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Fig.1 Schematic diagram of catalysts preparation process
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L (DSC) 0T, FEARLL 10 °Comin ' A HNHAE
FAEA AP NE IR MR 800 °C. i F F& 1H AL
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Fig.2 FT-IR spectra of different APILs
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Table 1 Textural properties, H' capacity, and S content of PIL-3 acidified with different solvents

Entry Catalyst Sger /(m’g ") Viore */(em™g ") Dy /m  H' capacity /(mmol-g ') S content /(mmol-g ')
1 PIL-3 3.87 0.01 93 trace 2.20
2 PIL-3(HSO,-H,0) 1.87 trace 123 0.16 2.18
3 PIL-3(HSO,-Ethanol) 3.50 0.01 88 1.17 2.68
4 PIL-3(HSO,-THF) 1.63 trace 87 1.62 2.87
5 PIL-3(HSO,-Toluene) 0.08 trace 195 4.61 4.04
6 PIL-3(HSO,-DCM) 0.04 trace 19 5.69 4.36

a. BET surface area; b. Total pore volume; c. Average pore diameter.

Ja HIGI A1 S BT =% BEREAIK, Hf s 745
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80 |
- g i PIL-3 -
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2 S 5 -
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Kl 3 (a—c) HEAEFIAY XPS S 2p [; (d) LAY XPS N 1s El; (e) HAEFIRY TG E; (6 #/EFIE XRD El
Fig.3 (a—c) XPS spectrum of S 2p for catalysts; (d) XPS spectrum of N 1s for catalysts;

(e) TG curves of catalysts; (f) XRD patterns of catalysts
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¥l 4 (a—c) PIL-3, PIL-3(HSO,-Toluene), PIL-3(HSO,-DCM) ) SEM
Fig.4 (a—c) SEM image of PIL-3, PIL-3(HSO,-Toluene) and PIL-3(HSO,-DCM)

K2 FREUFNELEZES =RPERES REEE

Table 2 Catalytic performance of different catalysts for the condensation reaction of styrene and formaldehyde

7

Catalyst

0 N0
e

) Selectivity/%
Entry Catalyst Conversion/%

I I i}
1 PIL-3(HSO,-H,0) - - - -
2 PIL-3(HSO,-Ethanol) - - - -
3 PIL-3(HSO,-THF) - - - -
4 PIL-3(HSO,-Toluene) 99 45 6 49
5 PIL-3(HSO,-DCM) 99 36 35 29
6 PIL-3(HSO,-Toluene)* 77 96 0.2 3
7 PIL-3(HSO,-DCM)’ 99 87 6 7

Reaction condition: styrene (3 mmol), formaldehyde (12 mmol), Toluene (4 mL), catalyst (20%, mass fraction), 120 °C, 4 h;

a. Catalyst (10%, mass fraction), 100 °C.

(Entry 1-3). LI . DCM M7 57775 20 il 4 Ak 750
TR, R LG ZI35 5] 99%(Entry 4, 5). HH
TR | AR, AR 22, S8
H A5 = s B RAIR, 25128 45% Fil 36%. Hor
PIL-3(HSO,-Toluene) L5 1 I ™4 202 2,3-—
HEHT IR (49%), 1M PIL-3(HSO,-DCM) Ak 71 £ &l
P 530 Ry 6 AR R TR GE (35%) 1 2,3- “REET
Wi (29%), X AT RE SR R I & FE AR R A R P T i
AV 52 o7 kB AR AR ) i, T DA S R o H bR =
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AL H AR = P Bk 2 96%, (IR 2055
TR 77%. 3] R A B R AR S BR AR, R
AT 0 B i AT L) PIL-3(HSO,-DCM)
SHAEAE TN E bR =g B B 87%, K ATk
FAREE 99%.

FETF PIL-3(HSO,-DCM) i k.71 % 5 2,45 1 7
FEARR, DI, 5898 T RIR RO S5 X 2,

Y55 = R Prins [ i M RE AY B2 IR, S5 45 SR 4
S i, BESE SO R T, R IR .
FEPE . BRI, Y RN B 60 T % 100 C
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GRT LA BR300 8 T e 81 B I 4 [ 1 il
G718 SINTiT) | B S A e - /N T R T 7/ (vt 22
PEHII 100% 32 7 FEAK 2 86.9%. 3 Al AE 2 Kl ik
FE R T AU T 32 5207 14 3, o Jin it 1 il
R, BRI = A s £, SR T E AR
FERIRREREE. LA, S S N ] e PR 1 I 0 A
PEAT, YRR AN 0.5 ZEK 5 h, 2R 256k
FIN 62.6% 1 E 100%, 1M1 H A% 4 il s 431 )
M 100% FFEAKE 96.6%. X B, A& FEK S5 1 Aisf 7]
AR TR AR, (AR5 B =Y i 2. &
Ji, AR FH % S I [RIRE AT i 25 ). SR
I (TR0 M 3% HETINZE 1% i, 2K LI
BEAL R 72.6% $2 1 100%, {H H bR 9 09 g4
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e REME, B ORMEAAR IR AT A i 1
5 = RN Prins IV, 25284005558 1,
NS5 FANFE 3 BTN, IR IR I B AN R 1 W T
FE A R FR 7 3 P B, G 380 LA s ) e b R
(>95%), H x4y HA B B B E (87%~99%),
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(a) (b) ©
100 | [
100 | 100 F '@ -
or 80
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g S s
3 60} 3 3 ol
= = s
E g E
o s 60 =
=] H g
©r © © 40
20 —a— Conversion 40 —a— Conversion - CO“VC.FS.IOII
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0 L L L N N 20 . . N N . 0 . ) . ) .
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K5 SN (a). SCREFTE] (b)), AEAGHIEE () XN FEIR

