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A USEFUL METHOD FOR PREPARING OPTICALLY ACTIVE SECONDARY ALCCHOLS:
A SHORT ENANTIOSPECIFIC SYNTHESIS OF (R)- AND (§)-SULCATOL
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Abstract. The epimeric 2-(1-Hydroxyethyl)-5-methyl-4-hexenoic acids have been prepared by bakers yeast reduction of
the corresponding oxo compound or by alkylation of an optically pure 3-hydroxybutanoate. Radical chain
decarboxylation afforded the antipodes of sulcatol. The method is probably widely applicable to the synthesis of other
optically pure alcohols.

Methyl ketones are readily prepared by the facile decarboxylation of 3-oxoesters. An analogous strategy for the
production of methyl carbinols has not been feasible since an efficient method for carrying out the decarboxylation of a
corresponding 3-hydroxyester has not been available. This latter route would provide an access to chiral methyl carbinols
since a variety of 3-hydroxysesters with high opfical purity are available cheaply . Barion's? method offered to overcome
the decarboxylation problem at an otherwise nonactivated carboxyl group.

Mere we apply this strategy to the preparation of the antipodes of Sulcatol 12 which as a mixture constitute an
aggregation pheromone of the insect pest Gnathotrichus Sulcatis. The species Gnathotrichus retusus responds in a
positive manner only to the (S)-{+) enantiomer3.
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Three possible routes to the required 3-hydroxyacids were considered and studied.

1) Reduction by bakers yeast of a linear 3-oxoacid or ester. This would provide access tc only one
enantiomer, i.e. { §) -1. Since the enzymes involved do not diffarentiate efficiently for the esters the acid would be
preferred, as shown recently®.

2) Bakers yeast reduction of a 2-substituted 3-oxobutanoate. Again would only furnish one enantiomer.
Results have shown that the reduction of these substrates leads to products having very high configurational purity at
the newly formed carbinol carbonS,

3) Alkylation at the 2-position of optically pure 3-hydroxybutanoates. Both of the enantiomers of the 3-
hydroxybutanoates are available, the { B ) -isomer in optically pure form by the depolimerisation® of the poly 3-
hydroxybutancic acid formed by bacterial fermentation’, and the (8)-isomer is available {~90% e.¢.} by bakers yeast
reduction of an appropriate acetoacetate. The ethyl (38)-hydroxybutanoate used in this work was obtained in optically
pure form by two routes. Bakers yeast reduction of ethyl 2-alkylthio-3-oxobutanoate followed by Raney nickel
desulphurisation8 or by recrystallisation of the amide resulting from the reaction of 90% e.s. ethyl (3§)-
hydroxybutanoate with methanolic ammonia, the ester was regenerated by acid ethanolysisg. Both of these processes
are efficient but in this case the second route was preferred because of the ready availability of the enantiomer enriched
(38)-hydroxybutanoate.

The 3-oxoacid 2 was prepared and reduced as per the method of Hirami4 to afford the hydroxyacid 3. The low
yield (45%) for this step we aftribute to competitive decarboxylation during the fermentation since no starting material was
recovered or detected. Even the use of pH 7 buffer control during yeast reductions does not resolve the problem of the
instability of acid labile functions under the fermentation conditions, implying that the environment inside the yeast cells
is relatively acid. Acetylation {(a) AcpO, pyridine (b) aq.NaHCO3) of 3 yielded the acelale 4 (84%). Decarboxylation by
the Barton method did not afford the required acetate 5 but a volatile saturated compound which we tentatively assign
the structure & on the basis of its nmr. Also mechanistically 6 would be expected from the intramolecular radical
cyclisation of the intermediate 7. This approach was abandoned in favour of options 2} and 3) since the formation of a
cyclopropane by cyclisation of the expected radical intermediate appeared unlikely.
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Bakers yeast reduction of the 2-acetylhexenoate 8 afforded starting ketone (42%) and the alcohol 9 (29%) with
>97% stereeochemical integrity at the new carbinol center, as a mixture of diastereoisomers. Hydrolysis to the acid 10
(aq. NaOH, 98%) followed by acetylation (AcoQ, pyridine) produced the substrate 11 (86%) which was subjected to

Barton's decarboxylation conditions. These latter smoothly and cleanly produced the acetate § (71%) which could be
hydrolised (NaOH) to afford (8)-sulcatol 1 (30%) in an optically pure state, as was shown by its optical rotation {[elp +14.8
{c. 0.95, EtOH ),iit10 4144 {c. 0.9¢8, EtOH) and by nmr studies using chiral europium shift reagents.

Alkylation of the dianion derived from ethyl (38)-hydroxybutanoate with 4-bromo-2-methyl-2-butene afforded 10
(40%) as a mixture of diastereoisomers. Compound 10 was converted to optically pure (8)-1 as above, the overall yield
being 22%, mainly due to the inefficient alkylation step which was not optimised.

Similarly alkylation of the dianion of ethyl {3R)-hydroxybutanoate yielded 13 as a mixiure of diastereoisomers.
Subsequent treatment as for 9 afforded ( B)-1 in an optically pure form ([a]p -14.3 ( ¢. 1.22, EtOH).

With this short enantioselective synthesis of both antipodes of sulcatol we have demonstrated a usetul strategy
for the preparation of methyl carbinois'1. The application of strategy 3) to many of the large range of 3-hydroxyesters
available should afford a general method for the enantioselective synthesis of a wide range of secondary alcohols and/or
for the facile introduction of a chiral carbinol center during synthesis.
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