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2,2'-Bis(dipheny1phosphino)-1,l'-binaphthyl (BINAP), 
introduced in the early 1980's,l has become one of the 
most successful chiral ligands for catalytic asymmetric 
induction.2 Its wide application has been somewhat 
limited due to the scarce supply and expense of BINAP 
and up to now, there has been only one reported practical 
synthesis of chiral BINAP (Scheme l h 3  This practical 
route has several drawbacks, including (1) a low-yielding 
bromination reaction at 240-320 "C with evolution of hot 
hydrogen bromide, (2) a resolution late in the sequence 
that results in a low overall yield (14%) for the entire 
sequence. Due to these drawbacks, which make the 
chemistry difficult and dangerous to run on large scale, 
we sought a simple and efficient approach to BINAP. 

The most attractive approach would be to react the 
easily accessible chiral ditriflate of 1,l'-binaphthol l4 with 
diphenylphosphine giving BINAP directly (Scheme 2).6 
As far as we know, there is no literature example of an 
aryl triflate to aryl phosphine conversion using diphen- 
ylphosphine as a There are many problems 
associated with this strategy. Using nucleophilic re- 
placement chemistry (such as LiPPhz, KPPhz etc.),6 the 
phosphorus atom would likely attack the sulfur of the 
triflate group instead of the carbon center. A transition 
metal-catalyzed approach offers the best hope, but one 
potential problem could be catalyst poisoning by the large 
excess of phosphine ligands present such as the starting 
material diphenylphosphine, intermediates, and the prod- 
uct BINAP.* In order to minimize catalyst poisoning, it 
is imperative to choose a transition metal which will not 
bind BINAP. One of the most suitable candidates is 
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nickel? which is smaller and harder (based on hard- 
soft acid-base theory) than second or third row transition 
metals such as palladium, rhodium, ruthenium, plati- 
num, etc.l0 Consequently, we concentrated on using a 
nickel-catalyzed coupling reaction between ditriflate of 
1,l'-binaphthol 1 and diphenylphosphine. We screened 
numerous readily available nickel catalysts (NiC12, Ni- 
Biz, NiClddppm, NiClddppb, NiClddppf, NiClzdppp, 
NiClzdppe, NiClz(Ph3P)z, Ni(CO)z(Ph3P)z, Ni(PhsP)r, Ni- 
[(Ph0)3P14),l1 and found that several catalyzed BINAP 
formation. After optimization, we found that heating a 
mixture of chiral ditriflate of binaphthol 1, diphenylphos- 
phine, and DABCO with 10 mol % rbis(dipheny1phosphi- 
no)ethanelnickel dichloride in DMF at  100 "C for 2-3 
days provided the desired chiral BINAP in 75% yield. 
After the starting material was completely consumed, the 
dark brown reaction solution was cooled to 0 "C and 
filtered. The purity of the isolated BINAP. was 95-97 
area % by HPLC (at 220 nm) with the major impurity 
being the monooxide of BINAP (1-3%).3J2 There was no 
racemization during the coupling reaction. 

The monooxide of BINAP 3 formed by BINAP oxida- 
tion by oxygen and from coupling with diphenylphosphine 
oxide, a 5% impurity in the diphenylphosphine reagent. 
With vigorous deoxygenation, its level could be reduced 
to 1-3% (Scheme 3). 

We were not able to observe intermediate 2, indicating 
that the second coupling step was much faster than the 
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solvents such as ethanol, toluene, dioxane gave no 
reaction at all, while DMSO was not suitable for this 
reaction due to 0xidati0n.l~ Acetonitrile and N-meth- 
ylpyrrolidinone gave slow reactions and poor conversion. 
The choice of amine base and amount of the base strongly 
influenced the reaction selectivity and the reaction rate.13 
Originally, we used diisopropylethylamine as a base, and 
while the reaction went to completion, two major impuri- 
ties were generated: one of them was the monoxide of 
BINAP 3 and the other was the monoreduced product 5 
(Figure 1). Both impurities were significantly reduced 
when triethylamine was used instead of diisopropyleth- 
ylamine. Numerous other organic bases were also tried 
(pyridine, (dimethylamino)pyridine, 2,6-di-tert-butylpyr- 
idine, DBU, DABCO) and DABCO was found to give the 
best result.15 

