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The major chemical constituents of the mould, Lengites
striata, have been separated chromatographically. From
the broth have been isolated three isocoumarins,cospolactone,
oosponol, and ocospoglycol, known metabolites of another
micréorganism: an investigation of the biosynthesis of
oospoglycol has shown that it is acetate derived.

The metabolites of the mycelium of L.striata have also
been examined»ahd shown to be acetyldehydroeburicoic acid,
eburicoic acid and sulphurenic acid: a fourth triterpene
metabolite of novel structure has been isolated and named
"lenzitic acid.”

The structures of two metabolites previously isolated

from Daedalea aquercina and Leptoporus stipticus have been

revised and characterised as /s Y-pyrazoline derivatives.
Several synthetic approaches to the ortho - terphenyl
system have been investigated and the compounds thus
prepared examined in the n.m.r. spectrometer: these results
have assisted the elucidation of the structures of two
related metabolites previously isolated from Aspergillus
candidus, and shown to possess anti-keratinophilic activity.
Kuclear Overhauser studies on both the model compounds and

natural-produets- have -also been used in structure assignment.



GENERAT, TNTRODUCTION.




1.

Although man's awareness of his natural
surroundings siretches back beyond recorded time, his
earliest writings bear proof of his curiosity in the
worid about him, Thus the extraction of metal-
containing ores for their practical benefits, and of
flowers, plants and insects to provide colouring
matters for the beautification of his life, might all
be widely viewed as man's first incursions into the
field of natural product chenistry. Under this
definition, albeit somewhat broad, must also be
included the traditional use of certain plant and herbpal
extracts for the purposes of both healing and killing.

The first differentiation of organic and inorganic
chemistry stemmed from the realisations that extracts
from living sources were much more complex in their
"composition than those of inanimate origin.  Thus,

‘ descriptions in early nineteenth century chemistry
treatises of the constituents of certain plant ard animal
extracts marks the beginning of natural product chemistry
as it is known today.  The laSt century and a half

has transformed this field of science from the listing

of so-called "proximate principles" of vegetable and

animal origin to the complete structural elucidation of
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as many as [ifty separate chemical entities from a
single plant species. This transformatioh has been
accelerated over the past twenty yvears through the
revolution in physical instrumentation which not only
facilitates purification of small quantities of natural
product but allows the organic chemist to cull a wealth
of information on its chemicai structure, without
significant loss of material.

The fungi provide an excellent example
of how man has adapted his natural environment to his
own advantage. Indeed, it would be no exaggeration to
claim that in the use of fungi for his own ends, man has
turned a natural enemy into an aily. Responsible for
the destruction of much organic matter, the majority of
plant diseases, and many diseases in animal and man, these
organisms have also, for thousands of years, been used
in the baking of bread and fermenting of wines; their
use in the manufacture of antibiotics, of which the best
‘known is surely penicillin, provides a more modern example
of their pharmaceutical usefulness.

To the natural product chemist, the fungi represent
almost ideal experimental material: requiring less space

and less equipment for growth than the higher organisms,
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they provide a cheap source of a large variety of
metabolites, interesting in themselves and of potential
biological use. Further advantages to the chenist are
their ability to reproduce quickly, thus providing
several generations in a shorter time than is required
for higher plants and animals, and their low selectivity
of permeability to substances in the external medium,
convenient for the feeding ofvradioactive precursors
in a biosynthetic study.

The 1living cell obtains energy by the breakdown
of sugars, & process ywhich is also important as a source
of matabolic intermediates. One of the important
pathways for this catabolism of sugars is glycolysis,
whereby hexose phosphate is split hydrolytically to
give triose phosphate which, as the main outlet from
the phosphorylated system, is oxidised by way of
phosphoenol pyruvate and pyruvate to the thiocester,
| acetyl-Cod,

This'species performs three important roles:
it is the main substrate of the tricarboxylic acid cycle,
a key process in the production of phosphorylating ard
reducing agents, and in addition is the basic building

unit for two main groups of secondary metabolites,
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namely polyletides, via malonyiuCoA, and isoprenoids,
via acetoacetyl-CoA,

Both of these classes of secondary metabolites
have been encountered in the work to be described here
(Sections 1 and 11)3; general exzamples quoted of the
structurél types are restricted in the main to those

derived from fungal sources,




SECTION T..

FUNGAL POLYKETIDES.




5e

INTRODUCTTION,

The polyketide group of secondary metabolites
is formally regarded as being cerived from lirear
B-polyxetone chains constructed in turn by head-to-~tail
linkage of "acetic acid" molecules. By such a mechanism
a very large varielty of structursl types is obtained
in nature, includirg the fatty acids, saturated ard
unsaturated, polyacetylenic coﬁpounds, and a host of
cyclic structures, mainly aromatic, of varying degrees
of complexity. bxenples of all these classes are present
in the fungi and attention in the following introduction
has been mainly confined to the aromatic group of
polyketides, in an attempt to demonstrate the
considerable structural diversification in this class.

