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Abstract-The two groups of Phomopsrs oblonga which invade the phloem of stressed elm trees have been investigated 
for the production WI ultra of bormg/feedmg deterrents for elm bark beetles The secondary metabohtes of this fungus 
are compared with those of closely-related Phomopszs spp associated with ash and sycamore Active compounds 
isolated from P oblonga include a novel norsesqulterpene y-&tone, the tlghc esters of two novel 5,6_dlhydro-5- 
hydroxy-Zpyrones, nectnapyrone, 4-hydroxyphenylethanol, 5-methylmellem, 2-furolc, orsellmlc and 3-mtropropanolc 
acids and mellemJ-carboxyhc acid, portensterol and thymme, from P oblonga, were inactive (+)-Mellem and furan- 
2,5&carboxyhc acid were obtained as mmor metabohtes of the ash and sycamore Phomopsls strams, which also 
produced the norsesqmterpene y&tone and one of the tlghc esters 

INTRODUcTION 

Phomopsls oblonga (Desm ) Trav , a fungus frequently 
found in m the outer bark of healthy Ulmus spp, 
particularly wych elm (V glabra), can invade the phloem 
of stressed trees, prmclpally those infected by Ceratocystts 
ulml, the causative agent of Dutch elm disease [ 1,2] Bark 
beetles of Scolytus spp , the insect vectors of the dnease, 
reJect P oblonga-invaded phloem as being unsuitable for 
breeding and such trees do not become brood trees [3] 
Although depletion of essential nutrients 1s believed to 
contribute to this effect [4], we have investigated P 
oblonga for the production of secondary metabohtes with 
boring/feeding deterrent actlvlty 

RESULTS AND DISCUSSION 

Two morphologically distinct types (groups 1 and 2) of 
P oblonga are found on elm [2,5] Strams (numbers 118 
and 119 respectively) of each group were grown on both 
malt extract and the natural (elm phloem) medmm m both 
surface and shake culture Only one fermentation of each 
kind was conducted with the natural medwm, which was 
not readily avadable On malt, the yields of the more 
important secondary metabohtes appeared to be 
reproducible 

A laboratory bioassay m which adult female S scolytus 
beetles were offered a choice between treated and un- 
treated elm bark was developed It was used to momtor, 
firstly, organic solvent extracts of culture filtrates for 
bormg/feedmg deterrent activity, and secondly, the chro- 
matographlc separation of active extracts mto thar 
components Extracts contammg both neutral and acldlc 
constituents were mvestlgated Neutral constituents were 
separated by column chromatography followed by pre- 
parative TLC Acldlc constituents were separated by 
preparative TLC and by vacuum subhmatlon In some 
cases, the active products ldentfied did no@ccount for all 

of the activity m the ongmal extract Unless solid products 
were readily obtained, the ldentlficatlon of the con- 
stituents of inactive gummy fractions was not vigorously 
pursued 

A number of active novel fungal metabohtes were 
isolated from strain 118 comprising the norsesqulterpene 
y-la&one 1 [6] and the tlghc esters 2 and 3 of two 5,6- 
dlhydro-5-hydroxy-2-pyrones [7] Because compounds 1 
and 3 were also produced by closely-related Phomopsls 
spp associated with ash and sycamore [6, 73, a more 
detailed exammatlon of the secondary metabohtes of 
these strains (numbers 123 and 124, respectively), grown 
on malt medium, was undertaken 

Additional active, but known, compounds isolated 
from fermentations with strain 118 were Zfurolc (4, 
R = H), orselhmc (5) and 3-mtropropanos (6) acids and 
5-methylmellem (7, R = Me), inactive compounds ob- 
tamed were hydroqumone (an artefact) and fumarlc and 
succunc acids Active known compounds isolated from 
strain 119 were 5-methylmellem, nectrlapyrone (8), 4- 
hydroxyphenylethanol(9, R = OH), mellem-5-carboxyhc 
acid (7, R = C02H) and 2-furoic acid, portensterol (10) 
and thymme (ll), each obtamed on only one occasion, 
were inactive The fermentation condttlons responsible 
for these isolations are summamed m Table 1 
Metabohtes isolated from strains 123 and 124 are hsted m 
Table 2 

The condltlons under which compounds l-3 are 
produced have been discussed elsewhere [6,7] 
5-Methylmellem (7, R = Me), a metabolic product of the 
almond pathogen Fusuzoccum amygdah [S] and of numer- 
ous Hypoxylon spp and Numularra spp [9]. was pro- 
duced m reasonable yield (2-8 mg/l ) by stram 119 under 
all the conditions mvestlgated, and by strain 118 m shake 
culture on elm medium (1 mg/l ) It was not produced by 
stram 123 or 124, which, however, both produced, m 
surface culture (1 mg/l ), (+)-mellem (12) [lo] with the 
opposite configuration at position 3 5-Methyhnellem 1s 
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Table 1 Isolation condltlons and bormg/feedmg deterrent actlnty of P oblongs metabohtes 

