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Summary.

ovini e

A munber of novel, phenolic 1,8-naphthalic anhydrides have been

isolated from a strain of Verticillium lamellicola and the majo

metabolite, lamellicolic anhydride, shown to be 2,4,7-trihydroxy-5-methyl-
1,8-naphthalic anhydride. Amongst a number of unusual and characteristic
reacfions exhibited by this compound wasg a remarkably facile eminolysis
of ether groups in its 0,0,0-{rimethyl derivative with the formation of
amino derivatives. Routes from lamellicolic anhydwide have been siudied
in order to provide an entry intec the dimeric secries of compournds
Typified by duclauxin.

Minor metabolites of V. lamellicola incluvde 2,7-dihydroxy«H-methyl-

1,4-naphthaquinone - the in vitro synthesis of this compound fronm
lamellicolic anhydride has heen accomplished - ond the monomethyl ester
of 3%-chlorolamellicolic acid. 4-0-Carbomethoxylamellicolic enlydiide -
the first natural product reported which contains a methyl carbonate
group - co-occurs with lamellicolic anhydride and has been prepared, from
it. The biosynthesis of these compounds and the results of some
preliminary feeding experiments are discussed.

Tvro phenoiic, yellow pigments - arugoxanthones A and B - have been

isolated from the spores of the yellow mutant of Aspergillus nidulans

and identified as the first reported prenylated fungal xanthenes. Model
studies have confirmed the feesibility of the unusual chroman-4~0l unit

found in arugoxanthone A being derived biogenetically via a novel



intramolecular cyclisation of an 0~7,%-dimethylaliyl unit and a formyl
group.

Arugoxanthones A and B have also been isolated from mycelial extracts
of the yellow mutant along with the c¢losely related compounis isoarvgo-
xanthone A and arugoxanthones C and D. The two latter compounés contain
a substituent previously unrecorded in a natural product ~ namely the
0-3,3~dimethyl-3-hydroxy=-l-propyl ether group. The known mould metabolite
arugosin co-occurs with these xanthones and routes to the latter
compounds from it have been explored. In particular, the acid catalysed
rearrangement of arugosin has been siudied and the products of a novel
intramolecular cyclisation reaction identified. The close relationship
between arugbsin and the xanthones has been demonstrated by the
conversion of srugoxanthone B into anhydroarugosin and deisopentenyl-
anhydroarugosin, reported as transformation products of arugosin.

The methyl ester of isocanadenrsic acid - a metabolite of

Penicillium canadense and possible biogenetic precursor of the antibiotic

canadensolide ~ has been synthesised by a five step route.
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The Fungd..

Fungil and other organisms which possess neither leaves, rocots nor
stems, such as bacteria and algae, have heen classified as belonging to
that section of *the plant kingdom called the Thallophyta. They absorb
nutrients through the surface of their vegetative bedy or mycelium,
which consists of an interwoven network of small tubes called hyphée
containing a multi nucleate protoplasm. Depending on whether o nuct
transverse walls divide the hyphae the mycelium is called septate ox
aséptate respectively. Some parts of the myceliwm have the specialised
function of producing the spores which ensure the continuation of' the
specigs and these may be sexual (formed by the coalescence of cells from
two different hyphae) or asexusl (formed by the coalescence of cella
from the same hypha).

Fungi are often classified2 according to the nature of their
mycelium and to the type of spores produced. The Phycomycetes are
distinguished by their having aseptate mycelium and are simple, often

uwnicellular organisms- typified by Mucor.Rhizopus nigricaus, a fungus

which grows on bread. The Ascomycetes, e.g.truffles, and the Basidio-

mycetes, such as the puff-balls, have septate mycelium, the former group
bearing theixr sexual spores in a sac-like vessel called an ascus snd the
latter beering them on basidia. The Fungi Imperfecti~ exemplified by ithe

numerous species of Penicillia and Aspergilli produce only sexual spores

and can be readily grownm vnder laboratory conditions thus sllowing the



metabolites which they produce to be investigated.

The same peimaiy metabolic pathways are found in fungi as in other
organisms., The breakdown of glucose by these routes provides the
organisw with the energy necessary for its existence and alsc leads to
the synthesis cf essential macromolecules such as proteins and nucleic
acids. In fungi, however, as in bacteria and in higher plants secondary
metabolic pathways exist resulting in the production of a wide range of
structurelly diverse molecules which have no obvious role to play in ths
survival of the organism and the distribution of which is species, and
indeed often strain, dependent. The realisation that these secondary
metabolites can be derived by a few basic pathways from a small number
of key”primary metabolites and the elucidation of these pathways is one
of the most impressive achievements of modern organic chemistry.

This thesis deals with the isolatior. and identification of a aumber

of polyketide derived secondary metabolites produced by a Verticillium

species and an Aspergillus species.
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The Biosynthesias of Polvketides,

The suggestion that the structures of a large number of phinolic
natural products were consistent with their being foermed by the
cyclisation (via Aldol or Claisen condensations) of g -polyketone chains,
derived by the linear combination of acetate units, was first made by
Birch3, in 1953, The mould metabolites orsellinic acid (1) and
griseofulvin (2), for example, could be derived from & tetramer (3) and
8 heptamer (4) respectively. The first exporimental support for {his
hypothesis came from the OuSLfV&tlUu that 340 labelled acetate fed to

Pepicillivm griseofulvun was incorporated into G-methylsalicylic acid

(5) and subsequently many other plant and mould metabolites have been
shown to be polyketide derivedz. |

The enzymes involved in this pathway have not been isclatsd and
purified- although cell-frece extracts capable of synthesising palyketides
uch as 6-methylsalicylic acid5 and alternariol6 (6) have been obtained-
and the mechanistic details of polyketide blosynthesis remain largely

7

speculative. Radiotracer exyerimente', however, have shown that both

acetate and malonate are involved and since 6-methylsalicylic acid and
Ldo oo , o P 14, 3.
tty acids coproduced in the presence of |1-77C, 2-7H| acetate have =
distribution of radioactivity consistent with their formation by the

8 ., - . .
same condensation processes” it ig believed that there is s closs

1

relationship between the mechanism of polyketide biosynthesi
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of fatty acid biosynthesis. The details of the latter pathway have been
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Figure 1. Fatty Acid Biosynthesis.
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elucidated9 uéing purified enzyme systems and are as shown in figure 1.
An acetyl group is transferred from coenzyme A via a carrier protein to
a thiol group of an enzyme and then condensed with a protein-bound
malonyl unit - formed by the carboxylation of acetyl ccenzyme A. The
acetoacetyl derivative formed is then converted, still boand o the
protein, by a series of reduction and dehydration steps tc¢ the butyryl
derivative which is then recycled and condensed with ancther malonyl

-

unit. Continuation of this process leads to the long chain falty acids
which are only released from the protein when the desired chain length
has been reached. Condensaticn of an acetyl starter group with mélonyl
units without the subsequent reduction and dehydration steps would lead
to the production of f-polyketone chaing, Indeed in the absence of IIADNPH,
requifed for the reduction steps, fatty uwcid synthetlass produces triacetic
acid lactonelo (7) = a stabilised polyketide. In accord with this theory
experiments with cell-free preparation55’7 have demonstrated that
labelled acetate is more efficiently incorporated into the first two
carbon atoms (i.e. those derived from the acetyl starter unit) than into
the remainder of a polyketicde chain.

The growing polyketide chain remains bound %o the protein until it
has reached its final length and is not released until it has heen
stabilised by cyclisation and aromatisation. The ahsence of free
partially cyclised intermediates, e.g. the dione (8), is indicated by
their not being incorporated into the final cyclised product, in this

11 . 4 s o . .
case the naphthalene (9)~. The mode of cyclisatbion of the chain will be



Figure 2. The lModes of Cyclisation of a Heptaketide Chain.
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Figure 3. Cyclisation of a Polyketide via an Electrocyclic

Rearrangement.
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Figure 4. Alternative Biosyntheses of Mollisin.
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controlled by what Bu'lLock has called12 'the matrix of specific
topography' associated with the protein in question and indeed the
¢ifferent modes of cyclisation of a chain of any one length can lead to
a great variety of spparently siructurally unrelated compounds. A
heptaketide chain, for example, may be folded so as to produéé such
diverse mould metabolites ag pyriculoll3 (10), fusarabint® (11),
rubrofusarin®® (12) and griseofulvinl6 (2) (figure 2)o I% has been
suggestedl7 that the highly reactive polyketide chains -~ siabilised on
the proteins in the form of poly-g-enolates - may cyclise not via
condensation reactions but by elecirocyclic rearrangements followed by
elimination reactions (figure 3).

MOllisiﬁla (13) and a few other compounds srise by the condensation
of two separate polyketide chainsl9 (figure 4) and the detection of two

2021 (1g),

acetate starter units has in some cases, e.g. citromycetin
been teken as evidence of a two chain biosynthesis.

On occasion acyl coenzyme A derivatives other than acetyl coenzyme A
can act as starter uvniis - malonamate22 in the case of some tetracyclines,
e.g. T-chlorotetracycline (15), and propionate in the case of the
bacterial preduct E--pyr:eomycin!.)ne23 (16) can be instanced. In higher
plants addition of three malonyl units to a shikimic acid derived
aromatic starter unit24 gives rise to a polyketide (17) which can yield
chalcone {18) and compovnds of the flavanoid series, é;ga flavdnone (19),

by Claisen condensation 2rd compounds of the stilbene series, e.g.

pinosylvic acid (20), by Aldol condensation. The structure of the
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macrocyclic aglycone erythronolide22 (21) exemplifies the fact that
bacteria - unlike fungi - can also utilise propionate, in the form of
methylmalonate, as a chain extender.

The range of polyketide structures isolated from natural sources is
greatly increased by the large number of secondary transformations which
can occur to the basic skeletons before or after cyclisation. These
inciude processes involving oxidation, reduction, the insertion or
remeval of hetero~atoms, dehydration and electrophilic substitution.

The interconvertibility of acidé, aldehydes and primary alcobols i
demonstrated by the co~occurrence of groups of compounds such as gentisyl
alcoh0125 (22), gentisyl aldehyde (23) and gentisic acid (24). On
occasion methyl groups may be oxidised to carbonyl groups snd to carboxyl

. 26 26
groups, as in 6-formylsalicylic acid (25) and 3-hydroxyphthalic acid
(26) respeofively, and in a few cases carboxyl groups can be reduced to
methyl groups, e.g. in javanicin27 (27).

Mixed function oxygenases can introduce extra oxygen atoms into

28 . . .29
(28) and terreic acia®’ (29). These enzymes

molecules, as in flavipin
are reiatively non specific and this has allowed hydroxylated steroids-
vnobtainable by normal synthetic means- to be prepared by feeding
suitable steroidal precursors to moulds containing such an enzymeBo.
Although polyketide derived, 6-methylsalicylic acid possesses one
oxygen atom less than the number which would arise from cyclisation of

the tetraketide chain (30). From the difficulties associated with. the

hydrogenclysis of a phenolic hydroxyl group it has been concluded that
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Figure 5. Biosynthesis of 6-Methylsalicylic Acid.
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Figure 6. Biosynthesis of Patulin from 6-Methylsalicylic Acid.
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this oxygen atom is lost by sequential reduction and dehydration priowr
to aromatisation. Experiments with a purified 6-methylsalicyiic acid

synthetaseBl

isolated from P, patulum have suggcsted that the sequence
of events involved is as shown in figure 5. Further reduction of the
double bonds produced by reduction and dehydration produces, in some
compounds e.g. flavoglaucin32 (31), long alkyl chains.

Orc:‘inol:ﬁ‘3 (%32) exemplifies the fact that carbon atoms can be loat
from some polyketide chains by decarboxylation. Clearly a combination of
the oxidation of a methyl group %o a carboxyl group and subseguent
decarboxylation would reéult in the loss of that methyl group.

Another oxidative process which is found in polyketide metaholisn
is that of phenclic oxidative coupling, cither of an intramoleculsor
naturé - as in erdin’? (33) - or of an intermolecular nature - as in ihe
dimeric anthraquinone skyrin35 (54)5 More drastic oxidations can ocour
producing an apparently unrelated and non polyketide derived skeleton.
The formation of patulin (35) from 6-methylsalicylic acid is an example
of such a process and the mechanism shown in figure 6 has been proposed
for this transformation36.

Polyketides are frequently encountered which possess extra methyl
groups i.e. ones which do not arise from a polyketide chain. These groups
are transferred to the natural product from the tertiary sulphonivm salt

37

methiohine by an SWQ mechanism (figure 7) -~ it has been shown

naine
’ SRl ae S

CDB-methionine, that in the biosynthesis of sclerotiorin (36) the methyl

groups are incorporated with retention of all three hydrogen atoms. The
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nucleophile involved in methylaiion may be an oxygen atom, as in the
anthraquinone physcion58 (37)s or a carbon atom - almost invariably ths
carbon atom of one of the methylene gronups of a2 polyketide chain - ag in
citrinind? (38). The only exception to this rule is barnolH° (39) where
a methyl group has been introduced onto the terminal methyl group of a
polyketide chain to form an ethyl group - perhaps vis an intermediate
quinone-methide.

The fact that the ketones (40) and (41) are not incorporated into
clavatol (42) has been taken4l ag evidence that in this case methylation
occurs before aromaticsation. Evidence from other sources, vis. the fact
that the methylphloracetophencne (43) is incorporated42 into usnic acid
(44) Vhereas'phloracetophenone (45) is not, and that 3-methylorsellinic
acid but not orsellinic acid is incorporated into both atronorin45 (46)
and mycophenolic acid44 (47), suggests that “his may be generally true.

There is little evidence to determine whether methylation occurs on
a growing or on a completed chain., A celil-free preparation from an
Aspergillus species which produces flavipin (28) has been shown® o
catalyse the methylation of what is thought to be a tetra-ccetic zcid
suggesting that in this case methylation occurs cnto a completed chain.
In contrast, methyltriacetic acid lactone (48) hag been isolated46’47

from P. stipitatum - a tropclone producer - suggesting the occurrence of

‘hethylation.onto a growing chain,
In flavoglaucin (31) a mevalonate derived C-5 unit has been

incorporated into the heptaketide nucleus by an electrophilic substitution
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reaction. In this case the electrophile producing agent is dimethylallyl
pyrophosphate (49) although it is possible that a more reactive enzyme-
bound species is involved in the actual reaction. In a similar mamner
other prenyl units mey bhe incorporated into polyketides, e.g. the
. .48 ; e

farnesyl group seen in asperugin (50), and further modifications can
occur to them. In myccpherolic acid (47), for example, a Ffarnesyl side-

. C s A . . .. 50 /.. . .
chain has been ox1dlsed49, while in fuscin’ (51) cyclisaticn of a
3,3~dimethylallyl unit has occurred. Little is known about the timing of
the incorporation of these units although in mycophenolic acid it cccurs

at a post-aromatic stage aund it seems likely that this is generally the

A crystalline chloroperoxidase cepable of carrying out biological

. . 1 .
halogenations has been 1solated5 from Caldariomyces fumago and s

congiderable number of polyketides, e.g. geodoxin52 (52), contain chlowine
atoms. It ig believed that the incorporation of this moeity -~ which is
generally not the last process to oceur in the biosynthesis of a
particular compound - invelves a reaction between the electrophile et
and a nucleophilic site on the polyketide chain,

Althengh a considerable amount of effort has been expended in order
to wnravel the complexities of polyketide metabolism much remains to be

1'2
¢ n.o.r.

done. It may he thaﬁemodern instrumental techniques, such as
niecﬁfoscopys will provide the answers ito many of the problems concerning
the asseubly of the basic polyketide skeletons but the isolation and

identificatién of late-stege intermediates in the biosynthetic pathways

will still reguire the ftraditvional skills of the organic chemist.
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Lamellicolic Anhvdride,

In 1951 a white furgus, found growing on bracken collected from
moorland north of Glasgow, was isolated and provisicnally named

Cephalosporium cretatum. Hecently, however, it has heen identificzd as a

53

. It wag noticed that extracts of

54

strain of Verticillium lamellicola

its culture filtrate possessed antibacterial activity”™ and the initisl
objective of the present investigation was %0 ascertain whether or not
the active ccnstituent was produced in reasonable yisld and if so te
identify it.

The mould was grown on surface culture and the culture filtratbe
extracted with methylene chloridzs. This solvent was chosen since it
produced an active sclid extract. In contrasi, extraction with ethyl
acetate or methionol gave less active black tars. Monitoring of the growth
of the mould by microbiological assay indicated that the activity reached
& peak aftexr 28 days and cropping off was carried out after that time.

Prelimiﬁary fractionation of the extract was achieved using column
chromatography. In a number of the relatively polar fractions (eluted
from the column by 5-25% ethyl acetate-chloroform mixtures)
enhancement of activity’over that of the crude extract was observed and
thege fractions were combined to give the crude 'active fraction!.

The m Jor component of This mixtuwre, loter given the trivial name
lamellicolic anhydride arf ascigned structure (53), was isolated by

fractional crystallicatiosn as an inactive yellow zolid (013H806’ parent
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Figare 8. Ultraviolet Spectrum of Lamellicolic Anhydride. ﬁ

. £x1070

-— EtOH
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250 300 350 400 450 nm.

Table 1. N.M.R. Spectrum of Lamellicolic Anhydride.

a) in D-DHS0 ' b) in D6-écetone
3.20 1B singlet 5.25 1H singlet
3.65 1H singlet 13,55 1H singlet
7.26 3H esinglet 7.20 3H  singlct
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ion at m/e = 260) only sparingly soluble in chloroform but soluble in
methonol. Its polarity on T.L.C. (Rf 0.35, 10% methanol-chloroforn) and
sclubility in aqueous sodium hydrogen carbonate indicated en acidic or
pheholic character and the brick red colour formed with methanolic ferric
chloride solution supported the presence of one or more phenolic groupg.
The ultraviolet spectrum of the compound (figure 8) underwent
complex changes on basification - reversible on reacidification -
including an apparent bathochromic shift of the long wavelength banrd.
This suggested that if the compound were polyphenolic a rescreinol or
catechol structure was more likely than & hydrogquinone since the latter

25

gives rise to hypsochromic shifts on basification” . In view of the
complex nature of the spectrum; however, the appearance of an intense
band at 314 nm. cculd be interpreted ambiguously and did not allow a
hydroquinone structure to be entirely eliminated.

Two low field 1H singlets in the n.m.r. spectrum (table 1) were
assigned to isolated aromatic protons while & 3H singlet at ca. 7.2Y¢ was
assigned to an aromatic methyl group. Sharpening of the signal at 3.2
on irradiation at 7.2% suggeeted that the eryl methyl group was situated
ortho to an unsubstituted position.

The infra-red spectrum could not be immediately interpreted, sfrong
absorption appearing in the carbonyl region (vmax 1700, 1650 cm"l)

together with bands in the aromatic (C=C) stretching region (VW

nimae

nca

1615,
1595 cm™t).

