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A range of nanoporous aluminosilicates varying in their aluminium content were synthesised using an
evaporation-induced self-assembly (EISA) approach under acidic conditions. The nanoporous materials
produced display narrow pore size distributions and the expected large BET surface areas. The activity
and selectivity of these materials to function as Lewis acid catalysts for the addition of alcohols to styrene
oxide and cyclohexene oxide were assessed and found to be optimum using high aluminium containing
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1. Introduction

The preparation of inorganic solids with controlled pore size
and surface properties has attracted considerable recent attention
[1,2]. In particular, routes to silicate-based mesoporous materi-
als which use surfactant templating approaches have proved to
be popular, and a number of synthetic procedures employing a
diverse range of reaction conditions have been reported [3-5].
These procedures, however, often lack good reproducibility, require
long reaction times or utilize specialist equipment for the synthesis
of relatively small quantities of the mesoporous material. As part
of our studies into the use of silicate materials as heterogeneous
catalysts, we required a simple and flexible route for the synthe-
sis of silicate and aluminosilicate materials and were attracted to
the simplicity of utilizing an evaporation based approach [6-8].
Evaporation-induced self-assembly (EISA) processes has proved to
be one of the most straightforward methods for the preparation of
highly ordered mesoporous silicate materials, and offers a ready
access point to the production of silicate materials with a range of
potential applications [9-11]. The EISA method has previously been
employed for the formation of thin films of surfactant-templated
silica, and has subsequently been employed for the synthesis of a
variety of products including fibres and hollow spheres [5,12-14].
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Typically, a solution of an inorganic silicate precursor and a tem-
plate are mixed and the inorganic precursor is hydrolysed in the
presence of small quantities of a mild acid. On evaporation of the
solvent, the polymerisation of the silicate precursor is facilitated
and ordered mesostructures are produced. Of particular interest to
us was the report by Nagamine et al. that thin films of mesoporous
silicas were produced by an EISA approach which was achieved by
hydrolysing tetraethylorthosilicate (TEOS) under acidic conditions
using ethanol as the solvent [15]. The physical properties of these
films were controlled by varying the ratios of the template and inor-
ganic precursor, or by controlling the rate of gelation by varying the
ratio of acid to inorganic precursor. It is surprising that the use of
EISA approaches for the synthesis of bulk silicate and aluminosili-
cate materials for catalytic applications has received relatively little
attention given the apparent simplicity of this approach. In this
paper we outline our recent progress in the synthesis and character-
isation of aluminosilicate materials produced by the EISA approach
and their use as highly effective heterogeneous catalysts for the
addition reactions of alcohols to epoxides.

2. Experimental
2.1. Materials
All chemicals employed were purchased from the Aldrich

Chemical Company and were used as received without further
purification.
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2.2. Catalyst preparation

Three nanoporous aluminosilicates (AS-(111), AS-(88) and AS-
(14)), in addition to the unmodified silica material (S-1), were
synthesised using a modification of the method reported by
Nagamine et al. [15]. A typical preparation for the synthesis of the
aluminosilicate AS-(14) catalyst is as follows: cetyltrimethylam-
monium bromide (4.0 g, 11 mmol) was dissolved in a solution of
hydrochloricacid (2.5 ml, 0.1 M) and ethanol (17.5 ml). TEOS (25 ml,
112 mmol) was then added and the mixture stirred for 10 min at
40°C. The solution was cooled to room temperature and aluminium
nitrate nonahydrate (3.35 g, 8.95 mmol) was added in one portion.
The mixture was stirred for 20 min and then left to age at room
temperature for 1 week. The resultant orange solid was crushed
into a fine powder, dried overnight at 90°C and then calcined in
air at 550°C for 12 h to remove the organic template to give a fine
white powder.

2.3. Characterisation

Specific surface areas were obtained by the BET method at liquid
nitrogen temperatures using a Micromeritics Gemini or a Quan-
tachrome Autosorb-1 automated gas sorption instrument. Samples
were degassed at 120°C under a flow of helium for 2 h prior to
analysis. Pore sizes were obtained using a Quantachrome Autosorb-
1 automated gas sorption instrument. Samples were degassed at
room temperature under a stream of helium for 3 h prior to anal-
ysis. Pore sizes were calculated from the desorption branch of
the isotherm by the BJH Dv(d) method and pore volumes were
determined using the DH method. Elemental compositions were
obtained with a JOEL scanning electron microscope fitted with
an EDX detector using a 20keV accelerating voltage. Powder X-
ray diffraction (PXRD) profiles of the mesoporous aluminosilicates
were recorded on a Philips X'Pert diffractometer. MAS-NMR spectra
were obtained courtesy of the EPSRC National Solid State NMR Ser-
vice, Durham University. Aluminium spectra were obtained using
a Varian VNMRS system, with a DP pulse sequence and results are
reported in ppm using a 1 M aqueous AlCl3 solution as internal ref-
erence. Silicon spectra were obtained using a Varian Unity Inova
spectrometer with a DP pulse sequence and results are reported in
ppm with respect to tetramethylsilane.

