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SUMMARY .

In this research it has been shown by incorporation
experiments using synthetic, lavelled precursors that the
antibiotics ethisolide (1) and canadensolide (2) have closely
related biosynthetic origins in the appropriately substituted
citric acids derived from condensation of a fatty acid
derived moiety with a TCA cycle acid (probably oxaloacetate).

The most convincing evidence to date for this pathway comes

from the efficient and specific incorroration by E.canaderse
of K-p-hexylitaconic acid into canadensolide {2)

related metabolites.

n

ince oL-n-outylitaconic acid was similarly incorporated
into ethisolide (1), the key step in the viosynthesis of the

latter must ve the rearrangement of an itaconic

jo

cid derivaziv

whereby the C3 unit
h

@]

n the A-position of the fatty acid

becomes attached to the ﬂ—position thus disproving the
originally proposed bdlosynthesis via a/e-keto acid.
The pattern of labelling of avenaciolide (4) derived
from [2,3-1509] succinic acid has been found to show intact
-

incorporation into the C5 unit as well as incorporation via

]JCH 19;’30 H into tne remainder of the molecule. Tils su;rzests

(O

a ciosynthstic origin similar to that of ethisolide (1) an

)

canadensolide (2).

The re-interpretation of -.D. data obtalmea for
butenolides nas enabled the adsolute configuraticn of the
nay minor metapolite Zecumdvic acid (&0), isclated in

of tne present work from P2.decumpens, tO te assi

Thege C.D. results have also enaclesd the assi.nasnt oL tas

onfigurations of dinydrocanadensolide (3) and



vi

U

canadensic acid (50) as (25,3R,LR) and (2S8,3R2) rescectively.

[

Ead

Reduction of canadensolide (2) to dihydrocanadensolide (3)
nas shown it to have the same absolute configuration as
dinydrocanadensolide viz. (2S,3R,4R).

Incorporation studies using [2—13CD3] acetate with

P.canadense have ecnabled the stereochemistry of the reduction

of crotonate to butyrate in fatty acid bvilosynthesis to e
elucidated, with delivery of hydrogen at C-2 from the si
face i.e. the hydrogsn adopts the pro-S configuration. The
retention or loss of deuterium at C-4 of ethisclide (1),
canadensolide (2) and avenaciolide (&) derived from [2—1 CD

acetate, has been found to be completely in accord with the

e}

redicted result deduced from the known configuration at
C-l4 of these metabolites and the wnowr configuration of tn

deuterium atom in the fatty acid precursors.
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Introduction

(i) Fungal Metabolites and Fungi.
(1i1) Natural Products derived from Tricarboxylic acid

Cycle Intermediates.



INTRODUCTION.

(1) ZFungal Metabolites and Fungi

The research work to be discussed in this thesis
is concerned with the biosynthesis of four fungal anti-
biotics which are related inm structure. These compounds

are; ethisolide (1), produced by P. decumbens; canadensolide

(29) and dihydrocanadensolide (3) which are produced by
P. canadense and finally avenaciolide (4), a metabolite

of A. avenaceus.
H

(4)

This introduction involves a brief discussion of the fungzi
and considers something of their role in nature and
commercial importance.

Fungi are known] to have existed on eartih for a
very long time and their fossil record extends as far
back as the Devonian and Pre-cambrian eras. The earliest
written records of fungi are of their destructive avility
and there are biblical accounts of fungal disease, including
one (Leviticus 14 34-48) which gives practical instructions
for the removal of 'leprosy ia a house', thought to be a

reference to !dry rot.
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The Romans held fungi to be great delicacies and they
identified several different types, including 'boleti'

(Amanita caesaria), 'fungi suilli' (Boletus edulis) and

truffles (Tuper spp.) as well as the common field mush-

room (Ag aricus campestris). In the middle ages, some of the

fungi and mushrooms with medicinal properties were classified
as were some curiosities such as the 'fungus stone'
(Polyporus tuberaster). Zrgot of Rye was also known of at
this time, but the connection between the infected rye and
St.Anthony's Fire - Ergotism, was not made until much later.

The origin of the fungi was a great problem for the
Greeks and Romans, and it was believed that pcisonous
fungi came from 'vipers' breath' while truffles were thought
to be produced by lightning. The widely held view that
fungi had no seeds, and were derived from organic mattsr
persisted until the late nineteenth century, when ourified
fungal strains became available for study.

Today, fungi are classifiedz as members of the
Thallophyta, a division of the plant kingdom, but they
differ from other plants because they possess no chloro-
payll and so are unable to use light energy to synthesise
carbon compounds from carbon dioxide and water. The fungi
obtain these basic organic materials such as sugar and
starch, either from dead plant or animal tissue when they
are called Saprophytes, or from living plants when they are
said to be Parasites. Occasionally, originally parasitic
fungi will evolve to a state of equiliorium with the host
plant whereby both will derive benefit, and this condition,
called Symbiosis, is typified by the lichens (algae and
fungus) and also by the 'fungus roots' of many trees,

Fungi are the cnief source of disease in plants and

W

cause neavy losses in stored seed of all xinds, especially
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when it is stored or shipped in bulk. EZxamples of fungal
diseases are Chesnut Blight, wnich has destroyed cheshut
trees in ¥.America and, of course, Dutch Elm disease, which
has caused the death of European and N.American Zlm trees.
However, not all fungi are harmful® and a few of them have
been exploited for human benefit in one way or another.
Some fungi are grown commercially to produce drugs like the
Penicillins and Cephalosporins, chemicals like organic
aclds, and enzymes and vitamins. In the food industry, they
are used to produce cheese and yoghurt as well as beer and
wine, and they are used in scientific research, giving
information about the ways that genes produce enzymes and
about biochemical pathways in living cells.

The molecules whose bilosyntneses are studied here are
produced as secondary metanolites by their respective fungi,
as are the majority of fungal products. Secondary metacolites
are produced also by higher plants and are defined as
molecules which play no obvious role in the metabolism of
the organism that produces them. The biosynthetic pathways
oy which secondary metabolites are produced are troadly
understood but little is known about the reason for their
production.

An early attempt5 to explain the pfoduction of
secondary metabolites used the apparent fact that their
production was stimulated by an excess of carbohydrate,
which saturated the oxidative enzymes of the organisn,
resulting in the accumulation of incompletely oxidised
products like the organic acids. This explanation of the
phenomenon took no account of the vast array of chemical
structures which are oroduced by a few enzymic reactions,
and implied that the process of secondary =etabolism has

little effect on the organism in its natural environment.
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The fact that some insects show a great deal of specificity
for certain food plants was linked6 to the presence or
absence of plant secondary metabolites, since the basic

food requirements for all insects (essential amino acids,
vitamins, sterols and minerals) are similar and occur in all
living cells. These secondary metabolites occur sporadically
and have large differences in chemical structure and are
therefore unlikely to be of nutritional importance to the
insect in the same sense as primary metavolites. In this
theory it was assumed that, in early evolution, plants
produced chemicals as protection against the insects, and
that the insects responded to the chemical control of the
plant, a host preference arising when a given insect species,
by genetic selection overcomes the repellant effect of thne
plants chemical defences and gains a new source of food.
Further evolution of the insects resulted in the former
chemical repellant becoming an attractant which ianduces
feeding.

Tt seenms reasonable tnerefore to consider a similar
plant - fungi evolutionary relationsnip in which fungal
secondary metabolism plays a significant role. Formation
of some kind of secondary metapclite is a feafure of most
micro-organisms, aﬁd an organism can survive gquite effect-
ively even when it devotes a very high pruportion of its
synthetic ability to proauction of secondary metabolites eg.

it has been found’ that P.decumbens will routinely produce

large amounts of citric acid (ca. 7.5g) and ethisolide (1)
(ca. 1.5g) per litre of culture medium. It must be supposed
that this capacity for biosynthesis of secondary metabolites
confers some selective benefit to organisms in the course

of their evolution. However, such is the variety found in

secondary metabolites that there is no single vroperty



which can be found common to all of them.

In an attempt to explain the occurrence of all types
of secondary metabolites, Bu'Lock3 nas listed four general
features common to the process of secondary metabolism
namely; the conversion of normal substrates into important
intermediates of general metabolism uéing standard mechanisms,
followed by the assembly of these intermediates in an unusual
manner by means of a combination of standard general
mechanisms with a selection from a relatively small number
of special mechanisms. These special mechanisms are peculiar
to secondary metabolism, although they are not unrelated to
the general mechanismér Also, secondary metabolic activity
appears, or 1s intensified, in adaptive response fto nutritive
conditions unfavourable for cell multiplication. On the
basls of these common features, Zu'Lock proposed that the
selective advantage of secondary metabolism is that it
serves to maintain the mechanisms essential to cell multip-
lication in 'working order' when the local environment
makes cell multiplication impossible. Conditions like these
could he envisaged when a plant releases chemicals to repel
the attack of a micro-organism.

It is quite well accepted that cellular enzymes will
break down when they are deprived of their substrates and
hence, when the integrated biosynthesis of new cell material
is prevented, a general breaxdown of all these synthetic
mechanisms would follow. This has two consequences for the
organism, the first being that the uptake of nutrients will
cease, leaving these nutrients available to any competitors
of the orgasism. The other consequence is that normal funct-

ioning of the organism can only be restored after extensive

T-It may be noted that these features have direct relevance
in the present work. For example, it was found useful to
consider the biosynthesis of a number of anti-bviotics to oe
closely linked to primary metabolism.
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renewal of enzymes and co-enzymes. The capacity for
secondary metavbolism enables the organism to resist tnis
situation. Limited de novgo synthesis of a few special
enzymes will be enough to allow a number of general
synthetic mechanisms to continue, thus preventing the break-
down of these enzymes and continuing the uptake of nutrients.
The lack of general intrinsic properties of secondary
metabolites is explained using the idea that it is the
activity of biosynthesis rather than the nature cf the
metabolites produced that is of value to the organism. An
example 0f the de novo synthesis of a special enzyme 1is
provided by the ability of a wide rénge of penicillin and
cephalosporin resistant bacteria to produce the penicillin-
ase enzyme9 in natural conditions.

An example of the close inter-relationship between
vlant chemical defences and the fungal enzyme systems of
secondary metabolism 1s provided by the resistance oI oats

(Avena sativa) to the fungus responsible for the 'take-zll'

disease, Qovhibolus graminis. The compound responsible for

. . . 10
this resistance was found to be avenacin (3) ~.

pentose— ch—ch\o NHVIe
HOHZC
(5)
Both the pentose unit and the N-methyl anthranilic acid
noiety are necessary for inhibitiocn of 2.graminis, but the

fungus QO.graminis var. avenacinae 1s atle to successiully

attack Avena sativa because 1t has tine aoility to produce the

enzyme avenacinase which catalyses thas removal of tae



pentose unit.
Plants have the ability to inhibit fungal attack

by storing toxins within healthy tissue as inactive
glycosides; the active toxin being released, after fungal
invasion, by hydrolysis or oxidation. In damaged shoots and
leaves of the Birdsfoot Trefoil plants, the post-inhibitin
linamarin (6) is hydrolysed to produce cyanide (fig 1).
HE //ADCNS HC~ _-OH HC~_

P —=  ~C=0 + HCN
HC CN HC-~ Nen  He

S (6) ; 3
(fig 1)

Many fungi will induce the cyanide production, but only

Stemphilium 1oti tolerates the cyanide producedW]. It does

this by synthesis of the enzyme formamide aydro-lyase, which
converts the cyanide to formamide.

Plants are capable also of responding to fungal
attack hy producing anti-fungal substances or phytcalexins
by de novo syanthesis. However, the fungi themselves have
evolved enzymes which will render these anti-fungal agents
inactive. For example, the sweet clover phytoalexin
2

medicarpin (7) is detoxified1 by Botrytis cinerea by

(7)

hydroxylation to give the weakly active bfa-hydroxy-medicarpin

(8), while Colletrichum coffeanum converts the phytoalexin

to the inactive 5a, 7-dihydroxymedicarpin (9).
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A similar oxidative process is thought to be the source
of 3-hydroxy-9- methoxycoumestan (10) and trifoliol
(3,7-dihydroxy-9-methoxycoumestan) (11) found in infected

white clover leaflets'-.

(10) R=H
(11) R=OH

Secondary metabolites may also ve produced by fungi
which induce disease in the host plant. These metabolites,

)
phytotoxins14’15’]°

, are produced only once the organism
is established within the host plant. Their production
has a direct benefit to the fungus in addition to that
discussed above since the dead host tissue resulting from

the induced infection becomes a source of nutrients for

the invading micro-organism.
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CO.H CH
2 - CCH§>C:CHCH=CHCH=CH o,
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(ii) Natural Products derived from Tricarboxvlic acid

Cycle Intermediates

Canadensolide (2) and dihydrocanadensolide (3) may be
grouped with a number of other natural products which appear
to be the products of condensation of the keto-group of
oxalo-acetic acid, a tricarboxylic acid cycle (TCA cycle)
metabolite, with the g-methylene group of a fatty acid17.
Some examples of this type of metabolite are given in TAZLE 1.

The simplest condensation of this type, between acetic
acid and oxalo-acetic acid to give citric acid, is one of
the reactions of the TCA cycle and a key intermediate in the
biosynthesis of these metabolites is predicted to be the
appropriately substituted alkyl citric acid. This latter
type of compound is found in nature, examples being decyl-

v . .20 .21 .
citric acid (13)18’19, caperatlcEJ and nor—caperatlc/ acids

(14) and (13), and agaricic acid(15)2d. Spiculisporic acid

(25)

M

5 is evidently vroduced by condensation of oxo-glutaric
acid and the fatty acid followed by cyclisation while
rangiformic acid (12)2grobably results from de-hydroxylation
of (14), perhaps by an elimination-reduction procedure
similar to that used in the interconversion of malic acid
and succinic acid in the TCA cycle. In many secondary
metabolites of this type(nephrosterinic acid (18)2°, proto-
lichesterinic acid (19)20, lichesterinic acid (20)20,
nephrosteranic acid (21)20, nephromopsic acid (22)20,
aracanoic and aracenoic acids (23) and (24)24, and minio-
luteic acid (25)%7) the simple condensation products have
undergone lactonisation using a hydrox&l group at the f
position of the fatty acid. The origin of this hydroxyl
group has not been established but, althouzn it cculd
conceivably be a residual f-oxygen from the polyketide

biosynthesis of tue fatty acid chain, it seems more likely
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to ve produced by aydroxylation of the fatty acid chain. A
number of natural products, such as protolichesterinic
acid (19), may arise by a similar pathway but with a de-
carboxylation step as an additional modification. [The process
involved could be analogous to that established for the
biosynthesis of itaconic acid using cell-free extracts of

26,27

A.terreus Experiments using DZO showed that decarbox-

ylation involved also the migration of the double bond.

Q§ik+ CH ii
C=0 2 >
HOC C — HOZCB(“\ - @n/)
©; ] O "B cH D con
D™ (fig 2) HOZC

Experimental evidence for the biosynthesis of a

(fig 2).

metabolite from a fatty acid and a TCA cycle intermediate

nas been obtained in only a few cases. An enzymic synthesis
of spiculisporic acid (26) from lauryl Co-enzyme A and 0Xo-
glutaric acid has been demonstratedag, and the enzyme which

catalyses the synthesis of (-)-decyl-citric acid (13) in

. . N . L2
P.sviculisporum has been 1solatea-9 and found also to

catalyse the condensation of shorter fatty acid CoA
derivatives with oxalo-acetic acid. It had been reported)o
that both (+) and (-)-decyl-citric acids (13) were metabolites

of P.spiculisporum, but a later study showed that the true

metabolite was (-)-decyl-citric acid, the'(+)' acid being
a mixture of (-)-decyl-citric acid and (+)-isocitric acid?
It was foundBa that [1—140] acetate was incorporated

into (+)-protolichesterinic acid (19) oy C.islandica,

mainly into the fatty acid part of the molecule. Later
: ) 0 . -
biliosynthetic work/3 showed [1,4—1+Ca ]succ1n1c acid to be

incorporated at least partly into the C3 unit of (+)-



1
protolichesterinic acid (19) (0.001% - summer only). Although
the 'seasonal' aspect of the incorporation suggested that
the biosynthesis is a minor metabolic patnway of C.islandica,
these results supported the hypothesis that the aliphatic
lichen acids have common precursors close to the fatty aéids
and also to the TCA cycle.

In the biosynthesis of itaconitin (27), acetate and
malonate were 3’.r1<:orporated5L1L into C-1 to C-9 and also into

C-13, showing this portion to be derived from a fatty acid

(fig 3).
13 1]
1y
Hac\ s u I3 b 3 s/T ©
(ifig 3) , 1/,C::CH—-CH:CH—CH:CH %Ha
HQF—CHZ

However, although the C; unit (C-10, C-11 and C-12) could
be predicted to come from a TCA cycle metabolite, very poor
incorporations of [1—]401 pyruvic acid, [1,5-]462] citric
acid and [2,3-'%C,] succinic acid were found”*. This
suggested that the TCA cycle was a poor source of carbon

\ .. 14, .
atoms for the Cy unit. [6-'*C] zlucose was better incorp-

orated, although it gave unequal labelling of C-iC and C-11,

and 1t was suggested that the C5 unit was derived from the

§ carboxylation of phospho-enol pyruvate (fig 4).

| COH CCH
HC e
PP COH
(fig 4) 2

The Nonadrides, natural products with a characteristic

C, ring, such as glauconic acid (28)?5glaucanic acid (29)96,

9

2
byssocnlamic acid (30)/7 and its isomer heveadride (51)58

and the rubratoxins A and E,(52)39 and (55)*0 repectively,

can be grouped with the licasn acids on the basis of tneir



biosynthesis.
feature of glauconic acid (28) and byssocnlamic acid
(30) is that each contains two C. units of identical skeleton

9
(fig 5)

(28) (fig 5) (30)
and it was proposedq] that these acids arose by dimerisation
of a C9 unit which could be derived from n-butylcitric acid
(34) formed by the condensation of the @-methylene group

of hexanoic acid with oxalo-acetic acid (fig 6).

COH
HOL 2 HOC OH
+ CCgﬁ CCEH
(34)
(:Cgﬁ
HC%:
COH ¢ 9 unit
2
(fig 6) |
This proposed biosynthesis was investigated42 oy

feeding experiments on P.Durourogenum’and degradation of

the glauconic acid (28) isolated resulted in the percentage
distribution of activity in each C9 unit illustrated in
(fig 7). This activity distribution in the CS chain agreed
with 1its being produced, via tae fatty acid pataway, from

one acetyl and two maloayl units. In the C, unit, -8 and

5
C-9 were found to have activity from the methyl sroup of
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(fig 7) '
[1—140] acetate ; [E—TQC] acetate

},

acetate while C-7 incorporated activity from both the methy

!
and the carhoxyl of acetate. [2—1*C] pyruvic acid was
incorporated into Cgq (8%) and Cq (1.5%) which showed that,

: 14 . ,
althougn [2— 4b] pyruvate is a good precursor for [s- *C]

acetate, the pyruvate can be incorporated without degradation

T

Lo acetate

el

through a symmetrical C, intermediate sucia as succinate.
&4

V]

Il

C, aci

o,

F

The fact that the C, unit was derived from
~

i+
14
y3-' 12

]

a
was clearly illustrated by the iacorporation of [2

o

succinate into £-8 and C-9 (55% of total)qa,

Support for the dimerisation step of the proposed
biosynthesis was obtained using synthetic, labelled, C9
precursorshB. Thus the annydride (55), lavelled with tritium

at ¢-3, afforded glauconic acid (28) (0.25% total incorpor-

ation) having half the total tritium activity located at

(35) (36)
C-13 and half at C-4 (fig ¥). Also, glauconic acid (28)

isolated from 2.purvurogenum grown in the presence of the

3

anhydride (36), labelled as sinown, retained 50.3% of the
1

T‘I *C  acetate was not fouad to be incorporatsd into
Z-3 or C-9.

, presumaply via oxalo-acetate, and without going
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.14C ex. (36)

(28)
(fig 3)
total activity fed, 97.5% of this being located at C-7 and

C-16 (fig 8).

This is a short summary of the biosynthetic knowledge
available on these metabolites at the time this work was
commenced. There have been two directly relevant resultis
oublished since then, and these can te found ia Appendix 1.

In the present work, strong évidence is presented
that canadensolide (2) and dihydrocanadensolide (3) cre
produced by condensation of the a-methylene group of octancic
acid with the carbonyl group of oxalc-acetic acid to give
n-nexyl-citric acid, followed by hydroxylations and
lactonisation.

The metabolites listed in TABLZ 1 apvarently arise by
the condensation of a 65_C5 unit at the q@-position of a
fatty acid and are classified as TYPE A metabolites.
dowever, both ethisolide (1) and avenaciolide (4) which are
classified as TYPE B metavolites, differ from all these in
having a Cy unit attached to the B-position of a fatty acid
chain. As indicated later one biogenetic theory, involving
condensation of a f-keto-acid with succinic acid,has proved

-

unsatisfactory and vart of this thesis 1s devoted to

establishing the true course of the vilosynthesis.
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Metabolites of P.decumbens

(1) Previously Xnown Metabolites

IR
The antibiotic ethisolide (1) was first isolated ™™

from P.decumbens in 1971. It can ve formally derived from a

fatty acid to which a C5 unit is attached at the B-position
and is thus a Type B metabolite as classified earlier.

H

(1)
H¥ H

Extensive studies of the fungal broth of 2.decumbens™’

led to the isclation and identification of citric acid
(oresent in substantial quantities) and two minor metabolites
viz. n-butylcitric acid (37), a Type A metabolite, and the
Tyve B metabolite ethisic acid (33) which were characterised

as their methyl esters.

CC%% *%CEC
HO—- C%H
. (38)
(37) COH
2
46

In later fermentations™, the organism afforded smaller
quantities of ap-butylcitric acid (37), producing instead the
Type A aminor metabolite ®~(0H)-«-n-butylitaconic acid (39),

again characterised as the methyl ester.

Ho,c
CQOH
2
(39)
The significance of tThese netaovolites in relation o
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(1ii) Decumbic Acid: a new “inor Mstapolite.

In an attempt to isolate the =minor metabolites (37),
(38) and (39) as acids, and so eventually obtain biosynthetic-
ally lapbelled precursors for use in incorporation studies,

further cultures of P.decumbens were investigated. These, in

addition to ethisolide (1) and citric acid, gave a small

quantity of the new minor metabolite decumbic acid (40).

1 9
HOC~ 2
v
H
5
6

The I.R. spectrum of decumbic acid (40) showed characteristic

1

veaks at'1?80‘cm' (butenolide) and at 32500-2400 cn”™ and

-1 . - , . . s
1710 cm (acid) while the long-range ccupling ovetween the

-

7-9 methyl zroup and the £-3 hydrogen atom (J=2Hz.) was visible

4

]
in the "H-N.M.R. spectrum. The Xass Spectrum of decumbic acid

showed a molecular ion at m/e 134 and the base peak at m/e
140 could ve produced by dMclariferty rearrangement and the
loss of C3H, (fig. 9). )
HOC, B, 1+ HOC T

" — + CH

H
H

(

The C.D. curve of decumbic acid (4C) (fig. 12) was very

ig. 9)

LY

similar to the mirror image of the curve found for (+) -

: . L7 : . .
lichesterinic acid (41) ‘and decumbic acid can thus te assigned
the same 35 configuration as isocaznadensic acid (42) and
aydroxyisocanadensic acid (.3) (Table 2).

HoC
2 2
3
(41)

2
(CHCH,



AE
3..
27 (i) Decumbic acid (40)
1 4
Ve A o,
-1
24
3. (ii) (+#)-Lichesterinic acid (&41)
-4 !
(fig. 10)
TABLE 2
Compound Config. - An.m./AE
at C-3 .
(40) S 300/0; 255/-0.7%; 223/+2.76
(41) R 292/-0.11; 258/+0.56; 230/-L.15;
188/+3.86.
(L2) Me-ester| S 283/+0.35; 275/+0.32; 228/+3.,.5;
198/-1.75.
(43) Me-ester| S 330/0; 275inf./+1.15; 2.3/+4.02;
208/-5.31.
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The isolation of decumbic acid (&40) from P.decumbens

was important because of its structural similarity to the

P.canadense metabolites isocanadensic acid (&42) and

nydroxy-isocanadensic acid (43). These molecules have tiae
same 35 avsolute configuration and their structurses suggest
that they may have similar biosynthetic origins. The

proposal that the metabolites of P,decumpens and P.canadense

have similar biosyntheses will be discussed later with

respect to ethisolide (1) and canadensolide (2).



