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ABSTRACT: The epoxide ring in glycidyl butyrate (model compound) and in well-defined copolymers of glycidyl
methacrylate (<40 mol %) and methyl methacrylate prepared by ATRP was efficiently opened with sodium
azide in the presence of ammonium chloride in DMF at 50°C. This click-type reaction led to the formation of
the corresponding 1-hydroxy-2-azido compounds in high yields. The prepared azide-containing copolymers were
functionalized in a second click reaction, the room temperature CuBr/N,N,N′,N′′,N′′-pentamethyldiethylenetriamine-
catalyzed 1,3-dipolar cycloaddition, of poly(ethylene oxide) methyl ether pentynoate to yield loosely grafted
polymeric brushes with hydrophilic PEO side chains.

Introduction

A vast array of technologies and industries use polymeric
materials and constantly demand the development of novel
synthetic methods that allow control over the composition,
molecular weight, and molecular structure as well as the number
and placement of functional groups in these materials. During
the past decade, the number and the applications of such syn-
thetic techniques, collectively termed macromolecular engineer-
ing,1 have grown almost explosively. Living polymerizations2-11

and especially controlled radical polymerization (CRP)7,12-16

methods have become immensely popular due to the latter’s
relatively simple experimental setup and applicability to a large
number of monomers. The most important CRP methods include
atom transfer radical polymerization (ATRP),17-19 stable free
radical (mostly nitroxide) mediated polymerization,20 and
degenerative transfer polymerization,21,22particularly reversible
addition-fragmentation chain transfer (RAFT)23-26 polymeri-
zation. ATRP has been successfully employed in the synthesis
of various homopolymers as well as random, segmented, and
gradient copolymers.27 It enables the controlled synthesis of
functional (co)polymers,28 copolymers with complex molecular
architectures,29,30 and composite materials31 and has already
found industrial applications.32

The combination of the mentioned synthetic methods with
high-yield chemical transformations is a powerful strategy in
the preparation of functional materials. Click reactions33 include
a wide variety of transformations characterized by high yields,
selectivity, and the absence of side products other than simple
molecules such as water, carbon dioxide, etc. These reactions
can be carried out in numerous solvents and are tolerant to
various impurities, which makes them particularly attractive.
The ring-opening of epoxides in the presence of nucleophiles
is an example of click functionalization that has found many
applications in organic synthesis.34,35The cycloaddition reactions
of a 1,3-dipole to a dipolarophile is another reaction of wide
synthetic utility.36 The 1,3-dipolar azide-nitrile cycloaddition37

has been used in the synthesis of well-defined polymeric
tetrazoles.38 The 1,3-dipolar azide-alkyne cycloaddition orig-
inally described by Huisgen39-41 has become increasingly

important since it was demonstrated that it is regioselective
(yielding 1,4-disubstituted 1,2,3-triazoles) and can be conducted
at ambient temperature in the presence of CuI-based cata-
lysts.42,43 Some mechanistic aspects44-46 of this reaction have
been studied due to its significance, and it has already been
employed successfully in materials science.47 The synthesis of
a plethora of telechelic48-52 or backbone-functionalized53,54poly-
mers as well as more complex structures such as cross-linked
nanoparticles and micelles,55,56 dendrimers,57,58 segmented co-
polymers,59,60 cyclic polymers,61 star62-64 and brush65,66 co-
polymers, networks,67 and many others has been demonstrated.

The development of methods for the synthesis of well-defined
polymers containing multiple alkyne or azide groups is very
desirable. The direct ATRP of an azide-functionalized monomer,
3-azidopropyl methacrylate, and the efficient functionalization
of the corresponding polymers in the presence of monosubsti-
tuted alkynes has been described.53 However, the monomer has
to be synthesized in two steps, and its purification by distillation
is challenging because of its thermal and shock sensitivity.
Herein, we report the much safer and very efficient introduction
of azide groups in copolymers prepared by the ATRP of the
relatively easy to handle, stable, and commercially available
monomer glycidyl methacrylate (GMA) via opening of the
oxirane rings in the presence of sodium azide. This click reaction
was followed by a second one, namely the CuI-catalyzed
cycloaddition of a polymeric alkyne, poly(ethylene oxide)
methyl ether 4-pentynoate (MePEO-P), to the azide groups in
the copolymers, resulting in the formation of loosely grafted
copolymers, i.e., with side chains separated by at least one
backbone monomer unit.

