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Abstract—Several routes to P-chirogenic binaphthyl monophosphanes (MOPs) and their derivatives were investigated. Palladium
catalysed coupling gave access to a new class of P-chirogenic phosphane oxides from which the phosphane can be obtained by
reduction. Substituents on phosphorus strongly influence the efficiency of the P–C coupling reaction, which is only slightly
stereoselective.
© 2003 Elsevier Ltd. All rights reserved.

Chiral biaryls1 are valuable sources of chiral information
in a wide range of efficient asymmetric reactions. Chiral
phosphanes are similarly prized.2 The C2-symmetric
diphosphanes, BINAP (1)3 and diPAMP (2)4 are leading
representatives of two classes of chiral phosphane: those
possessing axial chirality (BINAP) and those possessing
chirogenic phosphorus centres (diPAMP). Both of these
phosphanes are known as highly efficient ligands for
transition-metal catalysed asymmetric transformations
which led to the Nobel Prize being awarded to their
respective developers.5 BINAP and other chiral phos-
phanes have also been used as organocatalysts with mixed
results in a number of reactions.6 Recently monophos-
phanes such as Hayashi’s binaphthyl-substituted
monophosphane ligand (MOP) (3)7 and Morrison’s
NMDPP8 have shown increased utility in a variety of
asymmetric transformations. Hayashi has employed

MOP as a ligand in asymmetric C�C and C�Si bond
formation reactions.7 In 1996, Cereghetti and co-workers
reported the first phosphane possessing both chiral
phosphorus atoms and an axially chiral biphenyl moiety
(4),9 while in 2002 Buchwald and co-workers reported the
synthesis and use of a P-chirogenic dimethylamino
analogue of MOP (MAP, 5).10,11 At the time of that report
we were also working on the synthesis of a monophos-
phane possessing both axial chirality and a stereogenic
phosphorus centre. Herein we report on our preliminary
studies including, to our knowledge, the synthesis of the
first example of a P-chirogenic MOP.

Our first attempts were with the Merck Company
procedure12 involving the nickel catalysed coupling of
secondary phosphine to resolved13 binaphthyl ditriflate
(6), in an attempt to synthesise 2-(tert-butylphenylphos-
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pino)-2�-(triflate)-1,1�-binaphthyl (7) (Scheme 1). We
envisaged that the steric bulk of the t-butylphenyl
phosphane group might prevent the second cross cou-
pling from occurring leading to the desired P-chiro-
genic monophosphane products. Another point of
interest was whether any asymmetric induction or
kinetic resolution14 due to the asymmetry of the
binaphthyl backbone would be observed. A complex
mixture of monophosphane products (53% conversion)
with the desired diastereomeric products (55:45) as
major components was obtained. However the
diastereomers (7a and 7b) could not be separated by
chromatography and, considering the moderate conver-
sion, this route was not further pursued for these types
of compound.

The Morgans/Hayashi palladium-catalysed cross cou-
pling of secondary phosphane oxides with triflate (6)
was then explored.15 (Scheme 2). Using methylphenyl-
phosphine oxide,16 the desired diastereomeric products
(8a and 8b) were formed in a 1:1 ratio and could be
separated and isolated from side products by chro-
matography on silica in a combined yield of 79%.17,18

As a further indication of the utility of this method,
triflate (6) could also be coupled with the bulkier ani-
sylphenyl phosphine oxide and the desired
diastereomeric products (9a and 9b) were again
obtained in a ratio of 1:1, albeit with a lower combined
yield of 45% (Scheme 2).19 The absolute configuration
of 9a was determined to be R,SP by X-ray analysis (Fig.
1).20

Both 8a and 8b were hydrolysed to 10a and 10b in
excellent yield (92 and 86%, respectively)21 which were
in turn alkylated with methyl iodide to afford 11a and
11b in very good yields (76 and 81%, respectively)
(Scheme 3).22 The absolute configuration of 10b was
determined to be (R,Sp) by X-ray analysis20 (Fig. 2).

In preliminary studies, a number of literature
methods23–25 were examined for the stereospecific
reduction of 11a and 11b and the results are shown in
Table 1. Of all these methods only hexachlorodisilane
afforded diastereomerically pure P-chirogenic MOP
(12a).26 The configuration at phosphorus is assumed to
be S as this procedure is known to give inversion of

Scheme 1. Merck route to P-chirogenic MOPs.

Scheme 2. Morgans/Hayashi route to P-chirogenic MOP oxide triflates.

Scheme 3. Hayashi route to P-chirogenic MOP oxides.
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Figure 1. ORTEP diagram of 9a.

Table 1. Reduction of P-chirogenic MOP-oxides (11a,
11b) to P-chirogenic MOPs

Yield (%)ArP(O)MePh % 12acReducing agent % 12b

11a HSiCl3/Et3N 65 50 50
83 92LiAlH4/MeOTf 811a
60 10011a 0Si2Cl6

a

70 30Si2Cl6
a 7011b

36 14 8611b Si2Cl6
b

70 14 86LiAlH4/MeOTf11b

a Time=30 min.
b Time=10 min.
c Determined by 1H NMR integration of CH3 signals.

Figure 2. ORTEP diagram of 10b.

highest de in favour of 12b being 72%. Clearly 12b is more
prone to epimerisation at phosphorus under all condi-
tions tested.

An alternative route (Scheme 4) to 11a/11b was also
investigated.27 The desired MOP oxide diastereomers
(ratio approx. 1:1) were obtained in excellent yield (95%)
but, to our chagrin, they could not be separated by silica
gel chromatography under any conditions.

In summary, we have developed a route to the first
P-chirogenic MOP. During the work, it was apparent
that there is little, if any, selectivity in the coupling
reactions of BINOL triflate with phosphorus sources.
This has both the disadvantage that separation of
diastereomers is necessary and the advantage that both
are available. It was also clear that the separation itself
may not be possible, that substituents on phosphorus
strongly influence the efficiency of the coupling reaction
and that reduction of the precursor diastereomeric MOP
oxides cannot be assumed to be straightforward. We are
currently developing routes to other P-chirogenic MOPs,
and to P-chirogenic BINAPs and examining the use of
these compounds as ligands and organocatalysts in
asymmetric synthesis.

configuration of acyclic substrates.23,25 All other proce-
dures allowed complete or partial epimerisation at phos-
phorus to occur. As can be seen from Table 1 no route
to diastereomerically pure 12b was found, with the

Scheme 4. Huang route to P-chirogenic MOP oxide.
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