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Synthetic Procedure
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Schematic synthesis procedure of PMOs.

Periodic Mesoporous Organosilicas (PMOs)



Periodic Mesoporous Organosilicas (PMOs)

Modeling images of phenylene-bridged 
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PMOs in Heterogeneous Catalysis

HNO3

1.Graft or co-condensation



Characteration

Figure 1. 13C CP-MAS NMR spectra of a) PMO-NH2, b) PMO-NHBoc,
and c) PMO-SO3H-NH2. * in (a) denotes residual peaks of CTAB,

which disappear after the sulfonation reaction (c).



Characteration

Figure 2. Powder X-ray diffraction patterns of a) PMO, b) PMO-NH2,
c) PMO-NHBoc, and d) PMO-SO3H-NH2.



Characteration

Figure 3. Nitrogen adsorption–desorption isotherms of a) PMO-NH2,
b) PMO-NHBoc, and c) PMO-SO3H-NH2.



One pot reaction
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Bifunctionalized PMOs
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Functional Groups and Reactions Used
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Functional Groups and Reactions Used

O

O2N

Catalyst

O2N

OH O

O2N

O

Acetone
+



J. Catal. 2007, 247, 379.

Functional Groups and Reactions Used



J. Catal. 2009, 263, 181.

Functional Groups and Reactions Used

O

4

catalyst
CN

O

O

OEt

5 6

NC OEt

O

+



One-pot Reaction
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Other Reactions
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Locations of the Functional Groups
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The Cooperative Ion-pair Mechanism
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Cooperative Primary Amine Mechanism
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New Silica Precursor
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Recently there has been significant progress in 
mimicking natures multistep reaction cascades for the 
synthesis of structurally complex organic molecules. Well-
controlled multifunctionalization of solid supports can be 
an efficient strategy for the design of cooperative catalytic 
systems. This approach requires that the relative
concentrations and the proper spatial arrangement of all 
functional groups are controlled. Biocatalysts such as 
enzymes immobilize mutually incompatible functional 
groups without destruction and allow these functional 
groups to act independently or in a cooperative manner. 
To mimic such multistep reaction sequences in one-pot 
reactions will be effective in terms of waste and cost 
reduction.



In summary, bifunctional mesoporous organosilicas
possessing organic amines and sulfonic acid groups were 
successfully generated and used in a cooperative catalytic 
transformation. Compared to earlier reports, the current 
methodology benefits from a precise location and 
concentration of the active functional groups in a 
mesoporous phenylene silica with crystalline pore walls, in 
which the acidic groups reside mainly on hydrophobic 
benzene layers and the basic amino groups on hydrophilic 
silica layers for cooperative effects. Further investigation is 
currently underway regarding enhancement of the acid–
base properties of the materials, additional catalytic 
e n h a n c e m e n t s ,  a n d  a d v a n c e d  a p p l i c a t i o n s .
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