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ABSTRACT

TWO new metabolites produced in liquid culture by the

"fungus Gremmeniella abietina (Lagerb.’) Morelet, the

caulatiq‘ agent of Scleroderris canker, a serious disease
of pines, were isolated and their structures determined.

Ong of these methbqlites, a bright yellow compound named

oclgfoderolide, has structureﬁl as determined by x-fay

crystallographic analysis of its monoacetate la. The

-
>
)
v -

18 R=Ac R=H
1b R=R'= Ac

L

crystal qsed for the X~ray analysis proved to be racemic,

although scleroderolide (1) ‘showed optical activity. The

origin of this discrepancy was investigated. The diacetyl
derivative ilb) of scleroderolide showed interesting

tenmperature dependent rimr features.

——-
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. . . _
i The structure of the-other metabolite .(2), which we .
have named Scleroderris green, was determined hy'annlylio

of the spectroscopic data of three difforentkpcntamcthyi

derivatiyés.

f

Most strains of the fungus investigated produce
phenalenone metabolites. One strain (C656) examined,
however, showed interesting\fiffe:ences. The major

metabolites produced by this‘strain are fatty acids and

t:iglycerides.

v
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Biosynthetic studies have confirmed the polyketide
[
origin of the phenalenone metabolites of G. abietina and

indicated that sclerodione (3) may be a biogenetic

precursor of sclerodin rolide (1).
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The fungus Gremmeniella abietina (Lagerb.) Morelet (=

Scleroderris lagerbergii Gremmen) is a virulent pathogen ’_

. of pine trees in many parts of the world. 1In North

AN

Aperiéa\the disease caused by this £ungu§, commonly known
as Scleroderris .canker, i; rggarg ' as one of the most_
‘seriou; fiee nursery and reforestation diseaées (1). The
disease is aiso prevaleﬁt in Europe: yhere it is known as

Brunchorstia dieback.(Z), and in Japan (3).

Primary infection of~the tree is by small, wind-
aisseminated spores, which are released froh fruiting -
bodies during moi st periods. The peak periods of spore\
disﬁersal are reached in May through July under North
American‘conéitions (4). Usually symptoms develop in the

’

"spring of the year following infection, shortly before

shéot elongation begins. As shoots on adjaceﬁt brizfiig;
begin to grow, the foliage on infected branches tufns
‘grayiéh green and a yellow-orange discoloration advahéeg
from the base towards the tip of the needlés. As summe; /f\
progresses, ﬁeedles ;urn yellowish brown and usually‘drbp

by autumn. A few months after the branclhr dies, énothex“
fruiting stage of tﬁé fungus develops, which then releases
sbores'capable of causing new infections (5).. The fungus
.gré&s into tﬁe main stem of the tree .causing a yellowish
gfeen‘discoloration 2? the inner bark,and wood (5)1 On
older trees cankers form which may eventually kill the

#



tree, whereas young trees often die within a few months.
The mechanism by which the fungus kills the tree is not
yet known. C o

The metabolites produced by the fungusuGrbmmeniellq/

abietina are being investigated (Qlﬁﬁn an effort to ;ﬁ
deterﬁfﬁe what compounds are responsible for symptunfy
expression and to determine whether there is a coryélation
‘between metaboliteé’p;oduced‘and the pathogenicit§ of |
particular strains.

The major‘metabdlite pfoduced by‘gL_abietina,
sclerodin (1), which crystallizes as pale yellow needles,

'is the enantiomer of thg¢ so-called naphthdlic anhydride

from atrovenetin (2). The enantiomer of sclerodin (1),

Al

. x
“was first obtained by oxidation of atrovenetin (7) and

later was isolated from cultures of Penicillium herquei
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(8) and subsequently from other, fungi (9-11). Sclerodin

from G. abietina is levorotatory and has the S-configura-

tion at C-2'.

The mycelium mats of G. abietina are strongly
colored: dark green pigmentation with some bright yellow
spots. These mycelium mats yield a very dark green

extract from which several highly colored metabolites have

*

¥ .
been jsolated (6): 8-hydroxysclerodin (3), sclerodione
. rd

(4), Scleroderris blue (5), the triKetone 6, and a bright

yellow compound which is described in the nextvcﬂapter of
- . :

N

this thesis.

3 R=R=R=H 4
3a R=-MeR=R=H
3b R=R=R= Me . =

The enantiomer of 6, atrovenetinone, had previously

,

‘been prepared either by oxidation of atrovenetin (2) with

¢

benzoquinone (18), or by photooxidatidn (12). Ent-

atrovenetinone (6) is a dark burgundy compound causing a



- green discoloration on contact with the skin and a blue-

green discoloration of paper. It was found (6) that when

s \

a solution of 6 is painted on freshly peeled pine the
characteristic blue-green color of Scleroderris infected
wood developed. |
' Scleroderris blue (5), the lggst‘polar of these
metabolites, was rather unstable and difficult to
?purﬁfy. When a sélution of this blue compound was allowed '
to stand in the bresence of air, the colorless anhydride 1
was obtained. Analysis of the spectrdscopic data of

Scleroderris blue suggested the structure 5.

Narasimhachari and Vining (8) had previously postulated

o



- o
that the characteristic green pigment of Penicillium

h;rguei might be formed by a ninhydrin-like reaction
between atrovenetinone and amino acids. Structure 5 was
confirmed by reaction of ent-atrovenetinone (6) with
giycine, which gave the blue pigment in good yield (6).
\ Sscleroderris blue (S) is believed to be responsible,

at least in part, for the blhish-green coloration of the
- - \

o«

wood of Scleroderris infected\pfﬁg. A compound closely
.related to Scleroderris blue is*ai?o produced by G.
abietina. 1Itg isolation and liructhre determination are
degcribed in Chapter III of this thesis. o

The structure of sclerodione (4), a brigﬂt\red
compound, was deduced from spectr;scopic data and
confirmed by alkaline‘peroxide oxidation. Treatment of 4
with hydrogen peroxide proQided the anhydride 1 and_fhe
lactone 7. Other oxidation reactions of this diketone are

' described in Chapter II of this thesis.
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The more polar component of the Crﬁdc extract of G.
abietind was isolated gfter treatment of the crude
material with diazomethane.. Compounds 3a and 3b w;re
isolated, and thus it was presumed (6) that compound 3 is
prodéced by the fungus.

Compounds 1, 4, 5, and 6mhqye been isolated from two

different strains of G. abjietina: €699 ("European

strain”, from New Brunswick)'and C708 ("New York strain",

from Vermont). Compound 3 was isolated from strain C708.
The taxonomy of G. abietina is not clearly defiped.

Earlier (13) immunogenic cpﬁ;arisons reveéaled separate

North American, European, aﬂd Asian physiologic races.

The North American race attacks!only young trees. The

more virulent European raée attacks and kills tre;s of‘ali

ages (5,14). Recently (2,15-18) evidence fér fyrther -

' . P

subdivision of G. abietina isolates has been presenied.

-
)

We have compared (18), using high-pressﬁ;e liquid’ :
chromatography (hplc), the metabolites of four different
strains. Interéstingly. the metabolites of strain C659
(fNorth American striin", from Ontario) were very similar

to' those of C699 (“Eu;opean strain", from New 9

L

Brunswick). . However the metabolites of strains C706
(“European strain", from Sweden) and C707 ("New York
strain”. from New York) were quite different from those of

strain C699. We have also examined the metabolites of a



| Y S . \{/
‘ ‘ 1)
new strain, isolated 19 Alberta (C656) and Belicvcd (19)
to be part of the indigénous flora. The lur?ricing
results of this study are reported in Chapter I1II.

The metabolites isolated from G. abietina either

contain a pﬁenalenone (8) nucleus fused to a dihydrofuran

ring, oy are presumed to have been derived from such a
nucleﬁ‘L,ﬁuetabolites containing the phenalenone nucleus
with‘tho attached dihydrofuran ring have been isolated
from other fungal sources™ (20). For example,' atrovenetin

\
(2), norherquein??£:(9). and herqueinone (10) are produced

by Penicillium herquei and‘g;_atrovenetum. Biosynthetic
studies (21) on metabolites ofﬂg;_herguei have shown that
these phenalenones are formed from a single heptaketide
chain, félded as in 11. Some of the metabolites of G.

abietina, for example sclerodione (4) and sclerodin (1),

. [3
For a recent review, see ref. 20.
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have one carbon missing from the phenalenone nucleus. In
principle this degradation could involve the loss éf c-1,
C-2, or C-3 from, for example, triketone 6 as shown in
Scheme.I-l. Oxidative decarboxylation_ of iéiermediate li
leads to sclerodione (4) which may be a biogenetic
precursor of sclerodin (1), Biosynthetic studies bearing

on these points are descriLed in Chapter 1V.
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In Part 1 of this series (1) we have reported on the
isolation of several colored metabolites’ produced by the

§c1§rbdcrr1a canker causing fungus Gremmeniella

abietina. One strain of G. abietina (C699) produces a
brighé yellow metabolite Jﬁicp possesses the—-bio-

gcnoticﬁlly novel internal phonylglyoxylati lactone
structure, 1. In this paper we dedcribe the isolation,

1 . )
structure determination, and some of the chemical

properties of thiss novel compound.
[ .

1 R=R=z=H
1a R=Ac R‘:H
1b R=R=Ac

"—J‘A Gremmeniella aﬁietina (C69?) was grown in still
- culture, at 16-17°C on Q medium of % V-8 juice
r~ 90n§§ining.lt added glucose (2). The mycelium was
filtered and extfacted in a Soxhlet apparatus. *Q.P
Chromatographic separation (silica gel) of the crude -

s a7 “ .
metabolitegs gave Scleroderris blue (2), sclerodin (3),



3 .R:R'=H.
3a R= Ac R=H
3b R+H R=Ac

3c R=R"- Ac
3d R= R‘= Me
- (} . )

EﬂgfatroVenetinone (4), sclerodione (5), and the yellow
metabolite,* for which we propose the name scleroderolide
(1. .“’..

Scleroderolide (mp 239-240°C) is isomeric with
sclerodin (3, CjgH)¢O¢) and initialiy we suspected it to

be the isSmeric ether 6. The !H nmr spectrum of

scleroderolide is similar to that of 3 except for the OH

@

.Isolated for the first time by Y. Hoyano.

16
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v

hydrogens (§6.65 and 13.73 vs §11.43 and 11.64).
Scleroderolide readily forms a monoacetate on treatment
with acetic anhydride-pyridine, whereas 3 forms the
diacetate (l1). This is consistent with structure 6, ;ince

an OH group at carbon 6 would be expected to be sterically

hindered. However the 13¢ nmr spectrum of 1 shows



18

carbonyl absorption at §170.1 and 155.7, which is nof.in
good agreement with the anhydride structure (5§165.4 and
154:9 in 3). Also the ir spectrum shows carbonyl
absorption at 1750 cm~l while that of the anhydride 3
appears at 1705 em~1.

The monoacetate oflgcleroderolide crystallizes from
dichlordmethane—petroleum ether in the form of beautiful
red-orange cfystals; well suited for an x-ray
crystallographic study. Figure II-1 shows a computer
generated perspective drawing of the X-ray model of
scleroderolide monoacetate, which reveals that it
possessest structure 1a.”

To our surpfise, the sample used for X-ray analysis
proved to be racemic, though the parent compound (1) had
an optical rotation ofw-22.3° (c 0.13, CHClj). Several
hypethesas maf be entertained to explain these unusuai
results: 1, scleroderolide was not optically pu;e (i.e.
both enantiomers are produced by G. ahietina);

2, scleroderolide was racemized ggri;g isolation;f

3, scleroderolide was racemized during acetylation.

Hypothesis 1 was tested in two ways: using a chiral shift

-y

®*

The X-ray structure determination was carried out by J.
Clardy and E. Arnold, Department of Chemistry, Cornell
University, Ithaca, N.Y. Details are provided in Appendix
1.
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Figure II-1.

A computer generated perspective drawing of
the X-ray mcdel of scleroderolide mono-
acetate. The sample used for X-ray analysis
was racemic.



L
reagent (3,4); using an optically active acylating agent,
In the first instance, Eu(tfc)3.'wa; added to o
scleroderolide (ca. 2 mg in CDCl3) in successively
increasing amounts (up to 1 eq.) and the ly nmr spectra

were obtained: however; we did not see any,éignificdnt
shift but a considerable amount of broadening of the i
spectral lines was observeq. This reéult is probably due
to the lack of effective complexation of the shift reagent

with scleroderolide.

We then acylated 1 with the Mosher reagent (S),
(-)-a-methoxy-g-trifluoromethyl=-q-phenylacetic acid: the

19g nmr spectrum of the resultin, I‘noester 7 (no diester

»

+ . ®

*
Tris[3-(trifluoromethylhydroxymethylene)-d-
camphorato), europium(III) derivative.. Aldrich Chemical

-Company, Inc. -

20



was formed) showed a single peak at 5—72.17'(1nterda1
standard CFCl,). Although wc did not obcerOQ'tﬁo 19g
signals (indicating two diastereomeric products) this
result may be due to the large distance (approximately
. 9.88 A) between the two asymmetric centers in 7.

Sclerodin (3) and sclerodione (5) were used” to test
hypothesis 2. Sclerodione was dissolved in chloroform-
trifluoroacetic acid (sevefal ratios) at room temperature
(up to 15 days) and at 60°C (1 h); the optical rotation
(falp -115.3°) of the recovered material was unchanged.
In the case of sclerodin (3) we used deuterated solvents
(CgDg - CF3CO,D) at 80°é\(sea1ed tube) and followed the
reacfion by 14 nmr. After 24 h the aromatic hydrogen was
exghanged for deuterium; however pfolonged treatment (7
days) led to no further changes. The optical rotation
([alp -72.6°) of the recovered compound was unchanged.
Thus racemization is not likely to have occurred during
the isolation of these metabolites.

To test hypothesis 3 scleroderolide Qas isolated from
a fresh culture of G. abietina. Surprisingly this sample
of scleroderolioe (mp 232-233°C) had a much higher‘optical

rotation ([a]D -116°) than the previous sample. The

Scleroderollde is produced by the fungus in smaller
amounts and is difficult to purify.
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monoacetate from this new preparation showed the same
optical rotation ([alp -69‘)' regardless of its method of
.formation (acetic anhydride\and either pyridine, or 4-N,N-
dimethylaﬁinopyridine. or sulfuric acid as catalyst).
These results were not due to the selective
crystallization of one enantiomer as demonstrated in the
following maénet: acylation of the combined mother-
liquors from recrystallization of lclerodc_rolide (‘lb gave
a monoacetate with the same optical rotation as obtained
previously. The opticél retation was unchangéd after
crystallization. These results seem to indicate tpét_gL
‘abietina (C699) produces scleroderolide in high optical
purity and that scleroderolide is not'racemized duriﬁg
Scylation.

Scleroderolide is closely related to atrovenetin, a

metabolite‘of Penicillium atrovenetum (6) and Penicillium

herquei (7). ~ The structure of atrovenetln (8) was
established by X-ray crystallographlc analysis (8) and the
configuration (R) at C-2' by chemical correlation with
g(sf;ethyi lactate (9). fhterestingly, atrovenetin

isolated from P. herquei has a lower optical rotation

(Calp +54.6°) than atrovenetin isolated from P.

* ' 0
Scleroderolide isolated as its monoacetate (acetic
anhydride-4-N,N-dimethylaminopyridine) om other later
cultures showed the same optical rotatip



atrovenetum ([“]D +100.6°) (10). Thus in the case éf_g;
herquei, it is possible that both enantiomers of
atrovengtin are produced. o

In our case, the low optical purity (ca. 20% e.e.) of
the initially isolated scleroderolide might be due to a

mutant strain, though we cannot exclude completely the

possibility that the strain used earlier was

misidentified.

Scleroderolide (1) is readily conver:- e
monoacetate la by treatment with acetic ) the
presence of pyridine or 4-N,N-dime;§y1a
Utilizing longer reaction times, we attem‘ epare

the diacetate 1b. A ma jor product was obtained, the 1y
nmr spectrum of which was very similar to that of 1la

except that the phenolic OH resonance at §13.75 was

P
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replaced by a signal at §6.94 (q?t D,0 exchangeable). The
hrms of this ‘product displayed a molecular ion at m/z 394
(Cy2H1807). The ir spectrum shows carbonyl absorption at
1774 and 1738 cm~l. These data are consistent with
structure 9. Compound 9 can result from condensation of

la with acetic anhydride followed by cyclization.

