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Asymmetric a-alkylation of a-amino esters by use of novel 
pyridoxal model compounds having a chiral ionophore 
function is studied; the stereoselectivity is specifically 
induced by Na+ and the most effective asymmetric 
induction occurs with a combination of Na+ and an 
additional chiral ansa-structure. 

Both natural and unnatural optically active amino acids have 
increasingly attracted considerable attention from medicinal 
and biochemical points of view. Since a pyridoxal-pyridoxam- 
ine coenzyme plays an important role in the biosyntheses and 
metabolism of natural amino acids in living systems, artificially 
well-designed model compounds of this coenzyme are expected 
to be of great use for the syntheses of various kinds of a-amino 
acids. Much effort has been paid to these models, particularly 
ones with enantioface differentiation.1-3 We designed the novel 
pyridoxal model compound 1 possessing a chiral and ionophore 
active side chain. Expecting double asymmetric ind~ct ion,~ 
(R)- and (S)-2 having an additional chiral ansa-structure were 
also designed. Here we describe the synthesis of these 
compounds and their application to asymmetric a-alkylation 
of a-amino esters into optically active a,a-dialkyl amino acids,5 
some of which are known to act as an enzyme-inhibitoP or to 
be a component of biologically active natural products.7 
The conformation of the peptide including particular 
a,a-dialkyl amino acids is reported to be stereochemically 
cons trained .8 

These model compounds were easily synthesized as shown 
in Scheme 1. Nucleophilic ring opening of the epoxide 3 with 
naphthalene-2-methanol followed by O-methylation, de- 
protection of the silyl group and bromination gave the sidechain 
4. Etherification of the pyridoxal moieties 5, (R)- and (S)-6 and 
deacetalization afforded the desired products 1, (R)- and (S)-2. 
Treatment of these pyridoxal model compounds with a-amino 
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acid benzyl esters afforded the corresponding aldimines 7, (R)- 
and (S)-8 respectively in almost quantitative yields. 

We examined the a-alkylation of these aldimines 7 and 8 
under several different conditions (Table l).? In the reactions 
with 7a, the best optical and chemical yields were obtained 
when sodium hydride (NaH) was used as a base (run 2), whilst, 
on treatment with lithium diisopropylamide (LDA) or pot- 
assium hydride (KH), both the chemical and optical yields of the 
alkylation product were much lower (runs 1 and 3). These 
results indicate that compound 7a can actually recognize Na+ 
among alkali metal ions and, as a consequence, the stereo- 
selectivity has been induced. p-Nitrobenzylation also took place 
in good optical yield to afford 9b (run 4), whilst 9c was only 
obtained in a low optical yield (run 5). Interestingly, the other 
enantiomer (S)-9a was obtained in good optical yield by 
methylation of the aldimine 7b (run 6). The enhancement of 
asymmetric induction was observed by combination with the 
chiral ansa-structure. Introduction of the R-bridge ansa-struc- 
ture to 1 largely increased the optical yield (run 8). The sodium 
ion is important in this case as well (run 9), indicating that the 
chiral sidechain plays an important role in this stereoselective 
reaction. Although no such remarkable effect was observed in 
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(R)-2 R' = -S-(CH2)5-S- = R2 
(8 -2  R' =---S-(CH2)5-S--- = R2 

Fig. 1 Pyridoxal model compounds 

Scheme 1 Reagents and conditions: i, naphthalene-2-methanol, tropylium tetrafluoroborate, CHC13, 70 OC, (74%); ii, NaH, MeI, THF, room temp., (97%); 
iii, Bu4N+F-, THF, room temp. (99%); iv, NBS, PPh3, CH2CI2, room temp., (76%); v, NaH, 4, DMF, 80 "C [72% from 5 9 3 %  from (R)-6,88% from (S)-61; 
vi, 60% AcOH, reflux [l: 87%, (R)-2: 93%, (S)-2: 90%]; vii, a: L-alanine benzyl ester, b: L-phenylalanine benzyl ester or c: glycine benzyl ester, CH2C12, 
room temp., (quant.) 
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p-nitrobenzylation (cf. runs 4 and lo), similar enhancement was 
gained in allylation and methylation of (R)-8 (runs 11 and 
12). 

The CD spectra of the aldimine 7c measured in the absence 
and presence of metal ions is shown in Fig. 2. Although there is 

NaCIO, 

Bz02C$;, 
1) Base, R4X, THF 

R2 2) 5% HCI, room temp. 
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Table 1 a-Alkylation of aldimines 7 and 8 
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Run Aldimine R3 Base R4X 9 (%) (%) C0nfig.c 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

7a 
7a 
7a 
7a 
7a 
7b 
(S)-8a 
(R)-8a 
(R)-8a 
(R)-8a 
(R)-8a 
(R)-8b 

Me LDA 
Me NaH 
Me KH 
Me NaH 
Me NaH 
Bz NaH 
Me NaH 
Me NaH 
Me LDA 
Me NaH 
Me NaH 
Bz NaH 

BzBr 
BzBr 
BzBr 
p-N02BzBr 
Allyl Br 
Me1 
BzBr 
BzBr 
BzBr 
p-N02BzBr 
Allyl Br 
Me1 

a 34 26 R 
a 58 86 R 
a 28 7 R  
b 61 83 R 
c 48 17 R 
a 51 82 S 
a 40 8 R  
a 41 96 R 
a 32 55 R 
b 52 84 R 
c 39 82 R 
a 33 90 S 

a Isolated yield of 9 from 7 or 8. The ee values were obtained from the 19F 

or 'H NMR spectra of the corresponding (S)-MTPA amide. c The 
stereochemistry of 9a was determined by comparison of the optical rotation 
of the corresponding amino acid obtained by hydrolysis with that of the 
authentic sample (S. Terashima, K. Achiwa and S. Yamada, Chem. Pharm. 
Bull., 1966, 14, 1138). The stereochemistries of 9b and c were assigned as 
indicated, respectively, by comparison of the '9F and *H NMR spectra of the 
corresponding (S)-MTPA amide with those of the (S)-MTPA amide of 
9a. 
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250 300 250 300 
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Fig. 2 CD spectra of 7c (0.16 mmol dm-3 in MeCN) measured in the 
presence of Na+ and Li+ 

no absorption of 7c in the absence of metal ions, a remarkable 
spectral change was observed by addition of metal ions. This 
finding shows that the chiral environment accompanying the 
drastic conformational change was actually induced by the 
addition of metal ions. It is also evident from these spectra that 
the respective shapes of the metal-chelation structures of 7c 
formed with Li+ and Na+ are quite different, which is probably 
attributable to the difference of their ion radii and/or coordina- 
tion numbers. The metal ion is most likely to be captured 
between the imino ester moiety and the side chain at C-3 to give 
the metal enolate.9 

Footnotes 
i- We studied the effect of the substituents of the glycerol sidechain on the 
stereoselectivity. The results will be discussed in the full article. 
$ The benzylation of the aldimine, prepared from 1 and D-alanine benzyl 
ester, was also examined and was found to afford a similar result to that 
obtained with the L-isomer. 
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