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Abstract

Novel axially dissymmetric ligands (1) with two more chiral carbons were synthesized through homo-coupling
of o-bromo-(R or $)-(2,2,2-trifluoro-1-acetoxyethyl)benzene. A high asymmetric induction was accomplished
using 5 mol% of the Ti complex of this ligand for the reaction of benzaldehyde with Et,Zn giving 85% ee of
1-phenylpropanol in 97% isolation yield. © 1999 Elsevier Science Ltd. All rights reserved.

An enantioselective synthesis using a transition metal or Lewis acid catalyst chelated with chiral
ligands is one of the most important fields in recent organic chemistry. One of the most important
ligands widely used is BINOL, an axially dissymmetric ligand with C» symmetry. Now, we would like
to report the synthesis and use of another axially dissymmetric ligand with two more chiral carbons and
C, symmetry.

We expected that the biphenyl with two chiral 2,2,2-trifluoro-1-hydroxyethyl (TFHE) groups (1) shown
in Fig. 1 would be highly effective as a ligand, since these are axially dissymmetric and have two more
chiral carbons. Like BINOL these also have C, symmetry. Trifluvoromethyl groups are fairly large and
highly electronegative, giving the hydroxyl groups comparable acidity to the hydroxyl group of phenol.
These characteristics of compound 1 provide a more effective asymmetric space as a ligand than BINOL.
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With these expectations, we started synthesis of 1. o-Dibromobenzene (2) was lithiated
with butyllithium,! followed by treatment with ethyl trifluoroacetate, to give 2’-bromo-2,2,2-
trifluoroacetophenone (3) in 99% yield. Enantioselective reduction of 3 with catecholborane in the
presence of (R)- or (S)-2-methyl-5,5-diphenyl-3,4-propano-1,2,3-oxazaborolidine,? gave (S)- or (R)-
2,2,2-trifluoro-1-(2-bromophenyl)ethanol (4), respectively. After protection of the hydroxyl groups of
4, the bromo compound (5) was subjected to a homo-coupling reaction using activated copper.* The
reactions from each chiral 4 proceeded successfully to give a single diastereoisomer (6) without loss of
enantiomeric excesses’ of the chiral centers. The formation of one diastereomer means that the coupling
reaction occurred in high diastereoselectivity. This selectivity might be due to a strong repulsive effect
between CF; groups. Finally, the acetyl groups of 6 were removed by LiOH in MeOH to give both
the novel axially dissymmetric ligands (R)-(R);- and ($)-(5)2-1° in >95% diastereomeric excess. The
absolute configuration around the dissymmetric axis of (5)-(5)2-1 was determined by X-ray analysis. All
of the results are shown in Scheme 1.
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Scheme 1.

To evaluate the efficiency of 1 as a chiral ligand, the reaction of benzaldehyde with diethylzinc in the
presence of titanium tetraisopropoxide was carried out. Our results are shown in Scheme 2.
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Scheme 2.

The reactions proceeded within 3 hours at —30°C quantitatively to give either enantiomer of 8 with
high ee.” Namely, (R)-(R)2-1 gave (5)-8, and (S)-(S);-1 gave (R)-8. Only 5 mol% amounts of 1 gave
85% ee. Nakai et al.® have reported that 8 of 85% ee was obtained using 10 to 20 mol% of Ti-BINOL.
These facts suggest that 1 could work as a better ligand in some reactions than BINOL. Seebach et al.’
have reported that the same reaction in the presence of TADDOL gave 8 with a much higher ee than
our results. However, our experiment is a preliminary one using the reagent of 95% ee. Our total yields
are better than those reported by Seebach et al. We anticipate that use of enantiometrically pure 1 would
improve the ee of our reaction, and purification of 1 is now in progress.
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