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a-Lithiated phosphonates added to a&unsaturated t-butyl esters in 1,Gmanner giving 
anti-3,4-disubstituted-4-phosphorylbutanoates in high yields. 

Although the 1,2-addition reactions of a-lithiated phosphonates to esters are a well- 

documented process in organic synthesis, ’ ) 1 ,Caddition reaction to a$-unsaturated esters was 

not known. During our studies on the new synthetic methodologies based on the Michael-type 

reactions2) lithiated phosphonates were found to undergo stereoselective 1 ,Caddition (Scheme 

1, Table 1). 
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Typical procedures are shown for the synthesis of t-butyl anti-4-diethylphosphoryl-3- 

methylpentanoate: Under a nitrogen atmosphere, a hexane solution (1.28 mL) of butyllithium (2 

mmol) was added to a THF (2 mL) solution of diethyl ethylphosphonate (332 mg, 2 mmol) at -78 

‘C, and the solution was stirred for 30 min. Then, t-butyl crotonate (142 mg, 1 mmol) in THF (2 

mL) was added, and after 2 h the reaction was quenched with saturated aqueous ammonium 

chloride. A usual workup gave the product in 78 % yield (240 mg). 

The use of methyl, ethyl, or i-propyl crotonate gave a mixture of 1,2- and 1,4- Ph Me 

adducts. Interestingly, the 1,4-adducts were single isomers concerning two 

continuous asymmetric centers, and the stereochemistry was determined by fi o-p=O 

converting an adduct to 1,2-oxaphosphorinane 1. Compound 1 was obtained as , OEt 

a mixture of stereoisomers concerning the phosphorous center, and both isomers 

showed the coupling constant J=4Hz between 3- and 4-hydrogens indicating the cis-relation. 

4-Amino-4-phosphonobutanoic acid derivatives3) were synthesized by employing (N,N- 

dibenzylamino)methylphosphonates (Table 1). 4, Lithiated dimethyl phosphonate showed high 

anti-selectivities when ether instead of THF was used as the solvent. As shown in Scheme 2, the 

deprotection of 4-(N,N-dibenzylamino)butanoate 2 was carried out by a reductive treatment 

giving lactam 3. Mp 1175118.0 ‘C (AcCEt-hexane). 
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Table 1. A StereoselectIve Michael Addition of a-Llthlated Phosphonates to a,p- 
Unsaturated Esters 

Phosphonate R Yield (%)a) 
_ 
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a) Isolated yields are shown. All the products gave satisfactory ‘H-NMR, 13C-NMR, IR, MS 

spectra, and/or elemental analysis by HRMS. 
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b) Liihiation was carried out at 0 OC. c) The other 

isomer was not detected by C-NMR. d) The reaction was carried out in ether, and 
diastereomer ratio was determined by HPLC. e) The reaction was carried out in THF, and the 

ratio was determined by ’ 3C-NMR. 
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