One of the simplest structures is thkat of triacetic

acid lactone (1) isolated from Penicillium stinitatum,l

obviocusly containing three "acetate" moieties, while the
presence of four Co units is apparent in orsellinic (2)

and 6-methyl salicylic acids (3), metabolites of several
different moulds. The "omologue" (&) of orsellinic acid
represents a simple example of a mould metabolite containing
five acetate units and other examples in this category are

oo . c sm7a . 2
citrinin (%), a constituent of several Penicillium species®,

L
and also the Curvularia metabolites3",‘represented by the
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structure (6).  The nurerous natursl naphthalenes and
naphthaquinones nay be derived either from penta or hexa
acetyl chains; chain folding of (7) results in structures
of type (&), while (10) would derive from a hexa acetyl
unit (9). In practice, it is difficult to distinguish the
two routes; two examples of the quinones are flaviolin

(11), from Aspercillus citricus? ard 6-methyl -1,k

naphthaquinone (12), fronm Marasmius_gramineumé.
Monascorubin and rubropunctatin, both pigments of lionascus
fungi7>8 represent two examples of natural products with
main carbon skeletons derivable from hexa-acetyl chains,
(heavy lines in 13).

The seven-unit, i.e. hepta-acetyl chain gives rise to-
probably the greatest variety of secondary metabolites;
the mould biphenyl,alternariol9 (1) yard griseophenonell
(15) arise by the chain folding shown (Fig. 1), while

. . 1 .
griseofulvin (16), from P.griseofulvum Dierckx is derived

by the arrangenent (Fig. 2). Some other elaborations of the
" hepta-acetyl chain and the mould wetabolites,(17) through
(23), arising from them, are indicated in Figure 3 12,

| Hardly less variety of structural types is shown by the
octa-acetyl derived polyketidesj sclerotiorint3(24), from -

P.sclerotiorumlhfrepresents one such example and two others

are the structurally analagous brefeldin A(25), isolated from
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P.brefeldianuml5 and the large-ring lactone, curvularin, (26)

a metabolite of a Curvularisa specieslé. The most widespread

exanple of this group, however, are the anthraquinonés,

with the same problem of origin as for the naphthagquincnes,
namely the choice of seven or eight acetate units, as indicated
(Fig, ). Rhodocladonic acid (29), a retabolite of various
Q;g@gg;g_speciesl7, is a bis alkylated example of the hepta-
acetyl chain condensation, although this is less common than

the octa-acetyl condensation of which endocrocin, isolated

-1
from Nephromopsis endocrocea , and emodin (28), a metabolite

i . . 19 o
of the mould Cortinarius sanguineus 4 are characteristic

examples. Struecturally related to emodih, and co-occurring

‘with it in Trichoderma viridego, are pachybasin and

- ehrysophanol (30). The presumed anthrone precursor (27)
of the anthraquinones is known to occur with them in many

moulds, such as Aspergillus fumigatus, which furnishes, as

well as emodin, the first example (31) of a chlorine
~containing anthrone2l. |

Both the anthraquinone and naphthaquinone-producing
furgi show the common prorerty of oxidative coupling of the
monomerie natural products; thus, the mould, Daldinia
concentrica;furnishes binaphthyl structure such as (32) as
wéll as 1,8-dihydroxynaphthalene dimethyl ether?? while the

skyrins (33) from P. islandicum 23 are representative examples

of the bi-~-anthraquinones.
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This feature of oxidative coupling is also apparent in

. S 2
flavomannin (3%), a metabolite of P.wortmanni® , the

monomeric unit of which is constructed from eight acetate
units, and the structure of vioxanthin (35), from

Trichophyton vidlaceum, has been proposed assuming
b] p & o

dimerisation of two hepta-acetyl obainsgs.
Nine acetate units comprise the chain which condenses

to the guinones, nalgiovensin and nalgiolaxin (36), from

26,27

P,nalgiovensis Laxa y and two further examples are the

. e}
B-resorcylates, radicicol 28(37) (or monordenz’), and

zearelenone3® (38),a metabolite of Gibberella zeae

(Fusarinn graminearum) .

The two latter structures bear a resemblance to the
suppoced precursor (Fig. 5) of the tetracycline antibiotics
from streptomyces; examples of condensétion of the deca-
acetyl chain, are the terramycin531 (39) and also‘the
"mycinone” antibiotics from the actinomycetes32, an example
_of which is the rhodomyecinone group (40), derived as
indicated (Fig. 6). Yet another manner of folding of the

ten unit chain (Fig. 7), gives rise to the metabolite,

33,
b

resistomycin (41), from Streptomyces resistqmyeificus
despite recent controversy31+ concerning the position
of the aromatic methyl group, position 3, rather than 8,

seems the more “biogenetically correct"35.
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Apart from sequential assembly of acetate units,
some structures have been shown to derive by condensation
of two distinct polyketo chains: one such is citrimycetin
(42)36 for which two chains may condense in the sense
Cg C6 or Cig + G (Fig. 8). The failure of the butyrate
skeleton to be incorporated intact suggested the former
mode was correct. It is suggested that sulochrin (h3)37

from Aspergillus terreus is another example, and the case

of sclerin also in this category, will be discussed in some

detail later. .
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ASYECTS OF THE BIOSYNTHESIS
CF POLYHETIDAS.

By far the largest body of evidence for the
current theories of biogenesis cf natural products
is based on the incorporafion in vivo of substrates
specifically labelled with 2 converient isotope,
nmost usually carbon-1k or tritium. However, such
evidence has always been preceded by an inspection of
the natural product in question and of the metabolites
produced by the same orgenism with a view to
presenting an educated guess as to their biogenetic
origins, be they from a common precursor or successive
stages in the metabolism. The combination of these
two approaches has proved a most powerful tool in the

elucidation of the biosynthetic pathways (vide infra).