Group (stram number) 

l(118) 2(119) 

surface Shake surface Shake 
culture culture culture culture 

Compound Actlvlty Malt? Elm? Malt Elm Malt Elm Malt Elm 

1 + * - - - - _ _ _ 

2 ++ + - l - - _ _ _ 

3 + *-*_____ 

7 (R = Me) + -__***** 

8 + l 

9 (R = OH) + l 

10 * 

11 * 

4 (R = OH) + l * l - * * * * 

5 ++ * - - - 

6 ++ * - - - 

7 (R = COzH) + - - * - 

l = present, - = absent 
tType of me&m 

Table 2 Metabohtes obtamed from Phomopsrs spp 123 
(ash) and 124 (sycamore) on malt 

Stram number 

Compound 

123 124 

Surface Shake Surface Shake 
culture culture culture culture 

1 * - * l 

3 l - - + 

9 (R = H) l 

12 * l 

4 (R = COzH) * l l 

l = present, - = absent 

(4mgjl) culture respecttvely, but under no other condltlons 
The course of a typical surface fermentation with P 

oblonga stram 118 on malt extract IS shown m Table 3 
Despite the formation of acldlc metabohtes, the pH of the 
culture filtrate stayed roughly constant whdst the opt& 

rotation fell to zero in 28 days. The amount of solvent- 
extractable product barely doubled between days 7 and 35 
and TLC of these extracts suggested that, with the 
exceptlon of orsellmlc acid for which there was no 
evidence before day 14, metabohtes l-5 were present at 
least from day 7 onwards The course of a slmllar 
fermentation with strain 119 IS shown m Table 4 Apart 
from a sharp rise m pH when the optical rotation of the 
culture filtrate reached zero, the fermentation took a 
similar course Because the amounts of 5-methylmellem 
produced were small, it was not found posnble to devise 
an accurate simple analytical procedure for this com- 
pound m fermentation broth based on the characterlstlc 
UV absorption 1, 249,324 nm (log ~3 84,3 65) TLC of 
the neutral extract suggested that Smethylmellem was 
present m the broth from at least day 7 onwards and the 
metabohte was formally Identified at day 10, as was 4- 
hydroxyphenylethanol 

Although it contains a number of plant pathogens 
ass-ted with leafspot and die back, the genus 
Phomopsls has been little investigated for the formation of 
blologlcally active secondary metabohtes Mammahan 
toxlclty and phytotoxlclty associated with P paspalh and 
P solae have been attnbuted to the presence of cyto- 

Table 3 Course of a typical surface fermentatton with P oblonga stram 118 on malt medmm 

Tme (days) 

0 I 14 21 28 35 

Optical rotation (“) +2205 +1543 +0984 +0381 -0025 +0021 
PH 51 53 54 53 54 55 
Neutral extract (mg/l ) 0 29 32 55 54 
Acldlc extract (mgjl ) 0 21 53 69 62 
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Table 4 Course of a typ& surface fermentanon with P ob/onga stram 119 on malt 
medium 

OptIcal rotation (“) 

PH 

Time (days) 

0 I 14 21 28 35 

+2205 +2051 -I1442 +0734 +0113 -0039 
51 47 50 48 47 57 

chalasms, notably cytochalasm H and deacetylcyto- 
chalasm H and their close relatives [21, 221 The tetra- 
hydroanthraqumone altersolanol A and a number of 
related anthraqumone pigments have been ldentdicd from 
P juntperouoru [23] Phomopsm A, a toxic halogen- 
contammg cyclic hexapeptlde, has been isolated from P 
leptostromlformrs [24], and P vtttcola IS a source of 
methanethiol [25] None of these compounds were de- 
tected in the present work 

Although the Phomopsts strams from ash and sycamore 
resembled P oblonga group 1 m producmg compounds 1 
and 3, the resemblance ended there (compare Tables 1 and 
2) From this mvestqtlon there was no evidence for the 
formation m high yield of a single, highly active, 
bormgffeedmg deterrent by P oblonga Rather, both P 
oblonga groups were capable of producmg small amounts 
of a range of secondary metabohtes wfth moderate 
deterrent activity The pattern of secondary metabohtes 
produced by the two groups was very different Of the 
active compounds isolated, only 5-methylmellem and 2- 
furolc acid were produced on both media and by both 
groups there was no evidence for the formation in elm 
me&urn of the chemically more mterestmg metabohtes 1, 
2,3 and 6 

