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Stereoselection in the Synthesis of threo- and erythro-3-Amino-2-hydroxy-4-phenyl-
butanoic Acid using Chiral Acetal Templates

Rosario Herranz,* Julia Castro-Pichel, Soledad Vinuesa, and Ma, Teresa Garcia-Lopez
Instituto de Quimica Médica (C.S.1.C.), Juan de la Cierva, 3, 28006 Madrid, Spain

Boron trifluoride—diethyl ether mediated addition of trimethylsilylcyanide (TMSCN) to the chiral acetals derived from
Z-L- and Z-p-phenyl alaninal, (Z = N-benzyloxycarbonyl), and (+)-(25,4S)- and (-)-(2R,4R)-2,4-pentanediol
stereoselectively gave the four stereoisomers of the 3-amino-2-hydroxy-4-phenylbutanoic acid, key intermediates for

bestatin and bestatin analogues.

Bestatin  [(2S,3R)-3-amino-2-hydroxy-4-phenylbutanoyl-L-
leucine] is a natural potent inhibitor of aminopeptidase B and
leucine aminopeptidase,! exhibiting antitumour and anti-
microbial activities, through activation of the host defence
mechanism,?—5 and analgesic activity.® The clinical use of this
compound has been permitted in Japan. Since its discovery in
1976 by Umezawa et al.,! various synthetic methods for the
preparation of (25, 3R)-3-amino-2-hydroxy-4-phenylbutanoic
acid (25,3R)-AHPA], the key intermediate in the production
of bestatin, have been reported.’—10 However, all these
methods give AHPA as a racemic mixture of the threo-
isomers,”-8 or as a mixture of diastereoisomers,?-10 in low yield
(<30%).

Recently, we have developed!! a new procedure for the
stereoselective preparation of the threo-isomers of 3-amino-2-
hydroxy acids by reaction of optically pure 2-aminoaldehydes
with trimethylsilyl cyanide (TMSCN) followed by hydrolysis
of the cyano group to the methyl ester, through an imidate
chlorohydrate intermediate. We now report the application of
the effect of chiral acetal templatesi2 to this procedure
allowing stereocontrolled synthesis of the four stereoisomers
of Z-AHPA (Z = benzyloxycarbonyl). For this purpose,
acetals (2) (m.p. 92°C13) and (3) (m.p. 91 °C13) were directly
prepared in 95% yield by reaction of Z-L-phenylalaninal (1)
with (+)-(25,45)- and (—)-(2R,4R)-pentane-2,4-diol in reflux-
ing dichloromethane and in the presence of p-toluenesul-
phonic acid.
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Our initial attempts to open (2) and (3) with TMSCN under
the usual conditions for nucleophilic attack on chiral acetal
templates,!2.13 (CH,Cl,, TiCly, —78°C, 2 h), led to the
recovery of the unchanged acetals. Even when the reaction
was performed at 0°C, nucleophilic attack did not take place.
A higher temperature afforded, in the case of (3), a complex
mixture from which the 2-oxazolidone derivative (12) could be
isolated. The relative configuration 4- and 5-H in this
compound was established as trans on the basis of the value of
Jss 4 Hz in the 1H n.m.r. spectrum. Similar results were
obtained when SnCl, was employed as a Lewis acid, while the
use of BF3-Et,0 led to the products of nucleophilic opening of
the acetals. Thus, reaction of (2) (1 mmol) with TMSCN (5
mmol) in dry dichloromethane (20 ml) at room temperature
for 2 h and in the presence of BF3-Et,O (3 mmol) gave a 30: 70
mixture of (4) and (5) in 75% overall yield, which could not be
separated (Scheme 1). Oxidation of (4) and (5) with pyridin-
ium chlorochromate!4 afforded the corresponding ketones in
95% yield, which again could not be separated. Treatment of
these ketones, first with dry methanolic hydrogen chloride
(3:1 Et,0/MeOH saturated with HCI, 4°C, 24 h), and then
with water (<5 °C) led to the methyl esters (8) and (9), in 80%
yield, which were separated by flash chromatography, and
were identical to those previously obtained.!! Saponification
of (8) and (9) with NaOH, in dioxane-water, afforded
quantitatively the corresponding acids (10) and (11). A
reversed 70: 30 ratio of (10) and (11) was obtained when the
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Scheme 1. Reagents and conditions: i, pyridinium chlorochromate; ii, HCl (MeOH/Et,0), H,O.
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acetal (3) was used as starting material. These ratios are
similar to those obtained in the addition of allyltrimethyl-
silane!3 to the acetals (2) and (3).7F

By following the same reaction scheme used for the
Z-L-phenylalaninal, the protected N-terminal amino acid of
bestatin, (25,3R)-Z-AHPA, and (2R,3R)-Z-AHPA were
obtained in a 30:70 ratio from the acetals of Z-p-phenylala-
ninal and (+)-(25,45)-2,4-diol, and in a 70: 30 ratio from the
corresponding acetal of (—)-(2R,4R)-pentane-2,4-diol.

In summary, by application of the chiral acetal methodol-
ogy, it is possible to obtain stereoselectively the four stereo-
isomers of Z-AHPA in 50% overall yield from commercially
available Z-L- or Z-pD-phenylalanine. To the best of our
knowledge, this is the first synthesis which gives the erythro
isomers, (2R,3R)-AHPA and (2S5,35)-AHPA, as the main
products. The first isomer, the N-terminal amino acid of
epibestatin, can be applied to the synthesis of tiobestatin!S and
other bestatin analogues, by conversion of the 2-hydroxy
group into other functional groups by Sy2 type substitution,
whereas the latter can lead to a bestatin isomer with similar
inhibitory properties® from natural L-phenylalanine.
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+ All new compounds gave satisfactory microanalytical and spectral
data.
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