Experimental Section
Materials. The monomers, methyl methacrylate (MMA, 99%)

and GMA (97%), were obtained from Aldrich. The polymerization
inhibitor was removed by passing the monomers through a column
filled with basic (MMA) or neutral (GMA) alumina prior to use.
4-Pentynoic acid (98%) was purchased from GFS Chemicals. All
other reagents (the highest purity available) and solvents were
purchased from Aldrich. The liquid reagents used in the ATRP and
CuBr-catalyzed click reactions (N,N,N′,N′′,N′′′,N′′′-hexamethyltri-
ethylenetetramine (HMTETA),N,N,N′,N′′,N′′-pentamethyldiethyl-
enetriamine (PMDETA), ethyl 2-bromoisobutyrate (EBiB), and
dimethylformamide (DMF)) were deoxygenated prior to use by
purging with nitrogen for several hours.
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Analyses.Monomer conversions were determined by gas chro-
matography (GC) with a Shimadzu GC-14A gas chromatograph
equipped with a flame ionization detector and using a capillary
column (CEC-Wax, 30 m× 0.53 mm× 1.0 µm, Chrom Expert
Co.). The1H NMR spectra (in CDCl3 or DMF-d7 with tetrameth-
ylsilane as the reference) were recorded on a Bruker instrument
operating at 300 MHz. IR spectra of the polymers (films deposited
on KBr plates from acetone solutions) were recorded on ATI
Mattson Infinity Series FTIR spectrometer. The MALDI-TOF MS
was performed on a PerSeptive Biosystems Voyager STR in
reflectron mode. The MADLI matrix, 2,5-dihydroxybenzoic acid
(50 mg), and the polymers (poly(ethylene oxide) methyl ether
(MePEO-OH) or its ester with 4-pentynoic acid (MePEO-P), 5 mg)
were dissolved in tetrahydrofuran (THF, 1 mL). Sodium trifluo-
roacetate solution in THF (0.5 mg/mL) was used as the cationizing
reagent. The two solutions were mixed in a 1:1 (v/v) ratio. Each
spectrum was the sum of 100 discrete laser shots; no smoothing or
background subtraction was performed. The estimated expanded
uncertainty reported for molecular weight moments arises from the
choice of baseline and laser power (5%). Molecular weights were
determined by size exclusion chromatography (SEC) using 50 mM
solution of LiBr in DMF (flow rate 1 mL/min, 50°C) or THF (1
mL/min, 30 °C) as the eluent, with a series of three Styragel
columns (105, 103, and 100 Å; Polymer Standard Services) and a
Waters 2410 differential refractometer as the detector. Calibration
based on polyMMA standards was used with toluene or diphenyl
ether as the elution volume marker. The polymer solutions were
not filtered through columns filled with alumina but only through
a 0.2µm PTFE filter prior to the analysis. The extent of the click
grafting reactions was determined by analysis of the area ratio of
the SEC signals of MePEO-P and a nonreactive (dihydroxy-
terminated) PEO used as internal standard. Since the signals of
MePEO-P and the standard partially overlapped, peak fitting
followed by integration was employed in the calculations.

