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BACKGROUND OF THE INVENTION

[0003] Highly luminescent semiconductor nanocrystals, usually referred to as quantum
dots (QDs) with their unique size/composition-tunable narrow emission and broad absorption
specfra have drawn great attention in the last decade due to their promising application in
optoelectronics and biology. In particular, nanoparticles functionalized with various chemical
groups have found many applications in sensing, nanofabrication and biolabeling, among

others. For many of these applications the quantum dots have to be soluble in water.

[0004] Hydrophobic quantum dots can be solubilised in water either by exchanging
hydrophobic TOPO ligands at the quantum dot surface with hydrophilic ligands or by using
amphiphilic polymers, which can have both hydrophobic-hydrophobic interaction with
hydrophobic ligands on the surface of quantum dots and hydrophilic interaction with water
molecules in the medium. The use of amphiphilic polymers has some important advantages
over the ligand exchange approach such as the omission of the ligand exchange step and the
easy introduction of functionality without affecting the surface of the quantum dots, which

could result in deterioration of their optical properties.

[0005] Recently, a family of amphiphilic polymers which allows solubilisation and easy

functionalization of TOPO-terminated quantum dots has been synthesized and characterized.



could result in deterioration of their optical properties. [0005] Recently,
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and 3D patterning. This object is solved by providing an amphiphilic polymer according to

claim 1.

SUMMARY OF THE INVENTION

[0009] In a first aspect the present invention provides an amphiphilic polymer (A) that
includes repeat units of the general formulae (I), (II) and (T1I) or salts thereof:

R'" R
R" R

O (D

OH HO R



polymer with a nunber of p units. Each of m o and p is an independently
sel ected integer fromabout 3 to about 400. The sumof m+ o + p is

sel ect ed wo 2bm/d4m7sthe range from about 10 to about 1000@CTRG2009/00&p£at
units (1)-(I11) is one of Hand methyB. R2 in repeat unit (I1) is an

ali phatic noiety, which has a nain I(::Eﬁai n of about 3 to about 30 carbon
atons and 0 to about 3 heterof'ons. respective heteroatom nmay be one of
N, O S, Se and Si. R3 in repe t (Il'l1) is one of (i) an alicyclic
noiety, a noiety -Z-R4 and (jii)>an aliphatjc.noiety. Were R3is (i) an
alicyclic noiety it has a } 5 to about 80 carbon atons
and 0 to about 30 heteroat otrs. ve hetero Bm may be one of N, O
S, Se and Si. Were R3is (ii) a i 4, R4 an alicyclic noiety
atonms and 0 to about 30

with a main chain of about St&) ut 80
het eroat ons. A respective heterbato eonme of N O S Se and Si. Zis
an aliphatic bridge with a main cha of |43t0 about 3 carbon atons and 0 to
about 2 heteroatons. A respective heteroatom nay be one of N, O S Se and
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sur f ac@ID 1 angrofy r%ﬁ?%mpl%yaaahvlm -Z-R* ynd anMaaahmncngmmyl mdreR3l t is

coupl Flgaﬁlgo | ud atic no and a
triaz glgelt %nﬁééfe%ll F‘e’% |S€a %Dl e‘?l%"hgég%’ut |tﬁ %ﬁ’ﬁfigo @%ﬂms\sall‘i)gé%out 80
car borebato¥fs hetrpa®mso Patmpﬁctﬂé) hbtetoetmhmmiae oHee flN| (d,gg SeSaﬂdYSl' ek R

obt ai i of the oup or, the azido group of the aliphatic
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Se and Si. Z is an aliphatic bridge with a main chain of 1 to about 3 carbon atoms and 0 to
about 2 heteroatoms. A respective heteroatom may be one of N, O, S, Se and Si. Where R? is
(iii) an aliphatic moiety, it has a main chain of about 3 to about 80 carbon atoms and 0 to
about 30 heteroatoms. A respective heteroatom may be one of N, O, S, Se and Si. Where R>

is an aliphatic moiety, it further has a C=C group or an azido group.

[0010] In some embodiments the amphiphilic polymer (A) further comprises a repeat unit
of the general formula (IV):

OH O av).

To distinguish an amphiphilic polymer that include a repeat unit of formula (IV) from other



the further polynmer or the sensing nolecule. [0011] A respective sensing
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[0012] In a second aspect the present invention provides a water-soluble nanocrystal. The
water-soluble nanocrystal includes on its surface via non-covalent or covalent interaction an

amphiphilic polymer according to the first aspect.

[0013] In a third aspect the present invention provides a plurality of water-soluble
nanocrystals. A nanocrystal of the plurality of water-soluble nanocrystals include on their
surface via non-covalent or covalent interaction an amphiphilic polymer (B) (supra). This
amphiphilic polymer (B) includes repeat units of the general formulae (I), (II), (III) and (IV)
or salts thereof:

R'" R’

M 0 |y
OH HO R



defining R3 has a main chain of about 3 to about 80 carbon atons. The
aliphatic noiety defining R3 further has a C group or an azido group. Two
wat er - solwbl2eiomammer ystal s of the plurality of nanocrystpalrscasm/oeaapl ed vi a
a bridge D. The bridge Dis covalently bonded to a unit (1V) of a polyner
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anphi philic polymer with a nunb of p units, The .repeat TilLt ,0f general
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N, O, S, Se and Si. R? in repeat unit (II) is an aliphatic moiety. This aliphatic moiety
defining R® has a main chain of about 3 to about 80 carbon atoms. The aliphatic moiety
defining R® further has a C=€ group or an azido group. Two water-soluble nanocrystals of
the plurality of nanocrystals are coupled via a bridge D. The bridge D is covalently bonded to
a unit (IV) of a polymer (B) that is included on the surface of a first nanocrystal. It is also
covalently bonded to a unit (IV) of a polymer (B) that is included on the surface of a second
nanocrystal. Accordingly, the bridge covalently links the amphiphilic polymer (B) of the first
nanocrystal and amphiphilic polymer (B) of the second nanocrystal, thereby coupling the two
nanocrystals. The bridge D is of the structure -Y-R’-Y’-. R® of this bridge D is an
arylaliphatic or arylalicyclic bridge. This arylaliphatic or arylalicyclic bridge includes a
triazole ring. Y and Y’ of this bridge D are each independently selected an aliphatic bridge
with a main chain of 1 to about 80 carbon atoms and 0 to about 20 heteroatoms. A respective
heteroatom may be one of N, O, S, Se and Si. In some embodiments the bridge D is of the
structure -Y-R>-Y’-. Y’ of this bridge D is, as Y, an aliphatic bridge with a main chain of 1 to
about 80 carbon atoms and 0 to about 20 heteroatoms. Y’ is independently selected from the

bridge Y.



which is selected in the range from1 to about 400. The selection is taken
such that the sumof p +r is in the range fromabout 3 to about 400. The
sum of m #wo 20100044752 i S selected in the range from about pt@/scaommoess 10000.
RL in repeat units (1)-(FV) is Hor fethyl. R2 in repeat unit (I1) is an
aliphatic noiety. This aliphatic noiety defining R2 has main chain of about
3 to abowp18Picarferthadspes thaprésehpirention Prdvédear ogthaaity 6f vesgeoluble
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(M): In general fo |ﬁ V) nis an integer from alydt t o about 10000.
Rl in general for ( is Hor nethyl. The process faRkther includes
reacting the mal ei c anhydri de polyner of general forrmula (V) in a suitable
solvent with, a firﬁt conpound and with a second conpound. The first
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[0015] The repeat unit of general formula (I) is included in the amphiphilic polymer with
a number of m units. The repeat unit of general formula (II) is included in the amphiphilic
polymer with a number of o units. The repeat unit of general formula (III) is included in the
amphiphilic polymer with a number of p units. The repeat unit of general formula (IV) is
included in the amphiphilic polymer with a number of r units. Each of m, o, p, and 1 is an
integer independently selected from one another. Each integer of m, o and p is selected in the
range from about 3 to about 400. The integer of r is an independently selected even integer,
which is selected in the range from 1 to about 400. The selection is taken such that the sum of
p + r is in the range from about 3 to about 400. The sum of m +o +p + 1 is selected in the
range from about 10 to about 10000. R' in repeat units (I)-(IV) is H or methyl. R? in repeat
unit (II) is an aliphatic moiety. This aliphatic moiety defining R? has main chain of about 3 to
about 30 carbon atoms and 0 to about 3 heteroatoms. A respective heteroatom may be one of
N, O, S, Se and Si. R® in repeat unit (III) is an aliphatic moiety. This aliphatic moiety defining
R> has a main chain of about 3 to about 80 carbon atoms. The aliphatic moiety defining R®

further has a C =€ group or an azido group. The nanocrystals of the plurality of nanocrystals



| i nkage with an anhydride. Were the second conpound is an alicyclic
conpound, it has a nmain chain of about 5 to about 80 carbon atons and 0 to
about 30 Wwetzerematps sel ected fromthe group N, O S, Secansd28iv000dhere the
second conpound is an aliphatic conpodnd, it is either (i) an aliphatic
bridge having 1 to about 3 carbon atons substituted with an alicyclic
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het er o i ri in addijs on t he functional group_ that is
Capabl 2ap By Rl erbin SRLE Bk G B Bt Gn P aiinae! s
group.syrfa0d7] In a sixth aspect the present invention provides a nethod of
formng a watersol ubl e nanocrystal. The nethod includes providing a

nanocr ys{@016] dn aa sfifith adspects tlev present Theenid glovidéd RebrdcBs bHeHraapt agt i ng
t he na r.yst.al _w th anphi.phi | i | ymer (A) according to the first
as pect&gﬁlﬁéhl tﬂ?ya’“%ﬁ gg) ia?r“n%“!tllgéﬁ éﬁ‘? %tnﬁpﬁgnﬂ‘édw@ﬁﬁ igpludes\progiding a
i nt er amtleunhed lyer ahgaeRN fdringla®@hy mer and the nanocrystal to occur.
Thereby a wat er-sol ubl e nanocrystal, is formed. [0018] In a seventh aspect

the present invention provides th&use |QT a plurality of watersol uble
nanocrystals according to the{thirg aspect. The pyjral ity of water-soluble

nanocrystals is used to covake with the nanocrystals.
The wat er - sol ubl e nanocryst al hilic polymer with a
repeat unit (I11), in which RB is an a\i ety with a main chain of
about 3 to about 80 carbon at an azido group (cf.
above). In sone enbodi nents a ;rougzl r C groups nmay be
i mmobi lized on the surface. T s are ‘provi ded, which are
capabl e of undergoing a react{on with th€®C groups or the azido groups,
respectively, of the watersol ubl e nanocrystals.

n

In general formula (V) n is an integer from about 10 to about 10000. R in general formula
(V) is H or methyl. The process further includes reacting the maleic anhydride polymer of
general formula (V) in a suitable solvent with a first compound and with a second compound.
The first compound is a monofunctional aliphatic compound. This monofunctional aliphatic
compound carries a functional group. The functional group is capable of forming a linkage
with an anhydride. The first compound, being a monofunctional aliphatic compound, has an
alkyl chain of about 3 to about 20 carbon atoms and 0 to about 2 heteroatoms. A respective
heteroatom may be one of N, O, S, Se and Si. The second compound is an alicyclic or aliphatic
compound that carries a functional group. The functional group is capable of forming a
linkage with an anhydride. Where the second compound is an alicyclic compound, it has a
main chain of about 5 to about 80 carbon atoms and 0 to about 30 heteroatoms selected from
the group N, O, §, Se and Si. Where the second compound is an aliphatic compound, it is
either (1) an aliphatic bridge having 1 to about 3 carbon atoms substituted with an alicyclic
moiety or (ii) has a main chain of about 3 to about 80 carbon atoms and 0 to about 20 hetero-
atoms. Where the aliphatic compound is an aliphatic bridge, its main chain may further have

0 to about 2 heteroatoms. A respective heteroatom may in both cases be one of N, O, S, Se



[0019] In this regard the invention also provides a nethod of covalently
covering a surface with a plurality of water-sol uble nanocrystals according
to the thwodomapemst. The net hod includes i mobilizing aprphscabdotogossd azi do
groups or C groups on the surface. TBe nethod further includes providing a
plurality of water-soluble nanocrystals. The nanocrystals of this plurality
of nana&ad §is Tht slityalie navietyrpith phidhithe mlqﬂmﬁebomﬁ@&hd&s sEReRited ¥ 4 mblety R, 1N
whi ch Jfg ili&yag al i.é%h fi, C r’rqtyeﬁ% with a main chain of about 3 to about 80
car bon" at ohE AR FX &%rtm}ﬁa r g8 13in ghaigof aponterto 2RI carbenspemsiand Oy .
Wiere @ gHout ad hetgrdatoras lﬁd@esﬁé&%fh_ete?odtm}} b &tk ONL B SSYELAG R V\\&l?iel%f the
anmphi phili.c polymer is an aliphatic noiety that has a C’group. Were a

pl ur al {Beyligatie cogieund hasa meirbehiain efaboyh3 thabosit 86 sedon R (28 ® tambbitphi | i ¢
pol ynmepq i i 5 Let ' .._The thod further

i nci udeshitg%tat a?g{tsl’ n t)lﬁgca{s}{t}%%té%g(,ﬁ&]gé\n {\%ﬁ:ﬁ%ﬁﬁicﬁéﬁag%ﬁggﬁﬁ%}s 8?pa3%e oG 8&ps or
C gr ouphnkageiwithobi dnhyddde, wi € 5 ghepwatenzigolguhipe nanocrystals. [0020] In an
ei gth aspect the present invention provides the use of a

wat er - soll[¢fHI7¢ Aa dotikihs amectathe qresent) intventidre peaidech asfiect of Girnied @ckiton

pur pos, r | S rticular used in.the detection of one of
an i on%lgg%%#g%?ﬁay%ér 0 egoﬁ, m‘gluﬁ%cﬁg Ty E¢ fanogrsSil A 4, §ugable golvent. The

pol ysamethad fictther tncheleb camaktimgithe nmocRaEvitDESERPRPhON fofyri&HH ADRAMNES
[0021]t0'§ge§' avent itoﬂhWi | I. be be&r}ﬁ?r unﬂer stood with reference’to the

det ai 1 8 Q&L B o hWASELHES dusudss ipflowmeg ramceqvalenior sovalentristeractient i ng
exanpl eswesid tHehemplsipbieaguiimer dA@hd d8nodROA2h &ca M theletflERi wis -?ohﬂﬁ@er al
schenme of the f (%r matji on and the overall structure of po? mer's that has

pr evi JHEPSFYRRLE fo/msd- i n the coating of quantum dots (cf. WOR2009/ 038544),

and that 4 so underlvying. the conpounds of the present invention. The
present F@gﬁh Sﬁe‘ﬁf‘ﬁw gt WS\P@‘FSG%P&‘W@g Prhatiescin upe ofia etprality akavatemd
conf ersslubianpooReals &Boidgd Behs ﬁﬁﬂ%}né&f.eﬂfé%lﬂﬁﬁ%? fﬁétleﬁ%’ﬂlﬂlﬂ BQ&%& s N
new apgl I%ﬁt i ons, Exenplary effects and applica |(f| ty of si de ChAlhs R3 of
a cor reSpEntd sRYalsaily mevene swtececwith dpernacygtalso Mhaevatermsobidile nzestrystes eon
are alywed B achM8Rilic BoBh& vAit | . ieties.included in
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with a main chain of about 3 to about 80 carbon atoms and a C =€ group or an azido group

(cf. above). In some embodiments a plurality of azido groups or C=€ groups may be

immobilized on the surface. Thereby anchorage sites are provided, which are capable of

undergoing a reaction with the C =€ groups or the azido groups, respectively, of the water-

soluble nanocrystals.

[0019] In this regard the invention also provides a method of covalently covering a
surface with a plurality of water-soluble nanocrystals according to the third aspect. The
method includes immobilizing a plurality of azido groups or C =€ groups on the surface. The
method further includes providing a plurality of water-soluble nanocrystals. The nanocrystals
of this plurality of nanocrystals have an amphiphilic polymer with a repeat unit (III), in which
R’ is an aliphatic moiety with a main chain of about 3 to about 80 carbon atoms and a C =€
group or an azido group (cf. above), respectively. Where a plurality of azido groups is
immobilized on the surface, R3 of the amphiphilic polymer is an aliphatic moiety that has a
C'EC group. Where a plurality of C=€ groups is immobilized on the surface, R® of the
amphiphilic polymer is an aliphatic moiety that has an azido group. The method further
includes contacting the surface, on which the plurality of azido groups or C=€ groups is

immobilized, with the water-soluble nanocrystals.

[0020] In an eigth aspect the present invention provides the use of a water-soluble



guant um dot s equi pped therewith suitable for sensing applications. A
receptor noieties based on glycolamdes; B, C receptor noieties based on
Krypt of i xwd2p10/034552g. 2B depicted in the form i mobi | i zedTee2609M0@1E um dot .
The Kryptofix receptor noiety grafted onto the polymeric shell allows for
sensing of Lanthanide ions, |ike Eu3+ or Gd3+, or sensing anions by

time- nes@drys!ai m&mmg Itmdhaasmndmspaﬁcfnardeectmmpgmowsaﬂ%ema)mcﬂy@ﬁ&ﬂs} iFi gure

3 depi C thesnthe s of a ymer functionalized th a
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a pol ymhamé Iap@hlgamta@(ﬂé )g-caﬂaﬁ@ha,ﬁmsv\her ein the ratio of the three units

depicted in Fig. 1 and Fig. 3 (free acid/noiety attached to pol yner

backbone), i.e. mo/p in Fig. 1is 17/ 6.37 / 1, or 69.9%/ 26.1%/ 4.1%

[0026] Figure 5 illusprakgspkleRIPTION éFqPﬁEtDﬁ}&% nGynctionalized with
T

the Kryptofix-22 receptor noiety In FRET-senS| ng e Kryptofix-22 receptor

noi ety for sensing of Lanthanide iaq Ln3+. Lum nescent
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exanpl es of receptor noieties that may be included in a polymer™according
to thér‘WﬁVé%tlon (A an 18-crown-6 noiety; B: a Callx[4]arene noi ety havi ng

@bg%]]l%ubstltuents C. a cyclodextrin noiety phyrin
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| oadeaglswishdwan or gani ¢ chronophore. The PCB repl aces the chronophore due to
hi gher affinity to the cycl odextrine ligand. [0030] Figure 9 depicts the
em ssi orf0823|cFigarof depgetardxamptist oH moidties hneludmﬂ ym&he \piol;hnéts Khatpteatiex
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on glycolamides; B, C: receptor moieties based on Kryptofix-22, in Fig. 2B depicted in the
form immobilized on a quantum dot. The Kryptofix receptor moiety grafted onto the
polymeric shell allows for sensing of Lanthanide ions, like Eu’* or Gd*, or sensing anions by

time-resolved FRET (fluorescence resonance energy transfer).

[0024] Figure 3 depicts schematically the synthesis of a polymer functionalized with a
Kryptofix-22 receptor moiety.

[0025] Figure 4 depicts a 'H NMR spectrum of a polymer with a Kryptofix-22 moiety
wherein the ratio of the three units depicted in Fig. 1 and Fig. 3 (free acid/moiety attached to
polymer backbone), i.e. m/o/pin Fig. 1is 17/6.37/1, 0r 69.9% / 26.1% / 4.1%.

[0026] Figure S illustrates the use of a quantum dot functionalized with the Kryptofix-22
receptor moiety in FRET-sensing. The Kryptofix-22 receptor moiety allows for sensing of
Lanthanide ions, e.g. Ln’*. Luminescent lanthanides (Lo*, Bu*, Gd*, Tb* or La’) are

immobilized on a quantum dot via a suitable receptor moiety.

[0027] Figure 6 depicts illustrative examples of receptor moieties that may be included
in a polymer according to the invention (A: an 18-crown-6 moiety; B: a Calix[4]arene moiety

having p-tert.-butyl substituents; C: a cyclodextrin moiety; D: a porphyrin moiety.