The diacetate 1lb is readily formed under acidic
conditions (e.g., acetic anhydride-trifluoroacetic
acid). Remarkably, its 14y ana 13¢ nmr spectra are
temperature dependent. For example, the 14 nme spectrum
of 1b (in toluené-ga) exhibits broad ;ignals for the C-2',
C-4' and C-5' hydfogens at room temperature. At 60°C
these signals are sharp, whereas at 0°C they appear as

resolved pairs. Further cooling to -60°C induces
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broadening in the signals for the C-1', C-8, and ArCH,
hydrogens as well as the acetate methyl group at C-9.
Interestingly, the acetate methyl at C-4 remains
relatively unchanged with temperature. Similarly, the 13c
nmr spectrum (CDCl,) shows several broad signals at room
temperature, which are sharp at 55°C and are resolved into
pairs at -60°C. Since the 14 and !3c nmr spectra of la do
not show this temperature dependenc;, it appears that the
acetate group at C-4 in 1b is the structural feature
responsible for these unusual results. The'effect could,
in principigtabe due to acetyl migration from the C-4 to
the C-3 oxygen (Scheme 11-1) or to restricted rotation of
the acetate group (Scheme I1I-2). To examine this further,
we investigated the nmr spectra of several derivatives of
sclerodin (3). \

Sclerodin diacetate (3c) and sclerodin dimethyl ether
(3d) have previoﬁsly (1) been prepared. The monoacetate
3a was obtained from 3 by treatment with acetic anhydride-
pyridine, while 3b may be obtained either from 3 by
treatment with acetic anhydride-trifluorocacetic acid
(along with the diacetate 3c) or from 3c by hydrolysis
(NaHCO,).

The !H nmr spectra of 3d (1) and 3a do not show
temperature dependence, but the spectra of 3b and 3¢

exhibit™ temperature dependent features very similar to

.



SCHEME I1-1

SCHEME 11-2
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those of 1lb. Since the propensity for acetyl mig;‘tion is
expected to be similar for 3a and 3b, we concluded that it
is restricted rotation of the acetate group at C-4 which
is responsible for the temperature dependent nmr spectra
in these compounds.
-

Sclerodione (5), a metabolite of G. abietina (1), on
standing in solution is oxidized to sclerodin (3); however
treatment of 5 wifh‘hglrogpn p?ro;idc gives ;r along with

v

lactone 10 (1). ’ ;

Reasoning that the lactone 10 may be derived from
scleroderolide (1) by peroxide oxidati&ﬁ\gf the
corresponding g-keto acid, we decided to investigate thé
reaction of‘scletodione'(S) with m-chloroperbenzoic
acid. To our satisfaction, we found that this reaction
led to the formation of both sclerodin (3) and

Ascleroderolids (1), isolated as its monoacetate la.
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The 8-configuration at C-2' has been established (1)

for some Tctaboliton of G. abietina. The (+)-form (lalp
- +75°) of sclerodin (3) has been shown to have the R-
"configuration at C-2" by X-ray crystallography (11).
Consequently sclerodin (3, [aJD -72.6°) f:om_gL abict}na
is assigned the s-confiéuration. Egsfat?ovenetinone (Q)
and sclerodione (5) from G. abietina, on oxidation gave
sclerodin (2. ladp -72.6°) estabiisﬁing the S-configura-
tion for 4 and 5. Similarly, scleroderolide (1, [gJD
-116°) can be prepared, as mentioned above, from
- sclerodione (5), thus allowing the assignment of the S-
configuration at C-2' for 1. |

To the best of our knowledge, scleroderolide (1) is

the first natural product possessing the interesting

phenylglyo*ylate lactone structure. Its biosynthesis will

be discussed in Part AHJE this series.

-
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EXPERIMENTAL

- . - . ’ §

All solvents extept diethyl ether were distilled
prior to Qsé. ACS quaiity anhydrous diethyl ether was
used without purificgtion. Petroleum ether refers to
Skelly Oil Company light petroleum (Skellysolve B), bé 62-
70'&. Pyridine was dintilleﬂ from CaH, and stored over |
molecﬁlar sieves, acetic anhydride was driéd éfcr oné'and
distilled from sodium acetate.

Analytical thin layer chromatography (tlc) was -
carried out on aluminum sheets (75 «x ;; or 75 x 50 mm)
pre-coated (0.2 mm) with silica gel 60F 554 (E. Mer?k,
‘Darmstadt5. Preparative thin lﬁyer chromatography {(ptlc)
was carried' out on glass plates 120 x 20 cm) pre-coated - —.
(0.25 mm) with the same adsorbent (E. Merck, Darmstadt).
Materiai;fwere dégééteé by visualization under an
utravidlet (uv) lamp l254ﬁor 350 nm), or by spraying with
a aoluti&n of phoépbo;olybdic acid (5%) coﬁtaining a trace
of céricigqlfate in sulfufi_

»

s
charring on a, hot plate.

acig (58, v/v), followed by

19sh column chromatography (12)

!

was performed with Merck/Silica Gel 60 (40-63 .m).

High resoluti mags sbectra (hrms) were recorded on

an A.E.I. MS-50 mas ppectrometef coupied to a DS S0

29
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occmputer. Chemical ionization mass spectra (cims)* were

\tecorded on an A.E.1. MS-9 mass spectrometer. Data is

\\\i:ported as m/z (relative intensity). Unless

dragnostically significant, peaks with intensities less

than 20% of the base peak are omitted. Infrared (ir)

spectra weré recorded on a Nicolet 7199 FT
13
interferometer. Optical rotations were measured on.a

#om
v

&/

Perkin Elmer Model 141 ﬁolarimeﬁér. 4 nuclear ﬁagnetic
resonance (1H nmr)‘spectra‘were measured on a Bruker
WH-206 spectrometer or a Bruker WH:AOO spectrometer. 13¢
nuclear magneticuresonance (13¢ nmr) spectra were measured
on a Bruker WH-400 spectrometer. For 1y nmr, residual
Cﬁ¢13.in CDCly was emﬁloyed ég the internal standard
(as;igned as 7.26 ppm downfield from tetramethylsilane
ﬁ%TMS)) and measurements.érg”reporied in ppm downfield from
™s (5). For 13c nmr, CDCl3 was emﬁ}oyed as the internal
sﬁandard (assigned as 7%%0 ppm downfield from TMS) and
measuTrements are reporteé'in ppm downfield from TMS (§).

Melting points were recorded on a Figher-Johns.melting

poiht apparatus and are uncorrected.

.

* .
Ammonia as reagent gas.

b
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Growth of Gremmeniella abietina and extraction of

metabolites

Stock cultures of Gremmeniella abietina (C699). were

maintained in slant tubes on potato dextrose agar at

4°C. To initiate large scale cultures, small jgments of
agar containing thé mycelium were aseptically transferred
to Erlenmeyer flasks (5 x 300 mL) conﬁaining a sterile
culture medium (200 mL) cé&posed of 10% (v/v) clarified
v-g*’ ju;ce and 1% (w/v) glucose. The cultures were
shaken for 10 days at 15-17°C. The content of each

-

inoculation flad& was transferred to two 2.8 L Fernbach
flasks containinéyzhe same liquid mgggpm;(900 mL) and the
flasks (ten) were kept at 15-17°C. After 4 weeks the
mycelium was sep%rated from’the broth by filtration
through cheesecloth. The wet mycelium was extracted'withk
ethyl ether or dichloromethane (24 h), andutwice with i

methanol (24 »). in a Soxhlet extractor. The ether (or

. \ .
dichlorometharie; and methanol extracts were dried over

lsodium sulfate and the solvents eyaporated in vacuo at

30°C. ) .

1

*Obtained from the Northern Forest Research Center,
Canadian Forestry Service, Edmonton, Alberta.
05
**Clarified v-8 juice refers to V-8 (eight garden
vegetables, Campbell Soup Company Ltd.] juice filtered
through a pad of celite.



32

Isolation of scleroderolide (1)

Pure scleroderolid; (1) was obtained from crude
mycelium extracts from G. abietima C699: The dichloro-
methane extract (700 mg) was fractionated by flash column
chromatography (dichloromethane-methanbl:acetic acid,
47:2:1, 2 L) and the fractions (100 mL) coevaporated with
toluene. Fractions 5-7 were refractionated using the same
process. After evaporation of the solvent the residue was
dissolved in dichloromethane and petroleum ether was added
to the solution (brownish) until precipitation occurred.
The pregipitate was filtered and crystallized from ’
ethanol-petroleum ether to give scleroderolide (1, mp 232-
233°C); tlec: Rg 0.26 (dichloromethane-petroleum ether-
acetic acid, 10:10:1, double elution), yellow spot; [a]D
—i16.0° (c 0.30, CHCl,); ir (éHCla, solution): '3500 (br),
2920, 1750, 18610, 1470, 1380, 1365, 1205, 1030 cm-l: 1y
nmr (CDC13): 61.34 é3H, s, C=-3' CH3), 1.51 (3H, 4, 6.5

»
Hz, C-2' 1) 1f36 (34, s, C-3' CH3), 2.75 (31, s,

AI'CH3): 4-77 (lHl q: 605 HZ, C—2' H)l 6065 (lH, brs' OH)’
6.92 (1H, s, C-8 H), 13.73 (1H, s, OH): 13C nmr

(coc1g)f: s14.6 (C-1'),°20.6 (C-5'), 22.3 (ArCHj), 25.6

piliem

H

* . . . .
Details of the assignment are reported in Part 4 of this
series. ‘ A N

k4 .
& -




(C-4'), 43.1 (C-3'), 92.8 (C-2'), 107.2 (C-3a), 109.1
(C-6a), 117.1 (C-8), 119.4 (C-5), 122.2 (C-3b), 129.9
(C-9a), 137.1 (C-7), 144.5 (C-9), 155.7 (C-2), 167.4
(¢-4), 169.6 (C-6), 170.1 (C-3); hrms: m/z calcd. for
C) gH; 606 (M*)} 328.0947; found: 328.0950(50), 300(61),
285(100), 270(9), 267(11), 257(14); cims: m/z 346 (M+18

for 328, 46), 329 (M+1l, 100).

Scleroderolide monoacetate (1a)

Pure scleroderolide (1, 10 mg) was dissol;ed in di-
chloromethane (5 mL) and ic anhydride (excess) and 4-
N,N—dimethyla*minopyridineﬁe added at room
temperature. A%}gr 30 min the reaction mixture was
diluted with dichlorqpethane (20 mL) and washed
successively with 5% aqueous hydrochlorié acid (10 mL),
ang waﬁer (10 mL). The dichloromethane laygt was drigd
(Na,;S04), filtered, and concentrated to give the Erude
product (13'mg). Crystallization from dichloromethane-
petroleum ether gave scleroderolide monoacetate (la, mp
183-186°C, 85% yield); tlc: Rg 0.32 (benzene-acetone-
acetic ‘acid, 90:10:0.1), yeilow spot [a]D -69.3° (c 0.28,
" CHC1l4):; ir (CHCl,, solution): 3500 (br), 3000, 1760,
1620, 1590, 1470, 1420, 1370, 1300, 122?, 1195, 1030 cm™1;
4 nmr (cDCly): 61.35 (3H, s, C-=3' CHy), 1.52 (3H, d, 6.5

Hz, C-2'- CH3), 1.57 (3H, s, C-3' CH3), 2.43 (3H, s,

33
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| 00CCH3), 2.79 (3H, s, ArCH3), 4.80 (1H, g, §.5 Hz, C-2°
H), 7.01 (1H, s, C-8 H), 13.77 (1H, s, OH): 13c nmr
(cpci3)*s 514.6 (c-1'), 20.5 (C-5'), 20.6 (OOCCH3), 22.3
(ArCHj), 25.6 (C-4'), 43.4 (C-3'), 93.0 (c-2'), 107.6
‘(c-3a), 113.85 {C-6a), 121.1 (C:5), 122.2 (C-3b), 122.3
(C-8), 135.0 (C-9a), 135.8 (C-7), 137.9 (C-9), 155.1
(c-2), 167.8 (C-4), 168.2 (OOCCH;), 169.0 (C-6), 170.7
(C-3): hrms: m/z calcd. for C,ygH;g07 (M¥): 370.1052;

found: 370.1050(26), 328(64), 300(100), ZQf(96).

Scleroderolide diacetate (1b)

Pure scleroderolide (1, 10 mg) was dissolved in
dichloromethane (5 mL) and acetic anhydride (excess) and
trifluoroacetic acid (0.5 mL) were added at room
temperature. After 24 hours the reactioﬁ mixture was
diluted with toluene and concentrated to give the crude
product (14 hg). Crystallization from dichloromethane-
petroleum ether gave bure scleroderolide diacetate (1b, mp
200-202°C; 80% yield); tlc: Ry 0.22 (benzene-acetone-
acetic acid,\90:10:0.1), yellow spot: [a]D -44.6° (c 0.28,
CHCl3): ir (CHCly, cast): 2970, 1760, 1670, 1625, 1580,

1530, 1460, 1410, 1360, 1180, 1040 cm~!; 1H nmr

*For details, see Part 4.
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(toluenéﬁga) at 60°C: .$§1.0 (3H, s, C-3° CHy), 1.06 (3H,
d, 6.5 Hz, C-2' CH3), 1.17 (3H, s, C-3' CH;), 1.82 (3H, s,
OOCCH3), 2.20 (3H, s, OOCCH3), 2.60 (3H, s, ArCH;), 4.21
(14, q. 6.5 Hz, C=2' ﬁ), 6.78 (1H, s, C-8 H); 13¢ nmr
(cpcly) at S5°C: §14.3 (br)*, 20.5, 21.0, 21.5, 22.4,
25.7 (br)*, 44.0, 92.4, 112.7, 115.9, 123.8, 124.8, 127.9,
134.7, 135.4, 137.6, 152.8, 153.4, 166.8, 168.0, 168.2,
176.2; hrms: m/z calcd. for CyyHyn0g (M*): 412.1158;
found: 412.1164(6), 384(7), 370(6), 342(21), 328(12),

300(100), 285(50).

Sclerodin monoacetate (3a)
| Sclerodin (3, 3 mg) was dissolved in dichloromethane
and acetic anhydride (excess) and 4-N,N-dimethylamfno-‘
pyridine (catalytic amount) were added at room
temperature. After 30 min the réaction mi.xture Qas.
diluted with dichloromethane, washed successively with 5%
agqueous hydrochloric acid and water. The dichloromethane
‘layer was dried (Na,SO,), filtered, and concentrated.
Preparative thin layer chromatography (benzene-acetone,

93:7) gave 3a (3 mg); tlc: Rg 0.44 (benzene-acetgne,

95:5), blue fluorescence under uv light; ir (CHCl,,

*These signals are sharp at 75°C in toluene-dg.

<« .
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cast): 2980, 1780, 1750, 1670, 1610, 1420, 1290, 1180,
1015 em~); 14 nmr (CDC1,): 51.28 (3H, s, C-3' CHa), 1.49
(3H, 4, 6.5 Hz, C-2' CH3), 1.53 (3H, 8, C-3' CH3), 2.42
(3H, s, OOCCH,), 2.86 (3H, s, ArCHz), 4.73 (1H, q, 6.5 Hz,
c-2' H), 6.97 (1H, s, C-8 H), 12.14 (1H, s, OH): hrms:

m/z calcd. for C,0H1 897 (M*: 370.1052{ found:

370.1045(9), 328(37), 313(100), 285(6), 269(6).

Sclerodin monoacetate (3b) and sclerodin diacetate (3c¢)

Sclerodin (3,.10‘mg) was dissolved in dichloromethane
and acetic anhydride (excesé) and trifluoroacetic acid
(0.5 mL) were added at room temperature. After 12 h the 6
reaction mixture was diluted with dichloromethane and
washed with water. The dichloromethane layer was dried
(Na;S04), filtered and coevaporated with‘toluene.‘
Prepérative thin layer chromatodtaphy (benzene-acetone,
95:7) gave 3b (2 mg) and 3c (8 mg). Monoacetate 3b was
also prepared by hydrolysis (NaHCO3. H,0, MeOH:; rt; 6 h)

6f diacetate 3c.

Sclerodin monoacetaée (3b); tlc: Bf 0.35 (benzene-

acetone, 95:5), blue fluorescence under uv light; ir
(CHCl 4, cast): 2980, 1780, 1750, 1670, 1610, 1300, 1180,
1030, 860 cm7g: lH nmr (cDCl;) at 55°C: 31.26 (3H, br s,

¢‘3. CH3); 1045 (3H: bl’ 3, C"3. CH3), 1050 (3H' dg 6.5 HZ,



C-2' CH3), 2.47 (3H, s, OOCCH;), 2.87 (3H, s, ArCH;), 4.69
(1H, q, 6.5 Hz, C-2' H), 6.98 (1H, s, C-8 H), 11.88 (1H,
s, OH): lH nmr (toluene-dg) at 65'{ 61.0 (3H, s, C-3'
CH3), 1.05 (3H, d, 6.5 Hz, C-2' CH4), 1.16 (3H, s, C-3'
CHy), 2.17 (3H, 's, OOCCH,), 2.52 (3H, s, ArCH;), 4.21 (1H,
q, 6.5 Hz, C-2' H), 6.56 (1H, s, C-8 H), 12.0 (1H, 8, OH):
hrms: m/z calcd. for CygH g0, (MY): 370.1052; found:

370.1058(12), 328(33), 313(100), 285(5), 269(5).

