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Stereoselective Synthesis of Spiroethers and Spiroketals via Photoaddition of
Dihydro-4-pyrones to 1,3-Dioxin-4-ones#
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Abstract: A versatile and stereoselective synthesis of spiroethers and spiroketals is presented. The key step
based on an intramolecular photoaddition of dihydro-4-pyrones to 1,3-dioxin-4-ones, followed by subsequent
fragmentation affording a spiroether which provides, after Baeyer-Villager oxidation, the corresponding
spiroketal with complete retention of configuration at the spirocenter. The configuration of this center is
defined by the facial selectivity of the chiral dioxinone at the photoaddition step. Thus, this method enables
stereoselective synthesis of less thermodynamically stable spiroketals, which are usually produced as isomeric
mixtures by most conventional methods that rely on equilibration. Synthesis of a less thermodynamically stable
spiroketal, followed by controlled epimerization, in the presence of internal standard, was demonstrated on 19.
Copyright © 1996 Elsevier Science Ltd

The spiroketal unit can be found in a wide variety of natural products!, for example, in the Milbemycin/
Avermectin macrolides which possess significant antibiotic as well as insecticidal activity2, and have been the
target of much synthetic effort3. A number of antitumor toxic metabolites from blue-green algae also have
unique spiroketal substructures?. Most of the synthetic approaches to spiroketal systems involve intramolecular
cyclization of acyclic keto-diols or their equivalents!. The stereochemistry in such cases resuits from a balance
between anomeric stabilization and the preference of substituents for equatorial orientation in six membered
rings. Mixtures of products were obtained and tedious separations were required when these factors were in
conflict. Thus, an approach to the formation of spiro systems which can preclude such conflict and will not
risk hydrolysis of the spiroketal unit might be of great interest.

We present herein a versatile method for the construction of spiroketals, which allows preparation of less
thermodynamically stable ketals. The method is based on the [2+2] photocycloaddition of dihydropyrones with
chiral 1,3-dioxin-4-ones of type 4 (R;#R,) described in the following retrosynthetic scheme:

mR1

Scheme 1

The photocyclization introduces four stereogenic centers with the corresponding configurations defined by
the approach of the chiral dioxinone towards the dihydropyrone. Irradiation of achiral compounds 4 (Ry=R,)
affords a racemic mixture of spiroketals 1 after manipulation of the first formed photoproducts 3.
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The photosubstrates 10 and 11 were preparedS:” as shown in scheme 2. In contrast to the intramolecular
photoaddition of simple dihydropyrones®, irradiation of these photosubstrates required a triplet sensitizer such
as acetoneS or benzophenone. Irradiation? of 10 afforded a single product 12 in over 90% yield10. A 9% NOE
enhancement in each of the proton signals on the four member ring, obtained upon irradiation of its vicinal
proton resonance, allows assignment of syn sereochemistry.
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(a) Diethylmalonate, NaH, THF, r.t., 2h (70%); (b) H,, Pd/C (10%), 1 atm, THF, Et;N,
20 min (90%); (c) NaH, THF (70%); (d) hv /Pyrex, CH3CN, Ph,C=0, (90%)
Scheme 2
Selective cleavage of the cyclobutane ring was achieved via acidic hydrolysis of the dioxanone in ethanol
solution!!, affording lactone 15 in a 57% yield. Baeyer-Villager oxidation!2 of 15 provided a single product 16
in 80% yield. No trace of 17, which might be formed from isomerization at the ketal center, could be detected
by IH-NMR. '

E=CO,El R=OEt 15 16 17
R=H: 18 19 (1 : 25) 20

(a) p-TsOH, EtOH (57%); (b) NaBH,, EtOH, THF, -709C, 20 min (67%); Jones oxidation, EtOAc:Ether 1:1,
(80%); (¢) m-CPBA, Li,CO; CH,Cly, r.t., 5h (80%); (d) p-TsOH, CDCl;, r.t., 45 min, t-butylcyclohexanone
as IS; the ratio of the epimers was determined by!H-NMR.

Scheme 3
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The structure of 16 was confirmed by X-ray analysis!3.

ZO
X-ray structure of 16

The utility of this synthetic method in selective preparation of a less thermodynamically stable spiroisomer
could be demonstrated in a stereoselective synthesis of spiroketal 19. Epimerization of the spirocenter of 19,
will afford R3=H at the axial position in the corresponding structure 20 instead of the axial oxygen at the
lactone moity in 19, leading into a more thermodynamically stable isomer. A highly stereoselective synthesis of
the less thermodynamically stable spiroketal 19 (R;=H) was achieved as follows: Reduction!4 of the
photoproduct 12 with NaBH, took place at the cyclic ketone with high selectivity for approach from the
convex face, leading to the expected!4 spontaneous formation of the corresponding lactone via fragmentation
of the cyclobutane ring. This process introduced a ketone functionality at the cyclopentane ring which was
over-reduced under the reaction conditions to the corresponding alcohol, Jones oxidation15 of this alcohol
afforded 18 in 54% total yield from 12. Baeyer-Villager oxidation of 18 afforded a single compound 19 in 80%
yield16. Controlled epimerization of the spiro center was performed by treatment of 19 with p-TsOH in the
presence of p-fert-butylcyclohexanone as an internal standard (IS). This experiment shows a clean and rapid
isomerization affording a mixture of 19 and 20 in a 1:2.5 ratio, respectively!, with less than 5% increase in the
IS ratio.

Enantioselective synthesis of a spirosystem was achieved upon irradiation of a chiral photosubstrate.
Irradiation of 11 under the usual conditions? at -70 ©C afforded an easily separable isomeric mixture of 13 and
14in a 1.8:1 ratio respectively. Stereoselective synthesis of 19 or its enantiomer could be achieved from
enantiomerically pure 13 or 14, respectively, following the sequence described for the conversion of 12.

These results demonstrate the utility of this sequence in the preparation of spiroketals and more
importantly, the method permits stereoselective synthesis of a less thermodynamically stable spiroketal as
demonstrated in the preparation of 19. Enantioselective synthesis of spiroketals is possible foliowing our
proposed method on the irradiation of chiral dioxinones.
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