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Figure 1 Synthesis route of Tri-IL monomers.
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45 K438 3 'TH-NMR £ {if .« '"H NMR (400 MHz,
DMSO-dg) § 9.61 (s, 1H) , 7.91 (t, J=1.8 Hz,
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1H) , 7.80 (t, J=1.8 Hz, 1H), 7.56~7.44 (m,
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Figure 2 Synthesis route of Vim-IL monomers.
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Figure 3 Synthesis route of triazole-based poly(ion liquid) nanoparticles.
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Figure 4 Synthesis route of imidazolium-based poly(ion liquid) nanoparticles.
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Figure 5 Synthesis route (a) and dynamic illustration (b) of PIL NPs.
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PIL NPs 7 B b [P 250 A4 1125242 (R,) 43 47; () PIL NPs [ TGA M £, ANF IL 5 EDMA BE/REE (2 : 1. 1: 10 1:24
1:3) B PIL NPs ) (d) SEM A1 (e) TEM E{%; (f) PIL NPs F iR MG K ot 3 04 (IL 5 EDMA BB /REEAI T 2 2).
Figure 6 (a) Digital photographs of PIL NPs with different IL-to-EDMA molar ratios and their Tyndall effect under red laser
irradiation; (b) Average hydrodynamic radius (R,,) distribution of PIL NPs with different IL-to-EDMA molar ratios in
methanol; (c) TGA curves of PIL NPs; (d) SEM and (e) TEM images of PIL NPs with different IL-to-EDMA molar ratios: 2 : 1;
1:1;1:2;1:3;(f) Magnified image and elemental mapping of PIL NPs (the molar ratio of IL to EDMA is 1 : 2).
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Figure 7 Size statistics of nanoparticles with different monomer ratios derived from (a) SEM and (b) TEM images.
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Cat.
DBU (0.2 equiv)

ON-{_)-CHO + McOH ——» ON COOCH,
O, (from the air)
r.t. time
Entry Proportion Time (min) Yield (%)
1 2:1 1 91.37
2 1:1 1 95.36
3 1:2 1 99.12
4 1:3 1 97.51
5 1:4 1 88.14

[E 8 A[F IL 5 EDMA JE /K LU f#) PIL NPs i 44 % 55 1% 1) 48
HEEAL S

Figure 8 Oxidative esterification of aldehydes with
alcohols catalyzed by PIL NPs with different IL-to-EDMA

molar ratios.
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fe SR A . R ) ) 45 R i 'H NMR
H113C NMR #iih o

Cat.
DBU (0.2 equiv)

R~/ )-CHO + MeOH ———= R COOCH,
O, (from the air)
r.t.time
Entry R Time (min) Yield (%)
1 -NO, 1 99.12
2 -CF, 5 98.77
3 -CN 30 94.16
4 CI 300 97.17
5 -Br 300 95.26
6 -H 720 91.11
7 -OCH, 2880 83.17
&9 ) Fi T2 B X PIL NPs fE A0S 5 B2 AL FR Ak SR
R

Figure 9 Influence of aldehyde electron density on PIL
NPs-catalyzed oxidative esterification of aldehydes with
alcohols.
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Cat.
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R—CHO+R,—OH ——» R—COOR,
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r.t. time

Entry R, R, Time (min) Yield (%)

1 CHO MeOH 5 95.66

CHO

2 MeOH 1440 9326
CHO

3 [o MeOH 720 94.57
~CHO

4 @N MeOH 5 92.18

5 mcm MeOH 5 94.64

0
6 UCHO MeOH 5 97.11
S
7 UCHO MeOH 5 95.67
CHO
8 @( MeOH 5 9175
N~

9 SQ:I—CHO MeOH 5 94.82
2 CHO

10 Ej@/ MeOH 30 94 85

N

i oN<{ )-cHo FEoH 5 97.61

2 oN{ )cHO aPOH s 9583

13 oN—~_)-CHO  iPiOH 30 92.61

14 oN{ )-cHO nBuOH 5 92.63

15 oN{_)-CHO #BuwOH 30 97.11

16 O;N—Q—CHO no< ) s 9572

B 10 PIL NPs {6 2 A0 RE 5 5 S b BB A0 S 7 () 22 i T
At
Figure 10 Substrate generality of PIL NPs-catalyzed

oxidative esterification of diversified aldehydes with
alcohols.
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R B TR (1 11G) ). BB 10 WERR

ot TR SC A5 21 P 4R K SURE T g SEM AT TEM 2 3 =

@

Yield (%)

0
1 2 3 4 5 6 7 8 910

Cycle number

AE (B 11(b) « 11(c) ), ZNK ik 3 A 4k RFER T T
3%, EBH PIL NPs EA a0 8 FH B 5 .

