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Abstract

A mechanistic investigation into the addition of diethylzinc to aromatic aldehydes catalyzed by ehiral
hydroxyaryldiazaphosphonamides is described. A positive non-linear effect has been encountered and the X-ray
structure of catalysinti-1 has been realized. © 2000 Elsevier Science Ltd. All rights reserved.
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Among the numerous methods existing available for C—C bond formation, the enantioselective
alkylation of aldehydes appears to be one of the most uséftilis, a great deal of attention has been
focused on the addition of organozinc compounds to aldehydes in presence of various chirad bgands
catalysts such as chirakaminoalcohol® and their parent compounds (such as aminotHidigsmines’
diaminodiol§ or diols’). Recently, we have described the synthesis of clulaydroxyarylphosphine
oxides® a new family of catalysts in the enantioselective addition of diethylzinc to various aromatic
aldehydes leading to the expected alcohols in enantiomeric excesses (ee) up°ta@88agh various
mechanistic studies have been reported for this reaction, these assumptions deal only with the use
of aminoalcohols as catalytic chiral promoters. In the context of our studies, we report herein some
mechanistic considerations using chivdhydroxyaryldiazaphosphonamides as catalysts.

Among a wide variety of organophosphorous compounds, diasteretérard? appeared to be two of
the most efficient catalysts in the enantioselective addition of diethylzinc to benzaldehyde. Two pertinent
results are summarized in Table 1.

In order to explain the high observed enantioselectivity, numerous experiments have been achieved.
First of all, the structure of, established by X-ray structure analysis, clearly shows that the molecule
had been described with the correct absolute configuraph! (Moreover, it clearly appears that
whatever the stereochemistry at the phosphorus atom, &Hg-phenyl propanol was formed as the
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Table 1
Addition of EZn to PhCHO in presence of 5 mol% 2.
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HF , 20°C Et \Ph syn-2 0 b

5 mol% 1-2

Entry® Catalyst Conversion (%)b Ee (%)b
1 1 100 98 (R)
2 2 100 92 (R)

 Experiment performed at 1 mmol scale. ° Conversion and ee
determined by HPLC analysis on a Daicel Chiralcel OD-H column
at A= 254 nm, eluent: hexane/i-PrOH = 90/10, flow rate 0.9
mL/min.

major enantiomer’’P NMR analysis of ligandla exhibits a signal at 33.2 ppm. Addition of one
equivalent of EiZn revealed several signals due to the formation of numerous complexes. Addition at
room temperature or 78°C of two equivalents of EZn led to a single signal at 35.8 ppm, illustrating
that the specie8 or 4 probably exist both in equilibrium as a dinuclear complex according to previously
reported results with -aminoalcohols (Scheme 33.
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Scheme 1.

In this area, the addition of dialkylzinc reagents to aldehydes facilitated by aminoalcohols as bidentate
ligands is generally accepted to generate dimeric species. Thus, in order to substantiate this assumption,
we made use of non-linear effects to identify a higher order molecularity of the catalyst. The results
obtained in the presence of 5 mol% bfclearly demonstrate a positive non-linear effect and support
the hypothesis of the involvement of structures with more thanoamgdroxyaryldiazaphosphonamide
molecule (Fig. 1).

These data fit very well with Kagan’s two-ligand model assuming a stastistical distribution of the
enantiomeric ligand$® Although the actual active species in this reaction are unclear, a plausible
mechanism may be envisioned involving a pMtatistical distribution model or a reservoir effect. Thus,
assuming the mechanism proposed by Noyori et al., we can suppose that this positive non-linear effect
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Fig. 1.

was a result of autoassociation of the chiral reagent formed by the reaction bdtaeeithe organozinc
compound (Scheme 2.
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Thus, when a mixture of ()- and (+)1 was used, two types of dimeric species were formed:
homochiraBB-(S) and8-(R) and heterochiral. The enantiomeric monomesgS) and6-(R) are the active
catalysts in this reaction and each one produces predominantly one enantiomer of phenyl propanol. In this
alkylation with diethylzinc, it is logical to conclude that if dimers are formed the heterochiral that retains
the minor enantiomer of the catalyst should be less implicated in the reaction, leaving the homochiral-
enriched dimer free to operate as the active agent or its precursor. On the basis of all our experiments,
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a six-membered transition state could be proposed predicting the stereochemistry encountered using
indifferently 1 or 2 as catalysts. Thus, the predominant formationR)fX-phenyl propanol in the two

cases could be explained by an attack of an ethyl moiety orRhnéace of the carbonyl group of
benzaldehyde (Scheme 3).
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Scheme 3.

In this paper, we have studied the mechanism of addition of diethylzinc to benzaldehyde catalyzed
by a new class of chiral compounds: tbédnydroxyaryldiazaphosphonamides. Our investigations have
suggested a possible mechanistic pathway implying monomeric and dimeric species both in equilibrium.
Further investigations of their catalytic ability are still in progress.
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mL of freshly distilled THF, 100 mg of benzaldehyde (9.4 4 mol) and 2 equiv. of BZn (1.1 M in hexane solution).
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CCDC138892.
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