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Abetract: T- and &La&ones 5, 6, 13, 14, 15 and 16 were synthesized via 
baker*s yeast reductxon of the corresponding keto acids 3 ,4 and g-12. The 
enantioselectavity of the reduction is strongly dependent on the nature of the 
keto acad: the 6-lactones were always obtaaned an an eel higher than the 
I-la&ones and ranglnp from 705 to 1001. 

A recent paper1 on the synthesrs of chiral r- and S-lactones 1 and 2 (Figure 1) from 

7,7-dimethylbicyclo 3.2.0. hept-2-enone through enzyme-mediated procedures prompted us to 

report our approach to the same class of compounds. Our method is baaed on a 

straightforward baker's yeast mediated reduction of the corresponding r- and Gketo 

acids. The capacity of the microorganisms to enantioselectively reduce mid-chain 

aliphatic I- and 6-keto acids is well known.'13' The majority of the microorganism8 

tested, including baker's yeast, afforded carbinola with (R) abeolute configuration in 

high enantlomerlc purity. Only a few examples yielding the (8) enantiomer are reported. 

Figure 1 

We first tested the abilrty of baker's yeast to reduce the carbonyl group of the 

unsaturated T- and 6-keto acids 3 and 4, the aim being to obtain optically pure forms of 

7887 



the atiryl lactonos I and 6 (Scheme 1) of which the l ynthetic potential ham rmntly been 
outlined.' In fact, these lactones pornmesa a vermatile functionality, the double bond, 
which can be manipulated to provide synthetically ueeful atructurem much as the aldehydea 

I and 8. Although 7 can be prepared from L-glutamic acid' the corresponding hanologue 8 

is not 80 readily accessible from chiral-pool component0 because its synthetic precursor, 

L-2-amino adipic acid, is a rare compound. 
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0 

A 

\ 
Ph 

- Ph~"--+OH.~&C co,* 

H H 
s 5 7 

0 
\ 

P ~co2H + Ph&o ---:HaC 

The keto 

acids by base 

Unfortunately, 

acidification 

H 
4 6 

acids 3 and 4, prepared respectively from 

catalyzed condeneation with bentaldehyde,6 

the lactones 5 and 6 could be isolated 

It 
8 

levulinic and I-acetyl butyric 

were readily reduced by yeast. 

in good chemical yield after 

and extractive work up the atereochemical results of the reduction8 were 

rather disappointing, the lactone enantiomeric excesmen being only 101 and 70% 

respectively. The optical purity was determined by %I NMR epectroecopy in the presence of 

Eu(hfc)s as the chiral shift reagent and by HPLC analysis on a chiral column. 

Figure 2 
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The absolute configuration (S) was eetabliahed in both caeee through a chemical 

correlation reported further on in the text. The modest enantioselectivity of the yeast 
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reduction of 3 and 4 is probably due to the presence 

fact the yeast treatment of the keto acids 9 and lo7 

and 14 in very high enantiomeric purity (Figure 2). 

of the conjugated double bond, in 

afforded the 7- and Glactonee 13 

The absolute configuration8 and the optical purities were determined through 

chemical correlation. Thus the lactones 13 and 14 were transformed into known aliphatic 

lactones3 following the procedure reported for lactone 13 in Scheme 2. The correlation 

involved the transformation of the hydroxymethyl group of dial 17, obtained in turn via 

the LiAlH4 reduction of the lactone 13, into a methyl group (e.g. 19). Initially, we 

tried to obtain this transformation via the reduction of the corresponding primary bromo 

derivative. Accordingly, the diol 17 was treated in methylene chloride at room 

temperature with NBS-Ph3P.* The reaction product, which can be isolated in 70% chemical 

yield, was the tetrahydrofuran derivative 22 with no evidence of other 

reaction-intermediates (Figure 3). The optical purity of derivative 22 was not 

determined, however the mechanism of this reaction ~~11 be further investigated. The 

desired conversion of 17 into 19 was achieved by the LiAlH4 reduction of the primary 

toeylate derivative obtained, In turn, through the protective group manipulations 

illustrated in Scheme 2. The alcohol 19 was acetylated and the aromatic ring of 20 was 

oxidized with ruthenium triCh10ride-Hs106,9 yielding the (S)-heptanolide 21 in 92% ee. 

