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ABSTRACT: Using the Diels-Alder (DA) “click chemistry” strategy between anthracene and maleimide
functional groups, two series of well-defined polystyrappely(ethylene glycol) (P$-PEG) and polystyrene-
g-poly(methyl methacrylate) (P§PMMA) copolymers were successfully prepared. The whole process was divided
into two stages: (i) preparation of anthracene and maleimide functional polymers and (ii) the use-oARiefs
reaction of these groups. First, random copolymers of styrene (S) and chloromethylstyrene (CMS) with various
CMS contents were prepared by the nitroxide-mediated radical polymerization (NMP) process. Then, the
choromethyl groups were converted to anthryl groups via the etherifaction with 9-anthracenemethanol. The other
component of the click reaction, namely protected maleimide functional polymers, were prepared independently
by the modification of commercially available poly(ethylene glycol) (PEG) and poly(methyl methacrylate) (PMMA)
obtained by atom transfer radical polymerization (ATRP) using the corresponding functional initiator. Then, in
the final stage PEG and PMMA prepolymers were deprotected by retro-BAdder in situ reaction by heating

at 110°C in toluene. The recovered maleimide groups and added anthryl functional polystyrene undergo Diels
Alder reaction to form the respective (RSPEG) and (PS+-PMMA) copolymers. The graft copolymers and the
intermediates were characterized in detail by uslhg NMR, GPC, UV, fluorescence, DSC, and AFM
measurements.

Introduction The study presented in this paper is aimed at describing the
anthracenemaleimide-based DA “click reaction” as a novel
route to prepare well-defined graft copolymers. Scheme 1
outlines our synthetic strategy to this various phases of this work,
¢ : . viz., (i) preparing random copolymers of styrene (St) and
properties to meet requirements for new applicatio@me of 4-chloromethylstyrene (CMS) (which is a functionalizable
the methods for modification is the grafting reaction, which onomer): (ii) attachment of anthracene functionality to the
provides an opportunity to vary physical and chemical properties praformed copolymer by theetherification procedure; (i) by
of polymers. Graft copolymers can be obtained with three ging efficient DA “click chemistry”, maleimide-functionalized
general methods: (i) grafting-onto, in which side chains are poly(methyl methacrylate) (PMMAMI) via ATRP of MMA
preformed and then attached to the backbone; (ii) grafting-from, o1 poly(ethylene glycol) (PEGMI) via modification of com-
in which the monomer is grafted from the backbone; and (iii) mercial PEG was introduced into copolymers bearing pendant
grafting-through, in which the macromonomers are copolymer- anthryl moieties. The details of these procedure and the results
ized?? obtained are discussed below.

The Diels-Alder reaction (DA), [4+ 2] system, generally
consists of a coupling of a diene and a dienophile by intra- or Experimental Section

intermolecular reactlofﬁ_.RecentIy, DA reaction based on the Materials. Styrene (St, 99%, Aldrich) and 4-chloromethylstyrene
macromolecular chemistry has attracted much attention, Par-(cms, ca. 60/40 meta/para isomer mixture, 97%, Aldrich) were

ticularly for providing new materials:'* As an alternative route,  gistilled under reduced pressure before use.-Bzbis(iso-
recently, 1,3-dipolar cycloadditions, such as reactions betweenbutyronitrile) (AIBN, 98%, Aldrich) was recrystallized from ethanol.
azides and alkynes or nitriles, named “click reactiént®have N,N'-Dicyclohexylcarbodiimide (DCC, 99%, Aldrich), 2,6-tkrt-
been applied to macromolecular chemistry, offering molecules butyl-4-methylphenol (BHT, 99%, Aldrich), 4-(dimethylamino)-
ranging from the block copolymeérsto the complexed macro- ’F\’ly”idilr}e (DMQ.F” ??_l‘f/é ,\ﬁédgcgé ;ndA%Z,i,)G-tetrametZylpiperid.inec-j
molecular structure$25 Both DA and 1,3-dipolar cycloaddi- ~ N-0xy!Iree radica » 9970, AIOTICN) WETE USEQ as received.
tion reactions enabled the<C bond formation in a quantitative N.N,N, NN -Pentamethyldiethylenetriamine (PMDETA, Aldrich)

