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Periodic mesoporous silicates, which possess uniform
channels with large pore size (80 nm), high surface area
(up to 2000 n¥g), and tunable structure, have attracted much
attention in the past decadé.The ordered mesoporous

The surface hydrophobic/hydrophilic properties of the solid
catalysts have great influence on their catalytic activity.
Silylated mesoporous titanosilicates which are more hydro-
phobic compared with the unmodified silicas can enhance
the catalytic activity in olefin epoxidatiof?:*?

For a liquid-liquid biphase reaction which contains both
oil and water phases, vigorous stirring, a cosolvent, or a phase
transfer catalyst is required to promote the reaction, of which
using a phase transfer catalyst is the most efficient method.
To reuse the expensive and sometimes toxic phase transfer
reagents for the consideration of economy and environment,
the phase transfer catalyst tends to be immobilized onto a
solid support to obtain a heterogeneous catalyst, which is
more suitable for industrial fabrications. Such a concept of
liquid—liquid—solid “triphase catalysis” has been well
adopted in many casé$.’® However, usually the im-

materials have been widely explored as supports for a variety o jj; e q catalysts show relatively lower activities.

of catalysis, including acidic/basic catalysis, hydrogenation,
desulfuration, oxidation, asymmetric synthesis, or enzyme
catalysis’® The surface of the mesoporous silicates can be
modified with different group8;** by which it can greatly

adjust surface functionality and change textural propetties.
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Here, we demonstrate the use of the ordered mesoporous
silica (SBA-15) as a nanoreactor for liquitiquid biphase
reaction with high activity. A “triphase catalysis” reaction
efficiently occurred in the absence of phase transfer reagents
and cosolvents as well. It is attributed to the amphiphilic
surface of the mesoporous silica which can provide a suitable
accommodation for both hydrophilic and hydrophobic mol-
ecules. Using the catalyst of sodium tungstate/SBA-15, high
conversions (up to 89%) are achieved with a low catalyst
loading (S/C= 300) in an organic solvent-free condition
for the reaction of benzylic alcohols oxidized by hydrogen
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Table 1. Oxidation of Benzyl Alcohol to Benzoic Acid in Different

b System$

1000 4

entry system S/E  yield® %

1 0.022 g of NaWO,-2H,0 300 5
2 0.20 g of SBA-15 <2
3 0.022 g of NaWO,+2H,0 + 0.2 g of SBA-15 300 74
4 0.23 g of SBA-15-WG?~ 300 84
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1b, inset). It also implies that the tungstates are well dispersed

shisite [ and accessible via the open pore channels. The UV diffuse
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e Relative Pressure (P/P.) reflection spectrum (UV-DRS) of SBA-15-W® shows two

absorption peaks around 403 and 252 nm (Supporting
Information, Figure S1), which indicates the immobilization
of tungstates.

The oxidation of benzyl alcohol to benzoic acid by
hydrogen peroxide was chosen as a probe ligligid
biphase reaction (Supporting Information, Scheme S1). The
oxidation reactions were carried out under an organic solvent-
free condition with 30 wt % KO, at 90°C. As shown in
Table 1, a low isolated yield of 5% for benzoic acid (entry
1) was obtained when sodium tungstate was used as a
catalyst, probably because of the immiscibility of the oxidant

Figure 1. XRD patterns (a) and nitrogen sorption isotherms (b) and pore

size distributions (inset) of SBA-15, SBA-15-NHand SBA-15-WG?~. and the substrate. It was also detecteq that mesoporous silica
TEM images of mesoporous silica SBA-15 along the [001] direction (c) SBA-15 showed almost no catalytic activity (entry 2).
and SBA-15-W@~ catalyst along the [110] direction (d). However, when a mixture of N#/O, and SBA-15 was

employed, an unexpected high yield of 74% was obtained

peroxide, which is a typical liquidliquid biphase reaction. (entry 3). Itis explained that the large mesochannels of SBA-
Furthermore, the grafted catalysts can be recovered and

d with hiah . t least eiaht i 15 can accommodate N&O, with the aid of water from
reused wi '9 -c.:onversmna east eignt imes. . aqueous kD, which promoted the oxidation reaction.
Mesoporous silicates SBA-15 were prepared by Using ¢y thermore, when the grafted catalyst SBA-15-WQvas

triblock copolymer Pluronic P123 as a structure-directing used, a higher yield of 84% was obtained (entry 4). The yield

