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The C-H functionalization of polymers enables the direct incorporation of
new functional groups into polymer backbones, presenting significant

opportunities for the upcycling of commodity polymers. However, developing
reactions that achieve selective functionalization while preserving the intrinsic
features of polymers and avoiding undesirable structure deformation remains
a considerable challenge. In this study, we present a transition metal-free post-
functionalization approach for polyethers via a photoinduced «-C-H amida-
tion reaction. This strategy provides a route to previously unattainable a-
amino polyethers, which exhibit distinct physical properties from those of the
parent polymer. By leveraging a polar-radical relay mechanism, we effectively
incorporate C-N bonds into the polyether backbone while suppressing
degradation and cross-linking. Conducted under mild and convenient condi-
tions, this approach demonstrates significant site selectivity at the ethereal a-
position, even in the presence of other types of C-H bonds, achieving tailed
post-functionalization of macromolecules. Furthermore, the present strategy
holds promise for broader applications, including the amidative degradation

of commodity polymers and transformation of polyethylene glycol (PEG)

network.

The utilities of polymers are heavily dependent on properties such as
rigidity, solubility, or interfacial tension. These unique characteristics
can be controlled by incorporating or modifying pendent functional
groups attached to the polymer backbone'. Over the past few dec-
ades, various polymerization methods have been explored, enabling
the selective introduction of certain functional groups, aimed to pro-
duce customized polymers having desired properties. However,
practical issues often arise in polymer synthesis, representatively the
incompatibility of functional monomers with conventional poly-
merization processes. For example, polar-functional group bearing
comonomers may cause catalyst poisoning, restricting the range of
accessible functionalized polymers*”.

A promising alternative approach to obtaining functionalized
polymers is the post-modification of readily accessible polymers®®. In
this context, desirable functional groups can be introduced through
C-H functionalization starting from commodity polymers, without the
need for prior transformation of the parent polymers’™® (Fig. 1a). This
approach has been successfully demonstrated in the post-
polymerization modification (PPM) of various polymers, including
polyethylene (PE)'®", polypropylene (PP)'>", polystyrene (PS)"*"
polyethylene oxide (PEO), and polyethylene glycol (PEG)'®, Thus,
newly modified polymers often exhibit unique properties that are
difficult to access through the conventional polymerization methods®.
Although highly efficient and advanced C-H transformations are well
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works for photoinduced metal-free amidation of aldehydes and cyclic amines.
e This work: a-amidation of ethers enabling polyether post-modification.

established for small molecules'**°, achieving advanced level of poly-

mer C-H functionalization requires additional careful considerations’.
Mild reaction conditions are necessary for the upcycling while mini-
mizing changes to the polymer architecture, and PPM should ensure
high chemoselectivity for the targeting functionalization, as separating
multiple functional groups is not feasible after incorporation of func-
tional groups onto single polymer chain.

Polyethylene glycol (PEG) is a prominent member of polyether
subclass, well-known for its biocompatibility? >, application in
hydrogel synthesis,” and ion-conducting properties®%. Given that
commercial PEGs generally have reactive hydroxyl groups at both
ends, their chain-end functionalization is common*~*, whereas the
aliphatic C-H modification has been contrarily limited (Fig. 1b).
Although independent studies by Parent®, Elisseeff** and Bielawski**
groups have reported the incorporation of C-C or C-O bonds into PEG
derivatives, these approaches are often accompanied with polymer
degradation.

Recently, Zeng et al. demonstrated an «-C-H alkylation of poly-
ethers with minimal polymer degradation'*" (Fig. 1c), where photo-
induced C-H bond cleavage enables subsequent C-C bond formation
in reaction with electron-deficient alkenes, using iron or iridium cata-
lysis under blue LED irradiation. However, synthetic approaches for
introducing heteroatoms into the polyether backbone without
degradation remain largely underdeveloped. Although a-amination of
small ether molecules is well established in synthetic chemistry®, uti-
lizing practical N-sources such as oxycarbamates®*”’, azides®** or
dioxazolones®’, either through transition metal-catalyzed or metal-
free oxidative conditions, extending this approach to polymer sub-
strates remains a significant challenge.

