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The [8+2]-cycloaddition reaction1,2 is a potentially powerful
method for the preparation of 10-membered ring systems, although
it has been restricted to examples where carbons 1 and 8 of the
tetraene are rigidly held in close proximity.3 Although these
cycloadditions involve the interaction of 10π-electrons spread over
10 carbon atoms, the net result in most cases is merely appendage
of a five-membered ring onto a preexisting ring.4 In this manuscript,
the [8+2]-cycloaddition reaction between variously generated
dienylisobenzofurans (e.g.,3, Scheme 1) and dimethyl acetylene-
dicarboxylate (DMAD) leading to the 11-oxabicyclo[6.2.1]undecane
ring system (e.g.,4) is reported. This represents the first generally
successful [8+2]-cycloaddition reaction for conformationally flex-
ible tetraene systems. The 11-oxabicyclo[6.2.1]undecane ring
system is a key structural feature of many compounds collectively
known as 2,11-cyclized cembranoids or cladiellanes.5 Many of these
compounds display potent biological activity, including antiinflam-
matory and antitumor activity. The reaction in Scheme 1 results in
direct synthesis of the complete ring skeleton of the eunicellin
diterpenes in a single step.6

Initial studies have focused on generation of dienylisobenzofuran
intermediates through the coupling ofR,â-unsaturated Fischer
carbene complexes (2) with 2-alkynylbenzophenone derivatives (1).7

The relatively stable nature of 1-phenyl-3-alkenylisobenzofuran
intermediates and their subsequent trapping through Diels-Alder
reactions had previously been demonstrated. Prior to the initiation
of these studies involvingR,â-unsaturated carbene complexes,
anticipated reaction pathways included: (1) the Do¨tz benzannulation
reaction resulting in ketone6,8 and (2) isobenzofuran formation
followed by Diels-Alder reaction resulting in5. Surprisingly, the
coupling of alkenylcarbene complex2A (entry A of Table 1, see
Table 1 for correlation of substituent letters with R1-4) with
benzophenone1A, followed by addition of DMAD afforded
predominantly the [8+2]-cycloadduct4A (76%) and only a minor
amount (3%) of the Diels-Alder product5A. Compound6A was
not observed in the reaction mixture. The indicated stereochemistry
results from suprafacial addition as is predicted on the basis of
orbital symmetry considerations.2 Crystals suitable for X-ray
analysis could be obtained for closely related structural analogue
4B (Figure 1). The 11-oxabicyclo[6.4.1]-undeca-1,3,6,9-tetraene
ring system has no precedent; however, related examples of
6-carbon-bridged furanophane ring systems have been reported.9

Notable sources of strain in this ring system include: (1) twisting
of the alkene exocyclic to the furan ring by 14°, and (2) deviation
of the endocyclic bond angles at the asterisked carbons by 11°
greater than ideal.

Several examples of this reaction using the optimized conditions
(alkyne carbene coupling in dioxane at 85°C followed by addition

of DMAD) were tested (Table 1). The remaining examples were
assigned on the basis of spectral similarity to compound4B. In all
cases except entry D, the [8+2]-cycloadduct was the major product.
This failure can be attributed to a steric effect. The energy-
minimized (RHF/6-31G) conformation for isobenzofuran intermedi-
ate 3D features orthogonal enol ether and isobenzofuran groups,
versus a more planar orientation in3C. An orthogonal orientation
between the enol ether and isobenzofuran would prevent [8+2]-
cycloaddition. The selectivity for the [8+2]-cycloadduct was
noticeably lower using the benzofuranyl ketone derivative1E and
for the example using the 2-propenylcarbene complex2B in entry
F. The relatively unstable carbene complex2C afforded a lower
overall yield of adducts (entry G); however, only the [8+2]-
cycloadduct was observed.

To determine if chromium has a unique role,10 non-chromium-
based methods for the generation of dienyl-isobenzofuran inter-
mediates were tested.11 Keto alcohol8 (Scheme 2) was prepared
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Table 1. Three-Component Coupling of Alkynylbenzophenones
(1), Carbene Complexes (2), and DMAD

entrya reactants R1 R2 R3 R4 4 5

A 1A + 2A Bu Ph R3,4 ) -(CH2)3- 76% 3%
B 1B + 2A Me Ph R3,4 ) -(CH2)3- 61% 0%
C 1C + 2A H Ph R3,4 ) -(CH2)3- 72% 9%
D 1D + 2A TMS Ph R3,4 ) -(CH2)3- 5% 62%
E 1E + 2A Bu 2-benzofuryl R3,4 ) -(CH2)3- 45% 30%
F 1A + 2B Bu Ph Me H 56% 19%
G 1A + 2C Bu Ph R3,4 ) -O(CH2)3- 39% 0%

a Table entry letters correlate with the substituent letters for compounds
3-5.

Figure 1. Crystal structure for compound4B.
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in four steps12 from readily available bromo-diene7.13 Compound
8, which appears to be predominantly hemiketal, converted to
yellow isobenzofuran9 upon attempted purification on silica gel.14

Treatment of compound9 with DMAD led to the expected [8+2]-
cycloadduct10 in 64% yield as the exclusive product.

In summary, a novel method for the synthesis of furanophanes
has been developed, which might be applicable to all dienylisoben-
zofurans, no matter how they are generated. This reaction is
currently under investigation in this laboratory.
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