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Abatract-Ethyl (S)-3-hydroxybutanoatc of 87% optical purity was obtained by the yeast reduction of ethyl 
acetoacetatc and was converted into 85-87% optically pure (S)-(t)-sulcatol (bmethyl-S-hepten-241) by a S-step 
sequence in 73% overall yield. 

Sulcatol is the aggregation pheromone first isolated from The yeast reduction of ethyl acetoacetate 2 was repor- 
the boring dust of Gnafhofn’chus sulcafus.’ Its ted to give ethyl (S)-3-hydroxybutanoate 3a, although no 
identification as a 65/35 mixture of the (I?)-(-)- and precise determination of the optical yield was des- 
(S)-(t)-enantiomers of 6-methyl-5-hepten-2-l evoked Ctibd.‘“-‘2 Upon reduction with baker’s yeast for a day 
interest in its chiral synthesis. Our first synthesis of at 30”, ethyl acetoacetate was converted to ethyl (S)-3- 
optically active sulcatol was accomplished by employing hydroxybutanoate 3~ in 67% isolated yield. The reduc- 
glutamic acid as the starting material2 The availability of tion could be followed conveniently by disappearance of 
both enantiomers of sulcatol led to the discovery of the positive FeClj coloration test for ethyl acetoacetate. 
quite unexpected stereochemistry-pheromone activity The optical purity of the product was determined by the 
relationship: Gnathotrichus sulcutus responded to sul- NMR and glc analyses of its (s) - (-) - a - methoxy - a - 
catol only when both enantiomers were present, which trifluoromethylphenylacetic acid (MTPA) ester” to be 
meant a synergistic response to enantiomeric mixtures.3 8687%. After the completion of our work, two papars 
Since then two other chiral syntheses were reported.*s appeared concerning the optical yield of the yeast 
In the earlier synthesis (I&(-)-suicatol was prepared reduction of ethyl acetoacetate. Fr&er reported the 
from 2deoxy-u-ribose, while t-fucose was converted to optical purity of his reduction product 3a to be 70% by 
(!$(t)-sulcatol.’ Ethyl (S)4-)-lactate was the starting its NMR analysis in the presence of a chiral shift 
material in the later synthesis.’ (S)-(t)-Sulcatol was also reagent,” while Meyers and Amos found their 3a to be 
prepared by resolution of the phthahc half ester of of !J7% optical purity by the similar NMR analysis.” The 
(+sulcatol with brucine.6 Very recently Borden has optical yield of this asymmetric reduction thus fluctuates 
found that Gnathotrichus relusus responds to (S)-(t)- between the range of 7997% due to the differences in 
sulcatol in an upwind laboratory bioassay and that the the yeast strain or fermentation condition. The experi- 
response appears to be inhibited to some extent by the mental simplicity together with high optical yield makes 
(RI-(-)-enantiomer.’ This prompted us to devise a the yeast reduction particularly acceptable as the starting 
simple synthesis of (S)-(+t_sulcatol for biological use. point in a chiral synthesis of natural products.$ 

Obviously the most direct access to (SW+)-sulcatol la 
is the asymmetric reduction of 6-methyl-S-hapten-2-one. 
Even after recent remarkable progress, chemical asym- 
metric reduction is still unsatisfactory for this purpose in 
view of the low optical yield in the case of aliphatic 
ketones with no unsaturation at the a-carbon? However, 
microbial reduction of ketones catalyzed by yeast is 
generally known to give (S)-alcohols often in high optical 
yield? We therefore attempted the reduction of 6 
methyl-5-hepten-2-one or 6-methyl-3,5-heptadien-2-one 
with baker’s yeast. But unfortunately in these particular 
cases the substrates were recovered unchanged after 
fermentation. So we had to choose another substrate 
more readily reducible by yeast. 
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tPhcromone Synthesis-XLI. This work was presented at the 
Korea-JapanJointSymposiumon~ReactionsaodSyntheses 
in !3coul, Korea, on 26 April 1980. as a pprt of KM.3 lcchue. Part 
XL, C. Hoshino and K. Mori, A@. Bill Chem. 44.3W7 (1980). 

tReccntly we have obtained 94-!I7% optically pure ethyl (S)-3- 
hydroxybutanoate 3a by interrupting the fermentation after 4hr 
with 34% recovery of ethyl acctoacetate 2 Cr. Sugai, unpub 
lished result). Detailed fermentation condition will be reported 
later with other examples of chiral synthesis starting from 30. 

Conversion of 3a to (S)-(t)-sulcatol la was straight- 
forward. After protection of the OH group as a THP 
ether, 3h was reduced with LAH to give an alcohol 4a. 
The corresponding tosylate 4b was treated with a Grig- 
nard reagent prepared from I-bromo-Zmethylpropene in 
the presence of CuI to give the coupling product lb. The 
THP protecting group of lb was removed by acid 
hydrolysis yielding the desired product la in 73% overall 
yield from 3a. The optical purity of our gas chromato- 
graphically 96% pure sulcatol la, [a]$? t 12.6” (EtOH), 
was estimated to be 85 - 87% based on the reported [alp 
values (+ 14.4& and t 14.p) or 89 * 3% based on the 
NMR analysis of its ($)-(-)-MTPA ester. 

In conclusion we added another example of incor- 
poration of a biochemical method into organic synthesis 
which provided a simple and efficient route to a chiral 
pheromone, (S)-(t)-sulcatol la. 
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