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ENANTIOSELECTIVE SYNTHESIS OF 3-HYDROXY-a-AMINOPHOSPHONIC ACID
: PRECURSORS
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Summary: The gold(l) catalyzed aldol reaction of diethyl a-isocyanomethylphosphonate with
benzaldeyde gave the oxazoline 3, a B-hydroxy-o-aminophosphonic acid precursor, with high enantio-
and diastereoselectivity (98 % trans, 85 % ee) by employing a chiral ferrocenylamine ligand. The use of
31p NMR spectroscopy with the chiral solvating agent (8)-(+)-2,2,2-trifluoro-1-(9-anthrylethanol was
found to be a powerful tool for determination of optical purity.

The biological activity of a-aminophosphonic acid analogues of the naturally occurring amino acids'*
has resulted in a considerable research effort directed towards developing suitable synthetic methodologies for
their preparation. Despite the importance of a-aminophosphonic acid derivatives, few general enantioselective
procedures exist for their preparation.

Schollkopf er al. reported the preparation of the substituted 2-oxazoline-4-ylphosphonate 3 by the sodium
cyanide-catalyzed reaction of diethyl isocyanomethylphosphonate, 1, with 2.2 Quite recently, Hayashi and
co-workers have described an elegant diastereo- and enantioselective synthesis of oxazolines by the
gold(D)-catalyzed reaction of alkyl a-isocyanoacetates with aldehydes utilizing chiral ferrocenylamine ligands.3
These results suggested that an asymmetric synthesis of oxazoline-4-ylphosphonates could be developed that
would provide a facile route to enantiomerically pure -hydroxy-o-aminophosphonic acids upon hydrolysis.

A 1,2-dichloroethane solution (10 mL} of 1 (10 mmol) and 2 (10 mmol) in the presence of bis(cyclohexyl
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isocyanide)gold(l) tetrafluoroborate (0.13 mmol),* §, and triethylamine (0.13 mmol), which was heated at 60
°C for three days, gave a 89:11 mixture (GLC) of 3 and 4, respectively (44 % distilled). In the 3!P{1H) NMR

spectrum of the reaction mixture, two singlets were observed at 8 22.2 and & 18.6, which were assigned to the

trans and cis isomers, respectively. Repeating the reaction of 1 (10 mmol) with 2 (10 mmol) using 5 (0.13
mmol) and the chiral ligand (R)-N-methyl-N-[2-(dimethylamino)ethyl]-1-[(S)-1’,2-bis(diphenylphosphino)-
ferrocenyl]ethylamine3 (0.13 mmol), (R)-(S)-6, gave a 98:2 ratio (GLC) of the rrans:cis isomers 3 and 4 (54 %
distilled).>® The assignment of the zrans geometry to the major product obtained was based upon the
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Figure. The >1P{1H} NMR (CDCl3)(121.496 MHz) of the mixture of 3 and 4 obtained using the chiral ligand (R)<S)- 6 in the presence of
($)~(+)-2,2,2-rrifluoro-1-(9-anthryl)ethanol. The spectrum of the corresponding racemic product is shown within the boxed inserts.

observation of identical Jyp and Jyy phosphorus-proton and proton-proton coupling constants to those reported
by Schéllkopt.2

Although Pirkle and co-workers have demonstrated the use of chiral 1-aryl-2,2,2-trifluoroethanol
solvating agents with "H NMR for the determination of enantiomeric purity, their use in combination with 3'p
NMR has not been exploited.” In the 3'P{!H) NMR (121.496 MHz) spectrum of the reaction mixture upon
addition of (5)-(+)-2,2,2-trifluoro- 1-(9-anthryljethanol, four distinct resonances were observed that were
assigned to the enantiomers of the trans and cis isomers. The resonances for the enantiomers of the trans and
cis isomers were separated by 0.05 and 0.03 ppm, respectively. An enantiomeric excess (ee) of 85 % for 3 and
51 % for 4 was determined by integration of the peak areas. In a control experiment, the addition of
(8)-(+)-2,2 2-trifluoro-1- (9-anthryl)ethanol to the racemic modification made without a chiral catalyst gave
four resonances in the >'P{!H} NMR spectrum with the peak areas expected for a mixture of racemic 3 and 4,
In another experiment, the use of (5)-(R)-6 led to the formation of the opposite trans and ¢is oxazoline isomers
in identical diastereoselectivity and enantiomeric excess to those obtained with (R)-(S)-6.
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