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Abstract

Reduction of BINOL, BINAM and NOBIN with Raney Ni–Al alloy in dilute NaOH aqueous solution
results in the formation of H8-BINOL, H8-BINAM and H8-NOBIN in 60–86% isolated yields with
97.5–99% enantiomeric excesses. © 2000 Elsevier Science Ltd. All rights reserved.
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Optically active 1,1%-bi-2-naphthol (BINOL, 1), 1,1%-bi-2-naphthylamine (BINAM 2), 2-amino-
2%-hydroxy-1,1%-binaphthyl (3, NOBIN), and their derivatives have found many applications,
ranging from chiral ligands of catalysts for asymmetric reactions,1 to hosts for molecular recogni-
tion,2 to being intermediates for the synthesis of chiral materials.3 Very recent research showed
that the chiral catalysts derived from 5,5%,6,6%,7,7%,8,8%-octahydro-1,1%-bi-2-naphthol (H8-BINOL)
4 and 5,5%,6,6%,7,7%,8,8%-octahydro-1,1%-bi-2-naphthylamine (H8-BINAM) 5 exhibit higher efficiency
and enantioselectivity for asymmetric reactions than those prepared from their parent ligands (e.g.
1 and 2), due to the steric and electronic modulation in the binaphthyl backbone.5
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It has been reported that 4 and 5 can be obtained by partial hydrogenation of the
corresponding binaphthyls 1 and 2 in the presence of PtO2 in an autoclave.2,4b Recently Tashiro
et al. reported that a Raney Ni–Al alloy in dilute aqueous alkaline solution possesses very strong
reducing ability and can be used for the dechlorination of chlorobiphenyls without the use of
any organic solvents.5 Of interest is that one of the phenyl rings could be reduced as well if the
concentration of the alkaline solution was adjusted at 1–0.5% levels. In the present work, we
would like to report a readily available protocol for the preparation of H8-binaphthyls 4–6
through the partial reduction of the corresponding binaphthyls 1–3 with Raney Ni–Al alloy in
dilute aqueous alkaline solution.

Scheme 1. Reagents and conditions : (i) Raney Ni–Al alloy, NaOH–H2O, 90°C; isolated yields for 9: 51%; 10: 35%; 11:
84%

The classical hydrogenation of naphthols with Raney Ni catalysis is usually carried out under
very high hydrogen pressure and special care must be taken to avoid contact with air in the
preparation of the catalyst.6 Obviously, this protocol is not practical for a laboratory prepara-
tion. With the inspiration of Tashiro’s finding, we investigated the possibility of the reduction of
naphthyl derivatives by using Raney Ni–Al alloy in dilute aqueous alkaline solution. Accord-
ingly, 2-naphthol (7) and 2-naphthylamine (8) were submitted for reduction. It was found that
both 7 and 8 could be efficiently partially reduced with Raney Ni–Al alloy in 0.5% aqueous
NaOH solution at 90°C (Scheme 1). In the case of 7, both the 5,6,7,8- and 1,2,3,4-positions are
hydrogenated, the ratio of two isomers (9 versus 10) being �2:1. However, the reduction of 8
takes place specifically at the 5,6,7,8-carbon atoms and gives 5,6,7,8-tetrahydro-2-naphthylamine
(11) in 84% isolated yield.

With these results in hand, we then examined the reduction of the 1,1%-binaphthyl derivatives
1 and 2 (Scheme 2). We were pleased to find that both 1 and 2 are hydrogenated under the
experimental conditions mentioned above. The conversions of the starting materials were
completed in 6 and 16 h, respectively. Considering the poor solubility of 2 in the reaction
medium, the addition of isopropanol was found to facilitate the process of the reduction (100%
conversion of 2 within 9 h). H8-BINOL (4) and H8-BINAM (5) were obtained in 60% and 86%
isolated yields, respectively. The configurational stabilities of compounds during the reaction
were checked with 2 yielding 5 (> 99% ee) with complete retention of configuration, whereas

Scheme 2. Reagents and conditions : (i) Raney Ni–Al alloy, NaOH–H2O–i-PrOH, 50–90°C; isolated yields and
enantiomeric excesses for 4: 60%, up to 97.5% ee; 5: 86%, >99% ee; 6: 75%, >99% ee
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reduction of 1 was accompanied by partial racemization (giving H8-BINOL of 91.8% ee).
Decreasing the reaction temperature to 50°C improved the enantiomeric excess of 4 up to 97.5%.
This phenomenon was probably caused by partial racemization of the starting material under
basic conditions because ditetrallyl units are more configurationally stable than binaphthyl
units.2 Fortunately, recrystallization of 4 with 97.5% ee from heptane yielded its enantiopure
form with >99% enantiomeric excess.

