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Rhodium(i)-catalysed Asymmetric Hydrosilylation of Ketones using New Diferrocenyl
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The new chiral compounds, (R,S)-di[2-(1-dimethylaminoethyl)ferrocenyl] dichalcogenides
(R,S)-{[ECsH3CHMe(NMe,)IFe(CsHs) ), (E = S, Se, Te), work effectively as chiral ligands for the
rhodium(i)-catalysed asymmetric hydrosilylation of alkyl aryl ketones resulting in high enantiomeric excess

and moderate chemical yields.

Transition metal-catalysed asymmetric hydrosilylation of
ketones is one of the most extensively studied asymmetric
reactions where phosphine ligands play an important role for
stereoselection.! More recently, nitrogen-containing organic
molecules attracted much attention as chiral ligands.2 It has
been known that many organochalcogen compounds interact
with transition metal salts to afford coordination compounds?
which might be thought to be unsuitable for transition metal-
catalysed rcactions.* However, we now find that the newly
prepared chiral (R, S)-di|2-(1-dimethylaminoethyl)ferrocenyl]
dichalcogenides, (R, S)-{|ECsH;CHMe(NMe,)]Fe(CsHs)}o
(E =8, Se, Te) (E =S1, Se 2, Te 3), work effectively as chiral
ligands for the rhodium(r)-catalysed asymmetric hydrosilyla-
tion of scveral alkyl aryl ketones.>

A tetrahydrofuran (THF) (3 ml) solution of [Rh(cod)Cl],
(0.025 mmol, 5 mol%, cod = cycloocta-1,5-diene) and 2 (0.05

ii
—_—

Ar—G-R + Ph;SiH, ——= Ar—CH-R Ar—CH-R
o OSiPh,H OH

Scheme 1 Reugents and conditions: i, 5 mol% {Rh! + 1,2 or 3] in THF,
0°C; i, 0.5 mol dm~3 HCl (MeOH), room temp.

Table 1 Asymmetric hydrosilylation of alkyl aryl ketones catalysed by
RhI-{{EC;H;CHMe(NMe,)]Fe(CsHs)}, 1-34

Ketone
GLC
Run Ar R t#d  yield(%) Ee(%)? Config.c
1 Ph Me 1.5 31 85 R
24 Ph Me 3 46 31 R
3 Ph Me 3 67 50 R
4 Ph Et 3 14 58 R
5 Ph CH,Cl 5 85 88 S
6 Ph COMe 1 31 60 R
7 Ph But 10 5 85 R
8 Indanone 10 S 42 R
9  p-NO.CcHy Me 3 45 76 —
10 p-CICH, Me 3 41 74 S
11 2-Thienyl Me 4 100 78 R

@« At 0 °C in THF. 2 was employed unless otherwise noted.
» Enantiomeric excess was determined by HPLC using chiral columns.
¢ Absolute configuration was determined by optical rotation. 4 1 used.
¢ 3 used.

mmol) was stirred at room temperature for 1 h under nitrogen
and then a ketone (1.0 mmol) in THF (1 ml) was added. The
solution was cooled to 0 °C to which diphenylsilane (1.5 mmol)
was added and the mixture was stirred for an appropriate
time. Quenching with dilute methanolic HCI afforded the
corresponding chiral alcohol in high enantiomeric excess (ee)
and in moderate chemical yield (Scheme 1). Similarly chiral 1
or 3 could be used as effective ligands. Typical results and
reaction conditions are summarized in Table 1. The ee values
were determined by HPLC using Daicel Chiralcel OB, OD
and OJ columns.

