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In the presence of titanium(IV) chloride, 2,2-dialkoxy-3-alkylcyclopropane-
carboxylic esters reacted with symmetric ketones to give cis -2,3-disubstituted y-lactones
with high diastereoselectivity. The resulting cis-lactones were easily converted into

trans-isomers by treatment with a catalytic amount of sodium ethoxide.

Vicinally donor-acceptor-substituted cyclopropanes have been shown to be versatile building blocks in
organic synthesis. 1) we previously reported the highly diastereoselective synthesis of cis -3,4-disubstituted y-
lactones by the Lewis acid-mediated reaction of donor-acceptor-substituted cyclopropane, 2,2-
dialkoxycyclopropanecarboxylic esters, with aldehydes (Scheme 1).2,3) So far, there is no systematic study on
the diastereoselective synthesis of this type of y-lactones, 3-alkoxycarbonyl-4-butanolides (paraconic estcrs).4,5)
In the previous study,2) we focused our attention on the diastercoselectivity between 3-C and 4-C substituents of
the y-lactones. On the basis of this result, we attempted, as the second step, to clarify the diastereoselectivity
between 2-C and 3-C substituents of the y-lactones in order to achieve simultaneous control of three stereo
centers, 2-C, 3-C, and 4-C positions of the y-lactones. Here we report the highly diastereoselective synthesis of
cis-2,3-disubstituted y-lactones by the Lewis acid-mediated reaction of 2,2-dialkoxy-3-alkylcyclopropane-

carboxylic esters with symmetric ketones.
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We first tried the reaction of ethyl 3-ethyl-2,2-dimethoxycyclopropanecarboxylate 1a6) with 4-heptanone
under almost the same conditions as in the reaction of 1 with aldehydes. A solution of titanium(IV) chloride in
dichloromethane was added drop by drop to a mixture of cyclopropane 1a and 4-heptanone in dichloromethane
at-78 °C. After 2 h, the reaction mixture was allowed to warm to room temperature and quenched by adding

water. A solution of the resulting product in benzene was heated under reflux in the presence of a catalytic
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amount of p-toluenesulfonic acid to complete lactonization. Purification of the crude product by column
chromatography gave y-lactone, 3-ethoxycarbonyl-2-ethyl-4-propyl-4-heptanolide, in 80% yield, which almost

exclusively consisted of cis-isomer (cis : trans =>99 : 1) (Scheme 2).7)
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We next tried the reaction of ethyl 2,2-dimethoxy-3-methylcyclopropanecarboxylate 1b, having a smaller
substituent at 3-C position, with 4-heptanone under the same conditions. In this case, however, the
diastereoselectivity was depressed (cis: trans= 77 : 23).7)

In order to improve the diastereoselectivity for the reaction of cyclopropane 1b with 4-heptanone, we
examined the reaction conditions such as order of addition of the substrates, reaction temperature, Lewis acid,
and solvent. Among these conditions, order of addition of the substrates and especially solvent influenced the
diastereoselectivity. Namely, the highest diastereoselectivity (cis: trans= 83 : 17) was achieved when 1b was
added to a mixture of titanium(IV) chloride and the ketone. Moreover, as shown in Table 1, the use of the
solvent less polar than dichloromethane resulted in extremely low diastereoselectivity, but in the case of

acetonitrile, which is more polar than dichloromethane, quite high selectivity was observed.

Table 1. The Solvent Effect to the Diastereoselectivity

Entry Solvent Yield/ % Cis : trans
1 CH2Clp 76 83:17
2 pentane / CH2Cl2 (1: 1) 74 56:44
3 CH3CN 68 94: 6

The optimized reaction conditions are shown in typical procedure (vide infra). Under these conditions, the
reactions were carried out for several ethyl 3-alkyl-2,2-dimethoxycyclopropanecarboxylates and symmetric
ketones. The results are listed in Table 2. In all cases, y-lactones were obtained in moderate to high yields with
good to quite high cis -selectivity .

A typical procedure is as follows: Under an argon atmosphere, 1 ml of acetonitrile was added to a solution
of titanium(IV) chloride (0.36 mmol) in dichloromethane (0.33 ml) at room temperature. Then, the solution was
cooled to -45 °C. To this solution was added drop by drop a solution of 4-heptanone (0.29 mmol) in acetonitrile
(2 ml), and the mixture was stirred at that temperature for 10 min. A solution of cyclopropane 1b (0.36 mmol)
in acetonitrile (1 ml) was added drop by drop over a period of 5§ min. After being stirred for 2 h, the reaction
mixture was quenched by adding water (2 ml) with vigorous stirting at -45 ®C. Then, the mixture was allowed
to warm to room temperature and extracted with dichloromethane (3 x 30 ml). The combined organic layers
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Table 2. The Reaction of Cyclopropanes 1 with Symmetric Ketones

Entry Rl Ketone Yield/%3)  cis: trans!)
1 Me 4-heptanone 68 (90)®)  94: 6(77:23)b)
2 cyclohexanone 70 (92)D)  94: 6(92: 8)b)
3 cyclopentanone 51 93:7
4 acetone 64 89:11
5 Et 4-heptanone 81 98: 2
6 cyclohexanone 91 99: 1
7 ipr 4-heptanone 50 96: 4

a) Isolated yield. b) The values in parentheses represent the yields and
diastereomer ratios of y-lactones when titanijum(IV) chloride was added to a

mixture of 1 and ketone in CH2ClI».

were dried over sodium sulfate. After filtration and evaporation, the crude product, a mixture of y-lactones and
hydroxy diesters, was dissolved in dry benzene (3 ml) and heated under reflux for 30 min in the presence of a
catalytic amount of p -toluenesulfonic acid in order to lactonize the hydroxy diesters. The solvent was removed
in vacuo, and the crude product was purified by column chromatography (eluent: petroleum
ethet/CH2Cl2/EtOAc = 15/2/1) to give the corresponding y-lactones (50 mg, 68% yield based on 4-heptanone,
cis: trans= 94 : 6).7)

The present reaction gave cis-isomers 3 with high diastercoselectivity.s) Moreover, cis-isomers could be
converted into trans-isomers 4 in high yields by treatment with a catalytic amount of sodium ethoxide (Scheme
4). Subsequently, this new synthetic reaction is considered to be useful not only for the synthesis of cis-2,3-

disubstituted y-lactones but also for the synthesis of trans-ones.
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The control of three stereo centers at 2-C, 3-C, and 4-C positions of lactones is now under investigation in
this laboratory.
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