Open Access Article. Published on 17 August 2022. Downloaded on 4/9/2026 12:59:40 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Polymer
Chemistry

) Check for updates

Cite this: Polym. Chem., 2022, 13,
5226

polymerizationt

Hien The Ho,
Laurent Fontaine,

*@ Véronigue Montembault,
® Didier Gigmes

™ COYAL SOCIETY
ap OF CHEMISTRY

Well-defined amine-reactive polymethacrylates
through organocatalyzed controlled radical

® Sagrario Pascual, ©°

*@ and Trang N. T. Phan (&) *®

A novel alkyl iodide bearing an azlactone group was synthesized and used as a reversible complex-

mediated polymerization (RCMP) initiator for the organocatalyzed RCMP of methyl methacrylate (MMA)

and poly(ethylene glycol) methyl ether methacrylate (MPEGMA). The efficiency of the new initiator was

Received 5th July 2022,
Accepted 16th August 2022

DOI: 10.1039/d2py00873d

rsc.li/polymers strated by using benzylamine.

Introduction

Over the past decade, the azlactone functionality has become
one of the most useful functional groups for organic chemistry
and (bio)material synthesis."™ Due to its high reactivity
towards amines, azlactone reacts readily with amine contain-
ing molecules without the need for a catalyst. Furthermore,
the absence of side-product formation is a considerable advan-
tage of the “azlactone-amine” reaction.’ Thanks to its high
reactivity towards amines the azlactone group has been incor-
porated into polymer chains to obtain azlactone-based
materials. These azlactone functionalized polymers were
further used to immobilize amine-containing (bio)molecules
such as peptide and protein for affinity chromatography,® drug
delivery’ and enzyme immobilization.® Moreover, azlactone-
containing polymers have also been used for preparing
core-shell nanoparticles’ and nanostructured thin-films."°
Azlactone-functionalized polymers can be obtained either by
introducing azlactone groups along the polymer backbone or
by functionalization of the polymer chain-end. While polymers
bearing multi-azlactone groups have been widely reported,
there are few studies on the synthesis of azlactone-terminated
polymers. In an early study, Fontaine and coworkers described
post-polymerization modification (PPM) as a powerful method
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studied under different processes including thermal and photochemical activation. Well-defined
a-azlactone-functionalized polymethacrylates (D < 1.30) with an absence of “free” toxic transition metals
were obtained for the first-time. The amine-scavenging ability of these functional polymers was demon-

to obtain w-azlactone-functionalized polymers using “click”
reactions of thiol or alkyne-terminated polymers with azlac-
tone molecules bearing vinyl or azido (-N3) groups,
respectively."""* In these studies, the w-azlactone-terminated
polymers were successfully coupled to lysozyme to obtain the
lysozyme-polymer conjugated product. However, the multi-step
synthesis is a major drawback of chain-end PPM approach.
Alternatively, the combination of reversible-deactivation
radical polymerization'® (RDRP) with an azlactone-functiona-
lized molecule as initiator or transfer agent has been shown to
be a suitable method to access azlactone-terminated poly-
mers." This approach is not only a directly synthetic route to
obtain a-azlactone functionalized polymers with a well-defined
structure, but also allows a quantitative azlactone functionali-
zation unlike PPM. For example, Lewandowski et al.'* have
reported the atom transfer radical polymerization (ATRP) of
methyl methacrylate (MMA) using a bromo-azlactone molecule
as an initiator and copper(i) chloride/bipyridine as a catalytic
system to afford an o-azlactone functionalized poly(methyl
methacrylate) (PMMA). However, the residual copper catalyst
raises the question of the toxicity of ATRP-based polymers for
biomedical applications."® Similarly, different a-azlactone-ter-
minated (co)polymers have also been obtained using an azlac-
tone-functionalized alkoxyamine as a nitroxide-mediated
polymerization (NMP) initiator, whereas the synthesis of
a-azlactone-terminated polymethacrylates by NMP has not
been reported.'® Additionally, the NMP approach suffers from
the tedious synthesis of the starting nitroxide radical as well as
potential residual traces of the copper used as a catalyst
during the synthesis of the alkoxyamine initiator. To avoid the
use of a copper catalyst, Ho et al."” reported the synthesis of a
series of o-azlactone-functionalized polystyrenes, poly(ethyl