In our ongoing research program to develop C-N bond formation
methods, we recently reported the visible light-induced C-H

amidation of aldehydes and cyclic amines*** (Fig. 1d). The reaction
was proposed to proceed via the cleavage of sp?- or sp3-C-H bonds
through hydrogen atom transfer (HAT), following controlled relay of
carbon radical intermediates. The mild conditions combined with
practical amidation reagents prompted us to explore the potential for
extending this strategy into polymers**, Herein, we describe our new
development of a photoinduced regio- and chemoselective a-
amidation of polyethers under metal-free, visible light irradiation
conditions, using a catalytic amount of alkyl iodide as an initiator
(Fig. 1e). Current transformation was found to occur via a polar-radical
relay pathway, which consists of HAT, halogen atom transfer (XAT),
nucleophilic attack by the amino reagent, and then re-starting of the
cycle by subsequent HAT. It represents the first example of introdu-
cing C-N bonds directly onto the polyether backbone to suppress the
degradation of main chain, thereby making a-amino polyethers, pre-
viously inaccessible through co-polymerization®>***’, Excellent site
selectivity toward ethereal a-position leads to regioselective amida-
tion of polyether derivatives including block-copolymers, even pos-
sessing benzylic C-H or ester groups. Additionally, further
applications of present strategy, such as PPM of PEG network or
introducing degradable features to macromolecules, were
demonstrated.

Results

Reaction development

We began our study by investigating the a-C-H amidation of tetra-
hydrofuran (THF) 1a as a model substrate, reacting it with readily
accessible and bench-stable N-chloro-N-sodio-tert-butylcarbamate
2a** under various conditions (Fig. 2a). We hypothesized that the
postulated polar-radical relay process would commence with the
activation of an ethereal a-C-H bond, leading to the formation of an N-
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Fig. 2 | Optimization & proposed mechanism for polar-radical relay.

a Optimization table: Reactions were carried out on 0.2 mmol scale in EtOAc. Yields
were determined by 'H NMR spectroscopy of the crude reaction mixture using
1,1,2-trichloroethane (1,1,2-TCE) as an internal standard. Isolate yields are given in
parentheses. N.D. not detected. b Proposed pathway of polar-radical relay process.

¢ Mechanistic experiment for nucleophilic C-N bond formation between
2-chlorotetrahydrofuran and 2a. d HAT & XAT experiments between N-chlor-
ohemiaminal and 1a. e Radical trapping experiment using 2,2,6,6-tetra-
methylpiperidinyloxy (TEMPO).

chlorohemiaminal intermediate*. Since fluoroalkyl iodides are known
to readily generate alkyl radicals under photoirradiation’®* we
explored their potential role as initiators in this amidation to see
whether they could promote the desired hydrogen atom abstraction at
the a-C-H bonds of ether substrates™*.

When the reaction was performed under 427 nm irradiation in
ethyl acetate (EtOAc) as the solvent, the targeted a-amino ether
product 3a was obtained from THF (5.0 equiv) in 80% isolated yield
in the presence of n-C4Fol (5.0 mol%, Fig. 2a, entry 1). However, the
amidation did not take place to a noticeable level in the absence of
this additive (Fig. 2a, entry 2). On the other hand, the addition of N-
halosuccinimides or PhlI(OAc),, well known as oxidants for ether or
amine*>****, induced the reaction only moderately (Fig. 2a, entries
3-5). Using tert-butyl carbamate (2a-NH,) as an alternative ami-
dating reagent was completely ineffective (Fig. 2a, entry 6), but its
N-chloro derivative 2a-NHCI furnished the amidated product 3a in
32% yield (Fig. 2a, entry 7). The reaction efficiency was found to be
sensitive to solvents (Fig. 2a, entries 8-12), showing that higher
product yields were obtained in polar non-protic media such as
ethyl acetate, methylene chloride or acetonitrile. Satisfactory

amidation efficiency was achieved even with 2.0 equiv of THF rela-
tive to the amidating reagent 2a (Fig. 2a, entry 13). The amidation
efficiency remained almost consistent with UV-region irradiation
(Fig. 2a, entry 14), and slightly decreased with long-wavelength
(Fig. 2a, entry 15), but no reaction occurred in dark (Fig. 2a,
entry 16).

