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Abstract—A solid supported glycineimine t-butyl ester was designed and successfully applied to the synthesis of (±)-a-amino acids.
The phase-transfer catalytic alkylation, followed by acidic hydrolysis and benzoylation gave N-benzoyl-a-amino acid tert-butyl
esters in high yields (up to 92%).
� 2004 Elsevier Ltd. All rights reserved.
Natural and nonnatural (±)-a-amino acids have been re-
garded as one of the important components for the drug
design of peptidomimetics, due to their important role in
activity, stability and bioavailability.1 Among the syn-
thetic methodologies, the solid-phase synthetic methods
have been extensively developed and applied to the com-
binatorial synthesis or parallel synthesis of a-amino
acids and peptides.2 Recently, O�Donnell and Scott re-
ported very efficient solid-phase synthetic methods for
a-amino acids and peptides by the phase-transfer alkyla-
tion.3 They used the resin bound diphenylimine-glycine
ester (1) and successfully applied to the synthesis of nat-
ural and nonnatural a-amino acids (Scheme 1). In this
letter, we report a new solid-phase synthetic method
for a-amino acids via phase-transfer catalytic alkylation.

The connecting point of the linker to the solid support
should be chemically stable during the synthesis. Also,
its cleavage should be as quantitative as possible at the
0040-4039/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.
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Scheme 1.
final stage of the synthesis. Among the various linkers
developed over the past 20 years, most of the linkers
for the synthesis of a-amino acids and peptides were es-
ter (Scheme 1).2 Imines have not been popular linkers
due to their instability in acidic condition. But it was
presumed that aromatic imines could be stable enough
to prevent the hydrolysis in the basic conditions of the
phase-transfer alkylation. In addition, the aromatic
imine linkers themselves could take place of the role of
imine moieties in diphenylimine-glycine esters, which
could make the a-hydrogen acidic enough to form the
corresponding enolate by weak alkali bases.4 Therefore,
the linker was changed from an ester group (1) to an
imine group (3) and the resin bound ester was replaced
with t-butyl ester, as shown in Scheme 2.

Resin bound t-butyl imine esters 8A and 8B were
prepared from Merrifield resin.5 The Merrifield resin
was oxidized to the corresponding aldehyde 6A by
o acid.
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Table 1. Phase-transfer catalytic alkylationa
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Scheme 4. Reagents and conditions: (a) glycine t-butyl esterÆHCl,

Et3N, C6H6, reflux, 27h, (b) 50% aq KOH, RX, toluene–CHCl3 (7:3),

rt (c) (i) 1N HCl, THF, rt, (ii) BzCl, TEA, CH2Cl2, rt, 50–92% from 8.

O

ON
PTC

alkylation

O

ON

3 4

R

H2N CO2H

α-amino acid
R

hydrolysis

X X

X = H or Ph

Scheme 2.

94 H. Park et al. / Tetrahedron Letters 46 (2005) 93–95
dimethylsulfoxide in the presence of NaHCO3.
6 The

addition of phenyl Grignard reagent to 6A, followed
by oxidation gave 6B. The condensation of 6A and 6B
with glycine t-butyl ester gave the corresponding imines
8A and 8B, respectively. Their efficiencies for phase-
transfer alkylation were evaluated by benzylation.7

The phase-transfer benzylations of 8A and 8B were per-
formed by using 10mol% of tetrabutylammonium bro-
mide with benzyl bromide (5equiv) and 50% aqueous
KOH (10equiv) in toluene/chloroform (volume ra-
tio = 7:3) at room temperature for 48h. The hydrolysis
of the a-benzylated ketimine 9B with 1N HCl, followed
by benzoylation afforded 10 (27%) along the correspond-
ing nonalkylated product (52%). In the case of the a-
benzylated aldimine 9A, 10 (85%) was obtained without
any nonalkylated product, showing that the aldimine
(8A) is a more appropriate substrate than the ketimine
(8B) in solid-phase alkylation. Notably, there was no
dibenzylated product from 8A in the presence of excess
base. Generally, the aldimines have been applied to the
synthesis of a,a-dialkylamino acids in solution-phase
system.8 Once the aldimines are alkylated, another a-
hydrogen still acidic enough to form the corresponding
enolates for the second alkylation in the presence of ex-
cess base. However, the solid supported aldimine (8A)
gave only mono-alkylation. We tentatively propose that
the second alkylation might be inhibited by the steric
hinderance, involved in solid-supported polymer itself.
8A was chosen for further investigation with various al-
kyl halides.9 The high yields (up to 92%) shown in Table
1 indicate that this solid-phase synthetic method is a
very efficient synthetic method for natural and nonnatu-
ral (±)-a-amino acids. As one of merits compared to
O�Donnell and Scott�s method, 6A could be recovered
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a The reaction was carried out with 5.0equiv of benzyl bromide and

10.0equiv of 50% aqueous KOH in the presence of 10.0mol% of

catalyst in toluene/chloroform (7:3) at room temperature for 48h.
b Isolated yield (10).
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Scheme 3. Reagents and conditions: (a) NaHCO3, DMSO, 150 �C,
15h; (b) PhMgBr, THF, 0 �C; (c) Dess-martin periodinane, CH2Cl2,

0 �C.
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after hydrolysis of 9A and directly recycled to prepare
the substrate 8A, which could make the imine-linker
method more practical for industrial process10 (Schemes
3 and 4).

In conclusion, a new, efficient solid-phase synthetic
methodology for a-amino acids was developed using
the phase-transfer catalytic alkylation of resin bound t-
butyl glycine-imine ester (8A), and showed that the aro-
matic imines could be efficient linkers in the solid-sup-
ported phase transfer alkylation. The easy preparation
of the solid supported substrate, the high chemical yield,
the very mild reaction conditions and the recycling of 6A
could make this method applicable to the combinatorial
synthesis or parallel synthesis for a-amino acids.
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