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ABSTRACT

A concise synthesis of the spinosyn A tricyclic nucleus 27 has been developed by a route featuring a one-pot tandem intramolecular Diels−
Alder reaction and intramolecular vinylogous Morita−Baylis−Hillman cyclization in which five stereocenters in tricycle 10 are set with excellent
selectivity.

The spinosyns are a family of polyketide natural products
possessing extraordinary insecticidal activity. The biosyn-
thetic mixture, generated bySaccharopolyspora spinosa, is
composed mostly of spinosyn A (1, Scheme 1) (ca. 85%)
and spinosyn D (ca. 10-15%).1 This mixture is currently
marketed as the insecticide Spinosad for use against a variety
of insects.2 Total syntheses of spinosyn A have been reported
by Evans and Paquette.3

We have recently reported a synthesis of theas-indacene
ring system of spinosyn A in which the tricyclic framework

3 is assembled from macrolactone2 via a transannular
Diels-Alder reaction followed by a Claisen ring contraction
(Scheme 1).4 This strategy provided tricycle3 with excellent
stereocontrol. While in principle the macrocycle can be
appended to3 en route to completion of a total synthesis,
we felt that a more succinct approach would be to incorporate
the macrocycle prior to formation of the tricyclic core unit.
Kirst has suggested that the biogenesis of spinosyn A may
involve a transannular Diels-Alder reaction and a Michael
ring closure of an appropriately functionalized macrocyclic
pentaene.5 Accordingly, our current synthetic strategy targets
pentaene5 as a substrate for the assembly of spinosyn via a
tandem transannular Diels-Alder reaction and intramolecular
vinylogous Morita-Baylis-Hillman cyclization sequence
(Scheme 2). We report herein the successful application of
this strategy in an intramolecular Diels-Alder manifold to
the synthesis of the spinosyn A tricyclic nucleus.

We initially elected to explore the viability of the Diels-
Alder sequence on the model tetraene6, which contains a
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C(6)-Br steric directing group6 for stereochemical control
of the intramolecular Diels-Alder (IMDA) reaction. Unfor-
tunately, this reaction proceeds with poor control of the
C(7)-C(11) ring fusion stereochemistry relative to the
preexisting C(9)-rhamnosyloxy substituent. While appending
a bromine atom at C(6) afforded little stereocontrol by itself,
installation of an additional C(8)-silyloxy substituent in
pentaene8 effectively regulated the stereochemistry of the
IMDA reaction, which provided cycloadduct9 as the major
product of a 7:1 mixture of diastereomers from the thermal
reaction (Scheme 3). The C(8)-silyloxy unit functions as a
stereochemical control element in this case by introduction

of 1,3-allylic strain interactions with the C(6)-Br group in
the transition state leading to the minor product.4,9

However, attempts to apply the recently developed7,8

intramolecular vinylogous Morita-Baylis-Hillman reaction
to the Michael cyclization of9 to 10 proved to be highly
problematic. Surprisingly, treatment of9 with Bu3P in
CH3CN provided none of the desired tricycle10 but rather
11 exclusively (80% yield) resulting from migration of the
C(2)-C(3) olefin. However, use of Me3P in MeOH provided
a 2:1 mixture of tricycle10and the olefin migration product
11 in 60% yield.

A more readily accessible model system13 (Scheme 4),
lacking the C(9)-rhamnosyloxy substituent of6, was next
prepared in an attempt to define conditions to minimize the
problematic olefin migration reaction (cf.,9 f 11). In the
process of generating13 we demonstrated that the Diels-
Alder reaction of pentaene12can be performed under Lewis
acid catalysis (MeAlCl2, CH2Cl2, -78°C), thereby providing
cycloadduct13 in 94% yield with>30:1 selectivity. Unfor-
tunately, Me3P-promoted cyclization of13 in various solvents
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Scheme 1

Scheme 2. Biomimetic Strategy for Synthesis of
(-)-Spinosyn A

Scheme 3
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gave mixtures of14-16. The best result was obtained when
13 was treated with Me3P (1 equiv) in CH2Cl2, from which
a ca. 2:1 mixture of the desired tricycle14 and the olefin
migration product15 was obtained. Also produced was the
regioisomeric tricycle16, which derives from initial addition
of the phosphine catalyst to the enoate unit of13.8

Conformational analysis of13suggested that changing the
C(2)-C(3) olefin geometry from (E) to (Z) would change
the orientation of C(4)-H relative to the C(2,3)-π-system
owing to the need to minimize allylic strain interactions,9

thereby disfavoring deprotonation of C(4)-H and suppressing
the problematic olefin migration that occurs in the cycliza-
tions of 9 to 10 (Scheme 3) and of13 to 14 (Scheme 4).
Accordingly perhydroindene18 was synthesized to test this
hypothesis (Scheme 5). Lewis acid promoted IMDA cy-

clization of 17 afforded18 containing the targeted C(2,3)-
(Z)-enoate unit in 95% yield and with>30:1 selectivity.
When18 was treated with 0.5 equiv of Me3P in tert-amyl
alcohol, olefin migration was negligible and tricycle14 was
obtained in 86% yield with 96:4 chemoselectivity (e.g., ratio
14:16).

