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Abstract: Reaction of ferrocenecarboxaldehyde and ruthenocenecarboxaldehyde with
diethylzinc or dimethylzinc in the presence of 5 mol % of (R)-3,3-dimethyl-1-piperidino-2-
butanol proceeded with high enantioselectivity to give (R)-1-ferrocenylpropanol (>96% e¢), (R)-
1-ferrocenylethanol (>99% ee), (R)-1-ruthenocenylpropanol (96% ee), and (R)-1-ruthenocenyl-
ethanol (90% ec) in over 84% yield. The (R)-1-metallocenylalkanols were converted into the
corresponding (R)-1-metallocenyl-N,N-dimethylamines.

Metallocenes of Group 8 metals are of interest because of their unique features. In particular, the
optically active ferrocenes whose chirality is due to the ferrocene planar chirality have been widely used in
asymmetric catalysis as chiral ligands.23 The planar chiral ferrocenes have been conveniently prepared through
the diastereoselective ortholithiation of optically active N,N-dimethyl-1-ferrocenylethylamine,4 which is
obtained by optical resolution of the racemic aminc®5 and there have been reported only a few convenient
methods for the asymmetric synthesis of optically active ferrocenes.6 Asymmetric alkylation of aldehydes with
alkylzinc reagents in the presence of a catalytic amount of chiral g-aminoethanols is known to be one of the most
efficient methods for the preparation of optically active alcohols.”-8 We report here the use of the asymmetric
alkylation for the synthesis of 1-ferrocenylalkanols and their ruthenocene analogs (Scheme 1), which can serve
as precursors of 1-metallocenyl-N,N-dimethylamines.
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Table 1. Catalytic Asymmetric Alkylation of Metallocenecarboxaldehydes with Dialkylzincs in the Presence of
(R)-3,3-Dimethyl-1-pi : ino-2-butanol?

entry aldehyde RiZn solvent temp (°C) time (days) product (%)? % ee (config.) [a]p20c
1 1 (Fe) EtyZn toluene/hexaned -5 2 3a (96) >96¢ -57.5
2 1(Fe) MexZn toluene/hexaned -5 2 3b (0) - -
3 1(Fe) MesZn  toluene/hexaned 20 3 3b (75) 79 -23.0
4 1(Fe) Mefn EtO 20 7 3b (96) >99'(R) -31.18
5 2Ru) EuZn toluene/hexaned -8 5 4a (99) 96¢ -49.0
6 2(Ru) MeldZn EnO 20 12 ab (17) 75h -
7 2 (Ru) MexZn  EnO/benzened 20 14 4b (84) 90h -24.0
8 2(Ru MeZn EtyOftoluened 20 7 4b (40) 80k -

a All reactions were cartied out under argon atmosphere. Aldehyde/RoZn/aminoalcohol = 1/1.1/0.05. b Isolated
yield by column chromatography. ¢ ¢ 0.5-1.1 in benzene. 4 1/1. € Determined by 'H NMR analysis in the
presence of Eu(hfc)s. f Determined by optical rotation. & At 25 °C. ? Determined by HPLC analysis of its 3,5-
dinitrophenylcarbamate ester with chiral stationary phase column, Sumichiral OA-1100.

A solution of ferrocenecarboxaldehyde (1) in toluene was allowed to react with 1 M solution of
diethylzinc in hexane ufider argon atmosphere in the presence of 5 mol % of (R)-3,3-dimethyl- 1-piperidino-2-
butanol.? The reaction at —5 °C was completed in 2 days to give 96% yield of 1-ferrocenylpropanol (3a)?
([e]p20 -57.5 (c 1.0, benzene)). The enantiomeric purity of 3a was determined to be over 96% ee by 'H NMR
analysis in the presence jof optically active shift reagent Eu(hfc)j (entry 1in Table 1). The methylation of 1 with
dimethylzinc under similar conditions was much slower than the ethylation, no methylation being observed in
the reaction at —5 °C in the mixed solvent system consisting of toluene and hexane (entry 2). The methylation at
20 °C for 3 days gave (R)-1-ferrocenylethanol (3b)!0 of 79% optical purity in 75% yield (entry 3). Diethyl
cther was found to be a Isolvent of choice for the asymmetric methylation of 1. Thus, the methylation in diethyl
ether at 20 °C gave 96% yield of (R)-3b, whose optical rotation [@]p?5 —31.1 (¢ 1.0, benzene) is larger than the
value reported for optially pure (R)-3b ([a]p25 —30.5 (c 1.1, benzene))10 (entry 4). The enantioselectivity
observed here is much higher than the methylation of 1 in the presence of (-)-DAIB which gave (5)-3b of 81%
ee d