This journal is © The Royal Society of Chemistry 2022
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acrylate)s and poly(N-isopropyl acrylamide)s by reversible
addition-fragmentation chain transfer (RAFT) polymerization
using an azlactone-trithiocarbonate as a transfer agent.
Nevertheless, the ability of azlactone-trithiocarbonate to
control the RAFT polymerization of methacrylates remains
challenging. Therefore, the copper-free synthesis of azlactone-
terminated polymethacrylates has become a major challenge.
In this context, the development of metal-free RDRP tech-
niques offered new opportunities to synthesize well-defined
polymers. Among them, the reversible complexation-mediated
polymerization (RCMP) has emerged as a powerful organocata-
lyzed technique for synthesizing polymethacrylates with a well-
defined structure.'®! RCMP is known as a simple and versa-
tile process that can be performed under thermal or photo-
irradiation without the addition of a radical initiator. In this
context, this contribution focuses on the use of RCMP to syn-
thesize well-defined a-azlactone-terminated polymethacrylates.
In this study, we describe the synthesis of a new azlactone-
functionalized iodide RCMP initiator to prepare well-defined
a-azlactone terminated polymethacrylates. The efficiency of
this new initiator in polymerizing methacrylates by RCMP was
investigated for the first time, and then the reactivity of the
resulting azlactone-terminated polymers towards amines was
then demonstrated by a coupling reaction with benzylamine.

Experimental

Materials and characterization

See ESL.T

Synthesis of 2-(1-iodoethyl)-4,4-dimethyloxazol-5(4H)-one
(iodo-azlactone, I-Azl). In a round bottom flask equipped with
a magnetic stirrer and a dropping funnel, sodium iodide (Nal,
3.00 g, 20.0 x 10~ mol) and acetone (15.0 mL) were added and
stirred at room temperature under argon. Then, a solution of
2-(1-bromoethyl)-4,4-dimethyloxazol-5(4H)-one'” (bromo-azlac-
tone, 2.00 g, 9.09 x 10> mol) in acetone (5.0 mL) was added
dropwise into the reaction mixture at room temperature, with
a white solid forming during the addition. The reaction
mixture was then stirred continuously at room temperature for
10 min and then at 40 °C for 2 h. The reaction mixture was fil-
tered to remove the white salt and the filtrate was subsequently
concentrated under reduced pressure at room temperature.
The crude product was dissolved in diethyl ether, filtered and
concentrated under vacuum to yield the final product as an
orange oil. Yield: 75% (1.83 g). The product was stored under
argon at —20 °C avoiding any contact with light and water.
HR-MS analysis (C;H;,NO,I): detected ion [M + H]', calculated
value m/zeqc = 267.9829 Da and experimental value m/Zey, =
267.9828 Da. 'H NMR (300 MHz, CDCl;) § (ppm): 4.73 (q, J =
7.1 Hz, I-CH(CH,)-), 2.08 (d, J = 7.1 Hz, I-CH(CH3)-), 1.41 and
1.40 (s, -C(CHs3),) (Fig. 1A). *C NMR (75 MHz, CDCly)
5 (ppm): 180.23 (C=0)ayactone,; 164.10 (C=N)u 1actone; 66.18
(C(CH3)y), 23.89 and 23.70 (C(CHs),), 23.18 (ICH(CHj;)-), 8.17
(ICH(CH;)-) (see ESI Fig. S1f). FT-IR (cm™"): 1824
(V(Czo)azlactone)y 1657 (V(CZN)azlactone) (see ESI Fig. S2).

This journal is © The Royal Society of Chemistry 2022
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Fig. 1 H NMR (300 MHz) spectra of (A) I-Azl and (B) bromo-azlactone
in CDCls.

Typical thermal procedure for the reversible-mediated complex
polymerization (RCMP)