Synthetic Procedures. Copolymerization of GMA and MMA
under ATRP Conditions. MMA (9.6 mL, 0.09 mol), acetone (10
mL), and diphenyl ether (internal standard for determination of
monomer conversion by GC, 0.5 mL) were mixed in a Schlenk
flask, and the solution was degassed by six freeze-pump-thaw
cycles. The mixture was then frozen, the flask was backfilled with
nitrogen, and a mixture of CuBr (0.0287 g, 0.2 mmol) and CuBr2

(0.0113 g, 0.05 mmol) was quickly added. The flask was closed
with a glass stopper, and while the monomer-solvent mixture was
still frozen, the flask was evacuated and backfilled with nitrogen
several times. Deoxygenated HMTETA (68µL, 0.0576 g, 0.25
mmol) was then injected through the side arm of the flask, and the
mixture was heated to 50°C. The comonomer, GMA (1.3 mL, 0.01
mol), was added after the formation of the copper complex in order
to avoid reaction of the epoxide with free amine (HMTETA).
Finally, the nitrogen-purged initiator, EBiB (73µL, 0.5 mmol;
targeted DPn ) 200) was injected, and the reaction was carried out
at 50°C for 290 min. The conversions of MMA and GMA were
72% and 82%, respectively. The polymer was precipitated in ether
and analyzed by SEC:Mn ) 20 200 g/mol,Mw/Mn ) 1.24. The
product contained 15 mol % of GMA units (determined by1H NMR
in CDCl3) and is labeled poly(GMA-co-MMA)15 in this text.
Another reaction was carried out using a different monomer feed
composition, namely 0.07 mol of MMA (7.54 mL) and 0.03 mol
of GMA (3.97 mL), with the amounts of all other reagents being
the same. After 280 min the conversions of MMA and GMA were
73% and 89%, respectively. The polymer was purified as described
above and analyzed by SEC (Mn ) 20 400 g/mol,Mw/Mn ) 1.44)
and1H NMR spectroscopy (36 mol % of GMA units); it is labeled
poly(GMA-co-MMA)36.

Reaction of (R)-(-)-Glycidyl Butyrate with Sodium Azide.
In each of three separate vials equipped with a magnetic stir bar,
sodium azide (0.0195 g, 0.3 mmol) and ammonium chloride (0.0161
g, 0.3 mmol) were mixed with DMF-d7 (1 mL), and (R)-(-)-
glycidyl butyrate (14µL, 0.1 mmol) was added. The reactions were
carried out at 50°C. After a certain reaction time (1, 3, or 9 h), the
vial was opened, and the mixture was filtered through a 0.2µm

PTFE filter, tetramethylsilane was added, and the reaction extent
was determined by1H NMR spectroscopy. The ring-opening
reaction was complete within 9 h.

Reaction of Poly(GMA-co-MMA) with Sodium Azide and
Ammonium Chloride. Copolymer of GMA and MMA (3.12 mmol
of epoxide groups, i.e., 2.22 g of the copolymer with 15 mol % of
GMA units or 1.00 g of the copolymer with 36 mol % of GMA
units) was dissolved in DMF (20 mL). Sodium azide (0.609 g, 9.37
mmol) and ammonium chloride (0.501 g, 9.37 mmol) were added
to this solution, and the mixture was stirred at 50°C for 26 h. The
polymers containing 2-hydroxy-3-azidopropyl methacrylate
(HAZPMA) units were precipitated in water, washed on the filter
with water, and dried. No cross-linking or branching was detected
by SEC. The signals of the epoxide protons in the1H NMR spec-
trum disappeared completely, indicating the efficiency of the azida-
tion procedure. The IR spectra of the two copolymers contained
an absorption peak at 2104 cm-1 corresponding to the vibration
frequency of the azide group. The two copolymers are named poly-
(HAZPMA-co-MMA)15 and poly(HAZPMA-co-MMA)36 in this
work; the number indicates the molar fraction of HAZPMA units.