The acetate theory of biogenesis of the polyxetides,
origihally conceived by Collie , and more recently
independently restated , was first given a sound
experimental basis by the now classical gtudy on the

Lo
mould, Penicillium griseofulvum Dierckx ¢ low

sporing strains of this organism produce the metabolite,
6-methylsalicylic acid, which in a medium containing

sodium acetate, isotopically labelled in the carboxyl
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group, is labelled as indicated (&),

The actval C ~units involved in the elaboration
2

of this metabolite were later demonstrated to be one
acetyl-CoA and three malonyl-CoA units, linearly
assembled, reduced and cyclised. Studies on

'S}
P.urticae Bainier , a mould producing both fatty acid

and phenolic polyketides, in addition to proving that
both classes of polyketide are derived inhan analagous
manner, showed that diethyl malonateéZ—Cl‘)is incorporated
into 6-methylsalicylic zcid in such 2 way as to give an
(equal) distribution of label on atoms 3,5 and 7 only.
This finding is explicable on the basis of repeated
condensation of malonyl-~Col units with an acetyl-CoA
"starter", the malonyl-CoA units themselves being

derived by carboxylation of acetylggoA . Conversely,
feeding studies on P. griseofulvum , using sodium

_ L
(1-C ) acetate and unlabelled diethyl malonate, gave

6-rwethylsalicylic écid in which the isotope content at
C-6 is 12-15% higher than that of the carboxyl group,
indicatiné that unlabelled malonate is used in preference
to labelled acetafe for chain extension.

The formation’of 6-methyisalicylic acid demoSstrates

ably the three processes distinguished by Bu'Lock
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in considering polyketide biogenesis. These are the
assembly process for the linting of the Co-units, the
modification process i.e. reduction, cyclisation etec.,
and the various secondary reactions of the preforzed
polyketide defivatives. This latter process is apparent
in the oxidation of 6-methylsalicylic acid via gentisyl

derivatives to patulin (45), a metabolite of P. patulum:

growth of this organism in a solution containing specifically
labelled 6-methylsalicylic acid produces patulin labelled
as indicateduh,(Fig. 9). ' |

o Apart from the use of specifically labelled substrates,
much may be learned fromnm coméarison of the structﬁral tyres
occurring in the same orgénism, although such aniapproach
has obvious possible pitfalls. An example stens from a
recent examination of the constituents of the mould,

Alternaria solanihs; in addition to the classical

anthraquinones (46) two new structural'types, altersolanol
A and B (47), were iSoiated suggesting an obvious biogenetic
inter-relationship. This approach may be carried furthgr
by demonstrating experimentally the conversion in vivo |

of one metabolite to a related species; the formation

of patulin from 6-methylsalieylic acid is one such

example, while another is the demonstration that the
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6-nethyl ether of orsellinic acid (&8) is the biochenical
precursor of penicillic acid (49)"6,

A complenentary approsch to the solution of some
biosynthetic problems in furgi is the induction of
motation in the organism either by ultraviolet
irradiation or the use of chemical mutagens: from the
new secondary metabolites thus formed, some inferences
may be drawn concerning bioéynthesis in the parent
-Myild® type. For example, the structure of averufin,

.

a metabolite of Asvergillus versicolor, first suggested

47

as (50) on the basis of its supposed biogenetic origin

from eight acetate residues and one molecule of
acetoacetaldehyde, was revised to (51) in the light of
the structures of mutant strain metabolites48 (52), and
also by comparison with averythrin and averantin (53%
pigments produced by genotypically similar fungihg.

As a further illustration of the usefulness of this
metrod, the isolation of dihydro~citrinone (5h) from a

blocked mutant of Asp. terreus that was no longer able

to produce citrinin (55) suggested that this lactone was

an intermediate in the biosynthesis of citrinin?®,

The use of ethionine, as a C-methylation inhibitor, in

cultures of P.stivitatum resulted in accumulation of tri
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and tetraacetic acid lactones (56) in place of the normal
tropolone metaboliﬁesl (57) and under normal conditions
the mould was able to utilise these lactones for
biosynthesising the tropolonesEL

While the measurewnent of radioactive decay of
incofporated atons in natural products 1s undoubtedly
the corner stone of experimental verification of the
theories, other properties of certain isotopes have been
exploited in biosynthetic studies. For example, the
magnetic moment of the carbon-13 isotope has suggested
n.m.r, studies of the fungal troplone, sepedonin (58),
fed with B¢ acetate and formate precursorsgg; by this
technique, equal lébelling was observed throughout the
molecule derived from acetate precursors, and . sotope
enrichment was obtained at C-8 with formate precursor,
indicating that the biosynthesis of sepedonin involves a
polyketide chain and a one carbon unit. A mass
spectrometric study of biosynthesis’3 has elucidated
the nature of the in vivo conversion of 6-methylsalicylic
acid into patulinj thus, when (2,4,6-2H3)—3 methyl phenol

(59) was administered to P.patulum, the derived patulin was

shown by examination of the mass spectrometric (M+2) peak

to have incorporated the precursor to an extent of 30%.