Enantiopure NOBIN (3) was recently found to be an excellent chiral ligand for asymmetric
reactions7 and its synthesis has been well developed.8 Its octahydrogenated derivative should be
an interesting compound for asymmetric induction as well. Accordingly, the reduction of 3 was
also carried out under the experimental conditions mentioned above and it was found that
H8-NOBIN (6) could be obtained in 75% isolated yield with >99% ee (Scheme 2).9 The
application of chiral ligands derived from 6 to asymmetric catalysis will be reported in an
alternative report.10

In conclusion, we have demonstrated a convenient preparation of some important chiral
inducers, H8-binaphthyls 4–6, through the partial reduction of corresponding binaphthyls 1–3
using commercially available Raney Ni–Al alloy in dilute aqueous alkaline solution. This
protocol provides a readily available procedure for the selective reduction of naphthyls and
possesses advantages of simple manipulation, mild reaction conditions and low cost of the
reagent.

Acknowledgements

We thank the National Natural Science Foundation of China, Chinese Academy of Sciences,
Major Basic Research Development Program of China (Grant No. G2000077506), and Science
and Technology Commission of Shanghai Municipality for financial support of this work.

References

1. For comprehensive reviews on asymmetric catalysis with binaphthyl derivatives, see: (a) Noyori, R. Asymmetric
Catalysis in Organic Synthesis ; Wiley: New York, 1994. (b) Asymmetric Catalysis ; Ojima, I., Ed.; VCH: New
York, 1993. (c) Brunner, H.; Zettlmeier, W. Handbook of Enantioselective Catalysis ; VCH: Weinheim, 1993. (d)
Mikami, K.; Motoyama, Y. In Encyclopedia of Reagents for Organic Synthesis ; Paquette, L. A., Ed.; Wiley: New
York, 1995; Vol. 1, pp. 397–403. (e) Lin, G. Q.; Chen, Y. Q.; Chen, X. Z.; Li, Y. M. Chiral Synthesis: Asymmetric
Reactions and Their Applications ; Science Press: Beijing, 2000. (f) Shibasaki, M.; Sasai, H.; Arai, T. Angew.
Chem., Int. Ed. Engl. 1997, 36, 1236–1256. (g) Pu, L. Chem. Rev. 1998, 98, 2405–2494.

2. Cram, D. J.; Helgeson, R. C.; Peacock, S. C.; Kaplan, L. J.; Domeier, L. A.; Moreau, P.; Koga, K.; Mayer, J.
M.; Chao, Y.; Siegel, M. G.; Hoffman, D. H.; Sogah, G. D. Y. J. Org. Chem. 1978, 43, 1930–1946 and references
cited therein.

3. The application to the synthesis of materials, see also Ref. 1g; for other examples, see: (a) Aragi, K.; Piao, G.;
Kaneko, S.; Sakamaki, K.; Shirakawa, H.; Kyotani, M. Science (Washington, DC) 1998, 282, 1683–1686. (b)
Zhang, M.; Schuster, G. B. J. Am. Chem. Soc. 1994, 116, 4852–4857. (c) Deussen, H.-J.; Hendrickx, E.; Boutton,
C.; Krog, D.; Clays, K.; Bechgaard, K.; Persoons, A.; Bjornholm, T. J. Am. Chem. Soc. 1996, 118, 6841–6851.

4. For recent excellent examples, see (a) Chan, A. S. C.; Zhang, F.-Y.; Yip, C.-W. J. Am. Chem. Soc. 1997, 119,
4080–4081. (b) Zhang, F.-Y.; Pai, C.-C.; Chan, A. S. C. J. Am. Chem. Soc. 1998, 120, 5808–5809. (c) Uemura,
T.; Zhang, X.; Matsumura, K.; Sayo, N.; Kumobayashi, H.; Ohta, T.; Nozaki, K.; Takaya, H. J. Org. Chem.
1996, 61, 5510–5516. (d) Xiao, J.; Nefkens, S. C. A.; Jessop, P. G.; Ikariya, T.; Noyori, R. Tetrahedron Lett.



10064

1996, 37, 2813–2816. (e) Zhang, X.; Mashima, K.; Koyano, K.; Sayo, N.; Kumobayashi, H.; Akutagawa, S.;
Takaya, H. J. Chem. Soc., Perkin Trans. 1994, 2309–2322.

5. Liu, G.-B.; Tsukinoki, T.; Kanda, T.; Mitoma, Y.; Tashiro, M. Tetrahedron Lett. 1998, 39, 5991–5994.
6. (a) Adkins, H.; Krsek, G. J. Am. Chem. Soc. 1948, 70, 412–414. (b) Adkins, H.; Billica, H. R. J. Am. Chem. Soc.

