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Abstract : Lithiated anion of diethyl a-trimethylsilyl-crotylphosphonate, in-
situ generated from readily available diethyl crotylphosphonate, reacts
smoothly with ethyl formate or ethyl chloroformate to give the title
compounds 1 or 2, respectively, in high isolated yield.

The direct formation of a functionalized diene by three-carbon chain elongation of a carbonyl compound
is an important reaction in retinoid chemistry!. Phosphonoaldehyde 1 (in a protected form) or
phosphonoester 2 appear to be very useful reagents, for this transformation under the Horner-Wadsworth-
Emmons (HWE) conditions. However, although their unsubstituted or B-methylated analogues have been
often used as HWE reagents in polyene syntheses2-3, y-methylated phosphonates 1 or 2 are rarely cited in
the literature. Dioxolane derivative of 1, obtained by phosphonylation of the corresponding w-
bromodioxolane, was recently used by Duhamel ef al. in polyunsaturated aldehyde synthesis*. On the other
hand, phosphonoester 2 was prepared in three steps from ethyl 2-methyl-3-butenoate and its use as Cs
building block in carotenoid synthesis was claimed>. Pursuing our work on use of diethoxyphosphonyl
allylic anions as synthons®, we decided to study a direct synthesis of 1 and 2 from the readily available
diethyl crotylphosphonate 37 (Scheme 1).
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Whereas strict y-regioselectivity was observed in trimethylsilylation of the lithiated anion of diethyl

allylphosphonate8, diethyl 2-pentenylphosphonate was a-silylated under the same conditions8¢. We

expected similar a-regioselectivity of silylation for the y-methylated phosphonate 3. Actually, treating
phosphonate 3 with a three-fold excess of lithium diisopropylamide (LDA) in THF at -70°C, followed by

addition of trimethylchlorosilane (TMCS) at the same temperature, gave quantitatively anion 4 [31P NMR
(THF), 8 = 48.1 ppm], which could be hydrolyzed into a-silylated phosphonate 5 (Scheme 2). Moreover,
anion 4 reacted with ethyl formate at -70°C to give oxanion 6a [31P NMR (THF), § = 43.5 ppm], which
led to phosphonoaldehyde 119, as the sole product, isolated in 78% yield, after acidic hydrolysis. The (£)-

configuration of 1 was unambiguously established!!. Attemps made in order to isolate intermediate o-

silylated phosphonoaldehyde were unsuccessful, obviously owing to the fast desilylation, which occured

during hydrolysis!2.
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The y-regioselective reactivity of anion 4 was confirmed in its reaction with ethyl chloroformate : anion
6b [31P NMR (THF), § = 41.1 ppm] was quantitatively formed at -70°C, in few minutes. Subsequent
acidic hydrolysis gave a crude mixture composed of phosphonoester 2 and of a-trimethylsilylated
phosphonoester 713. All efforts made in order to isolate 7 failed : upon fractional distillation or
chromatographic separation, 7 underwent fast desilylation, giving 2. Consequently, purification of the
crude mixture by distillation or chromatography furnished phosphonoester 214, in very good yield, as the
sole product, isolated in its (£)-configuration!5.

In brief, the straight advantage of transient introduction of the bulky trimethylsilyl group lies in the y-
selective orientation of the nucleophilic reactivity of anion 4 towards the two electrophilic reagents used in
this work. Conversely, lithiated derivative of starting phosphonate 3 showed exclusive o-regioselectivity in
its reaction with ethyl formate!6 or ethyl chloroformatel?.

In conclusion, we propose, in this letter, a new, expeditive and efficient synthesis of two attractive

phosphonates 1 and 2, useful building blocks in retinoid chemistry.
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