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ABSTRACT

The intramolecular Diels−Alder (IMDA) reactions of C(8)-substituted decatrienoates have been studied. The stereospecific formation of 11 via
an endo-boat-9 transition state attests to the powerful directing influence of a C(8) substituent in the IMDA of decatrienoate. In addition, the
contrasting observations that stereospecific 9 f 11 occurs at room temperature while the nor-tert-butyl substrate (4a) requires 125 °C/5 h
reaction conditions and produces a 60:40 mixture of diastereomers provide clear evidence that a bulky C(8) substituent is a powerful
conformational activator of the IMDA.

In the course of studies directed toward total syntheses of
eleuthesides (e.g., eleutherobin, sarcodictyins), we have
undertaken a study of the intramolecular Diels-Alder
reaction (IMDA)2 of decatrienoate systems (Figure 1). While
both the Nicolaou3 and Danishefsky4 groups have reported
total syntheses of eleutherobin, their strategies proceeded by
elaboration of A-ring precursors (+)-carvone and (-)-

phellandrene, respectively. Our objective was to develop
eleutheside synthetic strategies that readily accommodate
A-ring modification. We selected an IMDA route because
in-depth analysis of the competing cycloaddition transition
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Figure 1. Considerations for eleutherobin “A-ring” construction.
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states available to decatrienoates such asI suggested that
the IMDA reaction would deliver the requisite C(10)/C(1)/
C(14) stereochemistry as a function of C(8) stereochemistry.
Herein we report the details of this study.

The Literature Perspective. The intramolecular Diels-
Alder reactions of substituteddecatrienoneshave been well
studied,5 and representative examples6 are shown in Table
1. From these examples, it can be seen thatexoaddition of

a trans-oriented side chain [e.g., an (E)-diene] leads to a
trans-fused ring system whileendo addition of a trans-
tethered dienophile leads to acis-fused ring system. From
Table 1, we note that the reactions of decatrienones proceed
with excellentendo addition selectivity. Extensive deca-
trienone cycloaddition studies7 also confirm a strong prefer-
ence forendoaddition.

Observations on the cycloaddition reactions of several
decatrienone systems led Roush to observe7 that “in the
absence of overriding nonbonded or electronic interactions
the cis-fused, boat-like decatrienone transition state should
be favored over the more usually invoked chair-like arrange-
ment.” Decatrienone studies by Zschiesche et al. suggest that
8 will react via anendo-boat transition state instead of an
endo-chair arrangement.8

A C(8) Anchor Role? With these observatoins in hand,
analysis of the fourendo-transition states available to8
suggested to us a “face-selecting” role of the C(8) substituent.
Relative to C(8), there are twoendoadditions possible for
each face of the diene. In one of theseendotransition states,
the C(8)tert-butyl group resides in an axial position on the
cyclohexane chair and is highly destabilized. In anotherendo

transition state, the C(8)tert-butyl group resides in a
pseudoaxial position on a cyclohexane boat-like transition
state and is also highly destabilized. The remaining twoendo
transition states place the C(8)tert-butyl group in equatorial
positions, and reaction via these transition states is expected
to be highly favored. The implication in this analysis is that
I must have the (R)-configuration at C(8) to direct the
formation of correct eleutherobin configurations at C(10),
C(1), and C(14).

Calibration StudiessNo C(8) Anchor (Scheme 1).
Reduction of unconjugated ester19 with diisobutylaluminum
hydride gave dienol210 in 91% yield (Scheme 1). Decatri-

enoates4aand4b were then prepared in moderate yield from
this dienol andtrans-R,â-unsaturated acids3a11 and 3b12

using DCC and DMAP (4a ) 80%; 4b ) 73%).13 Initial
cycloadditions with these two substrates were performed
using toluene-d8 in sealed NMR tubes to establish appropriate
reaction conditions.

For bis-activated4a, cycloaddition was effected by heating
a sealed-vessel toluene solution at 125°C for 5 h, yielding
two isomeric products in 52% combined yield (5a:6a
60:40). Chromatographic purification yielded the minor
isomer (6a) as a white crystalline solid, while the major
isomer (5a) was obtained as a colorless oil. Single-crystal
X-ray analysis established that6a is a trans-fused bicyclic
product arising from a boat transition state with the ester
moiety occupying anexo position. COSY and proton
decoupling NMR experiments on the major isomer (5a)
established the coupling constant between the two bridgehead
protons as 7.5 Hz, clearly indicating that5a has acis ring
fusion. Cycloadducts5aand6ado not equilibrate under these
reaction conditions.

