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Abstract

Optically active fluorine-containing alcohols have been synthesized in high enantiomeric
excess by the catalytic enantioselective addition of dialkylzincs to fluorine-containing
aldehydes.

Optically active fluorine-containing compounds have attracted consid-
erable interest in many fields [1] such as biologically active compounds [2],
liquid crystals [3], polymers [4], etc. Among fluorine-containing compounds,
optically active fluorine-containing alcohols (3) are one of the most important
synthetic intermediates. However, the methodology for the asymmetric syn-
thesis of 3 has been limited to certain biological methods [5] and the
enantioselective reduction of fluorine-containing ketones using a stoichiometric
amount of a chiral auxiliary [6].

In contrast, we have reported the enantioselective addition of organozinc
reagents to aldehydes using N, N-dibutylnorephedrine (DBNE) [7] and (S)-
(+)-diphenyl(1-methylpyrrolidin-2-yl)methanol (DPMPM) [8] as chiral cat-
alysts.
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Scheme 1. Catalytic enantioselective addition of dialkylzinces to fluorine-containing aldehydes.
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We report here the catalytic asymmetric synthesis of 3 by the highly
enantioselective addition of dialkylzincs to fluorine-containing aldehydes using
DBNE and DPMPM as chiral catalysts (Scheme 1).

‘When p-trifluoromethylbenzaldehyde was treated with diethylzine in hex-
ane at 0°C in the presence of (1S,2R)-(—)-DBNE (6 mol%), (S)-1-(p-tri-
fluoromethyl)phenylpropanol was obtained in 92% yield and 91% enantiomeric
excess (Table 1, entry 1). It was found that the lithium salt of (S)-(+)-
DPMPM was also effective in affording the corresponding fluorine-containing
alcohol in 91% enantiomeric excess (Table 1, entry 5).

On the other hand, treatment of other dialkylzincs (Me,Zn, nBu,Zn) with
p-trifluoromethylbenzaldehyde at 0 °C in the presence of 6 mol% of (1S,2R)-
(—)-DBNE in hexane afforded the corresponding fluorine-containing optically
active alcohols in high enantiomeric excess (entries 2—4).

The method was also applicable to the asymmetric synthesis of optically
active fluorine-containing aliphatic alcohols. Thus, the enantioselective ad-
dition of Et,Zn to the aliphatic fluorine-containing aldehydes using 6 mol%
of (15,2R)-(—)-DBNE afforded the corresponding optically active aliphatic
alcohols in good to high enantiomeric excesses (entries 9,10).

The following procedure is typical (Table 1, entry 6). To a solution of
(—)-DBNE (6 mol%, 0.06 mmol) in hexane (2.0 ml) was added p-fluoro-
benzaldehyde (1 mmol). The mixture was stirred at room temperature for
20 min, then Et,Zn (2.2 mmol, 2.2 ml of 1 M hexane solution) was added
at 0 °C. The reaction mixture was stirred at 0 °C for 24 h, and was quenched
with 1 M HCI. The mixture was extracted with dichloromethane, the extract
dried over anhydrous Na,SO, and the solvent evaporated under reduced
pressure. The residue was purified by silica gel TLC [hexane-—-AcOEt 4:1
(v/v) as developing solvent].

As described above, optically active fluorine-containing alcohols were
obtained by the enantioselective addition of dialkylzincs to fluorine-containing
aldehydes in good to high enantiomeric excesses using DBNE and DPMPM
as chiral catalysts. Because both enantiomers of DBNE and DPMPM are
available*, either enantiomer of 3 of the desired configuration can be syn-
thesized using the appropriate enantiomer of the chiral catalysts.

References

1 (a) P. Bravo and G. Resnati, Tetrahedron Asymm., 1 (1990) 661; (b) N. Ishikawa, Kagaku
To Seibutsu, 22 (1984) 93.

2 J. T. Welch, Tetrahedron, 43 (1987) 3123.

3 D. M. Walba, H. A. Razavi, N. A. Clark and D. S. Parmar, J. Am. Chem. Soc., 110 (1988)
8686.

4 (a) T. R. Doyle and O. Vogl, J. Am. Chem. Soc., 111 (1989) 8510; (b) T. Kitazume,
T. lkeya and T. Sato, J. Fluorine Chem., 36 (1987) 225.

*Commercially available from Tokyo Kasei Inc.



5 (a) M. Bucciarelli, A. Forni, 1. Moretti and G. Torre, J. Chem. Soc., Chem. Commun.,
(1978) 456; (b) M. Bucciarelli, A. Forni, 1. Moretti and G. Torre, Synthesis, (1983) 897;
(c¢) T. Kitazume and T. Kobayashi, Synthesis, (1987) 187; (d) T. Kitazume, T. Yamazaki
and J. T. Lin, J. Org. Chem., 52 (1987) 3211.

6 D. Nasipuri and P. K. Bhattacharya, Synthesis, (1975) 701; G. R. Newkome and C. R.
Marston, J. Org. Chem., 50 (1985) 4238.

7 (a) K. Soai, S. Yokoyama, K. Ebihara and T. Hayasaka, J. Chem. Soc., Chem. Commun.,
(1987) 1690; (b) K. Soai, M. Watanabe and M. Koyano, J. Chem. Soc., (1989) 534; (c)
K. Soai, S. Niwa and T. Hayasaka, J. Chem. Soc., (1990) 709; (d) K. Soai, H. Hori and
M. Kawahara, Tetrahedron Asymm., 1 (1990) 769; (e) K. Soai and Y. Kawase, J. Chem.
Soc., Perkin Trans. 1, (1990) 3214.

8 (a) K. Soai, A. Ockawa, K. Ogawa and T. Kaba, J. Chem. Soc., Chem. Commun., (1987)
467; (b) K. Soai, A. Ookawa, T. Kaba and K. Ogawa, J. Am. Chem. Soc., 109 (1987) 7111;
(c) K. Soai and S. Niwa, Chem. Lett., (1989) 481; (d) K. Soai, Y. Kawase and S. Niwa,
Heterocycles, 29 (1989) 2219.



