6
Catalysis with binaphthyl ligands
· Chiral catalysis depends on low concentration of expensive material

· Limited number of transition metals

· More than 2000 chiral ligands

Why are they necessary?
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[image: image1.wmf]Large variation of induced diastereo/enantioselectivity with small changes in substrate structure
Synthesis and structure
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See:

Org Synth, 1988, 67, 1, 13, 20.







Cai:
J Org Chem, 1994, 59, 7180-2.

Useful because biaryl can take large amount of torsion - many metals can be accommodated.

BINOL complexes well with the oxophilic metals: B, Al, Zr, Ti, Sn, La, Yb.

BINAP complexes well with the 8th Transition Group: Pd, Rh, Ru.

Preparation of complex: mix the ligand and a metal salt.
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Examples:
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See:
ChemTracts, 1997, 10(7), 519-521.


Transfer of chirality:

Ligand --> metal  --> other ligands/substrate:
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Immobilized BINOL ligand
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Synthesis of 4
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Yang et al., J Org Chem, 2000, 65, 295-296.

(R)-BINAP catalyst:
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BINAP catalysts are excellent for asymmetric reductions of C=C and C=O:




See:
Noyori:
Acc Chem Res, 1990, 23, 345.





Noyori:
Bull Chem Soc Japan, 1995, 68, 36.





Tokunaga:
J Amer Chem Soc, 1995, 117, 2931.





Ohkuma:        J Amer Chem Soc, 1995, 117, 2675-6.
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See also:
Yanagisawa:
J Amer Chem Soc, 1996, 118, 4723.

Chirality transfer
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This high asymmetric induction is explained by steric interactions between substrate and P-bound phenyl groups. Complexation is such that steric interaction with the blocked quadrant is a minimum, e.g. with the (R)-BINAP the re face of carbonyl groups is always attacked.




See:
Kitamura:    J Amer Chem Soc, 1988, 110, 629-631.

7
Applications of the Weiss reaction
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Synthesis of fused cyclopentanes:
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See:
Weiss&Edwards: 
Tetrah Lett, 1968, 4885.
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Detailed study by Weiss&Cook:
Tetrah, 1981, 37, 4521:
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Low yield


Can now optimize: buffer at pH 6 or 8.
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See:
van Ornum et al., J Chem Soc, 
Perkin I, 1997, 3471-3478.

Application:

[image: image9.wmf]all-cis-[5.5.5.5]-fenestrane
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See:
J Amer Chem Soc, 1985, 107, 4786.







Tetrah Lett, 1985, 26, 4863.

8
 (-Hydroxylation of carbonyl compounds

The problem:
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Important in natural product synthesis

Strategy:
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i.e. Umpolung of O.

Using the Vedejs reagent MoO5.py.HMPT:
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Disadvantage: Low yields with methyl ketones due to selfcondensation/overoxidation to diketone.

Using 2-sulphonyloxaziridine:
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