Building on our previous reports**?, a plausible mechanistic
pathway for the photoinduced a-C-H amidation is illustrated in Fig. 2b.
The postulated relay process begins with the formation of an a-chloro
ether intermediate A, which reacts with the amidating reagent, N-
chloro-N-sodio-tert-butylcarbamate 2a, to afford photoresponsive
hemiaminal B. Under photoirradiation, this intermediate undergoes a
homolytic cleavage to give rise to amidyl (C) and chloride radicals.
Hydrogen atom transfer (HAT) between the a-C-H bond of the starting
material THF and N-centered radical C yields the desired a-amino ether
3a along with a carbo radical species D. A subsequent halogen atom
transfer (XAT) of this intermediate with N-CI bond of B, or radical
recombination with chloride radical, regenerates the «-chloro ether
compound A. Density functional theory (DFT) calculations on the C-N
bond formation, hydrogen atom abstraction and radical intermediate

Nature Communications | (2025)16:7965


www.nature.com/naturecommunications

Article

https://doi.org/10.1038/s41467-025-63254-z

captivation step support the viability of the proposed relay cycle
(Fig. 2b, bottom right).

To shed light on the mechanistic aspects, we performed a series of
probe experiments (Fig. 2c, d). The reaction between the «-chloro
ether intermediate A with the amidating reagent 2a proceeded in the
dark, albeit in moderate efficiency, consistent with the proposed
mechanism (Fig. 2c). When a mixture of N-chlorohemiaminal B and
THF (1a) was irradiated with blue LED, the protonated hemiaminal (3a)
was formed in 55% yield, along with 2-chlorotetrahydrofuran (A) in 18%
(Fig. 2d). In stark contrast, formation of A was not observed in the
absence of light, highlighting the critical role of photoirradiation in this
radical replay process. When the amidation was conducted in the
presence of 2,2,6,6-tetramethylpiperidinyloxy (TEMPO), a well-known
radical scavenger®, the reaction efficiency significantly decreased, and
a THF-TEMPO adduct (1a-TEMPO) was detected (Fig. 2e). Further-
more, an amidyl-TEMPO adduct (C-TEMPO) was observed via mass
spectrometry, providing evidence for the formation of the N-centered
radical C as postulated in Fig. 2b.

Substrate scope

With the optimal photoinduced amidation conditions established, we
subsequently investigated the reaction scope across various ether
substrates (Fig. 3). First, a range of practical amidating reagent, pri-
mary carbamates or sulfonamide in their N-chloro-N-sodio form, were
effectively utilized for site-selective amidation of THF under the pho-
toirradiation protocol. It should be mentioned that these bench-stable
amidating reagents can be conveniently prepared from their corre-
sponding carbamates or sulfonamide in two high-yielding steps: oxi-
dation with trichloroisocyanuric acid (TCCA) followed by treatment
with NaOH*"**%¢, These reagents featuring Boc- (2a), Cbz- (2b), Troc-
(2¢) and Tosyl- (2d) groups were successfully employed, yielding ether
products (3a-3d) in moderate to good yields. Cyclic ethers, such as
tetrahydropyran and 1,4-dioxane, underwent selective o-position
amidation, furnishing the corresponding products 3e and 3f, respec-
tively, in good yields under slightly modified conditions. An
Ambroxide-derived substrate was efficiently amidated at its o-C-H
bond, yielding product 3g. Benzo-fused cyclic ethers were examined
using N-iodosuccinimide (NIS) as an additive, achieving high regios-
electivity and good yields (3h and 3i). Notably, amidation occurred
selectively at the benzylic ethereal a-carbon without affecting the
carbo benzylic position (3h).

