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Efficient and Convenient Synthesis of lonic Liquid Supported SBA-15
Mesoporous Srganosilica and Its Beneficial Applications in
Henry Reaction
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Abstract Compared with post-grafting method, a novel and controllable strategy is applied to introduce highly dispersed
ionic liquid species into mesoporous SBA-15 silica, providing simpler synthesis steps, more uniform surface coverage and
higher loading of ionic liquid, with fewer raw materials. Basic task-specific ionic liquids are synthesized and characterized by
X-ray diffraction, N, adsorption-desorption, thermogravimetry and fourier transform infrared spectroscopy. The results
showed that the catalysts, prepared by co-condensation method, have better ordered mesostructure and higher loading of ionic
liquid than those by post-grafting approach. Meanwhile, the catalysts exhibit much higher activity than those by post-grafting
approach in Knoevenagel condensation. Furthermore, these supported catalysts are also proven to be efficient and reusable in
Henry reaction under solvent-free conditions.

Keywords supported catalyst; ionic liquid; SBA-15; Knoevenagel condensation; Henry reaction
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CIRTRT R, LA B i R TR AR R, DR 2 A7)
FUS TR, IR EE A R A A R R ek
B FIRARALE Knoevenagel Jo 3 A B A5 45 ey A 3G A0 (1] ke
R 2 B B BN 2R, A SOR B R T 3 1 R4 SR vk
B2 PR BN FUEE SBA-15 b iZik A D
RO, B AR I 2 0 IS, BRI A1 2K
WL, BRI R, R IE R S TR 2 18
FHE A FH YT S5 R R, DR HRE T — R A E
F2 R 7 A — 240 SR T ] 23 P ) A 2 AR 1 5 R
RAET7TE, W52 HAE Knoevenagel M HFETE, 5
Ja G B AT LUER. IeAh, IEAFFTT e
HFAE TCH I Henry SO H () fREALTE PR R RDRC .
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Kl 1~2 f& AP-IL(x)-SBA-15 [{)/MAfTH I (XRD).
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5 1) (100) ff 0 AT 5 0, DL A 55 119 (110) A1(200) & T T
P, SRR AT R0 p6mm NJ7 A FLE5H. TR
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Figure 1 XRD patterns of AP-IL(x)-SBA-15 materials with
TEOS pre-hydrolyzed for 40 min

(a) 5.0%, (b) 7.5%, (c) 10.0%, (d) 12.5%, (e) 15.0%

M AP-IL(x)-SBA-15 [ XRD % b ANHE R B, 244
FEERRH N-[3-(= LA IERERT) NI ]-4,5- XU K e 5 ik
e () I ) LA BN 2] 15.0% 5, (100) 54 T 7 S 1 9 55,
(L10)FT(200) it [F 777 55 Vg 1) i o I AR 45 BE /)N, SR BH Bl A
N-[3-(— LA FERERE) 14, 5- DU s & B (0 388, A
LMK SBA-15 HH FPME R FEAK T, AP-IL (15.0%)-
SBA-15 (& 1e)ilk AN th AT T 5 06, &5 41
SEATCIT. IR EeH A H Ul I AR A B R A TP A LSS
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Figure 2 XRD patterns of AP-IL (x)-SBA-15 materials with
TEOS pre-hydrolyzed for 4 h

(a) 5.0%, (b) 7.5%, (c) 10.0%, (d) 12.5%, (e) 15.0%

F, BRI B2, X REE A R &5+
&1k Bt PEO-EPO 1) R AP filIE, & 78 Bl 1
FH AT BEL L 40K 45 4 1 53 25

WL 1, B 2 6FEEER I, TEOS KA (149 A 7] K
AR TR PN FLEi k. XIS iR b —J7
T N-[3-(= LA FERERE) N ]-4,5- WUEUK Pk 25 52 1 R 1T
BRI RERERT AR A B 55— J7 T N-[3-(= LA
P50 A -4, 5- XA K MR TEOS 7 7K i~ 3638 e v 3t
R RE S AT N, AR, FEd AP-IL (x)-SBA-15(
2a~2e) JIT A7 1D s T 47T S8 DA A9 1) o 1 B 07 M1 S B, 3R WA
P& A S LR AL s, 1IX 5 BET 43 H (1)
Bl R Fr— 8, DU Y R ) M G T
SBA-15 [ .

