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Abstract — A series of amine functionalized MCM-41 catalysts were prepared by aminopropyltrimethoxysilane graft-
ing and their catalytic performance in Knoevenagel reaction of selected substrates was investigated. Water resistant and
catalytically active amine grafted MCM-41 was prepared by post-synthetic silylation using methyltrimethoxysilane ;
hydrogen bonding of the water molecules formed during the condensation reaction to the active N group was sup-
pressed, which led to high TON of the reaction. Amine functionalized MCM-41 prepared by coating method produced
high conversion, but the TON of the catalyst was much lower than that of the amine grafted MCM-41; pore volume of
the functionalized MCM-41 decreased substantially and large portion of the immobilized amine is believed to be hydro-
gen bonded to each other, which can result in decrease in the basicity of the N group. A secondary amine group was pre-
pared by room temperature condensation between aminopropylsilane and chloropropylsilane, and the MCM-41 grafted
with the secondary amine group demonstrated the highest catalytic activity among the catalysts prepared.
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Fig. 1. XRD patterns(a) and N, adsorption-desorption plot(b) of enlarged
MCM-41.
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Fig. 2. TEM images of the pore-enlarged MCM-41.
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Scheme 1. Functionalization procedure of grafting and silylation (a),
coating (b), and secondary amine grafting (c) method.
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Fig. 3. FT-IR spectra of the pore-enlarged MCM-41(a), amine func-
tionalized MCM-41(b), and silylated amine functionalized
MCM-41(c).

Table 1. Textural properties of MCM-41 before and after function-

alization

Sample* Pore diameter Surfa(;e area Pore volume

(nm)” (m7g) (cc/g)

Parent 48 894 132

APM 44 618 0.97

SAPM 42 584 0.88

CAPM 27 478 0.57

BAPM 42 538 0.87

*refer to scheme 1 for APM: grafting aminopropyl-MCM-41, SAPM:
silylated APM, CAPM: coated aminopropyl-MCM-41, BAPM: bridged
aminopropyl-MCM-41.

dcalculated by BJH method using the desorption branch

Aol =7k MCMA1S] 3R} Whsjo] kg Haso] He)
#2102 A7k SAPME MCM-41 9] 27 OHZ} trimetyl
5 ek Yl A71AR] A3 silylation®] 501

C/N H]E0] 4427 Z7138190}). CAPMS: C/NQ] Bl$©] 3.7631 A
O Mo}, AA| thF-Ee] dEAfo|=rt R k] 1w éfs‘ﬁl
L} MCM-412] 23 7¢] wh8-0 & A AL 3, TF2 A|5of| H]s

o] A gk C, N8| dofifo] W2 0% Rof AJids] w2 ¢

jEo R

Hlgo] 35791 2O Hol AR Eakslo] gl el & <] ofulo] Ewle] 7l5akEl 202 wekErh BAPMelA: ON
Table 2. Elemental analysis of various amine-functionalized MCM-41 catalysts

Sample N (wt%) C (wt%) N (mmol/g) C (mmol/g) C/N (mol%)

APM 2.87 8.77 2.05 7.31 3.57

SAPM 2.50 9.50 1.79 7.92 4.42

CAPM 4.93 15.8 352 13.2 3.76

BAPM 1.97 8.87 1.41 7.39 5.22

*atomic percent of nitrogen per gram catalyst
Yatomic percent of carbon per gram catalyst
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Scheme 2. Reaction pathway over the heterogeneous amine-grafted catalyst[9].
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AT-E AYaL Qlar, o213k MCM-41 A|Z9] opilo] ¥38hel {7 Al st A E EA methylene F7HA|7) o113} 9851 HES-
ATkS ol 7)5siA 71 v, AT, AleRy] ol 7 AWIE SIS sk, 9 Faol9] AdThS S8l vk
S8 AT M SR EDPssfol wE EUFE RG] ) ofls] e ool We) 0 Bk 24 ob)
1, SRS 9 352 mmolg % 71 B o] £9JEI3) o ASE fARF WAUZOR AW Zolet o3 4 Ak
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Table 3. Conversion and TON of the various amine-grafted catalysts

L

8] == WEFS 98] = (benzaldehyde) 9t A= s =
(butyraldehyde)Z ZF2} AFE-3191aL, @4 methylene 3852 pKaZ}
=2 ECA(ethyl cyanoacetate)?} H] %] pKa’Z| 32 DEM(dimethyl
malonate)Z AFE-alo] HWEL-9] E41-8 olrgit). o]9} o] A=
T 7 S dlslest 7 F52 24 methylene SHRHES A}

Conversion TON?*
Benzaldehyde Butyraldehyde Benzaldehyde Butyraldehyde
ECAP DEM® ECA DEM ECA DEM ECA DEM

Parent 0 0 0 0 0 0 0 0
APM 88 10 94 33 215 24 229 80
SAPM 94 13 100 35 263 36 279 98
CAPM 92 8 93 28 131 11 136 40
BAPM 92 19 100 37 329 67 355 131

Reaction temperature 50 °C, time 6 h
*turnover number : moles of product per moles of amine in catalyst
ECA : ethylcyanno acetate,  DEM : diethyl malonate
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