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ABSTRACT: Alkyne groups provide exceptional versatility for
functionalization in macromolecular systems. However, the
controlled anionic ring-opening polymerization (AROP) of
epoxide monomers bearing terminal alkynes remains challenging
due to the lability of alkynes under strongly basic conditions.
Herein, we present a controlled AROP of glycidyl propargyl ether
enabled by Lewis pair organocatalysis, employing a phosphazene
base and triethylborane. This catalytic system suppresses undesired
interactions with the acidic alkyne proton, allowing precise control
over the polymerization degree (25−100) with narrow dispersity
(Đ < 1.1) and high initiation efficiency in the synthesis of
poly(glycidyl propargyl ether). Moreover, this method yields
diverse polymer architectures, including diblock copolymers via atom transfer radical polymerization and triblock copolymers using a
macroinitiator strategy. Post-polymerization modification is demonstrated through Cu-catalyzed azide−alkyne cycloaddition and
thiol−yne reactions. We envision that this approach significantly broadens access to alkyne-functionalized AROP systems and paves
the way for their use in diverse applications.

Alkyne groups are highly valued in chemistry for their high
reactivity and broad applicability in organic synthesis,

which encompasses diverse addition and coupling reactions.1,2

Owing to their chemo- and regioselective behavior, these
functionalities readily participate in transformations, such as
the Cu(I)-catalyzed azide−alkyne cycloaddition (CuAAC),
under mild conditions, affording it a crucial component for
bioconjugation strategies. Moreover, such reactivity is
particularly advantageous in polymer chemistry, where
simultaneous and orthogonal control over multiple functional
groups is essential for achieving well-defined polymer
structures and desirable properties. Reflecting this versatility,
numerous studies have demonstrated the utility of alkynes in
polymer synthesis, particularly in topology control,3−6 side-
chain modification,7 block copolymer fabrication,8 and net-
work formation.9 Beyond CuAAC, several other strategies have
also been proposed for utilizing alkyne groups in polymer
systems, including the thiol−yne reaction10 and alkyne−metal
coordination.11

Glycidyl propargyl ether (GPE) serves as a versatile
monomer for functional polyether synthesis, owing to its
alkyne functionality. Notably, polyethers, such as poly(ethylene
oxide) (PEO), are widely utilized in biomedical applications,
drug delivery systems, and functional materials owing to their
high hydrophilicity and biocompatibility. Given these advan-
tages, incorporating GPE into polyether synthesis offers
synergistic benefits by leveraging the reactivity of alkynes for
orthogonal modifications. Despite its applicability, GPE is not

amenable to conventional anionic ring-opening polymerization
(AROP) due to the intrinsic acidity of the terminal alkyne
under strongly basic conditions.
To overcome this limitation, several studies have inves-

tigated an alternative approach of employing monomer-
activated ring-opening polymerization (MAROP) for the
synthesis of alkyne-functionalized polyethers.7,12,13 Unlike
conventional AROP, MAROP involves the introduction of a
strong Lewis acid, such as triisobutylaluminum, which interacts
with the oxirane moiety in the monomer, enhancing its
susceptibility to nucleophilic attack.14−17 This approach
enables polymerization without strong bases, thereby reducing
the overall basicity of the reaction medium and facilitating the
polymerization of GPE. Although base-free conditions offer a
milder environment, they often fail to activate initiators
commonly employed in conventional AROP, thus limiting
the range of suitable initiators.18 Moreover, studies have shown
that MAROP exhibits low initiation efficiency, making chain-
end modification challenging.19 As a result, the diversity of
accessible polymer structures is substantially limited. There-
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fore, it is still highly desirable to develop controlled methods to
polymerize GPE with predictable polymer architectures and
defined chain-end groups while preserving the alkyne moiety
for further modifications.
To this end, we herein report a controlled ROP of GPE

