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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 fragmentation of the resulting strained photoaddwjté The
dicyclopentaf,dlcyclooctene (5-8—5) ring systerhobserved reaction sequence provides the target85-5 ring system

in several classes of natural products such as the fusicoccanegt) in as few as seven steps, with functionality in place to
and ophiobolanés(Scheme 1). The key features of the access several natural product targets including the appropri-
strategy include a regio- and stereoselective intermolecularate stereochemistry at the C6 ring fusion. Notwithstanding
[2 + 2]-photocycloaddition between functionalized cy- this rapid entry into the ring system, the installation of a
clobutene’(1) and cyclopentenoneg)( followed by thermal  carbon substituent commonly found at C11 still requires
significant synthetic effort. The results reported herein offer
an improved strategy for generating the&-5 ring system

Scheme 1. 5-8—5 Natural Product Ring Systems Compared to with the requisite alkyl substituent at C11.
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Because the [2+ 2]-photocycloaddition controls the of compounds were obtained through a four-step sequence
introduction of substituents at C10 and C11, efforts to that included protection and deprotection of the secondary
influence the regiochemistry using other cyclopentenones alcohol. A DCC-mediated esterification &fwith 3-oxo-
were pursued. Photocycloaddition of cyclobutehavith cyclopent-1-ene-carboxylic aéidfforded the cyclopenten-
3-methylcyclopentenone, for example, provides a photo- one-tethered cyclobuterfein 91% yield? Intramolecular [2
adduct with the methyl substituent at C10 instead of C11 + 2]-photocycloaddition of7 using a medium pressure
(data not shown). In all cases, the larger functionality in either Hanovia Hg-lamp with a Pyrex filter occurred smoothly to
the a- or S-position on the cyclopentenone is placed in the give the highly strained photoaddugt(93%). This cyclo-
less hindered C10 site in the intermolecular photocyclo- adduct possesses the essential one-carbon functionality at the
addition. desired ring junction position (C11).

Given these observations, mtramoleculartransformation Thermolysis of photoaddu@ was carried out at 23%5C
was expected to overcome the inherent steric preferencein benzene (Scheme 4). Instead of generatisgrans-1,5-
observed in the intermolecular process. As illustrated in

Scheme 2, a temporary tether between the cyclobutene an_

Scheme 4. Thermolysis of Photoaddu&

Scheme 2. Intramolecular Photocycloaddition/Thermal
Fragmentation Approach to-8—5 Ring Systems

BHT, CeHg

Ri O 235 °C; 88% 0
E tether formation E
—_—
« O
0]
R! tether removal, R
e thermolysis
-
J
()=

X

the cyclopentenone could enforce the desired regioselectivity
and thereby introduce the necessary alkyl substituef)t (R
at C11 in the BC ring junction. RT el 7 )
As illustrated in Scheme 3, photoprecur3avas prepared
from cyclobutené?® to evaluate the intramolecular strategy.

12 (not observed)

cyclooctadienel2, the thermodynamically more favored
dialkenyl cyclobutand1l was produced in 88% yield. The

Scheme 3. Synthesis of Tethered Cyclobutedieand

Intramolecular Photoadduge formation of compound 1 with antrans-olefin (C7—C8) is

H H consistent with a mechanistic model described previously
MeOOC(_= MeO H for the fragmentation reactidrCleavage of the strained €2
/le C8 bond in photoaddu@ can form diradical, which can
OH either collapse to regenera&@r relax to a cyclohexadiyl in

a chair conformatiori08 Intermediatel0 can then lead to
either compound 2 through cleavage of the CXC9 bond
(which can then provide compountil through a Cope
rearrangement) or directly to compouhtithrough cleavage
of the C6-C7 bond. Evidently, formation of any cyclo-
Etga)o(i)cﬂ?'l?)Pl\?Cl—Ii ir?}[?':aztile'(/lﬁll\l, TCHHIEC%, ?, ?#‘Q;A\s:ii)_lf:ﬁlzmi octadiene products, either directly from diradickd or
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Formation of the desired -88—5 ring system therefore was also explored. Since methyl organocopper reagents
requires cleavage of the lactone functionality. displace allylic acetates in a regio- and stereoselective
As Illustrated in Scheme 5, reduction of lactoid fashion?! this strategy was examined in the allylic lactone
followed by heating the resulting triol provides cycloocta- opening/alkylation of substratél. On the basis of NMR
studies of the 58—5 productl5, the nucleophilic attack of
the methyl group on lactongl appeared to have occurred
Scheme 5. Generation of 5-8—5 Products3 and 15 predominantly in a &' fashion,anti with respect to the
OH carboxylate leaving group as expected from prior stutfies.
Treatment of the resulting carboxylic acid with trimethylsi-
lyldiazomethane generates methyl estdrin 61% overall
yield from 1112 Thermal rearrangement of cyclobutab
produces compound5 in 96% yield with the desired C3
methyl group installed on the A ring and an ester at C11 in
the corresponding-58—5 natural product framework. Again,
the conformation for the stereospecific Cope rearrangement
of cyclobutanel4 is shown in eq 1.

In summary, we have illustrated that artramolecular
[2 + 2]-photocycloaddition of a tethered cyclobuteiiedan

O BNes Mo e ot ben ey be used to introduce the necessary alkyl functionality at the
TMSCHN,, MeOH/PhH, r.t., 93%; (e) CgHg, BHT, 120 °C, 96%. C11 position in the 58—5 ring system. The intramolecular
- o) - o) photocycloaddition produces a highly strained photoadduct
; Cope = 1) 8 that leads to a dialkenyl cyclobutane intermedieteipon
. aaVas a thermal fragmentation. Cleavage of the allylic ester in
MeO ol MeO ol compoundLl, followed by Cope rearrangement delivers the
R =OHor Me core sequiterpenoid-38—5 ring structure with functionality

_ in place to access several natural product targets. Studies
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