Discussion:

2. Ethisolide: Synthesis of Potential Biosynthetic

Intermediates and Incorporation Studies with P.decumbens.

(1) Attempted Syntheses of Zthisic Acid
(ii) Synthesis of [1-]QC]—E,E-dicarboxyhept—i-ene and

Incorporation Studies using Z2.decumbens



EtO .C

E toC

SCHEME 1

I_

%\

CO But

‘<SCH (44)

HC SCH,

(48)

EtOZC I
COZBUT-
SCH,4
CH3
(46)
EtOZC

(38)
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Zthisolide: Svathesis of Potential Riosynthetic Intermediates

and Tncorporation Studies wita P,decumbens.

(i) Attempted Svntheses of Zthisic acid (38).

The synthesis of this minor metabolite of 2.decumbens

was attempted in order to characterise the molecule fully and
to obtain specifically labelled material for incorporation
studies with P.decumbens. Tue first synthetic routs tried is
illustrated in Scheme 1. The reaction, which involved the
Michael addition of tert.butyl-d-lithio-«-thiomethylpropion-
ate (44) to ethyl (trans)hex-2-enocate (45) followed by the
trapping of the resulting ester enolate with iodine to give

.3

1 : L ] N . L - , N . In
the iodo-ester (46), is a variation of an elegant synthesis”

ct

£
of (dl)-avenaciolide (4). This synthesis used as receptor
the butenolide (47), and the condensation was claimed to be

a general process.

(47)

8 17

,_, ysi ¢ the iodo-ester (46) would be e: ted t

“ydrolysis of the iodo-ester 165) would be expecte o}
give tihe lactone (48), the exo-methylene function oeing

!

introduced by pyrolysis of the sulphoxide of (#3)49. Hdovwever,
the Mi it ; ion zave v starting material d
the Michael addition reaction gave only starting materlal an
a compound thought to be ethyl (cis)hex-2-enoate, and furtaer
attempts to reach (48) without isolating (L6), although
yielding some lactonic material (identified by I.R. absorvtion

at 1785 cm-l) gave principally starting material and tne

ke

synthetic route was acandoned as a result,

M
(@3]
~—r

Anotner synthetic route (Zcheme 2) to ethisic acid (
which enabled the introduction of a labelled carbon at tae

2xo-metaylene positicn was also attempted. As can oe scen, tne

route involves construction of the lactone skeleton



SCHEME 1

N
-1 EtO.C I
EtOZC j 2 |
4—\ COZBUt
)N C028u SCH,
(15) SCHy  (44) CHy
CH3 (u5)
EtOC EtO,C
HC 'SCH,

) (38)



g
£tO.C
2 9

4
(50) 5

HOL
- COq

(52)

T

SCHEME 2

-
COZE‘C

CcO

HOC

Stiles
rgt.

COH

HCHO

(38)



1

N

and introduction, at the end, of the exo-methylene group.

A number of ways of converting lactones of type (49), via
tnelr enolates, into the corresponding «-methylene lactones
have beenAdescribed.Eo However these methods cannot success-
fully be used in the sequence indicated in Scheme 2 because
C-2 and C-8 of lactone (53) are enolisable.

ROGC

R (49) (54)

Carboxylation of lactones of type (54) using Stile's
reagent (magnesium methyl carbonate)5], followed by
methylenation of the resulting carboxylactone using agueous
52

formaldehyde and dimetnylamine has been used to introduce

the exo-methylene function in syntheses of (dl)—avenaciolide55
and u,--iso—avenacicul:‘.c1e5L'L and this btecame therefore the method
of choice in the present case.

Lthyl 3-carbethoxy-2-oxo-hexanoate (50) was prepared by
condensation of the enolate o7 ethyl pentancate and diethyl
oxalate, and the reaction of the enolate of (50) and ethyl
bromoacetate gave ethyl 3-carbethoxy-3-carbethoxymethyl-2-
oxo-hexanoate (51). These compounds were completely character-
ised, although the methylene protons on C-7 of (51) zave a
broad multiplet in the 1H-N.P.R. spectrum instead of the A2
quartet expected because they are adjacent to the asymetric

centre at C-3. This was explained by invoking tine possipility

?
o= =4
of ring-chain tautomerism existing in the molecule”’”>”7°
(fig 11).
Et OZC Et 02C
CC%Et _ COEt

COft CO,Et
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The next step in the synthesis is f-decarbethoxylation of
the triester (51) to give the keto-diacid (52). Treatment of
(51) with 3M-aqueous potassium aydroxide (fig. 12) gave only
n-propyl succinic acid (55, R=¥) which was identified by
"5c-N.M.R. and characterised as its dimethyl ester. The

production of (55) requires that the anydroxide ion acts as a

nucleophile, attacking the 2-keto group of (51) (fi-. 12).

EtOC
2 8 CO,H

HP— , COft | 2

4 2 *

51

(51) | _COfEt CO,H
6 (fig. 12)

In an attempt to avoid this nucleophilic attack, the

tri-ester (51) was treated witn four egﬁivalents of 1M-agueous
potassium hydroxide. After treatment of the reaction mixture
with diazomethane, dimethyl n-propyl succinic acid (55, R:CHB)
and the methoxy-triester (54) were isolated.

1
HCOC\, ~OCH,

4
Y °cagH,
COLH,

The production of (56) is rationalised once more oy using the
55,56

possibility of ring-chain tautomerism- -’ (Scheme 3). The

important feature here is the formation of the ring bvetween

C-2 and C-7 of (51) and its re-opening ovetween C-2 and C-3.

This leads to the observed carbon skeleton and (56) is then

produced by hydrolysis and methylation.

he tri-ester (51) was thus found to be extremely labile

ne

in basic conditions and an acidic aecarboxylatiocn of (31) was
therefore attempted. The expected product of acidic decarbeth-

the outenolide (57). This is oecause the initially

N

produced ¥-ixeto acid is known to readily sgquilibrate with

N

~
A O

the butenolilde in acidic conditions aad aydrozenation rould



1 1 OH
EtOLC [} EtOLC
2
COZE’C = 4 3 COzE’L
COft CO,Et
5 6

—_—

CHOC~__-OCH,

COLH,
COLH,

(56)
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HO.C

(57)

give the desired lactone skeleton.

Acid treatment of the tri-ester (51), followed by reaction
of the crude product with diazomethane gave the butenolide
(58) in 13.8% yield. This is isomeric with the methyl ester of
ethisic acid (38) and is produced by C-methylation of a

vutenolide of type (57) by diazomethane (Scheme 3a)' 17,

HLOL

(58)

In attempt to avoid the C-methylation found when diazomethane
is used, the initial acidic product was esterified using SOCla/

methanol but this reaction gave only a coupisx wmixture of

1

esters (by 'H-¥.d.R.) and the method was abandoned.

Decarvoxylations of geminal d;esters,/g—keto esters and

= [
7,58,59 using excess

ot

X-cyano esters have been revorted
sodium chloride in aqueocus dimethyl sulphoxide, and this

method was applied to triester (51), but as before, complex
mixtures of esters were produced which were not investigated

further.

These syntheses are outlined later in Apvendix 2.



MeO,C MeO,C

(57) e H
Me~ester 4Lv
pyrazoliine
MGOzc
—_— —— .
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(i1) Synthesis of [1- *C] -2.3-dicarboxvhept-l-2ne (59) and

Incorporation Studiss with P.decumsens.

Y
It was suggested”™ trat ethisolide (1) and the
related Type B metabolite avenaciolide (4) might be formed by

condensation of succinic acid with a B-ketoc acid. This

H

AT

(1) Cskﬂ7 (4)

. , . . 13
uggestion was supported by the incorporation of [2- jC]

acetate into the fatty acid part of avenaciolide (4) in the

60

predicted manner®’. A detectable incorporation of [2-'-¢]
d

acetate into the C5 unit of avenaciolide was also notice
1

=z
<
v T

A 153 , -
which could arise by conversion of [2— )C] acetate into
labelled succinate via the Xrebs' Cycle (Scheme 4), the labelled
succinate then being incorporated into the 05 unit of (4).

= 1z
:‘),.,] [;_x)m]
‘s st & v

and [1,2— /Ca] labelled acetate;J clearly showed C-1 to Z-6 of

Incorporation studies on 2Z.decumbens 181nc[1—

ethisolide to be derived via the acetate-malonate vathway,

e . . 134 N
while the intact incorporation of [2,3-'7 5] succinate,

~

Z
synthesised from [1,2—1)02] ethylene dibromide snowed C-7, 3
<
. . " . . NSy
and 9 to originate in a T, acid such as oxaloacetate” . These

results are summarised in (fig

3. %
" CH;COH
e H3 CO,H
4"*cH.COH ST a3y C—COH

‘The clearly observed incorporation of acetats and succinate

1&)92

Ui
0

|’-1)

into K=-F0-k-p-dutylitaconic acid ( 1 showed that

(033

G

!-_I

very closely related biosynthetic processes lead to tize Tyve 4

and Type 2 comvounds produced by Z.decumbens and we therelore



"CH,COSCoA

%EC%HA

COH

oxalo-acetate

malate

fumarate

succinate

HO——CO,H
CO,H

\

cis-aconitate

\

isocitrate

)

oxalo-succinate

CH,

citrate

OH

ol -oxoglutarate



A
-[],2-1362Jacetate

(fig. 14)
proposed that ethisolide (1) is biosynthesised via a Type A

precursor., This hypothesis would involve a rearrangement
whereby the C3 unit, originally attached to the K-position of
the fatty acid moiety in the Type A precursor, bdecomes
attached to the,@-position. In order to prove this hypothesis,
the intact incorporation of a synthetic, labelled Type A

precursor into ethisolide (1) oy P.decumbens must be shown.

=]

he proposed oiosynthetic intermediate chosen for this study

was 2,3%-dicarboxyhept-l-ene (K-p-butylitaconic acid) (59),.

~

oY=

Previous syanthetic work was directed towards a-butyl -~

citric acid (37) another Type A metavolite of P.decumbens.

However, although the reaction using the X-anion of ethyl
cetate (fiz 15) cave n-butyl citric acid (37), the product

COR

W

0
ROL. M.
CORTHLOR] ROL
T HO COR

(£ig.15) R=H (37)

was an inseparaple ervihro-tareg mixture with tne natural

material constituting only 10% of the syntnetic material. The
synthetic z-outyl citric acid was therefore not wholly
satisfactory for incorporation studies. However, 2,3-dicarvoxy-

cept-1-ene (5%) nas only one assymetric ceaire, oifers tne

ibility of introducing a labellec carcon z2tom at the exo-
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I

methylene position and was therefore a biosynthetically
interesting molecule.

The first synthetic route attempted was an adaptation
of a method used in a synthesis of canadensolide (2)63. Reaction
of the anion of the 4-methoxybenzyl ester of itaconic acid (50)
with a series of aldehydes gave a direct route topd-methylene

lactones (fig.16) and it was hoped that, by using 1-bromo-

ROZC\/H\ ROC ROL
(50) © CozH
RCHO

ecpl oy e

butane as the receptor in the reaction, the desired skeleton

U‘%

could be achieved directly (fig.17).

ROZC\/J\

(fig.17)

4-Methoxybenzyl itaconate (50) was prepared using the

7
method of Baker®® but reaction of its X-anior with 1-bromo-

butane at -78°C gave only unreacted (60) on work-up. Hexa-
nethylphosphoramide has heen used 55 in the high yield
alkylation of aliphatic acids, but a similar experiment using
(50) at 2°C gave only 4-methoxybenzyl alcohol, showing that
nydrolysis of starting material had occurred ., The synthesis
was not investigated further.
Further synthetic studies of canadensolide and related
f f . :

dilactones®® used, as the initial step, tae 1,4 Michagel
addition of 1-hexynyl magnesium bromide with 1,1 ,2-tricarbo-
methoxyethene (51) (Scheme 5). Cis and trans hydrogenation

of the triple bond in (52) led to alkenes, whicih after cis

and trans diaydroxylation and lactonisation zave the dilactones



N-C4Hg-C=C-MgBr
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(522 and %) and the exo-metaylene group was introduced using
a Mannich reaction.

The above reactions were adapted to the synthesis of
X-n-outylitaconic acid (59). 1-Butynylmagnesium bromide was
prepared 66 by a Grignard exchange reaction in tetrahydrofuran
with ethylmagnesium bromide. Reaction of this Grignard
mixture with (51) prepared by the method of House67 in the
presence of Cu(1)Cl (Scheme 6) gave 1,1,2-tricarbomethoxy-

butane (53) as the sole product.
CO,Me
MeO,C 1
COMe

4
(63)

The isolation of this compound was of great importance
because, altinougi the desired addition had not taken »nlace, it
showed that 1,4 saturated alkyl Grignard acdition was possible,
thus enabling the direct synthesis of 1, ,2-tricarbomethoxy
hexane (54) from (51) and n-butylmagnesium bromide. After
oase nydrolysis of the triester to the corresponding triacid
(652, the exo-methylene moiety was introduced oy “ennich
reaction52 using formaldehyde and aqueous dimetinylanmine giving
o-n-butylitaconic acid (59).

The mechanism of the Mannich reaction has been studied68

using the svstem in (fig.18), and it was proposed that a

coH HEHO
(Me),NH




CO,Me CO,Me

MeOLC. MeO,C
+ COMe ~— CQMe

H
C,HsC=CMgBr (51) Il
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Mo

concerted rather than stepwise decarboxylation-elimination
mechanism was operéting. This was »nroposed on the basis of
the observed speed of exo-methylene lactone formation.

The important feature of the above, from the point of
view of tnis study, is that the carbon atom of the exo-
metnylene group is derived from formaldehyde. By using []QC]
formaldehyde im the last stage of the reaction, [1—140]—
2,3-dicarboxyhept-1-ene (fig.19) was obtained for use in
incorporation studies with P.decumbens.

e,

HOLC
CO,H

(fig.19)
Time/incorporation studies for the production of ethisolide

1
by 2.decumpens had previously oeen carried cut using [E—'*C]

e

sodium acetate”’. These results were used in the present
1 s . , . o
work, [1-'7C]-2,3-dicarboxyhept-1-ene (fig.19) being

adninistered to P.decumbens in three pulses at 2i4hr. intervals

in order to minimise its degracdation oy the organism.

)

The sthisolide recovered from the *broth contained 10.4%
0f the administered radiocactivity while citric acid, recovered
as its trimethyl ester, was found to be almost inactive.
Ozonolysis of the labelled ethisolide to give formaldehyde,
isolated and analysed as its dimedone derivative, showed that
the radioactivity was located entirely in the terminal methyl-
ene caroon.

These results illustrated clearly that ethisolide (1)
is indeed biosynthesised via tiae Type A precursor <-p-cutyl-
itaconic acid (59). In addition. the faét that the citric

acid contained no =zctivity srows that the syntaetic precursor

is not degraded to any great extent by tae Urganism.
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A biosynthesis for ethisolide (1) can now de proposed
starting from the conaensation between a fatty acid and
oxalo-acetate (Scheme 7) to give the g-outylcitric acid (37)
which is converted as described sarlier into the correspond-
ing itaconic acid (59). The key step in the biosynthesis is
the re-arrangement, occurring either at (59) or (39), whereby
the C5 unit on the «-position of the fatty acid decomes
attached to the/@—position as in (59%9a) and (3%9a).

There is a related rearrangement already known in a
natural system.iTvo enzymes have been isclated from the

bacterium Clostridium barkeri, which catalyse thne intercon-

version of methyl itaconic acid and X-methylene glutaric

)

6 -
acid

&

(fig.20).

HO.C — HOLC
CO,H il
2 COH
CHg

(fig.20)
These enzymes are dependant on a 812 co-enzyme, and the

re-arrangement has been reproduced photochemically in vitro
70

using an alkyl cobvalamine derivative’”. Later experiments

’7 ) h ~ 1
using 29,0 in the work—up" showed that a simple C-shell

re-arrangement occurred, the C. unit oeing tae only migrating

group (fig.21).

THPO,C. 00 THPO,C
CO,THP CO;THP
I
— H H
/Clo\ D v
{-
THPO,GT ;
H COTHP
H
(fig.21)

rearranged oproduct



CO,H
4
HO,C
e COH . CO,H
(59) (39
: ?
HO,C~_ | HO,C ! oH
COH o= COH
4 A
(59a) (392)
a~

(38)
A '%C labelled carbon atom
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In natural systems there are several other examples of 31?—
dependant rearrangements and these have been discussed in

some detaill]g. Trese reactions are essentially nydrogen
transfer processes with concomitant cleavage of a C-C, C-0
or C-N bond and are summarised in (Tabtle 3). The migrating
group that is replaced by aydrogen is enclosed by a
rectangle.

Our experiments cannot of course tell at which point,

(59) or (39), the rearrangement occurs in the biosynthesis

f ethisolide, but the earlier isolation of (39) from

(@]

s L& .
2.decumbens’- does hint that the rearrangeument may occur

after nydroxylation. The final steps of the biosynthesis are
quite predictable; lactonisation to give ethisic acid (38),
followed by hydroxylation at C-4 and lactonisation leading

to ethisolide (1).



TAD

Enzyme

Glutamate mutase HOOC—{:—CHF-CIH—COOH = HOOC—CH—CH—COOH
H NH, NH,
H (5] cH, O
Methylmalonyl~ 7 s
~ HOOC A -
“oA mutase -(%—CH, FC—SCoA == HOOC EH—C—SCOA
H
N H ,
«-Methylene~ i CH,
clutarate mutase Hooc—cl:—cu.,,«-c—coou == HOOC—CH—C—COOH
H H., CH,
H
Diol dehydratase CH—CH—C—OH — CH,CH.CHO - H.0
of] H
H
Diol dehydratase fHe—C—OH — CH.CHO+H.0
Cd =
H
B, |
Glycerol CHy—CH—CH — CH,—CH.—CHO - H.0
deﬂydratase OH {OH} OH OH
H
, - :
Ethanolamine GHy—C—H — CH.CHO +NH;
deaminase [NHj oH
H
L—ﬁ-LySi ne mutase CEH,_—A'—CH;——CH—CH,—COOH = CH;‘—(“:H—CH;-—CH—CH,—COOH
NE B NH NH; NH.
H
D-«~Lysine mutase gaf%—cm—curgﬂ—coou==cu«ﬁH—C&—cHer—COOH
H NH. NH- NH.

Ornithine mutase

Reaction catalysed

H qg,

H

?H,_—c":—-ca:-cn—cooa == CH,—CH—CH,—CH—COOH

[NH] H

I i
NH. NH. NH.



Chapter L

Discussion:

3. (Cansdensolide: Synthesis of Potential Rjosynthnetic

Intermediates and Incorvoration Studies with P.canadense.




Canadensolide: Synthesis of Potential Z“iosynthetic

Intermediates and Incorvporation Studies with P.canadense.

fhe fungal anti-biotic canadensolide (2), the related
anti-ulcer compound dihydrocanadensolide (3%) and the metatolite

canadensic acid (50) were first isolated from P.canadense in

(2) (3)

-
A number of minor metabolites have also been isolatedfz,

especially from immature cultures of P.canadense. These

compounds, isocanadensic acid (51), diaydroc-isocanadensic acid

(62) and hydroxy-isocanadensic acid (53)

HO,C HOLC HOLC
HO
4 ;,
(51) (62) (63)

have structures closely related to the lichen acids e.gz.

lichesterinic acid (20) and nephromonsic acid (22).

HOZC: i HOZC: :[C

CqoHas Ci2Hos
(20) : (22)
The metabolites of P.canadens= = re Type A lactones

(c.f. page L) and the provosed biuz athesis is via tiae
condensation of an octanoic acid derlvative and oxalo-acstic
acid to give m-vexylcitric acid (5i4a (Scheme 3). Zvidence for

this oiosynthesis has been obtained from extensive incorporation



SCHIME 8

CO,H O,H
HOC OH
HO,C o O

+ eeeme—— — -t

(6la)

CO,H

(50)

L S

(2)
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studies on 2.canadense using %0%th radio- and 1JC—labelled

. ] T4 : ; .
precursors. [2— ACJ lavelled acetate was incorporated fairly
specifically into the fatty acid derived position ( C-1 to 2-8)

of canadensic acid (50) (fig.22)"”.

1
10
gOZH
3
(fig.22) 5 7 (60)

Kunn-Roth oxidation showed, by comparing the activity of C-
and C-3 with that of £-10 and C-11, that only 2-3% of the

lavel was found in the 93 unit as opposed to 20-30% in the

fatty acid carbons. Incorporation studies on P.canadense using
373

N

H-labelled succinic aci gave canadensic acid (50) waich
contained .18% of its activity in the terminal methylene group.
This of course implies that there nas been a degree of random-
isation of label but these results are in accord witl
ciosynthesis of canadensic acid as in (Schems 3)

. . . 13, L 13,
Incorporation studiss on P.canadense using [1—'5b], [c- /b]

and [1,2—]909] acetate’* clearly showed C-1 to C-3 of

canadensolide (2), dihydrocanadensolide (3) and canadensic
acid (5C) to be derived via the acetate-malonate pathway, while

L X
‘A showed

the intact incorporation of [2,5—1302] succinate
€-9, C-10 and C-11 to originate in a C, acid, such as oxalo-
acetate.

These results also confirm a biosynthesis as in (Scheme )

and they are summarised 1in (fig.23). In order to verify that

[1—“%] acetate A [2-"T] acstate
[

2,3- uz]succinate
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the metabolites of P.canadense are indeed viosyntnesised as

in (3cheme 3), the synthesis of the key intermediate 2,3~
dicarvoxynon-l-ene (X-p-hexylitaconic acid) (55) was studied

with a view to feeding a suitably labelled sample to P.canadense.

X-n-FEexylitaconic acid (65) was chosen for reasons which have
already been discussed (pages 23-24).

I'he molecule was synthesised using a modification of the
«-n-butylitaconic acid (39) preparation via 1,1,2-tricarbo-
methoxyethene (61) and n-nexyl magnesium bromide (Scheme 9).
The initial Cu(1)Cl catalysed 1,4 addition reaction between
(51) and p-hexyl magnesium bromide was found to occur more
easily in ether than in the previously used tetraaydrofuran
despite the poorer solubility of (51) in ether. Eydrolysis of
the resulting 1,1,2-tricarbomethoxyoctane (56) afforded the

corresponding triacid (57) which, on treatment with acueous

I~y

ormaldehyde in agueous dimethylamine gave K-p-nexylitaconic
1

(4

i
TC formaldenyde in the Mannich reaction,

}.J.

). The use of

O
Ul

veid (¢

the last step of the synthesls, gave [1- *C]—E,E-dicarboxy-
non-1-ene (fig.24) suitable for use in incorporation studies

with P.canadense.

ey,

HOLC
COzH

(fig.24)
Time/incorporation studies for the production of
canadensolide (2), dihydrocanadensolide (3) and canadensic

acid (50) by B.canadense had previously been carried out75

1

using [1—1*0] sodium acetate. These results were used in the

N

L2

Ti

Gu

. . T4 -~ = iz B .
oresent work and [1- ‘C] -Z,3-dicarcoxynon-1-ene

P
T_ -

-~
o e

nadense in tarse jpulses

]

5 administersd to cultures 0

W

W

at 2.Lnr. iantervals so tnat, 1f taere were any degradation



. COH

MeOZC

H CO,Me
+  CO,Me
(61)
CeH, sMgBr
CO,H
HOC

(67)




32.

of the precursor by the Oorganism a pool of labelled nrecursor
at the opltimum time for metabolite production would be main-
tained.