Sclerodin diacetate (3c): tlc: R¢ 0.26 (benzene-acetone,
95:5), blue fluorescence under uv light; ir (CHC1 4,
‘cast): 2980, 1778, 1760, 1724, 1605, 1600, 1290, 1015
em™}; 14 nmr (tolﬁene—gs) at 65°C: §1.0 (3H, s, C-3'
CH3), 1.07’(3H. d, 6.5 Hz, C-2' CH3). 1.16 (3H, s, C-3'
CH3), 2.13’(3H, s, OOCCH3), 2.16 (3H, s, OOCCH3), 2.55
(3H, s, ArCH;), 4.23 (1H, q, 6.5 Hz, C-2' H), 6.68 (1H, s,
C-8 H): hrms: m/z calcd. for Cy,Hy00g (M*): 412.1158; *

found: 412.1161(11), 370(26), 328(64), 313(100).

. Scleroderolide armethoxy-a-trifluoromeihyl-a-phenylacetate
(7)
/?ure scleroderolide (l1la, ca. 3 mg) was dissolved in

dichloromethane (1 mL) containing 4-N,N-dimethylamino-
¥

~ a
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pyridine (excess) and the solution was added to g-methoxy- *
a-trifluoromethyl-q-phenylacetyl chloride (prepared from
the corresponding (-)-acid and oxalyl chloride-dimethyl-
formamide) at room temperature. After 20 min the teactién
mixture was diluted with dichloromethane and washed
successively with 5% aqueous hydrochloric acid and

water. The dichloromethane layer was dried (Na2504),
filtered, and concentrated to give the crude product.
Preparative thin layer chromatography (benzene-acetone-
acetic acid, 90:10:0.1) gave 7 (2.4 mg); tlc: Rg 0.38
(benzene-acetone-acetic acid, 90:10:0.1), yellow spot: 1y
nmr (CDCl4): 61.36 (3H, s, C-3' CH3), 1.53 (3H, d, 6.5

Hz, C-2' CH3), 1.58 (3H, s, C—3\ CH3), 2.80 (3H, s,

)

ArCH3), 3.81 (3H, s, OCH3), 4.81 (IHﬂ.q, 6.5 Hz, C-2' H),

6.95 (1H, s, C-8 H), 7.53 (3H, m, Ph H's), 7.80 (2H, m, Ph
H's), 13.71 (1H, s, OH); hrms: m/z calcd. for C,gH,3F30g

(M+): 544.1345; found: 544.1348(6), 342(6),-314(7),

189(100).

Anhydroscleroderolide diacetate (9)

Pure scleroderolide (1, 6 mg) was dissolved in
dichloromethane (4 mL) and acetic anhydride (excess) and
4-N,N-dimethylaminopyridine (excess) were added at room
temperature. :::;r 2 h the reaction mixturé was diluted

with dichloromethane and washed successively with 5%
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agueous hydrochloric acid (10 mL) and water (10 mL). The
dichloromethane layer was dried (Na2504). filtered, and
concentrated. Preparative thin layer chromatography
(benzene-acetone-acetic acid, 90:10:0.1, double elution)
gave 9 (45% yield); tlc: R¢ 0.37 (benzene-acetone-acetic
acid, 90:10:0.1), yellow spot; [a]D -21.2° (¢ 0.17,
CHC13): ir (CHC13, cast): 2980, 1774, 1738, 1590, 1570,
1188, 1032 cm™'; W nmr (cDCl3): 51.39 (3H, &, C-3' CH,),
1.52 (3H, 4, 6.5 Hz, C-2' CH3). 1.65 (3H, s, C-3' CH3),
2.44 (3H, s, OOCCH3), 2.84 (3H, s, AICH3), 4.76 (1H, q,
6.5 Hz, C-2'.H), 6.94 (1H, s, vinylic H), 7.09 (I1H, s, C-8
H): hrms: m/z calcd. for CyyHg0; (M*): ;394.1052;

found: 394.1050(18), 352(100), 337(67), 300(20);: cims:

m/z 412 (M+18 for 394,> 14), 394(100).

Preparation of scleroderolide (1) from sclerodione (5)

Sclerodione (5, 4.3 mg) was dissolved in di¢hloro-
methane (3 mL) and m-chloroperbenzoic acid (3.4‘mg) in gi-
chloromethane (1 mL) was added at room temperature. After
5 h the reaction mixture was diluted with dichloromethane
and washed with agqueous sodium bicarbonate (sat.). The
dichloromethane layer was dried and concentrated to give a
mixture of sclerodin (3) and scleroderolide (1). The
aqueous layer was extracted several times with dichloro-

methane; the dichloromethane extracts were combined, and

39



evaporated to dryness. tlc of the residue showed a major
yellow spot corresponding to scleroderolide. Acetylation

(acetic anhydride-4-N,N~-dimethylaminopyridine) of this

residue gave, after work-up (vide supra), scleroderolide
monoacetate la, (2 mg, 40% yield from 5) identical with an
authentic sample (tlc, ir, 14 nmr, and hrms).

.

Aerial oxidation of sclerodione (95)

Sclerodione (S, 5 mg) was dissolved in dichloro-
methane (5 mL) in a loosely stoppered flask. ‘After 5
weeks separation of the reaétion mixture by ptlc
(dichloromethahe-methanol, 49:1, double elution), gave
sclerodin (3, 1 mg) and recovered sclerodione (3 mg).
Sclerodin (3) was identical with an authentic sample (tlé,

ir, 1y nmr, and hrms).
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I11. METABOLITES PRODUCED BY THE SCLERODERRIS CANKER FUNGUS,

GREMMENIELLA ABIETINA. PART 3. SOME FURTHER METABOLITES.
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s f‘\ .
As part of our study of the metabolites produced by

the Scleroderris canker fungus, Gremmeniella abietina, the

crude extracts of several strains of the fungus available
from the Northern Forest Research Centre (strains C656,
C659, C699, C704, C706, C707, and C708) were compared by

high pfeonure liquid chromatography (hplc) in an attempt

to correfRe the metabolites with the pathogenicity of

partic trains. While strain C659 had a very similar

{

chroma ic profile to that of strdin C699, the

chromatographic profile of strain C6S6‘(and C707) was

. »
quite_dlfferent.'

&
This report describes Fhe metabolites of G. abietina q.
strain C656 (Alberta) as wefl as the‘isglation of a new
metabalite from ¥train C699 (European, from New
Brunswick).

Each strain of G. abietina was grown in still culture
~at 16-17°C on a medium of 10% V-8 juice containing 1%
added glucose (2). After 4 weeks the mycelium was
harvested and extracted in a Soxhlet appatatu;.

The mycelium extract of strain C656 provided a

brownish oily material, which was fractionated by silica

gel chromatography to give, in order of elution, fatty

*For details, see Appendix 2.
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acid methyl esters, sterol esters, triglycetiées, 1,3-di-
glycerides, 1,2-diglycerides, and fatty aéids.

The most pblar fraction was readily identified as‘a
mixture of fatty acids by its ir and H nmr spectra. The

hrms of the methylated (ethereal diazomethane) mixture

«

revealed molecular ioné correspggg;agfzzhigﬁltic

(C19H3802), oleic (C19H3602). linoleic (C19H3402) and
palmitic (C17H3402)‘acid‘methyl esters. The relative

‘amount of each acid was e;timated by integration of the 1y
nmr spectrqg (3) as follows: the resonance at §2.77 is

due to the two doubly allylic hydrogens (C-11 H's) of '

/Ginoleic acid.- S;nce it integrates for 0.5 units and the
total methyl groups (§0.89) for 3.0 units, this acid

\

constitutes approximately 25% (3/25x 0.5/3.0 x 100) of they

A

mixture/ The resonance at §5.30 (qgfcgj} due to oleic and

linoleic acids, integrates for 2.0 units, indicating that

oleic acid comprises about 50% (3/2 x (2.0-1.0)/3.0 x 100) *

o L} ;E&j . LT ' :
of the mixture. The remaining 25% is a mixture of stearic
: y ‘

and, palmitic acids.

g

The least polar fraction was similarly identifiggéas.“

a mixture of methyl linoleate (ca. 25%), methyl oleate ‘j&l‘
. ——’f‘- .
(ca. 40%), methyl stearate ana?kethyl palmitate (ca. 35%).
The fractions of intermediate polarity contained di-

and triglycerides, which were identified by means of their

4 hmr, hrms and cims. The !H nmr spectrum of the

]
A
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triglyceride fraction shows the charactéristic signals of
a triagylglycerol (3): 6§4.20 (2H, d4, 6, 12 Hz), 4.30
(2H, 4d, 4.5, 12 Hz), and 5.36 (m, C-2 H) corresponding to
five hydrogens of the glyceryl moiety, as well as the
resonances due to the fatty acid residues (the signal at
65.36 overlaps with'those'of the olefinic protons).
Although the hrms of this fraction did not reveal a
molecular ion, analysis of the observed fragmentation
pattern (4) provided evidence for the fatty acid
conpositién of the triélycerides. Five major
tetraoxygenated ion peaks, which represent the loss of an
acyloxy group ([M-RCOOIY or [M—RCOdH]*) were observed:

(C39HggO4) and 577 (C39H,004). These peaks indicate the

presence of at least four different fatty acid residues in
*

e . : )
the triglyceride molecules. The acyl ions (CrRcO)* or

[RCOH]™) detected (m/z 265 (C)gH330), 264 (CygH3;0), 263

presence of oleic, linoleic, linolenic and palmitic acid
residues. Thus this material is a mixture of
triglycerides, which may be represented by the general

4 i .

structyral formulae: >

< ’ ) T
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CH,-OCOR
CH-OCOR'

¢

CH2-0CO§"
R. R', R" = CjqH3s. CygH33. CrgM3ys CigHag. Cyshy
W ’ Y

The 1,3-diglycerides can be distinguished from the
1,§-diglycerides by 4 nmr (3). The by nmr.spect;um of
the 1,3-diglycerides shows all of the glyceryi resonances
in one multiplet (54:18), whereas the 4 nmr spectfum of
1,2-diglycerides shows four resonances (§3.76, 4.25, 4.35,
and 5.10) for the glyceryl moiety. The cims of the 1,3-
diglyceride fracﬁion revealed it to be a complex
mixture: m/z (relative intefisity) 640(16), 638(72),
636(87’, 634(51), 6&2(73)? 610(79). These results
iqgicate the presence of at least four different acyl
reéidqes corresponding* to stearic, oleic, linoleic,:
linolenic, ﬁnd palmitic acids. The general structural
formulae %5 the éomponents of the 1,3-diglyceride fraction

N
'&‘

&ay be represented as follows:

L]

_@ ' ‘,

. W
*e.g. 640-18 (NH,*) composed of 58 (C3HgO) + 283

46
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CHZ-OCOR
CH-OH

CH20COR'

= Ci7Mass CygH3zs CigHays C)glizg. C)sHy)

-

¢
Similar results were obtained with the 1,2-diglycerides.

The cims clearly showed that this fraction was a
mixture: m/z (relative iniensity) 640(13), 638(16),

612(88), 610(18). As above the presence of stéiric, .
’ N

oleic, linoleic, linolenic, and palmitic acid idues is
consistent with these results. The general structural
formulae of the components of the 1,2-diglyce.ide fraction

may be represented as follows:

CH,OCOR
CH-OCOR®

CHz-OH_

R, R' = CyyH3s. Cy7H33. Cy7H3y. CiqHzg. C)sHyy

Finally, the least abundant of the metabolites
produced by strain C656 was tentatively identified ac a
mixture of three sterol esters. The hrms of this fraction“

indicated two molecular ions: m/z 662 (C,ugH7gCa) and 660

(C46H7602) (confirmed by cims). The base peak at m/z 380

(CpgHy4) and a peak at m/z.382 (C,gH4e) Buggested the loss



of the same fragment (C18H3202) from the two molecular

jons. This fragment is consistent with loss of linoleic

acid (5): "
r- - 4 » = -y -!-
H \ \
A )
<N > C"H:”CQOH
0 / /
ks 3
= | - L -
-
'm/z 660 or 662 m/z 382 or 380

‘. .
Vs
.sf\“"

The lH nmr spectrum of thisvmate;gal is complex. It
shows all the resonances attributable to a doubly
unsaturaéed fatty acid (e.g. linoleic acid), as well as
the foliowing signals: &§0.55 (s), 0.60 (s8), 0.70 (s),

0.84 (vt), 0.92 (4), 0.98 (s), 4.64 (m), 5.2 (ﬁ). The ir
shows carbonyl absorption at 1736 cm’l;

The hrms of the neutral portion of the hydralyzed (6)
mixture (methanolic-pota;sium hydroxide) showed a
prominent peak at m/z 398 (C,gH4eO). A detailgd analysis
of the'fragmentation pattern is precluded by the

complexity of the spectrum. However the major fraghents

support the hypothésis’that it is a Cyg sterol (6-8): h[z
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383 (M-CH3), 300 (M-CqH,4)., 271 (M-side chain-2H), 255
(M-side chain-HZO), 213 ﬁy-aide chain-H20-42). The H nmr
spectrum of this hydrolyzed material is also consistent
with a sterol mixture (9). It shows resonancés at 60.54'
(s), 0.61 (s8), 0.70 (ca. 3H, s), 0.83 (ca. 6H, ap t, 6.5
Hz), 0.90 (ca. 3H, 4, 6.5 Hz), 0.94 (s), 0.98-1.02 (m),
3.54 (m), 3.62 (m), 4.68 (<lH, br s); 4.72 (<lH, br s),
5.20 (ca. 2H, m), 5.37 (ca. 1H, m). On acetylation (10)
,(;cetic anhydride-pyridine) the resonances at §3.54 and
3.62 shifted to §4.62 and 4.70 (acetyl methyls at §2.03
and 2.04).

A search of the literature revealed a similarity in
éhe lﬂ nmr chemical shifts between some 24-methylsterols
(C28) and our mixture. The major component in the mixture
is a doubly unsaturated sterol: C,gl .0, olefinic
hydrogens at §5.20 (m) and 5.37 (m). The C-18 and C-~19

7/22 grerols are shifted upfield in relation

hydrogens of a
to 4°'22 isomers (e.g. 50.54 and 0.81 vs §0.69 and 1.02)
(9). Therefore the three singlets at §0.54, 0.61, and
0.70 (relative intensity 3:5:10) observed in the 14 nmr
spectrum of the mixture could be due to the C-18 hydrogens
of three different sterols. The chemical shifts for the
ma jor component are consistent with those published (9,11)

for ergosta-5,22-diene-3g-0l (1). Although the resonances

for the other components cannot be clearly assigned, the
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‘presence of lignals.at 64.68 (br s) and 4.72 (br s)
(second ﬁajor component) indicates the presence of a
terminal methylene group (12). The second major component
(c-18 hydrogens at §0.61) is consistent with ergosta-
8,24(28)diene-3g -0l (2) (12). A more definite assignment
would require the separation of the componerits, which was

not carried out bécause of the small quantities available.
\ J

- ! . ’~‘ ,
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The strains of G. abietina previously studied (1)
(C699 and C708) produce metabolites possessing the
phenalenone skeleton. We could not.detect phenalenone

metabolites in strain C656 (Albsrta). This raises a

question regarding the identification of this strain. It
[ ]

is possible that the western fungus (C656) represents a
race different from those which occur in Eastern North
America (C699 and C708) (13).

»

During the isolation of scleroderolide’ (3) from the

~myceliumvextract of G. abietina strain C699, we observed‘
that the thin,léyer chromatograms of some of the fractions
obtained  from éolumn chromatography had a blue component
‘whiéﬁ';;emed to %ncrease in concentrati&n with time. This
blue component had an R¢ identical with ScleroderrisAplue

(4). This was unexpected since 4 is the least polar of

the metabolites (1) isolated from G. abietina. We thus

set about to isolate the compound responsible fo; this
behaviour.

