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Abstract: Both enantiomers of 1-hydroxymethyl-2-dimethylaminomethylferrocene have
been obtained in high enantiomeric excess by lipase-mediated irreversible acetylation using
vinyl acetate as acyl donor.

Introduction

Enantioselective addition of organometallic reagents to aldehydes, mediated by a variety of chiral
auxiliaries such as aminoalcohols and diamines, has recently been developed as an important tool in
synthetic organic chemistry.1ab Many chiral catalysts providing in some cases a high degree of
stereocontrol have been employed, among which are some homoannularly disubstituted ferrocenyl
aminoalcohols, all possessing central and planar chirality at the same time.2aC Schlbgl et al. proposed
that in these catalysts centrochirality dominates over planar chirality in determining the sense of
asymmetric induction. To shed light on this question and, at the same time, develop effective
catalysts stucturally more simple than those until now proposed, we resolved to study the preparation
of enantiopure ferrocenyl aminoalcohols possessing just a plane or a center of asymmetry. Since
enzymatic trasformations have become attractive for the preparation of nonracemic chiral compounds,
including organometallics,3a™ we examined the possibility of obtaining the desired ferrocenyl
derivatives vig lipase-catalysed resolution of racemates.

Here we wish to  report the lipase-catalysed kinetic resolution of the planar chiral
(1)-1-hydroxymethyl-2-dimethylaminomethylferrocene  providing both enantiomers with excellent
enantiomeric excess.
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Results and Discussion

At the onset of the present work, reference samples of both enantiomers of 1-hydroxymethyl-2-
dimethylaminomethylferrocenc 1 were prepared in  enantiomeric excess from the reaction of
dimethylamine with (-)-(15)- and (+)-(1R)-1-hydroxymethyl-2-acctoxymethylferrocene 2, obtained
from rmeso-1,2-bis(thydroxymethyl)ferrocene via enzymatic desymmetrization and avalaible from
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previous work® However, this procedure is not valid for preparative purposes, since 1,2-
bis(hydroxymethyl)ferrocene has been synthesized from racemic 1 through N-methylation with methyl
iodide followed by treatment with base.5 Therefore, direct resolution of 1 appeared the best route to
the target molecules. To this end, in initial experiments racemic 1 dissolved in toluene was subjected to
enzyme catalysed transesterification with vinyl acetate as acyl donor in the presence of a lipase as
catalyst. The acetate formed was analysed by IH-NMR spectroscopy in the presence of a chiral shift
reagent to determine configuration and enantiorneric excess. From the results summarized in Table 1 it
is readily apparent that Pseudomonas cepacia lipase (PSL) and porcine pancreatic lipase (PPL) both
gave products with very poor, if any, enantiomeric excess; hence these enzymes were not investigated
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further. The remaining lipases, immobilized Mucor miehei lipase (Lypozyme® ), immobilized Candida
antarctica lipase (Novozym 435%® ) and Candida cylindracea lipase (CCL), all gave products with
significant enantiomeric excess. Remarkably, Lipozyme® yiclded the R isomer, while Novozym 435%®
and CCL afforded the S isomer. At this point in order to optimize the conditions and enhance the ee.'s,
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the three active lipases were tested in different solvents (hexane, terr-amyl alcohol, diisopropy! cther,
tert-butylmethyl ether). Terr-butylmethyl ether (+-BME) proved to be the best one, since the e.c. was
increased from 20 to 38% whenNovozym4350 was used, and from 60 to 92% in the CCL-catalysed
reaction. Therefore, CCL. in -BME was selected for the kinetic resolution of (1)-1 in larger scale. A run
in which the reaction was quenched after 13 h, when conversion reached 42%, gave monoester (-)-3
with 92% e.e., that upon alkaline hydrolysis yielded (—)-1 without any loss of enantiomeric excess. The

Table 1. Enzyme mediated esterification of (1)-1-hydroxymethyl-2-dimethylamino-
methylferrocened