Canadensolide (2), dihydrocanadensolide (3) and
canadensic acid (50) isolated from the 2.canadsnse contained
20.6%, 11.9% and 33.6% of the radiocactivity administered
respectively. Ozonolysis of canadensolide (2) and of
canadensic acid (50) in each case gave formaldehyde, isolated
and counted as its dimedone derivative, containing all the
activity. Hence the activity in these metabolites is located

entirely in the exocyclic methylene group (2-11) (fiz.25).

1481_{2

~—

fig. 25)
o~n-Hexylitaconic acid (55) is thus e

>
i

-1y

iciently and specific-
ally incorporated into canadensolide (2) and canadensic acid
(50) and the high level of incorporation into dihydrocanaden-
solide (3) can also be assumed to ve specific. This is

compelling evidence that this acid (£3) is a true orecurscr

-y

0of all three metabolites as suggested in Scheme 3.

This experiment also gave access to piosyntnetically

- T4 . . g [ T4 s .
labelled [11— C] canadensolide and [11- C] canadensic acid
(fig.25) which were used in an atteapt to clarify the later

stages of canadensolide and dinydrocanadensolide in

P, canadense.

[11-]*0] canadensolide was adainistered in three 24uar.

oulses to cultures of P.canadense and the dinydrocanacensolide
isolated was found to have an incorporation of 0.36% of the
143 activity administered. Although there would avbpear to de a

link between canadensolide (2) and dinydrocanadensolide (3)




O

1 the vasis of this result, toe incorporation is extrenel
small compared to the ca. 20% expected on the vasis of the
previous results and another exvlanation of the observed
result must be considered.

In the purification of canadensolide, dihydrocanadensolide
tends to be a persistent impurity and samples apparently pure

1

according to m.p. are revealed by E-N.M.R. to contain

T4

5-10% of this impurity. If, in the vbresent case, the C

canadensolide fed contained as little as 1% of |*C dihydro-
canadensolide (undetectable by m.p. or ]H—ﬂ.H.R.) this

would result in the observed 'incorvoration'. It may be said
that, at best, conversion of canadensolide to dinydrocanaden-

solide is proocably a very minor metabolic patiway of

P.canadense. It is indeed vpossible that the biosynthesis of

dinydrocanadensolide (3) could proceed via hydroxylation
at C-L and lactonisation of dihydro-isocanadensic acid {(52)
already known as a minor metabolite of P.canadense.
Moreover in chemical hydrogenation of canadensolide,
reduction occurs from the least nindered side to zive

;)76‘

exclusively fthe 10ﬁ$pimer of dihydrocanadensoli%? (58

It therefore seems not only possible but likely that the
biosynthesis of dihydrocanadensolide does not ianvolve
reduction of canadensolide. The production of canadensic acid
along with canadensolide raises the possibility tnat hydroxyl-
ation of K-p-hexylitaconic acid (:5) at C-i and lactonisation

$0 zive canadensic acid amight oe tae first stevs on the

route Lo canadensolide.

by

}—1.
o

(RS}
1
p——

S.canadense to which [11— ‘C] -canauensic =zcild




had been administered, was found in this particular
fermentation to produce neglgible amounts of dihydrocanaden-
solide (3). Canadensolide (2) was, nowever, obtained but was
found to contain no 14C activity, suggesting that the
canadensic acid (50) is not a precursor of canadensolide (2).
If this is so, a hydroxylation at C-3 rather than at C-4 of
the K-p-hexylitaconic acid (65) could be the first stage on
the route to canadensolide and a possible intermediate would

be the acid (59) isomeric with canadensic acid (60).




Discussion:

Intermediates,




55.

Avenaciolide: Incorvoration Studies using A.avenaceus and

Attemoted Synthesis of Potential Biosvnthetic Tntermediates.

The fungal antiviotic avenaciolide (4), was first

isolated from A.avenacsus in 19637”.

It was propbsed that this Type B metabclite, closely related

structurally to ethisolide (1),1is bilosynthesised from a}e -

)
77

’

ceto acid and succinic acid (Scheme 10). Supporting

. , . . . 3 -
incorporation experiments using {}—1)u] and [i— 3C] acestate

50

on A.avenaceus z

3

ve avenaciolide (&) showing a nigh degree

o
®
W

v
ci

of incorporation into the fatty acid portion. There was also

S~

nowever a detectabls incorporation into the 33 unit {(fig.z25

narticularly noticeable as a pair of weak Joublets associated
with 0-14 and C-15. This was attributed to incorporztion into
succinate via the TCA cycle (3cheme 4). Incorporation of
acetats into succinate would give singly labelled succinate
as indicated in Scneme 4 and this would ve expected to give

7

some enrichment of all three caroons in the G, unit. Indeed

4

)
le]

O my

the publisined spectra show evidence of a aodest enhancement

~J

. - IS P 2 - S RN N It
the appropriate signals although this is not cousmeated on

bt 1
20

D
()

-

The vpairs of doublets could only ariss via 2,3-4ously 11
o t
succinate which would imply the Speration oi & second Turn

of the Xreuvs cycle involving accidental condensation of

d
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CO,H
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ER)

acetate molecules with [2-'7¢] succinate molecules to
ive doubly labelled citric acid and subseguently [2,3—]Jcﬁ]
= c

0]

succinate. The apparent lsvel of incorporation of doubly
labelled succinate compared with singly labelled succinate
(arising respectively from two and one turns of the Krebs
cycle) seem somewhat surprising and in the present work it
was decided to seek more direct evidence of the involvement
of succinic acid in the C3 unit by feeding the [2,3-]302]
labelled acid.

Time/incorporation studies on A.avenaceus were first
carried out using [1-'%C] sodium acetate and it was found taat
Lnr., pulsed inoculations on the seventh, eizghth and ninth
days of growth followed by extraction of the broth after
acidification on the fourtsenth day of growth gave the nigh-
est incorvoration of acetate into avenaciolide (L4).

This result was used in an incorporation study on

Ly 13, . 5 . ,
A.avenaceus with [2,5— 5“2] succinate and an iantact

incorporation into C-14 and C-15 of avenacidlide was found.
Also clearly visible in the ' ~C-U.M.R. spectrum (fig.27) was
incorporation of ]BC label into the fatty acid moiety via
[1,2—]3Cp] acetate. This incorporation probably‘COmes from

acetate derived from succinate (fiz.23) and is similar to

COH ‘ COH CO.H
" o] i €2 T
= a »
COH COH CHa
succinate oxalo-acetate oyruvate
O "CO o ]
1.5 CHEOH
(fig.29%9)

713ﬁ

that noticed in [2,3- va] succinate incorporations into

- ..
etnisolide (1)01 and canadensolide (2) and canadensic acid (32
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7.

This result is complementary to the [1-]38] and [2—?50]
acetate incorporations zlready descrited, showing that
avenaciolide (4) is derived biosynthetically from a fatty
acid derivative and a TCA cycle acid (probably oxalo-acetate).
In view of the results described earlier for sthisolide (1)
it seems probable that avenaciolide (4) is formed via an
alkylcitric acid intermediate with subsequent re-arrangement
of the C5 unit from the Xto the,@ position of the fatty acid
(Scheme 11).

The key intermediate is n-decylcitric acid (70) aand the
re-arrangement might be either of X-JH-p-decylitaconic acid
(71) or of K-n-decylitaconic acid (2,3-dicarboxyundec-1-ene)
(72). In order to test this proposal, it is necessary to
synthesise p-decylcitric acid (70) or, more conveniently,
one of the derived itaconic acids (71) or (72) and show that

L
v

it is incorporated intact into avenaciolide (4) by cultures

0T A.avenaceus.

™
O

or the reasons already discussed (page 23-24) 2,3~
dicarboxyundec-1-ene (X-n-decylitaconic acid) (72) was
chosen for synthesis. The route followed was a modification

that already used earlier for L-p-cutylitaconic acid (59)

1y

)
and K-p-nexylitaconic acid (55) and involved copper (1)
catalysed 1,4 Michael addition of a-decyl magnesium bromide
to 1,1,2-tricarbomethoxyethene (51) (Scheme 12). Hydrolysis
f the resulting 1,!,2-tricaroomethoxydodecane (73) would
"

zive the corresponding triacid which, on treatment with

aqueous formaldehyde in dimethylamine would zive the desired

el

2,3-dicarsoxyundec-1-ene (72). The use of C formaldehyde
in the final step of the synthesis would give [1- 7C]-2,3-

dicarvoxyundec-1-2ne for incorvoration studies with A.avenaceu

The desired n-decyl magnesium oromice could not ve

orepared using netallic magnesium and 1-oromodecane in anayd.
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5
tetrahydrofuran. Activation of thne magnesium using =staylene
bromidego did enable the Grignard reagent to ve produced
anhydrous tetraaydrofuran, but the resultinz addition reacticn
was unsuccessiul. It had been already noted in the related
synthesis of n-hexylitaconic acid (55) (page 3]) that ether
was a more sultable solvent for the addition, and when the
reaction was repeated using these conditions, 1,1,2-
tricarbomethoxydodecane (73) was isolated in low yield {(ca.7%).
Attempts to maximise the yield by heating gave only polar
products. The greater steric hindrance found with the 1-bromo-
decane is the probable cause of the low yields in this
reaction. A more attractive method of synthesis of (73) might

be to use 1-decynyl magnesium bromide (74) in the Michael

\

/

-
20

addition”™, thus reducing the steric aindrance, but lack of

1)

time prevented further studies on this system.

R-G=C—-MgBr

(74)

R=CgHyy



Chapter 6

Discussion:

5. Stereochemistry

(i) Avenaciolide and Ethisolide

(ii) 2P.canadense !etabolites

(a) Canadensolide and Diaydrocanadensolide

(b) Canadensic Acid



N
\O

An exact knowledge of the stersochemistry of the

metabolites studied here is essential for thes interyp
g
o

H3
(0]

tation
13 .
[2-'“c, 2- 5] acetate incorporation results discussed later.

(1) Avenaciolide and Fthisolide

The initial assiznment of cis relative stereochenistry
to avenaciolide (&) was made on the basis of | H-N.M.3R.

77

coupling constants . Degradation to the butenolide (75),
followed by hydrogenation (assumed to occur at the least

nindered face) gave 2-(+)-nonylsuccinic acid (76).

1
HO,C
) i
3 3
. 4
CgH17
(44) (75) - (76)

These two results enavled tae absolute stereochemistry oF
avenaciolide to be ziven as (23,338, 43) (%A).

The later izolation from A.avepnacsug of a minor =efapolite

L-iso-avenaciolide (77), whose absclute stersochemistry vas

. . . T, .. .
given as (25,3S,4R) (774) by comparison of H-I.X.R. couvling
constants with those of avenaciolide (4)™¥, enavdled the
absolute stereochemistry of the closely related metavolite

sthisolide (1), isolated at the same time from P.decumbens™,

to be -given as (2S,3S,4R) (14).

CgHi7
774) (T4a)

This assignment was made on the pasis of similarities in tae
HoX V.2, spectra of (77) ard (1) zand their optical rctaticas

(viz.[°<] = -154° for L-lso-avsnaciolide and.[c(L. = -z214° for

iy




cthisolide).
TT o~ 3 ok i= s : ’
~owever, 1n 1975, two similar stereospscific syntheses

, . . - . - 25
of natural avenaciolide from D-glucose were renortedS]’”d

- "W

Qu
(@]

which necessitated revision of tne absolute stereochemistry

of natural avenaciolide to (2R,3R,4R) (4).

H

" (4)
H
CaHyy

The evidence advanced for the stereochemistry of L-iso-
avenaciolide (77) only established that a different sterso-

chemistry existed at C-i4 relative to C-2 and -3 as compared

with avenaciolide (L). The absolut

()
)]

tereochemistry, and that
of etnisolide (1) remained to be determined. Accoraingly, in

the present work, experiments were initiated ftowards an X-ray

=

etermination of the avsolute stsreo-

O
=
(o]
n
ot
®
'b.l
H
.
o)
o]
(O]
e}
jng
Fl
O
Io%

An initial experiment showed that it was possible to add

8,9~-dinydroethisclide

Tnis discovery was used “n the addition of (3)-« -phenyl-
ethylamine to sthisolide (]),g ziving 9-((8)-X-phenyletiayl-

amino)-3,9-disydroethisolide (79).




e

]
(05}

.

This showed the expected spectroscopic characteristics
3 .. Lo —] — —

I.R. absorptions at 1770 cm™ and 1750 cm™' (saturated lactone)

U (-m).

It cannot be assumed that addition would proceed

. o~ -]
and at 3300 cm and 34C0cn

exclusively from the least hindered face since addition of
diazomethane to ethisolide is known to give a mixture of
pyrazolinesbq. However, the product (79) crystallised
spontaneously with a sharp, stable m.p. 224°C and there was
no obvious doubling of signals in the 15—N.H.R. or I.2.
spectrun.

Before the configuration at C-8 could be established
and the ¥-ray analysis initiated, a stereospecific syntnesis

of natural L-isc-avenaciolide (77) from D-zglucose was

reported85 establishing the absolute stereochemistry as

(2R, 3R,48) (77).
H

H
Cgth7

Since, as pointed out previously, the relative and

absolute configurations of L4-isg-avenacioclide (77) and
ethisolide are almost certainly thne same, the aisolute

stereochemistry of ethisolide can be assigned as (2R,3R,4S)

().

”Dhese syntheses are outlined later in Appendix 2.
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(i1) P.canadense Mstabolites

(a) Canadensolide and Dinydrocanaiensolide

The original assignment of the relative 2-3/C0-L
stereochemistry of canadensolide (2)(trans) was made on the
h! S ] TTONT D - 3 1 . . .
vasis of H-Ii.M.R. coupling constants. The cis relationship
of the bridgenead hydrogens was coanfirmed by the observation
that the hydroxy-ester (30), obtained by methanolysis of
canadensolide (2), readily re-cyclised to canadensolide on

B
heating in benz?QDBO

per. The highly strained transq%ilactone

system would notl ve expected to form under tnese conditions.
Similar relative stereochemistry was Zeduced for dihydro-
canacensolide (3) from Taow.. 3. coupling constants at the
same time.

The C-3/C-i relative stareochemistry of dindrocanaden-
solide (3) and hence canadensolide (2) was reversed to c¢is
on the basis of the 0.R.D. curves of the two chemically
related butenolides (21) and (82) whose ¥-hydrogens corres-

pond to H-4 and H-3 of dihydrocanadensolide (3) respectively

(fig. 29)86.

appear to show Cotton Effects of opposite sign, and o>n these
grounds H-3% and H-4 of dihydrocanadensolide were considered
to be cis ©. This was =stablisined unzquivocally by inisvend-

o

ant work involving syntoesis of the () spimers of .

[0}

-,
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16000
(fig. 30)
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canadensolide (2) with H-L respectively cis and trans to 5-2
and H-3. The cis isomer was found to be identical spectroscop-
ically to the natural mater 66

At the time of the present work however, there remained
some doubts about the absolute configuration of canadensolide
(2) and dihydrocanadensolide (3). Determination of the
absolute configuration of the alcohol group in the methyl
ester of (32) using the Horeau methnod with KX-phenyloutyric
<511r1h;>r<:1ri<:1eQ“’7 showed the absolute configuration to be R as
indicated in (82). Since this is convertible into dihydro-
canadensolide (3) this correctly gives the configuration of
the latter as shown (fig.29, (2)). Unfortunately, more weight
Wwas given to an apparsntly conflictiing result from .9,
studies as follows,

23
011" assigned the absolute stereocnemistry of (=)

UJ

lichiesterinic acid (2C) as 33 on thne basis of
1
HOL »
(20) ]
H
(CH{CH,

ot

ne negative

C.D. in the region 2:0-270 nm., by comparison wita the T.D.
shown by a number of simple butenoliues of known assolute
conflwuratlon (eg. tetronic acids). Since the methyl ester
of butenolide (32) showed positive C.D. in this region (figz.
31(411i)), this was mis;nterpreted33 as indicating (32) to
have the ovpposite configuration to S-(-)-lichesterinic acid
(23). If this were correct, dihydrocanadensolide (3) and, if

the link oetween this and canadensolide is assumed,

~—
(0]
pury
M

canadensolide (2) would have (2,385,485 reocinenistry
(the opposite to taat shown in (2) and (3)).

: p oy B e 5 1y 3y T oA 9 [
These C.D. results can novever ve reviewed in tue light

was communicatad by ... Hg;orf
~ro asuoted it in 4. Jrz. caen., (FS2




(ii)

A

-2 (1)

* | ~ HOC.,

(i) (+)-lichesterinic

acid
CHs(CHZ)n H

(ii) Methyl hydroxyiso-
canadensic acid (82A)

(fig. >1)



Of more rscent U.C. studiss on lactones. Semi-empirical rulss

O
(=]

outenclides based on

‘ litative MO=tha =nd i+ 3 : : | }
qualitative ~u-tneory znd 1t has bteen pointed out that tae
(-=)-lichesterinic scid correlation made oy 301l was fortuit-
cusly correct althcough a fumarate-type chromophore was

Yns 2 29

compared to a tutsnolide chromophore-”, An authentic model

system is provided by the carboxymuconolactone (33) whose

TN
L

\N
S

CO,H

structure has been estaclished by Y-ray crystallography

N

L

)

This has veen recently used to assign the configurations of
91
(+)-acetylisomurolic acid (34) and (+)-1lic hvster1410 acid (204),

:
HOL L HOL s MeOL_,

C}'l3(]:"'(cl"z)13 H C1:1'1271-4 | H

OAC (ay) (204 (35)
The methyl ester of iszo-canadersic acid (33), shows I.D.

wnose type is the mirror iamaszs of that shown by (+)-lichester-

B3

(9]

cr
N
]
[EN
n
e
<
)
O
i
[N
(@]
~~
N
—~~
!
—~~
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A

inic acid (204) and {(+)-acs

re has tne S configuraticn at position 3.

W
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It may be noted however, that the curve does not cross tiue
zero line in the region of 25Cnm but snows a ainimum at Z75aonm
wnich corresponds to a asgative mazimum. Ais alrsady noted,

the C.D. curve of the methyl hydroxyisccanadensate (fig.3?1(ii))
iz positive in this region and it shows a slignt inflection

ratner than z nininum at Z75am. It doss, however, appear 1o
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that The C.2. curves of the acids will
in snape o those of (84) and (204).

from the foregoing results, it may te deduced that the

order to extend deductions to the absolute stereochemistry of

1

canadensolids itself, it was necessary that ther be

0]
tr
o
O
o
=
£

10 doubt about the chemical conversion of this into dihydro-

canadensolide wnicn had teen carried out but without, uafort-

unately comparing the ootical properties of the product with
AL -
those of the natural material®®. Eydrogenastion of canadznsoclie

(2) uzing HE/Pd, expected to occur at the less sindered face

0f the molecule, gave .10-epi-dinhydrocanadensolize {35) as
25

)

ion of canadensolide with zinc in giaclal zceitic =zcid

zave dinydrocanadensclide as the scle product directly, znd
this was identical in all respects including optical rotatioca

; Ties sdenzsolije (2% has
with the natural material. Hence canadensolids (2) has

o

same apnsolute stereochemistry as diaydrocanadensol
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bt

Jefore rationalisation of tne I.), sosctra was achisved,

-

1t was Iintended to outain conclusive svidence for tns

avsolute stersochemistry of canadensolide (2)

(3

¥y X-ray
crystallography. In order to obtain a derivative in which a
centre of known absolute configuration was incorporated,
(8)-k-phenylethylanine was added to the exo-cyclic methnylene
group of canadensolide (2) to give 11-((3)-X-phenylethylamino)-

) 84
10,11 -dihydrocanadensolide (87). This showed the expected

o %
H
GH,

It cannot be assumed that addition would proceed =zxclus~
ively from the least hindered side since addition of diazo-
methane is known to give a mixture of pyrazolines (1:1)86,
“owever the vproduct (37) appeared to ve nomogeneous from TLC,

and from the sharpness and constancy oI the m.p. and also

the IT.R. or

(227
o]
W
@
w
0
-
[

from the lack of oovious doubling oi
]H—N.H.R. spectra.

“owever, berfore tae configuration at C-10 could oe
established and the {-ray analysis initiated, a stereospecific
synthesis of natural canadensolide from J-glucose was reported
establishing the absolute stereocnemistry Sf canadensolide
as (25,3R,4R) (2)92. Tre previously discussed result from
“.D. studies or from the Horeau tecanique is thus substantiated

e |

and the ‘-ray study became unnecessary and was Siscontinued.

i



(2) Canadensic Acid

Canadensic acid (50), a mstabolite of P.canaiense

has been szhown to have irans stereocnemistry relative to
b

- Q—/
as follows (Schem%115)‘3

.

Catalytic reduction of canadensic acid zave a mixture of C-10
epimers of dihydrocanadensic acid (in which, as shown in

3cheme 13(i), E-2 and H-4 are trans). This, after esterific-
ation, showsd a single peak on glc. Zvidently the configuration
at C-10 does no: affect the retention time. {anadensic acia
give an equilibrium mixture

with its Z-2/E-L cis isomer. “eductiion of this mixture zave

(Scheme 13(ii)) which, after ssterification, suowed two neaks
on zlc, the one of longer retention time bteing the same as

that observed previously. The new peax was the same in retent-
ion time as that of tne sinzlse diastereoisomsr obtained by

catalytic reduction of tae butenolide (31) (Scheme 13(iii))
1

(a transformation product of diaydrocanadensclide (3)). This
reduction would obe sxpected to occur from the least nindered

o

face to zive the isome 23) with H-2 and E-4 cis.




(iii)



fne acsolute configuration of canadensic acid was origin-
ally assigned on the basis of the negative circular dicnroisnm
shown by the sample of X—caprylolactone (29) obtained by

.Gl
degradation” . It has been shown by !

lactones

lactone Cotton eifects respectively, and on taese grounds

P R o - ~ 4 -~ N ] ~ ~ens Y 3 -
results of vlosyntiaztic studiss which are described latsr.
. - h + ~Fi A oA e B 3 o - P
Towever tTae lactones studied Ly “lyne are inappropriats nacidels

some simple, conformationally mobile, lactones have been

4o 1o

examined providing evidence as follows that tiae chaprylo—

Tl

lactone (39) has a 4-(R) configuration as shown.
R)-2

negative C.D.

l
“a‘

]

<
633

)

]

‘.J
[

9]

o
O
=}
[0)
Py
0O
ny
"
49}
=
(0]

(Table 4) zlthough it is a type(S0C) lactone. The rirst
completely valid model for X?caprylolac;one (3¢) is provided

by (3)-¥-valerolactone (93) which gives a wealily positive
o

for the § -canrylolactons (Pable 5). The latter may thereiore

be assi-ned ap S-confizuration (39) and caanadensic acid is



COMPOU™D N\ n /AE
(92) Her ™ 0oH 208/-0.71
CHZOH
(93) o 7214/+O.O8; 217/+0.04
CH3
(8S) 216/-0.17
H_,
C4H9




Chapter 7

Discussion:

5. Incorvoration Studies using fz-‘jc. 2-2H5]Sodium Acetate

(1) Fatty Acid Biosynthesis in 2.canadense: The
Stereochemistry of Double Bond Reduction
(ii) Previous Studies on Ithisolide and Dihydro-

canadensolide

(iii)Dihydrocanadensolide, Canadensolide, Canadensic Acid

and Avenaciolide



The retention or loss of acetate-derived nydroge

o

()

atoms in the biosynthesis of ethisolide (1), canadensolide (2)
and avenaciolide (4) reflects a number of features of the
biosynthetic sequences involved and it will be seen how this

affords useful information avout tne stsreochemistry of the

hydroxylation at C-4 which occurs at a late stage in the

biosynthesis.