Synthesis of Poly(ethylene oxide) Monomethyl Ether Pen-
tynoate (MePEO-P).MePEO-OH ofMn ) 2000 g/mol (20 g, 10
mmol) was dissolved in dichloromethane (60 mL). A solution of
4-pentynoic acid (1.18 g, 12 mmol) in dichloromethane (10 mL)
was added, and the solution was cooled in an ice-water bath. A
solution of dicyclohexylcarbodiimide (2.27 g, 13.2 mmol in 20 mL
of dichloromethane) was added upon stirring followed by a solution
of 4-(dimethylamino)pyridine (0.5 g in 10 mL of dichloromethane).
The reaction mixture was kept in the ice-water bath for 10 min
and was stirred overnight at room temperature. The precipitated
dicyclohexylcarbamide was filtered off and washed with 50 mL of
dichloromethane on the filter. The solution was precipitated into a
large excess of cold diethyl ether and cooled in a refrigerator at
-18 °C for 20 min. The product was then filtered and dried in a
vacuum oven overnight at 40°C. The yield was 92%. The ester
was analyzed by1H NMR spectroscopy (CDCl3, δ, in ppm): 4.24
(t, 2H, CH2OOC), 3.62 (m, 168H, OCH2CH2O), 3.30 (s, 3H, CH3O),
2.56 (m, 2H, OOCCH2), 2.48 (m, 2H, CH2C≡), and 1.96 (t, 1H,
CtCH). The MALDI-TOF MS spectrum indicated that the esteri-
fication of the alcohol was complete. The spectrum of the starting
material consisted of a single series of peaks corresponding to
oligomers with one methyl and one hydroxy end groups cationized
with Na+ and separated bym/z ) 44 (ethylene oxide unit). The
molecular weight was determined asMn ) 1947 g/mol;Mw/Mn )
1.02. The spectrum of the product also consisted of one set of peaks
corresponding to oligomers cationized with Na+ and capped with
one methyl and one pentynoyloxy group at each end;Mn ) 2008
g/mol andMw/Mn ) 1.02.

Click Grafting of PEO Chains onto Azide-Containing Poly-
meric Backbones.The azide-containing polymers described above
(poly(HAZPMA-co-MMA)15 and -36 derived from poly(GMA-
co-MMA)15 and -36, respectively) were reacted with MePEO-P
in the presence of CuBr or CuBr/PMDETA in DMF. The copolymer
poly(AZHPMA-co-MMA)15 (0.089 g, 0.125 mmol of azide
groups), MePEO-P (0.25 g, 0.125 mmol of alkyne groups), CuBr
(0.0036 g, 0.025 mmol; 20 mol % relative to alkyne and azide
groups), poly(ethylene oxide) ofMn ) 1000 g/mol (internal standard
for determination of conversion, 0.1 g), and a magnetic stir bar
were placed in a round-bottom flask. The flask was then closed
with a rubber septum and evacuated and backfilled with nitrogen
several times. To this mixture, deoxygenated DMF (2 mL) was
added with a nitrogen-purged syringe, and the reaction was carried
out at room temperature for 1 h. In another experiment, deoxy-
genated PMDETA (5.2µL, 0.025 mmol) was added just prior to
the addition of DMF. The experiments with the two catalysts were
also carried out with the copolymer poly(HAZPMA-co-MMA)36
with 36 mol % of azide groups (0.040 g, corresponding to the same
concentration of azide groups (0.125 mmol in 2 mL)). Experiments
with twice higher amount of CuBr/PMDETA, all other conditions
being constant, were carried out as well. Additionally, experiments
were conducted in which the amount of polymeric alkyne was
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doubled, and the catalyst was CuBr/PMDETA (20 mol % relative
to azide groups).