The metabolite (53) failed to give any vroduct in reasonable yield



R,0 N _ORy
~
CH; OR,
(54) Ry =R, = CH,
(55) R, = H, R, = CHy

Table 2, W.M.R. Spectrum of the Trimethyl Ether (54).

a) in trifluorocacetic acid b) in CDC1,
2.73 1H singlet 3.12 1H singlet
3.14 13 singlet 3.51 13 singlet
5.71 6H singlet 5.87 6H singlet
5.73 3H singlet I 5.90 3H singlet

6.94 3H singlet ' ' T.14 3H singlet



1z

on reaction with diazomethane but treatment with dimethyl suiphate and
potassium carbonate afforded a trimethyl ether (54, Cl6Hl406) in which
there were no unreacted hydroxyl groups (no absorption visible in the
i.r. ebove 3100 cm"l). The upward shiff of around 50 et in the carbonyl

absorption (v 1750, 1715 cm-l) suggested that hydrogen bonding,

C=0
between the carbonyl system znd one or more phenolic groups, within the
molecule (53) had been removed by methylation.

Resonances ca. 0.3 p.p.m. lower than normal were observed for all 3
methoxyl groups (table 2). In the case of two of them this was reasonably
explained by their location peri to carbonyl groups and in keeping with
this they underwent cleavage on reaction cf (54) with magnesium iodide-

56

etheraﬁe to give a monomethyl ether (55, C 06’ 3H singlet at 5.8%)

1410
which showed carbonyl absorpticn (vc=0 1710, 1670 cm"l) at approzimately
the same freguoencies as the natural product. The fact that this compound
was less polar (Rf 0.48, 2% methanol-chloroform) on T.L.C. than the
trimethyl ether (Rf 0.27, 5% methanol-chloroform) was in accord with the
masking of the full polarity of the phenolic groups and the carbonyl
groups by hydrogen bonding. .

With acetic anhydride and pyridine the natural product (53) formed
a triacetate (56, Cl9Hl409’ parent ion at m/e = 386 and ions corresponding -
-to three successive losses of 42 mass units from the parent, 9H singlet
at ?,513), As in the case of ths trimethyl ether, the removal of hydrosen
bonding was reflected in higher carbonyl frequencies, in this case 1730

- " .
and ca. 1775 cm ', although the upper band was partly obscured by the



Teble 3. NJM.R. Spectrum of the Triacetate (56).

a) in 013013
7.18 3H singlet
7.51 9H singlet
(A signal at 2.75% was partly

obscured by the CHCl, signal.)

b) in D,-DMSO
2.38 1H singlet
2,42 11 singlet
7.16 3H singlet
(A signal at 7.6T was partly

obscured by the DMSO signal.)

Pable 4. Ultraviolet Spectra of (53) and (56).

(53);>\max(ston): 250(15000), 292(5700), 352(10000), 368(7800) nm.

(56):?\max(EtOH): 248(17000),

341(6000) nm.

Figure 9. Ultraviolet Spectrum of the Triacetate (56).

——- Et0H
--... EtOH+ OH

o+
~ EtOH+H

max
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carbonyl absorption of %he acetote group cumax 1780 cm-l)o

The chenmical shifts (ca. 3.2 and 3.5!) of the aromatic protouns in
the metabolite (53) were consistent with their being situated ortho %o
one and ftwo hydrozyl groups respectively. On acetylation the "Hlslulac
effect of thess substituenis was removed resulting in a downfield shift
in the resonances of the aromatic protons. The values obeerved (table 3),
however, for these protons in the triacetate were consistent with their
heing deshielded by ancther group in the molecule.

The wvliraviolet spectrum of the triascetate reflected the lowerirg
ﬁhe electron density of the aromatic ring system, by the acetate
groups, compared with (53) (table 4) - the bands being shifted to lower
wavelength, On basification and reacidification; however, the spectrum

obtained was identical with that of (53) (figure 9) suggesting that
hydrolysie of the ester groups had occurred. The instability exhibited
by the triscetate during chrometography on silica supported the
possibility of facile deacetylation.

Treatment of the metabolite (53) with sodium hydroxide, under
nitrogen, and subsequent reaction of the products with diazomethane gave
a trimethoxy methyl ester (57, C 05, parent ion at m/e = 290,

Vo 1720 on l, 3K singlets at 5.96 and 6.05T and a 6H singlet at 6.1.0%).
Two doublets in the n.m.r. at 3.40 and 3.62% (J=2Hz) suggested the
pressnce of & pair of ocrometic protons situated mets to esch other. The
detection of long range ccupling between the protons appearing as

singlets at ‘14 and 3.187% (34 and 1H respectively) indicated that



R
CH,O OCH

ReGH

OCH

CH3 3

(57) R = 0020113

(58)? R=H

Figure 10. Ultraviolet Spectra of Substituted Naphthalenes.

—— Compound (57)

—— Compound (58)

---- 2, 7-Dihydroxynaphthalene

250 300 350 400 450 nm.




Table 5. Carbonyl Absorption of 1,8-Naphthalic Anhydrides.

Compound.. _ 1f0=0(KBr or nujol)
(en™)
1,8-Naphthalic anhydride 1765, 1735
2, 7=Dihydroxy-1,8-naphthalic anhydride 1720, 1685
Lamellicolic anhydride 1700, 1650
2,7=-Dimethoxy-1,8-naphthalic- anhydride 1750, 1720
Trimethyl ether (54) 1750, 1715
2,7-Diacetoxy-1,8-naphthalic anhydride 1760, 1720

Triacetate (56) - 1775, 1730
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position meta to the proton on the ring bearing the methyl group was
still substitvted.

A minor product of the reaction was a trimethoxy compound (58,
¢y 4}11603, parent ion at m/e = 232, 3H singlet at 6.10T and 6H minglet at
6.20%) which ghowed no carbonyl absorption in the ir. Two paiis of
doubléts (lH doublets, J=3Hz, at 3.10, 3.24, 3.371 and 3.61%) were visible
in the n.m.r. and double irradiation revealed that the position paia 1o
the aryl metgyl group wss now unsubstituted. The fact that both of these
compounds showed uv. spectra ohaﬁacteristic of substituted naphthalene
derivatives55 (figure 10) suggested that the naphthalene nucleus was
present in the metabolite (53). |

.The most likely explanation for the loss of the cearvonyl system of
the natural product under basic conditions was that a stepwise deuble
decarboxylation had occurred. This was conzistent with the presence in
the metabolite of a potential 0,0'-dihydroxydicarboxylic acid system57’58.
The latter could be derived from a 1,8-naphthalic anhydride upon basic
hydrolysis. Now 1,8-naphthalic anhydrides have strong and characteristic

59

carboryl absorption’” and such a system with iwo peri phenolic groups
would give rise to the carbonyl absorption6o observed for the metabolite
(5%) and its dewvivatives (table 5). The metabolite could not have
.contained a 1,2 or a 2,3-naphthalic anhydride system since on decarboxyl-
ation these would have given rise to é pair of aromatic protons orthe to

each other.

It was therefore concluded that the metabolite was a trihydroxy



R
R0 OR, CHEO OCH3
CH;  OR, CHy  OCHg
(53) R, =R, = H (57) R = CO,0Hy
. (54) Rl = R2 = CH5 (58) R=H
(55) By = H, R, = CH,
(56) Ry = R, = CO.CHy

. Table 6. Nuclear Overhauser Effects Observed for the Trimethyl Ether (54)

Point of irradiation Signal observed % Enhancerent

() ()
6.94 2.73 2
6.94 . 3.14 0
5,73 273 11
5.73 ’ 3.14 37
it
-~ N -
v - ‘\fU
CH,~NH
K \{ XN
' l
AN
CH5 QCH3

(59)
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methyl-1l,8-naphthalic anhydride in which two of the hydroxyl groups were
peri to cerbonyl groups, the methyl group was para to one cawhonyl group
and two aromatic protons ~ one of which was ortho to the methyl group -
were each meta to a carbonyl group. These requirements can only be
satisfied by assigning structure (53) to the metabolite. Structures (54),
(55), and (56) follow for the trimethyl ether, the monomethyl ether and
the triacetste respectively while (57) and (58) can be given to the
products of bYawse degredation. Such a formulation was also supporied by
the Nuclear Overhsuser Effects (table 6) observed for the trimethyl sther.
Chemical confirmation of the presence of the anhydride system was
obtained by reaction of (54) with aqueous methylamine6l to give two
yellow, crystalline products in good yield. The major product was the

diamincimide (59, parent ion at m/e = 313,1JC=0 1635, 1605 cm"l

). Three
N-methyl resonances were evident in the n.m.r., (3H singlet at 6.5% and
6H doublet at 6.95%), the ginglet being assigned to an imideo methyl group
and the doublet to the methyl protons of a pair of aryl methylamino
groups. Double irradiation confirmed the presence of coupling (J=4Hz)
between the methyl groups aud the H-H protons (2H broad multiplet at
-1.5%). One Q-methyl resonance was also evident (3H singlet at 6.05%).
The amino functions werc assigned to positions 2 and 7 on the basis of
’the low field N-H resonance and of the low imide carbon&l frequency

(ef. 1,8-naphthalimide V

-

-1
. 01681 em ) due to the prssence of hydrogen
bonding.

The minor product (parent ion at m/e = 314) was also an imide
J £ g



R & (60)R—NHCH R, = R, = CH
~ = WH-Gllgy By = B3 = M5
(61) Ry = R, = CHy, Ry = NH-CEH,
CH, R,
Teble,7. Chemical Shifts Observed for H-3 and H-6.
Compcund X R, V R, Ry H-3 (¥) H-6 (t) Sclvent
(53) 0 OF OH OH 3.55 3.25  Dg-acetone
(54) 0 OCH, OCH;  OCH, 3.51 3.12  CDO1, ;
8 K L . - . . . '
(59) N-CH, NH.CH, OCH; NH.CH; 4.15 3.61  0DC1, :,
Table 8. Chemical Shifts Predicted for H-3 and H-6.
Compound. X Ry R, Ry H-3 (t) H-6 (%)
e . i ol ] I:
(60) N-CH, NH.CH; OCH;  OCHy 4,15 | 3.12
-vi CH [3 . . /r
(61) N-CH; OCH, QCH3 NH.CH,  3.51 3.61
Table 9. Chemical Shifts Observed for H-3 and H-6. J"
Compound H-3 (¥) H-6 (¥) Solvent :
lonoaninoimide : 3.92 3.25 CDC1 3




Figure 11. lMechanism of Nucleophilic Substitution on (54).
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(3H singlet 6.527) but contained one methylamino group (3H doublet at
6.95%) and two methoxyl groups (¥H singlets at 5.92 and 6.05%). That the
methylanino group was peri to a carbonyl group was evident from the low
field N-H resonance (-0.51) and from the lowering of the imide carbonyl

frequency, relative to 1,8-naphthalimide, by hydrogen bonding (UC 1660,

=0)
162040m-1) elbeit to a lesser extent than in (59).

The chemical shifts cobserved for H-3 and B=6 in the derivatives
described above {table 7) show the larger shielding effect of a methyl-
amino group compared to a methoxyl group and it was possible to predict
the approximate shifts expected for these protons in the two possille
structures for the monoaminoimide (60) and (6l)v(table 8). Comparison
with the values observed (table 9) led to structure (60) being preferred
for this compound.

Thiec uwnnsually facile aromatic nucleophilic substitution reaction is
presunsbly facilitated by the nearby carbonyl system and proceads by the
. mechanism shown opposite (figure 11). The fact that nucleophilic
substitution occurs on the ring which possesses the higher electron
densgity is somewhat surprising. Thisg result, however, may be rationalised
by cosidering that the resonance forms (62), (€63) and (64) contritute to
the structure of ihe trimethyl ether (54). Therefore the ring bearing
one methoxyl group will be likely to possess the greater degree of
aromatic character. Now the initial, and presumably slower, step in the
substitution reaction involves a loss of aromaticity in the ring on which

substitution is occuring. Thus one would expect a more rapid reaction on



Figure 12. Elimination of Methanol From a Benzophenone.
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(67) R = CH, Vo (KBr): 1675, 1630 en ™t



the ring possessing the lower degree of aromstic character i.e. on the
ring bearing two methoxyl groups. It seems likely that steric effects will
favour attack of the nucleophile at position 2 over attack at position 4.
A comparahle displacement of a methoxyl group by a nucleophile has been
observed in the case of amuitably funcvionalised benzophenone362 (Lfigure 12).
* Further evidence as to the structure of lamellicolic anhydride was
obtained frem the isolation of a related metabolite from the fungul
extracts. Chromatography of the material eluted from tue column by 4074
ethyl acetate~chloroform, i.e. more polar than the active fraction,
afforded a pure sawple of a brown—red, inactive, crystalline solid (65,
CllH804’ parent ion at m/e = } The n.m.r. gpectrun in D4~methanol
showed the presence of an aryl methyl group (31 singlet at 7.40T) with
unsubstituted positions ortho and para to it (1H doublets, J=2Hz, at
2.65 and 3.10%). The solubility of the compound in agueous sodium
hydrogen carbomate and a strong carbonyl absorpiion Cv 1600 and 1627
cm"l) was consistent with the presence of a 2-hydroxy-l,4-naphthaguinone
Syqteﬂ (cf. flaviolin®? (66)). structure (65) which was suggested hy
this evidence was confirmed by the formation, on reacticn with dimethyl
sulphate and potassium carbonate, of a yellow dimethyl ethe» (67, paﬁent
ion at m/e = 232, 3H singlets at 6.05 and 6.10%). Apart from signals

(1H doublets at 2.42 and %.00%, J=3Hz) attributable to the protons nars

oA ArThe Tha nvyer BTNl oy ~ Tt < 2t GO e o
anG 8rTng To uas Qdy 1 MeTNY L ET cup o 1H Sll.‘.g.’.e vowas seen avy ﬁ > 2 EEAN R
e m—

signal showed substantial enhancement on irradiation at the methoxyl

signal and was assigned tec H~3. This proton vas not observed in the



0
OCH

<68
CH,0 '

3 0
(68)

Table 8. Ultraviolet Spectra of (67) and (68)

(67) 2, (BEOE): 263(18000), 291(10000), 343(1700), 384(1300) nm.

(68) A _(Bt0H): 266(16000), 292(15000), 376(3000) nm.
HO o [ OH o o
OH OH CH, OH
5

(69) ' | (70)
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spectrum of the parent guinone since with D4umethaﬁol as golvent it would
have been exchangeable with deuterium. The compound posscssed a uv,
spectrun very similaw to thet of the naphthaquinone64 (68) (table £},

The oxidation of the naphthalene (69) to flaviolin, under mildly
basic conditions, has bzen repor%e&és and it seemed possible that the
quincne (65) might be prepered from lamellicolic anbydwide by a siiilar
oxidation after hydrolysis and decarboxylation. Attenpts to effect this
transformation in one step by reacting (53) with base in air were
unguccessiul and producad only a mixture of very polar gums containiag
none of the desired product. When, however, the {riphencl (70), formed
by the reaction of lamellicolic anhydride with scdium hydroxide under
nitrogen, was stirred in air with alkaline methanol the naphthaquincne
was cbtained in good yield.

Wnilst it is possible that the quinone is formed to some extent as
an oxidative artefact during the work wup proceedure it is also likely
that it is formed during the fermentation process since it is detected by
T.L.C. in fresh extracts, although whether or not an enzymic reaction is
involved is not knowm.

All attemﬁts to isolate the active constituent from the gummy residus
of the active fractiow asfter the removal of lamellicolic anhkydride were
unsuccessful and it was concluded that it wes present, in surface culture
extracts at least, in very smzll quantities. The antibiotic fusidic

acid66 (71) has been reported67 as a metabolite of strains of

V. lamellicola and T.L.¢. evidence showed that it had a similar polarity




Figure 13. T.1.C. of the Active Fraction Residue and of a Pure

Sample of PFusidic Acid.
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(figure 13) 4o the unknown active compound. No other evidence, however
nas been ohiained %o support the view that they are one and the same
thing.

Interest therefore chifted to a study of lamellicolic enhydride and
other phenolic metabolites of the mould and since it was observed that
they were produced in reasonable quantity after about 10 days growth the
fungus was subsequently cropped off after that time.

The oricntaticon of the substituents around the aromatic nucleus
suggests that lamellicolic ankydride is a polyketide, i.e. it is derived
by the condensation of acetate and malonate units. The cyclisation of a
protein-bound heptaketide chain (72) would iead to a phenalenone
interm diate (7%) which on oxidation, would give the anhydride (53). A

ss likely possibility is the intermediacy of a hexaketide derived
specice (74) followed by incorporation and oxidation of 2 Cl nits
(see below).

A number of phenalenone heptaketide metabolites have been isolated

from the mouldz Penicillium atrovenetum and Penicillium herguei. The

68;6% and

pigments atrovenetin (75), a metabolite of both species
herqueinone69 (76), norherqueinone69 (77) and deoxyherqueinone7o (78),
produced only by the latter, arise by the condensation of the came
polyketide derived phenalenone mentioned above with a mevalonate derived
o, unlt < The three possible modes of cyclisaticn of the g-polykatone

/

chain (79), (80) and (81

s

are indistinguishable by laoelllng expeviments.

Also isolated from P. herguei has been the cne other reported example
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| Figure 14. liass Spectral Fragmentation of an 0~3,3-Dimethylallyl Group.
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of a fungal 1,8-naphthalic anhydride72 (82), and its preparation from
lamellicolic anhydride provided further confirmation of the structure
assigned to the latter. Treatument of (53) with 3,3-dinethylallyl browide
and potassium carbonate gave the 4-0-3,3-dimethylallyl ether (83), the
n.m.r. spectrum of which showed signals atiributable to an 0-3,%-dimethyl-
allyl group (1H triplet, J=6Hz, at 4.50%, 2H doublet, J=CEz, at 5.30%¢

and %H singlets at 8.16 and 8.20%). The mass spectrum showed a strong
1"-68 peak at m/e = 260 reflecting the characteristic fragmentation73 of
an Q-3,3-dimethylallyl group (figure 14).

Pyrolysis of (83) in dry dimethylformemide at 120°C gave material
identical to an authentic sampls of the arnhydride (82), prepared from
hergueinone (76) by reduction to deoxyherqueinone (78) with zine dust
and subsequent oxidation with chromium trioxide60’74. In contrast,
pyrolysis of the dimethylallyl ether (83) in a sublimation block &%
1600075 gave material which although homogeneous by T.L.C. was seen by
n.m.r. to be a mixture of (62) and the product of abnormal Claisen
rearrangement76 (84). The relative intensities of the signals attributed
to the proton geminal to oxygen (quartet at 5.25%) and to the benzilic
proton (quartet at 6.62Y%) revealed that (82) and (84) were present in
the ratio of 1:2.

