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This thesis is mainly concerned with the elucidation of
the structure and of the relative and absolute stereochemistry
of the antifungal bis lactone antibiotic canadensolide which is

found in the culture filtrates of the fungus Penicillium canadense.

This work is interlinked with structural studies on five metabolites
isolated from the same source. -Of these,one, the bis lactone
dihydrocanadensolide, had bern previously isolated. The remaining
four, canadensic acid, isocanadensic acid, dihydroisocanadensic acid
and hydroxyisocanadensic acid were all shown to be related
monolactones. The absolute stereochemistry of the natural
monolactones and of various monolactones derived from canadensolide
was established using ORD and CD, and in one case (canadensic acid)
by multistage degradation to (-)¥ —caprylolactone.

The absolute and relative stereochemistry of canadensolide
was derived from the following ¢ Chemical and spectroscopic
evidence of cis fusion of the two lactone rings ;3 determination
of the absolute configuration at C-4 by conversion to a
monolactone with one asymmetric centre; elucidation of the
stereochemical relationship of canadensolide and dihydrocanadensolide,
including the first reproduccable conversion of the former to the

latter; determination of the absolute configuration at C-3 of



hydroxyisocanadensic acid; assignment of the absolute configuration
at C-=3 in dihydrocanadensolide following chemical conversion

of hydroxyisocanadensic acid to dihydrocanadensolide. The latter
reaction also established the configuration at the carbinol

carbon atom (C-4) in hydroxyisocanadensic acid, the result being.

at variance with that predicted from application of the Horeau
method. |

A number of degradative schemes suitable for determining the
distribution of label in canadensic acid biosynthesised from
radioactive precursors were studied and application of one of these
gave results in accord with biosynthesis via an alkylcitric acid
type of intermediate.

Synthetic studies and ultraviolet spectra proved to be
important in establishing the structure of a new phenolic minor
metabolite isolated from the culture filtrates as 3-chlorogentisyl
alcohol.

Synthetic work carried out on the unusual benzoylated metabolite,

candipolin, previously found in the mycelium of P. canadense, has

disproved a peptide like structure and shown it to be

N-benzoyl-l~phenylalanine N-benzoyl-L—phenylalaninyl estei.
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INTR0DUCTION.




THE FUNGI.

No account of the fungal metabolites can be commenced
without a brief account of the character and role of fungi
in nature. This is no easy task since the very definition
of the term "fungi" is imprecise. Thus Christensen 1 was
led to remark, "The rules of procedure of the United States
Senate are as the play of prattling children compared with
the Rules of Nomenclature of the fungi".

The fungi 2 are classified as a member of the vegetable
kingdom, and range in size from species with large fruiting
bodies to those appearing as minute dots or cobweb-like
coverings. They differ fundamentally from other plants in
that they do not possess chlorophyll, the green colouring matter
found in land plants, and, hence, cannot utilise light energy to
synthesise carbon compounds from carbon dioxide and water.

Fungi obtain these basic organic compounds (sugar, starch, etc.)
ready made from dead plant or animal tissue, when they are
called saprophytic or by attacking living plants as parasites.
Often an originally parasitic fungus can obtain a state of
equilibrium with the host plant, whereby, both derive benefit.

This association, symbiosis, is typified by the Lichens



(algae and fungus) and also the "fungus roots" of many
forest trees,

The adsorption of nutrients takes place through minute
tubes (hyphae) which form the mycelium. In most species this
is invisible as it.spreads in the so0il or within the
host organism. Decaying leaves, however, can occasionally
be seen with a covering of white mycelium. From the
mycelium arises the fruit bodies which consist of densely
interwover hyphae. The fruit bodies differ according to the
species but all produce a microscopically small spore which
on germination gives rise to a new mycelium.

Fungi are of course responsible for most of the known
crop damage 3. Rusts (like black stem rust or white pinc
blister rust) and smuts cause extensive damage to cultivated

crops. Armillaria mecllea ("Honey Pungus") not only attacks

coniferous trees but also herbaceous plants such as potatoes,
strawberries, etc. Other parasitic species like the

Polypores grow on living trees, killing the host. Saprophytic
fungi attack constructional timber; similarly, the "dry rot"

fungus, Serpula (lMerulius) lacrymans, can cause extensive

damage to house property where timber is exposcd to moisture.
Fungi, however, are also associatcd with deterioration of

foodstuffs and with the decomposition of organic debris of dead



plants and animals, Similarly the part played by yeast in
the making of bread and the preparation of alcoholic drinks
has long been known and utilised. Citric acid, originally
obtained from the juice of lemons, is now prepared commercially

on a large scale by using a common black mold, Aspergillus niger.