450 nm [0031] Figure 10 depicts the synthesis of polyners functionalized
with azide (A and acetylene (B) functionalities. [0032] Figure 11 shows a
gl ass or wol2oman42i de surface (1) functionalization w thTaszdaecbesst i onal
groups. [0033] Figure 12 is a confocHl fluorescent mcroscope image of

gl ass slide surface covered with functionalized quantum dots. [0034] Figure
13A depi[0028]t Rigukernillusaatesf FRET-hasel patstray nsing whiquantosn dbe emrwhiell out as

a 2D or, 3D fahricatiqn, e.g. by controll eposi.tion. or. m. t
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| MObi doz R sti6h8 Qfch 430ihah&of ttmp&atuds 6r PHI o tiRQirydedédr®t diydmlftaxane) ( PDVB)
stanp. [0035] Figure 13B shows the surface functionalization with QDs and

recept ormozé]a#igﬁge@ymha&s 0E dedoiiok ethent irr Morepelychlpeinatod - bipharyls
deposition. [0036] Figure 14Ais an illustratjon 'i‘n a‘ﬁrﬁ sgen C\t;cl oaddi tion
bet weE}CRS B3ing@® grangemaded (B engvhigh.a ppmst (RLoviting eﬁ%&?‘e B &%5i dual
porti : Is i LoD Shith® Aed phfe 8f r epeat
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c onpo thrdfigure aarbtfindiger ibwstatesluonf the se¢aid. pagh dhefeefc Befire epriiestiondr dptestion Fi gur e
14B ig an.illustration of.a further Hui eyl oaddidi t oups,
whi ch @'l%%el TOapTHE 0{1 eﬁﬁyygl%%f%lrégfi ?cgﬁ{'l;tP %lodr %ﬁgéﬁ] vﬂ%ﬂg){&)@%? 0

gr oupsepl&Re tid @uoﬂaéiﬁhcfr@ﬂué fochigledr iaffirtityon thdé cRldHeatrheMpand.Fi gure 14C depicts
yet a fpurther exanpl e of a Hui sgen cycl oaddition between an azi do group and
a C groupo3éy Bighirbonizpeischeanisyionsyedanmiaumedntoit dotRbIvikctan pblynzdr kith a
cycloal kyl .. or arylalkyl, with a.mgin chain of 1 to out 2 a al ons
and OKLI&PTQEESJPS‘?HH‘&IEP’G& EH@W@%@dﬁ;\% @{BOWW%SF’@ RS %ﬁcgﬁ‘%&{ g%a%e
formedspppsitu fromthe correspondi ng cycl opropenone conpound (Fig. 14D).

[ 0037] Figure 15 depicts an Atomic Force M croscopy (AFM inmage of a

patt er neosyy Fageeaid d § lenahitesd 0solpmen fiheseatindk witht &idobApambd by

i mmobi lization of the functionalized glass substrate using click chem stry.
[ 0038pc#tyisne £8)Bmatnalifies- At omi ¢ Force M croscopy (AFM hei ght (Fig. 16A)

and phaSﬁ)032] Figure 11 shows a glass or silicon oxide surface (1) functionalization with azide

functional groups.

[0033] Figure 12 is a confocal fluorescent microscope image of glass slide surface

covered with functionalized quantum dots.

[0034] Figure 13A depicts the formation of surface patterns, which can be carried out as
a 2D or 3D fabrication, e.g. by controlled deposition or microcontact printing, using click
chemistry and QDs with a polymer of the invention immobilized thereon. Depicted it the use

of a poly(dimethylsiloxane) (PDMS) stamp.

[0035] Figure 13B shows the surface functionalization with QDs and receptors, taking

advantage of "click chemistry" and layer-by-layer deposition.

[0036] Figure 14A is an illustration of a Huisgen cycloaddition between an azido group
and a C =€ group. One of R'® and R'! may be a residual portion of a polymer (A) according
to the invention, positioned in a repeat unit (III) thereof, and the other one of R' and RM
may be a further compound or a bridge on a surface (cf. the description for details). Figure
14B is an illustration of a further Huisgen cycloaddition of two C=C groups, which are being
coupled using a bifunctional compound with two azido groups. See Fig. 14A for the definition
of R!? and R!. Figure 14C depicts yet a further example of a Huisgen cycloaddition between
an azido group and a C=C group. A 4-dibenzocyclooctynoxy compound with R? = aryl,
alkyl, cycloalkyl, or arylalkyl with a main chain of 1 to about 20 carbon atoms and 0 to about



(Fig. 16B) images of glass substrates patterned with functionalized QDs,
obt ai ned by i mobilization of the functionalized gl ass substrate using
click chewbDvroyn4478be patterns were created using the M Fc@seeodomdos7yi sibly
protruding spots are mcelles carryi A§ nanoparticles attached to the
surface using click chem stry. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0039]
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e, | to.s
phase-Reipaplize ?Eﬁc%‘git?at %ﬂiﬂki%ﬁmﬁh’é‘ properties of the polyner are due

to the pre e of photh,. polar a non- pol ar Lef.i,es ,w.t.hi e ne

pol yrrer - (i8] ffeitecidanaridina e irese Migrossary (e St i Jodl ad Aise

Accor qirig! ¥6B) RBapRl 8F NERPAIbkirss Phiténd Witk findtiefsltedoQDe, lobfidedvent i on
are based on ‘pol ar noieties, One such noiety are - COOH side groups, in

part i domagbilization of ther fnetonalized glass cubstigiouiiag chigiaghepHng Q}dhed@g%lé P $ackbone
of the CALI | k¥ egk Y SnahoPol ar,
Cypi carTrd fang e MISC BOE0E MY B aRE o e cRol etV ndho

hydr oqartides attahet tp. thélswrfapelusing ehélechenystof. t he pol ymer incl ude the

hydr ocar bon backbone as well as aliphatic noieties that the hydrocarbon
backbone carries [QO "all o ss ot herw se
stated, a straight w%@€EM§Mt§%hwmwmy be saturat ed,
i.e. alkyl or alkylene, or nono- or poly-unsaturated and include

het er oat {f39] Jbe raprsubinventipnielasasntet elia 50 pppmphiphiic popmes s avell apea or
nore dg gy VY. et | : .hy anches
o naties SE R BmatAP b AR K uho Rl O TR Bl R o ¢
cycl i cTied terme ntrphipHikc fefers t) a pblyiner tifat srsohiblpinadtt palar end/n¢n-pelay diidg. It
bridge),, may, unless.otherw.se stated, be of any.|ength I.A.,.any
nunbergl‘fﬂ‘ efﬁ%@ﬂ?&ﬁ&%%n A pqlymers ﬁ@’eﬁféjrogg%?rbagﬁorzﬂ%i )] cclﬁgﬁgpﬁg%géggyl to
about ed iPo@P @k phbke dnd nedyBitenddoyetdao adlabilis2 thattboinaliesired3fhase, ihcudibgut 40

carbon atons. Exanples ofal kenyl _radi cal.s are strai ght-chaj.n or branched
hydr octarwi%ﬁphgﬁ%sinmaﬁﬁa%f?fyéﬁhﬁse()tﬁ"é‘s PUrposes. T%egamphlpq‘%c propertics of

the polymer are due to the presence of both polar and non-polar moieties within the same
polymer. In this regard the polymer may be of surfactant nature. Accordingly, the polar
properties of a polymer according to the invention are based on polar moieties. One such
moiety are -COOH side groups, in particular in the form of charged COO™ groups, that the
hydrocarbon backbone of the polymer carries. Generally, a surfactant molecule includes a
polar, typically hydrophilic, headgroup attached to a non-polar, typically hydrocarbon, moiety.
Non-polar moieties of the polymer include the hydrocarbon backbone as well as aliphatic

moieties that the hydrocarbon backbone carries

[0040] The term "aliphatic" means, unless otherwise stated, a straight or branched
hydrocarbon chain, which may be saturated, i.e. alkyl or alkylene, or mono- or poly-unsaturated
and include heteroatoms (see above). An unsaturated aliphatic group contains one or more
double and/or triple bonds (alkenyl or alkynyl moieties). The branches of the hydrocarbon
chain may include linear chains as well as non-aromatic cyclic elements. The (main) chain of
an aliphatic moiety (including bridge), may, unless otherwise stated, be of any length, and
contain any number of branches. Typically, the hydrocarbon (main) chain includes 1 to about

5, to about 10, to about 15, to about 20, to about 30 or to about 40 carbon atoms. Examples of



nore doubl e bonds. Al kenyl radicals normally contain about two to about
twenty carbon atons and one or nore, for instance two, double bonds, such
as about werotom4aizeut ten carbon atons, and one doubl e pomgG26dokoyesyk
radicals nornmally contain about two t¥ about twenty carbon atons and one or
nore, for exanple two, triple bonds, such as two to ten carbon atons, and
one t r k¥renyl bedidalsBrasphizht-ciaim ok bryichéd i drat&bad eaditdlaivghidr 6hahii &ie or
branchﬁg h drqc rb nO% di ala.mgich contain,one or nore triple bonds.
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el ements, Typically, the hydrocﬁ%g% (rrain%? cha:tﬁnn?%%kduagoe@ggsﬁ ﬁﬁ%gamg 7 or
8 mai NNeHaPr>LRIoHIT iCArbeRatasnay besealaspd by tfessbethroatines i es i ncl ude, but are
not limted to,  cyclopentyl, cyclohexyl, cycloheptyl, or cyclooctyl. Both
the cycl 1041 dieamp Sicxelictyayaalen be yefesreddens “cyatyaliphatic candrmieank aindess

subst i isedlothdiMsel Yidae WP 0 for. instapce N, O S,
Se or Si, or egﬁcg’r EO$&%%5%§9§£%gbﬁg§g. g.%/&tggaeﬂs)y ﬁré(flgty}ja % .m%get erm
"al i cys@furated grsgonerer pobsunsptirged. KBy bydimi bydresarbhmindete nmag alser akkdecycl i ¢

hydr o el r.al.l ont.ai n .about . three ta abpout eight ring
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Cycl oal ken khradi c[a?lgs gy in Eurn be substituted, Exanples of such rivieties
i ncl ud®: S5 ihenpise ST, PRt any gethapd|coRiakE A nuBYer| 6 denergmatis cyclic and

cycl odge@rglémendtdOflically, GemyiRT bR BhALY chdif fichRIeds, ATPERY b g IRABRiAN at

| east essentially planar cyclic o
atoms in one cycle. Examples of such moieties include, but are not limited to, cyclopentyl,

cyclohexyl, cycloheptyl, or cyclooctyl. Both the cyclic hydrocarbon moiety and, if present,
any cyclic and chain substituents may furthermore contain heteroatoms, as for instance N, O,
S, Se or Si, or a carbon atom may be replaced by these heteroatoms. The term “alicyclic” also
includes cycloalkenyl moieties that are unsaturated cyclic hydrocarbons, which generally
contain about three to about eight ring carbon atoms, for example five or six ring carbon
atoms. Cycloalkenyl radicals typically have a double bond in the respective ring system.
Cycloalkenyl radicals may in turn be substituted. Examples of such moieties include, but are

not limited to, cyclohexenyl, cyclooctenyl or cyclodecenyl.

[0042] In contrast thereto, the term "aromatic" means an at least essentially planar cyclic
hydrocarbon moiety of conjugated double bonds, which may be a single ring or include
multiple condensed (fused) or covalently linked rings, for example, 2, 3 or 4 fused rings. The
term aromatic also includes alkylaryl. Typically, the hydrocarbon (main) chain includes 5, 6,
7 or 8 main chain atoms in one cycle. Examples of such moieties include, but are not limited
to, cyclopentadienyl, phenyl, napthalenyl-, [10] annulenyl-~(1,3,5,7,9-cyclodecapentaenyl-),
[12]annulenyl-, [8]annulenyl-, phenalene (perinaphthene), 1,9-dihydropyrene, chrysene 1,2-



hydr ocar bon noi ety of conjugated doubl e bonds, which nmay be a single ring
or include nultiple condensed (fused) or covalently linked rings, for
exanpl e, W0 28100u4%2f used rings. The termaromatic al so ipoTlsedem/oadkyl aryl .
Typically, the hydrocarbon (main) ch& n includes 5, 6, 7 or 8 main chain
atons in one cycle. Exanples of such noieties include, but are not limted
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I ncludes 5, 6, of 8 main chain atons in each ring t% the aro noi ety.
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are ng} %/ rﬁ%ﬁ gﬁ)m )%&Qﬁ 15&%8@ E'fie’f‘%lr) 8lmhin cﬁ@ﬁ Rydred &P kschbeRz 60 ehe

9-iso enzene, 4-phenyl-2-buten-I-ol,

g E:gl Qié@l%ﬁt(;)(t‘l:)ﬁﬂt iBxbeiptes | of - aq)dah%hagngpmguesmphps .ailmlg?l moieties include, but
7 6 abiupg! ity LTI ShREE b o FRES KR pscpropanttrpccte .

"ali CM?Z,?’—‘@nmeth@fI BéRELE" 4apt@dnyiR2-Plutehi pblat V&hlcms—%(slerdethylethyl) -quinoline, 3—
heptyl-furan, 6-[2-(2,5-diethylphenyl)ethyl]-4-ethyl-quinazoline or, 7,8-dibutyl-5,6-diethyl-

isoquinoline.

[0044] Each of the terms "aliphatic", "alicyclic", "aromatic" and "arylaliphatic" as used
herein is meant to include both substituted and unsubstituted forms of the respective moiety.
Substituents my be any functional group, as for example, but not limited to, amino, amido,
azido, carbonyl, carboxyl, cyano, isocyano, dithiane, halogen, hydroxyl, nitro, organometal,
organoboron, seleno, silyl, silano, sulfonyl, thio, thiocyano, trifluoromethyl sulfonyl, p-

toluenesulfonyl, bromobenzenesulfonyl, nitrobenzenesulfonyl, and methanesulfonyl.

[0045] The aliphatic and the optional alicyclic moieties, which the hydrocarbon backbone
carries, may carry further moieties such as side chains. Such further moieties may be an
aliphatic, alicyclic, aromatic, arylaliphatic or arylalicyclic group that typically is of a main
chain length of 1 to about 10, to about 15 or to about 20 carbon atoms. These further moieties

may also carry functional groups (supra).

[0046] The hydrocarbon backbone carries a plurality of a first moiety and of a second



herein is meant to include both substituted and unsubstituted fornms of the
respective noiety. Substituents nmy be any functional group, as for exanple,
but not Iwoi2bed432 anmi no, anmi do, azi do, carbonyl, carbexylsG2epane74

i socyano, dithiane, hal ogen, hydroxyl1 nitro, organonetal, organoboron,
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15 carbon at ons urt t noi et as U
het er 85’(%89%“1}" ke et A }iatlc 211%?"3’3.‘5 %@#@4 @&8#{?‘3}(@5‘8 P(l an Rfm(% It’@da‘ﬁgl Etls Si. An
|11 uster@tdavgy R4eY Me Rspéctidiahaid RithiticiaRld MMghiide Poly@kY addis @eﬁﬁéckw

noiety with'a heteroatom via which it is bonded to a carbong/ ?rou
carri @8 unpranghechpikphapiety, saelk B A nofctyl HRoighl yhe dirstjpeielyag 18 the, follogdng

car boxyld tgLoupg2he backbone thus carries an ester, a thio ester, a seleno
ester or an am do group. In one errbodl ment the first aliphatic noiety is

linked t Ot49 HQ%E&&Eemﬁfeﬁ/ 08 bW ‘ﬁQtld Swiaafe%@ s@lor{cﬁﬁﬁﬁét gs the

respectl ne w t |c an ydri de pol yner I s defined by an
unbr arahh}gdlcat kgd a mmecthmn @ﬁﬁbloua% tcaabqvt 360.y4 torabout WO th%tOf dhoyt 19brabenis in

thefolovvln Lerme " 4 C y I clic
or al PpHaYi 3 g?%alfch sécon Orr‘%%@’[%l? gpgﬂt%gygﬁ"da%%ﬁ Sg(gx?r(gﬁ#ac%g(?’n of
about aBotitBabOSIto Akt 28 chuboatuths dABoroatomst mchidmg 5,1) T, 8 29,bidy 14 Biyd 3, such

as 5to t o, about t o..about
30, 5 18 Sobui ot 49 D18 bk 200 2 5oh e s TuieBoft Bt b B ng 5
6, 7, nfoie mdPiurthbr hd 0 thIbowtd40 A&erodms] fuchld 0 dAodBS5, Do aBaut 3231 t@4, 25,
26, 27, 28, 29 or 30 carbon atonms, The alicyclic
about 35, 1 to about 30, 0 to about 25, 0 to about 20, 0 to about 15 or 0 to about 10
heteroatoms. The second moiety may also be a cyclic moiety bound to a carbonyl group
attached to the polymer backbone via an aliphatic bridge of up to 3 carbon atoms and up to 3
heteroatoms. This aliphatic bridge, e.g. a methylene, an ethylene, a propylene or an
isopropylene bridge is in the following also termed “Z”. A respective alicyclic moiety,
whether directly bound to the carboxy group attached to the polymer backbone or linked

thereto via a bridge Z, is in the following also termed “R™,

[0048] Where the second moiety is aliphatic it has a main chain of about 2 to about 100,
3 to about 100 or 4 to about 100 carbon atoms, such as 3 to about 80, 2 to about 80, 3 to
about 70, 3 to about 60, 3 to about 50, 3 to about 40, 3 to about 30 or 3 to about 20 carbon
atoms carbon atoms, including 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 12,
22,23, 24, 25, 26, 27, 28, 29 or 30 carbon atoms. The aliphatic moiety may further have 0 to
about 40 heteroatoms, such as 0 to about 35, 0 to about 30, 1 to about 35, 1 to about 30, 0 to
about 25, 0 to about 20, 0 to about 15 or 0 to about 10 heteroatoms. Where the second moiety
is an aliphatic moiety, it further has a C= group or a azido group. Both the C=C group and

the azido group may be terminal groups of a chain included in the aliphatic moiety, e.g. its



noi ety may further have O to about 40 heteroatons, such as 0 to about 35, O
to about 30, 1 to about 35, 1 to about 30, O to about 25, 0 to about 20, O
t o about W6 2010/Q4150 about 10 heteroatons. The second noiperrcaey/0adzso be a
cyclic noiety bound to a carbonyl grolfp attached to the pol ymer backbone
via an aliphatic bridge of up to 3 carbon atons and up to 3 heteroatons.
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about 35, 0 to about 30, 1 to about 35, 1 to about 30, O to about 25, O to
about 200050} Vherotitewing gre backeroahd of the ahwhinhilit polymevioérthe timvention asd
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i ncl ucgaﬂ%xgn enbodi nent ere it i r&cl udes, an alicyclic noiety R4, is in the
fol | owi ng aleo e Phed® RPOXY BRI pesyfimab #isyai thetinay bea ks grasiv. Backbone

only catidé goubj aséstartoss aeRdesti® RbuELS seens@tdr QVBly1es %ﬁ?
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bel ow) . (sl aheuttif icpeatserandy AioRliaIFBe ALAO 8o ralfaintdd HPfcNRndra i T d
nolet%, Iq s&ge npbodi nents the pol ynef backbone carries additional, e.g.

t hi r d,"OBPLES P¥5a}ourth or nmore noieties. [0050] Wen view ng the

backgr ound ofRUhe quhiphilic pol ymer of tphe in¥gntion as including
iterative 3,4-{uncjionalized butyl or 2,2-aNnmethyl-butyl units, the pol yner
may be taken,toN its. Each repeat
unit may h group and one

vi ci nal group that e a keto group, an

O ()
OH HO 0] @]

in which R' is H or methyl.

[0052] The second repeat unit may be taken to be represented by the general formulae
(1) or (I1a):

R" R R" R

5 M o ()

O O
® R?

OH R2 9]

In formula (II) R' is H or methyl and R? is an aliphatic moiety with a main chain of about 3 to

about 20 carbon atoms and is the first moiety as defined above.

