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Summary: 2-Pyrones 2 bearing pendant furans underwent
efficient intramolecular crossed [4 + 4]-cycloaddition to
give fused bicyclic cyclooctadienes 3 and 4 bridged by
lactones and ethers, along with varying amounts of [2 +
2]-adducts 5.

The wealth of biologically important and synthetically
challenging cyclooctanoid natural products has prompted
numerous approaches to the construction of eight-mem-
bered rings.2 A [4 + 4]-type construction is a convergent
and conceptually simple route to the cyclooctane ring.
Although thermally forbidden, [4 + 4]-cycloadditions of
butadienes can be effected either photochemically or with
metal catalysis.> Wender and co-workers have elegantly
applied nickel(0)-catalyzed [4 + 4]-cycloadditions to the
total synthesis of natural products such as asteriscanolide.*
In these reactions, the entropic challenge of bringing both
sets of reactive termini within bonding distance is met
using the templating effect of the metal. An alternative
strategy employs cyclic dienes, producing bridged cy-
cloadducts, as illustrated in the photodimerization of
tethered bis(2-pyridones) reported by Sieburth.5 The early
work of de Mayo and others® suggested that 2-pyrones
could serve as four carbon units in cycloaddition reactions
with 1,3-dienes. Wereport here the application of 2-pyrone
photochemistry to a concise approach to fused bicyclic
cyclooctanoids with lactone bridges (eq 1), utilizing the
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first reported examples of intramolecular crossed {4 +
4]-photocycloadditions of 2-pyrones.

Preparation of substrates followed a general route in
which the two heterocycles were joined using bromide
displacement (Scheme I). Thus, radical bromination at

t All inquiries regarding crystallographic data should be directed to
this author.
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the C-6 methyl followed by displacement with furan-
containing nucleophiles gave products in which the
2-pyrone and the furan were separated by a three-atom
tether. Hydroxyl-, malonate- and thiol-substituted furans
all underwent alkylation by 6-(bromomethyl)-4-methyl-
2-pyrone (1a) to give substrates 2a~c, and ring-brominated
(bromomethyl)-2-pyrone 1b also underwent clean dis-
placement to give 2d. Reaction of 1a with 1-furylethanol
gave 2e, bearing a stereogenic center next to the furan.

In initial studies using 2a, the outcome of the reaction
was quitesensitive tosolvent (TableI).” Photolysis (Pyrex)
in hydrocarbon solvents gave poor yields of diastereomeric
[4 + 4]-cycloadducts 3a and 4a, along with comparable
amounts of [2 + 2]-cycloadduct 5a.8 However, irradiation
as a dilute aqueous solution (entry 3) led to much higher
conversion. Carrying out the reaction in aqueous LiCl
further enhanced the yield (entry 4) and also led to a
preference for endo cycloadduct 3a. These results suggest
a “hydrophobic effect”,? in which the structured solvent
compels the nonpolar substrate to assume a compact
conformation which maximizes overlap of the two het-
erocyclic = systems. Small amounts of polar byproduct
were determined to be an acyclic, unsaturated carboxylic
acid, which may arise from either a ring-opened vinyl
ketenel® or a bicyclic 8-lactone.!!

On the other hand, irradiation in 5 M ethereal LiCl0,
also gave good conversion (entry 5), but with a preference
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Table I. Effect of Solvent on Photolysis of 2a*
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Table II. Effect of Tether and Ring Substitution®

ratio combined ratio combined
entry solvent 3a:4a:5a yield? (%) substrate X Z R 34 yield® (%)
1 PhCHj, 111 15 2a H 0 H 1.6:1 66
2 acetone/0.3 M LiClO, L1:15 60 2b H CE, H 1:2.4¢ 49
3 H,0 2.1:2.3:1.0 59 2c H S H 2.4:1 61
4 H.,0/4.7 M LiCl 3.9:2.1:1.0 86 2d Br S H 1:1.2 56
5 Et,0/5 M LiClO, 1.0:5.7:trace 56 2e H 0 Me 1.8:1¢ 67
6 H;0/4.7 M LiCle 1.5:1.0:0 66

sSeeeql: X=H,Z=0,R =H. Standard photolysis conditions:
2a was dissolved in the appropriate solvent in a Pyrex vessel at a
concentration of 5-10 mM. After degassing, the reaction was
photolyzed (450-W Hannovia medium-pressure Hg lamp) until
starting material was consumed (0.5-3 h). ® Isolated yields after
chromatography. SatisfactoryIR,H and 13C NMR, and combustion
analysis or HRMS data were obtained for 2a-5a. ¢ Reaction was
irradiated until all 5a was consumed (3 h).

for exo [4 + 4]-cycloadduct 4a. We are currently seeking
an explanation for this fortuitous reversal of selectivity.!2
Photolysis in acetone (entry 2) gave mainly [2 + 2]-adduct
5a.1% Finally, the ratio of the three cycloadducts was found
to be time dependent, with eventual disappearance of 5a
upon extended photolysis (entry 6). This suggested a
photolytic cycloreversion of 5a to 2a, which was confirmed
by the clean photochemical conversion (aqueous LiCl) of
a sample of 5a to a mixture of 3a and 4a (1.4:1 ratio).
Cycloadducts 3a and 4a were photochemically inert.
Structural assignments of 3a and 4a were accomplished
as follows. Warming of [2 + 2]-adduct 5a in refluxing
toluene led to a 1:2 equilibrium mixture of 5a and endo
cycloadduct 3a via [3,3]-sigmatropic rearrangement.4 The
ability to interconvert 5a and 3a further increases the
effective endo/exoratio of the [4 + 4]-cycloadducts. X-ray
diffraction analysis of 4a confirmed its exo stereochem-
istry.1 Consistent trends in the 'H and 13C NMR spectra
permitted the assignment by analogy of the isomeric
cycloadducts from the other substrates discussed below.
Given optimum conditions for generation of the [4 +
4]-adducts, we tested the effect of tether and pyrone ring
substituents using 2a—e (Table II).1¥ The nature of the
tether had little effect on the reaction. Thus, malonate
(2b) and sulfide!? (2¢,d) linkages also underwent efficient
conversion to cycloadducts. Bromine substitution on the
pyrone ring was also tolerated (2d). Interestingly, endo
[4 + 4]-adduct 3d underwent a slow, room-temperature
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¢ See eq 1. All substrates were photolyzed in aqueous LiCl as per
Table I, entry 6, except 2b (MeOH/H,0 (15:85)) and 2d (MeOH/
H,0 (55:45)). ® Isolated yields. Satisfactory IR, 'H and 13C NMR,
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thermal conversion to cyclobutane 5d. Substrate 2e merits
further discussion, since it contains a stereogenic center
in the tether (eq 2). Along with the usual endo selectivity,
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we were pleased to observe significant stereochemical
induction by the preexisting center in the endo series.
Relative stereochemistry was determined via difference
NOE NMR spectroscopy.

In summary, we have shown that intramolecular [4 +
4]-photocycloaddition of 2-pyrones to pendant furans is
an efficient process. Substrates can be easily prepared in
one step from simple, readily available heterocyclic
precursors. Variation of conditions permits control of
endo/exo diastereoselectivity, and the [2 + 2]-cycloadduct
can be equilibrated thermally with the endo [4 + 4]-cy-
cloadduct or converted photochemically to a mixture of
both [4 + 4]-cycloadducts. Inclusion of a stereogenic
center in the tether leads to significant diastereoselectivity
inthe endo product. Attemptstounderstand and enhance
cycloaddition stereoselectivity are currently underway, and
further applications of the photochemistry of 2-pyrones
will be reported elsewhere.
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