Ruthenocenecarboxaldehyde (2)11 was also examined for the enantioselective alkylation in the presence
of (R)-3,3-dimethyl-1-piperidino-2-butanol. The reaction of 2 with diethylzinc in toluene/hexane (1/1)
proceeded with high enantioselectivity to give a quantitative yield of 1-ruthenocenylpropanol (4a)!2 ([a}p??
—49.0 (c 1.0, benzene)), whose enantiomeric purity determined by 1H NMR analysis using Eu(hfc); was 96%
(entry 5). The mcthylaﬁon of ruthenocenecarboxaldehyde 2 with dimethylzinc in ether carried out in a similar
manner to the mcthyl:{tion of ferrocenc analog 1 was very slow, only 17% yield of 1-ruthenocenylethanol
(4b)13 was obtained in the reaction at 20 °C for 12 days (entry 6). The slow rate of the methylation is duc
mainly to the low solubjility of the aldehyde 2 in ether at the low temperature. The use of mixed solvent system,
ether/benzene (1/1) ot ether/toluene (1/1), which dissolve the aldehyde 2, improved the conversion and
cnantiosclectivity (entries 7 and 8). Thus, the reaction in ether/benzene at 20 °C for 14 days gave 84% yield of
4b ([a]p20 —24.0 (c 0.5, benzene)), whose enantiomeric purity was 90%. The enantiomeric purity of 4b was
determined by HPLC lanalysis of its carbamate ester, obtained by treatment of 4b with 3,5-dinitrophenyl
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isocyanate, with chiral stationary phase column, Sumichiral OA-1100. The absolute configuration of new
optically active 1-metallocenylalkanols obtained here, (-)-1-ferrocenylpropanol (3a), (—)-1-ruthenocenyl-
propanol (4a), and (-)-1-ruthenocenylethanol (4b), is assumed to be all R from the R configuration of the
known alcohol (-)-3b, since the asymmetric alkylation of aromatic aldehydes with diethylzinc and dimethylzinc
catalyzed by a chiral aminoalcohol have always produced the alcohols of the same configuration,”8

It has been reported that (R)-1-ferrocenylethanol (3b) can be readily converted into (R)-N N-dimethyl-1-
ferrocenylethylamine (Sb) without racemization, by acetylation of the alcohol followed by amination of the
resulting acetate with dimethylamine.5-10 The nucleophilic substitution reaction at the ferrocenylmethyl position
has been known to proceed with complete retention of configuration via the 1-ferrocenylethyl cation, which is
readily formed and has high configurational stability.10 The acetylation-amination reactions of (R)-1-
metallocenylalkanols obtained above according to the reported procedureslO gave the corresponding optically
active dimethylamines 5 and 6 in over 80% yield (Scheme 2): (R)-5a:14 ([a]p20—43.8 (c 1.0, benzene)). (R)-
5b: ([a]p®5 +14.2 (c 1.0, ethanol), literature4.10 for (S)-5b, [a]p25 —14.1 (c 1.6, ethanol)). (R)-6a:15 ([a]p20
+13.2 (c 1.0, benzene)). (R)-6b:16 ([o]p20 +22.1 (c 1.8, benzene)). The enantiomeric purity of the amines
should be the same as the starting alcohols. The procedures for the conversion of (R)-Sb into ferrocenyl-
phosphine ligands such as (R)-(S)-BPPFA have been already established,2.17 and (R)-1-ruthenocenyl-N,N-
dimethylamines 6 are convenient starting compounds for the preparation of chiral ruthenocenylphosphines, 18
which will be described elsewhere in due course.
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