[0053] The third repeat unit may be taken to be represented by the general formulae (I1D)
or (IITa):



am de group, an ester group, a thioester group, a selenoester group or a
silylester group. [0051] The first repeat unit may accordingly be taken to
be represwoteth/day7sthe general formulae (1) or (la): in worse200bob&s74H or

met hyl . [0052] The second repeat unitlmy be taken to be represented by the
gener al forrrula$ (II&}or (Ha): In formula (Il , RL i§ H or nethyl and R2 is
an aliphatic ridiety th a main chain of abo 3 tld about 20 carbon atons
and is the firs fety as defined above.
be taken to

he third repeat unit may
(I'lia):As can

be taken fr las (la), ( show a salt of
the corresponding c ic groups. It is understpod t\at the
representation of {C grq i ncludes any salt f thegﬁgg (the
counter ion th p) ct ed ‘above). ThereNore repregent ns of

salt forns are Tn thgH ol l/gwi ng general ly om fted,Qunl edg it appears
beneficial in ternms of clRFity. In formula (I11) RLDs R or nmet hyl and R3

is one,of an alicyclic or aliphatic noiety as defined above. Accordingly,
R3is " °§8rr1Fbe Qfﬁ%cﬁ%rﬂq% %HV |§>é%laﬁc(l%i(8tw (Rf2) mereitii shwcaselttdfetheni r d
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sone of th%se enbodi rrgnt gﬂ?ﬁe alicycl ié_) rmetlhzéfji/ﬂei l\rllggfég?ilgs a ﬁgtaet?%a 8/%0 Vi a
whi ch $1EP Hicfudgs ppysalipiiem herepfittha sounter ioh thus ablosipg depictepatadviepdhestfdre t he
backbope dniiifis BP i nin an roup, an ester. group, a
t hi oest ?’é}oup?_aé%e en%ggﬁé?%é?gﬁ%hgﬁé%éﬁ&o 3%%%3m§$ﬂhﬂwewﬁ & lrent s
of an iartwe afrcbarpy. In fermuih B R'He Hadrimythyl andrRl igtoyie io$ ald akieV@lit or bilyhagia’ bony!
group e Q.the backbone,vig.a.nitroge tomincluded in the,

al i cyc@?%%lcrr%’l %tflj;l/l,e d taﬁ%vet CFBF%P@&@A? R fon&%%“g?‘g@eﬁ@ Wé@%@@%&f:ﬂhe

f ol | owihigh geseehathifdaepest anit Ban\ilss be AprdseREE 59 ﬂiesfollbﬁriﬂgeg'*én%ﬁor&%%' on of
the alicyclic nmoiety R4. In enbodi ments of an ester group, 1I.e. ere the
alicyclic noiety is bound to th§1car q;gmyl group via an oxygen atom of the
alicyclic noiety, the third repeqt upit can al so be represented by the
foll ow ng general fornula: In enbdgfnents of a selenyl ester group, i.e.
where the alicyclic noiety i onyl group via a selenium
atom the third repeat unit can” al so resented by the

OH
R4

In some of these embodiments the alicyclic moiety includes a heteroatom, via which the
alicyclic moiety is bound to the carbonyl group attached to the backbone of the polymer,
thereby defining an amide group, an ester group, a thioester group, a selenoester group or a
silylester group. In embodiments of an amide group, i.e. where the alicyclic moiety is bound
to the carbonyl group attached to the backbone via a nitrogen atom included in the alicyclic

moiety, the third repeat unit can also be represented by the following general formula:

R" R



foll ow ng general fornula: [0054] As expl ained above, a respective
alicyclic noiety may in some enmbodi ments be linked to the carbonyl group
via a briwgeodosis2such enbodi nents the third repeat unipCTGER0@/08670e
represented by the follow ng general l'fornula:1n sonme enbodi ments the bridge
Z includes a heteroatom e.g. N O Se, Sor Si, V|a which the bridge Z is
boundig q,hidheAC@pf:b@émh tlgir@uﬂuﬂtﬁoaﬁm& the alibgclivanddbiort’. Ihentbodimeentd oflmx r at i ve

exanpl es, the bridge Z nm

C e CesotaeuR) ¢ CHDRre T SUEYRIC RS rehBd As FREPRYL BORR iR 9™ e es
het er galOBF m 5?}1 i Cthoidle, BkitRYE réfeal™ietin hiSo DeuBstetntddBy iid fMY6wZng Such a
het eroatom may bé a nitrogen atom a sul phur atom a seleniumatomor a

si | i cgenexgloirme: t wo illustrative exanples wth such a heteroatom being N
or O the third repeat unit may_in s$% ch enbodi nents be represented by one
of the follow ng fornulas: [00 xpl ai ned above, the third noiety R3
may be an aliphatic noiety, whic s a C group or an azido group.
Accordingly, in sonme of thes { y be sketched as indicated
by the follow ng fornulas, w
azido group. In these sketchy represgntatiwpns i f indicates that an
aliphatic radical with a nmain chai pf£of up t out 80 carbon atons has been
omtted for sake of clarity. In ¢t Kase of fofhula (1vVa) ~ij~ may al so
represent a coval ent bond, whereas iOtbrmila (IVb) it represents at | east
one m ssing carbon atomand in fornula Al at least two m ssing carbon
atons. As depicted in formula (1Vb), i(n sone)enbodi nents the bridge Z
includes a heteroatom e.g. N, O Se, 0A'S/, via which the bridge Z is
bound to the to the carbonyl group attac to the backbone. In sone of
these i @Pr?oqf éﬁ@ o3, % j[? %sl%i‘ %&&.ﬁ)e q, ea%Hefédﬂféaﬁlﬂ:Si'clli’é’ nidigty ieldoand ng the

f or mul as, an intern on-termnal C group or azido grou

res pe(chrbmy}y groRﬁ vim af snlmlllrasawm)/ﬂ)e third 1ep&as Junitepanealan b TPR@S%W?PES ﬁﬁ%f R3

t hat 3ppt|nues beg he depicted C group or azido group. It is thus the
por t i SRIQYIEEpHAE O letes R3 to an aliphatic noiety that has a main
chain of about 3 to about 80 caRbon dﬁﬁns and 0 to about 30 heteroatons.

[ 0056] The anphi philic polyner a ing to the invention is generally a
random

roup or aswith a term na

[0054] As explained above, a respective alicyclic moiety may in some embodiments be
linked to the carbonyl group via a bridge Z. In such embodiments the third repeat unit can

also be represented by the following general formula:

R" R



polymer in that it includes the repeat units in randomorder. The first of
three repeat units, i.e. the repeat unit of general formula (1),is present
in the ampbuphmhwmzpolyner in munits. The second of thectr/sceesremeat
units, i.e. the repeat unit of generl® formula (I11), is present in the
anphlphlllc polymer in o units. The third of the three repeat units, i.e.
the rppeMe sbddigknganebaligd Brintlhdes(d hdtgroaios, preeder@, $6 St@leSJamﬂ”nWbWhl ic

| ts. [0057] f | d
LR TR EGTER N TR
about 400, Qr t&h%zgeﬁ‘z tQ %@QNICHQQOMPCH%— abcwcﬂzm(mwm%n sabeut 3 to

about 35u to about 300, about 3 to about 300 ap 3 to about
250, ebbodin@ntschabboyclizonoietbinghudss ﬂdleéﬁs@mmz v, whish the gli¢ ISBBQFF 180,

about, 2 bou gbag,q{ hosth, Z80enigout 3
to agﬁﬁpdqﬁghogb%ﬁ§P§uﬁg % %ﬁ@B a &ﬁ?ggg?gﬁ&%oéﬂh 6% about 3 to about
50, ammt o2a kidicad atom. 5 tvabﬂhlstrémteoembmlﬂs ih swchab beferoatars bsivg B®, As
furth |IIustrat|0ns odi ment.s i range
from o r 5rep8ata%h{magom ‘ig%‘herﬁﬁ C{O{EB’SHES eor?p5esgbo‘§?° }igh‘?(r?tgletgalfau&pﬁlgut 10
to abgyufl3, Whereas p may for instance be selected in the range from about
3 to about 40, such as about 3 to about 35 or about 3 to about 30, and p
may for exanple e selacted in the range from3 £t abqyt 30, such as from3
to about 25 or o about 20. The sumof m'R o + is selected in the
rangef rom about 18 30 about 10000, i ncl udi ng about to about 8000, about

10 to about 6 3 b-about 5000, abo , about 10
t o about 2000g™¢ ] about 1000, about 1. about 10 to
about 600, about 10 tb abo 400, about 10 to about 2%0, ab 10 to about
150, about 10 to apeft 100, AReut 15 to about 150, out 150,
about 15 to aboutQ100\ or about™~20 to about 100. S enbpdi nts each
of m o and p is an |tQi|‘é|pe fent |y sel ected integer froQ"ébo 2 to about

I to about 300, about 3 to about 0, about 3 to
1 or about 2 to about 200 ab ut 3 to about

300, including from about
about 200, about 3 to abou

100, about 2 to about -N t 3 to about 80, about out 80, about
3 to about 40 or about/ 2 to ®bout 40 and the sum of (m + + is selected
in the range from abo 651 0 Jabout 400, including from b t 0 to about
400, from about 10 to a 50, from about 10 to about from about 10

to about 250, from about 10 to about

[0055] As explained above, the third moiety R® may be an aliphatic moiety, which has a
C=€ group or an azido group. Accordingly, in some of these embodiments R®> may be

sketched as indicated by the following formulas,

R" R

O OH © (Iva) or OH HN

/ }

with a terminal C =€ group or as



200, from about 6 to about 200, from about 10 to about 150, from about 6 to
about 150, from about 10 to about 100, from about 6 to about 100, from
about 10 wo 2atpaut7520 or from about 6 to about 50. |n onecersicadiowessyst he sum
of (m+ o + p) is 50. In another enbddinent the sumof (m+ o + p) is 32.
I'n yet another enbodinent the sumof (m+ o + p) is 48. The ratio of m/ (o
+ p) may be selected in t hR r an fromO to about 25, such as fromO to
about 20, fromO to about 1 omO to about 12, fromO to about 10, from
0O to about 8, from abou bout 6, bout 4, to about 3 or to about

2. In one enbodi nent the 0>+ p) is about 1. [0058] The

anphi philic polynmer may 1 n sone/nbod\rents be of the general fornmula (VI):
In formula (VI) each of m o i ndependently sel ected integer
fromO to about 400, as def¢ As Qrent i oned above, the individual
repeat units are generally arran@efl i n\random order in the polyner.
Accordingly the brackets in formula ( nmerely serve in distinguishing the
i ndi vi dual repeat units w thout indicati any bl ocks thereof. A polyner
according to the invention nmay ther Qréﬁg% NR@ss) any sequence of these
units. As an illustrative exanpl spectlve sequence may i ncl ude the
foll ow ng arrangenent of units: nphophi li ¢ pol yner according to the
invention may be prepared by the process descriggd herei n. The anphiphilic

pol y ranh & termimmb aEide phagi ehts sabtche aGheRABARY 1ﬁd1@.ﬁe50ﬂhat%ﬁmﬂﬁ§§c and
Cross

I n epbaqdi.mepts where R3 js an alic ic noiety or a
noi ety &I'Zali Rpith 2 g %}férk?)’g toAPOPHRD GrEPgmaipIS %‘a@é‘?ﬁ?r‘wlﬁ?d ﬁiﬂ@ﬂkﬁp ¢elerihai n
Wi t hoth tledyase rﬁrmhﬁﬁlaqnﬂa)u%%hy B8 reﬁr@se?ﬁg%k/%ﬂtﬁonwn Siereds il Fordhla
allph tic moiety, its C "group, e.g. term nal group, or azi do group,

e.g. %V@rzbﬁalgr@gng &t lepwope mlgsug,garqutgmfand in lfgm‘mlﬁDéWIc) aklieay two nhissmg hi ng.

Th| S i u ety that
nas a Toar ang Sty f Al (905,38 Sk RS BT ZrindBe&d o1 o
or azhdsreptanpe.gsel®,tSeal @ $i meaghlchsthé bridpel Z mkhouhd |t<s ﬂwtmemel daybo@yl

coval [ 9]..Bot h, reactiqn,partn spective C

gr oup%gc%\u&) ankgg?é% tggo% lkboﬁﬁyl%émfl‘ér %thg ﬁ?fﬁ@ ﬁ |S§@Fléﬁﬂieas in the
al i phatdicatedbbethe, foRoWingifosnutes, n chain. It is not ed in th| s regard that a
position along a chain, i.e. a non-termnal position may involve steric

hi ndr ance, by nelghborlng portions of the noiety, %ncluding functi onal

groups. R sudR’ R! R

o) @)
OH HN O ©

\,r’r \ (Ivd) or J}\ 3 (Ve)
R
N ©

RY

with an internal, i.e. non-terminal C=C group or azido group, respectively. R> in formulas
(IVd) and (IVe) represents the portion of R? that continues beyond the depicted C =€ group or
azido group. It is thus the portion of R*" that completes R® to an aliphatic moiety that has a

main chain of about 3 to about 80 carbon atoms and 0 to about 30 heteroatoms.

[0056] The amphiphilic polymer according to the invention is generally a random
polymer in that it includes the repeat units in random order. The first of three repeat units, i.e,

the repeat unit of general formula (I),



enbodi nents a reaction of a C group or azido group in such an internal
position may be slower when conpared to a termnal C group or azido group.
I n such ewbadiomawiss a reaction may occur only with a certaise2imaciizon of
the pairs of C groups and azido grod®s, with the fraction being snaller
than term nal groups when exposed to the sane reaction conditions.
Accordingly, it may be required toFﬁDre Rarefully optim ze reaction
conditions when a non-termnal C gNQup/or azido group, or a pair of such
non-term nal groups is included i ed. [0060] Anong the
coupl i ng met hods, Huisgen 1,3 -di tion reactions ("click

chem stry") have attracted nuch attenti term"click chemstry" as
used herein thus refers to such cycl tions and in particular
to the cycloaddition of an azide an®7an y - é’reaction that may be in
some enbodi ments be carried out under th®OH&Q@Iysis of Cu(l) or under
exposure to m crowaves. The azido group can be taken to define the 1.3

di pol ds ptchéntdh khenempisiphitib @olyheer iremnentsaTHelsquohdiphihleithret repentampisese.dhe
furthenﬁgroups t hat ?relgu% able for 1,3 -dipolar cycloadditions in that
they pFRsH Bt of gensralifyarula (INe) yude, but are not linited to, a nitrilylide, a
nitril imne, a nitril oxide, a dhb&zo g kane, an azonethinylide, an azoxy
group, a nitro group and a carbon i Exanpl es of further groups that
are suitable for 1,3- dipolar cyclo hat they provide a

"di pol arophi | e" include, but a an al kene, a carbonyl group
and a nitrile group. These reaétrons h en applied to many different
systens including nanoparticles. The r
dot surface has been obtained via e ace ligands [Binder, WH,
et al., J. Mater. Chem (2007) 17, @Q 25-(5'%@2; EY, et al., Molecular

| magi ng (2006) 5, 2,122-128). However, Ihﬁand exchange net hods have
several drawbacks related to the worsening of quantum dot | um nescence

pr operis ipessetnid thé@sphipkiliopdyaeeinr @ wnits. cEhedhird of Hee thiesorepestainiiont- ofthene
particul&g f$n tioqﬂgj%¥10@1 he surface of the quantum dots. [0061] In sone
embodi TRt B ReSHIHHSPHTT %blyner is a polynmer (B), which can be
represented by the general fornqu (Vi) [0062] This pol ymer includes an
addi ti onal repeat unit of general\for ae (IV) or (IvVa) and is a reaction
product of the polynmer (A) defined ove. The_repeat unit of fornula (1V)

O

is present in the amphiphilic polymer in p units.

[0057] In formula (II) each of m, o and p is an independently selected integer from 1 to
about 400, including from 2 to about 400 or about 3 to about 400, such as about 4 to about
400, about 3 to about 350, about 2 to about 300, about 3 to about 300, about 3 to about 250,
about 3 to about 200, about 2 to about 200, about 3 to about 150, about 2 to about 150, about
3 to about 200, about 1 to about 200, about 3 to about 100, about 2 to about 100, about 1 to
about 100, about 3 to about 50, about 2 to about 50, about 1 to about 50 or about 4 to about
50. As further illustrations, m may in some embodiments be selected in the range from about
5 to about 50, such as about 10 to about 45 including about 10 to about 43, whereas p may for
instance be selected in the range from about 3 to about 40, such as about 3 to about 35 or
about 3 to about 30, and p may for example be selected in the range from 3 to about 30, such

as from 3 to about 25 or from 3 to about 20. The sum of m + o + p is selected in the range



provides a branching or a linking site. Accordingly, in the repeat unit of
formula (IV) RLis Hor nethyl. The repeat unit of general fornmula (IV) is
i ncl uded wo 20tve4arsphi philic polyner (B) with a nunber ofcr/Serods0o3Rsi s an
i ndependent|y selected integer, sel ecdled in the range from1l to about 400.
The sumof p + r (cf. above) is selected in the range fromabout 1 to about

400, |ﬁohmhonlglt)rt0rﬂ)8utt DOG0Q itfclify Soudloub aBoo8EITD WhodtOMh tSitdt @Bo@boOUt 4
t o about 4(?8) g‘ﬁoﬁ.@ %?Pabo t 350, about 2 to about - 300, about 3 to about
300, a%?ﬁ‘ff 9 35RO data aitr4)08nghout 2060 ahewA009, ehousiB e 2baw,
about 80400 aBRRUD td 3BoutaBOUsLAAL 1 0 tR R 6@@%0\?@&}’1’8 a%ohfi’ %p%%oﬁ?qa ﬁ&&”t 1

t o about 200 about 3 to about 100, about” 2 to about 0 about
100, abdliebaitld tarbant 5, ahwmomaboutawuab«ﬁmlsab@houtuiooaladnmao t6@baut about

4 to a t o P s

enbodi prrg%ﬂ%égésgg é%ﬁté?@ &%]k%{ﬁr&g%;géb ?%‘Pr@g%u?m% F’g)og%‘iﬁs Ogﬂ’eﬂaélg about
3bt 0 abduan Bﬁﬁpéndeml)abdmge&megeamm ?]Bﬁxt thb(hlﬂibﬁtl?(u)ﬂf) @hﬂ%ﬂm@@rggf ﬁKUiﬁ}t 3 dt'bO
about t 0, abo uch _as ut t o about i ncl udi ng
about %b? uf goG b Zé 0 taﬁ% 2010 %t 3&8 apogt 3 tp apQuiskilees dheuf B tohe
range 4boan2ehabbutlDid aboaabQU(D a0 abbat WeH, NBoaLPY 2l 80, ARAS 1$30Q about
10 to ﬂf Et 6000, about 10 to about 5000, about 10 to about 4000, about 10

o)

to ab PHG toahout 44 0T @Bouoter abepiod) andhthetsumpof an abwtp) iSecleciebin the0 t o
b b
about 698 ﬁ@ﬁpéﬁoul% t‘boa’tﬁ)laPubO 4004 gq}‘%n ;a%o {01 @g)g% Lﬁout %gl%%bo gébC{O about

150, about 10 to about 0, about 1 out 1 ut 150,
about aP9ut 35G fom aboy, lootp aouiu 002 drotrpatzio O td@BoutfﬂSOpﬁenmﬁmndllmabddﬂe sum

of (m r t .t he.su

°s 5 AP buPasbut b e Sl 20k o8RRI 0GHABR TR b8 wORTY % pidtt 198 Aok

ratio abfoutd(} to(about P00 from ebyutetosbbw OO b etbb&t [@Rgsbouf S0P b HdaLs 25,
abou fromO to about 12, from©O

h 0 b
o anaeoll S Fofb bbbt e At mone) i b ThBUbetEm eGSR im0

about &(mr+be@b9&2 13.yet Bn ARG RiHRARhdRMe SACof @ O QF) iMs ﬁ‘Hei"at 31{1) s
The upjt (IV) of the polyner is covalently coup

about n&?OGS‘l
furt he(P P2y D srdertersinghe garreg diom @ tg %hoﬂlhéﬁ syl gnEpmahtd aboveGifrrgn Avd ecul e.
The unibbul(13/fion® 069 ubbRA2 fofitipth aBRhE £, 30 030 REGHLE sl ARkpduR B85,

aliphatic miety with a main ai n of " dbout AP B3R At Os  and
0 to dBebeutdptavdont 3ar enghoun2 s losme embodintent ﬁleaafnannfmm(obep)amebamft IN, O S,

Se and Si. The bridge further includes a triazole ring. In sone enbodinents
the bri d S]ST G @hiligipolymer may in some embodiments be of the general formula

(VD:

4>
gl T

In formula (VI) each of m, o and p is an independently selected integer from 0 to about 400,

(VD)

as defined above. As mentioned above, the individual repeat units are generally arranged in
random order in the polymer. Accordingly the brackets in formula (VI) merely serve in
distinguishing the individual repeat units without indicating any blocks thereof. A polymer
according to the invention may therefore encompass any sequence of these units. As an

illustrative example a respective sequence may include the following arrangement of units:



by the formula hi this formula Y is an aliphatic noiety with a main chain
of 1 to about 100, 1 to about 100 or 2 to about 100 carbon atoms, such as 1
t o about ¥W0,208/M@752about 80, 1 to about 70, 1 to about 6@cThGReombasas 50, 1
to about 40, 1 to about 30 or 1 to abbut 20 carbon atons, including 2, 3,

4, 5, 6, ¥, 8 9, 10, 11, 12, 13, 1437[15, 16, 17, UB, 19, 20, 12] 22, 23,
24, 25, 26, r g . ,The aliphati c noiety y further
have 0 to to about| B5, 30, 1to
about 35, 0t poutT 20 15 or O
to about 1 : B 14 | e ar [ roduct s
whi ch may |« ect{ ve~pKi cl ydes| a ' g. [0064]
The bridge is obtghhed by a rgacq)i on~invol v ngahe C gro t he azi do

group of the aliphatic noiety R3 and a C D grbup or_a azido group .on the
sur f ade, amyptepliilic phlymepeteonding &9 thetievesting ngiwmfﬁ@mdebwhe%ws%ﬁﬁé’a‘?% nts
the bridge-coupl es.the I R i AGrshc® ecul e,
to a SWg’r‘rgl%g pglrphlv% %ﬁ%%ﬁé%%@%%%gﬁﬁh%iEﬂn(l:?ahg?sggﬁgﬁ har maceutci cally
act i vang orgeeUnky. In ambodintntsawisare Rias anlelicylipohgistydBAhet deoietycétRY, fird a

virus, [0Q065] .I.n sonme enbodi nents t r.id cpoupl.e h | yIOer: to a
r ecepP8rkhens of the@obymsrds genrra %i{ﬁlaﬁég%l“g&ﬂlga@rbr?%éhaegc ?8%Dgiﬁ%1§s?n Any
sort  efhosrsditowherRPR Y iRl 9hoi8H] &t X ) gohppappleanhinat ar=tberoypabt ed

onto the polyneric backbone as long as_it has a suitable functl.onallh[i%roup

that eadolmownes EFE FoURAHIY SvauR. B BpHaiHe far GRYICTOSF G OhdPREinG a C
group .of bé‘é&ﬁlé’ve@ﬁﬁ g%]ogg'iﬂgéﬁ%%%%' With S¥GAPHER drRsdiigenditab & Fftitohsl drowet i onal

groups such as a ) -NH2 or a hydroxyl group -OH Such receptor
nol ecshigsble fiod willergoing areaction withhi CG§ goub on @gislor Eaup, fugh ithat ar lipkage &t s

nucl ei.c_acj d.receptor nd hari de receptors and pol ysacchari de
receptf%’fné?d’ ?N(B]llc 'lﬁg?%ﬁ@&' %céﬂa)ﬁ:%?glne?%’ cavi tands, porphirines, cryptands,

nucl oi o HOEH PEMCIEREE Syt R8RS hech (ETARMY 63 g GGG ML) 1o
i onopheriessinslhgronmpifor emiminchdad irc thewdiphaiomeiety, efg. ifs mein chaist It it eaied one
pol yrif. WBEERBOBHIP For SOEoBhBa e nes AhE BI T s B (e i ()
to an yinarReobeidighboring portions of the moiety, including functional groups. In such
embodiments a reaction of a C = group or azido group in such an internal position may be
slower when compared to a terminal C=€ group or azido group. In such embodiments a
reaction may occur only with a certain fraction of the pairs of C =€ groups and azido groups,
with the fraction being smaller than terminal groups when exposed to the same reaction
conditions. Accordingly, it may be required to more carefully optimize reaction conditions
when a non-terminal C=€ group or azido group, or a pair of such non-terminal groups is

included in the compounds used.