2.4. Catalyst testing and product analysis

All reactions were carried out in a stirred batch reactor. The
catalyst was removed from the sample by filtration through a
Celite plug, which was washed with dichloromethane (2 x 5 ml)
and the combined solvents were removed under reduced pres-
sure. Product mixtures were analysed using 'H NMR, GC or GC-MS
techniques and percentage conversions of reactions were deter-
mined by integration of the relevant signals from crude 'H NMR
spectra.

2.5. General procedure for the methanolysis of epoxides

The aluminosilicate catalyst AS-(14) (50mg) was added to a
solution of styrene oxide (120 mg, 1 mmol) in methanol (10 ml) and
the reaction was stirred for 2 h at room temperature. On comple-
tion of the reaction, the catalyst was removed by filtration through
a Celite plug which was washed with dichloromethane (2 x 5 ml)
and the combined solvents were removed under reduced pressure
to afford 2-methoxy-2-phenylethanol (114 mg, 95%) as a colorless
0il; vmax (film)cm~1 (neat) 3421, 2933, 1454, 1109, 1062, 1025,
757,699 and 544; 'H NMR (400 MHz; CDCl3) § =7.44-7.29 (5H, m),
4.34 (1H, dd, J=4 and 9Hz), 3.74-3.59 (2H, m), 3.34 (3H, s), 2.45
(1H, br s); 13C NMR (100 MHz; CDCl3) §=138.7, 129.4, 128.9, 127.5,
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Fig. 1. BET isotherm of aluminosilicate: (a) AS-(14) and (b) AS-(88).

85.1,67.8 and 57.3; MS (EI) m/z 152 (M)*; HRMS (ES) calculated for
CoH1gNO, (M+NH,)* 170.1176, found (M+NH,4)* 170.1176.

3. Results and discussion
3.1. Characterisation

The nitrogen adsorption-desorption isotherms of all the
materials displayed a reversible isotherm with no noticeable
hysteresis (Fig. 1). Interestingly, the isotherms displayed a well-
defined capillary condensation step at very low relative pressure
(P/Pg =0.10-0.20), which is lower than those generally reported for
mesostructured silica materials and is more typical of small-pore
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Fig. 2. Pore size distribution of aluminosilicate catalysts AS-(111), AS-(88), AS-(14)
and S-1.
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Table 1

Physical characteristics of the mesoporous catalysts AS-(111), AS-(88), AS-(14) and S-1.

Catalyst Si/Al (nominal) Si/Al (EDX)?

BET Surface area (m2 g-1)P

Pore volume (cm3 g=1)° Pore width (nm)¢

s-1 - - 704
AS-(111) 102 111 927
AS-(88) 72 88 789
AS-(14) 13 14 588

0.277 1.49
0.375 1.48
0.298 1.35
0.168 1.37

2 Determined by EDX analysis.

b Surface areas were obtained by the BET method.
¢ Pore volumes determined by the DH method.

d Pore width determined by the BJH method.

mesoporous materials, suggesting that the samples have uniform
and well ordered small mesoporous channels [16]. This was con-
firmed from the pore size data (Fig. 2) and surface areas for the
samples calculated using the BJH method from adsorption branch
of the isotherms. These results revealed a narrow pore size dis-
tribution for the silica material S-1 with a value of 1.49nm and
for the aluminosilicate materials AS-(111), AS-(88) and AS-(14) at
values of 1.48, 1.35 and 1.37 nm, respectively indicative of a uni-
form small-pore mesostructure (Table 1 and Fig. 2). These results
are in good agreement with the surface areas and pore volumes
originally reported by Nagamine et al. for thin silicate films syn-
thesised using this approach. The smaller pore sizes produced in
this study are explained by the minor deviations in the reaction
conditions, particularly the increased quantity of acid employed.
The reduction in pore size and surface area for the high aluminium
containing materials synthesised in this study is consistent with
previous literature reports [17]. The PXRD data obtained were also
similar to those reported by Nagamine et al. for the CTAB/TEOS
ratio used in these studies. Small-angle PXD pattern (Fig. 3b) of the
as-synthesised sample shows two well-resolved diffraction peaks
(260=2.55° and 3.86°) in the small-angle region suggestive of an
ordered 2D hexagonal symmetry. After calcination, the PXRD pat-
tern shows one broad diffraction peak at 260=2.57°, revealing that
long-range ordered nanostructure is retained (Fig. 3a).