During the course of a projected synthesis of atrovenetin by a
Nottingham group the phenzlenone (85) was yrepared77. Oxidetion with
potassium permanganate at 0°C gave the methoxy anhydride78 (55) and

subsequent démethylatign with pyridine hydrochloride yielded the
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anhydride (53). Samples of thase compounds supplied by Dr. B.V. Bycroft
were found to be identical to 4-O-methyllamellicolic anhydride and
lamellicolic anhydride respectively, confirming the structure assigumentis
made previously.

The dimeric compound duclavxin (86) has been obtained rrom

19

Penicillium duclauxi'” and its structure and absolute stereochenisiry

revealed by X-ray analysis of a monobromo derivative®® (87). The
involvement of the phenalenone (73) in the biosynthesis of duclauxin hes
been suggestediby the results of radiotracer feeding experimenbsal which
were consistent with a pathwey involving the dimerisetion by oxidative
coupling and Aldol condensaticn of two heptaketide fragmenits. Nothing,
however, is known about the level of oxidation of the monomers when
dimerisation occurs. The clesely related compounds xenoclauxin (88) angd
cryptoclauxin (89) have been isolated from the same source but no
ronomeric intermediates have been reported.

The isolation of lamellicolic anhydride has provided an oppoxrtunity
to study the mechanism cf the dimerisation reactions leading to the
P, _duclauxi metabolites by synthesisiﬁg suitable monomers which can be
used both for in vitro studies and also, in a labelled form, for
rediotracer experiments when fed to the mould. The lactone (90) is likely
to bhe dinvolved in the hiosynthesis of all three dimers and it was taken
as an initial synthetic objec

The reduction of the anhydride (91) to a lactone (92) with 1ithiwa

.. . .83 . a A o~ G
aluminium hydride, has been reported . Reaction, however, of 0,0,0-tri-



COoR, COSRy

CE50 OO OCEH
CHy  OCH,
(94) By = CH, R, = CH,OH,
(95) Ry = CHCH;, R, = CHy
(96) Ry = H, R, = CH,CH,
(97) Ry = CH,OHy, R, = H




methyllamellicolic anhydridé with thiz reagent, in either diethyl ether
cr tetrahydrofuran, gave only mixtures of unstsble non polar compounds
whose ir. spectra showed no bands atiributable to a lactone carbonyl
absorption, suggesting that further reduction of the desired compounds
had occurred. Reactions for a shorter time or at a lower temperaturs
produced the same result.

Sodium borohydride has been used to prepare lactones from anhydriﬁesa4.
When, however, the trimethyl cther (54) was treated with this reegent in
tetrahydrofuran or dimethylformamide no products were obtained. Since it
was observed that 1,8-naphthalic anhydride reacted with sodium borohydride
in ethancl to give a good yield of the hemiacetal (93, parent ion at
n/e = ¢86 Yo g 2570 em ) (54) was treated under these conditions. T.L.C.
indicated that a single product, more polar than the starting material
had been formed. It, however, was easily reconverted, during the work up,
to starting material and the formation of a diester (94, parent ion at
m/e = 362,11030 1720 cm'l) the n.m.r. of which revealed the presence of
both carboxymethyl (3H singlet at 6.15%) and carboxyethyl groups (2H
quartet at 5.70%¢ and 3H triplet at 8.65%) on reaction with diazomethane
svggested that the initial product was the acid ester (96). Since the
trimethyl ether (54) was stable to solvolysis in ethanol alone, the
reaction was attributed to the slow decomposition of the borohydride with
the production of ethoxide jions. This was supported by the rapid
formation of the acid ester (96) on reaction of (54) with sodium cthoxide

in ethsnol. Structure (96) was preferred to the alternative (97) on the



(99) R, =0
Ry = ’ R, = E =
, , 5 20:31,‘112’ YR2=O



grounds that nucleophilic attack by ethoxide ought to occur on the more
electrophilic carbonyl centre.

An attempt was made o exploit this unexpected solvolysis reaction
by treating the acid ester (96) with lithium borohydride85 - a reagent
reputed to reduce esters but not acids. The only product, however, Tormed
in reasonable yield was the trimethyl ether (54).

In view of the failure to achieve the desired transformation with
hydride reducing agents attempts were made to effect the wreduction by
catalytic means. Hydrogenation of lamellicolic anhydride and of its
trimethyl ether, in ethyl acetate, over 10% palladium-charcoal, hovever,
failed to give sny products. The use of Adams catalyst, in the same
solvent, produced the same result when applied to the trimethyl ether.
A majo¥ difficulty appeared to be the extreme insolubility of the
substrates in most organic sclvents. Trifluorvoacetic acid has heen vsgad
as a solvent for hydrogenalion reactions®® and since the ether (54)
dissolved freely in it reaction in this solvent was attempted. With Adems
catalyst & mixture of the isomeric 1actones A and B (98) and (99) was
obtained in low yield. Both products showed typical lactone carbonyl
absorption (VC=O 1690 and 1700 ont respectively) and possessed n.m.r.
spectra consistent with the structure assigned in which a signal
attributable to the benzilic methylene group was evident (2H singlet at
4.55%). Although these compounds were foumd %o be rather unstable and
have been obtained; as yet, in only low yields it may be possible teo
convert them into the puenolic lactones required for the in vitro and

in vivo counversion to dimeric compounds.
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Figure 16. Mass Spectrum of the Chlorine-containing Metabolite.

I

180 200 220 240 260 280 '350



A Chlorine-containing Hetabolite of V., Lamellicolag.

The solid, isolated by crystallisation from the cruvde active

fraction of the broth extracts of V. lamellicola, consisted (T.L.C.) of-

two components. The major constituent, lamellicolic anhydride (5%), was
obtained pure by fractional crystallisation as previously described.
Further chromatography of the residue afforded the minor ccmpoenent

(100 a or b) as a yellow solid, which was recovered only with difficulty
from preparative layer plates due to its insolubility in all solvents
excépt methanol.

This compound was phenolic in character (red colour with methenolic
ferric chiloride) and contained a halogen atom (positive Reilstein tes%BY)p
The presence of a chlorine atom was confirmed by the appearanice in the
mass spectrum {figure 16) of the doublets (in the ratio of 3:l)
characteristic of the isotopes (mass numbers 35 and 37) of this element.
The highest ion was observed at m/e = 308 and a high resolution mass
spectrum svggested the molecular composition 014390106' The base peak in
the spectrum, however, was at m/é =294, i.e, 14 mass units lower than
the highest ion. Since initial losses of 14 mass units ave unusual it
geemed possible that the peaic at m/e = 308 was not a molecular ion.

The n.m.r. spectrum in Dé-dimethylsulphoxide revealed the prusence
of an aryl methyl group (3H singlet at 7.25T), a methoxyl group {(3m
singlet at 6.30t) and an uncoupled aromatic proton (1H singlet at 3.50%).

-

e . . - -1
The four intenge bands seen in the ir. between 1700 and 1520 om — wore



Figure 17. Ultraviolet Spectrum of the Chlorine-containing lietabolite,
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similar to those seen for lamellicolic anhydride although the upper two
bands (1675, 1640 cm-l) were at a lower frequency than the corresponding
peaks produced by the latter compound. The complicated uv. spectrun
(figure 17) underwent changes on basification, and on reacidification
the yellow colour was destroyed producing a spectrum very similar to
that of lamellicolic anhydride.

On the basis of this data structure (101l), i.e. 3-chloro-4-0-methyl-
lamellicolic anhydride, was at first tentatively assigned to this
metabolite (100). This formulation, however, did not explain the acid
1ability of the ccmpbund, the apparent M+~l4 peak in the mass spesctrum
nor the carbonyl frequency being lower than in lamellicolic anhydride.

Reaction of the natural product (100) with diazomethane geve the
trinethoxy dimethyl ester (102, 6H singlet at 6,05 and 38 singlets at
6.10, 6.15 and 6.2Ot,'v0=0 1730 cm_l). In keeping with this structure,
double irradiation indicated that the aromatic proton (1H singlet at
5.05%) was ortho to the aryl methyl group (3H singlet at 7.15%), the uv.
spectrum (figure 18) was characteristic of the substituted naphthalene
nucleus, cf., the diester (94), and the mass gpectrum showed twin
molecular ions at m/e = 384 and 382, The formation of this ester (1.02)
instead of the expected trimethyl ether (103) suggested that the
assignment of etructure (101) to the chloiine—containing metabolite had
been errcncous. |

In order to determine the position of the methoxyl group in the

natural product it was treated with diethyl sulphate and potassiun



Figure 18. Ultraviolet Spectra of Compounds (94) and (102).
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carbonate. The product obtained contained three Q-etiyl groups (6H broad
multiplet between 5.55 and 5.90%, 3H triplet at &.45% and GH trivlet at
8.50%), no methoxyl groups and showed the twin carbonyl abgorption
characteristic of a 1,8~-naphthalic enhydride (szo 1760 and 1725 cmwl).
From the mass spectrum (molecular ion at m/e = 378) it was clear that
the only tenable structure was (104), i.e. 3-chloro-0,0,0-triethyl-
lameilicolic anhydride and this was confirmed by syathesis as indicated
later.

in order to wresolve the ambiguity in the structurs of the natural
product, an unembiguous syathesis ef (101) from 0,0,0-trimethyl-
lamellicolic anhydride was carried out. Reaction of (54) with chlorire
in car@en tetrachloride gave the monochloro trimethoxy anhydride (103,
twin mbleoular ions in the ratio of 1:3% at m/e = 338 and 3%6, 31 singlet
at 5.85T and 6H singlet at 5'9Ot’1)0a0 1760, 1725 cmml). The detection
of long range coupling between the aryl methyl group (3H singlet at 7.0%)
and the aromatic proton (1H singlet at 2.80%) confirmed that substitution
had cccurred at C~3. Selective demethylation with magnesiun iodide-
etheratesé gave the chloro methoxy anhydride (lOl,\JC=O 1710, 1670 cm“l,
3H singlet at 5.95T), clearly diffexent from the chlorine-containing
metabolite.

Frow this information it was deduced that the metabolite wes the
half ester of 3-chlorolamellicolic acid (100 a or b). This formulation
explained the uv. spectral data, the ready closure tc an anhydride being

expected to occur under basic conditicns and was alsc in accord with the



c ,
H, OH
(105)_
Table 9.'
Lo
Voo (em™™
Methyl salicylate 1675

Saelicylic acid 1660



formation of a trimethoxy diester on methylation uvnder neutral conditions
but a triethoxy anhydride on ethylation in base., Facile losses of H20

(18 mass units) and of CH 5 0H (32 maes units) in the mass spectrometere8
would result in the two highest ions observed, namely those at m/e = 308
and 294 (which differ by 14 mass wiits). Lastly, the carbonyl abscrpiion
expected for such a structure would be in agrecment with that observed
(ef. methyl salicylate and salicylic acid, table 9).

One way in which such an acid ester could arise would be by
solvolysis of an anhydride either during the fermentation cr during the
work up proceedure and in order to determine how facile this process was
the anhydride (105) was prepared from lamellicolic anbhydride by reaction
with thoriné in carbon tetrachloride. 3-Chlorolamellicolic snhydride

(molecular ions at m/e = 296 and 294,V 1710, 1660 cm"l) was only

C=0
sparingly soluble in methanol and possessed a uv. specirum identical to
that obtained from the half ester (100) on bagification and reacidification.
Its struvcture was confirmed by the formation of 3-chloro-0,0,0-trimethyrl~
lamellicolic anhydride on reaction with dimethyl sulphate and potassium
carbonate. Prolonged treatment of (105) with methanol, however, feiled

to effect solvolysis suggesting that this process is unlikely 1o occur
during the work up. In view of the sensitiviiy of the half ester to acid

and of lamellicolic anhydride itself to base, the in viiro accomplishment

of this golvolysis with sodium methoxide wpromised to present some

difficulties. An attempt to carry out the solvolysis wnder milder

conditions (sodium borohydride/methanol) was equally unsuccessful and no
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product was oftained in reasonable yield.

Treatment of 3~chlorolamellicolic anhydride with diethyl sulphste
and potassium carbonate yieided 3-chloro-0,0,0-triethyllamellicolic
anhydride (104) identical (Rf, speciral data) to the material (104)
prepared from the chlorine-containing metabolite thus prcviding further
confirmation that this metabolite was the monomethyl ester of 3~chlora-
lamellicolic acid (100 a or b). An alternative explanation for the
biosynthetic formation of the half ester (100) is that it arises not by
solvolysis of an anhydride but by methyletion of a diacid. The facst that
a diacid is a likely intermediate beiween a phenalenone and esn anhydride

supports this hypothesis.
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Table 10. N.M.R. Spectrum of 4-0-Carbomethoxylamellicolic Anhydride.
-
Ar-OH 1H s =~1.60

Ar-OH IH s =1.50

H-3 1H s 3.02
H-6 1H s 3.06
-OCH3 3H s 6.10
Ar--CH3 H s 7.-30

Table 11. Resonance of H-3 in the N.M.R. Spectra of (53) and (106).
. ,

(53) 3.55
(106) 3.02
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4-0-Carbome thoxylamellicolic Arhydride.

A minor metabolite which was present in column fractions eluted
- just before the main lamellicolic anhydride band was isolated by
fractional crystallisation. This compound (106) was élearly closely
related to lamellicolic anhydride since it gave the same characteristic
brick red colour with methanolic ferric chloride and showed carbonyl
absorption at 1725 and 1675 cm~10 A third carbonyl absorption band,
however, could be seen in the infra-red spectrum at 1765 omwl‘ The n.m.r.
specirum (table lO) éf this compound was similar to that of lamellicolic
anhydride, sihowing the presence of two chelated O-H groups and a pair of
isolated aromatic protons with an aryl methyl group oxtho tc one of them.
& 3H singlet was vieibl: at 6.10% and this was assigned to en Q-methyl
group. From this evidence structure (106), i.e. 4-0-carbomethoxy-
lamellicolic anhydride, was assigned to this metabolite - & formulation
which was supported by mass spectral data (parent ion at m/e = 318) and
by the downfield shift in the resonance of H-3 compared to the value
observed in lamellicolic arhiydride (table 11), due %o the removal of the
shielding effect of a hydroxyl group situated at position 4.

On treatment with dimethyl sulphate and potassium carbonate (106)
gave a mixture of the dimethyl ether (107, parent ion at m/e = 346,
V,_, 1760 and 1720 on™*, 6H singlet at 5.84% and 3H singlet at 5.96%)
and g,g,g—triﬁethyllamellicolic anhydride (54). One would expect the

carbonate group to be susceptible to base hydrolysis and this was further
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shown by the.formation of triacetexy lamellicolic anhydride on treatment
of (106) with acetic anhydride and pyridine. An attempt to trap the
carbonate unit, as the urethane (108), by refluxing (106) with m-toluidine
was unsuccessful and the desired product could not be detected by T.L.C.

Final confirmation of structure (106) for the minor metabolite come
from its preparation from lamellicolic anhydride on treating the latter
witﬂ methyl chloroformate and potassium carbonate.

4-0-Carbomethoxylamellicolic anhydride (106) is the first natural
product reported which contains the methyl carbonate unit. Two compounds,
however, - fhe nmacrocyclic mould métabolite cytochalasin E89 (109) end
aldgamycin, an antibiotic whose total structure is wnknown but a
degredation product of which - aldgarose’® - has structure (110) - contain
a cyciic carbonate group. The origin, therefore, of this unit is of
considerable interest. Since 4-O~carhomethoxylamellicolic anhydride could
be detected by T.L.C. in fresh methylene chioride extracts and none was

obtained by refluxing a pure sample of lamellicolic anhydride in

ol
2

methylene chloride for a considerable time (ca. 10 days) it seemed likely
that (106) was not an artefact formed from (53) during the purification
proceedure.

If 4-0-~carbomethoxylamellicolic enhydride was a genuine natural
product formed during the fermentation process it seemed possible that
one or indeed both of the carbon atoms of the carbonate unit might arise

from the Cy pool. 'Accordingly [14‘C-methyl] -methionine was fed to

V. lamellicola and the lamellicolic enhydride and 4-O-~carbomethoixy-



Table 12.

Compound

4~0~Carbome thoxy-
lamellicolic anhydride

lamellicolic anhydride

dpm. /M. (x1074)
4 g

5.64 35.3
5.24 35.2

5/14¢ Ratio

6.25
6.69



Figure 19. Possible Route to 4-0-Carbomethoxylamellicolic Anhydrigde.
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lanellicolic anhydride produced isolated. No radioactive label wag
incorporated into either of the compounds svggesting that, if this result
is accepted, the Cl pool is not involved in the biosynthesis of the
carbonate unit. This result also eliminated the unlikely possibility of
1am¢llioolic anhydride being derived from a cyclised hexaketide species
and two C; units (see above).

'It i1s conceiveable that the carbonate unit may arise from acetate
via a Baeyer-Villager type oxidation of the monocacetate (111) and it was
therefore decided to fed labelled acetate to the mould. Difficulties,
however, were experienced at this point in the growth of the fungus and
80 far only a preliminary feeding experiment has been completed. [1-140,
2—3Hﬂ—acetate was incorporated intc both lamellicolic anhydride and
41Q-cérbomethoxylamellicolic anhydride (table 12) but both compounds
showed almos{ the same 5H/C ratio suggesting that acetate was not
incorporated into the carbonate unit of the latter. Lack of time
prevented the carrying out of the more detaiied feeding studics necessary
to clerify this point.

Another possible route to the carbonate (106) is via an endoperoxide
as showm in figure 19. Peroxides of this type can be formed in vitro
from substitubted naphthalenes9l by the action of ultraviolet light in the
presence of a photosensitizer and it may he that pigmenis present in the
culture filtrate can act as photosensitizers and facilitate this reaction.
In support of this hypothesis, ergosterol peroxide (112) has been
92

isolated from fungal sources and it has been shown”™ that it is formed



HO

(112)



from ergostercl (1i3) in the presence of photﬁsensitizing pigments.
Attempts to carry out & similay transformation of iamellicolio anhydride,
in vitro, were unsuccessful. Under mild conditions (methylene blue as
sensitizer, strong light) no reaction was obtained whilst extensive
decomposition occurred under move forcing conditions (no sensitizer,
ultraviolet light). If, however, the carbonate (106) is formed by this
route then one of the carbonyl carbon atoms of lamellicclic anhydride
will be incorporated into the carbonate unit, i.e. feeding of [1-140]-
acetate ought to result in the incorporation of activity into the
carbonate unit. The preliminary acetate feeding experiment described
above did not eliminate this possibilifty and clearly further feeding
experiments are necessary. It is particulariy important that conditions
be foﬁnd which permit the selective removal of the carbonate unit in
order to determine the amount of activity present in it. At present,
then, it can be said that 4-0-carbomethoxylamellicolic anhydride is

either a most unusual natursl product or a most unusual artefact.
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The Spore Pigments of the Mutents of Aspergillus Nidulans.

