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Effect of Different Spacers in Ionic Polymers on Catalytic CO, Cycloaddition Reaction
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Abstract: It is still a big challenge to efficiently catalyze cycloaddition of CO, and epoxide under the mild condition
of atmospheric pressure and low temperature. Herein, a family of novel ionic polymers IP1-IP3 has been facilely
synthesized via nucleophilic substitution reaction between the precursors of N-trimethylsilyl imidazole and dihalides
with different functional groups to form repeating C—N bonds. IP1-IP3 have been fully characterized by FT-IR,
scanning electron microscope, X-ray energy dispersive spectrum mapping, specific surface area and porosity analy-
ses, and X -ray photoelectron spectroscopy. The ionic polymers IP1-1IP3 efficiently catalyzed the cycloaddition of

CO, and epoxides to afford cyclic carbonates at p., =101 kPa, but their catalytic activities varied with the spacers

with different functional groups. Among the three ionic polymers, IP3 with a phenolic hydroxyl as the spacer showed
the best catalytic performance. Under the optimized conditions of solvent-free, 80 °C, 12 h, and p, =101 kPa, IP3

could quantitatively convert epichlorohydrin into its corresponding cyclic carbonate and showed broad substrate
scope. Furthermore, IP3 could be recycled and reused 10 times without an obvious decrease in catalytic activity

(Yield>92%), which indicates excellent stability.
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1.1 AFIFA{L S

S T FH R B4 A B 2, T K B ol 2
FoKo 1,3-Z(RH )R 2, 6- —H EELiE N-(—H
BEfk ) ke | AR ot B A A AL A LS
AR 2,6 (FR I 3E)-4-F R oK ) A 55 T
(ATBN)FIT N-JR A 5% 3A L e (NBS) I L I BT T
LB By A R A o BT A 25 5 AR R 24T
Al b PR EHEA

S H S AR UNR < ZE AN 615N Nicolet
iS10(Thermo Nicolet), 4% 7 Fl J& 400~4 000 cm™, 43
e 0.5 em™; FH A B F B B (SEM) B 5 2
QUANTA FEG 450(3 [® FEI), TAEH K~ 20 kV, 18
1ot 8 4 il L2 R AT 5 X SR L T B 1S (XPS)
Escalab 250Xi(Thermo Fisher Scientific)X B G T
AE T A0 38, R VR S AL Ker, 38 X35 R 500
wm, LT KT 107 Pa; o 22 10 A1 5 FL R R Hr
A 5>k MicroActive for ASAP 2460 2.01(92"% E # 7a
O3 A, R L ZS THA 3R R 100 °C, 20 B
T2 A ) A L B A 77 K BB R X S R T
(EDS Mapping)f£ X-Max A8 354 (& = 4= HE A Al btk
113 S AL 5 7820A (2 [ 248 A 7)), 3
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ARG - BT RAE WA ] (6] i BT X AL CO, BRI AR L (5 1) 1301

J£ 7174 0.05 MPa; NMR Y #% #4524 Varian 400-MR
(5 E S A W), LA CDCL AR ), DU B S REAE
M5 o

1.2 2,6-ZiRFAEMIEL,) R H &

B2, 6- — H ZE A IE (0.536 g, 5 mmol) B T 500
mL B R, IA 180 mL — 5 H B2/ /K IR G 7 (1:
1, VIV)o SRS TEBE+E 551 5 A NBS(3.0 g, 16.8
mmol) F1 AIBN(0.03 g, 0.18 mmol), J- & T i1 7
POTELLAMT (150 W) RS R [0137E 24 he S 58 2 f5
FF RN RV N 2 =, ST A, BT AR T 2 A VLA
FHTCK Na,SO, T-# J5 A7 0l e 4 o SR 5 H 1R
CERATIMEE(L: 10, VIV)BE O EAT AL (i 2l Ak, 15
2| ¥k  [E A 0201 1 g, 15.2%), 'H NMR(400
MHz): 8 7.70(t, J=7.7 Hz, 1H, Py), 7.37(d, J=7.7 Hz,
2H, Py), 4.53(s, 4H, 2CH,), “C NMR(101 MHz): &
156.7(Py), 138.2(Py), 122.9(Py), 33.5(CH,).

