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ABSTRACT: A range of well-defined hydrophilic methacrylic macromonomers has been synthesized by the
judicious combination of atom transfer radical polymerization (ATRP) and copper-catalyzed 1,3-dipolar
cycloaddition (azide-alkyne click chemistry). An azido R-functionalized ATRP initiator was used to produce
well-defined homopolymers with terminal azide functionality via ATRP in protic media at 20 °C, with generally
good control being achieved over both target molecular weight and final polydispersity (Mw/Mn ) 1.10-1.35).
Suitable methacrylic monomers include 2-aminoethyl methacrylate hydrochloride, 2-(diethylamino)ethyl meth-
acrylate, 2-(dimethylamino)ethyl methacrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate,
2-(methacryloyloxy)ethyl phosphorylcholine, glycerol monomethacrylate, potassium 3-sulfopropyl methacrylate,
and quaternized 2-(dimethylamino)ethyl methacrylate. These homopolymer precursors were then efficiently clicked
using either propargyl methacrylate or propargyl acrylate to yield near-monodisperse (meth)acrylate-capped
macromonomers with either cationic, anionic, nonionic, or zwitterionic character. Moreover, this generic route to
well-defined hydrophilic macromonomers is also suitable for “one-pot” syntheses, as exemplified for 2-hydroxyethyl
methacrylate and glycerol monomethacrylate-based macromonomers.

Introduction

Macromonomers are polymer chains that contain at least one
polymerizable group.1 Many macromonomers contain a terminal
vinylic group that can be (co)polymerized to produce sterically
stabilized latexes,2-4 graft copolymers,5-9 or “bottle brush”
polymers.10-13 There are two general synthetic routes to vinyl-
capped macromonomers: either an appropriate vinyl-function-
alized initiator is used or the chain ends are modified after
polymerization. The former approach has been exploited by both
Nagasaki’s group14 and Lascelles et al.15 for the synthesis of
well-defined styrene-functionalized macromonomers. In both
cases oxyanion-initiated polymerization of tertiary amine meth-
acrylates in dry tetrahydrofuran (THF) was conducted using a
potassium 4-vinylbenzyl alkoxide initiator. Similar selectivity
has also been demonstrated for the atom transfer radical
polymerization (ATRP) of both hydrophilic and hydrophobic
monomers using allyl-, vinyl acetate-, or vinyl ether-based
initiators.16-18 This approach has the advantage of being a one-
step process but is severely limited in the choice of terminal
vinyl groups since these moieties must not participate in the in
situ polymerization. In principle, postpolymerization modifica-
tion is much more versatile, allowing access to a large range of
different macromonomers. For example, monomethoxy-capped
poly(ethylene glycol) monomethacrylate, which is commonly
used to prepare sterically stabilized latexes and graft copolymers,
is readily prepared on an industrial scale by transesterification
using monohydroxy-capped poly(ethylene glycol) and methyl
methacrylate. ATRP has also been used to produce macromono-
mers by reacting terminal bromine atoms with either acrylic or
methacrylic groups.19 An alternative strategy is to use an initiator
which contains a functional group that can be reacted to form
a polymerizable group after in situ polymerization.20-25 This
usually leads to higher efficiencies than those achieved by
substitution of terminal halogen atoms, since the fidelity of the

latter functionality is often compromised under monomer-starved
conditions. Catalytic chain transfer polymerization (CCTP)
based on highly efficient cobalt catalysts can be a very effective
and scalable route for the preparation of relatively polydisperse
macromonomers (Mw/Mn > 1.77).26 Recently ATRP has been
combined with CCTP in order to obtain macromonomers with
lower polydispersities (Mw/Mn < 1.5).27 However, the terminal
methacrylic groups generated by CCTP exhibit nonideal be-
havior when copolymerized with conventional vinyl monomers
and also tend to be prone to fragmentation side reactions.28