In summary, we have found a simple and efficient way 
to prepare chiral BINAP using a novel nickel-catalyzed 
diphenylphosphine coupling reaction. 
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Figure 1. Reaction byproducts. 
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first one, possibly due to internal coordination of the 
nickel catalyst. Besides NiClzdppe, the coupling reaction 
with most other nickel catalysts mentioned above also 
gave some desired product; in contrast, palladium cata- 
lysts [PhzPH, Pd(OAc12, dppbl gave no reaction a t  all. It 
is interesting to note that if we did the first coupling 
reaction of triflate 1 with diphenylphosphine oxide under 
palladium-catalyzed conditions, the resulting intermedi- 
ate 4 did not react further with diphenylphosphine under 
our nickel (NiCl2dppe)-catalyzed conditions (Scheme 4). 
Steric hindrance of the phosphine oxide was most likely 
responsible for the failure of the second coupling reaction 
[Ph2PH/NiC12dppe, or Ph2P(O)HPd(OAc)2, dppbl, since 
double cyanation or carbonylation of ditriflate 1 can occur 
under nickel- or palladium-catalyzed c~nd i t ions .~J~  

Other reaction conditions were also critical. As sol- 
vent, only DMF gave satisfactory results. Less polar 
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Experimental Section 
NMR (lH, 13C, 31P) were recorded with a Bruker AM-250 with 

CDC4 as solvent. The reactions and products were assayed by 
HPLC (Spectra-Physics P4000) using a Zorbax &-C8 column 
with water and acetonitrile as eluting solvents. The melting 
point is uncorrected. Rotation was measured on a Perkin-Elmer 
241 polarimeter. Anhydrous DMF, NiClzdppe, diphenylphos- 
phine (PhzPH), and 1,4-diazabicyclo[2.2.2loctane (DABCO) were 
all purchased from Aldrich and used without further purifica- 
tion. The reactions were run under the positive pressure of 
nitrogen, and all the reagents were degassed by vacuum and 
then purged with nitrogen. Resolution of binaphthol and 
preparation of the ditriflate of binaphthol were carried out using 
the literature  procedure^.^^,^ 

Preparation of (R)-(+)-BINAP. To a solution of NiClzdppe 
(530 mg, 1 "01) in DMF (20 mL) was added diphenylphosphine 
(1 mL, 5.75 mmol) at room temperature, and then the resulting 
solution was heated at  100 "C. After heating at  100 "C for 30 
min, a solution of chiral ditriflate of binaphthol(5.50 g, 10 mmol, 
95% ee) and DABCO (4.5 g, 40 mmol) in DMF (30 mL) was added 
at  once, the resulting dark green solution was kept at 100 "C, 
and three additional portions of diphenylphosphine (3 x 1 mL) 
were added at 1 ,3 ,  and 7 h later. The reaction was kept at 100 
"C until the starting material ditriflate of binaphthol was 
completely consumed (2-3 days), and then the dark brown 
solution was cooled down to 0-5 "C with an ice bath. The 
desired product was filtered and the filter cake was washed with 
methanol (2 x 10 mL) and dried under vacuum. The isolated 
product (4.95 g, 75%) was a white crystalline compound with 
chemical purity around 95-97 area % (HPLC, 220 nm) with one 
major impurity as a monooxide of BINAP (1-3 %). The isolated 
BINAP was identical to commercial BINAP (Aldrich) as judged 
by HPLC and the 'H, l3C, and 31P NMR were identical to the 
literature data:33 mp 237-241 "C, [ a ] ~  = +207" (benzene, c 0.51, 
[lit. ref [aI2O~ = f217" (benzene, c 0.5) 98.4 % eel. Anal. Calcd. 
for CuH32Pz: C, 84.86; H, 5.17; P, 9.95. Found: C, 84.69; H, 
5.17; P, 10.01. 
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