EXPERIMENTAL 

Mps were taken on a Koiler hot-stage apparatus and are corr 
IR spectra were determined on NUJOI mulls and W spectra and 
optical rotations were measured m MeOH NMR spectra, at 
90 MHz, were obtamed m CDC13 wth TMS as Internal 
standard M,s were taken from high-resolution mass spectra In 
analytical TLC, Merck slhca gel Fzs4 was used with 
CHCI,-MeOH (19 1) (neutral matenal) or di-isopropyl 
ether-HC03H-Hz0 (90 7 3) (acldlc mated) Merck s&a gels 
7739 and 7734 were used m prep TLC (0 1 cm layer) and m CC, 
respectively Petrol had bp 60-80 

In vitro btoassay for determent of bormg and feedIng by S 
scolytus The base of a glass Petn dish (9 cm diameter) was coated 
with a layer (4 mm) of paraffin wax and the wax was covered with 
a filter paper arcle embedded at the edge by the applrcatlon of 
heat The test compound or extract (3 0 or 0 3 mg) m EtOH 
(0 5 ml) was apphed to both sides (and ends) of a sliver of bark 
(2 x 1 x 0 2cm) cut from a twig of English elm (U proceru) and 
the solvent was removed m a stream of warm air A control bark 
shver was treated sumlarly with EtOH The filter paper was 
motstened wth water and the treated and control bark shvers 
were pinned to the wax approxuuately 2 cm from the penmeter of 
the dish and 5 cm apart Five newly-emerged adult female S 
scoiytus beetles [26] were introduced, and the dish was closed, 
placed m an incubator at 28”, and exammed dady for 2 days Each 
assay was carned out m duphcate The amount of bonng/feedmg 
activity associated with each bark sliver was assessed on an 
arbitrary scale of O-3 Agreement between rephcates was usually 

good After 48 hr, the control had normally achieved a score of 2 
(IO-50 % chewed) or 3 ( > 50 % chewed) whilst the treated sliver 
was frequently untouched (score 0) or only shghtly chewed (score 
1) In this situation the test material was considered to be active m 
determent of bonng and feeding at the concn used Actmlty was 
then assigned according to the followmg scale -, inactive 
at 3 Omg, f , doubtful actwlty at 3 Omg, +, active at 3 Omg, 
+ +, active at 03mg Towards the end of the mvesttgatlon, 
2-furoic acid (+) was sometimes included as a standard 

Media Elm medium was most easily prepared m the month of 
June The outer bark was stnpped from a sectlon (30 x 45 cm 
dtameter) of a freshly cut log of English elm (V procera), and the 
phloem (co 2 cm thick) was prized away, broken up, cooled m 
hqmd N2, and powdered m a steel mortar Batches (125 g) of the 
powder were shaken with Hz0 (11) for 5 mm and then 
autoclaved for 20 mm at 120” The solid was filtered off and the 
filtrate was dispensed mto Basks or Roux bottles, which were then 
auto&& m the usual way 

Malt medium contamed 2% ‘Oxold’ malt extract 
Fermentations (a) Surjiie culture Roux bottles (usually 

batches of 50) contammg the medium (200 ml) were inoculated 
with a my&al suspension (1 ml) of the Phomopsrs stram 
prepared from a 5-day shake culture on the same medium The 
bottles were mcubated at 25” m art&al light At intervals 
(usually 1 week), a bottle was selected at random and harvested 
and the pH and optical rotation of the culture filtrate were 
measured (the latter analysts was not possible with the dark- 
coloured elm medium) The culture filtrate was extracted with 
EtOAc, first at the natural pH, usually 5 O-6 0, and then, after the 
addition of HCl, at pH 2 5-3 0 The neutral and acldlc extracts 
were then examined for spectfic W absorption and by TLC The 
bottles remammg were harvested soon after the optical rotation 
had come close to zero (30-40 days) 
(b) Shake culture Conical flasks (250 ml) containing the medium 
(100 ml) were maculated as described above and shaken at 
14Orpm on a rotary shaking machme Essentially the same 
conditions for mcubatlon and harvesting (14-20 days) were 
employed 

Separataon of extracts tnto therr constituents by prep TL.C The 
air-dned plate was examined m UV light With acids con- 
stituents, the slhca from each band was extracted with warm Hz0 
and filtered off The aq filtrate was adJusted (if necessary) to pH 3 
with HCl, extracted with EtOAc and the solute recovered 
Neutral constituents were extracted from sdlca with CHCI, or 
CHCI,-MeOH (49 I), depending on the R, being > or < 02, 
respectively 

Isolatton of secondary metabolrtes (A) Strarn 118 (a) Su$ace 
culture (I) Malt meduun In the fermentation described elsewhere 
[6], extraction of theculture filtrate (11 11) gave neutral (508 mg, 
actwlty + +) and acidic (293 mg, actwlty +) matenal CC of the 
neutral matenal Dvmg compounds l-3 has aheady been de- 
scribed [6,7] 

