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Abstract : Condensation of chiral imines 1 and acrylonitrile led to adduct (R)-6 with an ee2 95 %. This adduct has then been
converted into chiral synthons 9,11, 12 and 17.

We have established that chiral imines, derived from racemic 2-alkylcyclanones and optically active 1-
phenylethylamine, add to electrophilic alkenes leading, after hydrolytic work-up, to 2,2-dialkylcyclanones with
a high degree of regio- and stereoselectivity. Thus, for example, addition of imine 1 to methyl acrylate gave
adduct (R)-2 with a good overall yield (85 %) and an excellent selectivity (92 % ee).l
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In connection with the synthesis of various terpenes, we were recently interested to the subsequent
functionalization of the Michael adducts of type 2, at the level of the keto group, for example through an
olefination reaction [2— §, 6— 9], or by carbonyl homologation [6— 12 ].

However, we have found that addition of an excess of methylenetriphenylphosphorane 3, generated from
the corresponding phosphonium bromide and potassium fert-amylate in toluene, to 2 (1 h, 20 °C) led exclusively
in 55 % yield to bridged compound 4,2 instead of the expected methylene derivative 5. Formation of the bicycle
4 clearly resulted from the base-promoted intramolecular Claisen-type condensation of 2, followed by a double
Wittig condensation on the resulting dione. It is worthy of note that this finding is in sharp contradiction with a
recent report from a Korean group,3 in which the authors claimed that reaction of the phosphorane 3 with keto-
ester 2 afforded Wittig adduct 5 with a 52 % yield.4
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We reasoned that the preceding Claisen-type side-reaction would be minimized, by replacing keto-ester 2
by the corresponding keto-nitrile 6. This new derivative was prepared by exposing imine 1 to acrylonitrile (a
significantly more reactive Michael acceptor than methyl acrylate, since the reaction was achieved in 2 days at 20
°C). After hydrolytic work-up (20 % aqueous AcOH-THF, 2 h, 20 °C) adduct (R)-65, was isolated with a 75 %
yield and ee > 95 %. This ee, as well as the absolute configuration in adduct 6, were determined by chemical
correlation with the known keto-ester (R)-26 (dry HCl in MeOH, 60 °C, 24 h, then H,0, 80 % yield). The use
of acrylonitrile as acceptor in the present Michael reaction appears quite general; thus, for example, its addition
to chiral imine 77, derived from 2-methoxy-cyclohexanone, furnished adduct (S)-88 (55 % yield, 90 %
selectivity).
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Disappointingly, addition of phosphorane 3, generated with n-BuLi as base, to adduct 6 afforded the
desired methylene derivative 9 in low yield (25 %). However, when n-BuLi was replaced by HNa in DMSO
{20 °C, 3 h), this addition now proceeded straightforwardly, leading to methylene adduct 99 with a 90 % yield.

This olefin would be next converted into aldehyde 12 by a stepwise sequence; nevertheless a more direct
route to 12 would be the rearrangment of epoxide 11, prepared by addition of sulfur ylide 1010 to 6. This
reaction led smoothly (2 h in refluxing THF, 65 % yield) to an equimolar mixture of epimeric epoxides 1111,
easily separated by flash chromatography on silica gel. Lewis acid-induced rearrangement of these epoxides was
then attempted under various conditions (BF3-OEty; EtpAICL; ZnClp); however, only a minute amount (10-15%)
of the desired aldehyde 12 was uniformly produced, along with several unidentified products.
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Quite surprisingly, the alternative rearrangement of epoxides 11, upon heating in refluxing toluene (2 h) in
the presence of ethylene glycol and a catalytic amount of p-toluenesulfonic acid, afforded a 1: 2 mixture of
regioisomeric dienes 13 and 14 in 60 % yield, accompanied with 20 % of allylic alcohol 15.
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This alcohol clearly constitutes an intermediate in this reaction, since leading to these dienes under forced

operating conditions.
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In view of the problems encountered in the Lewis acid-promoted transposition of epoxides 11, we then
decided to prepare the corresponding epoxy-silane 17, since such derivatives are known to undergo clear-cut
acidic rearrangement.12 The latter derivative was obtained as a mixture of diastereomers, albeit with a modest
yield (35 %), by condensing o-chloromethyltrimethylsilane lithium derivative 1613 to 6 (1 h in THF at -60 °C).
To our delight, rearrangement of epoxy-silanes 17 proceeded cleanly : diols 18 were obtained by using 2NV
sulfuric acid at 20 °C, and aldehyde 1214 (as a 3: 1 mixture of diastereomers), by using trifluoroacetic acid in
methanol (12 h, 20 °C, 90 % yield).
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In order to improve the yield in the formation of epoxy-silane 17, addition of trimethylsilyldiazomethane
lithium anion 1913 to keto-nitrile 6 was next examined. However this addition (30 min in THF at -85 °C) led
unexpectedly to the adduct 20, which upon acidic treatment (1N HCl, THF) afforded triazole 2116 (42 %
overall yield). Formation of compound 20 clearly resulted from an intramolecular 1,3-dipolar cycloaddition
involving the pendant nitrile function in the primary adduct, as illustrated in 22.
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This work is pursued in our laboratory. Particularly the use of the preceding new, highly promising chiral
synthons is currently under investigation.
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