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- borane complex (OAB°BH3) shows increased enantioselectivity.

During the course of our synthetic studies we required an efficient asymmetric reduction of ketone 1 1o
alcohol 2 (MK-499)1,
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" While there are several literature methods for chiral reduction of ketones,2 we chose to explore the

highly acchlmedonnbaohdme (OAB) reagents discovered by Corey and Itsuno.34  Although there are

numerous literature examples describing application of this method, there remains uncertainty with regard to
the mechanistic details.

Previous work from our laboratories indicated that the borane complex OAB-BH3 is a stable reageat.’

This reagent was found to reduce aromatic ketones with good to excellent stercoselectivities. Previous

experience also indicated that one mole of OAB-BH3 is capable of reducing 2 moles of simple ketones rapidly

at 0 °C. However, treatment of 2 moles of ketone 1 with 1 mole of OAB-BH3 led to only a 50% conversion.

The addition of a second mole of OAB-BHj led to complete consumption of the ketone 1 and provided the

desired alcohol 2 in 99.6% ec. Our speculation that the tertiary amine functionality within ketone 1 was

preventing the second hydride transfer was substantiated by precomplexation of the tertiary amine of

compound 1 with 1 mole of borane prior to reaction with the OAB-BH3 reagent. Thus, treatment of ketone 1

with 1 mole equivalent of borane methyl sulfide led to a stable 1:1 borane amine complex which was isolated

and characterized by NMR.S Treatment of this complex with 0.5 mole OAB-BH3 led to complete conversion

CN
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to the desired alcohol 2. Interestingly however, we noted that the enantioselectivity of this reaction was
significantly lower (92% ec).

To investigate this further, we studied the reduction of model ketones (3 to 7) using 0.6 ~ 0.7
equivalent of OAB'BH3, and compared these results with the asymmetric reduction of the ketopes in the
presence of 1 equivalent of tertiary amine (triethylamine) using 1.2 ~ 1.5 equivalent of OAB-BI-i-_; reagent.
The results which are shown in Table 1 indicate that the enantioselectivity of the reduction is significantly
enhanced by the addition of 1 equivalent of triethylamine.

o X ®

Table 1
Ketones 3 4 5 6 7
OAB-BH3, % ec 9 91 9 96 67
OAB-BH3and BN, %ee]  99.1 99.4 99.4 99.2 87

All reactions were run at -15 °C, OAB-BH3 was added either as a solid or a solution to a solution of ketone or ketone
with triethylamine. mabohohwemhohwdbyﬁnagelﬂuhdwmbgnphyuddnnctuhedbym-nd
enantioselectivities were determined by making the Mosher esters of resulting alcohols and racemic aloohols and

| assayed by HPLC using normal phase Zorbax silica column.

Reacting acetophenone and triethylamine with QAB-BH3 at room temperature led to the formation of
monoalkoxyborane triethylamine complex 8 7 as identified by NMR (1H, 13C, 11B) (Scheme 1). This
explains why only one hydride was transferred from OAB-BH3.
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In order to learn more about the reduction of ketones by OAB-BH3, we undertook a low temperature
1H and 13C NMR study.8 Using NMR to monitor the reaction of acetone with OAB-BHj at -80 °C indicated
an extremely rapid transfer of one hydride resulting in a monoisopropoxyborane oxazaborolidine complex (1:1
adduct) which was quite stable at -80 °C. When the reaction temperature was raised to -40 °C, there was
indication of a small amount of a second intermediate being generated, but it reacted almost as quickly as it
was formed to give diisopropoxyborane and thus remained at a low concentration. Interestingly, when
acetone was replaced with the more reactive acetaldehyde, the second hydride transfer occurred readily even
at -75 °C and we observed both intermediates 9, and 10 (1:1 adduct and 2:1 idduct)byNMR.
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Although our NMR studies do not indicate any free monoalkoxyborane formation, we can not rule out
thepduibilitythaitispreseminlowconcenmﬁmandmaycamunanlyudreducﬁonofthehewneﬁ'm
Based on our NMR results, however, we belicve a second hydride can be transferred from the resulting
monoalkoxyborane-oxazaborolidine complex 11 to the ketone with different enantioselectivity (Scheme 2).
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overall snantiosslectivity = (x + y) / 2

In summary, by trapping the reactive intermediate free monoalkoxyborane or monoalkoxyborane-
oxazaborolidine complex with triethylamine, the enantioselectivity of the asymmetric reduction was
significantly improved.