15,

In addition, since deuterium from C~6 in (59) was retained
at C~5 in patulin (61), ring fission of the vresumed
gentisaldehyde intermediate (60) must be folloved by a
stereospecific reduction (Fig. 10),

An important and interesting difference between the
biosynthesis of fatty acids ard aromastic polyketides is
that, whereas, in formation of fatty acids, only a
limited degree of assembly occurs without chain reduction,
the cyclic unreduced structures of the aromatic polyketides
imply that no reduction is involved in their assembly.
Since the B-polyketone in the unreduced state must be
highly reactive, and since aromatic systems of the type
displayed in the secondary wmetabolites are not the result
of spontaneous reactions of suéh B-polyketones, it 1is
concluded that the assembly has some special means of
stabilisation not involved in fatty acid synthesis. A
plausible mechanism, yvet one without mich experimental
verification, is that the poly-enol structure is
stabilised by chelation with metals; more experimentally
Vsecure is the elegant demonstration S4~59 than B-polyketo
esters, of general'formuia(éQ), may be stabilised as the
corresponding polypyrones. Thus, dipyrones of type
(63) may be regarded as the protected form of the triketo

ester ( 623 n = 2 ) and trypyrones of type
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(64%) as the masked form of a tetraketo ester (623 n=3).
Although the intermediacy of such entities has not yet

been demonstrated in polyketide bilogenesis, dipyrones of the
type (63) may be converted either to phloroglucinols

by magnesium methoxide induced Claisen condensation, or to
orsellinates by aldol condensation withvpotassium
hydroxide,56’57358 and the tripyrones (64) also react with
base, though in a less specific manner, to give fouf
structural types of aromatic compounds occurring in
naturesh’55’59. These correspond to the carbon s:eletons
of C-acetyl orsellinic acid (65), 6,8 di-hydroxyisocoumarin
(66), curvulinic acid (67) and eugenin (68). An even closer
" model for aromatic polyketide biosynthesis utilises the
previously discussed tetraacetic acid lactone in the

5 6 dihydro form, which could be converted to 6—methylsalicylic
acid by methanolic potassium hydroxide and subsequent
acidification. This represents a biogenetic analogy to

the condensation of a pdlyketide chain in which one or more
of the carbonyl groupings not involved in the cyclisation
mechanism is reduced and the resultant hydroxyl function
lsubsequently lost, én.important feature of several

biosynthetic pathways6o.
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DISCUSSION I;

The broth from cultures of the basidiomycete,

Lenzites striata,which was found to have a final pH of

ca.S\was subjected to liquid-liquid extraction using ethvl
acetate, and the chemical constituents separated by
coluimchromatography on silica gel (and silicicacid),
using a light petroleum to ethyl acetate gradient. By
this method, three related metabolites were isolated and
purified; the code names'LE/I, LE/0 and LE/0-I were
assigned to these compounds, the t.l.c. properties of wiicin
are defined in Table I.

The most abundant and the mest polar compound,LE/I,
had molecular foriula CllHlooS from elemental analysis and
the parent molecular ion at n/e 222 in the mass spectrun.
The structure (69 was assigned to LE/I on the basis of the
following evidence: the presence of the hydroxylic side

chain was apparent from the infra-red (i.r.) spectrum which
1

showed broad absorption in the region 3,200-3,400 cm. —, and
from the mass spectrum fragmentations, supported by the
presence of appropriate metastable peaks (Table 2); these
ineluded losses of 18 mass units typical of primary and/or
secdndary hydroxyl functions and of 31 mass units,

characteristic of the primary hydroxylic grouping.  In the

n.m.rn. spectrum a two proton multiplet at 5.77 ard a one
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proton multiplet at h.5¢'formedAa typical ABX pattern,
irradiation at 5.7 7 resvlting in a collapse of the
quartet at 4.5 7 to a singlet and irradiation at 4.5 7T
simplifying the group of signals at 5.77. (An impurity
in the CF3002H solvent obscured half of the resulting AB
quartet). This is consistent with the presence of the
grouping HOCHo.CH(OH).R, where.R is a deshieiding substituent.
In accord with this, brief treatment of the natural
metatolite with acetic anhydride/pyridine at room
temperature yielded a crystalline compound, the mass spectrum
of which showed the parent molecular ion at m/e 306, an
increase of 8h‘mass units from that of LE/I. Losses of
acetic acid (M'-60), followed by ketene (M -60-42) (Table 3)
confirmed that this was a diacetate, as did the n.m.r.
spectrum, which showed two methyl singlets at 7.83 T and
7.911’(CH3CO-) with appropriate downfield shifts for the
C-9 proton and the C-10 methylene protons. The i.r.
spectrumshowved additional absorption in the carbonyl region,
( VYmax 1730, 1735 cm—l). Confirmation of the presence of
the grouping- CH,OH-CHOH in LE/1 was obtained from treatment
of the natural product with sodium metaperiodate. Steam
distillation of the reaction mixture into an ethanolic
solution of dimedone gave the crystalline condensation
product of formaldehyde and dime&one,'while extraction

of the residue into chloroform yielded a crystalline compound
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identified as the aldehyde (70 ), from the mass spectral
parent ion at m/e 190, the n.m;r. absorption at 0,14 7
(one-proton singlet) and the superposition in the i.r.
carbonyl region of a nsw carbonyl absorption on the
original peak (O max 1690 cm.™t) resulting in broad
absorption between Ymax 1680 and V max 1710 cm.”l, due
to an a,B-unsaturated aldehyde.

