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Abstract. The combination of dioxinone aldol addition methodology and [2+2}-photocycloaddition/fragmentation
reactions can provide access to substituted tetrahydrofuran—3-ones and tetrahydropyran—4-ones, subunits abundantly found
in biologically active natural products. Intramolecular photocyclization of vinyl and allyl ethers with dioxinones,
followed by fragmentation in alkaline MeQH (K2CO3) leads to tetrahydrofuran—3—-ones and tetrahydropyran—4—ones,
providing a practical route to versatile building blocks for complex molecule synthesis. © 1997 Elsevier Science Ltd.

The use of [2+2]-photocycloaddition methods in synthesis permits access to a wide range of
architecturally complex structures possessing stereochemical relationships not otherwise easily prepared. When
strategically employed in the context of a complex molecule synthesis, such methodology imparts considerable
efficiency to the synthetic route.] Important demonstrations of photochemical strategies in natural products
syntheses are found in the construction of quinanes,? ingenanes,? alkaloids,? and bilobalides.> We have been
interested in applications of [2+2]-cycloaddition reactions in combination with the asymmetric dienolate aldehyde
addition reactions to the preparation of versatile, optically active synthetic building blocks (Scheme 1).6.7 Herein
we report the intramolecular [242]—cycloaddition of O-allyl and O-vinyl dioxinone ethers 2 and 3 to give
intermediate fused tricyclic ring systems 4 and 5 which upon fragmentation under alkaline conditions give rise to
2,5-disubstituted tetrahydrofuran-3-ones 6 and 2,5-disubstituted—tetrahydropyran—4-ones 7, commonly
encountered structural subunits in natural products.8

Scheme 1
Me Me
RcHO + @ O Me
ZN0siMes Me—~-Q °
_ Me.__Me 0 0
oot e
A NA R0 CO.Me
o)
Me.__Me R 0
> 2 4 6
OH O~ 0 Me
R N0 Me. _Me Meo7 Q o 0
1 >0 0¥o R., Euj/\/cone
RWO* o) —— R“‘ o
3 5 7

5579



5580

The use of dioxinone photochemistry for the diastereoselective synthesis of medium-sized carbocycles has
been elegantly studied and developed by Winkler.1¢.9 In this general strategy, the intramolecular [2+2]-
photocycloaddition of dioxinones with alkenes is followed by fragmentation of the cyclobutyl photoadducts to
give the corresponding cycloalkanes.l0 We have examined the intramolecular [2+2]—cycloaddition reactions of
racemic dioxinones and alkenes followed by photoadduct fragmentation to provide heterocycles. The availability
of optically active starting alcohols via catalytic enantioselective methods® would allow for the diastereoselective
synthesis of the corresponding optically active furanones and pyranones.

Preparation of the O—vinyl ether photosubstrates was readily effected upon treatment of alcohols 8-10
with ethyl vinyl ether and Hg(OAc);, giving 11-13 in 72-75% yields (Eq 1).11 By contrast, the preparation of
the homologous O-allyl ethers proved more difficult as a consequence of the propensity of compounds such as 1
to undergo retroaldolization under alkaline conditions. Thus, treatment of 8-10 with allyl triflate, iodide, or
bromide and NaH, Ag2O, 2,6—di—tert—butyl-4-methylpyridine, or 2-tert—butyl-2-diethylamino-1,3-
dimethylperhydro-1,3,2—diazaphosphorine!2 in various solvents inevitably led to isolation of the desired allyl
ethers 3 in only poor yields and recovery of the aldehyde and dioxinone retroaldol fragments. We subsequently
examined the application of a two—step procedure for the preparation of 17-19 from intermediate mixed allyl
carbonates 14-16. Treatment of the corresponding secondary alcohols with allyl chloroformatel3 (pyridine,
CH7Cl2, 0 °C—23 °C) delivered allyl carbonates 14--16, which upon reaction with catalytic Pd(PPh3)4 in
refluxing benzene furnished allyl ethers 17-19 in 65-87% yield (Eq 2).14
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With suitable O-vinyl and O-allyl photosubstrates in hand, we proceeded to examine their
photochemistry. Photocycloadditions were performed in 10% MeyCO/MeCN at ambient temperature with an
Ace-Hanovia 450 W Hg medium—pressure UV lamp in a water—cooled quartz immersion apparatus through a
Pyrex filter. Irradiation of O—vinyl ethers 11-13 yielded fused—cyclobuty! photoadducts 20-22 (50-70%}) as ca.
3:1 mixtures of diastereomers!S (Scheme 2), which upon fragmentation in alkaline MeOH (K2CO3) at 0 °C
stereospecifically furnished tetrahydrofuran-3—ones 23-25 (79-90%). For example, adducts 20a and 20b
produced the 2,5-cis—disubstituted tetrahydrofuran—3—one 23a (90%) and 2,5-trans—disubstituted
tetrahydrofuran—-3—one 23b (84%), respectively. For the cyclobutyl photoadducts and the fragmentation
products, the stereochemistry was rigorously established through !H NMR nOe difference experiments.
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In analogy to vinyl ethers 11-13, the O-allyl homologs underwent [2+2]—cycloadditions to give

cyclobutyl

ring systems 26-28 in 66-77% yield as mixtures of diastereomers (Scheme 3). Although the

diastereomeric photoproducts could be separated by chromatography on silica gel, we found that epimerization of
the final tetrahydropyran—4-ones occurred under the alkaline conditions required for fragmentation, even at low

temperature (—20 °C). Therefore, in practice, diastereomeric mixtures were submitted directly to fragmentation.
Treatment of mixtures 26—28 with alkaline MeOH (K2CO3) at 0 °C—23 °C furnished diastereomeric mixtures of
substituted tetrahydropyran—4—ones 29-31 (65-81%). These could be readily separated by chromatography on
silica gel and, once separated, handled without epimerization. The diastereomeric ratios reported for 29-31
correspond to their expected equilibrium ratios, determined by integration of the !H NMR spectrum of the
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crude reaction mixture after stirring in alkaline MeOH at 23 °C for 48 h.16 In analogy to the tetrahydrofuran—3—
one study, the stereochemistry of these systems was established by lH NMR nOe difference experiments.

The methodology we have described demonstrates that {2+2]-photocycloaddition reactions can provide a
practical route to substituted tetrahydrofuran-3—ones and tetrahydropyran—4—ones. Such structures are abundant
subunits in polyketide—derived natural products with important biological activity. Moreover, the ability to use
substrates possessing alkenyl and alkynyl sidechains renders the heterocyclic products versatile as building blocks
for complex molecule synthesis. Additionally, the availability of optically active starting alcohols via catalytic
enantioselective methods would allow for the ready synthesis of the corresponding optically active furanones and
pyranones. Further studies of such systems and applications to natural products synthesis are currently being
pursued and will be the subject of future investigations.
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