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Abstnct: A series of tacemic ethyl allcylphenylphphinoylacetates was hydmiyzed inthe pnce of pig 
liver esterax (PLE) to give the axresponding P-chiral phosphinoylacetic acids arat unmackdestersina 
high emntiowric purity (72-100% ee). 

Enzyme mediated hydrolytic reactions are of great synthetic value because they have been used for 

the preparation of a large number of chiral carbon compounds.* Recently, this approach has also been 

successful with heteroorganic substrates having stereogenic sulfur and silicon atoms. Thus, racemic 

sulfinylaeetates3~4 and 2-sulfinylbenzoates’ as well as silylmethanols6 were efficiently resolved into 

enantiomers using various hydrolytic enzymes under kinetic resolution conditions. Chiral silylmetbanols 

were also obtained via enzymatic acetylation of prochiral di(hydroxymethyl)silanes.’ Our recent work’ has 

demonstrated that enzyme-promoted hydrolysis of prochiral dimethyl sulfinyldiacetate is very effective in 

the preparation of both enantiomers of the corresponding carboxy-sulfoxide. 

The above results prompted us to extend our studies to phosphorus compounds and to investigate a 

series of raeemic phosphinoylacetates 1 having a stereogenic phosphine oxide group with respect to 

substrate behaviour and enantioselectivity in an enzyme-catalyzed hydrolytic reaction. In this context, it 

should be noted that chiral phosphine oxides constitute a very important class of chiral phosphorus 

compounds, particularly as precursors of chiral phosphines’ which, in turn, are widely used as chiral ligands 

in the transition metal cataly~ts.‘~~ Therefore, a search for efficient and general methods of the synthesis of 

chiral phosphine oxides continues.‘o 

The racemic methyl phosphinoylacetates lae” were hydrolyzed in the presence of pig liver esterase 

(PLE) at room temperature in phosphate buffer (NaOH-KH,P04) solutions using automatic titrator to control 

the pH stability. In some cases the reaction was carried out in the presence of toluene as a co-solvent. It 

should be noted that no hydrolysis was observed under these conditions in the case of the 

phosphinoylacetate le. After completion of the reaction (c&50?? conversion) the unreacted esters 1 were 

extracted with chloroform, dried over MgSO, and purified by column chromatography. The remaining 

aqueous layers were acidified with H,SO, to pH= 2 and either extracted with chloroform or lyophylized. 

The acids 2 obtained were purified by column chromatography and esterifkd either by the reaction with 

diazometbane or with an excess of methanol in the presence of a catalytic amount of sulfuric acid. The 

methyl esters 1 thus obtained were again purified by column chromatography. 
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The enantiomeric excess (ee) values of the recovered chiral phosphinoylacetates la-d were determined 

by means of ‘H-NMR spectra (300 MHz, CDCI,) of their complexes formed with (-)-(A’)+ 

butyIphenylphosphinothioic acid. I4 The results obtained are summarized in the Table. 

In order to establish the absolute configuration of the products. the chiral phosphinoyl acetate (+)-1 b 

obtained from the enzymatic hydrolysis was subjected to decarboxylation’r to give 

ethylmethylphenylphosphine oxide (-)-3. Since the absolute configuration of the latter is known to be (??),I6 

the (R) chirality at phosphorus can be ascribed to the investigated enantiomer (+)-lb. In a similar way the 

absolute configuration of Id was determined as (-)@)I6 
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Reduction of (-)-lc gave, in turn, (+)-lb which allowed to ascribe the (5’) chirality to (-)-le. 
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Moreover, we have recorded circular dichroism (CD) spectra of the chiral acetates la-d (Figure). Since 

the CD spectra of the structurally closely related phosphine oxides (+)-la and (+)-lb are practically 

identical and show the same sign of the Cotton effect, it is reasonable to propose that the absolute 

configuration at phosphorus in (+)-la is also (R). 

It is interesting to note that the arrangement of substituents around chiral phosphorus in all recovered 

esters is the same although the signs of the Cotton effect and optical rotation for la and lb are opposite 

to those of lc and Id. This means that within the series of substrates investigated, enantiomers of the same 

spatial structure are recognized by PLE. 

In conclusion, it has been demonstrated that enzymatic hydrolysis of racemic phosphinoylaeetates 
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TABLE: Enzymatic hydrolysis of Phosphinoylacetates 1 

+9.7 >%b’ 

-51.8 >%b 

a) The acid transformed into ester; data concern the ester; b) from ‘H-Nh4R using (-) t-BuPhP(S)OH as a 

chiral agent; c) calculated on the basis of the rotation predicted for the pure enantiomer; d) a mixture of 

a buffer and toluene; pH is an apparent value shown by the titrator; e) see the text, f) assigned from CD 

comparison alone. 

A& 
[Clll*OIO1-l] 

210.0 220.0 230.0 240.0 250.0 260.0 

nm 

Figure. CD spectra (in MeOH) of the recovered esters: (+)-la, (+)-lb, (-1-1~ and (-)-la. 
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provides a convenient access to the resolved esters as well as to the corresponding acids, both in a high 

enantiomeric purity. In the p forms, these compounds should find immediate utility in homogeneous 

catalysis as P-chiral hemilabile P,O-ligands.“’ To the best of our knowledge, this is the first report on the 

enzymaiic resolution of phosphorus compounds having a stereogenic phosphine oxide group. 
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