By irradiating an organism with ultraviolet light or by exposing it
to a chemical mutagen it is possible to produce mutants of the organicm
which differ from the parent ouly in one gene. If the mutant thus does
not possess a particular enzyme and is consequently unable to carry out
a paiticular metabolic reaction a bilosynthetic pathway will be disrupted.
This technique allows information to be obtained about the hicsynthetic
pathway involved since intermediates, prior to the enzyme block, will
accumulate and can be identified by chemical ansliysis. In addition,
normal growth will be restored to the organicm if the compouwnd whose
synthesis is blocked is fed to the mutent. Thus s picture of the sequence
of reéctions involved in a pathwey can be built up by examination of a
large nnmber'of mutants.

The enormous amount of work involved in the growth and cxamination
of the required number of mutunts has, so far, restricted the use of
this technique in the elucidation of the secondary metabolism of micro~
organisms to a few cages, e.g. the biosynthesis of the tetracyclines93,
It is, however, conveniently applied to the study of pigment production
since mutants which do not possess a particular pigment are readily
recognisébleQ

The spores produced by the wild type strain of the mould Aspergillus
nidulans are green. Mutants, however, have been isolated which produce

94

white, fawm and yellow spores’’ and sirains corrying morce than one



Table 13

Mutant . Spore Colour
White mutant White
White, fawn mutant White
Fawvn mutant Fawn
Pawn, yellow mutant Fawm
Yellow mutant Yellow
Figure 20.

N{() pigme;n‘c _{-a) Fawn pigment —*—) Yellow pigment —I—-) Oreen pigment
white

White mutant block  Fawn mutant block’ Yellow mutant block




Figure 21. Ultraviolet Spectrum of Arugoxanthone A.
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Table 14. Ultraviolet Spectra of Xanthones.

Arugoxanthone A 242, 257(inf.), 270(inf.), 276,
1-Hydroxy-T-methoxy-

xanthone”® (117) 237, : 260,

Mangos tin’” (118) 243, 259,

Calabaxanthone™®C (119) 240, 287, 292,

1,6«Dihydroxyxanthonelol 230, 248, 265, 288,

101

1,5-Dihydroxyxzanthone 235, 248,

297, 294 nm.

287, 385 nm.
318, 55i nm.
314, 384 nm.
305, 353 run.
315, 370 nm.,






nutation behave as shown in table 17 suggesting that the differences in
colour between the mutants are due to the blocking of pigment production
s 95 . . .

at the stages shown in figure 2077, The present investigation was
initiated in order to isclate and identify the pigments present in the
various mutants with a view to understanding the enzymic hagis for the
differences in colour. Speres of the wild type strain contain a
p-diphenol oxidase which is believed to be involved in the conversion of
the yellow pigment intc the green pigment and cell-free extracts

. s _ 96 e s .
containing this engyme have been shown” ™ to oxidise gallic acid,

pyrogallol and 2,6-dimethoxyphenol. The isolation, therefore, of the

(o]

yellow pigment was of particular interest since it would then be pozsibi
%o test whether or not the enzyme can be induced by its subsirate when
preseﬁted externally.

Two yellow pigments, phenolic in character (blue colour with
methanolic fexric chloride), were isolated by chromatography from lighw
petroleum extracts of the spores of the yeilow mutant. The ultraviolet
spectrum (figure 21) of the less polar compovnd (025H2605, rarent don at
m/e = 406) ~ later given thc trivial neme arugoxanthone A and aésigned
structure (114) - showed the bathochremic shift on basification expecied
for e phencl and suggested that it was not a quiaone38 (rno absorption
> 400 nm.). Comparison, however, with the uv. (table 14) and infra-red
(table 15) spectra of a number of xanthones97 provided evidence for the

presence of this chromophore (115), poasibly with the same oxygenation

pattern as séen in l-hydroxy-T-methoxyxanthone .



Table 15. Carbonyl Absorption of Xanthones,

-1

Vioo (em )
Arugoxanthone A 1635
Calabaxanthone 1645

1,5-Dihydroxyxanthone 1650

(120)

Table 16. Resonances of Aromatic Protons in (120)
Compound Proton Chemical Shift (T)

(120) H-2 3.49

(120)  H-3 2.59
- (120) H-4 3.25



(123)




Arugoxanthone A (114) failed to react with diszomethane but on
reatment with dimethyl sulphate and potassium carbonate it formed a
monomeﬁhyl ether (116, 026H2805’ 3H singlet at 6.00%) suggesting the
presence of a hydroxyl group in the l-position. This was gupporied by a
low field O-H resonance in the n.m.r. of (114) (1H exchangeabie singlet
at ~2.55%) and by the bathochromic shilt observed in the ultraviolet
spectrum on the addition of a ftrace of alwminium trichlori]elog,

0f the three aromatic protons evident in the n.m.r. spectrum of
sxugoxanthone A, two (1H dovblets, J=8Hz, at 2.55 and 3.27%) pozsessed
chemical shifts consistent with their being assigned to positions 3 and 4
respectively or 3 and 2 respectively on a 1—hydr6xyzanthone micleus,
cf. ce}ebixanthoneloz (120) (table 16). The precence of a 3,3=dimathyi-
allyl group (1H broad triplet, J=6Hz,; at 4.75%, 2E doublet, J=0Hz, at
6.5Tt and 3H singlets ca. 8.2%) ortho tc H-3 was deduced from the long
range coupling detected between that proton and the methylene group of
the isopentenyl unit. Accordingly the substitution pattern around ring 4
in arugovanthone A was as shown in partial structure (121) or (122).

Phenols with unsubstitutied positions para to the hydroxyl group
have been recognised and differentiated from those with uwnsubsiituted
ortho positions by the characteristic green colour which the former give
on mixing with Gibbs reagentlo3 - 2.6~dichlorobenzoquinone=-4-chloroimide
(123) ~ through the formation of an indophenol (124). An intense
absorption is seen between 500 and 700 nm. in the ultraviolet spectrum of

an indophenol and this has allowed the Gibbs test to be put cato a



Fipure 22. Gibbs Test on Arugoxanthone A.
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Table 17. Chemical Shifts of the Protons in Ring C of (117).

T
H-5 2.7
B-6 2.9

H-8 - 2.28
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. . 10 . o .
spectroscoplic basis 4. When the substituent ortho or para to the

hydroxyl group is a halogen atom, a carboxyl group or an alkoxy group

105,106

the validity of the test has been questioned . Afnomalous results,

however, are not obtained when the substituent is an alkyl group and the

107

test is carried out quantitatively . With arugoxanthone A a positive

test was obtained (figure 22) (A 660 nm., &= 30000) suggesting that

max
posiﬁion 4, i.e. pars to the hydroxyl group wes unsubstituted and that
ring A possessed the substitution paitern showm in (121).

The chemical shift of the third arcmatic proton in arugoxsnthone A
(10 singlet ot 2.72%) suggested that it was situated at position § on =
1,7-diorygenated xanthone nucleus, cf. l-hydroxy-T-methoxyxanthone
(table 17). 4n aryl methyl group (3H singlet at 7.7t) ortho to this
protonf(irradiation at 7.7t produces sharpening of the signsl at 2.7%)
could then be aséigned to position 8.

The remaining resonances were consistent with the presence in
aruzgoxanthone A of the structural vnit (125) or (126) and were assigned
to: a hydroxyl group (1H exchangeable doublet, J=3Hz, at 5.02%,'VOH seen
in the ir. at 3460 cm™T) geminol to a benzilic or allylic proton (1M
multiplet at 4.65%); a vinyl methyl group (3H singlet at 8.21%); a
terminal methylene group (1H singlets at 5.26 and 5.47%); a metnylene
group bonded to oxygen (ZH doublet at 5.69135 and an allylic or benzilic
proton (iH multiplet at 7.35T), Double irradiation revealed coupling
between these protons consistent either with partisl structure (125) or

(126). On spectroscopic evidence; therefore, arugoxanthone A could be



(127)

(131)
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assigned either structure (114) or (127).

Hydrogenation of arugoxanthone A, in-ethyl acetate, over 10%
palladium-charcoal gave not the expected tetrahydro compound, (128) or
(129), but the product of concomitant hydrogenolysis (parent ion at
m/e = %94). The proton seen in the starting material at ?.BBffnow
resonated at ca. 8.3%. This upfield shift was consistent with structure
(114) being assigned to arugoxanthone A and structure (130) to the
reduction product.

The allylic secondary hydroxyl group in (114) resisted oxidation
with manganese dioxide or even with Jones reagent at ZOOC. This was
attributed partly to the group being sterically‘hindered and partly to
it being hydrogen bonded to the xanthone carbonyl group.

éhemical confirmation of the presence of a 3,3-dimethylallyl group -
ortho to a hydroxyl group in mangostin (118) by cyclisation to the pyran
(171) has been reportedlog. Attempts, however, to effect this transform-
ation in arugoxanthone A have been unsuccessful, perhaps due to strong
hydrogen bonding between the xanthone carbonyl group and the hydroxyl
group. Treatment of (114) with p-toluenesulphonic acid at rcom temperature
in benzene faziled to produce any reaction while at elevated temperatures
no stable product zould be isolated. Reaction of (114) with %% sulphuric
acid in acetic acid gave a large number of unisolable polar compounds.
An attempt to effect an oxidative cyclisation of arugoxanthone A *o the
chromene (132), using 2,B-dichloro-S,6-dicyanofl,4~benchuinone109, was
cqually unsuccessful giving only an unstable prodnct which could not be

characterised.



Figucre 23. Fragmentation Process Resulting in the Loss of 56 Mass Units.
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Figure 24. Mass Spectrum of Arugoxanthone A.
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igure 25. Fragnentation Process Resulting in a Loss of 43 Mags Units,

Pigure 26. Fragﬁentation Processes Resulting in Losses of 68 and

69 Mass Units.
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Figure 27. Alternative Fragmentution Process Leading to a Loss of

68 HMass Units.
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Tigure 28. Ultraviolet Spectrum of Arugoxanthone B.
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It has been aileged73 that 3,5-dimethylallyl units orxtho to hydroxyl
groups can be recognised by a characteristic fragmentation in the mass
spectrum resulting in the loss of 56 mass units (figure 23). The mass
spectrum of arugoxanthone A (figure 24) showed no evidence of the
occurrence of such a fragmentation, the C-3,3-dimethylallyi gioup
fragmenting with a loss of 43 mass units (figure 25) while the losses of
68 aﬁd 69 mass units from the parent ion could arise following
rearrangement to the 0-3,3-dimethylallyl system as shown (figure 26).
The loss of 68 mass units could alternatively arise directly as shown in
figure 27. |

The ultraviolet (figure 28) and infra-red (e.g.’vC:O 1640 cm_l)
ébsorPtion of the more polar pigment (025H2805’ parent iocn at m/e = 408)
suggesfed that it also was a xanthone and it was assigned the trivial
name arugoxanthone B and structure (133). Cn treatment with dimethyl
sulphate and potassium carbonate it gave a monomethyl ether (134, parent
ion at m/e = 422, 3H singlet at 6.15T). The hydroxyl group in the pigment
(133) could be assigned to position i gince it resonated in the n.m.r.
at =1.,5t. A positive Gibbs test kaax 670 nn., € = 28000) suggested that
the 4-position was unsubstituted.

The n.m.r. spectrum of (133) showed the prescence of several fesiures
occurring in arugoxanthone A: aromatic protons situated at positions 3
and 4 (1H doublets, J=8Hz, at 2.54% and 3.25%); a 3,3~-dimethylallyl
substituent at the 2-position (LH broad triplet, J=THz, at 4.67T, 2H

doublet, J=THz, at 6.52% and 3H eingleic ca. 8.20%); an aryl methyl group
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(34 singlet at 7.54T) ontho to & proton (1H singlet at 2.65%) at position
5. New structural features were an 0-3; 3-dimethylallyl group (1E broad
triplet, J=6Hz, at 4.38%, 21 doublet, J=6Hz, at 5.55% and 3H singlets
ca., 802019 and an aryl hydroxymethyl group (1H exchangesble multiplet at
5.55% and a 2H doublet, J=THz, at 4.91% which collapsed on shaking with
D0 to a 2H singlet). From this evidence strusture (133) was assigned %o
arugéxanthone B.

Treatwment of arugoxanthone B with acetic anhydride and pyridine
gove a mixture of the monoacetate (155§-UC=O 1730 (acetate), 1640
(xenthone) em™, SH singlet at 7.99%, blue colour with FeClB) and the
diacetate (156,WJC=O 1760 (phenolic acetate), 1730 (alcoholic acetate),
1655 (xsnthone) cm-l, JH singlets at 7.70 and 8.05%, no colour with,
FeClﬁ)} 2H singlets at ca. 4.3T in these acetates supporied the presence
in arugoxanthone B (135) of a hydroxymetiyl groupn, the methylene prectons
of which would be subject to a dovmfield shift on acetylation.

Xanthones are frequantly found ag metabolites of lichens, e.g.

110 ( 107

norlichexanthone 137), and of higher plants, e.g. osajaxenthcne

(138). Only a few, however, have been isclated from fungal sources -
e.8., griseoxanthone Clll (139) from P. patulum and sterigmatooystinllE

(140) from A. versicolor - and arugoxanthones A and B are the first

prenylated fungal xanthones reported. The prenylated xanthones anhydro-
arugosin (141) and deisopentenylanhydroarugosin (142) have, however,
been reported as in vifro tronsformation products of arugosin - a

113

metabolite of. the mould Agversiilus rvslosus - which has heen shown
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to be o mixture of the isomeric hemiacetals (143) and (144).

An unusuval feature of the structure of arugoxanthone A is the
chroman~4~ol unit which night arise biosynthetically from the aldehyde
(141) by the cyclisation of the 0~3,3-dimethylallyl group onto the

formyl group situated ortho to it (figure 29). This has not hitherto

Pt

114 40 . :
L (145), are formed by different

natural products, e.g. myrochromancl
biosynthetic routes - nor as an in vitro reaction although the analogous
cyclisation of citronellal (146) to (347) in acetic anhydride has been
known for a considerable timellS. Reduction of the formyl group in (141)
- a reaction commonly observedllG in polyketide bicsynthesis -~ would
yield arugoxanthone B. Thus (141) may be an intermcdiate on the route to
both (114) and (133), in which case arugosin is also a precursor of
these compounds.

Attempts to prepare (141) from arugoxanthone B by oxidation with
menganese dioxide were unsuccessful -~ the starting material being
recovered unchanged. Treatment of (133), however, with Jones reagent
gave a product (141, parent ion at m/e = 406), in poor yield (ca. 27%),
the presence in which of a formyl group was evident from the
characteristic carbonyl ebsorption in the infra-red spectrum (vC—cO
1705 cmal) and the non exchangeable low field resonance seen in the
n.m.r. (1§ singlet at -0.74). This compound (141) possessed melting
point and spectral data identical to that reported for anhydroarugosin

(141). Deiscpentenylanhydroarvgosin (142) was most conveniently prepared
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from arugoxanthone B by removing the 0-3,3-dimethylallyl group wader
acid conditions to give the’alcohol (148L.parent ion at m/e = 740)
followed by oxidation with manganese dioxide to give an aldehyde (142,
parent ion at m/e = 338,'VC=0 1640 cm'l) which showed identical physical
characteristics to those reported for deisopentenylanhydroarugosin,
further confirming the structural sssignment made to arugoxanthone B.

' Due to the difficulty encountered in preparing a reasonable quantity
of the aldehyde (141) a suitable model compound was synthesised in order
to investigate the cyclisation reaction. Treatment of 2-hydroxy-3-
methoxybenzaldehyde with 3,3-dimethylallyl bromide and potassiun
carbonate gave the ether (149, parent ion at m/e = 220,1)C=O 1690 cm"l)
in good yield. The presence of an 0-3,3-dimethylallyl group was evident
from fhe n.r.r. (11 broad triplet, J=8Hz, at 4.45%, 2H doublet, J=8Hz,
at 5.35%, and 3H singlets at 8.25 and 8.40%).and from the mass spectrum
(Large 1t-68 ion observed). No reaction occurred on treatment of (149)
with acetic anhydride and pyridine but on stirring in benzene with a
trace of p-toluenesulphonic acid three products were obtained, one of
which wus 2-hydroxy-3-methoxybenzaldelyde.

The other two compounds (150) and (151), were isomeric in structure
(parent ion at m/e = 220) and had elmost identical polarity on T.L.C.
(Rf 0.21 and 0,20 in 100% chloroform respectively). Their ir. spectra
differed only in the fingerprint region and provided evidence for the
presence in both compounds of a hydroxyl group vaax ca. 3400 cm'l) and

a double bond (0 ca. 1640 cn™1). The n.m.r. spectra of (150) ard
max



Table 18, N.li.

o

RQ

Snectra of Chroman-4-0l Units.

Ar-H
Olefinic H
Olefiric H
Ar-C-H

O~0H2

O0-CH

Gl
Allylic H
OH

Vinyl CH

3

- 3H

1R

1H

3H

1H

3H

T (150)
3.10
4.90
5,25
5425
5.65

6,10

1035
8.05

8.05

T(151)

T arugoxanthone A.




OCH

(154)
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(151) (table 18) were consistent with the presence in ihese compounds of
a chromen-4-ol unit and good agreement wag seen between the chemical
shifts of the protons of this unit and those of the equivalent protons
in arugoxanthene A (114).

From the observation of a streng M-18 peak in the mass épectrum of
the more polar compound (Rf 0.20) but not in that of the lecs polar
isomer (Rf 0.21) structure (151) was assigned to the former and structure

(150) to the latter since in {151) a facile loss of H.0 would be expecthed

2
in the mass specirometer.

Further confirmation of the assignment of structures (150) and (151)
to the alcchols came from the hydrogenation of (150) over 5% palladiwn-
charcoal giving a mixture of the hydrogenolysis product (152, parent ion
at m/é = 206, no absorpiion in the ir. > 3100 cm-l) and the dihydro
compound. (153, pareﬁt ion at m/e =222, Vo 3600 cm‘l). In the n.m.r.
spectrum of the latter (153) the proton which had been allylic to the
terminal methylene group in (150) now resonated at 8.5T.

Treatment of either (150) or (151) with Jones reagent gave a ketone
(154, parent ion at m/e = 2?3,‘UC=O 1695 cm-l). In the n.m.r. spectrum
of (154) the deshielding effect of the carbonyl group was seen in the
downfield shift of the peri aromatic proton (1R Jouble doublet at 2.597%,

J =3Hz) relative to the other aromatic protons (2H

ortho™ 021 Jnets
multiplet at 3.10%). Reduction with sodivm borchydride of a sample of
(154) prepared from either (150) or (151) gave a mixture in which both

of the isomeric alcohols could be detected by L.L.C.



N
ord

From this evidence it seems likely thet arugoxanthone A (114) and
arugoxanthone B (133) are derived from a commor intermediate - the
aldehyde (141).

