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Abstract: The Claisen rearrangement of alkenyl-substituted ketene
acetals  (produced  in  situ  by  selenoxide  elimination  from  the
corresponding  phenylselenoacetaldehyde-derived  acetals  of
enantiomerically pure 1,3-diol derivatives) afforded unsaturated
eight-membered lactones with control of stereochemistry of methyl
substituents at C-4, C-5 and C-7, as well as a fused system. 

Key words: [3.3]-sigmatropic, lactone, aldol, boron, enantioselec-
tive

Recent efforts in this laboratory have focused on the syn-
thesis of unsaturated medium ring heterocycles (lactones
and lactams) by the Claisen rearrangement involving a
two-atom ring expansion1 of a vinyl-substituted ketene
acetal2-6 (or aminal).7 Owing to the normal preference for
a chair-like transition state and the constraint of a Z-dou-
ble bond in the medium ring product (Fig. 1; R2 = H) enan-
tiomerically pure disubstituted lactones could be obtained
from the corresponding 1,3-diol precursors.5 Other ap-
proaches to unsaturated lactones have been reviewed in
detail.8-10 Among these lactonizations of seco-acids con-
taining a (Z)-alkene have been employed.6,11 Even a satu-
rated seco-acid containing a (presumably) pre-ordered
conformation has been lactonized efficiently.11 Here we
report that the Claisen ring expansion can be applied to
trisubstituted alkene precursors in the efficient prepara-
tion of unsaturated eight-membered lactones with up to
three substituents in four different positions. 

Figure 1  Chair-like transition state for the Claisen rearrangement of
vinyl-substituted ketene acetals derived from1,3-diols. 

An Ipc-boron mediated aldol reaction12-14 of the enolate
derived from the ketone 18,11 and the commercially avail-
able aldehydes 2a-d provided the 1,4-syn products 3 in
81-84% yields as single diastereoisomers as judged by
NMR (Scheme 1). (R)-(+)- and (S)-(-)-Phenyl-
methoxy(trifluoromethyl) acetate derivatives of  the

product 3a were prepared, and the absolute configuration
of the secondary alcohol centre was assigned by 500 MHz
1H NMR analysis following the method of Kakisawa.18

Careful chromatographic purification provided the pure
b-hydroxyketones 3a-c, but compound 3d could not easi-
ly be separated from isopinocampheol (arising from the
oxidative work-up of the intermediate borates), and it was
used in the crude form. 

The b-hydroxyketones 3 were then treated with
Me4NHB(OAc)3 to provide the anti diols 4 in good
yield.19 At -35 °C the reduction was complete in 18 h to
afford a single diastereoisomer as judged by 1H NMR.
However, at -30 °C, reduction of the keto-alcohol 3b af-
forded a diastereoisomeric mixture. 

Scheme 1
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The diols 4 were converted with phenylselenoacetalde-
hyde diethyl acetal1 in the presence of pyridine 4-toluene-
sulfonate (PPTS) in refluxing toluene into the
phenylseleno acetals 5 which were purified by chroma-
tography. The reaction was slow and required a stoichio-
metric quantity of PPTS for complete reaction. 

Oxidation of the selenides 5 was achieved with sodium
metaperiodate; the resulting selenoxides were used with-
out chromatographic purification.2-7 Selenoxide elimina-
tion in refluxing xylene at 180 °C (sealed tube) in the
presence of K2CO3 and the ketene acetal 75,7,20 afforded the
8-membered unsaturated lactones 6 together with signifi-
cant amounts of the starting selenides 5 (6-49%) which
were thought to be produced by disproportionation reac-
tions.21 Good yields were obtained when the substrate did
not contain a terminal methyl substituent (see 5a, 5b). The
relative stereochemistry of the substituted lactones 6c and
6d, assigned on the basis of 1H NMR NOE enhancements
observed between H-4 and H-8, is in accord with that pre-
dicted from the chair-like transition state depicted in Fig-
ure 1. 

Scheme 2 Reagents and conditions: i, 1, (+)-(Ipc)2BCl, Et3N, Et2O, 0
°C, 2 h; ii, 2e, Et2O, -78 °C 1.5 h; iii, H2O2, pH 7 buffer, MeOH, 25
°C, 1 h; iv, Me4NHB(OAc)3, MeCN, AcOH, -35 °C, 18 h (51%, 2
steps); v, PhSeCH2CH(OEt)2, PPTS, DME, 85 °C, 18 h (67%); vi,
NaIO4, EtOAc, MeOH, H2O (3:6:1), 25 °C ; vii, 7, DBU, m-xylene,
180 °C, sealed tube, 5 h, (55%, 2 steps). 

It was found that the use of DBU instead of K2CO3 as base
in the elimination of the selenoxide from 5a increased the
yield of 6a to 71%, probably owing to the improved solu-
bility of the base in xylene. Carrying the reaction out at
138 °C in refluxing xylene reduced the yield to 61%. The
yield of 6d was improved to 33% by use of DBU and a
longer reaction time. 

Fused bicyclic systems can also be prepared. Thus the
commercially available (-)-perilaldehyde 2e was convert-
ed into the bicyclic lactone 6e in 19% yield over 5 steps
(Scheme 2). Although the double bond in the Claisen pre-
cursor is terminally substituted the yield of the Claisen re-
arrangement (55%) was higher than those recorded for
precursors carrying terminal methyl substituents (6c,d). 

Use of the ethyl analogue 8 of the methyl ketone 1 in the
aldol reaction with methacrolein in the presence of the
Ipc- (syn-aldol) and dicyclohexyl boron ligands (anti-al-
dol) gave respectively the b-hydroxyketones 9 and 11.14

These products were then converted into the correspond-
ing lactones with a stereodefined methyl substituent at C-
7 (Scheme 3). 

In summary, a Claisen ring expansion method for the syn-
thesis of substituted eight-membered lactones is de-
scribed.22 Furthermore, when combined with the powerful
stereochemical control available from the Paterson boron-
mediated aldol reactions12-14 and the Evans reduction of b-
hydroxy ketones to anti-1,3-diols,19 the method lends it-
self to the construction of lactones such as the
octalactins11 and unusual alkene substitution patterns as
may occur in polyketide antibiotics such as discoder-
molide.23 The latter would be farmore difficult to realise
by acyclic versions of the Claisen rearrangement.

Scheme 3 Reagents and conditions: i, 8, (-)-(Ipc)2BOTf,
iPr2NEt,CH2Cl2, 25 °C, 3 h; methacrolein, -5 °C, 18 h; H2O2, pH 7
buffer, MeOH, 25 °C, 1 h (90 %); ii, 8, (Chx)2BCl, Et3N, Et2O, -78
°C, 3 h; methacrolein,-78 °C, 18 h; H2O2,  pH 7 buffer, MeOH,  RT,
1 h (72 %); iii, Me4NHB(OAc)3, MeCN, AcOH, -35 °C, 18 h (56-
72%); iv, PhSeCH2CH(OEt)2, PPTS, toluene, 110 °C, 18 h (96-99%);
v, NaIO4, EtOAc, MeOH, H2O (3:6:1), 25 °C; vi, 7, DBU, m-xylene,
180 °C, sealed tube, 2.5-5 h (61-95%). 
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