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Unsymmetrical Copper(I) Schiff Base Complex Immobilized on
MCM-41: Preparation and Catalytic Properties
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Abstract: An unsymmetrical copper(Il) schiff base complex, Cu(CBP-PHEN-Sal), was covalently anchored onto the
silica surface of MCM-41 by a multi-step grafting method. The resulting material was characterized by XRD, FTIR,
DR UV-Vis, nitrogen adsorption , elemental analysis and ICP. The results showed that the unsymmetrical copper(Il)
schiff base complex was immobilized inside the channels of MCM-41 and that textural characteristics of the support
were kept intact after the immobilization. The catalytic activity of the immobilized catalyst for the liquid phase
oxidation of olefins was tested. The immobilized catalyst showed a higher ctalytic activity compared to the neat
complex in the oxidation of styrene with TBHP as the oxidant. The effect of reaction conditions such as solvent,

catalyst amount, temperature and reaction time on the catalytic performance was also investigated.
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Fig.1 Route for preparation of unsymmetrical Cu(ll) schiff base complex immobilized on MCM-41

111 3-FUIEE PN ARG e MCM-41(B) A 1

¥ EZSER 3 ¢ MCM-41(150 °C) & ¥ 1E
60 mL KA | A 3 g 3-H B 9 L = H 4
Berb e AE AR T B 15 h, ¥ 205 a8 S
T, H CBER S P 4y A T 2,80 CHE AT
# = eAE NH(CH;)-MCM-41(B).,

1.1.2 KAGEE S MCM-41(C)HI A 1%

5-58 W B K A% I # SCHRMIG 1, 3 ¢ NH(CH3)-
MCM-41(B)%& V% #E 50 mL JC/KH 28 JinA 2.4 g 5-
A EAK R, SR TR 12 h, B H 5 S0k
th [ A = T S-S TR G W il AR | B S T
80 C'FEZ T, F*¥ic/E Sal-MCM-41(C).,

1.1.3  (HCBP-PHEN-Sal)-MCM-41(D)1) 4 1%

HCBP-PHEN #% 3CHKUME 15, 3 ¢ Sal-MCM-41(C)
BIETE 50 mL oK HEEH | finA 5 ¢ HCBP-PHEN
1.5 g SEMIE 7R AR T FIR 10 h, R A5
b g R ] Sl L 80 CEAE TR iR
(HCBP-PHEN-Sal)-MCM-41(D),

1.1.4 Cu(CBP-PHEN-Sal)-MCM-41(E)/) & %

3 g (HCBP-PHEN-Sal)-MCM-41(D)#& ¥ 7E 20 mL
IETEER A 0.2 g 7SS BE , A 1 g B2 i

A 25 mL, $EHE R 16 h, 500 uE [
PR A4 75 3] MCM-41 L4310 [ 2% 1 A

XF BRI 8 Ca(DEC S, 7 #)iCE Cu(CBP-PHEN-
Sal)-MCM-41(E).
1.1.5  RXFFRIE KRB Cu(DEC A9
Cu(CBP-PHEN-Sal) i £ Jil(F)
AKX FRRE K% Cu(EC 5% Cu(CBP-PHEN-Sal)
(F)W& 3R SCHRU9E B, H 25 an &l 2 R

— N N—
\C/
u
e

F

2 BAY Cu(HCBP-PHEN-Sal)fy 4514
Fig.2 Structure of Cu(HCBP-PHEN-Sal) complex
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Table 1 Pore diameter, specific surface area and pore volume of samples

Sample Pore diameter / nm BET surface area / (m?-g™) Pore volume / (mL-g™)
MCM-41 2.95 1125 0.89
NH(CH;)-MCM-41 2.24 558 043
Cu(CBP-PHEN-Sal)-MCM-41 1.92 386 0.23
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Table 2 Catalytic performance of different catalysts for oxidation of styrene

Amount / Conversion /

Yield / mol%

Catalyst TON
mg mol% SO BA PA
Cu(CBP-PHEN-Sal) 4.3 26.4 155.3 11.6 13.0 1.8
Cu(CBP-PHEN-Sal)-MCM-41 25 55.1 324.1 279 25.1 2.1