The mycelifim methanolic extract from strain C699 was
washed with cold dichloromethane and the residue was
vacuum dried to afford an ‘orphous greenish-yellow powder

(mp > 350°C). This material, upon standing in solution,

*For details,'see Part 2.



was transformed into blue material, which was identical
with Scleroderris blue (4) by thin layer cﬁromatography

‘ comparison. E(forts to crystallize the greenish powder
led to decomposition. The 4 nmr spectrum of this
material shows resonances consistent with the presence of
fragment'S (underlined hydrogens), as well as four
downfield signals (612-15, D,0 exchangeable). The hrms
showed a prominent peak at m/z 326 (C19H1805) and a base
peak at m/z 311 (C;gH;gOg): the cims showed a base peak at

m/z 327. These data suggested the molecular formula
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W

»

CyoH} 805 which would be consistent with a deoxy-

atrovenetin structure. Consideration of the biosynthesis

o]

:& atrovenetin (6) (14) led us to formulate structure 7 as

: {4
a potential deoxyderivative. However, in the 14y nmr

spectrum, we were unable to assign a signal attributable
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to the hydrogen at C-2. A structure such as 7 can exist
in several tautomeric forms (the H nmr is temperature
dependent, indicating a dyﬁamdc equilibrium). 1In order to
further study this material and to try at the same time to
rondor‘it more stable, it wasett.ated with an 1'°°" of
ethereal diazomethane. After 12 h, tlc of the reaction
mixture showed three prominent spots. Preparative tlc
(petroleum ether:ethyl acetate, 4:1, multiple elution) of
the crude reaction mixture yielded the three components.
The hrms of each product indicated the presence of one
nitrogen and suggestéd the molecular formula C,3H4gNO, .
(m.w. 735). Analysis of the 14 ana 13c nmr spectra
allowed the assignment of the “dimeric" structures 8, 9,
and 10 to these derivatives.

The 'H nmr spectrum of the most polar component, 8,
showed all of the characteristic signals of fragment 5.

However, to be consistent with a molecular formula of

C43H45NO . the signals must represent twice the number of

hydrogens, i.e., it must be a dimeric structure. The

remaining protons appear as follows: §3.68 (3H, s), 3.90
(6H, s), 4.03 (6H, s), 18.50 (2H, s). The diazomethane
treatment had apparently led to the introduction of five
methyl groups. Except for small differences in chemical
shifts, the 19 nmr spectrum of the least polar compound

(10) is the same as that for 8.

> .
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The compound of intermediate polarity (9) has a
different lH nmr spectrum. Instead of showing signals of
double inteneity for fragment 5, each signal is paired.
The remaining protons are observed as follows: §3.68 (3H,
e). 3.80 (34, s), 3.87 (3H, s), 3.91 (3, &), 4.04 (3H,

g8), 17.91 (1K, s), 18.45 (1H, s). It is noteworthy that

PO
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this lH nmr spectrum is simulated by lupoéimPOling the
spectra of cOnBoundo 4 and 10.

The 1H nmr spectra of these three derivatives suggest
that two of them have an element of symmetry which renders
two fragments of type 5 equivalent, while in the third:the
lymmotry olomont does not exist. This hypothesis is
supported by the 13¢ nmr spectrum: compound 8 shows 22
signals while compound 9 lhous 43 siqnals.'

From these symmetry considerations several
conclusions may be drawn: (1) the nitrogen atom must be
involved in linking two idé&ntical fragments, (2) gge point
of attachment in each fragment nmsﬁg%f {dentxcal, (3)‘e g’
fragment must contain two OCH3 grpu;g ad@'éhe fqup mg&hyl‘%

group must be an N-CHj groupz (4).eadh fﬂk

*
£

h

mus! })asv;“"’v
o

3 ’f-v g
X 5% 4

an internally hydrogen bonded OH J&oqp. Tgﬁs ‘hen

.
structures may be repréﬁantg@ as (Q¢Nﬁ2§05)§§CH3.» é%qﬁ

'

fragments (CZIHZIOS) mast ea haOb two OCH3 groupbvﬂragvﬂ
. ‘-*"’
group, and the structural fgat es 1nhe§ent xn 5. These .

c"‘%

requirements are satisfied r at&ovenéiln 15) like

structure in which one of t&!’o%ygens (at C- 1,\2, 3, 4, or

‘9) is replaced by nitrogen.f

6b1}e two others are.

4

methylated. Since there a‘:'

“*The 13 nmr of 10 was nci
sufficient material. N
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derivatives, as well as an unsymmetrical one, the site of
N-substitution must be such as to leave an arrangement of
OH groups wheroﬁy dimethyiation can occur in two ways,
leaving two different hydrogen bonded OH groups.
Considor}ng the.chomical shifts (§18.50 and 17.91) and the
aharpniig'of the. OH signals in the 4 nmr lpbctra. the

_following structural feature is a possibility:
A

Only nitrogen substitution at G-2 can provide a structure
in which this feature may appear in two, different ways.
Thus structures 8, 9, and 10 may be proposed for the thr;e
derivatives.

The structures were copfirmed by a thorough analysis
of the 13¢ nmr spectra. The proton decoupled 13¢ nmr
spectruh of co%pound 8 shows 22 signals. All except one
(641.1, NCH3) of the signals represent a pair of
equivalent carbons. The signals may be ‘divided into three
groups: 5 sp2 carbons bound to oxygen (6150-180); 8 other
sp2 carbo%g (5107-150); 9 sp3 carbons (§14-91). The sp> )

carbons (C-1', 2, 3', 4', 5', ArCHj, 2xOCH;, and NCH;)



»

\ ‘5’
and C-8 are reaﬂ%ly assigned based on chemical shift

I

and/or multiplicity.as—well as by analogy to other

metabolites.0155. The remaining#éarbohs'were assigned by
analysis of the 2, 3, and 4 bond“l3c—1?,coupling observed
in the fully coupled spectrum (confirmed by selective 1y

.
b2 3

decoupling) as follows. Since the C—8‘hydr69en should
S

have large (ca. 6 Hz) (16) coupling to both C-6a and C-9a

and small (53:_2 Hz) coupling (16) to\{-7 and C-9, while
‘only C-6a and (%7 should be éoupled‘to the ArCHj, thé

assignment of C-6a, C-;, C-~-9 and C~9%a can be made
‘unambiguously. Because of BJCH coupling the assignment/pf
the carboné bearing the OCHj4 gpd NCH4 grouPs is possible W%
by irradiation of the appropriate CH3”hydrogens {653.68,

- \

3.90, and 4.03). Similarly the carbon bearing the OH

4

N group (C-3, 47‘*%5 identified by its 2JCH coupling (ca. 3

AN - {
Hz), while the 3JCH coupling serves to locate the q

e, ;
= cﬁibons, e C-6 assMgnment is made on the basis of

chemical shift and is confirmed b{ small (<1 Hz) coupling

to\thé C-2' hydrogen. Of the three remaining carbons (3a,
‘ f}. 3

Ld . - ) ) k
j Iv;~and 5), C-3b ig _assigned on the basis of chemical

oad
shift as well as itiﬁlack of long range coupling.

\ £

f ; :
Finally, C-5 is a multiplet due to 3JCH coupling to the

&

" 1) I’/‘ S - iy

- j /f S . ) »
*Because of strong intramolecular hydrogen bonding, C-3
and C-4 are indistinguishable. »

X
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C-4' and C-5°' hydroggns, while C-3a appears as a doublet
if an OH is present at €-4 (or C-3). .

The complete 13¢ nmr assignments for compound 8 are
shown in Table II1I-1. The following observations are
pertinent with respect to the proposed structure. Since
the resonahce at §160.3 is coupled to both. the C-8
hydrogen (56.82) and to the lower field OCH3 hydrogens
(64.03), a metﬁoxy substituent at C-9 is ipdicated.
Significantly, the OH hydrogeh (&18.50f‘s£ow§ coupling to
four resonances: §107.7 (C-3a), 119.4 (C-SL,.175.7, and o
177.2. The resonances at §177.2 and 175.7 are not coupled
to OCHj hydrogens-and,ther;fofe must repreSent a carbonyl
carbon and an sp2 carbon bearing an OH grdup. ‘This
strongly indicates nitrogeﬁ‘subgtiﬁution at C-2 and thus
st;ucthre 8. " , ®

| 2
The proton decoupled 13¢ nmr spectrum of 9 exhibits

43 signais. The presence of fragment lla was assumed,
since 22 of the signals are identical with the 22 signals
observed for 8, with respect to chemical shift (witén 0.2
ppmn), multiplicity and long range coupling (confirmed by

selective proton decoupling of the NCH3 (6§3.68), the lower

.

An alternate sg;ucture where nitrogen substltut1onl's at
C-1 is rigorously ruled out by exam1nat10n of the C nmr
spectrum of 9. i

"



Table I111-1.. 13c Chemical Shifts® of scleroderris Green

‘éerivatives. -
Compound 8
. R R’
c-1 157.2 157.4 178.2%
c=2 133.7 133.6 132.4
c-3 177. 2% 177.0%  156.9Y
C-3a 107.7 107.6 109.9
C-3b 127.6 127.5 128.0
Cc-4 175.7% 175.9%  159.3Y
c-5 119.3 119.4 126.2
C-6 166.5 166.6 162.2
C-6a 109.3 109.4 108.1
c-7 143.0 143.F  149.2
c-8 110.4 110.4  121.5.
c-9 - 160.5 160.3 176.5%
~" 'ci9a \ & 110.7 110.5 109.7
ArcH; 23.9 24.0 24.4
c-1° = 1407 14.7 ° u4.4
c-2" 91.1 - 91.1 90 .2
c-3' 43.4 43.4 44.3
c-4' 25.9 25.9 26.2
c-5* ‘ 20.5 20.5 22.0
OCH3 56.4 56.5 61.9
OCH4 } 61.3 61.1 64.1
NCH, 41.1 41.2

X.Ycarbon assignments may be interchanged.

a

¢

[

R

60
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£i41a OH (518.45), the loyer field C-8 H (56.83), and the
lower field ArCH, (62.88)). That the remaining 21
resonances. are due to a fragment of structure 1l1b was
confirmed by analysis of the long range 1301y cbupling
(selective proton decoupling of thé'NCH3 (63.68), the
higher field OH (617.91), the higher field C-8 H (56.79),
and the higher fieid §;CH3 (62.78)), as described above
for -compound 8._:7 In this Casg the OH (5§17.91) is coupled *
to four resonances: 6109.2 (C-9a), 121.5 (c-8), 176.5 and
178.2. The 6178.2 and 176.5 signals are also coupled to
the C-8 hydroggn, thus confirming their assignment as C-1
and C-9. This coupling is uﬁiquely consistent with
fragment 11lb. The complete assignment fora9 is given in
Table i11-1. | o

The Structuresuﬂ and 9 are unambiguously éoﬁfirmed
and that of 10 may be inferred since ité[lﬂznmr spectrum
is identical to that of fragment ilb in 5.? Thus . the
structure of the pafenﬁfcompound.’for ;hiéh-Wé suggest the

trividl name Sclorogfrris green, must be 12 (several

tautomers poss')}é.e Y.
,(i-,-‘

B °
1

*This is further confirhed by 13c nmr of 10 im which c-2,
23, 5, 6a, 8, 9a, 1', 4', 5', and ArCHy are efiriohed in

C (see Part 4). The chemical shifts of these carbons
are identical (within 0.2 ppm) with the corresponding
carbons of 11b in 9.
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Structure 12 is closely related to the structure .
proposed (1) for Scleroderris blue (4).. This structural
relationship was confirmed as_follows. Scleroderris blue
was treated with sodium bisulphite (the blue colour
gradually changed to violet, green and then yellow).
After 18 h the tlc of the crude reaction mixture'showed a

major spot corresponding to 12. Treatment of the crude

reaction mixture with diazomethane (excess) gave, after



ptlc (petroleum ether-ethyl acetate, 4:1), three products
idgntical with authentic samples of 8 (tlc, ir, 1H nmr,
hrms), 9 (tlc, ir, lH nmr, hrms), and 10‘(t16); In
addition, a solution of 12 (dichloromethane-methanol), on
standing, gives a blﬁe compound identical (tlc) with
Scleroderris blue (4). These results serve to confirm th&
structure proposed for Scleroderris blue (4).

The wood of Scleroderris infected pine shows a
characteristic yellowish green coloration (17). IF is
possible that compound 12 causes this discoloéuration.

The crude extracts of G. abiet ina C699 show

. . 13 . . '
biological activity against several microorganisms.

T
* .
- For details, see

o
3
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EXPERIMENTAL

All solvents except diethyl ether were distilled
prior to use. ‘ACS quality anhydrous diethyl ether was
used without purification. Petroleum ether refers to
Skelly 611 Compony light petroleum, bp 62-72°C. Pyridine
was distilled from CaH, and stored over, molecular sieves,
acetic anhydride was dried over P,0g and distilled from |
sodium acetate. :

Analytical thin layer chromatography (tlc) was carried
out on aluminum sheets (75 x 25 or 75 x 50 mm) pre-coated
(0.2 mm) with silica gel 60F,54 (E. Merck, Darmstadt).
Preparative thin layer ohromatograbhy (ptlc) was carried.
out on glass'plates (20 x 20 cm) pre-coated (0.25 mm) with
tﬁé same adsorbent (¥. Merck, Darmstadt). Materialo were
detected by visualizat;on under an ultraviolet (uv) lamp
(254 or 350 nm), or by spraying with a soluﬁion of
phosphomolybdic acid (5%) containing a trace of ceric
sulfate in aqueous pulfuric ocid (5% v/v), followed by

charring on a hot plate. Flash column chromatography (18)

was- %‘formed with Merck Silica Gel (40-63 um) H1gh-

pressure 11qu1d chromatography (hplc) wasg ;Wtﬂ°out w1thw

a Watcts Assocxates liquid chromatogrtp'o;

. two salvent delngry sys!%ms Model ﬂ4“~‘_ “ - jiOOOA.

?’s"n

. 3 ‘:'0 ) : : M":":. ‘
- _ 64, ' o
BT Sw
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an injector, Model WISP 710B, a uv absorbance detector,
Model 480, a data handling system, Model 730, a system
controli&s, Model 720, and a radial compression separation
systemj'iLMPdule (equipped with a uBONDAPAK C,g Radial-PAK
Cart?idée 8 mm x 10 cm).

yigh resolution mass spectra (hrms) were recorded on
an A;s.l. MS-50 mass spectrometer coupled to a DS 50
computer. Chemical iqhization'_mass spectra (cims) were
recorded on an A.E.I.»MS-9 mass spectrometer.' Data is
reported as m/z (relatiye intensity). Unless
diagnostically signifiqant, peaks with intensities less
than 20% of the base peak.are omitted. Infrared (ir)
spectra were recorded oﬁ 8'Nicolet 7199 FT
interferometer. Ultraviolet (uv) spectra were recorded on
a Hewlett-Packard HPB450A Dioée Array spectrometer coupled
to a 7470A plotter. Opticai rotations were measured on a
Perkin Elmer Moéel 141 polarimeter. 14 nuclear magnetic
resonance (lH nmr) spectra wgfe measured on a Bruker

WH-200 spectrometer or a Bruker WH-400 spectrometer. 13¢

nuclear magnetic resonance (13C nmr) spectra were measured
/.on;a Bruker WH-400 spectromete:i For H nmr, residual

* CHCl3 in CDCl3 was employed asf{he internal stanj:rd

. 3
Ammonia as reagent gas.

L SN



(assigned as 7.26 ppm downfield from fotr&methyloilane
(TMS)) and measurements are reported in pp@vdownfield from
™S (8). For 13¢ nmr, CDCl, was.employed.as the iptérnaI,
standard (assigned as 77.0 ppm downfield from TMS) and
measurements are reported in ppm downfield from TMS (5).
Melting points were recorded on a Fisher-Johns melting
point apparatus and are uncorrecte&.

'

Growth of Gremmeniella abietina and extraction of

metabolites

Gremmeniella abietina (C656, C659, C699, C704, C706,

C707 and C708) was grown in liquid still culture at 16--°
17°C, as reported previously.*' After 4 weeks the
mﬂ-llium was separated from tﬁe broth, washed with cold
methanol, and dried. The dry mycelium was extracted with
ethyl ether (24 h) and twice with methanolg%%41h ‘each) in
a Soxhlet apparatus. The ether and methanol extracts were

separately concentrated in vacuo at 30°C.

A

.\"o
5 i S
@;Qf
. &
* . A R :
Obtained from the Northern Forest Research Center,
Canadian Forestry Service, Edmonton.

. ) W
For details, see Experimental, Part 2 o this series.
~

v
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Isolation of metabolites from G. abietina C656

The crude mycelium ether extract of G. abietina C656
gav; ca. 0.1 g?L of crude metabolites and the combined
crude methanol extracts gave 0.4 g/L. Both extracts were
brownish oils (similar by tlc). .

The crude mycelium ether extract (0.8 g) was
fractionated by flash'column chromatography with the
following solvent sy;tem: dichloromethane-methanol (49:1,
;.5 L), dichloromethane-methanol (46:2, l.L), and methanol
(0.5 L). Fractions of 125 mi were collected. Fractions

2-4 and 15 were further purified as indicated for the

individual components.

