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Highly enantioselective synthesis of a potent metabotropic receptor ligand, (2 S)-o.-(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 CH,Cl, at =60 °C in the presence of ( S)-binaphthyl quaternary ammonium salt 4.

(9-Glutamic acid {) is one of the most important excitatory  synthetic ligands so far, &-o-(hydroxymethyl)glutamic acid
neurotransmitters in the mammalian central nervous system,(2) has been recognized as one of the most useful ligands;
playing a crucial role in memory and learningy.is also is a strong antagonist of mGIuR2 and a weak agonist of
implicated in the pathogenesis of neuronal damage thatmGIuR3, while it has no effect on the Group 1 and Group
causes various neuronal diseases by acting through two types

of membrane receptors: inotropic (iGIuR) and metabotropic (1) () Brauner-Osborne, H.; Egebjerg, J.; Nielen, E.; Madsen, U.;

mGIuR) 1,2 Krogsgaard-Larsen, B. Med. Chem2000,43, 2609. (b) Collingridge, G.

( : L.; Lester, R. A.Pharmacol. Rev1989,40, 143. (c) Parthasarathy, H. S.
(Ed.) Nature 1999, 399 (Suppl.), A1—A47. (d)Excitatory Amino Acid
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o Hansen, J. J., Eds.; Ellis Horwood: Chichester, 1992. (e) Nakanishi, S.
HoN OH HN oy Sciencel992,258, 597. (f) Conn, P. J.; Pin, J.-Rnnu. Rev. Pharmacol.
" Toxicol. 1997,37, 205.
OH o] (2) Blasi, A. D.; Conn, P. J.; Pin, J. P.; Nicoletti, Frends Pharmacol.
Sci.2001,22, 114.
HO™ "0 OH (3) (a) Kozikowski, A. P.; Steensma, D.; Araldi, G. L.; Pshenichikin,
1 2 S.; Surina S.; Wroblewski, J. 7. Med. Chem1998 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.DMed. Chem1996,39,
To study the roles of these receptors and their modulationgi4. (g) Monn, J. A.; Valli, M. J.: Masset, S. M.; Wright, R. A.; Salhoff,
mechanism in the nervous system, considerable efforts haveC. R.; Johnson, B. G.; Howe, T.; Alt, C. A; Rhodes, G. A.; Robey, R. L;
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10.1021/0l050920s CCC: $30.25  © 2005 American Chemical Society
Published on Web 06/30/2005



3 mGIuR? There have been several synthetic methods for previous method (98% yield)For the Michael reaction, we

the asymmetric synthesis of both (2R)- and (2S)-a-(hy-
droxymethyl)glutamic acid (HMG).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 @-o-(hydroxymethyl)glutamic acid
using phase-transfer catalytic Michael reacfion.

R
0 LI e,
Oy ¢
: e win e
R

3a 4 R =34 5'trifluorophenyl

Recently, we reported a very efficient enantioselective
synthetic method for §)-o-alkylserine using the phase-
transfer catalytic alkylation of 2-phenyl-2-oxazoline-4-car-
boxylate (3a§ in the presence of thesj-binaphthyl quater-
nary ammonium sal4’ disclosed by the Maruoka group.
As part of our program for the development of practical
synthetic methods forS)-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 adduéa could readily be
converted ta2 by acidic hydrolysis.

Scheme 1. Synthetic Strategy for
(2S)-a-(Hydroxymethyl)-glutamic Acid
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First, the substrat8awas easily prepared by the coupling
of ethyl benzimidate and seritiert-butyl ester based on the

(4) (@) Zhang, J.; Flippen-Anderson, J. L.; Kozikowski, A.JP.Org.
Chem.2001,66, 7555. (b) Choudhury, P. K.; Le Nguyen, B. K.; Laglois,
N. TetrahedronlLett. 2002, 43, 463. (c) Kawasaki, M.; Namba, K;
Tsujishima, H.; Sinada, T.; Ohfune, Yetrahedron Lett2003,44, 1235.
(d) Lee, J.; Lee, Y.-I.; Kang, M. J.; Lee, Y.-j.; Jeong, B.-S.; Lee, J. H,;
Kim, M.-j.; Choi, J.-y.; Ku, J.-M.; Park, H.-g.; Jew, S.-3. Org. Chem.
2005,70, 4158.

(5) (@) Corey, E. J.; Noe, M. C.; Xu, Hetrahedron Lett1998, 39,
5347. (b) Zhang, F. Y.; Corey, E. Org. Lett.2000,2, 1097. (c) Zhang, F.
Y.; Corey, E. J.Org. Lett.2000,2, 4257. (d) Zhang, F. Y.; Corey, E. J.
Org. Lett.2001,3, 639. (e) Ooi, T.; Doda, K.; Maruoka, K. Am. Chem.
So0c.2003, 125, 9022. (f) O’'Donnell, M. J.; Delgado, F.; Hostettler, C.;
Schewesinger, RTetrahedron Lett1998,39, 8775.
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adapted the previous reaction conditions. The enantioselective
phase-transfer catalytic Michael reaction was performed
using4 (2.5 mol %) along witlBa, ethyl acrylate (5.0 equiv),
and solid KOH (5.0 equiv) in toluene at°€. It took only