catalyzed by a Lewis pair comprising a phosphazene base and
triethylborane (TEB) (Scheme 1). This system involves the
activation of the initiator by a milder phosphazene base to
generate a nucleophilic species, while Lewis acidic TEB
coordinates to the epoxide monomer, enhancing its electro-
philicity and stabilizing the anionic chain end.20 This dual
activation mechanism not only facilitates efficient polymer-
ization but also suppresses side reactions involving base-
sensitive functional groups.21 In this context, the Zhao group
has recently reported the controlled polymerization of silyl
glycidyl ether under Lewis pair catalysis, successfully
suppressing silyl ether exchange, a known side reaction that
inhibits ROP.22 We integrated the Lewis pair catalytic system

into GPE polymerization, effectively mitigating the influence of
the terminal alkyne acidity. Consequently, poly(glycidyl
propargyl ether)s (PGPEs) with varying degrees of polymer-
ization were synthesized in a controlled manner using a broad
range of initiators, including 1,4-benzenedimethanol, propargyl
alcohol, 2-bromoisobutyric acid, and poly(ethylene oxide).
This enabled precise control over PGPE chain-end function-
alities and facilitated the use of macroinitiators, thereby
offering a new route toward a new type of polymer
architecture. Specifically, bromo-terminated PGPE was em-
ployed to synthesize a poly(methyl methacrylate)-b-poly-
(glycidyl propargyl ether) (PMMA-b-PGPE) diblock copoly-
mer via sequential atom transfer radical polymerization
(ATRP), while the macroinitiator approach enabled the
formation of a PGPE-b-PEO-b-PGPE triblock copolymer.
Furthermore, post-polymerization modifications using CuAAC
and thiol−yne reactions demonstrated the potential for
functional diversification.

Scheme 1. (a) Previous Approaches for the Polymerization of GPE, (b) This Work: Lewis Pair-Catalyzed Ring-Opening
Polymerization of GPE Using Various Initiators for the Synthesis of PGPE, and (c) Synthetic Pathways toward PGPE-Based
Block Copolymers
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The alkyne-functionalized epoxide monomer GPE was
synthesized through a one-step reaction and subsequently
purified by fractional distillation in a high yield (Figures S1−S3
of the Supporting Information). To evaluate the susceptibility
of the alkyne moiety in GPE to basic conditions, conventional
AROP was first performed in bulk using the strong
phosphazene base t-BuP4 and 1,4-benzenedimethanol
(BDM) as the initiator at room temperature (entry 1 in
Table 1). Although complete consumption of the epoxide was
confirmed by 1H NMR spectroscopy (Figure S4a), the
molecular weight dispersity (Đ), as determined by gel
permeation chromatography (GPC), was 2.32 (Figure 1b).
This value is considerably higher than those typically observed
for polymers synthesized via AROP, indicating that uncon-

trolled reactions occurred at the terminal alkyne under highly
basic conditions.
Further, when the milder base t-BuP1 was used alone, no

polymerization occurred (entry 2 in Table 1 and Figure S4b).
Conversely, controlled polymerization of GPE was achieved
using a Lewis pair catalyst composed of t-BuP1 and TEB. The
conversion of monomer to polymer was determined by the
disappearance of the epoxide peak at 3.15 ppm and the
appearance of signals corresponding to the polyether backbone
of PGPE at 3.49−3.79 ppm in the 1H NMR spectra (Figure
1a). The resulting PGPE was further characterized by GPC
and 13C NMR analyses (Figure 1b and Figure S5). Notably,
the GPC trace displayed a considerably narrower molecular
weight dispersity (Đ = 1.05) than that observed under

Table 1. Lewis Pair Polymerization of GPE Using BDM as the Initiatora

entry base (B) reaction conditions [GPE]/[BDM]/[B]/[TEB] target DP conversionb Mn,th
c (kDa) Mn,NMR