A purple ferric chloridé reaction on t.l.c. and in
solution, together with the appearancs of a light yellow
precipitate on addition bf cupric acetate in acetone to an
acetone solution of LE/1, indicated that the phenolic
hydroxyl group was chelated as did the low i.r. carbonyl
absorption (Vmax 1670 em.™ ). The ultraviolet (u.v.)
spectrum showed two electron transfer bands at 259 and
336 nm, the latter undergoing a bathochromic shift to
358 nm at pH13, and a blue shift to 333 nm on etherification
(see below), typlcal of g—hydroxy'carbonyl compoundsfﬂ

A further indication of the ortho-hvdroxy carbonyl
system was provided by treatment of the natural metabolite
with ethereal diazomethane, whereby a crystalline derivative
was obtained in 63% yield, with molecular formula
CoHy 505 from elemental analysis. This was deduced to
‘be a mono-methyl ether of LE/1 from the mass
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spectrum which Showed‘a parent molecular ion at m/e

236 (LE/1 + 14 rass units) and had fragmentation pattern
(Teble 4) similar to that of LE/1., The appearance in

the n.m.7v. of a new methyl singlet (5.907 ) was attributed
to phe CH3O—Ar grouping, the low value being duvue to
deshielding by the adjacent‘carbonyl functionj the increased
polarity of this methyl ether by t.l.c. comparisén.with
LE/1, due to disruption of thé chelated system, together
with the absence of a base~shift in the u.v. spectrum

also supported location df the methoxy grouping ortho to a
cartonyl fuvnction. | _

The chelated nature'of the phenolic grouping was
again reflected in the slow rate of acetylation of LE/1 at
room temperature. Under reflux, acetylation gaﬁe a clear
gum, which, although t.l.c. pure, could not be induced
to solidifwv, but sublimed easily. The n.m.r. spectrun
of this derivative showed three methyl singlets, two of
Y value, (7.8%, 7.92), similar to those of the diacetate,
and a third considerably lower (7.587). This low~-field
methyl was assigned to the phenolic acetate, deshielded
carbonyl group; the absence of a base-shift

by adjacent

in the u.v. spectrum and a negative ferric chloride reaction

combined to confirm that the phenolic hydroxyl group was
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now acetylated. ‘Mass spectrometric analysis also indicated
that a triacetate had been formed, both from the parent
molecular ion at m/e 348 and from successive losses of L2,
60 and 42 mass units (Table §),

-The nem.r. spectrum of LE/1 (p.33 ) also showed two
doublets at 2.72 and 2.807, assigned to protons H-5 and
H-7, ortho and para to the chelated hydroxyl group, and
in addition a double doublet at 2.157’corresponding‘to the
meta H-6,  Ortho coupling (H-6, H-7 and H-6, H-5) was present
with J=8 c.p.s., and meta coupling (H-5, E-7) was negligible
in this instance. The remaining signal in the n.n.r.
spectrum was a one-proton singlet at 2.407 and this was
assigned to the olefinic C-3 proton in structure (69 ).

The possible alternative structures ( 71 ) were
eliminated by comparison of the downfield region of the n.m.r.
spectra of LE/1 (¢g9 ) and the aldehyde (70 ). In the
aldehyde ( 70), the H-6 double doublet (2.10) and the B-7
doublet(2.73Y) possessed the same approximate chemical shift
as in LE/1, while the remaining docublet (H-5) was now observed
at 1.60Yas opposed to 2.,797in LE/1, a deshielding explicable
if the aldehyde carbonyl group is assigned the "homo-peri"
position attached to C-l; the deshielding of the H-5

doublet alone tended to indicate a "through-space"
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effect rather than an effect which was transmitted through
the Tr=-electron system of the molecule. Analagous
deshielding effects have been observed in the polyeyclic
aromatic structures such as (72 )6&in wvhich Hp resonates
at much lower values (ca.0.47" ) than the remaining aryl
protons (ca,3,%% ) and the n.m.r. spectrua of l-naphthoic
acid similarly shows a one-proton multiplet (ca.0.,97)
at lower field than the remaining aryl multiplet (1.5 - 2.87).
A compound of the same structure as LE/I has previcusly
been isolated from cultures of an airborne microorganism
clagsified as an Qospora speciesa%&i. Comparison of the
properties of this metabolite, named oospcglycol, with
those of LE/I left no doubt that they are identical.  Thus,
oospoglycol had almost identical m.p., rotation, u.v.
and i.r. spectra to LE/I; a diacetate and aldehyde prepared
by periodate cleavage were also reported and these again
showed close correspondence in m.p. to those obtained from
LE/I.

The secornd metabolite of Lenzites striata, LE/O,

C11,Hg0s, had t.l.c. characteristics defined in Table 1.
This was evidently related to LE/I from a comparison of the
spectroscopic data and was assizned the structure (73»).
The molecular weight difference of two between LE/1 and LE/O

and the increased complexity of the i.r. carbonyl
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absorption suggested that one of the -CHOH- groups of the
side chain had been replaced by a carbonyl group.

