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INTRODLCTION 

Reeves and Jackson [l] demonstrated that oos- 
pore production by an A, compatiblhty-type iso- 
late of the plant pathogenic fungus Phytophthora 
czrmamomi Rands in some so& correlated with, 
and was due to, the presence of Trrchodermu uncle 
Pers. ex S F Gray m those same soils. It has 
been further shown that some isolates of T I:W- 
lde [l, 21. and of T koningrl [3], produce volatile 
metabolltes which induce oospore formation m 
pure cultures of the A, isolates of P czmzumom~ 
growing on a variety of agar based media. Durmg 
attempts to Isolate and characterlse the active 
constituent m the volatile metabohtes of T vzrlde 
it was observed that blologlcal activity was asso- 
ciated with those strams possessmg an aroma 
characteristic of coconuts The compound 6-pen- 
tyl-x-pyrone (1) has already been characterized as 
one of the constituents of the coconut-hke aroma 
of Trlchoderma wide [4] This metabohte has not 
been identified as a constituent of material 
extracted from culture filtrates of strains exam- 
ined m these laboratones, although one com- 
pound has been shown to have the spectroscopic 
and chemical propertles compatible with Its being 
the related compound 6-(pent-l -enyl)-ic-pyrone 
(2) 

( 1 ) R = Me-_(CH,)s 
( 2) R = t Me-_(CH2)Z-CH = CH 

RESULTS AND DlSCUSSlON 

When it was found that ether extracts of Trzcho- 
dtcrmu urzde culture filtrates had biologlcal acti- 

vity towards PhJltophthora cmmzmoml, the constl- 
tuents were examined The residue remaining 
after removal of the solvent from extractions 
always represented a very low yield (10-N mg/l.), 
m contrast to the yield of 180 mg/l of crude 6- 
pentyl-x-pyrone reported by Collms and Halhm 
[4]. The medium used by these authors was pota- 
to dextrose-based whereas the work reported here 
mvolved the use of modified Czapek Dox medium 
which had previously been shown to give good 
blologlcal actlvlty 

GLC analysis showed a number of peaks with 
a single peak predommatmg. Imtltal experiments 
seemed to mdlcatc that the size of this peak was 
correlated with blologlcal activity; thus efforts 
were made to purify the compound responsible 
for the peak by usmg column chromatography. 
As the compound was purllied it became more 
difficult to demonstrate the blologlcal actlvlty as- 
sociated with the extract and It 1s concluded that 
this major constituent IS probably not, on Its own, 
responsible for the mductlon of oospore forma- 
tlon in Phl,tophthora ~‘77~71m707171 After absorption 
onto slhca gel and elutlon. first with /z-pentane, 
then with +pentane contammg increasing con- 
centrations of ether, a pale yellow 011. with the 
retention time on GLC of the I’naJor COnStltUeIlt 

of the crude mixture. was obtamed 
The MS gave a parent ion at UZ:/(~ 164 and 

although msufflclent material was available for 
elemental analysis, the pattern of (M + 1) and 
(M + 2) peaks was best explained by the mole- 
cular formula C,,H, 202 A predommant peak 
at m/e 95 mdlcated the posslblhty of a pyrone 
derivative The presence of an r-pyrone was 
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Table I NMR data of pyrone derlvatlves 

Proton chemical shifts (m ppm from TMS m CDCl,) 
Compound 3H 4H SH Ref 

62(d) 7 3 (dd) 5 95 (d) 
6 0 (d) 7 19 (dd) 583(d) 4 

(4) 5 66 566 5 
(5) 694 59 5 

further suggested by bands in the IR spectrum 
at 1740, 1650 and 1535 cm- ‘. The UV spectrum 
showed a well defined maximum at 317 nm (E ca 
7000), indicating that the cc-pyrone chromophore 
was further conJugated to a double bond. The 
compound (3) has been reported to have A,,, 
295 nm (E = 7000) whereas the corresponding un- 
saturated compound (4) has i.,,, 330 nm 
(E = 10200) [S-J. 

