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307. The Mode of Incorporation of Farnesyl Pyrophosphate
into Verrucarol
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Summary. In the course of the biosynthesis of verrucarol (3) from farnesy! pyrophosphate in
Myrothecium rvovidum, strain S 1135, a hydride shift occurs from the central double bond of the
precursor to C(2) of the product.

Verrucarol (3) [2] is the neutral sesquiterpene moiety of the verrucarins and rori-
dins, a class of macrocyclic di- and triester antibiotics isolated from cultures of Myro-
thecium verrucaria and M. roridum [3]. It is obtained by base catalysed hydrolysis
from verrucarin A (1) [4] together with c¢is, trans-muconic acid and verrucarinic acid,
isolated as lactone, and from roridin A (2) [5] next to roridinic acid (6).

The sesquiterpene nature of the basic trichothecane skeleton [6] of 3 was established
by the incorporation of various labelled mevalonic acids into trichothecolone (4) [7],
trichodermol (roridin C) (5) [8] and verrucarol (3) [9]. In addition all-trans farnesyl
pyrophosphate [10] and trichodiene (8) [11] have been recognized as precursors of
trichothecolone (4) in Trichothecium roseum.

To cast additional light on the mechanism responsible for the transformation of
farnesyl pyrophosphate into trichothecane derivatives, we have now investigated the
incorporation of [6-3H[-frans-farnesyl pyrophosphate into verrucarol (3). The required
labelled material was prepared as follows:

The trisnor-aldehyde available from the selective ozonolysis [12] of geranyl tetra-
hydropyranyl ether was labelled with tritium as shown in 9 through reduction with
[*H]-NaBH, followed by subsequent oxidation of the resulting alcohol with CrOj, in
pyridine methylene chloride [13]. The labelled compound 9 was then converted to
[6-3H]-all-trans farnesol (10) by the methode of Corey & Yamamoto [14]. A [*4C]-far-
nesol standard, labelled at C(12) and C(13) as indicated in 11, was obtained by the
Wittig reaction of the trisnor-aldehyde from farnesyl acetate with [1-14C)-isopropyl-
idenediphenylphosphorane, prepared by the alkylation of ethylidenphosphorane with
[14CJ-methyl iodide.

The two labelled farnesols 10 and 11 were admixed to give a 3H:1C ratio of 4.50.
After conversion to the pyrophosphates a total [24C]-activity of 4.0 - 108 dpm was fed
to a stirred culture of Myrothecium roridum, strain S 1135. The usual work-up [3]
gave as the main product radioactive roridin A (2) showing a total incorporation of
0.22%, and no change in the 3H:14C ratio (¢f. Table). Base catalysed hydrolysis of the
labelled metabolite 2 gave radioactive verrucarol (3) (Prep. A) (1009, of total activity;

1) Verrucarins and Roridins, 26th Commun.; 25th Commun. see [1].
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SH:14C = 4.40). The roridinic acid (6), isolated as dimethyl ester 7 contained less
than 59, of the activity, thus showing that incorporation had bezn specific. The mix-
ture of the minor metabo ites was hydrolysad as w:ll and yielded a further amount of
verrucaro! (3) (Prep. B) with the same ratio of radioactivities.

For the localization of the 3H-label, the two samples of verrucarol were pooled and
converted into the di-O-acetyl derivative 12. Acid catalysed rearrangement of 12 [2]
yizlded the apotrichothecane dzrivative 13 with only a slight change of the isotopic
ratio. Subsequent selective oxidation of 13 with MnQO, in acetonitril gave, with con-
current elimination of acetic acid, the oily «,f-unsaturated ketone 14. Hydrolysis of
14 with methanolic KOH was accompanied by internal 1,4-addition to the conjugated
double bond and resulted in the formation of 15.

The almost complete loss of tritium radioactivity associated with the conversion
of 13 into 15 (cf. Table) serves to locate the tritium label specifically at C(2) or, less
likely at C(3), in verrucarol (3). This result, which confirms and extends previous
findings on the biosynthesis of trichothecolone (4) from [1,1-3H)-geranyl pyrophos-
phate [15], requires an intramolecular hydride shift in the formation of the trichothe-
cane skeleton. Since the terminus of a similar hydride migration has been detected
unambiguously for the formation of the biogenetically related cuparane system {16}
the available evidenc: for the biosynthesis of verrucarol and its congeners [17] can
now be summarized as in scheme 2.

Whereas more work is needed to elucidate all the details of the conversion (a—b)
[10] [18] it is clear that the double addition to the central double bond of the immediate

Scheme 2
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Table. Distvibution of Radioactivity

Compound Specific Activity 3H:14C. Percent
dpm/mmol Activity of total
Py Yy Ratio SH

[6-3H-12,13-14C,]-farnesyl 4.50

pyrophosphate

Roridin A (2) 54.8 - 104 121 -10% 4.52 100

Dimethyl roridinate (7) 2.2 -10% 0.57 - 10 3.96 4.2

Verrucarol (3) 53.2 -10% 121 -104 4.40 97

Prep. A

Verrucarol (3) . 404 -104 9.05 - 10% 4.46 -

Prep. B

Diol 13 429 -10% 10.0 - 104 4.29 100

Ketoether 15 1.05-10% 9.75 - 10* 0.11 2.4

aliphatic precursor (b —c) occurs in an overall cis-fashion and that the insertion of
the oxygen function at C(2) (¢f. 8§ —h) takes place with retention of configuration.
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