[0060] Among the coupling methods, Huisgen 1,3-dipolar cycloaddition reactions ("click
chemistry") have attracted much attention. The term “click chemistry” as used herein thus
refers to such cycloaddition reactions and in particular to the cycloaddition of an azide and an
alkyne — a reaction that may be in some embodiments be carried out under the catalysis of
Cu(l) or under exposure to microwaves. The azido group can be taken to define the 1.3 dipole,
the alkyne can then be termed a “dipolarophile”. Examples of further groups that are suitable
for 1,3-dipolar cycloadditions in that they provide a 1.3 dipole include, but are not limited to,
a nitrilylide, a nitril imine, a nitril oxide, a diazo alkane, an azomethinylide, an azoxy group,
a nitro group and a carbonyloxide. Examples of further groups that are suitable for 1,3-

dipolar cycloadditions in that they provide a “dipolarophile” include, but are not limited to,



(anti body), a fragnent thereof or a proteinaceous binding nolecule with
anti body-1ike functions. Exanples of (reconbinant) antibody fragnents are
Fab fragmwotelo/day7sbr agnents, single-chain Fv fragnments @ecleGreootvaiodi es,
triabodies (lliades, P., et al., FEBS Lett (1997) 409, 437-441), decabodies
(Stone, E., et al., Journal of I|mmnol ogical Methods (2007) 318, 88-94) and

ot her , JRRBLd 280akb QY igfsup (aia el nitrlle Froupe Thede. readiions davBbedneaiptiod to (ROY3) , 21,
11, 484- 490). Singl e-cIE:ai n Fv fragnents are for, i rllstanthfusii]eﬁ,)?glﬁ1 é)(It

vari adifferant gyeems fingudisg eanerariiclehal it HIGTEHURGHGRENY RO e, Y

i mmun, ' - . i Sethi.ngi #ohemul e
R B O B e B e o 7 he

| i poc@oDR) 1AM 125-1M0; 0037028462 Molda0Btagiep CH06ND %dégﬂ

3Pl o)
2005/ 019256;, Beste et al. Proc,. t : ( 18398m1903) .
Li pocﬁﬁﬁwseldseée Thstfods e g i ‘?Fs“@?‘%?eﬁeﬁ‘?édt ﬁﬁﬁﬁﬁﬁgﬁ%ﬁﬁf ophi |

gel at igasarassasdeapopeticpasditiae tethads Apalestpiofedotoethn iBrothoratinn todzome

| i pocalin, or glycodelin, 8 sses. patural | igand- bi ndi ng sites that can be
modi f Paticwar fomgHonakgy o ths §Uaredt Q‘;ﬂl&ﬁlagﬁgf) “protein regions known as

haptens. Ot her non-limt.ing exanples,qf further pr i ous: -hi nding
mol ecul dgo‘éﬂ-l@aﬁme@g}?f{i’a’&gtéstﬁ? E’E’é’&lﬁhgbcl Q‘g@?% 18 %P@&%‘ngﬁga‘g@gﬂo%gtbﬁe
ankyr{e%recsggtfeggb,qhég@,%pa\yifonﬂulﬁvn)et al., Protein Science (2004) 13, 6,
1435-1448) or the crystalline scaffold (WD 2001/04144), the proteins
described by Skerra (J. Mol. (2¢00) 13, 167-187), AdNecti ns,
tetranectins, avinmers and | al | ed A-donmai ns

that occur a$ strings of ni surfacereceptors
(Silverman, 556- 1561) .

Recogni t.

Adnecti ns, ontain three | oops
that can be to targets (G I1,
D.S. & Danl e,

p6) 17, 6]3AN658) -
Tetranecti ns, i veéohuman hopot ri meric prot e R

| i kewi se con pOr egidns in a RType lectin donain that can be

engi neered for desired binding (ibid.). Peptoids, which can act as protein

| i gands, are oligo(Nalkyl) glycgines that differ fr ept i i hat the
51 Se chai0R67is T mabencadndusis Ao Sasihaer oot feorel et 08 o' G¥bbon
atom Peptoids are t1ypi cally resistant to protgeasesqand other nodifying
enzymes and cBh hal a nuch higher cell per bi iy than peptides (see
e.g. Kwon, Y. . Am Chem\ '206c. (2007) 129,

1508- 1509). a nodi fying ag at further

(IVa)

and is a reaction product of the polymer (A) defined above. The repeat unit of formula (IV)
provides a branching or a linking site. Accordingly, in the repeat unit of formula (IV) R'isH
or methyl. The repeat unit of general formula (IV) is included in the amphiphilic polymer (B)
with a number of r units. R is an independently selected integer, selected in the range from 1
to about 400. The sum of p + r (cf. above) is selected in the range from about 1 to about 400,
including from 2 to about 400 or about 3 to about 400, such as about 4 to about 400, about 3
to about 350, about 2 to about 300, about 3 to about 300, about 3 to about 250, about 3 to
about 200, about 2 to about 200, about 3 to about 150, about 2 to about 150, about 3 to about
200, about 1 to about 200, about 3 to about 100, about 2 to about 100, about 1 to about 100,
about 3 to about 50, about 2 to about 50, about 1 to about 50 or about 4 to about 50. As

further illustrations, sum of p + r may in some embodiments be selected in the range from



I ncreases the affinity of the respective noiety for any or a certain form
class etc. of target matter. [0067] In sone enbodi nents the bridge couples
t he pol yrwo 20B8)o4t32a further polyner. |In sone enbodi nentsTisiceodwndsier

pol ymer is a further anphiphilic polder (B') that includes the same repeat
units as the polyner (B). Acordingly, the anphiphilic polyner (B') may

| i kewhisgit Bi6labdet 4G pach atlsbdus 3ad aboet 3@elﬁenahbcfuor3rtmabeut(3(), from B)to abeut| ) and

I Its th Th t f | uded
(085 o Sy e 7Bk ol P SREET o SIS b g0 50
gener g 1§ b5l 42 Henbe, thé kim dflthH o @rn1§i+(ﬂ M)sewc%dl 1ﬁdﬁ@m@erﬁdny abedteldt od f r om
the repeat units of general fornulae é} (g I lﬁ) %ﬂﬂ’é\e@ of bt he
anphi mw|1@0%|1yd@dln(g3)bouw%tq abans 800 |atb9ub110§1%ﬁ Ut 6008y (P y2Poh |y |
(111) sand éx(n{)ut yﬁose t%&? C?Bgl'kl)tl 1P P 60(‘, %b%utaf()etopafb%ﬁﬁ [‘@OO’"&H@L@VFO fohat

correspon efrné ove forpo ymer . Accord g t he repeat
uni t afouydsey aout d)ﬁmmllabm(tl6))0,| gboirhtd ted@wut 409, oahﬁhtomhomté QabgwelO Wi th a

nb f t th t nb f
e o AL DS LTI <o S R Lty syroer o
agd t )Er@oulrtquaror H?T%ﬁtdZDﬁtogtﬁﬂﬁLl@lO IdeSr[BJérﬂbc(dlM):nt}Iﬂlé Isnlna dﬁ(mbgm +qf + 1) 1E|50t 31 ( see
above n one enbodiment the repeat upits.of po antereeat
un| tsa@ﬁt heyornybreiment the spm %K@seﬂgﬁﬁrl %@%Metr%@ﬁﬁ‘ﬁ §m€) Peimsf & d| nent s

g@% (9+$ £ glqg ak. Y tatid 8f leﬁ(%a!#r nﬁyfﬁeeseﬁeﬁedwm%ﬁgm@ﬁ (p@l Apoer ( B)

and p are conpared m o and olLymer (B
i ndepéﬁ,dwwhlay fsmh@d?p@bwtrﬁ(b@@m WQ)ﬁ’P%dét from @ t%'afmt 15050“‘;6% g @?O“f?)és’y

(B). ﬁigng%pe' g gﬁ%ﬁﬂ&é&ﬁ@e @o%%gg% & tzrte Lutt ® RBEULAOS. Inmeesum of

p+r 8°Tange Trom out 400, while the sumofm
+ 0 +eﬂ1bd;d1&nan$t}£eaiaﬁcbéd1/(n-l{p'ner)larageutflrom about 10 to about 10000. Rl in
repeat units (1)-(1V) is Hor methyl. R2 in repeat unit (11) is an

al i phat i [@063)]| Te‘hey umtt(W)aofrﬂlenpalm;emlsotbovamclV ®upled 4b durthgomederbsh880hs and

0 to abaqut tero t he heter in

r epeaf it a@l“%l‘ef piog'né"ﬁ ahd p SERE ? ﬁ]{‘g\]ﬁs &%&ﬁgﬁﬁ g@%ﬁteﬁﬁﬁl 3 to
about ;84 rtﬁﬁﬂnalﬁla%arﬁaﬁl%}&ub @mﬁb@umﬁ%@ dmheuhamt cofrmnput Bdo abowriacasben bei ng
as defined above. R3 furt

- TN IR
i oS w18 § eibawbBY BHEIR ooty Rutects JRrSaeBVBREt ppo eblbPe he
anphi hi Tﬂecbrﬂggtemﬁerﬁﬁélu&’ésaa tRak1é B88. InGenrR e dodirhéits tHerbridge is repteselrsd an

al i phati c noi
by the formula

N
x

< hlj_g_

In this formula Y is an aliphatic moiety with a main chain of 1 to about 100, 1 to about 100 or
2 to about 100 carbon atoms, such as 1 to about 80, 2 to about 80, 1 to about 70, 1 to about
60, 1 to about 50, 1 to about 40, 1 to about 30 or 1 to about 20 carbon atoms, including 2, 3,
4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 12, 22, 23, 24, 25, 26, 27, 28, 29 or
30 carbon atoms. The aliphatic moiety may further have 0 to about 40 heteroatoms, such as 0
to about 35, 0 to about 30, 1 to about 35, 1 to about 30, 0 to about 25, 0 to about 20, 0 to
about 15 or O to about 10 heteroatoms. Fig. 14 depicts two exemplary reaction products

which may define a respective bridge that includes a triazole ring.

[0064] The bridge is obtained by a reaction involving the C=C group or the azido group
of the aliphatic moiety R and a C=C group or a azido group on the surface, the further
polymer or the sensing molecule. In some embodiments the bridge couples the polymer (B)



a main chain of about 3 to about 80 carbon atons and O to about 20

het eroatons. A respective heteroatommy be one of NN, O S, Se and Si. The
bri dge fuwobhero/dsmskudes a triazole ring. In sonme enbodi remiss200@odsrs dge i s
represented by the formula In this f20rnula Y is an aliphatic noiety with a
main chain of 1 to about 100, 1 to about 100 or 2 to about 100 carbon

at ONByg §3ﬁ5‘teﬁ§, td 4 QuekRaYhici@OmoRcile, ®baubwdmolcbulad adightt orp@niclcdnpaindut 60,
1 to about 50, 1 to about 40, 1 to ab 30 .or 1Cého. bout 20 carbon_at ons,

( ut

i ncl udhelyding a3pharmageutigally actgve @,mpm}lg)l £ lipid, 258 fﬂaeal%}’o%%“ a1de 8 19,
206 124, 22 glgts 24, 25, 26, 27, 28, 29 or 30 carbon atons. The aliphatic
noi ety nmay %Urther have 0 to about 40 het eroat ons, such as 0 to about 35, O

i 4 Dilfon i SudkaUn gt ot 20

to about et eroat ons. In'this regard ta‘gg
i nvenoi moiay,socapirtmsletwe an taashigtmphore. fatsysast of weppteHeaptyTs apledde/one or

nore branches. The, anphi phil.i I w1 ] |

t hegefforeY of %FWE’PB%OTF 2 Bf’ gﬁaj&féd ?ﬁﬁ%@é\o&&ﬁﬁ%%&)?ﬁfiﬁl& ‘Zg?f’té%%# %ﬁt'lgﬁfee r epeat
uni t  afnhcaems readuy mamr;]dnabe( tqupiesl, pmiblg?eid a biﬁn‘fuzﬁ?adﬂin:kptg mplecye] tpreet %'ht h a
nunber of munits. T repeat unit .0 ener.al .for 1) i i e
anphi BHUP|0E aE’é‘Pﬁ%‘FPN??W 4 E’F?ﬁ‘g?lesdeBgﬁﬂmlgc?ph}lﬁ%Hﬁgﬁ%%% ggjoﬁl 3 ? s%c?h agea%ler al
for ”Ulm%{:&J' blohp | - NH,NG! 4898kl Efagp a0PNiSpbh rbdeppel nioteculed inehalertmrher naf p
units. e reBeat uni t oOf genera? formul.a (I is |ncl ude‘gil. t he

anphi piviiteil ¢o pastopheres,ieptide resapipwEs, Nustei¢acis rgesplos, apd gronp§ac a&ﬁa IGCRPE an

I ndependen . L Ot eger: t t indd nidast

t her efd" pahésécczlﬁhlﬁ%gg%glrtlé(}g’n%?;ngste ec(faaggwee\l}gsﬁ ?ﬁ?g‘gle*F p% l‘rglglmlré tgﬁgbélufa’ 1500.
Fur t herowit leghessymeydlogextringsi peptidasc tpotysaeharides,r imganeglophliso muckei¢ gcldhout

1500. The sum of m + + + i s, sel eg: |.n . r Iﬁm to
about W?ffs 1 Olua]wgrléﬁéagn%%{‘is gtfﬂ%-s ( ﬁ?’%ﬁgﬁléss’ ﬁ#%ira lgnr%? ﬁ‘gﬁeg’ c%é’& I re%séga&t uni t
(1) icndiatiad ipBliidrs: Fipi €tilustiatel semeekamplesiofi redepticaptuct matsoules $/hidh about

30 carbon atonms and 0 to ab%gt 3 heteroatons, the heteroatons being as
def i néan hpaxpded ot the palys Bhit (111) is an aliphatic moiety with a main

the het el0ASbLsET AGOALTHER oM BoULP e frRLy (RS0 b dmBRLACARETE,
azi do (gieRy), TWGrdsRica® thérdf of o PRtanicony biililg anseody aliéntantibabrlked vi a
abri dée. [ O%)'?O] Generally this brl_dgg I_ncl udes ar% €l| | phat% Cplod %tn)é wWth a
mai n duedtions fExasenles of (recombinant) antibody fragments are Fa fragments, Fv Tragments,
single-chain Fv fragments (scFv), diabodies, triabodies (Tliades, P., et al., FEBS Lett (1997)
409, 437-441), decabodies (Stone, E., et al., Journal of Immunological Methods (2007) 318,
88-94) and other domain antibodies (Holt, L.J., et al,, Trends Biotechnol. (2003), 21, 11, 484-
490). Single-chain Fv fragments are for instance fusions of variable regions from one heavy
chain and one light chain of an immunoglobulin molecule. An example of a proteinaceous
binding molecule with antibody-like functions is a mutein based on a polypeptide of the
lipocalin family (WO 2003/029462; WO 2005/019254; WO 2005/019255; WO 2005/019256;
Beste et al., Proc. Natl. Acad. Sci. USA (1999) 96, 1898-1903). Lipocalins, such as the bilin
binding protein, the human neutrophil gelatinase-associated lipocalin, human Apolipoprotein
D, human tear lipocalin, or glycodelin, posses natural ligand-binding sites that can be modified
so that they bind to selected small protein regions known as haptens. Other non-limiting
examples of further proteinaceous binding molecules so-called glubodies (see WO 96/23879),
proteins based on the ankyrin scaffold (Mosavi, LK., et al., Protein Science (2004) 13, 6,
1435-1448) or the crystalline scaffold (WO 2001/04144), the proteins described by Sketra (J.
Mol. Recognit. (2000) 13, 167-187), AdNectins, tetranectins, avimers and peptoids. Avimers

contain so called A-domains that occur as strings of multiple domains in several cell surface



about 80 carbon atons and O to about 20 heteroatons. A respective

het eroatom may be one of N, O S, Se and Si. The bridge further includes a

triazol e wongiodsmssome embodi ments the bridge is represeatrsd2mg/obised

formul at hereby defining a branch of t2%e anphi philic pol ymer (B"). In this

formula Y is as defined above. In some enbodi nents the bridge is of the

struct I@pqotofs(ﬂ&zeﬂnan,%eﬂak Muwﬁzb&bhrwﬂ@gy (2003) 231 ¥358+-1 3915 A dnebtinsd @i at

i ncl Udﬁ rf&)“ azo\‘;\ﬁ ng i nhdepen entlé selected fromyY, an

al i phat | S © ?‘Ha‘é Prﬁﬂ“ﬁcté‘ha?f’ﬂw@r celgonsyBef can §i§ enginegred ey immww-or 2

t 0 abogibbdl@Plikebiningab GFBsts SGLE) DAS, &naaﬂ@ rer?t about

70, 1 é@ %bout 60 1 tgdfgboﬁ(? 50 to abl(?ljjj'gﬂ @ﬁ% @ﬁm%ggiz'%zdgg lmalfg?

about @80 a¥7o<§|§3eﬁ5§hsTetrﬁﬂ%qtm| ¢ﬁ§1vzd frpm the @Spestlverhulsan GompOjmdric, pro®in, 13,

14, 15; A Q carbon
kehise claﬁtaln]lgmp xje%o oné 91 a é% ezigctm%%m ﬁxgt\t}aet%gn Pg&%gee{edigr %egir%(fbdﬁ

atoms The aliphatic |etyma further
such adbid. )tRﬁpa:bémwmﬁn cal ach anpotsin B@andﬁs dre o poN-alRl) glydlmesabﬁuﬁff&(ﬁoxﬂ to

about 0 to ab 5 or. .0 to about tero toms [0071]
In sor‘%?m?r% h%a@ﬂ%%dezr &t 13(99%% 3}3 Fide pitogst F?gh‘?&]';}l'a;%ﬁ? “(’B@
s ur f acReptoitears typicatip ressasyameo Proeasdd raﬁ@cmeﬁmamfﬁﬁ bﬁbﬁm@rafnacc@n ﬁﬁvé@hﬂu@h

sl i de, urface of a ce the surface of a virus

sol
partl (ﬁl%her%ﬁu% %ﬂﬁ%ﬂl?wgg?% C& B3t Kwen; ¥ yhéngﬂﬁqdéé@((ﬁ A dinkdery st al .
I n or ds¥e. {Z00a) ooy 1408-fspoyahier adsicach the
pol yner CI g tob be cou led is provi dsclad W tnﬁ)d?t%r%g%eg%tﬁ}gdg@ér hg§dk§1§%?4]{h gtl ons.
This rB§epEs hnifEpdy Ofﬁ]ae éﬁh‘l}eﬁl)’ﬁéwl@tﬁ@r gnoep apedssntoron chbeetsuof acget by a
transfipgtion or a coupling reaction. As an illustrative exanple, a
t hi o- et her-bond nmay be forned on the surface, for exanpl e by using w

f unct i onpioi6ZEth @dﬂm@é@bod%ﬁﬁén@uhé Bhl& sRbRS %@I?Tcg r (1) 6 HAPARE: a;%;(;ﬁéﬂ‘ﬂ ng a

sel ected nanocrystal to e.g. a bifunctional havi ng yne or

azi do SgPEEMbasments @%“eﬁlﬂhéf PAYYBIST [i§ 8 durtires a@m@mhc aohareodBy)sthat inchides

d

et hyl 3 e AR LRREls O APl 087 ool o B Db R oSt BB amsa de.
3- am Aikgwansyncludd iepedionits pf ‘dnngenéialrfermwlpe Apr@yIHY and@Whoxysi | ane,
3-(trinmet hoxyisl | yl ) propyl - mal ei m de, or 3- (trl met ho>§y5| lyl)

propyl - hydr &1 de ﬁhy be used. Prior to reacti & witR'the Iinki ng agent, the
surface of th f

ocrystals can be nodified, anple by treatnent with

gl aci al in order to generatX free rne toacetic
gr oups @ I
OH HO
OH R
R'" R
R" R
O
O OH 1 (11I) o (IV)
OH O

or salts thereof. The repeat unit of general formula (I) is included in the amphiphilic polymer
with a number of m units. The repeat units of general formulae @, (), (III) and (IV) are
independently selected from the repeat units of general formulae (D, (D), (1I) and (IV) of the
amphiphilic polymer (B). The repeat units of general formulae (I), (II), (III) and (IV) of the
amphiphilic polymer (B’) are present numbers that correspond to those defined above for



whi ch can then enployed for covalently coupling with a linking agent. It is
understood that in other enbodinents a noiety with aa al kyne or azi do group
may be diwerblw4synt hesi zed on the respective surface, Por/sezenpbe7yusi ng
phot oacti vation and deactivation. [0@72] In the process of form ng an

anphi philic polymer according to the invention a naleic anhydride pol yner
of formelymer \B).i dcowdihghs ther mpestantit whigeterflofomulhaDhydringhddd ¢hapkbone

h hi 1] . . Th | ei hydr.i d | be th
oo g RE polsfd R I i R febchines & Bl h T o 0P Wb cal
Abst r aminsheNof 0263 5th8 Qepat @his 6f beierEdoiRRYITY) $RR 2 Fkfck oggiAué%tg,rﬁm%é de

copolynmer. It is i ntgr al i g _aval ] abl e under the nanes BM ]