RCMP of methyl methacrylate (MMA). MMA (3.70 g,
0.037 mol), I-Azl (0.10 g, 3.75 x 10~* mol), and tetrabutyl-
ammonium iodide (TBAIL, 0.070 g, 1.90 x 10™* mol) were
sequentially added into a headspace vial equipped with a mag-
netic stir bar. The vial was then sealed using a headspace cap.
The resulting mixture was deoxygenated by bubbling argon for
30 min under cooling in an iced bath. The mixture was then
continuously stirred under argon for 10 min to reach room
temperature. The vial was immersed in an oil bath thermo-
stated at 80 °C to allow the polymerization to occur (initial
reaction time, ¢ = 0). Samples were removed periodically using
a deoxygenated syringe to perform size exclusion chromato-
graphy (SEC) analysis and to monitor monomer conversion by
"H NMR spectroscopy. After 120 min, the polymerization was
quenched by rapid cooling and exposure of the polymerization
solution to air. The reaction mixture was afterwards dissolved
in dichloromethane (DCM) and precipitated in methanol. The
final polymer was filtered out and dried under vacuum at
room temperature to obtain a white solid with DP, nmr = 81,
My sec = 9460 g mol ™", P = 1.19. "H NMR (400 MHz, CDCl;)
8 (ppm): 3.77 (-C(CH,)(1)COOCHj;), 3.58 (-COOCHj), 2.06-1.65
(-CH,-C(CH;)-), 1.33-0.72 (~CH,-C(CH;)- and —CHjgaactone)
(Fig. 3). FT-IR (em™): 1820 (v(c—ojastactone)s 1725 (Y(c—ojester)
(see ESI Fig. S37).

RCMP of mPEGMA. Polymerization of mPEGMA was con-
ducted according to the similar previous protocol for MMA at
80 °C using I-Azl (0.020 g, 7.49 x 10> mol), mPEGMA (M,, =
475 ¢ mol™', 3.55 g, 7.47 x 10~ mol) and TBAI (33.4 mg,
9.05 x 10~> mol). After 180 min, the mPEGMA conversion was
at 7% with My, sgc = 7440 g mol ™" and P = 1.09.

Typical procedure for the photo-polymerization of mPEGMA
by using I-Azl initiator with UV lamp operating at 365 nm

Using tri(n-butylamine) as a catalyst. I-Azl (0.020 g, 7.49 x
10~ mol), mPEGMA (M,, = 475 g mol", 1.42 g, 2.99 x 107>
mol) and tri(n-butyl)amine (13.14 mg, 7.10 x 10> mol) were

Polym. Chem., 2022,13, 5226-5233 | 5227


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d2py00873d

Open Access Article. Published on 17 August 2022. Downloaded on 4/9/2026 12:59:40 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Paper

sequentially added into a headspace vial equipped with a mag-
netic stir bar. The vial was then sealed using a headspace cap.
The mixture was then deoxygenated by bubbling argon for
30 min at room temperature. The deoxygenated vial was then
irradiated inside the operating UV nail box (4 = 365 nm, 36 W)
to allow the polymerization to occur (initial reaction time, ¢ =
0). During polymerization, the temperature of the nail box was
kept below 40 °C using computer fans. Samples were removed
periodically using a deoxygenated syringe to perform SEC ana-
lysis and to monitor monomer conversion by '"H NMR spec-
troscopy. After 240 min, the polymerization was quenched by
rapid cooling and exposure of the reaction mixture to air. The
a-azlactone-functionalized poly(poly(ethylene glycol) methyl
ether methacrylate) (poly(mPEGMA)) was precipitated in
diethyl ether and dried under vacuum at room temperature to
obtain a yellow gummy paste with M, sec = 18410 g mol ', P =
1.18 (see ESI Table S1,7 run 8). '"H NMR (400 MHz, CDCl;)
5 (ppm): 4.07 (-COOCH,CH,0-), 3.76-3.57 (-CH,CH,O- of
PEG unit). 3.37 (-OCHj), 2.05-1.47 (-CH,C(CH3)-), 1.44-0.74
(~CH,C(CH;3)- and ~CHjgtactone) (Fig. 6A). FT-IR (cm™): 1820
(V(C:O)azlactone)y 1725 (V(Czo)ester) (see ESI Fig. S4AT).

Using TBAI as a catalyst. Photo-polymerization was carried
out according to the previous procedure using I-Azl (0.020 g,
7.49 x 107> mol), mPEGMA (M,, = 475 g mol ", 1.2 g, 2.53 x
10~* mol) and TBAI (11.3 mg, 3.06 x 10> mol) (see ESI
Table S2 and Fig. S4B¥).

