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Abstract

The reduction of a-alkyl-B-hydroxy ketones is highly syn-selective if carried out in THF on their Ti-alcoholate
complexes with LiBH, or L-Selectride® or N-selectride® depending on the bulkiness of the group bound to the
carbonyl group. © 1999 Elsevier Science Ltd. All rights reserved.
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Diastereoselective synthesis of 1,3-diols is an important target in organic chemistry because this
unit is found in the structure of a large variety of natural products [1]. At present several
general protocols for 1,3-diol synthesis are available in the literature. In particular, extensive
studies have been devoted to the direct hydride reduction of B-hydroxy ketones having a
stereogenic center near to a prochiral carbonyl group. However, only in the case of 1,3-induction
it was possible to organize an efficient stereocontrol which allowed various general protocols,
directed to the preparation of both syn [2] and anti-1,3-diols [3], to be set up. On the contrary,
analogous general procedures showing 1,2-induction, (a stereogenic center in a-position),
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are not available so far. In fact, the reduction of simple a-alkyl-B-hydroxy ketones like 1 with
both Zn(BH,), in Et,O [4] and TiCl,-BH;3py complex, in CH,Cl, [5], gives excellent results only
when R! is a bulky group such as t-Butyl or a sp? hybridized centre such as phenyl or the
sterically hindered vinyl fragment. When R’ is a linear carbon chain, a dramatic decrease in
selectivity is observed.

In this work we wish to report that highly diastereoselective reduction of 1 can be successfully
accomplished by reacting the corresponding titanium alcoholate [6] with a variety of reducing
agents with different steric requirements. In particular, the steric hindrance of boron hydrides
such as L-Selectride® and N-selectride® has been advantageously exploited to ensure highly
stereoselective reduction of substrates with linear chaing substituents. A typical procedure
follows: a THF solution of Ti-alcoholate 2 was prepared by treatment of ketone 1, dissolved in
THF, with LiH (1.2 eq) at -30°C, followed by transmetallation with TiCls in CH,;Cl, (1.2 eq) at -
60°C. The solution was cooled at -78°C and then the appropriate hydride was added. After 2 hrs
the reaction was quenched with aqueous HC! 1 M. The usual work-up gave a crude material
which was treated with H,O,/NaOH in a EtOH/Et,O solvent mixture [7]. The oxidizing treatment
was necessary to hydrolize stable cyclic boron derivatives 3 formed upon acidic quenching,
(Scheme 1). In fact, in the reaction of 1a with LiBH4 we were able to isolate and characterize the
dioxaborinanol 3a, X=0OH [8]. Although in the reactions with L-Selectride® and N-selectride®
compounds 3 could not be purified, 'H NMR analysis of the crude products indicated the
presence of a s-butyl chain bound to the boron atom (X=s-Bu).
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As shown in Table 1, the reduction of 1 with the small LiBH, gives excellent results when R!
group is a phenyl (1a-c). On the contrary, moderate selecrivity is observed when R! group is a
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linear carbon chain such as ethyl or propyl (1d-e). However when the reduction is performed
with a sterically hindered hydride, such as L- selectride®, an effective increase in syn-selectivity
is observed, (Table 1, entry 5, 8); N-selectride® afforded a further improvement [9], (Table 1,
entry 6, 9).

Table 1 : Reduction of a-alkyl-p-hydroxy ketones 1a-e in THF at -78°C with metal hydrides (H') via their
titanium alcoholates.

Entry | Starting | R’ R? H Product | Yields(%) de(%)
material
1 1a Ph Me LiBH, 4a 95 98
2 1b Ph Et LiBH, 4b 95 98
3 1c Ph Ph LiBH,4 4c 95 98
4 1d Et Me LiBH4 4d 90 30
5 id Et Me L-selectride® 4d 90 80
6 id Et Me N-selectride® 4d 92 86
7 1e Pr Et LiBH, de 90 40
8 le Pr Et L-selectride® de 91 90
9 le Pr Et N-selectride® de 93 98

On account of the strong internal coordination action of the Lewis acid, the titanium alcoholate
2 preferentially assumes a rigid and stable half chair conformation 2A with the o-alkyl
substituent in a pseudo axial position, so as to avoid the destabilizing A"?-like interaction
present in 2B. This structural arrangement facilitates the entry of the attacking hydride ion on the
carbonyl group opposite to the a-substituent (Aax attack). The low selectivity observed when R'
is a linear carbon chain can be ascribed to a decrease in A'"*)-strain in the cyclic intermediate 2
with consequent increase in stability of conformer 2B: the attack on 2B of a small metal hydride
will be not selective.

Present results indicate that the use of sterically hindered reducing agents makes again the
reaction highly selective, by ensuring a high stereofacial discrimination. In other words, with L-
selectride® and N-selectride® only the poorly sterically hindered axial attack (Aax) on 2A
should be preferred.