Arugoxanthones A and B wera detected by T.L.C. in extracts ol the
spores of the green mutant alihough they were present in smaller
quantities relative to the other constituents than in yellow spore
extrécts. The green pigment has not sc far been observed in any extracts.
This may be due to its extreme polarity or to incomplete disruption of

the spores resulting the pigment being trapped within them.



CHAPTER 5.




Table 19. U.V. Spectra of Arugoxanthone A and Isoarugoxanthone A.

Arugoxanthone A X i 242, 257(inf.), 270(inf.), 276, 297(inf.), 394 nm.

Isoarugoxanthone AX 3 242, 256, 269(inf.), 275, 296, 394 nm.

[}

(114e) B,
(114p) Ri

OH, Rz = H

H,R =OH

2 .



Table 20, N.M.R. Spectra of Arugoxanthone A and Isoarugoxanthone A.

Arugoxanthone A Isoarugoxanthone A

Ar-OH o 1H s -2.55 ~2.50
Ar-H 1H 4,J=8Hz 2.55 2,60
Ar-H 1H s 2,72 2,75
he-H ' 1 d,J=8Hz 3,27 3,30
H geminal to O 1 m 4.65 4.53

3,3=Dimethylallyl ,
olefinic H 1H t,J=6Hz 475 4.68
0-H 1H m ' 5.02 - 5.45
erminal methylene H 1H 8 5.26 4.95
Terminal methylene H 1H 8 - 5.47 5.20
~OCH, 2E m 5.69 5.60
Ar-CH, oH d,J=6Hz 6.57 6.52
Allylic H 1H m ' T.35 7.50
k-Gl 3H s T2 7.65
Vinyl CH, 3H 8 | 8.21 | 7.98
3 s 8.30 8.20

Vinyl CH,



The Mycelial Piements of Aspergillus Iidulans.

Since only small amounts of arugoxanthones A and B, (114) and (133),
were isolated from spore extracts the yellow mutant of Aspergillus
nidulans was grown on surface culture in the hope that a more plentiful
supply of the pigments might be obtained from this source. The mycelium
was éxtracted with light petroleum and a preliminary fracticnation of
the resultant yellow oil carried out by column chromatogravhy. P.L.C. of
some of the initial fractions afforded a band which appeared, by T.L.C.,
to consist of arugoxanthone A. Subsequent crystellisation cfforded
material identical in all respects (melting point, Rf, spectral data)} to
the xanthone (114) obtained from spore exiracts.
| PQL.C,, using multiple elution, of the residues from these
crystallisations gave, apart from more arugoxanthone A, a yellow
crystalline solid with an Rf (0.78, 100% chloroform) almost the same asz
that of arugoxanthone A (0.77, 100% chloroform). Mass spectral data
(parent ion at m/e = 406) indicated that this compound was isomeric with
arugoxanthone A and accordingly it was given the trivial name isoarugo-
xanthone A (114). The compound possessed ultraviolet (table 19) and
infra-red (wCuO 1645 cm-l) absorption consistent with it being a xanthone
and an n.m.r. spectrum (table 20) very similar to that of arugoxanthone 4,
the main ditference being that the vinyl methyl group and the terminal
methylene protons resonated at lower field. From this evidence it appears

that isoarugoxanthone A is a diastersoiscmer cf erugexanthons A differing



Table 21. Ultraviolet Spectra of 2,2'-Dihydroxybenzophenones.

>\xma.x (. )

Arugosin 280, 368
2,2, 4 ~Trihydroxy-4~methoxy-
6,6'—dimethylbenzophenone117 292, 345
2,21, 3-Trihydroxy-6" -me thoxy~
benzophenonell8 270, 347

Table 22. Carbonyl Absorption of 2,2'-Dihydroxybenzophenones. .

-1
v
o (em™)
Arugosin ' 1625
2,21, 4" ~Trihydroyy-4-methoxy- |
6,6'~dimethylbenzophenone 1618

2,2',3-Trihydroxy-6'-methoxy-
benzophenone : 1620




in the stereochemistry around the chroman-4-ol ring, i.e. arvgoranthone A
and isoarugoxanthone A have structures (114&) or (114b). The relative
stereochemistry in each case has not so far been elucidated.

P.L.C. of these initial fractions afforded two other yellow pigments;
Crystallisation of the band containing the less polar of these componnds
gave material identical (melting point, Rf, spectral data) to arugo-
xanfhone B (133).

The ultraviolet spectrum (table 21) and carbonyl absorption in the
ir. (table 22) of the more polar pigment, which was the major constituvent
of the extract, suggested that this compound - obtained as a viscous
yellew oil (020H1805’ parent ion at m/e = 424) - was not a xanthcne but
a 2,2!'-dihydroxybenzophenone (155). That it was in fact arugosin (147
ang 144) was indicated by its possessing an n.m.r. spectrum identical to
that previously reportedll3 for this pigment when it was isolated from

Aspergillus rvsulcosus. That arugosin is e mixture of the isomeric

hemiagetals (143) and (144) is evident from the four exchangeable
singlets {(-3.37,8H; -2.78,3H; -1.09,31; -0.87,2H) visible at low field
which integrate in pairs, i.e. the first and seqond and the thixrd and
fourth, for one proton. The absence of any carbonyl absorption
characteristic of a formyl group or of a low field non exchangeable
singlet in the n.m.r. suggested that arugosin does not exist to any
observable extent in the tautomeric form (156).

On treatment with either methyl iodide and potassium carbomnate or
dimethyl sulphate and potassiwm carbonate erugosin gave, net as previcucly

reported/



Figure 30. Mass Spectrum of the Dimethyl Ether (158).
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Figure 31. Mass Spectral Fragmentation of Compound (158).
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Figure 32,
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the trimethyl ether (157) but a dimethoxy benzophenone (158, parent ion
at m/e = 452,'VC=0 1610 cm-l, 3H singlets at 6.%6 and 6.74%) vhich
contained a formyl group (UC=O 1690 cmwl, 1H non exchangeable singlet at
—0.0B%). The unusually high values for the resonances of the me thoxyl
groups could be attributed to the shielding effect of the ncarby aromstic
rings of the benzophenone system. The mass spectrum of this compound
(figﬁre 30) showed losses consistent with the occurrence of the
fragmentation processes shown in figure 31. An initial loss of 68 mass
units would give the benzophenone (159) which would fragment to yield
acylium ionslll, seen at m/e = 193 and 163, The observation of the ion
at m/e = 193 is consistent with the presence in the dimethyl ether of a
methoxyl group situated on the ring bearing the formyl group. The
'appearénce of the ion at m/e = 163 could be explained by a fragmentaticn
of (159) to yield an acylium ion at m/e = 219 followed by a facile loss
of 56 mass units via the rearrangement process shown in figure 31 with
the result that no significant peak was seen at m/é = 219, It may be
that the rearrangement process occurs prior to the fragmentatioﬁ

(figure %2) resulting in the intermediacy of the benzophenone (160).
Since, however, significant ions were not observed at m/e = 219 or 328
it was not possible to decide which fragmentation pathway was occurring.
The rearrangement process, however, suggests the situation in the
dimethyl ether of an aryl %,%-dimethylallyl group ortho to a phenolic
group. Consequently structure (1%8) was assigned to this compound and

this was supported by a positive Gibbs test kaax 6%0 nm., € = 30000).
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As mentioned above arugosin is o likely precurcor of arugoxanthoneg
A and B, (114) and (133), and therefore it ought to be possible 4o form
these xanthones from arugosin in vitro. Since methoxy phenolic benzo-
phenones are Jnown to eliminate methanol under basic conditionslll to
give xanthones an attempt was made to exploit the unexpected formation
of the dimethyl ether (158) in this way. On treatment, however, of (150)
with'a% ethanolic potassium hydroxide the only product formed in good

l”vaO 1750 cmm'l')e The proter

yield was a pseudo-acid (161,'U0H 3380 cm
geminal to two oxygen atoms was seen in the n.m.r. as a singlet at 3.407%
which sharpened on shaking with D50, The formation of (161) was in accord
with the structure assigned to the dimethyl ether (158). An attempt to
form a xanthone from (158) under acid conditions - stirring in henzene
with ﬁnﬁoluenesulphonic acid - was also unsuccessful, an intractable
black gum being formed.

It has been reportedn3 that arugosin can be converted into the
xanthones anhydroarugesin (141) and deisopentenylanhydroarugosin (142)

L

by passing through 2 colwm of activated silica. Attempts, however, to

reproduce this result have been unsuccessful, the material being
recovered unchanged. Arugosin has also been found to be stable to
repeated P.L.C. on silica and to being‘rgfluxed in benzene with silica.
The compound is, however, unstable to aéid and attempts were made to

#ind conditions under which (141) and (142) would be formed. Treatment

of arugesin with p-toluenssulphonic acid in benzene gave a slow

conversion o a lavge mumber of producte while ne reaction was observed



(162)

(163)




Tabhle 2%, N.1M.R. Spectra of Compounds (152) and (163).

T (162) P T (163)

Ar-0OH 1H s ~4.00 “3.75
Ar-0H 1H s -0.65 ~0.60
Ar-H 1H d,J=8Hz 2,75 2.75
Ar-H ‘ 1H s 3,20 3420
Ar-H ' 1H d,J=6Hz 3.65 3.62
3,3-Dimethylallyl 1H t,J=6Hz 4.75 4.70
olefinic H

Ar-CH-0 18 a, J=4Hz 4.95 4.95
Ar-0~CH, 2H m 5.40~5.90 5.60-5,80
Ar-CH,, 2H d,J=6Hz 6,70 6.70
o-E _ 1H s 7.30 8.35
Ar-Q-C-C~H 1H m 7.95 7.60
4r-CH, 38 5 175 T+75
Vinyl CH3 3H s - B.23% 8.22
Vinyl CH3 3H 8 8.26'V§ -
CH, geminal to O s 8.60: 8566
CH3 geminal to O H 8 8.65 8.72



Table 24. Gibbs Test on (162) and (163).
)\max (nm. ) €

(162) 632 31000
(163) 635 32000

Figure 33. Mass Spectrum of (162) or (163).

424
|
m*=316
366
\WB}}
-56
m*=262.5 349 -56
\L _17 13*=246
10 m*=277
v
188 205 293

~43 ~-56
m*=108.5

162 : 149
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when it was stirred for 48 hours in ethereal sulphuric acid. Vhen,
however, arugzosin was ireated for a short time with a 3% solution of
sulphuric acid in acetic acid three main products, isolable by P.L.C.,
were formed.

Two of these compounds, (162) and (163), were isomeric with arugosin
(both showed parent ion at nyb = 424) and possessed almost identical
polafity on T.L.C. (Rf 0.58 and 0.50 respectively, in 100% chloroform).
Their infra~-red spectra were very similar apart from the fingerprint
regions and showed the presence in hoth of an alcoholic OH group

-1 . ) . -1
(vOH ca. 3600 em ) and a 2,2'-dihvdroxybenzophenone group <quO 1610 en” "),
Their a.m.r. spectra (table 23) showad the presence in each of: two
chelated hydroxyl groups; a palr of arcmatic protons situated ortho 1o
each other at poaitions 3 and 4 or 4 and 5; a C-3,3~dimethylallyl group
situated at position 3 or position 5; an aromatic proton at position 3';
and an aryl methyl group at position 4'. In addition there were signals
evident which suggested the presence of a unit of structure (164),
namelys a hydroxyl group; two methyl groups geminal to oxygenj a methylenc
group bonded to oxygen; and a proton geminal tec the methylene group.
Double irradiation revealed coupling between these prctons appropriate
to structure (164). Froam this evidence any of the iscmeric structures
(162), (163), (165), and (166) could be assigned to these compounds.
Positive Givbs tests (table 24), however, were observed 10r both ot the
isomers and so structures (162) and (163) were to be preferved.

The mass spectra (figure 33) of (162) and (163) were idfcntical and



Figure 34. Mass Spectral Fragmentation of (162) or (163).
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Table 25. Hydroxyl Absorption in (162) and (163).

v om (on™)
(162)  3615(w), 3580(m)
(163) 3620(m)

Figure 35.

(162)

(163)




Figure 36. Formation of the Cyclic Products (162) and (163)
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N

showed frogmentations, in accord with the formulations described above,
corresponding to an initial loss of acetore (figure 34) to yield a
benzophenone (m/e = 366) which fragments to give the acylium ions (167,
m/e = 205) and (168, m/e = 188). The loss of a fragment of 56 mass units
from the ions at m/e = 366 and 205 was characteristic of = B;B—dimethyln
allyl group ortho to a hydroxyl group.

119 of the alcoholic hydroxyl group

Intramolecular hydrogen bonding
to the ether oxygen atom (figure 35) was observed in the less polar
isomer and not in the more polar compound (table 25). This lydrogen
bonding was consistent with the trans configuration, i.e. structure (162),
being given to the former and the cis configuration, i.e. structure (163),
being given to the latter. These compounds presumably arise frem arugosin
by the intramolecular cyclisation process shown in figure 3%6. An
alternative mechanism, however, involving cyclisation of the intermedisate
(169) cannot be excluded.

The major, end most polar, product of the reaction of arvgosin with
7% sulphuric acid in acetic acid was deisopentenylarugosin (parent ion
at m/e = 356). The n.m.r. spectrum showed low field signcls consistent with
this compound existing to the extent of about 60 in the tautomer (170)
and about 40% in the hemiscetal forms (171) and (172). This was supporied
by the substential carbonyl absorption seen at 1650 cm”l in the infra-red
spectrum due to the Torwyl group of (170).

On treatment with dimethyl sulphate and potassium carbonate

deisopentenylarugosin rormed & trimethyl ether (173, parent ion at m/e

J

: t n pa ~d L T aanAd SETY g o dermam
= 298, 30 singlets ab 6.25, 6.35 end 6,657T). Siructure

™,



OH

&__—-—_————-—-

Co

OCH

n/e = 163

OCH

n/e = 398

CHO




to the alternatives (174) and (175) on the grounds of the fragmentations
observed in the mass spectrum of this compound (figure 37) and this was
supported by the observation of a positive Gibbs test (Zmax 630 nm.,

£ = 23000).

An attempt to obtain deiscpentenylanhydroarugosin (142) frow
deisopentenylarugosin (170) by refluxing the latter in dimethylformamice
was unsuccessful and the starting material was recovered unchanged.
Exposure of (170) to basic conditions (refluxing in acetone with
potassium carbonate) resulted only in decomposition and (142) could not

he detected in the reaction mixture by T.L.C.



Teble 26. Ultraviolet Spectrum of Arugoxanthone C (176)

Ahmx (nm.): 238, 281, 319(inf.), 380.

(176) R = CH,0H
(178) R = CHO
~0 0 CH,0H
QLY
© CH,
5 .
Qr7) -

Figure 38. lMass Spectrum of Arugoxanthone C (176).
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After the removal of arugoxanthones A and B, isoarugoxanthone A and
arugosin from a column of the light petroleun extract continued slution
produced material which consisted largely (T.L.C.) of two new pigments
and these were purified by further chromatography and crystallisation.

© The ultraviolet (teble 26) and infra-red absorption (V ; 1645 cmml)

of the more polar compound - a crystalline yellow solid (C O,, parent

2” 28
ion at m/e = 424) - provided evidence that it was a xanthone and it wes
given the name arugoxanthone C (176). A negative ferric chloride test
suggested that it was non phenclic in character and this was confizmed '
by the absence of any exchangeable low field signals in the n.m.r, and
of a bathochromic shift in the vv. spectrum on addition of base. The
followin@ features were, however, evident in the n.m.r.: aromatic protons
situated at positions 3 (1H doublet, J=8Hz, at 2.75%), 4 (1H doublet,
J=8Hz, at %.20T) and 5 (1H singlet at 2.85T); an aryl methyl group at
position 6 (3H singlet at 7.60%); a hydroxymethyl group (3H broad singlet
at 5.05% vhich collapses on sheking with D O to a 20 singlet ); and an
0-%, 3-dime thyl-3-hydroxy-Ll-propyl ether group (2 triplets, J=tHz, ot
5.90 and 7.95%, 1lH exchengeable multiplet at 7.30% and €4 singlet ca.
8.5%0. The remaining resonances were consistent with the presence in
arugoxanthone ¢ of a dimethyl chromene unit (1H doublets, J=10Hz, at
3.0 and 4.407 and 6H singlet ca. 8.513120. From this evidence structure
(176) was assigned to the metabolife - the isomeric structure (177)

being discounted on biogenetic grounds. The rass spectrun (figure 38) of

(176) showed losses of 18, (H,0), and 87, (USHllo)’ mass nnits from the



Figure 39. A Possible Biosynthetic Pathway to the Xanthones Isolated

from Asperzillus Nidulans.

Arugosin

Anhydroarugosin

Arugoxanthone A

Arvgoxanthone B Arugoxanthone C



molecular ion consistent with the presence of the 0-3%,3-dimethyl-3-
hydroxy-l-propyl ether group. Although many modifications of the
dimethylallyl unit have been observed in natural products to our
knowledge this group appears to be unique and may arise by reduction of
an epoxide. |

The less polar pigment (178) was obtained as a yellow 0il (parent
ion at m/e = 422), the n.m.r. spectrum of which was identical %o
arugoxanthone C except that no hydroxymethyl group was in evidence. A non
exchangeable 1H einglet could be seen at -0.77%¥ suggesting the presence |
of a formyl group at pesition 8 and this was supported by the

characteristic carbonyl absorption ( 1700 cm"l) seen in the ir.

vC=O

Accordingly this compound, which possessed infra-red spectral data
consistent with it being a xanthone (vbzo 1650 cmml) was assigned
structure (178) and called arugoxanthone D.

The co-occurrence of two pigments, (176) and (178), containing a
dimethyl chromene unit with arugoxanthones A and B provides strong
circumstantial evidence in favour ofvthe structures (114) and (133)
assigned to the latter pair of compounds in which the isopentenyl group
is situated ortho to the hydroxyl group.

The xenthones isolated from this mould are all transformation
products of the octaketide derived metabolite arugosin and a possible

shown 3

0

biosynthetic pathway to these compounds i
likely thot arugosin itself is formed oxidatively from an anthrone, such

as (179), by a process snalogous to that proposed for the biosynthesis



of the ergochromones by FrancklZI. It is interesting to note that in the

case of arugoxanthones B and C, (133) and (176), reduction has occurred
at a late stage in their biosynthesis - in the latter case at two

different sites -~ following oxidative steps.
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A Synthesis of Methvl Isocanadensate.

Isocanadensic acid (180), a possible biosynthetic precursor of the
antibiotic canadensolide (181) - produced by the mould Penicillium
122 . .
canadense -, has been isolated, in small quantities, from the same

123

source’ and purified and characterised as its methyl ester (182).