Amidation was found to be more preferred at the benzylic ethe-
real a-C-H bonds and potentially reactive non-benzylic counterparts
remained intact (3j-3n), thus demonstrating that the present photo-
induced amidation is highly regio- and chemoselective. Interestingly,
alkyl bromide and epoxide groups were compatible with the optimal
conditions (3k and 3I). An ether derivative of Menthol was successfully
amidated at the ethereal benzylic C-H bonds using Troc- amidating
reagent (3n). Acyclic aliphatic ethers, representatively diethyl ether,
also smoothly underwent regioselective amidation with several ami-
dating reagents (30-3q). Notably, the reaction efficiency for dibutyl
ether was not significantly affected when it was employed in an equi-
molar ratio (1:1) relative to the amidating reagent, achieving good
product yield (3r). Primary ethereal a-C-H bond also yielded hemi-
aminal product under the optimal conditions (3s). As demonstrated by
a reaction of 2-phenylethyl methyl ether (1t), the amidation was
favored at the secondary ethereal a-C-H bonds over the primary
methyl counterpart (3ta and 3tb), while the benzylic C-H bonds were
intact. Ester functional group was compatible with the current pho-
toirradiation protocol, and the amidation occurred exclusively at the
two viable a-ethereal C-H bonds (3ua and 3ub), without reacting at
the alkoxy moiety of ester. When two reacting sites are sterically dif-
fered, the amidation was favored at the secondary over the tertiary
C-H bonds (3v), still showing high compatibility to the ester group. In
addition, when a crown ether (12-crown-4) was subjected to

photoinduced conditions, amidation was observed albeit with mod-
erate yield (3w), demonstrating the potential of applying this method
to polyether macromolecules.

Post-polymerization amidation

Building on the successful photoinduced selective amidation of small
molecular ethers, we next investigated its potential as a tool for the
post-modification of polymers. Applying organic reaction conditions
to macromolecules introduces several challenges as the inherent
robustness of polymers often alters reactivity observed in small-
molecule systems’. In particular, C-H functionalization of polymers
demands careful considerations of the unique properties of macro-
molecules, both in the starting materials and in the functionalized
products, often necessitating new reaction optimizations. Encoura-
gingly, our photoinduced a-amidation procedure for small ether
molecules could be successfully applied to the polyether post-
modification without significant alternations (Fig. 4). As a model sub-
strate, we selected poly(ethylene glycol) (PEG) with a number-average
molar mass (M,) of 4600 g/mol, containing ~-104 ethylene oxide (EO)
repeating units per chain and hydroxyl groups at both terminals. When
the polymer was treated with 20.0 mol% of the amidating reagent 2a
(relative to the number of repeating units) under blue light irradiation,
'H NMR analysis confirmed the incorporation of an amino group at the
ethereal o-position (Fig. 4a). Notably, the reaction proceeded effi-
ciently at room temperature in the eco-friendly solvent (EtOAc)”’
without the need for metal catalysts, thereby allowing us to synthesize
a new class of polymer, a-amino polyether, for the first time.

We next measured the level of functionalization (LOF) as the
molar fraction of functionalized EO repeating units. Initially, the LOF
increased gradually, then accelerated rapidly, eventually reaching a
plateau at ~10 mol% after 90 min (Fig. 4b). This sharp change in rate
was attributed mainly to the hydrogen atom transfer (HAT) step, which
involves different radical species (i.e., C4Fo or amidyl radical). Notably,
the weight-average molar mass (M,,) of the functionalized PEG, esti-
mated via size exclusion chromatography (SEC), showed a slight
increase over time. This suggests that polymer substrate degradation
through chain scission was effectively suppressed in the present polar-
radical relay process. Furthermore, the SEC traces indicate a shift
towards higher molar mass due to functionalization, without sig-
nificant broadening of the molar mass distribution (Fig. 4c). This
highlights the rarity of such results in aliphatic C-H PPM of polyethers
without significant chain scission. The growing presence of lower
molar mass fraction is likely due to unfunctionalized PEG chains,
stemming from the stochastic nature of the reaction.

