
Highly Enantioselective Synthesis of
(2S)-r-(Hydroxymethyl)-glutamic Acid by
the Catalytic Michael Addition of
2-Naphthalen-1-yl-2-oxazoline-4-carboxylic
Acid tert- Butyl Ester
Yeon-Ju Lee, Jihye Lee, Mi-Jeong Kim, Byeong-Seon Jeong, Jeong-Hee Lee,
Taek-Soo Kim, Jihoon Lee, Jin-Mo Ku, Sang-sup Jew,* and Hyeung-geun Park*

Research Institute of Pharmaceutical Sciences and College of Pharmacy,
Seoul National UniVersity, Seoul 151-742, Korea

hgpk@plaza.snu.ac.kr

Received April 26, 2005

ABSTRACT

Highly enantioselective synthesis of a potent metabotropic receptor ligand, (2 S)-r-(hydroxymethyl)-glutamic acid (2, HMG) was accomplished
by the catalytic Michael addition of 2-naphthalen-1-yl-2-oxazoline-4-carboxylic acid tert- butyl ester (3b), using the phosphazene base, BEMP,
in CH2Cl2 at −60 °C in the presence of ( S)-binaphthyl quaternary ammonium salt 4.

(S)-Glutamic acid (1) is one of the most important excitatory
neurotransmitters in the mammalian central nervous system,
playing a crucial role in memory and learning.1 is also
implicated in the pathogenesis of neuronal damage that
causes various neuronal diseases by acting through two types
of membrane receptors: inotropic (iGluR) and metabotropic
(mGluR).1,2

To study the roles of these receptors and their modulation
mechanism in the nervous system, considerable efforts have
been devoted to the discovery of selective agonists and
antagonists on the glutamate receptors.3 Among the disclosed

synthetic ligands so far, (2S)-R-(hydroxymethyl)glutamic acid
(2) has been recognized as one of the most useful ligands;2
is a strong antagonist of mGluR2 and a weak agonist of
mGluR3, while it has no effect on the Group 1 and Group

(1) (a) Brauner-Osborne, H.; Egebjerg, J.; Nielen, E.; Madsen, U.;
Krogsgaard-Larsen, P.J. Med. Chem.2000,43, 2609. (b) Collingridge, G.
L.; Lester, R. A.Pharmacol. ReV.1989,40, 143. (c) Parthasarathy, H. S.
(Ed.) Nature 1999, 399 (Suppl.), A1-A47. (d)Excitatory Amino Acid
Receptors: Design of Agonists and Antagonists; Krogsgaard-Larsen, P.,
Hansen, J. J., Eds.; Ellis Horwood: Chichester, 1992. (e) Nakanishi, S.
Science1992,258, 597. (f) Conn, P. J.; Pin, J.-P.Annu. ReV. Pharmacol.
Toxicol.1997,37, 205.

(2) Blasi, A. D.; Conn, P. J.; Pin, J. P.; Nicoletti, F.Trends Pharmacol.
Sci.2001,22, 114.

(3) (a) Kozikowski, A. P.; Steensma, D.; Araldi, G. L.; Pshenichikin,
S.; Surina S.; Wroblewski, J. T.J. Med. Chem. 1998, 41, 1641. (b) Laglois,
N. Tetrahedron Lett.1999, 40, 8801 and reference cited therein. (c)
Wermuth, C. G.; Mann, A.; Schoenfelder, A.; Wright, R. A.; Johnson, B.
G.; Burnett, J. P.; Mayne, N. G.; Schoepp, D. D.J. Med. Chem.1996,39,
814. (d) Monn, J. A.; Valli, M. J.; Masset, S. M.; Wright, R. A.; Salhoff,
C. R.; Johnson, B. G.; Howe, T.; Alt, C. A.; Rhodes, G. A.; Robey, R. L.;
Griffey, K. R.; Tizzano, J. P.; Kallman, M. J.; Helton, D. R.; Schoepp, D.
D. J. Med.Chem.1997,40, 528. (e) Acher, F. C.; Tellier, F. J.; Azerad,
R.; Brabet, I. N.; Fagni, L.; Pin, J.-P. R.J. Med. Chem.1997,40, 3119.

ORGANIC
LETTERS

2005
Vol. 7, No. 15
3207-3209

10.1021/ol050920s CCC: $30.25 © 2005 American Chemical Society
Published on Web 06/30/2005



3 mGluR.4 There have been several synthetic methods for
the asymmetric synthesis of both (2R)- and (2S)-R-(hy-
droxymethyl)glutamic acid (HMG).4 However, all the previ-
ous methods employed a chiral auxiliary for the chiral
induction. In this letter, we report the first catalytic method
for the synthesis of (2S)-R-(hydroxymethyl)glutamic acid
using phase-transfer catalytic Michael reaction.5

Recently, we reported a very efficient enantioselective
synthetic method for (S)-R-alkylserine using the phase-
transfer catalytic alkylation of 2-phenyl-2-oxazoline-4-car-
boxylate (3a)6 in the presence of the (S)-binaphthyl quater-
nary ammonium salt47 disclosed by the Maruoka group.
As part of our program for the development of practical
synthetic methods for (S)-2, we attempted to use phase-
transfer catalytic Michael addition of 2-phenyl-2-oxazoline-
4-carboxylate (3a) using ethyl acrylate as an electrophile
(Scheme 1). The Michael adduct5a could readily be
converted to2 by acidic hydrolysis.

