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Abstract

Ethylene-vinyl alcohol copolymers (EVOHs) are important materials available in a variety of
compositions and valued in countless applications. In spite of their great adaptability offered by the
adjustment of their ethylene content, the chemical modification of EVOHs is often considered to tune
their properties and functionalities in order to meet the stringent requirements of today’s applications.
While post-polymerization modification of the pendant hydroxyl groups of EVOHs is the prevailing
functionalizing strategy, this multistep approach consumes part of the alcohols of EVOHs and remains
limited in terms of functions. This work reports a straightforward platform for the synthesis of
functional EVOHs, in particular, amino derivatives, involving a CO,-derived oxazolidinone-containing
methylene heterocycle, namely, 4,4-dimethyl-5-methyleneoxazolidin-2-one (DMOx). The ethylene/
DMOx and ethylene/vinyl acetate/DMOXx copolymerizations were implemented by conventional and
reversible deactivation radical copolymerization. The resulting oxazolidinone-containing ethylene-
based copolymers were then converted into novel vicinal amino alcohol-functional EVOHs via
hydrolysis of esters and oxazolidinones. A selective post-modification method of these 1,2-amino
alcohol-functional EVOHs into their oxazolidine counterparts is also reported. Finally, the peculiar
thermal and solution properties, including pH-responsiveness, of these novel vicinal amino alcohol-
and oxazolidine-functional EVOHSs as well as oxazolidinone EVAs are discussed.
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Introduction

Ethylene-vinyl alcohol copolymers (EVOHs) are commonly produced by radical copolymerization of
ethylene (E) with vinyl acetate (VAc), followed by saponification of the pendant ester groups. The
global EVOH market was valued at about one billion USD in 2020, and a variety of semicrystalline
EVOHs with different ethylene contents are used in many applications especially in the packaging of
food, cosmetics, and drugs, due to their excellent barrier properties to oxygen, nitrogen, and carbon
dioxide.'™ These EVOHs also combine interesting features such as transparency, processability,
antistatic properties, film-forming capacity, and high resistance to hydrocarbons, oils, and organic
solvents.>®> Moreover, their biocompatibility and nontoxicity make EVOHs valuable materials in the
biomedical area®® notably in drug release,®! protein separation,'"'* and water purification.®

While EVOHs are suitable for many uses, their chemical modification may be necessary to fine-tune
their properties and functionalities in order to meet the more and more stringent requirements of
today’s cutting-edge applications. The prevailing functionalization strategy of EVOHs consists in the
chemical modification of its abundant pendant hydroxyl groups.® The latter was notably reacted with
acyl chloride,?” carboxylic acid,®*® anhydride,62%2! aldehyde,® cyanuric chloride,®2%2 |actone,** and
carbonate,? to name a few. For example, glycopolymers were prepared from EVOHs via a sequential
reaction with phthalic anhydride and amino-saccharides.?®?” Some amine-functionalized EVOH nano-
fibrous membranes of interest for the capture of lipophilic toxins were produced via activation with
cyanuric chloride and functionalization by 1,3-propanediamine, hexamethylenedi-amine, and
diethylenetriamine.?* Thermoresponsive EVOH-based microporous membranes were also elaborated
via immobilization of the ATRP initiator through acylation of EVOH followed by grafting from radical
polymerization of N-isopropylacrylamide.?® Although efficient, these approaches consume some
hydroxyl moieties of EVOHs, functions which endow important properties such as hydrophilicity.
Copolymerization is another common strategy to introduce functionalities into polymers. Compared
to the post-modification method, the copolymerization approach is more efficient in terms of the
number of reaction steps and offers a better control of the copolymer composition and of the
distribution of the functions along the chains. Nevertheless, this approach has been neglected for the
production of functional EVOHs. Indeed, only few reports describe the radical terpolymerization of E

2930 9r acrylonitrile.3! Moreover, these reactions

and VAc with a third monomer such as methyl acrylate
took place at high pressure and the resulting terpolymers were not converted into their EVOH
counterparts. Exo-methylene cyclic compounds are an interesting class of comonomers whose radical
(co)polymerization has been investigated by various research groups.32* Moreover, hydrolysis of
some pendant heterocyclic groups generates two functions per repeating units.3>**° For example,
vinyl carbonates,* vinyl lactones,*” and vinyl oxazolidinones*® were successfully copolymerized with
vinyl acetate (VAc) leading to diol-, acid-, or amino-functionalized poly(vinyl alcohol)s (PVAs),
respectively. Recently, vinyl carbonates were also copolymerized with ethylene leading to
polyethylene (PE) decorated by vicinal pendant diol groups after hydrolysis.** These exo-methylene

cyclic monomers, however, have never been considered for the preparation of functional EVOHs.

Herein, we report a straightforward strategy for the synthesis of functional EVOHs, in particular amino-
functional derivatives, based on 4,4-dimethyl-5-methyleneoxazolidin-2-one (DMOx), a methylene
heterocycle produced from CO; and propargyl amine. First, we explored the incorporation of DMOx
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into the copolymer chains via its radical copolymerization with E or its terpolymerization with E and
VAc. The resulting oxazolidinone-containing copolymers were then hydrolyzed into novel amino-
functional EVOH copolymers (Scheme 1). The incorporation of the amine functions along the polymer
backbone is likely to not only impart valuable properties such as ability to protonate or metal chelation
ability but also offer multiple chemical modification possibilities. This was illustrated by the
guantitative and selective conversion of the amino-functional EVOHs into oxazolidines. The thermal
and solution properties of the parent oxazolidinone-containing ethylene-vinyl acetate copolymers
(EVAs), the novel amino alcohol- and the oxazolidine-functional EVOHs were reported. The possibility
to prepare functional EVOHs with precise molar masses and compositions by reversible deactivation
radical polymerization (RDRP) was also considered, opening new perspectives in the design of well-
defined functional ethylene-based copolymers.

