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Abstract: Reaction of chlorides of nonsymmetrically substituted phosphinic and
phosphinous acid with (-)-1,2:3,5-disubstituted-c-D-glucofuranose proceeds with very
high stereoselectivity to give stereochemically pure phosphinic and phosphinous acid
esters, which are starting reagents for preparation of chiral organophosphorus
compounds. Stereoselectivity of the reaction depends on the nature of bases, solvent,
temperature and excess of chlorophosphine. Copyright © 1996 Elsevier Science Lid

Chiral phosphinic acid esters are versatile starting compounds for the synthesis of various stereochemically
pure organophosphorus compounds, because the ester group at the tervalent phosphorus atom may be easily
substituted by alkyl or aryl by reaction with various types of organometallics. However the enantiomerically
pure phosphinites are hardly accessible. There are only multistage methods for their synthesis, including
chromatographic separations and fractional crystallizations. !-3

In this communication we propose new, simple and efficient routes to optically pure phosphinic acid esters,
using derivatives of the naturally occurring D-glucofuranose as inducers of chirality. The phosphorylation of
various carbohydrates, including D-glucofuranose derivatives, is well studied. However literature data show
that these reactions proceed with low stereoselectivity.4 To our knowledge, our work is the first report
proposing D-glucofuranose derivatives as chiral auxiliaries for preparation of enantiomerically pure tervalent
phosphorus compounds. -2

We found that the reaction between racemic chlorophosphines 1-3 and (-)-1,2:5,6-diisopropylidene-D-
glucofuranose 4 or (-)-1,2:5,6-dicyclohexylidene-D-glucofuranose 5 in the presence of tertiary bases depends
strongly on the reaction conditions: nature of the base, solvent, temperature and excess of chiorophosphine.
Under certain conditions this reaction proceeds with very high stereoselectivity to give enantiomerically pure
phosphinites 6-8 (Table 1). Thus, the addition of chlorophosphines 1-3 to a solution of (-)-1,2:5,6-diisopro-
pylidene-D-glucofuranose 4 in toluene as a solvent at -20° - +20° C in the presence of 1,4-diazabicyclo[2,2,2]
octane (DABCO) in good yields furnishes the optically active levorotatory (Sp)-phosphinites 6-8 (entries 1-4,
Table 1).5-7 HPLC and 3!P-{!H} NMR analyses of the crude reaction mixtures show that the stereochemical
purity of the phosphinites 6-8 is 96-100%, the chemical yields ~70%.5 Good stereoselectivity of the reaction

was also obtained in the presence of triethylamine in toluene (entries 5-7) and in diethyl ether (entries 8,9). On
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the contrary, in the presence of the dimethylaniline the d.e. is ~0% (entry 10). Surprisingly, in the presence of
pyridine as the base the minor diastereomer of 8 becomes major (entry 11). Consequently, depending the nature

of the base the first or the second diastereomer of phosphinites 6-8 may be predominantly obtained
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Table 1. Reaction of Chlorophosphines 1-3 with (-)-1,2:5,6-diisopropylidene-a-D-glucofuranose 4, or
(-)-1,2:5,6-dicyclohexylidene-D-glucofuranose § in the Presence of tertiary Bases

Ratio of Ratio
Entry R(R") HOR* Base Alcohol: Solvent/Temp.,°C of
Chloro- (Sp):(Rp)
phosphine 6-8

1 Bz(Ph) 4 DABCO 1:1 Toluene/-20-+20° ~100:0
2 i-Pr(Ph) 4 DABCO 1:1 Toluene/-20-+200 ~100:0
3 i-Bu(Ph) 4 DABCO 1:1 Toluene/-20-+20° ~96:4
4 i-Bu(Ph) 5 DABCO 1:1 Toluene/-20-+20° 92:8
5 Bx(Ph) 4 Et;N Il Toluene/~20-+200 982
6 1-Pr(Ph) 4 Et;N I:1 Toluene/-20-+20° ~100:0
7 i-Bu(Ph) 4 Et;N 1:1 Toluene/-20-+20° ~98:2
8 i-Bu(Ph) 4 Et;N 1:1 Ether/+200 85:15
9 i-Bu(Ph) 4 EtzN 1:2 Ether/+200 90:10
10 i-Bu(Ph) 4 PhNMe, 1:1 Ether/+200 50:50
11 i-Bu(Ph) 4 Pyridine 1:1 Ether/+200 40:60
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The phosphinic acid esters 6-8 may be used as starting compounds for the synthesis of enantiomers of
organophosphorus compounds, because an alkoxyl group at the tervalent phosphorus atom is easily substituted
by organometallic nucleophiles. Thus the reaction of phosphinite 6 with methyllithium proceeds with
substitution of the chiral glucofuranosyl group to afford optically active dextrorotatory benzyl-methyl-
phenylphosphine 9 for which the (+)-(R) absolute configuration is known.” The oxidation of 9 by tert-
butythydroperoxide gives (+)-(R) benzyl-methyl-phenylphosphine oxide 10 {mp 1359C, [OL]D20 +50
corresponds to the literature data8 }. This allows to assign the absolute configuration of the phosphinite 6. It is
well-known that the substitution of alkoxyl groups in phosphinites by organolithium compounds occurs with
complete inversion of configuration at the tervalent phosphorus atom. 1-2 Consequently the configuration at the
phosphorus atom in the phosphinite 6 is S. The oxidation of enantiomerically pure (Sp)-phosphinites 6-8 by the
tert-butylhydroperoxide or by oxygen of the air leads to the formation of the stereochemically pure (Sp)-
phosphinates 11-13, which were purified by crystallization in hexane. The Rp) diastereomers of phosphinate
11-13 were obtained by oxidation of the (Rp)-phosphinites 6-8 and isolated by column chromatography. %5 The
reaction of the (Sp) and (R)-phosphinates 11-13 with the methyllithium provides (%) and (.5) epimers of tertiary
alkyl-methyl-phenylphosphine oxides 10,14,15 7
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Despite the great difference in the properties of tervalent and pentavalent phosphorus compounds, we found
that chioride of benzyl-phenylphosphinous acid reacts stereoselectively with the derivatives of D-glucofuranose
to provide the enantiomerically pure levorotatory (-)(Sp)-phosphinate 11 in 80% chemical yield and ~100%
d.e. The stereochemical purity of 11 was determined by !H and 31P NMR spectra (the only signal at 5p 42
ppm is present) and HPLC of the reaction mixture
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So, the methodology described in this communication is convenient for the preparation of chiral phosphinites,

which are starting reagents for the further transformations into various enantiomerically pure organophosphorus

compounds.
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