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Abstract—3,3-Diallyldihydrofuran-2,4-diones 5 with two identical allyl residues were obtained by Tsuji-Trost-type Pd-catalysed
allylation of either 4-O-allyltetronates or 3-allyltetronic acids. Allylation of sodium 3-allyltetronate with a second allyl acetate gave
mixed derivatives 5 as did the Claisen rearrangement of 4-O-allyl 3-allyltetronates 6 under microwave conditions. Compounds 5 and
6 were converted to butanolides with 3,3-spirocyclopentenyl or 3,4-cycloalkanyl annulation by ring closing metathesis with Grubbs

catalysts.
© 2005 Elsevier Ltd. All rights reserved.

Numerous fungal and plant metabolites with spiro-
annulated vy-butyrolactone structures have been re-
ported over the last few decades. As part of our ongoing
efforts towards the structural cores of the bakkanes,! for
example bakkenolide A 1,> and of compounds like
longianone 23 we explored the feasibility of double
allylation-ring closing metathesis sequences. 3,3-Diallyl-
dihydrofuran-2,4-diones with identical allyl residues
have been obtained by allylation of tetronic acids with
either allyl halides/base followed by thermal Claisen
rearrangement of the intermediate 3,4-diallyl tetro-
nates,*> or with allyl acetates under Pd catalysis result-
ing in moderate yields or product mixtures.® Congeners
with two different allyl residues were not accessible like-
wise. A single ring closing metathesis, namely of sym-
metrical 3,3-diallyldihydrofuran-2,4-dione has been
reported.” In this paper we investigate the generality of
such and similar approaches to 3-spiro and 4-spiro-
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annulated or 3,4-fused butanolides as occurring in
natural products.

The most serious obstacle to using Pd-mediated allyl-
ation protocols® is the mobility of allyl residues attached
to either the 3- or the 4-position of tetronic acids in the
presence of Pd’, which fact reflects the reversibility of
the C—C bond formation step under the customary con-
ditions. Both 3-allyltetronic acid 3° and 4-O-allyl tetro-
nates 4 when treated with Pd(Ph;P)4 in toluene at ca.
80 °C ‘disproportionated’ to give 30-40% of the corre-
sponding 3,3-diallyldihydrofuran-2,4-diones 5 besides a
similar quantity of easy to separate de-allylated tetronic
acids. The latter can also be converted to 5 by reaction
with an excess of external allyl acetate in the presence
of Pd” and of a base such as DBU to increase their solu-
bility. As depicted in Scheme 1, symmetrical 3,3-diallyl-
dihydrofuran-2,4-diones 5a—c¢ were obtained in good
yields from 4-O-allyltetronates 4 and allyl acetate.'”
3-Allyl-3-cinnamyldihydrofuran-2,4-dione 5d, however,
was formed merely as a mixture with 5a and 3,3-di-
cinnamyldihydrofuran-2,4-dione, when allyltetronate
4a was treated with cinnamyl acetate (Scheme 1).

Yet ‘mixed’ 3,3-diallyl derivatives were accessible in two
other ways. The first one exploits the fact that the above
mentioned Pd-mediated scrambling of allyl residues
requires elevated temperatures. By deprotonating 3-allyl-
tetronic acids with sodium alkoxides well soluble so-
dium tetronate salts with a more strongly nucleophilic
tetronate anion are obtained.!! These in turn are readily
allylated by a second external allyl acetate at 0°C
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Scheme 1. 3,3-Diallyldihydrofuran-2,4-diones 5 from 4-O-allyltetro-
nates and allyl acetates under Tsuji conditions; (a) + 5a (26%) + 3,3-
dicinnamyldihydrofuran-2,4-dione (36%).

without scrambling of the allyl residues at a noticeable
degree (Scheme 2, top).'> An alternative high-yielding
route to mixed 3,3-diallyldihydrofuran-2,4-diones 5 con-
sists of the esterification of 3-allyltetronic acids such as 3
with a different allylic alcohol'?® followed by a thermal
Claisen rearrangement of the intermediate 4-O-allyl
3-allyltetronate 6 (Scheme 2, bottom).'* When carried
out under microwave irradiation the Claisen step pro-
ceeded quantitatively and without allyl scrambling.
The esterification of 3 with methallylic alcohol to give
6a was only possible under modified Mitsunobu condi-
tions!> while both the Steglich-Hassner as well as our
own isourea'® method failed completely.