&Y

(i) Fattv Acid 3iosvathesis in

07 Double Hond Reduction.

The accepted patiaway o fatty acid blosynthesis Irom

i__l
O
]

acstate involves a cycie of reactions including dehydrati

<4

of a (3R)-anydroxy-fattyacyl derivative followed oy reducticn
G

28, GG e
“d"“’”g. The initially

acid derivative””?’7 and deshydration of this has recently

been shown to be a syn process involving elimination of the

S O: b it o ¥ i -
pro-2S nydrogen atom (E ] . Zencs tae pro-2R ayirogen (E7)

is retained in the crotonate
This vredicts that only one deutzrium atom will be

N

o

are:

O

retained at the even nun carcons in a fatty acid chain
. . . . L ( 1 f‘v‘r/‘\“) =17 o+
derived from deuterio-acetate By CCO Na) . Assuming that
the stevs subsequent to butyrate formation and leadisng to
stearate are repetitions of the first steps, all even

nunvered metanylene carcons in fatty acids such as stzaric acid

iL

would -etain one ayirosen atom derived from acetate ia toe



cond
—_— CH3CCH2COSACP
?HZCOS—-ACP
Re)
( /COSACP
NADPH N =  F~c——COSACP
H? / Vs HC— " T
HL H
crotonate
2-{-)=(3R)-ayiroxybutyrate
K K _CcosAcp
NADEH _ .~ MeCH,CHHEOSE
® cond
H
HL H H

butyrate

$ etc.



50.
IR . 1 =N NES ) R v N .t N N
'ne anti-victics etiisolide (1) and dihydrocanadensolide
(3) both contain volyacetate derived moieties (ring A and

the aliyl sudstituent) vresumed to arise vy standard fatt

J
. 2 B P 1 . - . . 11, = 4
aclid type bilosyntnesis following studies usiag '*:, ]jc, “E
2ot i , . ,
and “H singly and multinly labelled acetates'®'. Tach is

oxygenated at -4 of tne fatty acid chain. An interesting

; . . 130~ - ,
result was obtained using °CD.C 2Na wnerepy deuterium was
>
retained at C-i4 in ethisolide (1) zand lost from C-4 in
o L . 1020 . i . N .
dihydrocanadensolide (3) . The aopsolute configuration of

i

these anti-biotics was at that time uncertain' otut the above

result was correctly deduced o reflect a difference in
+

acsolute configuration at C-4

Tt hes been asitavlished that in several systems (C.ddio-

on Of

=
k3
o)
ot
e
©

theriae, chlorslla and caicken liver) desatb

stearic acid to give oleic acid involves loss 0of the G-pro-=r
1oL L. o . .
and 10-pro-=R nydrogens ~ . This was first illustrated using
9S and 1CR and 10S tritiostearic acids as suostrates

0 L -\ , . L
with C.diptheriael“ snd similar resultsz were obtained with

\n

v

erytihro 9%, 10R and 935, 105 dideuteriostearic acids and foreo

SR, 108 and 98, 10R dideuteriostearic acids as substrates

~
for Zhlorella vulzaris ’b(Scheme ha).

! U

assumsd to occur in canadense,

6]

If the same process 1

o

loss or retention o7 deuterium at C-10 in olelc acid derived

These absolute configur nown to be as shown
(85, 103) so that the fataln =d T com irom deuterioacetate is
ieduced to bve in an R Pajfl i 25 in structure (%4).

HOC

This assumes that nydroxyl
not arffzct tne C0ﬂ¢lbhfa4;3n at C-i.



SCHEME 14a

a5
A (CH,),COH He__-(CH,). CO,H

Stearic acid Oleic acid



51.
from deuterioacetate will indicate whether tne =10
deuterium atom in the stearate orecursor was in the pro-k or

pro-S configuration respectively. The mycelial extract of

Z.canadense afforded a substantial quantity of lipid consist-
ing mainly of a mixture of triglycerides. It was hoped to
derive evidence for the confizuration of the acetate-derived
anydrogen atoms in the fatty acid chains of the lipids, and
aprply the result to the biosynthesis of the fatty acid part
of thne lactone metavolites ceiag discussed.

A % - A 3 3 3 ]{37 -~ .

A method aad previously been developed ' for converting

1

the triglyceride mixture, obtained by chromatozrapny of the

mycelial extiract, into tue corresponding mixture of fatty
esters oy successive treatments with O.5M ZTad® in ¥eDH and

. c il 28 13 . o .
with BF, in eCH 3, “C-N.M.R. spectra of the sster mixtures
-

ootained oy feeding various labelled acetates had slso been

. 107 -
examined 7. In tae

esent work, methyl oleate was isolated,

. . o - , 109 4 o L -
using AgliO,-silica gel caromatogranay dg,zrom the mixiure of
2

e}
]

esters obltained by culturing the P.canadense in the zresernce

- ‘1? A SO
of )CDBCOEJa (95%) .
The presence of a deuterium atom at a particular even

numbered carbcn atom will result in a 1:1:1 triplet of

T

characteristic magnitude eg. ca.19Hz. 1in the ~“C-il.M.R,

N

. , . P I Y s .
spectrum, owving to coupling of °C with “E waici has a spin

N

number of 1. This triplet will be slizat_y upfield of tne

natural abundance sigral (owing to the isotope erffect) and

will be relatively weak in intensity. (owiang to the greatly

oq

increased svpin-lattice relaxation time and zreatly reduced

4
Tuclear Overhauser ~Ifect associated with a “C-"H signal as

)

.
compared to | 2C-H 110y

TSince J(EX)/J(DX) = Yu/¥D = ca.3.31 (110) and typical values
2f J(C-13/%) for saturated 2Z2 Zroup and for an olefinic CTH
zrout are 125%z. and 153Hz. respectively (113), corresponding
values can ve ,calculated o7 J(C—1 5/3’) of 1:. ‘a7 and _;.51'_.
respectively.



52.

It may ce noted that even 22¢ incorsoration for example of

0D;CO,Na would not be detectable from the '-C-Y.if. 3

spectrum since only ca. 1% of thae incorvorated acetate

mnolecules will have 1JC on C=2.

VDBCOEHa

wvould in fact be 0.2%. In view of the above mentioned signal

[
5¢

. . 2, s . .
suppression and the -"H splittings, no multiplet would be

detectable corresponding to the deuterated carbons. By feeding

13 s -
JCD7V aNa it is ensured that a high proportion of incorp-

orated deuterium atoms are attached to carbon-13 atoms sc that,

i)

with a suitable level of incorporation, the tyovical 15C—-CH
multivplets can be seen.

The biosyntnetic pathway to saturated fatty acids from
1'BCDBCC)aNa (fully deuterated) would predict that svery evan
numbered carbon =ztom would retain at least one deuterium atom.

inp

H
®

ctice, enhancement of the natural abundance siznals
nay oe observed (Tavle §). Thais must correspond Lo tae
incorporation of “C atoms vearing aydrogen rather than
deuterium atoms. This might arise because of some loss of
deuterium by exchange during oilosynthesis. Also, if a small
amount (eg.1-2%) of the fed [2— w] acetate was not fully
deuterated, any isotope sffect would tend to tais bveing
vreferentially carboxylated and incorporated into the fatty
acid chain. In a recent study in whicn 13CDBCOEIEa was
incorporated into a number of polyketides, extensive loss of

111
deuterium was also noted

The WJC—N.M.R. spectrum of thne saaple of methyl oleats
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TAZIT <

SR WP =‘2
lstayl Olsate from | SCD.CO.MNa
5="2
Cnemical Carbon Znhancement
Shift( ) Atom Factor
14,12 c-18 -0k
22.7 c-17 -3.10
24.97 C-3 -0.35
27.20 C-3,C-11 1.22
29.14L 0.57
29.36 ~(CH.) - 0.35
29 .54 “reln 347
29.75 -2.24
31.93 c-16 0.44
34,11 c-2 2.0
51 .41 OMe =503
129.7 o=9 O.42
130.01 C-10 1.55
17L.29 -1 0.07

Inhancement Factor is calculated as describved in

the Experimental section.
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\J1

.
Do
sven numserew carson atoms. Also, thnere is 1o sizn of =&

siift=ca.l.35ppm) corresponding

This shows almost certainly that there is no deuterium

at C-10 in the methyl oleate, so that the deuterium atom at

C-10 and other even numbered methylene carbons in tie

precursor stearic acld can bte deduced to be R as indicated

in (fig. 34).

_ 9
H — D H
o0 | ;

CHAC-CHCD, H70NCH,C-CH,),CD,

7 »
CHz\C “COH _w H \ CH) c ~COH

of 1

m
@)
I
ct
[
3
@]
Hh
ot
-
®
(@]
*‘5
O
=
N
ct
(6]
=
(@]
(&)
)
cr
(¥
s
v
ot
D
N
n
(@]
g
@®
24
()
.
-

involves delivery of aydrogen at 7-2 from the si face 1e. tae
aydrogen will adopt the pro-S configuration. Assuming trans

reduction as is observed ia the bilosyntiesis of sterols

. . . . - 113 . s : .

in the biosyntnesis of zriseofulvin 7 z2nd in tre enzymic
. . - iy L

reduction of cinnamoyl alconol using Zaker's VYeast f, the

-

delivery of aydrogen to C-3 will also ve from the si face

with respect to -3 ie. ‘tine hydrogen will adont the pro-35

e~ . H '3
!%é: Sﬂﬂ <., (Si éi*.

(fig.3ka)
The apove-mentioned naturally found frans reductio

are illustrated overleaf (Scheme 15).



1. Reduction of Double Bonds in Sterols

(1) General Mechanism.

H _
M\ X
—=H0 [+ NADP + Enz—X

AA

(ii) Reduction of the 7,3 Double Bond of 7-Jehydro-

Cholesterol to give Cholesterol.

R | R
IH@
NADPH" ]
HO B HO 8 e

(1ii) Reduction of the 14,15 Double Zond of Steroid

8,14 and 7,14 Dienes.
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SCHIME 13 (cont.)

lk

1. (iii) (cont.)

R

0 7

2. Irans Diaxial-type Reduction of Ring £ in the Biosynthesis

of Griseofulvin.

O[\/]e OMe
*2H X C
VO o =iy
W
cL Ve HH
Griseofulvin
3. Reduction of Cinnamoyl Alcohol.
H

k/CH ,OH YEAST
[:::I/\\7 +2H"
H
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(1i) Previous Studies on Wthisolide (1) and Dinvdro-

canadensolide (3).

Az discussed earlier (».27, Scheme 7), etuisolide (1)
has been snown in the present work to be olosynthesised via
d-n-butylitaconic acid (59). This is provably produced itself
from g-obutylcitric acid (37) and n-cutyl-cis-aconitic acid (95)

(rig. 35) and hence would be expected to retain only four

COoH
y
HO c OH HHOZC 2
22 — i CO,H
co = Ge I o
3 4
(37) o 5 (59)
5 (rig.3 6
nydrogen atoms derived from acstate, three in the C-5 methyl

group and one at C-4.

The tiosynthetic route to ethisolide from L-p-butyl-

itaconic acid (59) involves substituticn at C-i4 by an oxygen

)}

1

function but this was shown in previous work to occur without

loss of the acetate-derived hydrogen atom. Careful experiments

. . - . 1h ., 4 3 11 . .
involving feeding [2— +u,¢—)“} acetate 5 gave ethisolide (1)
with a tritium to carbon ratio corresponding to tiae incorp-

oration of 3.5 tritium stoms. The location o1 the tritium was

not however established by degradations. In the present wori,
13, . s .

the “C-N.M.R. spectrum of a samdple of ethisolide (1)

biosyntnesised from UCDZCOENa nas 2een ootained (fig. 35),
J

which shows clearly that four deuterium atoms are incorp-

[§9]

orated including one at C-4 (allowing for some incorporation
of ]JC atoms bearing no deuterium atoms due to loss of
deuterium or other factors as discussed above for methyl

oleate biosynthesis). Thus waereas the C-2 signal shows strong

W
&
I
3
Q.
@
o]
o
D
I
.—J
16}
2
1
-
m
I‘J-
i
[
W
i.._]
(0]
28
O
)
A
<
I
b
U
-
M
i 4

G

7Y and is associated witn a C-D triplet

=91
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\J1

>5.
T_03Z 211 - , " . - . . .
(J=23.3%z., A=C.39ppm.). The signal for tre metuyl carbon,

C-5, shows no enhancement but is associated wit: a triple

p

purs

bl
quintet and septet (J=19.30z., A=>.27pom. per dsut:rium atom)
corresponding to d;, d, and d; species respectively. On

addition of the relaxation reazent Cr(acac)., the seotet

37 =
undergoes approximately 3-fold enhancement relative to the
other multiplets owing to removal of the Nuclear Overhauser

Effects of the protonated species —CDZH and —CDHE. This

iy

eeding experiment in fact duplicated one carried out previous-

11
J

—
\J1

which gave essentially the same result. In the present

experiment sterilisation was carried out using millipore

)

il

|_.l

ters

W

s opposed to autoclaving and lsss deuterium appeared

b

to have been lost by

0]

xciange as indicated by the relative

iy
la)
ry
(0]

asundanc

®

o d., d, and d, species.

S
-~

ro

It has been sanown in the preseant werk that dihydro-
canadensolide (3) is bpiosyntnesised via K-p-nexylitaconic

acid (55) (.32 and Scheme 3). Tais would be formed via tne

a

orrespondeing cis-aconitic acid and aence tie expected

. . . 1340 ~A 1o . ; . o
lapelling pattern from BLDBUOEHa would be as in (fig.37).

(rig.37)

6 3 o .
In previous work, dihydrccanadensolide (3) was obtained after
“~

P *."10 7 3 3
feeding P.canadense with “CD5CO Ma 7. This provided

evidence suggesting that the acetate-derived hydrogen atom at
C-4 in (fig.37) is lost in the hydroxylation at this position
en route to diusydrocanadensolide (3). In this case thne siznals

, : o -7 (P~ 22 ~ 1 A
for 7-2 and CO-L were enhanced to the saae extent (fiz.33) and

s P s N R, s ~_a
10 1’3—3 tpinlet was associated witn tne C-4 signal. The -3
triplet
signal was not enhanced out was associated witin a2 triplst,

quintet and sevtet indicating toe preseace of dy, dy and
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d, species.
Since tie absolute coniizurations of sthisolide (1)

~

disiydrocanadensolide (3) at £-4 are respectively 8 and R,

and

t

VA

Lide

result i1s consistent with tne acetate-dsrived hydrcgen atom

in the respective itaconic acid precursors (59 and 55) being

in the pro-R configuration and being retained or lost during

a subsequent hydroxylation with retention of configuration

(fig. 39).

H

trat the sample of dihydrocanadensolide (3) contained a

small proportion (<10%) of canadensolide (2). This ilmportant

recsult was however confirmed in the present work as desc

hal
L

5
<4

~ead
sed
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oproach to further

netapvolites, sufficient culture of 2,canadense was zrown in

134 . C -
tne presence Of ’pDBCOENa so that pure samples, not oanly of

dihydrocanadensolide (3) but also of canadensolide (2) and
canadensic acid (60) could be obtained in suitable quantity.
The 150-E.M.R. spectrum of the resulting dihydro-

canadensolide shows it to ke free

ty

rom contamination by
canadensolide (fig. 40). Again, tie spectrum shows evidence
for the presence of deuterium in the metnyl group, °-3
(multiplets, J=i9.2%z., 4=0.30ppn.) and at C-5 (triplet, J=
1 8.9Hz., A=0.36ppm.). Yo triplets associated with tae C-2 or

0-i peaks could be detected and these were enhanced to the

O
)

Cr{acac),
J

same extent due to 1BC enrichment. Upon addition

selective enhancement was odbserved of tae -CD; septet

relative to the multiplets correspoanding to the protonated
2 3 ATT ~_ 7

species (- CD2h end -CDH, for C-3 and COH for 2-6).

“ith the good signal to noise r tio achieved, weak
doublets could be dstected in this spectrum associated with
the siznals for C-2 and C-10. These are eviden
coupling, J=35.1Hz., and reflect a degree of
into the C-3 unit via tce Xrebds cycle as discussed sarlier
(p. 22, Scheme 4 for ethisolide (1)).

Tie spectra of the canadensolide (2) and canadensic acid
(50) samples showed sxcellent evidence for sxactly the same
vattern of deuterium incorporation (fizs. 41 and &2 resvect.),
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with those for CDCl,, again showed a weai doublet, J=u9.7Ez

associlated with C-2,

At the time of these experiments, the stereochemnistry of
these metabolites relative to one another was still uncertain.
Since in each case no deuterium is retained at the C-4
position, it was deduced that these three metapolites all
nave tne same apsolute configuration (R) at this centre. This
in fact prompted a careful scrutiny of all of the accumulated
evidence for tne stereochemistry and re-interpretation as
oreviously discussed.
0ilowing the results from the metayl oleate, the

mnetabolites of P.canadernse and etinisolide, tue biosynthesis

redicted with

e

some confidence to follow the path indicated in Scheme 15.

A sample of avenaciolide (i) obtained after feeding A.

e V34 . . .
avenaceus with ' -CD ”Oau zave a spectirum completly in accord

associated with the signals for £-5, C-8 and C-10 are evident

(@]

entral line of the C-2 tripiet is overlapped

’_J

(althouszn the

by the signal for -7 and £-9). The greseance of deuterium in
the methyl zroup C-12 is reflected in the absence of enhance-

ment and the presence of typical aultiplets. The C-2 and C-4
sigznals are straangly enhanced and no triplets are associated
with then.

Iso-avenaciolide (77), which differs from avenaciolide (4)

FRS

only in having the S configuration at C-4, would we expect

t

Q,

e
to retain an acetate-derived hydrogen atom at tihis position,

Sut tais metapolite is evidently produced oy A.avenaceus in

- 3 t he detected in an
only wvery snell amounts and could .0t o€ detectea 1 an

ed aere.

m

s¥periaent on tase scale u
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Appendix 1:

Natural Products derived from Tricarboxylic Acid Metabolites.

Appendix 2:
Syntheses of Bis-lactone Antibiotics.
(i) Avenaciolide and Iso-avenaciolide

(ii) Canadensolide
Aoppendix 3:
Biosynthetic Studies designed to follow the fate of Hydrogen

Atoms in Biosynthesis.

Aopendix L:

Deuterium Exchange during Biosynthesis.
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Matural Products derived from Tricarboxvylic Acid Metab:

Tne recent isolation of the metapolite A~ (15=0H-
. N s . . 11 . L
hexadecyl)-itaconic acid (96) 9 gave the first example of
HO,C
CO,H

a naturally—oc;urring alkyl itaconic acid. The authors comment
that 'the only other natural oproduct of related structure
is itaconic acid ex. A.terresus’.

The previously proposed biosyanthesis of the nonadride

glauconic acid (23) (discussed on pn. 12-1L4) nas been furthe

\ . . s . 13, o
supported by inccrporation studies using [2,5— 303] succinic
P Jt 2
A B 126 N I J fpum of t)
acid with 2.purvurozenum . Tne C-¥.¥,2. spectrum of the
isolated glauconic acid (283) showed intact incorporation of
the [2,5—1362] succinic acid whicn clearly illustrated tiae
13, 13
om (—C
(28)
— 217
Jetis)-c6)™ 232

biosynthesis involving dimerisation of C, uaits derived from
acetate and a TCA cycle metabolite (Scheme 17).

AT
l\“ ‘B.

. : oow 13 <
Tt is claimed nere that no randomisation of the -C label
occurs and this is attriobuted to the particular conditions

used in the inoculation.



SCHEME 17
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Syntneses of 3is-Tactone Antipiotics.

(1) Avenaciolide and Iso-avenaciolide

Tne total synthesis of (})-avenaciolide (L) was
first reported in 196953. The synthetic route (Scheme 18)
involved a Fittig condensation of p-nonanoic anhydride and
tricarvallylic acid (97) to give the bis-lactone (98) after
loss of the elements of water. This was transformed into
(99) by reductive cleavage of one ring and formation of the
amide using pyrrolidine.

Carbomethoxylation of (29) to (100) was achisved either
by carboxylation using Stiles reagent and treatment with
diazomethane or directly using sodium hydride and dimethyl
carbonate in the presence of ftrace quantities of methanocl.

(17

oc)
HOAc) to sgive a mixture of (101) and (1
P}

(@]

reacted rapidly with zalogens ia basic media (¥aOAc-

(@)

)2) although (122)
could vbe obtained directly by orief treatment of (100) with
aqueous NaOCl.

After decarbomethnoxylation to give (103) the neutral

(o

compound was carboxylated using Stiles reagent to (104) and
the exocyclic methylene group was introduced by a Mannich
reaction of formaldenyde and dimethylamine in weakly basic
media. This gave (%)-avenaciolide (4) which was ideatical

spectroscopically to the natural material.
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SCHEME 18 (contd.)
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A simple stereospecific synthesis of (%)-avenaciolide (&)
- 3 . e A‘g o N
was reported in 19737 (a full report has recently been

121)

published . This synthesis (Scheme 19) was used as the

basis of the attemvted synthesis of ethisic acid (38)
described earlier. The synthesis involved substitution of
both the,3~ and k- positions of a Michael recextor (47) using
a conjugate addition-nalogenation sequence. The acid hydrol-
ysis of the “Butyl ester of the resulting iodo-lactone (105)
gave the odis-lactone (106) where the grouping =C(Me)-SMe
represents a potential terminal methylene group =C= Hz.

Nxidation of the sulpnide to sulphoxide and subsequent cyclic

elimination of methane thiol gave (%)-avenaciolide (4).






iy

The first synthesis of natural avenaciolide reported in

, . , ey 32

the literature (1975)°% used as starting material 'diacetone
glucose' (107) (Scheme 20). This molecule was converted to

the aldenyde (108) by the method of Rosenthal and Nguy6n122_

The 7ittig reaction was used to introduce the alkyl group

and catalytic hydrogenation of the resulting alkene gave (109).

After acid treatment which caused both the removal of the
acetonide and lactonisation to the nemiacetal (110), Jones

oxidation afforded

1
»

cis-lactone (103) with the indicated
configuration (3R, 4R) ( this compound had vreviously been

-
obtained75 as a

I}

acemic mixture). The exo-cyclic methylene
function was introduced using Stile's reazent (methyl
naznesium carborate) followed by resaction of the resultiag

(™}

carboxyl group witn formaldehyde and dimethylamine giving

[

avenaciolide (L) identical spectrosconically and optical

j J
to natural material. The avbsolute stercochemistry of
avenaciolide is therefore as snown (2R, 3R, &R) (4).

This finding was confirmed independantly by Ohrui and
Eznoto81 who used a very similar synthetic route witn Wittig
introduction of the alkyl chain and Jones oxidation of

nemiacetal (1192)



X5 H OHC H
* —C- —— e
O
*
+ o
(107) CO,Me
| (108)
Li Bun CHécHZ) CH=CH 10%Pd-C H17C8 H
C H P Ph Br- )
7M5
“ox ot
CO,Me CO,Me
(109)

2D

Hi-Ca H
1 1
% H Jones
Oxidation 2
(110) (103)
HiLg
1. Stile's rgt. ~
g 2

2. HCHO/HOAc;

(Me)aNH/NaOAc

(4)

* Configuration is retained at these carbon atoms




The total synthesis of (%)-L4-isoavenaciolide (77) was
reported in 197354. The compound was synthesised from the
aconic acid (111) (Scheme 21). The process involves a series
of simple reactions and the d-keto ester (112) was converted
under acidic conditions (2N-HCl-dioxan 1:1 v/v) at 45°C into
the %—hydroxy—c&ﬁ—unsaturated-x-lactone (113). Catalytic
hydrogenation of (113), expected to occur at the least
hindered face, gave the bis-lactone (103A) and the exo-cyclic
methylene zroup was introduced using a similer Mannich
reaction to that alr:zady described for avenaciolide (4). The
product (%)-4-isoavenaciolide (77) was identical spectros-

copically to a sample of natural L4-isoavenaciolide.




CroO

aye

(CHz007) ,Cu
H,OH MeQH 60°C

2N HCl-dioxan
H CcoMe T:1 /v 45°C

e

47 CO,Me pyridiae
< H-‘--
1 ‘
(112)
OH H,/Rb/Alumina
coO - AcOH -
H-- i c
R
(113)

1.

2.

Stiles rgt.