Fatty acids

The ‘fatty acids were eluted in the most polar
fractions. Fractions 19-21 (50 mg) gave a single spot on
tlc; tlec: Rg 0.16 (dichloromethane-methanol, 49:1); ir
(CHC13, cast): 2925, 2855, 1711, 1460, 1280, 938, 720
em™l; 4 nmr (cDCl3): §0.89 (vt, 6.5 Hz, CHy), 1.26-1.32
(m, (CHp),), 1.64 (m, CH,CH,CO), 2.0-2.08 (m, CH,CH=),
2.34 (t, 8.0 Hz, CH,CO), 2.77 (t, 6.5 Hz, =CHCH,CH=),
5.30-5.42 (m, CH=CH); hrms: m/z 97(21), 95(30), 83{39),
82(26), 81(50), 69(65), 68(29), 67(61), 57(49), 56(25),
55(100); cims: m/z 300 (M+18 for 282, 26), 298 (M+18 for

280, 74), 296 (M+18 for 278, 87).



Methylation of fatty acids: the mixture of fatty
acids (5 mg) was dissolved in dichloromethane (1 mL) and
treated with excess ethereal diazomethane to give fatty
acid methyl esters (5 mg): tlc: Rg 0.60 (petroleum ether-
oihyl acetate, 9:1); hrms: m/z 298(25); 296(27), 294(34),

270(13), 264(95), 262(14), 55(100). g -

Fatty acid methyl esters

The fatty acid methyl esters were eluted in fractions
2-4 (80 mg). Preparative tlc (petroleum ether-ethyl
acetateull9:l. double elution) of these combined fractions
gave a mixture of fatty acid hethYl esters (10 mg).
tlc: R¢ 0.60 (petrolehm ether:ethyl acetate, 9:1); ir
(CHC1,4, cast): 3100, 2925, 2854, 1743, 1460; 1430, 1165,
720 cm™!:; 1H nmr (cDCl3): 6£0.89 (vt, 6.5 Hz, CH3), 1.26-
1.32f(m,v(cnz)n), 1.64 (m, CH,CH,CO), 2.0-2.08 (m,
CH,CH=), 2.28 (t, 8.0 Hz, CH,CO), 2.75 (t, 6.5 Hz,
=CHCH,CH=), 3.67 (s, OCH;), 5.30-5.40 (m, CH=CH): hrms:

m/z 298(3), 296(2), 294(2), 270(12), 264(7), 74(100).

Triglycerides

*

The triglycerides were eluted in fractions 2-4 (80
mg). Preparative tlc (petroleum ether-ethyl acetaté,
19:1) of these combined fractiqns gave.a mixture of
triglycerides (30 mg); tlc: Rg 0.56 (petroleum egier-

ethyl acetate, 9:1); ir (CHCl4, cast): 3010, 2925, 2854,

68
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1745, 1463, 1163, 720 cm™}; 14 nmr (cDCl4): 50.89 (vt,

6.5 Hz, CHy), 1.28-1.32 (m, (CHp).), 1.62 (m, CH5CH,CO),

2.05 (m, CHpCH=), 2.32 (t, 7.0 Hz, CH,CH,CO), 2.78 (brt, /
6.0 Mz, =CHCH,CH=), 4.18 (A4, 6.0, 12 Hz, OCH,CH(0)CH,0),

4.30 (dd, 4.5, 12 Hz, OCH,CH(O)CH50), 5.36 (m, CH=CH,
OCH,CH(O)CH,0): hrms: m/z 604(45), 603(B0), 602(63),

601(40), 600(43), 577 (78), 576(39), 574(25), 341(7),

339(28), 337(8), 313(19), 265(24), 264(36), 263(32),

262(89), 239(11), 55(100). .

1,3-Diglycerides

The 1, 3-diglycerides were eluted in fractions 6-10.
Fraction 8 (10 mg) gave a single spot on tlc; tlc: R¢
0.45 (dichloromeghane-methanol, 49:1): ir (CHCl;, cast):
3460 (br), 2925, 2854, 1743, 1465, 1170, 720 cm~!l; lH nmr
(CDCl3): & 0.90 (vt, 6.5 Hz, C43), 1.28-1.32 (m, (CHy),),
1.62 (m, CH,CH,CO), 2.04 (m, CH,CH=), 2.37 (t, 7.0 Hz, .9
CH,CH,CO), 2.48 (d, 4.5 Hz, OH), 2.78 (brt, 6.0 Hz, 'L&/.
=CHCH,CH=), 4.18 (m, OCH,CH(OH)CH,0), 5.36 (m, CH=CH):
hrms: m/z 602(2), 600(2), 576(2), 339(39), 313(27),
265(23), 264(26), 262(35), 239(15), 55(100); cims: m/z
€40 (M+18 for 622, 16), 638 (M+18 for 620, 72), 636 (M+18
for 618, 87), 634 (M+18 %B} 616, 51), 612 (M+18 for 594,

74), 610 (M+18 for 592, 80).



v éalt): 3440 (br), 2925, 2854, 1740, 1463, 1170, 720 cm™ *;

. "-‘:‘ ‘) "' ‘J ' p‘
Y s - oW
\n“‘ " W " y .
‘; .“‘. l“ ! \
1,2-Diglycerides
The 1,2-diglycerides were eluted in fractions 12-16
(SO0 mg). Preparative flc (dichloromethane-methanol, 97:3)
of fraction 15 gave a mixturc of 1, 2-diglycerido- (6 mg): » o

tles R 0.33 (dichloromethan.-mcthanol, 49:1): ir (CHCl,,
1
14 nmr (CcDC14): 80.90 (vt, 6.5 Hz, CHy), 1.28-1.32 (m,
(CHy)p), 1.63 (m, CHaCH,CO), 2.03-2.08 (m, CH,CH=, OH),
2.34 (m, CH,CH,CO), 2.79 (brt, 6.0 Hz, =CHCH,CH=), 3.76
(t, 5.0 Hz, CHpOH), 4.25 (dd, 6.0, 12 Hz, OCH,CH(O)CH,OH),.
4.35 (dd, 4.5, 12 He, OCH,CH(O)CH,OH), 5.10 (m,
OCH,CH(O)CH,OH), 5.36 (m, CH=CH): hrms: m/z 604(4),
602(4), 576(19). 341(16), 339(39), 313(75), 265(26),
264(40), 262(16), 239(32), 55(100): cims: m/z 640 (M+18
for 622, 13), 638 (M+18 for 620, 16), 612 (M+18 for 594,

88), 610 (M+18 for %92, 18).

Sterol esters

The sterol esters were eluted in fractiéns 2-4.
Prepa(ative tlc (pettoleuﬁ ether-et;yl ;cetate, 97:3,
double elution) of these combined fracﬁions gave a mixture
of sterol esters (5 mg): tlc: Rg 0.55 (petroleum ether-
ethyl acetate, 9:1), ir (CHCl,3, cast): 2954, 2928, 1736,
1460, 1175, 720 cm -1, 14 nmr (C9G13) see text; hrms:

m/z 662(1), 660(2), 535(1), 382(24), 381(42), 380(100),
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337(4), 282(5), 255(36), 253(6); cims{- m/x 678 (M+18 for’

660, 69), 398(100). S
Hydrolysis of sterol esters: the uﬁxturo of sterol
esters (4 mg), was dissolved in dichioromethane and 10%
methanolic pot;lsium hydroxide (excess) was ad;od. After
refluxihg for 1 h, the reaction mixture was cooled,

diluted with dichloromethane, washed with 5% hydrochloric

‘acid, and conccﬁtrated. The resulting residue was

“fractionated by ptlc (petroleum ether-ethyl acetate, 4:1,

»

double elution) to give a mixture of sterols (2 mg):
tlc: Rg 0.26 (be;roleum ether-eﬁhyl aceiate, 4:1); ir
(CHC13, cast): “3400 (br), 2955, 2424, 2853, 1728 (w);
1460, 1370, 1060, 980 cn™l; W nmr (CDCly): eee text;
hrs: m/z 400(11), 398(68), 396(14), 383(16), 163412),
31‘4(12)', 300(20), 27_1(52), 255(28), 69(90), 55(100).'
Acétylation of sterols: the sterol mixture (2 mg)
was dissolved in dichloromethane (1 mL) and acetic
'aﬁhydride (exZéss) and‘pyridine (excess) were added at

room temperature. After 24 h the reaction mixture was

diluted with dichloromethane, washed with 5% hydrochlorid"
acid, dried (Na,SO4) and concentrated to give a mixture of

sterol acetates; tlc: R¢ 0.70 (petroleum ether-ethyl {;

acetate, 4:1); ir (CHCl,, cast): 2955, 2860, 1730 (s),
1460, 1375, 1240, 1040, 970 cm™!; lH nmr (CDC1l3): see

text; hrms: m/z 440(16), 398(16), 382(20), 380(100),

-

a”

~
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313(19), 255(390?" \ ' 1T// 4
~ | t

Isolation of Scleroderris green {12)

Scleroderris green (1%1 was Eﬁéiiﬁpd from/ghe second

. - methanol’ extract from G. abietina C699. The crude"

. . L v
mycelial extract was- washed several times with cold

dichloromethane and the residue was vacuum dried to affo

LY

ca. 200 mg of an amorphous greenlsh-yellow powder (mp >
340°C). Attempts at crystal;lzatlon (CHZCIZL EEPAC' MeOH,
e}c.) led to decompositionf tlc: - Rg 0.65 (benzehe-~

f N \ S
. acetone, 9:1), yellowish spot (with streaking), which

' o turns blue on standing; uv (MeOH) Ap.,: 214(0.79),

259(0.48), 396(0.29) pm: ir (CHCly), cast): 3320 (br),

~ . ) ’ b .
2920, 1617, 1380, 1280, 1060 cm~!; lH nmr (cDCl3y) at

Sl 50°C: 5§1.33 (6H, brs, C-3' CH3), 1.48 (6H, 4,~$.6 Hz,

. 4 69 (2H, q, 6.6 Hz, c-2' H), 6. 88 (Zﬁ C-8 H), 12.44,
13.§8, 13.42, *14.26 (ca. 4H, Dy0 exchangeablg). hrms: m/z

340,(15),; 326(38), 3'1“;1(100), 5’69(24/); gims: m/z}27(100).
~ o ' A , - ,
' 7 . ) ¢ ' : , .

L -

Methylation of Scler&ﬁqfriqggréen

:‘ - ‘Scleroderrxs green 12 (ea. 40.mg) was suspended in

-

“"Q ‘dichlorogethane (10" mL ) and was treated with excess

ST

s - eq%ereal d1azomethane. After 12 h, the cfbde véaption

°

mlxture aaa evaporabedrto dtynesl and fragftonated by ptlc

. /. | |
~—~— T A
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- (petroleum ether—zthyl‘acetate.. 4:1, mltiplé elutipn), to
give compounds 8 (8 mg), 9 (8 mg), and 16 (3 mg).
Compounds 8 (orange crystals, mp 282-283°C) and 9 (red

crystals, mp 275-277° C) were' cryyalliry Ger dxchlqro-

l
4

methane-methanol. .n/ t ""‘ " .. ‘
. " ’ *

.

éom’péund 8: tlc: R¢ 0.29 (petrolgum ether-ethyl acetate,

%3

3:1), yellow spot: [a]y -36.4° (¢ 0.44, cuc13);‘ir (CHC1 5,—~

cast): 3400 (br), 2920, 1607, 1580, 1452, 1354, 1300,
1223 em™}; 1# nmro(cDCl3): & 1.32 (6H, s, C-3' CH3), 1.46

- (6H' d, 6:5 HZ, C-z. CH3)‘ 1054 (6H' 8, C-3. CH3)' 2'87

(6H, s, ArCH3), 3.68 (3H{ s, NCH3), 3 90 (6H,; s, OCH3),

,:‘Ir 4,#93 (6H,‘£3\QCH3). 4.64 (8H, g, 6.5 Hz,'-z‘ A), 682

(2H, s, Cv8 H), 18.50 (2H, g, OH): 13C nmr (coCl3):  see
2 .

Téble’III-l; hrms:’ m/z cal_cd. for C44H4eNO g (m* ):
© 735.3043; found: 735.3035(71), 704(100); cims: m/z

‘ . 3 :
736(100). ({/ ' .

.

' Cogpound 9; tlc- /Rf 0.35 (petrc;ieli'm ether-ethyl écetate,
3 1), orange spot, la]p -78. 6‘ (c 0.15, CHCl3); ir (CHClw,
LI .
cast): 3400 (br), 2920, 1607, 1580 1955, 1354, 1299

em™ : 1H'hmr (cDCl3): 81.27 (34, s, c-3' CH3), *.33 (3H,

. 8, C-3' CH, ), 1.46 (3H, d, 6.5 Hz, c=2' cﬂ3)
\; .

| N |
6.5 Hz, c-2' cHj), 1.52 (38, s, c-3° CH3J.""i? tﬂﬁ,«s.

' - , 4‘(\:/\ . ,sa,-'."

9 '*.'it . 5 ¥
i (:ﬁm‘: d.
i B .4
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, C-3' CH3), 2.78 (3H, s, ArCH;), 2.88 (3H,-s, ArCHj3), 3.68

\

(34, s, NCH3); 3.80 (3H, s, OCHj), 3.87 (3H, s, OCHj),
3.91 (34, s, OCH3), 4.04 (3H, s, OCH3), 4.55 (1H, q, 6.5

Hz, C-2' H), 4.64 (1H, q, 6.5 Hz, C-2' H), 6.79 (1H, s,

c-8 H), 6.81 (1H, s, C-8 H), 17.91 (1H, s, OH), 18.45 (1H,

s, OH); 13c nmr (CPCly): see Table II1I-1; hrms: m/z |

] . ; . /
€a1cdi’for C43H45N010'(Mf)? 735.3043;'fqund:\

- 735.3061(100), 704(80), 366(24), 341(29); cims: m/z

736(100) . o ®

»

. Compound 10: tlc: Rg 0.48 (pétrolgum ether-ethyl acetate,’
, ~

'3:1), red spot; ir (CHClj, cast): 3400 (br), 2925, 1609,

1586, 1458, 1318, 1296 cm 1; 1H nmr (CDC14): 81.27 (6H,

‘S, C-3. CH3)’ 1-46 (6“, d' “6.5 HZ‘, C-2. %?' 1-52 (6H' s,
: C—3"CH3), 2.80 (6H, s, ArCH3), 3.67 (3H, s, NCH3): 3.75

. (6H' sl OCH3)1 3.86 (6“, é, QCH3)' 4-56 (ZH, q' 6.5 Hz'

. &
c-2' H), 6.82 (24, s, C-8 H), 17.91 (2H, s, OH): 13¢ nmr

~ >
(cpclz):* §22.0 (C-5'), 24.3 (ArCH;), 26.2 (C-4'), (U.a
(C-2'), 108.1 (C-6a), 109.7 (C-9a), 109.8 (C-3a), 12i.5

(c-8), 126.2\(C-5), 132.4 (C-2).: hrms : m/2z ;alcd.¥fof

" C43HagNOj (M*):  735.3043; found: 735.3054(100),

704(69), 367(39); 366(44), 341(26) ; cims: m/z.736(100),.

-‘ Q.' ' /" ] ,”“

N N ' ,%

* : : . EN

s+All carbons are enriched in 13c, %f&
' VA"

. 3y

&
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| Reduction of Scleroderris blue (4) S

Sclétoder}fa blue (4, 3 mg) was dissolved in
dichloromethane-methgnol (1:1, 2 mL) and aqueous sodium
bisulfite (ca. 20 mésvwas added with stirring}at room
temperature (the color‘ofothe reaction mixture changed “
from Slﬁe to violet, then green, and finally light ~

ol , . . N .
yellow). Afigr 18 h the reaction mixture was diluted with

omethane, washed w1th wat.er (tw1ce).;ied', and

con-,.ﬁréted. zlc (benzene-acetone-acetic acid,
<-\M“ﬁ‘90:{j10.1) of the residue showed a major spot
g/f/éorresponding to.Scleroderris green (12). To the residue
(3 mg) in dichloromethane (1 mL) was added ethereal
‘_dlazomethane (excess) at room temperatué%. After 12 h the
solvents were evaporated and the residue was'fractionated
bysgiif/wﬁetroleum ether-ethyl acetate, 431, multiple
elution) to give. compounds ® (0.5 mg), 9 (0.5 mg) and 10
7 (<0.3 mg) . Compounds 8 gﬁd 9‘were idehtical with

- auth:ntlc samples by tlc, ir, 14 nmr and hrms comparison;

~compound 10 was identical with ah authentxc sample by\tlc.

l - A . -
'
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IV. METABOLITES PkODUCED?BY THE SCLERODERR1S CANKER FUNGUS,

A . "
GREMMENIELLA ABIETINA. PART 4# BIOSYNTHETIC STUDIES.
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We havc previously fcporﬁed (1)* the i-olatiop of

several metabolites from‘g‘?gmenrella abietina, which

]

conta1n the phenq’enone nucleus fused to a dilydrofuran

ring. _Several structurally related metabolites have been

o

Q{éﬁ?ﬂ;'ﬁ isolated from other fungi.'f' Biosynthetic studies on

e

metabdlites of . Poniéilliumg”" uei (e. g. 1) have revealed

a heptaketxde orxgxp;fow the pheﬂﬁlenone hﬁcleul wheteaa“ﬁ*'

- " the dlhydraiuran ring is mevalonate derived (Scheme_IV-l)

- (3). The metabolites of G. abietina are expected to have

‘l similar b1osynthet1c or1g1n. Three. of the metabolites

] ) | J .
., (3, 4, and 5) have one carbon atom less than the parent

Y

phehalenones (e.g. 1 and 2). 1In principle such a
degradation c@uld involve the loss of C-1, C-2, or C-3..

