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ABSTRACT

An intramolecular [2 + 2]-photocycloaddition is used to provide a photoadduct, which upon fragmentation, lactone cleavage, and subsequent
Cope rearrangement provides a dicyclopenta[a,d]cyclooctene ring system with substituents in place (e.g., C3 and C11) to access several
5−8−5 diterpene and sesterterpene natural products.

We reported recently a new method for constructing the
dicyclopenta[a,d]cyclooctene (5-8-5) ring system1 observed
in several classes of natural products such as the fusicoccanes
and ophiobolanes2 (Scheme 1). The key features of the
strategy include a regio- and stereoselective intermolecular
[2 + 2]-photocycloaddition between functionalized cy-
clobutenes3 (1) and cyclopentenones (2), followed by thermal

fragmentation of the resulting strained photoadducts (3).4 The
reaction sequence provides the target 5-8-5 ring system
(4) in as few as seven steps, with functionality in place to
access several natural product targets including the appropri-
ate stereochemistry at the C6 ring fusion. Notwithstanding
this rapid entry into the ring system, the installation of a
carbon substituent commonly found at C11 still requires
significant synthetic effort. The results reported herein offer
an improved strategy for generating the 5-8-5 ring system
with the requisite alkyl substituent at C11.
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Scheme 1. 5-8-5 Natural Product Ring Systems Compared to
the Intermolecular Photocycloaddition/Fragmentation Product 4
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Because the [2+ 2]-photocycloaddition controls the
introduction of substituents at C10 and C11, efforts to
influence the regiochemistry using other cyclopentenones
were pursued. Photocycloaddition of cyclobutene1 with
3-methylcyclopentenone, for example, provides a photo-
adduct with the methyl substituent at C10 instead of C11
(data not shown). In all cases, the larger functionality in either
the R- or â-position on the cyclopentenone is placed in the
less hindered C10 site in the intermolecular photocyclo-
addition.

Given these observations, anintramoleculartransformation
was expected to overcome the inherent steric preference
observed in the intermolecular process. As illustrated in
Scheme 2, a temporary tether between the cyclobutene and

the cyclopentenone could enforce the desired regioselectivity
and thereby introduce the necessary alkyl substituent (R3)
at C11 in the BC ring junction.

As illustrated in Scheme 3, photoprecursor7 was prepared
from cyclobutene55 to evaluate the intramolecular strategy.

Although reduction of cyclobutene5 followed by selective
methylation of the resulting diol is possible, higher yields

of compound6 were obtained through a four-step sequence
that included protection and deprotection of the secondary
alcohol. A DCC-mediated esterification of6 with 3-oxo-
cyclopent-1-ene-carboxylic acid6 afforded the cyclopenten-
one-tethered cyclobutene7 in 91% yield.7 Intramolecular [2
+ 2]-photocycloaddition of7 using a medium pressure
Hanovia Hg-lamp with a Pyrex filter occurred smoothly to
give the highly strained photoadduct8 (93%). This cyclo-
adduct possesses the essential one-carbon functionality at the
desired ring junction position (C11).

Thermolysis of photoadduct8 was carried out at 235°C
in benzene (Scheme 4). Instead of generatingcis,trans-1,5-

cyclooctadiene12, the thermodynamically more favored
dialkenyl cyclobutane11 was produced in 88% yield. The
formation of compound11 with an trans-olefin (C7-C8) is
consistent with a mechanistic model described previously
for the fragmentation reaction.1 Cleavage of the strained C2-
C8 bond in photoadduct8 can form diradical9, which can
either collapse to regenerate8 or relax to a cyclohexadiyl in
a chair conformation10.8 Intermediate10 can then lead to
either compound12 through cleavage of the C1-C9 bond
(which can then provide compound11 through a Cope
rearrangement) or directly to compound11 through cleavage
of the C6-C7 bond. Evidently, formation of any cyclo-
octadiene products, either directly from diradical10 or
through a Cope rearrangement of compound11 is inhibited
by the geometric constraints imposed by the lactone.9
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Scheme 2. Intramolecular Photocycloaddition/Thermal
Fragmentation Approach to 5-8-5 Ring Systems

Scheme 3. Synthesis of Tethered Cyclobutene7 and
Intramolecular Photoadduct8a

a (a) (i) TBDPSCl, imidazole, Et3N, CH2Cl2, rt, 91%; (ii) LiAlH4,
Et2O, 0 °C; (iii) NaH, THF, rt; MeI, THF, rt; (iv) TBAF, THF, rt,
93% (3 steps). (b) 3-oxo-cyclopent-1-ene-carboxylic acid, DCC,
DMAP, CH2Cl2, 0 °C to rt, 91%. (c)hν, Pyrex filter, C6H6, 40 °C,
93%.

Scheme 4. Thermolysis of Photoadduct8
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Formation of the desired 5-8-5 ring system therefore
requires cleavage of the lactone functionality.

As illustrated in Scheme 5, reduction of lactone11
followed by heating the resulting triol provides cycloocta-

diene13, a compound with the target 5-8-5 ring system
and an alkyl substituent at C11. The boatlike conformation
expected to be responsible for the stereospecific Cope
rearrangement of the dialkenyl cyclobutane is shown in eq
1.10 Thebis-endoconformation of the olefins allows for the
selective formation of the observedcis,cis-1,5-cyclooctadiene
product13.

Alternatively, cleavage of the allylic lactone and direct
installation of an A ring methyl group at C3 in a single step

was also explored. Since methyl organocopper reagents
displace allylic acetates in a regio- and stereoselective
fashion,11 this strategy was examined in the allylic lactone
opening/alkylation of substrate11. On the basis of NMR
studies of the 5-8-5 product15, the nucleophilic attack of
the methyl group on lactone11 appeared to have occurred
predominantly in a SN2′ fashion,anti with respect to the
carboxylate leaving group as expected from prior studies.11

Treatment of the resulting carboxylic acid with trimethylsi-
lyldiazomethane generates methyl ester14 in 61% overall
yield from 11.12 Thermal rearrangement of cyclobutane14
produces compound15 in 96% yield with the desired C3
methyl group installed on the A ring and an ester at C11 in
the corresponding 5-8-5 natural product framework. Again,
the conformation for the stereospecific Cope rearrangement
of cyclobutane14 is shown in eq 1.

In summary, we have illustrated that anintramolecular
[2 + 2]-photocycloaddition of a tethered cyclobutene (7) can
be used to introduce the necessary alkyl functionality at the
C11 position in the 5-8-5 ring system. The intramolecular
photocycloaddition produces a highly strained photoadduct
8 that leads to a dialkenyl cyclobutane intermediate11upon
thermal fragmentation. Cleavage of the allylic ester in
compound11, followed by Cope rearrangement delivers the
core sequiterpenoid 5-8-5 ring structure with functionality
in place to access several natural product targets. Studies
toward this goal are currently underway.
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Scheme 5. Generation of 5-8-5 Products13 and15a

a (a) LiAlH4, 53%; (b) C6H6, 140 °C, 94%; (c) MeMgBr,
CuBr‚Me2S, Me2S, THF,-20 °C; 11, 66% 14:1 dr; (d) TMSCHN2,
MeOH/PhH, rt, 93%; (e) C6H6, BHT, 120°C, 96%.
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