Fi ber $8P45¢ PRl 0§ genapplcformylg (BY) wath egqumbes of & Beismises abave).ilg oae ghbalineent r om
€. 9. 3h& gl eHilsdr [ -Qr, g%%} r nghai ,
PRC). The mal eilcS anﬁgjnrl.?rggy Sgwﬁ@ep%né sogéllg po 3@%%%%&2@? }{?r(gt??g?c

anhy diivgdersofin ctheremapdinientsrajdeast Noe repOBIRY-i2 brebentah siifférentmtmbers when

t hyl - MRl &4 i I i I .1t is.f
oval | SOFAR, ChoaRl BOke a3 4l ORIERG TORE XL o bl i BF RlotRi e b Guen
f27109:i'l;1d@iendmiﬂly sﬂedﬂnﬁhﬁ%gehérmﬂrm?u’zel\&?élﬁdut aé)aogxsigortzlaim%éf %(legoxg%baﬁ n )
or mul.a apove., n e n I N er r apou [ 0O about, , SucC
as abdti® f%d ya?ﬁlc?ﬁttegg%ﬁ%e,r 'ﬁ)&%&tto fgg’t‘to4oé)bgg% sy @b P b isueloptediia thinge 1000,
about fRfin tho30wtabdR0M0, ¥R thelint 6f ALOYL- B0 is QML iA0hd PindPoin 8RQ: such

as about 10 to about ,400. In one enbodiment n is 50, In one embodinent nis
32. THE Rphvat 4090 1R singrepeat | wiits BnHYdds deopaiethibr B® dn eepeot urid (e is an

consi ¢ ; ' | 4 oot : i i c a I ymer
(and ol ooieRoRy Ji, { Tkl SETNE SR SHRaN Pl R0 At e
pol yndeterpriterns,nthy hstsrqatapa beidg as alsfidehgbeve. R andepait pniv ¢HiLisem aiphdiscr i bed

are suit.abl i r.es L pvention, spect ] | ej C
iy a5 2 o UBEF ot b ERERTED R AP ina T R ob 4 pfBieatives
descr ithelktematoBispeinprdssleBRABART e ARUAIIEEBhAGEBAE ghngentenalzidot @beaT d
procedure used in the art is also sunmarized in the abstract of Frank,

::" P., I\/S[{}%?bﬂ‘hkuilnar @VChefinihe @rﬁfﬁﬁ@)ﬁlliblﬁolyﬂaﬁﬁéB%éisaB@vdrl]ﬁﬂ@ dc?iipflédﬁ% the )
r ee-radi.cal,. copo i satian of  mal ei ¢c. anhydri wth an olefin in the
or o e ATPEAIIC BOymE (B 534 o bridge, Gienerally ti brifies ifchules amalbhafis mpictycnth
nonof angiain0 Bledin CEMELRUO AS tod BBow ST cafbdn t 46mS WMESE t8fabblie 20 RE&SSoRRE AOf the
compounds s converted to the first noiety R described above. The

respective heteroatom may be one of N, O, S, Se and Si. The bridge further includes a

triazole ring. In some embodiments the bridge is represented by the formula

- JC'-;

In this formula Y is an aliphatic moiety with a main chain of 1 to about 100, 1 to about 100 or
2 to about 100 carbon atoms, such as 1 to about 80, 2 to about 80, 1 to about 70, 1 to about
60, 1 to about 50, 1 to about 40, 1 to about 30 or 1 to about 20 carbon atoms, including 2, 3,
4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 12, 22, 23, 24, 25, 26, 27, 28, 29 or
30 carbon atoms. The aliphatic moiety may further have 0 to about 40 heteroatoms, such as 0
to about 35, 0 to about 30, 1 to about 35, 1 to about 30, 0 to about 25, 0 to about 20, 0 to

about 15 or 0 to about 10 heteroatoms.

[0069] In this regard the invention also relates to an amphiphilic polymer (B’’) that

) includes one or more branches. The amphiphilic polymer (B’’) includes repeat units of the



ot her conpound is converted into the second noiety R3 (supra). One
functional group - if nore than one is present - of each of the two
conpoundswoomapaiske of forming a |inkage with an anhydrcusc2dlemodsze st
conpound i s a nonofunctional aliphat8c conpound. The first conpoundhas an
al kyl chain of about 3 to about 30 carbon atons and 0 to about 2

het erQat@MFormbldca3R €QY, (WD ahe(@npat om may be one of N, O S, Se and Si. The
second compound is an alicyclic or an aliphatic conpound. If it is an
alicyclic cogpound,it has a main chain of abogt 5 gl about 80 carbon atons
and 0 to abBut 3d??1et eroatons. A respective h tom my be one of N, O
S, Se and Si. the second conpound is an alip i it may be (i)
an aliphatéc clic noiety, or
(i) it chain of yp to 80 €arbon at —~ f the sedbnd
conmpound is an bri dge of a | ower alkyl i d to an
alicyclic m)'bo an aliphatic bridge
atons and 0O a roatonms. Again, a r@spe {ve Heteroatom may be
one of N, O S, SOFhAtYSi. This lower alkyl chain i ‘_gubR?ituted with an
alicyclic noiety R4. The alicyclic noiety Ris as defined above, i.e. it
has a main chain of about 5 to about 80 carbon atons and O to about 40

het eroatons,, e.g. ,0 to about 30 heteroatoms. If the second conpound is
aliphatic R'th aRmin chain of up to 80 carbon atonp, it has a main chain
of about 3 out 80 carbon atoms. It may Rirthdt include 0 to about 20
het er oat . ain, ar ctive heteroatom one of NNh, O S, Se and
Si. In a@dl nctional group t formng a

| i nkage Wwith an AnhydNde it has a C!lgro group. [0074] The
reaction of a i conpounds

| eads to thg) r t "can (INper act

wi th the hydrophghHc sOsface of nanoparticles as descrifHed herein. The
first conpound, bei ng% i phatic, may in sone embo®ltent® react with at

| east about 25% of the avail abl e anhydride rings, such as at |east about
35% at | east about 50% at |east gbou 0%.or, at. | east 05%750{0 The
secongr sbispeereef. Therergatapibpfgeneral formula (L is; IE?lu%ni © SRR AR s
react it tTHRY t nkAP femaNdYHY isde ihithgem flicas at
Ieastw\%‘o%{la@%lﬁeg? ggigd# ngé‘ﬁ aiél‘lg}? (gqlgél east abou%(mISO/ at_l?ap?i#g out 20%
or at polyast wathounupbes off Owys] Tip sefeatenit ohaenegl donn i (0 i elusted i &1 o

Conpogrrr]l%ﬁiplilﬁ%t pci)1§lm%9 Qx%l £ n81fnb£1951nb Rit& The repeat unit of general formula (IV) is

included in the amphiphilic polymer with a number of q units. Each of m, o and p are an

independently selected integer from about 3 to about 1500. In contrast thereto, q is an
independently selected even integer from 2 to about 1500. Further, the sum of p + q is
selected in the range from about 3 to about 1500. The sum of m + o0 +p +q s selected in the
range from about 10 to about 50000. R in repeat units (I)-(IV) is H or methyl. R? in repeat
unit (II) is an aliphatic moiety with a main chain of about of about 3 to about 30 carbon atoms
and 0 to about 3 heteroatoms, the heteroafoms being as defined above. R? in repeat unit (III)
is an aliphatic moiety with a main chain of about 3 to about 80 carbon atoms and 0 to about
30 heteroatoms, the heteroatoms being as defined above. R® further has a C=€ group or an
azido group. Two units (IV) of the polymer (B’’) are covalently coupled via a bridge.

[0070] Generally this bridge includes an aliphatic moiety with a main chain of about 3 to
about 80 carbon atoms and O to about 20 heteroatoms. A respective heteroatom may be one
of N, O, S, Se and Si. The bridge further includes a triazole ring. In some embodiments the

bridge is represented by the formula



| i nkage with an anhydride may be selected from but is not [imted to, an
am no group, a hydroxyl group, a thiol group, a selenol group, a hal ogen
group, anwetbmwosgrseup, a thioether group or the like. TireTfSiGRet/00amPoOuUNnd
has an al kyl chain of about 2 to abodP 30 carbon atoms, such as about 3 to
about 30 carbon atons, 2 to about ,20 carbon atons, or about 3 to about 20
car bon at ons, including about 5 tpo'®bout 30 carbon atons, about 5 to about
25 carbon atons, about 5 to abo \\\@Erbon atonms, about 5 to about 15
carbon atons, about 7 to ar bpn _at ons, such as 2, 3, 4, 5, 6, 7,
8, 9, 10, 11, 12, 13, 14, <5, 16\\17-N8=-19, 20, 12, 22, 23, 24 or 25
carbon atons. Further, the first npound has 0O to about 2 heteroatons,
such as one heteroatom The heteroat ons may for instance beN, O S, Se or
Si . Btherphedefpting tal‘ttralmheddhp@ulphmhmqﬂm}nner (Rinc T dnalforgfmmp' isnsldediaed but

bovo ooy Ths6ife b moRlnich £ MRk KHRER el e kI oy dhen antilubets Pam ne.

n- pentayylalicyetc bmd@exls(étaﬁbln&es Dbl AR e o nmegeﬁ&ﬁﬂ agletRd QR AP] anfhe
have o |nIudeanaI|ch|c rmle R4 as defi'ned

second1c€ u Y
above 1Ppd % Pewitha mgin ghain of 1 \ip albpus A 0Qy ]k%}/’I aberk1 0P o @bﬁh@llt 80q @ﬁrbthiout 80
car bontdh®REch ANEkdghdg 30! 2 abut 8ot Pt@mﬂt 75 01 ﬁﬁ%ﬁb% 66! LEPab P! 1

about 60 carbon atons, of about 3 to about carbon at’'ons, of a ou 10 to
about 3BoUtcds bdn ahewnad orck thab@utZQQarb@l emmsx m@blduwhcswaﬁ,oﬁrsz, 809, Hhdut 25 to

about 160 r4b 1% Of 0. ut 3 to
Sbout ‘70 Zaban B AT 18,000, 3005, 230 20000 40 2uthn nedn ShmaattE 4o,
6, 7, abiphaic mOl,etyLmaylmIth&Bhavbm t015bou1610 He?eroéiﬁms,l@uch% 024 abdw, 38@ ta27, 28,

29, 3 42. 43 or 44 carbon
atonsgb?—’ﬁrth%?da Ero’g {Wj’é’}é@%ﬁﬁ%&h‘ﬂﬁ&ﬁ faa uf%épﬂe forabowt Ly erdhigrabeut
conpoufdeterdatoray. have O to about 40 heteroatons, including 1 to about 40
het er oat ons, about 2 to about 40 heteroatons, O to about 30 heteroatons,
about 2 [ﬂ)ﬂ7b]blmu$on8é)eﬂnbbcﬁﬁmﬁtsctffﬁespd‘ctlab@ﬁ'ﬁg@ cbﬁp1@é3ﬂiétp05yrﬂélt @)oRt PEELRECH as
1, 2, 4 9. 10, .11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22, 2 efgffacfze?mayé)e Eggf sugglce ggch gszthegsglrfagq of gghd g@ttegp g. %solgbshdm the41 42
or 43 sﬁ}(fﬁdér(ﬁasl edlBor HérasdNoPs vidus %%21%] hsobltCerRb RERests e gtgﬁ@e n9 ‘[1‘1"erI

anphi phi | i ¢ pol yner according to the invention the reaction between

mal ei VARG RiTaBOGIytolndn ardst tor PBlowihg feryyation wfsach a bitidgef thesnatmm»wm and

gﬁefW%QH BE BB HBVIALE iR Yido brbil &' £RHIGEnRlond PR S Tiiay be

achieved via any funct1ona1 group present on the surface by a transformation or a coupling

reaction. As an illustrative example, a thio-ether-bond may be formed on the surface, for
example by using @ functionalized thiols. Any suitable molecule that is capable of linking a
selected nanocrystal to e.g. a bifunctional molecule having a alkyne or azido group may be
used to immobilise the same on a nanocrystal. If desired, an additional (bifunctional) linking
agent such as ethyl-3-dimethylaminocarbodiimide, N-(3-aminopropyl) 3-mercapto-benzami-
de, 3-aminopropyl-trimethoxysilane, 3-mercaptopropyl-trimethoxysilane, 3-(trimethoxysilyl)
propyl-maleimide, or 3-(trimethoxysilyl) propyl-hydrazide may be used. Prior to reaction
with the linking agent, the surface of the nanocrystals can be modified, for example by
treatment with glacial mercaptoacetic acid, in order to generate free mercaptoacetic groups
which can then employed for covalently coupling with a linking agent. It is understood that in
other embodiments a moiety with aa alkyne or azido group may be directly synthesized on

the respective surface, for example using photoactivation and deactivation.

[0072] In the process of forming an amphiphilic polymer according to the invention a
maleic anhydride polymer of formula (V) is used as a reactant, which forms the hydrophilic



suitable for the intended purpose nmay be used. In one enbodi nent the base
is a nucleophilic base. A nucleophilic base is a base having basic
properti esoasiovmhiszas nucl eophilic properties. IIl]ustrarcrscesnmpdes
include, but are not limted to, |it®0um diisopropylamde, lithium
t et ramet hyl pi peri di de, diisopropylethyl am ne (Hnig s base),
|, 5- di bechborzyel th 4mPhiphilivosolPmerene, |, 8- di azabi cycl o[ 5. 4. 0] undec- 7-ene, a
bi s(trinethylsilyl)am de, a hexanethyl di silazane and bi snesityhnagnesi um
As expl ai ned above, in sonme egbodi nents the second conpound has a C group
or an azido group. These grons dg{generally not react to a significant
extent, or do not react FO a \Jet abl e extgnt, under suitable reaction
conditions. [0078] WiiPslit ha
pol y(i sobutyl ene-al t-nal i i g~ capabl e of undergoing a reaction
with an aliphatic am ne panege patent application JP
57016004, Fernandez- Arguglles, . .| Nano Letters (2008) 7, 9,
2613- 2617), the present|invent that furthernore bi-, tri- and
hi gher functionalized coppou C as additional reactants in a
one-pot synthesis. It is|generally §b55|ble to cont¢(w) the reaction
conditions in such a manper that the bi- or |higher functionalized conpound
is allowed to undergo only one reaction, theneby formng only one link to
t he hy ocarbon a (f of the polymer. Remaining functional groups of the
bi - or aflgwﬁft © STIRARIS Germeraatis ayetlable melyiseluryleagplentabeic
coupl idgly eﬁﬁtﬂ:t) C8foeBelidakiAMirb AR At Osi610.3 Mo rtﬁxzxﬁfiﬂso{)ﬁ'&lé% 68! 290

backbone of the anph |n[§ additio pol ar
gr oup<nlpdrids eopokymer; mmrmgaama@and@hmemMes é?d\dLBtOAEZtOoFﬁJlemorbTBCSk ar bon

at ons 0 Bl chai ns

havi ngﬁgggr %%gl gggwb aie]iﬁglr oup. ® E%h%gﬁ%lrlgss nlga f%mg?‘g(ﬁbgr@% hlgoénsai?gm no

gr oup,USAhyd Sux¢hegpenpgy (amﬁpargzr (&hpnglmntlﬁ@) r‘iﬂleamﬁl%Q mnydnds pohynds 1day

term e.Ccro abl e S
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groups.t hat _a not % d to react with the naleic acid anhydride pol yner
RioR bR EoMach 1}
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400. In one embodiment n is 50. In one embodiment n is 32. The above examples of maleic
anhydride polymers are not to be considered as being limiting but every available maleic
anhydride polymer (and also those yet to be synthesized), in particular a maleic anhydride
polymer which may be prepared according to standard procedures as described are suitable to
be used in the present invention. Respective maleic anhydride polymers may for instance be
formed following the procedures described in US patents 3846383 and US6316554. A general
standard procedure used in the art is also summarized in the abstract of Frank, H.P., Makro-
molekulare Chemie (1968) 114, 113-121 and involves the free-radical copolymerisation of

maleic anhydride with an olefin in the presence of e.g. a peroxide.

{0073] As further reactants two at least monofunctional compounds are used. In the course
of the process one of the compounds is converted to the first moiety R2 described above. The
other compound is converted into the second moiety R3 (supra). One functional group — if
more than one is present — of each of the two compounds is capable of forming a linkage with

an anhydride. The first compound is a monofunctional aliphatic compound. The first compound
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of nanoparticles as described herein. The first compound, being aliphatic, may in some

embodiments react with at least about 25% of the available anhydride rings, such as at least
about 35%, at least about 50%, at least about 70% or at least about 75%. The second
compound, being aliphatic or alicyclic, may in some embodiments react with at least about
5% of the available anhydride rings, such as at least about 8%, at least about 10%, at least
about 15%, at least about 20% or at least about 25%.

[0075] The functional group of either of the two compounds that is capable of forming a
linkage with an anhydride may be selected from, but is not limited to, an amino group, a
hydroxyl group, a thiol group, a selenol group, a halogen group, an ether group, a thioether
group or the like. The first compound has an alkyl chain of about 2 to about 30 carbon atoms,
such as about 3 to about 30 carbon atoms, 2 to about 20 carbon atoms, or about 3 to about 20
carbon atoms, including about 5 to about 30 carbon atoms, about 5 to about 25 carbon atoms,
about 5 to about 20 carbon atoms, about 5 to about 15 carbon atoms, about 7 to about 20
carbon atoms, such as 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 12, 22,
23. 24 or 25 carbon atoms. Further, the first compound has 0 to about 2 heteroatoms, such as

one heteroatom. The heteroatoms may for instance be N, O, S, Se or Si. Examples of suitable
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and the second compound may be carried out in the presence of a base. Generally, any base
suitable for the intended purpose may be used. In one embodiment the base is a nucleophilic
base. A nucleophilic base is a base having basic properties as well as nucleophilic properties.
Iustrative examples include, but are not limited to, lithium diisopropylamide, lithium
tetramethylpiperidide, diisopropylethyl amine (Hiinig’s base), 1,5-diazabicyclo[4.3.0]-non-5-
ene, 1,8-diazabicyclo[5.4.0Jundec-7-ene, a bis(trimethylsilyl)amide, a hexamethyldisilazane
and bismesitylmagnesium. As explained above, in some embodiments the second compound
has a C=C group or an azido group. These groups do generally not react to a significant

extent, or do not react to a detectable extent, under suitable reaction conditions.

[0078] While it has been previously shown that poly(isobutylene-alt-maleic anhydride) is
capable of undergoing a reaction with an aliphatic amine (abstract of Japanese patent
application JP 57016004, Fernandez-Arguelles, M.T., et al., Nano Letters (2008) 7, 9, 2613-
2617), the present inventors found that furthermore bi-, tri- and higher functionalized compounds
can be used as additional reactants in a one-pot synthesis. It is generally possible to control
the reaction conditions in such a manner that the bi- or higher functionalized compound is

allowed to undergo only one reaction, thereby forming only one link to the hydrocarbon
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protective group shielding a hydroxyl group may be removed by acid treatment. Those skilled

in the art will furthermore be aware that such protective groups may have to be introduced

well in advance during the synthesis of such a bi- or higher functionalized compound.

[0079] In another embodiment the present invention provides a method of forming a

water-soluble nanocrystal.

