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STEREOCONTROLLED ADDITION TO A PENALDIC ACID EQUIVALENT:
AN ASYMMETRIC SYNTHESIS OF THREO-f-HYDROXY-L-GLUTAMIC ACID

Philip Garner
Department of Chemistry
Illinois Institute of Technology
Chicago, Illinois 60616

Abstract: The asymmetric synthesis of threo-B-hydroxy-L-glutamic acid (1) via a stereo-
selective addition to the chiral penaldic acid equivalent 3 is described.

Over the past fifty years, a number of unusual amino acids have been isolated from natural
sources.] While their biological roles (and genesis) are not always obvious, the antibiotic
activity demonstrated by many of these compounds themselves or as components of larger (i.e.
polypeptide) systems make them attractive synthetic targets. In particular, hydroxy amino
acids of varying complexity offer considerable challenge to the synthetic chemist in terms of
stereocontrol and efficiency.

As part of a program directed towards the asymmetric synthesis of polyfunctional amino
acids, we have focussed on additions to a penaldic acid equivalent wherein all chirality
derives from a readily available precursor as shown below:2

l,.“
\ 0.0 o)
fafgt o) Al H Q)
HO R’ Ho/\‘/\H Ho/\‘/\OH
NH, NH, NH,

For such a strategy to be generally useful, both enantiomers of the penaldic acid equi-~
valent should be easily prepared in good yield, participate stereoselectively in addition
reactions, and allow for final unmasking of the e-amino acid moiety - all without attendant
epimerization or p-elimination. Herein, we describe our initial work in this area resulting in
an asymmetric synthesis of threo-p-hydroxy-L-glutamic acid (n.3a , unique amino acid which
has found use in synthesis,3P and is a component of the peptide antibiotic S-520.3€

Condensation of N~BOC-D-serine methyl ester (14 with 2,2-dimethoxypropane (DMP) in the
presence of TsOH resulted in a 60% yield of oxazolidine ester 2,5 bp 99-103°C/0.75mm,
[alg®+54%(c 1.0, CHC1;).® Controlled reduction of 2 with DIBAH at -78°C gave the aldehyde 3.
talg7+103%(c 1.0, CHCl4),% in 80% yield. Though N-protected-a-amino aldehydes are often prane tc
racemize during chromatography. compound 3 was shown to be configurationally stable, even after
prolonged exposure to silica gel.” Lewis acid-mediated cyclocondensation of Danishefsky's
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(a)DMP, cat.TsOH; (b) DIBAH,-78°C; (c)1-methoxy-3- (trimethysiloxy)-1, 3~
Butadiene,cat. (see text);HCl; (d)NaIOQ4,cat.Ru02-H;0;Na0OH then HCL;CH,N._;
(e} Et;NTMS; flash chromatography; (£)MeOH,cat.TsOH; (g) KMnOy4,aq,NaoH; HE1%

dieme to our penaldic acid equivalent 3 proceeded with modest to good threg-selectivity.
depending on the strength (and steric bulk?) of the catalyst employed (2 mol% EUFOD/CH,CL,.53
4a:4p = 3, 81% yield; 5 mol% 2nCl,/CH,Cl,.%P 4a:4p > 9, 70% yield). Pure threo-pyrancne 4a,
mp 75-76°C. [alg’ +3.08%(c 1.56. CHCly),® could be cbtained from the ZnCl, catalyzed reaction by
crystallization, though it was more efficient to process the mixture as follows: Oxidative
degradation of 43/4b with NaTO, + cat. Ru04, followed by formate saponification. esterification
with CH;N,. and TMS-ether formation resulted in a 76% yield of diastereomers which were
easily separated using flash chromatography. Deprotection of the major isomer 5, [a)30+46.00(c
1.13, CB(:13),6 by the action of methanolic TsOH at 60-65°C gave a 69% yield of the diol §, mp
63-64°C, [alf?+49.5%(c 1.09, CHC1;).52-P surprisingly, the N-BOC group proved stable to the
acidic reaction conditions. At this point, the threp stereochemistry was confirmed via the
acetonide derivative of §.6-9 Selective oxidation of § with basic KMnO, followed by treatment
with aqueous HC1 resulted in a 61% yield of threo-f-hydroxy-L-glutamic acid (2,19 mp 180°C,
(dec), (alB+21°(c 1.4, 20% BCL)62:D (1it. [a]F +18.9%g 1.6, 20% BC1)1.32

We tentatively ascribe the threo-selectivity of the Zn(II)-mediated reaction to some
sort of chelation control wherein an interaction between the N~BOC group and the coordinated
aldeliyde favors addition from the re-face as shown for intermediate A.
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This result stands in sharp contrast to the reported Zn(II)-catalyzed cyclocondensation to
the analogous glyceraldehyde acetonide which shows complete gncthm—selectivity.sb
presumably via a chelate with the p-oxygen as in C (X=0). The moderate threo-selectivity
cbserved with the EuFOD catalyst may reflect an increased propensity for B—chelation as in
C (X=NBOC) and/or a nonchelated intermediate B with re-attack being slightly favored by an
anti-periplanar effect.t1:12

Further investigation into the scope of these processes and their application to a
variety of synthetic problems are currently underway.
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