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Abstract

The synthesis of new C,-symmetric chiral ligands consisting of two binaphthol units linked by a short
bridge is described. These ligands can be used for investigating catalytic asymmetric reactions which utilize
BINOL or related ligands as was demonstrated for the ring opening reaction of cyclohexene oxide with 4-
methoxyphenol. © 1998 Elsevier Science Ltd. All rights reserved.
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Among the most commonly applied chiral ligands in recent asymmetric catalytic
synthesis, C,-symmetric 1,1-bi-2-naphthols play a major role, with a wide range of center
metals being used as Lewis acids [1]. In many instances the catalytically active species of these
reactions is thought to contain several equivalents of ligand per metal center. For example
remarkable non-linear effects have been observed for titanium complexes used in glyoxylate-
ene reactions [2]. Similarly, investigations on heterobimetallic lanthanoid catalysts [3] by
NMR spectroscopy [4] and X-ray crystallography [5] suggested, that in many cases the
catalytically important species has three BINOL ligands coordinated to the lanthanoid center.
An even more complicated picture has been drawn for a chiral BINOL aluminium complex,
a catalyst for the 1,4-addition of Horner-Wadsworth-Emmons reagents to o,f3-unsaturated

carbonv]l comnounds. In the presence of base three d]fferent cnmnlexeq with aluminium to
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BINOL-units being linked to each other at the 6- and 6’-positions [9].
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subjected to McMurry conditions [11], but the temperature was kept below 30 °C to avoid
racemization. The coupling product 4 was obtained in up to 40% yield with partial
deprotection taking place during work up [12]. The new chiral intermediate 4 may itself be a
useful ligand for stabilizing mono- or dinuclear metal fragments. After unsuccessfully
applying several other methods, the hydrogenation of 4 to yield the targeted ligand 1 could
be achieved using PtO, / H, (30 bar) in ethanol (50% yield) [13]. Starting from 13.1 g of (R)-
BINOL we have been able to obtain 1.0 g of the C,-symmetric ebb-BINOL (R)-(R)-1 [14]
utilizing the synthetic route outlined above (8% overall yield from BINOL).
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Scheme 1. (R = -CH,0OCH;)
To improve the yield of the reaction sequence, we also developed a different route using
a VCL/LiAlH, promoted coupling as the key step [15] (Scheme 2). Reduction of 3 with
NaBH, in MeOH/THF at 0 °C yielded 3-hydroxymethyl-BINOL, which after mesylation with
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Scheme 2.
MsCI/Et,N in toluene at 0 °C, filtration of Et;N*HCI and treatment with LiBr in DMF gave S

in about 83% yield from (R)-3 [16]. Reductive coupling of 5 in THF at 50 °C for 60 min



afforded 6 in 87% yield. After deprotection, ebb-BINOL (R)-(R)-1 was obtained in an
increased overall yield of 53% starting from MOM-BINOL. The new ligands (R)-(R)-1 and
($)-(S)-1 can therefore conveniently be prepared on a useful scale [17].

To synthesize (R)-(R)-2 (methylene-bridged-bis-BINOL, mbb-BINOL), the 3-lithiated
MOM-protected BINOL (R)-7 [10] was reacted with the aldehyde 3 at -78 °C (Scheme 3).
After warming to rt and work up, the new alcohol (R)-(R)-8 was obtained in 62% yield. (R)-
(R)-8 has been easily tranformed to the new C,-symmetric chiral ketone 9 (MnO,, rt, CHCI,,
yellow crystalline solid) and may also be attached to solid support.

By treatment with sodium borohydride in trifluoroacetic acid [18] the methylene
bridged C,-symmetric ligand (R)-(R)-2 was obtained in 50% yield (pale yellow crystals) [19].
We believe that the new chiral ligands 1 and 2 can be applied for numerous metal catalyzed
reactions as the C,-axis can serve the important function of reducing the number of possible

competing diastereomeric transition states [20]. In addition 1 and 2 can be applied for

mechanistic investigations as a dissociation of derived metal complexes is very unlikely.
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(R)-BINOL as a ligand (20 mol% cat., 72 h, 48% yield, 93% ee) [21b]. As dissociation of the
(R)-(R)-1 complex is extremely unlikely, we therefore believe that the complex 13 is t
active catalyst. Further investigations are in progress.
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