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malt extract were indicated by PC and TLC of EtOAc
extracts of culture filtrates. Tile spectral properties of
the major phenolic compound t indicated a 6.8-dihy-
droxy-hydroxymeth-y-lisocoumarin. The vinyl proton
(M.83. IH. s) ap(1eared further down-field than that
reported for 3-Me substituted isocoumarins [5-10].
TI1is 5hift \v(luld be expected because of the hydroxy-
methyl group (cf 66.6 for the a-vinyl proton (If IrC/II.~-
cinnamyl aloohol with 6.36 for "ORJ-isocugenoi mCldels
[II]). 1"he PMR shift for the vinyl proton 5\IPPorts a
3-hydroxymethyl substitution since II vinyl pr(lton
adjacent t(l the lactone would be expect«i to b: much
further down-field (cf67.75 for vinylacetate [12]). Bascd
(In thc above cvidencc. we have concludcd that 1 is 1\
new isocoumarin 6~8-dihydroxy-3-hydroxymcthyl-1 H.
2-bcnzopyran-1 ~one.

ConI pound 2 occurred in much 5ID311er quantities
than I. Comparison of mp and spectral properties of 2

The fungus C('rawcyl;.~ nlinor (Hedgc.) Jlunt is gertcraJIy
introduced into the phloem and xylem of southern pine
trces during attack by the southern pine beetle Dendro-
tonu.~ frontalis Zimmcrman. and development of C.
nlhlor in the xylem is considercd tQ be central to the
death of bcetle-attackcd trees [IJ There are close
parnllels in both the cause and symptoms of this disease
to those of thc Dutch Eln1 disca~ in which bark bcetles
introduce the fungus CeratocJ'stu Illnti (Buism.) C.
Moreau, into tbe xylem of Elms [2, 3]. Claydon et al.
[4] showed that phenolic C-IO acids or their dihydro-
isocoumarin tautomen were produced in highest yields
by the most virulent slrains of C. 111m; and comp<>unds
of the isocoumarin clas., arc known for thcir biological
activity on plant growth [5-8]. The similaritics in thCK
t\\'O important tree diseases prom pled us to cxtLminc
the phenolic metabo1it~ of C. m;/lor.

:\ major phenolic mct~bolitcs of C. nllnor grown on
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the iso-
con iDari,u ~iS..di'lydro~y- 3-methyl-l H,. '27bCJlZopyra pol:,

.. d ""'-..1 L._t.: " f C fl L .c
one..cT~sc~!?un 'tS'~so~~eta.JVtI{e~., Iml1ritlta
EtJ.'.:~ Ha!~~j ~], wh~.~ It. a1so occ,,~ In sma/I pro-
pom:ons alo~c1!~ith :~aJor amounts of .8-hydroxy-6-
methoxy.3-~lis9Co"marin {9].The"closely related
3-mCt hyl-3,6.tjtinhydroxy-3.4-d~ydroisocoum3!1!jn is a
meta.bolit~of C.tJ"ii[4] as wcll as a ~u~rOf other
flngl 'l , -,

Ct)m~\lnd 3'!'wuidentifioo as scytalone (3,6,8-
trihvdroiy-3,4:;dihydrq#l2H):~pthalenonc) by ciom..
parison of its mp anrl"spectral prC:l.pert~ with datI!..
reported for the a-tctratone .found a~ a metabolIte of 2.
.,>,('.vtQ'icJi~msp. fungus [J4]. No species of Cer.utOCYSti1;
has prevlo\1,~Y been fOund to produce lX-tetraloncs.
Mixtures {)fa-tetraloues-and isocoumarinsare. however.
produced by Pyricular~nryzaeCavara [7]. The sam(:
J}tetabOlites .wereprod~~ by C.nl!tk>r gr.o"'n OJ1 a
defined m~umaltho~~ In 10werYlelds. lhesecom..
poli~ds were not fou~:i~hen sterile malt extract solu-

,ti@nswere incuba:tcd,,~~~r comparable ~nditions.

,
EX¥ERIMENTAL

-;" . 4.-
lR sl~n\ were;lnca~- KBr dIscs. PLC was pcrformC(1

on fJ.7Smm Sigel;1'GF and~mpounds wcre eluted with MeOH.. .
Anal)'tlcal a"dpre~yePC were conductcd (In \Vhatmall
No.) .nnd).PMR~~::~re reco~cd()n a 6OMHz in$t~u-
ment In Me2CO..<\6wlth:~S as an tnternalstandard. Hlgil
[eS<>.Jutiun MS W3S donc ~1he High Rcsolution MS I,.abora-
tory. Florida State.Unive~y. Tallahassee. IS()lates off:. minor
\veri." croWn on malt cxtra~',.nd thc defined mcdium describcoj
:tn rcr~[ 4]- Cu)turcs wcrc~rycsted when tile pH had increased
tt) 5.S and. rc:sidllal rcdu~g sugars were low (normally 3---4
\\e.:ks (OR malt extract). Fikr;ttes \\'cre saluratoo with NiiCI.