The absolute configuration and the optical purity of 21 were determined by glc analysis 

using a chiral capillary c01umn,~~ and by comparison with an authentic sample.3b Thus, 

the absolute configuration of 13 is (R) and the enantioselectlvlty in the yeast reductron 

of T-keto acid 9 is drammatically enhanced with respect to the unsaturated analog 3. The 

absolute configuration of 3 was established by catalytic hydrogenation of the double bond 

affording the (R) lactone 13 in 10% ee. 

Scheme 2 
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The &lactone 14 was transformed into the 7-octanolide 33 (Figure 3) as reported for 

13 in Schems 2. Sowever, in this case , the treatment of the 1,5-diol 24 with NBS-PhDP did 

not afford the ring closure product, as reported for 17, but afforded, as expected, the 

primary bromo derivative. The tetrahydropyrane derivative can be obtained by treating the 

5-hydroxy-1-bromo derivative with NaGH-MaOH. 

Figure 3 
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Glc analysis on chiral columnl' of 7-octanolide 23 showed (5) absolute configuration 

and 100% ea. Thus, the yeast reduction of I-keto acid 10 afforded the lactone 14 with (R) 

absolute configuration, as for the reduction of 9, but in higher optical yield. 

Catalytic hydrogenation of 6 led to the determination of its absolute configuration, 

affording 14 in (R) absolute configuration. 

The lactone 13 was also correlated to the known lactone 2S,11 

sequence reported in Scheme 3, and this confirmed the (R) configuration 

by glc analysis). 

The unsaturated lactone 5, obtained in low optical yield by yeast 

according to the 

of 13 (28: 97% ee 

reduction, can be 

prepared by a simple manipulation of 13. In fact, lactone 13 after benzylic bromination 

(NBS, CC14) and dehydrobromination (DSU) afforded lactone 5 in the same optlcal purity as 

the starting material and in good chemical yield. On other hand, the transformation of 

S-lactone 14 into the unsaturated 5-lactone 6 using this procedure did not perform so 

well, the chemical yield being very low (30%). 

Subsequently, the T- and S-k&o acids 11 and 12 were reduced by baker's yeast to 

give lactones 15 and 16 (Figure 2). These were submitted to the usual correlatzon 

protocol which afforded the aliphatic S-la&ones 33 and 34, respectively (Figure 4). The 

optical purlties (40% for 33,and 93% for 34) and the absolute configuration ( (S) in both 

cases) were determined by optlcal measurements and comparison with the [a]Dz5 values 

reported in the lrterature3a (33: (a]D 25=-26.4' (c 1, TUF); 34: [c]D"=-58.8' (c 1, 

THF]). Also in this case the 6-keto acid was reduced with higher enantloeelectivity than 
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the y one, as wae observed for the reduction of 13 and 14. 

Scheme 3 
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The unsaturated lactones 35 and 36 can be obtained in good yield from 15 and 16, 

respectively, by the benzylic bromination-dehydrobromination procedure. 

Figure 4 
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These results confirm the validity of baker's yeast as a simple system for the 

production, through enantioselective carbonyl reduction , of quantities of materials with 

very high ee. At the same time, this further confirma that baker's yeast is very 

sensrtive to structural limits, making the precise accetability of a substrate by the 

enzymic 6ystem(e) presiding over the carbonyl reduction unpredictable. 
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EXPERIMENTAL 

Ill NMR spectra were recorded with a Bruker AC-250 or a Bruker CXP-300 instrument in 
the IT mode or with a Varian EM-390 with tetramethylsilane as internal standard. Optical 
rotations were measured in a 1 dm cell of 1 ml capacity by using a Jasco DIP-181 
polarimeter. Silica gel 6OFz54 plate0 (Merck) were used for analytical TLC, 270-400 meah 
silica gel (Merck) for flash chromatography or 70-230 mesh silica gel (Werck) for 
chromatography. HPLC analyses were performed on a Merck Hitachi L-6200 with a Chiracel OD 
(Daicel) column and a W (245 nm) detector using a Hewlett-Packard 3396A integrator. GLC 
analyses were performed on a Hewlett-Packard 5890 instrument with a capillary chiral 
Megadex 1 column using a Hewlwtt-Packard 5895A integrator. The keto acids 3-4 and 9-12 
were aynthesixed according to literature procedures (aee ref. 6 and 7). 