Results and Discussion

The synthesis of polymers containing azide groups is chal-
lenging, mostly due to complications in the synthesis and
purification of azide-containing monomers, arising from their
thermal instability. Therefore, alternative routes to azide-
containing polymers from more stable precursors are desirable.
One potential route to polymeric azides is the reaction of
polymers containing epoxide groups with sodium azide. The
opening of the oxirane ring by an azide anion is a reaction that
has found numerous applications in the preparation ofâ-amino
alcohols (after reduction of the azide group) and other synthetic-
ally useful molecules68 (for an early example, see ref 69; later
studies concentrated on developing stereoselective ring-opening
reactions70-72). It was shown that when the reaction was carried
out in aqueous solutions, hydroxide ions were produced that
could participate in side reactions, and to minimize them, the
addition of protic or Lewis acids to the azide-epoxide mixture
was recommended.73 The reaction was also extended to non-
aqueous solvents in which sodium azide was employed in
combination with various acidic compounds, such as ammonium
chloride,74 magnesium,74 and lithium salts71,74,75as well as acidic
solid supports76 (zeolites, alumina, or silica gels).

Before the azidation of polymers containing epoxide groups
was attempted, a model reaction of glycidyl ester (glycidyl
butyrate) with sodium azide (3 equiv) in the presence of
ammonium chloride (3 equiv) in DMF-d7 was carried out at 50
°C. During the opening of the oxirane ring, an alkoxide anion
is formed, and the role of ammonium chloride was to protonate
it. The salts were not completely soluble in the reaction mixture
at these conditions. The reaction was monitored by1H NMR
spectroscopy, as shown in Figure 1. The signals at 4.44 and
3.87 ppm (the two protons from CO2CH2), 3.22 ppm (CH-O
from the epoxide ring), and 2.82 and 2.68 ppm (CH2-O from
the ring) of the starting material disappeared completely within
9 h, indicating the efficient opening of the epoxide ring by the
azide anion. New peaks were formed at 3.92-4.20 ppm
(CO2CH2 and CH-OH) and 3.60 and 3.40 ppm (CH2N3). The
results indicate that the azide anion attacked exclusively the
less substituted carbon atom of the epoxide ring. This result is
in accordance with previous studies.74

The ring-opening reaction was then used to prepare polymers
with azide groups from the GMA copolymers. The CRP of
glycidyl group-containing monomers is well-documented in the

literature. Examples include the ATRP77,78 and the nitroxide-
mediated polymerization of glycidyl acrylate79 as well as the
ATRP80-85 and RAFT86 of GMA. In this work, copolymeriza-
tion of GMA and MMA using two different monomer feed
compositions (10 and 30 mol % of GMA) were carried out in
acetone at 50°C with HMTETA as the ligand for the ATRP
catalyst and EBiB as the initiator. It was important to preform
the catalyst and then add GMA to the reaction mixture in order
to avoid reaction of the free amine (uncomplexed ligand) with
the epoxide groups from the monomer that could lead to
branching or even cross-linking during the polymerization. The
monomer conversions were higher than 70% after ca. 4.5 h.
The copolymers were precipitated in ether, dried, and character-
ized by SEC,1H NMR, and IR spectroscopy. The results are
summarized in Table 1, the1H NMR spectra are presented in
Figure 2a,c, and the IR spectra are shown in Figure 3a,c. The
molecular weights were close to the theoretical values based
on monomer conversion. The molecular weight distribution of
the copolymer containing larger fraction of GMA units was
broader than that of the GMA-poorer copolymer but was still
monomodal. On the basis of the NMR analysis, the GMA
contents of the two copolymers was slightly higher than the
monomer feed compositions15 and 36 mol % in the copolymers
prepared from monomer mixtures containing 10 and 30 mol %
of GMA. The two copolymers are labeled poly(GMA-co-
MMA)15 and poly(GMA-co-MMA)36, respectively, where the
number indicates the mole fraction of GMA units.

The ring-opening of the oxirane ring of the two copolymers
was carried out at conditions similar to those of the model
reaction described above (3 equiv of both sodium azide and
ammonium chloride relative to azide groups, DMF, 50°C) but
for longer time (26 h). The reaction is presented in Scheme 1.
At the end of the reaction, the copolymers were precipitated in
water, washed with water, dried, and analyzed by SEC (Table
1) as well as1H NMR and IR spectroscopy (Figures 2b,d and
3b,d). The molecular weight distributions of the reaction
products were monomodal (SEC traces are shown in Figure 4);

Figure 1. Evolution of 1H NMR spectra with time in the reaction of glycidyl butyrate with NaN3 (3 equiv) and NH4Cl (3 equiv) in DMF-d7 at 50
°C. The numbering of the hydrogen atoms used for the NMR peak assignment is shown in the reaction scheme on the left.