?gent ur;dTer: aC|d_|c cong!;!og S""é:zoidml\? to theb p_revljous improvement could be attributed to the rich concentration
lteratures The amino modiiie -15-Niwas obtaine of tungstates in the mesochannels. The yield as a function

by post-grafted method with 3-aminopropyltriethoxysilane. of reaction time was measured, and it was found the yield
The grafted catalyst SBA-15-WO was obtained by — 5cpjeyeq a plateau after 12 h (Supporting Information, Figure
acidification of SBA-15-NH using trifluoromethanesulfonic S2). As a result, a reaction time of 12 h was chosen for all
acid and lon exchang_e by tungsﬁteexperlmental details e reactions. Further studies showed that the grafted catalyst
are shown in S“pPO”'”Q Information). could be recovered and reused for at least eight cycles
Powder X-ray diffraction (XRD) patterns show that all oyt significant decrease of the yield (Supporting Infor-
the samples have highly ordered hexagonal mesostructuregyation, Figure S3). The recovery of the catalyst could be
(Figure 1a), which remain intact during the post-grafting. gagily realized through a filtration or centrifugation process.
Transmission electron microscopy (TEM) images (Figure  jpqer N, atmosphere or airtight conditions, the benzyl
1c,d) szt[‘e mesoporous silica SBA-15 (Figure 1c) and SBA- 51c0hols can be selectively oxidized to aldehydes (Table 2,
15-WGO,*” (Figure 1d) also show well mesostructural regu- gty 2y When the molar ratio of #,/BzOH is as low as
larity in Izarge domains. In addition, the TEM image of SBA-_ 1.2, benzaldehyde is the main product with a yield of 68%
15-WQ,* shows that _the tungstatgs are well dispersed in (isolated yield of 66%) and a high selectivity of 94%. In
the pore channels. Nitrogen sorption isotherms of all the addition, SBA-15-WG?~ is also an efficient catalyst for the

samples show representative type-IV curves, which are uiqation of other benzylic alcohols and cyclohexanol (Table
characteristic of mesoporous materials with uniform pore ,

structure (Figure 1b). A decrease of the BET surface areas g results reveal that the oxidation that occurred in the
is observed after the post-grafted process; the BET surfacenegochannels is quite similar to that reported by Noyori and
areas of SBA-15, SBA-15-Njland SBA-15-W@ are 721,

, _ co-workerd®19in which quaternary ammonium hydrogen
5_55,_anq 452 1#ig, respectively. However, the BJH pore size sulfate was used as a phase transfer agent. In our case, the
distributions of each sample are narrow at the mean value

_ ) loading of catalysts (S/& 300) is much lower than that of
of 8.2 nm, suggesting an open mesopore channel (Figure
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Table 2. Oxidation of Alcohols Using SBA-15-WQ?~ as a Catalyst neously, the hydrophobic mesochannels may also influence
Entry  Substrate Product H,0/  Vield% Seleoctivity the dlffusmn of t_he reactants and products, thus resulting in
alcohol % lower isolated yield.
1 (C)omon ()—coon 35 84 94 Mesoporous silicates with different pore size and surface
area were used as supports for the oxidation reaction
{ )—CH0H b . . . .
2 (Orewo bz 68 o (Supporting Information, Table S1). With the increase of the
3 0N )cmon N )-coon 35 89 9% pore size and surface area, the yield tends to increase a little.
oH o When MCM-41 with small pore size (2.4 nm) was used as
4 v C%k 3.5 87 >99 the support, a relatively low yield (71%) was obtained (entry
1). It may arise from the difficulty for both the substrates
5 25 55 91
QOH OZO and the products to enter and escape from the mesochannels.

a Reaction conditions: S/€& 300, stirring at 90C for 12 h. The yields When the pore size is large enoughg(8 nm) for the inter-
of the acid products (entries 1, 2) were calculated from those of the isolated phase mobility of the substrates and products, a small
products, while those of the other entries were calculated from GC analysis. dacrease of the yield is observed. which may be due to the
b The reaction occurred in an airtight bottle. L S
drop of the surface area (entries'3). Similar phenomena
Scheme 1. Reaction of Alcohol Oxidation Using have been observed for the photooxidation of olefins using
SBA-15-WOQO,2~ as a Catalyst under a Triphase Condition Pt-loaded SBA-151

In summary, we demonstrate a “triphasic catalysis”
reaction occurred in the channels of mesoporous silica
without any phase transfer reagent and organic cosolvent.
The amphiphilic mesochannels of SBA-15 can provide a
suitable accommodation for both hydrophilic hydrogen
peroxide and hydrophobic benzylic alcohols, which acts as
not only a support for tungstate catalyst but also a “solid

® alcohol phase-transfer reagent”. High conversion is obtained with a
® H202/H20 low catalyst loading for the oxidation of benzylic alcohols
with hydrogen peroxide, which can be attributed to the
the phase transfer catalyst (S/€ 50) used for primary  enrichment effect of the mesochannels. It is a green and
alcohols, implying that the mesochannels as a nanoreactoleconomical process for the oxidation industry. Furthermore,
can enrich the substrate and make the oxidation be moreit js also expected that mesoporous silica materials may have
efficient. potential applications in other liquieliquid biphase reactions

It has been known that the approachability of the two py controlling the hydrophobic/hydrophilic properties of the
liquid phases to the solid catalyst is a key factor for a triphase mesochannels.

reaction. It is necessary with the aid of a cosolvent or a phase
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