EDX analysis demonstrated that aluminium was efficiently
incorporated into the silicate material structure during the EISA
process (Table 1), an observation that was further confirmed by
MAS-NMR analysis of the samples. The 27Al MAS-NMR for the
calcined aluminosilicate sample AS-(14) (Fig. 4a) shows a broad
resonance at 51 ppm due to tetrahedrally coordinated (framework)
aluminium and a broad resonance at —1 ppm due to octahedrally
coordinated (non-framework) aluminium in-line with previous
reports [18]. The 29Si MAS-NMR for the calcined aluminosilicate
sample AS-(14) (Fig. 4b) shows a broad signal around —107 ppm
accompanying a shoulder at —100 ppm which can be assigned to
the Q* and Q3 environments of silicon, respectively. A third weaker

Intensity [a.u]

(a)

\_'-//\‘J‘L . (b)
1 2 3 4 5 6 7 8 9 10
26/degrees

Fig. 3. Typical XRD pattern of: (a) calcined AS-(88) and (b) uncalcined AS-(88).
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Fig. 4. (a) 27 Al MAS-NMR spectra of AS-(14) and (b) 2°Si MAS-NMR spectra of AS-
(14).

shoulder at —92 ppm is present which is associated with the Q2
environment [18]. The broadness of the signals is indicative of the
noncrystalline nature of the siloxane network in the silicate mate-
rials [19] but can be deconvoluted to give three distinct resonances.

3.2. Catalytic activity

Epoxides are highly versatile synthetic intermediates and their
ability to undergo ring-opening reactions with a variety of nucle-
ophilic species with high regio- and stereoselectivity has been well

Table 2
Comparison of catalyst conversion for the formation of 2-methoxy-2-phenylethanol.
OMe
0 MeOH, catalyst OH
1 h,rt
Entry Catalyst Conversion? Selectivity®
1 S-1 0 -
2 AS-(111) 55 99:1
3 AS-(88) 88 97:3
4 AS-(14) 94 95:5

2 Reactions carried out using 1 mmol of styrene oxide in 10 ml methanol using
50 mg/mmol of catalyst.

b Ratio of 2-methoxy-2-phenylethanol to phenylacetaldehyde was determined
from "H NMR and/or GC-MS analysis of crude reaction mixture.
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Table 3
The effect of increasing quantities of methanol on the selectivity of formation of 2-methoxy-2-phenylethanol and phenylacetaldehyde from styrene oxide.
OMe
O MeOH, AS-(14) OH

ED/Q 1hrt

Entry MeOH (equiv.) Conversion (%) % Composition

OH OMe H
oM /J\/OH Ph/\”/
e
Ph Ph O

1 0 5 - - 100

2 2 35 20 60 20

3 4 28 17 70 13

4 8 22 9 79 12

5 Neat 94 - 95 5

2 Reactions carried out using 1 mmol of styrene oxide in 10 ml CH,Cl, at room temperature for using 50 mg/mmol catalyst.
b Product selectivity determined from 'H NMR and/or GC-MS analysis of crude mixture.

established [20-22]. The addition of alcohols to epoxides is a widely
employed route (3-alkoxyalcohols [23], however, the poor nucle-
ophilicity of alcohols requires the use of strongly acidic or basic
conditions or Lewis acid promoters. These protocols are often far
from ideal, and suffer from disadvantages such as the high toxi-
city and corrosiveness of the acids employed, the requirement to
use stoichiometric quantities and long reaction times or inconve-
nient handling procedures [24-26]. Therefore, the introduction of
new methods for the nucleophilic ring-opening of epoxides that
work under mild conditions is of continuing interest and the use
of heterogeneous catalysts in particular has attracted considerable
attention [27-29].