From the loss of 31 units of mass from the parent ion
(Table 6), the primary hydroxylic function evidently
remained, indicating that the site of the new carbonyl
function was C-9, This was further supported by the
n.m.r. srectrum (p.36 ) which showed striking similarity in
the region 1.67% to 2,87 to that of tre aldehyde derivative
of LE/1, above. Thus, the downfield shift of one of the
pair of aryl proton doublets was again evident as was that
of the C-3 proton. A two proton.singlet at 4+.98 T bore
evidence of the presence of thegrouping -CO.CH,O0H. The
similarity of the u.v. spectrum to that of LE/1 together
with the formation of a precipate with cupric acetate in
acetone again indicated the presence of a chelated phenolic
grouping. Structure (73) could thusbe assigned to LE/O
without resort to chemical degradation. From the sane
Qospora species which produced oospoglycol (LE/1), another
metabolite, oosponol, assigned structure (73 ) was also
reportedégé& . The reported i.r. and u.v. spectra again
compared well with those of LE/O and the 7 values for the
hydroxymethylene and C-3 protons were also in close

agreement; the structure of oosponol was confirmed by



36.

O RS S




37

synthesis both of the degradation product oospoic acid
(71 )bznd the diacetate (75 )68;

The third metabolite to be isolated, with molecular
formula CllH1003’ was assigned the code name LE/0-1
(Table 1) and structure ( 76 ). This was the first compound
with syfficient solubility in deutero-chloroform to allow
its n.m.r. spectrum (p. 38 ) to be measured in this solvent;
the presence of a downfield (41.29W’) one~-proton singlet exch-
anged by D,0 ard the roughly similar aryl proton pattern to that
of LE/1, again suggested fhe 8-hydroxy isocoumarin structure
for the molecule. Two methyl singlets at 7.68 and 7.867
were assigned to methyl groups at C-3 and C-k respectively
With parent ion at m/e 190, the fragmentation pattern showed
significant losses of 15, 43, and 28 units of mass,
rationalised as indicated (Table 7). The i.r. spectrum
revealed the preéence of a chelated hydroxyl group (VU max
3,100 cm.” 1), the lactone carbonyl group (V max 1688 em.”L;
E = 843), and the double bond ( Vmax 1635 cm.™1), while the
typical ultraviolet spectrum previously noted was observed
for this metabolite (reversible base shift, from A max 3u2
at pH7 toAmax 370 at pH 13). A precipitate on addition of
cupric acetate in acetone again indicated the presence of a

chelated system in LE/0-I.  This metabolite has also -

been isolated from the previcusly mentioned Oospora
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65,69
species ’ , with comparable i.r. and u.v. spectra to

LE/0-I and comparable m.p.; the structure ( 76 ) has been
confirmed by synthesigoﬁl. |

The recently isolated Oospora metabolite, oospolide,
with .structure proposed initially as ( 77 7xénd corrected to

( 78 )2 , was not detected in Lenzites striata, althaigh

dehydro-eburicoic acid is apparently a common metabolite
63 :
of both fungal species. -
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DISCUSSION _II.

| The isocoumarins comprise a group of aromatic natural
.products which has expanded considerably in size over
recent years; developments in this field to 1964 have been
adequately revieved ' « The variety of structures
exhibited by this group of natural products requires that
they must derive biogenetically from both the "shikimic acid”
(see section III)and the "polyacetate" pathways. The
isocoumarins arising from the former of these two routes
such as hydrangenol (79575and brevifolin carboxylic acid
80)7® are mainly of plant origin and, as such, will not be
considered here.

The isocoumarins of fungai origin can generally
be derived by chain-folding of the polyacetyl chain as
indicated (scheme 1)3; ramulosin ( 81 )aT] appears to arise
in 'this way, and a simple aromatic example, isolated from

A . .18 19 s
two strains of Marasmivs ramealis " ? y is 3-methyl-8-

hydroxy-isocoumarin (2), (apparently derived from five
"acetate" units), in which the oxygen function at C-6

has been reduced prior to cyclisation and subsequently
eliminated. The structures (B3 ), both metabolites of the

O ,
fungus Ceratocvstis fimbriata8 , show the fully oxygenated

skeleton. A common structural variation is reduction of the

3,4-double bond, as is evident in mellein (or ochracin) ( gy )
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from both Asvergillus melleus ard Asvtergzillus ochraceus.

Related in structure, and again showing: full oxygenation

is 6-methoxy-mellein (85), originally isolated from infected
carrots and thought to be produced as a form of resistance

to the microorganimngz; subsequent investigatOﬁ;demonstrated
that this 'phytoalexin' theory was incorrect ard that
6-methoxy-mellein was a 'true' fungal metabolite by

33 ,
isolating it from both Sporormia bivartis  arnd Sporormia

a;f‘i‘inis84 . Also isoléted from thislatter scurce were
the chloroisocoumarins (86 ).

Relatively few biosynthetic investigations have besen
carried out on the acetate-derived isocoumarins, the most
extensive study85 being that made on sclerin (87 ), a

metabolite of & Sclerotinia fu_ngus86 . Cf tre possible

modes of condensation of a pentaacetyl chain, schemes g and a'
were considered less likely while scheme b, a pathway already
demonstrated for citrinin ( 88 )g7, ard supported by the
occurrence of Sclerotinin A ard B ( 89)g8as co-metabolites

of sclerin, would require, in the case in point,‘Cl

alkylation at a ketonic site of the polyketide chain. This
unusual process, and tre biogenetically uneconomlcal loss of

a Cq unit necessary in all three routes, suggested that

another mode of cyclisation was involved. TFeeding experiments
using sodium acetate, and sodium formate as a Cy1 source,

suggested a more likely biogenetic scherme C, in which two
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distinct polyketide chains are condensed; condensation

of the same two polyketide chaiﬁs in the oprosite

direction (scheme d) would also give rise to sclerotinin

A and 3, This type of biogenetic pathway has already been
established for a number of natural products, including
rotioringqand sulochrinqo.