[0080] The term nanocrystal as used in the present invention may be considered as any
nanomaterial with at least one dimension of for example <about 100nm and that is single-
crystalline. These materials are of huge technological interest since many of their electrical
and thermodynamic properties show strong size dependence and can therefore be controlled
through careful manufacturing processes. Semiconductor nanocrystals in the sub-10 nm size

range are often referred to as quantum dots.

[0081] In accordance with the invention, any suitable type of nanocrystal (quantum dot)
can be rendered water soluble, so as long as the surface of the nanocrystal can interact, for
example, via hydrophobic interactions or van-der-Waals interactions, with an amphiphilic
polymer as described herein. In this context, the terms “nanocrystal” and “quantum dot” may

be used interchangeably.

[0082] A well established route that can be used to prepare high-quality semiconductor
quantum dots is the decomposition of molecular precursors at high temperatures in a coordinating

solvent (for an overview of previous techniques see e.g. Reed, M.A., Scientific American
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conpogsubigorupCidi)n terkiam GasblerobpXIA),acubalt, platinum, thodium, ruthenium (subgroup
VIIIb), lead (main group IV) or an alloy thereof.

[0084] In another embodiment, the nanocrystal core used in the present invention may
include two elements. Accordingly, the nanocrystal core may be a binary nanocrystal alloy
that includes two metal elements, M1 and M2, such as any well-known core-shell nanocrystal

formed from metals such as Zn, Cd, Hg, Mg, Mn, Ga, In, Al, Fe, Co, Ni, Cu, Ag, Au and Au.

[0085] Another type of binary nanocrystals suitable in the present invention may include
one metal element M1, and at least one element A selected from main group V or main group
VI of the PSE. Accordingly, the one type of nanocrystal suitable for use presently has the
formula M1A. Examples of such nanocrystals may be group II-VI semiconductor
nanocrystals (i.e. nanocrystals including a metal from main group II or subgroup IIB, and an
element from main group VI) wherein the core and/or the shell includes CdS, CdSe, CdTe,
MgTe, ZnS, ZnSe, ZnTe, HgS, HgSe, or HgTe. The nanocrystal core may also be any group
HI-V semiconductor nanocrystal (i.e. nanocrystals including a metal from main group III and
an element from main group V). The core and/or the shell includes GaN, GaP, GaAs, GaSb,
InN, InP, InAs, InSb, AIN, AlP, AlAs, AlSb. Specific examples of core shell nanocrystals

that can be used in the present invention include, but are not limited to, (CdSe)-nanocrystals
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[0088] Examples of this type of homogenous ternary or quaternary nanocrystals have
been described, for instance, in Zhong et al, J. Am. Chem. Soc (2003) 125, 8598-8594, Zhong

et al, J. Am. Chem. Soc (2003) 125, 13559-13553, or the International patent application WO
2004/054923.

[0089] Such ternary nanocrystals are obtainable by a process that includes forming a
binary nanocrystal M1A by
1. heating a reaction mixture containing the element M1 in a form suitable for the
generation of a nanocrystal to a suitable temperature T1, adding at this temperature the
element A in a form suitable for the generation of a nanocrystal, heating the reaction mixture
for a sufficient period of time at a temperature suitable for forming said binary nanocrystal
M1A and then allowing the reaction mixture to cool, and
ii. reheating the reaction mixture, without precipitating or isolating the formed
binary nanocrystal M1A, to a suitable temperature T2, adding to the reaction mixture at this
temperature a sufficient quantity of the element M2 in a form suitable for the generation of a
nanocrystal, then heating the reaction mixture for a sufficient period of time at a temperature

suitable for forming said ternary nanocrystal M1,,M2,A and then allowing the reaction
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[0093] In certain embodiments in which the nanocrystal core is made from III-V
nanocrystals of the invention, each of the elements Ml and M2 are independently selected
from Ga and In. The element A may be selected from P, As and Sb. All possible
combinations of these elements M1, M2 and A are within the scope of the invention. In some

illustrative embodiments, nanocrystals have the composition Gaxln;«P, GayIn; As and
Gaxln; xAs.

[0094] In one embodiment the nanocrystal includes semiconducting material, wherein as
explained above the semiconducting material may include at least one of a metal and a

metalloid.

[0095] In a method of the present invention the nanocrystal may first be provided in a
suitable solvent or mixtures of such solvents. Suitable in this respect means that the
nanocrystal should be soluble in the respective solvent. Examples of such solvents are, but
not limited to, aprotic solvents and/or non-polar solvents, such as an aprotic non-polar
solvent. The latter may be selected from hexane, heptane, cyclohexane, benzene, toluene,

pyridine, dichloromethane, chloroform, carbon tetrachloride, carbon disulfide, dioxane,
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catalyzed Heck coupling between an unsaturated halogenide and an alkene may be employed.

[0097] In one embodiment the amphiphilic polymer is added to the nanocrystal in a
suitable solvent. A suitable solvent may be a polar solvent, such as a polar protic solvent. A
protic solvent is a solvent that has, for example, a hydrogen atom bound to an oxygen as in a
hydroxyl group or a nitrogen as in an amine group. More generally, any molecular solvent
which contains dissociable H', such as hydrogen fluoride, is called a protic solvent. The
molecules of such solvents can donate an H" (proton). Examples for polar protic solvents
may be, but are not limited to, water, methanol, ethanol or acetic acid. In one embodiment of

the present invention water may be used.

[0098] In the above procedure any organic solvent provided with the nanocrystal may be
replaced by an aqueous solution after being contacted with the amphiphilic polymer of the
invention. In one embodiment upon phase transfer to an aqueous solution the remaining

- anhydride rings open to yield negatively charged carboxyl groups, which provide electrostatic

repulsion resulting in a stable dispersion of the nanocrystals.

[0099] In one embodiment of the present invention the method of forming a water-
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groups of a polymer (A’). An 1,3-dipolar cycloaddition reaction that involves an alkyne and

an azide yields an 1,2,3-triazole ring as depicted in Fig. 14. The reaction, which may be
carried out under catalysis of copper(l), in particular formed in situ, thus leads to the
formation of an amphiphilic polymer B as defined above. Such a polymer includes a branch
providing repeat unit (IV) (supra) that is bonded to a bridge, which includes an 1,2,3-triazole
ring.

[0101] As a result a polymer meshwork may be formed, wherein for example nano-
crystals, as described herein, may be embedded as described above, may provide additional
properties to the system, such as stability, solubility properties, polymer processability or
catalytic properties. A meshwork in this respect may be a 3-dimensional system. In such a
meshwork the amount of nanocrystals in the amphiphilic polymer may be in the range from
about 0.01 % (v/v) to about 50 % (V/vj, including from about 0.05 % (v/v) to about 50 %
(v/v), such as about 0.05 % (v/v) to about 40 % (v/v), about 1 % (v/v) to about 30 % (v/v),
about 1 % (v/v) to about 25 % (v/v). In typical embodiment the amphiphilic polymer in this
system has repeat units (IV) as defined above, with the repeat units (IV) having been formed

by a Huisgen 1,3-dipolar cycloaddition reactions ("click chemistry").
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sections. A promising technique for the development of quantum dot nanosensors is the use

of fluorescence (or Forster) resonance energy transfer (FRET). FRET is unique in providing
fluorescence signals sensitive to molecular conformation, association, and separation in the
range of 1-10 nm. It is well suited for events occurring at the nanometer scale, such as
numerous biological processes. The water soluble polymers of the invention are well suited
to provide quantum dots tailored for corresponding sensing applications. Specific sensing
units can be attached to the QD sphere via the selection of the monomer units used, and
where applicable by matter linked thereto via a cycloaddition reaction. Those skilled in the
art will appreciate the fact that large bulky molecules such as ionophores complexating ions,
such as ionized lanthanides, can be present on the surface of the QDs as shown in Fig. 2. The
scope of receptor molecules that can be provided is largely limited when using conventional
ligand exchange reactions. Furthermore, apart from sensing of anions via complexation
reactions or via disturbance of FRET pathways, functionalized QDs according to the
invention can be also used in magnetic resonance imaging (MRI) when complexating
paramagnetic jons (such as Gd3*). This is of particular interest for dual imaging

(fluorescence and MRI) in clinical medicine.
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di f i @uéleophilic base such as diisopropylethyl amine (DIPEA).

[0107] Hence, using the present invention quantum dots can be formed, on which receptor
moieties or molecules are immobilized that are bound to e.g. luminescent Lanthanides Ln>"
(Bu’, Gd¥, Tb™, La™). Such QDs can be used in medical biodiagnostic, cell bioimaging,
multimode imaging, in-vitro and in-vivo sensing, and chemical sensing applications. As
already mentioned above, the use of such QDs provides several advantages, including low
photobleaching rates of Ln>* and QDs, a high sensitivity of FRET with regard to the changes
in the surroundings/ the environment, a high sensitivity to counterions, pH, and solvent (cf.
Fig.5)and a large Forster radius (~7-11 nm). Fig. 5 illustrates the sensitivity of the FRET-
sensing with QDs that have a Krptofix-22 receptor moiety on their surface, bound to Ln*
ions. It is noted that changes in the vicinity/ in the environment result in different emissions

observed.

[0108] A further illustrative example are QDs functionalized with cyclodextrin for
sensing of polichlorinatedbiphenyls (PCB). The obtained QDs provide an example of QDs
coupled to a receptor suitable for a sensing process. The synthesis of an an amphiphilic
polymer bearing cyclodextrin receptors is described in the Examples below. In use, i.e. in the

sensing system, the cyclodextrin is loaded with an organic chromophore, which is released
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group and another functional group suitable for a couphng reaction, including sulfo-SMC,
sulfo-SMCC, NHS or sulfo-NHS, may be used to provide alkyne or azido groups. Such an
approach may for instance be chosen in cases where a direct conversion of a functional group

into a desired C =€ or azido group appears difficult.

[0111] In some embodiments a receptor/capture molecule or moiety may be linked to a
bridging moiety with a functional group that can be converted into an azido or alkyne group.
The bridging moiety may be coupled to a further moiety such as a label or a further
nanocrystal according to the invention. It may also include an additional functional group for
coupling with another molecule or with a surface. An illustrative example of such a bridging
moiety is a derivative of 4-dibenzocyclooctynol as described by Poloukhtine et al. (J. Am.
Chem. Soc. (2009) doi: 10.1021/ja9054096) (see also Fig. 14C). Such a dibenzocyclooctyne
compound can be formed in situ from a cyclopropenone as depicted in Fig. 14D (ibid.),
thereby allowing a photochemically triggered click reaction. Decarbonylation of the cyclo-
propenone can be achieved within few hundred picoseconds upon irradiation with 350 nm

light. Thereby a cosslinking to the surface of a living cell is achievable (ibid).

[0112] Fig. 10 illustrates the one-pot synthetic method to attach one or each of the “click



chromat ography used in the art, for exanple an oligohistidine tag of a
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1018, Wﬁlcﬁ can for instance be presented by means of the chelator nitrilotriacetic
acid (NTA).

[0114] A further example of a capture molecule with specifity for a selected analyte
molecule are avidin or streptavidin that form a complex with a biotin moiety. A further
example of a capture moiety is an affinity tag, Examples of an affinity tag include, but are not
limited to biotin, dinitrophenol or digoxigenin, oligohistidine, polyhistidine, an immuno-
globulin domain, maltose-binding protein, glutathione-S-transferase (GST), calmodulin
binding peptide (CBP), FLAG’-peptide, the T7 epitope (Ala-Ser-Met-Thr-Gly-Gly-GIn-Gln-
Met-Gly), maltose binding protein (MBP), the HSV epitope of the sequence Gln-Pro-Glu-
Leu-Ala-Pro-Glu-Asp-Pro-Glu-Asp of herpes simplex virus glycoprotein D, the hemagglu-
tinin (HA) epitope of the sequence Tyr-Pro-Tyr-Asp-Val-Pro-Asp-Tyr-Ala or the “myc”
epitope of the transcription factor c-myc of the sequence Glu-Gln-Lys-Leu-Ile-Ser-Glu-Glu-
Asp-Leu.

[0115] The broad availability of receptor molecules or moieties that can be immobilized
on QDs using the present invention allows for the detection of various target molecules.

Examples of a suitable target molecule include, but are not limited to, a peptide, a
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amphiphilic polymer (B) has repeat units of general formula (I) in a number of m units. It

further has repeat unit of general formula (II) in a number of o units. It has repeat units of
general formula (III) in a number of p units. Further, a repeat unit of general formula (IV) is
included in the amphiphilic polymer with a number of r units (see above for further details).
The repeat unit (II) includes a moiety R® that is an aliphatic moiety (supra). This aliphatic
moiety has a terminal C =C group or a terminal azido group. A unit (IV) of a the polymer B is
covalently bonded to a bridge D. The bridge D is in turn covalently linked to the surface. The
bridge D is of the structure -G'-R>-G*-. G! and G? of the bridge D are independent from one
another an aliphatic bridge of 1 to about 80 carbon atoms, including of 1 to about 70 carbon
atoms, about 2 to about 70 carbon atoms, 1 to about 60 carbon atoms, about 2 to about 70
carbon atoms, 1 to about 40 carbon atoms, about 2 to about 40 carbon atoms, about 10 to
about 80 carbon atoms, of about 10 to about 60 carbon atoms, of about 25 to about 60 carbon
atoms, of about 10 to about 40 carbon atoms, of 1 to about 20 carbon atoms, about 2 to about
20 carbon atoms or 1 to about 10 carbon atoms, such as 1,2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42, 43 or 44 carbon atoms. Further, the aliphatic bridges G' and G* may include, independent
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the terminal C =€ group or the terminal azido group of the aliphatic moiety R? and a terminal

C =€ group or a terminal azido group on the surface. Typically, such a reaction leading to the

formation of a respective bridge falls under the so called “click chemistry” as detailed above.

A terminal C =€ group or a terminal azido group may be provided on the surface by any suitable

means (cf. also above). An illustrative example of providing a terminal C=£ group or a

terminal azido group on a surface is depicted in Fig. 11. Further, Fig. 12 illustrates a glass

surface covered with a plurality of QDs according to the invention. The dark zone in the

middle of the picture represents an area where a layer of the quantum dot coating has been

removed by scratching. Fluorescence is present only in areas covered with QDs.

[0120] The formation of the bridge D between a surface and a plurality of nanocrystals
can be locally restricted to certain areas of the surface. This can be achieved by only bringing
the selected areas to be covered in contact with the plurality of nanocrystals that include on
their surface a polymer according to the invention. The remaining areas may be covered with
other matter in order to avoid contact with the plurality of nanocrystals. No such covering is
in some embodiments required, where means are used to specifically direct the plurality of

quantum dots to selected areas of the surface. Thereby any desired surface pattern may be



other matter in order to avoid contact with the plurality of nanocrystals.
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capture molecules. The layers of QDs can be linked by a [3 + 2] cycloaddition reaction

between alkyne and azido groups as explained above. In this case alternating layers of QDs
functionalized with azido and C =€ groups, respectively, can be used. In other embodiments
QDs functionalized with one such group, e.g. an azido group, may be used, in which case the
layers are linked by means of a bifunctional compound having two copies of the matching
group for “click chemistry”, e.g. two C=€ groups. Once al layers are deposited, azide or
acetylene functionalized receptor/ capture molecules may be linked to the QDs. Such
receptor/capture molecules include but are not limited to jonophores, peptide receptors,
nucleic acid receptors and mono- and polysaccharides receptors, for example calixarenes,
cavitands, iaorphirines, cryptands, crown ethers, cyclodextrines, peptides, polysacharides,

antibodies, DNA and RNA strands, diamides, other ionophores, chromophores, conductive
polymers.

[0123] In order that the invention may be readily understood and put into practical effect,
particular embodiments will now be described by way of the following non-limiting
examples. It is understood that modification of detail may be made without departing from

the scope of the invention.



receptor/capture nol ecul es include but are not limted to ionophores,
peptide receptors, nucleic acid receptors and nono- and pol ysacchari des

r ecept or swof2oro/@xaepl e cal i xarenes, cavitands, porphiri peFSGaooppvesIss,
crown ethers, cyclodextrines, peptidés, polysacharides, antibodies, DNA and
RNA strands, diam des, other ionophores, chronophores, conductive pol yners.
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shell for use in sensing or nanofabrication can be achieved with the use of coupling
chemistry. The coupling chemistry has to be versatile, robust, and easy to perform, have high

reaction yield and be cost-effective.

EXAMPLES

Example 1: Synthesis of quantum dots — general procedure

[0127] All reagents were purchased from Aldrich or Fluka, including poly(isobutylene-
alt-maleic anhydride) (Mw= 6000 and 60000 g/mol). NMR spectra were recorded on a
Bruker 400 MHz spectrometer. UV-VIS absorption was recorded using a Shimadzu
spectrophotometer (UV-1601). A Shimadzu spectrofluorometer (RF-5301PC) was used to

obtain the luminescence spectra of the quantum dot solutions.

[0128] Cadmium oxide (0.026 g, 0.20 mmol) and stearic acid (0.25 g, 0.88 mmol) were
dried in vacuum and subsequently heated in N, atmosphere up to 220 °C until the solution
became transparent. The mixture was cooled to room temperature and subsequently TOPO
(4.00 g, 50 mmol) followed by 1-hexadecylamine (2.50 g, 500 mmol) were added. The
mixture was warmed up to 220 - 240 °C, and a solution of Se in TOP (0.2 mL, 0.2 mmol)

was added. To grow a passivating ZnS layer around the CdSe core, a solution of sulphur in
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[0130] To identify properly the composition of the polymers obtained, NMR spectra were

confronted with NMR of poly(isobutylene-alt-maleic anhydride) backbone opened by
treatment with stochiometric amount of NaOH to carboxyl groups. NMR integration was
normalized to the backbone 6000 g/mol (n = 38). Weight average molar mass was calculated

based on the NMR spectra of purified polymers.

Example 3: Representative procedure for synthesis of an amphiphilic polymer bearing

the covalently attached receptor- cyclodextrin for recognition of PCB molecules

[0131] To the solution of 2.00 g poly(isobutylene-alt-maleic anhydride) (Mw = 6000) in
400 mL of dry THF 0.8 mL of n-octylamine (0.8 mL, 4.8 mmol) followed by DIPEA (1.7
mL, 14.4 mmol) were added and the mixture was stirred for 1h at 50 °C. Subsequently
monoaminated B-cyclodextrin (0.72 g, 0.6 mmol) was added, and mixture was stirred for
additional 15h at r.t. After THF evaporation the material was suspended in water with small
excess of NaOH with respect to the carboxylic groups in the polymer backbone. After
evaporation of water and DIPEA, the remaining residue was dissolved in water, and dialyzed
against diluted water solution of NaOH and pure water for a few days to obtain polymer in

sodium salt form. Not dissolved suspension was removed from water solution by
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Example 5: Representative procedure for synthesis of an amphiphilic polymer bearing

azide functionalized PEG side chain for "click" attachment

[0133] To the solution of 2.00 g poly(isobutylene-alt-maleic anhydride) (Mw = 6000) in
400 mL of dry THF 0.8 mL of n-octylamine (0.8 mL, 4.8 mmol) followed by DIPEA (1.7
mlL, 14.4 mmol) were added and the solution was warmed to 50 °C. 1 h later the flask was
cooled to r.t. and 11-azido-3,6,9-trioxaunadecan was added (0.9 mL, 4.8 mmol). The mixture
was stirred for 16h. After evaporation of THF the material was suspended in water with a
small excess of NaOH with respecf to the carboxylic groups in the polymer backbone. After
evaporation of water and DIPEA, the remaining residue was dissolved in water, and dialyzed
against diluted water solution of NaOH and pure water for a few days to obtain the polymer
in a sodium salt form (yield 3.07 g; 58%). '"H-NMR (400 MHz; D,0) 7.21 (11 H, br) 3.77 -
3.65 (198 H, m), 3.35 - 1.61 (291 H, m), 1.47 (55 H, br), 1.22 (186 H, br), 1.12 - 0.65 (274 H,
m). Composition: carboxylic 61.3%, octyl amide 20.3 %, azide-PEG side chain 18.3 %.

Example 6: Synthesis of quantum dot / polymer assemblies
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ethanol resulted in a surface ready for “click” chemistry.
Example 8: Patterning of azide terminated glass substrate using “click chemistry”

[0137] An aqueous solution of quantum dots coated with a polymer prepared according
to the procedure described in Example 4 (5% of quantum dot assemblies, 1% of
Cu(I)Acetate) was drop-casted on a glass slide surface prepared according to the procedure
described in example 7. After 10 minutes, the surface was washed with water and ethanol

leaving a layer of quantum dot assemblies covalently attached to the surface.

