
frequency-tripled Nd"YAG Q-s’wit‘ched laser were employed to provide ~4 ns laser

pulses at a pulse repetition rate of 10 Hz. [35] To make the comparison more

B reasonable their concentratrons were adjusted to be 1 mg/mL in water. The laser
o wavelength used for all samples was 800 nm. The PA 1nten51ty of PFTTQ NPs is
o about 1.5-fold higher than that of ICG and 1.74-fold hrgher than that of PHF.

_A,ddrtronally, the PA 1nten_51ty of PIDT—TTQ NPs is also better than that of both ICG

and PHF: The large light absorption ability of both PFTTQ NPs and PIDT-TTQ.
NPs as compared to that of ICG and PHF should contribute to the enhancement of
PA mtensmes of CP NPs.

3 Example i 3: Photothermal Therapy Investzgatzon

To evaluate the potentral of both PFTTQ NPs and PIDT-TTQ NPs as

- photothermal reagents a suspensron of NPs at 0. 5 mg/mL was exposed to 800 nm

NIR laser at a power densrty of 1.5 W/ecm? for 5 min. The temperature evolution of

pure water under the same condition was: also investigated as the control. An

obvious temperature increase from 25 °C to 57 °C was obserVed for both PFTTQ

and PIDT- TTQ NP suspensions under laser irradiation as shown in Flgure 17.0n"

. the other hand, the temperature of pure water is only slightly increased from 25°C

to 30 °C upon laser irradiation within the same time. The heat generatlon capacity

of CP NPs results from their large absorption coefficients.

Example 14: InVitro Photo_thermdl :Therapy ‘

After verifying the phototherrnal effect of CP NPs, PFTTQ NP was chosen -
asa typrcal example to 1nvest1gate their performance in: 1n vitro environment. MCF-

7 breast cancer cells were 1ncubated with PFTTQ NPs for 4 h and then washed with

-1x phosphate buffer solution (PBS) twice. Then the washed cells were irradiated -

~ with the 808 laser at dlfferentlaser power densities. After laser irradiation, the cell

viabilities were evaluated by the standard methyl thiazolyl tetrazolium (MTT) assay. .
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~ As shoWn in F IG 18, the Viabilities of MCF 7 cancer cells without NP incubation

. do not show obv1ous decrease upon. laser irradiation. However, 26% and 70% of

MCF-7 cancer cells were killed upon incubated with 0. 05 mg/mL and 0.1 mg/mL

PFTTQ NPs, respectively, under 1.5 W/cm laser irradiation. These results

demonstrate that PFTTQ NPs can generate heat efficiently upon NIR laser
1rrad1at10n which is ideal for photothermal therapy apphcatlon -

In addltlon to the 1nvest1gat10n of photothermal effect via MTT assay, the

' MCF cancer cells were also- stained with propld-lum iodide (PI) after laser irradiation |
" to identify the dead cells. After staining with PI for 30 rnin', the-irradiated cells were

imaged with a ﬂuoreSCence microscopy. Compared to cells that were not incubated

with PFTTQ NPs; more cells that had been incubated with PFTTQ NPs were killed -

. “with i 1ncreasrng laser power den51ty from 0. 5 W/cm to 1.5 W/cm as shown in FIG

19 The cells with PFTTQ NP 1ncubat10n are mostly destroyed after laser exposure '

at a power density of 1.5 W/cm In contrast, MCF-7 cancer cells without NP
} 1ncubatron were not affected after laser irradiation at the power den51ty of 1.5
: W/cm This comparrson further illustrates the efficient thermal generatlon of

PFTTQ NPs.
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The teachings of all patents, published applications and references cited

herein are incorporated by reference in their entirety.

. While this invention has been partlcularly shown and described w1th

_ references to example embodiments thereof, it will be understood by those skllled in

the art that various changes in form and details may be made therem w1thout

‘dep_artlng from the scope of the invention encompassed by the appe‘nded claims.
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 CLAIMS

What is claimed is: -

A conjugated polymer of formula (I)

—{~D A1HD AZ]L :

& (—I);

-wherein:

Disa conjugated system of one or more optronally substituted aromatic or

heteroaromatic groups comprising:

A is a conjugated system of one or more optionally substituted aromatic or

heteroaromatic groups

Alisa conjugated system of one or more optlonally substituted aromatic or

heteroaromatlc groups;

m is an integer from 1 to 100

_ _n is an integer from 0 to 100;
Y isC(RY,, Si(R'), or NR';
Zis0, S or Se;
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each R! is‘independently H, (CH»),Q, (OCHZCHZ),,Q, X II ‘