Canescin (90 ), from Aspergillus malignus, Tepresents

another of the few isocoumariﬁs for which a detailed
biogenesis has been proposedqi . Current interest in this
metabolite has centred on-proof of the incorporation of a

Cq unit (¢*) from (luC-Me-)-méthionine, while confirmation of
the polyketide origin of the nucleus is forthcominqu . It
was noted that the methionine derived atom is in the same
position és the similarly derived carboxyl carbon of ecitrinin,
indicating a élose biogenetic relationship, which is

supported by the fact that the canescin-producirg strain of

P.canescens is also a source of citrinin. This, together with

the previously noted fact (p.13 ) that a mutant strain of the

citrinin-producing Aspergillus terreus gave the isocoumarin

( 91) as a major metabolite, suggests that the polyacetate
derived C-acetyl-orsellinic acid (92 ), itself a known

constituent of P.brevicompactum, is a common biogenetic

precursor of both citrinin and the isocoumarins.
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INVESTIGATICL OF THE BIOSYY

0F QOSFOGLYCOL.

A feasible biosynthetic route to the isocoumarins

isolated from lengzites striata is outlined in schemes e
and £f. Thus, oospolactone could be derived (scheme e)
by insertion of a Cy unit in the acid (93 ), the probable
precursor of mellein, followed by cyclisation; such
Cl-units are conmmonly found attached either to aromatic
ringscB or aliphatic chains T . The sare intermediate
could also be involved in a biosynthetic scheme £ to
oosponol and oospoglycol. To test the validity of the

above hypothesis, a radio-tracer study of the constituents

of the fungus, lLenzites striata, was inaugurated.

Oospoglycol being the most abundant of the isocoumarin
metabolites present, this was chosen as the molecule for
biosynthetic investigation, since adequate supplies of
unlabelled material were available for dilution purposes.

A necessary preambie to any biosynthesis experiment is,
firstly, an examination of the rate of production, in vivo,
of the metabclite under study, and, secondly, to devise
an appropriate series of degradative reactions, whereby
the activity of (ideally) individual atoms may be reasured.

The first reaquirement was satisfied for the case in point by
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chromatographic analysis (thin layer and column) of the

oospoglycol content of Lenzites striata cultures at

increasing intervals of growth up to two months. These
results (Table 8) allowed a plot of the type shown (Table 9 ),
from which it was apparent that oospoglycol formation
occurred very quickly between ten and fourteen days after
setting up cultures. Thus, the optirmum time for feeding
labelled precursors was.chosen.as the beginning of this

period of high metabolic activity with only a short time
interval between inoculation of precursor and harvesting of
metabolites to offset in vivo‘dilution of the active

‘ obspoglycol.

The radioéctivity of the terminal CH,OH group of
oospoglycol could réadily be measured by the periodate
cleavage reaction previously discussed. In addition,
examination of tritium labelling in the aromatic ring
would be facilitated by exploiting the substitution reactions
phenolic hydroxyl group; the substitution reaction chosen
was bromination. Thus, treatment of a solution of
oospoglycol in méthanol at ice temperature resulted in
formation of-a crystalline derivative identified as 547~

dibromo-oospoglycol from the following data: elemental

A}
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analysis and mass spectrum gave a molecular formula

ll 805Br2’ the parent ion was a trivplet of peals at m/e
382, 380, and 378, with relative intensities in the ratio
1:2:1, characteristic of a dibromo-compound. In addition,
the fragmentation pattern showed typical losses of 18,28 and 31
units of mass already noted for oospoglycol (Table 2).
The i.r. spectrum shosed hydroxyl, lactore carbonyl and
C-C double bond absorption, and while the u.v. spectrum
was essentially unchanged in comparison with oospoglycol,
the n.m.r, spectrum showed the ex pected simplification;
thus, the ABX pattern of the hydroxylic side chain was still
present (multiplets at 3.38 ard 5.601’), but the remainder
of the spectrum consisted of two one-proton singlets at
2,217 (C-3 proton) and 1.707 (C-6 proton). This
confirmed the structure (9% ) of the dibromo derivative.

Concentration of the mother liquors of the above

reaction, or prolonged treatment of oospoglycol with
bromine/water, afforded another bromo-derivative less polar
than 5,7-dibromo-oospoglycol with molecular forrula |
C H 0 Br3 This was assigned the structure (95 ) on
the foilowing evidence: the parent molecular ion was a
quartet of peaks at m/e 462, 460, 458 and 456, indicative of

a tribromo compound, while the fragmentation pattern (Table 10)
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shoved an initial loss of 60 units of wass, as well as
81(Br atom), in place of the foruer elisions of Hy0 and
-CH,OH; assuming substitution by bromine at C-5 and C-7

as before, the 3,4-double bond seemed tlemost likely site

of further attack by bromine. This was confirmed by the
disappearance in the i.r. srtectrum of the C-C double bond
absorption. The n.m.r. spectrum showed the following
features, consistent with the étructure (95 )3 the one-
protén singlet assigned to the remaining aryl proton of the
dibromo derivative was also present here (1.79Y ), but

the C-3 proton now resonated as a singlet at 3.697.