With a solution to the olefin migration problem in hand,
we set out to apply the tandem intramolecular Diels-Alder
reaction and Morita-Baylis-Hillman cyclization strategy to
the synthesis of the spinosyn tricyclic nucleus (Scheme 6).

Pentaene23, targeted as the substrate for the key cyclization
sequence, was synthesized as summarized in Scheme 6.
Horner-Wadsworth-Emmons olefination10 of the known
aldehyde19 4 gave the unsaturated ester in 86% yield, which
was reduced to the allylic alcohol20 in quantitative yield.
Dess-Martin oxidation11 of 20 followed by olefination using
Ph3PdCHCOMe afforded enone21 in 77% yield. Suzuki
coupling of21 with vinyl boronic acid2212 in the presence
of TlOEt13 provided the allylic alcohol in 63% yield.
Oxidation of this intermediate to the aldehyde and subsequent
(Z)-selective olefination using Still’s protocol14 provided
pentaene23 in 57% yield.

Treatment of23 with MeAlCl2 in CH2Cl2 at -78 °C
generated the Diels-Alder product24 in 93% yield with a
diastereomeric ratio>30:1 (Scheme 7). The key intra-
molecular vinylogous Morita-Baylis-Hillman reaction was
then performed by treating a solution of24 in tert-amyl
alcohol with Me3P (0.5 equiv). This provided the desired
tricyclic adduct 10 in 88% yield as a 96:4 mixture of
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Scheme 6a

a (a) LiCl, DBU, (MeO)2P(O)CH2CO2Me, CH3CN, -40 f -20
°C, 14 h (86%); (b) DIBAL, CH2Cl2, -78f 0 °C, 30 min (100%);
(c) Dess-Martin periodinane, pyridine, CH2Cl2, 0 f 23 °C; (d)
Ph3PdCHCOMe, benzene, reflux, 85 h, (77% from20); (e) 22,
(Ph3P)4Pd, TlOEt, 3:1 THF/H2O, 23 °C (63%); (f) Dess-Martin
periodinane, pyridine, CH2Cl2, 0 f 23 °C; (g) (CF3CH2O)2P(O)-
CH2CO2Me, KHMDS, 18-Cr-6, THF,-78 °C, (57% over 2 steps).

Org. Lett., Vol. 4, No. 18, 2002 3159



regioisomers. Only one diastereomer of10was observed by
1H NMR analysis, indicating that the cyclization had
generated the final stereocenter in the tricycle with at least
97:3 diastereoselectivity. We were intrigued by the possibility
that the IMDA/Morita-Baylis-Hillman cyclization sequence
might be effected in one pot. Indeed, when23 was heated
at 40 °C in tert-amyl alcohol for 67 h, after which Me3P
(0.6 equiv) was added at room temperature, tricycle10 was
obtained in 89% yield as a 96:4 mixture of regioisomers.
The selectivity of the thermal intramolecular Diels-Alder
reaction at 40°C is g20:1.

With theas-indacene core assembled, removal of the two
stereodirecting groups was performed (Scheme 8). Exposure
of 10 to HF‚pyridine liberated the C(8) alcohol in 96% yield.
Subsequent treatment of this alcohol with 1,1′-thiocarbon-
yldiimidazole afforded26 in 95% yield.15 Finally, a one-pot
deoxygenation and debromination reaction was effected by
treatment of26 with tris(trimethylsilyl)silane16a,band AIBN
in dioxane, which provided the spinosyn A tricyclic nucleus
27 in 73% yield.

In conclusion, we have developed an intramolecular
Diels-Alder reaction and Morita-Baylis-Hillman cycliza-
tion sequence for the synthesis of the spinosyn A tricycle
27. The key tricyclic precursor10 was assembled from23
via a two-step sequence or a one-pot tandem cyclization
protocol in which five new stereocenters were set with
exceptional stereocontrol. Application of this strategy in the
transannular manifold to a total synthesis of (-)-spinosyn
A will be reported in due course.
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Scheme 7 Scheme 8a

a (a) HF‚pyr, THF, 96%; (b) 1,1′ -thiocarbonyldiimidazole,
DMAP, Ph-CH3, 65 °C, 95%; (c) (TMS)3SiH, AIBN, dioxane, 80
°C, 73%.
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