. ) : . . i was distilled over NaOH prior to use. Poly(ethylene glycol) methyl
yield without side reaction and requirement for an additional o (Me-PEG, Acros) was dried over anhydrous toluene by

purification step. azeotropic distillation. Tetrahydrofuran (THF, 99.8%, J.T. Baker)
was dried and distilled over benzopheneia. Other solvents were
purified by conventional procedures. All other reagents were

Nowadays there is a considerable interest not only in the
synthesis of new types of polymeric materials but also in the
modification of existing polymers in order to alter their

TIstanbul Technical University.

#Koc University. purchased from Aldrich and used as received. 4-(Dimethylamino)-
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Scheme 1. General Presentation of Grafting Process by Diet&\lder “Click Chemistry”
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Instrumentation. The'H and*C NMR spectra of the samples Preparation of PMMA —Maleimide (PMMA —MI). PMMA—
were recorded by using a Bruker NMR spectrophotometer (250 Ml was prepared by ATRP of MMA. In a 50 mL Schlenk tube,
MHz for proton and 62.89 MHz for carbon) in CDLMolecular MMA (10 mL, 93.5 mmol), toluene (10 mL), PMDETA (0.4 mL,
weights were determined using a gel permeation chromatography1.87 mmol), CuCl (0.19 g, 1.87 mmol), a2d0.67 g, 1.87 mmol)
(GPC) instrument equipped with a Waters Styragel column (HR were added, and the reaction mixture was degassed by three-freeze
series 2, 3, 5E) with THF as eluent at a flow rate of 0.3 mL/min, pump—thaw cycles and left in a vacuum. The tube was then placed
and a Waters 410 differential refractometer was used as detectorin an oil bath at 40°C for 3 h. Afterward, the resulting
Differential scanning calorimetry (DSC) was performed on Perkin- polymerization mixture was diluted with THF, passed through a
Elmer Diamond DSC with a heating rate of 2C/min under basic alumina column to remove the catalyst, and then precipitated
nitrogen flow. UV spectra were recorded on a Shimadzu UV-1601 into hexane. The polymer obtained was dried for 24 h in a vacuum
spectrophotometer. Fluorescence spectra were obtained by using aven at 30°C. [M]¢/[l]o = 50; [I]o:[CuCI]:[PMDETA] = 1:1:1;
Perkin-Elmer LS 50 luminescence spectrophotometer. NT-MDT conversion (%)= 18; My theo = 1250; My nvr = 2350; Mp gpc =
Solver P47 atomic force microscopy (AFM) was used in tapping 2100;M,/M, = 1.2.

mode for morphological characterization. Ultrasharp Si cantilevers  General Procedure for Etherification of Chloromethyl Moi-

having force constant of 48 N/m were used. eties (8, 30, and 50%) of Poly(styreneo-chloromethylstyrene),
Syntheses and Polymerizations3-Acetyl-N-(2-hydroxyethyl)- P(S<o-CMS). P(Sco-CMS) copolymers containing various amounts
7-oxabicyclo[2.2.1]hept-5-ene-2-carboxamidg &nd 2-bromo-2-  of CMS moieties were prepared via nitroxide-mediated radical

methylpropionic acid 2-(3,5-dioxo-10-oxa-4-azatricyclo[5.2.1.02,6]- polymerization (NMP) of St and CMS at 12%.
dec-8-en-4-yl) ethyl estel] were synthesized as described in the To a solution of 9-anthracenemethanol (1.1 equiv) in dry 20 mL