A syﬁthesis of (182) was undertaken in order to confirm the structural
apsigmnent msde. |

Condensation of diethyl succinate with n-hexanal in dry tertiary-
butanol, using potossium tertiary-butoxide as base, gave the half ester
(183) as a red oil. This was not purified but hydrolysed with 1N sodium
hydroxide to yield 3-cerboxy-3-nonenoic acidl?* (184) (Vg 34002500 cm™,
Voo 1720, 1700 cm'l). Irradiation of (184) and bromine in carbon
tetrachloride with a wide spectrum ultraviolet lamp gave the dibromo
compound™®? (185) (v 3400-2500 cu™ty o 1730 en™!) and this on
treatment with 1N sodium hydroxide afforded 5-n-pentylaconic acid (186)
v L

3400-2600 cm™ T, V_, 1740, 1710 en™, Vg_ 1630 en™T). Allylic

OH
coupling between H-3 (1K doublet, J=2Hz, at 3.2%) and H-5 (1H multiplet
at 4.7%) was evident in the n.m.r.

Reaction of (186) with a large excess of ethereal diazomethane geve
the pyrazoline126 (187) which, on pyrolysis at 9000, yielded methyl
isocanadensate (182) identical in all respects save cptical rotation with
material obtained from natural sources.

Vethyl dihydroisocancdensate (188) haz alse been obtainsd from
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Penicillium cénadenseldj, An attempt, however, to prepare it from (182)

by reaction of the latter with zinc and acetic aoid127 was unsuvccessful

and the starting material was recovered unchanged.
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Instrumentation.

Melting points were determined on a Kofler hot-gtage apparatus and
are wncorrected. Ultraviolet spectra were obtained on a Unican SP 800
recording spectrophotometer. Infra-red spectra were measured with
Perkin-Elmer SP 220 and SP 257 spectrometers. Nuclear magnetié resonance
spectra were recorded with Varian T-60 and HA-100 MHz spectrometers
using tetramethylsilane as an internal standard. Routine mass spectra
were obtained with an A.E.I. ﬁs-12 mass spectrometer and high resolution

mass spectra on an A.E.I. }S5~Q mass spectrometer.

Thin Layer Chromatography (T.L.C.).

Rf values were determined from elution on 0.25 mm. layers of

Kieselgel GF the compounds bheing located under ultraviclet light and

254°
by sproying with a 5% solution of ferric chloride in methanol and with o
u% solution of ceric ammonium nitrate in 5N sulphuric acid and heating.
The colours developed by these sprays are recorded thus:

T.L.C. Rf 0.45 (100% chloroform); FeCl,: blue; ce*: brown.

3
Numerical values qubted are indications of relative polarity and are not
quantitative reproducible results. Preparative layer chromatography

(P.L.C.) was carried out on 1 mm. layers of Kieselgel HF254, bands being

located by irradiation with ultraviolet light (A= 254 nm.).

Countinz of Radicactive lateriels,

Radioactive aspays were carried out using a Phillips liguid



scintillation counter. In experiments with doubly labelled precursors
the external channel ratio method was used.

Solid samples were weighed on metal foil, transferred {to Packard
scintillation vials and dissolved in toluene scintillation solution
(15 ml.): 2,5-diphenyloxazole (6g.); l,4-bis-2»(4-methyl-5~phényl—
oxazalyl)-benzene (0.1g.); toluene (1 litre). Aqueous solutions were
counted in a mixture of toluene scintillator solution (13.5 ml.), bio-
solv. BBS-2 solution (1 ml.) and distilled water (0.5 ml.). Samples weore

- . . . +
counted for sufficient time to achieve a counting error of less than =3%.

General.

Diazomeﬁhane was prepared by the method of Moore and Reed from
bis~(N—methyl-H—nitroso)~terephthalimide.i' Jones reagent refers to an
aqueous solution containing chromium trioxide (266 mg./ml.) and
concentrated sulphuric acid (405 mge/ml.). Active manganese dioxide was
prepared by the method of Attenburrow gﬁ_gé%Q? Hydrogenation experiments
were carried out at 15°C and under 1 atmosphere of hydrogen. All organic
extracts were routinely washed with a saturated brine soiution and dried
over anhydrous magnesium sulphate. Solvents were removed using a rotary
film evaporater. Light peiroleum refers to a light petroleum fraction
b.pt. 40-60°C.

The following abbreviations are used in reparting spectral.data:

in N.M.R. spectral data: 8, singlet; d, doublet; t, triplet; q, quartet;

m, multiplet: 4.4, doubls doublet.

<
K



in I.R. spectral data: s, strong; m, medium; w, weak; br, broad.
in U.V. spectral data: inf., point of inflection.

In the following typical description of N.M.R. spectral datas
4.8(1H,d,J=4Hz,irr.7.69~8,H-2);, irradiation at 7.6% has resulted in the

collapse of the 1H doublet at 4.8% to a singlet.
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CHAPTER 1.



Cu;ture Medium for Verticillium Lamellicola.

Glucose : 50g.
Sodium nitrate ‘ 2g.
Potassium chloride . 1g.
Magnesium sulphate lg.’
Potassium hydrogen phosphate 0.5@.
Ferrous sulphate | ) ' : 0.0lg.
Distilled water ’ 1 litre.

The resulting fluid medium had ph = 6.6.
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Growth and Pxtraction of the lould.

The mould wz2s maintained on 2% malt‘agar slants and seed grown on
the seme medium in Roux bottles (15%9 cm.). A spore suspension could be
prepafed by adding distilled water (10 ml.) to one of these bottles and
gently scraping the surface of the agar. The suspension from‘12 bottles
was decanted off, made up to 21. with distilled water and used to
inoculate 100 Roux bottles which had been previously sterilised and
contained 200 ml. each of the medium described opposite. The mould was
grown at 75% humidity and 2530 and cropped off after 28 or 10 days.

The broth was extracted with methylene chloride in a continuvous
liguid-liquid extraction apparatus for 48 hours and the solvent
evaporated to give the crude broth extract (0.6g.). '

Antibacterial Assays.

The 7-21 days old surface growtih of & 5 ml. agar slant culture of

Bacillus subtilisg, in a test tube, was scraped into 5 ml. of sterile

distilled water. The suspension was then shaken and added to 250 ml. of
Bouillon agar which had been melted and cooled to approximstely 40°C.
The inocvlum was throughly mixed with the agar, and 20 mlf aliquots
pipetted into 10 cm. flat-bottomed Peitri dishes and the agar allewed to
set. 5 Ml. of a sclution of the substance under test (1 mg./hl.) was
pipetted onto a circle of filter paper (diameter 1.3 cm.) and the
solvent allowed to evaporate. The disc was then placed on the surface of

the agar and the plates incubated for 18 hours at 3P, The_diameter of

the inhibition zone produced was then measured.



Summaxry of Chromatogravhic Separation of the V. Lamellicola Metabolites.

Fractions Eluting solvent Constituents. Diameter of
inhibition
zZone.

(cm.)

1-6 chloroform and 1% non polar oils 0
ethyl acetate -
chloroform,
7-9 %%, ethyl acetate 4=0~carbomethoxy- 4.9
- ~chloroform lamellicolic anhydride; ,

lamellicolic anhydride.

10-19 5-23% ethyl acetate- lamellicelic anhydride; T.8
chloroform. 3=~chloroclamellicolic
’ acid monomethyl ester;
unidentified minor

netabolites.

20-22 A0% ethyl acetate- 2,7-dihydroxy - 5- 3.4
methyl- 1,4~
naphthaquinone.

23-30 50~100% ethyl- ~ polar oils 2.9

acetate.

Diameter of inhibition zone of crude extract = 5.6 cm.



T,L.C. of Crude Methylene Chloride Extract of V. Lamellicola.

Eluting solvent: 10% methanol-chloroform

8 ¢ TFatty material

O <+ 4~Q-Carbome thoxylamellicolic anhydride

O «—+~ Lamellicolic anhydride
2,7-Dihydroxy=-5-methyl-1, 4-naphthaguinone

‘f

O_ &——- 3-Chlorolamellicolic acid monomethyl ester




Chromatographic Fractionation of the Metabolites of Verticillium

Lamellicola,

Crude dry methylene chloride extract (6g.) of the bwoth in
chloroform (50 ml.) was adsorbed on silica (25g.), evaporated under
reduced pressure, finely powdered, and introduced onto a coluhn of
gilice (600g., 120x5 cm.) made up in chloroform (600 ml.). Separation
was achieved by elution with chloroform, 1, 5, 10, 25, 40, 60% ethyl
acetate~chloroform mixtures and finally ethyl acetate using one column
volume of each successively. Fractions (200 ml.) were collected and
monitered by T.L.C.

Fractions 1-6 were combined to give a light green oil whioh wasg
inactiye. Since the i.r. spectrum indicated that this material was fatty
in character (Vmax2960, 1740, 1170 cm-l) it was set aside and no further
work carried out on it.

An enhancement of activity over that of the crude broth extract was
evident in the material obtained by bulking fractions 10-19,
Crystallisation from methanol-chloroform gave a solid which was shown by
T.L.C. to consist of two couponents. Further crystallisation gave a pure
sample of the major component- lamellicolic anhydride (600 mg.). P.L.C.
of the residue from these crystallisations using ethyl acetate as
eluting solvent afforded the minor component- 3-chlorolamellicolic acid
monomefhyl ester (10 mg.). After the removal of these two compounds the
total residue consisted of a gﬁmmy red oil from which no other éompound

could be isolated in a pure state. T.L.C. of this oil usinz a variety of
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different elﬁting golvents failed to show the formation of any digscrete
spots.

P.L.C. (2% methanol-chloroform) of material obtained from frections
7-9 allowed 4~-Q-carbomethorylamellicolic anhydride %to be obiained in a
pure state (50 mg.).

When fractions 20-22 were combined and separated by further
chromatography (P.L.C., ethyl acetate) 2,7-dihydroxy-5-methyl-l,4-
naphthaquinone was obtained (40 mg.).

The four phenolic metabolites mentioned above could be rapidly
separated from the fatty material by, prior tc fractionation, extracting
the crude material with aqueous sodium hydrogen carbonate. Acidification
of the alkaline extract at OQC, followed by extraction with chloroform
and e%&poration gave a solid which by T.L.C. was & mixture of phenolic
compounds. The acid lability, however, of 4-0O-carbomethoxylamellicolic
anhydride and of the chloro-compound prevented this technique being used
as a means for the rapid separatién of the phenolic compounds from the

fats.
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Lameilicolic Anhydride ( 53 ),

Lamellicolic anhydride (4-methyl-2,5,7-trihydroxy~1,8-naphthalic
anhydride) was isolated as described above and crystallised from
methanol~chloroform as pale yellow needles which slowly decomposed
above BOOOC.'The compound dissolved freely in dilute agueous sodium
hydrogen carbonate and could be recovered by reacidification.
T.L.C. Rf 0.35 (10% methanol-chloroform); U.V.: blue-green; FeCl,:

b4
2
+
4 : brown.

brick red; Ce
I.R.v  (KBr)s 3260(br.w), 3070(w), 2920(w), 2850(w), 1700(s},
1650(s), 1615(s), 1595(s), 1465(um), 1420(m), 1345(m), 1320(u), 1230(m),
1175(s), 1030(s), 880(m), 850(m), 810(m), 780(m), 755(m) em L.
y;gé;\max(ﬁton)z 250(15000), 292(5700), 352(10000), 3%68(inf.){7800)
n.d,

7xmax(mton+'ou): 251(inf.)(15000), 314(23000), 372(11000) n.m.:
reverting to EtOH spectrum on acidification.
N.M.R. (100 MHz) T (d6DMSO): 3,20(1H,s,irr.7.269-sharpening,H-6);
3,65(1H,s,H-3); 7.26(3H,s,Ar-CH3).

(60um1z) T (dgacetone): 3.25(1H,s,H-6); 3.55(1H,c,H~3); 7.20

(3H,s,Ar—CH5). |
.S, m/e(rel.abundance): 260(117)(100), 242(8), 216(38), 214(8), 188(8), .

160(29), 131(2), 128(8), 103(8), 102(8).

Pt

TIGH DEUOLUTION M.S. molecular ion at n/e = 260.0323; C,H,0, requires

molecular ion at m/e = 260.0320.

ANALYSIS;’Found: ¢, 58.49; H, 5.57%; 013H806 requires C, GO.Ol;VH: 36106,



Methylaticn of Lemellicolic Anhvdride.

1) Reaction with diszomethane,

Lamellicolic anhydride (140 ng.), in methanol (10 ml.), was allowed
to stand overnight with a large excess of ethereal diazomethane (5.14¢.
nitrosan). Ether (50 ml.) was added, the mixture filtered thr&ugh glass
paper and evaporated to give a mixture of & lerge number of components,
none of which could be obtained in a pure state. 7

2) Reaction with dimethyl sulphate.

Lamellicolic enhydride (100 mg.), in dry acetone (10 ml.), was
refluxed and stirred under nitrogen with anhydrous potassium carbonate
(100 mg.) and excess dimethyl sulphate for 48 hours. Chloroform (100 ml.)
was added ,the mixture washed with dilute hydrochloric acid (2x50 ml.)
and water (2«50 ml.) and evaporated. P.L.C. (2% methancl-chloroform)
yielded two fractions of which the more polar crystallised from methanol-

chloroform giving the trimethyl ether ( 54) as colourless needles which

melted slowly above 290°C (8L mg., 69%).
T,L.C. Rf 0.27 (5% methanol-chloroform); U.V.: light blue; FeCl3=
4+,

negative; Ce™ : brown.

L.R.v  (KBr): 3010(w), 2930(w), 2850(w), 1750(s), 1715(s), 1595(s),
1562(s), 1465(m), 1450(m), 1358(s), 1295(s), 1245(m), 1218(s), 1172(m),
1064(s), 1042(s), 1010(s), 966(n), 817(n), T45(m), 730(w) em™ .

v__ (cHCL,): 1750(s), 1715(s), 1595(=), 1562(e), 1460(m), 1355(m),

1295(s), 1065(m), 1040(s), 1010(s) cm™*

U.V.}\max(EtOH): 227(5900), 252(13000), 261(inf.)(12000), 346(5800),
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363(4900), 380(3800) n.m.
AnmeEtOH+—OH): 255( 15000) n.m.: reverting to Et0H specirum on
acidification.
N.M.R. (100 MHz) T (TFA): 2.73(1H,s,H-6); 3.14(1H,s,H-3); 5.7L(6H,5,0-Cl;);
5.73(3H,S,O-CH3); 6,94(5H,3,Ar~oﬁ3). |
(100 MHZ) T (CDCl3): 3.12(1H,s,H=-6); 3.51(1H,s,H~3); 5.87(6H,s,
O—CHB); 5.00(3H,S,O—CH3); 7.14(§H,S,A~-CH3).

Nuclear Overhauser Effect. Irradiation at 6.94% produced 11% and 37%

enhancements of the signals at 2.73% and 3.14T,
M.S. m/e(rel.abundance): 302(k")(100), 287(13), 258(27), 229(22),

228(24), 195(10).

High Resolution M.S. molecular ion at m/e = 302.0803; C1 gt 406 Tequives
molecular ion at m/e = 302.0790. '
Analyeis. Founds C, 63.88; H, 4.73%; 016H1406»requires C, 63.57; H, 4.67%.

The less polar fraction, consisting of the monomethyl ether (55 ),

crystallised from chloroform as colourless needles which melted slowly
above 260°C (12 mg., 10%). This material was identical in all respects
(Rf, spectral data, mixed melting point) with a synthetic sample

supplied by Dr. B.W. Bycroft.

-e

I.L.C. Rf 0.48 (2% methanol-chloroform); U.V.: green=blue; FeCl3: hlue
Ce4+: grey.
I.R. v

nox

1670(s), 1620(s), 1605(s), 1300(s), 1040(s), 990(m) c.m.”

(cHC1.): 3120-2800(v.br.), 2990(w), 2920(w), 2850(w), 1710(s),
7
1

v___(KBr): 3080(w), 2980(w), 1710(s), 1665(s), 1625(s), 1605(s),



1470(m), 1455(m), 1390(m), 1340(m), 1305(s), 1215(s), 1180(s), 1165(s),
1035(s), 965(m), 810(s), 755(m) cm™t.

g;glixmax(CH015): 254(9900), 2a5(iaf.)(4100), 290{4200), 350(8900),
367(6700) n.n.

N.M.R. (100 ¥Hz) T (TFA): 2.94{1H,s,H~6); 3.29(1H,s,H~3); 5.85(3H,s,
O-CHB); 7a10(3H,9,Ar»CH5).

U.S. m/e(rel.abundance)s 274(u%)(100), 230(66), 187(33), 185(22), 174
(61), 159(22), 157(22), 131(22), 116(22), 115(22).

High Resolution M.S. molecular ion at m/e = 274.04763 Ql4H1006 requires

molecular ion at m/e = 274.0477.

Selective Demethylation of 0,0,0,-Trimethyllamellicolic Aunhydride ( 53):

4-0-Methyllemellicolic Anhydride ( 53).

Magnesium iodide-etherate was prepared by adding magnesiuvm turnings
(0.67g.) and iodine (3.34g.) to a mixture of dry ether (4.2 ml.) and dry
benzene (8.35 ml.). The filtered solution (0.125 ml.) was added to a
stirred suspension of 0,0,0-trimethyllamellicolic anhydride (40 mg.), in
dry benzene (10 ml.), under nitrogen. The mixture was refluxed for three
hours, acidified, and chloroform (50 ml.) added. After washing with
aqueous sodium mevapisulphite and water evaporation gave a product which
on P.L.C. (5% methanol-chloroform) yielded material identical in all

respects with 4-Qemethyllamellicolic anhydride {55), (16 mg., 449,
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Acetylation of Lamellicolic Anhyvdride.

Lamellicolic anhydride (100 mg.), in acetic anhydride (20 ml.) and
pyridine (0.01 ml.), was stirred overnight at room temperature. Kthyl
acetate (100 ml.) was added and the solution washed with cold dilute
hydrochloric acid (2x50 ml.). After washing to neutrality, e&aporation
gave a yellow solid which on crystallisation (methanol-chloroform)
afforded the triacetate ( 56) as colourless prisms; m. 177»17900
(73 mg., 49%).

?.L.C. Rf 0.32 (2% methanol-chloroform); U.V.: light blue; FeCl5:
4

negative; Ce *: brown. ,
(KBr): 3060(w), 2960(w), 1775(s), 1730(s), 1598(s), 1580(s),
1468(w), 1370(m), 1355(m), 1278(m), 1172(s), 1158(s), 1075(m), 1058(m),

1035(s), 1010(m), 912(m), 688(w) ent,

I.R. Voax

g._Y_.,xmax(EtOH): 248(5700), 341(2100) n.m.
mmax(EtOH+"0H): 250(inf. ) (3900), 316(4600), 372(2700) n.m.
xmax(EtOH+H+): 252(3700), 292(inf.)(1500), 353(2400), 366(inf.)
(1800) n.m.
N.M.R. (60 MHz) T (CDClB): "{.18(311,3,1;:?-035); 7.51(9H,S,Ar-O~CU-CH3).
A signal at 2.75% (H-3 and H-6) was obscured by the chloroform signal.
(60 MHz) T (d6m.fzso)= 2.38(1H,s,H~3); 2.42(1H,s,H-6); 7.16(3H,s,
Ar-CH3). A signal at 7.6% (Ar«-o—co~035) was obscured by the dimethyl
sulphoxide signal.
M.S. m/e(rel.abundance): 336(17)(3), 344(9), 302(24), 260{100), 216(4).

