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PRENYLTRANSFERASE REACTION INVOLVING ENANTIOMERIC DISCRIMINATION.
ENZYMATIC SYNTHESIS OF (S)-10,11-EPOXYFARNESOL
FROM RACEMIC 6,7-EPOXYGERANYL DIPHOSPHATE AND ISOPENTENYL DIPHOSPHATE
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SUMMARY: (S)-10,11-Epoxyfarnesol was formed in 66% ee from racemic 6,7-epoxy geranyl
diphosphate and isopentenyl diphosphate by farnesyl diphosphate synthase reaction followed

by phosphatase hydrolysis.
It has previously been shown that pig liver farnesyl diphosphate synthase (FPP
synthase) can be used to synthesize both {S)- and (R)-4-methylfarnesols and their homo-

logues1. This method has been successfully applied in the determination of the absolute

confiqurations of faranal? and 4-methyl juvenile hormone3. In these cases isopentenyl
diphosphate (IPP) homologues such as (E)- and (2)-3-methylpent-3-enyl diphosphates were
used. The principle of this method of chiral synthesis is based on the stereospeci-
ficity of the reaction of the homoallylic diphosphates in carbon-to-carbon bond formation.
However, it has not yet been examined whether enantioselectivity due to the substrate
specificity for allylic substrates can be exploited to prepare chiral molecules. This
paper reports the first example of prenyltransferase reaction with artificial substrates
designed from such a viewpoint.

6,7-Epoxygeranyl diphosphate (1) and 6,7-expoxybishomogeranyl diphosphate (2), which
were synthesized by diphosphorylation4 of the corresponding epoxy alcoholss, were examined
to see whether théy would be accepted as substrates to give chiral epoxides with juvenoid
skeletons. The standard incubation mixture for enzymatic reaction contained, in a final
volume of 1 mL, 20 pmol of Tris-HCl buffer, pH 7.4, 5 pmol of MgCl,, 25 nmol of
(1-14c)1PP, an epoxy substrate (1 or 2), and 3.5 mg of pig liver FPP synthase®. After
incubation at 37°C for 30 min, the product was extracted with 1-butanol and its amount was
determined by counting the radioactivity in the extract.

Both 1 and 2 were reactive and showed reactivity profiles as shown in Fig. 1, from
which their apparent Km values were estimated to be 55 pM and 27 uM, respectively.
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The butanol extract of the reaction mixture obtained in the experiment carried out

with 200 pM of 1 was treated with alkaline phosphatase to cleave the diphosphate esters
completely, and the hydrolysate was subjected to reversed phase TLC (KC-18 plate, Whatman,
acetone:Hy,0 = 9:1), The TLC showed a single radioactivity peak with a slightly larger Rf
value than that of E,E-farnesol. Radio-HPLC! also showed a single peak at a slightly
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shorter retention time than that of E,E-farnesol. The GLC-mass spectrum8 of the product

was ldentical with that of chemically synthesized (RS)-10,11-epoxyfarnesol. The con-

version was 16% based on IPP.

(s)-1 + /k/\orp—" /l\/\/g/\/K/\

(IPP) o8 (8)-3

In order to estimate the extent of chiral discrimination, the radiocactive epoxyfarne-
so0l was mixed with (§§)-10,11-epoxyfarnesol, and the mixture was subjected to chiral phase
HPLC by which the enantiomers could be separated from each other?. As a result, 83% of
the radicactivity was associated with the faster eluting enantiomer, which was shown to
have the S configuration by its negative optical rotation'?, The rest of the radiocactiv-
ity was associated with the R-(+) enantiomer. These results indicate that the enzyme
catalyzes the condensation between (RS)-1 and IPP with a preference of the S enantiomer,
thereby affording (10S)-10,11-epoxyfarnesyl diphosphate (S-3) with 66% ee. Since the
diphosphate product was hydrolyzed quantitatively, the enantiomeric purity attained is
attributable entirely to the substrate specificity of FPP synthase. Although the enatio-
meric purity is not satisfactory from a synthetic point of view, it is noteworthy and
interesting in terms of enzyme mechanism that the enzyme recognizes the chiral center
located as far as five bonds away from the reaction center, at which the carbon-to-carbon
bond formation takes place. This is in contrast to the case of well studied hydrolases
which resolve enantiomers by recognizing chiral centers adjacent to reaction centers.
The enantiomeric purity varied only slightly depending on the concentration of 1 in the

OPP

enzyme reaction.
Although 2 was also accepted as substrate, its reactivity was too low for the product

to be analyzed further.
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