Ny W R E— 2P UF S T XRD 4516, K3, Kl 4
93 AR KR~ A0 SRR U P P T A s 1 v
FR) N W B/ B i 2. P 3, B 4 mp O, AR AR 2
TR B P 2 0 R T R TV B 2k HLEA H B R S
R, RN ApEA AL 2 B AT TR

TR B AR 2RI BIH A E 1 KR,
AP-IL (10.0%)-SBA-15 &L MW B 7 SCAE PIPy=
0.6~0.8 JuH Py tHIRH, 55, 5 siirb R BRI B4 LR,
XEEEH] T AP-IL (10.0%)-SBA-15 EA LLA %A HI4L1%
(7.6 nm), 1 i FE75A ) AP-IL-SBA-15 B4R Kk
AETRIARD e 08D, FLE B8 m, 1% 3R W& A 5 /AL
R /NFTE 8 (R FLAR A . IR IEaT LA Y, BT
PIPy<0.4 7L SR e W Bt ih 2k, R e 5
AL A LE R AL [AP-IL (10.0%)-SBA-15: Sppr=422
m?’/g; AP-IL-SBA-15: Sper=443 m?/g], 1024 H AR
FUAFH[AP-IL (10.0%)-SBA-15: 0.59 cm’sg™' vs AP-IL-
SBA-15: 0.64 cm’eg '] [AII, B N-[3-(= L5 K0
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Figure 3 Nitrogen adsorption-desorption isotherms and pore
size distributions of AP-IL (10%)-SBA-15
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Figure 4 Nitrogen adsorption-desorption isotherms and pore
size distributions of AP-IL-SBA-15

FE) KL -4, 5- WU e 25 I 0% 288 BN %) 15.0%, e
L SRS R alifi SBA-15 #BAT BT B I, X161
ATOKAAEN T A FLALIE .

ANFE R N-[3-(= LAAIERELT) P 2 ]-4,5- XUk e
MORHB S RIS B T8 1. JTTE N LA SE 4% 3
AP-IL (x)-SBA-15 fLARI % N &, M o] LAvHE H By
TR & B, % 1 FiR, AP-IL (x)-SBA-15 HH B 1
WA PRI N-[3-(= LA IR K HE]-4,5- WA
DK A5 St YR D g 386 m, e L Ik 445 SRV () A BRI )
BRI A K TR A A B . Wil 3 B
7R, AP-IL (10.0%)-SBA-15 F I H B4 (04T - PE & 4,
X5 XRD Mgl —2. joE g 1R, AP-IL
(10.0%)-SBA-15 &5 ¥ A& & &8 0.928 mmol/g
SiO, (1 Ji W e ik & ) AP-IL-SBA-15 14 0.637
mmol/g Si0,). IXLEHEFR I 45 KL A B =4, &5
PR U o A N-[3-(— S5 Rk N 3 ]-4,5-
U IK e JEUR ) At B /D>

5 >4 SBA-15 5 AP-IL (10%)-SBA-15 [f] SEM i
Jr. BB 5a ATLLE H, SBA-15 (RFLIE & R id IR 45
Ry, FLEKEZ A 0.1~0.15 pm. & 5b 47 2 KFLIE )
BRAR, M G B T A SO S AL A IR RE S T
LT RARESE. NE 5o rfLUEF], AP-IL-
(10%)-SBA-15 HfEALFNIIRPREFAFLA R A P, 1X
suZl B XRD, BET R AEH W4

M6 I FT-IR 1% 0] LA, [64% AP-IL (10.0%)-
SBA-15 AL FIAE 3382~3485, 3231, 2922, 2849, 1641,
1538, 1474, 796, 685 cm™ ' 4b 7 HVRRAE 3T, & 41140 51
J& T NH, T A&l N—H i 4i &), NEWi% C—H k3,
NH, FReH N—H 185430, ks 734 30 A
C—Si &5, [l N-[3-(= LAt e) A 5k ]-4,5- WU
et B om AT U FT-IR 4R3hig L 6A), W]
N-[3-(= LR e ) TA L 1-4, 5- X0 0 0K M ol 2 5 22 5
SBA-15 (W3R, F HIGH R 27 AR 25/ R FEAS

R 1 DA EHR S S EONE B BRI AR D

Table 1 The evolution of the textural parameters of the mesoporous materials with the loading of ILs