Click chemistry29,30 is a set of highly efficient and orthogonal
organic reactions that offer high selectivity, excellent tolerance
toward functional groups, and no extraneous side products. More
specifically, 1,3-dipolar cycloaddition between terminal alkyne
and azide groups produces 1,4-disubstituted 1,2,3-triazoles. The
extent of reaction can be conveniently monitored by various
analytical techniques because the product contains a heteroaro-
matic ring that is not present in the starting material. There are
a plethora of examples of click chemistry now being exploited
in polymer science.30-39 In particular, Vogt and Sumerlin40 have
combined RAFT polymerization with click chemistry to produce
a range of new hydrophobic macromonomers. However, there
are still very few literature examples of the synthesis of well-
defined macromonomers based on hydrophilic/water-soluble
monomers. This omission is perhaps surprising, since such
building blocks are expected to be of particular interest for the
synthesis of sterically stabilized latexes with well-defined surface
chemistry, which is expected to be a key factor in determining
their interfacial activity for the stabilization of emulsions41 and
foams42-44 and the preparation of colloidosomes.45

In the present work we have combined ATRP with click
chemistry to yield a wide range of hydrophilic methacrylic
macromonomers with either methacrylic or acrylic terminal
groups. Thus, the ATRP of 2-aminoethyl methacrylate hydro-
chloride (AMA), 2-(diethylamino)ethyl methacrylate (DEA),
2-(dimethylamino)ethyl methacrylate (DMA), 2-hydroxyethyl
methacrylate (HEMA), 2-hydroxypropyl methacrylate (HPMA),
2-(methacryloyloxy)ethyl phosphorylcholine (MPC), glycerol

* To whom correspondence should be addressed. E-mail: p.d.topham@
aston.ac.uk.

† Aston University.
‡ University of Sheffield.

9542 Macromolecules 2008, 41, 9542-9547

10.1021/ma8019656 CCC: $40.75  2008 American Chemical Society
Published on Web 11/14/2008



monomethacrylate (GMA), potassium 3-sulfopropyl methacry-
late (KSPMA), and methyl chloride-quaternized 2-(dimethy-
lamino)ethyl methacrylate (QDMA) was conducted in turn in
protic media at room temperature using an azido-functionalized
initiator, and the resulting nine homopolymer precursors were
then reacted with propargyl (meth)acrylate to afford the desired
well-defined methacrylic macromonomers.

Experimental Section

Materials. AMA monomer, 3-azidopropyl 2-bromoisobutyrate
(APBIB) ATRP initiator, and propargyl methacrylate were each
synthesized as described in the literature.39,46,47 DEA (99%) and
DMA (98%) (both purchased from Aldrich) were passed through
a basic alumina column prior to use. HEMA, HPMA, and GMA
were kindly provided by Cognis Performance Chemicals U.K. Ltd.
MPC (99.9%) was donated by Biocompatibles Ltd., U.K. 4-Hy-
droxy-TEMPO was donated by A. H. Marks, Bradford, U.K. 2,2-
Diphenyl-1-picrylhydrazyl (DPPH), copper(I) bromide (Cu(I)Br,
99.999%), copper(I) chloride (Cu(I)Cl, 99.995%), 2,2′-bipyridine
(bpy, 99+ %), N,N,N′,N′′ ,N′′ -pentamethyldiethylenetriamine (PM-
DETA, 99%), methanol (MeOH, anhydrous grade, 99.8%), KSPMA
(98%), propan-2-ol (iPA, anhydrous grade, 99.5%), and propargyl
acrylate (98%) were all purchased from Aldrich. Copper powder
(99+ %) was purchased from Alfa Aesar, and methyl chloride-
quaternized QDMA was provided as a 75 w/w % concentrated
aqueous solution by Elf Atochem, France. Regenerated cellulose
dialysis membrane (1000 MWCO) was purchased from Spectra/
Por, and silica gel 60 (0.063-0.200 mm) was obtained from E.
Merck, Germany. All chemicals were used as received. Deionized
water was used in all experiments. NMR solvents (CD3OD and
D2O) were purchased from Fisher.