For monoactivated4b, cycloaddition required heating a
sealed-vessel toluene solution at 220°C for 20 h. Only one
cycloadduct (5b) was obtained from this reaction, and proton
decoupling NMR experiments established that it was acis-
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Table 1. Controlling Bridgehead Stereochemistry

entry cis trans ref

a: X ) CH2, R ) H 95 5 5
b: X ) CH2, R ) iPr 100 0 5
c: X ) O, R ) H 90 10 6
d: X ) NMe, R ) H 88 12 6

Scheme 1. Calibration StudiessNo C(8) Anchor
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fused product (coupling constant between the two bridgehead
protons) 6.6 Hz). Chromatographic purification gave5b,
the product arising from a boat transition state with the ester
group addingendo, as a colorless oil in 43% yield from4b.

C(8) Anchor Effects (Scheme 2).We selected dienol714

as the best substrate for evaluating the role of a C(8)

substituent in decatrienoate Diels-Alder reactions. Dienol
7 was prepared in 90% yield by lithiation of 3-methyl-1,4-
pentadiene (nBuLi, THF) and subsequent addition of tri-
methylacetaldehyde.

Esterification of7 with trans-4-methyl-2-pentenoic acid
(3b; DCC, DMAP) delivered decatrienoate8 in 87% yield.
The IMDA reaction was accomplished by heating a sealed
vessel solution of8 in toluene at 200°C for 12 h. A single
product (10) was obtained in 55% yield, and single-crystal
X-ray analysis of this solid (colorless tetragonal needles from
EtOAc/hexanes) estabilshed the stereochemistry to be as
shown in Scheme 2.

In the case of Diels-Alder precursor9, esterification with
trans-4-oxo-2-pentenoic acid (3a; DCC, DMAP) delivered
the transient decatrienoate which, without isolation,15 un-
derwent IMDA cycloaddition giving11 as the sole product
(colorless triclinic block from EtOAc/hexanes) in 91% yield.
The structure of cycloadduct11was also confirmed by X-ray
crystallography (see Scheme 2).

The C(8) AnchorsA Powerful IMDA Control Element.
Viewed in concert, the IMDA results obtained with decatri-
enoates4a, 4b, 8, and9 provide clear evidence of theendo
andboat directing effects of a C(8) substituent. Beginning

with 10, the model compound directly related to eleutherobin,
theendo-chair-8transition state (Figure 2), can be ruled out

and thesyn/cis/anti [C(8)H-C(10)H/C(10)H-C(1)H/C(1)H-
C(14)H, respectively] stereochemistry of10can be explicitly
viewed as arising via anendo-boat-8Diels-Alder transition
state. Just as clearly,syn/cis/anti-11cannot arise fromendo-
chair-9 and must arise viaendo-boat-9. The fact that we
observe no trace of thesyn/trans/anti-isomer of1116 indicates
thatendo-boat-9 is much preferred overexo-chair-9. Thecis/
anti [C(10)H-C(1)H/C(1)H-C(14)H, respectively] stereo-
chemistry of5b is consistent with either anendo-boat or an
endo-chair cycloaddition transition state of4b. However, to
the extent thatendo-chair-4b mirrors unfavorableexo-chair-
9, 5b probably arises viaendo-boat-4b. Similar observations
apply to the formation of5a and6a via endo-boat-4aand
exo-boat-4a, respectively.

The contrasting selectivities of9 leading only to11versus
4a leading to both5a and6a (60:40, respectively) attest to
the powerful directing influence of a C(8) substituent in the
IMDA of decatrienoates. In addition, the 125°C/5 h reaction
conditions required for4a f 5a/6aversus the facile room
temperature/12 h required for9 f 11 (this IMDA occurs as
9 is formed from7 over a 12 h period) provide clear evidence
that a C(8) substituent is a powerful IMDA activator. This
activation effect is the consequence of strong decatrienoate
conformational biasing. This study strengthens the predictive
power for unambiguous application of the IMDA reaction
of decatrienoates. We are encouraged that a decatrienoate
such asI (Figure 1) will deliver intermediateII via a highly
selective endo-boat-I transition state. These studies are
underway and will be reported in due course.
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Scheme 2. C(8) Anchor Effects

Figure 2. Controlling bridgehead stereochemistry.
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