200 nm

11 (a) PIL NPs fEIEEE 10 IR A AL S A1 S B2 (] 10 0 2 REAL IR 5 KR BTRL ) (b) SEM EHE A () TEM

K&

Figure 11 (a) Catalytic yield and reaction time of PIL NPs over ten consecutive recycles; (b) SEM image and (c) TEM image
of nanoparticles after ten repeated catalytic cycles.
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12 (a) PIL NPs A0 5 W7 AP R AL SR )2 BEATLAR; LADK IR By RE B A 9K ORE FK (b) $3 30 BT RHR AN (c) 35
CERTALIL S
Figure 12 (a) Plausible mechanism for PIL NPs-catalyzed oxidative esterification of aldehydes with alcohols; (b) SEM image
and (c) TEM image of imidazole-functionalized nanoparticles.
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B JROSE IS TR) R s I 409K R A5 Sk A 58 4 — B,
53 A5 B = e L gl K URE Tri-NP-1 @ 2 (n (Tri) :
n (NP) =1 : 2) FI K i 5 44 K J5 kL Vim-NP-1:
2 (n(Vim) : n (NP)=1: 2) . SEM 1 TEM illl &
25 R F W, Vim-NP-1: 2 B4 5 Tri-NP-1: 2
—HMERTE TS (B 12 (b) #1112 (c) ). fEAHH
AR I AT LS s, BAH [F) e R [A]
W, Tri-NP-1: 2 [/~ % 8 # & T Vim-NP-1 : 2.

Cat.

DBU (0.2 equiv)
O,NO CHO+MeOH —F———
N O, (from the air)

OZNO—COOCHX

r.t. time
Entry Catalyst Time Yield (%)
1 Tri-NP-1:2 1 min 99.12

2 Vim-NP-1:2 30 min/5 W12 h 23.15/67.85/98.13

B 13 Tri-NP-1: 2 1 Vim-NP-1 : 2 4k 5 R AL S
SR ELAL -

Figure 13 Comparative catalysis of oxidative esterification

of aldehydes with alcohols by Tri-NP-1 : 2 and Vim-NP-1 : 2.
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Highly Efficient Oxidative Esterification of Aldehydes with
Alcohols Catalyzed by Poly(ionic liquid) Nanoparticles

HE Jun-xiao, HE Qiu-ting, QI Yu, WANG Hong"
(College of Chemistry, Nankai University, Key Laboratory of Functional Polymer Materials,
Ministry of Education, Tianjin 300071, China)

Abstract The oxidation esterification of aldehydes and alcohols is an important strategy for ester synthesis.
Current reaction systems primarily rely on metal or organic small-molecule catalysts, which suffer from high
costs, poor stability, low yields, and limited recyclability. To address these issues, this study crosslinks ethylene
glycol dimethacrylate with triazole-based polyionic liquids to prepare polyionic liquid nanoparticles (PIL NPs) as
a catalyst via a one-step method, and investigates their catalytic performance in the oxidation esterification of
aldehydes and alcohols. The results show that the catalyst contains active N-heterocyclic carbene (NHC) sites,
enabling highly efficient catalysis within a short time, with yields approaching 100%. Moreover, PIL NPs exhibit
excellent recyclability and broad substrate compatibility, demonstrating outstanding catalytic activity toward
various aldehyde and alcohol substrates. Compared to traditional catalysts, PIL NPs offer advantages including
low cost, environmental friendliness, and reusability, providing a promising new approach for developing
sustainable oxidation esterification catalytic systems.

Keywords Oxidative esterification of aldehydes with alcohols, One-step method, Poly(ionic liquid) nanoparticles,
N-heterocyclic carbene
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