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ABSTRACT

Asymmetric allylation of r-acetamido â-keto phosphonates was promoted, in the presence of potassium tert-butoxide as a base, by a palladium
catalyst prepared from [Pd(π-allyl)(cod)]BF4 and (R)-BINAP and gave the corresponding r-alkyl r-amino phosphonic acid derivatives with
65−88% ee. Diastereoselective reduction of the carbonyl group in the product was accomplished by NaBH4 or Bu4NBH4. The diastereoselection
in the reduction was reversed by choice of solvent.

Optically activeR-amino phosphonic acids have received
much attention due to their potential biological activity1 as
well as being haptens of catalytic antibodies.2 The efficient
synthesis of optically activeR-amino phosphonic acids is
one of the important topics in organic synthetic chemistry.
Although various chiralR-amino phosphonic acids have been
prepared with high enantiomeric excess by stoichiometric3

or catalytic4 asymmetric reaction,5 only one example of
stereoselective synthesis ofR-amino phosphonic acids,
bearing a quaternary chiralR-carbon atom, has been, to the
best of our knowledge, reported.6,7

* Alternate e-mail address: yoshi@sbchem.kyoto-u.ac.jp.
(1) For examples, see: (a) Atherton, F. R.; Hassall, C. H.; Lambert, R.

W. J. Med. Chem.1986, 29, 29. (b) Camp, N. P.; Hawkins, P. C. D.;
Hitchcock, P. B.; Gani, D.Bioorg. Med. Chem. Lett.1992,2, 1047. (c)
Bird, J.; De Mello, R. C.; Harper, G. P.; Hunter, D. J.; Karran, E. H.;
Markwell, R. E.; Miles-Williams, A. J.; Rahman, S. S.; Ward, R. W.J.
Med. Chem.1994,37, 158.

(2) (a) Tramontano, A.; Janda, K. D.; Lerner, R. A.Science1986,234,
1566. (b) Pollack, S. J.; Jacobs, J. W.; Schultz, P. G.Science1986,234,
1570. (c) Hirschmann, R.; Smith, A. B., III; Taylor, C. M.; Benkovic, P.
A.; Taylor, S. D.; Yager, K. M.; Sprengeler, P. A.; Benkovic, S. J.Science
1994,265, 234.

(3) (a) Hanessian, S.; Bennani, Y. L.Tetrahedron Lett.1990,31, 6465.
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A chiral carbon center is considerably difficult to construct
on prochiral nucleophiles with palladium-catalyzed asym-
metric allylation;8,9 however, a few catalyst systems have
been devised for highly enantioselective allylation.7b,10

Recently, we reported an asymmetric allylation of prochiral
nucleophiles,R-acetamidoâ-keto esters, introducing a chiral
carbon center to the substrate in high enantioselectivity.11

Herein, we describe an asymmetric allylation ofR-acetamido
â-keto phosphonates14c catalyzed by an optically active
BINAP12-palladium complex, which provided chiralR-
allylatedR-aminoâ-keto phosphonates3 with up to 88% ee
(Scheme 1). The reaction is the first catalytic enantioselective

synthesis ofR-amino phosphonates with a quaternary chiral
carbon center.

The asymmetric allylation of1 with 2 was carried out in
toluene at-30 °C with potassiumtert-butoxide and 1 mol
% of the chiral catalyst prepared in situ by mixing (R)-
BINAP and [Pd(π-allyl)(cod)]BF4.13 The results are sum-
marized in Table 1. The BINAP-palladium catalyst was

effective for the asymmetric allylation of1a with cinnamyl
acetate (2a), giving (S)-3awith 87% ee in 87% isolated yield
on the basis of2a (entry 1).14 The allylation of1a, which
was less reactive than the correspondingR-acetamidoâ-keto
ester,11 was carried out by use of an excess amount (1.1
equiv) of1aover2a.15 TheO-substituents on the phosphonyl
group affected both the reactivity and the stereoselectivity.

The bulkier isopropyl group brought about a higher degree
of enantioface selection of the enolate of1 (89% ee), but in
lower yield (34% yield for 48 h).

Other R-acetamidoâ-keto phosphonates1b and 1c also
reacted with2a, giving3b and3c with high stereoselectivi-
ties, respectively (entries 2 and 3). On the other hand, the
reactions of1awith allyl acetates2b and2cproceeded with
79% and 65% ee, respectively (entries 4 and 5). The
γ-substituent R2 of 2 seemed to influence enantioselectivity
more than R1.

Next, trimethyl 1-(N-acetylamino)phosphonoacetate (4),16

in which a phosphonyl group replaced the ketone moiety of
R-acetamidoâ-keto ester, was subjected to the present
asymmetric allylation with2a (Scheme 2). The reaction

proceeded slowly with lower enantioselectivity as compared
with those of1. In comparison with the asymmetric allylation
of R-acetamidoâ-keto esters reported previously, the ketone
moiety may play a more important role in the stereocontrol
than the alkoxycarbonyl group.
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Table 1. Catalytic Asymmetric Allylation ofR-Acetamido
â-Keto Phosphonates1a

entry R1 (1) R2 (2) time (h) product yieldb (%) eec (%)

1 Me (1a) Ph (2a) 20 3a 87 87
2 Et (1b) Ph (2a) 48 3b 72 78
3 Ph (1c) Ph (2a) 48 3c 78 88
4 Me (1a) Pr (2b) 48 3d 27 79
5 Me (1a) H (2c) 48 3e 80 65

a All reactions were carried out in toluene (0.2 M) at-30 °C. The ratio
of 1/2/tBuOK/[Pd(π-allyl)(cod)]BF4/(R)-BINAP was 110:100:120:1:1.1.
b Isolated yield based on2. c Determined by HPLC analysis with a chiral
stationary phase column.
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Optically active3acan be readily converted to anR-alkyl
â-hydroxy R-amino phosphonic acid derivative6 (Scheme
3). Diastereoselective reduction of (S)-3awas accomplished

by NaBH4 in MeOH to give 6 a 74:26syn/anti ratio of
isomers in 74% yield.17 The syn-selectivity was improved
to 82:18 (89% yield) by the use of Bu4NBH4, which does
not contain any metal cation. The improvement of the
selectivity suggests that the reduction of the ketone in MeOH
may proceed through a nonchelation transition state.18 The
stereoselectivity was significantly dependent upon reaction
solvent. The use oftBuOH as a reaction solvent led to a
reverse in the diastereoselectivity, giving preferentiallyanti-
(2S,3R)-6(anti/syn) 85:15) in 78% yield.19

In conclusion, asymmetric allylation ofR-acetamidoâ-keto
phosphonates1 proceeded in good enantioselectivity by

BINAP-palladium catalyst, givingR-amino phosphonic acid
derivatives3 bearing a quaternary chiral carbon center at
the R-position. We also succeeded in diastereoselective
reduction of3, providing either diastereomer of theâ-hy-
droxy R-amino phosphonates6 by the appropriate choice of
solvent.
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