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INTRODUCTION

Reeves and Jackson [1] demonstrated that oos-
pore production by an A, compatibility-type iso-
late of the plant pathogenic fungus Phytophthora
cimnamomi Rands in some souls, correlated with,
and was due to, the presence of Trichoderma viride
Pers. ex S F Gray 1n those same soils. It has
been further shown that some 1solates of T vir-
e [1,2], and of T koningn[3], produce volatile
metabolites which nduce oospore formation n
pure cultures of the A, isolates of P cmnamomi
growing on a variety of agar based media. During
attempts to 1solate and characterise the active
constituent 1n the volatile metabolites of T viride
it was observed that biological activity was asso-
ciated with those strams possessing an aroma
charactenstic of coconuts The compound 6-pen-
tyl-a-pyrone (1) has already been characterized as
one of the constituents of the coconut-like aroma
of Trichoderma viride [4] This metabolite has not
been identified as a constituent of material
extracted from culture filtrates of strains exam-
ined m these laboratories, although one com-
pound has been shown to have the spectroscopic
and chemical properties compatible with 1ts bemng
the related compound 6-(pent-l-enylj-a-pyrone
(2)

®
R/J\OAO
(1) R=Me—(CHy)4
(2) R = £Me—(CHy),—CH = CH

RESULTS AND DISCUSSION

When it was found that ether extracts of Tricho-
derma viride culture filtrates had biological acti-

vity towards Phytophthora cinnamom, the consti-
tuents were examined The residue remaining
after removal of the solvent from extractions
always represented a very low yield (10-30 mg/l.),
in contrast to the yield of 180mg/l of crude 6-
pentyl-z-pyrone reported by Colins and Hallim
[4]. The medium used by these authors was pota-
to dextrose-based whereas the work reported here
involved the use of modified Czapek Dox medium
which had previously been shown to give good
biological activity

GLC analysis showed a number of peaks with
a single peak predominating. Imtital experiments
seemed to indicate that the size of this peak was
correlated with biological activity; thus efforts
were made to purify the compound responsible
for the peak by using column chromatography.
As the compound was purified it became more
difficult to demonstrate the biological activity as-
sociated with the extract and 1t 1s concluded that
this major constrtuent 1s probably not, on its own,
responsible for the induction of oospore forma-
tion in Phytophthora cimnamonu  After absorption
onto silica gel and elution. first with n-pentane,
then with n-pentane containmg increasmg con-
centrations of cther, a pale vellow oil. with the
retention time on GLC of the major constituent
of the crude mixture, was obtained

The MS gave a parent 1on at m/¢ 164 and
although 1nsufficient matenial was available for
elemental analysis, the pattern of (M + 1) and
(M + 2) peaks was best explained by the mole-
cular formula C,,H,,0, A predommant peak
at m/e 95 indicated the possibility of a pyrone
dervative The presence of an z-pyrone was
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Table | NMR data of pyrone derivatives

Proton chemical shifts (in ppm from TMS m CDCl,)

Compound 3H 4H 5H Ref
1) 62(d) 73 (dd) 595(d)
2) 60(d) 719 (dd) 583(d) 4
) 566 566 5
8)] 694 59 5

further suggested by bands in the IR spectrum
at 1740, 1650 and 1535c¢cm™". The UV spectrum
showed a well defined maximum at 317 nm (e ca
7000), indicating that the a-pyrone chromophore
was further comjugated to a double bond. The
compound (3) has been reported to have 4,
295 nm (e = 7000) whereas the corresponding un-
saturated compound 4) has /., 330nm
€ = 10200) [5].

The presence of peaks in the MS at m/e 149,
135 and 121 corresponding to (M — Me)*, M —
C,H;)" and M — C;H,)" indicate the presence
of a simple side chain attached to the a-pyrone
nucleus. These data are compatible with those
expected of 6~(pent-1-enyl)-a-pyrone, and further
confirmation for this structure comes from the
NMR spectrum (see Table 1). As well as signals
corresponding to the 3 protons of a 6-substituted
o-pyrone the NMR spectrum of the new com-
pound had 2 further one-proton signals at
600 ppm (dt; J, 15; J, 2) and 675 ppm (dt; J,
15; 1, 7) corresponding to the olefinic protons
of “CH,-CH=CH-, the large coupling constant
indicating a trans configuration.

Me

ﬁ Lo
J

R o] 0 0 0

(3)R = Me,CH=CH,

(4)R = Me,C =CH

(5

Further confirmation of structure (2) comes
from the isolation of butanal and propan-2-one
in the distillation products from heating the
material with aqueous NaOH. These compounds
could be formed by a retroaldol fragmentation
of 5-keto-dec-2, 6-dienoic acid, itself formed by
hydrolysis of the a-pyrone.

