Tetrahedron: Asymmetry Vol. 3, No. 7, pp. 863-866, 1992 0957-4166/92 $5.00+.00
Printed in Great Britain Pergamon Press Lid

Enantioselective Synthesis of
2,2-Dialkyltetrahydropyran-3-ones via the Asymmetric Michael
Addition Reaction using Chiral Imines

Didier Desmaéle, Gilles Pain, Jean d'Angelo
Laboratoire de Chimie Organique, Faculté de Pharmacie, 5, ruc J.- B. Clément, 92296 Chétenay- Malabry (France)
(Received 29 May 1992)

Key words: Chiral imine ; asymmetric Michael addition reaction; chiral 2 2- dialkyltetrahydropyran-3-ones; circular
dichroism.

Abstract: Addition of chiral imine 8 derived from 2-methylietrahydropyran-3- one 7 and R-(+) - 1- phenylethylamine, to
methyl acrylate led to adduct (S)-9 with a good yield and an excellent stereoselectivity.

2,2-Dialkylated hydropyrans are key structural features frequently encountered in biologically active
molecules of natural or synthetic origin. Thus, for example, a-tocopherol (vitamine E) 1 is an essential

nutritional factor in mammals! and pemedolac 2, a highly potent analgesic, antiinflammatory agent2.
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The aforementioned heterocyclic moieties exhibit two geminal appendages on a stereogenic center. In this
regard, they could be enantioselectively elaborated by using the asymmetric Michael addition process we have
reported, typified by equation [3—6]3 .Thus chiral imines 4, derived from racemic 2-alkylcyclanones 3 and
optically active 1-phenylethylamine add to electrophilic alkenes 5 leading, after hydrolytic work-up, to 2,2-
dialkylcyclanones 6 with a high degree of regio- and stereoselectivity.
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Very interestingly, this asymmetric process tolerates the presence of an oxygen atom at the c-position
relative to the carbonyl group of the starting cyclanone, either in the exocyclic* or endocyclicS situation. In this
respect, this reaction has been applied to the furanone series (preparation of optically active 2,2-
dialkyltetrahydrofuran-3-ones)>. In the present paper we show that this methodology could be extended with
success to the six-membered analogues, adduct 9 being obtained with a good yield and an excellent selectivity.

Imine 8 has been prepared from 2-methyl-tetrahydropyran-3-one 76 and R-(+)-1-phenylethylamine ( [op
+39.1, neat, 96% ec)”.This crude imine was added to methyl acrylate (2 eq, neat, 48 h, 45 °C) leading, after
hydrolytic treatment (AcOH/ H2O/ THF), 1o adduct S-(+)-9 (70% yield from 7, 94% ee).
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Determination of ee and absolute configuration in adduct 9

Since direct determination of the ee in adduct 9 by NMR techniques proved to be fruitless, this compound
was reduced (NaBH4) into a 1.2:1 mixture of epimeric alcohols 10 and 11, easily separated by flash
chromatography. The ee (94%) of the major isomer 10 was then established by 1H NMR, using Eu(hfc)s as

shift reagent. Based upon the ee of the chiral auxiliary amine being 96%, the efficacy of the “chirality transfer”
in the present asymmetric process is 98%.
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Determination of absolute configuration of adduct 9 (assumed to be S, as depicted, considering the
proposed transition-state model for these Michael additions3) was then attempted, by comparing its circular
dichroism (CD) spectrum with those of the closely related molecules 1210, 1311 and 145, of known
configuration. However while compounds 12, 13 and 14 show similar negative Cotton effects centered in the
300 nm region (corresponding to the n—®* transition of the carbonyl chromophore), molecule 9 exhibits a
positive absorption at ca 320 nm,
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Such a methodology, based on the comparison of CD spectra, proved therefore to be non-conclusive in
the present case.

In view of the "abnormal” CD spectrum of 9, we next decided to assign its absolute configuration by
chemical correlation with the known ketoester (R)-1810. For this purpose, compound 9 was first converted into
thioketal 15 (1,2-ethanedithiol, AcOH, TiCly, 20°C, 12 h). Desulfurization of 15 (Raney nigkel, 3 h in
refluxing MeOH) gave (R)-1612 which, upon oxidation (RuCls, NalO4, CH3CN, CCly, H20)!3, furnished
lactone (R)-1714, The latter derivative was found to be identical in all respects with an authentic sample prepared
unambiguously through the Baeyer-Villiger oxidation of known (R)-1810 (3-chloroperbenzoic acid, 24 h in
refluxing CHaClp, 60% yield).
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In order to synthesize bicyclic enone 21, addition of methylvinylketone to imine 8 was also examined.
However, regardless of the operating conditions, this reaction has invariably furnished a complex mixture of

mono- and polyalkylated adducts, a severe drawback we have previously pointed out in the furanone serie3. To
overcome this difficulty, ketoester 9 was first transformed into enol lactone 18 (i: 2N NaOH in MeOH, 2 h,
20°C; ii: AcONa, 4 h in refluxing Ac20) and the conversion of this derivative into 21, by using the Belleau-
Fujimoto procedurelS (addition of MeMgBr), was next attempted. Unfortunately, even under carefully
controlled operating conditions, this addition was thwarted by a competitive side-reaction, leading to important
amounts of bridged compound 1916 (the formation of the latter product becoming nearly quantitative when 2 eq
of Grignard reagent is used). Synthesis of (§)-2117 was finally efficiently achieved by adding the lithio
derivative 20, developed by Corey!8. to 18 (4 h at -20°C).
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Conversion of adduct 9 into fused octahydro pyrano-pyran subunits related to polyether toxins of marine

origin is presented in the forthcoming paper.
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