Prep TLC of the andlc matenal (SIX 40 x 20 cm plates) gave 
three bands vlslble m UV light at R, 071, 0 57 and 022 
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Extraction of the R, 0 71 band furnished prisms (7 mg), mp 170” 
dec (from EtOAc), UV I, 260,300 nm, ldentdied as orselhntc 
acid (S), actwlty + + (Found M, 168 0422 Calc for CsHsO, M, 
168 0422) by comparison of the IR spectrum (v_ 3520,3440, 
1640, 1615 cm-‘) with an authentic specunen suppled by Prof 
R Thomas (bt [19] mp 176” dec ) The R, 0 57 band furmshed 
pnsms (18 mg), mp 123-125” (from EtOAc) & 252 mn, Ident- 
died as 2-furolc actd (4, R = H), acttvtty + (Found M, 112 0151 
Calc for C,H403 M, 1120160) by the IR spectrum v_ 
3140, 2650, 2560, 1675, 1580, 755 cm-’ (ht [lS] mp 
129-130”) From the R, 0 22 materml, by subhmatlon at 
lOO-130”/10-‘mm and crystalhzatlon of the subbmate from 
EtOAc there was obtamed a sohd, mp 170”, UV i-227,296 nm, 
ldentdied as hydroqumone, activity-, R, 078 (Found M, 
110 0370 Calc for C6Hs0z A4,llO 0368), by the mass spectrum 
The R, indicates that this compound IS an artefact Trtturatlon 
with EtOAc of the acidic matenal (45Omg) from a replicate 
fermentation yielded succmlc actd (20 mg), actlvtty -, tdenttied 
by the LR spectrum. 
(u) Elm medtum Extraction of the culture liltrate (3 5 1, pH 7 5) 
after 42 days yielded neutral (90 mg, +) and acldlc (105 mg, -) 
matenal CC (6 g ahca, 12 x 1 2 cm) of the neutral matertal and 
elutron with CdHd (100 ml), and C6HB-MeOH (100 1, 150 ml, 
50 1, 100 ml) yielded a senes of mactlve fractrons (total 31 mg) 
C6HB-MeOH (20 1, 5Oml) then eluted a resin (6mg, +), 
UV 1,227 nm, which proved intractable It did not contam the 
dlhydropyrone 3, as Judged by the mass spectrum Compounds 1 
and 2 were absent from the earber frmons on spectroscopic 
evidence Prep TLC (three 40 x 2Ocm plates) of the acidic 
matenal showed only one band, R, 0 57, m UV hght Extraction 
fumlshed 2-fitros actd (7 mg), tdentdied as de-bed above 
(b) Shake culture (1) Malt medwm Extractton of the culture 
filtrate (3 5 1, pH 5 6) after 14 days gave neutral (483 mg, +) and 
acldlc (465 mg, +) matenal CC of the neutral materml gave 
actwe fracttons from which the dlhydropyrones 2 and 3 were 
obtamed [7] Prep TLC (two 40 x 20 cm plates) of a portion 
(115 mg) of the ac& matenal led to the tsolatlon of 2-furotc acid 
(6 mg), as descrtbed above The remainder, when tnturated wth 
EtOAc, yielded a solid (11 mg), mp 62”, R, 0 53 Recrystalhzahon 
from C,Hs gave hexagonal plates, mp 68-69” (Found C, 30 2, H, 
45, N, 112 Calc for C,HsO,N C, 303, H, 42, N, 117x), 
Identied as 3-mtropropanolc actd (6) (lit [20] mp 67-68”) by the 
NMR [S, 3 00 (2H, t), 460 (2H, t), 8 1 (H-I, br, OH)] and IR 
spectra [v, OH br 1700, 1560 cm-‘] Subhmatlon at 
80”/10-’ mm of the residue recovered from soln m EtOAc gave 
more (4 mg) of the acid 6 
(II) Elm medium After 15 days, extraction of the culture filtrate 
(49l)gaveneutral(148mg, f)andactdtc(ll7mg, +)materml 
The neutral matertal (141 mg) m C,H6 (2 ml) was applied to a 
column of sdica gel (6 g, 12 x 12 cm) made up m C6H6 After 
mactlve gummy fractions (total 44 mg) had been eluted with 
C,H6 (50 ml), C,H6-MeOH (100 1,100 ml) eluted a gum (7 mg) 
which crystalhzed from petrol m pnsms, mp 121-122” (+), 
identified as 5-methylmellem (7, R = Me) by Its spectroscopic 
properties (see below) Further elutlon of the column Hrlth 
C,H,-MeOH (50 1,100 ml and 20 1,50 ml) gave inactive gums 

