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Immobilization of Chiral Mn(salen) Complex on MCM-41 via Functionalizing
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Abstract: MCM-41 was first functionalized with benzyl sulphonic acid using a post-synthetic procedure and then
modified with chiral Mn(salen) complex to prepare a heterogeneous chiral Mn(salen) catalyst under cheap and mild
conditions. The chiral Mn(salen) complex was axially immobilized into MCM-41 via the organic benzyl sulfonic
groups. The catalyst was characterized by XRD, N, adsorption-desorption, FTIR, TG-DSC, ICP and acid capacity
titration. The results show that the chiral Mn(salen) complex has been supported on MCM-41, and the mesoporous
structure of MCM-41 and the chiral structure of Mn(salen) are still remained. The supported catalyst was applied to
the asymmetric epoxidation of a-methylstyrene using m-chloroperbenzoic acid as an oxidant at 0 °C, and showed ex-
cellent performance with a conversion of 77% and e.e. (enantiomeric excess) value above 99% after a rather short re-
action time of 2 h in the absence of NMO (N-Methylmorpholine-N-Oxide). The benzyl sulphonic acid groups play a
very good axial ligand function. By treating properly, the e.e. value was still 71% after the supported catalyst was

reused 5 times.
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Scheme 1 Reaction route for preparation of BS-MCM-41
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Scheme 2 Synthesis route of chiral Mn(salen) catalyst
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Table 1 Pore structure properties of MCM-41 and Mn-BS-MCM-41

Sample dio / nm Sper / (m?+ ™) V,/ (em’-g™) D,/ nm 6/ nm
MCM-41 3.53 1083 0.462 2.46 1.62
Mn-BS-MCM-41 3.46 705 0.259 1.95 2.05

dyo: (100) Interplanar spacing; Sz BET surface area; V: Pore volume; D,: Pore size; 6: Thickness of pore wall
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Table 2 Catalytic performance of catalysts for asymmetric epoxidation of olefins

Entry Substrate Catalyst Oxidant Temp / C t/h Con / % ee. | %
1 Mn(salen) m-CPBA 0 2 >99 18
2 Mn(salen) m-CPBA/NMO 0 2 >99 55
3 Mn-BS-MCM-41 m-CPBA/NMO 0 1 46 15
4 Mn-BS-MCM-41 m-CPBA/NMO 0 2 43 12
5 Mn-BS-MCM-41 m-CPBA/NMO 0 4 40 13
6 CP: Mn-BS-MCM-41 m-CPBA 0 1 75 82
7 Mn-BS-MCM-41 m-CPBA 0 2 77 >99
8 Mn-BS-MCM-41 m-CPBA 0 4 78 >99
9 Mn-BS-MCM-41(1* run) m-CPBA 0 2 77 93
10 Mn-BS-MCM-41(2™ run) m-CPBA 0 2 86 92
11 Mn-BS-MCM-41(3" run) m-CPBA 0 2 86 79
12 Mn-BS-MCM-41(4" run) m-CPBA 0 2 96 74
13 Mn-BS-MCM-41(5" run) m-CPBA 0 2 98 71

Reaction conditions: m-CPBA system, n,:n,.cepy:nano=1:2:5, n,=1 mmol, Ve, =5 mL, n=0.02 mmol. The conversion and the ee value

were determined by GC with chiral B-cyclodextrin capillary column (RESTEK RT-BetaDEXse, 30 mx0.25 mmx0.25 pwm).
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attacking ways of a-methylstyrene on salen-Mn(V)-O complex (side-on mechanism)

K5 Mn-BS-MCM-41 A6 1E I m &
Fig.5 Schematic illustration of the catalytic mechanism on Mn-BS-MCM-41

ARG M I T N-Mn 3% Mn(V)=0 B}, Salen FiC
ORI 10 r-HLF Z A — 2 B HER T, 4R
TR SRR It TIRYE R o
HER O LA RERAH Y E T8 7m-B =
5 PE R R PR ICEC I | DT B A ) R4S 3] 5 R 3
FEbER R A R EUT 1S Mn-BS-MCM-41 fELFI7E o-
L 2R 2 A X R B 4R AL R 1 T A i 999% L T
F18) X BR3P LA % g 80P S N 36 1 T NMLO T
A EE ARG P RHA Salen-Mn(V)-0 J& Bl & 15 4H 24
W, T B0 B BT T b A Salen-Mn('V)-0 5
Shy PRIE | 2 100 52 0 5 A0 3R A 4 e 0T 2 T AR A
Wk £k | P RE S BT M A Salen-Mn('V)-0
() SR AR A AR 404 $ 88 Bl 1) FiC R NMO i 77
TR B AR T Rk AL AR, MR IR R o
PTG P rp VAR A S8 eI AR b T R
A5 0% 1 v () A TR R IR W B 3R A R ORI S A A
IALS LR — R0, TR R ) AT ik

PRI TR,

[ 23 £ 791 19 B 52 41 P P A A 3 1 v
O A A R Hh [ 2T AR ) — A E K
i, FATHELEET Mn-BS-MCM-41 75 a-H HEH L4
WA RN A AR, ik 2 v LA
WO e.e (L I T 05 501 0 7T A 7 e /) 5 A 55
HEMH 5 WIR 7= 09X Bk B (e.e.) M 70.8%,
Th8R = AR L A Y AR AR A2 RDBCE R FRATTR
FH NaHCO, "FHUVE LW R, IE O Be 28 B R 4x 1Y)
m-CPBA , il /K ¥k AR i Eh b 4, vk gty
PR B TR S, R GR TIE AEEA R A Ak E E 1
Pk il | B LA MCM-41 171 2% Mn(salen) L &4 1)
) AL ) | J A2 A MR T AR R 4 ),

AN L ¥ R 25 Ry 1 b b 3 o
R o S L AR e b T 4R | AR R R DA e R
A 1) [51 2K TP Mn(salen)BC 590, DI %6 1T — R 5
ENGES RIS SR e ITE RS d ¥ oy e 7= R

6 Ttk Mn(salen)lit & 9376 MCM-41 21 i 2 1 £ J7 2 (A=A 30, B-SCHk[19])

Fig.6 Schematic illustration of two structure of chrial Mn(salen) complex immobilized on MCM-41 A-this work, B-reference [19]
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