HCHO/ (Me) ,NH
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The synthesis of naturally occurring (-)-4-iscavenaciolide
(77) was reported in.197785 (Scheme 22). This synthesis is
closely related to that of nétural avenaciolide described
earlier (p. 62). The starting material was once more
'diacetone glucose' (107). The key differences are the
isomerisation of (107) to (113) via pyrolysis of the
tosylate of (107) in the presence of soda lime followed by
hydroboration and oxidation of the resulting olefin. This
igomerisation allows the correct comfiguration (S) at C-4

of isoavenaciolide to be obtained. The alkyl group and ester
function are introduced as before via Wittig reactions and
the exocyclic methylene function is introduced as previously
described. This process yields 4-isoavenaciolide (77) which
was identical spectroscopically and optically to the

natural material. Tha absolute configuration of isoavenaciolide

is therefore (2R,3R,4S) (77).



SCHEME 22

X oda Lime
—_— P
220°C
, 7 >

(107)

1 .Hydroboration BzCl 1.Hgo
2.0xidn. ‘ 2.Nalo,

e

(113)
+
PhoP CoH, _
HCCH IC
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+*
3.H,/Pd
O,Et

*
H H
HYO
¢ 3—2 (77)

¥ Configuration retained here
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(11) Canadensolide
66

The synthesis of (f)-canadensolide (2) has already
been discussed in some detail (p. 24). The synthesis of
naturally occurring canadensolide (2) was reported in
197892 and is similar in concept to the previously described
syntheses of avenaciolide (4) (p. 62) and L4-isoavenaciolide
(77) (p. 64) from the same laboratory and is shown in
(Scheme 23). This synthesis used 'diacetone glucose' (107),
as before, as the starting material. The alcohol (114) was
not easily oxidisable and pyridinium chlorochromate was
found to be the most suitable reagent - the resulting ketone
(115) had to be reacted immediately to minimise decomposition
and the final products of Wittig condensation and reduction
were the diastereoisomers (116a+b) and (117a+b). Only (116a+b)
¢cis isomers gave the bis-lactone (118) on hydrogenolysis
of the benzyl group. Gentle acid catalysis (pyridinium
p-toluene sulphonate (PPTS)) protected the alcohol group
in (119) and ethoxycarbonylation using ethyl chloroformate
followed by deprotection of the alcohol and Jones oxidation
gave (120). The ethoxycarbonyl group was gently hydrolysed
and the exocyclic methylene group introduced via a Mannich
reaction as previously described. The canadensolide (2)
isolated thus had absolute stereochemistry (2S,3R,4R) and

was identical in all respects to natural material.



SCHEME 23

><gi:: 1.PhCH,C1

* 2.Hé0

* B.NaIOA
(107)
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=
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EME ontd
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(119) :
PPTS

R = X-ethoxyethyl

H
R T H
cieomt EtOH M
Li N(Prl), Okt ppTs O,Et
50°C 2
HoC C
Jones oxidn. 4l 1 .HC1/dioxan H9'4
LAy 2.HCHO/(CH) NE |
Oqft
(120) (2)

¥ configuration retained here
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Biosynthetic Studies designed to follow the Fate of
Hydrogen Atoms in Bjosynthesis,
At the time that this work was started, there were

several literature examples of the use of N.M.R. spectroscopy
to follow labelled hydrogen atoms in the biosynthesis of
natural products.

5H'-'N.M.R“.‘spectroscopy has been used to study the
biosynthesis of penicillinic acid (121) in P,cxgloniug123,

[Z-CSHBJ -acetate giving (121) with tritium at C-2, C-6 and
Cc-7.

2
3 (121)
. H
7 N
CH,T
.

A study of the biosynthesis of griseofulvin (122) by
P.urticae using [Z-ZHE] -~acetate has been reported124. The
location of the deuterium atoms in the isolated griseofulvin
was determined using F.T. “H-N.M.R. The pattern of labelling
(122) was determined by comparison of the biosynthetically
labelled metabolite with several synthetically labelled

models.

(122)

The advantage of the method using 15C-D couplings to determine
the position of deuterium in the metabolites is that it
enables conclusive identification of the labelling pattern

without the need for labelled standards as above.
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The intact incorporation of seven methyl groups into
the macrocycle of vitamin B12 was proved using deuterium
noise-decoupled 13C—F.T. N.M.R.‘25’126 and also using[1H’)30]

-N.M.,R. difference zspec't:roscopym‘7

, of [methyl—1302H3]—
meﬁhionine enriched dicyanocobalamin.

In the course of our studies it was :oepo:c'teci]28 that
[2-13CD3]-acetate is incorporated into the polyketide

terrein (123) at C-1, C-3 and C-8 as indicated. The presence

0of deuterium was shown using 13C—N.M.R. and deuterium-
decoupled ]BC-N.M.R. However, the resolution, particularly
of the ]BC-D triplets is very much less good than has been
found in our studies. This is due to excessive exchange in
the biosynthesis.

448

The method has also been reporte in a study of the

biosynthesis of the polyketide scytalone (124). Enriched

]SC—N.M.R. signals due to C-2, C-4, C-5, C=7 and C-8a were

noticed, however, 13C-D coupling was noticed omnly at C-4 -

in this case a very clear triplet (1:1:1, J=20Hz.). A later
study149 using deuterium - decoupled 1sc—N.M.R. showed also
the presence ofdeuterium at C-5 but none was observed at
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Deuterium noise decoupling 'JC-N.M.R. of the [2-13CD3]-
acetate derived polyketide (+)-rugulosin (125)149 showed
clearly the incorporation of deuterium at C-1, C-3, C-8 and

C"“ .

2 150

H-N.M.R. spectroscopy has been used to study the
formation of ring C in the biosynthesis of the fungal

diterpene rosenonolactone (126) by T.roseum.

(126)

Samples of [S—ZHEJ-mevalonate, (5R)-[5-°H] -mevalonate and
(55)-[5-2H]-mevalonate were administered to cultures of T.
'rogeug and the isolated rosenonolactone analysed using
2H-N.M.R.
It was established that the 5-pro-R hydrogen of mevalon-

ate becomes the 16Z hydrogen of (126) and conversely that

the 16E hydrogen of (126) is derived from the 5-pro-S
hydrogen of mevalonate. These results (taken with the known
direction of attack at the 13,14 double bond of precursor
(127)) established that the allylic displacement (fig. 44)

leading to ring C of rosenonolactone occurs with overall

anti stereochemistry.
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anti ///\\k%

13
| J;/QPP
‘0 HY “Ha T

(127) (126)

(fig.L44)

The mechanism of carbocyclic ring formation during the

biosynthesis of asochlorin (128) in Nectria coccinea has

been studied'”' by administration of [3-'2C, 4-°H,] -meval-
onic acid (129).
H
L OH 13,

(129)

In the ]SC-N.M.R. spectrum of 13C/ZH enriched asochlorin
(128) the C-9 signal appeared as two lines, separated by
2Hz., and showed a 1.2 fold enhancement relative to natural
abundance, which is consistent with its being derived from
C~3 of mevalonic acid. The line at higher field was due to
25/ 3¢ enriched molecules of (128) containing '°C at C-9 and

ZH at C-10. The line at lower field was due to natural



70.

abundance '-C at C-9 in unenriched molecules of (128). This
is in agreement with the previously observed152 secondary
isotopic substitution effect ('3c-c-2H vs. 13c-c-'n).

The observed collapse of the 13C signals due to C-1 and
C-5. relative to C-9, in °H/'’C enriched asochlorin (128),
is due to the presence of deuterium at these positionms.
Indeed, in the case of C-5, two lines of the 13¢c-p triplet
(A= 0.36ppm.) were clearly visible (J = 23.9Hz.) but were
of weak intensity. The remaining line of the triplet was
obscured oy the natural abundance C-5 signal.

No triplet was observed for C-1, perhaps due to the
longer relaxation time of this carbon atom. This study
provided strong evidence for a series of 1,2 hydrogen shifts
in the biosynthesis of asochlorin and illustrates the
nigh degree of sensitivity obtainable using this method of

detection of deuterium in a natural product.
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d1 d2 d3
Canadensolide (fig.41) 21.1% 25.8% 53.1%
Cr(acac)3 24% 22.9% 53.1%
Ethisolide (fig.36) 9.4% 25.4%  65.2%
Cr(acac)3 11.8% 26% 62.2%
Avenaciolide (fig..43) 12.8% 25.0% 61.2%
Dihydro-
canadensolide (fig.38) 9.4% 16.4% 64.2%
cr(acac)3 12.2% 24.5% 63.3%
Dihydro-
canadensolide (fig..40) 21 4% 26.7% 51.9%
Cr(acatC)5 19.4% 33.6% 47.0%
Canadensic
Acid (fig.L2) 19.0% 19.0% 61.0%

In all of these cases d3 is the main contributor, usually
greater than 50%. Hence approximately omne half of the

deuterium remains unexchanged.
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I. General.
The three cultures studied in this thesis are Penicillium

decumbens (3903 O00T), Penicillium canadense (Commonwealth

Mycological Insitute No.35493) and Aspergillus avenaceus

(AGG 4558). The fungi were subcultured on to 2% malt agar
slants and thence to agar seed bottles (159 cms.). A

spore suspension, prepared from twelve such bottles and
distilled water (21.) was used to innoculate 100 Roux surface
culture bottle; containing culture medium (200ml.) which

had previously been sterilised (0.5hrs. with steam at 117°C
and 12p.s.i.).

P.decumbens and A.avenaceus were grown on a culture

o/

mnedium (Czapek-Dox + 0.1% Yeast extract) which contained
glucose (50g.), NaNO3 (2z.), KC1 (1z.), Hg504.7520 (1g.),
KEHPO4 (0.5g.), Fesoq.WHEO (0.01g.) and yeast extract (0.1g.)
ver litre of distilled water, while P.canadense was grown

on a culture medium containing glucose (52g.), amzmonium
tartrate (2.8g.), £,HPO
(1.0g.), yeast extract (2.

(5g.), Mgsoq.7H20 (1.0g.), MaCl

g.), Fesoq.7U 0 (0.1g.), CuSd

5 .~*2 le
-5H,0 (0.015g.), Zns0,, . 7H;0 (0.05g.), MnS0, (0.01g.) and

Na o0, (0.01g.) per litre of distilled water.

2

lal
v

The cultures were allowed to grow undisturbed at 25°
and 70% relative humidity, artificial illumination oceing
provided by Mazda fluorescent tubes for eight hours per day.

Thanks and recognition are due to the staff of the
Glasgow University Mycology Unit who prepared all of the
cultures used in this work.

The samples used in the feeding experiments were
sterilised in the way described above for the Roux culture

2

L R 13 s
bottles, except in the case of the [2— “C,2-"H sodiun

5]

acetate samples which were sterilised using a aillipore

filter.



73.

Radio=-active assays were carried out using a Phillips
Liquid Scintillation Counter. Samples were weizhed on metal
foil, transferred to Packard Scintillation Vials and dissolved
in toluene scintillation solution (15ml1.). The scintillation
solution contained 2,5-diphnenyloxazole (4g.) and f,q—bis—
2(4-methyl-5-phenyloxazalyl)-benzene (0.1g.) per litre of
toluene. The samples were crystallised until constant activity
was achieved and counted sufficiently long to achieve an
error of less than 3%.

]BC—N.M.R. spectra were recorded using a Varian XL-1CO
spectrometer overating in the Fourier Transform mode with
a probe temperature of cg. 35°C. Unless otherwise stated, the
spectra were determined in CD solutions containing
tetramethylsilane as an internal reference. Proton noise

decoupling was carried out using a wide-pand noise decoupler.

7

H-.¥.R. spectra were recorded using Varian T-50, H.A.-
100 and Perkin-zlmer R32 spectrometers using CDCL3 solutions
with tetrametnylsilane as internal standard.

I.X. spectra were recorded with a Perkin-Zlmer 227
spectrophotometer. Mass Spectra were recorded on a G.E.C.-
A.E.I. M.S. 12 spectrometer (low resolution) and a G.E.C.-
A.E.I. ¥.S. 902 spectrometer (nigh resolution). G.C.-M.S.
results were obtained using an L.X.3.-¢000 instrument.

¥Melting points were recorded on a Reichert hot-stage
apparatus and are uncorrected.

Unless otnerwise stated, all organic extracts were

-

washed with satd. aqueous NaCl and dried over anhyd. Fa SC‘br

2
prior to evaporation. Light petroleum refers to the fraction
boiling between 60-80°C unless otherwise stated.

Abbreviations:




Experimental Section

II. 1Isolation of Decumbic Acid from P.decumbens.
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Isolation of Decumpic acid (L0O) from P.decumbens.

The aqueous broth from 25 bottles of a 14~day culture
of P.decumbens was continuously extracted with ethjl acetate
for 4Ohrs. The extract was washed with satd. aqueous NaKECO,,
dried and evaporated to give ethisolide (1),(3.25g.),n.p.
121=123%°C from ethanol. (Lit%qm.p. 122-123°C).

The alkaline extract was acidified with conc. HCI1,
saturated with.solid NaCl, and extracted with ethyl acetate.
The etnyl acetate was dried and evaporated to yield a brown

oily solid (0.52g.). Preparative TLC on silica gel GFasu

(using ether:hexane:acetic acid (50:50:1) as eluent) gave
decumbic acid (40),Rf.0.5,(2.35g.), m.p. 98-939°C from ethyl
acetate - light pe;roleum.

I.R. (K3r disc)

- - - - -
3500-2300 cm 1 ; 1780 cn 1 ; 1745 cm ] ; 1710 cm

Ty y.M.R. (100 MHz.)
5.156 (1H, m, H-3); 1.420 (4H, m, H-4,E-5); 2.146 (3H,
d, J=2Ez., H-9); 0.9286 (3H, t, J=7Hz., H-6).

Vass Spectrum m/e (rel. abundance)

M. 186(8), 155(80), 142(100; M-C5HZ), 124(40), 96(70).

Analysis
Tound: C, 58.44 ; H, 5.G3

091{1201+ requires C, 58.69; H, 5.52%.

Circular Dichroism. (methanol) A n.m/AE

256n.m./-0.79 , 223n.m./+2.76.



Exvperimental Section

III.

Ethisolide: Synthesis of Potential Riosynthetic

Intermediates and Incorporation Studies usiag P.decumbens

1.

Attempted Syntheses of Ethisic Acid

(1) Via Ethyl (trans) hex-2-enoate

(1i) Via Zthyl 3-carbethoxy-2-oxo-nexanoate
Attempted Synthesls of L-Alkylitaconic Acids fronm
Ttaconic Acid

Synthesis of K-p-BSutylitaconic Acid via 1,1,2-

Tricarbomethoxyethene

1,
o

Incorporation of [1-'7C]2,3-Dicarboxyhept-1-ens

|J
s
o
O

Bthisolide by cultures of P.decumbens

. e s 1iy .1 s .
Distribution of the Label in the [ *C] Ethisolide
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Sthisolide: Synthesis of Potential Biosvinthetic Intermediates

and Incorporation Studies with P.,decunbens.

1. Attempted syntheses of Fthisic acid (33).

(1) Via ethyl (trans) hex-2-enoate (453),

. ; . 12
Preparation of Bthyl {(trans) hex-2-enoate. 7

Re-distilled n-butyraldehyde (R8g.) was added over 1hr.
to a cooled (4°C) mixture of malonic acid (100g.), pyridine
(84ml.) and dry ethanol (133ml.). The mixture was then
gently warmed to dissolve the malonic acid and was stirred
at room temperature for Z2hrs. The reaction was then refluxed
for 3hrs. and allowed to cool. It was acidified using 5N-
aqueous HCl and extracted thoroughly with ether. The result-
ing crude product was esterified by refluxing with dry ethanol
(58ml.) and conc. HESOZ+ (5m1.) for Shrs. After dilution
with ether, the product was washed with satd. agueous
and the etner was dried and evaporated to give the

5 130
ester, b.p. 50-64°C/10mm, (45.9g5.,26.0%). (Lit. b.p. 73-749C/

Ma,CO

1 8mm) .

I.R. (cc14)

1725 cm_1; 1660 cm ™ ;980 cn” .

TH-N.M.R. (50Mhz.)

£.976 (14, 4.t , J=15Hz., 7Hz., E=3); 5.816 (1H, 4,
J=15Hz., H-2); 4.208 (2H, q, J=7Hz., ester -cHz-); 2.168
(2H, o.q, J=7Hz., H=4); 1.278 (3H, t, J=7Hz., ester -CHE);
1.278 (2H, m, H-5); 0.928 (3H, t, J=7Hz., H-6).
31

. .
Preparation of 2-bromopropionic acid

Ethyl 2-bromopropionate (51g.) was shaken with a solution
of potassium hydroxide (32g.) in distilled water (250ml.)
until it dissolved. The solution was washed with ether,
acidified with 5N-agqueous HESOA’ saturated with N¥aCl and

thoroughly extracted with ether. The ether was dried and

evaporated to give tihe vromo-acid, b.p. 90-95°C/10mn,

S -
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(28.2g., 65.4%). (LitT b.p. 102-104°C/15-16mm).

I.R. (cc14)

1

1730 cm~ ; 1180 cn”!

"H-N.M.R. (50MHz.)

L.u1§ (1H, q, J=7Hz., H-2); 1.858 (3H, d, J=7Hz., H-3).
These spectra were identical to those of an authentic
sample of 2-bromopropionic acid.

Preparation of tButyl 2-bromooronionate.32

To a stirred solution of 2-bromopropionic acid (22.4g.)
in sodium-dried benzene (45ml.) was added gently oxalyl
chloride (37.2g.). The solution was gently refluxed for 2hrs.
and excess oxalyl chloride was evaporated at atwmospheric

pressure (<S0°C) to give the crude acid chloride, (26.15g.,

95.5%) .
A mixture of anhydrous tert. butanol (20.3z.) and re-
distilled ¥,¥-dimetaylaniline (33.9g., b.v. 190-192°C) in

dry ether (30ml.) was stirred and r

(O]

fluxed gently on a
water batih. The crude acid chloride was added dropwise sc
that refluxing continued in the absence of neating and the
reaction was refluxed geatly for a further nour and was then
cooled to room temperature. Water (32 al.) was added and thg
reaction stirred at room temperature. The organic layer was
separated and washed thoroughly witan portions of cold 10%-
agueous HESOA’ followed by saturated aqueous NaHCOB. fhe

organic solution was dried and evaporated to give the bromo-

133 B
ester, b.p. 54-58°C/10mm, (13.8g., 47.1%). (LitT b.p. 62.2°C/

15 mm).
I.R, (Ccl,)
N 1 ]
1740 cm-1; 1370 cm_]; 1240 cm™ 3 1145 cm .
"HoM.3. (60 HEz.)
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L. o~ e .. By
Preparation of Sodium ¥ethyl Mercaotide -

“ethanethiol (100g.) was cooled to -78°C (acetone/dry-
ice) and the liquified taniol was poured into a sealed system
fitted witih an acidic potassium permanganate vapour trap,
and containing a solution of metallic sodium (47.9g.) in
anhydrous ethanol (400ml.). Tae reaction mixture was brought
to- room temperature and was then refluxed for one hour.
Anhydrous benzene (100ml.) was added at room temperature
and the solvent evaporated to give a pale yellow solid which
was washed with anhydrous ether, filtered and dried to give
sodium methyl mercaptide, (116g., 79%).

"E-N.M.R. (60MEz.) in CD,0D
1.988 (3H, s, CHB-S_ ).
to

Preparstion of “Butvl 2-(thiomethyl)-provionate (#43?4

tButyl 2-bromopropionate (21.3g.) in anhydrous ether
(20ml.) was added dropwise to a suspension of sodium methyl-
mercaptide (11.2g.) in anhydrous ether (80ml.). The resulting
cloudy suspension was stirred at roocm temperature for 6hrs.
and filtéred, and the ethereal filtrate evaporated to give
the thio-ester (4L), b.p. 66°C/10mm, (14.6g., 85.3%).

I.R. (0014)

1735 cn”

1067 cm™ .

(d) ; 1370 cm™'; 1235 cn™'; 1145cm™

Ty ¥ .M.R. (60Mnz.)
3.278 (iH, q, J=7Hz., H-2); 2.19 & (3H, s, S—CHB);
1.488 (9H, s, —c<CH3)5); 1.398 (34, d, J=7Hz., H-3).

Mass Spectrum m/e (rel. abundance)

.

+ +
wt. 176(12), 75(35, HC-CH-5CHZ), 57(100, C(CHz)g),

+
L7(32, SCHB).

Vass Measurement

Tound: 1756.08702.

1. S0 equires 176.037C8 a.n.u.
08H100U2 requi Vs
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. o . . . 13
Preparation of Sodium Thniophenoxide -+

Thiophenol (3.2ml.) was added dropwise to a stirred
solution of metallic sodium (2.1g.) in anhydrous ethanol
(80ml.). The experimental method used was the same as for
sodium methyl mercaptide above, and sodium thiophenoxide

was isolated as a white solid,(11.1g., 93.4%).

1

H-N.M.R. (60MHz.) in 2D.OD

3
7.26€ (2H, d.d, J=1Hz., 8Hz., H-1,H-5); 5.71 (3E, m,

H-2,H-3,H-4).
130

Preparation of tEutvl 2-(thiophenyl)-propionate.
t

Butyl 2-bromovropionate (15g.) in anhydrous ether (20ml.)
was added to a suspension of sodium thiophenoxide (10g.) in
anhydrous ether. Using the same method as for the prevaration
of tbutyl 2-(thiomethyl)-propionate (44), the reaction gave
tbutyl 2-(thiophenyl)-propionate b.p. 86-38°C/8mm,
(20.43., 75.6%).

I.2. (0014)

1735 ca”

]E:E;EAE; (60MHzZ. )

1 1

.
' ; 685 cm” .

; 1535 cm_l; 1145 em 3 845 cm”
7.358 (5H, m, aromatic H); 3.72 8§ (1H,q, J=7Hz., H-2);
1.418 (3H, d, J=7Hz., H-3); 1.358 (9H, s, 'C(CHB)B)’

Mass Spectrum m/e (rel. abundance)

+ .
M¥. 238(30), 137(100,H30-CH-5C,H5), 109(90, SCcHs) .
Analysis
Found: C, 65.72; H, 7.14; S, 13.12.
C1BH18802 requires C, 65.55; H, 7.56; S, 13.44%.
Attempted addition of tButvl 2-(thiomethvl)-vrovionate(il)

L3
and Bthyl (trans) Hex-2-enocate (L35).

(a) Dry di-isopropylamine (2.87g.) was added dropwise under
nitrogen to a cooled (4°C) solution of n-butyl lithium (20:1.
of 2.4M soln. in nexane) in annydrous tetrahydrofuran (23ml.),

and the mixture stirred at room temperature for 20mins,.
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The resulting pale solution of lithium di-isoprcpylamidéBSas
cooled to -78°C and to this was added dropwise tbutyl 2-
(thiomethyl)-propionate (44) (5g.). The mixture was then
stirred at -78°C for 30mins. Ethyl (trans) hex-Z-enocate (i5)
(4.03%g.) in anhydrous tetrahydrofuran (28mls.) was added
during 20mins. and the stirring at -78°C continued for 2hrs.
Iodine (4.33g.) in anhydrous tetrahydrofuran (34mls.) was
added dropwise (still at -78°C). After stirring for a further
30mins., the reaction was allowed to come to 0°C and ether
(30mls.) was added. The organic solution was washed success-
ively with 6N-aqueous HCl and saturated aqueous Na HCOB,
dried and evaporated to give a red, oily mixture (8.4g.)
which consisted chiefly of starting materials eg. 1H-N.M.R.
(60MHz.) [6.831S(1H, m); 5.728 (14, d, J=15Hz.)] .

Gas Chromatography-Mass Svectroscooy ,(SE30 at 85°C),

rel. retention time/integral/M+.
1, 1.5, m/e 142 ethyl(trans)hex-2-enoate
1.6, 1.5, a/e 142 ethyl(cis)hex-2~-enoate
1.95, 1.0, m/e 176 tbutyl 2-(thiomethyl)-propionate

4.0, 0.7, m/e 132 unidentified component

(b) Reaction as above, followed by ftreatment with Acid.

