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Synthesis of B-Alkoxy o-AminoAcid Esters
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Abstract : B-Alkoxy o-aminoacid esters and N-hydroxy o-amino esters are obtained by the reduction
of easily accessible a-oximino esters. © 1999 Published by Elsevier Science Lid. All rights reserved.

o-Aminoacids play an important role in different areas,! e.g. as enzyme inhibitors, antibacterial agents,
neuroactive compounds, pharmaceutical starting materials, herbicides and fungicides. However, p-
hydroxylated a-aminoacids are biological compounds of major importance. They are components of various
peptides possessing a wide range of biological activities such as antibiotic and immunosuppressive properties.
In addition, two B-hydroxylated o-aminoacids are present in vancomycine which is a widely used antibiotic in
the treatment of methicillin-resistant Staphylococcus aureus.23

These o-amino PB-hydroxy acids have been described by Evans® and Rao® et al.. A variety of
approaches have been developped for their synthesis : several methods based on nucleophilic opening of
epoxides, on electrophilic amination’ or asymmetric hydrogenation of N-protected a-amino B-keto esters.8
However, the synthesis of B-alkoxy o-aminoacid esters has not been well investigated to date. In this paper,
we will describe the synthesis of such compounds starting from the o-oximino esters 1.

0.-Oximino acids are particularly useful precursors of o-amino acids. Reduction under a variety of
conditions can produce either the corresponding N-hydroxy a-aminoacids derivatives or the parent o-amino
acid itse]f.5-10

We report that B-alkoxy a-aminoacid esters can be prepared directly by reduction of easily accessible
B-alkoxy a-oximino esters!! with a buffered combination of titanium (III) chloride and sodium borohydride.
Indeed, combination of titanium (III) chloride and sodium borohydride in aqueous solution has been shown to
be effective for the reduction of a sugar-derived oxime to the corresponding amino sugar.12 This prompts us
to report on our reductions of o-oximino esters 1a-i to B-alkoxy o-aminoacid esters 2a-i.
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As shown by the data in Table 1, the reaction of sodium borohydride and titanium (IIT) chloride with
o-oximino esters 1a-i (these products are obtained as an oily mixture of two diastereomers E and Z1!) under
appropriately buffered aqueous conditions efficiently produced the desired B-alkoxy a-aminoacid esters 2a-i
( R3 = H) even when the unhindered methy! and ethyl esters were employed (Scheme 1).

A general procedure for this conversion, which proceeds in fair to good yields (see Table 1), is as
follows : to a solution of 61.6 mmol of L-tartaric acid and 148 mmol of sodium hydroxide in 25 mL of water
was added 7.0 mL (6.3 mmol) of 0.9 M aqueous titanium trichloride. The pH of the resulting green solution
was adjusted to 7.0 (NaOH/HCI). To the mixture was added 5.55 mmol of solid sodium borohydride

“followed quickly by 2.0 mmol of a-oximino esters 1 in 5.0 mL of methanol.

The mixture became lighter in color and was stirred for 25 mn under nitrogen and then for 20 h in air.
The pH of the final colorless mixture was exactly 7.0 and was adjusted to 8.5 with saturated aqueous
dipotassium hydrogen phosphate. The mixture was extracted with dichloromethane. The combined extracts
were dried (MgSO,), filtered and evaporated to afford the residual a-amino esters. Purification was done by
column chromatography (silica gel hexane / ethyl acetate 7 : 3 as eluent) to give the B-alkoxy o:-aminoacid
esters 2a-i,!3 as oily products.

The reaction always gives a mixture of two diastereomers A and B (unknown configuration), with one
as the major product, which we did not manage to isolate by column chromatography.

We wish also to report our initial synthesis of new N-hydroxy ¢-amino esters by reduction of the
¢-oximino esters.

Indeed, a substantial number of natural products containing one or more oxidized peptide bonds
-C(0)-N(OH)- have been found in nature. These compounds act variously as potent growth factors,
antibiotics, antibiotic antagonists or tumor inhibitors.14 In addition, it has been suggested that N-hydroxy
peptides play an important role in the biosynthesis of B-lactam antibiotics.!3

Table 1: Synthesis of B-alkoxy ot-aminoacid esters 2a-i and N-hydroxy o-amino esters 2j-k

Substrate R R? X R’ Products Yields % (B/A) ratio”
la Et Et CH; H 2a 82 80/20
1b Et Et ci H 2b 78 84/16
1c Et Et H H 2¢ 66 76124
1d Me Et CH; H 2d 83 82/18
le Me FEt cl H 2e 80 80/20
1f Me Et H H 2f 75 75025
1g Et Me CH; H 28 84 84/16
1h Et Me Ci H 2h 78 76124
1i Me Me H H 2i 76 74126
1j Et Et CH; OH 2j 7 76/24
1k Et Me CH; OH 2k 74 78/22

a. The determination of the ratio is based on H NMR analysis of the crude reaction mixture.

The reduction of a-oximino acids to the corresponding N-hydroxy oi-aminoacids is known.1¢ We tried
to apply the reduction with pyridine-borane, with a slight modification, for the selective reduction of B-alkoxy
a-oximino esters 1j-k to the corresponding N-alkoxy a-amino esters 2j-k (R3 = OH) (Scheme 1). 2j-k are
obtained as an oily mixture of two diastereomers A and B (see Table 1 : entries j-k), which we did not manage
to separate by column chromatography.

The reported yields représent purified products, for which correct spectroscopic datas were secured.

A typical laboratory précedure is outlined in note 17.
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In summary, the widespread availability of the starting materials and the simplicity of the experimental

procedure enable a wide variety of inaccessible unnatural -alkoxy oi-aminoacid esters and unnatural p-alkoxy
N-hydroxy o-amino esters. Further studies of the stereochemical aspects (dieastereo/enantioselection), of the
potential biological properties and of the synthetic utility of the products are under investigation.

11.
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For example : 2a : IR (CCly) : v : 3300-3450, 1725 em

'H NMR (CDCly/ 250 MHz) § ppm: 7.15-7.40 (m, 4H, Ar); 3.52 (q, 2H, OCH,CHa); 1.23 (1, 3H, OCHzgﬂg) 4.25 (q,
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C); 71.4 (dd, y-1463and%1=50 Hz,CH) 64.2 (dd, = 1452a0d%1=50 Hz, CHNH;) 644(Lq. =142.2 and
2y =47 Hz, OQH.2CH3) 14.7 (qt, = 1264 and 21 = 47 Hz, OCH,CH3); 61.2 (tq, J = 145.6 and J = 4.8 Hz,
CO,CH,CH3); 14.5 (qt, =1273and %7 =48 Hz, CO,CH,CHa3); 167.2 (s, CO); 212 (q, =127.0 Hz, CH3).
HMRS Calc. for C,;H,NO; 251.3251 found 251.323.
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