yeast Reduction General . Procedure . A suspension of 2.5 kg of baker's yeast and 2.0 
kg of D-glucose in 7.5 1 of tap water was stirred for 30 min at 32.C. A solution of keto 
acids (150 mmol) in 150 ml of 1X NaOH was then added. After 16h at room temperature 1.0 
kg of Celite was added and the reaction mixture was filtered waehing, the Celite pad with 
2.0 1 of AcOBt. The filtrate was adjusted to pH 4 with 2N HCl and extracted twice with 2 
1 portions of AcOBt. The organic layer was dried over sodium eulfate and the solvent was 
evaporated under reduced pressure. The crude material was chromatographed on 350 g of 
srllca gel with n-hexane/AcOEt E/2 as eluent, giving the lactones 5-6 and 13-16 in 70-805 
yield. 

Lactone 5: 'H NWR (CDC13, 25OMBz) 6: 2.00-2.20 (lH, m), 2.40-2.70 (3H, m), 5.06-5.20 
(lH, m), 6.20 (lH, dd, Jp15.00, 7.50Hz), 6.70 (lH, d, J=lS.OOHe), 7.20-7.50 (5H, m). ee 
10% (IH NMR in the presence of Eu(hfc)s and HPLC with Chiracel OD column using 
n-hexane/iPrOH 9/l as eluent flow 0.6 ml/min). Anal.Calcd. for CI2Hlfl2: C,76.57; H.6.44. 
Found: C,76.60; H,6.40. 

Lactone 6: lH NMR (CDC13, 300Mix) 6: 1.70-1.82 (lH, m), 1.88-2.12 (3H, m), 2.46-2.70 
(2H, m], 4.94-5.04 (lH, m), 6.19 (lH, dd, 5115.50, 6.00H~), 6.65 (iii, d, J=15.50Hz), 
7.20-7.40 (5H, m). ee 70% (determined as reported for 5). Anal.Calcd. for C13H14O2: 
C,77.20; H,6.99. Found: C.77.22; H,6.98. 

Lactone u : 'H WNR (CDC13, 25OWHz) 6: 1.80-2.14 (3H, m), 2.24-2.38 (lH, m), 
2.49-2.58 (2H, m), 2.64-2.90 (2H, m), 4.42-4.52 (lH, m), 7.10-7.34 (SH, m). [a]P25=+71.30 
(c 1.03, CHC13). Anal.Calcd. for CI2H14O2: C,75.76; H.7.43. Found: C,75.70; H,7.45. 

Lactone 14: lH NWR (CDC13, 25OWHZ) 6: 1.48-2.12 (6H, m), 2.38-2.42 (4H, m), 
4.20-4.33 (lH, m), 7.10-7.34 (SH, m). [a]h25=+81.9' (c 1.04, CHC13). Anal.Calcd. for 
C13H16O2: C,76.44; H,7.91. Found: C,76.47; H,7.95. 

Lactone 15: 'H Nl4R (CDC13, 25OWHz) 6: 1.60-1.94 (5H, m), 2.25-2.40 (lH, m), 
2.48-2.58 (2H, m), 2.60-2.70 (2H, m), 4.45-4.56 (lH, m), 7.15-7.32 (SH, m). [a]h25=+21.7' 
(c 1.04, CHC13). Anal.Calcd. for C13H1402: C,76.44; H,7.91. Found: C.76.46; H,7.88. 

Lactone 16: ‘El NMR (CDCL3, 25OWHx) 6: 1.40-2.00 (EH, m), 2.33-2.70 (4H, m), 
4.22-4.36 (lH, m), 7.12-7.34 (5H, m). [a]h25=+21.7' (c 1.04, CHC13). Anal.Calcd.for 
ClPHI802z C.77.03: H,8.33. Found: C,77.00: H,8.37. 