10 min to afford Michael addudain 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 CHCI,, respectively. The Michael reaction under
the new reaction conditions had increased but still moderate
enantioselectivity (43% ee). Very recently, we reported that

CO,'Bu

H;j
" O “ ﬂ
o“ “o

Figure 1. Oxazolinetert-butyl ester substrates.

the enantioselectivity of phase-transfer catalytic alkylation
could be affected by the structure of aryl moiety of oxazoline-
4-carboxylated.Therefore, we attempted to employ various
oxazoline derivatives as substrates of Michael reaction. Five
oxazoline-4-carboxylates8lb—f) were prepared by a previ-
ously reported methotl,and the phase-transfer catalytic
Michael reaction was performed with 50% KOH as the base
in CH2C|2

Interestingly, the enantioselectivity dramatically depended
on the aryl groups (Table 1). The 1-naphthyl gro8p, 80%
ee) and l-anthracenyl grouBg, 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 exhibite®d, 7% ee), which is in
accord with the previous results from the phase-transfer
catalytic alkylatior? The accumulated results might suggest

(7) (a) Ooi, T.; Kameda, M.; Maruoka, K. Am. Chem. S04999,121,
6519. (b) Ooi, T.; Takeuchi, M.; Kameda, M.; Maruoka, K.Am. Chem.
So0c.2000,122, 5228.

(8) Lee, Y.j.; Lee, J.; Kim, M.-j,;
Org. Lett.2005,7, 1557.
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Table 1. Enantioselective Phase-Transfer Catalytic Michael

Reactiord
0 0
N])\OE—BU " 0t-Bu
0 o
3 5

4, ethyl acrylate, 50% KOH

0°C, CH,CI
e COLEt
time  yield’ % ee’
entry substrate Ar o (%) (config.®)
1 3a @ 2 95 43($)
2 3b 2 90 80 (85)
3 3c 2 84 39(5)
4 3d 6 94 7(5)
5 3e 2 81 78 (5)
6 3 g@e 20 32 38(S)

Table 2. Optimal Base Conditions for Phase-Transfer Catalytic

Michael Reactioh
o o
Nj)j\ot»Bu N j{Ot—Bu
o 0
3b 5b

4, ethyl acrylate base

CH.Cl,
COLEt
temp time yield®

entry base “°C) () (%) % eef (configuration?)
1 50% KOH 0 2 90 80 (S)
2 KOH —40 5 77 75 (S)
3 CsOH -78 20 70 36 (S)
4¢  BEMP -60 20 93 97 (S)
52 BTPP -60 2 90 81 (S)

a8 Reaction was carried out with 5.0 equiv of ethyl acrylate and 5.0 equiv
of base in the presence df(2.5 mol %) in methylene chloride unless
mentioned otherwise.Isolated yields¢ Enantiopurity was determined by
HPLC analysis using a chiral column (DAICEL Chiralcel OD-H) with
hexanes/2-propanol (volume ratio99:1) as a solvent Absolute config-
uration was determined by comparison of the optical rotation-¢hy-
droxymethyl)glutamic acid from the acidic hydrolysis5if with the reported
value.® Reaction was carried out with 1.25 equiv of ethyl acrylate and 1.25
equiv of base in the presence 4{2.5 mol %) in methylene chloride.

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 tinsé.

a Reaction was carried out with 5.0 equiv of ethyl acrylate and 5.0 equiv (97% ee) could be successfully hydrolyzed in 6 N HCI to

of 50% KOH in the presence @f (2.5 mol %) in methylene chloride at O
°C. P Isolated yields¢ 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 reso/éthsolute
configuration was determined by comparison of the optical rotation of
o-(hydroxymethyl)glutamic acid from the acidic hydrolysis ®fvith the
reported valué.

that the aryl group plays an important role in the enantio-

give (2S)-a-(hydroxymethyl)-glutamic aci@ (95%) along
with 1-naphthylcarboxylic acid (98%), which could be
recycled to prepare the substr&e.

In conclusion, we developed the first catalytic method for
the enantioselective synthesis ofSzx-(hydroxymethyl)-
glutamic acid (2) by the catalytic Michael addition of
2-naphthalen-1-yl-2-oxazoline-4-carboxylic adett-butyl
ester (3b) in the presence of quarternary ammoniumd4salt

selectivity and that the enolate of the 1-naphthyl analogue The easy preparation of substrate, the high enantioselectivity,

could form the most favorable ion pair intermediate with
catalyst4 in phase-transfer catalytic Michael reaction.

Ny NEt CN i N(j
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and the very efficient procedure could make this method very
practical for the industrial synthesis of 2a-(hydroxy-
methyl)glutamic acid (2).
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Next, the base and temperature conditions were optimizedOL050920S

with the best substrat8p. 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 at78 °C. Surprisingly,
one of nonionic neutral phosphazene ba8&-MP (97%
ee), showed quite high enantioselectivity with a high
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