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Abstract: BINAP-Ru catalyzed hydrogenation of configurationally labile a-amido B-keto phosphonic esters

gives the (R,R)- or (§,5)-a-amido B-hydroxy phosphonic esters in a highly enantio- and diastereoselective
manner.

Phosphonate analogs of a-amino acids have received considerable attention in the past decade in
bioorganic and medicinal chemistry because of their unique biological activities as well as their potential uses as
peptide mimics and haptens of catalytic antibodies.! Although a variety of approaches to optically active
phosphonates have been developed,? few reports have been made on the stereoselective synthesis of threonine-
type compounds with two consecutive stereogenic centers.3 We here disclose a second-order asymmetric
synthesis of «-amino B-hydroxy phosphonic acids of type 1 based on the BINAP-Ru(II) catalyzed
hydrogenation? of racemic a-acetamido B-keto phosphonic esters via dynamic kinetic resolution.>
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The substrate (f)-4a was prepared in 76% overall yield in two steps from dimethyl 2-
oxopropylphosphonate (2a). First, 2a (0.10 mol) was treated with a mixture of benzenediazonium chloride
{prepared from aniline (0.11 mol) and sodium nitrite (0.11 mol) in 5.3 M HCI at 0 °C for 20 min] and sodium
acetate (0.67 mol) in a 2:5 water—methanol mixture at 0 °C for 5 min, at 20 °C for 30 min, and at 40 °C for 30 min
to form the a-benzenediazo phosphonate 3a. The crude product was reductively acetylated to 4a by treatment
with zinc powder in a 5:2 acetic acid-acetic anhydride mixture at room temperature for 2 h. Pure 4a, mp 85 °C,
was obtained by column chromatography on silica gel using a 19:1 ethyl acetate—ethanol eluent followed by
recrystallization from a 1:10 ethanol—ether mixture.® Similarly, (1)-4b was synthesized in 54% yield, mp 98-99
°C.6 Hydrogenation of (£)-4a (1.0 g) was carried out in a 0.91 M methanol solution containing 0.17 mol % of
RuClz[(R)-binap](dmf),,7 under 4 atm of hydrogen gas at 25 °C for 65 h, affording quantitatively (1R,2R)-5a in
>98% ee and (15,2R)-5a in >90% ee in a 97:3 ratio.8:9 This mixture was treated with 6 M HCl at 95 °C for 12 h
to give, after recrystallization from a 1:1:5 water—ethanol—ether mixture, (1R,2R)-phosphothreonine [(1R,2R)-1
(R = CH3)] in 92% yield, mp 216 °C; [a]p25 —9.38 (c 1.06, H20).3¢ The 2-phenyl substrate (+)-4b was
hydrogenated under similar conditions ({[4b] = 0.89 M in methanol, 1 mol % RuCl;[(R)-binap}(dmf),, 4 atm of
Ha, 45 °C, 120 h) to give (1R,2R)-5b in 95% ee89 and in a 98:2 syn:anti selectivity.10 The absolute
configurations of the products § were ascertained using Mosher's method.11 In the spectra of the corresponding
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MTPA esters, the diamagnetic shielding effect of the benzene ring causes the H signal of C(3)H3 in (1R,2R)-5a
and the 31P signal from (15,2S)-5a to appear further upfield for the (R)-MTPA ester relative to those of the §
ester.11 This was authenticated by using (1R,2R)-5a of known configuration.
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The predominant formation of (1R,2R)-5 among four possible stereoisomers is ascribed to the excellent
combination of stereochemical and kinetic factors. The sense of asymmetric induction at the C(2) position is
consistent with that observed in the BINAP-Ru catalyzed hydrogenation of achiral 2-keto phosphonates.12
Furthermore, the reaction proceeds in a highly syn-selective manner. In the presence of the (R)-BINAP catalyst,
the R substrate is more reactive than the S enantiomer (kg > kg), while the stereoinversion of the slow-reacting
(5)-4 occurs more efficiently than hydrogenation (kiny > ks). The overall stereochemical outcome of the second-
order asymmetric reaction is explained by the Felkin-Anh working model.13 The structure 6 (X = anionic or
neutral ligand)!4 presents the most stable transition geometry leading to (1R,2R)-5, among the four possibilities.
The unique chiral environment of the (R)-BINAP-Ru template!3 induces stereoselective hydride transfer from Ru
to the si-face of the carbonyl carbon anti to the electronegative acetamide group at C(1). The catalyst/substrate
combined stereochemical factors facilitate the hydrogenation of (R)-4 resulting in a 1R,2R configuration.
Quantitative analysisS of experiments using (+)-4a and enantiomerically pure (R)-BINAP-Ru complex or the
racemic catalyst indicates that, when (R)-4a and (S)-4a are present in equal amounts (¢ = 0), the four possible
stereoisomers, (1R,2R)-5a, (15,25)-5a, (15,2R)-5a, and (1R,25)-5a, are formed in a 97.4:0.6:1.9:0.1 ratio.
This inherent stereoselectivity is close to the observed ratio, >96:1:3:<1. The kg/ks and kiqv/ks values attained in
the given reaction system are estimated to be 39 and 31, respectively.16

Thus the combination of the configurational lability of the a-substituted B-keto phosphonate, the
electronegative nature of the a-amido group, and the chiral discriminating properties of (R)-BINAP as well as the
appropriate reaction conditions leads to the formation of (R,R)-a-amido B-hydroxy phosphonate of high
enantiomeric and high diastereomeric purity in excellent yield.
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