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Abstract: Enantiomerically pure α−substituted β–amino esters were prepared from natural 
L-α-amino acids through Arndt-Eistert homologation and diastereoselective α–alkylation.  
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β-Amino acids and their derivatives have attracted considerable attention in recent years 
due to their occurrence in biologically active natural products, such as dolastatins 11, 
cyclohexylnorstatine 22 and taxol 33.  β–Amino acids also find application in the 
synthesis of β–lactams4, piperidines5, indolizidines6.  Moreover, the peptides consisting 
of β–amino acids, the so called β–peptides, have been extensively studied recently7.  
Consequently, considerable efforts have been directed to the synthesis of β–amino acids 
and their derivatives8.  Stereoselective synthesis of α–substituted β–amino acids has 
been a challenging project, and there are only limited methods available9.  In this 
communication, we report our study on the stereoselective synthesis of α–substituted 
β–amino esters starting from natural amino acids through Arndt-Eistert homologation10 

and stereoselective α–alkylation of β–amino esters. 

 
The natural amino acids L-alanine 4a, L-phenylalanine 4b and L-leucine 4c were 

taken as starting material.  After the amino group was protected with 
benzyloxycarbonyl group (Cbz), the acids were converted to their corresponding α–diazo 
ketones in two steps (Scheme 1).  The Wolff rearrangement of the α–diazo ketones 
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under standard condition give the β–amino methyl ester in good yields.  Since it is 
known that the Wolff rearrangement proceeds with the retention of the configuration at 
the carbon where the migration occurs11, the β–amino methyl esters thus obtained retain 
the stereochemistry of the original L-α-amino acids.  It is worthwhile to mention that 
this four-step process can be applied to large-scale preparation of β–amino methyl esters, 
because the diazo ketones can be easily purified by recrystallization from the crude 
product. 
 

Scheme 1 

 
Table 1  The preparation of the β–amino methyl esters from the L-α-amino acids. 

 
Entry  L-α-amino acids 4 Diazo ketone 5 (%)a,b  β–Amino ester 6 (%)b 

1  4a. R = Me     82     92  
               L-alanine 
   2  4b. R = PhCH2   78     95  
     L-phenylalanine 
   3  4c. R = Me2CHCH2   76     84  
     L-leucine 

 
 aOverall yields for three steps.  bThe yields refer to isolated yields. 
 

Scheme 2 
 

 

 

The β–amino methyl esters 6a-c were treated with 2 equivalents of lithium 
diisopropylamine (LDA) at –40 - –78°C in anhydrous THF.  Halides were then added at 
–78°C.  The crude products were analyzed with 1H NMR to give the ratio of the two 
diastereoisomers.  
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Table 2  Diastereoselective α–alkylation of β–amino ester 6a-c 
 

Entry β-Amino Ester 6  R’X      Yield α          de (%)c 

 

1   6a    PhCH2Br    48      71 

2   6a   CH2=CHCH2I   75     >95 

3   6a    CH3I     72      63 

4   6b    PhCH2Br    77      67 

    5   6b    CH2=CHCH2I   72     >95 

6   6b    CH3I     92     >95 

7   6c   PhCH2Br    42b        67 

8   6c   CH2=CHCH2I   34b      >95 

9   6c    CH3I     41b      >95 
 
aYields after column chromatography.  bConsiderable amount of starting materials were recovered 
and yields were not optimized.  cThe diastereoisomer ratios are determined by 1H NMR (400 
MHz). 

 
Scheme 3 

 

 
The stereochemistry of the newly introduced stereogenic center was determined by 

converting the major product 7 into N-tosyl α–alkyl β–amino methyl esters, which are 
known compounds12, and then comparing their spectral data.  As expected, the major 
alkylation products have anti configuration. This selectivity is consistent with the 
previously reported α–alkylation of N-tosyl protected β–amino esters12. Again, the anti 
selectivity could be rationalized by the following consideration.  The dianion will form 
a chelation structure, in which a lithium ion chelates between enolate oxygen and the 
deprotonated N-Cbz protected amino group.  In the chelated enolate, the conformation 
with the alkyl group in the axial position is more stable, and the attack by the halides 
from the opposite side of the R group leads to the anti selectivity products.   
     In summary, we have studied the stereoselective α–alkylation of N–Cbz protected 
α–amino esters, and have prepared several unknown N-Cbz protected α–substituted 
β–amino esters from the corresponding naturally occurring L-α–amino acids.  
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