Example 9: Patterning of azide terminated glass substrate using “click chemistry” —

PDMS stamp patterning

[0138] An aqueous solution of quantum dots coated with the polymer prepared according
to the procedure described in Example 4 (5% of quantum dot assemblies, 1% of

Cu(I)Acetate) was transferred on a glass slide surface prepared according to Example 6 using



dependent on pol ymer used and even nore dependent on the purity of the
quantum dots (excess of hydrophobic ligands |ead to formation of o
aggr egat esp.2ofoxawpke 7: Preparation of azide functional ipzedcgb@msds7silicon
oxi de substrate (glass slaid surfacepUfor "click"” patterning [0136] A G ass
[ Silicon wafer was heated in a furnace (350 C, 5h) to oxidize and cl ean
its sUPMSestarmneABebbhows e sabaicorhstwashed withasaterdiiaghiainl leavespdspd ofo

3- Br )1 L] rosilane. in vacyum for 16h to deposit a |ayer of
l(or om)s{ : aﬁlgrgﬁétnés% %@gegrcg gaé%l?f}&tgﬁ?ﬁ%@%?ﬁs ce i QIR oS RAYSIRy t 0 azi de was
carried by imrersing of substrate into a warmbath (50 0C) of DMF saturated
wi t h sodédkamplezitd Paftternibglof aide loéringinfed! d12ssSuBSh- AR RN Qéﬁcmh@ﬁﬁﬁfsdﬂ et hanol
resulted in a surface ready for "click" chem stry. Exanple 8: Patterning of
azide terminated glass substratMIMCigehninnek chenistry” [0137] An aqueous
sol ution of quantum dots coated with a pol yner p(réepared according to the
rocedur p18ep v tiedlabdsldeaptBpRed at@YARE HUBRITTR 0L 255800 oS 2 PV
%J(I)A%:etmat e]S m?egraop§casted (e)naa Iags slide surf?a_ce pr epar ed* accor di ng
to thé aﬁ‘i‘%@é‘?ﬁﬁ"r"é‘eﬂ@é&ni 3gBePUS folulianpl quantumfdosy COEOEermh,ltl@s%olyma mpafriacg]:e was
h | 2ai 1 1 t ot ,ass es
was hedcvdriith 18 ke prdBshiued E\%@t%ed e &%}x(xg)r% lﬁg%,: O%J?fk*ﬁﬁw?o aSsemb ,ﬁ,g@g of

covalent|y attached to t surface. . g .
t er mi faiBdcglate svasdigpesitad en thei sidp 0fthe stemphadinivsig }e liquidbesterd ip@tther ni ng

0138 |4t Lon, of antym dots coated,with _the pol ymer prepared
gccor Raﬁ%lnt? g)'g,teﬁ%ﬁ%)a?gctg} Sér?eAigeésfg PHe Wré)‘iﬁr?ﬁﬂsew‘?fh\é\%%lg? Vgt kAol
asseniaver a 19yafofQuahiuAc dbtadsedmbies dovalafle attechedno ahd k@SSceSin femSH f ace
prepared according to Exanple 6 using5 PDVS stanmp. After 1 hour, the
surf a@8" s washed with water and ethanol | eavi ng a | ayer of quantum dot
assenblies covalently attached to the surface in formof pattern. Exanple

10: Pat t @1#0NQnefskakt de thceirtimoat®tadii R Sspobingt that Gie Yok '"%ﬁt?dﬁ §*1§ | Stry”-
i e S0139] A dry gl ass_aslyladgprpre ared glc.:ﬁzorgtilr?g to anple 6

hni _
&”ai” g 8 5 %‘Q%Q?\E?eﬁ Qubliebisciihmd dupincheands pnd advantasse mentiohed, iasrwadf aguant um
dots ek athefédt hdrbif. PANEREE wBI BOREEHY apparent to one skilled in the art that varying

substitutions and modifications may be made to the invention disclosed herein without

departing from the scope and spirit of the invention. The compositions, methods, procedures,
treatments, molecules and specific compounds described herein are presently representative
of preferred embodiments are exemplary and are not intended as limitations on the scope of
the invention. Changes therein and other uses will occur to those skilled in the art which are
encompassed within the spirit of the invention are defined by the scope of the claims. The
listing or discussion of a previously published document in this specification should not
necessarily be taken as an acknowledgement that the document is part of the state of the art or

is common general knowledge.

[0141] The inventions illustratively described herein may suitably be practiced in the
absence of any element or elements, limitation or limitations, not specifically disclosed
herein. Thus, for example, the terms “comprising”, “including,” containing”, etc. shall be
read expansively and without limitation. Additionally, the terms and expressions employed
herein have been used as terms of description and not of limitation, and there is no intention
in tﬁe use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are possible
within the scope of the invention claimed. Thus, it should be understood that although the

present invention has been specifically disclosed by exemplary embodiments and optional
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considered to be within the scope of this invention. [0142] The invention
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or salts thereof,

wherein the repeat unit of general formula (I) is comprised in the amphiphilic polymer
with a number of m units, the repeat unit of general formula (II) is comprised in the
amphiphilic polymer with a number of o units and repeat unit of general formula (III) is
comprised in the amphiphilic polymer with a number of p units,
wherein each of m, o and p is an independently selected integer from about 3 to about
400 and wherein the sum of m + 0 + p is selected in the range from about 10 to about
10000,
R'in repeat units (I)-(111) is H or methyl,
R%in repeat unit (II) is an aliphatic moiety with a main chain of about 3 to about 30
carbon atoms and 0 to about 3 heteroatoms selected from the group N, O, S, Se and Si,
and,
R’ in repeat unit (III) is one of (i) an alicyclic moiety with a main chain of about 5 to

about 80 carbon atoms and 0 to about 30 heteroatoms selected from the group N, O, S,



of about 5 to about 80 carbon atons and O to about 30 heteroatons sel ected
fromthe group N, O S, Se and Si5 and Zis an aliphatic bridge of 1 to

about 3 ocwohkorn/aiweps and 0 to about 2 heteroatons sel ectred/siramymobéses gr oup
N, O S, Se and Si, (iii) an aliphati® noiety with a main chain of about 3

to about carbon .at.qns_an 9 about 30 hetergatons selected fromthe
group N O@?@éﬁaﬂ’&’ éﬁ,a Iﬂ?}(i%’a' gwgﬁrﬁllbl?*gléﬁn&;%‘glcd?ﬂﬁﬁ(.wﬁhaw eliihi phi 1 i c
pol yner ofofebaitrs tﬂmab%ﬁﬁaﬂodﬂﬁoxﬁ?%&oﬁi?ﬁdﬁ%?ﬁ%ﬁ)tatdﬂ?g §e|1§v}e -0 formil a

(I) to the repeat units of general fornulae (Il) and (I o+p) is
sel ect ed igio¥hY, Pahgie dndoth Tt B issdnoaliphaide brddgeTid tambbitthédrban gomyard  of

clains 1 ' ior t ynit (111) Ls,a moi.ely -Z-R4 and

wher ei n tﬁfetogalblocyclﬁ‘%:gafar@ﬁlestsgleﬁ%ﬁﬁgméﬂﬁe&?‘%’dﬁf e)o$n L oéﬂﬁ)ﬁ“e?hpéatb“epti de, a
nucl ei ¢ aaheietyavitpnasaceiant otbous3 ROALEASE BabbslBond AHYBlBHdR 2

cal i xarene, a cavitand, _ a crépt and, a crown ether, a porphyrin, a

cycl odext Aietproaome semiest Eomthe arown M kdSh&eand 51, anke G piophior g azidbyner  of
any one ofgrgdf_lins 1-3, wherein R3 in repeat unit (lIl1l) is a noiety -Z-R4
and wherein is am noethyl. 5. The anphiphilic polyner of any one of
clainms 1-4, wherein Rin repeat unit (lI1) is an al kylamno group. 6. The
anphi Fhi | iThepuoiphipbilicafolpmer affclaiinal, veheteif thewhtis of the réyRatuimboPkEnkiat pol yner

further c ris repeat unit. of the general formula (1V), thereby

defi ni ng ﬁ%ﬁ%ﬁ? %%PF F%’e&to‘i‘fg}ﬁéﬁfgewﬁl taprRiiag Q%F@Pdi@l)l-l“ﬁpgfﬁ)e‘ﬁ slected e r epeat

unit of gemahade frokMUbabbhiMo bei ng conprised in the anphiphilic polynmerwth
a nunber of r units, wherein r is an independently selected integer froml

to about 400, wherein the sumof p + r is selected in the range from about
3 to &vouflhaemphiphdicgiolymérefichdims (110v)R2, oheteheRpir tepedt unit (HOMakemdibty coupl ed

to one of urface, .a_further polyner. and a sensing nolecule via a bridge
conpri sin Qf’g aaﬂlvélﬁ ?g’erﬂ)‘ﬂé‘flﬂf rﬁ,plp%{ lg{ is selected from anl%nophore, a peptide, a J

nucleic acid, a monosaccharide, a polysaccharide, a glycolamide, a calixarene, a

cavitand, a cryptand, a crown ether, a porphyrin, a cyclodextrin, a ionophore and a

chronophore.

4.  The amphiphilic polymer of any one of claims 1-3, wherein R3 in repeat unit (Il is a

moiety -Z-R* and wherein Z is aminoethyl.

5. The amphiphilic polymer of any one of claims 1-4, wherein R2 in repeat unit (II) is an
alkylamino group.

6.  The amphiphilic polymer of any of claims 1-5, wherein the amphiphilic polymer further
comprises a repeat unit of the general formula (IV), thereby defining an amphiphilic

polymer (B):
R" R

o)
OH O av)

wherein R’ is H or methyl,

the repeat unit of general formula (IV) being comprised in the amphiphilic polymer



mai n chain of about 3 to about 80 carbon atons and O to about 20

het eroatons selected fromthe group N, O S, Se and Si, and a triazole

ri ng, whewei2oioidagersbri dge i s obtained by a reaction involpeirsg20d®0637F group
or the azido group of the aliphatic Abiety R3 and a C group or an azi do

group on the surface, the further, pol, r or the sensing nolecule. 7. The
anphi phi | Wéﬁ’ﬁoﬁl‘%@t’ OSF“%‘%aiW B Gy K&?Ptﬁﬂ‘genélé(ﬁelieﬁ@d KEegss drom L 4o ghauitof 4
peptide, ao@rotein, a nucleic acid, a saccharide, a polysaccharide, and a
i pid. 8. The anphiphilic poléger of claim®6, wherein the surface is one of

a netal swheretethesumeiapl + visdeleatetlan the rangafrémaboat Itoldbputd®, a surface of a
virus particle. 9. The a i philic, polymer of claim6, wherein the further
pol yner c&]fﬁfeé’aﬂ’[edmfthV )a‘?r%H‘? gﬁp’meﬁlsﬁﬁl"%@ﬁy %‘B)p?‘?dstoé’ﬁe Sbpavtaes p EUBSE y ner
(B'), whepglyther hRd #58RRINRRM6166110 HYdBriddeR o lh$GphdtRAAGer R g of the
gener al fgrl(}r’uﬂ} ae (1), (D%I ), (I'll) and g%l \9) :p(ﬁg{rﬁgs?al t {tgﬁg%%wdér%ei n the
repeat uniman gfaigenabont 3 fooaheut 8@ cgrbyn aokis)and Ol tb lapowti?@ Hetevdatame selected

i ndepende el ect feen the.repeat. unit.s of general formulae (1), (I1),
(111) andﬂ%k%g§§$ﬂPﬁ§q%§%%e _?Sﬁfmg&l ﬁﬁﬂeﬁg% the repeat unit of general
formul a ({wheR@i N8 LFABPIS HREndd by AR IR BIviA 9@_%@%{ fhedzRgroer of m
units, the repeat unit of general fornula (II") being conprised in the

anphi phi | Bwup@if firrealiphpticmaiehuRbanrd o =6 graup or ansardda gpepon thw surfate,dgbamer al
formula ( in rised in the anphiphilic polynmer with a nunber of p
units, thgh?%%§§§“%%§ toﬁaggﬁ%PSFC &r mul a (I'V) being conmprised in the

anphi philic polynmer with a nunber of r units, wherein each of m o and p is
an i nlepetbeanpliphitic@otyttriofitlagie 6, vhoriraihe Wensthg BoRbEY is ditlef 4 pdpEdan
independentI%'seIe ted integer from1l to about 400, the sumof p +r is

sel ect ed PR Fusiicadiddriaspgtde s plysseharidagmd alidsum ofm+ o + p + 1 s
selected in the range fromabout 10 to about 10000, Rl in repeat units

(1)-(BY) TBe Hnpkiph®ik P¥lymer of claim 6, wherein the surface is one of a metal surface, a

metalloid surface, a surface a cell, and a surface of a virus particle.

9. The amphiphilic polymer of claim 6, wherein the further polymer coupled to the
amphiphilic polymer (B) is an amphiphilic polymer (B’), wherein the amphiphilic
polymer (B’) comprises repeat units of the general formulae (I), (II), (III) and (IV):

R" R R" R
@ I
O @) o 0
OH HO OH 2
R
R" R RT R
(11 (IV)
0]
o) O

or salts thereof,



R2 in repeat unit (I1) is an aliphatic noiety with a main chain of about 3
to about 30 carbon atons and O to about 3 heteroatons selected fromthe
group N, Wp 2810/8¢75and Si, and, R3 in repeat unit (111) ipseTEGR0M00¢37) an
alicyclic noiety with a main chain &6 about 5 to about 80 carbon atons and

O to about 30 heteroatons selected fromthe agroup O S,,Se and Si, and,
(ii) a novkersin-tlre Rpestivaite phegeral sorgplag @b&’a,%ﬁﬁﬁﬁﬂﬁ‘i)wmﬁieaﬂf@fﬁychai n of
about 5 to, a 8Q ¢ - 0 areys sel ected
fromthe S§1r°8{)?§q‘lf\?,m %}e r%?‘%ggmgstn P,grgg%ogm%&iegﬂégi)éﬁggﬁm;t ﬁié}gbri dge of 1 to
about 3 cakephiAt poBmRAMBY to about 2 heteroatons sel ected fromthe group

N, O S, Se and Si, (iii i {i iety.with I i f, about 3

to about tBoreearsN eisbRemgen D SRR RO L P ATBAE e RUTeR FiBm ¢ he

group N, eﬁiu er%?nﬂﬂrﬁiss'[he r?@ﬂt ﬁ’rﬁ%ﬂ%&lﬂﬁl Wil @D FéheXodiRisedMiehei N the unit
mphi phiTT¢ polymer (B

(I'V) of the a I's covalently coupled to the
anphi phi lanepliphijiopolypi) witha tumebebof dgeits, bod repieat umipHigenetal Prpglal} of any
one of clains 6 - 9, .wherein.the bridge is represe t .
f or mul awsing ?P“}PIF%Edé%IM%C% ’S/stltaﬁmgflbﬁﬁ?ﬂ% gﬁgl’ ﬁleoljfgﬁ?t%l 8ltggout 80
car bon atéé'ﬁ?rf@%rﬁlle{ Qvabek ceRpheddan vas AnphipEilie pbBehek wath 4 Memeradp N, O, S,

Se and Si~ A wat eér - sol ubl e nanocrystal , the water-sol ubl e nanocrystal
conpri singuisn its surface via non-coval ent or coval ent interaction an

anphi philic pol r.accordi ng_t n ' = glurality
of wat er - ¥BFEH %gﬁgﬂ% P ﬁ‘&gllgaj‘n ﬁlﬁigpérfllg%%@? %g?cg%d?hfégeﬁ%mp?a?tiﬂlz t|:0tat;/l§00f
nanocrystgye conprising on their surface via non-coval ent or coval ent
interaction an anphiphilic polymer (B) erein the anmphi philic polynmer (B)
conpr i sesr1|sepe@depemetn§1mﬁleﬁtﬁ@mj%%%ﬁram%8}%‘1 é&h ), (11), (111) and (1V):
or salts thereof r&i - t Iaho@tf3 9eBsn@ioof ormula (1) is

conpri sed@%“‘?‘h@a%ﬁ%%ﬁ?ﬁ*@%%ﬁy rﬂ%ﬁtafﬁoa nunber of munits, the repeat
unit of gesenml offra @ (i ik kelected omipe ranes from et 10 to about 10000,

R! in repeat units (I)-(IV) is H or methyl,

R? in repeat unit (II) is an aliphatic moiety with a main chain of about 3 to about 30
carbon atoms and 0 to about 3 heteroatoms selected from the group N, O, S, Se and Si,
and,

R? in repeat unit (III) is one of (i) an alicyclic moiety with a main chain of about 5 to
about 80 carbon atoms and 0 to about 30 heteroatoms selected from the group N, O, S,
Se and Si, and, (ii) a moiety -Z-R* wherein R* is an alicyclic moiety with a main chain
of about 5 to about 80 carbon atoms and 0 to about 30 heteroatoms selected from the
group N, O, S, Se and Si, and Z is an aliphatic bridge of 1 to about 3 carbon atoms and
0 to about 2 heteroatoms selected from the group N, O, S, Se and Si, (iii) an aliphatic
moiety with a main chain of about 3 to about 80 carbon atoms and 0 to about 30
heteroatoms selected from the group N, O, S, Se and Si, and a C = group or an azido
group,

wherein the unit (IV) of the amphiphilic polymer (B’) is covalently coupled to the
amphiphilic polymer (B) via the bridge.

10. The amphiphilic polymer of any one of claims 6 - 9, wherein the bridge is represented
by the formula



anphi philic polymer with a nunber of o units, the repeat unit of general
formula (I111) isconprised in the anphiphilic polynmer with a nunber of p
uni ts andwoheiw@apsat unit of general formula (1V) is cowrprissed9ionozzine
anmphi philic polymer with a nunber of5@ units, wherein each of m o and p
are an independently selected integer fromabout 3 to about 400, q is an

i ndependently sel ected even i nteger om1l to about 400, wherein the sum of
p +qgis selected in the range fr abslN 3 to about 400, and wherein the
sumofm+ o + p + qis selecied iR\{he rafge from about 10 to about 10000,
Rl in repeat units (1)-(I | |, 2R2 in repeat unit (Il) is an
aliphatic noiety with a main chain ut%3 to about 30 carbon atons and
0 to about 3 heteroatons selected fromthe group N, O S, Se and Si, R3 in

repeat Unishedeld Y)is b aBphadicimbiady witH®hRly chidid B Btd Bt §OdkBoRhitodloild 3 to
about 80 carbon atons and group or an azido group, wherein a ftirst

acC
wat er - sol tgabeuhPbetespatoms setngted faome theczrorn Ny Os 8] St Sianocrystal of the

plurality of nanocrystals are coupled via a bridge D, the bridge D being

o sccant AaRaReeRpnidEll bl Bkl ShoaRRE ki p B Sl Vi) 1

R5 is an monytalaiqubat eevabent attythétdncncinphighiliclgelysermddosdifi@todartyl dezgl € ring,
and Y is an alf' pg(ﬁlti c bridge of 1 to about 80 carbon atons and O to about
20 het er o4f'dis' séf-ected fromthe group N, O S, Se and Si, wherein the
bridge D is obtained by a reaction involving the C group or the azido
group19f AhfumlifyRiTatdts-Bmist Harfdlrfald B RRBES RS JFeh £B) on the
first watersol uble nanp(_:rysta?. aﬁg aa C grou%)}lyor San ae?@{(%dﬂgi%up of the
anphi phi | hanopoyisiatregoniiBisingor their sefanediaveenecovabing b eovabandintersétain an13. A
plurality_ of. .wat.er-solu anocrystal.s .i. iliz on a.surface, .the
nanocr yst %ri’%hlﬁﬁh{% ﬁgﬁyﬁed ?Qﬁi"{ g t%aar?@é’r‘%ﬁ%?@y% O ISEHIPREGYRIS ur £ ace
vi a non- cefitht gederdlrfogmvaé EML(ID), gy aat@ep an anphi philic polyner (B), the
anphi philic polymer (B) conprising repeat

R" R R' R
® *é_g an
o) O
0O @)
OH HO oH 1
R
R" R Rl R
o % (N)
0)
OH R3 oH ©O

or salts thereof,
wherein the repeat unit of general formula (I) is comprised in the amphiphilic polymer
with a number of m units, the repeat unit of general formula (I) is comprised in the

amphiphilic polymer with a number of o units, the repeat unit of general formula (III) is



units of the general formulae (1), (I1), (Ill1) and (I1V):or salts thereof,
wherein the repeat unit of general formula (1) is conprised in the

anphi phi Iwo 2pmiosrse Wi t h a nunber of munits, the repeatrcusiczo®foogener al

formula (I1) is conprised in the amfii philic polyner with a nunber of o

units, the repeat unit of general formula (l111) is conprised.in to@e

anphi phi lcappsedmdhe W’Phlpéﬂmero"f’lﬂbaﬂ & of pttgnd APt it o gener al

formula ( ' ' i inBhiphi Srapittvh hiimBervigpatitspf  r
units, eeégﬁgrgifﬁ%ﬁﬁomgygﬁgog{}éfsgkﬁmﬁgg%gg%gggit%lp?gg%I ected int egjer fro?n about
3 to abouthetéf cacthefaj o andp asan inflepsndentlyi sclesisti dateser fram eheutdaghoyty om
about 3 tg about 400, and the sumofm+ o + p + ris selected in the range
from abot¥010 to about 10000, wherein RL in repeat units (l1)-(IV) is H or

met hyl, 's'aEiﬁcfei&@f?&enﬁs}'séleétkeh)evérﬁn edrbNaoiaBoii08t y With a main chain of
about 3 to about “30 cafbon atons and O to about 3 heteroatons selected from
the gr oupwidrei®theSsunsef prtd) Siselered imtheaprsstiram pboyt 3 tpyabpat 409, 31 i phati ¢

noi ety wt mai n_chai n.of , ahou Ut C group
or an azi ‘%PB%B&W@? 8“?#33 pnléﬂgsc%eg%ct%a%ﬂ? t%%%%ghgﬁﬁ?ﬁu??gt 0 ue
nanocrystgppoare coupled to the surface via a bridge D, the bridge D being
coval ently1 bonded to a unit (1V) of a nanocrystal and to the surface, ’
wher ei n tlenepaaanits (D5(0YD 18 Hormetds ure - GLI-R5- &-, wherein GL and @ are

2t ome. andto e S (38 R Bl A Ghb e B HRIDbE dboke Bt & &' 86 and
Si, and Rarbdh Admakyd ato phatt Bhetaroaoms sdleasdfrom the groye Noddph: iSsiang Sa
C ' o oup R irisecrizingollB) bt BRPTHE TiFpac & Hion chyie ant & e hif el or an
().t e AR bR aBs et grobfor & PEOCERERE Ol te of the general |
f ormul ae herein(d fijst aackr{sbluble yanocrysal tsl 4 henoadfwater-soluble nanocrystal of the

plurality of nanocrystals are coupled via a bridge D, the bridge D being covalently

bonded to a unit (IV) of a first nanocrystal and a unit (IV) of a second nanocrystal,

the bridge D being of the structure -Y-R’-Y-, wherein R’ is an arylaliphatic or

arylalicyclic bridge comprising a triazole ring, and Y is an aliphatic bridge of 1 to about

80 carbon atoms and 0 to about 20 heteroatoms selected from the group N, O, S, Se and

Si,

wherein the bridge D is obtained by a reaction involving the C =€ group or the azido

group of the aliphatic moiety R? of the amphiphilic polymer (B) on the first water-

soluble nanocrystal and a C =€ group or an azido group of the amphiphilic polymer B

on the second water-soluble nanocrystal.