Scheme 1. Synthesis of Oxazolidinone EVAs as Well as Vicinal Amino-Alcohol- and Oxazolidine-Functional EVOHs
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Experimental Section

Materials. Cobalt(ll) acetylacetonate (Co(acac);) (97%, Acros), 1,1-dimethyl-prop-2-ynylamine (90%,
Fluorochem), 2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO) (98%, Aldrich), 2,2'-azobis(4methoxy-2,4-
dimethyl valeronitrile) (V-70, t¥?>= 10 h at 30 °C) (>98%, Wako), glutaraldehyde solution (25% in water,
Aldrich), and hexanal (98%, Aldrich) were used as received. Sodium hydroxide (NaOH, 297%, Acros),
silica gel for column chromatography (60 A, ROCC S.A.), tetrahydrofuran (THF, 299.9%, VWR),
chloroform (>99%, VWR), methanol (MeOH, >99.8%, VWR), ethanol (EtOH, 299.8%, VWR), n-hexane
(>99%, VWR), ethyl acetate (299.9%, VWR), and acetone (>99%, VWR) were used as received.
2,2'Azobisisobutyronitrile (AIBN) (AIBN, t¥2 = 10 h at 65 °C) (98%, Aldrich) was purified via
recrystallization in MeOH. Dimethyl carbonate (DMC, >99%, Merck) was degassed and dried over 4 A
molecular sieves prior to use. Dichloromethane (CH.Cl,) was degassed and dried over 4 A molecular
sieves. Vinyl acetate (VAc) (>99%, Aldrich) was dried under calcium hydride, purified by distillation
under reduced pressure, and degassed by the freeze-drying cycle under vacuum. The alkyl-cobalt(lIl)
adduct initiator (PVAc«Co(acac),), [Co(acac)-(CH(OAc)-CHz)«Ro], Ro being the primary radical
generated by 2,2'-azo-bis(4-methoxy-2,4-dimethyl valeronitrile) (V-70, Wako), was prepared as
described previously*’and stored as a CH,Cl, solution at =20 °C under argon. Dialyses were carried out
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with a Spectra/Por dialysis membrane (pretreated RC tubing 1 kDa). A 23 mL Parr bomb reactor (4749
Acid Digestion Vessel) was used for the base hydrolysis of poly(DMOx-co-VAc) carried out at 120 °C.

Characterization. Size exclusion chromatography (SEC) of polymers was carried out in DMF containing
0.025 M LiBr at 55 °C with a Waters chromatograph equipped with three columns [PSS GRAM 1000 A
(x2), 30 A], a dual A absorbance detector (Waters 2487), and a refractive index detector (Waters 2414).
The system was operated at a flow rate of 1 mL/min, and polystyrene calibration was used. H nuclear
magnetic resonance (*H NMR) (400 MHz), power gate proton-decoupled *C NMR (**C{*H} NMR) (101
MHz), solid-state cross-polarized/magic angle spinning 3C NMR (solid-state *C CP/MAS NMR) (101
MHz), heteronuclear single quantum coherence (HSQC), and correlation spectroscopy (COSY) spectra
were recorded at 298 K with a Bruker AVANCE |1l HD spectrometer (Bo=9.04 T) (400 MHz) and treated
with MestreNova software. Fourier transform infrared (FTIR) spectroscopy spectra were recorded on
a Thermo Fisher Scientific Nicolet IS5 equipped with an ATR ID5 module using a diamond crystal
(650-4000 cm™). Dynamic light scattering (DLS) was used to obtain the average size of the particles
using a Delsa NanoC instrument. Differential scanning calorimetry (DSC) was performed on a DSC 250
differential calorimeter (TA Instruments), using hermetic aluminum pans, indium standard for
calibration, nitrogen as the purge gas, a sample weight of about 5 mg. The sample was heated up to
200 °C at a heating rate of 20 °C/min, followed by an isotherm at 200 °C for 2 min and cooling to -40
°C at a cooling rate of 10 °C/min. Then, the second heating process was carried out from -40 to 200 °C
at a heating rate of 10 °C/min, followed by an isotherm at 200 °C for 2 min. Thermogravimetric analysis
(TGA) was performed on a TGA2 instrument from Mettler Toledo. Around 5 mg of the sample was
heated to 600 °C at 20 °C/min under N, (20 mL/min). X-ray diffractograms of the samples placed on a
zero-background plate were collected using a Bruker D8 TWIN-TWIN diffractometer in the
Bragg-Brentano configuration (Cu Ko radiation, 0.02° step size). Swelling tests were carried out with
round disc-shaped specimens. The latter was immersed in ethanol for 24 h at 25 °C (until the
equilibrium was reached). Subsequently, the swollen samples were weighted and then dried overnight
under vacuum at 40 °C to obtain the dry weight. The swelling percentage was defined as the weight
ratio ([(Ws—- Wq)/W4] x 100), where W;is the weight of gel in the swollen state at equilibrium and Wy
is the weight of gel in the dry state. Three measurements were carried out, and the reported swelling
percentage is the average value. Shear rheological experiments were performed on a rotational
rheometer (ARES-G2) equipped with parallel-plate geometry (diameter of 8 mm) and heat exchanger.
Gaps of 0.6-0.7 mm were set to minimize edge fracture effects and ensure a reasonable aspect ratio
of plate radius and gap so that the geometry was completely filled. Normal forces were monitored to
be relaxed prior any measurement. Dynamic frequency sweep experiments were performed. To do so,
small amplitude frequency sweep (SAOS) tests were carried out under strain control at angular
frequencies in the range of 1-100 rad/s, with a strain of 1% and at a constant temperature of 25 °Cin
an ethanol-saturated atmosphere in order to minimize evaporation of the solvent.

Synthesis of 4,4-Dimethyl-5-methyleneoxazolidinone (DMOX). 1,1-Dimethyl-prop-2-ynylamine (8.7 g,
104.7 mmol) and AgNOs (0.089 g, 0.52 mmol) were dissolved in degassed dimethyl sulfoxide (DMSO)
(11 mL) and heated at 30 °C under 15 bar of CO, during 4 h. After cooling the reaction mixture to room
temperature, the mixture was extracted by CHCl3/H,0 and the organic phase (dried over MgS0,) was
purified by column chromatography [hexane/ethyl acetate: 4/1 (v/v)]. The crude product was further
purified by recrystallization by hexane and ethyl acetate [hexane/ethyl acetate: 4/1 (v/v)]. DMOx was
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collected as white crystals (10 g) in 75% yield. *H NMR (CDCl3): 6 6.92 (s, 1H, NH), 4.63 (d, J = 3.4 Hz,
1H, -C=CH,), 4.21 (d, J = 3.3 Hz, 1H, -C=CH,), 1.45 (s, 6H, —CHs). *C{*H} NMR (CDCls): 6 162.22 (C=0),
155.75 (-O-C=CH,), 84.23 (-O-C=CH,), 58.40 (-C(CHs),), 29.37 (-CHs). FTIR (cm™): 3159 (NH), 2973
(CHs), 1748 (N-C=0), 1708 (0-C=0), 1668 (C=CH,).

