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ABSTRACT

The title bipyridine ligand (+)-6(PINDY), prepared in five steps from (−)-â-pinene, forms a stable complex with CuCl2 (8) that has been characterized
by X-ray crystallography to reveal an unusual geometry at Cu. Triflate 9 proved to catalyze asymmetric allylic oxidation (10 f 11; rt, ∼30 min,
49−75% ee).

Transition metal complexes with sp2-nitrogen as the ligating
atom(s) constitute an important class of chiral catalysts1 in
which substituted oxazolines and bisoxazolines play the
prime role.2 By contrast, 2,2′-bipyridyl and 1,10-phenan-
throline3 received much less attention in asymmetric catalysis
owing to the difficulties associated with their conversion into
chiral molecules.4-12 Herein, we report on an expedient
synthesis of the bipyridine ligand6 (PINDY),13 derived from

(-)-â-pinene, and its application in asymmetric allylic
oxidation.

The C2-symmetrical ligand (+)-6 was synthesized via
annulation of the pyridine ring to a building block originating
from the chiral pool (Scheme 1): (-)-â-Pinene (-)-1was
oxidized (OsO4, NaIO4, Me3NO, t-BuOH, H2O, 80°C, 2 h)
to produce (+)-nopinone (+)-2 (64%),14,15 which was
converted into oxime3 (NH2OH‚HCl, pyridine, ethanol).16

Reduction of the latter oxime with powdered iron in the
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presence of acetic anhydride17 (Fe, Ac2O, toluene, AcOH, 0
°C, 10 min)18,19 led to enamide4 (90%), which afforded the
chloropyridine derivative5 (70%) under the conditions of
Vilsmeyer-Haack reaction (HCONMe2, POCl3, 0-5 °C, 1

h).20 Stoichiometric, nickel(0)-mediated coupling of5 (NiCl2,
Ph3P, Zn, DMF, 60°C, 18 h) furnished a mixture of the
reduction product7 (32%) and the desired dimer (+)-6
(50%).21,22

Refluxing (+)-6 (PINDY) with CuCl2‚H2O in CH2Cl2-
EtOH for 12 h (Scheme 2) resulted in the quantitative

formation of8 (75% after recrystallization).23 Single-crystal
X-ray analysis of the latter complex revealed an unusually
distorted geometry at the metal center (Figure 1),24 which
may have interesting implications for its catalytic activity.25

To explore the catalytic potential of copper complexes of
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Scheme 1
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Figure 1. ORTEP diagram of8‚CH2Cl2 showing the atom labeling
scheme. Displacement parameters are shown at the 30% probability
level. H atoms are shown as spheres of arbitrary radius.
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one of the reactions that have not yet been developed at a
satisfactory level. The catalysts reported to date26 often
require several days to allow completion of the reaction26a

and, as a rule, the enantioselectivity does not exceed∼80%
ee.26 To increase the reactivity of the Cu/PINDY catalyst,
triflate analogue9 was generated from (+)-6 and Cu(OTf)2.
Complex9 was then reduced in situ with phenylhydrazine
to the corresponding Cu(I) species. Oxidation of cyclohexene
(10b) with tert-butyl peroxybenzoate, carried out in the
presence of 1 mol % of the catalyst thus generated, proved
to be complete withine30 min at room temperature, giving
(S)-(-)-11b (96%, 49% ee). Improved enantioselectivity
(55% ee) was observed at 0°C, but the reaction required 5
h in this instance27 (Scheme 3).28,29 Similar results were

obtained with cyclopentene10a (48% ee at rt and 59% ee
at 0 °C).30 Cycloheptene, on the other hand, exhibited a
substantially better enantioselectivity (62% ee at rt and 75%
ee at 0°C).30 In all cases the reaction was significantly slower
at 0 °C (5-10 h).

In conclusion, novel,C2-symmetrical bipyridine ligand
(+)-6 (PINDY) has been prepared from (-)-â-pinene via a
de novo construction of the pyridine ring followed by Ni-
(0)-mediated dimerization. This ligand has been found to
form a stable complex with CuCl2 (8) that exhibits an unusual
geometry at Cu, as revealed by X-ray crystallography.
Triflate 9 proved to catalyze asymmetric allylic oxidation
(10 f 11) with high efficiency and good enantioselectivity.
These promising results suggest that optimization of the
counteranion31 and of the ligand may lead to a very efficient
catalytic system.32,33
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