ATRP Protocol. The following example describes the synthesis
of an azide-functionalized poly(2-(diethylamino)ethyl methacrylate)
[PDEA10N3] precursor; this protocol is representative of all other
homopolymerizations. APBIB (135 mg, 1.0 equiv) was added to a
clean, dry flask equipped with a magnetic follower and a rubber
septum. Methacrylic monomer (10-100 mol equiv relative to
APBIB corresponding to the target degree of polymerization, Dp)
and bpy (169 mg, 2.0 equiv) were added to this flask, which was
then evacuated and purged with nitrogen three times prior to the
addition of dry solvent (iPA, 1.4 mL, 50% w/v). The vessel was
purged with nitrogen for a further 5 min, then either Cu(I)Cl (53
mg, 1.0 equiv) or Cu(I)Br (77 mg) was introduced to begin the
polymerization. After the appropriate polymerization time, termina-
tion was achieved by adding excess MeOH. Various purification
protocols were examined to remove the spent ATRP catalyst due
to the wide range of different macromonomers. PAMA, PGMA,
and PQDMA homopolymers were dissolved in MeOH and subse-
quently dialyzed against water. After 72 h, the aqueous polymer
solutions were freeze-dried overnight. Reaction solutions for the
other homopolymers were diluted with MeOH (or water, in the
case of PKSPMA) and purified using silica chromatography.

Click Chemistry Protocol. The following example describes
the click reaction between PDEA10N3 and propargyl methacrylate;
this is representative of all other “two-pot” macromonomer
syntheses. Azide-functionalized polymer (1.0 g, 1.0 equiv), 4-hy-
droxy-TEMPO (90 mg, 1.1 equiv), and Cu(I)Br (136 mg, 2.0 equiv)
were added to a clean, dry flask equipped with a magnetic follower
and a rubber septum. The flask was then evacuated and purged
with nitrogen three times, before anhydrous MeOH (4.5 mL) was
added to give a 25 w/v % solution, and the vessel was purged with
nitrogen for a further 5 min. Once complete dissolution had been
achieved, PMDETA (238 µL, 2.4 equiv) was introduced to the
reaction vessel via the rubber septum using a syringe, followed by
propargylmethacrylate (60 µL, 1.1 equiv). The reaction solution
was stirred under a positive nitrogen pressure. After 24 h, Cu(0)
(60 mg, 2.0 equiv) was added to the reaction mixture, which was
then stirred for a further 24 h. Methanol was added to quench the
reaction, and the crude product was then dialyzed against water
for 72 h. This cleanup protocol was sufficient for most of the

macromonomers. However, PHEMA, PHPMA, and PKSPMA
macromonomers required further purification by silica chromatog-
raphy, using MeOH eluent (or water, in the case of the PKSPMA
macromonomer). Overall gravimetric yields ranged from 86% to
98%.

“One-Pot” Macromonomer Synthesis. The following example
describes the synthesis of PHEMA10 methacrylate (PHEMA10MA);
this is representative of the “one-pot” macromonomer syntheses
(the other example being) (PGMA10MA). APBIB (192 mg, 1.0
equiv) was added to a clean, dry flask equipped with a magnetic
follower and a rubber septum. Methacrylic monomer (1.00 g; 10
mol equiv relative to APBIB, corresponding to a target Dp of 10)
and bpy (240 mg, 2.0 equiv) were added to this flask, which was
then evacuated and purged with nitrogen three times prior to the
addition of dry solvent (MeOH, 1.5 mL, 50% w/v). The vessel was
purged with nitrogen for a further 5 min, then Cu(I)Br (110 mg,
1.0 equiv) was introduced to begin the polymerization. After 5 h,
a 100 µL aliquot was extracted for gel permeation chromatography
(GPC) and 1H NMR analyses before 4-hydroxy-TEMPO (146 mg,
1.1 equiv) and anhydrous MeOH (3.0 mL, 25% w/v total solution)
were added under nitrogen. Propargyl methacrylate (159 µL, 1.1
equiv) was added via syringe, and the click reaction was allowed
to proceed at 20 °C for 48 h. Cu(0) (49 mg, 1 equiv) was added
after 24 h. Each of these macromonomers was purified as described
in the “two-pot” protocol described above. In the case of the GMA-
based macromonomer, the catalyst was Cu(I)Cl.

