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In the presence of a catalytic amount of mesoporous aluminosilicate (AI-MCM-41), both allyltrimethyl-
silane and silyl enol ether reacted with various acetals under mild reaction conditions to afford the cor-
responding homoallyl ethers and B-alkoxy ketones, respectively. The catalyst was easily recovered from
the reaction mixture and could be reused in the same reaction without a significant loss of catalytic activ-
ity. Moreover, AI-MCM-41 exhibited high chemoselectivity for acetal over aldehyde in the reactions.

© 2010 Elsevier Ltd. All rights reserved.

Acetals are generally inert toward nucleophiles under basic
conditions, therefore they have been widely used as the protective
group of carbonyl compounds.! On the other hand, acetals react
with allylsilanes (Sakurai allylation) or silyl enol ethers (Mukaiy-
ama aldol reaction) in the presence of Lewis acids to afford homo-
allyl ethers or p-alkoxy carbonyl compounds.? These reactions are
recognized as valuable carbon-carbon bond-forming reactions in
organic synthesis because of the high synthetic utility of the prod-
ucts.* Although a wide variety of catalysts are known to be effec-
tive for these reactions,>® the recovery and reuse of the catalysts
are generally difficult because most of them decompose during
work up of the reaction.

Along with the increasing attention to the development of envi-
ronmentally benign reaction systems, the replacement of conven-
tional Lewis acids to heterogeneous solid acids is important in
the current field of synthetic organic chemistry. Nevertheless,
there have been only few reports on allylation or aldol reaction
of acetals with allylsilanes or silyl enol ethers catalyzed by hetero-
geneous catalysts.”®

In 2003, Iwamoto and co-workers reported that ordered meso-
porous silica MCM-41 catalyzed Mukaiyama aldol reaction of silyl
enol ethers with acetals under heterogeneous conditions.8* MCM-
41 possesses large uniform pores (2-10 nm) and a high surface
area,® and it is well known that the catalytic activity of MCM-41 in-
creases by incorporating metals, such as Ti, Sn, and Al, into its
structure.’® Among them, aluminum incorporated MCM-41 (Al-
MCM-41) has been found to catalyze several synthetic reactions

* Corresponding author. Tel./fax: +81 45 339 3968.
E-mail address: m-asami@ynu.ac.jp (M. Asami).

0040-4039/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2010.06.034

under mild reaction conditions, recently.!' Herein, we report mild
and efficient catalytic systems for chemoselective reactions of ace-
tals and allylsilane or silyl enol ether by using AI-MCM-41.

At first, Sakurai allylation of benzaldehyde dimethyl acetal (1a)
with allyltrimethylsilane (2) was investigated (Table 1). In the
presence of AI-MCM-41 (30 mg, Si/Al = 26, dried prior to use at
120 °C for 1 h under vacuum),'>!3 the reaction of 1a (1.0 mmol)
with 2 (1.5 mmol) in dichloromethane at 30 °C for 45 min afforded
4-methoxy-4-phenylbut-1-ene (3a) in 86% yield along with 7%
yield of 1-phenylbuta-1,3-diene (4) (entry 1). When the reaction
was carried out by using amorphous silica-alumina (SiO,-
Al,03)" or aluminum-free MCM-41'° in place of Al-MCM-41,
homoallyl ether 3a was not obtained (entries 2 and 3). Therefore,
it turned out that both the mesoporous structure and the presence
of aluminum moiety were necessary for the high catalytic activity
of AI-MCM-41 as was observed in the case of Al-MCM-41-cata-
lyzed allylation of aldehydes. By reducing the aluminum content
of the catalyst, the amount of 4 produced in the reaction decreased
and only 3a was obtained in 96% yield by using AI-MCM-41 (Si/
Al = 48) (entries 4 and 5).'°

As high yield was achieved in the reaction of 1a, AI-MCM-41-
catalyzed allylation of various acetals was examined (Table 2).
Electron-withdrawing or electron-donating groups on the aromatic
ring did not affect the reaction, and the corresponding homoallyl
methyl ethers were obtained in 76-98% yields (entries 2-12). Ally-
lation of acetals derived from naphthaldehydes, (E)-cinnamalde-
hyde, and aliphatic aldehydes also proceeded to give the
corresponding product in good yields (entries 13-17). Benzalde-
hyde diethyl acetal was allylated as well, and the corresponding
homoallyl ethyl ether was obtained in 85% yield (entry 18). The
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Table 1
Allylation of benzaldehyde dimethyl acetal (1a) with allyltrimethylsilane (2)
OMe
OMe Catalyst (30 mg) Ph)\/\
A e A Sy — 3a
Ph” “OMe CH,Cl, (0.5 M) +
1a 2 30°C,45min  Ph "X
(1.0 mmol) (1.5 mmol) 4
Entry Catalyst Si/Al 3a? (%) 4° (%)
1 Al-MCM-41 26 86 7
2 Si0,-AL0; 31 0 0
3 MCM-41 o0 0 0
4 Al-MCM-41 34 91 4
5 Al-MCM-41 48 96 Trace

3 Determined by '"H NMR analysis of the crude product using nitromethane as an
internal standard.

reaction of a ketal, cyclohexanone dimethyl ketal (5), with 3 equiv
of 2 afforded 1-allyl-1-methoxycyclohexane (6) in 95% yield
(Scheme 1).