literature?” . of THF was added to sodium hydride (60 wt % dispersion in oil)
Synthesis of 4-(2f[(3-Acetyl-7-oxabicyclo[2.2.1]hept-5-en-2- (1 1 equiv), and the reaction mixture was stirred at room temperature
yl)carbonyllamino} ethoxy)-4-oxobutanoic Acid (3)For synthesis under nitrogen for 30 min. A solution of random copolymer (1.0
of compound3, the above-obtained compound, 5.0 g of compound ¢S equiv) in dry THF was then added to this mixture, and the
1 (23.9 mmol) was dissolved in 150 mL of 1,4-dioxane. To this reaction mixture was refluxed for 12 h in the dark. It was then
solution E¢N (16.58 mL, 119.6 mmol) and DMAP (4.4 g, 35.8  ¢qpled to room temperature, evaporated to half of its volume, and
mmol) were added. Then, 9.6 g of succinic anhydride (95.6 mmol) inen precipitated into methanol. The light yellow product, B¢S

was added to this reaction mixture and stirred overnight &G10 CMS) with anthryl pendant groups, was dried for 24 h in a vacuum
The resulting solution was poured into ice-cold water and extracted o en’at 30°C.

with CH,Cl,. The organic phase was washedhwit M HCI and
was dried over Ng&5O, and then concentrated. The crude product
was crystallized from ethanol, and white crystalline product was
obtained (5.9 g, yield 80%); mg 122—123°C (DSC).1H NMR
(CDClz, 6): 6.50 (s, 2H, @©I=CH, as bridge protons), 5.25
(s, 2H, —CHO, bridgehead protons), 4.25 @ = 5.2 Hz, 2H,
NCH,CH,OC=0), 3.74 (t,J = 5.2 Hz, 2H, NG1,CH,0C=0),
2.87 (s, 2H, ®1—CH, as bridge protons), 2.662.53 (m, 4H,
C=0CH,CH,C=00H).

Preparation of PEG—Maleimide (PEG—MI). Me—PEG

General Procedure for Preparation of Graft Copolymer via
DA Reaction of PMMA—MI and PS with Anthryl Pendant
Groups (PS—Anth). A solution of PMMA—MI (1.1 equiv) in 10
mL of toluene was added to a 10 mL solution of random copolymer
(1.0 anthracene equiv) in toluene. A catalytic amount of BHT as a
radical inhibitor was added. The mixture was bubbled with nitrogen
for 30 min and refluxed for 48 h at 11 in the dark. The reaction
mixture was evaporated under high vacuum. The crude product
obtained was then dissolved in 5 mL of THF and poured into
(Mna = 550) (2.0 g, 3.63 mmol) was dissolved in 20 mL of methanol. The white product formed was dried for 24 h in a vacuum

CH,Cl,. To the reaction mixture compouri(3.4 g, 11 mmol) oven at 30°C. ) )

and DPTS (1.2 g, 3.63 mmol) were added successively. After Genera] Procedure for Preparation of Graft quolymer via
stirring 5 min at room temperature, a solution of DCC (2.3 g, 11 DA Reaction of PEG-MI and PS—Anth. A solution of PEG-
mmol) in 10 mL of CHCI, was added to it. The reaction mixture MI (1.1 equiv) in 10 mL of toluene was adc_ied_ toal0mL solutlor}
was stirred overnight at room temperature. After filtration of the Of random copolymer (1.0 anthracene equiv) in toluene. A catalytic
salt, the solution was concentrated and the viscous brown color @mount of BHT as a radical inhibitor was added. The mixture was
product was purified by column chromatography over silica gel Pubbled with nitrogen for 30 min and refluxed for 48 h at TTD
eluting with a CHCl,/ethyl acetate mixture (1:1, volivol) and then  In the dark. The reaction mixture was evaporated under high
with CH,Cl,/MeOH (0.95:0.05) to obtain compourds a viscous vacuum. The crude product obtained was then dissolved in 5 mL
yellow oil (yield: 2.7 g, 88%)Mn meo= 840; Mn g = 850; Mn cpe of_THF and po_ured into methanol. The pale yellow product was
= 1300; My/M, = 1.01.H NMR (CDCl, d): 6.50 (s, 2H, dried for 24 h in a vacuum oven at 3C.

