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Abstract. Tethering of two equivalents of mono-protected 2,7-dihydroxynaphthalene gives an intermediate
which allows for eventual copper-catalyzed intramolecular biaryl coupling to afford a new nonracemic BINOL
documenting a new strategy to modified binaphthyl ligands. © 1997, Elsevier Science Ltd. All rights reserved.

That the 2,2"-binaphthyl system is of tremendous importance in asymmetric synthesis is hardly a
matter of debate.! Within this family of reagents lies the parent, BINOL,? uses of which continue to
provide impressive advances in chiral, nonracemic molecule constructions. But what if a modified
BINOL catalyst is desired? Classical® or enzymatic* resolution procedures may not be applicable. How
are 3,3'-disubstituted derivatives, known to modify activity, prepared?® Typically, expensive BINOL is
the starting material. And how would an unsymmetrically (e.g., 3-) mono-substituted derivative of
nonracemic BINOL be realized?* Other noteworthy features not easily addressed with BINOL include:
(1) How can its solubility characteristics be altered?; (2) How can BINOL be attached to a Merrifield
(heterogeneous)’ or PEG (soluble)® polymer support? Lastly, what are the prospects for incorporating
these features into the corresponding BINAP system? It is toward these goals that we now describe our
preliminary results; that is, the successful demonstration of an intramolecular biaryl coupling strategy
initially leading to a new nonracemic BINOL equivalent, a strategy which has the potential for
applications to more highly substituted analogs of both the BINOL and BINAP arrays (Scheme 1).
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Several desirable features were initially outlined at the planning stage of ligand design. Chief
among these was the source of chirality in the tether, which was anticipated to arise from a Sharpless
asymmetric dihydroxylation (AD),’ rather than, e.g., a carbohydrate precursor, which might require
extensive manipulation. Moreover, since the tether remains as part of any néw BINOL system,
competition for metal complexation by oxygen atoms therein must be minimized. Lastly, the sequence
should rely on readily available, inexpensive chemicals and provide optically pure material.

Starting with commercially available E-8-hydromucconic acid 1, esterification and LAH
reduction gave diol 2 (Scheme 2). A double Mitsunobu reaction™ using monosilylated naphthalene-
diol" 3 afforded 4 and set the stage for the Sharpless AD. Using AD-mix-B,’ diol 5 was obtained, which
by F NMR analyses of the bis Mosher’s ester,'? appears to be a single enantiomer. Acetonide
formation and fluoride-based desilylation resulted in the biaryl precursor 6.

Exposure of 6 in CHClp (0.001 M) to 8 mol % CuCl(OH)*TMEDA complex® in the presence of

%0, gives rise to the desired 8cyclo-BINOL™7 in 90-95% isolated yield as a 12:1 mix of separable
diastereomers (Equation 1). Use of concentrations greater than 0.001 M led to increasing amounts of
polymeric, baseline materials. Addition of precursor 6 via syringe pump, however, allowed for
realization of 7 at final concentrations of 0.01 M. Other metal salts (e.g. Mn(II),™" Fe(III)"™# salts, etc.)
commonly used for these purposes, required in stoichiometric amounts, gave inferior yields of biaryl.

To test the effectiveness of 7, Keck allylations'*® were performed in side-by side experiments
along with optically pure BINOL. As illustrated in Scheme 3, identical results, both in terms of yields
and ee’s, were realized employing either benzaldehyde or cyclohexanecarboxaldehyde as educt.” In
line with these observations, a Chem3D" view of tethered biaryl 7 appears to be superimposable with
that of BINOL (Figure 1). When the 12 : 1 mix of (RRR) : (RRS) isomers 7 (i.e., 85% de, Eq. 1) was
applied to benzaldehyde, the product' obtained (86%) was of comparable ee (92%), suggesting a
nonlinear effect (NLE)" as seen previously in these allylations with the parent BINOL.”

[R-BINOL}

} 2.92A

7 [R.R,R-cyclo-BINOL}




755

o0~ ‘ ‘ ~OTBS
COH 4 meOH CHZOH
cat H* 1. PPhy, DIAD AD-mix-B
| —_— | | —_—
2. LAH 2. Homorss H,0, +-BuOH
(o}

COH CH,0H orBS
1 2 (75%) 3
4(80%)

G O W 2.,
AR — X

OO OTBS 2. TBAF OH
5 (80%, >99% ee) 6 (95%)

oH 8% CuCKOH)-TMEDA
s 'C 106 SR jeeg

..........................................................................................................

Scheme 3
AN-SnBus HO
0
20 mol % L* H
HJ\H 10 mol % THO-£Pr), R/!\/\
CHoCly, -20°, 2d
Ligand (L*) Yield (%) o0 (%) RCHO
15 CHO
R-BINOL [ 98 95 (Iit?rat.lre)
84 95  (this work)
(R.R,R)-cyclo-BINOL 7 84 95 (this work)
59 (iterature)’> CHO
R-BINOL [ 56 88 (this work)
(R.R.R)-cyclo-BINOL 7 58 85 (this work)



756

In summary, the synthesis of the first member of the cyclo-BINOL series," 7, described herein

represents a “proof of principle” example of our approach toward a wealth of novel, finely tuned,
nonracemic BINOLs.* Compound 7 is a white, stable solid (mp 118-120 °C) which can be prepared in
six steps in 41% overall yield. Its synthesis relies on readily available and inexpensive materials.
Further developments of this and related routes to substituted cyclo-BINOL and derived cyclo-BINAP?
analogs will be reported in due course.
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