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A new Merrifield-resin-derived glycinimine tert-butyl ester
(9) was prepared and applied to the enantioselective syn-
thesis of non-natural R-amino acids. High enantioselectivi-
ties (86 to >99% ee) were accomplished by employing the
aldimine linker under phase-transfer alkylation conditions,
using 50% aqueous CsOH in toluene/chloroform (7:3) at 0
°C in the presence of N-(9-anthracenylmethyl)-O(9)-allyl-
cinchonidium bromide (10 mol %).

Since the pioneering work by Merrifield in 1963, the
applications of solid-phase synthesis to synthetic chem-
istry have expanded greatly.1 The major benefits, such
as easy purification, lower synthesis time, and the avail-
ability for automation, have contributed to the develop-
ment of combinatorial chemistry, which plays an impor-
tant role in new drug development. Generally, newly
developed solution-phase synthetic methods are adapted
to solid-phase synthesis for application to combinatorial
synthesis. Recently, the asymmetric phase-transfer alkyl-
ation of the diphenylmethyleneglycinimine ester 1 in the
presence of cinchona-derived ammonium salts was de-
veloped and successfully applied to the enantioselective
synthesis of natural and non-natural R-amino acids
(Scheme 1).2

On the basis of this method, O’Donnell and Scott
reported very efficient solid-phase synthetic methods for
R-amino acids and peptides by using a resin-bound
diphenylmethyleneglycinimine ester (Scheme 2).3 How-

ever, the enantioselectivities (51-89% ee) were generally
lower than those obtained from the solution-phase syn-
thesis. In this note, we report a highly enantioselective
solid-phase synthetic method for non-natural R-amino
acids by a modification of the linker.

Structure-enantioselectivity relationship studies on
the phase-transfer alkylation of diphenylmethylenegly-
cinimine ester (1) revealed that the ester group was quite
sensitive for enantioselectivity and that the tert-butyl
ester was the best group.4 It was presumed that the
relatively lower enantioselectivies of O’Donnell’s solid-
phase synthetic method compared to the solution-phase
synthesis might be due to the less effective ester group,
bound to the resin. Imines have not been popular linkers
in solid-phase synthesis on account of their instability
in acidic conditions. However, solid-supported aromatic
imines are stable enough to prevent hydrolysis under the
basic condition of phase-transfer alkylation. Therefore,
the linker was changed from an ester group to an imine
group, and the tert-butyl ester group was retained, as
shown in Scheme 3.

The resin-bound glycinimine tert-butyl ester 9 was
prepared from a Merrifield resin in two steps (Scheme
4). The Merrifield resin was oxidized by dimethyl sul-
foxide in the presence of NaHCO3 to the corresponding
aldehyde 8, which was followed by condensation with
glycine tert-butyl ester to give the imine 9.5

The optimal catalyst and reaction conditions for phase-
transfer alkylation were examined by the enantioselec-
tive benzylation using 10 mol % of the reported catalysts
(catalysts 13,6 14,7 15,8 and 169) with benzyl bromide (5

equiv) and 50% aqueous KOH (10 equiv) in toluene/
chloroform (volume ratio ) 7:3) at 0 °C. The enantiose-
lectivities were determined using N-benzoyl-R-benzyl-
glycine tert-butyl ester (12e),10 which was obtained from
the hydrolysis of 10 with 1 N aq HCl followed by
benzoylation.

As shown in Table 1, both catalysts 14 (88% ee, entry
3) and 16 (88% ee, entry 6) showed the highest enantio-
selectivities among the evaluated catalysts, but the
N-benzyl type catalysts (13a and 13b) and dimeric
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catalysts (15a and 15b) gave poor enantioselectivities.
In the case of basic conditions, 50% aq CsOH provided a
slightly higher enantioselectivity than 50% aq KOH. The
optimal reaction temperature was 0 °C. The higher
temperature (20 °C, entry 7) decreased the enantioselec-

tivity, and the lower temperatures (-20 °C, entry 9)
conserved the enantioselectivity with a longer reaction
time and a lower chemical yield than those at 0 °C. In
particular, the R,R-dibenzylated product was not detected
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a Reagents and conditions: (a) NaHCO3, DMSO, 150 °C, 12 h; (b) glycine tert-butyl ester‚HCl, Et3N, C6H6, reflux, 27 h; (c) 50% aq
CsOH, RX, toluene/CHCl3 (7:3), 0 °C; (d) 1 N aq HCl, THF, 0 °C; (e) BzCl, Et3N, CH2Cl2, 0 °C, 50-82% from 9.

