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fatty acids into the corresponding peracids in the presence of hydrogen peroxide.! These peracids

It has long been common knowledge that the lipase from Candida antarctica can convert long chain

can bring about the oxidation of olefins, forming epoxides, which are useful synthetic intermediates.z*
However, if ethyl acetate is used as solvent and long chain fatty acids are not present, the lipase not only
hydrolyzes the ester bond but also produces peracetic acid from the liberated acetic acid. The so-formed
peracetic acid can further oxidize unsaturated organic molecules, whereby the corresponding epoxides
are invariably the intermediates in the resulting oxidation step.> These epoxides can undergo further rear-
rangement reactions, thereby resulting in the formation of molecules with interesting flavor properties.

Under standard conditions, cinnamic
aldehyde can be readily converted into
benzaldehyde (F-1), the character impact
compound of bitter almonds.® Oxidation of
the aldehyde group also occurs quite read-
ily under the reaction conditions, forming
benzoic acid (16 percent), cinnamic acid
(19 percent) and a small amount of phenyl-
acetaldehyde (6 percent).

The use of the less reactive cinnamic
alcohol as substrate influences the overall
reaction such that very little C-C bond
cleavage takes place. Thus, the main prod-
ucts are derivatives of cinnamic alcohol.

These derivatives arise from the enzymatic acetylation
of alcohols that are either present from the start, i.e.
cinnamic alcohol itself, or produced by ring opening of
the epoxy intermediate (F-2). None of these products
can be detected in the absence of the lipase, proving
that this conversion reaction is enzyme catalyzed.

Surprisingly, this enzyme system is also able to con-
vert isoeugenol into vanillin — not only in good yields
(50 percent), but also under very mild conditions.
The major byproducts formed are the corresponding
diethyl acetal of vanillin (10 percent) and the methyl
ketone (25 percent), as shown in F-3.

Screenings of other suitable precursors of vanillin,
which could act as substrates for this enzymatic oxidation
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Synthesis of vanillin from various precursors
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reaction, have shown that the nature of
the Cy-side chain considerably influ-
ences the reactivity towards the enzyme
system. Thus, isoeugenol, coniferyl
alcohol and coniferyl aldehyde are read-
ily converted into vanillin in yields > 50
percent (F-4). In contrast, eugenol only
undergoes epoxidation and partial ring
opening, resulting in less than 1 percent
of vanillin being formed. Ferulic acid

is more or less unsusceptible to oxida-
tion by the enzyme system, and is thus
recovered virtually unchanged. Only
very small amounts of vanillin can be
detected in the crude isolate.

When anethol is treated under
standard conditions, a qualitative
similarity with isoeugenol can be
detected. Thus, the corresponding
aldehyde (~ 5 percent) and methyl
ketone (~ 2 percent) are formed
(F-5), but the major product is the
monoacetylated diol (~ 80 percent),
arising through ring opening of the
intermediate epoxide and enzymatic
esterification of the resulting diol.

The monoterpene alcohol linalool
has two C-C double bonds; this mol-




Products obtained upon conversion of anethole using Novozyme 435
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Conversion of linalool to linalool oxides using Novozyme 435
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Time profile of the conversion of linalool using Novozyme 435
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ecule also undergoes epoxidation via this enzyme 8. P. Winterhalter, D. Katzenberger and P. Schreier,
system. One monoepoxide seems to be formed pref- Phytochemistry, 25, 1347 (1986).
erentially (F-6). This intermediate then rearranges 9. R.A. Flath and R.R. Forrey, ]. Agric. Food Chem., 25,
in situ to form both the cis- and the trans-isomers 103 (1977).
of the furanoid and pyranoid forms of linalool oxide. it

The time profile of this conversion is shown in F-7,
which also illustrates the formation and further
conversion of the monoepoxide.

Linalool oxides, found in many types of fruit such
as grapes and papaya, are among the main constitu-
ents of the aroma of black tea.” These compounds
display a floral, sweet, citrus-like, slightly woody
flavor character. When 2-methyl-2-hepten-6-ol is
used as substrate, the major product of the enzymatic
reaction is sulcatol oxide both in the furanoid (58
percent) and pyranoid (37 percent) forms. All four
isomeric compounds formed display a sweet, fruity
and roasty flavor character.

Address correspondence to: Tan Gatfield, Symrise GmbH & Co. KG,
Corporate R&D, PO Box 1253, D-37601 Holzminden, Germany;
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