Acknowledgments: We thank Dr. D. J. Mathre for helpful discussion.
References and Notes

1. (a) Elliott, J. M.; Baldwin, J. J.; Butcher, J. W.; Claremon, D. A.; Lynch, J. J.; Ponticello, G. S.;
Remy, D. C.; Selnick, H. G.; Poster, American Chemical Society National Meeting, San Francisco,
April, 1992; (b) Claremon, D. A.; Baldwin, J. J.; Buhrow, S. A.; Butcher, J. W.; Elliott, J. M.; Lynch,
J.J. Jr.; Ponticello, G. S.; Radzilowski, E. M.; Remy, D. C.; Selnick, H. G.; Poster, American
Chemical Society National Meeting, San Francisco, April, 1992

2, For recent review, sec: Singh, V. K. Synthesis, 1992, 605-617



3246

10.

(a) Corey,E. J., Bakshi, R. K., Shibata, S. .J. Am. Chem. Soc. 1987, 109, 5551-35533; (b) Coney, E. J.;
Bakshi, R. K., Shibata, S.; Chen, C.-P.; Singh, V. K. J. Am. Chem. Soc. 1987, 109, 7925-7926

(a) Itsuno, S.; Ito, K.; Hirao, A.; Nakahama. S. J. Org. Chem. 1984, 49, 555-557; (b) Itsuno, S.;

. Sakurai, Y.; Ito, K.; Hirao, A.; Nakahama. 8. Bull Chem Soc. Jpn. 1987, 60, 395

(a) Blacklack, T. J.; Jones, T. K.; Mathee, D. I.; Xavier, L. C. US Patent 5,039,802, 1991; (b) Mathre,
D. J.; Thompson, A. S; Douglas, A. W.; Hoogsteen, K.; Camoll, J. D.; Corley, E. G. and Grabowski,
E.J.J. J. Org. Chem. Submitted for Publication ; (c) Jones, T. K.; Mohan, J. J.; Xavier, L. C;
Blacklock, T. J.; Mathre, D. J.; Sohar, P.; Jones, E. T. T.; Reamer, R. A.; Roberts, F. E.and .
Grabowski, E. J. J. J. Org. Chem. 1991, 56, 763 - 769; (d) Mathre, D. J.; Thompson, A. S.; Douglas,
A. W.; Hoogsteen, K.; Carroll, J. D,; Corley, E. G. and Grabowski, E. J. J., presented in part at the
Symposium on Asymmetric Catalysis of Organic Reactions, American Chemical Society National
Mecting, San Francisco, April, 1992

(a) Noth, H. and Wrackmeyer, B: Nuclear Magnetic Resonance Spectroscopy of Boron Compounds,
Vol. 14 of NMR Basic Principles and Progress, Springer-Verlag, New York, 1978
(b) Lane, C. L. Aldrich Acta 1973, 51-58

(a) Farfédn, N.; Contreras, R. J. Chem. Soc. Perkin Trans. Il 1988, 1787-1791; (b) Mancilla, T.;
Santiesteban, F.; Contreras, R.; Klaébé A. Tetrahedron Lens. 1982, 23, 1561-64

113 NMR was not useful at low temperature due to extremely broad peaks
(a) Fehiner, T. P. Inorg. Chem. 1973, 12, 98-102; (b) Fehlner, T. P. Inorg. Chem. 1972, 11,252-256

(a) Brown, H. C.; Schlesinger, H. L; and Burg, A. B. J. Am. Chem. Soc., 1939, 61, 673
(b) Brown, H. C. "Hydroboration" W. A. Benjamin, New York, N. Y., 1962, Chapter 17.

(Received in USA 22 December 1992; accepted 26 February 1993)



