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Enantiospecific synthesis of 3,4-disubstituted glutamic acids via
controlled stepwise ring-opening of 2,3-aziridino-�-lactone
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Abstract—The preparation of enantiomerically pure 3,4-disubstituted glutamic acids is described starting from D-ribose. This
preparation involved the use of a 2,3-aziridino-�-lactone whose reactivity towards nucleophiles could be efficiently controlled to
allow selective functionalization at the �-position. A key step of the strategy was a titanate-mediated transesterification of a
dimethyl ester into a dibenzyl analogue, allowing efficient deprotection to the free amino acid by hydrogenolysis. © 2002 Elsevier
Science Ltd. All rights reserved.

The conformational flexibility of L-glutamic acid 1, the
major excitatory neurotransmitter of the central ner-
vous system, confers the ability to bind to several types
of glutamic acid receptors which are divided into two
main classes: the ionotropic receptors (iGluRs) which
are associated with cation-gated channels, and the
metabotropic receptors (mGluRs) coupled to second
messenger systems through GTP-binding proteins.1

Each receptor class is divided into three subclasses
which are in turn subdivided into several subtypes.

In order to gain insight into the physiological role of
each of these receptor subtypes, the development of
selective ligands is needed. To this end, several C-3 or
C-4 substituted glutamic acids have been prepared2 but
few syntheses have been dedicated to the obtention of

C-3 and C-4 substituted derivatives.3 Recently, our
interest in 2,3-aziridino-�-lactone methodology2l,4 cul-
minated in the first stereoselective total synthesis of
such a compound, namely (3S,4S)-3,4-dihydroxy-L-glu-
tamic acid [(3S,4S)-DHGA] 25 which was subsequently
shown to be selective mGluR1 agonist.6 For the pur-
pose of structure–activity studies, we decided to prepare
the methoxy and dimethoxy analogues of 2, i.e. the
amino acids 3, 4 and 5.

The synthesis of compound 2 involved the use of the
bicyclic intermediate 6. Simultaneous nucleophilic lac-
tone and aziridine ring-opening by benzyl alcohol
afforded, after removal of all the blocking groups by
hydrogenolysis, (3S,4S)-DHGA 2 (Scheme 1).5 How-
ever, although successful, the efficiency of this strategy

Scheme 1.
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was hampered by the sensitivity of the benzyl ester
which made the preparation of the aziridino-�-lactone 6
tedious, the latter being synthesized in 13 steps from
D-ribose in only 6% overall yield.

We therefore decided to reconsider use of the methyl
ester analogue of 6, i.e. compound 7, that we previously
prepared for the same purpose.2l Due to the increased
stability of the methyl ester, its synthesis from D-ribose
was performed in a more acceptable 17% overall yield
(Scheme 1). But we failed to complete the total synthe-
sis of substituted glutamic acids from 7 since acidic
hydrolysis or saponification of the methyl esters were
not compatible with the high functionality of these
molecules. In order to fully explore the synthetic oppor-
tunities provided by the 2,3-aziridino-�-lactone 7, we
turned our attention to a possible transesterification of
the methyl esters into benzyl esters based on the pio-
neering work of Seebach7 recently revisited by Shapiro8

related to the titanate-mediated transesterification of
functionalized substrates.

Initial efforts were devoted to the preparation of amino
acid 3. Reaction of compound 7 in methanol in the
presence of boron trifluoride etherate led to the forma-
tion of the glutamate analogue 9 in 83% yield (Scheme
2). However, application of the titanate-mediated trans-
esterification did not afford the expected dibenzyl ester
10. Reaction of the silylated derivated 11 with Ti(OBn)4

also failed while the lactone 13, obtained after acidic
cyclization of compound 9, afforded the desired benzyl
ester 14 but as an inseparable 1:1 mixture of

diastereoisomers.9 These results prompted us to turn
our attention to the aziridine 2-carboxylate 15 for the
preparation of amino acids 4 and 5.

Thus, by working at a lower temperature, reaction of
compound 7 in methanol in the presence of boron
trifluoride etherate could efficiently be controlled to
give only the lactone ring-opened product 15 in 73%
yield (Scheme 3).10 Transesterification at this stage of
the synthesis was envisaged but it appeared to us that
the Lewis acidity of the titanium complex could acti-
vate the aziridine ring towards ring opening by the free
hydroxyl group. The latter was thus methylated to give
the protected derivative 16 in 76% yield. The reaction
of 16 with benzyl alcohol then occurred at the C-3
position as expected affording compound 17 in 83%
yield while aziridine ring-opening with methanol led to
the dimethoxy derivative 19 in 80% yield. Finally, the
key step, i.e. the titanate-mediated transesterification,
was investigated. After several experiments, it was
found that the reaction was best run with freshly pre-
pared Ti(OBn)4

11 in toluene at reflux and was complete
within 10–15 minutes. The resulting dibenzyl esters 18
and 20 were isolated, in 83 and 85% yield, respectively,
after careful purification by flash chromatography. No
traces of monobenzyl esters could be detected under
these conditions. Hydrogenolysis of all the protecting
groups then afforded the desired amino acids 4 and 5 in
quantitative yield.12

In conclusion, use of the 2,3-aziridino-�-lactone methyl
ester 7 allowed preparation of (2S,3S,4S)-3-hydroxy-4-

Scheme 2.

Scheme 3.
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methoxy- and (2S,3S,4S)-3,4-dimethoxyglutamic acids
in 18 steps starting from D-ribose with an overall yield
of 6%. Key steps are, on one hand, the selective lactone
ring-opening of compound 7 to afford the useful
aziridine 2-carboxylate 15 and, on the other hand, the
titanate-mediated transesterification of the dimethyl
ester into the more easily deprotected dibenzyl ana-
logue. The pharmacological activity of these substituted
glutamic acids with respect to GluRs will be reported
elsewhere.
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