We had previously spvéculated‘ (4) tfxgt ent-atrovenetinone

b ]

- (2) could be a precursor of sclerodione (3), By loss of °

-

C-2. A possible pathway.from 2 to 3 is illust;é&ed in

Qécheme Iv-2. Oxldatlop of 3 ula lead to both Qilerodln .

- \

~ (5) and scleroderollde (4) (Scheme 1IV-3). To examine the ¢

n;ture of this degradation we studxed the incorporation of

< ‘ b [

v [1-713:C] ‘a.nd [-'2—13C] acetate by G. abietina into com;;ounds

’ 3, 4,-and 5, as well as into the recently described

\

. . ’ \

.
4 L

L4

'Seg also Parts 2 and 3 of this series.

*e SP
~For a recent review, see ref. 2. ¢

— '
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Scleroderris green (6). ' -

-

“orr -

6 R-H L -
6aR=Me A

¥ -
.

In order to follow the labelling“pattern of 13c

]

enriched metaboiites, it was first necetnary to ascign thz >
P ‘

c%emihal shifts of the 13C nmr cpectra, fhc fhéﬁiﬁpab

b L

metabolites with the intact phenalenone skeleton.
L 4

Scleroderolide (4) was most conveniently isolated as the

V.



monoacetate 4a.

4

The 1:’C nmr and 1H nmr chcn.tcu -h‘ of 3, ‘a, 5,

and 6a aﬁ; -ummatizcd in Tables 1IV-1 ‘-2. The 13C

nmr spectrum of 6a was assigned previounly. A.aignment

of the }3C nmr spectrum of sclerodin (5) was made as

.

follows. The carbon shieldings ip the proton hocouplod

"
spectrum may be sub-divided into three groupss 5 sp?

2

carbons bound to oxygen (5§164-167);: 7 otﬁer sp‘ carbons

(6150-93): 6 sp3 carbops (514-93). The’ sp3 carbons (c-1°,
c-2', C-3', C-4', Q-S‘, and ArCH3) and C-8 are readily

A

assigned on the bagis of chemical shift, multiplicity and

. by ana%"' to other met?bolitel“(3). Tﬁ”remaining

‘carbons of the phenalenonetriﬂg iysiem are'glnigned by
analysis of the 2, 3,*and 4 bond 13c-ln coupling observed
in the fully coupled spspttum kCOnfitmod By selgctiQe '
proton deéoupling preQi;entlr. §iné§ the C-8 hydrogen
should have large (ca. 6 Hz) (5)‘68bpring to ﬁotﬁ C-6a and
C;9a and small (ca. 2 Hz) (5) coupling to c-7 and 6-9,

' ¢ .

whilo onlg sta and C-7 should be cOupled to the ArCH,,

éhe afi&gnﬁght of C-6a, ¢>7 C-9. -and C~9a cap be-made
y

dnampxgupqsly. The phenolic hydrogens at- C-9 and C-4 are

otrongly hydrogen bonded and show Ctoupling to C-1, C-9a,

[ 4
[od 4

.FOI details, .ee‘Part 3 of this series.

.‘i " : . - ) . ‘
-7 " 4&0 ‘m

v

! ':‘. . vty .
N biil . P . ‘,,«3 _ .
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Table Iv-1. 13¢ Chomi.zal Shifts® of Some Metabolites and

Derivatives of G. abietina.

Cdmpou?d 3 4a .S 6a
c-1 - 189.8% . 165.4 157.2
‘L c-2 N 155.1 ° 133.7
c-3 ' 186.3% 170.7 164.9 177.2%
Cc-3a © 106.2 107.6 93.5  107.7
<« C-3b 150.9 122.2  135.4 127.6
Cc-4 154.8 167.8 164.2 175.7%
c-5 - 119.6 121.1 119.1  119.3.
c-6 164.3 169.0 1€6.1  166.5
C-6a - 109.2 113.5  108.5  1109.3
c-7 146.4 °  135.8 149.8 143.0
c-8 117.4 122.3 . 117.3 110.4 ,
c-9 154.3 137.9 166.0  160.5 /
” C-9a ~107.2 135.0 9,.3 110.7 ‘
'ArCH, 22.0 22.3 23.6° 23.9
c-1' 14.5 14.6 = 14.5 ©14.7 ;
Lc-20 - 92.0  ‘ 93.0 92.1 91.1
c-3' 433 a3.4a  43.5 \ 43.4
c-4' . 25.8 25.6  "25.6  25.9
c-5°* " . 21.0 20.5’ 2007  20.5
OOCCH 3 . 168.2 s
OOCCR . 20.6 |
. OCHy - ¢ , 56.4, 61.3
— NCHy = - : -, 41.1 R
L 4 .,

XCarbon assignments may be interchanged.

a
In CDCl,4.
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Table IV-2,. 1H nmr Data® for Some Metabolites and
Derivatives of G. Sbietina.
- Compound 3 4a. 5 6a
H-4' (B 1.29 1.-35 1.32 1.32
H-1" o 1.48 1.52 1.51 1.46 -
(da, 8.0) (38, 6.5) (d, 7.0)° (4, 6.5)
H-5' (4') 1.54 1.57 1.55 1.54
ArCH, 2.75 2.79 2.84 2.87
H-2' 4.67 4.80 4.72 4.64
(q, 8.0) (q, 6.5) (g, 7.0) (g, 6.5)
H-8 6.66 - 7.01 6.85 6.82
OH 7.48 11.43
_13.77 18.50
7.79 11.64
Other - 2.43 (OCCH;) 3.68 (NCH,)

3.90 (OCH3)

4.03 (oCHj3)

3shift (8), «(multiplicity, .J

(Hz)), *in CDCl,.



-C-9 and C-3, C-3§, C-4L»respective1yl' The previdu;..“
,asslgnmeht of C-9a alléws unambiguous assignment of the
phenolic hydrogéﬁé (C-9 OH, §11.43; C-4 OH; 511.64). Of
thde carbons coupled to;the Cc-4 OH group, C-3a is'assigned
on the basis ;f chemlcal shift while C-4 is distinguished
from C-3 on the ‘basis of the magnitude of the coupllng
constants ( JcH =5 Hz, 4JCH = 2 Hz). Slmllarly, for the
carbons coupled to the C-9 OH group the previous
assignment of C-9a and C-9.1eads z&\the recognition of C-1
’(confirmed}Px the magnitude of the éoupling constants 2JCH

2 carbon bound to

= 5 Hez, 4JEH = 2 Hz). The remaining sp
oxygen is tﬁus assigned as C-6 (confirmed by 3JCH to the
C-2' H). Of the two remaining carbons, C-3b is assigned
"due to its lack of long fange coupling, whereas C-5
appears as a ﬁultiplet in the coupled spectrum.
| « The assignment of the 13C nmr speqtrum of sclerodione
(3) was made in a similar fashion. Howev;r, in this case
tﬁe phenolic hydrogens appear as very broad signals in the
ﬁH nmr spectrum (§7.48 and 7.79, w1/2 = 16 Hz), precluding
selective decoupling. Thus C-1 and C-3 are distinguished

from C-4 and C-9 on the basis of chemical shift. While

the'aséignment of C-9 (as with 5) allows the assignment of
. o L

T .
:Ad&ltional coupling to C-8 and C-8 is apparent.

1




C-4, C-1 arid C-3 cannot be assigned ufiambiguously.

The assig;ment of the 13¢ nmr spectrum of
scleroderolidegacetate (4a) was made in a similar manner
as for sclerodin (5). The acetater carbonyl (5i68,2) is
assignéd by its two bond l3c-ly céupling to the acetyl

‘methyl hydrogéns (62.435. The C-é carbonyl is asgignfd on
the basis of its chemical shift (6) and its lack of long
range coupling. ' / M

Gremmeniella abietina was grown in liquid still

culture in the pfesence of sodium[1-13c]aéetate and,
separately, in fhe presence of sodium [2-13C]acetate.,
Compounds 3, 4a, 5,..and 6a were isolated by
chromatography. ’

Examination of the proton decoupled YBc nmr spectrum
of compound 6a isol't"ed from the culture conta_,\ining
[13c-1]-1abelled acetate, showed %enrichmeht (agout 5% ‘
incorporation) at carbons 1, 3, 3%, 4f 6, 7, 9, 1' and 3
relative to the,natdfél‘;bﬁndancé spec;rum. |
Alternatively, the use bf [lac—z]-labelled acetate led to
enrichment at the remaiging carbons (C-2, C-3a, C-5, C-6a,

C-8, C-9a, ArCH3, C-2', C-4', and C-5'). These results

are consistent with those obtained with P. herquei (3) and

cdonfirm the polyketide-mevalonate origin of these

metabolites. -

Examination of the proton decoupled 13¢ nmr spectrum

*of sclerodione (3), isolated fromythe culture containing

3



A

[1~L3¢] acetate, revealed the same labelling pattern as *
that of 6a; again éafbbnsf 1, 3, 3b, 4, 6, 7, 9, 1', and
3' were enriched (about 3% incorporation) relative to the
natural abundance spectrum. When sclerodione (3) w&s. ‘
isolated from the culture containing [2-13¢) acet#te, BN
carbons 3a, 5, 6a, B, 9a, ArCH,y, 2', 4', and 5° we{F
enriched. These results are ‘lly qo_nsistent with the
hypothesis for formation of sclerodione (3) by loss of C-2
‘fraﬁ an intact phenalenone skeleton.
According to Scheme IV-3, oxidationvof sclerodioné
* (3), enriched at ¢-1 and C-3, would lead to sclerodin (5)
f?f?g/enriched at C-1 and C-3 (path a) and to
lscleroderélide (4) enriched at C-2 and C-3 (path b). The

ﬁ3C nmr spectrum of sclerodin (S), isolated from the

culture containing (1-13¢) acetate, showed the same

-

labelling pattern as that for 3 and 6a (i.e., C-1 and C-3
are en;i;hed). The 13¢ nmr spectrum.for scleroderolide
acetate (4a) isolated froh the same culture, however,
failed to show the expected enrichment at C-2. These
results were confirmed by incorporation of [2-13¢] acetate
(C-2 of 4a is derived from C-2 of acetate). Thus

sclerodione (3) may be a biosynthetic precursof to

*For biogenetic reasons (see below) the ketonic carbonyls
are numbered 1 and 3.



sclerodin (5) but not to ecleroderolide (4) (Scheme

IV-4). The path\qa"leading to scleroderolide (4) must
involve oxidation at an earlier stage, perhaps prior to

cyclization of the heptaketide chain. Interestlngly. in

~

vitro ox1dation of sclerodzone (3) with m-chloroperbenzoic

acid gives both scleroderollde (4) and sclerodxn (5):
- .
. however air oxidation g1ves only sclerodin (S). -
The oxidation of atrovenetin (7) to atrovénefinone

(ent-2) (7) and 5 (8), as well as other.unidentified

: v
products (9) has been reported. 1In our hands a dichloro-
methane-methanol solution of atrovenetin (7),** after

standing for five weeks in the preseqce of air, gave rise
to the enantiomers of coﬁbéundslz, 3, am@' 5 as the major

\ .
products.

Examination of the hrms of crude methanol,extracts_of

- G, abietina revealed the presepce of an ion corresponding

to atrovenetin (CIQHIBOG)' ‘Methylation (excesé~
diazomethane) of the crude- extract followed by repeated

chromatography, provxded td& enantiomer of atrovenetin

trimethyl ether (ent-7a), ident%ﬁai (tlc, ir H nmr, 13¢ L “’C
< -
. 7/
Ed
*For details; see Part 2 of this series. y

*Sample provided by Professor L.C. Vining.

'
!
§
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nmr, and hrms) with an authentic sample.'

The presence of the enantiomer of atrovenetin (7) in
cultures of G. abietina raises the possibility that 2, 3,
and 5 are produced by in vitro aerial oxidation. The pos-
sibility that the anhydride 5 is an isolation artifact has

been mentioned previously (11), although in other cas:Z (12)

it seems to be of biological origin. Although the forfmation

8

of some of compounds 2, 3, and 5 during the isolation

process cannot be excluded, it seems unlikely that this is

\

— 'Prepared by methylation of atrovenetin (10). This
reaction gives two isomers of atrovenetin trimethyl ether
(see Experimfntal). Structures 7a and 9 were assigned by
analysis of 3¢ nmr spectra, as described for 6a.



N

the only source of these subst

air exidation of
\

3 or‘f is a relatively slow proce ‘would ap

'G. abietina catalyzes the oxidation of atrbvenetir t

other metabolites.

Another point that deserves consideration is the
biogenesis of compound 6. Accordigg to Narasimhachari}and
‘Vining (7) the blue green pigments of P. herquei did no£
form when sodium sulphite was present in the‘culture

medium. This blue pigment possesses structure 8 (1),
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which may be formed by a ninhydrin-like reaction between

-
-

atrovenetinone (2) and amino acids §l). Compound 6, a
re&uced form of 8, t:\ight be formed ’rom atrovenetin (7)
and atrovénetinone (.2), via atrovenetingne

transamination. At ﬁhis stage we do not khqe whether both

6 and 8 are produced in vivo by G. abietina. It is

possible that 8 is an artifact derived from 6. -




" ¥ EXPERIMENTAL
All solvents except diethyl ether were distilled
prior to use. ACS qkality anhydrous diethyl ether was
used without purification. Petroleum ether refers to
Skelly Oil Comp&ny-light petroleum, bp 62-72°C. Pyridine

was ‘distilled from CaHz and stored over molecular sieves,

acetic anhydride was dried over P,0g and distilled from

\

sodium acetate. Sodium [1-13C] acetate and-godium [2-13CJ
acetate (90% enriched) were obtained from Merck, Sharp and
Dohme Canada Ltd.

Analytical thin layer chromatography (tlc) was
carried out on aluminum sheets (75 x 25 or 75 x 50 mm) \
pre-coated (0.2 mm) with silica gel 66?254 (E. Merck,
Darmstadt). Preparative thin layer chromatography (ptlc)
was carried out on glass plates (20 x 20 cm) p;;-coated
(0.25 mm) with the same adsorbent.l Materials were
detected by visualization under an ultraviolet (uv).lamp
(254 or 350 nm), or by spraying with a solution of
phosphomolybdic acid (5%) containing a trace of ceric
sulfate, in aqueous sulfuric acid (5% v/v), followed by
charring on a hot plate. Flash column chroma}p‘raphy (13)
was performed with Merck Silica Gel (40-63 um).'

High resolution mass spectra (hrms) were recorded on

95



an A.E.I. MS-350 mass spectrometer coupled to a D8 50 -"\
computer. Data is reported as m/z (relative intensity).
Infrar;d (ir) spectra were recorded on a Nicolet 7199 FT
interferometer. lu nuclear magnetic ro-onapco (IH nmr)
spectra and 13¢ nuclear magnetic resonance (13C nmr)
spectra were measured on a Bruker WH-400 lpcétromctor.
Soluiionc of 0.5-5% (w/v) in CbCly (0.5 mL. S mm tube)
were employed deg}ndiné on availability of sample. For 1y
nmr, residual CHCl3 in CDCl,; was employed as the internal
standard (assigned as 7.26 ppm downfield from tetramethyl-
silane (TMS)) and measurements are reported in ppm
downfield from TMS (5). For 13c nmr, CDCl; was employed
as the internal standard (assigned as 77.6 ppm downfield
from TMS) and measurements are reported in ppm downfield

from TMS (5).

Incorporation of 13C-1abeiled acetate

G. abietina C699 WAs grown in liquid still culture
(10 L) in a medium of 10‘ V-8 juice and 1% glucose (14) in
2.8 L Fernbach flasks (1 liter of' medium per flask), as
reported previously.. After 15 days of growth, a sterile

solution of sodium (1-13C] acetate (0.082 g, 1 mmol) in

*For details, see Experimental, Part 2 of this series.



water (5 mL) was injected into each flask. After a
further 7, and then 14 days, an additional 1.0 mmol of
labelled acetate was injected into each flask. After a
‘total 38 days of growth the mycelium was removed by
filtration (through\choolocloth). washed with ecold
methanol and lir'd?iod\in the dark (2 days).” The dfiod
-mycoliuh was extracted in a Soxhlet extractor, ‘twice with
dichloromethane (12 and 24 h) and then twice with methanol
(24 h each). The crude extracts were evaporated to .
dryness in vacuo, at room temperature. Compounds 3, 4a,
and 5 were isolated from the first crude dichlqromethane
extract (ca. 6.0 g), whereas compo;nd 6a and 7a were

-~

isolated from the second crude methanol extract ,(ca. 250

mg)i/

i\\The dichloromethane extract (700 mg) was fractionated
by flash column chromatography (dichloromethane-methanol-
acetic acid, 48:1:1, 3 L) and the fractions (125 mL) were
Acoevaporated with toluene. The fractions were further
purified as indicated for the individual components.

