
2. The mathematical model was used to show that the yield of the product may be 
raised by increasing the concentration of CuCI~ and NaOAc with concurrent decrease in the 
relative amount of the palladium component of this catalyst. 
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In our previous work [I], we showed that the alkylation of alanine in chiral Ni(ll) com- 
plexes with subsequent chromatographic separation of the diastereomer mixture provides opti- 
cally pure S- and R-~-methyl-a-amino acids. In the present work, we report the asymmetric 
synthesis of a series of natural a-amino acids by the alkylation of Ni(ll) complexes of gly- 
cine Schiff bases with S-2-N-(N'-benzylpropyl)aminobenzophenone (S-BPABP) using alkyl halides 
(see Scheme below). 

scheme 
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Chiral complex (I) obtained by the reaction of glycine, Ni(NOs)~ and S-BPABP in metha- 
nol in the presence of MeONa is deprotonated by solid NaOH in DMF or acetonitrile to form 
carbanion (II), which reacts with the corresponding alkyl halide to form a mixture of dias- 
tereomeric alkylated complexes SS-(III) and SR-(III). Going from acetonitrile to DMF per- 
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TABLE i. Enantiomeric Purity and Chemical Yield of a-Amino 
Acids Obtained Upon the Alkylation of (I) 

RX 

I Enantiomeric ! Chemical 
Amino acid ob- purity'a % yield~b % 
tained as a result 
of alkylation " alkylation method 

i 2 i 2 

MeI 
PhCH2Br 
n-BuBr 
i-PrBr 
]nd-CH2NMe3t 
3,4- (MeO) 2-C~H3-CH~,C1 

Ala 
Phe 
Nle 
Val 
Trp 

3,4-Dimethoxy-Phe 

70 
92 

92 

94 d 

84 
86 ( >  99) c 

>99 
79 
95 d 

82 75 
83 79 

77 
81 73 

69 
77 

aDetermined by enantiomeric gas-liquid chromatographic analy- 
sis [3]. 
bRelative to starting (I). 
CValue obtained after preliminary separation of the diastereo- 
meric alkylated complexes (III) on silica gel using 5: CHCls-- 
acetone as eluant. 
dDetermined polarimetrically. 

mits a significant increase in the concentration of the reagents and decrease in the reaction 
time from 2-3 h to 15-30 min due to improved solubility. 

Alkylation products (III) are diasteromeric complexes of ~-amino acids with a labile 
a-hydrogen. Thus, the subsequent epimerization of these products proceeds under the reaction 
conditions to form an equilibrium mixture of diastereomeric complexes, which contains a 
significant excess of the diastereomer with S-a-amino acid [2-4]. 

Alkylated complexes (III) decompose readily upon the action of 2 N hydrochloric acid 
with the formation of a-amino acids and the chiral reagent S-BPABP, which is extracted from 
the reaction mixture in about 90% yield without loss of optical activity and may be reused. 

The optical yield of most of the S-a-amino acids isolated directly after decomposition 
of the reaction mixture exceeds 90% (see Table i). The enantiomeric purity may be addition- 
ally increased if some amount of the SR-diastereomer of (III) containing the R-01-amino acid 
is separated chromatographically on silica gel using 5:1 chloroform-acetone as eluant. Af- 
ter decomposition of the pure SS-diastereomer of (III), the S-a-amino acid with enantiomerio 
purity greater than 99% may be isolated. 

EXPERIMENTAL 

A sample of MeONa was prepared by the addition of metallic sodium to absolute methanol 
under argon with cooling. DMF and acetonitrile were purified according to Gordon and Ford 
[5]. The optical rotation was measured on a Perkin-Elmer 241 polarimeter. Samples of S- 
BPABP and complex (I) were prepared and described in our previous work [6]. 

Separation of S-BPABP and a-amino acids from complexes (III). The complexes were de- 
composed according to a general method. A solution of about 0.2 mmole complex in 5 ml 
methanol was added dropwise to i0 ml 2 N hydrochloric acid at reflux. The mixture was neu- 
tralized by 20% aq. NH~OH to pH 8-9 and S-BPABP was extracted with chloroform~ The reagent 
yield determined spectrophotometrically relative to absorption at 330 nm was about 90%. The 
amino acid was separated from the aqueous layer on Dowex-50 (H + form) resin. The enantio- 
meric purity of the amino acids was determined by gas--liquid chromatography [3] or polari- 
metrically. 

Alkylation of (I) by alkyl halide. Two general methods were proposed for the alkyla- 
tion of (I) by alkyl haiides. Method i. A sample of i0 g (20 mmoles) (1) was dissolved in 
12 ml DMF and then, 20 mmoles alkyl halide and 2 g (50 mmoles) finely ground NaOH were 
added and stirred in an argon stream at about 20~ for 15-30 min. A sample of 200 ml 2% 
aqueous acetic acid was added to the reaction mixture. The precipitated complex was filtered 
off, washed on the filter with water and dried in vacuum. 
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Method 2. A sample of 0.5 g (i mmoie) (I) was dissolved in 20 ml acetonitrile and then 
1.5 mmole alkyl halide and 0.i g (2.5 mmoles) finely ground NaOH were added and stirred in 
an argon stream at about 20~ for 2-3 h. The alkylation was monitored by thin-layer chroma- 
tography on silica gel using 5:1 chloroform--acetone as eluant relative to the disappearance 
of starting complex (I). At the end of the reaction, the reaction mixture was neutralized 
by 0.I N hydrochloric acid. Then, 25 ml water was added and (III) was extracted by chloro- 
form. The extract was evaporated. 

Complexes (III) obtained by these methods were decomposed and a-amino acids were iso- 
lated as described above. The optical and chemical yields of the a-amino acids are given 
in Table i. The optical yield of S-BPABP was >99% according to polarimetric analysis. 

CONCLUSION 

The asymmetric synthesis of S-AIa, S-Val, S-Trp, S-Phe, S-NIe, and S-3,4-dimethoxy-Phe 
with optical yields of about 90% is carried out by the alkylation of glycine in Ni(II) com- 
plexes of its Schiff base with S-2-N-(N'-benzylpropyl)aminobenzophenone by the action of 
NaOH in DMF or aeetonitrile. 
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