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Nucleophilic substitution of aromatic fluorine in FgBINOL offers the possibility of selectively introducing a variety of substituents at the 6, 6',
7, and 7' positions. The configurational integrity of the homochiral precursors is maintained under the conditions described, allowing one to
carry out these modification protocols on a microscale without the need for subsequent resolution steps. The resulting chiral ligands have
been investigated as precursors to new asymmetric catalysts.
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number of modifications of the BINOL scaffold aimed at resulting chiral ligands have been investigated as precursors
improving catalytic performance have been documehwe. to new titanium-based catalysts. Worthy of note, the 7 and
recently reported the synthesis and first catalytic applications 7' positions cannot be accessed through direct electrophilic
of FgBINOL (2a), an isostere of BINOL with modulated modification routes that are commonly used in order to
modify BINOL. Most importantly, the configurational in-

F tegrity of the homochiral precursors is not perturbed under
OO the conditions described herein. More forceful conditions
F 2 X gz ;: aH allow one to introduce substituents into the 6 ahgditions.

F X 2c X=OMe Nucleophilic displacement of aromatic fluorine is a well-
F OO 2d, X=0Bn known reaction with a wide scope and utilfty variety of
F > nucleophiles are known to participate in this chemistry. When

5,5',6,6',7,7',8,8'-octafluoro-1,1'-binaphthyl (2b) was sub-
jected to the substitution protocol with sodium methoxide,
the nucleophilic displacement of fluorine did take place but
a complicated mixture of poly(methoxylated) products
signaled lack of regioselectivity. Gratifyingly, the presence
of the methoxy substituents at the 2 angasitions in bis-
(methyl) ether2c was sufficient to secure high regioselec-
tivity of the methoxylation reaction (Scheme 1). Double
substitution resulted in the 7;Bis(methoxy) producBain

coordination preferences and remarkable configurational
stability under a wide range of reaction conditidnghe
application of2a in titanium-catalyzed asymmetric sulfide
oxidation with organic hydroperoxides revealed increased
activity of the derived catalyst compared to that of BINOL.
The opposite sense of chiral induction in asymmetric
sulfoxidation was observed for BINOL angdBINOL of the
same absolute configuration, indicating significant difference
in the ”at“.re of the catalytically active species Ob_tamed from (3) For representative applications of BINOL derivatives in asymmetric
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good chemical yield and with high regioselectivity which The utility of the poly(alkoxylated) ligands in asymmetric
was elucidated by single-crystal X-ray analysis (Figuré 1). catalysis was examined using diethylzinc addition to alde-
hydes (Scheme 2).We have observed high levels of
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Figure 1. Molecular structure oBa. (CH,Cl,) R 2R

(Ry2a 77(S)
(R-4a 51(S)