Conventional Radical Copolymerization of VAc and Ethylene. V-70 (1.67 g, 5.40 mmol) was placed in
a 25 mL Schlenk tube under argon. After the addition of degassed VAc (16.59 mL, 15.50 g, 180 mmol),
the solution was transferred to a previously purged 30 mL stainless-steel autoclave under mild
ethylene flux. After closing the reactor, the pressure of ethylene was then increased to 50 bar and
polymerization was carried out at 40 °C. After 24 h, samples were withdrawn for NMR and SEC analyses
to determine conversions and the molecular parameters of the polymer, respectively. The final
copolymer was purified by repeated precipitations in hexane, followed by drying under vacuum at 60
°C overnight before characterization by *H NMR, 3C{ *H} NMR, HSQC, and COSY in DMSO-ds. A similar
experiment was carried out under 25 bar of ethylene, keeping constant all other parameters
([VAc]o/[initiator]o= 100/3).

Conventional Radical Terpolymerization of DMOXx, VAc, and Ethylene. AIBN (0.12 g, 0.75 mmol) and
DMOx (0.64 g, 5 mmol) were placed in a 15 mL Schlenk tube under argon. After the addition of
degassed VAc (1.84 mL, 1.72 g, 20 mmol), the solution was transferred to a previously purged 30 mL
stainless-steel autoclave under mild ethylene flux. The reactor was closed, the pressure of ethylene
was then increased to 50 bar, and polymerization was carried out at 65 °C. After 24 h, samples were
withdrawn for NMR and SEC analyses to determine conversions and the molecular parameters of the
polymer, respectively. The final copolymer was purified by precipitations in diethyl ether three times
followed by drying under vacuum at 60 °C overnight before characterization by *H NMR,*3C{ *H} NMR,
HSQC, and COSY in DMSO-d.

A similar experiment was carried out with V-70 at 40 °C, keeping constant all other parameters,
([VACc]o/[DMOX]o/[initiator]o= 80/ 20/3, 50 bar of ethylene).

A similar experiment was also carried out with different initial comonomer feed ratios
([VAC]o/[DMOx]o/[AIBN]o = 60/40/3) using AIBN as the initiator at 65 °C, keeping constant all other
parameters.

Conventional Radical Copolymerization of DMOXx and Ethylene. AIBN (0.049 g, 0.3 mmol) and DMOx
(1.27 g, 10 mmol) were placed in a 15 mL Schlenk tube under argon. After the addition of degassed
DMC (5 mL), the solution was transferred to a previously purged 30 mL stainless-steel autoclave under
mild ethylene flux. The reactor was closed, the pressure of ethylene was then increased to 50 bar, and
polymerization was carried out at 65 °C. After 24 h, samples were withdrawn for NMR and SEC analyses
to determine conversions and the molecular parameters of the polymer, respectively. The final
copolymer was purified by precipitations in diethyl ether three times followed by drying under vacuum
at 60 °C overnight before characterization by *H NMR, 3C{*H} NMR, HSQC, and COSY in DMSO-d.

A similar experiment was carried out with different monomer initiator ratios ([DMOx]o/[AIBN]o =
100/10), keeping constant all other parameters.

A similar experiment was carried out in bulk with different monomer initiator ratios ([DMOx]o/[AIBN]o
=100/10) at 80 °C, keeping constant all other parameters.
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Organometallic-Mediated Radical Copolymerization of DMOX, VAc, and Ethylene. DMOx (1.27 g, 10
mmol) was placed in a 15 mL Schlenk tube under argon. A solution of alkyl-cobalt(lll) initiator (PVAc.s-
Co(acac),) in CH,Cl; (2.3 mL of a 0.086 M stock solution, 0.2 mmol) was added into the same Schlenk
tube followed by evaporation of CH,Cl, under reduced pressure at room temperature. Then, degassed
VAc (3.68 mL, 3.40 g, 40 mmol) was injected under argon. The reaction mixture (omox= 0.2 and fPvac=
0.8, [VAclo/[DMOXx]o/[PVAcs-Co(acac)z]o = 200/50/1) was then transferred to a previously purged 30
mL stainless-steel autoclave under mild ethylene flux. The reactor was closed, the pressure of ethylene
was then increased to 50 bar, and polymerization was carried out at 50 °C. During polymerization,
samples were regularly taken and TEMPO was added to the samples in order to quench the
polymerization. The conversion of VAc and DMOx was determined by *H NMR in DMSO-de (1 mg of
TEMPO was added per mL of DMSO-ds). The molecular parameters (M, and D) of the polymer were
determined by SEC in DMF containing 0.025 M LiBr (samples were dissolved in DMF containing 10 mg
of TEMPO/mL). Polystyrene was used as calibration. After 24 h, the polymerization mixture was
guenched by the addition of 0.5 mL of TEMPO in DMSO (0.20 g/mL). The final copolymer was purified
by precipitation in diethyl ether three times followed by drying at 60 °C overnight before
characterization by *H NMR, *C{*H} NMR, HSQC, and COSY in DMSO-d&.

A similar experiment was carried out with different initial comonomer feed ratios (f omox = 0.4 and f’vac
= 0.6, [VAc]o/ [DMOx]o/[PVAc«s-Co(acac),]o= 150/100/1), keeping constant all other parameters.

Organometallic-Mediated Radical Polymerization of DMOx and Ethylene. DMOx (0.64 g, 5 mmol) was
placed in a 15 mL Schlenk tube under argon. A solution of alkyl-cobalt(lll) initiator (PVAc<s-Co(acac),)
in CHxCl, (0.23 mL of a 0.086 M stock solution, 0.02 mmol) was added into the same Schlenk tube
followed by evaporation of CH,Cl, under reduced pressure at room temperature. Then, degassed DMC
(2.5 mL) was injected under argon. The reaction mixture ([DMOx]o/[PVAc«-Co(acac)z]o= 250/1) was
then transferred to a previously purged 30 mL stainless-steel autoclave under mild ethylene flux. The
reactor was closed, the pressure of ethylene was then increased to 50 bar, and polymerization was
carried out at 50 °C. During polymerization, samples were regularly taken and TEMPO was added to
the samples in order to quench the polymerization. The monomer conversion was determined by *H
NMR in DMSO-ds (1 mg of TEMPO was added per mL of DMSO-ds). The molecular parameters (M»and
D) of the polymer were determined by SEC in DMF containing 0.025 M LiBr (samples were dissolved in
DMF containing 10 mg of TEMPO/mL). The polystyrene was used as calibration. After 24 h, the
polymerization mixture was quenched by the addition of 0.5 mL of TEMPO in DMSO (0.20 g/mL). The
final copolymer was purified by precipitation in diethyl ether three times followed by drying at 60 °C
overnight before characterization via 'H NMR, *C{*H} NMR, HSQC, and COSY in DMSO-d.