B L% “nm BET £MAY/(mPg ) LA Yemeg ) B TRASAEE Y(mmoleg )

SBA-15 8.1 830 1.08 0

AP-IL (5.0%)-SBA-15 8.0 810 0.92 0417

AP-IL (7.5%)-SBA-15 7.8 620 0.73 0.637

AP-IL (10.0%)-SBA-15 7.6 422 0.59 0.928

AP-IL (12.5%)-SBA-15 6.8 356 0.50 1.069

AP-IL (15.0%)-SBA-15 6.0 237 0.39 1.219
AP-IL-SBA-15° 73 (1.5) 443 (453) 0.64 (0.77) 0.637 (0.930)

A BIH BEIRTF L N, (IR BH 32 R © PIPy 25T 0.99 ISR B © Ja i3 25 IR AP-IL-SBA-15, 55 BLIE SCHiRZ %4l < Wi TG E AT (BA) T4

B TR ) S
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Figure S SEM images of SBA-15 (a) and AP-IL-(10%)-
SBA-15 (b)
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Figure 6 FT-IR spectra of N-(3-triethoxysilylpropyl)-4,5-di-

hydroimidazole (A) and AP-IL (10.0%)-SBA-15 (B)

1.2 AP-IL (10.0%)-SBA-15 {1k Knoevenagel 5 & .

Vi

16 FHZK B P 48 F R — i 1Y) Knoevenagel V.
oK LU H HK il L4 I 1 5 I I R AR (R A A 700 1)
RNEPE, G5 RH T3 2. 5 RERW], MRS, fEH
AP-IL (10.0%)-SBA-15 VEMEALT, F=HI10 7= 208 5 (35 2,
Entry 3 vs. Entry 4, Entry 5 vs. Entry 6). AP-IL (10.0%)-
SBA-15 B A IE 1tk v fi & JL R T 78 o 2 1A
A7) IV B oy ) S R AR B
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K2 IRTREMN IEAEAN RGP S 45 R @
Table 2 Results of Knoevenagel reaction between malononitrile
and benzaldehyde over various catalysts

CHO H CN

CN Catalyst —
+ ( _— CN
CN Th

Amount/mg of Conversion

Entry Catalyst catalyst rate/%
1 AP-IL-SBA-15 10 11
2 AP-IL (10.0%)-SBA-15 10 18
3 AP-IL-SBA-15 30 62
4 AP-IL (10.0%)-SBA-15 30 80
5  AP-IL-SBA-15 100 92
6  AP-IL (10.0%)-SBA-15 100 99

© 2013 Chinese Chemical Society & SIOC, CAS

IR & 2 mmol, 5 mL 7K; RN 1 h, WE 25 C.

1.3 AP-IL (10.0%)-SBA-15 &4k &Y Henry /[ & 1441t
&

i %% AP-IL (10.0%)-SBA-15 fi1£ %4 Knoevenagel
SN R T RRAF IR TS . A TR A A R
W, AT IR T ICE RIS NI Henry M. 4
7 R, FBE(A)E TR G, BRI, (O)
J5 PR AT I 52 I 77 26 [ 5 0.

PEIAR AR R A B AR AN R I, AL
7 AP-IL (x)-SBA-15 FILHAFIMZE 7A), BARME
Henry W AP-IL (10.0%)-SBA-15 451177 %45 vy
(~99%). %t AP-IL (10.0%)-SBA-15 4L =, #HAL
AR B0 7 2 AT A ORI m, SLA AR5 AH ), fhe
eI &N 40 mg, =& A mh 99%(E 7B). BT A1)
IXBESH R, I TADE 1R A T T A 380 G
PERIPE T, 4 BV I T IE K 2 60 min B, 7= 285 99%
(B 7C). M1 B E AL RNV 4445 4: AP-IL (10.0%)-
SBA-15 F & 40 mg, SVIRA] 1h, SNEE 90 C.
1.4 AP-IL (10.0%)-SBA-15 1L B9 AR REI EE4IA9 Henry
R k2