CH=CH), 5.25 (s, 2H, ®© as bridgehead protons), 4.23 (m, 4H, Preparation of Samples for AFM. Solutions of graft copoly-
CH,0C=0), 3.75-3.51 (m, OC®,CH, repeating unit of PEG, mers were prepared in toluene at a concentration of 8 mg/mL. Films
C=ONCH,, and H,—PEG repeating unit), 3.36 (s, 3H, PEG were spin-coated at 2000 rpm for 1 min from these solutions on
OCH3), 2.87 (s, ®1—CH, as bridge protons) 2.612.56 (m, 4H, oxidized silicon substrates. Spin-coated films were kept in a vacuum
C=0CH,CH,C=0). oven at low temperatures for solvent evaporation. CDV
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Scheme 2. Incorporation of Anthryl Moieties by Etherification
Process

9-anthryl methanol
R m-njm
O C
0]

Table 1. Molecular Weights and Functionalities of the Polymers at
Various Stages

m-njm
NaH, THF, 65 °

O C

1

functionality (mol %%

polymers M2 Mw/Mp2 CMS Anth

P(S€0-CMS) (8%) 3700 1.38 8.5

PS—-Anth (8%) 4000 151

PSg-PEG (8%) 4400 1.42

PSg-PMMA (8%) 12100 1.26

P(S€0-CMS) (30%) 4100 1.33 30.0

PS-Anth (30%) 4400 1.36 30.0
PSg-PEG (30%) 5700 1.47

PSg-PMMA (30%) 18000 124

P(S€0-CMS) (50%) 4200 1.39 50.6

PS—-Anth (50%) 4800 131 50.6
PSg-PEG (50%) 7100 1.40

PSg-PMMA(50%) 27000 1.20

aDetermined by GPC according to linear polystyrene standards-
termined from'H NMR spectra of the corresponding polymers (see text).

Results and Discussion

P(S<€o-CMS) copolymers containing 8, 30, and 50% CMS
units were prepared via NMP of St and CMS at 125.
9-Anthrylmethanol was successfully introduced into the pre-
formed P(Seo-CMS) copolymer backbone via etherification
reaction through nucleophilic substitution of CMS units (Scheme
2).

Copolymer compositions of polymers were determined using
IH NMR spectroscopy. The mole fractions of CMS and St were
calculated from the ratio of the peak areas around 4.4 ppm,
corresponding to two side-chain methylene protons of CMS to

Macromolecules, Vol. 39, No. 16, 2006
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Figure 1. *H NMR spectrum of PSAnth (30%) in CDC}.

alized PEG and3. The number-average molecular weight
(Mnnvr) of PEG-MI was calculated using NMR signals by
comparison of the integrals of the vinyl end-group signals (6.5
ppm) and that of the-CH,CH,O signal of PEG (3.64 ppm),
respectivelyM, tneo@NdMp yvir Values for PEG-MI are 840 and
850, respectively. In fact, the direct incorporation of maleimide
end functionality by ATRP of MMA using maleimide functional
initiator can be considered. However, this possibility is dis-
regarded because of the participation of the maleimide double
bond during the free radical process. Therefore, ATRP of MMA
using the maleimide-protected initiat®was performed to yield
polymers with the corresponding functionality. The polymeri-
zation temperature was deliberately kept low, i.e.;@0so as
to prevent possible deprotection during the polymerization. The
intermediates used for maleimide functionalization of both PEG
and PMMA are presented in Scheme 3. The theoretical MW of
PMMA—MI was calculated by using the following equation:
Mn.theo = ([M]o/[l]0) x conversion %x MW of monomer+
MW of 2. In addition,M, nur of PMMA—MI was determined
from the ratio of integrated signals at 3.58 ppm (QQirbtons
of MMA) to 6.5 ppm (vinyl end protons)M theo @Nd Mn,nmR
values of PMMA-MI were calculated as 1250 and 2350,
respectively.