In conclusion, the reduction of a-alkyl-B-hydroxy ketones via Ti-alcoholates presents an
actual improvement with respect to previous reported methods, since it is based on the formation
of a rigid intermediate, stable in a coordinating solvent, such as THF. This feature allows the use
of L-selectride® and N-selectride®, as reducing agents, which can ensure high diastereomeric
excesses when a high stereofacial discrimination is required.
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Studies are in progress in our laboratory to extend this protocol to more complex a-substituted
systems having o’ or B-stereocenters.

References and notes:

[1] a) D.A. Evans, G.S. Sheppard J. Org. Chem. 1990, 55, 5192 ; b) M. Sletzinger, T.R. Verhoven, R.P. Volante, ] M. McNamora,
T.M.H. Liu Tetrahedron Lett. 1985, 26, 2951, A K. Saksena, P. Mangiaracina Tetrahedron Lett. 1983, 242, 273.

[2] a) C. Bonini, A. Bianco, R. Di Fabio, S. Mecozzi, A. Proposito, G. Righi Gazz. Chim. Ital. 1991, 121, 75; b) A.H. Hoveyda, D.A.
Evans J. Org. Chem. 1990, 55, 5190; ¢) K.M.Chen, G.E. Hardtmann, K. Prasad, O. Repic, M.S. Shapiro Tetrahedron Lett. 1987,
28, 155; d) S. Kiyooka, H. Kuroda, Y. Shimasaki Tetrahedron Lett. 1986. 27, 3009; e) H. Yamashita, K. Narasaka Chem. Lett.
1996, 539; f) K. Narasaka, F.C. Pai Tetrahedron 1984, 40, 2233; g) F. Bonadies, R. Di Fabio, A. Gubbiotti, S. Mecozzi, C.
Bonini Tetrahedron Lett. 1987, 28, 703; h) F.G. Kathawala, B, Prager, K. Prasad, O. Repic, M.S. Shapiro, R.S. Stabler, L.
Widler Helv. Chim. Acta, 1986, 69, 803; i) H. Chikashita, T. Nikaya, H. Uemura, K. Itoh Bull. Chem. Soc. Jpn. 1989, 62, 2121,
) Y. Mori, M. Kuhara, A. Takeuchi, M. Suzuki Tetrahedron Lett. 1988, 29, 5419.

(3] a)Y. Umekawa, S. Sakaguchi, Y. Nishiyama, Y. Ishii J. Org. Chem. 1997, 62, 3409, b) A.H. Hoveyda, D.A. Evans J. Am. Chem.
Soc. 1990, /12, 6447, c) C. Narayana, M.R. Reddy, M. Hair, G.W. Kabalka Tetrahedron Lett. 1997, 38, 7705; d) S. Anwar, AP,
Davis Tetrahedron 1988, 44, 3761; e) N. Tkeda, K. Omori, H. Yamamoto Tetrahedron Lett. 1986, 27, 1175; fy D.A. Evans, K. T.
Chapman, E. M. Carreira J. Am. Chem. Soc. 1988, 110, 3560, g) S. Anwar, G. Bradley, A.P. Davis J. Chem. Soc., Perkin Trans.
1, 1991, 1383.

[4] T. Oishi, T. Nakata Acc. Chem. Res, 1984, 17, 338.

[5] C.R. Sarko, S.E. Collibee, A.L. Knorr, M. DiMare J. Org. Chem. 1996, 6., 868.

[6] a) G. Bartoli, M. Bosco, L. Sambri, E. Marcantoni Tetrahedron Lett. 1997, 38, 3785; b) G. Bartoli, M. C. Bellucci, M. Bosco, L.
Sambri, E. Marcantoni Chem. Eur. J. 1998, 4, 2154,

[7] K. Smith, Organometallics in Synthesis-A Manual, Ed. M.Schiosser, 1994, cap.6, p. 467.

[8] The following procedure allows to obtain pure compound 3a. The reaction mixture was poured in diluted HC] and extracted with
Et,O. The organic layer was dried and evaporated to small volume until compound 3a crystallizes. Spectroscopical data follow:
'H NMR (300MHz, CDCls): 0.73 (d, 3H, CHs, Jir=7.2), 2.20-2.40 (m, 1H, CH), 3.81 (dd, 1 H, CH;O, Jiz=5.5, Ju=11.0), 4.12
(dd, 1 H, CH;O, Ju=3.6, Jix=11.0), 521 (d, 1 H, CHO, Jg=3.6), 7.20-7.45 (m, 5H, Ph); HRMS: caled for C,oH;3BO;:
192.0958; found: 192.0950.

(‘DH

[9] L.Manzoni, T Pilati, G.Poli, C.Scolastico Chem.Comm., 1992, 1027,

Acknowledgments: Work carried out in the framework of the National Project "Stereoselezione in Sintesi
Organica. Metodologie ¢ Applicazioni" supported by MURST, Rome, and by the University of Bologna, and in
the framework of “Progetto di Finanziamento Triennale, Ateneo di Bologna™.