Dial 17. A solution of the lactone 13 (20 g, 105.3 mnol) in 30 ml of dry THF was 
added to a boiling THF (100 ml) suspension of LiAlH4 (7 g, 184.4 nnnol) under nitrogen. 
After refluxing for 4h, the reaction mixture wae quenched by sequential addition of 
AcOEt, a saturated solution of potassium sodium tartrate and water. The organic layer was 
separated, dried over sodium sulfate and the solvent evaporated under reduced pressure. 
The crude product was purified by chromatography (AcCEt/n-haxane 65/35) to give diol 17 
In 78% yreld. 'H NWR (CDCl3/Dfl, 9OMHz) 6: 1.50-1.95 (6H, m), 2.55-2.85 (2H, m), 
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3.50-3.78 (3Ii, m), 7.10-7.33 (5H, m). [a]025-+7.5’ (c 1.00, CHCls). Anal.Calcd. for 
C12H1%02: C,74.19; H.9.36. Found: C,74.16; K9.30. 

mtvl derivative 16. The dial 17 (llg, 72.2axnol) in 150 ml of benzene-n-hexane 
(1:l) was treated with vinyl acetate (13.4m1, 216.61mnol) and 3g of lipaae from Candida 
cylindracea (Fluka) at room temperature. After 3h atfrring, the reaction mixture was 
filtered and the aolvent evaporated under reduced pressure. The crude product was 
purified by chromatography (n-hexane/AcOEt 812) to give 16 in 83% yield. '34 NXR (CDC13, 
25OMHz) 6: 1.48-1.85 (7H, m), 2.03 (JH, a), 2.61-2.87 (2H, m), 3.60-3.70 (lH, m), 4.09 
(2H, t, J=b.OOHz), 7.18-7.31 (5H, m). [a]n25=+6.0' (c 1.00, CHC13). Anal.Calcd.for 
C14H2&3z C,71.16; H,8.55. Found: C,71.12; H,8.58. 

h 1 19. A solution of acetyl derivative 18 (14g, 
wa", treated with dihydropyrane (5.9m1, 

59.3mmol) in methylene chloride 
(80 ml) 65.23mmol) and p-toluensulfonic acid (lg) 
at O'C. After 3h, 3% NaHCC3 agueoue solution (20ml) was added and the organic phase was 
separated, dried over sodium sulfate and the eolvent evaporated under reduced preseure. 
The crude product was dissolved in MeOH (5Oml), treated with sodium hydroxide (4.Og, 
100mm01) and refluxed for 4h. The reaction mixture was concentrated, diluted with 
ice-water and extracted with methylene chloride (2xlOOml). The organic extracts were 
dried over sodium eulfate and the solvent evaporated under reduced preseure. A solution 
of the crude product was treated with p-toluensulfonyl chloride (19g, lOOmmo1) at O'C. 
The reaction mixture was warmed at room temperature and, after 16h, was poured into 
ice-water then extracted with methylene chloride (3xlOOml). The organrc layer6 was waehed 
with 3% HCl, water, 3% NaHCC3, water and dried over sodium sulfate. The solvent wae 
evaporated under reduced pressure. The crude product was dissolved in THF (30ml) and 
added to LiAlH4 (Sg, 131.6mmol) in boiling THF (lOOm1). After lOh, the reaction mixture 
was treated, in sequence, with AcOEt, methanol and potaesium sodium tartrate. The eolvant 
wae evaporated under reduced pressure. The residue dissolved in 100 ml of MeOH/H$ (1:l) 
was treated with cont. HCl (5ml) and refluxed for 3 h. The reaction mixture wae 
concentrated, cooled and extracted with methylene chloride (2xlOOml). The organic extract 
was dried and the solvent evaporated under reduced pressure. The crude product wae 
purified by chromatography (n-hexane/AcOEt 9/l) to give the compound 19 in 39% yield. 'Ii 
NMR (CDC13/Dfl, 25OMHz) 6:0.91 (3H, t, J=5.50Hz), 1.28-1.53, (QH, m), 1.65-1.85 (PH, m), 
2.60-2.87 (2H, m), 3.58-3.69 (lH, m), 7.15-7.32 (5H, m). [a]D25=+12.8* (c 1.00, CHC13). 
Anal.Calcd.for C12H180: C,80.85; H,10.20. Found: C,80.88; H,10.21. 