Catalyst Solvent Time(h) Conversionb e.c.C Configuration
(%) (%)
PSL Toluene 48 12 0 -
PPL. Toluene 48 28 0 -
Lipozyme® Tolucne 40 40 35 1R
Lipozyme® -BMEd 0.5 30 36 1R
Novozym 435® Toluene 12 38 20 15
Novozym 435® +-BME 4 40 38 1S
CCL Toluene 13 42 60 1S
OCL +-BME 13 42 92 18

2Experimental conditions: substrate 40 mg in 2 ml of solvent, vinyl acetate (5 molar equivalents),
enzyme 60 mg/ml, 45 °C, 300 rpm. PDetermined by HPLC. <Determined by !H-NMR in the
presence of Pirkle's alcohol. 4-BME=tert-butylmethylether

enantiomer (+)-1 was obtained in still better e.e. (>95%; chemical yield 32%) by prolonging the
reaction time until the desired conversion (65% after 22 h) was reached.

In view of the known reversibility under appropriate conditions of the lipase catalysed reactions
and the enantio-complementary nature of esterification and hydrolysis (or alcoholysis), we considered
the "deacylation approach” as an alternative procedure to obtain (-)-1 with high e.c. Since ()-3 is
rather unstable in aqueous media,6 we resorted to alcoholysis and accordingly (x)-3 in +-BME was
submitted to reaction with n-butanol in the presence of CCL as catalyst. After an incubation period of
48 h, (-)-1 was isolated in good chemical yield (40%) and excellent enantiomer excess (e.e. >95%).

In conclusion, this report shows that biocatalysed transesterification is an effective route for the
preparation of both enantiomers of a metallocene possessing only planar chirality, 1-hydroxymethyl-2-
dimethylaminomethylferrocene, whose catalytic properties, currently under investigation, will be
reported elsewhere. It is worth noting that 1 has structural features that allows access to a variety of
homochiral ferrocenyl derivatives.” To this end, both functional groups can be manipulated in many
ways and, in addition, the substituted ring can be metallated with butyllithium at the position adjacent
to the dimethylaminomethyl group.88b Condensation of the resulting lithiated derivative with
electrophilic compounds will lead to 1,2,3-trisubstituted ferrocenes with predetermined planar chirality.?
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Experimental

General methods. !H- and 13C-NMR were recorded at 250.13 and 62.9 MHz respectively in
CDCl3, unless otherwise stated, on a Bruker AC 250 spectrometer. Optical rotations were measured
with a Jasco DIP-370 polarimeter. HPLC analyses were carried out on a Varian instrument fitted with
an UV detector set at 250 nm using a Hypersil ODS column (150 x 4.6 mm) and mixtures of MeOH
and 0.02M triethylammonium acetate buffer (pH 5) as eluent.

Materials. Lipozyme® (immobilized lipase from Mucor miehei) and Novozym 435®
(immobilized lipase from Candida antarctica) are registered marks from Novo Nordisk. Lipase from
Candida cylindracea (CCL) and porcine pancreatic lipase (PPL) were purchased from Sigma Chemical
Co. Lipase from Pseudomonas cepacia (PSL) was obtained from Amano International Enzyme Co.
All reagents were analytical grade. 1-Hydroxymethyl-2-dimethylaminomethylferrocene (+)-1 was
prepared according to the literature procedureS and its spectroscopic properties agreed with those
reported. !0 Column chromatography was performed on LiChroprep Si Diol 40-63 pum (Merck). (-)-
(R)-(9-anthryl)-2,2,2-trifluoroethanol (Pirkle's alcohol) used as chiral shift agent was from Aldrich.

Reaction of 1-hydroxymethyl-2-acetoxymethylferrocene with dimethylamine. (-)-(15)-1-
Hydroxymethyl-2-acetoxymethylferrocene (-)-2 (60 mg, ee. 95%) was treated with aqueous
dimethylamine (0.25 mL) in methanol (1 mL) at 45 °C for 2 h affording, after separation of the reaction
mixture by column chromatography, (-)-(15)-1-hydroxymethyl-2-dimethylaminomethylferrocene (-)-1
(25 mg, 44% yield), [a]p -30.5 (c 1.25, CHCly), e.e. 90%, and 1,2-bis(hydroxymethyl)-ferrocene (23
mg). The enantiomeric (+)-(1R)-1-hydroxymethyl-2-dimethylaminomethylferrocene (+)-1, prepared
from (+)-(1R)-1-hydroxymethyl-2-acetoxymethylferrocene (+)-2, had [a]p +29.8 (c 1.3, CHCly), e.e.
88%.