Not so apparent is the role played by fungi in the
destruction and conservation of the organic matter of the soil.
Here their effect on the humus level is vital in soil fertiiity
and plant nutrition. Many soil organisms have also proven
useful sources of antibiotics 4. A genus of filamentous soil
organism, the actinomycetes (streptomycetes) is a particularly
prolific source of organisms adaptable to antibiotic production.
Research with these has led to the discovery of agents (chloro-
tetracycline, oxytetracycline, etc.) effective against a broad
spectrum of pathogens. These have supplemented the effectiveness
of the mould product penicillinlin treating diseases in man.

The screening of fungi for antibiotic activity is now
carried out in laboratories all over the world. The present
work also concerns an antifungal substance resulting from a
relatively modest survey of this type carried out in Glasgow

University's Mycology Unit.



FUNGAL METABOLITES,

The fungal cell not only produces the primary materials
essential for life (proteins, nucleic acids, lipids, etc.)
but also synthesises a wide range of additional chemical
compounds = the so called "secondary" metabolites. These are
often species dependent and little is known of their metabolic
function. They cohstitute to a large extent the natural
products of organic chemistry.

The range of chemical structure encountered in secondary
metabolism is extensive. So impressed was Raistrick by the
heterogeneity of compounds synthesized by molds that he
designated this feature "polychemism", His group at the London
School of Hygiene alone isolated over 200 fungal metabolites.

By 1960, the known number of fungal metabolites had exceded

1,000 and has increased rapidly since. Only a brief introduction
will therefore be given outlining the main lines of classification
of these metabolites according to the underlying chemical reaction
processes involved in their biogenesis. Selected examples will
be provided where appropriate to illustrate the various classes,

Many secondary metabolites can be shown to have acetic acid
as their biosynthetic precursor. The polyketide hypothesis
was first postulated by Collie 5 (1907) who deduced that a

large number of natural products could be derived from head to
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6
t2il acetate polymers. It was Birch (1953) who related

- the hypothesis to a number of known structures, and who

provided experimental proof of it. By examining a number

of naturally-ococurring aromatic compound he found that the
position of the oxygen atoms was that to be expected if the
compounds were formed by cyclisation of a polyketomethylene acid
CHy (CO.CHp) COOH. Thus griseofulvin (2 ) a metabolite of

“Penicillium griseofulvum could be derived from ( 1 ), which

jitself could be formed from seven molecules of acetic acid.
Similarly 6- methylsalicylic acid (3 ) from the same fungus
could be derived by condensation of the tetraacetyl chain ( 4).
This was verified experimentally by growing the fungus upon a
medium conta-ining carboxyl labelled acetic acid when the
isolated 6- methylsaliéylic acid ( 3 ) was shown to have the
predicted labelling pattern.

The fatty acids could be considered as a special case
of a fully reduced polyketide chain, and, hence, the recognition
of the involvement of malonyl-Co.A in fatty acid biosynthesis
resulted in a modification of the polyketide hypothesis.
A summary of the mechanism involved in the formation of
fatty acids is given in fig. 1 . In this an acetyl thiol
ester forms the starting point in the chain, and condensation

occurs with a malonyl thiol ester to form a B -keto thiol estexr.
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Reduction, dehydration and reduction steps occur to form a
saturated (butyryl) thiol ester, and the process is rcpeated,
each cycle adding two carbons to the chain. The intermeniates
are bound as thiol esters to a protein called acyl carrier
protein 7 (ACP), this linkage being formed by an exchange
reaction between the protein and the corresponding CoA ester
A polyketide chain could be formed in a similar manner if
reduction of the intermediate B ~keto thiol ester did not
result but instead a sccond addition of malonyl CoA occurred
(fig. 2 ).