(46 mg) 
Prep TLC of a portlon (74 g) of the actdlc mater& gave three 

bands, R, 0 740 56 and 0 34 The R, 0 70 materml (5 mg) on 
tnturatlon with EtOAc yielded a powder, mp 285” dec , Identdied 
as fumanc actd (-) by the IR spectrum The R, 056 matenal 
(5 mg) was inactive The R, 0 34 mated (8 mg, +) crystalhzed 
from EtOAc m pnsms, mp 234-237” dec of an acid (Found 
M, 2240683 Calc for CllH1zOs M, 22406853, IR v_ 
32OG2500 br, 1680,1607,1535 cm- ‘, UV A-234,342 nm (log 
~4 39, 4 02), which could not be ldentdied 

The remamder (37 mg) of the acidic matenal was heated m a 
vacuum-subhmatlon apparatus at 80-13W/10-2 mm, but no 
sublimate of 3-mtropropanoK: actd was obtatned 

(B) Strom 119 (a) Surjiie culture (I) Molt medtum. 
Extraction of the culture filtrate (6 0 I, pH 4 4) after 38 days gave 
neutral (305 mg, +) and acldlc (348 mg, +) matenal The neutral 
mated was absorbed onto sdtca gel (2 g) from EtOAc and 
placedontopofacolumnofsthcagel(18g,24x 15cm)madeup 
m C6H6 After gums (54 mg) had been eluted with CeH, (150 ml), 
C,H,-MeOH (200 1, 100 ml and 100 1, 100 ml) eluted a sohd 
(21 mg) which crystalhzed from petrol m pnsms, mp 126”. R, 0 65 
of 5-methylmellem (7, R = Me) (Found M, 192 0784 Calc for 
Cl,H,zOJ M,1920786),1Rv_1660,1610cm-‘,UV1_222, 
248,326 nm, [a] g -111”(c002515)(1~t [8]mp126127”,[a]~ 
- 115”), ‘H NMR S, 1 54 (d, J = 6 4 Hz, 3-Me), 2 20 (s, 5-Me), 
277(dd,J=l07,166Hz,&-H),297(dd,J=41,166Hz,4fi- 
H), 4 70 (ddq, J = 64, 107, 4 1 HZ, 3-H). 6 80, 7 28 (AB, J 
==85Hz,6-and7-H) 

After gums (1Omg) had been eluted with C6H,-MeOH 
(100 1,150 ml), C,HcMeOH (50 1,200 ml) eluted a brown 011 
(56 mg, +) This, on prep TLC, was split into five fractions, R, 
0 75 (3 mg), 0 70 (4 mg), 0 67 (4 mg), 0 60 (2 mg) and 0 56 (6 mg), 
none of which yielded a pure component Further elutlon of the 
column with &He-MeOH (20 1, 150 ml) furnished a gum 
(84 mg, +), split by prep TLC mto three fractions, R, 0 43 (6 mg, 
+), 0 21 (12 mg, +) and 0 15 (19 mg, +) The first two fractions 
were intractable but the last, UV I, 225, 280, _ 286 nm, 
contamed 4_hydroxyphenylethanol(9, R = OH) (see below) on 
spectroscoptc evidence 

An ahquot (175 mg) of the actdlc matenal was SubJected to 
prep TLC gwmg five fractions, R, 0 70 (5 mg) 0 52 (11 mg), 0 43 
(9 mg), 0 29 (9 mg) and 0 23 (5 mg) All were inactive apart from 
the R, 0 70 (+) materud, which contamed some 2-furolc acid 
(TLC, MS) The major component of this fraction, an 011, R, 0 64, 
was not tdentfied 

On one occasion, part (6 bottles) of a rephcate fermentation 
washarvested (0 75 I ,pH 5 0)after lOdays,gtvmgneutral(36 mg, 
+ ) and actdlc (46 mg, - , discarded) matenal Prep TLC of the 
neutral matertal gave eight fractions, R, 0 69 (3 mg), 0 62 (3 mg), 
0 55 (1 mg), 0 47 (3 mg), 0 3 1 (4 mg), 0 22 (2 mg), 0 17 (2 mg) and 
0 13 (3 mg, +) The RI 0 62 fraction sohdlfied on tnturatlon with 
petrol and was Identdied as 5-methylmellem by the IR spectrum 
The R, 0 13 fraction, UV 1, 225, 280, _ 286 run, dtd not 
crystalhze but was identified as 4-hydroxyphenylethanol (9, 
R = OH), R, 0 13,1_ 226,280, _ 286 nm, by the NMR [&t 16 
(2H, br s, 20H), 2 80 (2H, t, C&Ar), 3 83 (2H: t, C&OH), 6 76 and 
7 05 (4H, AA’BB’, J = 8 6 Hz)] and mass spectra [m/z 138 (26), 
107 (100X 77 (15)] 
(u) Elm medzum After 39 days, extraction of the culture filtrate 
(9 2 1, pH 8 0) gave neutral (395 mg, + +) and acldtc (665 mg, 
+ +) materml In CC of the neutral material, after oils (9 mg) had 
been eluted with C,H6 (50 ml), C6H, (100 ml)and C,Hs-MeOH 
(200 1,50 ml) eluted a solid (74 mg) which gave 5-methylmellem 
(39mg), mp 125”, on recrystalhzatton from petrol After an 
mtermedlate fraction (6 mg), C,H,-MeOH (100 1, 50 ml and 
20 1,100 ml) eluted gums, 55 mg, + and 62 mg, +, respecttvely 
Preparative TLC of a portion (45 mg) of the former gave three 
bands which only furnished intractable gums, R, 0 65 (9 mg), 0 56 
(5 mg) and 0 45 (4 mg) The latter, R, 0 15, was also intractable 