Also shifted upfield (.31 7) was the side chain methine
proton, while the adjacent rethylene protons remained .
unchanged in chemical shift value. The bromination reaction
proceeds presumably by scheme g, and also occurred using
N-bromosuccinimide in place of bromine/water; two equivalents
of this reagent gave 5,7-dibromo-oospoglycol, while three
equivalents of N-bromosuccinimide gave the tribromo derivative.
Other examples of bromination reactions involving the
participation of a neighbouring hydroxyl group are known:

one such is the reaction of terpene alcohols, e.g. linalool

( 96), with N-bromosuccinimide, resultirg in formation of an

: a5 o s
o ~bromotetrahydrofuran ( 97) as a major product , while in
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. 96 47T
dammarane-type triterpene series , betulafoliene-triol

(98 ) alsc undergoes an anomalous side-chain bromination
reaction, both with N-bromosuccinimide in acetone, and
bromine/chloroform, to give the tetrahydrofuran (99 ).

.The reaction of oospoaldehyde (70) with bromine/water
resulted in formation of a compound, CllH705Br3’ which like
tribromo-oospoglycol with which it was isomeric showed a
parent molecular ion as a quartet at m/e 462, 460, 458 and
456, as well as a loss of 60 units of mass. The i.r.
spectrum again showed no C-C double bond absorption
and the aldehyde carbonyl absorption frequency was now V max
1731 cm"l (cfVmax 1710 cm—l in oospoaldehyde) indicating
saturation of the 3,4~ double bond and the presence of ‘
Br o to the carbonyl group. By analogy with tribromo-
oospoglycol, the compound was assigned structure 1c0 )
confirmed by the extremely simple n.m.r. spectrum; this
consisted of four singlets assigned to an aldehyde proton
(0,297 ), the aryl C-6 proton (1.827), the C-3 proton
(4.317 ) and to a methoxyl group (6.267).
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The degradation scheme choéen for examination of
radioactive oospoglycol, outlined in scheme (h ), involved
preliminary cleavage of the side chain with sodium metaperio-
date'followed by bromination of the resultant aldehyde. Two
separate labelling experiments were performed, one to
investigate the incorporation of acetate into ocospoglycol,
and one employlng methionine és a possible source of a Cj-
unite.

In the first experiﬁent, a mixture of (2 -th) sodium
acetate and (2-3H) sodium acétate wvas fed to cultures of
L.striata on the tenth day of growth and the fungus harvested
seventeen hours after inozsulation. The ethyl acetate extract
of the broth was examined on a radio te.l.c. scanner, from
which (p. %9 ) oospolactone, oosponol and oospoglycol could
be identified, together with three other minor constituents.
The specific molar activities}(luc and 3H) of the oospo-
glycol thus obtained and its degredation products are
collected in table 11 . On the basis of incorporation into
oospoglycol of five acetate molecules the relative molar
activities (R.M.A.) were also calculated.

From these results it appeared that the oospoglycol
molecule was labelled as indicated in ( 101 ). This was

in agreement with the observed drop in specific activity of
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1
C on cleavage to oospoaldehyde and also with the virtual

elimination of remaining 3H in the aldehvde on bromination.
The 3H activity in oospoaldehyde was lower than the
theoreticel value, which cculd possibly be due to partial
equilibration of the aryl 3n atoms urder theconditions of
the periodate reaction. The formaldehyde obtained by
periodate cleavage showed the expected 3H/lL*C ratio ( 2 3 1)
although the specific activities of both ¢ ana 3H4were
lower than expected on the basis of uniform labelling
'throughout the oospoglycol molecule. This suggested the
possibility that the isocoumarin could be derived by
condensation of two distinct poly-acetate chains, instances
of which have been discussed earlier, these chains differing
in specific activity. One wayv in which this might occur
would be condensation of a penta-acetyl unit with a molecule
of acetoacetate (scheme 1) by a mechanism corresponding to
the Michael reaction followed by a retro-Michael rearrange-
ment yielding a suitable precursor (1¢2 ) for the.formation
of both oospolactone and oospoglycol. Alternatively,
condensation of (103 ) with a C,-unit could give the
required isocoumarin nucleus (scheme‘j ))although this
"requires loss of a carbon atom.

The possibility of condensation of two poly-acetate
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chains was further supported by the results of the second
labelling experiment, in which a mixture of ( th—)—methyl
methionine and ( 3H-)-methyl methionine was inoculated:
t.l.c. scans of the crude broth extfact showed in this case
(p.52 ) that while oospoglycol constituted the majof
proportion of the metabolites, it was by no means the most
highly active component. After dilution with inactive
material and recrystallisation in the usual manner the
oospoglycol was still radiochemically impure to the extent
of approximately 75% as determined by the t.l.c. scanning.
On this basis the percentage incorporation wasvonly 0,04

6 th depem./m.

and the specific activities 0,058 x 10
mole and 0.093 x 107 3H d.p.m./m.mole. Since the "residval®
3H activity corresponding to methoxy tribromo~ooépodﬁehyde

( 100 ) was 0.158 x 107 d.p.m. /m.mole, it was thus concluded
| that the incorporation of methionine into oospoglycol is
neglibible. Thé direct precﬁrsof of a C unit may sometimes
be N-formyltetrahydrofolic acid rather than methionine, but
the methyl group of methionine normally can be transferred to
the,Cl- pool. It therefore 