First, the substrate3awas easily prepared by the coupling
of ethyl benzimidate and serinetert-butyl ester based on the

previous method (98% yield).6 For the Michael reaction, we
adapted the previous reaction conditions. The enantioselective
phase-transfer catalytic Michael reaction was performed
using4 (2.5 mol %) along with3a, ethyl acrylate (5.0 equiv),
and solid KOH (5.0 equiv) in toluene at 0°C. It took only
10 min to afford Michael adduct5a in 95% chemical yield,
but disappointingly the enantioselectivity was almost racemic
(3% ee). We speculated that the fast reaction rate, due to
the high reactivity of ethyl acrylate, might be responsible
for the loss of enantioselectivity via non-PTC-mediated
Michael reaction. So we attempted to reduce the reaction
rate by replacing the base and solvent with aqueous 50%
KOH and CH2Cl2, respectively. The Michael reaction under
the new reaction conditions had increased but still moderate
enantioselectivity (43% ee). Very recently, we reported that

the enantioselectivity of phase-transfer catalytic alkylation
could be affected by the structure of aryl moiety of oxazoline-
4-carboxylates.8 Therefore, we attempted to employ various
oxazoline derivatives as substrates of Michael reaction. Five
oxazoline-4-carboxylates (3b-f) were prepared by a previ-
ously reported method,8 and the phase-transfer catalytic
Michael reaction was performed with 50% KOH as the base
in CH2Cl2.

Interestingly, the enantioselectivity dramatically depended
on the aryl groups (Table 1). The 1-naphthyl group (3b, 80%
ee) and 1-anthracenyl group (3e, 78% ee) dramatically
increased the enantioselectivity compared to phenyl group
(3a, 43% ee), but comparable enantioselectivities were
observed with 2-naphthyl group (3c, 39% ee) and 9-anthra-
cenyl group (3f, 38% ee).

In the case of the 2-biphenyl analogue, a large loss of
enantioselectivity was exhibited (3d, 7% ee), which is in
accord with the previous results from the phase-transfer
catalytic alkylation.8 The accumulated results might suggest
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Scheme 1. Synthetic Strategy for
(2S)-R-(Hydroxymethyl)-glutamic Acid

Figure 1. Oxazolinetert-butyl ester substrates.
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that the aryl group plays an important role in the enantio-
selectivity and that the enolate of the 1-naphthyl analogue
could form the most favorable ion pair intermediate with
catalyst4 in phase-transfer catalytic Michael reaction.

Next, the base and temperature conditions were optimized
with the best substrate,3b. As shown in Table 2, solid KOH
at-40 °C gave enantioselectivity comparable to that of 50%
KOH at 0 °C, but solid CsOH showed quite low enantio-
selectivity with a long reaction time at-78 °C. Surprisingly,
one of nonionic neutral phosphazene bases,10 BEMP (97%
ee), showed quite high enantioselectivity with a high

chemical yield (93%) at-60 °C, but slightly lower enanti-
oselectivity was observed by the stronger phosphazene base,
BTPP (81% ee), with a 10-fold shorter reaction time.5b
(97% ee) could be successfully hydrolyzed in 6 N HCl to
give (2S)-R-(hydroxymethyl)-glutamic acid2 (95%) along
with 1-naphthylcarboxylic acid (98%), which could be
recycled to prepare the substrate3b.

In conclusion, we developed the first catalytic method for
the enantioselective synthesis of (2S)-R-(hydroxymethyl)-
glutamic acid (2) by the catalytic Michael addition of
2-naphthalen-1-yl-2-oxazoline-4-carboxylic acidtert-butyl
ester (3b) in the presence of quarternary ammonium salt4.
The easy preparation of substrate, the high enantioselectivity,
and the very efficient procedure could make this method very
practical for the industrial synthesis of (2S)-R-(hydroxy-
methyl)glutamic acid (2).
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Table 1. Enantioselective Phase-Transfer Catalytic Michael
Reactiona

a Reaction was carried out with 5.0 equiv of ethyl acrylate and 5.0 equiv
of 50% KOH in the presence of4 (2.5 mol %) in methylene chloride at 0
°C. b Isolated yields.c Enantiopurity was determined by HPLC analysis of
5 using a chiral column (DAICEL Chiralcel OD-H) with hexanes/2-propanol
as a solvent; in this case, the enantiopurity was established by analysis of
the racemate, of which the enantioisomers were fully resolved.d Absolute
configuration was determined by comparison of the optical rotation of
R-(hydroxymethyl)glutamic acid from the acidic hydrolysis of5 with the
reported value.9

Table 2. Optimal Base Conditions for Phase-Transfer Catalytic
Michael Reactiona

entry base
temp
(°C)

time
(h)

yieldb

(%) % eec (configurationd)

1 50% KOH 0 2 90 80 (S)
2 KOH -40 5 77 75 (S)
3 CsOH -78 20 70 36 (S)
4e BEMP -60 20 93 97 (S)
5e BTPP -60 2 90 81 (S)

a Reaction was carried out with 5.0 equiv of ethyl acrylate and 5.0 equiv
of base in the presence of4 (2.5 mol %) in methylene chloride unless
mentioned otherwise.b Isolated yields.c Enantiopurity was determined by
HPLC analysis using a chiral column (DAICEL Chiralcel OD-H) with
hexanes/2-propanol (volume ratio) 99:1) as a solvent.d Absolute config-
uration was determined by comparison of the optical rotation ofR-(hy-
droxymethyl)glutamic acid from the acidic hydrolysis of5b with the reported
value.e Reaction was carried out with 1.25 equiv of ethyl acrylate and 1.25
equiv of base in the presence of4 (2.5 mol %) in methylene chloride.
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