Ring closing metathesis reactions were then carried out
with bis-allyl tetronates of types 5 and 6 to build up the
structural target motifs of butanolides with 3,3-spiro-
cyclopentenyl, with 4,4-spiro-oxacycloalkanyl and with
3,4-cycloalkanyl annulation. Metathesis reaction of
various 3,3-diallylfurandiones 5 with Grubbs catalysts
gave 3,3-spirocyclopentenyldihydrofuran-2,4-diones 7
in good to excellent yields (Scheme 3, top). While first
generation catalyst (Pcy3),Cl,Ru=CHPh was efficacious
in the RCM of derivatives with two CsHs residues,!” a
second generation catalyst and harsh conditions were
required for the ring closure of Se, most likely due to
sterical hinderance.'®!” Residual Ru compounds
responsible for a greyish to black hue of the crude prod-
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Scheme 2. Mixed 3,3-diallyldihydrofuran-2,4-diones 5d,e; (a) + 5a
(8%) + 3,3-dicinnamyldihydrofuran-2,4-dione (5%).
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Scheme 3. 3,3-Spirocyclopentenyldihydrofuran-2,4-diones 7 and 3,4-
dispirobutanolide 8.

ucts were removed by treatment with 4 mol % of lead
tetraacetate according to Paquette et al.?® We then trea-
ted 7a with ethyl sorbinate in order to complete the bak-
kane framework via a Diels—Alder reaction with the
cyclopentene. No reaction was observed under classical
thermal (PhMe, sealed tube, 180 °C) nor under Lewis
acid catalysed [2 mol % Yb(OTf); or EtAICl,, 180 °C,
PhMe] conditions. However, when compound 7a was
heated with Danishefsky’s diene in a sealed tube in tol-
uene the corresponding hetero-Diels Alder 3,4-dispiro
adduct 8 was obtained instead in 50% yield after chro-
matography and recrystallisation (Scheme 3, middle).?!

RCM of 4-0O-allyl 3-allyltetronates 6 led to the corre-
sponding furo[3,4-b]dihydrooxepines 9. Again, the
allyl-methallyl derivative 6a required a second genera-
tion Grubbs catalyst and forcing conditions causing a
concomitant shift of the double bond into a conjugated

position furnishing 9b (Scheme 4).!7-'®  Alkene
(0]
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Scheme 4. Furo[3,4-b]dihydrooxepines 9.
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isomerisation as a side or a follow-up reaction to
metathesis processes initiated with Grubbs catalysts
has been frequently reported, especially for allylic alco-
hols and allyl ethers.?

In conclusion two efficient syntheses of 3,3-diallyl-
dihydrofurandiones-2,4 5 with different allyl residues
were developed, one by Pd-catalysed Tsuji allylation of
the sodium salts of 3-allyltetronic acids, the other by
Claisen rearrangement of 4-O-allyl 3-allyltetronates.
Ring-closing metathesis of 5 with Grubbs catalysts
furnished 3-spirocyclopentenyldihydrofurandiones-2,4
7 while RCM of the 4-0-allyl 3-allyltetronate precursors
gave furo[3,4-b]dihydrooxepinones 9. In line with the
known literature on RCM, the proper choice of the cat-
alyst very much depends on the degree of substitution of
the olefins.
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0.53); white powder, mp 113 °C; vax (ATR)/cmf1 1767,
1675, 1039, 1005; "H NMR (300 MHz, CDCl5): § 2.46
(1H, dd, 27 17.2, *J 1.1 Hz), 2.53 (2H, m), 2.81 (1H, d, 2J
17.2 Hz), 2.71-2.82 (1H, m), 2.84-2.95 (1H, m), 4.00 (1H,
d, 27 10.6 Hz), 4.51 (1H, d, 2J 10.6 Hz), 5.46 (1H, dd, >J
6.2,%J 1.1 Hz), 5.50-5.57 (1H, m), 5.70-5.77 (1H, m), 7.23
(1H, d, *J 6.2 Hz); '*C NMR (75.5 MHz, CDCl;): § 35.3,
374, 38.6, 54.9, 71.5, 88.9, 107.2, 1259, 130.1, 160.9,
178.8, 188.5; m/z (EI) 220 (M*, 46%), 110 (97%), 91
(100%), 71 (91%). Found: C, 65.3; H, 5.6. C;,H,04
requires C, 65.5; H, 5.5.
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