Acetvl derrvatlve 20. A solution of alcohol 19 (39, 16.9nrnol) m pyridine (4ml) was 
treated with Ac$ (4m1, 42.4aunol ) at room temperature. After 16 h, the reactron mixture 
was evaporated under reduced pressure and the crude product purifa,ed by distillation 
(b-p. 8O'C/l4mmHg) to give 20 in 90% yield. 'H NMR (CDC13, 3OOMHz) 6: 0.91 (3H, t, 
J=7.50Hz), 1.24-1.42 (PH, m), 1.49-1.53 (2H, m), 1.82.1.93 (2H, m), 2.03 (3H, s), 
2.54-2.71 (2H, m), 4.90-5.00 (lH, m), 7.13-7.30 (5H, m). [a]r25=-16.5' (c 1.00, CHC13). 
Anal.Calcd for C14H2&2: C,76.33; H,9.17. Found: C.76.28; H,9.12. 

Lactone 21. Compound 20 (2g, 9.09mmol) dissolved in acetonitrile (18.lml) carbon 
tetrachloride (18.lml) and water (30.3ml) wae treated with periodic acid (29.2gr 
129.0nml01). The reaction mixture was stirred 10 min (until both phases became clear) and 
then ruthenium trichlorrde hydrate (37.8mg, 0.18mmol) was added. After stirring for 3h, 
the reaction mrxture was cooled to O*C and ethyl ether (60ml) wa.8 added with vrgoroue 
stirring for 10 min. The organic phase was separated, washed twice with water then dried 
and the solvent evaporated under reduced pressure. The crude 4-acetyloxy eptanoic acid 
was dissolved in MeCH (78ml) and treated with 1N NaOH solution (39ml). The reaction 
mixture was stirred at room temperature for 6 h, then acidified to pH 4 with 2N HCl. The 
solvent was concentrated until l/3 volume and 2N HCl was added until pH 1. The reaction 
mrxture was stirred for 1 h and extracted with Etfl. dried and filtered. The product was 
purified by bulb to bulb distillation under vacua to give lactone 21 in 60% yield. ee 92% 
(glc analyses: Megadex column T,,,tlal=l10*C/3min /3'C/min/ Tpinal=180*C). 

Correlation of lactones 14. 15 and 16. The correlation of lactones 14, 15 and 16 
were carried out in the same way as deecribed for 'r-lactone 13: 14 was transformed into 
the 6-lactone 23, 15 and 16 into the 6-lactonem 35 and 36 respectively. 
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mixture was filtered and the solvent evaporated under reduced pressure to give the crude 
alcohol 31. 31: 'H WMR (CDC13/Dfi, 9OMHz) 6: 0.9 (3H, t, J=B.OHz), 1.2-1.9 (12H, m), 
2.6-2.8 (2H, m), 3.5-3.7 (lH, m), 7.1-7.3 (5H. m). A solution of the crude alcohol 31 in 
dry methylene chloride (32ml) was treated with Etfl (1.69m1, 12.ommoll), AC&I (1.03m1, 
lO.Snnnol) and a catalytic amount of DWAP. After etirring at room temperature for 1 h, the 
reaction mixture was washed with water, 5% aqueous AC1 and water. The organic layer was 
dried over sodium sulfate , filtered and the solvent evaporated under reduced premaure. 
The CNde product was purified by flash chromatography (n-hexane/AcGBt 95/5) to give the 
acetate 32 in 95% yield. 'H NMR (CDC13, 25OMHz) 6: 0.87 (3H, t, J=6.75Hs), 1.20-1.30 
(lOH, m), 1.50-1.61 (ZH, m), 1.80-1.92 (2H, m), 2.04 (JH, a), 2.52-2.72 (2H, m), 
4.88-4.98 (lH, m), 7.13-7.32 (5H, m). [aID"=-10.4' (c 1.07, CHCl3). Anal.Calcd.for 
Cl7H26O2: C,77.82; H,lO.Ol. Found: C,77.87; H,10.03. 

