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Abstract

Titanium enolates of 3,4-dienoates 3 were formed by treatment with LDA and Cp2TiCl2 and oxidized
with dimethyl dioxirane to furnish the allenic hydroxyesters 4 with up to 90% diastereoselectivity. Smooth
cyclization to the functionalized 2,5-dihydrofurans 5 was accomplished with complete axis to center
chirality transfer by treatment with HCl gas in chloroform. © 2000 Elsevier Science Ltd. All rights
reserved.

2,5-Dihydrofurans and derivatives thereof are pivotal structural elements of many natural
products with intriguing biological activities. For instance, they are part of polyether antibi-
otics,1 spiroketals2 and mycotoxins such as verrucosidine (1)3 and the structurally related
citreoviridine,4 as well as the vitamin A metabolite 2.5

Therefore, the efficient stereoselective synthesis of these heterocyclic molecules, which is
usually carried out by electrophilically induced cyclization of a-hydroxyallenes,6,7 is highly
attractive. Among different electrophiles used for this purpose, catalysis by silver salts has found
particularly widespread application.7 We now present a new stereoselective synthesis of function-
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alized 2,5-dihydrofurans 5 by oxidation of 3,4-dienoates 3 to the corresponding allenic hydroxy-
esters 4 and subsequent cyclization by treatment with HCl gas in chloroform.

The 1,6-cuprate addition to acceptor-substituted enyes has proven to be the most efficient
method for the preparation of b-allenic carbonyl compounds, giving rise to the formation of
functionalized allenes of type 3 in high yield.8 Application of Adam’s protocol for the oxidation
of titanium enolates with dimethyl dioxirane (DMDO)9 to the allenyl enolate derived from
rac-3a by treatment with LDA and Cp2TiCl2 provided 2-hydroxy-3,4-dienoate 4a with 68% yield
(46% consumption of starting material) and a diastereomeric ratio of 90:10 (Table 1, entry 1);
unreacted starting material rac-3a was recovered easily by column chromatography on silica gel.

For the subsequent cyclization to the functionalized dihydrofuran 5a we intended to take
advantage of acid catalysis. Since it is known that aqueous acid induces isomerization of
secondary and tertiary a-hydroxyallenes to the corresponding enones,10 we treated 4a with HCl
gas in chloroform. As a matter of fact, smooth cyclization to 5a took place which was obtained
as spectroscopically pure crude product with 90% diastereoselectivity (90% yield after chro-
matography). Thus, similar to the previous cyclization methods,6,7 the reaction proceeds with
perfect chirality transfer, transforming the axis of chirality of 4a into a new stereogenic center.
An NOE experiment confirmed a cis relationship between 2-H and the methyl group at C-5 for
the major diastereomer of 5a which therefore has the (RS,RS)-configuration; consequently, the
relative configuration of the major isomer of 4a is (RS,SR).11 The corresponding transformation
of enantiomerically enriched allene (R)-3a (67% ee)12 provided (2S,4R)-4a with 90% ds and 61%
ee. The latter was also obtained with 87% ee by kinetic resolution of the acetate derived from
rac-4a with the lipase from Candida cylindracea ; cyclization of this enantiomerically enriched
hydroxyester with HCl gas in chloroform furnished dihydrofuran (S,S)-5a with 90% ds and an
enantiomeric excess of 85% ee.

Table 1
Oxidation of titanium enolates derived from 3,4-dienoates 3 to hydroxyallenes 4 and cyclization to 2,5-dihydro-

furans 5

R4 OxidationR2 CyclizationR3R1SubstrateEntry

Yield dsdsYield

Me H H 68a 90:101 903a 90:10t-Bu
Me H Me 63b 80:202 923b 80:20t-Bu

70:306770:3077cH3 MeMet-Bu3c
n-Bu H4 H3d 67d 60:40 80 60:40t-Bu

t-Bu3e5 60:408360:4056eMeHn-Hex
50:509050:5087fHH3f n-Hex6 n-Bu

a 46%; b 19%; c 60%; d 55%; e 30%; f 63% consumption of starting material.
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In order to examine the dependence of reactivity and selectivity of the enolate oxidation on
the substitution pattern of the allene, we treated the titanium enolate of 2-methyl-substituted
3,4-dienoate 3b with dimethyl dioxirane. Due to the increased steric hindrance, the reaction
proceeded sluggishly and could not be pushed beyond 19% consumption of 3b even by warming
up; nevertheless, the desired hydroxyallene 4b was isolated with 63% yield (with regard to
consumed starting material) and 80% diastereoselectivity (Table 1, entry 2).13 Again, facile
cyclization with HCl/CHCl3 gave dihydrofurane 5b with the same diastereomeric ratio (92%
yield).14 Likewise, the oxidation–cyclization sequence is not impeded by a methyl group at C-3
since analogous treatment of allene 3c gave rise to the formation of 4c with 70% ds (77% yield)
and of 5c with 70% ds (67% yield; entry 3). In contrast to substrates 3a/b which were oxidized
with 90% and 80% ds, respectively, the enolate oxidation of allenic esters 3d/e bearing an n-butyl
or n-hexyl group at C-5 furnished hydroxyallenes 4d/e only as 60:40 mixtures of diastereomers
(entries 4/5). Likewise, allene 3f was oxidized to 4f which was obtained as 1:1 diastereomeric
mixture (entry 6). In all these cases, treatment with HCl/CHCl3 served to prepare the corre-
sponding 2,5-dihydrofurans 5d–f with 80–90% yield.

The deprotonation of 3,4-dienoates with LDA is known to produce the E(OLi )-enolate
selectively.12 Therefore, it seems reasonable to assume that the corresponding (E)-titanium
enolate is formed upon transmetallation which is probably coordinated by dimethyl dioxirane
under the oxidation conditions. In the case of allenes with groups of different size at C-5 (3a–e),
this coordination is expected to occur preferably on the diastereotopic side opposite to the bulky
t-butyl group (intermediate 6), and subsequent oxygen transfer on this side should produce the
(RS,SR)-hydroxyallene. As a matter of fact, this diastereoselectivity is observed experimentally
for 3a–e; interestingly, allenes 3d/e which bear longer alkyl chains at C-5 are oxidized with lower
selectivity than the methyl-substituted substrates 3a/b. In contrast, no diastereoselectivity is
expected for the enolate oxidation of allene 3f since the alkyl groups at C-5 are virtually of the
same size.

Due to its simplicity and mildness, our protocol offers the opportunity to synthesize
dihydrofurans with an additional ester moiety and one or two quaternary centers; thus,
compared to traditional methods,6,7 higher levels of complexity are reached which enable the
assembly of more complex target molecules. Further work in this area is devoted to the
improvement of reactivity and stereoselectivity of the enolate oxidation, as well as to the
application of the cyclization method to amino- and mercaptoallenes.
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