Synthesis of EVOH. EVA (8 g) was dissolved in MeOH (40 mL). NaOH (8 g, 0.2 mol) in deionized water
(30 mL) was added to the reaction mixture followed by stirring at room temperature in a round-
bottomed flask for 48 h. Subsequently, MeOH was evaporated, and EVOH precipitated out of the
solution. The EVOH was collected and washed three times with deionized water and then dried under
vacuum at 60 °C. EVOH was recovered as a white powder and characterized via *H NMR, *C{*H} NMR,
and HSQC in DMSO-ds and FTIR.

Synthesis of P(E-co-VOH-co-AMBO). P(E-co-VAc-co-DMOx) (3 g) was dissolved in MeOH (7 mL)
followed by the addition of a NaOH aqueous solution (3 g of NaOH in 7 mL of deionized water). The
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reaction mixture was placed in a stainless-steel Parr bomb reactor and heated at 120 °C. After 48 h,
the system was cooled to room temperature and added by MeOH (10 mL). The precipitated base was
removed by filtration. The copolymer solution was dialyzed (membrane 1 kDa) against distilled water
for 10 h in order to remove the residual base followed by dialysis against MeOH for 5 h. This operation
was repeated two times. After evaporation of the solvent, the P(E-co-VOH-co-AMBO) copolymer was
recovered as a powder and characterized by *H NMR, 3C{*H} NMR, and HSQC in DMSO-ds and FTIR.

Synthesis of P(E-co-VOH-co-POX). P(Eo30-c0-VOHo.46-c0-AMBOQOg24) (50 mg) and hexanal (25 mg, 0.25
mmol, stoichiometric ratio of NH,/HC=0) were dissolved in EtOH (0.63 mL) followed by stirring at room
temperature in a round-bottomed flask for 24 h. The desired P(Eo.30-c0-VOHo 46-c0-POx0.24) copolymer
was purified by precipitation in distilled water three times followed by drying at 60 °C under vacuum
overnight before characterization via *H NMR, *C{*H} NMR, HSQC, and COSY in DMSO-ds and FTIR.

Acid Treatment of P(E-co-VOH-co-POX). P(Eo.30-c0-VOHq.46-c0-POXo.24) (40 mg) was dissolved in MeOH
(1.5 mL) in a round-bottomed flask and added with HCI-H,0 (37 wt %, 0.13 g). After stirring for 4 h at
room temperature, 1 mL of distilled water was added to the solution followed by overnight stirring.
Subsequently, the solution was dialyzed (membrane 1 kDa) in distilled water for 24 h before the
addition of NaOH aqueous solution (5 M) and adjustment of pH at 10. Finally, the hydrolyzed polymer
was collected by filtration and dried at 60 °C under vacuum overnight.

Synthesis of EVOH Networks. P(Eo.30-co-VOHg 46-co-AMBOQOg.24) (0.2 g) was dissolved in EtOH (1.25 mL)
in a 10 mL glass tube with a lid followed by shaking at room temperature using a microplate shaker
(VWR) at 200 rpm. After the addition of glutaraldehyde (35 mg, 0.35 mmol, NH,/HCO = 1/0.7 ratio),
the solution was gently shaken for 15 min. The sample was then allowed to stand overnight leading to
the formation of a cross-linked EVOH gel. The latter was dried under vacuum and the resulting network
was characterized by solid-state NMR.

Table 1. Conventional Radical Copolymerization of Ethylene, Vac, and DMOx.

conv. (%)
entry init. T (°C) E (bar) foac £ Baox VAc DMOx M, sxc (g.f‘mol)" p’ F Foa Fomor

1 V70 40 25 1 0 88 25500 1.82 0.31 0.69

2 V70 20 50 1 0 66 18200 1.86 0.50 050

3 V70 40 50 08 02 19 12 7000 1.72 0.37 053 0.10
4 AIBN 65 50 08 02 84 41 28000 1.83 0.34 055 0.11
5 AIBN 65 50 06 04 86 55 24000 1.76 0.30 046 024
6° AIBN 65 50 0 1 4 5000 134 0.77 023
7= AIBN* 65 50 0 1 2 5100 1.63 0.74 026
8 AIBN* 80 50 0 1 12 2200 120 0.68 032

Conditions: 3 mol % of initiator compared to the monomers (entries 1-6). 2Determined by 'H NMR in DMSO-de. PDetermined
by SEC in DMF/LiBr using PS calibration. cDetermined by *H NMR in DMSO-ds after purification. 9Polymerization performed in
DMC (DMOx 2 M in DMC). €10 mol % of AIBN compared to the monomers.



Published in : Macromolecules (2021), vol.54, n°22, pp. 10415-10427 =
DOI: 10.1021/acs.macromol.1c01895 < 4 L I EG E
Status : Postprint (Author’s version) & université

Results and Discussion

Oxazolidinone-Functional EVAs and PEs via Conventional Radical Copolymerization. In the last
decades, the use of CO; as a renewable feedstock has received a lot of interest for the synthesis of
functional molecules and polymers. This abundant building block notably served for the preparation

)#5152 ysed herein for the functionalization of

of 4,4-dimethyl-5-methyleneoxazolidin-2-one (DMOx
EVAs and EVOHs. Inspired by previous reports,*®°1°2 DMOx was obtained in excellent yields by
carboxylative cyclization of 1,1dimethyl-prop-2-ynylamine catalyzed by AgNOsat 30 °C under 15 bar of

CO..