d (kDa) Mn,GPC
e (kDa) Đe

1 t-BuP4 25/1/0.5/0 25 >99 2.9 2.4 2.32
2 t-BuP1 25/1/0.5/0 25 0
3 t-BuP1 25/1/0.5/1.5 25 93 2.7 2.7 2.5 1.06
4 t-BuP1 50/1/0.5/1.5 50 77 4.4 3.7 3.2 1.05
5 t-BuP1 25/0.5/0.5/1.5 50 94 5.4 6.2 4.9 1.11
6 t-BuP1 25/0.5/0.25/1.5 50 88 5.1 5.1 4.0 1.09
7 t-BuP1 25/0.5/0.5/1.0 50 94 5.4 6.3 5.4 1.10
8 t-BuP1 25/0.25/0.25/1.5 100 91 10.3 10.0 7.7 1.16
9 t-BuP1 25/0.25/0.25/0.5 100 80 9.1 11.6 8.3 1.08
10 t-BuP1 25/0.167/0.167/0.33 150 24 4.0 5.8 3.8 1.09
11 t-BuP2 25/0.167/0.167/0.33 150 80 13.6 14.3 11.1 1.13
12 t-BuP2 25/0.125/0.125/0.25 200 81 18.3 15.4 12.6 1.10

aAll reactions were conducted in bulk at room temperature. bCalculated from the 1H NMR spectrum of the crude sample. cCalculated from the
target monomer-to-initiator feed ratio and conversion obtained from the 1H NMR spectrum of the crude sample. dCalculated from the 1H NMR
spectrum of purified PGPE. eDetermined through GPC analysis (THF eluent, RI signal, and PEO standard).

Figure 1. (a) 1H NMR spectra of the (top) GPE monomer and (bottom) PGPE25 homopolymer (entry 3 in Table 1), (b) GPC traces of PGPE
synthesized via (gray line) conventional AROP and (green line) t-BuP1/TEB-catalyzed ROP, (c) evolution of Mn,NMR and molecular weight
dispersity (Đ) as a function of monomer conversion, and (d) GPC traces of PGPEs with the target degree of polymerization (DP) ranging from 25
to 150 (THF eluent, RI signal, and PEO standard).

ACS Macro Letters pubs.acs.org/macroletters Letter

https://doi.org/10.1021/acsmacrolett.5c00486
ACS Macro Lett. 2025, 14, 1344−1351

1346

https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.5c00486/suppl_file/mz5c00486_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.5c00486/suppl_file/mz5c00486_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.5c00486/suppl_file/mz5c00486_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.5c00486/suppl_file/mz5c00486_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.5c00486/suppl_file/mz5c00486_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsmacrolett.5c00486?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmacrolett.5c00486?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmacrolett.5c00486?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmacrolett.5c00486?fig=fig1&ref=pdf
pubs.acs.org/macroletters?ref=pdf
https://doi.org/10.1021/acsmacrolett.5c00486?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


conventional AROP conditions. In addition, to evaluate the
polymerization kinetics of PGPE50, samples collected at
different reaction times were subjected to 1H NMR and
GPC analyses (Figure S6). As the reaction proceeded, the
GPC traces exhibited a continuous shift toward a lower
retention time, indicating controlled chain growth throughout
polymerization. This behavior was further corroborated by the
linear increase in molecular weight (Mn,NMR and Mn,GPC) with
monomer conversion while maintaining a low molecular
weight dispersity during the polymerization (Figure 1c and
Figure S6c).
To synthesize PGPEs with a higher DP of 50, we initially

doubled the monomer feed while maintaining the molar ratio
of the initiator, t-BuP1, and the TEB constant (i.e., [GPE]/
[BDM]/[t-BuP1]/[TEB] = 50/1/0.5/1.5). However, this
approach led to a reduced GPE conversion of 77%, and the
number-average molecular weight (Mn) determined by both
1H NMR spectroscopy and GPC was considerably lower than
the target value (entry 4 in Table 1). To address this
limitation, we adopted an alternative strategy wherein the
molar ratio of the monomer and Lewis pair catalysts was held
constant, while the initiator concentration was reduced to tune
the DP of PGPE (entry 5 in Table 1). Notably, this adjustment
resulted in an increased conversion of 94%, accompanied by a
higher molecular weight. These results suggest that the molar
ratio of monomer to catalyst is a key parameter influencing
polymerization efficiency, owing to interactions between the
terminal alkyne and the Lewis pair catalysts.
Based on these observations, we further examined the effect

of the base-to-acid ratio (i.e., [B]/[TEB]) on the polymer-
ization process. Notably, halving the amount of base while
keeping other components constant led to a slight decrease in
both conversion and molecular weight (entry 6 in Table 1).
Meanwhile, reducing the amount of acid had no effect on
monomer conversion but resulted in an increase in Mn,GPC
(entry 7 in Table 1). This trend became more pronounced at
higher target DPs. For instance, at a target DP of 100, a base-
to-acid ratio of [B]/[TEB] = 0.25/1.5 resulted in higher
conversion compared to that of [B]/[TEB] = 0.25/0.5 but
unexpectedly produced a lower Mn,GPC (entries 8 and 9 in