Characterization. For 1H NMR analysis, the homopolymer
precursor or macromonomer was dissolved in an appropriate
deuterated solvent (10.0% w/w) for subsequent analysis using a
250, 400, or 500 MHz Bruker spectrometer. All chemical shifts
refer to samples run in CD3OD unless otherwise stated. FT-IR
spectroscopy studies were conducted using a Perkin-Elmer Spec-
trum, RX I FT-IR system with a diamond ATR crystal. Absorption
spectra were recorded directly from powders (256 scans per
spectrum at a resolution of 4 cm-1).

Chloroform/Methanol GPC. The molecular weights (Mn) and
polydispersities (Mw/Mn) of PMPC homopolymer precursors and
macromonomers were assessed using a Hewlett-Packard HP1090
liquid chromatograph as the pumping unit and two Polymer
Laboratories PL Gel 5 µm mixed-C 7.5 mm × 300 mm columns
in series with a guard column at 40 °C connected to a Gilson model
131 refractive index detector. The eluent was a 3:1 v/v %
chloroform/MeOH mixture containing 2 mM LiBr at a flow rate
of 1.0 mL min-1. A series of near-monodisperse poly(methyl
methacrylate) (PMMA) standards were used for calibration (Mp )
2000-300 000 g mol-1). Toluene (2 µL) was added to all samples
as a flow rate marker.

THF GPC. The molecular weights and polydispersities of PDEA,
PDMA, and PHPMA homopolymer precursors and the correspond-
ing macromonomers were assessed by THF GPC. The GPC setup
comprised two Polymer Laboratories PL gel 5 µm mixed-C
columns. The GPC eluent was HPLC grade THF containing 2.0%
(v/v) TEA and 0.05% (w/v) BHT at a flow rate of 1.0 mL min-1.
The column temperature was set at 30 °C. Ten near-monodisperse
PMMA standards (Mp ) 2000-300 000 g mol-1) were used for
calibration. The data were analyzed using PL Cirrus GPC software
(version 2.0) supplied by Polymer Laboratories.

DMF GPC. The molecular weights and polydispersities of the
PGMA and PHEMA homopolymer precursors and the correspond-
ing macromonomers were determined by dimethylformamide
(DMF) GPC at 70 °C. The GPC setup comprised three Polymer
Laboratories PL gel 10 µm mixed-B columns in series with a
Viscotek TriSEC model 302 refractive detector. The flow rate was
1.0 mL min-1, and the mobile phase contained 10 mmol of LiBr.
Ten near-monodisperse PMMA standards (Mp ) 2000-300 000 g
mol-1) were used for calibration. The data were analyzed using
Viscotek TriSEC 3.0 software.

Aqueous GPC (Low-pH Buffer). The molecular weights and
polydispersities of the PAMA and PQDMA homopolymer precur-
sors and the corresponding macromonomers were determined by
aqueous GPC at 35 °C using a PL Aquagel-OH 40 and a PL

Macromolecules, Vol. 41, No. 24, 2008 Synthesis of Hydrophilic Methacrylic Macromonomers 9543



Aquagel-OH 30 column connected in series to a Polymer Labora-
tories ERC-7517A refractive index detector. The eluent was a pH
3.3 buffer solution comprising 0.30 M NaH2PO4 and 1.0 M acetic
acid at a flow rate of 1.0 mL min-1. Eight near-monodisperse
poly(2-vinylpyridine) standards (Mp ) 1480-117 000 g mol-1)
were used for calibration. The data were analyzed using PL Cirrus
GPC software (version 2.0) supplied by Polymer Laboratories.

Aqueous GPC (Neutral pH Buffer). The molecular weights and
polydispersities of the PKSPMA homopolymer precursors and the
corresponding macromonomers were determined by aqueous GPC
using a PL Aquagel-OH 40 and a PL Aquagel-OH 30 column
connected in series to a Polymer Labs ERC-7517A refractive index
detector. The eluent was 70% 0.2 M NaNO3 and 0.01 M NaH2PO4

(adjusted to pH 7 with 5 M NaOH) and 30% MeOH cosolvent at
a flow rate of 1.0 mL min-1. The GPC columns were calibrated
using ten poly(sodium 4-styrenesulfonate) (PNaStS) homopolymer
standards (Mp ) 1100-208 000 g mol-1).