Reaction conditions: styrene 5 mmol, TBHP 5 mmol, acetonitrile 10 mL, time 5 h, temperature 50 °C. BA =benzaldehyde; SO =styrene

epoxide; PA=phenylacetaldehyde; TON(turnover number)=moles of the converted styrene per mole of metal in the catalyst.
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Table 3 Effect of solvent on the oxidation of styrene by Cu(CBP-PHEN-Sal)-MCM-41

Yield / mol%

Solvent Conversion / (mol%) TON
SO BA PA
CH:CN 55.1 324.1 27.9 25.1 2.1
CH.Cl, 12.6 74.1 7.1 5.1 0.4
CHCly 16.1 94.7 8.9 6.4 0.8
DMF 24.4 143.5 10.6 12.0 0.8
CH;OH 8.5 50.0 4.8 34 0.3

Reaction conditions: catalyst 25 mg, styrene 5 mmol, TBHP 5 mmol, solvent 10 mL, time 5 h, temperature 50 “C. BA=benzaldehyde; SO=

styrene epoxide; PA=phenylacetaldehyde; TON(turnover number)=moles of the converted styrene per mole of metal in the catalyst

ASCAWHFFE T Cu(CBP-PHEN-Sal)-MCM-41 fE
PEALT | BN R IR L0 B AR IR, AR IR R
(25 C), R LA BT AR R 22.6% , 1 FAT T
R, IR S A A AR B A BN R T T
H S I i B 85 T 50 CJa |, 7R &0 S AR e AR 3R 1 n iy
W EEAR /N, DR o 365 1 S I il B2 2 50 °C,

XF TR SE B 22 AR A AR R 1 e R R AR
b7 TBHP W, HFARE W F R & K O A%
b3,

Kl 6 KW, Bl S ] A SE K R SR 5
TS5 h E RO R AR R TR 2% 2 E]
B m

232 HAh M IR AL

Z tHAE AL Cu(CBP-PHEN-Sal)-MCM-41 X AR
[ s 9 S8k S L I AL M BB BT 3% 4, EIR O

70

B w (=)
(=} (=) (=]
T T T

w
(=}
T

Conversion / %

0 1 2 3 4 5 6 7 8
Reaction time / h

K6 KNI R] X Cu(CBP-PHEN-Sal)-MCM-41
AL 24 S A 52
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Table 4 Catalytic performance for oxidation of various olefins by Cu(CBP-PHEN-Sal)-MCM-41

Substrate Conversion / mol% TON pruduct Yield / mol%
Styrene 55.1 324.1 Styrene epoxide 27.9
Benzaldehyde 25.1
Phenylacetaldehyde 2.1
Cyclohexene 447 262.9 Cyclohexene epoxide 2.9
2-Cyclohexene-1-ol 11.8
2-Cyclohexene-1-one 13.8
1-(tert-Butylperoxy)-2-cyclohexene 16.2
Cyclooctene 234 137.6 Cyclooctene epoxide 12.6
1-Octene 12.7 74.7 1-Octene epoxide 8.4

Reaction conditions: catalyst 25 mg, olefins 5 mmol, TBHP 5 mmol, acetonitrile 10 mL, time 5 h, temperature 50 °C. TON (turnover

number)= moles of the converted olefins per mole of metal in the catalyst.
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Table 5 Oxidation of styrene over Cu(CBP-PHEN-Sal)-MCM-41: influence of catalyst recycle

Yield / mol%

Cycle Conversion / mol% TON
SO BA PA
1 55.1 324.1 27.9 25.1 2.1
2 524 308.2 26.4. 24.6 1.4
3 51.8 304.7 25.1 24.9 1.8
4 51.3 301.7 24.8 24.8 1.7

Reaction conditions: catalyst 25 mg, styrene 5 mmol, TBHP 5 mmol, acetonitrile 10 mL, time 5 h, temperature 50 °C.
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