Preliminary experiments of enzymatic acylation. Racemic aminoalcohol (1)-1 (40 mg) was
dissolved in the solvent of choice (2 mL) and vinyl acetate (34 pl/mL) and lipasc (120 mg) were
added. The suspension was shaken in a stoppered vial at 45 °C under 300 rpm. The conversion of
substratc was monitored by HPLC and the reaction was stopped at the times reported in table 1 by
filtering out the enzyme. Column chromatography of the residue (gradient of n-hexane/ethyl acetate as
eluent) gave unreacted aminoalcohol and its acetate. Enantiomeric excesses were measured by !H-
NMR analysis in the presence of Pirkle's alcohol using the integrated areas of the resonances for each
enantiomer relative to the unsubstituted cyclopentadienyl rings (Cp') or the dimethylamino groups.
Also the singlets for the acetate group appear at distinctly different fields.

Lipase catalysed esterification of compound (1)-1. CCL (1.2 g) and vinyl acetate (0.68 mL)
were added to a solution of (+)-1 (400 mg, 1.46 mmol) in ~-BME (20 mL) and the mixture incubated
as above. When the conversion of the substrate was about 45% the reaction was quenched removing
the enzyme by filtration and the filtrate dried in vacuo. Column chromatography of the residue afforded
(=)~(18)-1-acetoxymethyl-2-dimethylaminomethylferrocene [(-)-3; 175 mg, 38% yield), [alp -17.9 (¢
2, CHCly), e.e. 92%. IR vy 3016, 2987, 2781, 2360, 1732, 1373, 1251, 1106, 1039. !H-NMR: &
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2.02 (s, 3H, CH3CO-), 2.16 (s, 6H, -N(CH3),), 3.24 and 3.39 (AB system, d, J=13.0 Hz, each 1H,
-CH,N(CH3)p), 4.09 (s, SH, Cp"), 4.17 (t, 1H, J=2.5 Hz, Cp), 4.28 and 4.30 (m, each 1H, Cp), 4.94 (s,
2H, ~CHOAC). This last signal appears as an AB system in CD3OD (8 4.77 and 4.88, d, J= 12.2 Hz,
each 1H, ) and in CgDg (8 4.94 and 5.07, J=12.2 Hz, each 1H). 13C-NMR: § 20.94 (CH3CO-), 44.89
(-N(CH3)y), 56.92, 61.04, 67.85, 68.11, 69.97, 71.06, 81.00, 83.89, 170.86 (CH3CO-). In addition,
unreacted (+)-1 (180 mg, 45% yield) was recovered with an optical purity of 75%.

Alkaline hydrolysis (NaOH in ethanol) of (-)-3 (50 mg, 92% e.e.) afforded (-)-1 (34 mg, 80%
yield), (a]p -31.4 (c 1.7, CHCl3).

In a run with an incubation period of 22 h (conversion 65%) the unconverted (+)-1 (125 mg,
32% yield) was recovered with excellent enantiomer excess (e.€ >95%). [atlp +32.9 (c 1.2, CHCl5).

Alcoholysis of 1-acetoxymethyl-2-dimethylaminomethyiferrocene ( +)-3. Compound (1)-3
(150 mg, 0.48 mmol), obtained by conventional chemical acetylation of (£)-1, was dissolved in ~BME
(7.5 mL) containing n-BuOH (0.25 mL) and CCL (450 mg) was added. The reaction was carried out
at 45 °C for 48 h (conversion of substrate 42%). Work up of the reaction mixture gave 60 mg (40%
yield) of optically pure (-)-1 (e.e >95%), [&]p -32.5 (c 1.5, CHCl3).
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