TGS AT 2 B e b5 25 05 1R s B v
RN L IR AL TEPE(R 3, Entries 2~
11). &% 3 PR, 5 SBA-15 FIE A [APMIM]BF,
HILL, AP-IL (10.0%)-SBA-15 7£1% J I 7 ik 7~ HYBE 0 (1)
AT TE, P2 3%AE 84%~100%2 [i](Entries 2~11),
BB A s i 31 SBA-15 _E 3 HLE A& 51
NS RE R4 e ) T IR SR . (EARE R
5T, ROV BARE RE I P A A — 2 R (R 3,
Entries 3~11). LA AP-IL (10.0%)-SBA-15 A AL, 4-
PP AR 2K RS (1) 77 S Ak 84.0%, (R FV AR A2 i it
LT SE A AT 59 T 4- F ARG R 1) ] N9 k. 5
TREE P 2 9% P L e 4~ 2R P I > 4- 50K R S >4-F
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Figure 7 Effects of (A) ionic liquid loading and (B) catalyst
amount and (C) reaction time on the yield of product

SH LK T (Entries 5, 8, 11).
1.5 HEUFIMESERAM

L AP-IL (10.0%)-SBA-15 AL TR ST T Henry J
R AR E R A RS, RN 1 h LS, g, 53
AR, P LLJCK ISR S B VES X, 100 C T4
1 A5 1) ) e A 7R 480 N 1058 B 1D 5 R A ¥
FEGAFHVERE. ARl 10 7k, Bl B 46

Chin. J. Org. Chem. 2013, 33, 1791~1797

© 2013 Chinese Chemical Society & SIOC, CAS

3 AFR A SR R 5 & 86 RN ¢
Table 3 Condensation between nitroalkanes and aromatic al-
dehydes under different conditions

NO,
CHO —
— Catalyst
\‘/ + CH3NO, Th \|/
R R
Entry Catalyst R Conversion rate/%
1 SBA-15 H 13
2 [APMIM]BF, H 88
3 AP-IL (10.0%)-SBA-15 H >99
4 AP-IL (10.0%)-SBA-15 2-NO, >99
5 AP-IL (10.0%)-SBA-15 3-NO, 96
6 AP-IL (10.0%)-SBA-15 4-NO, >99
7 AP-IL (10.0%)-SBA-15 2-Cl 95
8 AP-IL (10.0%)-SBA-15 3-Cl 98
9 AP-IL (10.0%)-SBA-15 4-Cl 97
10 AP-IL (10.0%)-SBA-15 2-OCH; 92
11 AP-IL (10.0%)-SBA-15 3-OCH; 95
12 AP-IL (10.0%)-SBA-15 4-OCH, 84

@55 TR HE B HES 2.5 mmol, AP-IL (10.0 %)-SBA-15 40 mg; t=1h; T=
90 C.

IR EIL 90%(& 8), UL ML AT R AT
AL PERE.

1OO‘_777777777

80 1

60

Yield/%

40~

20

0 T T T T T f f T T T T
0 2 4 6 8 10 12

Run times

B8 AP-IL (10.0%)-SBA-15 7 Henry Jx Jv H (1) 55 &2 4 i P g
Figure 8 Recyclability of AP-IL (10.0%)-SBA-15 for Henry
reaction

2 it

AR SR — b 3 #0 0] 5 1 7 VR ek T e AL 2
WA HE] SBA-15 F3-iirh, 1530 B 4emd vt Dh g fh 2
T, S5EEEENER, ZiEGEODRER R, BT
WARR A o S, o E T, OB &S A
BT JRIGEAL, 8 Knovenagel S W Hh 345 5 il 45 1)
|} AR = =TI L U B 22 1] < S £
Henry J W% %2 1 % M40 70 1 3% 34 11, 45 R W7
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3 WEH
3.1 UEHIKF

N-[3-(= LA FEREE) N 2K ]-4,5- WA K ME, Y 25
FAERU(TEOS), N lE, OB CERIET Alfa Aesar
mAE. BB (L - RN - B (L )
(EO2PO70EOxq, P123), 3-1R N it IR IR 54 T~ Aldrich 24
Al HAb A 34 [ 2530,
3.2 RIFIFELE K AP-IL-SBA-15