Prep TLC (four 40 x 20 cm plates) of an ahquot (333 mg) of 
the acldlc mated gave four bands all of which pelded active ( + ) 

gums,R,064(8mg),048(9mg),040(7mg)and026(11mg) 
ZFurolc scud was obtamed from the R, 064 gum but the 
remammg gums proved intractable 
(b) Shake culture (I) Milt medn4m After 14 days, extractlon of 
the culture filtrate (6 51, pH 4 8) gave neutral (435 mg, *) 
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and andtc (378 mg, +) mate& The neutral matenal(425 mg) m 
C,Hs (5 ml) was chromatographed on a column of s&a gel (12 g, 
25 x 12 cm) made up 111 C&H6 After an mactwe oil (10 mg) had 
been eluted with CIH, (Son@, &H, (lOOmI) followed by 
CsH6-MeOH (200 1,100 ml) eluted a solid (73 mg) which gave 
5-methylmellsn (51 mg), mp 125”, on crystalhzatlon from petrol 
Further elutlon of the column with C6HB-MeOH (100 1,200 ml) 
gave a yellow oil (92 mg), which was subJected to prep TLC (two 
40 x 20 cm plates) Semi-sohd mate& R, 065 (16 mg, +), was 
subhmed at 8Oo/1O-2 mm and then crystalhxed from petrol m 
needles, mp lOO-102”, W 1, 228, 332 nm (log ~4 61, 4 16) 
(Found M, 1940942 Calc for C,,HIhOa M, 19409433, tdent- 
tied as nectnapyrone (8) (ht [11] mp 100-102”) by comparison 
of the IR spectrum (v_ 17lOsh, 1690,1650w, 1622,1557,1170, 
800,742 cm-‘) urlth a spectrum (provided by Dr M S R Nalr) of 
authentic matenal 

A gum, R, 0 35 (12 mg, +), W A-221,250, 320 nm, v_ 
(film) 3280, 1675, 16lOcm-‘, MS m/z 219, 191, 105, was not 
ldentttied Contmued elutlon of the column with C6Hs-MeOH 
(50 1, lOOmI and 20 1, 200ml) gave an od (144mg), which 
separated into two mactlve gums, R, 0 28 (20 mg) and R, 0 19 

(26mg), on prep TLC The R, 028 gum had A_ 300nm 
(Found M,212 1060 talc forCllH1604 M,212 1048) Onone 
occasion, the or1 crystalhzed from EtOAc m prisms (8 mg), mp 
240” (-), R, 0 08 (Found M, 412 3309 Calc for C2sH4.,02 M, 

412 3341), IR v_ 3330,1658, 1620,1160, 1045,1020,962,935, 
855, 800, 72Ocm-‘, ‘H NMR 6, 060 (s, 3H), 084 (d, 6H, J 
=68Hz),095(s,3H),163@6H,J=68Hz),357(m,1H),400 
(m, lH), 5 25 (m, 3H), MS m/z (rel mt ) 412 (12), 394 (23), 379 (14), 
376 (43), 361 (12), 287 (3), 269 (18), 251 (SS), 69 (100) Identtied as 
portensterol(l0) (lit [ 14,151 mp 248-250”) by comparison of the 
IR spectrum with one (provided by Dr I Morelh) of authentic 
matenal It formed a dlacetate, mp 155-160” (Found m/z 436 [M 
-6O]+ Cs2H4s04 requires M, 496) (ht 1141 mp 160”) 

On another occasion, the C2sH4,02 compound was absent 
and thymme (-) mp > 300” (Found M, 1260435 Calc for 
CSHbN,02 M, 126 0429) R, 008 was obtained from thrs 
fraction and 1dentfie-d by the IR spectrum (v,~ 3200, 1735, 
1670 cm-‘) 