Significantly, the LOF increased linearly with the amount of ami-
dating reagent 2a, demonstrating precise control over the degree of
functionalization (Fig. 4d). Highly functionalized PEGs were success-
fully obtained, with up to 20 mol% incorporation of amino groups per
repeating unit. Moreover, the M,, and polydispersity index (PDI) values
indicated that no significant chain scission occurred under the current
reaction conditions. However, when the loading of amidating reagent
2a exceeded 60.0 mol%, the amidation efficiency declined, resulting in
saturation of the LOF and degradation of the PEG backbone (see
Supplementary Figs. 14, 16). Under diluted conditions, complete
decomposition of the polymer backbone was observed upon addition
of 100.0 mol% of the amidating reagent (see Supplementary Fig. 17).
This undesired chain scission is likely attributable to the increased
formation of highly reactive intermediates, such as ethereal a-carbon
radicals, as well as the intrinsic instability of the hemiaminal moiety.

The reaction was efficiently scalable, allowing for the production
of amidated PEGs with varying LOF values in multi-gram quantities
(See Supplementary Figs. 18, 19). As expected, amidation on the main
chain of the PEG, remarkably altered its physical properties. While the
parent PEG is a semicrystalline white powder at room temperature,
amidation resulted in a yellow coloration. When amide loading
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exceeded 5 mol%, the amidated polymer became a dark yellow liquid,
suggesting that the amino functionality may disturb the crystalline
packing of the PEG chains.

The visual change in physical properties prompted us to measure
the thermal transitions of the a-amino PEG products with varying
degrees of the amide group functionalization using differential

scanning calorimetry (DSC, Fig. 4e, f). As with most polymers, the
thermal properties of polyethers play a critical role in their material
science applications, such as solid-state electrolytes. Investigating the
correlation between ionic conductivity and thermal properties,
including the glass transition temperature (7y), is a key area of
research®™, At functionalization levels below 3 mol% of LOF, a gradual
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Fig. 4 | a-Amidation of polyethers by polar-radical relay process. a'H NMR
spectroscopy for PEG 4600 (CDCl;) and 4a ((CD5),CO). b Change of LOF and M,,
varying reaction time (20 mol% of 2a was used). ¢ SEC traces (THF as an eluent) of

4a varying reaction time (20 mol% of 2a was used). d LOF changes of a-amidation
versus the amount of 2a. eT,, of 4a with different LOFs. f T;; of 4a with differ-
ent LOFs.

decrease in melting temperature (7;,,) was observed alongside an
increase in Tg. This behavior can be attributed to disrupted chain
packing and increased interchain interactions due to the polar amino
group. At around 5 mol% of LOF, PEG failed to crystalize when cooled
to -80°C, and the glass transition occurred at lower temperatures
(<-50°C). At higher amino content, crystallinity still decreased,
resulting in rubbery materials with 7 of around -40 °C. Overall, the
thermal transitions were significantly affected by small amounts of
amide group incorporation. These findings highlight the potential to
finely tune the thermal properties of polyethers through amide group
functionalization, suggesting a promising application in polymer
electrolytes, as PEG crystallinity is known to hinder ion mobility
below T,,%°.

Substrate scope of polyethers

We next explored the potential of the current photoinduced o-
amidation of polyether derivatives (Fig. 5). Significantly, the reaction
proceeded smoothly across a range of PEGs, irrespective of their molar
masses. Polymers with M, ranging from 2,000 to 1,000,000 g/mol
were successfully amidated under optimal conditions, achieving con-
sistent LOF values between 4.2-5.6 mol% (4a-4e). After completion of
the reaction, the crude polymers were purified by precipitation, and
some were further subjected to dialysis to remove residual small-
molecule byproducts (See Supplementary Information for details).
While the molar mass dispersity (P) of the functionalized polymers

was comparable to the parent polymers in most cases, we
observed broadening of molar mass distributions especially for higher-
molar mass reactants, suggesting the increase of interaction between
the product and SEC column, or chain coupling. The tolerance for
a wide range of molecular weights underscores the high potential of
this PPM for PEGs with various applications, from plasticizers to
binder®’.

