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Abstract—Conjugated dienes preferentially undergo intramolecular [3+2] cycloaddition to TMM diradicals. Subsequent sigmat-
ropic rearrangement of affords products corresponding to those expected from a direct [4+3] path. © 2002 Elsevier Science Ltd.
All rights reserved.

2-Alkylidenecyclopentane-1,3-diyls 1, first explored in
Berson’s laboratory, are well established as partners in
[3+2] cycloadditions.1 In 1970, Dowd et al. reported
that the parent diyl, trimethylenemethane (2, TMM),
reacts with 1,3-butadiene to form a [3+2] cycloadduct
via a 1,2-addition to the diene;2 a [4+3] adduct was not
reported. While [4+3] cycloaddition to TMM diyls is a
rarity, the Trost organopalladium analog of the parent
system, 3, undergoes [4+3] cycloaddition to electron
deficient s-cis constrained 1,3-dienes in good to excel-
lent yields (Fig. 1).3

In 1978, Berson and co-workers showed that diyl 4
reacts with the s-cis-constrained diene, cyclopentadiene,
to afford both the [3+2] adduct 5 as well as the bridged
product 6 resulting from 1,4- rather than 1,2-addition
to the diene (Scheme 1).4 These results are in accord
with a frontier molecular orbital (FMO) analysis for a
symmetry allowed suprafacial–suprafacial cycloaddition
between the diene and a closed shell singlet diyl whose
HOMO is represented by the symmetric orbital �S.
Reversal of that ordering leads to the opposite predic-
tion. That is, if �A is the HOMO, then one would
anticipate the formation of the 1,2-bridged and the
1,4-fused adducts as illustrated in Scheme 1.

For some time we have been interested in the phorbol
esters and structurally related biomaterials that possess

a 5-7-6 fused ring system (cf 19, n=2, Scheme 5).5

Realizing that an intramolecular [4+3] cycloaddition to
a TMM diyl 7 (Fig. 2) could provide direct access to
the framework, we initiated the studies described

Figure 1.

Scheme 1.
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herein. We report the results of an investigation of the
intermolecular cycloaddition of TMM-diyl precursor 9
with an s-cis constrained diene, 1,3-diphenylisobenzo-
furan (10) and the intramolecular cycloaddition chem-
istry of the diyl derived from diazene 13 with an
unconstrained 1,3-dienes (Schemes 2 and 3). Two
points emerge: (1) the [3+2] pathway illustrated by 8
(Fig. 2), dominates when an unconstrained 1,3-diene is
used as the diylophile; (2) transformation of the [3+2]
adduct to that expected from a direct [4+3] cycloaddi-
tion can be achieved via sigmatropic rearrangement
(Scheme 4).

When a THF solution of the dimethyl diazene 9 is
added dropwise to a ten-fold excess of 1,3-
diphenylisobenzofuran (10) in refluxing THF, cycload-
dition occurs to afford nearly equivalent quantities of
1,4-addition products. Three products, isolated in a
combined yield of 46–52%,6 were determined to have
the structures 11 and 12a,b.7 Structures 12a,b constitute
our first observation of [4+3] cycloaddition.2,4 The for-
mation of 11 is consistent with a diyl-HOMO con-
trolled cycloaddition (see Scheme 1), while the
production of 12a,b is not. That the FMO-allowed
1,2-addition pathway (Scheme 1) was not observed is
not surprising. Thus unlike the 1,4-path, it would fail to
establish a 6� electron aromatic unit in the anticipated
product.

In contrast to 10, the use of an unconstrained 1,3-diene
could afford either the [3+2] or [4+3] cycloaddition
pathways, or both.8 When heated in refluxing acetoni-
trile, diazene 13 was transformed to a 60:40 mixture of
diastereomeric [3+2] cycloadducts 14 and 15 in a com-
bined yield of >80%.9 Less than 2% of the [4+3] path-
way leading directly to 16a (see Scheme 4) was
observed. Nevertheless, the desired framework did
prove to be readily accessible (vide supra).

Figure 2.

Scheme 4.

When 14 and 15 were passed through a heated tube (Ar
carrier gas, 450°C), the cis-anti isomer 14 rearranged to
afford 16a (Scheme 4), a substance that was character-
ized as the alcohol 16b formed by treating 16a with
LAH.10 Formally, 16a corresponds to the result of
either a [1,3], or a [3,3] sigmatropic rearrangement of
14, and is the substance one would have expected from
a direct [4+3] cycloaddition to the diyl generated from
13.

In contrast to 14, the cis-syn isomer 15 was recovered
unchanged from the flow pyrolysis (FVP). This differ-
ence in behavior is reasonable when one takes into
account the differing geometries of the two systems. As
illustrated in Scheme 4 by the energy-minimized struc-
tures,11 the terminal carbons of the 1,5-diene of the
cis-anti form, 14, but not the cis-syn isomer, 15, are
well positioned for a concerted [3,3] sigmatropic
rearrangement.

Based upon the results reported herein, we suggest that
the simple two-step protocol outlined in Scheme 5 will

Scheme 2.

Scheme 5.Scheme 3.
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be generalizable and that it will provide reasonably
direct access to wide array of tricyclic substances. Fur-
ther studies employing more elaborately functionalized
diyl precursors are in progress. Our application of the
chemistry to the synthesis of bioactive materials will be
reported in due course.
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