The presence of peaks m the MS at m/e 149, 
135 and 121 corresponding to (M - Me)+, (M - 
C,HS)+ and (M - C,H,)+ indicate the presence 
of a simple side chain attached to the cc-pyrone 
nucleus. These data are compatible with those 
expected of 6-(pent-l -enyl)-a-pyrone, and further 
confirmation for this structure comes from the 
NMR spectrum (see Table I). As well as signals 
correspondmg to the 3 protons of a 6-substituted 
cc-pyrone the NMR spectrum of the new com- 
pound had 2 further one-proton signals at 
6Wppm (dt; J, 15; Jz 2) and 6.75ppm (dt; J, 
15; Jz 7) corresponding to the olefinic protons 
of -CH&H=CH-, the large couplmg constant 
indicating a trans configuration. 

( 3 ) R = Me&H =CH2 

(4) R = Me,C=CH ( 5) 

Further confirmation of structure (2) comes 
from the isolation of butanal and propan-Zone 
m 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. 

EXPERIMENTAL 

Trichoderma utrldr (Strain TV 7) was isolated from a so11 
sample from Whdenswd, Switzerland and was mamtamed on 
potato dextrose agar (P DA ) 

Production of m&&/lte 20 x 250 ml flasks, each contammg 
lOOmI of modified Czanek’s soln (NaNO,, 20. KH,PO,. 
log; MgSO, 7Hz0, 05, KCl, 65, Fe$O, 7H,O; Oi, 
Sucrose, 30 g/1 ), were each inoculated with 0 2 ml of a heavy 
cormhal suspension Flasks were Incubated at room temp on 
an orbltal shaker (200 rpm, 25 mm throw) for 7 days Myc- 
chum was removed by filtration and the culture filtrate 
(1400ml) extracted with an equal vol of Et,0 usmg a con- 
tinuous hquld/hquld extractor The extract was dried and eva- 
porated to 50ml A portion of the cone extract was retained 
for blologlcal studies and 30 ml used for lsolatlon and purlfic- 
atlon of metabohtes 

GLC This was carried out usmg a Perkn-Elmer Fl I with 
a flame lonlzatlon detector and fitted with 2 m x 6 mm o d 
glass columns packed with 2yA slhcone 0 V 1 on AW-DMCS 
Chromosorb G 80-100 mesh Carrier gas used was Nz at 
a flow rate of 40cm’/mm and analyses were run with the 
temp programmed from 100-250” at 10”/mm Under these 
conditions the crude extract showed a number of peaks but 
a smgle component, with a retention time of 9 5 mm after 
the appearance of Et,O, accounted for over 90% of the mater- 
ial. 

Column chrotnatoyraphy Concentrated Et,0 extract (30 ml) 
was further reduced to 2ml and loaded onto a column of 
SI gel (30 x 2 cm) poured as a slurry in n-pentane The column 
was eluted with rr-pentane (100 ml) followed by lOOm1 each 
of the followmg mixtures of n-pentane-Et,0 9.1, 5 5 and 1 9 
The column was finally eluted with pure Et,0 (400 ml) Frac- 
tions (50ml) were collected and momtored by GLC for the 
presence of the major metabohte, which appeared m fractions 
7 and 8 contammated only with material having a retention 
time of 8 6 mm and accounting for about 40/, of the material 
detected 

