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The Hosomi–Sakurai1 reaction of allylsilanes with aldehydes is
among the most widely utilized carbon–carbon bond-forming
reactions in natural products synthesis.2 The resulting homoallylic
alcohol products are useful platforms for further synthetic elabora-
tion, especially in the event that the allylation reaction proceeds
stereoselectively.3 Although powerful Lewis acids, such as SnCl4,
TiCl4, BF3�OEt2, AlCl3, and Sc(OTf)3, have been shown to success-
fully catalyze the Hosomi–Sakurai reaction, the negative impact
of these reagents on the environment has urged the development
of alternative, greener methodologies for effecting this and related
synthetic transformations.4 We have developed a number of appli-
cations for naturally benign Montmorillonite clay, all of which in-
volve the catalysis of carbon–carbon bond-forming reactions.5 In
the course of these ongoing investigations, we have observed that
activated Montmorillonite K10 clay is an extremely efficient cata-
lyst for the addition of allyltrimethylsilane to electron-deficient
benzaldehydes (1) to give homoallylic silyl ethers (2) in good to
excellent yields (Fig. 1).6 In the best-case scenarios, the reaction
proceeds rapidly at room temperature or below in the presence
of minimal solvent, and in quantitative yield with near perfect
atom economy.

Previous work in our laboratories has shown that Montmoril-
lonite K10 clay is effective in activating aromatic aldehydes toward
nucleophilic attack, particularly when the clay is first activated by
heating (200 �C, 1 h).5 Heating results in the collapse of the clay’s
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: +1 773 325 7421.
ner).
interlayer structure and marked increase in its Lewis acidity, as
water is extruded.7 We set out to investigate the clay-catalyzed
addition of allyltrimethylsilane to aromatic aldehydes and ob-
served that the treatment of 3-nitrobenzaldehyde with allyltri-
methylsilane in the presence of activated Montmorilonite K10
(neat) led to a highly exothermic reaction.6 Extraction of the prod-
uct mixture with dichloromethane and analysis by 1H NMR and
GC–MS showed evidence of the desired homoallylic silyl ether
product, along with some unreacted starting materials and a mix-
ture of other unidentified products. We proceeded to effect better
control of the reaction by taking up a mixture of the clay and alde-
hyde in a minimal amount of dichloromethane and cooling the
mixture to 0 �C prior to careful addition of the allyltrimethylsilane.
The reaction mixture was stirred at 0 �C for 5 min, and then al-
lowed to warm to ambient temperature over the course of 1 h. Fil-
tration of the reaction solution and concentration under vacuum
gave a near quantitative yield of the desired product, with no fur-
ther purification necessary. Next, we assayed a variety of aromatic
aldehydes and observed similar results with other electron-deficient
CH2Cl2
0-23 ºC

Figure 1. Clay-catalyzed Hosomi–Sakurai reaction.



Table 1
Results with aromatic aldehydes

Entry Aldehyde Product Yielda (%)

1 2-Nitrobenzaldehyde (1a) 2a 84
2 3-Nitrobenzaldehyde (1b) 2b 99
3 4-Nitrobenzaldehyde (1c) 2c 99
4 3-Fluorobenzaldehyde (1d) 2d 97
5 4-Chlorobenzaldehyde (1e) 2e 99
6 2,6-Dichlorobenzaldehyde (1f) 2f 99
7 3-Cyanobenzaldehyde (1g) 2g 99
8 Benzaldehyde (1h) 2h 75b

9 4-Anisaldehyde (1i) 2i 0c

10 2-Anisaldehydec (1j) 2j 70b

a Isolated yield.
b GC yield.
c Based on recovered starting materials.

Figure 2. Suggested mechanism for the clay-catalyzed Hosomi–Sakurai reaction.
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compounds (Table 1, entries 1–8). No reaction was observed with the
more electron-rich 4-anisaldehyde, presumably due to its decreased
electrophilicity. The reaction with 2-anisaldehyde, however, pro-
ceeded to some extent but did not go to completion. As we reported
in a previous study, apparently favorable chelation of the clay’s metal
ions with the oxygen atoms of 2-anisaldehyde may compensate for
its diminished electrophilicity.5a

Control experiments with 3-nitrobenzaldehyde showed that
varying the amount of clay, from 100% to 25% by mass relative to
the mass of the aldehyde, had minimal effect on the yield of the
product. However, no reaction between 3-nitrobenzaldehyde and
allyl trimethylsilane was observed in the absence of clay or in
the presence of unactivated clay.

Although the reaction proceeded fairly with some aliphatic
aldehydes (Table 2, entries 1–4), it was neither as clean nor as high
yielding as with the aromatic systems, presumably due to compet-
itive cyclotrimerization.5a No reaction was observed with a,b-
unsaturated aldehydes (Table 2, entries 5–7). While treatment of
some aliphatic ketones (Table 2, entries 8 and 9) with allyltrimeth-
ylsilane in the presence of activated K10 gave good yields of the
corresponding 3� homoallylic silyl ethers, no reaction was ob-
served with cyclopentanone or with aromatic ketones (Table 2, en-
tries 10–12).

In contrast to the computational and experimental evidence re-
ported for the mechanism of the homogeneous Lewis acid-cata-
lyzed Hosomi–Sakurai reaction, our results suggest a closed
transition state model, concerted mechanism for the clay-medi-
ated process (Fig. 2).8 Thus, not only does the reaction generate a
new C–C bond, but it also has the advantage of providing the prod-
ucts in their protected form, as the trimethylsilyl ethers. Deprotec-
tion, if desired, can be effected quantitatively by adding a slight
excess of methanol to the reaction mixture and stirring for
20 min prior to filtering.
Table 2
Results with aliphatic and a,b-unsaturated aldehydes, and ketones

Entry Carbonyl compound Yielda (%)

1 Propionaldehyde 16
2 Butyraldehyde 47
3 Isobutyraldehyde 61
4 Cyclohexancarboxaldehyde 25
5 3-Methyl-2-butenal 0b

6 Crotonaldehyde 0b

7 trans-Cinnamaldehyde 0b

8 Acetone 70
9 2-Butanone 90

10 Cyclopentanone 0b

11 Acetophenone 0b

12 Benzophenone 0b

a GC yield.
b Based on recovered starting material.
In summary, we have found that activated Montmorillonite K10
clay efficiently catalyzes the addition of allyltrimethylsilane to
electron-deficient aromatic aldehydes as well as some aliphatic
aldehydes and ketones at room temperature or below in dichloro-
methane to give homoallylic silyl ethers in good to excellent yields.
This methodology constitutes a milder, environmentally friendlier,
and more cost effective alternative to the use of transition metal
halides or oxides for the catalysis of the Hosomi–Sakurai reaction.

A typical procedure for the clay-catalyzed Hosomi–Sakurai
reaction follows: Montmorillonite K10 clay (200 mg) was added
to a glass scintillation vial and heated in an oven at 200 �C for
1 h. The clay was cooled to ambient temperature in a desiccator,
and then treated with 3-nitrobenzaldehyde (200 mg, 1.32 mmol)
and 2 mL dichloromethane. The mixture was cooled to 0 �C in an
ice water bath and stirred gently with a magnetic stir bar. To the
cooled mixture was added allyltrimethylsilane (1.98 mmol) and
the resulting mixture was stirred at 0 �C for 5 min. The ice water
bath was removed and the reaction mixture was allowed to warm
to ambient temperature over the course of 1 h. The reaction mix-
ture was vacuum filtered, washed with an additional 1 mL of
dichloromethane, and concentrated under vacuum to give the de-
sired product (2b) as a pale yellow oil (345 mg, 99%).9
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