Variations in polymer architectures, such as methoxy-terminated
chains (4f, 4.5 mol%) and star-shaped PEG structures with four “arms”
(4g, 5.3 mol%), did not affect the reaction efficiency. The increased PDI
value observed for 4g may be attributed to a higher likelihood of chain
coupling, due to its star-shaped backbone structure. PEG could also be
functionalized with other carbamate reagents bearing -NHCbz (4h,
5.2 mol%) or -NHTroc (4i, 5.0 mol%), consistent with results observed
in small molecule reactions. Furthermore, an isotope-labeled amide
group could be successfully incorporated (4b-"*N, 4.7 mol%) through
reaction with 10 mol% of 2a-"*N. Since PEG materials are widely used in
bioactive applications, synthesized 4b-"*N holds potential for use in
metabolic studies or bio-imaging®®. Polytetrahydrofuran (PTHF),
composed of butylene oxide repeating units, was also successfully
converted into its a-amino derivative without amidation occurring at
the other remote C-H bonds (4j).

Since the current amidation occurs selectively at the ethereal a-
C-H bonds, we envisioned extending this photoinduced radical
approach even to block copolymers containing polyether segments.
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Block copolymers are widely used in materials science®®, for example,
in the formation of micelles®*“* or self-assembly structures®® %, In fact,
PEG-polylactide (PEG-PLA) block copolymers are known to serve as
carriers for small molecules®”’°. Despite their promising applications,
site-selective post-functionalization of block copolymers remains
challenging, as the incorporation of functional groups often fails to
distinguish between different blocks due to their competing reactiv-
ities or harsh reaction conditions. In our study, amidation on Pluronic
triblock copolymers occurred selectively at the ethylene oxide site in
the PEG end blocks, while the tertiary ethereal a-C-H bond in the
poly(propylene oxide) (PPO) midblock remained unaffected (4k).
Likewise, C-H bonds in polyesters such as PLA and polyvalerolactone
(PVL), as well as benzylic C-H bonds in polystyrene (PS), were inactive,
resulting in selective amidation of the PEG block (41-4n). Similarly,
treatment of a PS-b-PEG-b-PS triblock copolymer with the amidating
reagent 2a provided a rubbery PEG midblock reinforced by PS hard
segments (40).

Material applications

To explore the potential for expanding the synthetic utility of the
current post-polymerization approach, several transformations were
additionally examined (Fig. 6). As shown in the -NHCbz and -NHTroc
installation (4h and 4i), various functional groups can be immobilized
on the polyether backbone using different carbamates. We further

show that several urethane-functionalized PEGs can be readily
obtained (Fig. 6a, above). In addition to the long alkyl pendant,
potentially rendering hydrophobicity (4p), we found that chemical
handles such as alkyne (4q) for further modification can be included
and stay intact during the amidation. Moreover, we investigated the
photoinduced amidation starting from either free carbamate or amide,
via in situ preparation of N-chloro-N-sodio-carbamate (Fig. 6a, below).
By treating the amide with TCCA, corresponding N-chloroamide could
be easily prepared. Without the need for chromatography or recrys-
tallization, the N-chloroamides were directly used in PPM, followed by
the addition of sodium hydroxide (NaOH) to form the N-salt in the
reaction mixture. Under photoirradiation, functional groups such as
trimethylsilylethyl carbamate or deuterated acetamide were success-
fully incorporated onto the polyether backbone (4r and 4s). This
practical amidation method, capable of introducing various functional
groups even starting from primary amide moieties, highlights the
potential of the current strategy for customizing the physical and
chemical properties of polyether derivatives.

Next, we discovered that the incorporation of two different car-
bamates into a single PEG chain was also achievable in a single reaction.
By adding 10.0 mol% of each aminating reagent 2a and 2b to a solution
of PEG 4600, we successfully obtained functionalized polyethers
bearing 2.6 mol% of -NHBoc and 3.2 mol% of -NHCbz groups simulta-
neously (Fig. 6b). While the functionalized polyethers are stable in
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a Functionalization of PEG incorporating different amide functionality: Reactions
were carried out on 1.0 or 2.0 mmol scale based on the PEG repeating unit, using the
corresponding N-chloro-N-sodio-carbamate (10.0 mol% for 4p, 40.0 mol% for 4q)
or N-chloroamide (40.0 mol% for 4r, 20.0 mol% for 4s). b Double functionalization
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e Degradation of the amidated POEGA film. Note that the control group in neat THF
retains the swollen state with the yellow color, indicating that the amide groups are
intact.

