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Abstract: Short and efficient synthescs of two ncw optically active bipyridines have been accomplished using o-pinene
as source of chirality. The new bipyridines allow casy access to chiral helicating and caging ligands of sterically well
defincd shapes and propertics.

In the last few years, many new and interesting ligands, such as helicands and caging ligands, have been
described.!:2 Metal complexes of these ligands 34 or interactions with guest molecules have been reported.
Most of the above mentioned ligands lead to chiral complexes or host-guest structures, but, due to the lack of
optical activity of the ligands, only in the racemic forms.

We have now synthesised two new bipyridine derivatives, abbreviated as 6-CHIRABIPY 1 and 4-
CHIRABIPY 2, which contain rigid and chiral pinene type frameworks. Both molecules can be transformed
casily to other chiral bipyridines. Deprotonation with LDA of 1 and 2 occurs 100% regiospecifically at the
indicated positions. In a second step, the anions can be transformed stercospecifically in substitution or
addition reactions in high yields. NOE experiments on the methylated 1 and 2 show, that the lithiated 1 and 2
substitute on the sterically less hindered side. The important feature is, that the substituents point out of the
aromatic plane in a conformationally fixed way, which enables the synthesis of chiral ligands with well defined

shapes and properties.
\
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16 and 27 were synthesised in two step reactions using a-Pinene 3 (commercially available in high
optical purity in both enantiomeric forms) as source of chirality (scheme 1, 2):
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Scheme 1. a) 107, Ac;0, DMAP, CH,Cly, 20°C, 2h Lit.3; b) 2-acetylpyridinepyridinium iodide,?
NH4OAc, formamide, 100°C, 12h, 55% yield.
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Scheme 2. c) SeO,, t-BuOOH, CH;Cl,, 35°C, 48h, Lit.10. d) 2-acetylpyridinepyridinium iodide,?
NH,4OAc, formamide, 70°C, 6h, 75% yield. Alternatively natural (1R)-(-)-myrtenal § can be used directly in a
one step reaction.

The enantiomeric excess of 1 and 2 has been determined by complexation with optically pure A-
Ru(phenanthroline),(pyridine);Cl, as nmr-shift reagent.!!
1 was synthesised from (1S)-(-)-a-Pinene (Fluka, [ct]p20 -42° (neat), purum). Determined ee of 1: > 80 %.
2 was synthesised from (1R)-(-)-Myrtenal (Aldrich, [a]g2 -15° (neat), purum). Determined ee of 2: > 90 %.
The enantiomeric purity of the new bipyridines depends on the purity of the chiral precursors. o-pinene with
high optical purity (up to 9% ee) can be obtained via the formation of diisopinocampheylboranes.12

In a typical synthesis of a chiral helicand, 10 mmol of 2 in 50 ml THF were deprotonated with 11 mmol
of I ithiumdiisopropylamide (LDA) by stirring for 2 h at -40°C under nitrogen. At the same temperature, 5
mmol of 1,6-dibromohexane were then added. After 30 min the temperature was raised to about 20°C and
and the solution was stirred for 24h. The THF was removed under reduced pressure and 40 ml of water was
added to the residue. The slurry was extracted 3 times with 40 ml portions of dichloromethane. The organic
phase was dried over MgSOy4 and concentrated. The residue was purified by silica gel column chromatography
(hexane-ethyl acetate). The synthesis afforded 613 in 78% yield (scheme 3).
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Scheme 3. Alkylation of 2 with 1,6-dibromohexane and formation of a C2-symmetrical helicand.

Interesting applications of ligand 6 are e.g. the syntheses of metal complexes such as [Ru(6)(CO)2]12+

(Figure 1), where the two chelating bpy units coordinate in a sterically predetermined helical fashion. 6 acts
thereby as a "chiral basket".14

Figure 1. Stereo pair of the C2-symmetrical complex A—[Ru(6)(CO)2]2+.

The complex was characterised by 1H-NMR including NOE experiments, FAB-MS, UV/VIS and CD-
spectroscopy. Such complexes are now used as enantiomerically pure building blocks for the synthesis of
isomerically pure polynuclear species.!d

1, 2 and their derivatives are also under investigation in chiral host - chiral guest recognition experiments and
as auxiliary ligands in enantioselective catalysis.
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