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Abstract: An asymmetric synthesis of N-protected (4S)-4-hydroxy L-glutamic acid diester is 
described. The key feature of the synthesis is the asymmetric 1,3-dipolar cycloaddition of nitrone 4 
with 5, which provides stereoselectively the isoxazolidine with the correct stereochemistry suitable 
for the synthesis of N-protected (4S)-4-hydroxy L-glutamic acid diester 1. 
Copyright © 1996 Elsevier Science Ltd 

y-Hydroxy L-glutamic acids are naturally occurring amino acids which have been isolated from plants, t 

They are obviously interesting chiral synthetic intermediates for the generation of functionalized analogues of 

glutamic acid as well as structurally related amino acids) The implication of these amino acids in memory 

processes and Alzheimer's disease and the potential of excitatory amino acid antagonists in anti-epileptic 

therapy and stroke prevention has initiated wide interest in the field) Only a limited number of methods for the 
preparation of enantiopure 7-hydroxy L-glutamic acids have appeared in the literature, and they required 

enzymatic resolution of the racemate or resulted in an inseparable mixture of diastereomers) 

In connection with a program directed towards the development of 
O O 

novel prolyl 4-hydroxylase inhibitors we have developed an efficient method J]. A J]. 

for the preparation of enantiopure N-protected 7-hydroxy L-glutamic acid EtO~ " ~  y "OtBu 

diester 1. The key feature of our approach is an asymmetric 1,3-dipolar Boc/NH OH 

cycloaddition of nitrone 4 with acrylamide 5 derived from Oppolzer's chiral 
1 

sultam as a dipolarophile. Oppolzer's sultam has been extensively used as a 

chiral auxiliary and usually good to excellent ~-face diastereoselectivities have been achieved in cycloaddition 

reactions. 4 Surprisingly, only a few examples are known, in which a camphor-derived chiral auxiliary has been 

used in cycloadditions involving the use of a nitrone as the dipole. 5 The efficacy of this chirality directing group 

has been attributed mainly to its rigid bicyclic framework which allows well-defined conformations and 
consequently effective stereofacial discrimination for the diastereotopic transition states. 6 

The nitrone 4 was readily available from 4,4'-dimethoxy-benzophenone 2 in 45% overall yield (Scheme 

I). Sequential treatment of 2 with hydroxylamine hydrochloride and pyridine-borane complex proceeded 
smoothly to give hydroxylamine 3. Subsequent condensation of 3 with ethyl glyoxylate in benzene at 80°C for 

30 min resulted in the formation of the nitrone 4. 7 

The cycloaddition ofN-acryloyl (2S)-bornane-10,2-sultam 5, prepared by Kim's procedure, sb with nitrone 

4 (existing as an E/Z equilibrium mixture) gave practically a single diastereomer 6 contaminated with less 
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S c h e m e / .  Reagents and conditions: a) NH2OH.HCI, EtOH, 80°C, 3 h; b) borane-pyridine, HCI, 
EtOH, -5°C; c) ethyl glyoxylate, C6H6, reflux, 30 min. 45 % overall from 2. 

than 4% of unidentified isomer 7 (Scheme II). The major diastereomer 6 (mp. 95-96 °C; [Gt.]D = +101.6 

(c = 0.9, CHCI3)). was separated from 7 by flash chromatography and was isolated in 82% yield. The absolute 

stereochemistry of 6 was established from single crystal X-ray diffraction analysis and the newly generated C-3 

and C-5 stereogenic centers of the isoxazolidine were both determined as S (Fig. 1)) 
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S c h e m e  II. Reagents and conditions: toluene, 25°C, 36 h, P = di(p-methoxyphenyl)methyl. 

The predominant trans stereochemical outcome observed in this cycloaddition is consistent with a 

reaction pathway involving endo addition of the Z-nitrone as well as exo addition of the E-nitrone (Fig. 2). The 

excellent r~-face stereoselectivity seen in this cycloaddition reaction may result mainly from face shielding due to 

Coulombic interaction (repulsion) between the dipolar oxygen and the sultam oxygen, as recently suggested by 

Kim et al. 6a 

The major isomer 6 was converted to the N-protected (4S)-4-hydroxy L-glutamic acid diester 1 as 

outlined in Scheme III. Basic cleavage with LiOH in 1:1 THF:water turned out to be completely unselective, 

leading to cleavage of both the ester and the sultam groups. However, treatment of 6 with a milder base 

LiOH/H202 at -15°C cleanly gave the acid 8 ([et]o = +5.1 (c = 2.4, CHCI3), 95% yield) along with recovered 

sultam The tert-butyl ester 9 was efficiently prepared in 87 % yield by reacting $ with 3 equiv, o f  O-tert-butyl- 

N,N'-diisopropylisourea and a catalytic amount of CuCl at 25°C for 16 h. Subsequent catalytic hydrogenation 

of 9 over Pd/C in the presence ofdi-tert-butyl dicarbonate afforded the enantiopure diester 1 in 82% yield. 
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Fig. 1. X-ray structure of 6 (MacroModei Plot) 
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Fig. 2. Transition state 

In summary, we have demonstrated the utility of an asymmetric 1,3-dipolar cycloaddition for the 

practical synthesis of  optically pure differentially protected "/-hydroxy L-glutamic acid esters. 
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Scheme IlL Reagents and conditions: a) LiOH, THF/H202, -15 to 0°C, 95 %; b) O-tert-butyl-N,N'-diisopropylisourea, cat. CuCI, 
25°C, 16 11; c) H2, 10% Pd/C, Boc:O, MeOH, 8 11, 82 %. P = di(p-methoxyphenyl)methyl. 
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