The above reaction was repeated using tbutyl 2=
(thiomethyl)-propionate (3g.), lithium di-isopropylamide
(prepared from di-isopropylamine (2.43g.) and n-butyl lithium
solution (10ml.)) and ethyl (trans) hex-2-enocate (2.41g.).
The product isolated was a pale yellow oily mixture (5.82z.)
in which no unsaturated esters were present and which had an
I.R. max. at 1730 cm™!

The above oily mixture (3g.) in anhydrous benzene (6ml.)
was refluxed for three hours with p-toluenesulpnoanic acid

(1.2g.). The reaction was then stirred for 30mins. at room

temperature with solid NaHCOB. The resulting solution was



80.
filtered, washed with aqueous Naesaos, diluted with ether
(20ml.) and dried and evaporated to give a pale yellow oil
(0.54g.) which showed I.R. maxima at 1785 cm_](w) and 1740
-1

cnm

Preparative TLC of a sample (100mgs.) on kieselgel GF

254
(u§ing CHClB:light petroleum: HOAc (50:50:1) as eluent) gave
a band, Rf. 0.2, (20mgs.) which still appeared to be a mixture
» Possibly containing some lactonic material.

"H-N.M.R. (50MHz.)

4L.208(m); 3.39 (m); 2.36 8(s); 2.11 (s); 1.308 (m);
0.95& (t, J=7Hz.).

Also obtained were ethyl (trans) hex-2-enocate (4L5), Rf.
0.5, (23mgs.), [1H—N.M.R. (60MHz.) eg. 6.81 S (m) and 5.72 S
(d, J=15Hz.)] and tert.vutanol, Rf. 0.9, (12mgs.) [ H-N.M.R.
(6OMHZ.) eg. 1.25 S(S)]. The reaction was not investigaced
further.

(ii) Via Ethyl 3-carbethoxy-2-oxo=-Hexanoate (50).

-
135

Preparation of Ethyl 3-carbethoxy-2-0xo-Hex e (50

A mixture of diethyl oxalate (53.4g.) and ethyl valerate
(52g.) was added dropwise under nitrogen to a stirred
suspension of sodium hydride (12.0g.) in sodium~dried ether
(200ml.). Once the initial hydrogen evolution had ceased,
stirring was continued under gentle reflux. TLC (with 10%
ether in light-petrolesum as eluent) was used to determine
when the reaction was complete, (20hrs.). After addition of
dry ethanol (5ml.), the mixture was stirred for 15mins. at
room temperature, and then poured on to ice (ca. 100g.) to
which conc. H,8 4 (ca. 5ml.) had been added. Extraction with
ether gave the desired kzeto-ester (50), b.p. 90-92°C/ 1.0ma,
5% p. 120°C/1.5-2.0am).

(51.2g., 56.5%). (Lit.

(J\
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"H-N.M.R. (100MHz.)

4,218 (5H, m, ester =CHy=, H-3); 1.378 (2H, m, H-L4);
1.32 3 (8H, m, ester -CHB, H-5); 0.95 8§(3H, t, J=7Hz., H-5).

I.R. (001Q)

3440 cm™' (w); 1785 cn™'; 1755 cm™'; 1730 em™'; 1655 cn”! .
Mass Spectrum m/e (rel. abundance)
MT. 230(1), 229(10), 201(20, M-29), 183(15), 182(15),

157(100, 4M=73).
Analysis
Found: C, 57.39; H, 7.79.
Calcd. for C11H1805 : C, 57.39; H, 7.82%.
Preparation of Fthyl 3-carbethoxy-3-carbethoxymethyl-2-0x0-

_. 137
Hexanoate (51).

Zthyl 3-carbethoxy-2-oxo-hexanoate (10g.) in sodium
dried benzene (30ml.) was added under nitrogen to a stirred
suspension of sodium hydride (1.25g.) in sodium-dried &uenzene
(30ml.). When the initial evolution of hydrogen had ceased,
the mixture was heated to gentle reflux and ethyl oromoacetate
(3.7g.) in sodium-dried bvenzene (10ml.) was added dropwise
over 2hrs. After stirring and refluxing for a further 45mins.,
the mixture was allowed to cool, and was poured on to an
ice-water mixture. The organic layer was separated and the
aqueous layer thoroughly extracted with ether. The combined
organic layers were washed successively with 6N-aqueous EHC1
and brine before drying and evaporating to give the

tricarboxylic ester (51), b.p. 104°C/0.2mm, (3.5g., 25.4%).

z7

(Lite b.p. 142-1479C/1.0-1.2zm}.

THoN. MR, (100MHz)

4.238 (6H, m, ester -CH,-); 2.84 §(2H, m, H=7); 1.90%
(2H, m, H-4); 1.358(11H, m, ester —CHB, E-5); 0.95 & (3H,

t, J=7Hz., H-6).
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I.R. (CClq)

1

1740 ecm~ (br.)

Mass Spectrum wm/e (rel. abundance)

ML 316(0.2), 243(30, ¥-73), 230(10, ¥-86), 215(10),
202(25), 156(100, M-73-87).

Analysis

Found: C, 57.58; H, 8.16.

Calcd. for C,.H,, O,: C, 56.96; H, 7.59%.

1572477
Reactions of Ethyl 3-Carbethoxy-3-Carbethoxymethvl-2-0x0-

Hexanoate (51 ) with Potassium Hvdroxide.

(a) Formation of n-Propyl Succinic acid (55).

A suspension of ethyl 3-carbhethoxy-3-carbethoxymethyl-
2-0oxo-hexanoate (51), (2.5g.) in 3M-aqueous XO0H (30ml.) was
stirred overnight at room temperature. The resulting clear
solﬁtion was acidified at 0°C with 5¥-agueous Hasou, saturated
with solid NaCl and thoroughly extracted with ether. The
ether solution was dried and evaporated to give an oily
solid (1.54g.), identified as n-propyl succinic acid (55).

138

(Lit. m.p. 95°C

~—r
.

\O

"Ho1.M.R. (50MHz.)
2.728 (14, m, H-3); 2.29 S(2H, t, J=7Hz., H-2); 1.418
(4LH, m, H-4,H-5); 0.91 & (3H, t, J=7Hz., H-6).

1360 §.M.R,

Chemical Shift (%) Carbon Multiplicity Jres.(HZ)
181 .61 C-1
178.65 Cc-7
40.75 C-3 d 2h .4
35.50 Cc-2 t. 23.8
33.77 C-4 t. 13.3
20.09 C-5 t. 10.3

13.79 c-6 q. 7.5
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A sample (0.235g.), of the crude n-oropyl succinic acid (55)
was dissolved in anhydrous methanol (10ml.) and added drop-
wise at 0°C to a stirred solution prepared from thionyl
chloride (10ml.) and anhydrous methanol (20ml.). After
stirring overnight, the solvent was evaporated, the residue
taken up in ethyl acetate, washed successively with satd.
aqueous Na2005 and brine and then dried and evaporated
giving a pale yellow oil (182mg.). Preparative TLC on silica
gel GF254 (using 50:50 ether:light petroleum as eluent) gave
dimethyl n-propyl succinic acid (55), Rf 0.6, (63mg.).
(Littgﬁ.p. 110°C/1 4mm) .

"Eon. 1.z, (50MHz.)

3.64 S (3H, s, ester -CH 3.62% (34, s, ester -CHB);

3);
2.48 % (3H, m, H-2,H-3); 1.39 85 (4H, m, H-4, H-5); 0.92 § (3H,
t, J=7Hz., I-6).

I.z. (cci))

17L5 cm_1; 1160 cm”!
Mass Spectrum m/e (rel. abundance)
MT-31. 157(30), 146(20, M-k2), 115(95, M-73), 114(10C,

M=74), 87(60, M-42-59).

o H i vt
V9H]6O4 requires M m/e 188

(b) Formation of n-Propvl Succinic Acid (55) and the

Rearranged Tri-acid (S54).

Ethyl 3-carbethoxy-3-carbethoxymethyl-2-oxo-hexanoate (31)
(0.96g.) was treated as in (a) atove with 1M-aqueous KOH
(15ml.). The product was obtained as a pale yellow gum (0.76g.)
which was esterified using excess ethereal diazomethané
(prepared from nitrosan (5g.)) at room temperature. Evapor-
ation of the ether gave a mixture (0.57g.). Preparative TLC

on silica gel GFPaq(using 20% etnyl acetate in hexane as

a9

eluent) of a sample of the mixture (140mg.) gave the
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methoxy-triester (56), Rf 0.2, as an oil (47mg.).
"5.N. MR, (50MEZ.)
4.55¢% (3H, s, methoxyl -CHB); 3.34 §(3H, s, ester —CHB);
3.81 % (3H, s, ester -CHz); 3.78 8(3E, s, ester -CHB); Z2.498
(1H, t, J=7Hz., H-4); 1.42 § (4H, m, H-5, H-6); 0.95 S(3H, t,
J=7Hz., H=7).

I.R. (CClq)

1 1

1770 cm™ 3 1740 em™'; 1540 cm”

~Mass Spectrum wm/e (rel. abundance)
+

M. 288(5), 243(100, M-45), 242(90, M-31-15), 229(10,
M-59), 217(80), 215(90), 201(60).

C15H2007 requires M" m/e 288
Also obtained was dimethyl n-propyl succinic acid (335), Rf
0.4, (25mg.), which was identical (Rf, IR, 'H-NMR) to the
sample produced in (a).

Reactions of Etnvyl 3-Carbethoxy-3~Carcetnoxymetinyl-2-0xo-

Hexanoate (51) with 2 i-aqueous HC1.

(a) A mixture of ethyl 3-carbethoxy-3-carbethoxymethyl-2-
oxc-hexanoate (51) (2.2g.) and 2H-aqueous HCL (17.5ml1.) was
stirred at reflux overunight. The cooled solution was
saturated with solid NaCl and extracted witn ethyl acetate.
The organic solution was dried and evaporated to yield a
pale yellow oil (1.563g.).

A portion of thnis (220mg.), was treated with an excess
of ethereal diazomethane (prepared from nitrosan (1g.)) at
room temperature overnight and the solution evaporated to
give an oil (7img.). Preparative TLC on silica gel GF254
(using 80% CHCl3 in light petroleum as eluent) gave the
butenolide (58) as a colourless oil, Rf 0.3, (19mg.).

"H-nMLR, (60MEZ.)

5.08 8 (1H, s(br.), E=2); 3.78 5§ (3H, s, ester ~CHz);

2.218 (3H, s, 5-6); 1.39 §(4H, m, H-4, 7-5); 0.90& (3H, t,



J=7Ez., H-6).

I,R (301u)
— -

1

1705 cm™'; 15620 ca”! .

17L0 cm”

Mass Spectrum m/e (rel. abundance)

MT-29. 169(20), 167(10), 125(30), 123(25), 111(35),
110(10), 109(30), 97(100,4-59-42), 95(80, M-59-LL4).

C10H1404 requires M, m/e 198
() The crude oily mixture (250mg.), prepared as in (a)
by treatrent of ethyl 3-carbethoxy-3-carbethoxymethyl-2-
oxo-hexanoate (51) (0.75g.) with 2N-agueous HC1l (24ml.), was
dissolved in anhydrous methanol (10ml.) and added dropwise
at 0°C to a stirred solution orepared from thionyl chloride
(0.35g.) and anhydrous methanol (15ml.). After stirring
overnight at room temperature, the solvent was evaporated
and the residue taken up in ethyl acetate, washed successively
with saturated zaqueous Naz'CO3 and brine, dried and
evaporated, giving a yellow oil (150mg.). Preparative TLC on
silica gel GF254 (using 3:2 CHClB: hexane as eluent) gave
an oil, Rf 0.3, (41mg.). This was found to be a mixture
('g-N.M.R. (60MHz.) eg. 3.86 (s), 3.84 (s), 3.32 (s) and
I.R. (cCl,) 1820 cn™', 1790 em™', 1740 cm™', 1640 cm”'.)
and was not investigated further.
(¢) Ethyl 3-carbethoxy-3-carbethoxymethyl-2-oxo-hexanocate
(51) (163mg.) was stirred at reflux with SN-agqueous ¥C1l (30ml.)
for 20hrs. The cooled agqueous solution was saturated with
solid ¥aCl and thoroughly extracted with ethyl acetate which
was dried and evaporated to give an 0il (55mg.). The oil
was taken up in anhydrous methanol (5ul.) and esterified as
in (b) above to give an oily mixture (33mg.). Only traces of

lactonic material were removed after prevarative TLC, =f 0.2,

sog - ) - ; - .
(8mg.), (I.R.,(CCL, ) 1775 cm 5 1758 e 5 1740 cu”) and the
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reaction was not investigated further.

Attempted De-carbethnoxylation of Zthyl 3-Carbethoxy—3-

‘ - _ L , 2
Carbethoxvmethyl-2-0xo=-Hexanoate (31) in Dimethvl Sulvhoxid

A mixture of ethyl 3-carbethoxy-3-carbethoxymetayl-2-
oxo-hexanoate (51) (200mg.), sodium chloride (37mg.),
dimethyl sulphoxide (10ml.) and distilled water (0.7ml.) was
stirred at reflux for 4hrs. and allowed to cool. Distilled
water (25ml.) was added and the aqueous solution thoroughly
extracted with ether to yield an oil (11i4mg.).

Preparative TLC on silica gel GF254 (using 30C% ether in
hexane as eluent) gave a colourless oil Rf 0.4, (5Omg.) which,
from the observed multiplicity of signals in the 1Z—I—N.M.R.
spectrum eg. 4.22 8 (s); 4.20 86 (s), ester _CHB + superimposed
(m), ester —CH2-, was evidently a mixfure, which was only
partially recolved by distillation in a sublimation tube.

This reaction was not investigated further.
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2. Attemoted Synthesis of A-Alkvlitaconic Acids from

Ttaconic Acid,

(1) Preparation of L-Methoxybenzyl Alcohol |*©

A mixture of L-methnoxybenzaldehyde (136g.) and
37%-aqueous formaldehyde (100ml.) in methanol (100ml.) was
added dropwise to a stirred solution of potassium hydroxide
(167g.) in methanol (250ml.). The reaction mixture was
stirred at 70°C for 3hrs., and excess methanol removed by
distillation at room pressure. The residue was diluted with
distilled water (30Cml.) and extracted thoroughly with benzene.

The benzene was dried and evaporated to give 4-methoxy-
benzyl alcohol b.p. 82-84°C/2mm, (81g., 58.6%). (Lit}m
b.p. 134=135°C/12mm).

H-M.M.R. (60MHz.)
7.108 (4H, q, J=16Kz., 7dz., aromatic H); 4.52 & (2H, s,
-CHEOH); 3.75 8 (3H, s, -OCHB); 3,20 8§ (14, s(br.), -0H).

I.2. (CC1,.)

3450 cm_]; 1610 cm™'

)
(ii) Prevaration of Itaconic Annydride?™

A mixture of itaconic acid (10M7g.) and acetyl
chloride (200ml.) was stirred at reflux for lthr. The solution
was evaporated giving a yellow acidic solid which, after
washing with anhydrous benzene and drying, gave itaconic
anhydride 1.0, 68-69°C, (s4.7g., 45%). (Lit?%m.p. 58-69°0),

"H-1.M.R. (50MHz.)
£.558(1H, t, J=3Hz., H-5); 5.95 S(1H, t, J=3Hz., H-5);
3.62 S (2H, t, J=3Hz., H-2).

I.R. (CC14)

1860 cm']; 1850 cm_1; 1805 cm~

1560 Cm—1.

1 1

i -
; 1770 cm

: 1785 cm~

L. . 2~ t’L,L
(iii) Prevaration of L-Methoxybenzylitaconate (50).

A nmixture of itaconic anhydride (15z.) and
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L-methoxybenzyl alcohol (28g.) was stirred at 55-60°C for
20hrs. On cooling, the reaction mixture solidified and was
recrystallised irom benzene-hexane to give L-methoxybenzyl-
itaconate (60) m.p. 87°C, (20g., 60%). (Lit{ "m.p. 36.8-87.2°C).

"4-N.M.R. (60MEHZ.)

5.95 §(4H, q, J=24Hz., 8Hz., aromatic H); 6.30 S (14, s,
H-5); 5.74 §(1H, s, H-5); 5.00 (28, s, CH,=0); 3.75€ (3, s,
—OCHB); 3.34§ (2H, s, H-2).

I.3. (cc14)

1 1

z -1 - - - - &=
3540 cm ; 3400-2400 cm 5 1740 cm ; 1700 cm '; 1535 cm
1610 cm™ .
(iv) Reactions of L-iethoxybenzvlitaconate (50) with 1 -
. 63
Bromobutane,
Dry diisopropylamine (12.1g.) was added dropwise
under nitrogen to a cooled (4°C) solution of n-butyl lithium

(50ml. o

=iy

2.4M soln. ia nexane) in anaydrous tetranydrofuran

(]

(50ml.) and the mixture stirred at room temperature for 2
mins. The resulting pale yellow solution of lithium diiso-
propylamid;)ias cooled to =-78°C and 4-methoxybenzylitaconic
acid (10g.) in anhydrous tetranydrofuran (20ml.) added
dropwise.

The mixture was stirred at -78°C for 2hrs. and a solution
of 1-bromobutane (6.9g.) in anhydrous tetrahydrofuran (40ml.)
added over 30mins. The reaction was stirred at -78°C for 7nrs.
and glacial acetic acid (ca. Sml.) added. The solution was
brought to 0°C, poured on to ice, acidified wita 5N-agueous
HZSOL+ and thoroughly extracted with ether. The ether was
dried and evaporated to give crystals (5z.), m.p. 87°C from
benzene-nexane which were identified as unreacted L-methoxy-

] . . - \ . - 1 R
benzylitaconic acid (50) by comparison of I.R. and H-u.M.R.

spectra.

In a similar experiment, hexamethylphosphortriamide (ca.
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0.5ml.) was added to solubilise the anion prepared from
L-methoxybenzylitaconic acid (50) (5g.) before addition of

the 1-bromobutane. Tie mixture was then stirred at 0°C for

V=

0D ,
2hrs. before working up as before. Preparative TLC of the

resulting product on silica gel GF (using 50:50 ethyl

254
acetate/light petroleum as eluent) gave L-methoxybenzyl

alcohol (4.0g.), identified by comparison of Rf (0.7) and

1H-N.M.R. spectra. This reaction was not investigated further.
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3. Synthesis of K-n-Butylitaconic acid (59) via 1.,1.,2-Tri-

carbomethoxvethene (51),

(i) Preparation of 1,1,2-Tricarbomethoxyethane®’

To a stirred solution of metallic sodium (3.8g.)
in anhydrous methanol (150ml.), was added dropwise dimethyl
malonate (43g.). The mixture was refluxed for 30Omins. and
methyl bromoacetate (25g.) added gently to the refluxing
solution. TLC (with 25% chloroform in light petroleum as
eluent) was used to determine when the reaction was complete,
(8ars.). The reaction mixture was allowed to cool, poured on
to ice (ca. 100g.) and was thoroughly extracted with ether.
The ether was dried and evaporated to give 1,1,2-tricarbo-

57
methoxyethane b.p. 92-94°C/1mm, (15g., 45%). (Lit. b.p. 26~

95°C/0.2-0.bmm) .
1.R. (CClq)
-1

1750 cm v,

; 1745 cm_]; 1165 cm~
"H-N.M.R. (50MHz.)

3,35 $ (14, t, J=7dz., H-1); 3.76 5 (5H, s, ester -CHB);
3.70 8 (3H, s, ester -CH;); 2.92§ (24, d, J=7Hz., E-2).

Mass Svectrum m/e (rel. abundance)

M -31. 173(30), 145(100, M=59), 113(95, ¥M-59-32), 101(20).

Analysis
Tound: C, 46.86; H, 5.87.
Calcd. for CSH1206 . 0, 47.05; H, 5.88%.
(ii) Preparation of 1,1 ,2-Tricarbomethoxyethene (5157

A solution of bromine (5ml.) in methylene chloride
(20ml.) was added dropwise to a cooled (0°C) stirred
solution of 1,1,2-tricarbomethoxvethane (10g.) in
methylene chloride (5011.). The reaction mixture was stirred
at reflux for 30mins. and allowed to cool. The solution was
washed thoroughly with satd. aqueous NaECOB, dried and

evaporated to give 1 -bromo-1,1,2-tricarbom:sthoxyethane
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as a colourless oil (13.9g., $6.2%).
I.R. (C“l )
1785 cm” (w); 750 cm‘](s).
"H-N.MLR. (60MHz.)
3.89 % (6H, s, ester —CHB); 3.74 $ (3H, s, ester -CHE);
3.498 (2H, s, H-2).

Mass Spectrum wm/e (rel. abundance)

+

M". 284,282(5), 253,251 (30, M-31), 240,238(50, M-44),
225,223(30, M-59), 181,179(100, M-73-30).

This product (13.7g.) was dissolved in pyridine (70ml.)
and the solution stirred at S0°C for lhr. The reaction
mixture was allowed to ccol and was poursed on to crushed ice
(ca. 100g.) and extracted thoroughly witih ether. The organic

extract was washed successively with water, 5N-aqueous HC1,

satd. agueous NaZCOB’ and was dried and evaporated to give
1,1,2-tricarbomethoxyetnene (51 )b.p. 85-90°C/C.5mm, m.p.
~ 122
35-36°C, (5.06g., 52%). (Lit. m.p. LO-41°C).
I.R. C1,
(C %)

1750 cm™'; 1735 ca™'; 1550 ca™'.

"How M R. (50MEz.)
6.83 S (1H, s, H-2); 3.87 $(6H, d, J=2Hz., ester -LHB);
3.80% (3K, s, ester -CHS).‘

Mass Spectrum =n/e (rel. abundance)

M. 202(3), 172(35), 171(100, ¥-31), 143(15), 140(30),
113(45).

Analysis
Found: C, 47.88; H, 5.10.

Calcd. for CSH1OO6 : C, 47.52; H, 4.95%.

(iii) Formation of 1.,1,2-Tricarbomethoxybutane (63) during t

Attempted Prevnaration of 1,1 .2-Tricarccmethoxynex-3- v

.)

4

To a stirred soluticn of stayl oromide (D.ai

in anhydrous tetrahydrofuran (10ml.), was added activated
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magnesium (2.12g.). The mixture was stirred at room
temperature until all the magnesium had dissolved (1hr.) and
was cooled to C°C. A solution of obut-l-yne (ca. 0.2g.) in
anhydrous tetrahydrofuran (10ml.) was added dropwise and the
reaction stirred at room temperature fcr 10hrs. The solution
was cooled to 0°C and anhydrous cuprous chloride (1Cngs.)
added followed by 1,1,2-tricarbomethoxyethene (51) (0.5g.)
in anhydrous tetrahydrofuran (20ml.). After stirring at
room temperature overnight, the reaction mixture was poured
on to satd. aqueous E‘».THL+
and thoroughly extracted with ether. The ether extract was

Cl, acidified with 5N-aqueous HC1

dried and evaporated to give a red oil (0.5g.) which contained
no alkyne ( I.R. (CCl,) 1740 cm_l). However, preparative

TLC on silica gel GF25LL (using 30% ether in light petroleunm

as eluent) afforded 1,1 .2-tricarbomethoxybutane (£z) Rf 0.7,

(0.15g., 25.2%) as an oil.
I.R. <0314)

1755 cm™'; 1740 cm”
H-N.M.R. (60MHz.)

! .
1
4.18 S (2H, AR system, J=22Hz., 8Hz., -1 and H-2); 3.75§
(6H, s, ester -CHB); 3.73 8§ (34, s, ester -CHE); 1.60 §(2H, mn,
H-3); 1.16 8§ (3H, t, J=7Hz., H-4).

Mass Spectrum m/e (rel. abundance)

.[.
Mt 232(1), 205(20), 20u(15, [(1e0,C),CH=C(OH)OMe] ),
190(55), 173(25), 172(100, M=-50).
.+_
I ' - ' 2
C1OL16O6 requires M at m/e 232

s . . 55
(iv) Preparation of 1,1.2-Tricarbomethoxyhexane (84L).