High Resolution }.S. molecular ion at m/e = 386.0645; 019H14G9 reguires

AN

-

molecular ion &t m/e = 3%86.0638.



Reaction of lamellicolic Anhydride with Aqueous Sodium Hydrozidet

Preparation of Compounds [ 57) and ( 58).

Lamellicolic anhydride (106 mg.) was refluxed under nitrogen with
5N sodium hydroxide (5 ml.) for 3 hours. The mixture was acidified and -
ethyl acetate (50 ml.) added. After washing to neutrality and evaporation
the product was seen by T.L.C. to consist of two major components. It
wag dissolved in methanol and treated with a large excess of ethereal
diazomethene (5.1l4g. nitrosan) and left overnight. Ether (50 ml.) was
added and after filtration and evaporation P.L.C. using 505 petrol-
chloroform as eluent gave two fractions.

The more polar fraction crystallised from ethyl acetate-hexane
giving the ester ( 57) as colourless prisms m. 126-128°C (47 mg., 39%).
T.L.C. Rf 0.45 (1005 chloroform); U.V.: light blue; ce*: browa.

I.R. vmaX(CHC13): 1720(s), 1620(s), 1590(s), 1455(s), 1350(s), 1070(s),
1045(n), 1030(m), 990(w) cn"t.

gggggkmax(EtOH)a 236(17000), 245(inf.)(20000), 245(21000), 307(6200) n.m.:
no change observed on the addition of acid or base.

N.M.R. (60 Miz) T (CDCL,)

3/
d,J=2Hz ,Ar-H); 3.62(1H,d, =2Hz,Ar-H); 5.96(3H,B,O~CH5); 6.05(3H,S,O-CH5);

3,18(1H,s,irr.7.149~-sharpening,i~6); 3.4C(1H,

6.10(6H,S,O—CH3); 7.14(3H,s,Ar—CH3).
M.S. m/e(rel.abundance): 290(ii*)(100), 259(88).
Analvsis. Pound: C, 66.29; H, 6.,27%: €, gH, 80 reguires C, 66.20: H,

6.257(;; MeWe == 2900

Crystallisation of the less polar fraction from hexene gave the



trime thoxy compound (58 ) as colourless prisme m. 93-95°C (13 mg., 13%).

T, L.C. Rf 0.55 (505% chloroform-petrol); ce*: olive.

L.R.v___(KBr)s 3000(w), 2940(w), 2830(w), 1615(s), 1595(s), 1250(s),

max
1205(s), 1160(s), 1055(m), 830(m) om™t.

g;yg;\max(EtOH)= 237(33000), 249(inf,)(26000), 269(2800), 281(5500),
297(3500) n.m.: no change on addition of acid or base.

N.M.R. (100 iHz) T (CDCl3): 3h10(1H,d,Jm3Hz,Ar-H);'3e24(lH,d,JaBHz,Ar»H);
3.31(1H,d,J=3Hz,Av-H); 3.61(1H,d,J=3Hz,Ar~H); 6,10(33,s,oucn5); 6.12(6H,
s,O-CHB); 7.20(3H,s,Ar-CH5).

M.S. m/e(rel.abundance): 232(M")(100), 217(12), 189(37), 174(15).

High Resoluticn M.S. molecular ion at m/e = 232,1099; 01431603 requires

molecular ion at m/e = 23%2.1099.

Reaction of 0,0,0-Trimethyllamellicolic Anhydride with Methylamines

Preparation of Aminoimides ( 59) and ( 60).

0,0,0-Trimethyllamellicolic anhydride (100 mg.) was stirred under
nitrogen and heated (ca. 80°C) with 40% aqueous methylamine (10 ml.) for
48 hours. Chloroform (100 mi.) and cold dilute hydrochloric acid (50 ml.)
were added. The organic layer was washed to neutrality and evaporated to
give a yellow solid which was purified by P.L.C. using chlorcform-

methanol and multiple elutions.

[ 2

The Jdizmincimide ( 52) erystallised from the leas :

polar fraction

as yellow needles (methanol-chloroform) m. 225-228°C (66 mg., 55%).
T.L.C. Rf 0.80 (2% methsnol-chloroform); U,V.s blue; cetts brown.
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;Jgﬁ;vmax(0H01§)= 3240(br.w), 3005(w), 2935(w), 1635(s), 1605(v.s),
1595(br.s), 1275(w), 1195(w), 1148{w), 1070(w), 818(w) on™t.
g;y;;xmax(mton)x 246(39000), 265(inf.)(30000), 288(inf.)(12000), 312(7900),
370(inf.)(17000), 390(inf.)(26000), 403(42000) n.m.: no change on
addition of acid or base. |

N.M.R. (60 MHz) T (03013): «1.5(2H,br,exchangeable,N~-H); 3.61(1H,s,H-6);
4.15(18,8,83); 6.05(3H,5,0-CHy); 6.50(3H,s,CO-N—CH3); 6.95(6H,d,J=1Hz,
irr.~l.5é~s,Ar-N-CH3); 7030(3H,S,ArmCH3).

M.S. m/e(rel.abundance)s 314(22), 313(u*)(100), 312(22), 298(11), 296(11),
285(28), 269(11).

Analysis. Found: G, 65.15; H, 6.20; N, 13.40%; C) 7y gli305 ¥equires

C, 65.16; H, 6.11; N, 13.41%; m.w. = 313.

The more polar aminoimide ( 60) crystallised from methanol-

chloroform as yellow needles m. 244~246°C (24 mg., 20%).

T.L.C. Rf 0.61 (5% methanol-chloroform); U.V.: green-blue; Ce4+a OLEnge.
;;g:gumax(CH013)e 3230(w), 3005(w), 2930(w), 2850(w), 1660(m), 1620(s),
1582(s), 1270(m), 1160(w), 1100(w), 1062(w), 818(w) on™t.
ELQLL>HR&X(CH013)= 270(5000), 302(15000), 329(inf.)(14000), 351(19000),
426(22000) n.m.

N.M.R. (100 MHz) T (CDCI5): -0.3(1H,br,exchangeable,N-E); 3.25(1H,s,H-6);
3.92(1H,s,H~3); 5.92(3H,S,O-CH3); 6.05(5H,S,O~CH5); 6.52(3H$s,comchH3);
6,95(3H,d,J=4Hz,irre-O=39~s,Ar-N~CH3); 7.50(3H793Ar-CH5).

M.S. m/e(rel.abundance): 315(25), 514067)(90), 313(15), 299(25), 297(25),

286(30), 285(100), 271(10), 270(15), 269(10), 268(15), 256(30), 228(15).
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High Resolution M.S. molecular ion at m/e = 314.1264; C 17H18N20A requires

molecular ion at m/e = 314.1266.
The most polar fraction gave starting material (12 mg., 12%)

(identified by Rf and spectral data).

2,7-Dihvdroxy-~S-methyl-l,4-naphthaguinone ( 65 ),

After isolation as described above this compoﬁnd crystallised from
methanol-chloroform as brown-red prisms which decomposed slowly above
250°¢.

T.L.C. Rf 0.34 (1009 ethyl acetate); FeClB: brown; ce?ts brown.
_ligz‘vmaX(KBr)x 3210(br.w), 1660(s), 1590(s), 1570(s), 1465(m), 1400(m),
1380(g), 1360(m), 1320(m), 1205(m), 1095(m), 1060(s), 1005(m), 880(m),
868(m), 800(m), 740(m), 705(m) en™*

U.V. & (Et0H): 266(10000), 296(6100), 346(1600) n.m.

A.aX(Etoa+’0H)= 286( 14000), 3%25(inf.)(4100), 378(2800) n.m.:-
reverting to EtOH spectrum on acidification.

N.M.R. (100 Miz) T (CDBOD): 2.65(1H,d,J=2Hz Ar-H); 3.10(1H,d,J=2Hz,Ar-H);
7.40(5H,S,ArnCH3).
M.S. m/e(rel.abundance): 2041 )(100), 176(61), 148(17), 135(78), 107(22).

High Resolution l.5. molecular ion at m/e = 204.0422; Cll 180! reguires

molecular ion at m/e = 204.0423.

2, 7-Dimethoxy-5-methyl-1, 4~naphthaquinone ((67).

The naphthaquinone ( 65)(35 mg.), in dry acetone (20 wml.), was
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treated with anhydrous potassium carbonate (35 mg.) and excecs dimethyl
sulphate and the mixture refluxed overnight. The brown oil obtained

after waghing and evaporation gsve, on crystallisation from chloroform-

petrol, the dimethyl ether (67 ) as long yellow needles m. 172-173°C
(30 mg., 75%). |

L.L.C. Rf 0.35 (100% chloroform); PeCl: negative; cetts rea.
;;g;;umaX(CH015): 2970(w), 2940(w), 2840(w), 1680(@), 1640(s), 1625{c),
1595(s), 1560(m), 1365(m), 1345(m), 1305(s), 1275(m), 1155(m), 1115(n),
1080(s), 1035(m), 855(m) cm™ .

g&y;_xmaX(EtOH): 263(18000), 291(10000), 343(1700), 384(1300) n.m.: no
change was observed on addition of acid or hase. ;

N R (60 MHz) T (09013): 2.,42(10,d,J=3Hz,H-8); 3.00(1H,d,J=3H%,H-6);
3.92(1H,s,irr.6.10+-sharpening,-3); 6.05(3H,S,O-CH5); 6.10(5H,s,GnGH3);
7.25(5H,s,Ar=CH3)g

M.S. m/e(rel.abundance): 232(1")(100), 217(27), 204(20), 203(20), 202{37),

189(1%), 175(17), 174(17), 161(47), 146(20), 133(80).

High Resolution M.S. melecular ion at m/e = 232.0731; 013H1é04 requires
molecular ion at m/e = 232.0736.

Anelysis. Found: C, 67.02; H, 5.20%; 013H1204 requires C, 67.23; H, 5,21%.

Preparation of the Naphthaguinone ( 65 ) from Lamellicolic Anhydride.

~ . o .
Lemellicolic anhydride (30 mg,) was heated (80°C) under nitrogen
with aqueous sodium hydroxide (5§, 10 ml.) for 4 hours. The resulting

deep red solution was cooled to OOC under nitrogen and acidified with
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dilute hydrochloric acid. The product, after extraction into ethyl
acetate (50 ml.), washing and evaporation was a brown oil which was
identified by T.L.C. as 1,3%,6=trihydroxy-4-methylnaphthalene.

. This 0il, in methancl (10 ml.) was stirred with 5N sodium hydroxide
(0.1 ml.) for 48 hours. Dilube hydrochloric acid was added and the
methanol evaporated. Extraction into ethyl acetate (50 ml.) followed by
washing to neutrality and evaporation gave a produét which was identical
in every respect (Rf, spectral data, mixed melting point) with z sample

of the naphthquinone isolated as previously described.

4-0-(3%,3-Dimethylallvl)-lamellicolic Anhydride (83 ).

j,B-Diméthylallyl bromide (61 mg.) in acetone (5 ml.) was added to
lamellicolic anhydride (100 mg.) and potassium carbonate (100 mg.) in
acetone (25 ml.) under nitrogen. The mixture was stirred and refluxed
overnight. Chloroform (50 ml.) and cold dilute hydrochloric acid (25 ml.)
were added, the organic layer washed to neutrality and evaporated.
Crystallisation of the crude product from methanol-chloroform gave the

dimethylallyl ether ( 83 ) as colourless ncedles m. 192-193°C (67 mg., 53%).
4

T.L.C. Rf 0.45 (100% chloroform); FeCl.: brown; Ce *: grey.

_I_._R’_._‘Umax(KBr): 31.00(br.w), 2990(w), 2;70(\7), 1710(s), 1662(s), 1620(s),
1595(s), 1455(m), 1380(m), 1340(m), 1300(s), 1200(m), 1185(s), 1162(m),
1038(s), 958(n), 808(s), 755(m) on™ .

U.V. )LmX(EtOH)s 249(11000), 290(4100), 309(3100), 3%48(7400), 366(inf.)(6100)

n.m.
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xmax(m.om-'olz)s 248(inf. ) (13000), 302(8400), 317(11000), 352(inf.)
(4900), 384(%200) n.m.: reverting to EtOd spectrum on acidification.
LR, (100 1Hz) T (0D015): ‘-l.50(1H,s,excha.ngeable,o-ﬁ-; «1.25(1H,s,
exchangeable,0-H); 3.18(1H,s,H~6); 3.58(1H,s,H-3); 4.50(1H,br.t,J=6Hz,
irr.5.309=5,0lefinic H); 5.30(2H,d,J=6Hz,i:c'r,4.50-}-3,0-0112); 7.21(3H,s,
1w—033); 8.16(3H,s,vinyl 0313).

M.S. m/e(rel.obundance)s 328(M7)(7), 313(7), 260(100), 242(71), 231(7),
216(25), 214(14).

High Resolution M.S. molecular ion at m/e = 328.0936; 018H1606 requires

molecular ion at m/e = 328,0931.

Pyrolysis of the Dimethylallyl Ether ( 83).

1) Pyrolvsis in dimethylformemide.

The dimethylallyl ether ( 83)(35 mg.), in dry dimethylformamide
(3 ml.), was heated under nitrogen, at 120°C, overnight. Ethyl acetéte
(100 ml.) was added, the solution washed with water (3x50 ml.) and
evaporated to give a yellow solid which was purified by P.L.C,
(80% chloroform-petrol) to yield a product which was identical (Rf,
spectral data, mixed melting point) with a sample of the anbydride ( 82)
prepared from herqueinone as described below.

2) Pyrolysis in a sublimation block.

The dimethylallyl ether ( 83)(50 mz.) was heated in a sublimation
tube at 160°C (0.02 mm. Hg) for 5 hours. Some material had sublimed and

this, along with the residue, was dissclved in hot ethyl acetate (50 ml.);
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the solution filtered and evaporated. P.L.C. (1004 chloroform) gave &
product which although homogeneous by T.L.C., appeared by N.M.R. to
consist of a mixture of the anhydrides (82 ) and (84).

2.L.C. Rf 0.69 (50% petrol-chloroform); U.V.: blue; FeCl,: blue; Ce4+:

3
green.

g;gggxﬁmxx(cH013): 3150{br.w), 1710(s), 1670(s), 1625(s), 1610(s),
1460(m), 1315(m), 1150(m), 1095(m), 1040(n) om™r.

giy;_xmaX(EtOH)z 256(21000), 290(inf.)(6700), 360(11000), 373(inf.)
(8200) n.m.

Aoy (BEOHH OH) s 250(inf. )(17000), 306(12000), 323{13000), 576(inf.)
(9500), 392(14000) n.m.: reverting to EtOH spectrum on acidification.
g;mgg% (100 MHz) T (cnc13): -1.50{1H, s, exchangeable,0-E); ~1.70(1H,s,
exchangeable,0-H); 3,15(14,s,H~6); 5.25(3H,q,J=6Hz,0-CH); 6.62(8H,q,
J=6Hz ,Ar~CH); 7,20(5H,S,Ar-CH5); 8.45-8.75{9H, complex group of signals,
CHB).

1.8, m/e(rel.abundance): 328(1")(40), 313(100), 295(20), 285(20),

269(20).

Preparation of the Anhydride from Penicillium Herguei ( 82),

A solution of herqueinone (50 mg.), in pyridine (0.7 ml.) and
glacial acetic acid (4 ml.), was shaken with acid washed zinc dust (lg.)
for 3Q minutes and then filtered. To the filtrate was added firstly
12§ sulphuric acid (14 ml.) and then over thirty minutes & solution of

chromium trioxide (105 mg.) in a mixture of water (0.4 ml.) and scetic



acid (3.1 ml.). The mixture was heated on the steam bath for 1.5 hours,
poured into chloroform, washed, end evaporated to yield a product which

wag purified by P.L.C. (4% ethanol-benzene) to give the anhvdride (82)

as colourless needles (methanol-chloroform) which sublimed slowly
between 200-250°C (10 mg., 23%).

T.L.C. Rf 0.69 (504 chloioform-petrol); U.V.: blue; FeClys bluej

Ce4+; green,

_I_._@_:_vmax(m{m;): 3280-3000(v.br.w), 1710(s), 1670(s), 1625(s), 1615(s),
1460(m), 1385(m), 1330(m), 1%05(s), 1060(m), 1040(s), 865(m) em™t.
U.V. hmax(mton): 256{21.000), 290(inf.)(6700), 360(12000), 322(13000),
376(inf.)(9500), 392(14000) n.m.

KmaX(EtOHfOH): 250(inf. )(17000), 306(12000), 322(13000), 376(inf.)
(9500), 392(14000) n.m.: reverting to EtOH spectrum on acidification.
N.M.R. (60 ¥Hz) T (CDClB): -1.55(2H,m,exchangeable,0=H); 3.20(1H,s,H-6);
5.25(lH,q,J=6Hz,irr.8.45«~)«-s,0-—CH5); 7.15(3\H,S,Ar-CH3); 8,40(311,3,0_215);
8.45(3H,d,J=6Hz,irr.5.254=8,secondary 01{3); 8.65(51{,5,0}13).

M.S. m/e(rel.abundance): 328(17)(25), 313(100), 295(13), 285(18), 269{(18).

High Resolution I.5. molecular ion at m/é = 328.0947; 018H1606 requires

molecular icn at m/e = 328.0931.
This material was identical (Rf, I.R., U.V., M.S.) with a sample
supplied by Prof. R. Thomas. There wes insufficient of the latter sample

to obtain an N.M.R. spzctrum.



~1

Regction of 0,0,0=Trimethyllamellicolic Anhvdride with Lithiwe Aluminium

In a typical reaction lithium aluminium hydride (19 mg.) was added
to a refluxing suspension of 0,0,0-trimethyllamellicolic anhydride
(75 mg.) in dry tetrahydrofursn (10 ml.). The solution was refluxed for
15 minutes and then stirred for a further 10 minutes. Water (5 ml.) was
cautiously added, the mixture stirred for 10 minutes and the tetrahydro-
furan evaporated. Chloroform (50 ml.) was added and the solution washed
with dilute hydrochloric acid (25 ml.) and water (2x25 ml.) and
evaporated. T.L.C. showed that no single compound had been formed in
good yield but that a large number of non polar products had been
- obtained. These compounds were unstable and this in conjuncticn with the

low yields obtained prevented their characterisation.