The product yield or the reaction rate was much affected by
the nature of alkyl and aryl groups of the ketone. As expected
this decreased as the bulkiness of the alkyl group increased:
Me > Et > Bu! (runs 1, 4 and 7). For aryl groups the
introduction of an electron-withdrawing group such as NO,
and CI (runs 9 and 10) or the use of thienyl group (run 11)
increased the product yield, while the introduction of an
electron-releasing group such as p-Me or p-OMe inhibited the
reaction completely. Reasonably high ee values were obtained
in many cases. However, it should be worth noting that the ee
for the a-ketoester (run 6, 60% ee) was lower than that from
acetophenone (run 1, 85% ee), because ee for a-ketosester is
much higher than for acetophenone in the Rhi-catalysed
hydrosilylation using chiral phosphine ligands.! Although the
exact nature of the reaction is not certain, the first step seems
to be ligand exchange of the cyclooctadiene on the rhodium(r)
complex with the dichalcogenide followed by oxidative
addition of diphenylsilane on Rh and subsequent coordination
of the carbonyl oxygen to Rh. Similar reactions also
proceeded with the irridium(1) complex, [Ir(cod)Cl],, but the
ee values were much lower; ie. 13-22% in the case of
acetophenone using 1-3 as ligands.

To our knowledge, this is the first example of a transition
metal-catalysed asymmetric reaction using organic dichal-
cogenides as chiral ligands and may open a new field of
coordination chemistry as well as organochalcogen chemistry.

The present work was supported partly by a grant from
Nagase Science and Technology Foundation.

Received, 7th February 1994; Com. 4/00742E

References

1 For examplc, 1. Ojima and K. Hirai in Asymmetric Synthesis, ed.
J. D. Morrison, vol. S, pp. 103-146, Academic Press. Orlando, FL.,
1985; H. Brunner, Synthesis, 1988, 645; 1. Ojima. N. Clos and C.
Bastos, Tetrahedron, 1989, 45, 6901; M. Sawamura, R. Kuwano
and Y. Ito, Angew. Chem., Int. Ed. Engl., 1994, 33, 111 and
rcferences cited therein.

2 For example, H. Brunner, R. Becker and G. Riepl, Organometal-
lics, 1984, 3, 1354; H. Nishiyama, M. Kondo, T. Nakamura and K.
Itoh. Organometallics. 1991. 10, 500; D. Muller, G. Umbricht, B.
Weber and A. Pfaltz, Helv. Chim. Acta, 1991, 74, 232; C. Rosini, L.
Franzini, A. Tuhano, D. Pini and P. Salvadori, Tetrahedron
Asymmetry, 1991, 2, 363; H. Nishiyama. S. Yamaguchi, M. Kondo
and K. [toh, J. Org. Chem.. 1992, 57, 4306.



1376

3 H. J. Gysling, in Chemistry of Organic Selenium and Tellurium
Compounds, ed. S. Patai and Z. Rappoport, ch. 18, pp. 679-855.
Wiley. New York, 1986; F. I. Berry, in Comprehensive Coordina-
tion Chemistry, ed. G. Wilkinson, R. D. Gillard and J. A.
McCleverty, ch. 17, pp. 661-674, Pergamon, Oxford, 1985.

4 Quitc recently, Rhl-catalysed asymmetric hydroformylation of
alkenes using chiral ligands containing sulfur donors was reported:
C. Claver, S. Castillén, N. Ruiz, G. Delogu, D. Fabbri and S.
Gladiali, J. Chem. Soc., Chem. Commun., 1993, 1833.

J. CHEM. SOC., CHEM. COMMUN., 1994

5 Compound 2 was prepared from (R)-(+)-N,N-dimethy! 1-fer-
rocenylethylamine, BusLi and selenium powder as reported (mp
98-100 °C, orange); Y. Nishibayashi, J. D. Singh, S. Fukuzawa and
S. Uemura, Tetrahedron Lett., 1994, 35, 3115 and unpublished
work. Compounds 1 (mp 169-170 °C, yellow, purified by Al,O;
column chromatography) and 3 (mp 55-56 °C, black, purified by
Al,O3; column chromatography) were prepared by a similar
method. Detailed preparative method as well as X-ray crystallo-
graphic data will be published in due course.