- 50 -

-or

b

- p 1s an mteger rangmg from 1o 24

Zis (C,-Clz)alkyl (C6-C14)aryl or (Cl-Clo)alkoxy(Cl Clz)alkyl

Qis 1ndependently CH3, H, COOH NHz, NH3 , N3, SH, SO3Na PO3Na or

i ST

‘W.is 1ndependently a ﬂuorophore a bloconjugate a (Cy- Cloo)alkyl group
- » bound to a fluorophore or a bloconjugate ora polyethyleneoxrde group

~bound to a fluorophore or a bloconjugate

* is the pomt of attachment to Al A2 or a polymeric unit;

for n greater than or equal to 1, the energy band gap of Al is larger than the

- energy band gap of A% and

further wherein the energy band gap of Dis larger than the energy band gap
of A1 and the energy band gap of A%, |

The conjugated polymer of claim'1, wherem the conjugated polymer is

assembled into a conjugated polymer-based nanopartlcle

The conjugated polymer of claim 1, wherein the conjugated polymer is

- encapsulated-into a blocompatlble matrix comprising polyethylene glycol

polyethylene glycol conjugated to 1 2 -distearoyl-sn- glycero 3- ,
phosphoethanolamme, bovine serum albumin (BSA) protein, poly(lactic-co- .

glycolic acid) (PLGA) block copolymers, collagens or lipids.

The conjugated'p'olymer of claim 1, wherein the conj ugéted polymer emits-

“light in the far red/infrared (FR/IR) ran'ge'.'
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S The conjugated pplymef of any one of Claims 1-4, wherein A' and A” each

optionally and indep_endently comprise:

. N_ _N . 1 _
z o, Z or R ; and

R! and Z are as defined in Clairm 1.

6. _ The conjugated pblYmer of any of Claims 1-5, wherein W comprises:
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}{\60/\/}COOH
o }1/\60 /\),O N,folate

, an amme labeled cychc peptide, an
| ohgonucleotlde an acychc peptlde ora protem

5 - wherein v is an 1ntegcr ranging from 0 to 45.

7. The conjugated polymer of any one of Claims 1-6, wherein D is

10 8.

, wherein

- mis-an ir‘,ltege_r from 3 to 10()_.‘ o
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9. . The conjugated polymer of Claim 1, having the structure:

CoHs

m o
~, wherein

m is an int‘ége‘r from 4 to 100.

10.  The conjugated polymér of Claim 1, having the structure:

, Wherein

m is an intéger from 4 to 100.

10 11, The.conjugated polymer of Claim 1, wherein: ..
‘ ’ : R1_R1
- Dis. ’;. o
| . O/ORZRZ
~ RYisH, (CH;),Q, (OCH:CH),Q, > or ? ;
p is an integer ranging from 1 to 24; . |

: _Rz-is (Cl'.-Cl »)alkyl, (C6-C14)afyl,_or- (C‘l-'C»lo)alkqu(CI-Ciz).alkyl; ‘
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Qis CH, H, COOH, NHy, NH;", Ng, SH, SO3Na PO3Na |

/ﬁ/\é /\%COOH 2{\6 /\9,0 N,folate
H

N -
E:EN-} ©:‘<‘<N-§_
, o O or

s - visaninteger ranging from 0to45.

12. A conjugated molecule of formula (I): -

an;

wherein:

10 B _ Ar isa polycycllc carbocychc or heterocychc aromatic group;-

Zis 1ndependently O, Se or S

13. The conjugated molecule of Claim 12, wherein: -
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a
N*°N
/7 \
N\ ’

o
' R 1s 1ndependently H, (CHz)pCH3 s (OCHZCHz)pCHg, R or

S o pisan 1nteger ranging from 1-to 24;

R is (Cl Clz)alkyl (C6-C14)aryl or (C] Cm)alkoxy(Cl Clz)alkyl and

* is the point of attachment to A', A, or a polymeric unit.

N>/_\<N' |
- . 14, The conjugated molecule of Claim 13, wherein Ar'is ~ ~ Z .
o _ | . : _
15. A method for makihg conjugated pol};mer-based nanoparti‘cles, comprising:.

~a) reacting an cross coupling parther of formula J-D-TJ;
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>

‘\.”RV ’ _ , | )
(O)— 4 .
-’_ "‘R1.'.7 S .‘S ’ »

- is independently B(OH),, B(piﬁ), B(éat), BF;K, B(O(CH,);0) or Sn(C,-C4 -
(alkyl))s; | | | I :

Y is C(RY,, Si(Rl)z, or NR';

} Zis O, S or Se;

Nen
each R' is independently H; (CH,),Q , (OCH,CH,),Q, % o

b

'p is an integer ranging from 1 to 24;

R?is (Ci-Cyoalkyl, (Ce-Ca)aryl, or (C1_—C1o)alkoxy(C1-C12_)alkyl;
Qis indepéndently CH;, H, COOH, NH,, NH3", N3, SH, SO;Na, or PO3Na; -

with a dihalide containing A, and, for conjugatedﬂ polymers of formula (I)

