
CHEMISTRY LETTERS, pp. 499-502, 1978. Published by the Chemical Society of Japan

SELECTIVE ALLYLATIONS OF α,β-UNSATURATED ACETALS

WITH ALLYLSILANES IN THE PRESENCE OF LEWIS ACID1) 
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The reaction of allylsilanes with α,β-unsaturated acetals in the pre-

sence of titanium tetrachloride afforded diallylated compounds, while 

monoallylated compounds were obtained selectively by the reaction pro-

moted by aluminum trichloride or boron trifluoride-ether complex. 

In earlier papers, we have descirbed a variety of reactions of allylsilanes 

applied to organic syntheses. 2-6) In the present paper, we wish to report a new

allylation reaction of α,β-unsaturated acetals with allylsilanes in the presence of

Lewis acids. The mode of the reaction critically depends on the nature of the

Lewis acids, reaction temperature, and the structure of the α,β-unsaturated acetals.

The overall synthetic transformation is represented by the following equation.
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(1)

With titanium tetrachloride as an activator, diallylated products (4 and/or 5)

can be obtained in good yields from α,β-unsaturated acetals, no monoallylated one

being detected. The results are listed in Table 1.The regiospecific 1,3-allyl

transposition in the allylic part was observed in a similar fashion to previous

cases2-4) as shown in entries 3 and 8 in Table 1. The β-substituent of α,β-unsatu-

rated acetals has a significant influence on the product ratios o f 4 to 5. The

former (4) is the allylated compound at the acetal carbon, while in the latter (5)
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Table 1. Syntheses of the diallylated compounds (4 and/or 5) via the reaction of

allylsilanes (1)with α,β-unsaturated acetals (2) in the presence of

TiCl4 at-78℃ in CH2Cl2a)

a) The reactions were carried out with 1 (2.4 mmol), 2 (1.0 mmol), and TiC14 (1.0 

mmol). See note 7 for further details. b) Yields of isolated and purified mate-

rials. c) Yields are not always optimized. d) Determined by glc.

Table 2. Syntheses of the monoallylated compound (3) via the reaction of allyl-

silanes(1)with α,β-unsaturated acetals(2)at -78℃ in CH2Cl2a)

a) The reactions were carried out with 1 (1.2 mmol), 2 (1.0 mmol), and a Lewis acid 

(1.0 mmol) except for entry 3, where 10 mmole scale of reactants were used with the 

same ratio. b) Yields are not optimized. c) Yields after isolation.
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the second allylation takes place in the manner of conjugate addition. Alkyl sub-

stituents such as methyl and n-propyl as R2 in 2 yielded selectively 1,4,8-trienes. 

(5) (entries 4-8), while mixtures of 4 and 5 were obtained when R2 was the phenyl 

group (entries 1-3).7) 
It is noteworthy that the monoallylated product (3) was not formed even at low

temperature (-78℃), irrespective of the structure of the starting acetal, when ti-

tanium tetrachloride was used as a Lewis acid. 8) Although the reaction of allyl-

silanes (1) with α,β-unsaturated acetals (2) seems to proceed in the stepwise man-

ner in two stages as shown in the eq. 1, the reaction of the allylsilane with the 

allyl ether, the product of the first step, occurs efficiently in the second step, 9) 

and apparently, it is faster than the monoallylation of 2 in the presence of tita-

nium tetrachloride. 

However, it was found that the monoallylated proudct (3) was selectively ob-

tained in the same combination of allylsilanes and acetals at -78℃ by the use of

aluminum chloride or boron trifluoride etherate as an activator of the reaction. 

Selected examples of the preparation of 3-alkoxy-1,5-dienes (3) are shown in Table 

2. It was necessary, in these cases, to avoid both the elevated temperature and 

the prolonged reaction time, in order to prevent the product from polymerization 

and further allylation. 

The effect of the Lewis acid on this allylation reaction may be explained in 

terms of the difference in the coordinating ability between the Lewis acids 10) to 

acetals, as shown in 6 and 7. Thus, titanium tetrachloride can coordinate to both 

alkoxy groups, while aluminum chloride can activate only one of them. Boron tri-

fluoride etherate activates also only one alkoxy group. As a result, the second

67

allylation takes place rather smoothly with titanium tetrachloride as an activator 

to give diallylated compounds (4) and/or (5), while with aluminum chloride or boron 

trifluoride etherate, the second allylation is difficult, since the Lewis acids 

can no longer activate the products of the first allylation. 
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