ambient conditions, the presence of the acid-labile N,O-acetal
group offers on-demand degradability. Unlike the current decom-
position methods, which often require high temperatures or
harsh conditions™”*, these polyethers readily degrade under mild
acidic conditions. For example, treating 4n with 1.0 M HCl solution in
diethyl ether at room temperature completely decomposed the
PEG chain functionalized with -NHCbz, and recovered the PS
block unchanged (Fig. 6c) (See Supplementary Information for
details).

Interestingly, the photoinduced amidation reaction worked for
cross-linked polymeric materials in the solvent-swollen state. We
demonstrated this possibility with a PEG-based poly(oligo(ethylene
glycol) acrylate) (POEGA) film, which is widely used as hydrogel
scaffolds’ and electrolytes™ (Fig. 6d). The cross-linked network con-
sisted of oligo(ethylene glycol) pendants and junctions tethered to the
polymeric hydrocarbon strands. Swelling the film in the reactant
solution in EtOAc and photoirradiation resulted in a free-standing film
possessing a-amino ether groups as evidenced by FTIR, while retaining

Nature Communications | (2025)16:7965


www.nature.com/naturecommunications

Article

https://doi.org/10.1038/s41467-025-63254-z

the original dimensions after solvent evaporation. As the network
junction is made of the ether linkage, the functionalized material was
also degradable under acidic conditions (Fig. 6e).

Discussion

In summary, we have revealed a post-functionalization method for
polyethers via a photoinduced a-amidation reaction, using a robust
and practical carbamate amidating reagent. This process selectively
forms new C-N bonds at the ethereal a-C-H bonds of small mole-
cules and polymers through a polar-radical relay pathway. This
represents the first example of direct nitrogen incorporation onto
the polyether backbone and one of the few instances of non-
degradable PEG post-modification. We propose that in situ generated
ethereal a-carbo-radical is rapidly trapped, forming an a-chloro ether
intermediate while preventing undesired chain scission or inter-
chain coupling. Even small amounts of the installed amide group
were shown to significantly alter physical properties of PEG, offering
ameans to control thermal properties by adjusting the degree of C-N
bond incorporation. Material applications of current strategy were
also examined, such as degradable features or modification of poly-
mer network.

Methods

General procedure for the a-amidation of polyethers

In a glovebox, to an oven-dried reaction vial equipped with stir bar
were added polyethers (2.0 mmol of repeating unit), amidating
reagent (0.2 mmol), and anhydrous EtOAc (2.0 mL) under N, atmo-
sphere. To the vial was added n-C,4Fol (2.0 mol%). The vial was sealed,
removed from the glovebox, and placed on a stirrer plate. The reaction
mixture was vigorously stirred for 2 h with irradiation of blue LED
(427 nm) by using Kessil Lamps. The reaction mixture was then filtered,
concentrated, and purified by precipitation using CH,Cl, and Et,0.
When necessary, product was dialyzed using a regenerated cellulose
membrane in the acetone.

Data availability

The data that support the findings of this study are available within the
paper and its Supplementary Information files (experimental proce-
dures and characterization data), or from the corresponding author
upon request. Crystallographic data for the structures reported in this
paper have been deposited at the Cambridge Crystallographic Data
Centre (CCDC), under deposition numbers CCDC 2418625 (3i),
2418626 (3 1), 2418627 (3ta). Copies of the data can be obtained free of
charge via https://www.ccdc.cam.ac.uk/structures/ (or from Cam-
bridge Crystallographic Data Centre, 12 Union Road, Cambridge, CB2
1EZ, United Kingdom; fax: +44-1223- 336-033; email: depos-
it@ccdc.cam.ac.uk). Cartesian coordinates of computationally opti-
mized geometries are available in Supplementary Data 1.
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