Results and Discussion
The overall two-step reaction scheme for the synthesis of the

nine hydrophilic methacrylic macromonomers is shown in
Scheme 1. Eight methacrylic monomers were polymerized using
APBIB and a Cu(I)X/2bpy catalyst in protic media at 20 °C
(see Table 1). A ninth monomer (AMA) was polymerized under
the same conditions, but at 50 °C.46 The advantage of using
such an azido-functional initiator is that all of the chain ends
are guaranteed to be functionalized. In contrast, conversion of
terminal halogen atoms to azides35,48-53 is unlikely to be as
effective due to the gradual loss of chain-end functionality under
monomer-starved conditions.54-60

As expected, Table 1 confirms that all nine monomers were
polymerized with good control using the APBIB initiator, with
high monomer conversions (g91%) and low polydispersities
(e1.34) being achieved. Monomers were deliberately chosen

Scheme 1. Synthesis of Well-Defined Hydrophilic Macromonomers Using APBIB as an ATRP Initiator, Followed by Click Chemistry
with Propargyl(meth)acrylatea

a Both steps can be conveniently conducted in a one-pot synthesis, in which the ATRP catalyst also acts as a click catalyst.

Table 1. Summary of Reaction Conditions, Molecular Weight Data, and Monomer Conversions for the Homopolymerization of Various
Methacrylic Monomers Using APBIB as an ATRP Initiator in Protic Media

monomer
type target Dp

solvent
composition catalysta time h Mn g mol-1 Mw/Mn conversion %b

MPC 20 MeOH CuBr 2.5 13 000c 1.14c 100
MPC 40 MeOH CuBr 3.0 15 000c 1.21c 100
AMAd 20 4:1 iPA/water CuBr 7.0 3400e 1.14e 100
AMAd 40 4:1 iPA/water CuBr 16.0 6500e 1.18e 100
AMAd 50 4:1 iPA/water CuBr 18.5 6600e 1.15e 100
DMA 10 iPA CuBr 7.0 7200f 1.20f 99
DMA 20 iPA CuBr 6.25 6900f 1.34f 100
QDMA 20 3:1 water/MeOH CuBr 15 4400e 1.19e 100
GMA 10 MeOH CuCl 1.33 5500f 1.19f 100
GMA 40 MeOH CuCl 5.0 11 000g 1.21g 96
HEMA 10 MeOH CuCl 5.0 3000g 1.25g 98
HEMA 20 MeOH CuCl 5.0 7000g 1.24g 98
KSPMA 20 5:2 MeOH/water CuBr 16.5 20 000h 1.18h 100
HPMA 20 19:1 iPA/water CuCl 6.0 5100f 1.21f 100
DEA 10 iPA CuCl 8.0 5100f 1.19f 100
DEA 100 iPA CuCl 48.0 21 000f 1.28f 91

a bpy was used as the ligand in all cases. b Calculated by 1H NMR spectroscopy. c 3:1 chloroform/MeOH eluent, 2 mM LiBr, PMMA standards. d These
three AMA syntheses were conducted at 50 °C; all other polymerizations were conducted at 20 °C. e Aqueous eluent comprising 0.5 M acetic acid, 0.3 M
NaH2PO4 (pH 2), P2VP standards. f THF eluent, 2.0% triethylamine, 2.3 mM BHT, PMMA standards. g DMF eluent, 10 mM LiBr, PMMA standards. h

Mixed aqueous eluent comprising 70% aqueous 0.2 M NaNO3/0.01 M NaH2PO4 at pH 7 + 30% MeOH cosolvent, PNaStS standards.
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to include cationic (AMA, DEA, DMA, and QDMA), anionic
(KSPMA), zwitterionic (MPC), and nonionic (HEMA, HPMA,
and GMA) functionality in order to assess the scope and
generality of this synthetic route. These four monomer classes
will in turn confer a range of aqueous solution properties on
the target macromonomers.

