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Remarkable Alkoxy Effect in Regio- and Stereocontrol
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Summary: A highly regio- and stereocontrolled glyoxy-
late—ene reaction with allylic and homoallylic ethers has
been developed, which allows regio- and stereospecific
multifunctionalizations as highlighted by a short synthesis
of (+)-avenaciolide.

Conceptually, the ene reaction involving carbonyl eno-
philes! constitutes an efficient alternative to the carbonyl
addition reactions of allylmetals which have now become
one of the most useful methods for acyclic stereocontrol.?
However, the synthetic potential of the carbonyl-ene re-
action has suffered from a lack of regioselectivity when
applied to unsymmetrical alkenes.l® We now disclose that
the regiochemical problem can be solved by introduction
of an alkoxy group at the allylic or homoallylic position
in the ene component (eq 1). The advantages of this
alkoxy-directed carbonyl-ene reaction are (1) highly re-
giocontrolled introduction of multifunctionality, and (2)
remarkably high levels of diastereoselectivity and olefinic

stereoselectivity.
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First, the glyoxylate—ene reactions with methallyl ethers,
which may be classified as unsymmetrical 1,1-disubstituted
alkenes, were found to proceed with high regioselectivity
(eq 2).4 Single regioisomers arising from migration of a
methyl hydrogen were obtained with a wide range of
protecting groups except for the acetate and trifluoro-
acetate which provided a 1:3 regioisomeric mixture.
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A similar regiodirecting effect on the alkoxy group was
observed with crotyl silyl ether la, a representative un-
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symmetrical 1,2-disubstituted alkene.5 The anti-di-
hydroxypentenoate 2a was obtained as a single isomer
arising from the migration of a methyl hydrogen (eq 3).6
Ene adduct 2a could serve as a synthetic precursor for
oxetanocin A.78 The extremely high anti diastereose-
lectivity (>99%) is noteworthy in comparison with the
82% anti selectivity observed with (E)-2-butene.?
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The presence of the alkoxy group in the ene component
also affords a high level of olefinic stereocontrol (eq 4).
Significantly, the reaction with allylic ether 1b provides
E,anti ester 2b as a single isomer,® irrespective of the ene
geometry. The remarkably high level of E,anti stereose-
lection can be explained in terms of a 6-membered
chairlike model.? The E,ax (A) and Z,eq (B) transition
states would be disfavored by steric repulsion between the
alkoxy group and the cyclic chelate of glyoxylate with
SnCl,. Thus, the E,anti product would be formed via
either an E,eq (C) or a Z,ax (D) transition state.

Equally high levels of regio- and stereocontrol were also
found with homoallylic compounds (eq 5).1° The reaction
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with 3b gave E,anti ester 4b as a single isomer,® irre-
spective of the ene geometry. Taking advantage of this
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highly regio- and stereoselective glyoxylate—ene reaction,
we carried out a formal synthesis of (%)-avenaciolide
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¢(a) CH,0, EtAlCl,, CHCl;, 0 °C (quant).!* (b) i-PrMe,SiCl,
imidazole, DMF (92%). (c) MeO,CCHO, SnCl,, CH,Cl,, -78 °C
(34%). (d) Jones reagent, 0 °C to rt (64%). (e) Reference 12b.
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(Scheme I).!'12  Thus, the formaldehyde—ene/gly-
oxylate-ene sequence starting from 1-undecene followed
by highly chemoselective oxidation furnished directly
E,cis-lactone 5 as a single isomer, which is a key inter-
mediate in a recent synthesis of avenaciolide.1??

In conclusion, we have demonstrated that the Lewis acid
promoted glyoxylate—ene reaction of properly protected
allylic and homoallylic alcohols allows the introduction of
polyoxy functionality in a high regio- and stereocontrolled
fashion.
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Summary: A convergent, enantioselective synthesis of
(-)-matsuone (1, (2E,4E,6R,10R)-4,6,10,12-tetramethyl-
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2,4-tridecadien-7-one), the primary sex attractant phero-
mone of the red pine scale Matsucoccus resinosae, is de-
scribed.

Infestations of pine bast scales in the United States and
worldwide present a serious threat to the viability of af-
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