The second crude methanol extract showed.two major
components on tlc: one component corresponding to
Scleroderris green (6) (higher R¢) and the other to
g&?ovcnetin (7). A

© The experiments with sodium [2-13CJ'acetate were

Iéarried out in the same way as described above for sodium

N
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~g . ——
{ /‘[I-IJCJ acetate. Thc\ytold- of the crude extracts were
ca. 3508 of the yields ;ziottod above. -

Isolation of sclerodione (3)

Sclerodione (3) was eluted in fraction 5.(200 mg from
2.1 g of crude extract). Flash column  chromatography
(dichloromethane-mcth\nolQ;cétic acid, 48:1:1) of'thiu
fraction gave crude sclerodione. Recrystallization from
dichloromethane-petréloum ether gave scler;dione (20 mg),

= identical in all respects with an authentic sample.

Isolation of scleroderolide monoacetate (4a)

Scleroderolide (4) was more conveniently isolated as’
its monoacetate derivative 4a. Sclergderolido was eluted
in fractjons 6 and 7 in a very crude form. Flash column
chromatography (dichloromethane-methanol-acetic aéid,
48:1:1) of these combined fr;ctions (300 g, from 2.1 g of
crude extract) gave crude scleroderolide (25 mg).

,Acetylation (acetic anhydride/pyridine/4-N,6N-
dimethylaminopyridine), follSwed by ptlic (benzene-acetone-
acetic acid, 90:10:0.1, double elution) dave
scleroderolide monoacetate (5 mg), identical in all

respects with an authentic sample.

Pl
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A

Isolation of ;clefodin (S) \

" .8clerodin (5) was eluted in fractions 2 and 3.- Flash
;olumn'éhrdhatogfspﬂy (petrolum ether-ethyl aéétate, 4:1)
of these combined fractions (600 mg, from #4 g of crude
e::ract[‘gave grude sclerodin. Recrystallization fme

'dichloromethane-petroleum ether gave sclerodin*(20 mg),

identical in all respects with an authentic sample.

Isolation of pentamethyl Scleroderris green (6a)

S

Pentamethyl Scleroderris green (6a) was obtained on

methylation (ethe;eal diazomethane) of the methanol
extract. After 12 h the crude reaction mixturg was
evaporated to dryness and fractionated twice by ptlc
(petroleum ether-ethyl acetate, 4:1, multiple elution) to
give compound 6a (ca. 2 mg from 100 mg of crude extract),

identical in all respects with an authentic sample.

Isolation of atrovenetin trimethyl ether (ent-7a)

Atrovenetin trimethyl’ether (ent-7a) was obtained on
methylation (excgss gthereal diaz?methane) of the'methandl
extract. Aftér 12 h fractionation of the crude reaction
mixture by ptlc (petroleum ether-ethyl acetate, 4:1,
multiple elution) gave a yellow residue (yellow
fluorgécence under%uv light). Further purificatioﬁ by

ptlc (benzene-acetone, 1:1) gave compound ent-7a (la Jp

~—



-103°) identical with an authentic sample (prepared from
atrovenetin as follows) by tlc, ir, 1y nmr, 13¢ nmr, and

hrms comparison.
]

Methylation of atrovenetin (7)

Atrovenetia* (EE;.IG mg) was suspended in dichlord-
methane and excess ethereal diazomethane was addéd at room
temperature. After 12 hours the reaction mixture was
evaporated and fractionated by ptlc (benzene-acetone,
19:1, double elution), to afford two major product8\<i

(ca. 4 mg, 22% yield) and 9 (ca. 8 mg, 44% yield).

Atrovenetin trimethyl ether (7a)

tlc: Rg 0.35 (benzene-acetone, 19:1), yellow spot
(yellow fluorescence under uv light); ir (CHC13, cast):
3240 (br), 2920, 1610, 1585, 1460, 1320, 1285 cm~}; 4 nmr
(CDC13): 61.28 (3H, s, C-3' CHy), 1.45 (3H, d, 7.0 Hz,
C-2' CH3), 1.54 (3H, s, C-3' CHj), 5\89»(3H, s, ArCHj),
3.85 (3H, s, OCH3), 4.03 (3H, s, OCH3), .09 (3H, s,
oca3); 4.60 (1H, g, 7.0 Hz, C-2' H), 6.84 (1H, s, C-8 H),
17.67 (1H, s, OH); 13c nmr (cDCl3): s14.4 (C-1'), 22.1,
(C-4'), 26.2 (C-5'), 24.5 (ArCH3), 44.3 (C-3'), 61.0, 62.3,

64.4 (3xOCH3), 90.5 (C-2'), 108.4 (C-6a), 109.3 (C-9a),

-

'Sample provided by Professor L. Vining.
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109.9 (C-3a), 121.3 (C-8), 126.9 (C-5), 127.8 (C-3b),
140.3 (C-2), 149.9 (C-7), 157.6 (C-4); 160.5 (C-3), 163.3
(C-6), 174.7 (C-9), 177.3 (C-1):" hrms: m/Z caled. for
C,oHp40g: 384.1572; found: 384.1560(100), 369(79),
341(67), 311(13). ' A

>

Atrovenetin trimethyl ether (9)

tlc: Rf 0.32 (benzene-acetone, 19!1),\yeilow spot;
ir (CHCl5, cast): 3240 (bil, 2920, 1€Lo, 1585, 1455,
1355, 1300, 1260, 1220 cm™'; YW nmr (CDC13): £1.33 (3H,
s, C-3' CH3), 1.48 (3H, d, 7.0 Hz, C-2' CHs), 1.57 (3H, s,
C-3' CH3), 2.90 (3H, s, ArCH;), 4.05 (6H, s, OCH;), 4.11
(34, s, OCH3), 4.68 (1H, q, 7.0 Hz, C-2' H), 6.88 (1H, s,
C-8 H), 18.10 (1H, s, OH): 3¢ nmr (cDCly): s14.6 (c-1'),
20.5 (C-4'), 25.9 (C-5'), 24.1 (ArCH;),' 43.3 (chr3, 56.5,
60.8, 61.4 (3xOCH;), 91.4 (C-2'), 108.2 (C-3a), 109.4
(c-;:), 109.6 (C-9a), 110.7 (C-8), 119.4 (C-5), 127.3
(C-3b), 142.4 (C-2), 144.7 (C-7), 157.3 (C-1), 161.2
(C-9), 166.9 (C-6), 173.9 (C-3), 176.0 (C-4); hrms: m/z
calcd. for C,,H,0¢: 384.1572; fodwl: 384.1577(50),

)

369(100), 351(9), 341(8).

- .
.Assignments for C-3 and C-4 as well as C-1 and C-9 may
be interchanged. 4

101
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Aerial oxidation of atrovenetin (7) .

Atrovenetin (7, 20 mg) was suspended in chloroform-
methanoll(lzl) and exposed to sunlight in a loosely
stoppered flask. After 5 weeks separation by ptlc
(dichloromethane-methanol, 49:1, double elution) of the
reaction mixture gfveaehreé major fractions: R¢ 0.90 (3
mg, 16%), R¢ 0.55 (5 mg, 25%), and Rg 0.12 (4 mg, 22%).
The R¢ 0.90 compound was identical with sclerodin (S) by
tlc, 1y nmr, and hrms comparison. Thé R¢ 0.55 compound
was identical with atrovenetinone (i} by tlc and hrms
comparison; its ethanolate (hot ethanol) was also
identical with atrovenetinone ethanolate (2a) by ir
comparison. The Rg 0.12 compound was identical with

sclerodione (3) by tlc, ly nmr, 13c nmr, and hrms

comparison,
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The Scleroderris canker fungus, Gremmeniella abietinh

grown in liquid culture produces an array of colorful
metabolites (1). One of these metabolites is a brigﬂk
Yyellow cgmpound which we h;ve named scleroderolide.
Sclefg;:tolide (l) was isolated'ffom the mycelium extract
of G. abietina strain C699 (so-called "European strain”,
from New Brunswick). The structure of this metabolite wJ;_-

determined by X-ray crystallographic analysis of its

monoacetate la. The sample of scleroderolide monoadetate

(la) used in the X-ray crystallographic study was racemic,
though the parent compound (1) was optically active ([a ],
-22.3°%). surprisingly, scleroderolide isolated more
recently from a fresh culture of G. abietina has a much

higher optical rotation ([a]D -116°). The apparent
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. inconsistency of these results has no simple
explanation. Experiments performed with scleroderolide
(1), the monoacetate la, and two structurally related

metabolites, sclerodin (2) and sclerodione (3), indicated

that raéemization does not occur during isolation of 1, or
during the preparation of the acetate la. Furthermore,
scleroderolide isolated from other fresh cultures of G.
abietina (C699) consistently has the same optical rotation
({a)p -116°). It is possible that the initially isolated
scleroderolide (1, [a]p -22.3°) was produced by a mutant’
of strain C699. We also cannot exclude the possibility
that the strain used in the experiment yielding the‘ )

partially racemic material was misidentified.
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(levorotatory, S-configuration (1) at C-2') provides
levorotatory scleroderolide (1), establishing the S-con-
figuration at Cc-2°',

The most recently isolated metabolite frém_g;
abietina strain C699 is a rather unstahle, yellowish green
compound, which on standing is transformed into

Scleroderris blue (4). The structure of this compound (5)

Y

4 5 R-HM
52 R-Me
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was assigned by analysis of the spectroscopic data of the

three isomeric pentamothyl derivatives Sa, 6, and 7
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obtained on treatment with diazomethane. Compoundis,
named Scleroderris green, is the reduced form of
Scleroderris blue (4). This structural relationship was
confirmed by treatment of 4 with solium bisulphite to
obtain 5. Earlier studies (2) on the metabélites of

Penicillium herguei showed that the blue-green

pigmentation in the mycelium did not appear when sodium

sulphite was added to the culture medium. It was also
‘ -~ _ .
suggested (2) that this blue-green pigment might be formed

<

by a ninhydrin-like reaction between atrovenetinone (8)

N~

and amino -acids, although the structure of the pigment was
‘not assigned.  Later studies (1) showed that Scleroderris

blue (4) could be obtained by treatment of atrovenetinone

+
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: <
with glycine:; it was then suggested that the blue-green

pigment of P. herquei had structure 4. In view of these
reports we suggest that Scleroderris gicon (S) may be

formed in a similar way, by reaction qf atrovenetim,(’)

. Y |

and atrovenetiﬁone (8) with amino acids, and that it may
contribute to the pigmentation of the diseased wood:
<
Considering the close structural relationship between
some of the metabolites produced by G. abietina and the
phenalenones of the atrovenetin (9) type, we suspected

that atrovenetin (or its enantiomer) might also be

produced by G. abietina. The trimethyl ether of ent-

attovcanin (10) was isolated from a crude extract of
LN

otrain G‘.’ u!tor treatment with dzazomeShane. Thus the
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-:\
enantiomer oflatrovenetin (9) is &pparéntly produced by G.
abietina, although in relatively small amounts. Since in
vitro aerial oxidation of atrovenetin (9) gives compounds
8, ent-2, and ent-3, it is possible that they are
artifacts af ‘isolation. However, since this oxidation

(N
process is relatively slow and these compounds are

obtainedlq; much greater amounts than ;trovenetin, we
believe that they are true metaboliteq‘gt G. abietina.

The crude extracts of different ;Frain. of G.
abietina (from North America, Europe, and Japan) were
compared by high-pressure liquid chromatography; Two of
the strains isalated in Canada (C659 and C699) had similar

chromatographic profiles, while the third (C656) was quite
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different. Following these observations, the metabolites

of G. abietina C656 (Alberta) were examined. The major

metabolites produced by this strain were fatty acids and
£riglygerides: some minor sterols were aiso isolated.
However, no phenalengnes could be detected in the crude
extract. Consfﬁe}ing the differences in the metaboliteéx
prodqud by the strain from Alberta and the strains of G.
abietina previously studied, a question is raised
regarding the classification of this strain. Strain
differences have been indicated by pathogenicity tests (3)
and cultural characteristics (4). The fungus isolated ipn

Alberta is apparently a milder pathogen (S5). These

‘reports and our results may indicate a correlation betweg@

the pathogenicity of G. abietina isolates and the
phenalenonebme;abolites and raise several interesting
qguestions. Since étrain C656 does not p;ghuce
phenalenones, does it q}ill prgduce a yellowish green
discoloration of the inner bark and wood of the trees?
Does the only other strain (C654) of G. abietina isolated

- in Alberta resemble stfain C656,'or does it produce
phenalenones?

Studies on the metabolites of Penicillium herquei

. have established the ,polyketiﬁ origin of the C;,
phenalenone nucleus and the derivation of the Cg side

chain from mevalonate (6). Subsequently the folding of
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the precursor heptaketide chafn Qas deﬁermined by,}3c
studies (7). We have studied the ?gosynthesis of the
metabolites produced by G. abietina and confirmed the {
pglyketide origin of the Cy4 (and derived Cy3) phenalenoneL
nucleus. The results obtai-~=d through incorporation of |
[13C-1]- and [13C-2J-labe11ed acetate are SUMMa su@ge! in
Scheme V-1. The labelling pattern 6btained in = le: «dione
(3, i.e. C-1 and C-3) can be rationalized in term. of its
derivation from triketone 8 by oxidative loss of C-2

(8). Further oxidation of sclerodione (3) can lead to the
‘anhydride 2. Unexpectedly (8{, the results show that
sclerédione is not the bioéenetic precursor of
scleroderolide (1).’ The pathway leadigg to scleroderolide

must involve oxidation at an earlier stage, perhaps prior

to cyclization of the heptaketide.chain.



115

(%4

SCHEME V-1

132
13ﬁH3 COzNa
C Hac OzNa
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APPENDIX 1°*

X-RAY CRYSTALLOGRAPHIC DATA OF SCLERODEROLIDE MONOACETATE.