Table 1. Copolymers of MMA and GMA and the Products of Their
Azidation

poly(GMA-co-MMA) poly(HAZPMA- co-MMA)

no.
GMA contents

(NMR)
Mn, g/mol
(Mw/Mn)a

Mn, g/mol
(Mw/Mn)a

1 15 mol % (20 wt %) 20 200 (1.34) 24 200 (1.26)
2 36 mol % (44 wt %) 20 400 (1.44) 23 900 (1.45)

a SEC in THF as the eluent and polyMMA-based calibration.
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consequently, no branching had taken place during the azidation.
Such branching could have resulted from the reaction of
alkoxide anion formed during the ring-opening of an epoxide
group. The weak acid present in the system (ammonium
chloride) apparently protonated rapidly these anions. The

halogen end groups in the copolymers were most likely also
converted to azide during the reaction with sodium azide.87

The NMR spectra of the starting copolymers and the products
of the ring-opening azidation are presented in Figure 2. The
spectral characteristics of homo- and copolymers of GMA have

Figure 2. 1H NMR spectra of poly(GMA-co-MMA)15 (a), its azidation product, poly(HAZPMA-co-MMA)15 (b), poly(GMA-co-MMA)36 (c),
and its azidation product poly(HAZPMA-co-MMA)36 (d).

Figure 3. IR spectra of poly(GMA-co-MMA)15 (a), its azidation product, poly(HAZPMA-co-MMA)15 (b), poly(GMA-co-MMA)36 (c), and its
azidation product poly(HAZPMA-co-MMA)36 (d).

Scheme 1. Copolymerization of GMA and MMA, Ring-Opening of the Epoxide Ring in the Presence of Azide, and Synthesis of Brush
Copolymer by a “Grafting Onto” Click Technique
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been studied in detail,88-90 and the peak assignments shown in
Scheme 1 and Figure 2a,c are based on these studies. The peaks
belonging to the protons from the epoxide ring at 3.22 ppm
(CH from the cycle) and 2.85 and 2.64 ppm (the two protons
from the ring CH2 group) disappeared completely after the
reaction with azide, indicating the high efficiency of ring
opening. New peaks were observed (Figure 2b,d) at 3.9-4.2
ppm (CO2CH2 and CH-OH) and 3.3-3.5 ppm (CH2N3), sim-
ilar to these observed in the model reaction with glycidyl
butyrate.

In the IR spectra of the reaction products (Figure 3b,d), a
strong absorbance was observed at 2104 cm-1 related to the
valence vibration of the azide group. The peak at 909 cm-1 in
the spectra of the starting copolymers, attributed to the epoxide
ring,88,90 was not observed in the spectra of the products. As
expected from the copolymer compositions based on NMR
analysis of the starting materials, the ratio of the peaks belonging
to the azide group (2104 cm-1) and the carbonyl moiety (1729
cm-1) of the azide-containing copolymer derived from poly-
(GMA-co-MMA)36 (36 mol % of GMA units) was about twice
higher than the ratio of the same peaks of the copolymer derived
from the copolymer with lower (15 mol %) GMA contents. In
the spectra of the products, a broad peak at ca. 3500 cm-1 (νOH)
was also seen.