The ability of the nanoporous aluminosilicate materials to cat-
alyze the formation of 2-methoxy-2-phenylethanol from styrene
oxide and methanol was studied initially (Table 2). As expected,
the unmodified silica S-1 demonstrated no catalytic activity and
the starting material was recovered unchanged [30,31]. The incor-
poration of aluminium into the silica structure resulted in the
production of highly effective catalysts and all of the aluminosil-
icate materials displayed good activity and high selectivity for
the addition product. In all of these cases, trace quantities of
phenylacetaldehyde (~1-5%), formed by a competing Meinwald
rearrangement product were observed [32]. All subsequent reac-
tions were undertaken with the AS-(14) material as this proved to
be the most efficient catalyst in terms of overall conversion and
selectivity for the addition product over the rearranged material
[32]. Reactions carried out with no catalysts present gave no addi-
tion products and the starting materials were recovered unchanged
in these cases.

Table 4
Selectivity for the addition of higher molecular weight alcohols to styrene oxide.

OR
o ROH, AS-(14) OH
oY —

3.3. Effect of the number of equivalents of MeOH

Experiments utilizing reduced quantities of methanol in non-
polar co-solvents, such as dichloromethane, were undertaken using
the AS-(14) catalyst and the selectivity for the [3-alkoxyalcohol
product was determined by analysis of the crude reaction mix-
ture by 'H NMR and/or GC-MS analysis (Table 3). It was observed
that in the presence of a small excess of methanol (2-4equiv.),
poor conversion of the epoxide was observed and these reactions
also displayed poor selectivity for the B-substituted product with
significant quantities of the anti-Markovnikov addition product
being generated. In addition, yields of the [3-alkoxyalcohol prod-
uct were further limited by the formation of phenylacetaldehyde
produced in a competing Meinwald rearrangement reaction. Reac-
tions carried out using larger quantities of methanol (8 equiv.) gave
improved selectivity for the Markovnikov addition product and fur-
ther improvements in both epoxide conversion and selectivity for
the [B-alkoxyalcohol product were achieved by carrying out the
reactions in neat methanol which resulted in a complete suppres-
sion of the anti-Markovnikov addition pathway.

3.4. Addition reactions of higher alcohols

We next investigated the addition reactions of a range of differ-
ent alcohols to styrene oxide (Table 4). It was observed that there
was a decrease in both the formation of the Markovnikov addition
product and a reduction in the selectivity in these cases, which
is attributed to the increased steric bulk and decreased nucle-
ophilicity of these alcohols. This leads to the requirement to employ

Entry Nucleophile R Time (h) Conversion?:? (%) % Composition
OH OR Ph/YH
Ph Ph o]

1 MeOH Me 2 100 - 95 5
2 EtOH Et 2 92 - 86 14
3 iPrOH ipr 3.5 64 14 73 13
4 ‘BuOH ‘Bu 6 44 33 23 44
5 AcOH Ac 23 73 - 40 60

2 Reactions carried out using 1 mmol of styrene oxide in 10 ml solvent and 50 mg/mmol AS-(14) catalyst.

b Product ratios determined from 'H NMR and/or GC-MS analysis of crude mixture.
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Table 5
Alcoholysis reactions of cyclohexene oxide.

ROH o
0
AS-(14), rt “IOH

Entry Alcohol R Time (h) Conversion (%)? Selectivity®
1 MeOH Me 1 100 100
2 EtOH Et 1 100 75¢
3 iPrOH iPr 2 100 93¢
4 ‘BuOH ‘Bu 2 100 96¢
5 AcOH Ac 21 100 95¢

2 Reactions were carried out using 1 mmol of cyclohexene in 10 ml alcohol using
50 mg/mmol catalyst.

b Determined from 'H NMR and/or GC-MS analysis of crude mixture.

¢ Mass balance is polymeric material.

extended reaction times and a subsequentincrease in the quantities
of anti-Markovnikov product and products derived from the com-
peting Meinwald rearrangement. This was particularly pronounced
in the case of tert-butanol, which required elevated temperatures
in order to obtain satisfactory conversions and which gave pheny-
lacetaldehyde as the major product. The use of acetic acid as a
nucleophile generated the corresponding protected 3-substituted
alcohol, however, due to its reduced nucleophilicity, long reac-
tion times were required with concomitant formation of significant
quantities of the rearrangement product.