Fig.5 Effect of reaction temperature (a), reaction time (b), and catalyst amount (c)

Reaction condition: styrene (3 mmol), formaldehyde (12 mmol), toluene (4 mL); (a) catalyst (7%, mass fraction), 4 h; (b) catalyst
(7%, mass fraction), 80 °C; (c) 80 °C, 3 h

% 3 PIL-3(HSO,-DCM) f4L Prins [z Rz IR & #E 14
Table 3 Substrate diversity of Prins reaction catalyzed by PIL-3(HSO,-DCM)

Entry Substrate

Product Conversion/% Selectivity/%
/ 0
e e O O N
’ / /A0 ” ?
3 <) < > < < > < > 99 95
5 / /—O—Qo‘ 99 91
o cl

Reaction condition: Substrate (3 mmol), formaldehyde (12 mmol), 100 °C, 4 h, catalyst (7%, mass fraction), Toluene (4 mL);

a.60 °C, 6 h; b. 50 °C, 3 h, catalyst (5%, mass fraction); c. 60 °C, 2 h, catalyst (5%, mass fraction).
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)5, %57 PIL-3(HSO,-DCM) fiEk 5 iy # 5
fERMERE. BRI N ES NG, IREWRHIEEE, -
JEWAR R AR S 317 B AT, T2 B
FZake, ARk, TS BEEEE M. i
&l 6(a) B, AL EZ A 6 e, b Y1k
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120 } @
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80

60

Con. and Sel./%

40
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1 2 3 4 5 6
Recycle times

Pl 6 (a) AL M AZ 6 HIPERE; (b) fH A7 E 2 A FH AT 9 FT-IR 5]
Fig.6 (a) Reusability of catalyst; (b) FT-IR spectra of catalyst fresh and used

FIN 100% T (%5 84.6%, Hbnr=4y iy vk Frk %A
2 A8 Ak, AR5 7E 90% LU . B8 i FRTS A9 FT-
IR [ (] 6(b)) FH, EE M 6 WG HILFIL5 7
FRRE, AL TEPE T BT BB B 4R VR 7 Ak
FR, FEERPE A S B

() PIL-3(HSO,-DCM)(Fresh)

PIL-3(HSO,-DCM)(Used six times)

Transmittance/%

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™

Reaction condition: styrene (3 mmol), formaldehyde (12 mmol), toluene (4 mL), catalyst amount (7%, mass fraction), 4 h, 80 °C
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SANFRE B IA S 98%, HARLHI A K AFAIFEIF
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BRI
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The Influence of Preparation Methods on the Catalytic Performance
of Imidazole Based Acidic Poly (Ionic Liquids) for Prins Reaction

LIU Qiao"?, KANG Mei-rong', FANG Wei-guo', LIU Hai-long', HUANG Zhi-wei
(1. State Key Laboratory of Low Carbon Catalysis and Carbon Dioxide Utilization; State Key Laboratory for
Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences,
Lanzhou 730000, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The preparation of immobilized acidic ionic liquids through radical polymerization was investigated,
focusing on the effects of polymerization solvent, polymerization sequence, and solvent used during the
acidification of poly (ionic liquids) (PILs) on the structure of imidazolium-based acidic poly (ionic liquids)
(APILs) and their catalytic performance in the Prins reaction of aromatic alkenes with paraformaldehyde. Various
physicochemical characterization techniques were employed to reveal the structure-activity relationships. The
results indicate that PILs synthesized with ethanol as the solvent and through the direct polymerization of
crosslinkers with vinyl imidazolium salts exhibit higher thermal stability and S content, likely due to solvation
effects and differences in the charges of the polymerization monomers. The acid catalyst obtained by acidifying
PILs with dichloromethane (DCM) shows the highest acidity (5.69 mmol-gfl), enabling efficient catalysis of the
reaction between styrene and paraformaldehyde to produce 4-phenyl-1,3-dioxane. Under mild reaction conditions,
the styrene conversion reaches 100%, with a target product selectivity of 98%. Moreover, the catalyst
demonstrates good reusability, maintaining its activity after six cycles with no significant decline. Additionally,
this catalyst exhibits broad substrate applicability, showing excellent performance in the Prins condensation
reactions of various substituted aromatic alkenes.

Key words: acidic poly (ionic liquids); Prins reaction; olefins; paraformaldehyde
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