Before considering the synthesis of the oxazolidinone-containing copolymers, we prepared EVA
precursors with different compositions as reference materials. These EVAs were synthesized via E/VAc
copolymerizations initiated by a low-temperature radical initiator, namely, V-70, in the bulk at 40 °C.
The content of ethylene in the copolymer was tuned from 31 to 50 mol % by working at 25 or 50 bar
of ethylene pressure, respectively (Table 1 entries 1 and 2). The EVAs’ composition was determined by
'H NMR (Figure S1). These temperature and pressure conditions (40 °C and 50 bar) were then applied
to the terpolymerization of ethylene with VAc and DMOx ([VAc]o/[DMOx]o= 0.8/0.2) (Table 1, entry 3).
After 24 h, however, the monomer conversion remained low (<20%) with the formation of a
terpolymer of moderate molar mass (7000 g/mol). By performing the same experiment at a higher
temperature (65 °C) using AIBN as the initiator, decent monomer conversions were obtained (84 and
41% for VAc and DMO¥, respectively) and the copolymer molar mass was significantly increased (28
000 g/mol) (Table 1 entry 4). Besides typical signals of EVAs, characteristic peaks of DMOx units
appeared in the 'H NMR, HSQC (Figure 1), and COSY (Figure S2) spectra. The copolymer composition
was determined by comparing the intensity of signal c corresponding to —~CH- of VAc units at 4.8 ppm
and signal g assigned to -NH- of DMOx at 7.5 ppm with signals between 1 and 2 ppm containing peaks
a of —CH,- of ethylene units as well as methyl and methylene groups of VAc and DMOx. The molar
fraction of DMOx in the terpolymer was evaluated at 0.11, whereas the E and VAc molar fractions
reached 0.34 and 0.55, respectively. The E/VAc/DMOx copolymerization was then carried out under
50 bar of ethylene at 65 °C with a higher DMOx content in the feed ([VAc]o/[DMOx]o= 0.6/0.4) (Table
1 entry 5). Based on the NMR characterization (Figure S3), the DMOx content in the P(E-co-VAc-co-
DMOx) terpolymer was increased to 24 mol % while preserving an ethylene content of 30 mol %.

Next, the ethylene/DMOXx copolymerization was investigated at 65 °C under 50 bar of ethylene using
3 mol % AIBN (Table 1, entry 6). Since DMOx is a solid with a melting point of about 69 °C, the E/DMOx
copolymerization was performed in DMC, a solvent known for its low transfer constant in ethylene
polymerizations.>® After 24 h, a P(E-co-DMOx) copolymer with a moderate molar mass (5000 g/mol)
and DMOx content of 23 mol % was collected. However, the DMOXx conversion did not exceed 4%.
Increasing the amount of AIBN from 3 to 10 mol % at 65 °C increased the DMOx conversion to 23%
without affecting the molar mass and the composition of the copolymer (Table 1 entry 7). Typical *H
NMR, HSQC, and COSY spectra of the P(E-co-DMOx) copolymer are shown in Figures 2 and S4. Finally,
the E/ DMOx copolymerization was tested in bulk at 80 °C, so above the melting temperature of DMOX,
no improvement of the conversion and molar mass was observed (Table 1 entry 8). Overall,
conventional radical copolymerization gave access to a series of DMOx-containing EVAs and PE with
DMOx content up to 25 mol % and dispersity ranging from 1.5 to 2.
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Oxazolidinone-Functional EVAs and PEs by RDRP. The reversible deactivation radical
copolymerization of DMOXx with ethylene and VAc was then investigated in order to produce P(E-co-
VAc-co-DMOx) and P(E-co-DMOx) copolymers with predictable molar mass, low dispersity, and precise
composition. For this purpose, we considered the organometallic-mediated radical polymerization
(OMRP),>*>" an efficient RDRP technique for controlling the polymerization of many less-activated
monomers>>>® as well as the ethylene/VAc>®® and VAc/DMOx* copolymerizations. These
copolymerizations were typically initiated by an alkyl-cobalt initiator, that is, PVAc~4-Co(acac),, at
40-50 °C which is the optimal temperature range for the OMRP process involving such Co(acac),-
carbon bonds.

On this basis, the controlled radical terpolymerization of ethylene, VAc, and DMOx was tested at 50 °C
under 50 bar of ethylene in bulk using the alkyl-Co(acac) initiator (Scheme 2, Table 2 entries 1 and 2).
Two initial VAc/DMOx feed ratios were considered, namely, an f °pmox of 0.2 and 0.4 (Table 2 entries 1
and 2). Molecular parameters (M, and D) of the copolymer and monomer conversion were monitored
throughout the polymerization by SEC and *H NMR, respectively. In both cases, the molar mass of P(E-
co-VAc-co-DMOX) increased regularly with the comonomer conversion as indicated by Figure 3 and
the overlay of the SEC chromatograms (Figure S5), suggesting the controlled character of the
copolymerization. Moreover, the dispersity remained low throughout the polymerization, however,
broadened around 50% conversion certainly due to some irreversible termination reactions. This
phenomenon may result from the difference in reactivity between VAc and DMOx. Indeed, considering
the individual conversions of the comonomers, VAc is preferentially consumed over DMOx at the early
stage of the reaction, leading to the accumulation of DMOx in the feed which seems detrimental to
the control of the terpolymerization. Nevertheless, the controlled copolymerization of E/VAc/DMOx
was achieved by OMRP under mild temperature and pressure conditions and the resulting terpolymers
were characterized by *H- and 2D NMR (Figure S6). Expectedly, the molar fraction of DMOx in the
terpolymer increased from 0.15 to 0.25 when increasing the DMOXx content in the feed (f°omox) from
0.2 to 0.4, suggesting a possible control of the oxazolidinone content in the EVA-DMOXx copolymer
(compare Table 2 entries 1 and 2).

Finally, the OMRP of E/DMOx copolymerization was tested under similar temperature and pressure
(50 °C, 50 bar) using DMC as a solvent (Table 2, entry 3). Although polymerization was slow and the
conversion only reached 16% after 24 h, the M, of P(E-co-DMOx) clearly increased regularly with the
monomer conversion with a low-to-moderate dispersity (P ~1.13-1.50). At the term of the
polymerization, a P(E-co-DMOx) copolymer (7900 g/mol) containing 24 mol % DMOx was obtained.
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Figure 1. 'H NMR (a) and HSQC (b) spectra in DMSO-dg of P(Eg.34-co-Vaco ss-co-DMOxo.11) prepared by conventional radical
polymerization (Table 1, entry 4).
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Figure 2. 1H NMR (a) and HSQC (b) spectra in DMSO-ds of P(E0Q.74-co-DMOXxo.26) prepared by conventional radical
polymerization (Table 1, entry 7).

Scheme 2. Organometallic-Mediated Radical Copolymerization of Ethylene, VAc, and DMOXx.
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Table 2. Organometallic-Mediated Radical Copolymerization of E, Vac, and DMOx.

conv. (%)“
entry E (bar) f¥ac o Sason time (h) VAc DMOx total M, s (g/mol)” p* F Rens e
1 S0 0.8 02 1 2 1 S 3500 108
2 6 3 10 5400 108
3 12 - 15 6900 1.12
4 26 6 20 7900 1.16
3 37 8 27 9000 1.19
23 70 19 60 14800 154 031 0.54 0.15
2 50 0.6 04 1 7 0 4 3500 107
2 9 5 7 5600 111
3 14 7 11 6800 1.13
- 22 11 18 7900 117
S 26 13 21 9100 121
6 32 15 25 10000 122
22 56 20 42 14500 153 033 0.42 0.25
3 50 10 1 - - 4600 1.13
2 5 5 5400 120
3 s 5 6700 122
- 6 6 7000 132
5 7 7 7500 138
22 16 16 7900 150 0.76 0.24

Conditions: 50 °C, 50 bar ethylene, [RCo]/[VAc and DMOx] = 1/250. 2Determined by *H NMR in DMSO-ds. PDetermined by SEC
in DMF/ LiBr using PS calibration. <Determined by *H NMR in DMSO-dg after purification. 9Polymerization performed in DMC
(DMOx 2 M in DMC).