1948, 70, 695–698. (c) Rylander, P. Catalytic Hydrogenation in Organic Synthesis ; Academic: London, 1979; Vol.
1, pp. 200–202.

7. For examples, see: (a) Carreira, E. M.; Singer, R. A.; Lee, W. J. Am. Chem. Soc. 1994, 116, 8837–8838. (b)
Carreira, E. M.; Lee, W.; Singer, R. A. J. Am. Chem. Soc. 1995, 117, 3649–3650. (c) Singer, R. A.; Carreira, E.
M. J. Am. Chem. Soc. 1995, 117, 12360–12361. (d) Hu, X.; Chen, H.; Zhang, X. Angew. Chem., Int. Ed. Engl.
1999, 38, 3518. (e) Vyskocil, S.; Jaracz, S.; Smrcina, M.; Sticha, M.; Hanus, V.; Polasek, M.; Kocovsky, P. J. Org.
Chem. 1998, 63, 7727–7737; (f) Vyskocil, S.; Smrcina, M.; Hanus, V.; Polasek, M.; Kocovsky, P. J. Org. Chem.
1998, 63, 7738–7748.

8. For the preparation of racemic NOBIN and its optical resolution, see: (a) Ding, K.; Xu, Q.; Wang, Y.; Liu, J.;
Yu, Z.; Du, B.; Wu, Y.; Koshima, H.; Matsuura, T. Chem. Commun. 1997, 693–694. (b) Ding, K.; Wang, Y.;
Yun, H.; Liu, J.; Wu, Y.; Terada, M.; Okubo, Y.; Mikami, K. Chem. Eur. J. 1999, 5, 1734–1737. (c) Smrcina,
M.; Lorenc, M.; Hanus, V.; Sedmera, P.; Kocovsky, P. J. Org. Chem. 1992, 57, 1917–1920. (d) Smrcina, M.;
Vyskocil, S.; Polivkova, J.; Polakova, J.; Kocovsky, P. Collect. Czech. Chem. Commun. 1996, 61, 1520–1524. For
transformation from enantiopure 1 to 3, see: (e) Singer, R. A.; Buchwald, S. L. Tetrahedron Lett. 1999, 40,
1095–1098.

9. A typical procedure for reduction of reduction of 3 to 6: A 500 mL flask was charged with Raney Ni–Al alloy
(2.5 g), water (200 mL) and (R)-NOBIN (356 mg, 1.25 mmol) in isopropanol (30 mL), to which aqueous NaOH
solution (1%, 200 mL) was gradually added over 1 h under stirring at 90°C. The reaction process was monitored
by TLC. After stirring for 7 h at 90°C, the reaction mixture was cooled to room temperature. The insoluble
materials were filtered off with Celite and the solids washed with ethyl acetate. The filtrate was neutralized with
2N HCl to pH�7 and then exacted with ethyl acetate and dried over MgSO4. After the removal of the solvent,
the residue was submitted to column-chromatographic separation on silica gel with petroleum ether/ethyl acetate
(5/1) as eluent to give (R)-6 (275 mg, 75% yield) as a white solid with >99% ee (determined by HPLC on a
Chiralcel OJ column with 93:7 hexane/isopropanol as eluent, 0.7 mL min−1, tR: 10.57 min; tS: 13.94 min). Mp
156–158°C; [a ]D

20: 103.6 (c=1.0, THF); 1H NMR (300 MHz, CDCl3) d 7.02 (d, 1H, J=8.2 Hz), 6.96 (d, 1H,
J=8.2 Hz), 6.81 (d, 1H, J=8.4 Hz), 6.65 (d, 1H, J=8.3 Hz), 4.60 (br, 1H), 3.35 (br, 2H), 2.77–2.70 (m, 4H),
2.38–2.11 (m, 4H), 1.78–1.64 (m, 8H); 13C NMR (100.6 MHz, CDCl3) d 150.6, 142.5, 137.1, 136.5, 130.4, 129.9,
129.7, 127.9, 122.1, 118.3, 113.3, 112.6, 29.3, 29.2, 27.2, 26.9, 23.3, 23.2, 23.1, 23.0; FT-IR (KBr pellet): 3406,
2934, 2861, 1615, 1482, 1457, 1285, 815 cm−1; EIMS (m/z): 293 (M+, 100%). Anal. calcd for C20H23NO: C, 81.87;
H, 7.90; N, 4.77. Found: C, 81.81; H, 7.96; N, 4.61.

10. Wang, Y.; Guo, H.; Ding, K. Tetrahedron: Asymmetry 2000, 11, in press.

.
.