*for which n is not equal to zero, a second dihalide containing A%

' Al is a conjugated system of one or more optionally substituted aromatic ot

heteroaromatic groups;
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19.
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Alisa conj ugated system of one or more optionally substituted aromatic or
heteroaromatlc groups; |
in the presence of a palladlum (0), pallad1um In, n1ckel (0) or nickel (II)

catalyst;

to produce a conjugated polymer of formula (I)

—[—D A‘HD AZ]L

(D;

m is an mteger from 1 to lOO

nis an 1nteger from 0 to 100;

b) adding the conj ugated polymer of formula (I) from step a) that is .

solublized or suspended in at least one organic solvent into aqueous solut1on

enabling the self—assembly of the conjugated polymers into nanopartrcles

' The method of claim 15, wherem a size of the conjugated polymer based

nanopamcle is controlled by a concentratlon of the conjugated polymer of

- formula (I) from step a) that is solubllzed in orgamc solvernt.

A conjugated polymer of claim 1, wherein the conjugated polymer is loaded

- onto a 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-

Y[me_t_hoxy(polyethylene glycol)] (DSPE-PEG) llpid‘. '

. The conjugated polymer of claim 17, wherein the 1,2-distearoyl-sn-glycero-

3-phosphoethanolamine-N-[methoxy(polyethylene glycol)] (DSPE-PEG)

| , lipid is further functionalized with folic acid or salts thereof.

The method of cla1m 15, wherem for compounds in which Q is N3, the

method further comprises an addltlonal step, the step bemg performed after '

_step a) and before step b), the step comprising:

'Reactrng a conjugate polymer of formula (111) produced' in'step a)

+D A1HD AZ]L

(III)
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with an alkyne of fOrmﬁla\(IV)

s

wherein R* is. selected from-

v-is an integer rahging from0to 45; |
via click chemistry to produce a compound of the formula (V)
L]
. D_A1 D_A2 .
.+ o L V) |
. o _ »
=\

B ; o ' _ N
10 -~~~ wherein each G is independently selected from N3 or %N

20.  The use of a conj dgated polymer nanopartiéle of formula (I) as a fluorescent -

probe for a bioimaging and biosensing applicatioﬁ_.’

15 21. - The use of a _coﬁjugated 'po‘ly'mer ‘nanopartic‘le of formula (I) in cancer cell

staining.
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o220 A conjugated polymer nanopartlcle of claim 2, wherein R' is (CHz)pQ and Q

' ,i's_s,elected-'fro'm Nzor "~

'whereln at Ieast one Q is

5 .23.  The use of a éompound of claim 22 as a molecular or nanoscale probe for

 detecting biolbgical species in vivo.

24. A conjugated polymer nanopartlclc of claim 2, whereln Rl is (CHz)pQ or
‘ (OCHZCHz),,Q and Q is selected from Ns.or S
' p-tolyl

p-tolyl |

210 , wherein at least one Qis

p—tol}y I: N

25.  Theuseofa Compound' of claim 24 as a photosensitizer or therapeutic agent. -

inin pho'_todyna;mic' fherapy. L
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The use of a conjugated polymer nanopartrcle of forrnula (I) asaasa

photoacoustlc rmaglng contrast agent

The use of the conjugated polymer nanoparti'cle of Claim 26, wherein the |

- polymer has the structure:

s ,Cvszb O CyHs
CaHg S

- wherein m is an integer from 4 to 100..

The use of the conjugated polymer nanopartrcle of Clarm 26 whereln the

- wherein m is an integer from 4 to 100.

A method for photoacoustlc 1mag1ng ofa target compr1smg

'a) 1ncubat1ng a target w1th a polymer of Formula (I) to form an

E 1ncubated mrxture

'b) irradiating the mixture of step a) wrth a pulsed laser ‘wherein the

~ pulsed laser optically excites the-polymer, to generate th_ermally—
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1nduced acoustic waves, wherern the acoustic waves result from

- energy emission from the excited polymer

| ¢) . detecting the thermal»ly-rnduced acoustic waves of step b) with

ultrasound' and

d) translating the acoustlc waves detected by ultrasound into an 1mage

- of the target.

The method of Cléim 29, wherein the method is performed for in vivo .

- imaging.

A method for photOthermal ablation of a cell, comprising:

"a) - incubatinga cell with a conjugated polymer nanopartlcle of formula

(D to. form an incubated mixture; and

b) 1rrad1at1ng the mlxture of step a) with a laser, wherein the polymer -

i absorbs energy from laser 1rrad1at10n and converts the energy to heat,

 thereby causmg ablation of a cell

The method of Claim 30, Wherei'n‘the cell is a cancer cell.



