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Summary: The first synthesized chiral phosphinocarboxylic acids were effective as ligand for the 
palladium-catalyzed asymmetric allylic alkylation of 3-acetoxy-1,3-diphenyl-1 -propene and P-cyclo- 
hexenyl acetate with soft carbanion from dimethyl malonate or methyl phosphonoacetate and 
sodium hydride to give the alkylation products of up to 83% 88. 

In recent years, there has been an increasing amount of research devoted to asymmetric syn- 

thesis catalyzed by chiral diphosphine-transition metal complexes.1 One of the most important and 

challenging problems in research on the catalytic asymmetric synthesis is development of the opti- 

cally active ligands which give rise to good optical yields. 

We report here the first synthesis and resolution of a novel type of chiral phosphinocarboxylic 

acids ligands.2 trans-2-(diphenylphosphino)cycloalkanecarboxylic acids and asymmetric allylic 

alkylation catalyzed with the phosphine-palladium complexes.3 

The synthesis of trans-P(diphenylphosphino)cycloalkanecarboxylic acids 8a,b was outlined 

in scheme 1. The addition of P-lithio-1,9diihiane (21 mmol), generated from 1 ,Sdithiane (30 mmol) 

and n-BuLi (21 mmol) to a cyclobutenylphosphonium salt la4a (15 mmol) and subsequent hydroly- 

sis of the adduct with NaOH (150 mmol) gave phosphine oxide 2a (SS%), mp 187-189 oC. Treat- 

ment of 2a (15 mmol) with ceric ammonium nitrate (CAN) (28 mmol) led to (2-formylcyclobutyl)phos- 

phine oxide 3a (78%). Subsequent oxidation of 3a (10 mmol) with KMn04 (10 mmol) provided 

carboxylic acid 4a (82%), mp 178-178.5 oC. Conversion of 4a (8 mmol) to its methyl ester followed 

by reduction with trichlorosilane (40 mmol) produced methyl phosphinocarboxylate 5a (72%). 

Hydrolysis of 5a (5 mmol) with NaOH (25 mmol) afforded racemic 2-(diphenylphosphino)cyclo- 

butanecarboxylic acid (8a)5 (88%). Treatment of a solution of (+)-6a in acetone with (R)-(+)-a- 
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indicated that chemical yields significantly decreased with increasing ring sizes of the ligands. The 

rise of the reaction temperature caused remarkable improvement of chemical yields, but optical 

yields showed a slight temperature dependence (entries 2 and 3 and 6 and 7). 

Similar reaction of 7 with 10 using (+)-5a (67% ee)7 gave (+)-12 of low enantiomenc purity 

(37% ee) (entry 6). (+)-Trans-bis-1 ,P-(diphenytphosphino)cyclobutane (DPCB)6-palladium complex 

exerted little catalytic effect (5% ee) (entry 4). These results suggest that the carboxy group of the 
ligands 6a,b in the x-allylpalladium intermediates coordinated with the chiral phosphinocarboxylic 

acids plays an important role for causing 

an asymmetric induction, which may be 

explained by one of two possible mecha- 

nisms: (1) the carboxy group may direct 

the nucleophilic attack on one of the two 

diastereotopic a-ally1 carbon atoms in the 

x-allylpalladium intermediate by an elec 

tronic repulsion between the negatively 

charged carboxy group and nucleophiles, 
since the positively charged x-ally1 carbon 

atoms would be expected to attract the 

carboxy group9 (path A). (2) prior to the 
attack of nucleophiles, the Ic-ally1 complex 

may undergo the intra-molecular attack of 

the carboxylate anion of the ligands to con- 

vert to chiral allylcarboxylate intermediates 

bearing the diphenylphosphino group, fol- 

lowed by the predominant attack of nucle- 
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group is attached16 (path B) (Scheme 3). 
The Wittig reaction of 13 with paraformaldehyde afforded optically active u-(Pcyclohexenyl)- 

acrylic acid (16) which underwent iodolactonization and subsequent dehydroiodination with DBU to 
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lead to an optically active ring-fused a-methyleneylactone 1711~12 in 69% (43% ee) yield, 

[a]25D=-6.5 (c 1.6, CH2Cl2) (Scheme 4). 
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