13. A plurality of water-soluble nanocrystals immobilized on a surface, the nanocrystals of
the plurality of nanocrystals comprising on their surface via non-covalent or covalent
interaction an amphiphilic polymer (B), the amphiphilic polymer (B) comprising repeat
units of the general formulae (I), (II), (IIT) and (IV):

R'" R R" R

v @ (I
OH HO OH 2



wherein the repeat unit of general forrmula (1) is conprised in the

anphi philic polynmer with a nunber of munits, the repeat unit of general
formul a (WO)ois4emopri sed in the anphi philic polyner w thTscaomdpess7ef o
units and repeat unit of general forA®la (111) is conprised in the

anphi philic q@1yneq?mjth a nunber of p units,, wherein each of m o and p is
an i ndependent\\y s¢l ected integer fronlabouﬁig t oRabout 400 and wherein the
i selected in the range fro t 10 to about 10000, R1
() or methyl, sRin it (1) is an

' carbon atons and
el ected fromthe group e and Si, and,

i i h &Wain chain

i n repeat
al i phatic
0 to about 3 heter
R3 in repeat uni
of about 5 to@ 80 carfbonCatons and 0 to eroat ons sel ected
fromthe group N, QO and Si, (ii) a noiety R4 erein R4 is an
alicyclic noiety with a fin chain of about 5 to ut 80 carbon atons and
0 to about 30 heteroatons selected fromthe group N, O S, Se and Si, and Z
is an aliphatic bridge of 1 to about 3 carbon atons and O to about 2

het er oat offssadis thsgeafd f rom t he group N, O S, Se and Si, (iii) an aliphatic

nmoiety with a.main chain of abo 3 to out 80 carbon atong. and 0 to about
20het er oa‘gvgf:fgn@pg%qegﬁw} %gﬁeflﬁ@ijm ,lsﬁf)m_ggéeéi_cl&ﬁ gp?’ﬁ’ﬁﬁﬁwé’og"’b‘?’oup or
an azi do @ifWhunbee oPMAGRESthe EARht Shinerl defaral foRtiula (1B iSsirhiiNed is@levent a
mal ei ¢ anhydride polyner of formula (V), wherein n is an integer from about
10 to abourphipbidic pokmepr rith snynber afstunjts, tharepgat undt ¢f geserat Gwpola(@l) ishe
first co ' . ' .1 al | i rryin

functi ona oﬁg%%Q%E@ﬂgﬁ@ﬁﬂ€§§§$ﬁgQ@h%f%@g%%°§Pgﬁﬂgﬁﬂgﬁﬁ§d¥?%%?g° erein

t he al i phgdnieeal dommou(¥) iasonaprised Kiy thecdhgihiphilic pdlonitr With@ rpgher oBPudal bon

atorms andeaoch of m, o and p are an independently selected integer from about 3 to about
400,
wherein the sum of p + r is selected in the range from about 3 to about 400, and
the sum of m + o + p + r is selected in the range from about 10 to about 10000,
wherein R! in repeat units (I)-(IV) is H or methyl,
R? in repeat unit (II) is an aliphatic moiety with a main chain of about 3 to about 30
carbon atoms and 0 to about 3 heteroatoms selected from the group N, O, S, Se and Si,
R? in repeat unit (III) is an aliphatic moiety with a main chain of about 3 to about 80
carbon atoms and a C =€ group or an azido group,
wherein the nanocrystals of the plurality of nanocrystals are coupled to the surface via a
bridge D, the bridge D being covalently bonded to a unit (IV) of a nanocrystal and to
the surface,
wherein the bridge D is of the structure -G'-R>-G*-, wherein G' and G? are
indepeﬁdent from one another an aliphatic bridge of 1 to about 80 carbon atoms and
0 to about 20 heteroatoms selected from the group N, O, S, Se and Si, and R®is an
arylaliphatic or arylalicyclic bridge comprising a triazole ring,
wherein the bridge D is obtained by a reaction involving the C =€ group or the azido

group of the aliphatic moiety R? and a C=C group or an azido group on the surface.

14. A process of forming an amphiphilic polymer (A), the amphiphilic polymer comprising
repeat units of the general formulae (I), (II) and (III):



to about 2 heteroatons selected fromthe group N, O S, Se and Si; and a
second conpound, the second conpound being an alicyclic or aliphatic
conpound wermyimgrsa functional group capabl e of form ngpraTlscabagesmth an
anhydride, wherein the alicyclic compdund has a main chain of about 5 to
about 80 carbon atons and O to about 30 heteroatons selected fromthe group
N, O S, Se apd Si, 1and wherein the aliphatic gorrpoqu (i) is an aliphatic
bri dge of 1 Ro abddt 3 carbon atons and 0 to Rbout R'heteroatons sel ected
fromthe grous N/O S, Se and Si, substituted\w tH an alicyclic noiety R4,
wherein R4 i lety with a maiin ¢ to about 80
carbon at f230 het@} oat ons group™ O S,

Se and Si, mai n chain of abotut 3 to O carbon atons and
0 to about 20 el ected fromthe group Se and Si, and
additionally @ iQazi do group. 15. T. ai m 14,

wherein the functi IH@r oups capabl e of forn‘i@g a
anhydride of the first conpound and of the second c ﬁ

i ndependent | yone of an am no group, a hydroxyl group, a iol group, a

sel enol group, a hal ogen, an_ether group and a thioether group. 16. The
process of clains 14 or 15,R\1,hereRﬂ t he second conpound is an al kyl am ne.
17. The process of any one 0 nms 14 - 16, wherein the anphiphilic
polynmer (A) is fornmed usi that is an aliphatic conpound
having a main chain of a carbon atons and 0 to about 20
het eroatons selected fro O S, Se and Si, the aliphatic
conpound having a C group in additi he funéfl)onal group capabl e of
formng a |linkage with an anh ess further conprising
reacting the anphiphilic pol@fer wi t/h a“~onpound or a surface, wherein
t he conpound or the surface carri 2i do group, thereby allow ng the
formati on of a bridge between the anphiphilic polyner (A) and the conpound
or the susfqtethdrét®, bridge conprising a triazole ring. 18. The process of
claim17, wherein the conpound is an anphiphilic polymer (A') obtainable by
t he et hodhefinathy refeattint ofigeigral fot@plavfes eomptited iatpharpptiiphitic polyymar

with a number of m units, the repeat unit of general formula (II) is comprised in the

amphiphilic polymer with a number of o units and repeat unit of general formula (III) is
comprised in the amphiphilic polymer with a number of p units,

wherein each of m, o and p is an independently selected integer from about 3 to about
400 and wherein the sum of m + o + p is selected in the range from about 10 to about
10000,

R' in repeat units (D-{1D is H or methyl,

R? in repeat unit (1) is an aliphatic moiety with a main chain of about 3 to about 30
carbon atoms and 0 to about 3 heteroatoms selected from the group N, O, S, Se and Si,
and,

R? in repeat unit (III) is one of (i) an alicyclic moiety with a main chain of about 5 to
about 80 carbon atoms and 0 to about 30 heteroatoms selected from the group N, O, S,
Se and Si, (ii) a moiety -Z-R* wherein R* is an alicyclic moiety with a main chain of
about 5 to about 80 carbon atoms and 0 to about 30 heteroatoms selected from the
group N, O, S, Se and 8i, and Z is an aliphatic bridge of 1 to about 3 carbon atoms and
0 to about 2 heteroatoms selected from the group N, O, S, Se and Si, (iii) an aliphatic

moiety with a main chain of about 3 to about 80 carbon atoms and 0 to about 20



(A") is formed using a first conpound that is an aliphatic conmpound having
a main chain of about 3 to about 80 carbon atons and 0 to about 20

het er oat owe 28slactsed fromthe group N, O S, Se and Si, pChsGabiophestry c
conpound having in addition to the f®fctional group capable of forning a

| i nkage wit hydr.i an.azi do.gr th r oges onprising reacting

t he anphip eﬁr%(’%grségrg{?&i?ﬂ?] thﬁ)ui’ﬁ\g @#’B%ﬁﬂﬁlsﬁ)’&n & ‘f/%gro(“ﬂ"br,anlaﬁ’éf’eby

al | ow ng tdaeug,or mati on of a bridge D between the anphiphilic polymer (A)
and the anphiphilic polynmer (A ), the bridge D conprising a triazole ring.
19. The prBtR9sesscogyistgacasting ng srtable solviest a windsie anhydhnide anhyhiepbi | i ¢

pol ymer (Q%HﬁﬁaKV?”Ed using a first conpound that is an aliphatic conpound
having a main chai’n of about 3 to about 80 carbon atoms and O to about 20
het er oat ons sel ect ed fr¢ﬁ1the—group N, O S, Se and Si, the aliphatic
conmpound havi ng an &zi do\gro in additjion to the functional group capable
of formng a link i anhydri de -t he process further conprising
reacting the anphi pf it h a conpound or a surface, wherein
t he conpound or the a ¢ group, thereby allow ng the
formation of a brid ijphilic polynmer (A) and the conpound
or the surface, the triazole ring. 20. A nethod of
form ng a water-sol e nmethod conprising: QZ (i) providing
a nanocrystal in a i) qgn}acting t he nanocrystal wth
an anphi philic polyger (A) according tq any one of clainms 1 - 10, and (iii)
al | owm ng non-coval emt or coval ent inted@ction between the anphiphilic

pol yner and the nanocrystal to occur, thereby form ng a water-soluble
nanocr ystéi‘fq{ereé’imﬁ'ﬁém‘%‘ieﬁgaﬂ’oﬁ’ol%‘l@%akew W%’i/)e@nfﬁl t he provi ded nanocryst al

corrprisesﬁag I ﬂﬂy’?ti ng material. 22. The nethod of clains 20 or 2 1,

wherei n the anphiphiirc polynmer has repeat units (I11l1) with R being an

aliphatic withety with a main chain of about 3 to about 80 carbon atons and

0 to about 20 heteroatons selected fromthe group N, O S, Se and Si, and a
* a first compound, the first compound being a monofunctional aliphatic compound

carrying a functional group capable of forming a linkage with an anhydride, wherein
the aliphatic compound has an alkyl chain of about 3 to about 30 carbon atoms and 0
to about 2 heteroatoms selected from the group N, O, S, Se and Si; and

* asecond compound, the second compound. being an alicyclic or aliphatic compound
carrying a functional group capable of forming a linkage with an anhydride,
wherein the alicyclic compound has a main chain of about 5 to about 80 carbon
atoms and 0 to about 30 heteroatoms selected from the group N, O, S, Se and Si, and
wherein the aliphatic compound (i) is an aliphatic bridge of 1 to about 3 carbon
atoms and 0 to about 2 heteroatoms selected from the group N, O, S, Se and Si,
substituted with an alicyclic moiety R*, wherein R* is an alicyclic moiety with a
main chain of about 5 to about 80 carbon atoms and 0 to about 30 heteroatoms
selected from the group N, O, S, Se and Si, or (ii) has a main chain of about 3 to
about 80 carbon atoms and 0 to about 20 heteroatoms selected from the group N, O,

S, Se and Si, and additionally a C=€ group or an azido group.

15. The process of claim 14, wherein the functional groups capable of forming a linkage

with an anhydride of the first compound and of the second compound are independently



C group or an azido group, the nethod further conprising contacting the
anphi philic polynmer (A) with a conpound or with a surface, wherein the
conpound wo 2bfv4s1sef ace carries an azido group or a C g@rwosgcodhessby
allowing a reaction to occur, the refétion involving the C group or the

azido group of_the.aliphati ety R3 of.the anphiphilic pol r (B) on
t he wat er gg‘? BI‘E)?% awg?‘?o%ﬁ%%’t %ﬁy‘gﬁﬁﬁg@pg P&B’p?tl @Foué?nngéflieﬂ%l %’PB&& %?qg%eﬁea‘z
conpound ethePgrolif and HithidcBer #0@5.€by all owing the formation of a bridge
bet ween the anphi philic polyner (A) and the conpound or the surface, the

bri dge con‘gri sing a triazaole ri ng. 23. The method of claim22, wherein (i)
t he cdfpodRermcesspd cdaims dder day wheseinghe seepadcenpenynd isan alkiykemine. phat i ¢

noi ety R3 of the polymer (B) on the nanocrystal carries a C group or (ii)

the campohepRlectd it AYheSPoky €518 eIyl BoAld: PRI ¢ rof ety

R3 of the pofyner on the nanocrys carrie and

wher ei n t fremed asingarfiisscanpoead thadis dnefliphatic tdrepdund Maokng aGhait RBaiasifdo gr oup
of the conpo oy aon.the surface, and the azido group or the C group,
respect i vg%}‘lflggo t’iﬁ%utgloi “ﬁﬁ’[ﬂ‘ﬁ atomsqngh Q topghoyt 2¢ eéerﬁaqgwleeg)i fegun theegroup
nanocr yst 8 0, 84se IMESUHR MphaidPldtidubl % ; i stal s
accordi ng to.ci a?m 11'to C(l)?vallent I@lucovg{r%g\égjr é@gb?’ﬁgg(g@m&?ﬁ)%gmerei n the
wat er - sol tHschoned igewipyespabils ofi forminga buksige whill dncanhgtisider with a repeat unit

[11) in ich R3.i5 an ali.phatic.nojet ith.a in chain of about 3 to
gbou% 80 EYHBBTFSA{BHIET SAPESIES Igf S@m@qug?%@)ﬁﬁh yrenpaEdof clai m

24, conprisi aﬁfacﬁmﬁéﬂeinzmegoﬁgoﬁdaeor%Jlﬁfa%e @arﬁ'ef’ﬁﬁlh%iﬁ% ﬁgjfgp%gggygr oups or C

groups, thereby providi ng anchorage sites capable o goi ng”a reaction

with the dlgviogpke Grmetien afd bidggrbstipesn the sppbiphilisl pplymér (ADendudteer - sol ubl e
nanocr yst : e l.ai m 25. . conpri si,ng. contacting the surface,
on whi ch %@%‘%@r"aﬂ ??ei‘ﬂgafe%{zl?g%g r%’&B’E‘SB}gn%”éZ‘&F s is i mobilized, with

t he wat er-sol ubl e nanocrystals. 27. The use of claim 25 or 26, conprising
cont ad8i ngh¢ p@cessrof ataim 1nwihbieththe bempbuiidak ah Ynphiphdidsolgheups) or C  groups

non- coval HERGblS Y SErEHOdSEARY ALELaEHA 1ok yEealhe FRTERaRIREON ¢ e
(A’) is formed using a first compound that is an aliphatic compound having a main
chain of about 3 to about 80 carbon atoms and 0 to about 20 heteroatoms selected from
the group N, O, S, Se and Si, the aliphatic compound having in addition to the
functional group capable of forming a linkage with an anhydride an azido group, the
process comprising reacting the amphiphilic polymer (A) with the amphiphilic polymer
(A’), thereby allowing the formation of a bridge D between the amphiphilic polyiner
(A) and the amphiphilic polymer (A’), the bridge D comprising a triazole ring.

19. The process of any one of claims 14 - 16, wherein the amphiphilic polymer (A) is
formed using a first compound that is an aliphatic compound having a main chain of
about 3 to about 80 carbon atoms and 0 to about 20 heteroatoms selected from the group
N, O, S, Se and Si, the aliphatic compound having an azido group in addition to the
functional group capable of forming a linkage with an anhydride,
the process further comprising reacting the amphiphilic polymer (A) with a compound
or a surface, wherein the compound or the surface carries a C=C group, thereby
allowing the formation of a bridge between the amphiphilic polymer (A) and the

compound or the surface, the bridge comprising a triazole ring.

20. A method of forming a water-soluble nanocrystal, the method comprising:



surface in the formof a pattern. 28. The use of a water-sol uble
nanocrystal according to claim1l in the detection of one of an ion, a
pepti de, wopomv@isz a nucleic acid, %Lsaccharlde, a pol ysaschemiodes74 a cel |
and a virus.

(1) providing a nanocrystal in a suitable solvent,

(ii) contacting the nanocrystal with an amphiphilic polymer (A) according to any one
of claims 1 - 10, and

(iii) allowing non-covalent or covalent interaction between the amphiphilic polymer

and the nanocrystal to occur, thereby forming a water-soluble nanocrystal.

21. The method of claim 20, whérein the provided nanocrystal comprises a semiconducting

material.

22. The method of claims 20 or 21, wherein the amphiphilic polymer has repeat units (I1I)
with R? being an aliphatic moiety with a main chain of about 3 to about 80 carbon
atoms and 0 to about 20 heteroatoms selected from the group N, O, S, Se and Si, and a
C=€ group or an azido group,
the method further comprising contacting the amphiphilic polymer (A) with a compound
or with a surface, wherein the compound or the surface carries an azido group ora C=C
group, thereby allowing a reaction to occur, the reaction involving the C =€ group or the
azido group of the aliphatic moiety R® of the amphiphilic polymer (B) on the water-
soluble nanocrystal and a C=C group or an azido group of the compound or on the
surface,
thereby allowing the formation of a bridge between the amphiphilic polymer (A) and

the compound or the surface, the bridge comprising a triazole ring.

23. The method of claim 22, wherein (i) the compound or the surface carries an azido
group, and the aliphatic moiety R* of the polymer (B) on the nanocrystal carries a C =€
group or (ii) the compound or the surface carries a C =€ group, and the aliphatic moiety
R? of the polymer (B) on the nanocrystal carries an azido group,
and wherein the reaction is a reaction between the C =C group or the azido group of the
compound or on the surface, and the azido group or the C =€ group, respectively of the

aliphatic moiety R? of the polymer (B) on the nanocrystal.

24. The use of a plurality of water-soluble nanocrystals according to claim 11 to covalently
cover a surface therewith, wherein the water-soluble nanocrystals have an amphiphilic
polymer with a repeat unit (III) in which R is an aliphatic moiety with a main chain of

about 3 to about 80 carbon atoms and a C =€ group or an azido group.



25.

26.

27.

28.

WO 2010/044752 63 PCT/SG2009/000374

The use of claim 24, comprising immobilizing on the surface a blurality of azido groups
or C=C groups, thereby providing anchorage sites capable of undergoing a reaction with

the C =€ groups or the azido groups, respectively, of the water-soluble nanocrystals.

The use of claim 25, comprising contacting the surface, on which the plurality of azido

groups or C=C groups is immobilized, with the water-soluble nanocrystals.

The use of claim 25 or 26, comprising contacting the surface, on which the plurality of
azido groups or C =€ groups is immobilized, with a stamp to which the water-soluble
nanocrystals are non-covalently attached, such that the nanocrystals are arranged on the

surface in the form of a pattern.

The use of a water-soluble nanocrystal according to claim 11 in the detection of one of
an ion, a peptide, a protein, a nucleic acid, a saccharide, a polysaccharide, a cell and a

virus.