Degrees of polymerization were targeted by adjusting the
monomer/APBIB molar ratio, affording azide-functional ho-
mopolymer precursors of varying chain lengths. The target Dp

and experimental Dp (calculated from 1H NMR) data are
included as Supporting Information, Table S1. Presence of the
terminal azide group was confirmed by a weak band at 2100
cm-1 in the corresponding FT-IR spectra (which is available
as Supporting Information, see Figures S1-S4). In principle,
access to a wide range of macromonomers should allow the
synthesis of well-defined sterically stabilized latexes with tunable
stabilizer layer thicknesses.

As noted by Mantovani et al.,39 and more recently by
Mespouille et al.,61 the copper catalyst required for the ATRP
of methacrylic monomers is also suitable for the subsequent
click reaction. In principle, it is possible for the alkyne
(meth)acrylate reagent to act as a vinyl monomer and to simply
add to the bromine-capped homopolymer chains, rather than
react with the terminal azide group at the opposite chain end in
the desired click reaction. However, there is only approximately
one alkyne (meth)acrylate per chain, so this reaction is relatively
unlikely due to the low monomer concentration. It is also
noteworthy that, since the click chemistry is performed in the
absence of oxygen, there is some risk of inadvertent in situ
radical polymerization of the alkyne (meth)acrylate precursor,
or indeed the final macromonomer, even for protocols conducted
at ambient temperature. This problem is exemplified in Figure
1, which shows GPC data for the click reaction of an azide-
functionalized PDEA10N3 (Mn ) 4000; Mw/Mn ) 1.21) with
propargyl methacrylate in the presence of two radical inhibitors,
either 4-hydroxy-TEMPO or DPPH. In the absence of any
inhibitor, an insoluble polymeric gel was obtained (thus, no GPC
trace was recorded). In contrast, using either 4-hydroxy-TEMPO
or DPPH at a level of 1.1 inhibitor molecules per chain led to
linear, soluble, well-defined macromonomers being obtained,
as judged by THF GPC. In both cases the polydispersities of
the final macromonomers are somewhat lower than that of the
corresponding homopolymer precursor, presumably due to loss
of lower molecular weight chains during dialysis (as discussed
later with Table 2). 1H NMR spectroscopy was used to assess
the success of the click reaction for both macromonomers. Click
efficiencies (calculated by comparing the percentage of polymer

chains with methacrylate functionality against the total number
of chains), when using DPPH and 4-hydroxy-TEMPO, were
83% and 96%, respectively. As well as its significantly higher
click efficiency, the 4-hydroxy-TEMPO inhibitor is also pre-
ferred in these macromonomer syntheses because its much
higher water solubility allows its facile removal (along with
the spent ATRP catalyst) during dialysis.

1H NMR studies confirmed the success of the click reaction
(see Figure 2). The fully assigned spectrum for the propargyl
methacrylate reagent is shown in spectrum A. Two features are
particularly noteworthy: triplet “a” at 2.95 ppm is due to the
terminal alkyne proton and doublet “d” at 4.80 ppm is assigned
to the two methylene protons adjacent to the alkyne group.
Spectrum B was recorded for the azide-functionalized
PDEA10N3 precursor, and spectrum C was obtained for the final
clicked macromonomer. Signal “d” in spectrum A is shifted to
5.20 ppm in spectrum C, since these two protons are now
adjacent to the aromatic triazole ring. There is no evidence for
the original terminal alkyne proton in the latter spectrum due
to overlapping homopolymer peaks. However, comparison of
signal “d” with the vinyl signals “b” and “c” confirm the
expected 2:1:1 integrated intensities (see spectrum C), suggesting
that there is no detectable propargyl methacrylate contamination
of the macromonomer. Moreover, there is also a new signal at
8.00 ppm, which is assigned to the single triazole proton. FT-
IR spectroscopy studies of selected homopolymer precursors
and their corresponding macromonomers also confirmed the
disappearance of the azide band at 2100 cm-1 in each case, as
shown in Figure 3 (also see Supporting Information, Figures
S1-S4).