Tracer experiments with

14 8

C-malonate and acetate
provided evidence that penicillic acid ( 4 ) was formed from
one acetyl and three malonyl groups. Since then the "acetyl-
polymalonyl" labelling pattern has been established for many
polyketides. The biosynthesis of polyketides is hence by an
acetate-polymalonate pathway in which acetyl-CoA is the starter
unit and malonyl-CoA the chain extending agent. The
condensation, accompanied by loss of COp, leads to a
polyketide chain.

Starter groups other than acetate (as in fatty acid
biosynthesis) are of course possible. Thus addition of three
malonyl groups to a cinnamoyl starter group (fig. 3 ) could

produce a polyketide which would give chalcone ( 5 ) and then
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Fig. 4 Biosynthesis of methymycin
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compounds of the flavanoid series such as flavanone (g ) 9.-
Homoorsellinic acid ( 7 ) 1Ois biosynthesised in Penicillium
baarnense from a molecule of p;opionate and three malonate units.
Many of the macrolide antibiotics 53 are found not only to have
proprionate as the starter unit but also a -methylmalonate as the
chain extender giving structures which appear to be derived partly
from propionate. Thus the biosynthesis of methymycin ( 8 )

has been ehown11 to occur via 5 x C3 units + 1 x Cp unit as

shown (fig. 4 ). Although methionine Me-14C was even better

14C

incorporated into methymycin (8 ) than propionic acid -1-
the labelling was localised exclusively in the dimethylamino group
of desosamine. This is in direct contrast to the lichen metabolite

portentol (9 )12

, whose structure suggests that it may be formed
via a linear polyketide (fig. 5 ) consisting of one acetate and
five propionate units. In fact neither propionate nor
methylmalonate were incorporated and the molecule appears to be
synthesised in vivo from acetaté and methionine as shown,
(i.e. 6 x C, units plus 5 x C} units).

The polyketide intermediates predicted by the hypothesis
are known to be highly reactive molecules and speculation has
existed about the manner in which they are stabilised during

chain extension. Thus in attempts to prepare 3,5,7-trioxo-

octanoic acid (11 ) from diacetonyl acetone (10 ), only traces
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of an impure compound were obtained 13 . On standing in
aqueous solution at pH 5 this polyketide cyclised to
orsellinic acid (12) in good yield. Similarly attemnts to
hydrolyse tetraacetic lactone (13) led to the formation of
orsellinic acid and its decarboxylated product orcinol ( 14).
In view of their instability it has been assumed that polyketides
do not occur in the free state but as enzyme bound entities.
Although there is little evidence for these enzyme bound
entities as yet, it is interesting to note that some polyketide
lactones have been isolated from fungi. Thus both triacetic
lactone ( 15,R=H ) and its methyl derivative ( 15,R=lMe ) have
been isolated from Penicillium stipitatum by Tannenbaum and his

colleagues T4 . Similarly from an ethionine inhibited strain

of the same fungus the previously unknown tetraacetic lactone
(13) accumulated, 12

These simple lactones are important in that they are direct
dehydration products of polyketides. They represent the
closest approximation yet made to actual isolation of polyketides.
Three other structurally related fungal products are altsrnaric
acid (16 ) 16 , radicinin (47 )17 , and citreoviridin (1g )18
The actual significance of these is uncertain as tetraacetic
lactone, which would appear to be the precursor of radicinin, is
not incorporated.

The polyketide chain can apparently be handled by the fungal
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cell in three different ways. Firstly part or all of the
polyketide chain can self-condense to form aromatic species.
Examples of these are endocrocin (19 )19 and islandicin (20 ) 20
as well as alternariol ( 21).:21

Secondly a portion of the polyketide chain may be
reduced presumably by processes comparable to those involved in
fatty acid biosynthesis. Curvularin (22)°“and the side chain

of alternaric acid (16)16

exemplify this type of situation,
Finally the polyketide chain may undergo intermolecular
nucleophilic condensation as opposed to the {intramolecular
process involved above in aromatic ring synthesis. The basic
skeletons of the tetronic acids(23)23 and related tenuazonic
acids (24)24 and erythroskyrin(25)25 arrear to be formed from
condensation of a polyketide chain with a molecule of an
aliphatic or amino acid. Spiculisporic acid (26 )26 represents
another group of this type, and its skeleton presumably arises
from the condensation of a fatty acid with a molecule of
« -ketoglutarate.
Further modification to polyketide derived skeletons

can evidently be produced by phenol-oxidative coupling processes <7 .

