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Abstract. A new series of substituted cyclo-BINOLs is described, constructed using individually fashioned
naphthol units which are tethered and oxidized to arrive at nonracemic materials. © 1998 Elsevier
Science Ltd. All rights reserved.

Since being introduced by Noyori in 1979,! BINOL continues to enjoy enormous success within
domain of asymme'tric synthesis and, in particular, as a ligand in asymmetric catalysis.> In 't'nis
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for the preparation of BINOLs, in
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3,3'-(di)substituted cyclo-BINOLs
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The naphthylic portions 2 / 3 are prepared from bromide 8, which is available in quantity
following a Diederich procedure’ starting with diol 7 (Scheme 3). Various organometallic-based
couplings with 8 (TBS ether) lead to substituted products 2 / 3 after desilylation (e.g., R = C;H,, via
Suzuki coupling® with PhB(OH),; SiEt,, via lithiation, trapping with Et,SiOTf; CH,OMOM, via
lithiation, trapping with DMF, then LiAlH,, and finally, MOM-C]; i-C,H,, via Kumada coupling® with
cat Ni(0)/:-PrMgCl).
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(commercially available)

Symmetrical precursors 9 (R’ = R”) can be obtained by simply effecting double displacement of
ditosylate 1, R = Ts with two equivalents of a naphthol in the presence of Cs,CO,. Unsymmetrical
derivatives 9 require initial exposure of monotosylate 1 (R = H) to a 2-naphthol 2 under Mitsunobu
conditions,” followed by displacement of the remaining tosylate by a second 2-naphthol 3 (Scheme 4).
In either case, transfer hydrogenation removes both benzyl ethers en route to 9, setting the stage for
the biaryl oxidation to the corresponding cyclo-BINOL system.
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Oxidations of nonracemic seco derivatives 9 to the corresponding cycle-BINOLs 4 could be
effected with Kogoa’s conper catalvst!? or in better vields and with high de’s using a slicht excess of
effected with Koga’s copper catalyst™ or, in better yields and with high de’s, using a slight excess of
Mn(III) in acetonitrile (Equation 1)." Several representative examples are illustrated in Figure 1, all of



Figure 1. New cycio-BINOLs prepared via oxidative coupling.®

Monosubstituted cycio-BINOLs:

(73%; 95% de) (71%; 93% de) (69%; 91% de)

Symmetrically disubstituted cyc/o-BINOLs:
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which suggest that placement of substituents in the 3- and 3’ sites not only is readily accomplished,
but that the binding properties of BINOL to various metals may be manipulated with greater control
based on these (or related) residues.>”* Noteworthy is the level of chiral induction in the cyclization
to the biaryl, with de’s usually around 90% or better, judging from relative peak integrations in their
500 MHz proton NMR spectra.
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i3. A representative procedure (for the preparatior C‘_y' lo-BINOL 11; ¢f. Figure 1) is as follows. Toa
solution of the precursor (200 mg, 0.334 mmol) in anhydrous acetonitrile (34 mL) in a round bottom

flask was added Mn(acac)3 (Aldnch 174 mg, 0.401 mmol) at room temperature. The stirred reaction

mixture was heated to 70 °C for 3 h after which it was cooled to rt and the solvent evaporated in vacuo.
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stirred vigorously for 2 h. The ethyl acetate layer was separated, washed with water (2 x 20 mL), and
dried over anhydrous MgSO.,. Filfration and solvent removal in vacuo afforded crude material m(hlxch

was purlhed by column chromatography (silica gel 4:1 EtOACc: pet ether) to nge a colorless solid (163
mg, 83%).