AP-IL-SBA-15 1] & 1% J7 ¥4 2= 2% 5 i 38 1)
#R[20].
3.3 EEKE-HEREZEM AP-IM (x)-SBA-15

35 °CF, ¥ 20 g —ikBUEREWY P123 fEHLFEII & AT
NV 15 g KA1 60 g HCI (2.0 molsL ™ )P, #i4E 1 h
Jii, AR NN —E &1 TEOS, #R i 7E— 5 i 1]
PRI — B R N-[3-(= LA IENERD) R 3K ]-4,5- XA K
M. FTOK4A P123/HCI/H,O/TEOS/N-[3-(= LA I Ak 45¢)
PN HE]-4,5- XSk M TR A7) 1 1 LE A 0.017/6.3/121.4/(1—
x)/x, Htr x=0, 5.0%, 7.5%, 10.0%, 12.5%F1 15.0%; ic
) SBA-15, AP-IM (5.0%)-SBA-15, AP-IM (7.5%)-SBA-
15, AP-IM (10.0%)-SBA-15, AP-IM (12.5%)-SBA-15 Al
AP-IM (15.0%)-SBA-15.

RIS IR AU 35 C FHEEE 24 h, RIFEE
B RDUB LIHIANBIN NV 25, 100 CREE 24 h,
LA RI YT, KR 2T, 60 CH T
BT, F BRI 24 h LLR BRI (5 7 Ak
MR 500 mL ZE).
34 EHEHHESESEMEME TSILs [AP-IL (x)-
SBA-15]

¥ AP-IM (x)-SBA-15 Fl 3-1R A R IR 2 I 30
mL EtOH 1, 80 ‘CE/AMRY T [Hlvi 24 h. ik J&, HK
EtOH YERUTIEY), HATH, B8 A AR L. K
1.0 g %573 53] 30 mL EtOH A1 20 mL KHCO5 (0.25
molsL ™ R AT, FILBEEE 30 min DL AIIL A
iR CAIUE= 8 YEgi AT N S =L £k X Ao SRR S T T
etk & -FWAA[AP-IL (x)-SBA-15].
3.5 MHUFIRE

XRD 7 Bruker D8 %4 X S k4T, Cu-Ka
SRR, N, W B/ BT 5K 5 7E Quantachrome  Auto-
sorb-3B (&% FHEAT, FEMTE 473 K R 10 h, 2R J57E
77 K GAF T AT M B BHINER. ] GC-MS 22 & Tl
BRES, A 42K 2 cm ') Nicolet Nexus 670 4T
AT A 5 K b 1 8 L i e 21 AR 6 1S (FT-TR). 4
EOHT(TGA)E SD7A851e 1438 ogik, MEFEFT
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A 800 C, FHEIHEZ N 15 C/min.
3.6 YR

FHEN K (1,1-dicyano-2-phenylethylene): '"H NMR
(CDCls, 400 MHz) o: 7.91~7.88 (m, 2H, ArH), 7.65~
7.60 (m, 1H, ArH), 7.56~7.51 (m, 2H, ArH), 7.80 (s, 1H,
HC=C); “C NMR (CDCl;, 100.6 MHz) J: 160.2, 134.6,
130.7, 129.7, 113.8, 112.6, 82.9.

2K F 2 2,16 (Ethy] benzoate): "H NMR (CDCls, 400
MHz) §: 1.38 (t, J=7.2 Hz, 3H, CH,), 4.36 (q, J=7.2 Hz,
2H, CH,), 7.37 (t, 2H, ArH), 7.48 (t, 1H, ArH), 8.04 (d,
2H, ArH); “C NMR (CDCl;, 100.6 MHz) §: 13.8, 60.3,
127.8, 129.0, 130.0, 132.2, 165.9.

3.7 fENTEMENR

Knoevenagel X N.: 7F 10 mL ¥ i 1 5 #E a1
R K I 5 mL /KA1 2 mmol I, SRIGHIIA
S T2 [ T R ] 3 Dl e A 15 AR e AL ), TRAVT
i EE 1 b OVIERE, BRG], JFH EtOH
ek, BN TS TR, MR SR CBRAHY,
K B GC-2014 (Rtx-50, 30 m, 0.25 mm ID, 0.10 pm)
WME 7= 2.

Henry X NV:: 7F 10 mL (175 3 1 ) 98 HF 25 11 [ i e
A 2.5 mmol [R5 A MEFIANHE FH T, AR5 PRI
SE F 1) [ BB e D) Re AL B AR AR ), TRAT 90
CTHEFE 1 he RNVERG, SR, IFH EtOH ¥k,
FLE TR LA N, 8T 218 SR AR, SR
5 GC-2014 (Rtx-50, 30 m, 0.25 mm ID, 0.10 pum)J 52
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