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ABSTRACT

The synthesis of several phosphaferrocene-oxazolines, members of a new family of planar-chiral ligands, is described. These bidentate P,N-
ligands are applied to enantioselective palladium-catalyzed allylic alkylations, for which it is shown that the planar-chirality of the
phosphaferrocene, not the chirality of the oxazoline, determines the stereochemical outcome of the reaction.

In 1998, we described the use of bisphosphine ligand1 in
the rhodium(I)-catalyzed enantioselective hydrogenation of
dehydroamino acids, the first effective application of a
planar-chiral phosphorus heterocycle in asymmetric cataly-
sis.2 More recently, Ganter has reported a palladium-
catalyzed enantioselective allylic alkylation with phospha-
ferrocene 2,3 and we have documented an asymmetric
isomerization of allylic alcohols to aldehydes catalyzed by
Rh/1.4

Phosphaferrocene ligands differ significantly from tertiary
phosphines, which are the most widely employed ligands in
asymmetric catalysis. For example, unlike the sp3-hybridized
phosphorus of a typical tertiary phosphine, the sp2-hybridized
phosphorus of a phosphaferrocene has a marked propensity
to engage in metal-to-phosphorusπ back-bonding,5 a stabi-

lizing interaction that can organize a metal-phosphaferro-
cene complex. Furthermore, the phosphorus atom of phos-
phaferrocenes1 and2 is stereogenic, whereas the phosphorus
atom of most chiral tertiary phosphines is not.

During the past decade, oxazolines have emerged as
extraordinarily versatile chiral ligands in asymmetric cataly-
sis.6,7 In view of this exceptional utility, as well as the
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increasing number of applications of P,N bidentate ligands,8

we have recently initiated a program focused on the
development of chiral phosphaferrocene-oxazolines. In this
communication, we describe the synthesis and the application
in asymmetric catalysis of the first members of this new class
of ligands (eq 1).

Acylation of phosphaferrocene39 with trifluoroacetic
anhydride furnishes trifluoromethyl ketone4 (Figure 1),

which we have converted to the target oxazoline in a
straightforward process. Thus, reaction of the ketone with
the dianion of an amino alcohol,10 followed by activation of
the hydroxyl group and cyclization, provides diastereomeric
phosphaferrocene-oxazolines that are separable by column
chromatography. Through this general pathway, we have
synthesized new enantiopure bidentate ligands derived from
valinol (6a, 6b) andtert-leucinol (7a, 7b). The X-ray crystal
structure of phosphaferrocene-oxazoline7b is illustrated in
Figure 2.

With the target ligands in hand, we have turned our
attention to investigating their potential in asymmetric
catalysis; as a starting point, we chose to explore enantiose-
lective palladium-catalyzed allylic alkylations.8 With valinol-
derived phosphaferrocene-oxazoline6a, we obtain moderate
ee in the reaction of dimethyl malonate with 1,3-diphenylallyl
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Figure 1. Synthesis of chiral phosphaferrocene-oxazolines.

Figure 2. ORTEP illustration, with thermal ellipsoids drawn at
the 35% probability level, of phosphaferrocene-oxazoline7b.
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acetate (68% ee; Table 1, entry 1). When we employ
diastereomeric ligand6b, which differs only in the stereo-
chemistry of the planar-chiral phosphaferrocene subunit, we
observe enhanced and opposite enantioselectivity (79% ee;
entry 2). The fact that the opposite enantiomer is favored
establishes thatthe planar-chirality of the phosphaferrocene,
not the chirality of the oxazoline, is the dominant stereo-
control element.The greater ee for ligand6b, relative to6a,
indicates that for ligand6b the planar-chirality and the
chirality of the oxazoline are working in concert to prefer-
entially generate theSproduct. Even with an extremely bulky
oxazoline substituent (tert-butyl;7a and 7b), the planar-
chirality of the phosphaferrocene subunit, not the chirality
of the oxazoline, is clearly dominant (entries 3 and 4).

It is worthwhile to contrast ligands6 and7 with related
ligands. Helmchen, Pfaltz, and Williams have established
that the oxazoline chirality of bidentate P,N-ligand8 (Figure
3) furnishes exceptional stereocontrol in palladium-catalyzed
allylic alkylations (ee’s as high as 99%).11 Furthermore, Ahn
and Park (M) FeCp)12 and Helmchen (M) Mn(CO)3)13

have demonstrated that the chirality of the oxazoline subunit,
not the planar-chirality, is the primary determinant of the
stereochemical outcome of allylations catalyzed by Pd/9. In
contrast, for our bidentate P,N-ligands, the chirality of the
oxazoline plays only a minor role in the stereochemical

course of the allylic alkylation, which is largely controlled
by the planar-chiral phosphaferrocene subunit (Table 1).14,15

In conclusion, we have synthesized several planar-chiral
phosphaferrocene-oxazolines, members of a new class of
P,N-ligands. In a preliminary study, we have applied these
ligands to enantioselective palladium-catalyzed allylic alky-
lations, and we have determined that the planar-chirality of
the phosphaferrocene, not the chirality of the oxazoline, is
the dominant stereocontrol element. In view of the steric
tunability of planar-chiral heterocycles,16 we are optimistic
that phosphaferrocene-oxazolines will prove to be useful
ligands in asymmetric catalysis.
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Table 1. Enantioselective Allylic Alkylation with Chiral
Phosphaferrocene-Oxazoline Ligands6 and7a

entry ligand time (h) yield (%) ee (%)

1 6a 16 80 68 (R)
2 6b 4.5 94 79 (S)
3 7a 36 70 73 (R)
4 7b 4.5 92 82 (S)

a All data are the average of two runs. The yields that are reported are
isolated yields.

Figure 3. Stereocontrol by oxazoline chirality versus by planar-
chirality.
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