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Abstmct: The reaction of diorganozincs or orgamzinc halides with chlorophosphines (Ph,FC13.,J 
produces pol$uxtional phosphines in high yields. This method hos been used to prepare several chiral 
phosphines in high enantiomeric pm@. 

Chiral phosphines are an important class of ligands for the preparation of transition metal complex catalysts of 
interest in asymmetric syn0tesis.l Their preparation1~2 is often complicated and may require tedious multi-step 
procedures. Both nucleophilic and electrophilic substitutions have been used to introduce the phosphorus 
functionality.3 Thus the reaction of chlorodiphenylphosphine with Grignard or lithium reagents leads to phos- 
phines in moderate yields3 and does not allow the direct introduction of functionulized organic groups. 
Herein, we wish to report a new general synthesis of polyfunctional phosphines using the reaction of 
organozinc reagents 1 or 2 with chlorophosphine derivatives (Scheme 1). Remarkably, the reaction affords 
high yields of the phosphines 3 protected as the corresponding boran& adducts 4 and requires only mild reac- 
tion conditions (Scheme 1 and Table 1). 
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FG = CN, Cl, Br, ester, enone. 

Thus, the reaction of dioctylzinc la (0.5 equiv) with chlorodiphenylphosphine in THF is complete within lh 
at 0 ‘C affording the desired diphenyloctylphosphine 3a which was isolated as its borane adduct 4a in % % 
yield. It should be noted that both oc@ groups are transferred from zinc to phosphorus. By using octylzinc 
iodide 2a (1 equiv), a similar reaction is observed leading to 4a in 89 96 isolated yield (entry 1 of Table 1). 
Starting from (lS)-(-)-p-pinene, the chiral phosphine derivative 4b is obtained in a one-pot synthesis with 
90 % overall yield via a hydroboration, boron-zinc exchanges and phosphorylation with Ph$Cl (entry 2). The 
use of functionalized diorganozincs furnishes an expedient method for the preparation of polyfunctional 
phosphines bearing a bromide, cyanide, ester or keto functionality (entries 3-57 of Table 1). Benzylic secon- 
dary alkyl and alkenyl zinc derivatives can be used as well leading to the corresponding phosphine-borane 
adducts in 60-83 % yield (entries 6-9). Functionalized triarylphosphines such as 4j can be obtained by react- p 
ing arylzinc derivatives which PC13. Arylzinc derivatives are themselves conveniently obtained by a low tem- 
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perature bromine-lithium exchange6 of aromatic bromides, followed by transmetalation with zinc iodide 
(Scheme 2). 
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Other halogenophosphines can be used with equal success and the reaction of dichlorophenylphosphine with 
di-cis-myrtanylzinc lb prepared form (lS)-(-)-B-pinene and borane-methyl sulfide complex7*8 provides the 
desired chit-al dimy-rtanylphenylphosphine-borane adduct 5 in 85 % yield Similarly the reaction of lb with 
PC13 gives the chiral C3-symmetrical phosphine 6 in 75 % yield. Finally the chelating phosphine derivative 7 
is obtained in 70 8 yield by the reaction of the chiral dialkylzinc lb with commercially available 1.2- 
bis(dichlorophosphino)ethane (Scheme 3). The phosphine-borane complexes can he readily converted to the 
free phosphine by treatment with diethylamine (excess, 50 T, 5h)9. The complexes 4a, 4f and 7 have been 
converted under these conditions to the free phosphines in > 95 % yield 
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Table 1. Phosphine-borane complexes 4a-i prepared by the reaction of chlorodiphenylphosphine with zinc 
organometallics. 
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aAl yields are isolated yields of analytically pure products. 
hYield obtained by using OctZnI instead of OctaZn. 
The organozinc reagent was prepared from the corresponding alkenyl iodide (compare with scheme 2 and 

see ref. 6). 
@he fret phosphine was not protected as its borane complex, but was isolated as the phosphine oxide 4g. 

In summary, we have developed a high yielding synthesis of polyfunctional phosphines starting from readily 
available diorganozincs or alkylzinc halides. This method also allows a convenient one-pot preparation of a 
range of chiral phosphines of interest for asymmetric synthesis. Further investigations are underway. 
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