Finally structure (2) is of interest biogenetically
representing a relatively simple pentaketide.
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EXPERIMENTAL

Trichoderma viride (Stram TV 7) was 1solated from a soil
sample from Wadenswil, Switzerland and was maintained on
potato dextrose agar (PDA)

Production of metabolite 20 x 250 ml flasks, each containing
100 m] of modified Czapek’s soln (NaNO,, 20, KH,PO,,
10g; MgSO, 7H,0O, 05, KCl, 05, FeSO, TH,0, 01,
Sucrose, 30 g/1), were each moculated with 02ml of a heavy
comdial suspension Flasks were mncubated at room temp on
an orbital shaker (200 rpm, 25 mm throw) for 7 days Myc-
elum was removed by filtration and the culture filtrate
(1400 ml) extracted with an equal vol of Et,O using a con-
tinuous hquid/hquid extractor The extract was dried and eva-
porated to 50 ml A portion of the conc extract was retaned
for biological studies and 30 ml used for 1solation and purific-
ation of metabolites

GLC This was carried out using a Perkin—Elmer F11 with
a flame 10nization detector and fitted with 2m x 6 mm od
glass columns packed with 249 silicone O V 1 on AW-DMCS
Chromosorb G 80-100 mesh Carrier gas used was N, at
a flow rate of 40cm®/min and analyses were run with the
temp programmed from 100-250° at 10°/min Under these
conditions the crude extract showed a number of peaks but
a single component, with a retention time of 9 Smin after
the appearance of Et,0, accounted for over 90%; of the mater-
1al.

Column chromatography Concentrated Et,O extract (30 ml)
was further reduced to 2ml and loaded onto a column of
S1 gel (30 x 2 cm) poured as a slurry in n-pentane The column
was eluted with n-pentane (100 mi) followed by 100ml each
of the following mixtures of n-pentane-Et,0 9.1,5 5and 1 9
The column was finally eluted with pure Et,O (400 ml) Frac-
tions (50 ml) were collected and monitored by GLC for the
presence of the major metabolite, which appeared in fractions
7 and 8 contamunated only with material having a retention
time of 8 6 min and accounting for about 4%, of the matenial
detected

Spectroscopic characterization Fractions 7 and 8 from the
column chromatograph were bulked and the solvent removed
yielding a very pale yellow o1l (8 mg) This material was taken
up mn a few drops Et,O. slurnied with KBr powder (100 mg),
Et,O removed under vacuum and the matenal prepared as
a KBr disc for IR (v, 1740 {broad), 1650 (with shoulders
at 1640 and 1660), 1535 (with shoulder at 1545) cm™ ') KBr
was broken up and extracted with Et,O A portion of the
extract (contaimng ca 3 mg of materal) was taken up in EtOH
(17 ml) and used to record a UV spectrum (4,,,, 317 nm, €
ca 7000) The remaimder was mtroduced 1nto a capillary tube
and used to record the MS after removal of Et,O (164 M*).
Further matenial was prepared using the method outlined
above and the NMR spectrum recorded at 90 MHz using
CDCl; as solvent and tnimethylsilane as internal standard
The spectrum was complicated between 6 0-2 indicating con-
tammation of this sample with silicon grease but the rest of
the spectrum had the following characteristics & 223 (2H,
qd. J, 7.J, 2}, 8 595 (1IH 4. J 7). 600 (1H, dt, J, 15. J,
2), 6 620 (1H, 4, J 8), 675 (I1H. dt, J, 15 J, 7), 6 73 (1H,
dd, J, 7.J, 8

Treatment with NaOH Matenal used for NMR was re-
covered and transferred to a 50-ml flask | M NaOH (20 ml)
was added, the mixture brought to boiling pont, and distilled
over a period of 15min to collect (0 ml of distillate to which
was added Sml 2.4-dmitrophenylhydrazine sulphate (1%)
Orange-yellow ppt formed was collected by filtration and
dried (yield 49 mg) Matenial was taken up in CHCl;, apphed
as a band to a plate of Si gel G (Merck), and resolved mto
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3 components usimg CoHg—EtOAc (19 1) Component [ R,
059 was bright yellow, co-chromatographed with propan-2-
one DNP, MS 238 (M ") MS was rdenuical with that of pure
propan-2-one DNP Component II R, 072 bright yellow, co-
chromatographed with butanal DNP, MS 252 (M™) The MS
was 1dentical with that of pure butanal DNP Component
I R, 08i. pale orange MS 306 (M ") possibly the DNP
of the unsaturated Cy aldehyde formed by aldol condensation
of 2 molecules of butanal
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Plant Libocedrus bidwillu Hook.f. common
name, mountamn ceder or pahautea Source Rua-
hine Ranges, State Forest 24, New Zealand. Pre-
vious work Terpenes of the essential o1l [1- 3]

Present work. Milled dried fohage (1-5 kg) was
extracted with MeOH and the concentrate parti-
tioned between light petroleum and MeOH-H,O
{4-1) The aqueous phase was extracted with
Et,O, after removal of the MeOH, and the Et,O
fraction was chromatographed on an alumina
column with C Hg followed by a sihcic acad
column with cyclohexane-EtOAc (4:1) This gave
a series of fractions from which sugiol (1) mp
287¢, deoxypodophyllotoxm [4,5] (2) mp 166-
168°, [a]p —114" (CHCl;y) and p-peltatin-4
methyl ether [6.7] (3) mp 162-163° [«], — 119

(2) R=H
(3) R = OMe

sugiol. deoxypodophyllotoxin, f-peltatin-A methyl

(CHCI;) were obtamed crystaline The identity
of sugiol was established by direct comparison
with authentic material (mmp IR, NMR, UV,
MS) while the lignans were characterized from
therr IR, NMR, UV and MS[7.8]. Deoxypodo-
phyllotoxin and f-peltatm-. methyl ether were
refluxed in ethanolic sodium acetate for 18 hr to
grve therr respective C-2 epimers Deoxypicropo-
dophyllin mp 171-172°, [x], +31 (CHCI;), and
S-peltatin-B methyl ether mp 183-184°, [2],, +9°
(CHCl,), were obtained in good yield
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