All results presented above clearly demonstrate the very
efficient azidation of the epoxide ring-containing copolymers.
The prepared azides were used as backbones for a CuI-catalyzed
click “grafting onto” reaction with a polymeric alkyne, MePEO-
P, in DMF. The reactions were carried out at ambient temper-
ature for 1 h with either CuBr or the complex of CuBr with
PMDETA as the catalyst (20 mol % relative to azide and alkyne
groups). The latter has been shown to be one of the most
efficient catalysts in azide-alkyne cycloadditions.45 During the
relatively short reaction time of 1 h, a significant part of the
starting MePEO-P was consumed. With the less active catalyst,
CuBr, 36 and 44% of the polymeric alkyne had reacted with
the polymers poly(HAZPMA-co-MMA)15 and poly(HAZPMA-
co-MMA)36, respectively. When the more active catalyst CuBr/
PMDETA was used at the same concentration, the conversions
of MePEO-P after 1 h reached 59 and 75% with the two
respective backbone polymers. Higher conversion of the alkyne
and azide groups was not reached even if the CuBr/PMDETA
catalyst concentration was increased 2-fold or after longer

reaction times. In these experiments, the molar amounts of
alkyne and azide groups were equal. Additional reactions were
carried out in which the ratio of polymeric alkyne (MePEO-P)
to azide was increased 2-fold, and the catalyst, CuBr/PMDETA,
was used at 20 mol % relative to azide groups. The conversion
of azide to triazole groups did not increase compared to the
experiments with an alkyne:azide ratio of 1:1. The inability of
all azide groups in the HAZPMA-MMA copolymers to
participate in the 1,3-dipolar cycloaddition reaction can be
attributed to steric hindrance, which increases with the number
of attached grafts. Relatively low efficiency is typical in grafting-
onto-type preparations of polymer brushes. The results presented
here are in accordance with recent data, demonstrating the
moderate efficiency of click grafting of PEO chains onto azide-
functionalized poly(ε-caprolactonce) backbones, in which the
azide groups were separated by several monomer units.65,66The
efficiency of grafting of a polymer onto polymeric backbones
should depend upon several factors including the spatial
separation between reactive groups on the backbone and the
dimensions of the grafted polymer.

The SEC traces of the starting materials and the polymeric
brushes obtained after 1 h in reactions carried out in DMF (62.5
mM azide and alkyne groups) at room temperature with 20 mol
% of catalyst relative to the reacting groups are presented in
Figure 4. The bimodality in the SEC traces of the graft
copolymers, especially pronounced in these derived from the
azide-rich poly(HAZPMA-co-MMA)36 and at high conversion,
was possibly due to the presence of a very small, under the
detection limit of MALDI-TOF, amount of dialkyne-terminated
PEO in the polymeric pentynoate ester.

Conclusions

Epoxides react with sodium azide in the presence of am-
monium chloride to yield the corresponding 1-hydroxy-2-azido
compounds. This click reaction was applied to the preparation
of copolymers with multiple azide groups derived from well-
defined copolymers of MMA and GMA (<40 mol %) prepared
by ATRP. The opening of the oxirane ring was very efficient,
both in a low molecular weight model compound, glycidyl
butyrate, and in the copolymers, as revealed by NMR analysis.
The method is a convenient alternative to the synthesis of azide-
functionalized polymers by the direct polymerization of mono-
mers with azide groups that are difficult to synthesize and purify

Figure 4. SEC traces of azide-containing polymers (i), mixture of MePEO-P (higher molecular weight)+ PEO standard (lower molecular weight)
(ii), and the molecular brushes obtained in a click coupling experiment after 1 h in reactions using polymers with alkyne and azide groups (both
at 62.5 mM in DMF) with 20 mol % of CuBr (iii) or CuBr/PMDETA (iv) at room temperature. The azide precursors were poly(HAZPMA-co-
MMA)15 (a) and poly(HAZPMA-co-MMA)36 (b).
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and are explosive. The prepared copolymers were used in a
second click reaction (1,3-dipolar cycloaddition) with poly-
(ethylene oxide) monomethyl ether pentynoate, catalyzed by
CuBr or CuBr/PMDETA, the latter catalyst showing the higher
activity. This “grafting onto” approach resulted in the formation
of polymeric brushes with hydrophilic PEO side chains with
moderate grafting density.
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