Vicinal Amino-Alcohol-Functional EVOHs. 2-Oxazolidinones are widely used as protecting groups of
1,2-amino alcohols and regenerate the latter upon hydrolysis.®?%® Therefore, we considered the
modification of the DMOx-containing copolymers into novel vicinal amino alcohol-functional EVOHs.

The P(E-co-VAc-co-DMOXx) terpolymer was transformed into the corresponding vicinal amino alcohol-
functional EVOH, namely, P(E-co-VOH-co-AMBO), by hydrolysis in the presence of a strong base at high
temperature (Scheme 3). To do so, P(Eo34-c0-VACos5-c0-DMOXo.11) (M, = 28 000 g/mol) was reacted
with sodium hydroxide in a MeOH/water mixture at 120 °C for 48 h (Scheme 3). Following this
treatment, the formation of the desired P(E-co-VOH-co-AMBO) terpolymer was confirmed by FTIR
notably through the appearance of intense and broad O-H and N-H stretching bands around 3300
cm™, the presence of a signal assigned to primary amines at 1588 cm™, and the disappearance of peaks
corresponding to the oxazolidinone and ester moieties around 1730 cm™ (Figure 4a). The quantitative
conversion of P(E-co-VAc-co-DMOX) in its amino alcohol-containing EVOH counterparts was further
proved by *H NMR (Figure 4b) as well as HSQC and COSY (Figure S7). Indeed, the 'H signal ¢ assigned
to —CH- of VAc units shifted from 5.0 to 3.6 ppm, whereas the peak d assigned to —CHs of VAc units
completely disappeared after this treatment, confirming the complete hydrolysis of VAc moieties.
Moreover, the H signal g assigned to -NH- of DMOx units at around 7.5 ppm fully disappeared and
was replaced by a broad multiple peak between 4.12 and 4.88 ppm corresponding to the deprotected
vicinal amino alcohol functions. The same hydrolytic procedure was successfully applied to the P(Eo 30-
c0-VAco.46-c0-DMOx0.24) terpolymer with a higher oxazolidinone content (24 mol %) leading to an amino
alcohol-rich EVOH derivative. However, the P(Eo7s-co-DMOxo2) remained unchanged after a
prolonged base treatment in a THF/water mixture at 120 °C.

Introducing these 1,2-amino alcohol functions along the EVOH backbone drastically changed its
solution properties. In contrast to the conventional EVOHs whose solubilization requires solvents that
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are difficult to remove and unfavorable to the environment such as DMSO or DMF, P(E-co-VOH-co-
AMBO)s completely dissolved in simple volatile alcoholic solvents such as MeOH and EtOH. These
amino-containing EVOHs could also be dissolved in water at low pH and exhibited pH-responsiveness
in water upon reversible protonation of their pendant amines, as shown in Figure 5. At pH 1, the amine
groups of P(E-co-VOH-co-AMBO) are mainly in their protonated state, which favors the solubility of the
terpolymer in water. Under these conditions, DLS revealed the presence of assemblies with a mean
diameter of 760 nm that probably result from hydrophobic interactions between the ethylene-rich
segments of the copolymer. After NaOH addition and deprotonation of the ammonium groups (pH 10),
the P(E-co-VOH-co-AMBO) terpolymer immediately precipitated from water due to possible
intermolecular H bonds involving amines and the loss of electrostatic repulsions between the chains
(Figure 5a). This pH-triggered response was observed for several acidification/basification cycles, and
the mean diameter of objects formed at pH 1 remained in the range of 750-850 nm (Figure 5b). To
our knowledge, this amine-functionalizing method imparts pH-responsiveness to EVOH for the first
time and offers new perspectives in the use of EVOHs in the field of metal chelation, construction of
layer-by-layer, and chemical modifications, to name a few.
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Figure 3. Dependence of M, (full symbols) and ® (hollow symbols) on the total monomer (VAc and DMOXx) conversion for the
OMRP of E/VAc/DMOXx with different compositions: f °pmox= 0.2 (m) and 0.4 (blue A) (Table 2, entries 1 and 2).
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Figure 4. FTIR (a) and H NMR in DMSO-ds spectra (b) of the P(Ep34-c0-VACoss-co-DMOXxg11) (Table 1, entry 4) and the
corresponding P(Eg 34-co-VOHg 55-co-AMBOg 11) copolymer obtained by hydrolysis.

Oxazolidine-Functional EVOHs. 1,2-Amino alcohols exhibit a large variety of applications in chemical
and pharmaceutical industries. In particular, their ability to condense with aldehydes is well-
documented and gives access to 1,3-oxazolidines,®” % that is, heterocyclic structures present in several
biologically active compounds.® These pH-sensitive molecules can be seen as cyclic acetal analogues
with one oxygen atom replaced by nitrogen and notably served for the reversible protection of 1,2-
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amino alcohols.”%72 In the light of these considerations, the conversion of the 1,2-amino alcohols of
P(E-co-VOH-co-AMBO) into oxazolidines appeared as a method of choice for the selective and
reversible post-modification of these amino-containing EVOH derivatives (Scheme 4).

First, the P(Eo.30-co-VOHg.46-co-AMBOg 24) copolymer containing 24 mol % 1,2-amino alcohol functions
was reacted with a low sterically hindered aldehyde, that is, hexanal, in ethanol with a stoichiometric
NH,/HC=0 ratio at 25 °C for 24 h.

