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NOVEL METHOD FOR THE SYNTHESIS OF CHIRAL 4-ARYL-y-
BUTYROLACTONES VIA CASCADE ASYMMETRIC
EPOXIDATION—RING EXPANSION—BAEYER-VILLIGER
REACTION OF CYCLOPROPYLIDENE DERIVATIVES
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Abstract- Asymmetric epoxidation-ring expansion-Baeyer-Villiger reaction of
cyclopropylidene derivatives using Oxone and fructose-derived ketone afforded

chiral 4-aryl-y-butyrolactones in one-pot process.

Since y-butyrolactones are important synthetic unit in organic synthesis' and are the key structural elements

in many naturally occurring compounds,? there are numerous methods for the synthesis of y-butyrolactone.’
In this communication, we describe a novel methods for the synthesis of chiral 4-aryl-y-butyrolactones via

cascade reaction of cyclopropylidene derivative utilizing Shi’s asymmetric epoxidation method.’
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As outlined in Scheme 1, our preliminary goal in this paper involved the asymmetric epoxidation of the

cyclopropylidene derivative (1) using Oxone and fructose-derived ketone (2¥* to form the oxaspiropentane
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(3), whose enantiospecific rearrangement, followed by Baeyer-Villiger oxidation of the cyclobutanone (4)
to yield the chiral y-butyrolactone (5).
When cyclopropylidene derivatives were treated with excess trifluoroacetone and Oxone,” a formation of y-

butyrolactones was observed. Reactions were carried out with substrate (1 equiv.), triflucroacetone (2

equiv.), Oxone (2 equiv.), and K,CO, (6 equiv.) in CH,CN-0.05M Na,B,0,-10H,0 of aqueous
Na,(EDTA) (4x107M) solution (adjusted to pH 10.5)° (L:1 wA) at O °C for 45 min. Although the

corresponding lactone was not obtained in the case of the alkyl substituted cyclopropylidene derivatives
(1a) (Table 1, entry 1), the substrates (1b) and (1¢} having aromatic ring, which were more electron rich
substrates than 1a, could be converted into lactones (5b) and (5¢) in 32% and 36% vields (entries 2 and

3).

Table 1. Racemic y-butyrolactone synthesis using trifluoroacetone and Oxone

entry substrate product yield (%)
1 TBDPSO\J not obtained —
H 1a
o]
Ry S o
2 H 32
MeO 1b MeO Sb
o]
= T Ry o

YO 90 *
Ma0 1c MeQ 5¢

Since the lactone formation was carried out as the racemic form, asymmelric reaction conditions were then

examined {Table 2). When 1b was treated with chiral ketone (2)* (2 equiv.), Oxone (2 equiv.) and K,CO,
(6 equiv.) in CH,CN-0.05M Na,B,0, - 10H,0 of aqueous Na,(EDTA) (4x10"*M) solution (adjusted to pH

10.5) (1:1 v/v) at 0 °C for 45 min, the reaction was successfully proceeded to give the chiral lactone ((R)-
3b) in 56% yield with 37% ee (entry 1). Furthermore, the reaction of 1¢ possessing naphthalene ring gave
(R)-5¢ in 60% yield with 72% ee (entry 2). It is interesting that yields of the chiral lactones were increased

comparing with the case of racemate.
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Table 2. Asymmetric y-butyrolactone synthesis using chiral ketone (2) and Oxone.

entry substrate product? yield (%) ee (%)P
1 H o 56 37
MeO 1b MeG (Ay5b
o

1Y O
S GRS ¢S
MeO 1c MeO {R)-5c

% Absolute configuration was tentatively assigned on the basis of the authentic sample of {R)-
Sc, which was prepared from corresponding chiral cyclobutanone.7 P Enantiomeric excess
was determined by chiral HPLC (Chiralcel OA or OJ).

In conclusion, we have developed a novel method for the synthesis of chiral y-butyrolactones using Oxone

and fructose-derived ketone (2). The scope and limitation of the above cascade reaction are the subject of

our current study.
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