28
Representatives of this class of metabolites are oosporein (27 )
and skyrin (28 ) . Also oxidative fission of an aromatic

ring can occur to give fungal products which do not at first
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10

hend appear to be polyketide derived. Penicillic acid (29)°° migit
appear to contain an 'iéoprene' uait but dees not in fact involve
biosynthesis from mevalonate.,  Patulin (30)31 may be similarly
derived from oxidation of 6-methylsalicylic acid.

As has bcen mentioned, many fungal metabolites are found to possess
01 carson residve which appear additiﬁnal 'extra' to the basic carbon

skxeleton of the major precursor units, and wvhose oxygenation level can

range from CH,, through = CH, to COOH., Ixamples of these include citrinin

2
(31)%2, sclerotiorin (32)>°, ergosterol (33)°% and itaconitin (34)°°.
The compounds believed to be the precursors of the C1 units are
formate and the methyl group cf mcthionine. By the pathways of C1—
metabolism formate is assumed to give rise 4o methionine and heace
5-adenosylmethionine, the immediate methyl donor.

In addition to the peptides a large number of fungal products
can be derived wholly or partly from amino acids, from shikimic scid
or both, Aromatic amino acids such as tyrosine are, of course,
biosynthesised via shikimic acid (35)36. Although the aromatic rings
of many fungal metabolites are derived from acetate, the unusval aminocou-
marin ring system of the antibiotic novobiocin (36)37 is derived from

38

tyrosine, Similarly labelling experiments”~ have shown that phenylalenine

is incorporated into the indole ring of'gliotoxin (37) the sulphur contain-

ing metabolite of Trichoderma viride. The remaining skeletal carbon
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11

atoms are derived from serine.

Many fungal products appear to be derived directly from
aliphatic amino acids. Flavacol (38 )39 (from two molecules
of leucine) and aspergillic acid (one molecule of leucine and
one of isoleucine) represent relatively simple examples. The
extremely important antibiotics, the penicillins and cephalosporins
must also be included in this class. The penicillin structure
(29 ) can be formally dissected into residues of a
monosubstituted acetic acid, L-cysteine and D-valine respectively,
as shown. Labelling experimentdﬁ) have shown that these two
amino acids are incorporated into the 6-aminopenicillanic acid
structure. Cephalosporin C (40 ) appears to be derived from
D- ¢ -aminoadipic acid, L-cysteine,d,P-dehydrovaline and acetic
acid as shown. The specific incorporation of labelled amino

a,cids/+1

into this antibiotic has likewise confirmed this
biogenesis.,
An example of amino acid derived metabolites of a more

42
complex nature are the brevianamides  from Penciliium

brevicompactum. These metabolites had also been encountered

during isolation work carried out in our own laboratories on a
similar strain of the same fungus. Brevianamide A ( ;q) was
shown by Birch to be biogenetically derived from tryptophan,
proline and mevalonic acid, as indicated.Brevianamides A - D

all exhibited the characteristic u.v. chromophore of the
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Diag. 1. Exemples of terpenoid fungsli msiabolites.
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2,2 disubstituted “qf—indoxyl system.

One process which compectes with polyketide synthesis
for the acetyl —-CoA available in fungi is the formation of
terpenoids via mevalonolactone (42 ). Claisen condensation
of acetyl-CoA with acetoacetyl—-CoA gives the CoA ester of
hydroxymethylglutaric acid ( 43 ) (or the corresponding enzyme
bound species). Subsequent reduction to mevalonic acid is
reputedly irriversible and it is a maxim that mevalonate is a
poor precursor of polyketides.