The quantitative formation of the desired 2-pentyl oxazolidine-functional EVOH, namely, P(E-co-VOH-
co-POx), was confirmed by FTIR analysis (Figure 6a), *H NMR (Figure 6b), HSQC (Figure 6c), *C{*H} NMR
(Figure S8a), and COSY (Figure S8b). Indeed, the characteristic N-CH-O signal g of oxazolidine was
detected at 4.4 and 4.4-88 ppm (6"-6%) in the *H NMR and HSQC spectra (Figure 6b,c), respectively.
The latter also clearly evidenced the —CHs signal | of the lateral aliphatic chain. Based on the *C{*H}
NMR (Figure S8a) and HSQC (Figure 6C), we excluded the formation of imines and acetals via
condensation of hexanal with the amines and 1,3-diols of P(E-co-VOH-co-AMBO), respectively. Indeed,
no signal was detected around 160 ppm for the -N=CH- of imines and at 100 ppm for the O-CH-0 of
acetals. The absence of imines in the P(E-co-VOH-co-POx) sample was also confirmed by the lack of the
—-N=CH- signal at 6.5 ppm in *H NMR. Finally, the full consumption of the vicinal amino alcohol
functions of P(E-co-VOH-co-AMBO) upon reaction with hexanal was further supported by the
disappearance of the FTIR peak characteristic of primary amines of P(E-co-VOH-co-AMBO) at 1574 cm™
(strong intensity) and 3350 cm™ (shoulder peak) (Figure 6a).

Next, we tested the regeneration of the 1,2-amino alcohol functions via acidic hydrolysis of the
oxazolidine groups of P(E-co-VOH-co-POx). To do so, P(Eo 30-co-VOHg 46-c0-POxo 24) Was treated at room
temperature in methanol added with concentrated HCl.q. Following this, the primary amine FTIR peak
reappeared at 1574 cm™ confirming the release of amino-alcohol moieties (Figure S9a). As a
confirmation, the *H NMR signals corresponding to the vicinal amino alcohols were detected between
4 and 5 ppm (Figure S9b). Nevertheless, the hydrolysis seemed partial (about 61% conversion) as
assessed by the residual peak at 0.85 ppm assigned to —CHs of the aliphatic lateral chain of the
oxazolidine (Figure S9b).

Finally, P(Eo.30-co-VOHg.46-c0-AMBOQOg24) was reacted at room temperature in ethanol with a bis-
aldehyde compound, namely, glutaraldehyde, to target EVOH networks by specific conversion of the
amino alcohol functions into oxazolidines. Under these mild conditions, an EVOH gel swollen by
ethanol was collected (Figure 7a). The network structure and selective formation of oxazolidine groups
were demonstrated by *3C solid-state NMR (Figure 7b). Again, no signals corresponding to the -N=CH-
of imines and O-CH-O of acetals were detected at 160 and 100 ppm, respectively. Overall, the vicinal
amino alcohol functions are converted into oxazolidine groups without the formation of acetals in
contrast to the classical glutaraldehyde cross-linking process of VOH-containing polymers. Such a
selective cross-linking reaction opens new perspectives in the field of networks, notably the possibility
to control the distribution of the cross-linking points within a network composed of VOH units. As a
preliminary characterization of this EVOH network, swelling experiments were carried out. For this
purpose, samples were immersed in ethanol at ambient temperature for 24 h (until an equilibrium
state was reached). After weighting and drying the samples, we measured a swelling percentage equal
to 370%. In addition, the dynamic mechanical properties of this EVOH gel in ethanol were investigated
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under low-strain conditions by oscillatory shear characterized by an equilibrium in both storage (G’)
and loss (G"”) moduli under decreasing frequency (w) (Figure S10). Typically, G’ was about three times
higher than G” in the investigated range which assessed the elastic and cross-linked character of the
gel.
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Figure 5. (a) pH-responsive behavior of P(Eg.30-co-VOHg.46-c0-AMBOQg 24) in water (2.5 mg/mL). (b) Average DLS diameter of the
objects formed by P(Eg.30-co-VOHo.46-c0-AMBOg 24) in water at pH 1 after a different number of acidification (pH 1)/basification
(pH 10) cycles.
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Figure 6. FTIR spectra (a) of the P(Eo30-co0-VOHo 46-co-AMBOQg 24) precursor (black) and P(Eg.30-co-VOHg.46-c0-POXo.24) resulting
from condensation with hexanal (red). H NMR (b) and HSQC (c) spectra of P(Eq.30-co-VOHg.46-c0-POX0p.24) in DMSO-ds.
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Scheme 4. Selective Post-modification of the 1,2-Amino Alcohol-Containing EVOHs via the Formation of 1,3-Oxazolidine
Moieties
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Figure 7. Gel formation upon cross-linking of P(Eo.30-c0-VOHg.46-c0-AMBOQ 24) with glutaraldehyde in ethanol (a) and 13C solid-
state NMR spectrum of the resulting EVOH network (b).

Thermal Properties of the Functional EVAs and EVOHSs. As far as applications are concerned, the
thermal properties of EVAs and EVOHs are of prime importance and strongly depend on their
composition. Hereafter, we investigated the thermal behavior of the functional EVAs and EVOHs
prepared in this study by DSC and TGA. Some EVAs and their corresponding EVOHs were used as
references.