Prep TLC of an ahquot (180 mg) of the acidic matertal gave 
threefra&ons,R,O72(lOmg, -),060(5mg, +)andO35(35mg, 
+) the Rf 060 fracton crystalhzed from EtOAc-petrol m small 
pnsms, mp 245”, [a]g - 55’ (c 0 0246) (Found M, 222 0539 
talc for C,,H1,,O, M, 222 0528) of mellem-5-carboxyhc and 
(7, R = CO,H), UV 1,226, 252,314 nm, IR v_ 3170, 1695, 
1660,158O cm-’ (lit [9] mp 247-249”), ldenttfied bycompanson 
of the IR spectrum with that of an authentic specimen provided 
by Dr R L Edwards The R, 035 fraction crystalhzed from 
EtOAc m small prisms (2 mg), mp 200” dec, which were not 
ldentdied 
(II) Elm medtum. Extraction of the culture filtrate (8 3 1, pH 7 8) 
after 18 days gave neutral (410 mg, +) and acldtc (286 mg, +) 
matenal The neutral material was absorbed onto &XI gel (3 g) 
from EtOAc and added to the top of a column of s&a gel (12 g, 
25 x 12 cm) made up m CbH6 Elutlon of a yellow band with 
CsHe (100 ml) followed by C6H,-MeOH (200 1,100 ml) gave a 
sohd (91 mg), which furnished 5-methyhnellem, mp 122-123 
(31 mg), on recrystalhzation from petrol After elution of an 
inactive oil (16mg) with CsH,-MeOH (100 1, 150ml), 
C,H,-MeOH (50 1,200 ml) eluted a yellow band gwmg an oil 
(71 mg). A portion (42 mg) of this was SubJected to prep TLC 
gnmg three fractions, RI 0 59 (7 mg, +) 0 45 (10 mg, -) and 0 38 
(4 mg, -) The R, 0 59 fraction possibly contamed nectnapyrone 
on the basis of the W absorption, rl, 325 nm Continued 
elutlon of the column unth C,H6-MeOH (20 1,200 ml) gave an 
intractable inactive gum (65 mg), R, 0 15 

Prep TLC (three 40 x 20 cm plates) of a portion (240 mg) of 
the actdlc mate& yielded two fracttons, RI 0 57 (4 mg, +) 
ldenttied as Zfurolc acid, and R, 0 31 (9 mg, +), a gum, which 
was not ldentdied 

(C) Strclm 123 (a) Surface culture Extraction of the culture 
fluid (6 0 1, pH 7 0) after 25 days (optical rotation + 0 055) gave 
neutral (2 312 g) and audlc (1070 g) matenal The isolation of 
compounds 1 and 3 from the neutral matenal by CC has been 
described elsewhere [6, 73 Before eluhon of the lactone 1, 
CsH6-MeOH (200 1, lOOmI) eluted an od (26 mg), which 
crystalhzed from petrol in pnsms, mp 52”, [u] g + 90” (c 0 03), 

W&X 217, 248, 316nm, ldentlfied as (+)-mellem (12) by 
compansonoftheIRspectrum (v_ 1660,1620,1580cm-‘) with 
that of an authentic s-en (ht [lo] mp 56-57”, [a]:: + 97”) 

Tnturatron of the acldlc matenal wth EtOAc gave a solid 
(15 mg), mp r 280”, A_ 264 nm (Found M, 156 Calc for 
C6H401 M, 156), ldentied as furan-2,5dcarboxyhc acid (4, R 
= CO*H) by comparison of the IR spectrum (v_ 3300-2500 br, 
1690, 1575cm-‘) with that of a specimen prepared by the 
dehydration of muac acid [27] 
(b) Shake culture Extraction of the culture liltrate (4 8 1, pH 6 0) 
after 21 days gave neutral (770 mg) and actdtc (207 mg) matenal 
This fermentation did not yield ldentdiable products other than 
furan-2,5dtcarboxyhc actd (4 mg) from the acid fraction 

(D) Stratn 124 (a) Surjhce culture Extractron of the culture 
flmd (7 2 I, pH 5 1) after 31 days (opt& rotation - 0 040) gave 
neutral (300 mg) and acldlc (741 mg) matenal The isolation of 
the lactone 1 from the neutral matenal by CC has been described 
[6] Before elutton of the lactone (l), C6HB-MeOH (200 1, 
50 ml) eluted an od (18 mg), which crystalhzed from petrol in 
pnsms, mp 55”, of (+)-mellem, rdentied as described above 
After elutlon of the lactone (l), C6H6-MeOH (100 1, 5Oml) 
eluted a brown or1 (75 mg) consisting of at least five components 
(TLC) One of these (17 mg), R, 0 45, UV I, 220,262 nm, was 
shown to be phenylethanol(9; R = H) by the IR (v, 3350,1602, 
1045, 745, 700 cm-‘) and NMR (6, 165, OH, 2 90, t, CI&Ar, 
3 85, t, C&OH, 7 3, s, 5H) spectra 