1.3 2,6-F(SKHE)-4-BENL,)RIH &

TE VK 4 F 4 SOCL(8.7 mL, 120 mmol)
THF(10 mL)7 V38 1o 16 130 Vi s <1 2 12 i n 21 2, 6-
XL (2 H ) -4- H L2815 (3.36 ¢, 20 mmol) ) THF(30
mL)AEW . FER MBI E G GRS S he
TN W LS VR AR 2 R R T A R, RK R &
M2 £, Mg 76 B (4x30 mL). WS HE 19 A AL W H S K
Na,SO, T, BLzs Wk 4 J5 , R F Z S ot/ T Tk TR
BV R VR A 0 T AR B A AR 0.773 ¢,
85.9%). 'H NMR(400 MHz): 8 7.09(s, 2H, Ph), 5.56
(s, 1H, OH), 4.66(s, 4H,2CH,), 2.28(s, 3H, CH,), "C
NMR(101 MHz): 8 151.1(Ph), 131.7(Ph), 130.7(Ph),
124.7(Ph),42.6(CH,),20.5(CH,).

1.4 LT IP1-IP3 # 5] &2

W 1,3- (R H )AL, , 1.31 g, 5 mmol)FlI N-(=
PP 35 7k 355 K IR (0.70 g, 5 mmol) ¥ fi# 7E MeCN H1(20
mL), PR T 85 °C, SO AE U AR T [l 3 48
ho SN 58 42 5 1 U bR L R R B 4, BT A
[ 14< FH] MeCN(3%30 mL)HI Z BEPE I (5%50 mL), 7EEL
25 N TS 2 A 6 AR TP1(1.03 g,82.1%).

oAl A AR ) £ 2 72 5 TPT 26400, TP2 1 TP3 i
#& T 0 2 0 A0 3 2 L, R Ly 3 0 07 3 43
G T BT R A Y 1P2(0.798 g, 63.3%) F1 IP3(1.02
,86.4%).
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TCFFIEATE R . SO B CO, BRI 31k
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TR
1.6 ELFIBTEIRF A
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T KRG BRI AR AT B0 R, 225 4 KTE
KBRS, B0 0F A TS 3 7 T —k A
FER AL S, DR AT DS K g Pk o

2 GRS
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PRl T F 56 1Y C—H 4 42 51y, ik ] 42 v mi s B
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%Hﬂ%%@@%iﬁ#%%éﬂﬁzﬁﬂﬁl%&&ﬁ*
401.3 eV A0 XoF hi T K e —A~ N 5 ik
YA % i JE L NT L 400.8 evmﬂﬁmﬁxﬂ“?%ﬂ%m
C—N B2 17 (8] Se O 1s 3% KU 7E 532.4 eV Ab 1 45
TGN 5 F 22 i AL Ly i i 6 5 IEBH T X 28 8 1
BEYRIIA 22, & 5d H Cl12p FHLA 2k
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Fig.3 SEM images of IP1 (a, b), IP2 (c, d), and IP3 (e, )
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CI & HE 30 5 10 198.7 F1198.0 eV NI J&E T C—Cl Y

Cl2p,, Fl C12p,, R AR WA 5 B A1
R 2 L kA T RE

&1 6 JIt 75 114 N, 82 o6 — 0 B 25 WL 4 Wl s 2 - SR
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23 BFESWIPI-IP3EL CO, 5T EL YR
791} 4= FV2
fEf SR AL

F TR EF RS Y IPI-IP3 X CO, 5 A ik
B I NN L A PE R FRATE B A S S N
Y B L (B 7), 3 0t 2 g 1) e e A Ak 5 L I
R AL B DL R R B AT T AL