"
alldexlrllcledwith CHCI-,r~low~ by EtOAc.

fi..~ - Dih.t:droxJ' - j -h}"droxyniethYi- IH - 2 .benzopyratl; I - Olle-

fCtlnl/'OII,uI J).PCR, val~<>f0:78 in n.,BuOH~HOAc-"-H2O
(6: I : 2) and 0.47 in 6 ~:; »p!\c. II /I bsor'bcd UV light aflc:r
exposure to NH, vapour,~ve a weak blue coloratiOil with
J:cCIJ -K)F~CNj6.~da'yt1low~ranboe color with dillZotiz.:d
sulfanilIc acid whidt slowlytumoo 10 a dark tan aCtcr bac~-
sprHying wilh base. 1 ~.jSOI3tcd by PLC{diisopro ether-
HCO2H-HzO (90:7 :3). ~J:°:7) and PC (6o;~ HOAc). It W8$
crysti1l1il.cdfrom MczL~~&iveneedles (mp 22O-225P decomp.).
Tho:UV"(4... MeOH 236; 245. 277. 290.329; ~cOH + NaOAe') '). .
244. .54, .75sh, 309. 334.. and McOH + NaQ}J 244, 254. »,.
336; 354nm) and JR (1'~,3400, 3260br. 295Ow. 1695. 1664).

-I 6305 ~~"') spcct~ su~tCd~ 6.8-di~ydroxyisocoumarin
[5.9]. HIgh re~.olulton~:i:howCdCJoH8Os(~+' 65,-.. found
208,0366. req~rcs 20g_037~,and fragmeotlltlon to ~HSO4

(79/;;. M+-CHzOH).C.I:J~O) (20, M~-CHzOH. -'CO).
and C,H,Ol (1.00'-0- M +~20H.-CO.-CO).PMRshowed
ill 1.4 (IH...,s. H bondcd OH). 6.63 (IN.-s. C-4). 6.5'-6.4(2H. d,l.

'.
J = 2.5 H7, C.S and C-7)aad 4.35 (2H. s. C-9).

6,8-Dihydro.~J"3-nlelhJ"-/H-2-benzoPY'Qn-I-one 2. PC R I
value$ of 0.85 in n-B~OH":HOAc-HzO (6; 1:2) and 0.41 in 6~/~
'HOAc. II absorbed tJV1i~t after exposure to NH3 v3p<>ur:
~:lve It wcuk blue coloratiOn with FeCl)-K3Fe(CI-..'),; and a

,yellow.-orangc color with diuotizcd sulfanilic acid which
fadcd to a light 1an aflcr back-sprnyjng with basc. tt \vas is(,.

I;, " , "
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latcd 'byPl.C (CHC\~~Me:C9, (9;:1). R,0.15) and PC (6%
HOA(;). After a second purificalion"~ PLc, it was crysta!\.r;.ed

c.fromEtzo:..hcxane to give small prisitlS (mp 24G,;i2W dccomp.).
UV Spe(:tra indicated a 6.8-dihydroxyisocoumarin. Hi~h reso-
1utiol1 MS showed C1oH.O. (M.. lOO}';' found 192,O.f22,
requires 192.&422). and fragmcentation to,c.HsOs (72~~ M'
-Me). C.HSO) (9% M. -Me; '-CO)aAd C"HsOz (55%
-Me. -CO.-CO). losurrK:icntamounts were isolated for
PMR.

3.6.8-1Iihydrox)'-3.4-dihydro-J()H)-naphrllDlenone (3). BrirJlt-
yellow Ouorcs<Xnt ~mpound on PC aiR, values of 0.77
in n-BuOH-HO~c-H2O (6:1:2) and 0.63 In (,";. HOAc; II
gave a weak violCt-bluc reaction with FeCI)-KJKc(CN)6 and ;a
strongyellow-orange color with diazotized sulfanilic acid aflcr
hack spraying with basc. It was isolated by PLC (diisopro
cthcr-HCO2H-H2O (90:7:3), R, 0.57) two to 3 times, after
which ~~'Cre formed on cvaporation of an EtOAc soln.
R«;fysla~tiOD from Et~O-pclrolp~ needles (mp j6G-162"
decomp.). The UV and IR s~Jaitldicated an «.tetralone [7.
:14]. Jligb resolution MS showed C1uH1oO" (M., )00,,/..
found I 94.Q51. requires 194.6S78), and fragmentation to
C1uH..O) (86%, M. -H2O), C.~O3 (84,,/.. M+ -H2O,
-.,C~Hz>. C,H.O2 (21 "/.. M., -HzO. '-CO) and C-;H,O2
(20%, M+, -H2O..'-C2H20 ~O);Tbe PMR spectrum ~'8S
idefttic.1 with data Rported for scytalone in rc£; [14].
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