Table 1). These findings suggest that an excess of acid may
promote side reactions during polymerization, potentially
hindering the overall process. When DP of 150 was targeted,
the monomer conversion markedly decreased to 24% due to
the increased monomer-to-base ratio and the corresponding
reduction in activity of the base (entry 10 in Table 1). To
address this, the stronger phosphazene base t-BuP2 (pKa = 33.5
in MeCN) was used instead of t-BuP1 (pKa = 26.9 in
MeCN),23 which led to an increased conversion of 80% along
with a higher molecular weight (entry 11 in Table 1).
However, a low molecular weight fraction appeared in the
GPC trace, attributed to the chain termination caused by the
transfer of a proton from activated terminal alkyne (Figure S7).
Overall, these results indicate that precise control is achieved
for the polymerization up to DP of 100 (Đ ≈ 1.1), and PGPEs
up to DP of 200 can be accessed under optimized conditions;
however, sensitivities to catalyst ratios and side reactions may
lead to partial loss of control at higher targeted DPs (above
150).
To verify the potential chemical interactions between the

alkyne moiety and catalysts during polymerization, we
performed 1H NMR analyses. Upon mixing the GPE monomer
and TEB in an equimolar ratio, slight downfield shifts were
observed in the 1H NMR spectrum for protons adjacent to the
triple bond, 0.0026 ppm for the propargylic proton and 0.0010
ppm for the terminal alkyne proton. Concurrently, comparable
shifts were observed for protons near the ether oxygen atoms
(Figure S8). Alongside the 1H NMR results, corresponding
downfield shifts were observed in the 13C NMR spectra as well
(Figure S9). These shifts suggest a decrease in electron density
around the alkyne and ether moieties, indicating an interaction
between the GPE monomer and TEB. This observation aligns
with a previous study by Feng and co-workers,24 who
attributed a similar downfield shift of the allylic proton in
allyl glycidyl ether to an interaction with TEB. In addition to
these peak shifts, a substantial decrease was observed in the
peak ratio of the terminal alkyne proton (2.47 ppm) relative to
that of the propargylic proton (4.25 ppm) (Figure 2b).
Notably, when an equimolar amount of t-BuP1 was further
introduced, the terminal alkyne proton signal diminished even
further. This trend is attributed to the increased acidity of the

Figure 2. 1H NMR spectra of (a) neat GPE monomer, (b) equimolar mixture of GPE and TEB, (c) GPE with TEB and t-BuP1, and (d) GPE with
t-BuP1. The propargylic (orange) and terminal alkyne (green) regions are highlighted, along with their corresponding integral values.

ACS Macro Letters pubs.acs.org/macroletters Letter

https://doi.org/10.1021/acsmacrolett.5c00486
ACS Macro Lett. 2025, 14, 1344−1351

1347

https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.5c00486/suppl_file/mz5c00486_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.5c00486/suppl_file/mz5c00486_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.5c00486/suppl_file/mz5c00486_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.5c00486/suppl_file/mz5c00486_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsmacrolett.5c00486/suppl_file/mz5c00486_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsmacrolett.5c00486?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmacrolett.5c00486?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmacrolett.5c00486?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsmacrolett.5c00486?fig=fig2&ref=pdf
pubs.acs.org/macroletters?ref=pdf
https://doi.org/10.1021/acsmacrolett.5c00486?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


terminal alkyne proton upon complexation with TEB,
rendering it more susceptible to deprotonation by the
phosphazene base. A similar decrease was observed when
GPE and t-BuP1 were combined in a 1:1 molar ratio without
TEB, suggesting proton exchange between the terminal alkyne
and the base, even in the absence of a Lewis acid. Interestingly,
this interaction was further evidenced in polymerization. For
example, the 1H NMR spectrum of the crude sample displayed
a diminished terminal alkyne signal, which was restored
following catalyst removal, indicating interactions between the
monomer and Lewis pair catalyst during the reaction (Figure
S10).
Collectively, these experimental results suggest that inter-

