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Summary 

In the palladium-catalyzed hydrocarboxylatron of a-methylstyrene usmg 
PPh3 and (-)-DIOP as hgands, wxth a constant ratlo of phosphorus to pailadmm 
atoms of 2, the optical yield depends on the proportions of PPhX and (-)-DIOP, 
showmg a maximum for a molar ratlo of 2. 

Homogeneous asymmetnc catalysis by churl transltlon metal complexes is 
a rapidly developing field of research [l] _ Several types of asymmetnc hgands 
which gve choral mformatlon dunng the catalytic reaction have been employed 
Because of ther broad apphcabllrty, choral phosphmes are the most widely 
used opi~cally active hgands (the ch~ahty center lies either on the phosphorus 
ztom or on an orgamc chain attached to the phosphorus) Among phosphmo 
hgands Kagan’s DIOP f(-)-2,3-~sopropyl~dene-2,3-d~hydroxy-l,4-b~s(d~phenyl- 
phosphmo)butane] 121 (or analogous dlphosphmo denvatrves of tarfanc acid 
[3]) is the most popular because it can be made relatively easily DIOP has 
been used m many asymmetnc reactions [4--T], m some of which high optical 
yields have been acl-ueved 

The efflczency of the DIOP choral hgand has normally been explamed on 
the basis of its conformatlonal ngidky which mses from its chelating ablhty 
[4,8,9], however, some results m palladmm-catalyzect asymmetnc hydrocar- 
boxylation zuse doubts about whether the chelating abUy 1s an essential 
requlslte for this or related optzcally active Iigands, at least in the reaction 
mvestigated. 

We have observed [lOI that m the asymmetnc hydrocarboxylatlon of cc- 
methylstyrene catalyzed by PdClJ(-)-DIOP the enantromenc excess observed 
m the formation of the ester of 3-phenylbutanolc acid mcreases when the metal 
to ch~al hgand ratlo decreases_ _4t a ratio of 0 4 (0 8 phosphors atoms per 
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metal atom) the optrcal purity of the recovered ester of (+)(S)-3-phenylbutanoic 
acid was -60% 

Investrgation of the reaction for very low (-)-DIOP/PdCl, ratios was hmdered 
by a considerable decay in selectivity durmg the hydrocarboxylatron reaction, 
some secondzy products bemg formed m hrgh yield However, by mamtammg 
a constant phosphorus to palladium atom ratio of 2 (through the contempora- 
neous presence of (-)-DIOP and PPh9) the selectivity of the reaction can be 
restored, and it has been possible to mvestigate the effects of low concentra- 
trons of the (-)-DLOP hgand 

The results obtamed at 100°C usmg ethanol as the hydrogen donor, CY- 
methylstyrene as the substrate, and a constant pressure of 400 atmospheres 
of carbon monoxide are shown m Fig 1. The optical purity of the recovered 
ethyl 3-phenylbutanoate as a function of the (-)-DIOP/PdCl, ratio shows a 
maximum which, although rather broad, is clearly centered at a ratio of 0 5. 
Smce DIOP is a potential bidentate hgand, this would correspond to complexa- 
tlon of one phosphorus atom of (-)-DIOP per palladium atom, and suggests 
that m the catalytic complexes gnmg predommant formation of (S)-ethyl 
3_phenylbutanoate, the bidentate (-)-DIOP hgand behaves as a monodentate 

Faz 1 

The mfluence of vmatlon of the phosphmo hgand on the isomerlc composi- 
tion of the ester products m the palladium-catalyzed hydrocarboxylatron has 
been reported [X1--133. Monophosphmes lead to predommant formation of 
the branched ester (at least under the carbon monoxide pressure used) appar- 
ently independent of their basiclty or of their stenc requirements, whrle 
(-)-DIOP gives mainly the straight cham ester. 

The isomenc cornpositron of the ester products (ethyl 3-phenylbutanoate 
and ethyl Z-methyl-Z-phenylpropanoate) m the above experiments has also 
been determined (Fig 1) The fact that the amount of ethyl 2-methyl-2- 
phenylpropanoate mcreases on mcreasmg the quantity of PPh3 can be recon- 
ciled with the above observations (assummg chelation of the hgand is not 
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responsible for re~oselectlvlty w1~31 respect to carbonylatlon in posrtron 1) 
by assuming that the catalytic species are not mononuclear. 

The results also show the unportance of ancillary l.igands, in addition to 
the dhira! @and, IXI detennuung the extent of the asymmetic mduction 1141 

I thank Prof. P. Prno and Prof. L.&I. Venanzl for helpful dlscusmons. 
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