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SUMMARY: A (r-allylic)Pd(II) complex can serve as a catalyst precursor for selective coupling 
between allylic halides or acetates and alkenylzirconium complexes. 

We have recently described the reaction between (a-allylic)Pd(II) halide species and 

alkenylzirconium complexes which gives rise to 1,4-dienes in high yield' and have reported that 

adding extrinsic ligands (for Pd) has a profound effect on the regiochemistry of coupling. We 

have also noted' that Pd(0) or Pd(I1) species can serve as cataZysts to effect coupling between 

alkenylzirconium complexes and allylic halides or acetates. Herein we wish to describe the 

details of this catalytic coupling reaction in terms of its stereochemical course, turnover 

efficiencies, and ligand regiochemical control of coupling. 

The general scheme is shown in Table 1. Under comparable conditions higher catalytic 

efficiencies are realized when ally1 halides (vs. acetates) are employed; allylic bromides 

appear to be more reactive than the chlorides, too. Since transmetalation reactions involving 

organozirconium compounds and Pd(I1) halide species are fast (and presumed to be fast for the 

acetates as well), and since reductive elimination from Pd(I1) intermediates should be essen- 

tially independent of the nature of zirconium residues formed, we believe that the rate- 

limiting step for the catalytic cycle is the oxidative addition of the organic substrate to a 

reduced palladium species. Consistent with this notion we find that turnover rates are en- 

hanced by increased concentrations of allylic substrates. 

As shown in Table 2, the critical intermediate, from the point of view of control of 

carbon-carbon bond formation, is believed to be a (n-allylic)palladium-X species (where X is 

either halide or acetate). Ligand control of coupling regiochemistry, therefore, should be 

identical for the stoichiometric and catalytic sequences. Upon consideration of steric effects 

for the allylic complex intermediates, it can be determined whether a donor or an acceptor 

ligand should be added to promote coupling as desired. 

In the stoichiometric reactions which we have described,' it was possible to assay the 

effect on coupling regiochemistry of added ligands since the Pd(I1) halide species could be pre- 

pared in the absence of any other ligand (e.g., phosphines). Conventional reactions involving 

palladium c&a~ysis utilize phosphine complexes of either Pd(0) (e.g., L4Pd) or of Pd(II) 

(e-g., LaPdCla). If these ligands were found to promote coupling regiochemistry contrary to that 

which is desired, it would be necessary to develop phosphine-free catalytic species. Since Pd(0) 

is formed upon reductive elimination in the stoichiometric reaction,' the catalytic utility of a 
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TABLE 1. PALLADIUM-CATALYZED COUPLING OF ALKENYLZIRCONIUM SPECIES WITH ALLYLIC HALIDES 
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simple (n-allylic)palladium chloride complex, 1, was examined. Here the organozirconium compound 

would react with 1 and by sacrifice of one equivalent of the zirconium reagent (based on Pd) a 

potentially highly reactive "naked" Pd(0) catalyst species could be obtained on reductive elimina- 

tion of the carbon-carbon bond. 3 

PdC12,4 

Indeed, we find that I_, formed easily from crotyl chloride and 

serves as a highly efficient catalyst precursor for effecting these coupling transforma- 

tions. It was now possible to determine the effect of intentionally added phosphine or other 

ligands upon the regiochemistry of the catalytic coupling reaction. Consistent with our observa- 

tions for the stoichiometric reaction, we find that addition of phosphine ligands promotes cou- 

pling at the sterically more hindered terminus of the allylic unit; addition of maleic anhydride 

promotes coupling at the sterically less hindered terminus of the allylic fragment as shown in 

Table 2, which describes this feature for a case in which one terminus of the allylic unit is 

primary and the other is secondary. 

In order to determine the stereochemical consequences of the catalytic coupling sequence, 

z5 was utilized as the starting material ; net inversion of stereochemistry at C(20) was found, 

consistent with reported observations for oxidative addition-reductive elimination-based 

sequences. 195 It is important to note here that for the purpose of steroid synthesis utilizing 

palladium catalysis, high regiochemical control can be obtained onZy when the non-phosphinated 

catalyst precursor is employed; utilization of "conventional" catalysts such as L+Pd gave rise 

to poor selectivity for coupling to steroidal product.' We describe below typical sequences 

employed to effect these catalytic coupling reactions. (All non-steroidal product ratios were 

determined by GLC analysis (ZO', 10% Carbowax, 20 M, 105'~) and all non-steroidal product 
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