As will be described below, the combined retro-DA and “DA

the total area between 6.3 and 7.4 ppm, which was attributed jick reaction” utilizing polymers with antagonist functional

to the total aromatic protons. A similar method was applied for
all random copolymers to calculate the mole fractions of CMS
and St. The molar compositions of copolymers and number-
average molecular weights of P(B-CMS) determined by GPC
are presented in Table 1.

P(S<o-CMS) (8, 30, and 50%) copolymers were modified

groups leads to the formation of well-defined graft copolymers,
where both main- and side-chain segments were prepared in a
controlled manner. The overall process is presented in Scheme
4.

Deprotections of maleimide-functionalized polymers (retro-
DA) were carried out in situ during DA *“click reaction” by

by the etherification procedure as described in the Experimentalheating PS-Anth copolymers with PEGMI or PMMA —MI

Section to obtain copolymers with anthryl pendant groups{PS
Anth). Primarily, the extent of substitution in the etherification
was determined. The FTIR afH NMR spectra confirmed the
structure. In the NMR spectrum of a typical example, the new
signals corresponding to methylene protons,@Hjacent to the
anthracene ring at 5.3 ppm and aromatic protons of the anthryl
group between 7.3 and 8.5 ppm were detected (Figure 1).
Moreover, the integrals of methylene protons Cidjacent to
the anthryl and phenyl ring on the modified random copolymer
were in the ratio of 1:1, indicating complete etherification for
each PSAnth copolymer. The FTIR spectra support this result,
showing no absorption around 1265 thproving disappear-
ance of the CKHCI moiety.

Independently, a maleimide functionality was introduced into
PEG via esterification reaction of monohydroxyl end-function-

in toluene at 110C. First, a retro-DA reaction of PEEMI or
PMMA—MI proceeds via releasing of furan to give the
deprotected maleimide functionality at the reflux temperature
of toluene. Then, at this temperature, efficient DA reaction of
the recovered maleimide and copolymers with pendant anthryl
units resulted in the expected well-defined graft copolymers,
PSg-PEG or PS3-PMMA. The copolymerization reaction was
completed with quantitative yields without need for an additional
purification step. The byproduct, furan, and excess PEIG

or PMMA—MI (having relatively low molecular weight) all are
completely soluble in methanol, which is the precipitating
solvent. Evidence for the formation of DA adduct of the
resulting PSg-PEG graft copolymer was observed in the
NMR spectra (Figure 2). Also, the efficiency of DA for the
grafting process was investigated by UV and fluorescegfﬁ/
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Scheme 3. Intermadiates Used for Maleimide Functionalization
0. o]

7
N—CH;=CH,=OH

(1)

O o] lo) (o]
lo) [o) O CH;
4 1] Il 1
N—(CH,),=0—C—(CH,),~C—OH —(CH2)2-O-C—(|2—Br
[e) 3) o 2 CH3

PEG-MI PMMA-MI

Scheme 4. Grafting by in Situ Retro-DA and DA Processes chemical shifts were observed (Figure 3). The peak of @CH
protons of PMMA backbone and GHbrotons adjacent to the
N nitrogen of the maleimide appeared at 3.6 ppm. The peaks at
MO\/\PEG or PMMA™ ™" 3.7 ppm are attributed to the OGlénd group of PMMA and
O O CH, protons adjacent to ester linkage. Furthermore, two CH
protons of the imide ring at 3.3 ppm were also detected. Figure
4 shows the evolution of GPC traces of the-?$ith, PSg-
PEG, and PS-rPMMA copolymers with 30 or 50% functional-
OO ity content. All GPC traces based on linear PS used as standard

DA Click Chemistry
toluene, reflux

: o+ 1N
o
c oe f ° g go [ k
d N—CHZCHZO-C-CHZcHzc-O-cHchz{-O-cHchz-]-OcH;
o e fij

(o]