TABLE 1. Optimal Conditions for Phase-Transfer
Alkylationa

no. cat. base temp (°C) time (h) yieldb (%) eec (%)

1 13a 50% aq KOH 0 72 80 42 (S)d

2 13b 50% aq KOH 0 72 72 34 (S)
3 14 50% aq KOH 0 72 76 88 (S)
4 15a 50% aq KOH 0 72 65 45 (S)
5 15b 50% aq KOH 0 72 75 50 (S)
6 16 50% aq KOH 0 72 80 88 (R)
7 14 50% aq CsOH rt 48 84 80 (S)
8 14 50% aq CsOH 0 96 80 92 (S)
9 14 50% aq CsOH -20 144 30 90 (S)

a The reaction was carried out with 5.0 equiv of benzyl bromide
and 10.0 equiv of base in the presence of 10.0 mol % of catalyst in
toluene/chloroform (7:3) under the temperature conditions. b Iso-
lated yield (12e). c The enantiopurity was determined by HPLC
analysis of the benzoylate 12e using a chiral column (Chiralcel
OD) with hexanes/2-propanol (98:2) as the solvent. d The absolute
configuration was determined by comparison with the HPLC
retention time of an authentic sample, which was independently
prepared from R-benzyl-diphenylmethyleneglycinimine tert-butyl
ester obtained by the reported procedures.6-9
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in excessive basic conditions, which generally caused the
second alkylation in the solution-phase system of the
aldimine substrates.11 It was presumed that the steric
hindrance in the solid-supported polymer itself might
contribute to the inhibition of the second alkylation.
Catalyst 14 was chosen for further investigation with
various alkyl halides, using the above optimal reaction
conditions. The very high enantioselectivities (86 to >99%
ee) shown in Table 2 indicate that this solid-phase phase-
transfer catalytic method is an efficient enantioselective
synthetic method for non-natural R-amino acids.

In conclusion, we developed a highly efficient enantio-
selective solid-phase synthetic methodology for non-
natural R-amino acids using a phase-transfer catalytic
alkylation of a resin-bound diphenylmethyleneglycin-
imine tert-butyl ester (9). Quite high enhancements in

enantioselectivity were accomplished by employing aldi-
mine linker. The easy preparation of the solid-supported
substrate 9, the high enantioselectivity, and the very mild
reaction conditions make this method very practical for
the construction of the chiral non-natural R-amino acid
library via combinatorial synthesis or parallel synthesis.

Experimental Section
Representative Procedure for the Catalytic Enantiose-

lective Phase-Transfer Alkylation of 9 (Benzylation). To
a mixture of aldimine 9 (300 mg, 0.077 mmol) and chiral catalyst
14 (4.6 mg, 0.008 mmol) in a 7:3 mixture of toluene and
chloroform (2 mL) was added 50% aqueous cesium hydroxide
(0.34 mL, 0.77 mmol) and benzyl bromide (0.045 mL, 0.38 mmol).
The reaction mixture was stirred vigorously at 0 °C for 4 days.
The resin (10e) was filtered, washed with methylene chloride
and methanol, and dried at 100 °C under vacuum. To the resin
10e in tetrahydrofuran (1 mL) was added 1 N aq HCl (0.5 mL),
and the reaction mixture was stirred at room temperature for 1
h. The reaction mixture was filtered and washed with tetrahy-
drofuran, methylene chloride, and methanol. The organic solvent
was removed under vacuum, basified with saturated aq NaHCO3
(3 mL), and extracted with methylene chloride (6 × 10 mL). The
combined methylene chloride was dried over anhydrous MgSO4
and concentrated under vacuum to afford 11e. To 11e in
methylene chloride (0.5 mL) was added triethylamine (0.032 mL,
0.24 mmol) and benzoyl chloride (0.013 mL, 0.12 mmol) succes-
sively at 0 °C. The reaction mixture was stirred for 0.5 h and
extracted with methylene chloride (3 × 5 mL). The combined
methylene chloride was washed with water, dried over anhy-
drous MgSO4, and concentrated under vacuum. The residue was
purified by flash column chromatography (silica gel, hexanes/
EtOAc ) 10:1) to afford the desired product 12e as a white solid
(70%). The enantioselectivity was determined by chiral HPLC
analysis of 12e. Conditions: Chiral Technologies, Inc., DIACEL
Chiralcel OD-H; Hexanes/2-propanol ) 98:2; Flow rate ) 1 mL/
min; 23 °C; λ ) 254 nm. Retention times: R (minor), 11.1; S
(major), 24.8; 92% ee. The absolute configuration was determined
by comparison with the HPLC retention time of an authentic
sample, which was independently prepared from the R-benzyl-
diphenylmethyleneglycinimine tert-butyl ester obtained by re-
ported procedures.6-9 Physical and spectral properties of 12e
were consistent with the literature values.10
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TABLE 2. Phase-Transfer Catalytic Alkylationa

entry RX yieldb (%) eec (%)

a hexyl bromide 50 92 (S)d

b allyl bromide 54 88 (S)
c 2-methylallyl bromide 62 92 (S)
d propargyl bromide 50 86 (S)
e benzyl bromide 70 92 (S)
f 4-fluorobenzyl bromide 73 >99 (S)
g 4-cyanobenzyl bromide 80 94 (S)
h 4-methylbenzyl bromide 75 92 (S)
i 4-tert-butylbenzyl bromide 82 92 (S)
j 2-bromomethylnaphthalene 72 97 (S)

k 9-chloromethylanthracene 82 93 (S)
a The reaction conditions were the same as in Table 1 except

for the reaction temperature and alkyl halides. b Isolated yield
(12). c The enantiopurity was determined by HPLC analysis of the
benzoate 12 using a chiral column (Chiralcel OD) with hexanes/
2-propanol as the solvent. d The absolute configuration was as-
signed using the same method reported in Table 1.
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