Activated magnesium (2.36g.) was added (under NE)
to a stirred solution of 1-bromocutane (2.33g.) in anhydrous
tetrahydrofuran (50ml.). The mixture was stirred at room
temperature until all the metal dissolved, annydrous cuprous

chloride (10mgs.) was added and the mixture stirred at 0O°C
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for 30mins.
y2-Tricarhomethoxyethene (51) (2z.) in anhydrous
tetrahydrofuran (50ml.) was added dropwise at 0°C C, and the
reaction stirred at room temperature for 20hrs. The reaction

mixture was quenched at 0°C in satd. aqueous NH, Cl, acidified

N
with 6N-aqueous HCl and thoroughly extracted with ether
which was dried and evaporated. Preparative TLC on silica
gel GF254 (using 80% ether in light petroleum as eluent)

gave 1.,1,2-tricarbomethoxyhexane (54) Rf 0.9, (1.65g., 65%)

as an oil.
I.R. (cc1q)
1755 cm™ 3 1740 cm”
"H-N.M.R. (50MEz.)
3.858 (32, s, ester —CHB); 3.758 (5H, s, ester —CH5);
3.33 & (2H, m, E-1,H-2); 1.55 (2H,
H-4, H-5); 0.908 (3H, t, J=7Hz., H-6).

m, E=3); 1.300% (4H, n,

Mass Svectrum m/e (rel. abundance)
MT-31, 229(15), 204(15), 201(25), 172(55), 137(20),

132(100,[MeOZCCHzc(OH)OMQ , 129(95, [Me0, ceue qg])

Analysis
Found: C, 55.19; H, 7.69.

% 55.38; H, 7.69%.
C12H2006 requires C, 55.38; H, 7.69%

rr
X . . , . _\55
(v) Preparation of 1,1,2-Tricarvoxyhexane (532%

1M~aqueous sodium hydroxide (32ml.) was added to
,2-tricarbomethoxynexane (54) (1.55g.) and the reaction
mixture stirred overnight at room teaperature. The solution
was stirred at 70°Z for three hours, allowed to cool and
saturated with solid aCl. The reaction was thorouzhly
extracted with ethyl acstate and the extract dried and

hexane (5%) ( 0.74g.,

O
V<
\,
(D
N

evaporated to give 1,1 ,2-tricaroso:

1 o/

54%), m.p. 152-154°C from light petroleum (100-120°C).
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I.R. (KBr disc)

1

3600-2300 cm™'; 1700 cm™

(or.)
Anslysis

Found: C, 49.30; H, 5.70

C9H1406 requires C, 49.50; H, 6.42%.

(vi) Preparation of &-n-Butylitaconic acid (2,3-Dicarboxy=

hept-1-ene) (59)°°

A solution of 1,1,2-tricarboxyhexane (65 (0.68g.)
in methanol (2ml.) was treated with LO%-aqueous dimethyl-
amine, stirred at -20°C for five mins., and 37%-aqueous
formaldenyde (5ml.) in methanol (10ml.) was added gewntly.

The reaction mixture was stirred overnight at room
temperature, refluxed for Thr. and evaporated at reduced
pressure. The residue was taken up in distilled water (10ml.),
acidified at 0°C with AN-aqueous HCl, saturated with solid
NaCl and thoroughly extracted with ether. The ether was

dried and evaporated to give «-n-butylitaconic acid (2.,3-

dicarboxyhevt-1-ene) (59) (C.29g., 40%), m.p. 97-99°C from

heptane.

I.R. (XBr disc)

- . - . -1
3500-2300 cm ]; 1690 cm 15 1630 cm .
H-.M.R. (60MHz.)

5.55S$(1H, s, 2-9); 5.90 8 (1H, s, H-9); 3.47 5 (1H, t(br.),

J=7Hdz., H-2); 1.85% (2H, m, E-3); 1.408 (4H, m, H-4, H=5);
0.90% ((3H, t, J=THz., I-6).
Mass Svectrum m/e (rel. abundance)

MY, 186(5), 143(10), 141(70, M-45), 129(100,

. +
(Ho,cCHC (CO,H)=CH,]) .

2
Analysis
Found: C, S58.10; H, 7.27.

CoH1401 requires C, 38.06; H, 7.53%.
G 4
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(vii) Synthesis of [1-'*c] 2.3-Dicarboxyhept=l-ene (59).

To a stirred solution containing 1,1,2-tricarboxyhexane
(554 (50mgs.), methanol (1al.) and 40%-aqueous dimethylamine
(0.2ml.) at -20°C, was added [ *C] -formaldehyde (250uCi) in
distilled water (Iml.). The reaction mixture was stirred at
-20°C for 10 mins., 37%-aqueous formaldenyde (0.5ml.) was
adaed and the solution stirred at room temperature overnight.
After stirring at reflux for lhr., the solution was
evaporated and the residue taken up in water (5ml.), acid-
ified with SN-aqueous HCl and saturated with solid NaCl.
The acid mixture was thorousghly extracted with ethyl acetate,

which was dried and evaporated to give £1-]4C]2.3-dicarboxv-

hept-1-ene (59) (18mgs., 42.2%, 3.63x107 dpm/ng.), m.p. G7-

99°C from light petroleunm.
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y R 1 S . :
4. Incorporation of [i- Z+C]c,;—charooxyneot-l—ene (59) dinto

Tthisolide (1) oy cultures of P.decumbens.
4 solution of [1—14C]2,5—dicarboxy hept-1-ene (59)
(10mg.) in 0.005M-agueous NaHCO3 (3ml.) and distilled water
(4ml.) was sterilised and fed, in three 24iar. pulses, namely

on the 7th, 8th and 9th days after inoculation, to two Roux

bottles containing cultures of 2.decumbens. On the 14th day

after inoculation, the aqueous broth was separated by
decantation and continuously extracted with etahyl acetate
for 48hrs., after which, the etayl acetate was extracted
with satd. aqueous NaHCOB, dried and evaporated. Preparative
TLC on silica gel GF254 (using chloroform as eluent) gave
ethisolide (1) Rf 0.3 (79.8mg., 7355 dpm/mg.), m.p. 122-123°C
from ethaan. (Lit%qm.p. 122-123°7). The total activity
isolated as [14C] ethisolide was 6.04X1O5 dpm., giving an
incorporation of 10.4% from [1—343]2,3—dic rboxyhept-1 -ene.
The aqueous droth was evapocrated, tne residue taken up
in‘anhydrous methanol (30ml.) and added at 0°C, to a stirred
solution prepared from thionyl chlorids (23%ml.) and
anhydrous methanol (30ml.). The reaction was stirred at room
temperature overnight and evaporated to dryness. The residue
was dissolved at room temperature in ethyl acetate, washed
with satd. agqueous NaECOS, dried and evaporated to give an
“0il (0.313g.). Preparative TLC (using 3C% ether in light
petroleum as eluent) gave trimetayl citrate Rf 0.3,

(5Lmg., 7dpm/mg.), m.p. 75-77°C from diisopropyl ether.
1!
(Lit.+£.p. 75-76°C).
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5. Distribution of lapel in the [ '“c) Tthisolide.

[]uc]ethisolide (18.8mg., 7855dpm/mg.) was diluted
with inactive ethisolide (25.1mg.), and the combined sample
(43.9mg.) dissolved in glacial acetic acid (10ml.). A stream
of ozonised oxygen was passed through the solution for 1.5
h;s. at room temperature, 2N-aqueous HCl (6ml.) was added,
and the solution left for 2hrs. After the addition of glacial
acetic acid (éml.), the solution was left overnight and
steam distilled under N, into a solution of dimedone (57mg.)
and piperidine (0.5ml.) in ethanol (10ml.). Once ca. 50ml
of distillate had been collected, the dimedone solution was
boiled for 15mins. and allowed to cool to give methylene-
bis-dimedone (2h.1mng., 34.2%, 2127dpm/=mg.), m.p. 190~
191°C from ethanol-water. (Lit1qg.p. 191-191.5°C).

The [T4C] ethisolide sample used had activity of 6.0G4x
105dpm/m.mol. This showed that 102% of the activity of the

H‘LC ethisolide was located in the terminal methylene carbon

(C-9).
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Canadensolide and Dihvydrocanadensolide: Prengration of

Potential Biosvnthetic Tnitermediates and Tncorvoration

Studies with P.canadense.

-

s
o . . , , 20
1. Attempted Preparations of 1.,1,2-Tricarbomethoxvoctane (547,

To a stirred solution of 1-bromohexane (0.165g.) in
anhydrous tetrahydrofuran (10ml.) was added activated
magnesium (0.28g.). Once the magnesium had dissolved (lar. at
reflux), anhydrous cuprous chloride (10mg.) was added and
the mixture stirred at 0°C for 30mins.

1,1,2-tricarbomethoxyethene (51) (0.1156g.) in anhydrous
tetrahydrofuran (1Cml.) was added dropwise at 0°C and the
reaction stirred at room temperature for 20ars. The reaction
mixture was quenched at 0°C in satd. aqueous N’aCl, acidified
with AN-agueous HCLl and thoroughly extracted witn ether
which was dried and evaporated. Preparative TLC on silica gel

GF2?4 (using 50% ether in light petroleum as eluent) gave

>

an ester Rf 0.1 (0.1z.) which, from its 1H—N.H.R. spectrum,
did not appear to contain an 2lkyl substituent (I.R. (3814)
1760 cm'1; 170 cn™'). The oroduct was not investigated
further.

In another reaction carried out under similar conditions,
the crude product was found to be an oil, Rf 0.2 which was
evidently a mixture from its ]H—N.M.R. spectrum (3.758, s;
3,708, s; 1.858, m(br.).). This reaction was not investig-

ated further.
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2. Synthesis 0f &-n-Hexyvlitaconic Acid (2,3-Dicarboxvnon-1 -

ene 55).

IJ AY
oN

(1) Preparation of 1,1 ,2-Tricarbomethoxyoctane (&4).

Activated =agiesius turaings (U.173.) were added to
a stirred solution of 1-bromohexane (1.32g.) in anhydrous
ether (30ml.) and the mixture stirred at room temperature
until the magnesium dissolved (lhr.). Anhydrous cuprous
chloride (15mg.) was added and the reaction stirred at 0°C
for 30mins.

,2=-Tricarbomethoxyethene (41) (1.35g.) in anhydrous
ether (30ml.) was added dropwise at 0°C and the reaction
stirred at room temperature for 20hrs. The reaction mixture
was quenched at 0°C in satd. agqueous HHAC , acidified with
5N-aqueous HC1l and thoroughly extracted with ether which was

dried and evaporated. Prevarative TLC on silica gel GF o

N

(using 50% ether in lignt petroleum as eluent) gave

-

1,1,2-tricarbomethoxyoctane (§5) Rf 0.7, (1.08g., 56.4%).

1760 cm™ 3 1740 cm™ 5 1165 cm™|

3.378 (14, d, J=7Hz., H-1); 3.758 (3H, s, ester -CHB);
3,73 5(5H, s, ester -CH5>; 3,188 (18, m, H=2); 1.278 (10H,
m, H-3 to H-7); 0.39 & (3H, t(br.), J=7Hz., H-8).

Mass Svectrum m/e (rel. abundance)

wte1. 289(10), M'. 238(5), 257(60), 229(70), 204(100,
M-8L, McLafferty product)

Analysis

Found: C, 58.59; H, %5.59
]4¢920, requires C, 53.33; H, 3. 332

(ii) Prevaration of 1.1,2-Tricarboxyoctane (57).

1M-aqueous sodium hydroxide (40ml.) was added to
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1,1 ,2-tricarbometnoxyoctane (1g.) and the reaction mixture
stirred overnight at room temperature. The sclution was stirred
at 70°C for 3hrs., allowed to cool and saturated with solid
NaCl. The reaction was thoroughly extracted with ethyl
acetate and the extract dried and evaporated to give 1,1 .2-

tricarboxyoctane (57) (2.596g., 59.7%), m.p. 140-141°C from

light petroleum (b.p. 100-120°C).
I.R. (KBr disc)

1 1

3500 ca”' = 2400 cm™'; 1720 cm™'; 1655 cu”!.
Apnalysis

Found: C, 53.91; H, 7.10

611H1806 requires C, 53.66; H, 7.32%.

(iii) Prevaration of K-n-Hexylitaconic Acid (2,3~Dicarboxy-

non-1-ene) (55),

A solution of 1,1,2-tricarboxyoctane (0.5g.) in
methaol (2aml.) was treatsd witn 40%-aqueous dimethylamine
(2ml.), stirred at -20°C for Smias., and 37%-aqueous
formaldehyde (5ml.) in methanol was added dropwise. The
reaction mixture was stirred overnizght at room temperature,
refluxed for lar. and evaporated at reduced pressure. The
residue was taken up in distilled water (10ml.), acidified
at 0°C with ASM-aqueous ECl, saturated witn solid »afl and
thoroughly extracted with ether. The ether was dried and

evaporated to give the X-n-nexylitaconic acid (2,3-dicarboxy-

non-1-ene) (53) (2.14g., 32.2%), =n.p. 76-77°C from light

petroleum 100-120°C,
I.R. (cCL,) |
3300 cm” - 2500 cm” 3 1710 cm”'; 1530 ca .
"goi.i.R. (90MHZ.)

11.208 (2%, s(br.), acid H); 5.418 (1E, s, H-11); 5.728

n
p—g
(@e]
(SN
(4]
N
V)
i
=
|
\
A

(18, s, H-11); 3.208(1H, t, J=VHz., =-

1.308 (B%H, =, H-4 to H-7); 0.898(3H, t, J=7Hz., H-8).

dig
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fass Spectrum w/e (rel. avundance)
M. 214(5), 170(10), 159(100, M-43), 168(15), 143(25),
129(90,4-35).

Analvysis

Found: C, 61.46; H, 8.52

CI1H1804 requires C, 61.68; H, 8.41%,

(iv) Synthesis offl-]4C]—2,3~Dicarboxynon~l—ene (55).

To a stirred solution containing 1,1,2-tricarboxy-
octane (57) (50mg.), methanol (1ml.) and LO%-aqueous dimethyl-
amine (0.2ml.) at -20°C, was added [WAC]—formaldehyde (25QﬂCi)
in distilled water (1ml.).

The reaction mixture was stirred at -20°C for 10mins.,
37%-aqueous formaldenyde (0.5ml.) was added, and the solution
stirred at room temperature overnight. After stirring at
reflux for lar., the solution was evaporated and the residue

A

taken up in water (5ml.), acidi

(50

ied with é&N-agueous HC1l and
saturated with solid HaCl. The acidic mixture was thoroughly
extracted with ethyl acetate which was dried and evaporated
to give[T-‘qc] 2,3-dicarboxynon-1-ene (55) (17.4mg., 40%,
7.16X1O5 dpm/mg.), m.p. 76-77°C from liéht petroleum (b.p.
100-12C°C).
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3. Administration of [1-'%¢] 2.3-Dicarboxynon-1-ene (53) to

cultures of P.canadense.

(i) Production and Isolation of the Metabolites.

A solution of D‘14Q] 2,3-dicarboxynon-1-ene (55)
was dissolved in $.005M-aqueous NaECO3 (2ml.) and distilled
water (7ml.). The solution was sterilised and fed, in three
zth. piilses, namely on the 7th, 8th and 9th days after

inoculation to three Roux bottles containing surface cultures

of P.canadense. On the 11th day after inoculation, the
aqueous oroth was separated by decantation, acidified to
pH 2 with 6N-aqueous HC1l and continuously extracted with ethyl
acetate for 48hrs., after which the ethyl acetate was dried
and evaporated.

Preparative TLC on silica gel =¥ L (eluting four times
with 2:1 chloroform/light petroleum) gave dihydrocanadensolide

aw]
/

7mg., 2257dpm/ng.), a.

N

=
-

C

(3) rRf 9.5, (55. G4-85°C from ether-

'3

light vetroleum. (Lit.m.v. 94-0k.5°C)

Preparative TLC on silica gel GF254 (eluting four times
with chloroform-light petroleum) of an oily fraction Rf O.4,
(51mg.) gave canadensolide (2 ) Rf 0.2, (43.6%g., 5889dpm/ag. ),
m.p.‘48-4900 from ether-light ?etroleum. (Litfzm.p. L6-LT7.5°C).

Qreparative TLC on silica gel GF254 (using 2% acetic
acid in chloroform as eluent) of an oily fraction Rf C.1,
(292mg.), gave canadensic acid (50) Rf C.4, (65ng., =432 dom/
ng.), m.p. 114=115°C from ether-light petroleum. (Lit?zn.p.
113-11L°C).

The total activity isolated as []401dihydrocanadensolide
(3) was 1.48x107 dpm; as [ 'C] canadensolide (2 ) was 2.57x
107 dpm and as [14C}canadensio acid (50) was 4.18x105 dpm;

ziving incorporations of 11.9%, 20.5% and 33.6% respectively

14 .
from [1— C]E,B—dicarboxynon-1—ene (55).
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(ii) Qzonolvsis of ['*ClCanadensolide (2 ). **

[]4C]Canadensolide (2 ) from the azove feeding
experiments (3.1mg., 5889dom/mg.) was diluted with inactive
canadensolide (25.2mg.) and the combined sample (33.3mg.)
dissolved in acetic acid (10ml.). A stream of ozonised
oxygen was passed through the solution for 1.5hrs. at room
temperature, 2N-aqueous HC1l (Aml.) was added and the solution
left for 2hrs. After the furtaer addition of acetic acid
(6ml.), the solution was left overnight and steam distilled
under NZ into a solution of dimedone (43.7mg.) and piperidine
(0.5ml.) in ethanol (10ml.). Once ca. 50ml. of distillate
had been collected, the dimedone solution was btoiled for
15mins., and allowed to cool to give nethylene-pisg-dimedone
C-1

(9mg., 19.4%, 249dpm/mg.), m.0. 1 1°C from etnanol-

Y, . , 1
water. (Lit. m.p. 161-191.5°C). The [

\O

9
L. . -
Clcanadensolide

used nad activity 32.01 17107 dpom/m.nole, and the methylene-bis-

dimedone recovered had activity 2. ”7X10 dpm/m.mole., This

indicated that 92.7% of the 1“'LC activity of the canadensolide

was located in the tsrminal msthylene carbon (Z-11).

/) . 1ol
(iii) Ozonolysis of (XQC]CanadenSLC Acid (50). b

[]QC] Canacensic acid (50) also from the above
feeding experiment [(iﬂ (3.8mg., 6432 dom/mg.) was diluted
with inactive canadensic acid (48.5mg.) and the combined
sample (57.3mg.) dissolved in ethanol (10ml.) and cooled to
-25°C. A stream of ozonised oxygen was passed through the
solution for 1.5hrs. at -25°C, followed by nitrogen at 0°C

for 30mins. Water (1ml.) was added and the solution left
overnight at room temperature. The reaction mixture was

steam distilled under 1, into a solution of dimedone (32.5z2g.)

Cml.,

\)I

and piperidine (0.5ml.) in ethanol (10ml.). Once ca.
Oof distillate nad been collected, the dimedone solution was

boiled for 15mins. and evaporated to give metnylene-pis-




dimedone (5.7mg., 7.4%, 705dom/mg.), m.p. 191°C from
1 /-r-«‘lu'5 - ‘lL{- .
ethanol-water. (Lit. m.p. 191-151.5°C). The[ C] canadensi-:

2cid sample used had activity 2.D9K]O5 dpom/m.mcle, while

the methylene-pis-dimedone isolated had activity of 2.06x
10° dpm/mg. This indicated that 98.3% of the 'YC activity

of the canadensic acid was located in the terminal methylene

carbon (C=11).
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4. Administration of ['“*C-methylidene] Canadensic Acid (Z0)

to cultures of P, canadense.

[]qc—methylidene] Canadensic acid (50) (56.2mg.

543%2 dpm/mg.) was dissolved in 0.005M-aqueous NaHCO, (5ml.)

5
with the addition of dimetnyl sulphoxide (1wml.) and distilled
water (3ml.). The solution was sterilised and fed, in three
2Lhr. pulses, namely on the 7th, 3th and 9th days after

inoculation to three bottles containing surface cultures of

P. canadense. The agueous oroth was separated by decantation

on the 11th day after inoculation, acidified to pH 2 with
5N-aqueous HCl and continuously extracted with ethyl acetate
for 48hrs., after which the ethyl acetate was dried and
evaporated. Preparative TLC on silica gel GF254 (eluting
four times with 2:1 chloroform/light vetroleum) gave an oil

Rf 0.3, (112mg.). Preparative TLC on silica gel GF

-

+

(eluting three times with 2:1 chloroform/light vetroleum)

of the oil gave canadensolide (2 ) =f 2.3, (23.5mg., 5.2 dom/
mg.), m.o. L8-49°C from ether-light petroleum. (Lit?zm.p.
L6-47.59C). The total activity isolated as ['*C] canadensolide
was 122.2 dpm; giving an incorporation of 0.034% from

[140-methylidend canadensic acid (50). Dihydrocanadensolide

was not isolated from this culture of 2. canadense.
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- - . . 1l . .
5. Administration of [ FC-methylidene] Canadensolide (2).

to P. canadense.

["4c-methylidene] canadensolide (2) (19.8mz., 5889
dpm/mg.) was dissolved in distilled water (7ml.) with the
addition of dimethyl sulphoxide (2ml.). The solution was
sterilised and fed, in three 24hr. pulses, namely on the 3th,
9tﬁ and 10th days after inoculation, to three bottles

containing surface cultures of 2. canadense. The aqueous

broth was separated by decantation on the 12th day after
inoculation, acidified to pH 2 using 6N-agueous ECl, and

continuously extracted with ethyl acetate for 48hrs. after

which the etnhyl acetate was dried and evaporated. Prevarative
TLC on silica gel GF;5M (eluting four times with 2:1 chloro-
form/light vpetroleum) gave dihydrocanadensolide (3) 2f 0.3,

(14mg., 71 .4dpm/mg.), m.p. 94-95°C from ether-light petrol-
Inks)
< L .2 .
eum. (Lit. m.p. 94-G5°C). The total activity isolated as
i
[T%c] ainydrocanadensolide (3) was 999.6 dpm; giving an

incorporation of 0.857% from [140-methylidene] canadensolide

).
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Biosynthetic Intermediate and Incorporation Studiss

using A.avenaceus.

1. Attempted Synthesis of [1-'*C]2,3-Dicarboxytridec-
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Avenaciolide: Attempted Synthesis of a2 Potential Biosynthetic

Intermediate and Tncorvoration Studies with A. avenaceus.

11
L

1. Attemoted svynthesis of [1- u} 2,3%3=-Dicarvoxytridec-1-enec

1 . .. . . .
([ QC—metnylluene] -X-n-decvlitaconic acid).

. . 145
(i) Prevaration of 1-Bromodecane

48%-aqueous hydrobromic acid (150ml.) was added
o&er 15mins. to a stirred mixture of 1-decanol (87g.) and
concentrated sulphuric acid (62g.), the mixture was stirred
and heated under reflux for 2hrs. and tanen diluted with
distilled water (10Cml.). The organic layer was separated
and washed successively with cold conc. HZSOA (10ml.), water
and satd. aqueous NaECOB. The combined aqueous portions were
extracted with ether and the organic portions dried and
to give 1-bromodecane b.p. 66-68°C/1.2mm, (92.7
1

-

evaporated

uy

A

L

o'~a 0y

78.9%). (Lit. b.p. 104=-104.4°C/8mm).

T.R. (8614)

~1

-] T 7 —}
2960 cm 3 2855 cm ; 1460 cm

- -1
; 275 cm .

1

\

Yy, M.2. (50MHzZ

)
3.3, 8 (2H, t, J=7Hz., H-1); 1.826 (2H, u, H-2); 1.238
(14H, m, E-3 to H=9); 0.39 8 (3#, t(or.), J=7Hz., H-10).

(ii) Attempted Syntheses of 1,1 .2-Tricarbomethoxydodecane (73).