The additional reactions of a range of alcohols to cyclohexene
oxide were also studied and these transformations proceeded more
rapidly than the corresponding reactions involving styrene oxide
and, in most cases, the reactions were complete within 2 h giving
excellent conversions to the (3-substituted alcohols (Table 5). In
contrast to the styrene oxide case, these reactions proceeded to give
products derived from anti-addition of the alcohol in all cases and
no products derived from rearrangement reactions were observed
[32].

4. Conclusions

In conclusion, we have shown that nanoporous aluminosilicates
are easily synthesised using an EISA approach using ethanol as the
solvent. The process is operationally simple requiring no specialist
equipment and produces nanoporous silicate and aluminosilicate
materials with pore sizes in the 1.3-1.5nm range and with the
expected large surface areas. Pore engineering of these materials
is of considerable interest and, while many mesoporous materials
with pore size greater than 2.5 nm have been prepared, the synthe-
sis of materials with pore sizes between the upper limit of zeolites
(1.2 nm) and the lower end of mesoporous materials has remained
a significant challenge as only a limited range of template surfac-
tants can be employed for their synthesis [33-36]. While a limited
number of approaches for the synthesis of such materials have been
reported, they typically suffer from such limitations as poor repro-
ducibility, high cost or poor control of the physical properties of the
final material [16,19,37,38]. The development of simple routes to
such materials provides a significant advance potentially allowing
for shape selective catalysis of organic molecules that are too large
to access the pores of traditional zeolite catalyst technologies. Fur-
thermore, these larger molecules are becoming increasingly more
commercially important for heavy fraction crude oil processing,
new specialty chemical development and new pharmaceutical pre-
cursor syntheses [39-41].

Our current interest in this area is concerned with the devel-
opment of these materials as efficient heterogeneous catalysts and
we have demonstrated that the aluminosilicates produced by this
approach efficiently catalyze the regioselective addition of alcohols

to epoxides to produce [3-alkoxyalcohols in high yields and with
excellent selectivity. The facile synthesis of these catalysts, their
benign nature, the ease of handling and the simplified reaction and
isolation procedures make them a highly attractive alternative to
current methodologies.

Acknowledgements

The authors thank the Engineering and Physical Sciences
Research Council (EPSRC) and Cardiff University for financial sup-
port, the EPSRC National Mass Spectrometry service, Swansea
University and Mr. Peter Davies (School of Engineering, Swansea
University) for his assistance in obtaining EDX data. The authors
are indebted to Dr. S. D. Kean (University of Glamorgan) and Dr.
N.C.0. Tomkinson for their continued support, encouragement and
inspiration.

References

[1] U. Ciesla, F. Schuth, Micropor. Mesopor. Mater. 27 (1999) 131-149.
[2] A.Taguchi, F. Schuth, Micropor. Mesopor. Mater. 77 (2005) 1-45.
[3] T.Linssen, K. Cassiers, P. Cool, E.F. Vansant, Adv. Colloid Interface Sci. 103 (2003)
121-147.
[4] Y. Wan, D. Zhao, Chem. Rev. 107 (2007) 2821-2860.
[5] P.J. Bruinsma, A.Y. Kim, J. Liu, S. Baskaran, Chem. Mater. 9 (1997) 2507-2512.
[6] M.W.C. Robinson, R. Buckle, I. Mabbett, G.M. Grant, A.E. Graham, Tetrahedron
Lett. 48 (2007) 4723-4725.
[7] M.W.C. Robinson, A.E. Graham, Tetrahedron Lett. 48 (2007) 2731-4727.
[8] M.W.C. Robinson, D.A. Timms, S.M. Williams, A.E. Graham, Tetrahedron Lett.
48 (2007) 6249-6251.
[9] A. Corma, Chem. Rev. 97 (1997) 2373-2419.
[10] D. Zhao, P. Yang, N. Melosh, ]. Feng, B.F. Chmelka, G.D. Stucky, Adv. Mater. 10
(1998) 1380-1385.
[11] Y.F. Ly, R. Ganguli, C.A. Drewien, M.T. Anderson, CJ. Brinker, W.L. Gong, Y.X.
Guo, H. Soyez, B. Dunn, M.H. Huang, ].I. Zink, Nature 389 (1997) 364-368.
[12] M. Ogawa, N. Masukawa, Micropor. Mesopor. Mater. 38 (2000) 35-41.
[13] A.Endo, T. Miyata, T. Akiya, M. Nakaiwa, Y. Inagi, S. Nagamine, ]. Mater. Sci. 39
(2004) 1117-1119.
[14] CJ. Brinker, Y. Lu, A. Sellinger, H. Fan, Adv. Mater. 11 (1999) 579-585.
[15] S.Nagamine, K. Kurumada, M. Tanigaki, A. Endo, Micropor. Mesopor. Mater. 49
(2001) 57-64.
[16] S.A.Bagshaw, A.R. Hayman, Adv. Mater. 13 (2001) 1011-1013.
[17] D.P. Serrano, R. van Grieken, ]J.A. Melero, A. Garcia, Appl. Catal. A 319 (2007)
171-180.
[18] A. Matsumoto, H. Chen, K. Tsutsumi, M. Griin, K. Unger, Micropor. Mesopor.
Mater. 32 (1999) 55-62.
[19] S.A.Bagshaw, A.R. Hayman, Micropor. Mesopor. Mater. 44 (2001) 81-88.
[20] G.Pattenden,in: B.M.Trost, 1. Fleming (Eds.), Comprehensive Organic Synthesis,
vol. 3, Pergamon, Oxford, 1991, pp. 733-775.
[21] A.S. Rao, S.K. Paknikar, J.G. Kitune, Tetrahedron 39 (1983) 2323-2367.
[22] LM. Pastor, M. Yus, Curr. Org. Chem. 9 (2005) 1-29.
[23] M.W.C. Robinson, K.S. Pillinger, A.E. Graham, Tetrahedron Lett. 47 (2006)
5919-5921.
[24] G.A. Olah, A.P. Fung, D. Meidar, Synthesis (1981) 280-282.
[25] Y. Masaki, T. Miura, M. Ochiai, Synlett (1993) 847-849.
[26] J.S.Yadav, B.V.S.Reddy, K. Harikishan, C. Madan, A.V. Narsaiah, Synthesis (2005)