y-Lactone 28. Lactone 28 was obtained from 32 as already reported for the 
transformation of compound 20 into 21. The crude product was purified by Kugerlohr 
distillation (135-14O'C/15nnnHg) to give the r-lactone 30 in 65% overall yield. 'H NWR 
(CDC13, 25OMHz) 6: 0.88 (3H, t, J=7.50Hz), 1.23-1.94 (llH, m), 2.25-2.40 (lH, m), 
2.49-2.58 (ZH, m), 4.43-4.55 (lH, m). [aID"=-36.9' (c 1.03, MeCH); [a]D2'=-33.8' (c 
1.05, CHC13). The 97% ee was determined by glc analysra on chiral column ae reported for 
lactone 21. Anal.Calcdfor Clfl1802: C,70.55; H,10.68. Found: C,70.53; H,10.63. 

Benzvlic bromlnation-dehvdrobromination. General Procedure, A solution of saturated 
lactone (1.58mmol) in CC14 (Eml) was treated with NBS (2.37mnol) and a catalytic amount 
of PhC03H. The reaction mixture was refluxed for 1 h, then filtered and the aolvent 
evaporated under reduced pressure. The crude bromo derivative was dissolved in CHC13 
(15.8ml) and treated with DBU (1.9mmol). After refluxing for 3 h, the reaction mixture 
was cooled and treated with 2N HCl until pH 5. The organic layer wae washed with water 
and brine, then dried over sodium sulfate and the solvent evaporated under reduced 
presure. The product wae purified by chromatography n-hexane/AcOEt E/2. 

Lactone 5. 84% yield. [a]D2'=+2.9' (1.04, CHC13). 95%ee. Anal.Calcd.for C12Hlfl2: 
C.76.57; H.6.44. Found: C,76.55; H,6.41. 

Lactone 6. 30% yield. [a]D25=+0.6' (c 1.01, CHC13). 990ee. Anal.Calcd.for C13H1402: 
C,77.20; H,6.99. Found: C,77.23; H‘7.02. 

Lactone 35. 80% yield. 'H MNR (CDC13, 25OMHz) 6: 1.88-2.03 (lH, m), 2.25-2.40 (lH, 
m), 2.48-2.71 (4H, m), 4.58-4.68 (lH, m), 6.19 (lH, dt, J=15.75, 7.00Hz), 6.50 (lH, dt, 
J=15.75, 1.35H?.), 7.15-7.40 (5H, m). Anal.Calcd.for C13H1402: C‘77.20; H,6.99. Found: 
C,77.25; H.6.95. 

Lactone 36 . 82% yield. 'H NMR (CDC13, 25OMHz) 6: 1.50-1.68 (lH, m), 1.74-2.02 (3H, 
m), 2.40-2.70 (4H, m), 4.35-4.46 (lH, m), 6.23 (lH, dt, Jx15.75, 7,00Hz), 6.49 (lH, d, 
J=15.75Hz), 7.19-7.39 (5H, m). [a]D2'=-0.5. (c 0.84, CHC13). Anal.Calcd.for ~14H16O2: 
C,77.75; H.7.46. Found: C,77.70; H,7.44. 

Tetrahvdrofuran derrvative 20. A solution of diol 17 (SOOmg, 2.58mmol) in methylene 
chloride (26ml) was treated with Ph3P (1.499, 5.521~101) and NBS (l.Olg, 5.52-l). After 
stirring for 48 h at room temperature the solvent was evaporated under reduced pressure. 
The crude mrxture was taken up with Etfl, filtered and the Bolvent evaporated under 
reduced pressure. The product was purified by flash chromatography (n-hexane-AcOEt 9/l) 
to give 22 in 70% yield. 'H NMR (CDC13, 25OMHz) 6: 1.40-1.54 (lH, m), 1.69-2.05 (5H, m), 
2.59-2.63 (2H, m), 3.68-3.94 (3H, m), 7.13-7.38 (SH, m). [a]D2'=+4.2' (c 1.06, CHC13). 
Anal.Calcd.for C12Hl&: C,81.77; H.9.17. Found: C.81.74, H.9.17. 
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