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Enzymatic Generation of Planar Chirality in the (Arene)Mricarbonylchromium Series
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Abstract: Hydrolysis using pig liver esterase of the meso diesters [ortho-CgHg(CHyCO4R)}-
Cr(CO)3 (R = Me,Et) yields the haif ester in good yield and high enantiomeric excess.

The ability of enzymes or stoichiometric reagents to differentiate enantiotopic groups in meso or
prochiral compounds provides an excellent entry into asymmetric synthesis.  (Arene)tricarbonylchromium
complexes continue to attract interest as intermediates for enantioselective synthesis, and through enzymatic
methods have been applied to the Kkinetic resolution of several chiral ortho and meta substituted
complexesl, the enzymatic generation of metallocenic planar chirality remains virtually unexploredz. We
wish to report here the first examples of enzymatic generation of planar chirality in benchrotrenic
compounds.

Controlled hydrolyses of the diesters (1) and (2) using pig liver esterase proceed cleanly with
consumption of one mole of sodium hydroxide to provide the half esters (3) and (4) in high yield. Of
limited solution stability, (3) and (4) were converted into the emantiomeric asymmetric diesters {5a,b) by
treatment with the appropriate chloroformates4, Analysis by chiral HPLC of (5a,b) reveals enantiomeric
excess values of 94 and 99% respectively by comparison with racemic samples.
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A crystal structure determination® of the menthyl derivative (6) prepared from (3) establishes the
absolute configuration of (5a) as (IR). Hydrolysis of the pro (S) substituent resulting from the molecular
dipole created by the strongly electron withdrawing Cr(CO)3 moiety is consistent with previous postulates
regarding the action of pig liver esterase in purely organic syslems7.
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This reaction, which can be carried out on a scale of several grams, thus provides an

unprecedented example of an enantiogenic reaction in the new area of bioorganometallic chemistry®,
Other examples of such reactions are currently under investigation.
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Complexes (1) and (2) were prepared from the free ligands and Cr(CO)g wusing standard
proceduress. Pig liver esterase (1.3 g, Sigma L8251) was added as a powder to a solution of (1)
(1g) in 10 ml of a 90:10 water/methanol mixture previously adjusted to pH 7.2 with 2 M NaOH.
The pH was maintained at 7.2 during hydrolysis by addition of 2M NaOH from an automatic
burette.  After cessation of reaction at half-hydrolysis, the solution was acidified with 0.1M HCI
and extracted with ethyl acetate to give (3) as a yellow oil (0.8 g, 85%). The diester (5a) was
prepared by dissolution of (3) in THF followed by sequential addition at -10 °'C of NEty (1.2
equivalents) and ethyl chloroformate (1 equivalent) followed by purification by flash chromatography.
Complexes (4), (5b) and (6) were prepared similarly by hydrolysis and subsequent reaction with
methyl chloroformate and (-)-menthyl chloroformate respectively. Racemic samples of (5a,b) were
prepared via non-enzymatic hydrotysis of (1) and (2) with exactly one mole of KOH. Optical
purities of (Sa,b) were determined using a Chiralcel O.J. column on a Beckman System Gold
apparatus.
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CHj3 0.76 (d, J = 6.5), CH(CH3); 0.89, 0.92 (dd, J = 7.0), CH and ring 0.7-2.0(m). Additional
well defined resonances due to Hy,g are seen in (6) prepared from racemic (3); no kinetic
resolution occurs on reaction of (3) with excess (—)-menthyl chloroformate over long reaction times.
Precedents exist for facile COj elimination from the presumed carbonic anhydride intermediate in
cases where an electron withdrawing group is beta to the carbonyl: Windholz, T.B. J. Org. Chem.,
1960, 25, 1703.
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0.7093A). Data were corrected for Lorentz and polarization effects but not for absorption. The
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