Table 2 summarizes the GPC data obtained before and after
reacting propargyl (meth)acrylate with a number of azido-
functionalized homopolymer precursors prepared by ATRP. The
Mn values for the macromonomers are generally higher than
their corresponding polymer precursors, which we attribute to
the loss of lower molecular weight chains during dialysis. This
hypothesis is supported by the observed polydispersities, which
are generally lower for the macromonomers (with the exception
of the PAMA macromonomers). A tentative explanation for the
higher polydispersities observed for PAMA macromonomers
is that the hydrophobic methacrylate end-groups may be more
prone to adsorb onto the aqueous GPC columns for this low-
pH GPC protocol. GPC traces of two PDEA homopolymer
precursors and their corresponding macromonomers are shown
in Figure 4. Other GPC traces are available as Supporting
Information(Figures S5-S10).

Figure 1. THF GPC chromatograms recorded for (top) azide-func-
tionalized poly(2-(diethylamino)ethyl methacrylate) precursor
[PDEA10N3]; (middle) after click reaction with propargyl methacrylate
in the presence of DPPH; (bottom) after click reaction with propargyl
methacrylate in the presence of 4-hydroxy-TEMPO. The upper two
traces have been translated along the response axis to aid comparison.

Table 2. Comparison of GPC Molecular Weight Data Obtained
for the Nine Methacrylic Homopolymer Precursors and the

Corresponding Hydrophilic Macromonomers after Click
Functionalization and Subsequent Purification (See Table 1 for

the GPC Protocols Used for Specific Macromonomers)

before click after click

polymer Mn/g mol-1 Mw/Mn Mn/g mol-1 Mw/Mn

PAMA20 methacrylate 3400 1.14 5300 1.26
PAMA50 methacrylate 6600 1.15 8500 1.35
PDEA10 methacrylate 4000 1.21 4300 1.12
PDEA10 methacrylate 4000 1.21 4200 1.12
PDEA10 acrylate 7200 1.21 9400 1.27
PDEA90 methacrylate 21 000 1.28 20 000 1.28
PDMA10 acrylate 6700 1.18 5200 1.13
PDMA20 methacrylate 7800 1.35 7200 1.27
PQDMA20 methacrylate 4400 1.19 5800 1.17
PMPC20 methacrylate 13 000 1.14 13 000 1.10
PMPC40 methacrylate 15 000 1.25 18 000 1.21
PHEMA10 methacrylate 3000 1.25 3600 1.18a

PKSPMA10 methacrylate 14 000 1.15 15 000 1.16
PGMA10 methacrylate 5500 1.19 6200 1.16a

PHPMA20 methacrylate 5100 1.21 4500 1.16
a “One-pot” reaction conducted at 20 °C.
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Mantovani et al.39 have recently demonstrated that a Cu(I)
ATRP catalyst prepared using pyridylmethanimine-based ligands
is also highly active toward click chemistry. This was exploited
for the “one-pot” synthesis of fluorescently labeled PMMA. In
view of this prior work, we wished to explore the possibility of
similar “one-pot” macromonomer syntheses using the Cu(I)X/
2bpy catalyst, which is preferred for the ATRP of various
hydrophilic methacrylic monomers at ambient temperature in
protic media.62-66 Thus, HEMA and GMA were homopoly-

merized to high monomer conversion (98-100%) using APBIB
at 20 °C, then clicked in situ with propargyl methacrylate in
the presence of 4-hydroxy-TEMPO. After purification, 1H NMR
analysis confirmed that both macromonomers possessed terminal
vinyl groups and gravimetric yields exceeded 89%.

Conclusions

Nine new well-defined hydrophilic methacrylic macromono-
mers have been synthesized by combining ATRP with click
chemistry. These macromonomers have either acrylic or meth-
acrylic chain-end functionality, with polydispersities ranging
from 1.10 to 1.35. The presence of a free radical inhibitor is
essential to prevent self-polymerization during modification of
the homopolymer precursors with propargyl (meth)acrylate.
One-pot syntheses have also been demonstrated for selected
hydroxyl-functional monomers. It is expected that these new
methacrylic macromonomers will prove useful in the preparation
of sterically stabilized latexes with tunable surface chemistry.
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