Coupling reaction of benzylamine with a-azlactone-
functionalized polymethacrylates

a-Azlactone-functionalized PMMA (M, sgc = 9180 g mol™!, b =
1.22, 0.3 g, 3.27 x 107> mol) or poly(mPEGMA) (M, sgc =
20770 g mol™*, B = 1.20, 0.3 g, 1.44 x 10> mol) (see ESI
Table S3t) and tetrahydrofuran (THF, 2.00 mL) were charged
into a glass scintillation flask equipped with a magnetic stir
bar. Then, a solution of benzylamine (0.0243 g, 2.27 x 10~*
mol and 0.010 g, 9.35 x 10~° mol for a-azlactone-functiona-
lized PMMA and poly(mPEGMA), respectively) in THF (1.0 mL)
was added into the reaction mixture and the resulting solution
was stirred at 40 °C for 24 h under argon. The solution was
then concentrated under rotary evaporator and precipitated in
diethyl ether. The final polymer was filtered out and dried
under vacuum at room temperature. SEC analysis: after coup-
ling reaction of benzylamine with (1) o-azlactone-functiona-
lized PMMA: M, gpc = 11000 ¢ mol™', P = 1.13 and (2)
a-azlactone-functionalized poly(mPEGMA): M, skc 20500
gmol ™, p=1.18.

Results and discussion

Organocatalyzed RCMP synthesis of well-defined a-azlactone-
functionalized PMMA

The use of azlactone derivatives as an initiator or transfer
agent in RDRP process has been rarely reported in the litera-
ture. We are only aware of three studies using azlactone deriva-
tives as an ATRP initiator,"* NMP alkoxyamine'® or RAFT

5228 | Polym. Chem., 2022, 13, 5226-5233
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agent."” Therefore, in this study a new azlactone-functiona-
lized iodide was proposed and used as an initiator for the
reversible complex-mediated polymerization (RCMP) of two
methacrylate monomers. The 2-(1-iodoethyl)-4,4-dimethyl-
oxazol-5(4H)-one (I-Azl) initiator was synthesized by the reac-
tion between 2-(1-bromoethyl)-4,4-dimethyloxazol-5(4H)-one
(bromo-azlactone) and sodium iodide (Nal) in acetone at 40 °C
(Scheme 1).

The successful bromine-iodine nucleophilic displacement
reaction was confirmed by proton (*H) nuclear magnetic reso-
nance (NMR) spectroscopy, with the signal -CH(CH;3)X
(labeled (c) in Fig. 1) shifting from 4.63 ppm to 4.73 ppm
when bromine (X = Br) is replaced by a iodine (X = I) (Fig. 1A).
I-Azl is expected to be a useful RCMP initiator for the synthesis
of a-azlactone-functionalized polymers due to its secondary
alkyl iodide structure adjacent to the strongly electron-with-
drawing azlactone cycle acting as a stabilizing group.

Organic catalysts play an important role in the control and
kinetic of RCMP as well as in the synthesis of high molar mass
polymers."®2° Due to its high reactivity, tetrabutylammonium
iodide (TBAI) is widely chosen as catalyst for RCMP of methyl
methacrylate (MMA).">?*° Typically, the polymerization temp-
erature is strongly influenced by the initiator structure. For
instance, previous studies showed that the RCMP initiators
I-CH(CHs;)- adjacent to an ester group (R: ethyl, phenyl) could
only be initiated at 110 °C.>*>* To highlight the efficiency of
the I-Azl where the I-CH(CH3;)- part is adjacent to the azlactone
group, the polymerization was carried out at 70 °C and 80 °C
in bulk with the presence of 0.51 equiv. TBAI relative to I-Azl
under argon (Scheme 1). Kinetic studies (Fig. 2A) showed line-
arity of pseudo-first order plots with a constant propagating
radical concentration during polymerization at both tempera-
tures. Fig. 2A also indicated an induction period. Such behav-
ior could be due to the time required for complexation
between the TBAI catalyst and the I-Azl initiator to trigger
polymerization and/or to solubilize the TBAI in MMA.
Furthermore, faster polymerization at 80 °C compared to 70 °C
can be explained by an increase in the solubility of TBAL
Moreover, the low dispersities (P < 1.30) together with a linear
evolution of the number-average molar masses determined by
SEC analysis (M,sec) against monomer conversion were
observed, indicating that simultaneous polymer chain growth

Nal, acetone

osa

o
bromo-azlactone I-Azl

TBAl buk | * 1
o

40°C, argon

A, argon o

\
oy
o] \ |
o n
070"

a-azlactone functionalized PMMA

Scheme 1 Synthesis of 2-(1-iodoethyl)-4,4-dimethyloxazol-5(4H)-one
(I-Azl) and its mediated RCMP of MMA by using TBAI as a catalyst.