actions between the catalysts (TEB and t-BuP1) and the
monomer influence the polymerization process (Scheme S1).
Given the interaction between the terminal alkyne and TEB,
increasing the acid-to-base ratio not only promotes the
activation of the epoxide group but also facilitates the
activation of the alkyne moiety. This dual activation promotes
undesired early stage termination due to the increased acidity
of terminal alkynes, resulting in a decrease of the number-
average molecular weight despite higher monomer conversion.

Meanwhile, increasing monomer-to-base ratios for targeting
high DP leads to an accelerated termination rate, while the
late-stage propagation rate is almost maintained, decreasing
conversion and lowering molecular weight. Therefore,
maintaining a consistent acid-to-base ratio is essential for
achieving controlled polymerization in this study, particularly
when targeting higher DP values.
To explore the scope of initiators for GPE polymerization

using Lewis pair catalysts, additional polymerizations were
conducted with benzyl alcohol, propargyl alcohol, and 2-
bromoisobutyric acid as initiators (entries 1, 2, and 3 in Table
S1). All reactions were performed in bulk, targeting a DP of 25.
Notably, the GPC traces of the resulting PGPEs displayed
monomodal peaks with low molecular dispersity (Đ < 1.1),
indicating well-controlled polymerization irrespective of the
initiator type (Figure S10). To further assess the initiation
efficiency, the absolute molecular weights of PGPEs were
analyzed by matrix-assisted laser desorption/ionization time-
of-flight (MALDI-TOF) mass spectrometry (Figure 3a and b
and Figure S12). The MALDI-TOF spectra of the PGPEs
exhibit a single distribution without any detectable secondary
series, with a constant interval of 112.05 g mol−1 correspond-

Figure 3. (a and b) Representative MALDI-TOF spectra of PGPE homopolymers initiated with (a) 1,4-benzenedimethanol and (b) 2-
bromoisobutyric acid (see the Experimental Section for conditions), (c) 1H NMR spectrum of PMMA118-b-PGPE30, and (d) GPC traces of
PGPE30−Br (gray) and PMMA118-b-PGPE30 (purple).
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ing to the molar mass of a GPE repeating unit. Moreover, the
absolute molecular weights corresponded to the calculated
values based on the respective initiators employed. These
results demonstrate that the Lewis pair catalyst system,
comprising a phosphazene base and TEB, enables controlled
polymerization with a wide range of initiators and high
initiation efficiency (>99%). In particular, the successful
polymerization using propargyl alcohol further confirms the
compatibility of this system with terminal alkyne groups. This
enables the straightforward one-step synthesis of alkyne-
terminated polyethers, which could be useful for block
copolymer synthesis or polymer topology control.
Furthermore, we confirmed that 2-bromoisobutyric acid can

serve as an initiator under Lewis pair catalysis. This is
consistent with prior reports, including those by Zhao and co-
workers, showing that Lewis pair catalysis can accommodate
carbonyl-bearing initiators by suppressing nucleophilic attack
at carbonyl, thereby expanding the initiator scope.25−27

Accordingly, PGPE with a bromo terminal group (i.e.,
PGPE30−Br) was successfully synthesized and subsequently
employed as a macroinitiator for ATRP to produce poly-
(methyl methacrylate)-b-poly(glycidyl propargyl ether)
(PMMA-b-PGPE). Characteristic PMMA proton peaks were
observed at 0.84, 1.01, 1.75−2.05, and 3.60 ppm in the 1H
NMR spectrum after polymerization (Figure 3c). Moreover, a
shift toward a lower elution volume region in the GPC trace
compared to PGPE−Br confirms the successful synthesis of the
diblock copolymer (Figure 3d).
PGPE-based block copolymers were also achieved through