'The X-ray structure determination was carried out by J.
Clardy and E. Arnold, Department of Chemistry, Cornell
University, Ithaca, N.Y.
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Red-orange single crystals of racemic scleroderolide
monoacetate suitable for X-ray diffraction analysis were
' obtained from CH,yCl,-Skelly B. Preliminary X-ray
photographs showed tricliﬁic symmetry. Precise lattice
constants of a = 11.027(2), b = 9.716(1), c = 9.300(1)A, a
= 77.44(1), B = 91.34(1) and y = 117.97(1)°, were
determined by a least squares analysis of the
diffractometrically measured angular positions of 15
reflectiéns. The results of the X-ray analygia show the
space group for the crystals to be Pi, in which 6ne
molecule of scleroderolide monoacetate (MW = 370.44, V =
855.482)43, pcalé = 1.44 g/cm™3) forms the asymmetric
unif. All unique diffragtion data with 29 < 114° were
surveyed using Nickel-filtered CuKg radiation (A =
1.541788) and a variable-speed 1° y-scan on a Syntex P2,
diffractometer. After correction for Lorentz,
polarization, and background effects, 1957 of a total of
2300 unique data (85.1%) were considered observed
(lFo|>3°F) and used for the ensuing structure solution and

refinement.
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(“) The structure of scleroderolide monoacetate was
\' ;lolved bf standard multisolution direct methods.” All
hydrogens were located by a difference synthesis following
'partial refinement. Bléck—diagonal least squares
refinement, with anisotropic oxygens and cargons and .
isotropic hydrogens, converged to a residual of .047 for
Fhe observed data.
Figqure Al-1 shows a computer-generated perspective

drawing of the final X-ray model of one enantiomer of

scleroderolide monoacetate. The five-membered ring of

scleroderolide monoacetate is in the C, conformation with

‘All crystallographic calculations were done on a PRIME

850 computer, operated by the Cornell Chemistry Computing
Facility.. Principal programs employed were REDUCE and
UNIQUE, data reduction programs: Leonowicz, M.E., Cornell
University, 1978:; MULTAN78, A System of Computer Programs
for the Automatic Solution of Crystal Structures from
X-ray Diffraction Data, direct methods programs and Fast
Fourier Transform routine (locally modified to perform all
Fourier calculations including Patterson syntheses):

— Main, P.; Hull, S.E.; Lessinger, L.; Germain,. G.;
Declercq, U.-P.; Woolfson, M.M., University of York,
England, 1978; NQEST, CYBER 173 version, negative quartets
figure of merit calcylation: Weeks, C.M., Medical
Foundation of Buffalo, Inc., August 1976; BLS78A,
anisotropic block~diagonal least squares refinement:
Hirotsu, K.; Arnold, E., Cornell University, 1980; ORTEP,
crystallographic illustration program: Johnson, C.K., Oak
Ridge, ORNL-3794; For a summary description of MULTAN,
see: Germain, G.: Main, P.; Woolfson, M.M., Acta
Crystallogr. Sect. B 1970, B26, 274-285. Woolfson, MeM.,
Acta Crystallogr. Sect. A 1977, A33, 219-225. For a. .|
summary of NQEST, refer to: De Titta, G.T.; Edmonds,
J.W.; Langs, D.A.; Hauptman, H., Acta Crystallogr. Sect. A
1975, A31, 472-479.
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> ‘
the two-fold axis bisecting the C?-C6 bond. There is an
intramolecular hydrogen bond betwéen 04(H) and "03 with an
04(H)-03 distance of 1.57A and OHO angle of 156°. The
Pest least squares plane through the 13 atoms of tﬁe three
six-membered rings shows a maximum deviation of 0.09gh
from the plane for atom C9. Although the substituents 03,
04, 06, and C3' are also within 0.094 of this plane, 02,
C7Me, and 09, are respectively 0.20, 0.16, and 0.18A away

from this plane.
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Table Al-1

Fractional coordinates and thermal parameters
for Scleroderolide monoacetate
Standard deviations of t)e¢ least sipnificant fipures are
piven in parentheses. The isotropic equivalent therma)
paramcter is piven for anisotropic atorms (denoted by an
asterisk),

Atonr . X // 'y L4 B

01 0.10RK(2)  0.2940(2)  0.0000(2) 4.1(1)*
C2 0.1087(3) 0.2752(3) 0.1577(3) 4,002)%
C3 -0.N186(3) 0.2505(3) N.2427(3) 3.7(2)*
Cla -0€1243(3) 0.2637(3)  0.1614(3) 3.4(2)*
cin -0.1110(3)  0.2976(3) 0.0031(3) 3,4(2)*
Cd -0.2435(3) 0.2430(3) 0.2366(3) 3.A(2)*
C5 -0,3475(3) 0.25606(3) 0.155K(3) 3.6(2)%
Ch -0.3293(3) 0.2956(3) 0.0034(3) 3.7(2)*
Cha - =0.2123(3)  0.3180(3) -=0.NR22(3) 3.5(2)* ¢
Cc7 -0.1907(3) 0.3488(3) -0.237F(3) 3.8(2)»*
C* ~C.0RLY(3) 0.3501(3) =N,3I024(1) 4,0(2)*
ol C.0137(3)  0,3270(3) -(.721P9(3) 3.7 ()
C9a 0.N03%4(3) 0,.ING3(3) <C.NHPT7(2) 3.7(2)*
cl’ 0,658 (L) 0. 1001(S)  0.N317(4) GoL(L)
c2’ =0.54LF0(3)  0.2535(4)  0.0571(3) 4, 6(2)*
c3’ =0,4LE14(3) C.2471(3) L, 0.204A(3) L.0(2)*
nn =0.4360(2)  0.3100(3) =0.0592(2) L.h(1)
(ahy (.2079(2)° 0.2600(3)  0.2141(2) 5.2(2)=
N3 =0,0213(2) 0.2227(2) 0.379€(2) L A(2)*
04 -0.2574(2) 0.2109(2) 0.3840(2) 4.201)*
09 N.1242(2) 0.3322(2) -1.2941(2) 4,3(1)*
OAic 0.0347(3) 0.00675(3) =0.2133(3) 6.2(2)*
CAc 0.1194(3) 0.1577(4)  =0,2060(3) 4. 7(2)=
CAc e 0.2330(4) 0.2076(4) -0.38LG(4) S.7(2)*
Chc -0.2966A(3) 0.3769(4) =0.3372(3) 4 K(2)*
cL’ =0.5691(3) 0.1024(4) 0.3294(4) 5.5(2)*
cs5’ =0.4496(3)  U.A014(L)  0.2565(4) 5.3(2)*
HR =0.070(3) 0.371(3) -0.403(3) 5.3(7)
pye -0.746(3) 0.056(4) 0.N097(4) 7.6(9)
P’ ~0.691(4) 0.103(4)  -0.062(4) £.2(9)
" =0.616(5) 0.024(6) 0.N047(5) 11.9(13)
1127 -0.5R3(3) C.340(3) N.N33(3) 4.,9(k)
HIve -0.3P7(3) C.254(4) -0.31R(4) (.9(H)
Hte -0(.270(3) 0.395(4) ~0.440(4) 7.2(8)
Nhie -0,304(4) N.G76(4) =0.321(4) 7.3(R)
g’ =0.398(3) 0.404(4) 0.17F(4) 7.1(R)
He’ -0.527(3) N.400(4) N.283¢3) C4(R)
na’ -0.395(3) 0.411(6) N, 3L7(4) 7.3(9)
ns’ -0.572(3) 0.011(3) N0.305(3) 4.A(F)
HS’ =N.521(3) 0.112(4) 0.430(3) S.H(7)
1S’ -N,AF3(3) 0,097(%) N.343(C1) 6 2(7)
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Table Al-1 (Continped)
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Atom x v 2 P
HNY -0.166(8)  0.209¢4)  0.L11(4) B.7(10)
NAc'e 0.262(3)  0.127(3)  =0.360(3) 5.4(7)
NAc'le 0.315(4)  0.204(5)  =0,377(4) 9.0¢10)
HAc'te 0.,215(4)  0.230(4)  =C.4R2(4) 7.3(9)



nl
01
c2
Cc?
C3
3
C3a
C3a
C3n
3%
C4
C4
cS
)
Cé6

Rond distances for Scleroderolide monoacetate

Table Al-2

The standard deviation of the least sipnificant

fipure of cach distance {s given in

- 92
- (%
-C3
- 02
- C3a
- 03
- C3h
- C4
- Cha
- C9%a
- C5
- 04
- Ch
-C3
- Cfa

1.365(3)
1.388(4)
1.519(5)
1.1R7(4)
1.415(%)
1.241(3)
1.433(3)
1.414(4)
1.41R(4)
1.400(4)
1.396(4)
1.334(3)
1.379(4)
1.515(5)
1.634(4)

ch

Cha
c?
c?
CR
ca
c1
c1’
ce’
c2’
c3’
c3y’
09
DAc
CAtc

rarentheses.

- 06

-=C?

- CR

- CIe
- C9

- 'C9a
- 09

- C2’
- Cy¥
- 06

- C4”
-C5°
- CAc
- CAc
- CAc''e

1.335(4)
1.419(4)
1.381(9)
L.500(S)
1.3R9(4)
1.367(4)
1.394(4)
1.483(5)
1.544(4)
1.402(4)
1.530(4)
1.5406(5)
1.370(5)
1.176(3)
1. 4R4(6)
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Bond anples fof‘Sclerudero]lde monoacetate

The standard deviafinn of the least sienificant
fipure of each anple §{s given in parentheses.

C2
0]
ol
3
c2
G2
C3la
c3
c3
C3h
C3a
Cla
Cha

Cla.

Cla
(0]
Cd4
Céd
(of 3}
€5
C5
Coha
C3b
C3n
(of 3
Cha
Cbha
C8
c7
CR
Ck
C%a
0l
01
Cib
cl’
cl’
cl’
CS
C5
c5
c2’
c2’
o e
Ch

0l
c2
c2
Cc2
c3
c3
c3
C3la
Cla
C3a
c3
C3h
Cln
C4
Cé
C4
o)
CS
CH
Cco6
ChH
Ch
Cha
Céba
Cha
c7
7
(o)
C8
cn
cn
(el
CA:s
C9;
Cfa
c2°
c2’
c2’
c3’
c3’
c3’
c3°
c3’
€3’
06

Table Al-3

- CNa
-C3
- 02
- 02
- C3la
- 03
- N3
- 3k
- C4
- C4
- Cba
- C9%
~ C9%
~ CS
- 04
- 04
-6
- C3
- C3’
- Céa
¢ = 06
- 06
- Cé6
-C7
-C7
- C8
- C7e
- C7-1e
- C9
- CNa
- 09
- 09
- (3%
- C2
- Cn
-C3’
"’()()
- 06
-2
- Cc&’
-C5
- C4’
-5’
- C5’
-2’

122.2(2)
117.°2(3)
118.5(3)
123.7(3)
118.3(2)
117,2(3)
124.5(3)
120.3(3)
120.0(2)
119.7(3)
121.9(3)
118.8(3)
119.3(2)
119.7(2)

120.3(3)

120.1(3)
119.2(3)
131.3(2)
109.3(3)
125.0(3)
112.7(3)
122.3(2)
114.4(2)
120.3(3)
125.2(3)
117.5(3)
123.6(3)

L 1IR.9(2)

122.3(3)
120.4(3)
117.7(2)
121.8(3)
122.1(2)
117.9(3)
120.0(3)
117.5(3)
105.9(3)
105.2(2)
101,2(2)
114.0(3)
100, 3(2)
116.9(2)

- 105,5(3)

105.5(3)
105.9(2)
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c9
09
09
OAc
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Table Al-3 (Continued)

- 09 - CAc¢ 116,4(2)
- CAc - DAc 122.0(4)
- CAc - CAc'le 111.002) <
- CAc - CAcVle 127.0(4)



APPENDIX 2

CHROMATOGRAPHIC ANALYSIS OF CRUDE EXTRACTS OF

- GREMMENIELLA ABIETINA.
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Seven strains of the fungus Gremmeniella abietina
were grown in still culture' in a medium of 10% (v/v)
clarified-V-8 juice containing 1% (w/v) added glucose: .

Cé65a4 - North American strain, from Alberta

C659 - North American strain, from Ontario

C699 - European strain, from New Brunswick
C704 - Asian strain, from Japan
C706 - Europearn strain, from Sweden

‘ {
C707 - New York strain, ffqm New York

C708 - New York strain, from Vermont

After four weeks of gfowth, strains C659 and C699 have a
very similar appearance, dark green mycelia with brighfz
vyellow spots floating on a clear greenisﬁ broth, whereas
strain C708 has a more bro- sh mycelia and broth.
However strains C656, C704, C706,\and C707 were quite
different, having a whitish-grey mycelium mat ¥loating on
~a clear yellowish broth. ’
These strains (except C708) were grown on agaf‘plates
containing a medium of 10% (v/v) clarified V-8 juice with

1% (w/v) added glucose. After four weeks the content of

e

*For details, see Chapter II.



each plate was extracted with methanql_(zo mL, 3 days) and
this was filtered through a plug of cotton wool. High-
pressﬁre liquid chromatography (hplc) analysis was carried
out on these crude extracts.

The chromatographic analyses were performed under the

following gonditions:'

Column: uwBondapak C;g Radial-PAK Cartridge
(8 mm x 10 cm)
Mobile phase: CH3OH (containing 1% (v/v) of

Flow rate: 2.5 mL/min
Run volume: 50 mL

t
Detection: 254 nm

Injection volume: 15-20 ,L
| 4 )
The.crude eﬁtracts oib:trains C656 and C707 had
similar ch}omatographic profiles,” showing nb distinct
peais (Figure A2-1). The metabolite spectra of strains
C659 and C699 aré similar, although quantitative
differences exist; botﬁfstrains show peaks with the same

retention time as sclerodione {about 4.6 min),
L

o

@’ .

*The hplc equipment is described in Chapter III.
R _
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ceéss

AoA3

0
C707

£4

‘H | )

Figure A2-1. Chromatograms of crude extracts cf strains
C656 and C707.
%ﬁ .



scleroderolide (about 5.4 min), and sclerodin (about 11.6
min). Other peaks present (Figure A2-2) could not be
assigned. Strains C704 and C706 have different
chromatographic profiles from therther four strains

(Figure A2-3); both show a peak with the same retention

time as sclerodin (about 11.6 min).
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Chromatograms of crude extracts of strains
C659 and'C699.

Figure A2-2.



133

C706
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3
4
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11.9¢

C704

Figure A2-3. Chromatograms of crude extracts of strains
C704 and C706. '
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APPENDIX 3

BIOLOGICAL ACTIVITY OF CRUDE EXTRACTS

GREMMENIELLA ABIETINA.

—— -
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" The biological activity of crude extracts of the

Scleroderris canker fungus Gremmeniella abietina was

tested against several bacteria. Two different bioassays
were used: an agar diffusion assay (Kirby-Bauer) and a
turbidimetric assay (complemented with a surface plate
count).

The crude mycelium extracts (dichloromethane, ether
or methanol) of strain C699 are a dark green powder, very
soluble in dimethylsulphoxide (DMSO) and sparingly soluble
in water. The tests were carried o%t with the ether
soluble portion of the crude extracgs.

In the Kirby-Bauer bioassay, filter paper discs
soaked with the crude extract solution (0.8 mg/mL in
CH,Cl,:MeOH, 2:1) were placed on the surface of an agar
medium (Mueller Hinton) containing a standardized
suspension of bacteria. After 24 hours of incubation (36
+1°C) the surface of the agar plates was examined. The
surface of thé agar acquired a turbid appearance (a
positive result is recordéd when transparent haloes
(inhibition zone) remain around the filter paper discs).
A solvent blank and standard éoncentrations of an
antibiotic (Pénicillin G 10 units and Cephalothin 30 ,q,
Sensitivity Discs, Difco Laboratories) were used to
compare the relative antibacterial activity of the crude

extracts. The inhibition zone diameters obtained with the



crude extr&cts were very small (<0.2 mm) as compared with
Penicillin G (522 mm) or Cephalothin (> 18 mm). 1In
addition, this zone showed no coloration, indicating that
the colored metabolites present in the crude ;xtrncts of
_g; abietina have a relatively slow diffusion rate into the
agar medium. When Tween 20 was added to the crude extract
solutions, the diameter of the inhibition zone did not

change significantly (<0.4 mm). For this reason the

turbidimetric method described next was examined.

Turbidimetric Assay

The bacterial inoculum was prepared by inoculating 10
mL of sterile media (Mueller Hinton) with three standard
discs (Bacto Disk Set A, Difco Laboratories). After 24
hours of incubation (35 + 1°C) the inoculum was shaken and
used i;mediately. Sterile trypticase soy medium (5.0 mL
in Spectronic 20 tubes) was inoculated with about three
drops' of each bacterial inoculum. The crude extract
solution (16.2 mg/mL in DMSO, 50 L) was added to the

inoculated medium and the content of each tube was

shaken. The transmitance (T) of each tube was recorded

*The turbidity of the bacterial culture was compared with
‘a standardized suspension of BaSO, (prepared from 0.5 mL
of 1.175% (w/v) BaClzoﬂzo and 99.§ mL 1% (w/v) H2804).
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(600 nm) in a Spectronic 20 spectrophotometer (calibrated
to 1008 T with a -olutién prepared in the same way but
.omitting bacteria). A control test was carried out
substituting the crude extract solution for DMSO (50

wL). After 24 h of incubation (with shaking) the
transmittance (%) was recorded. The results reported in
the following table represent the difference (p) in T(%)
between the tubes containing the bacterial media with the
crude extract solution and the tubes containing the same
bacterial media (DMSO does not inhibit the growth of ﬁhe
microorganism{.

In order to demonstrate that changes in T(%) were due
to dirferences in bacterial concentrations rather than
effects of the colored metabolites, bacterial
concentrations of control and test solutions for the same
microorganisms were confirmed by surface plate counts. "’

An antibacterial substance can‘inhibit theigrowth of
a bacterial population, either by killing all the cells
(bactericidal) or by inhibiting the capacity of each

individual cell to duplicate (bacteriostatic). A single

"H.w. Seeley, Jr. and P.J. VanDemark. Microbes in
Action, 2nd Edition, W.H. Freeman and Company, San
Francisco, 1972. pp 51-57.
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Table A3-1. Bioactivity of crude extracts of Gremmeniella

abietina.

4

3 a
Microorganism A% AT at 24 n
Enterobacter cloacae 25
Escherichia coli | ' 15
=
Klebsiella pneumoniae 15 .
Proteus vulgaris <5
Pseudomonos aeruginosa 25
Salmonella typhimurium 15
Serratia marcescens 15
Staphylococcus aureus - 15
Staphylococcus epidermis 15
Streptococcus pyogenes 15

3, ®T is the difference in transmitance (RT) between the
tubes containing the bacterial media with the crude
extract solution and the tubes containing the bacterial

media, after 24 hours of incubation.
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antibjotic may be both bacteriostatic and bactericidal,
depending on the concentration used. The crude extracts
of the fungus G. abietina apparently exhibit some
bacteriostatic activity. Whether this biocactivity is §he
result of the inhibition of the microorganism growth b& a

single §r by several compounds has not been determined.