0
éN
o ~N\

PEG or PMMA "

spectroscopy (vide infra). The peaks between 7.3 and 8.5 ppm,I %0 70 so '5I-0lg;pr'nl4l-ol 50 20 10 o0

characteristic for aromatic protons of anthracene, completely Figure 2. 1H NMR spectrum of PSF-PEG (30%) in CDG.
disappeared. It also revealed that the aromaticity of the central

phenyl unit of anthracene disappeared as a result of DA

cycloaddition, and a new bridgehead proton appeared. A broad

peak at 4.7 ppm, due to the bridgehead proton of the cycloadduct ™
CH, appeared, and it overlapped with the peaks corresponding @ O
to methylene protons of GHadjacent to anthracene and phenyl P a

ring. Moreover, a new signal corresponding to CH proton on b

the fused maleimide ring and OGHnethoxy protons of the @ﬂ 7

PEG end group was observed at 3.4 ppm. The main-chain [0 o §P cHy nows
d

n I
N—CHZCHZO-C-;Z{-CHZC—]—CHZC-CI

ocm ocm

protons of PEG (OCKCH,) and CHCH, protons adjacent to
nitrogen atom of maleimide gave a distinct signal at 3.6 ppm.
Obviously, the resulting graft copolymers are amphiphilic in
nature and are expected to form aqueous micelles as demon-
strated by Schubert and co-worké#g?who reported the linking
of PEG chains to a hydrophopic backbone via ruthenrium
terpyridine complexes. Further studies in this line are in progress
and will be reported elsewhere.

The PSg-PMMA graft copolymers, prepared by the same —rr+rrrr—r—rrr—rrr—r—rrrrrrrrrrrrrrr
procedure, were characterized ¥ NMR spectroscopy. These 80 70 60  50pm40 30 20 10 00
spectra revealed the corresponding DA cycloadduct. Similar Figure 3. *H NMR spectrum of P-PMMA (30%) in CDCk.

Ccbv
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PS-Anth (50 %)

Ma= 4800 0.6 1 _PS-Anth 8%)
M, iM,=131
T 0,5
PS-g-PEG (50 %) PEG-MIL 8 04
Ma=7100 — —> i, =1300 g
MM, =1.40 M /M,=1.01 S 03 PS5 PVVA G%%)
<
0,2 1
0,11
0 T T T
280 330 380 430
Wavelength (nm)
Figure 5. Absorption spectra of PSAnth (8%), PSg-PEG (8%), and
PSg-PMMA (8%); ¢ = 2 x 1075 M in CCl,.
1 5E+05 -
20 25 30
Retention Time (min.) %‘
o
(7]
PS-Anth (30%) = ]
M= 4400 5
MM, =136 &
t :
PS-g-PMMA (30%) o
M, = 18000 —p PMMAMI S 5pE+04
MM, =124 0, = 2100 w
» MM, =121
ODE-+00 4
500 600 700 800 900 1000 1100 1200
Wavelength {(nm)
Figure 6. Emission spectra of PSAnth (8%), PSg-PEG (8%), and
PSg-PMMA (8%); dexc = 390 nm;c = 2 x 10> M in CCl,.
Table 2. Glass Transition Temperature3 (Ty) of the Polymers at
Various Stages
functionality T (°C)
T T ) (mol %) P(SeoCMS) PS-Anth PSg-PEG PSg-PMMA
20 25 30 8 92 96 79 79 and 105
Retention Time (min.) 30 98 108 75 80 and 121
Figure 4. Evolution of GPC traces: PEGMVII PS—Anth (50%) and 50 105 115 73 82 and 130
PSg-PEG (50%) (a, top) and PMMAMI, PS—Anth (30%), and PS- aDetermined by DSC under nitrogen at a heating rate ofC/nin.

g-PMMA (30%) (b, bottom).