the polymerization of GPE using a macroinitiator. In this
process, PEO (Mn = 20 000 g/mol) was employed as the
initiator and a combination of t-BuP2 and TEB served as the
catalyst system. Following the reaction, the GPC trace
displayed a clear shift toward a lower elution volume compared
to that for pristine PEO, indicating an increase in molecular
weight due to the formation of terminal PGPE blocks (Figure
S13a). Furthermore, the 1H NMR spectrum of the purified
product exhibited characteristic peaks at 2.48 and 4.18 ppm,
corresponding to the acetylene proton and propargylic
methylene protons, respectively, confirming the successful
synthesis of the triblock copolymer PGPE-b-PEO-b-PGPE
(Figure S13b). Such ABA-type triblock copolymers, compris-
ing hydrophobic end blocks and a hydrophilic midblock, can
form physically cross-linked hydrogels through the association
of the end blocks upon hydration. For instance, synthesized
PGPE-b-PEO-b-PGPE formed a slightly opaque hydrogel at a
concentration of 3.0 wt % in deionized water, indicating

successful network formation in aqueous media (Figure S14).
This finding highlights the potential of the PGPE-based
triblock copolymer as a functional soft material suitable for
biomedical applications.
After confirmation of the feasibility of synthesizing various

PGPE-based polymers, post-polymerization modification of
PGPE was performed through two independent reactions,
CuAAC and thiol−yne reactions, to demonstrate its chemical
versatility (Figure 4a).
The FTIR spectra obtained after CuAAC revealed the

disappearance of the terminal alkyne C−H stretch at 3300
cm−1, along with the emergence of new bands near 3100 cm−1

and within the 1400−1500 cm−1 region, corresponding to the
C−H stretch of the triazole ring and the C�C stretch of the
benzene ring, respectively (Figure 4b). In the 1H NMR
spectrum, the characteristic proton signals of pristine PGPE,
specifically the propargylic proton at 4.25 ppm and the
terminal alkyne proton at 2.47 ppm, were no longer observed
after the reaction (Figure S15). Additionally, new peaks
corresponding to the triazole proton (7.55 ppm) and
methylene protons adjacent to the triazole ring (4.49 and
5.41 ppm) appeared, further confirming the successful
transformation of the terminal alkyne group into a benzyl
group.
In addition, the thiol−yne reaction was performed using

benzyl mercaptan and 2,2-dimethoxy-2-phenylacetophenone
(DMPA) under UV irradiation at 365 nm. FTIR analysis
confirmed the consumption of the pendant alkyne group and
the introduction of the benzyl moiety (Figure 4b). In
agreement with the CuAAC results, alkyne signals disappeared
from the 1H NMR spectrum, while a pronounced increase was
observed in the aromatic proton signals at 7.2−7.4 ppm
(Figure S15). The emergence of new peaks corresponding to
thioether linkage at 3.1−3.4 ppm also confirmed the successful
incorporation of the benzyl group via thiol−yne addition.
Taken together, these findings validate that both CuAAC and
thiol−yne reactions enable efficient and selective post-
functionalization of alkyne-bearing polyethers, affording
structurally distinct benzyl-modified polymers under orthogo-
nal reaction conditions.
In summary, we achieved the controlled polymerization of

GPE using Lewis pair organocatalysts, thereby overcoming the
limitations of conventional anionic ROP, which is hindered by
the acidity of terminal alkynes. Most importantly, interactions
of the alkyne moiety with both the phosphazene base and
Lewis acid necessitated precise control over the catalyst ratio
to achieve higher DP values with narrow dispersity. The

Figure 4. (a) Scheme for the post-polymerization modification of PGPE via CuAAC and thiol−yne reactions and (b) FTIR spectra of PGPE50
(green), B1 (orange), and B2 (blue).
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proposed system enabled efficient polymerization using various
initiators, providing access to well-defined polymers with
diverse chain-end functionalities. The resulting PGPEs served
as versatile building blocks for advanced polymer architectures,
including a PMMA-b-PGPE diblock copolymer synthesized via
ATRP and a PGPE-b-PEO-b-PGPE triblock copolymer
obtained through a macroinitiator strategy. Finally, the
pendant alkyne groups allowed versatile post-polymerization
modifications via CuAAC and thiol−yne reactions, under-
scoring the broad potential of alkyne-functionalized polyethers.
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