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Abstract : The synthesis of two new chiral o®A2-phosphenium cations 3 and 9 bearing proximal
methoxy groups and their corresponding phosphine-borane adducts is reported . Phosphenium 9 has
been successfully used in a chelotropic cycloaddition reaction with 2,3-dimethyl butadiene leading to the
formation of a new o*A*-adduct. © 1999 Elsevier Science Ltd. All rights reserved.
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In the last few years, there was an increasing attention for the synthesis of a new class of cationic
species and principally those coming from si', Gez, Sn’, As* and P° compounds. Thus, the phosphorus
analogues o*\%-phosphenium cations have been well studied. The presence of a vacant orbital and a lone
electron pair confers to these amphoteric cationic derivatives a great diversity in reactivity in organic and in
coordination chemistry6. In this area, Kee ef al. have recently reported the synthesis of the first phosphenium
compounds from chiral C, symmetry (1R,2R)-1 ,2-diaminocyclohexane7.

This work prompt us to report our results dealing with the synthesis of two new chiral phosphenium
compounds and their application in organic synthesiss. These chiral phosphenium compounds have the
distinctive feature to involve a Lewis acid base interaction between the electrophilic phosphorus atom and a
proximal methoxy group. Such an interaction can play a determining role on the stability of these super-

reactive species and their use as chiral Lewis acid catalysts (Scheme 1)9.

)

Ph—P=— Oi <+——— Ph—P+ 0\
. Me . . Me
X" X"
Scheme 1

Phosphenium cation 3 derived from (S)-methoxy methyl pyrrolidine 1 has been synthesized according to a

classical procedure as outlined below (Scheme 2)10.
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An equimolar mixture of dichlorophenylphosphine (3.3g, 18 mmole), (S)-methoxy methyl pyrrolidine
(2.1g, 18 mmole) in THF (15 mL) is stirred at room temperature in presence of 2 equiv. of NEt; during 4h.
Subsequent treatment of the corresponding chlorophosphine 2 by CF3S0;SiMe; led to the corresponding
phosphenium compound 3 clearly characterized by 3'p NMR spectroscopym. A single resonance signal is
observed at & +166.7 ppm in the range expected for two-coordinate phosphenium cations®, The
corresponding more stable phosphenium-borane cation has been also isolated by column chromatography in
80% chemical yield as a mixture of the two diastereomers in a ratio 90/10. This diastereoselectivity probably
results from a tetracoordinated chiral phosphorus center due to the interaction described above. This mixture
has been successfully storred under nitrogen atmosphere for one month, but it has not be able to determine
the absolute configuration at the phosphorus atom of the major diastereomer formed. This compound has
been used as catalyst (3 mol%) in the enantioselective reduction of acetophenone by BH3:SMe,. Thus, due to
its electrophilic properties 4 has appeared to be an efficient catalyst leading in few minutes at -10°C in
toluene to 1-phenyl ethanol in 90% yield and in 20% ee. It is noteworthy that it was the first time to our
knowledge that such an organophosphorus compound has been used as an asymmetric catalyst.

An other phosphenium cation 9 has been synthesized from chiral diamine § possessing a C; symmetry11

(Scheme 3).
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Generally obtained by treatment of PCl; by 1 equiv. of the desired chiral diamine, this reaction presents the
disadvantage to led to the formation of various inseparable phosphorus compounds. Thus, upon work up the
reaction mixture gave a mediocre yield (20 %) in 9. This contrast with the rapid and excellent conversion of
diamine 5 in the presence of CIP(NMe,),. Indeed, the reaction was over within an hour at room temperature
but to our surprise, the chlorodiazaphospholidine compound 6 was formed in virtually quantitative yield.
This reaction occurs quantitatively in CH,Cl, at 0°C in the absence of NEt;. The rapid formation of 6
suggests that this exchange reaction probably proceeds by oxidation of -NH- function of § on CIP(NMe,),
and reductive elimination of Me;NH. According to the procedure applied above, the phosphenium 9 and the
corresponding borane complex 8 have been easily prepared in good chemical yield (88 and 83%
respectively)”. Phosphenium cation 9 is relatively stable to air and moisture due to the presence of the
methoxy group stabilizing the phosphorus atom. It is noteworthy that the corresponding phosphenium borane

adduct 8 has been prepared following two possible pathways in 60% yield.
Due to its high reactivity, phosphenium 9 has been successfully applied in a chelotropic cycloaddition

reaction with 2,3-dimethyl butadiene in dichloromethane at room temperaturelz. The expected o\ *-adduct

10 has been obtained in 40% yield and clearly characterized by NMR spectroscopy”.
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In summary, we have reported the synthesis of two new phosphenium compounds and the first
application of such compounds in a cycloaddition reaction. Further studies are underway to promote this
methodology and examine the potential of chiral phosphenium salts in various asymmetric synthesis,

coordination chemistry and catalysis.
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