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Abstract: Bakers’ yeast is used to prepare 3a, 4a and 5a in high enantiomeric purity by addition of ally1 

alcohol to the reaction. The double reduction of 2.6~diacetylpyridine 2 with bakers’ yeast leads to 5a with 

essentially complete enantiomuic purity predicted to be 99.97%ee. 

Bakers’ yeast (Saccharomyces cerevisiae) has been used widely as a method for achieving asymmetric reductions 

of ketones.1 By its very nature however bakers’ yeast will often reduce ketones with moderate 

enantioselectivities as it is known to contain several dehydrogenase activities.* These dehydrogenascs have 

comradictory stereoselectivities, the relative activities of which depend on the substrates presented to them.* This 

paper reports the methods we have used to achieve high enantioselectivity in the generation of pyridylethanols 

3a, 4a and 5a3 using bakers’ yeast. 

3a 4a Sa 

Reduction4 of 2-acetylpyridine 1 with fermenting yeast gave pyridylethanol3a in 85%ec.5 ‘Ibis transformation 

was previously achieved by a Japanese group6 in 96%ee, however the dimmpancy in scloctivity almost cutainly 

reflects the variation of yeast sources used. In order to improve the enautioselectivity we investigated the addition 

of ally1 alcohol to the reaction. It had previously heen reported7 that addition of a$-unsaturated carbonyl 
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Scheme Overall stemchemical profile of the double yeast reduction of 2 at 859k. Square bracke+ 
figures represent the distribution at 99.8%ec, which approxhnates closely the ally1 alcohol m0difiCat.m. 



Highly enantlopum pyridylethanols 1257 

compounds, or their corresponding ally1 alcohols, to yeast reductions can improve the stereoselectivity and ally1 

alcohol proved to be one of the most successful additives in this regard. Accordingly, alIy1 alcohol (0.5equiv 

w.r.t 1) was ad&d to the fermenting yeast reaction and in the event substantially @roved dteenantioselectivity. 

(S)-Pytidylethanol3a (>95%ee)5 was mcovered 35% yield, [aID = -29.14, (c4.94,~~~13).8 

We then investigated reduction of the bifunctional substrate, 2,6diacetylpyridi~ 2. Complete mono reduction of 

2 using yeast was achieved after 24 hours and gave 4a in 67% yield with 85%ee.s This is the same moderate 

enantioselectivity observed for 3. Again however, addition of ally1 alcohol (025equiv w.r.t 2) to the macdon 

proved expedient and improved the enautiomeric purity of 4a to 99.8%ee, [a&$0 = -7.5,(c1.5, CHC13), after 

derivatisation as its p-bromobenxoate ester 7a and quantitative chiral HPLC analysistg. When the reaction 

without ally1 alcohol was allowed to continue, then the second acetyl group underwent reduction. This was a 

slow transformation which after 5 days gave a mixture of the mono-reduced products 4 and the doubly reduced 

DL-5 and meso- dials in the ratio 70~264. The dials 5 and 6 were easily separated from 4 by chromatography 

and were isolated in 15% yield. Detivatisation of the diol mixture as its di-p-bromobenzoate esters 8 allowed us 

to more easily assess the diastereomeric DL:meso ratio by lH-NMR as 87: 13. 

Gur interpretation of the stereochemical profile of this reaction follows Finn a recent analysis of the reductions of 

symmetrical bifunctional systems10 and is illmtrated in the Schem. The first reduction has a stereoselectivity of 

85%ee. In view of the fact that we obtain 13% of the meso product 6 from the yeast reaction, we can say with 

some confidence. drat the second reduction has a similar stereoselectivity tu the fmt, ie. 85%ee. It follows ti 

the Scheme that the enantiomeric excess of 5a over 5b is therefore 98.69%. The mesu component is easily 

removed by recrystallisation of 8 and thus 8a can be obtained in >98.7%& l. It should also be noted that 

mcrystalhsadon wilI adventitiously remove residual traces of 8b. When ally1 alcohol (0.25mol equiv) was added 

to the double yeast reduction the situation improved further and none of the mcsu diasmmoisomer was detectable 

when the diol product 5a ([Ct]D2o = -26.84 , (c2.98, CHCl3)) was converted to 8. Quantitative chiral HPLC 

analysis of 8 demonstrated that the mate&l was essentially the single enantiomer, 8a with an optical purity of 

>99.92%ee. X-ray analysis of a crystal of (SS) &t confirmed its absolute stereochemistry13. The very high 

%ee is to be expected in view of the enantiomeric purity of 4a (99.896ee) ncovered after the first reduction. It 

can be ptedicted from the Scheme [bracketed @ures], assuming that both reductions proceed with a similar 

selectivity, that the ultimate purity of 5a will be 99.W%cc! This is close to the experimental value Obtained for 

8a (>99.92%ee). 
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Selected analytical data for 8a. mp 154-154.SoC. [aID20 = +70.18, (~1.71, CHC13). 

Chii HPLC analysis of 7a and & were cat&d out using a Cbiracel OD column in hexane : ethanol 

(98:2). In the racemate 8b. meso 8 aMi 8a were clearly resolved in the expected ratio of 1:2:1. For 

biotmusformed mixtutes, accurate %ee values were detetmmed by intcxgration after spiking with a known 

amount (0.5%) of racemate. 

Crystal data: (S,S) 8a. C23HJgBr2N04. M = 533.22, orthorhombic, P212121, a = 6.945 (1). b = 

15.923(3), c = 19.898(6)& V = 2200(2)A3, h =1.54178A, z 4 Dc = 1.61g cm-3, F(OO0) = 1064, c~.(C!u- 

Ka) = 4.95mm-1. Siemens R3m/V diffractometer, 2989 independent reflections measumd (3<26<115o) 
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[&Fo) + 0.9050 IFoP]-I, iofinement converged at R 0.078. Rw 0.083, goodness of fit = 1.24. The em test 

of Rogeml4 [B = 1.0(l)] was used to determine the absolute co&uration of the molecule. 

Full details of the crystal structure have been deposited at the Cambridge Data Cenue. 
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