Crystalhzatlon of the ac&c matenal from EtOAc yielded 
succnuc acid (105 mg), ldentdied by the IR spectrum 
(b) Shake culture Extraction of the culture filtrate (4 1 I, pH 6 7) 
after 21 days gave neutral (506 mg) and actdtc (138 mg) matenal 
Compounds 1 and 3 were isolated from the neutral matenal[6,7] 
but no other metabohtes were ldentrfied Crystalhzation of the 
acldlc material from EtOAc furnished small prisms (2 mg), mp 
> 250”, of furan-2,5dlcarboxyhc acid 

Acknowledgements-lb work was uutited m the Agncultural 
Research Council Unit of Invertebrate Chenustry and 
Physiology (Sussex), whazh was closed m September 1982, J F G 
IS mdebted to the Royal Society for a Grant which enabled the 
work to be completed We thank Grete Olney for mlcroanalysls, 
Dr A M Greenway and Dr F M Mellon for mass spectra, C 
Macdonald and B Meadows for NMR spectra, Dr J N Gibbs 
for the Phonwpsas cultures, and Dr C Pemng for help unth their 
mamtenance S scol~tus beetles were supphed by Miss M M 
Bhght 

REFERENCES 

1 Gibbs, J N and Snuth, M E (1978) Ann Appl Brol 89,125 
2 Webber, J F and Gibbs, J N (1984) Trans Br Mycol Sac 

82, 348 
3 Webber, J (1981) Nature (London) 292,448 
4 Webber, J (1981) m Proc Dutch Elm Disease Symposzum and 

Workshop, H+uupeg, Canada (Kondo, E S , tiratsuka, Y and 



Elm bark beetle bormg and feedmg deterrents from Phomopsu oblonga 943 

Denyer, W B G , eds ), pp 24-35 Manitoba Dept of 
Natural Resources, Canada 

5 Brayford, D (1983) Ph D Thesis, Umverslty College of 
Wales, Aberystwyth 

6 Begley, M J and Grove, J F (1985) J Chem Sot Per&m 
Trans 1 (m press) 

7 Grove, J F (1985) J Chem Sot Perkm Trans 1 (m press) 
8 Balho, A, Fhreccllocz, S and Santurbano, B (1966) Tetra- 

hedron Letters 3723 
9 Anderson, J RI Edwards, R L and Whalley, A J S (1983) J 

Chem Sot Perkrn Trans 1, 2185 
10 Grove, J F and Pople, M (1979) J Chem Sot PerkmTrans 

1,2048 
11 Nan, M S R and Carey, S T (1975) Tetrahedron Letters 

1655 
12 Stoessl, A (1969) Bmchem Btophys Res Commun 35, 186 
13 Klmura, Y and Tamura, S (1973) Agrtc B~ol Chem 37,2925 
14 Regerat, F and Pourrat, H (1976) Ann Pharm Fr 34,323 
15 Morelh, I, Plstelh, L and Catalano, S (1981) Fttoterapla 52, 

45 
16 Grove, J F (1981) Phytochemtstry 20, 2021 
17 Sakakl, T , Ichlhara, A and Sakamura, S (1981) Agrtc BIO~ 

Chem 45, 1275 

18 Cram, D J and hshler, M (1948) J Am Chem Sot 70,4238 
19 Grove, J F (1973) m Handbook ofbfuzrobtology (L.askm, A I 

and Lechevaher, H A, eds ), p 167 CRC Press, Cleveland, 
Ohlo 

20 Wdson, B J (1971) m McrobudToxms (Clegler, A, Kad~s, S 
and AJI, S J , eds ), Vol VI, pp 25 1,475 Acadenuc Press, New 
York 

21 Patwardhan, S A, Pandey, R C, Dev, S and Pendse, G S 
(1974) Phytochemwry 13, 1985 

22 Cole, R J , Wdson, D M , Harper, J L, Cox, R H , Cochran, 
T W , Cutler, H G and Bell, D K (1982) J Agrz Food 
Chem 30,301 

23 Wheeler, M M, Wheeler, D M S and Peterson, G W 
(1975) Phytochemtstry 14, 288 

24 Culvenor, C C J , Cockrum, P A, Edgar, J A, Frahn, J L, 
Gorst-Allman, G P, Jones, A J , Marasas, W F 0, Murray, 
K E, Smith, L W, Steyn, P S, Vleggaar, R and Wessals, 
P L (1983)Chem Commun 1259 

25 Pezet, R and Pont, V (1980) Can J Mtcrobrol 26, 356 
26 Bhght, M M, Wadhams, L J and Wenham, M J (1978) 

Insect Bmchem 8, 135 
27 Phelps, I K and Hale, W J (1901) Am Chem J 25,445 