The glass transition temperaturel)(of copolymers were
determined by DSC under a nitrogen atmosphere. As shown in
Table 2, the addition of a more rigid and bulky anthracene
functionality into P(Seo-CMS) copolymers further increases

in GPC calibration were unimodal and narrow. No tailing was
observed in the molecular weight of precursors. The shift of
PS-Anth and PEG-MI or PMMA —MI precursors to higher

molecular weight region revealed that the formation ofd>S- the T,, compared with those of the pristine polymeTsvalues
PEG or PS3-PMMA by DA reaction was achieved efficiently. for the copolymer series of PSPEG (8, 30, and 50%) are

DA adduct formation was also monitored by UV and getermined as 79, 75, and 78, respectively. It was obvious
fluorescence spectroscopy (Figures 5 and 6). In UV measure-that T, values gradually decreased depending on the increasing
ments, the characteristic five-finger absorbance of-Rfth PEG content. AnyT, for the PEG segment§ of PEG-MI =
(8%) was observedfrom 300 to 400 nm, while the corresponding _44 °C) was not observed because of the relatively shorter
PSg-PEG (8%) and P$-PMMA (8%) showed no absorbance  peG-M| when compared with that of PSAnth. The first
in this region (Figure 5). Overall UV measurements clearly yransitions were almost identical to that of PMMAMI segment
pointed out a quantitative DA reaction between anthracene and(-|—g of PMMA—MI = 78°C), while the second transitions were
maleimide moieties. increased with the increase of the grafted PMMA concentration,

The fluorescence spectrum of diluted solution o2®ith which affected the rigidity of PS backbone. For B&MMA
(8%) in CHCI, excited at Aexc = 390 nm showed the copolymers, twdlg values were observed (see Table 2). These
characteristic emission bands of the excited (singlet) anthracenethermal data clearly indicated that PS backbone and grafted
at 595, 655, and 725 nm (Figure 6). In contrast,d”SEG (8%) PMMA segments were phase separated for these studied
and PSg-PMMA (8%) had no significant emission proving the compositions. Atomic force microscopy (AFM) investigations
disappearance of anthracene moieties after efficient DA reaction.of the PSg-PMMA (8%) showed indications of this behaviOé.DV
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Figure 7. Atomic force microscopy pictures: height (a) and phase (b) picture a-PSHVIA (8%); height (c) and phase (d) picture of BRREG
(8%). All pictures correspond to an area oft&h x 2 um.

While the AFM height picture (Figure 7a) showed a relatively References and Notes

smooth surface, the corresponding AFM phase picture (Figure (1) Dreyfuss, P.. Quirk, R. P. IiEncyclopedia of Polymer Science

7b) showed bright and dark contrast undulations, indicating and EngineeringMark, H. F., Bikales, N. M., Overberger, C. G.,
polymers of different viscoelasticity in the material. The length Menges, G., Kroschwitz, J. I., Eds.; Wiley: New York, 1985; Vol. 7,
scale of these regions is less than 100 nmgFPEG (8%) also p 551.

showed smooth surface features (Figure 7c), but any indication @ gfgfhkova’ R. S.; Christova, D. Crog. Polym. Sci1993 20

of the regions of different viscoelastic materials was not (3) Neugerbauer, D.; Zhang, Y.; Pakula, T.; MatyjaszewskiPklymer
observed. The AFM phase picture (Figure 7d) showed a uniform 2003 44, 6863.

; ; (4) Kwart, H.; King, K. Chem. Re. 1968 68, 415.
phase throughout the surface without any contrast undulations. (5) Jones. J. R.: Liotta, C. L. Collard, D. M. Schiraldi, D. A.

This is QUe to thg relatively shortgr PEG chain compared to the Macromoleculest999 32, 5786.
PS main chain, in agreement with observation of only dge (6) Imai, Y.; ltoh, H.; Naka, K.; Chujo, YMacromolecule200Q 33,
in DSC measurements for this molecule. 4343.
(7) McElhanon, J. R.; Wheeler, D. Rrg. Lett.2001, 3, 2681.
) (8) Gheneim, R.; Perez-Berumen, C.; GandiniMacromolecule2002
Conclusion 35, 7246.
(9) Vargas, M.; Kriegel, R. M.; Collard, D. M.; Schiraldi, D. A. Polym.
; Sci., Part A: Polym. Chen2002 40, 3256.