The recovery and reuse of the catalyst were examined in the
reaction of 1a with 2 (Table 3).!7 After the reaction was completed,
the catalyst was recovered by filtration and dried at 70 °C for
15 min. The catalyst was then treated in the same manner as the
first run. The recovered catalyst could be reused three times for
the same reaction without significant loss of catalytic activity.

Next, a reaction of various acetals with 1-phenyl-1-trimethylsil-
oxyethene (7) (Mukaiyama aldol reaction) was investigated (Ta-
ble 4). The reaction of benzaldehyde dimethyl acetal (1a) with 7
under an optimized reaction condition of AI-MCM-41-catalyzed al-
dol reaction of aldehydes''®'® afforded 3-methoxy-1,3-diphenyl-
propan-1-one in 95% yield, and the catalyst was reusable at least
three times (entry 1).!° The reaction did not proceed in the pres-
ence of Si0,-Al,03 or MCM-41 under the same reaction conditions
(entries 2 and 3), though it was reported that MCM-41 could cata-
lyze the same reaction in toluene.¢ The difference in catalytic
activity between the present MCM-41 and previously reported

Table 2
Allylation of various acetals 1 with allyltrimethylsilane (2) catalyzed by Al-MCM-41
Al-MCM-41
OMe (30 mg, Si/Al = 48) OMe
)\ + /\/SiMe;;
R OMe CH,ClI, (0.5 M) R X
1 2 30 °C, 45 min 3
(1.0 mmol) (1.5 mmol)
Entry R Yield? (%)
1 Ph 93
2 4-NO,CgH4 98
3 4-BrCeHa 90
4 2-BrCgHy 92
5 4-ClCgH4 96
6 3-ClCgH4 86
7 2-ClCgH4 92
8 4-MeCgH,4 93
9 3-MeCgH4 92
10 2-MeCgHay 95
11° 4-MeOCgH, 76
12 2-MeOCgH4 88
13 2-Naphthyl 89
14 1-Naphthyl 80
15 (E)-PhCH=CH 74
16 c-CeH1q 93
17 PhCH,CH, 93
18°¢ Ph 85

@ Isolated yield.
b Allyltrimethylsilane (3.0 mmol) was used.
¢ Benzaldehyde diethyl acetal was used.

A-MCM-41
(30 mg, Si/Al = 48) MeO
+ o~ SMes o
CH,Cl, (0.5 M)
30°C, 1.5h

MeO_, OMe

5 2
(1.0 mmol) (3.0 mmol) 6 95%
Scheme 1. Allylation of cyclohexanone dimethyl ketal (5) with allyltrimethylsilane

(2).

Table 3
Reuse of AI-MCM-41°
Run Al-MCM-41 (mg) 1a (mmol) Time (min) Yield® (%)
1 60 2.0 45 93
2 50 1.7 45 94
3 34 1.1 45 94
4 20 0.7 90 94

2 In the presence of AI-MCM-41 (30 mg/mmol, Si/Al = 48) the reaction of benz-
aldehyde dimethyl acetal (1a) with 1.5 equiv of allyltrimethylsilane (2) was carried
out in dichloromethane (0.5 M) at 30 °C.

b Isolated yield.

Table 4
Aldol reaction of various acetals 1 with 1-phenyl-1-trimethylsiloxyethene (7)
Al-MCM-41
MeO OMe  OSiMe; (30 mg/mmol, Si/Al = 23) OMe O
+ 1
R
R OR? Ph CH4CN (0.5 M) R2 Ph
1 7 0°C,1h 8
(1.2 equiv)
Entry R! R? Yield® (%)
1 Ph H 95 (1st run)
92 (4th run)®
2¢ Ph H 0
34 Ph H 0
4 2-ClCgH4 H 90
5 3-CICgH4 H 78
6 4-MeCgH,4 H 89
7 4-MeOCgHy4 H 90
8 c-CeHpy H 89
9 ~(CH,)s— 85

2 Isolated yield.

b Recovered catalyst was used.

¢ Si0,-Al,05 (30 mg/mmol, Si/Al = 31) was used in place of AI-MCM-41.
4 MCM-41 (30 mg/mmol, Si/Al = co) was used in place of AI-MCM-41.

one®¢ is probably due to the difference of silica sources of MCM-
41.2° Other aromatic and aliphatic acetals and ketal were also re-
acted with 7 to afford the corresponding p-methoxy ketones 8 in
good yields (entries 4-9).

To estimate the chemoselectivity of the reactions, AI-MCM-41-
catalyzed allylation and aldol reaction of acetal 1a (1.0 mmol) were
carried out in the presence of benzaldehyde (9) (1.0 mmol) using 2
(1.0 mmol) and 7 (1.0 mmol), respectively. As shown in Scheme 2,
both reactions proceeded chemoselectively. Only 1a reacted with 2
or 7 to afford 3a or 8a, although the reactions of 9 with 2 or 7 pro-
ceeded smoothly under the same reaction conditions in the ab-
sence of 1a.''%® With regard to the chemoselectivity of the
reaction, typical strong Lewis acids (e.g., TiCl4, BF5-OEt,, and AlCl5)
are known to show poor chemoselectivity.®' Trimethylsilyl trifluo-
romethanesulfonate (TMSOTf) and MCM-41 were reported to cat-
alyze the aldol reaction of acetals in the presence of
aldehydes,®*'5¢ because they usually could not promote the reac-
tion of aldehydes and silyl enol ethers. Only Mgl, etherate was re-
ported to show chemoselectivity for acetals over aldehydes in the
reaction despite the fact that it could activate both acetals and
aldehydes.?! Among the catalysts that activate both acetals and
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