This journal is © The Royal Society of Chemistry 2022
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Fig. 2 Polymerizations of MMA at 70 °C and 80 °C using I-Azl as the initiator and TBAI as the catalyst with: (A) kinetic plot versus time polymeriz-
ation; (B) evolution of number-average molar mass and dispersities with conversion.

and no significant transfer reaction occurred during both poly-
merizations (Fig. 2B). The difference value between M, src and
the theoretical number-average molar masses (M, ) could be
attributed to the insufficient amount of deactivator (iodine/
catalyst complex) accumulated in the early stage of polymeriz-
ation. Indeed, the generated alkyl radicals from I-Azl or oligo-
mers can combine quickly to terminate the polymerization
reducing the initiator efficiency.

After precipitation, the presence of the azlactone group in
the a-azlactone-terminated PMMA was confirmed by Fourier-
Transform Infra-Red (FT-IR) spectroscopy with a characteristic
band at 1820 cm™" due to the carbonyl group of the azlactone
ring (v(c—o)azlactone) and a strong band at 1725 cm ™! due to the
carbonyl ester (y(c—ojester) Of the PMMA chain (ESI Fig. S37).

In addition, the chemical structure of w-iodide-terminated
PMMA chain was confirmed by "H NMR analysis with the pres-
ence of a small signal at 3.77 ppm assigned to the methyl ester
group adjacent to the w-iodide end chain'® (-C(CH;)(1)
COOCH3;, labeled (g) in Fig. 3); the large signal at 3.58 ppm
being attributed to the -COOCH; groups of the main chain
(labeled (f) in Fig. 3). Finally, the number-average degree of
polymerization (DP, xyvgr) Was determined by 'H NMR from
the ratio of the integrations of these two signals and was esti-
mated to be DP,, xnmr = 81. This DP,, yur value corresponds to
a polymer chain having My, xmr = 8370 g mol ™" that correlates
well with the M, sgc = 9460 g mol~. These results show that

(d). (b)

——

® @
N
oL Oy
[} n
© o 0 o7
(®) (9)

CHCl

75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 ppm
il
E

Fig. 3 'H NMR spectrum (400 MHz) of a well-defined a-azlactone-
functionalized PMMA (DP,,nmr = 81, M, sec = 9460 g mol™, b = 1.19) in
CDCls.

This journal is © The Royal Society of Chemistry 2022

the I-Azl is an efficient RCMP initiator to mediate the con-
trolled RCMP of MMA to prepare a well-defined a-azlactone-
functionalized PMMA.

Impact of oxygen, catalyst amount and monomer structure on
the efficiency of I-Azl

Due to the oxygen reaction with propagating radicals, the deox-
ygenation of a reaction mixture is a crucial step in radical
polymerization. Therefore, the development of oxygen tolerant
polymerization processes is still highly desired in polymer syn-
thesis.>* Recently, Wang et al.>® have reported that the RCMP
of MMA could be carried out without deoxygenation by
using the iodine (I,) and N,N,N',N",N"-pentamethyldiethyl-
enetriamine (PMDETA) as a catalyst. However, aside from this
report, most RCMP experiments have been performed under
inert atmosphere. Accordingly, we evaluated the oxygen toler-
ance of RCMP using TBAI catalyst and investigated the
efficiency of the I-Azl initiator in performing a polymerization
process under air. The I-Azl-mediated polymerization of MMA
has been carried out with [MMA]y/[I-Azl],/[TBAI], = 99/1/0.51 at
80 °C without the deoxygenation step. Fig. 4 confirmed the
good control of the polymerization of MMA as indicated by the
linear first-order kinetic plot of the polymerization and the low
D values of the resulting polymers. This result clearly demon-
strates the oxygen tolerance of RCMP technique as well as the
efficiency of I-Azl in controlling polymerization of MMA even
under air and without addition of I,. A longer inhibition
period is observed for the polymerization performed under air
(Fig. 4A and Table 1), oxygen being known to be a radical
inhibitor, preventing the growth of macromolecular chains.
Subsequently, deoxygenation was considered as a crucial step
for further experiments to improve the efficiency of I-Azl. The
influence of the [TBAI|y/[I-Azl], ratio was also studied during
RCMP of MMA. Increasing [TBAI|,/[I-Azl], ratios from 0.51 to
1.21 resulted in a faster polymerization rate with higher
monomer conversion after 90 min (entry 1 vs. entry 3, Table 1
and Fig. 4).