We h"?“’e demonStra.tEd a new synthetic approach fo.r the(10) Kim, C.; Kim, H.; Park, K.J. Organomet. Chen2003 667, 96.
preparation of well-defined graft copolymers on the basis of (11) purmaz, H.; Karatas, F.; Tunca, U.; Hizal, & Polym. Sci., Part A:
the DA “click chemistry” between copolymers bearing anthryl Polym. Chem2006 44, 499.
pendant groups and maleimide as end-functionalized polymers.(12) Durmaz, H.; Colakoglu, B.; Tunca, U.; Hizal, G.Polym. Sci., Part

; . A: Polym. Chem2006 44, 1667.
The grafting processes were carried out at the reflux eMPErature ; 3y im T-p.: Luo, J.: Tian, Y.; Ka, J.-W.: Tucker, N. M.; Haller, M.

of toluene with a quantitative yield and without need for an Kang, J.-W.; Jen, A. K.-YMacromolecule2006 39, 1676.
additional purification step. MoreovetH NMR, GPC, UV, (14) Durmaz, H.; Karatas, F.; Tunca, U.; Hizal, & Polym. Sci., Part A:
fluorescence, and DSC measurements of resulting graft copoly-,_Polym. Chem20086 44, 3947.

mers confirmed the high efficiency of DA “click chemistry”. (15) 5(%?1’ rd g(.),olzl'nn, M. G.; Sharpless, K. Bingew. Chem., Int. Ed.
Interestingly, two differenfy values in the ranges 7®82 and (16) Rostovtsev, V. V.; Green, G.; Fokin, V. V.; Sharpless, KABgew.
105-130 °C were detected for P§PMMA, while only one Chem., Int. Ed2002 41, 2596.

; R 17) Opsteen, J. A.; Van Hest, J. C. @Bhem. Commur2005 57.
Ty was observed at 7379 °C in the case of the corresponding 218; DiF;Z D. D.: Punna, S.: Holzer. P.: Mcpherson, A. K? Sharpless, K.

PSg-PEG. The strategy adopted in this study appears to be B.; Fokin, V. V.; Finn, M. G.J. Polym. Sci., Part A: Polym. Chem.
entirely satisfactory in terms of efficiency and simplicity. 2004 42, 4392. CDV



5336 Gacal et al. Macromolecules, Vol. 39, No. 16, 2006

(19) Binder, W. H.; Kluger, CMacromolecule004 37, 9321. (25) Riva, R.; Schmeits, S.; Stoffelbach, F.; Jerome, C.; Jerome, R,;
(20) Wu, P.; Feldman, A. K.; Nugent, A. K.; Hawker, C. J.; Scheel, A,; Lecomte, PChem. Commur2005 5334.
Voit, B.; Pyun, J.; Frechet, J. M. J.; Sharpless, K. B.; Fokin, V. V.  (26) Moore, J. S.; Stupp, S. Macromolecules199Q 23, 65.
Angew. Chem., Int. EQ004 43, 3928. (27) Mantovani, G.; Lecolley, F.; Tao, L.; Haddleton, D. M.; Clerx, J.;
(21) Joralemon, M. J.; O'Reilly, R. K.; Matson, J. B.; Nugent, A. K,; Cornellisen, J. J. L. M.; Velonia, KJ. Am. Chem. So@005 127,
Hawker, C. J.; Wooley, K. LMacromolecule®005 38, 5436. 2966.
(22) Tsarevsky, N. V.; Sumerlin, B. S.; MatyjaszewskiMfacromolecules (28) Schubert, U. S.; Hofmeier, Hlacromol. Rapid Commur2002, 23,
2005 38, 3558. 561.
(23) Li, H.; Cheng, F.; Duft, A. M.; Adronov, AJ. Am. Chem. So2005 (29) Ghoy, J. F.; Hofmeier, H.; Alexeev, A.; Schubert, U.Macromol.
127,14518. _ Chem. Phys2003 204, 1524.
(24) Parrish, B.; Breintenkamp, R. B.; Emrick, J.Am. Chem. So2005
127, 7404. MA060690C

Ccbv