Reaction of 0,0,0-Trimethyllamellicolic Anhydride with Sodium Borohyvdride.

1) Attempted reaction in tetrshydrofuran.

0,0,0-Trimethyllamellicolic anhydride (30 mg.) suspended in dry
tetrahydrofuran (10 ml.) was stirred at room temperature with excess
sodium borohydride (10 mg.) overnight. Analytical T.L.C. indicated that
no reaction had occurred. The same result was obtained when the reaction
was carried out at an elevated temperature or when dimethylformamide wasg
used as solvent.

2) Reaction in ethanols preparsction of compound (94).

A suspension of 9,0,0~trimethyllamellicolic anhydride (30 mg.) in



ethanol (5 ml.) was treated with a large excess of sodium borchydride and
the mixture stirred at room temperature o#ernight. T.L.C, indicated that
one product (Rf 0.2, 10% methanol-chloroform), i.e. more polar than the
starting material (Rf 0.5, 10% methanol-chloroform), had been formed.
Chloroform (5C ml.) was added and after filtration through glass paper
and eveporation a colourless solid was obtained. When, after P.L.C.

(10% methanol-chloroform), the band containing theAproduct (RE 0.2) was
eluted with hot ethyl acetate only starting material (Rf 0.5) was
obtained.

The product (Rf 0.2), in methanol (10 ml.), was added to a large
excess of ethereal diazomethane (2.57g. nitrosan) and left overnight.
After filtration, washing with water and evaporation e product was
obtained which on P.L.C. (100% chloroform) and subsequent crystallisation

from ethyl acetate~-petrol gave the diester ( 94) as colourless needles

n. 96-97°C (29 mg., 81%).

7.L.C. Rf 0.30 (1005 chloroform); Ce’*: yellow.

I.R. 'vmax(CH013): 1720(s), 1590(s), 1335(s), 1075(s), 1035(s) cm ™.

0.V, xmaX(EtOH): 254(24000), 320(5000), 341(inf.)(3700) n.m.: no change
was observed on the addition of acid or base,

N.M.R. (60 IHz) T (03013)= 3,15(1H,s,H-6); 3.55(1H,s,H-3); 5.70(2H,q,
J=6Hz,irx‘.8.65-}-s,0~<CH2); 6.10(9H,s,0-CH5); 6.15(3H,S,O—CH,}); 7.15(3H,s,
A:c-CHﬁ); 8.65(31-1,t,J:-6Hz7im.‘..5,',70»_»5,01{3):

M.S. m/e(rel.abundance): 362(177)(75), 331(17), 317(58), 303(84), 289(100),

275(58), 259(50).
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Analysis. Found: C, 63.04; B, 6.23%; 619.7207 requires C, 62.98;
H, 6 1270’ MeWe = )62.

Reaction of 1,8-Naphthalic Anhydride with Sodium Borohydrides:

Preparation of the Hemiacetal ( 93),

.Excess sodium borohydride (25 mg.) was added to a suspension of
1,8-naphthalic anhydride (25 mg.) in ethanol (10 ml.) and the mixture
stirred overnight at room temperature. Chloroform (50 ml.) was added and
after filtration and evaporation the crude product was subjected to

P.L.C. (100% chloroform) giving the hemiacetal (93 ) m. 78~80°C (ethyl

acetate~hexane)(17 mg., T1%).

L.L.C. Rf 0.25 (100% chloroform); Ce’'t brown.

LR. v (CHC1,): 3570(s), 1060(s), 1025(s), 1010(s), 970(m) om” L.
N.M.R. (60 Miz) T (CD013)z 2,10-2.85(6H,m,Ar-H); 5.80(1H,4d, J=5Hz,11,04~s,
Ar-CH-0); 4.60(1H,d,J=14Hz,Ar-C-H); 5.10 (1H,d,J=14Hz,Ar-C-H); 6.60(1H,
d,J=5Hz,exchangeable,0-H). | |
M.S. m/e(rel.abundance): 186(1*)(90), 179(25), 157(29), 141(100),
139(34), 129(71).

Analysis, Found: C, 77.12; H, 5.3%6%; C1oH; o0, Tequires C, 77.40;

H, 5.41%; m.w. = 186,

2
e

cid Bater (96 ) with Lithium Borohydride.

A+t¢‘mptad Reduvetion of the

Sodium. (0.23g.) was dissoivéd-in'ethanol (50 ml.), under nitrogen,

and 1 ml. of the solution added to a stirred suspension of 0,0,0-tri-
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methyllamellicolic anhydride (30 mg.) in ethanocl (10 ml.). After 15
~minutes T.L.C. showed that the sole product formed was the acid ester
(96 ).

This solution was added tc¢ a mixture of sodium torohyd“"dc (39 pg.)
and lithium chloride (84 mg.) in ethanol (5 ml.) and the resulting
mixture stirred and refluxed for 72 hours. Chloroform (50 ml.) was added,
the solution washed with dilute hydrochloric acid (25 ml.) and water
(2x25 ml.) and evaporated. Analysis of the product by T.L.C. showed that

it was largely 0,0,0-trimethyllamellicolic anhydride with no other

product formed in reasonable yield.

Catalytic Reduction of 0,0,0~Trimethyllamellicolic Anhydride.

1) Reaction in ethyl acetate.

A suspension of 0,0,0-trimethyllamellicolic anhydride (28 mg,) in
ethyl acetate (10 ml.) was shaken overnight, under hydrogen, with Adams
catalyst (14 mg.). T.L.C. indicated that no reaction had occurred.

2) Reaction in trifluorcacetic acid: preparation of compounds (98 ) and
(2.

0,0,0-Trimethyllamellicolic anhydride (66 mg.), in triflucroacetic

acid (5 ml.), was shaken overnight, under hydrogen, with Adams catalyst
(70 mg.). Chloroform (80 ml.) was added and the mikture filtered and
evaﬂorﬂtv“. The crude product was purified by P.L.C. using methanol-
chloroforn mixtures as eluenis.

Lactone A (96) was obtained as buff-coloured prisms m. 165-166°¢
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(11 mg., 16%).
7.L.C. Rf 0.50 (% methanol-chloroform); U.V.: light blue; Cet s yellow
yith an olive halo.
%”max(cm%)’ 2960(w), 2930(w), 2830(w), 1690(s), 1605(s), 1590(s),
1455(s), 1575(n), 1335(s), 1160(x), 1140(w), 1080(s), 1045(s), 1020(w),
1000(w), 960(n) cm™t.
U.V. )\max(EtOII): 240(14000), 259(inf.)(13000), 2657(15000), 337(4000),
349(4000), 370(3000) n.m.: no change was observed on the addition of
acid or base.
N.LR. (60 iHz) ¥ (013013): 3.25(1H,s,H-6); 3.55(1H,s,H-3); 4.55(2H,s,
Ar—CHz-O); 5.90(3H,S,O-CH3); 6.05(311,5,0-0513); 6.10(33,:;,0-0113); 7.25( 34,
s,Ar-‘CHB).
M.S. m/e(rel.abundance): 288(1")(100), 287(33), 273(8), 271(16), 260(16),
259(83), 243(16), 242(16).

Lactone B (99 ) was obtained as an unstable colourless gum (10 mg.,
17%)

7.1.C, Rf 0.55 (5% methanol-chloroform); U.V.: green-blue; ce¥*: brown.

I.R. vmax(011015)= 2960(w), 2940(w), 2840(w), 1700(s), 1620(n), 1595(s),
1455(s), 1430(w), 1380(w), 1340(s), 1285(s), 1170(w), 1140(m), 1080(s),
1045(s), 995(m) cn™l.

N.M.R. (60 MHz) T (CD013)= 3.15(1H,s,Ar-H); 3.50(1H,s,Ar-H); 4.55(2H,s,

AreCH_~0); 6,95(3}{,6,0»-{315}; 6.05(6}1,3;@-053); 7.15(3H, s, Av-CIL, ).
o _
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The Chlorine-containing HMetabolite (100).

This compound, isolated as described previously, gave a positive
Beilstein test and crystallised from methanol-chloroform as orange prisms
which did not melt below BOOOC but which sublimed slowly above 25000
(0.03 mm. Hg).

T.L.C. Rf 0.20 (20% methanol-chloroform); FeClB: brick-red; cets grey.
L.R. v (KBr): 1675(s), 1640(s), 1610(s), 1580(s), 1535(n), 2490(m),
1460(m), 1320(m), 1265(m), 1200(m), 1.045(nm), 810(m), 735(m) em™L.
U.V. xmax(mtozz)s 270(4000), 322(3000), 400(2000) nm.

).max(EtOH+'OI-I): 316(5000), 378(3000) nm.

A (BHOB+E"): 254(7000), 356(4000) nm.

N.MLR. (100 MHz) ¥ (dGDIv.{SO): 3.50(1H,s,H-6); 6.30(3H,S,O~CH5); 7.25(3H,s,
Ar—CHE).

M.S. m/e(rel.abundance): 310(7), 308("-18)(21), 296(33), 294(1.00),
278(7), 276(21), 264(6), 262(17), 254(12), 252(36), 236(5), 234(14),
196(8), 194(24). ‘

High Resolution M.S. apparent molecular ion at m/e = 308.0085; 014H90106

requires m.w. = 308.0088.

Reaction of the Chlorine-~containing letabolite with Diazomethane:

Preparation of the Diester (102).

A large excess of ethercal diazomethane (5.14g. nitrosan) was added
to the chloro compound (100)(30 mg.), in dry methanol (5 ml.), and the
mixture set aside overnight. Ether (50 ml.) was added and after |

filtration and cvaporabion the crude product was purified by P.L.C.



(4% methanol-chloroform) giving the diester (102) as a colouriess gum
(20 mg., 65%).

T.L.C. Rf 0.58 (2% methanol-chloroform); cets grey.

G.L.C. Retention time of 21.5 minutes on a 1% OV-1l column at a texperature

of 220°¢.

LR v (CHCL.)s 1730(s), 1590(s), 1570(m), 1340(s), 1070(s), 1005(n),
980(m) om~L.

LLJL;)Hsz(EtOH): 246(57000), 28%(inf.)(4600), 298(5700), 311(5700),
344(3100) nm.: no change was observed on the addition of acid or base.
N.ML.R. (60 MHz) ® (0014): 3.05(1H,s,irr.7.159=-sharpening H=6); 6.05(6H,
s,O~CH3); 6.10(3H,S,O—CH5); 6.15(3H,S,O~OH3); 6.20(3H,s,o-035); 7.15(3H,
s,Ar-QHB).

M.S. m/e(rel.abundance)s 384(29), 362(")(86), 353(14), 351(43), 338(5),

336(14), 325(33), 723(100), 310(9), 308(28), 295(19), 293(57).

Reaction of the Chloro Compound with Diethyl Sulphate: Preparation

of Compcund (104),

The chloro compound (100)(50 mg.), in dry acetone (20 ml.), was
stirred and refluxed overnight with potassium carbonate (50 mg.) and
excess diethyl sulphate. Chloroform (100 ml.) was added and after washing
with dilute hydrochloric acid (50 ml.) and water (3x50 ml.) and
evaporsticn, the product was subjected 4o P.L.C. (1007 chloroform) *o

give the triethyl ether (lOQDIas colourless prisms which slowly sublimed

between 170 and 190°C and finally melted at 195-197°C (20 mg., 38%).
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T.L.C. Rf 0.2% (100% chloroform); U.V.: light blue; cets EYCEY .

LR v, (CHCL;)e 1760(s), 1725(s), 1595(s), 157C(m), 1375(m), 1345(m),

1340(), 1095(m), 1030(s), 970(w), 880(w) om™ .

V. A (BtOH): 257(14000), 323(inf.)(31C0), 339(4000), 366(3300),

384(3000) nm. |
'xmw(mtom"ou)z 249(17000), 308(3100), 345(inf.)(1900) nm.
Xmax(mtonm")z 247(18000), 308(3300), 34.5(inf;)(2400) nm.

N.M.R, (60 MHz) (01)015)3 2.90(1H,s,H-6); 5.55-5.90(6H,br.m,O—CH2-);

7.05(5H,s,Ar--CH3); 8.45(5H,‘t,J=:6Hz,O-»C-CH3); 8.50(6H,t,J=6Hz,O-=-CwCH§)=

M.5. m/e(rel.abundance): 380(20), 378(M7)(60), 362(30), %60(90), 351(33),

349(100), 323(20), 321(60), 296(27), 294(80).

Analysis. Found: C, 60.52; H, 5.165; C €10, requires C, 60,323 "

191{19
H, 5.0%%; m.w. = 378.

Preparation and Standardisation of a Solution of Chlorine in Carbon

Tetrachloride.

Chlorine, after drying with concentrated sulphuric acid; was bubbled
through carbon tetrachloride (50 ml.) until a dark green solution was
obtained. It was found that 2.3 ml. of O.1M sodium thiosulphate solution
was required for complete reaction with the iodine produced by the
addition of 0.1 ml. of the chlorine solution to 5 ml. of a 0.5M solution
of potassium iodide. The molarity of the chlorine solution wss,

therefqre, 1.2M,
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3=Chloro-0,0,0-trinethyllanellicolic Anhydride (103),

0,0,0-Trimethyllamellicolic anhydride (30 mg.), suspended in carbon
tetrachloride (10 ml.), was siirred overnight with chlorine in carbon
tetrachloride solution (0.17 ml.). After adding chloroform (75 mi.), the
mixture was washed with aqueous sodium metabisulphite (25 ml;) and water
(3x25 ml.) and evaporated. P.L.C. (100 chloroform) afforded 3-chloxo-

0,0,0-trimethyllamellicolic anhydride (10%) which crystallised from

chloroform~petrol as pale yellow needles which sublimed slowly above
200°C (15 mg., 44%).

T.L.C. Rf 0.31 (100% chloroform); U.V.: green-blue; ce*s bromn.
L.R. V. (CHCL,): 1760(s), 1725(s), 1595(s), 1570(s), 1035(s), 965(n),
945(m) em™L. '
Lby;jxmaX(EtOH): 256(13000), 323(inf.)(38C0), 338(4600), 368(inf.)(3800},
386(inf.)(3100) nm.

Xmax(mt0H+”0H)= 248(18000), 303(4000), 313(4000), 345(2800) nm.
'hmax(Et0H+H+): 247(26000), 303(5000), 313(5000), 345(3800) nm.
N.M.R. (60 }MHz) % (CD013)3 2.80(1H,s,irr.7.00+~sharpening,H-6); 5.85(3H,

s,O-CH3); 5.90(6H,S,O-CH3); 7.00(5H,s,Ar—CH3).

M.S. m/e(rel.abundance): 338(33), 336(1+)(100), 323(27), 321(80), 320(13),
518(40), 305(7), 503(20), 293(20), 291(60).

Analysis. Found: C, 56.94; H, 3.76%; C. H 30105 requires C, 56.80;

2 L)

H, 3.84%; m.w. = 338.



Selective Demethylation of 3-Chloro-0,0,0~trimethyvllamellicolic Auhydrides

3-Chloro~4~0-methyilamellicolic Anhydride.

Magnesium iodide-etherate was prepared by adding magnesium turnings
(0.4g.) and iodine (2.0g.) to dey ether (2.5 ml.) and dry benzene (5 ml.).
After filtration, the solution (2 ml.) was added to a stirred suspension
of the trimethyl ether (10%)(46 mg.) in dry benzene (10 ml.) under
nitrogen. The mixture was refluxed for 4 hours, acidified, and chloroform
(50 ml.) added. After washing with aqueous sodium metabisulphite (25 ml.)
and water (3x25 ml.) evaporation gave a yellow solid which on P.L.C.

(4% methanol-chloroform) yielded 3-chloro-A-O-methyllamellicolic

anhydride (101) as colourless prisms which slowly decomposed above 2500C

(11 mg., 26%).

T.L.C. Rf 0.25 (2% methanol-chloroform); U.V.: blue; cete grey.

L.R. v (CHCL)s 1710 (s), 1670(s), 1595(s), 1450(m), 1315(n), 1285(s);
1105(m), 1075(w), 1035(m), 1010(m), 955(m) em™*.

N.M.R. (60 1Hz) % (03013): 2.85(1H,s,H-6);,5.95(3H,s,o-cn3); 7.10(3H, s,

Ar-CHB).

Reaction of Lamellicolic Anhydride with Chlorine: 3~Chlorolsmellicolic

Anhydride (105).

Lamellicolic anhydride (58 mg.), suspended in carbon tetrachloride
(10 m1.), was stirred overnight with a standard solution of chlorine in
carbon tetrachloride (0.32 ml.). The product was filtered off, washed

with more carbon tetrachloride (20 ml.) and cxrystallised from & large



volume of methanol to give 3-chlorolamellicolic anhydride (+03) as

colourless needles which decomposed slowly above 250°C (46 ng., T1%).

L.R. v (KBr): 1710(s), 1660(s), 1610(s), 1590( ), 14)5(3 1310(m),

1190(s), 1150(m), 10%5(s), 805(m), 765(m) cm ~.

g._‘{_._xmax(mon): 254, 276(inf.), 290(inf.), 322(inf.), 355, Bil(inf,) nm.
_xmw(EtOHJr'on): 253(inf.), 316, 376 nm.: reverting to EtOH spectrum

on acidification. |

M.S. m/e(rel.abundance)s 296(33), 294(%)(100), 278(7), 276(21), 252(14),

250(42), 196(12), 194(36).

Analvsis. Found: C, 52.59; H, 2.52%; C,H. 0106 requires C, 53.06;

. 15
H, 2'459\,); MeWe = 2940

Reaction of 3-Chlorolamellicolic Anhydride with Dimethyl Sulphate:

3-Chloro-~0,0,0-trinethyllamellicolic Anhydride.

3-Chlorolamellicolic anhydride (35 mg.), suspendedAin acetone
(20 ml.), was stirred and refluxed overnight with, anhydrous potassium
carbonate (35 mg.) and excess dimethyl sulphate. Chloroform (100 ml.)
was added and after washing with dilute hydrochloric acid (25 ml.) and
water (3x25 ml.) énd evaporation, P.L.C. (100% chloroform) gave a product
identical in all respects (Rf, spectral data and mixed melting point) to
a sample of the trimethyl ether (103) prepared as described previously
from (54).
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Reaction of 3-Chlorolamellicolic Anhydride with Diethyl Sulphate:

3-Chloro~0,0,0~triethyllenellicolic Anhydride.

3~Chlorolamellicolic anhydride (30 msz.), in dry acetone (20 ml.),
was stirred and refluxed overnight with o mixture of potassium carbonaie
(30 mg.) and excess diethyl sulphate. Chloroform (100 ml.) wds added
and after washing with dilute hydrochloric acid (25 ml.) and water
(3x25 ml.) and evaporation, P.L.C. (100% chloroform) gave a procduct
identical in all respects (Rf, spectral data and mixed melting point)

to a sample of the triethyl ether (104) prepared from the chlorine-

containing metabolite (100).
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