FRAT 2 FCIA B S TN o B A s ke e B S TS A T
YRR S8, B 56 A — H AR (DMSO)VE R i 771
7E.80 CHl pe, =101 kPa B RN A& PF T B4 T B T3
SV IPL-IP3 (AL PERE . AT SRS R EBWI(GR 1,
Entry 1~3), LBy 3238 4 (8] B BR. o0 ) TIP3 H A e 411

0

0 IP, CO, (101 kPa) /U\
LA _a )
A \__K,
cl

K7 ARG K R YIH CO, PR AL SR
Fig.7 Cycloaddition reaction of CO, with epichlorohydrin

2.3.1

as substrate

WAL TG, SN 12 h 5 A5 B 5k iR 20 S 8 I TR 110 7= 3R
K 72.6%, 1M1 LA IR (I E Sy (1] B 5250 9 TP RN IP2
FIHEAL 7= 2R3 5 R 69.0% F1 54.0% ., TIP3 1)
[i) B BRL T Py 0 LR — B R A A BRI, A i AL
CO, ¥ NN B H & T 5 B A G W L &,
MG AL PR AL A, 1T AR B i A (] B B9
(%) TP1 FI IP2 AN RETE LS fRL ) S8 , 3 ] RS2 TIP3
LA T T A i PR 52

FER 2 B T R G IP3 My i FEAEAL S L 3RAT)
i 1A R SN L B T S0 (CHCL) #1 THF
Shy s o5 AU BT ST 194 Tl 3 9 A, At i )
F9 B2 7 L EE 14 4 80 °C(FE 1, Entry 3~8), 455 i /s
M55 DMSO FIl N, N-— B & H ik iz (DMF) A 1) T
ZAEAL S, 7P AR 0 5 R 72.6% F154.0%,
DMSO fi. T DMF , {H 75 H1 45 (MeCN F1 THF) F1 42 55 1%
PE(CHCL, Fl 4 (PhMe) )i 551 A £ S b LT xE LA i
170 X AT RER HH TSR ¥ ) DMSO Al DMF Hr,
IP3 ELA T AF 19 2 80, A 0T 0 R Ak 351 1) 42
fiule, f2 SEAE AL RN 0 R A . A BRI IR
N AETCIE R S50 T R0 B R AL S 0 fi A 1 fE L )
SN DL TIP3 Ak SR Y 7 R B 96.8% (K 1,
Entry 9), 1fii IP1 1 TP2 75 It 5% 7 ) 4 Ak 85020t 15 2]

F1 FEBLH RERSEFH R R E X IR R K
sEA
Table 1 Effect of catalyst, solvent and temperature

on the cycloaddition reaction®

Entry Catalyst Solvent T/C Yield®/ %
1 1P1 DMSO 80 69.0
2 1P2 DMSO 80 54.0
3 1P3 DMSO 80 72.6
4 1P3 DMF 80 54.0
5 1P3 PhMe 80 Trace
6 1P3 CHCL, 61 Trace
7 1P3 MeCN 80 2.8
8 1P3 THF 66 1.5
9 1P3 — 80 96.8
10 P2 — 80 93.3
11 IP1 — 80 93.5
12 1P3 — 100 97.3
13 1P3 — 40 58.3¢/98.3¢
14 P2 — 40 33.9¢/81.9¢
15 1P1 — 40 45.3¢/97.7¢

* Reaction conditions: epichlorohydrin (5 mmol, 462.6 mg),
CO, (101 kPa), catalyst (50 mg), 12 h; » Calculated by GC analy-
sis result; © Yield at 2 d; ¢ Yield at 4 d.
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ARG - BT RAE WA ] (6] i BT X AL CO, BRI AR L (5 1) 1305