Spectroscopic characterlzatlon Fractions I and 8 from the 
column chromatograph were bulked and the solvent removed 
yleldmg a very pale yellow 011 (8 mg) This material was taken 
up m a few drops EtzO. slurrled with KBr powder (1COmg). 
Et,0 removed under vacuum and the material prepared as 
a KBr disc for IR (v,~, 1740 (broad), 1650 (with shoulders 
at 1640 and 166(I), 1535 (with shoulder at 1545) cm-‘) KBr 
was broken up and extracted with Et,0 A portion of the 
extract (contammg ca 3 mg of material) was taken up m EtOH 
(17 ml) and used to record a UV spectrum (i.,,, 317 nm, E 
ca 7000) The remainder was introduced mto a capillary tube 
and used to record the MS after removal of Et,0 (164 M+). 
Further material was prepared using the method outlmed 
above and the NMR spectrum recorded at 90MHz using 
CDCl, as solvent and trimethylsllane as internal standard 
The spectrum was comphcated between 6 O-2 mdlcatmg con- 
tammatlon of this sample with sIllcon grease but the rest of 
the spectrum had the following characterlstlcs S 2 23 (2H. 
qd. J, 7, 3, 2), 6 595 (IH d. J 7). 600 (IH, dt, J1 15. J, 
2), 6 620 (lH, d, J 8), 675 (1H. dt. J, 15 J, 7), 6 7 3 (lH, 

dd. J, 7, Jz 8) 
Treatment with NaOH Material used for NMR was re- 

covered and transferred to a 50-ml flask 1 M NaOH (20ml) 
was added, the mixture brought to bodmg point, and dIstIlled 
over a period of 15 mm to collect 10 ml of distillate to which 
was added 5 ml 2.4-dmltrophenylhydrazme sulphate (1%) 
Orange-yellow ppt formed was collected by fifiratlon and 
dried (yield 4 9 mg) Material was taken up m CHC13, applied 
as a band to a plate of SI gel G (Merck), and resolved into 
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3 components usmg C,H,-EtOAc (19 I) Component I K, 
059 was bright yellow, co-chromatographed with propan-2- 
one DNP, MS 23X (M ‘) MS was tdentrcal wrth that of pure 

I 

propan-2-one DNP Component II R, 0 72 brtght yellow, co- 
chromatographed wtth butanal DNP, MS 252 (M”) The MS 

2 

wds rdenttcal wtth that of pure butanal DNP Component 
3 

III R, 081. pale orange MS X16 (ML) posslblq the DNP 
of the unsaturated C, aldehyde formed by aIdol condensatron 

4 

of 2 molecules of butdnal s 

Aikllow2edqmze,lf~~~ -The authors thank Dr G .I Burst for 
obtammg the I R spectrum, J P Bloxsldge for obtammg the 
NMR spectrum and I Delderfield for- the MS 
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Plant Lihowdrus hdwrlltl Hook.f.. common 
name, mountam ceder or pahautea Source Rua- 
hine Ranges, State Forest 24, New Zealand. Pw- 
zxous work Terpenes of the essenttal 011 [I- -11 

Present work. Milled dried foliage (15 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 
EtzO, after removal of the MeOH, and the Et10 
fractron was chromatographed on an alumma 
column wtth C,H, followed by a sr11crc acrd 
column with cyclohexane--EtOAc (4 : 1) Thus gave 
a series of fracttons from which sug~ol (1) mp 
287”, deoxypodophyllotoxm [4,5] (2) mp 16 
168’, [aID - 114’ (CHC13) and /?-peltatm-4 
methyl ether [6,7] (3) mp 162-- 163’ [x]~ - 1 19 

(21 R = H 
(3) R = OMe 

(CHCI,) were obtamed crystalhne The identity 
of sugrol was established by drrect compartson 
with authenttc materral (mmp IR, NMR, UV. 
MS) whrle the hgnans were characterized from 
their IR, NMR, UV and MS [7,8]. Deoxypodo- 
phyllotoxm and /II-peltatm-A methyl ether were 
refluxcd in ethanohc sodrum acetate for 18 hr to 
gave their respectrve C-2 eptmers Deoxyprcropo- 
dophylhn mp 171.-172”, [z]r, + 31 (CHCI,), and 
fl-peltatm-B methyl ether mp 183-184”. [~.]r) +9” 
(CHCI,), were obtained in good ytcld 

Ac~~~~lrdycmerzfc~ ~Thenuthorrsgrateful to Prof R C Cambre, 
Auckland Umversrty for a sample of sugrol and to MISS M 
O‘Donnell for techmcal ‘rssrstance 
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