2897-2900.

[27] R.V. Varapathi, S.M. Reddy, S. Tammishetti, React. Funct. Polym. 64 (2005)
157-161.

[28] S.K. Yoo, ].Y. Lee, C. Kim, SJ. Kim, Y. Kim, J. Chem. Soc., Dalton Trans. (2003)
1454-1456.

[29] M. Bandini, M. Fagioli, A. Melloni, A. Umani-Ronchi, Adv. Synth. Catal. 346
(2004) 573-578.

[30] K. Iwanami, J.-C. Choi, B. Lu, T. Sakakura, H. Yasuda, Chem. Commun. (2008)
1002-1004.

[31] C. Ngamcharussrivichai, P. Wu, T. Tatsumi, J. Catal. 227 (2004) 448-458.

[32] M.W.C.Robinson, A.M. Davies, I. Mabbett, S.H. Taylor, A.E. Graham, Org. Biomol.
Chem. 7 (2009) 2559-2564.

[33] C.T.Kresge, M.E. Leonowicz, W.J. Roth, J.C. Vartuli, J.S. Beck, Nature 359 (1992)
710-712.

[34] Q.Huo, D.I. Margolese, U. Ciesla, P. Feng, P. Sieger, R. Leon, P.M. Petrof, F. Schiith,
G.D. Stucky, Nature 368 (1994) 317-321.

[35] P.T. Tanev, T.J. Pinnavaia, Science 271 (1996) 1267-1269.

[36] S.A.Bagshaw, E. Prouzet, T.J. Pinnavaia, Science 269 (1995) 1242-1244.

[37] T.Sun, J.Y. Ying, Nature 389 (1997) 704-706.

[38] Z.Zhang, X. Yan, B. Tian, C. Yu, B. Tu, G. Zhu, S. Qiu, D. Zhao, Micropor. Mesopor.
Mater. 90 (2006) 23-31.

[39] M.E. Davis, Nature 417 (2002) 813-821.

[40] ]. Caro, M. Noack, Micropor. Mesopor. Mater. 115 (2008) 215-233.

[41] J.Y. Ying, C.P. Mehnert, M.S. Wong, Angew. Chem., Int. Ed. 38 (1999) 56-77.



	Synthesis and catalytic activity of nanoporous aluminosilicate materials
	Introduction
	Experimental
	Materials
	Catalyst preparation
	Characterisation
	Catalyst testing and product analysis
	General procedure for the methanolysis of epoxides

	Results and discussion
	Characterisation
	Catalytic activity
	Effect of the number of equivalents of MeOH
	Addition reactions of higher alcohols

	Conclusions
	Acknowledgements
	References