DSC curves of the EVAs and DMOx containing copolymers are presented in Figure 8a. Expectedly, due
to a higher ethylene content, P(Eos-co-VAcos) showed a lower glass transition temperature (Tg=-3.3
°C) compared to P(Eg31-co-VAcoes) (Tg= 16.9 °C). Moreover, the incorporation of DMOx within the EVA
backbone significantly increased its Tg. Indeed, for a similar ethylene molar fraction (around 0.3),
P(Eo.32-c0-VAcCo55-c0-DMOXx0.11) and P(Ep30-co-VAco.4s-c0-DMOXxo24) exhibited higher glass transition
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temperature (48.6 and 72.9 °C, respectively) compared to P(Eo31-co-VAcoss). This is explained by the
insertion of rigid oxazolidinone rings along the backbone which restrict the mobility of the chains.
Finally, the ethylene-rich P(Eo.7s-co-DMOxo.26) showed a much higher T, (66.3 °C) compared to P(Eq.7s-
co-VAcos) with a similar composition (Tg= -16 °C),”® which further highlights the tendency of DMOx
units to increase T,. The thermal degradation of these functional polymers was also analyzed by TGA
(Figure S11a). The EVAs and the DMOx-containing EVAs presented a two-step degradation profile
characteristic of copolymers composed of VAc units. As reported for the classical EVAs,”* the first step
corresponds to the thermal degradation of the VAc functions via deacetylation. Moreover, the 5 wt %
loss degradation temperature (Tgegs%) Of P(Eo.3a-c0-VACos5-cO-DMOX0.11) was high and similar to P(Egs-
co-VAcos) and P(Eo.31-co-VACo.6es) (Taegs% ~ 310 °C). However, a marked decrease in Tgegs% 0ccurred when
the molar fraction of DMOx was increased to 0.24, Tgeg s% Of P(Eo.30-cO-VACo.46-cO-DMOX0.24) = 231 °C.
Deprived of VAc units, P(Eo74-co-DMOXxo.23) showed the highest thermal resistance with a remarkable
Taeg 5% (372 °C). EVOH is a semicrystalline polymer whose Tg;and Tr are known to increase with the
content of vinyl alcohol. As an illustration, P(Eo.31-co-VOHoes) (Tg= 63.5 °C, Tm = 190.4 °C) displayed
higher transition temperatures compared to P(Eos-co-VOHos) (T;= 48.6 °C, Tm= 158.5 °C) (Figure 8b).
Because the hydrolysis of the oxazolidinone moieties releases amines and also alcohol functions
mimicking the hydroxyl groups of EVOH, P(Eo34-co-VOHgs5-co-AMBOg.11) and P(Eq.30-co-VOHg 46-co-
AMBOg24) contain approximatively the same amount of alcohol functions compared to P(Eos1-co-
VOHo.6s) Which thus constitutes a relevant reference material. First, the T; of the copolymer increases
in the order P(Eo31-co-VOHoes) < P(Eo34-c0-VOHos5-co-AMBQo.11) < P(Eo.30-c0-VOHq.46-c0-AMBQg 24)
(from 63.5 to 89.5 °C) certainly due to the amines which provide extra H-bonding sites and to the bulky
side groups which hinder the chain motion. In contrast to P(Eo31-co-VOHo s), the DSC curves P(Eq.34-co-
VOHg s5-c0-AMBOg.11) and P(Eo.30-co-VOHq.46-co-AMBQo 24) did not show any melting transition below
200 °C. The amorphous character of the vicinal amino alcohol-EVOHs was confirmed by the broad
bumps in their X-ray diffraction (XRD) patterns consistent with the absence of a long-range order
(Figure S12). In this case, the packing and crystallization of the polymer chains is most probably
hampered by the pendant isopropyl amine groups of AMBO units. Finally, the oxazolidine-containing
P(Eo.30-c0-VOHo 46-co-POxo.24) copolymer showed a slightly lower T¢ (67.2 °C) compared to its P(Eo.30-co-
VOHo.46-c0-AMBOg24) precursor (89.5 °C) (Figure 8b). The introduction of rigid oxazolidine rings,
supposed to restrict the chain mobility and increase the Tg, was thus counterbalanced by the presence
of flexible aliphatic chains on the oxazolidines and the consumption of the amino alcohol H-bonding
sites. Finally, degradation temperatures (Tgegs%) of EVOHs and P(E-co-VOH-co-AMBO)s were recorded
between 246 and 272 °C, whereas the oxazolidine-containing copolymer seemed slightly more
sensitive to thermal degradation (Tqegs% = 224 °C) (Figure S11b). As reported for classical EVOHs,” a
major degradation product in the first degradation step is probably water, produced by elimination of
the hydroxyl side group. However, an in-depth study would be necessary to unravel the thermal
degradation mechanism of these novel vicinal amino alcohol-containing EVOHs.
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In summary, we have described a straightforward synthesis platform for novel amino alcohol-
functional EVOH copolymers. As a first step, a series of oxazolidinone-functionalized EVAs and PEs
precursors were prepared via conventional radical copolymerization of ethylene and VAc with DMOx,
an oxazolidinone-based methylene heterocycle derived from carbon dioxide. Copolymers with DMOx
contents up to 25 mol % were synthesized. These copolymerizations were also successfully performed
via reversible deactivation radical polymerization by OMRP giving access to the corresponding well-
defined copolymers. The hydrolysis of the oxazolidinone-containing copolymers was then optimized
under basic conditions to furnish unique vicinal amino alcohol-functional EVOHs. The incorporation of
this peculiar motif along the EVOH chains not only improved their solubility but also imparted pH-
responsiveness to EVOH samples for the first time and offered unique post-modification possibilities.
As a proof of concept, the conversion of the pendant 1,2-amino alcohol groups into oxazolidines by
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reaction with an aldehyde was proved quantitative and selective, making this approach a tool of choice
for modification of EVOHs. In this respect, EVOH gels were also successfully prepared by reacting the
vicinal amino alcohol-containing polymers with a bis-aldehyde under mild conditions. Finally, the
insertion of rigid oxazolidinone rings along the EVA backbone increased the glass transition of the
latter, whereas the presence of 1,2-amino alcohols within the EVOH sample increased its glass
transition and rendered it amorphous and easily soluble in alcohols.

Considering the valuable properties of the amine functional polymers such as ability to protonate,
metal chelation ability, enhanced surface adhesion, and the specific reactivity of vicinal amino alcohol,
this new synthesis platform based on the oxazolidinone building block is opening many prospects in
the use of functional EVOHs and more generally, in the preparation of novel functional ethylene-based
copolymers that are currently not accessible by other techniques.
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Figure S2. COSY spectrum in DMSO-ds of P(Eq34-c0-VAcoss-co-DMOxo.11) prepared by conventional radical polymerization

(Table 1, entry 4).
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Figure $3. 'H NMR (a) and HSQC (b) COSY (c) spectra in DMSO-dg of P(Eg.30-c0-VAco.46c0-DMOX0 24) (Table 1, entry 5).
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Figure S4. COSY spectrum in DMSO-dg of P(Eq 7a-c0-DMOxo.26) (Mn = 5100 g/mol, Fpmox = 0.26) prepared by conventional
radical polymerization (Table 1, entry 7).
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Figure S5. SEC traces for the OMRP of E/VAc/DMOXx with different compositions (a and b, f°omox = 0.2 and 0.4, respectively,
Table 2 entries 1 and 2) and for the OMRP of E/DMOx (c) (Table 2, entry 3).
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Figure S6. 'H NMR (a), COSY (b) and HSQC (c) spectra in DMSO-ds of P(E-co-VAc-coDMOXx) (M, = 14500 g/mol, Fomox = 0.25)
prepared by OMRP (Table 2, entry 2). The final copolymer was treated with TEMPO at the end of the OMRP in order to quench
the reaction and replace the terminal cobalt complex according a well-established procedure (see Macromolecules 2005, 38,
5452-5458).
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Figure S7. H NMR (a), COSY (b) and HSQC (c) spectra in DMSO-ds of P(Eq.34-c0-VOH s5sco-AMBOo 11) obtained by hydrolysis of
P(Eo.34-c0-VACo 55-c0-DMOx0 11) (Table 1, entry 4).
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