W R , 77 2803 10 93.5% F1193.3% , 7 343 Bl 14
KT 35.5% F172.8%, 1R IR, ToIs 5 45140 10 1%
AR S 1) Fe PR S 4

TR 88T RN TR A RZ R, 100 CA1F T
(977 30 97.3% (% 1, Entry 12), 55 80 CEHIA K.,
R B L R AT AR T X
T RA YRR I 40 CHRIMALTERE . TP37ER
N2 d 7=k 58.3% , AR AN BRAR (HLH o ZE K
i[RI 2] 4 d, AR 7™ 581555 98.3% . FE [FIAE I 457
T, IP1FIIP2 (AL 7 A RE IS 51 97.7% F1 81.9% o
LR BN X RETRAEYARMFMETEAR
U AL R BE

P 5 Fre AR AR ) L By L L R N ¥ 7 A R
N AR FRATT S — 2B HR 5T T AR ) FH S 6 B2 N
AISER o FE LR RN S5  JAT T4 I T 5
10.25.50 F175 mg 55 A 7] £ A9 £k 551) TIP3 XoF Js2 vy 7Y
LR . I 8 i LUE H, 5 mg {457 IP3 (1) 7
AN 29.9% , HE A AL H 5 2 10 mg, 77 5 2R
T E 68.2% , Ak S N AE AL H 1, 7 R AR D
T, M FH 50 mg A AL 7 TIP3 75 21] 7= 4 i 7= R Ny
98.6% , iX K Mk A I AE S D ot JLF- 22 1 B Ak R i T
WAHEE . R AL TP3 14 5 75 mg i,
PR NS I TR 77 345551 99.1% , fH 5 50 mg FH I 1)
FREFAZE K, T A AR 1 R 3R A A
AR i 50 mg 1 A fe e 6

100

80}
60}
40}
il
0 5 10 25 50 75

Catalyst loading / mg

Yield/ %

S

B8 AR TIP3 X R A S L F) 52 )
Fig.8 Effect of catalyst IP3 loading on the cycloaddition

reaction

232 JEYIHE

e LRGN BT REY
IP3 1E A AR AT T ZFh R A ALY 46 2
SHGLEE RGN T 2, IO LUE ) IP3XT A K &R
SR A B R R TSP (F 2, Entry 1
F2), ARV 12 h e, JLT A2 o el 21 40 S0 o A

ST DR e 7 A R R N T PR B R TR o R T 1Y
BRI SEBEIR ) 1, 2- IR 53 Bt , 80 CIR M 4514 F
KW LT AT Aol i B Ak, (H 00 B T 3 &2
100 CHT , KV HEE & 1% £k kX 107 B B AR Bk 1R T 7
Y12, Entry 3) ZEUAY ISt I AE IR S8R O o
Y S H (3 2, Entry 4),H 5 1, 2-FR 8 E e AR 1Y
2, B R 2 100 C, =W 09 7 R AUH 11.0%, 31X
ALRE A PR T ) 67 BELASOE A7 BEL S0 A IS ) 4%
SRR S Aot 0 BN A DA ER 32520 80 “CH 7™
FH 41.2%, 100 CHE 7= 2848 T 5 98.2%(3% 2, Entry
5)c XEEFHSR L FELLIPI X K E T REWIER

x2 IP3EL CO,5ERRIMIUMINMAL K R HIfE 1L
i
Table 2 Catalytic activity of IP3 for cycloaddition of
CO, with different epoxides®

Entry Substrate Product Yield” / %
)
(0]
1 L\/Cl 0 0 96.8

Cl

.

(6]
2 A n 9§09 >99.9

>=o/E

0
3 LA 0 0 Trace/>99.9¢
C6H13 \_<

C6H13
0
4 0 C[)zo Trace/11.0¢
0
0
0
0"
5 Lb 41.2/98.2°
X
0
6 %OPh 0\{ 77.3
OPh
b
7 R 0P 68.7
A0~ \—J\—O .
AN

* Reaction conditions: epoxide (5 mmol), CO, (101 kPa), IP3
(50 mg), solvent-free, 80 °C, 12 h; » Calculated by "H NMR analy-
sis result; ¢ Yield at 100 °C.
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HEARTR (8 CO,F T B B g F  JE 490 B4 A2 BEL 0 e 7
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