(a) With Formation of n-Decyl Magnesium 3romide in anhvydrous

[a)

. — .. R0
THF using Ethylene Bromide’

Activated magnesium turnings (3lmg.) were added
(under Na) to a stirred solution of 1-bromodecane (2'9mg.) in
dry tetrahydrofuran (10ml.). Since the magnesium did not
react even if the mixture was refluxed for 7hrs., a solution
of etnylene bromide (139mg.) in dry tetrahydrofuran (10mi.)

was added dropwise to tne stirred, refluxing mixture. Stirring

r3

was tnen continued at room temperature until tie magnesium

dissolved (20hrs.).

[

- o ~ 2
The solution was filtered under N, cooled to O C and a
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catalytic quantity of cuprous chloride added (ca. 10mg.). A
solution of 1,1,2-tricarbomethoxyethene (51 ) (136mg.) in dry
tetranydrofuran (10ml.) was added and the reaction stirred
overnight at room temperature. The reaction was quenched at
0°C in satd. aqueous NHACI, acidified with 4li-aqueous HC1L

and extracted with ether which was then dried and evaporated.
TLC on silica gel GF254 (using 50/50 ether/light petroleum

as eluent) gave a mixture containing only unsaturated

products (visinle using dilute. aqueous KMnOa) and the reaction
was not lnvestigated further.

(b) With Formation of n-Decyl Magnesiug 3romide in ether

using Fthylene ZBromide, followed bv revnlacement of the

ether by anhvdrous THF,

To a stirred solution of n-decyl magnesium bromide
in ether (25ml.) [prepared as above from activated magnesium
(4LBmg.), 1 -bromodecane (221mg.) and ethylene bromide (188mg.ﬂ
was added anhydrous tetrahydrofuran (20ml.). The solution was
stirred at room temperature, the ether blown off in a stream
of nitrogen, the resulting solution filtered and a catalytic
quantity of cuprous cnloride (ca. 10ng.) added. 1,1,2-tri-
carbomethoxyethene (51) (100mg.) in dry tetrahydrofuran
(20ml.) was added dropwise at 0°C and the reaction stirred
at room temperature overnight. Again, only unsaturated

products were obtained, preparative TLC on silica gel GF

[AS}

ob

(using 50:50 ether/light petroleum as eluent) giving
unreacted 1,1 ,2-tricarbomethoxyethene (51) Rf 0.3 (17.§mg.,
17%) (identified by its THoNL ML R, spectrum) and several
more polar products which were not investigated further.

o
>0
I3

(iii) ©Prevaration of 1,1,2-Tricarbomethoxydodecane (73)

To activated magnesium metal (12mg.) was added a
solution of 1-bromodecane (120mug.) in iry ether (15m1.) and

the mixture was stirred at room temperature under nitrogen
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until all the metal dissolved (3hrs.). The solution was
cooled to 0°C and a catalytic gquantity of anhydrous cuprous

chloride (ca. 10mg.) added. 1,1 ,2-Tricarbomethoxyethene (51)

(69mg.) in dry ether (10ml.) was added dropwise at 0°C and the

reaction stirred overnight at room temperature. The solution
was poured at 0°C on to satd. agueous NHACl (150ml.),

acidified with 6N-agueous HCl and extracted with ether, which
was dried and evaporated. Preparative TLC on silica gel GF254

(using 50:50 ether/light petroleum as eluent) gave

i,1,2-tricarbomethoxydodecane (73) Rf 0.5 (8.3mg., 7%).

I.R. (0014)

1750 cm~' (br.)

—

g-N.M.R. (60MHz.)

£.208 (14, d.t., J=9Hz. and 18Hz., H-1); 3.878 (1H, m,
g-2); 3.7885 (443, s, ester _CHB); 3,708 (3H, s, ester -CHE
1.558 (28, m, 5-3); 1.22 S(16H, m, -4 to H-11); 0.90S
(3H, t(br.), J=7Hz., H-12).

3

)
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2. Incorporation Studies usins A.avenaceus.

(1) Administration of [1- “¢) Sodium Acetate to Cultures of

A.avenaceus.

[1-1%C] sodium acetate (7.3mCi) was dissolved in
distilled wéter (9ml.) and the solution was sterilised and
fed, in three 24hour pulses, on days 7,8 and 9 after inocul-
ation to three bottles containing surface cultures of

A.avenaceus. The agueous broth was separated by decantation

on day 14 after inoculation, acidified to pH2 using conc.
HCl, and continuously extracted with ethyl acetate for uL8hrs.,

after which the ethyl acetate was dried and evaporated.

2V,
by

(using chloroform as

reparative TLC on silica gsl GrFaSLL
9

eluent) gzave avenaciolide (&) Rf 0.7, (45az., 3.55x107 dom/mg. )

Lyl

m.p. 54-55°C from ether-light petroleum (Lit. @.p. 5L-36°0).

Py

~t

- . . T4 . -3
The total activity isolated as [ ‘y} avenaciolide was 1.62%

fad

A . . - ol o 14 .
107 dpm giving an incorporation of 2.486% from [1— %v] sodium
acetate.

-

(ii) Administration of [2,ﬁ—1)CH] Succinic acid to Cultures

of A.avenaceus

[2,3-15C,] suceinic acid (300mg., 90% 2,3- °C,) was
dissolved in distilled water (30ml.) and the solution
sterilised and fed in five 12hr. pulses, on days 7,8 and 9
after inoculation to six bottles containing surface cultures

of A.avenaceus. The agueous broth was separated by decantation

on day 14 after inoculation, acidified to pHZ2 using conc. HC1,
and continuously extracted witn ethyl acetate for L48hrs.,

after which the ethyl acetate was dried and evaporated.
Preparative TLC on silica gel C—F254 (using CHCl5 as the eluent)
save the -C enriched avenaciolide Rf 0.7 (142mg.),m.p. Sh-

77

559C from ether-light petroleum (Lit. m.p. 54-56°C).
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STEREQCHEMISTRY

1. Studies Zelated to the Absolute Stereochemistryv of

Canadensolide and Ethisolide

RZ
(i) Prevaration of (9-Thiophenyl)-8,9-dinvdroethisolide (73)?’

To a stirred solution of ethisolide (1) (4g.) and
thiophenol (2.75g.) in anhydrous tetrahydrofuran (50ml.)

was added an agueous borate buffer solution (50ml., pH 9.2).
The reaction was stirred at room temperature overnight and
extracted with ethyl acetate. The ethyl acetate was dried and

evaporated and gave (9-thiophenyl)-3,9-dihydroethisolide (783)

(1.5g., 23.4%), m.p. 87°C from ether-hexane.

L.2. (ccL)

1795 cm_1; 1075 cm”!

"H_N.M.R. (50MHz.)

7.37 % (5H, m, aromatic H); 5.108 (1H, d, J=8Hz., E-2);
L.518 (18, d.t, J=5Ez., 7Hz., HE-4); £.168 (1H, m, E-3); 3.52
(12, m, H-8); 3.3%328& (2H, &, J=7Hz., H-9); 1.53 8(2H, m, H-5);
1.08 § (38, t, J=7Hz., H-6).

Mass Svectrum m/e (rel. abundance)

+

-i.,
mt. 202(5), 136(10), 1100100, [C H5SE] ), 109(25).

Analysis
Found: S, 10.62

- ; £99
C15H16SO requires S, 10.69%.

L

(ii) Preparation of Gg-(S-1-phenylethylanino)-8,9-dihydro-

) . 8L
Bthisolide (79):

A solution of ethisolide (1g.) and S-1-phenylethyl-
amine (2.73g.) in dry ethanol (25ml.) was stirred (under Nz)
at 95°C overnight. A solid separated on cooling, consisting

of 9-(8-1-phenylethylamino)-8,9~-dinydroethisolide (79) (0.24z.,

14.3%), m.p. 224°C from ether-light petroleunm.

- o ~1 - -1 . -1
2500 cm 3 3400 cm ]; 1770 cmm 53 1750 cm 5 15340 cnm
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VH-NOMLR.  (50MHz.)

7.4.0% (5H, s(br.), aromatic H); 5.908 (1H, d.t, J=7Hz
7Hz., N-H); 4.658 (14, d.t, J=5Ez., 7Hz., H-4); 4.15% (1 H,
J=9Hz., H-2); 4.158 (14, m, H-3); 3.25 8§ (34, m, H-8, E-9);
2.60 % (3H, d, J=7Bz., E-10); 2.60 8§ (24, m, H-5); 2.25 S(1H, m,
H-7); 1.05 8(3H, t(br.), J=7Hz., H-5).

' Mass Spectrum m/e (rel. abundance)

u". 303(70), 288(5), 260(5), 120(5), 105(100, [crCrc E])

Apnalysis
Found: C, 67.55; H, 6.32; N

=

y b.75

017H2]NOZ+ requires C, 57.32; H, £.32; N, L.52%.

(1iii) Preparation of 11-(S-1-vhenvlethylamino)=10,11-Dihvdro-
) 1

canadensolide (37) .

A solution of canadensolide (2) (82mg.) and S-1=-
phenylethylamine (73mg.) in dry ethancl was stirred (under I,)
at 95°C overnight and allowed to c¢ocl. The solvent was
evaporated to give a red oil and preparative TLC on zilica

gel GF (using chloroform as eluent) gave 11-(S-1-poenyl-

254

ethylamino)-10,11~-dinydrocanadensolide Rf 2.5, (27.2ag., 21%),

m.p. 137-138°C from ether-heptane.
I.R. (0014)
-1

; 3460 cm”!

3620 cm ; 1785 cm 5 1595 cm™ ; 1675 cm™
"E-N.R. (90MEZ.)

7.30 $ (5H, s, aromatic H); 5..9 6 (14, d.t, J=7Hz., 7Hz.,
N-H); L.A0S (1H, m; irr. at ca. 3.2 + s, H-3); 4.25 S (1H, n,

H-4); 3.61S (3H, ABX m, H-10, H-11); 3.23 §(1H, m, H-2);.2.80%8

" (1", d(br.), J=7Ez., H-12); 1.45 S(3H, d, J=7Hz., H-13); 1.458

(6d, m, H-5, H-6, H-7); 0.89 8 (3H, t(br.), J=PHz., H-8).
Mass Spectrum =/e (rel. abundance)

M. 331(15), 316(10), 313(5), 237(15), 274(10), 253(25,
M-42-LL), 183(1500, M-57-35).




Mass Measurement
Found: 331.17800

. +
C]9H25NO4 requires M

, 531.14330 a.m.u.

14,
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2. Relative Stereochemistry of Carnadensolide (2) and

Dihvdrocanadensclide (3).

(1) BEydrozenations of ZTanadensolide

(a) Using Ha/Pd catalyst (Formaticn of 10-evi-dihvdrocanaden-

[oFa
solide (85))7°

A solution of canadensolide (50mg.) in glacial acetic
acia (10ml.) was shéken with 10% palladium on charccal for
two hours under hydrogen (100 p.s.i.). The reaction mixture
was filtered through celite, diluted with chloroform (100ml.)

and washed with satd. aqueous NaHCOB. The organic solution was

dried and evaporated to give 10-epil-dinydrocanadensolide (35)

Q/
(48mg., 79.2%), m.p. 70-71°C from ether-heptane. (Lit. m.p.
70°C).
I.R. (cc14)

1

1800 cm ' ; 17560 Cm_]

"H-N.M.2.  (90MHz.)

5.005(1H, d.t, J=7Hz., 1Hz.; irr. at ca. 4.58 - d(br.),
J=7Hz.; irr. at ca. 3.08 > t, J=7Hz., H-3); 4.48 %6 (1H, m; irr.
at ca. 5.08 > t, J=VHz., H-4); 3.4268 (15, d.d, J=YHz., 7Hz.;
irr. at ca. 5.08>d, J=7Hz., E-2); 3.05 8 (1H, m; irr. at ca.
1.448 >d, J=7Hz., H-10); 1.84 8 (2H, m, H-5); 1.4k § (4H, m,
H-6, H=-7); 1.4 §(3%H, d, J=7Hz., H-11); 0.89 8 (3H, t(br.),
J=6Hz., H-8).

Rotation 35

(<], = 16.9° (c. 0.883, cucly), (Liz.[=];=17).
Several unsuccessful attempts were made to epimerise the
centre at C-10, using 2M-methanolic KOH, but these reactions
yielded only polar products and were not investigated furtiner.

(b) Using Zinc Dust, (Formation of Dihydrocanadensolide (%)),

Activated zinc dust (40mg.) was added to a solution of

canadensolide (LOmg.) in zlacial acetic acid (2ml.) and
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concentrated hydrochloric acid (2m1.). The reaction was
refluxed, with the addition of excess zinc dust (10mg.) after
one hour, for two hours; diluted with distilled water and
extracted with ethyl acetate. The sthyl acetate was washed with
satd. aqueous NaHCOB, dried and evaporated and preparative

TLC on silica gel GF,., (eluting four times with 2:1 CHClB/

254
hexane) gave dihydrocanadensolide (3) Rf 0.5, (10.3mg., 25.5%),

m.p. 95-96°C from ether-light petroleum. (Lit?am.p, 9L -9L.5°C).

Mixed melting point with a sample of natural dihydro-
canadensolide was 95°C.

1.3. c1,
I.R. (C 14)

1 1

1805 cm™ ' ; 1790 cm™

H-N.M.R. (50MEz.)

5.008 (14, m, E-3); 4.508 (12, m, #-L), 3.43% (14, d(or.),
J=7Hz., H-2); 3.058 (1H, m, HE-10); 1.36 5 (24, m, H=-5); 1.45%
(4LH, m, 3-6, H-7); 1.258 (3H, 4, J=7Hz., H-11); 0.9 §(3HE, t,
J=7Hz., H-8).

These spectra were completely in agreement with those obtained
from a sample of natural canadensolide.

Rotation

72
[«]D = -35.45° (c. 0.598, CHCly), (Lit.[cﬁ]D = -319),
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- . ) . L 13, . 2. X
3., Feeding Fxperiments Wltﬂ4£2- Eu, c—ahB. Sodium Acetate.

—

!

Preparation of Sodium Deutferoxide (WalD).

A solution of solid sodium hydroxide (5g.) in
deuterium oxide <D20) (100ml.) was stirred at room temperature
for 20 mins. and then evaporated to dryness at 40°C under
reduced pressure. The residue was re-dissolved in deuterium
oxide (100ml.) and filtered through celite to give a 5% solution
of NaOD in DEO'
13C

Preparation of [2-'“C. -2y ] Sodium Acetate.

1
i

3
C]sodium acetate (150mg.) in 5%

N o

A solution of [2-
NaOD in DZO (1ml.) and D20 (3ml.) was sealed in a oyrex tube
and heated at 180-200°C (Jood's metal) for 24hrs. The solution
was evaporated to dryness (40°C) at reduced pressure, re-
‘dissolved in D,0 (4ml.) and the above process repeated. Analysis
of the samples produced showed them to be 97% [2- °C, 2~2H3]
sodium acetate (see 15C—N.M.R., fig.45 ). The solutions were

kept in sealed tubes until needed for feeding experiments.

*CD,CONa septet

("*CHD,CONa quintet)

fig.45
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Administration of [2-17¢, 2.%3

5],Sodium Acetate to Cultfures

of P.canadense.

An alkaline solution of [2-'7C, 2-°%,] sodiun acetate
(L50mg.) in D50 (12ml.), prepared as above, was acidified to
pH 8 using a 20% solution of DC1l in D,0 and the solvent was
evaporated at reduced pressure (4L0°C). The residue was
dissolved in D,0 (30ml.), filtered, sterilised using a
millipore filter and fed in five 12hr. pulses, on days 7, 8
and 9 after inoculation, to six bottles containing surface

cultures of P.canadense. The aqueous broth was separated by

decantation on day 12 after inoculation, acidified to pH 2
using conc. HCl, and was continuously extracted with ethyl
acetate for L3hrs., after which the ethyl acetate was dried and
evaporated.

Preparative TLC on silica gel GF, (eluting four times

2504

ot

. . . 13
21 CHClB/llght vetroleun) zave the “C enriched

dihydrocanadensolide 2f 2.5, (123mg.), m.p. 34-55°C from

h

Wi

BV

7 -
ether-light petroleum (Lit. m.p. 94-94.5°C).

T
£

Preparative TLC on silica gel G (eluting three times

254
with 2:1 CHClB—light petroleum) of an o0il Rf 0.4 (163mg.)
gave the '3¢ enriched canadensolide 2f 2.3,(51mg.), m.p.

72
48-49°C from ether-light petroleum (Lit.m.p. 456-L7.5°C).

Preparative TLC on silica gel GF (using 2.5% acetic

254
acid in CHClg as eluent) of an oil Rf 0.1, (673mg.) gave
]BC enriched canadensic acid Rf 0.3, (S7mg.), m.p. 112-113°C
from ether-light petroleum (Lit?zm.p. 113-114°C).

The mycelium was washed with chloroform, dried, crushed
and continuously extracted for 48hrs. iz a Soxhlet with

chloroform, which was dried and evaporated to give an 0ily solid

A

3

(0.452.). This so0lid was refluxed with 2.5M-methanolic sodiunm

8}
U
—]

aydroxide (25ml.) for 15mins., a 14% solution of boron

trifluoride in methanol (30ml.) was added, and tne reacticn
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stirred at reflux for a further 3%Omins. The solution was
allowed to cool, poured on to crushed ice (ca. 50g.) and

extracted with ether which was dried and evaporatzd. Preparative
129

TLC on AgNO5 impregnated silica gel GF__, [
254

prepared from
silica gel (150g.) and 5%—aqueous—Ag3ﬁO3 (120ml.); bands viewed
by end-spraying with satd. aqueous dichlorofluorescein and
irradiating with 350 n.m. u.v. light] (using 5% ether in
light petroleum as eluent) gave an oil Rf 0.5, (52mg.) which
was further vurified by preparative TLC on silica gel GF254
(using light petroleum as eluent) to give pure 130 enriched
oleic acid methyl ester Rf C.1, (28mg.).

TH-1.M.R. (50MHz.)
5.L.08 (24, t, J=74z., 5-9, H-10); 3.57 §(3H, s, ester —CHB)
2.10% (8H, m, H-2, E=3, H-11); 1.28 8(22H, m, H-3 to H-7 and
E-12 to H-17); 0.35 § (358, t(or.), J=7Hz., H-13).

Y,

The oleic acid methyl ester was stored under N, until

n

15C—N.M. spectra could ke obtained.

?.
'3c_N.M.R. Spectra of P.canadense Metabolites from the above

feeding Experiment.

(1) Qleic acid methyl ester from [2-'J¢. 2-%3.] Sodium Acetate

fig. 33
Chemical Carhon Enhancement Multiplicity, J 13C/D,
Shift(s) Atom Factor Isotope Shift (ppm)

14,12 C-18 ~0.14 |

22.71 c-17 -0.10

24.97 c-3 -0.36

27.20 c-8, C-11 1.22 t, ca 19.3HZ;, 0.35

29.14 o] 0.67

29.36 (CHZ)n 0.35

29.54 Q.47

29.75 4 -0.24
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Chemical Carbon Enhancement Multiplicity, J 3 / ,
Shift(g) Atom Factor Isotope Shirft (ppm
31.93 C-16 .44 t, ca 19.3Hz., C.35
311 c-2 0.0 t, ca 19.3Hz., 0.35
51.41 OMe -0.3

129.77 C-9 O.42

130.01 C-10 1.66

174.29 C-1 0.07

N.B.

The Enhancement Factor is calculated by comparing the peak
intensities of the 13C—N.M.R. spectra of natural abundance
and 1BC enriched material. A conversion factor (C.F.) is
calculated

13, N . .
(- Jsz]— Natural abundance

C.F., =
Natural abundance
and is used to calculate the Enhancement Factor as below.

]- Hatural abundance(C.F.+1)

Inhancement Factor =
Natural abundance(Z.F.+1)

This value is calculated for agall the carvon atoms of the

metabolite.

.. . ; . 13 2. i .
(1ii) Dihydrocanadensolide from [2- “C, 2- h5] Sodium Acetate

fig, £0).
Chemical. Carbon Znhancement Multiplicity, J15C/D,
Shift(8) Aton Factor Isotope Snift (ppm)
13.82 c-8 -0.09 m, 19.248z., 0.30
16.94 C-11 -0.24

22.40 c-7 -0.18

27.49 c-6 0.28 t, 18.9Hz., 0.36
28.48 C-5 ~-3.33

38.42 c-10 ~0.12 a,['2c-13d, 35.15z.
43.93 c-2 0.95 a,["%c-12d, 35.152

73.55 C-3 -0.25
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Chemical Carbon Enhancement Multiplicity, J]BC/D,
Shift(§) Atom Factor Isotope Shift (ppm)
82.3L C-4 .83
175.10 C-1 o.L2
17710 C-9 0.76
(iii) Canadensolide from {2—]BCL E-ZHBJ Sodium Acetate (fig.il )
Chemical Carbon Enhancement Multiplicity, J‘BC/D,
Shift(s) Atom Factor Isotope Shift (ppm)
13.82° Cc-8 0.03 m, 19.1Hz., ca 0.3/D atom
22.40 C-7 0.06
27.49 c-6 0.76 t, 18.7Hz., 0.36
28.52 C-5 -0.19
46.29 c-2 1.36
7741 C-3 -0.02
82.76 C-4 1.42
127.06 c-11 0.15
130.12 c-10 0.4kt
157.59 C-% 0.20
172,31 C-1 . -0.06
(1v) Canadensic acid from [2-'7¢, 2-°%.] Sodium Acstate (fiz.h2)
Chemical Carbon Enhancement Multiplicity, J1BC/D,
Shift(g) Atom Factor Isotope Shift (ppm)
14.09 Cc-8 0.01 m, ca.19.0Hz., ca.0.3/D
22.8L4 C-7 -0.05
27.72 C-56 0.79 t, 18.7Hz., 0.34
35.33 c-5 -0.01
35.68 C-3 0.17
1513 c-2 0.94 a,["3c-'3¢], 49.7Hz.
79.67 C-4 1.29
131.62 c-1 0.03
136.26 C-10 -0.21
170.64 c-9 -0.50

176.41 C-1 0.72
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2

o 13 . . L P
Administration 014[2— JC, 2~ 551 Sodium Acetate to Zultures

of A.avenaceus.

An alxaline solution of [2-'°C, 2—2H3] sodium acetate
(450mg.) in DEO (12ml.), prepared as previously described, was
acidified to pH 8 using a 20% solution of DC1l in D,0 and the
sol?ent was evaporated at reduced pressure (40°C). The residue
was dissolved in DEO (20ml.), filtered, sterilised using a
millipore filter and fed in five 12hr. pulses on days 7, 8
and 9 after inoculation, to six bottles containing surface

cultures of A.avenaceus. The aqueous broth was separated by

decantation on day 14 after inoculation, acidified to pH 2
using conc. HCLl and was continuously extracted with ethyl
acetate for u43hrs., after which the ethyl acetate was dried and
evaporated.

Preparative TLC on silica gel GF,., (using CHCL as
eluent) zave the ]BC enriched avenaciolide Rf 0.7, (10Lmg.),
m.0. 54-55°C from ether/light vetroleun.

=

(Tit. m.p. 54=36°C).
] 2 B Q 4 o~ p 3 3 Eal p ] 5(’1 o) arr
C-N.M.R2, Spectrum of Avenaciolide from [2— C, 2-"H l_

Sodium Acztate (fig. L3),

Chemical Carbon Enhancement “Multiplicity, J]BC/D,
Shift (%) Atom Factor \ Isotope Shift (ppnm)
4.1 c-12 0.15 m, ca 19Hz., ca C.3/D
22.56 c-11 0.01

24.9 -6 1.12 t, 19.1Hz., 0.36

2G.1 c-7, C-9 0.1

29.3 c-8 1.19 t, 18.7Hz., 0.42
31.8 c-10 1.28 t, 19.2Hz., 0.43
35.9 C=-5 -0.17

44,0 C-3 -0.01

4.5 c-2 2.83

85.5 C~4 2.51

126.4 c-15 0.78



Chemical
Shift( )

134.8
167.8
170.3

Inhancement
Factor

0.36
O.14
0.04

123.

Multiplicity, J'2C/D,
Isotope Shift (ppm)
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