This process should enable one to select appropriate nucleo
philes in order to modulate steric requirements of the
F.BINOL system by remote substitution. The major byprod- enantioselectivity in titanium-catalyzed addition of diethyl-
uct of this process is the 6,8,7'-tetramethoxylated deriva-  zinc to aldehydes using the hexafluoro derivathaeunder
tive. In fact, subjectin@ato further methoxylation afforded  the conditions where formation of the monomeric catalyst
compounds5 in 32% yield. This reaction was slower than precursors of 1:1 composition is favored (7:1 Ti/L rafi®).
the first one and required 5 days to completion. Preliminary The enantioselectivity of this process was found to be the
results indicate that sulfur- and nitrogen-based nucleophilessame as in the case ofBiINOL, indicating that steric effects
also participate in this substitution chemistry, albeit in lower at remote positions are relatively insignificant in this case.
yields. On the other hand, catalytic asymmetric oxidation of methyl
Other alkoxy nucleophiles behaved in a manner similar p-tolyl sulfide revealed a significant difference betweien
to that of sodium methoxide (Scheme 1). However, subse-and4a. The enantioselectivity with théa/Ti catalyst was
quent demethylation with boron tribromide suffered from only 51% (EBINOL: 77%ee) with the same sense of chiral
poor chemoselectivity despite the anticipated reactivity induction? Despite this unsatisfactory result, it is clear that
difference between the two halves of the aromatic system bis-substitution may lead wifferentcatalytic activity, which
in 3a due to the electron-poor character of the fluorinated is in fact encouraging and warrants the need for high-
ring. Thus, it is essential to use the bis(benzyl) efliewhich throughput reaction screening protocols with the catalysts
benefits from selective deprotection via hydrogenation and produced using the outlined chemistry. Our current efforts
leads to ligandta via 3e. The 7,7'-bis(ethoxy) and 7,7'-bis- are directed toward other catalyst systems which are sensitive
(isopropoxy) ligandstb and 4c were obtained fron2d in to steric effects at remote positions.
79% and 77% yields, respectively (see Supporting Informa- In summary, the outlined chemistry should provide a
tion). Most importantly, no racemization was observed in convenient method for introducing diverse substituents into
the course of any of these substitution processes (monitoredhe 7 and 7'positions which should in turn facilitate
by chiral HPLC) when enantiomerically pure precursors were positional scanning protocols fogBINOL as well as help
used in the alkoxylation reaction. Similar to the casQaf place a binding site in that region. It should now become
we attribute this configurational stability to the electronic possible to “fine-tune” sterics through 7 andstibstitution.

effect of aromatic fluoriné. Another potentially useful extension of this methodology is
(7) Crystal Data forl Cp4H1604Fs, M = 482.37, orthorhombic, space (8) For examples, see: (a) Chow, H. F.; Ng, M. Ketrahedron:
groupPbca, (No. 61)T = 100(1) K,a = 8.3124(2),b = 16.8836(3)c = Asymmetry1996,7, 2251. (b) Ng, M.-K.; Chow, H.-FTetrahedron Lett.
28.9812(6) AV = 4067.32(15)(2) A Z=8,D; = 1.575 g cm?, u(Mo 1996, 37, 2979. (c) Zhang, F. Y.; Yip, C. W.; Cao, R.; Chan, A. S. C.
Ka) = 0.143 mnr?, 31743 reflections collected, RE 0.0696, wR2= Tetrahedron: Asymmetrd997 8, 585. (d) Mori, M.; Nakai, T Tetrahedron
0.1187 for all 3584 independent reflections, [R10.0461, wR2= 0.1074 Lett. 1997,38, 6233. (e) Yang, X. W.; Sheng, J. H.; Da, C. S.; Wang, H

for 2694 data withF >40(F,)]. The data that were collected on a Nonius ~ S.; Su, W.; Wang, R.; Chan, A. S. G. Org. Chem2000, 65, 295. (f)
Kappa-CCD were integrated and scaled using the DENZO-SMN package Yang, X. W.; Su, W.; Liu, D. X.; Wang, H. S.; Shen, J. H.; Da, C. S;
(Otwinowski, Z.; Minor, W.Methods Enzymoll997,276, 307—326). The Wang, R.; Chan, A. S. Cletrahedron2000,56, 3511. (g) Nakamura, Y.;
structures were solved and refined using SHELXTL V5.0 (Sheldrick, G. Takeuchi, S.; Ohgo, Y.; Curran, D. Petrahedron Lett2000,41, 57.

M. SHELXTL\PC V5.1, Bruker Analytical X-ray Systems, Madison, WI, (9) Studies aimed at understanding the effect of remote substitution on
1997). kinetic resolution of sulfoxides in this system are in progress.
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tional integrity of the ligand core in the course of the
substitution process is the key advantage that enables one
to run these reactions on a sub-millimole scale with no
requirement for a subsequent resolution step, impossible to
carry out in a high-throughput fashion. The outlined chem-
istry should also find use in “noncatalytic” applications of
the binaphthol scaffold, such as molecular recognition and
design of novel material®. OL006428K
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