Among the methacrylic monomers, due to the biocompati-
ble and ionic conductive properties of poly(ethylene oxide),
mPEGMA has emerged as one of the leading monomers for
the preparation of the biorelevant materials as well as solid

Polym. Chem., 2022,13, 5226-5233 | 5229
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Fig. 4 Polymerization of MMA at 80 °C using |-Azl as the initiator and TBAI as the catalyst with: (A) kinetic plot versus time polymerization; (B) evol-
ution of number-average molar mass and dispersity values with monomer conversion.

Table 1 Summary of I-Azl mediated RCMP of MMA at 80 °C under different conditions

Entry [MMA], : [I-Azl], : [TBAI], Time (min) Conv.” (%) My’ (g mol™) M sec” (g mol™) pe

1 99:1:0.51 90 48 5020 7590 1.22
2 99:1:0.51¢ 90 7 960 3090 1.16
3 99:1:1.21 90 62 6400 10 140 1.19

“Determined by 'H NMR spectroscopy. an,th = Mpag + (99 x Conv. X Myma/100) with Mypa = 100 g mol ™. “Determined by size exclusion
chromatography with THF as an eluent and PMMA standards used for the calibration curve. * Without deoxygenation step.

polyelectrolyte for battery applications.*®?” To expand our

research, the I-Azl initiator was used for the polymerization of
mPEGMA with a [mPEGMA],/[I-Azl],/[TBAI], ratio of 100/1/1.21
at 80 °C under argon. After 180 min of polymerization, the
monomer conversion was only 7% giving a polymer with
M, spc=7440 g mol ™" and P = 1.09. According to the literature,
RCMP in polar media at high temperatures higher than 55 °C
can lead to the elimination of hydrogen iodide (HI) from the
polymer chain-end.?® Therefore, the low conversion of mMPEGMA
can be attributed to the deactivation of the propagating radical
by elimination of w-iodide due to the hydrophilicity character of
the mPEGMA monomer as a polar medium at 80 °C. To avoid
the w-iodide elimination, the RCMP process of mPEGMA could
be improved by either using a thermal radical initiator and
iodine (I,) at 60 °C or by photopolymerization.'®*">°
Nevertheless, the addition of co-initiators/I, can lead to uncon-
trolled polymer chains and high polymer dispersity values.
Therefore, the photopolymerization of mPEGMA using I-Azl as
an initiator was considered in this study to synthesize well-
defined a-azlactone-functionalized poly(mPEGMA).

I-Az]l mediated RCMP of poly(ethylene glycol) methyl ether
methacrylate under UV irradiation

The C-I bond of an alkyl iodide can be easily broken under
exposure to visible or Ultra-violet (UV) radiation. So, the photo-
irradiation has widely used to as alternative effective approach
to initiate the RCMP process.***° Photo-trigged RCMP (photo-
RCMP) was then carried out in bulk with tri(n-butyl)amine or
TBAI as the catalyst (Scheme 2). In photo-RCMP, the best
control of polymerization of mPEGMA was achieved with a
[catalyst]o/[initiator], ratio equal to 0.95 when using tri(n-butyl)
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Scheme 2 Photo-polymerization of mMPEGMA at 1 = 365 nm with 1-Azl
initiator and tri(n-butyl)amine or TBAI catalyst.

amine as a catalyst. This [catalyst],/[initiator], ratio was
adjusted to 0.41 when TBAI was used as a catalyst, in order to
maintain a homogeneous solution due to the low solubility of
TBAI in mPEGMA.

Fig. 5A and B show a pseudo-first order of kinetic plot and
a linear evolution of M, spc with monomer conversion together
with low dispersity values (P < 1.2) for both catalysts. In
addition, the unimodal SEC traces along with the progressive
shift to shorter retention times illustrate the observed increase
in molar mass throughout the polymerization, which is clearly
indicative of a controlled radical polymerization (Fig. 5C and
D). The structure of the obtained polymers was also verified by
'"H NMR analysis showing the characteristics signals of the
repeating poly(ethylene oxide) side chains at 3.76-3.57 (labeled
(g) in Fig. 6) and 3.37 (labeled (h) in Fig. 6). Because of the low
resolution of the signals of the two extremities in comparison
with the other part of the polymer chain, it is difficult to deter-
mine the number-average degree of polymerization via NMR
analysis. The presence of the azlactone group at the chain-end
of poly(mPEGMA) was confirmed by FT-IR spectroscopy with
the appearance of the distinguishable band v(c—ojazlactone at
1820 cm™" (see ESI Fig. S41). All these results indicate that

This journal is © The Royal Society of Chemistry 2022
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Fig. 6 'H NMR spectra (400 MHz) of azlactone-functionalized poly
(mPEGMA) obtained using (A) tri(n-butyl)amine and (B) TBAI catalyst in
CDCl; (* denoted the signal of residual TBAI catalyst).

I-Azl is an efficient initiator to synthesize well-defined
a-azlactone-functionalized poly(mPEGMA)s using a photo-
RCMP process.

Reactivity of azlactone-terminated polymers towards an amine

The azlactone ring has become an increasingly useful func-
tionality for the rapid and modular design of functional
materials thanks to its reactivity towards primary amines. To
demonstrate the amine scavenging ability of the azlactone
group installed at the polymer chain-end, a-azlactone-functio-
nalized PMMA and a-azlactone-functionalized poly(mPEGMA)
(ESI Table S3t) were reacted with an excess of benzylamine
(6.9-6.5 equiv.) as a model amine (Scheme 3).

This journal is © The Royal Society of Chemistry 2022
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73
Y I
07 0R

with -OR :-OCHj

P ~ 5 (e)
| S
M(L LA Nx%i_}x‘
» & H n
© © 0”0
W") 9
/;o\\ 0.4
(9)\t 4 "
o ¥
/

N L
f 7‘5 1'0 6.5 6.0 5:5 5‘0 4'5 l:ﬂ 3:5 3:0 2'5 2'0 1'5 l‘ﬂ 0.5 o.'n ppml
CH,CN  {(a). (c). (e) (A)
(a)
by
ol O w Q O(,),‘dl @ . @
N /\/,N\( N s [ ]
m L H " l\
() O ? o C[J
[0} @
N M acetone
(i) s <
——  -NH w @
f 7'5 7'0 5:5 6:0 &'5 4:0 3:5 3:0 2:5 2:0 1.'5 1:0 0:5 0:0 WmI

"
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PMMA (M, sec = 11000 g mol™, B = 1.13) and (B) benzylamine-functio-
nalized poly(mMPEGMA, M, sgc = 20500 g mol™, B = 1.18) in CDCN.
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FT-IR analysis showed the disappearance of the character-
istic carbonyl band of the azlactone group at 1820 cm™" which
confirmed the reaction between benzylamine and the azlac-
tone chain-end (ESI Fig. S5 and 6%). The successful post-
polymerization reaction of a-azlactone-terminated polymetha-
crylates was also confirmed by "H NMR with the appearance of
the aromatic signals of the benzyl group at 7.21-7.41 ppm
(C¢Hs—, labeled (i) in Fig. 7) along with the characteristic
signal of the polymer main chains. The benzylamide chain-
end functionality of PMMA was calculated to be 72% by com-
paring the signal intensity of the phenyl group (C¢Hs-, labeled
(i) in Fig. 7A) and the methyl ester of the MMA unit adjacent to
the iodide end group (-COOCH3, labeled (g) in Fig. 7A).

Conclusion

In conclusion, a novel azlactone-functionalized alkyl iodide
(I-Azl) was successfully synthesized and used as an efficient
initiator for the controlled polymerization of MMA under
different experimental conditions to afford well-defined
a-azlactone-functionalized PMMA by a metal-free process. The
RCMP process with I-Azl as the initiator has proven to be toler-
ant to oxygen. Furthermore, I-Azl was demonstrated to be
an excellent initiator for the photo-RCMP synthesis of
a-azlactone-terminated poly(mPEGMA). The reactivity of the
resulting a-azlactone-terminated polymers towards primary
amines was demonstrated by their reaction with benzylamine
as a model amine. These azlactone-terminated polymers based
on a metal-free I-Azl mediated RCMP and having a highly
amine-reactive terminal groups could be useful as a platform
for new polymer materials and for bioconjugation
applications.
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