Condensation/"'3 of various numbers of isopentenyl units
( 44 ) derived from mevalonic acid gives rise, as shown, to
geranyl pyrophosphate (C1p), farnesyl pyrophosphate @bo ).
Subsequent modifications of these give various terpenes and
steriods Aé (Some examples are given in diag. 1. )

In addition to its role of precursor of the terpenoids
mevalonate is frequently involved as a precursor of secondary
metabolites carrying a side chain of one or more isoprene
residues. The allylic ester 3,3-dimethyl pyrophosphate or its
derived cation is an effective alkylating agent and is the
presumed precursor of the mevalonate-derived isopentenyl groups
which appear in many natural products. These are usually
attached to non-terpenoid units at positions susceptible to

electrophilic attack = phenolic oxygen, activated methylene,
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13

nucleophilic sites on aromatic rings etc. Examples of these
are auroglaucin (45 )45 with its attached isoprene rcsidue,
agroclavine (46 ) 46in which the isoprene unit forms part

7 another metabolite derived from

of a ring, and echinulin (47
amino acid residues and mevalonic acid like the brevianamides
discusgsed above. Similarly higher isoprenoids also can react
as allylic pyrophosphate to attach polyisoprenene residue.

The antibiotic mycelianamide (48 ¥° could be derived
biogenetically by alkylation of the phcnolic group with a
geranyl pyrophosphate type residue. Labelling experiments 49
indicate that the aromatic ring is probably shikimate derived.

Mycophenolic acid (49)50 s, a metabolite of Penicillium

brevicompactum is another example of this type. Its probable

biosynthesis is by alkylation of the polyketide aromatic
framework with geranyl pyrophosphate to give a precursor of
type (50 ) followed by oxidation of the isopropyl group
to generate mycophenolic acid (49 ) . The author is unaware
of any case in which similar C-alkylation of a non-aromatic
polyketide by 3,3~dimethylallyl pyrophosphate seems apparent.
Until recently natural products containing aryl or
heterocyclic rings substituted by 1,l1-dimethylallyl groups,
for example echinulin ( 47 ), were usually considered to arise

by reaction with 3,3-dimethylallyl pyrophosphate at its tertiary
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centre 51. An alternative biosynthetic route involving a
Claisen rearrangement has been confirmed by labelling
experiments in plants 52.
The rapid increase in the study of fungal products in
recent years can be partly ascribed to the highly sophisticated
physical tools now available to the organic chemist. As a
consequence of this, structure elucidation, even on minor
quantities of material, has almost been reduced to a routine level,
Hand in hand with this has gone the advances in mycological
techniques which has enabled most organisms to be culturcd on a
synthetic medium in the laboratory under standard conditions.
This has made available larger amounts of material for study.
The feeding of radio tracers to fungi with a view to elucidating
biosynthetic pathways can be readily carried out, the short life
cycle of most fungi facilitating the process. This is bourne out

by the good incorporations achieved in part of this investigation.
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The work to be described in this thesis concerns the
antibiotic canadensolide which is present in culture

filtrates of the fungus Penicillium canadense and various

other metabolites produced by this organism. Canadensolide
was first isolated in these laboratories by Wright54 s together
with two related metabolites, dihydrocanadensolide and
tcanadensic acid'. Tentative structures were assigned to these
compounds almost entirely on the basis of spectral evidence
and the relative and absoluie stereochemistry remained to be
established.

The dilactone structure (51 ) postulated for canadensolide
was consistent with analytical and mass spectral evidence.
The i.r. spectrum shows double bond absorption at 1663 cm?1
(€ 75) typical of a double bond exocyclic to a five membered
ring55 and a single carbonyl bond at 1775 em”t (e 1320, Av%_23 cmTl).
It is not evident from this that the double bond is in
conjugation with one of the carbonyl groups as is shown by the
high intensity end absorption in the u.v. spectrum (213nm. ,

loge 3.93). The same featurcs are, however, showh in the spectra

of gaillardin (52 )56 , which exhibits a , P unsaturated ¥ ~lactone
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absorption at 1764 cmT1 and 1667 cmTl, the u.v. spectrum
showing high intensity ab-orption at 209 cm‘l. Similarly the
)57

antifungal antibiotic avenaciolide (53 has only a single

band in the carbonyl region (1786 cmfl) while double bond
apsorption occurs at 1667 cm—l.

The n.m.r. spectrum (fig.6 ) shows well separated
resonances., The numbering system used in referring to the
skeletal carbon atoms of the antibiotic is as shown in (51 ).
It is based on the postulated biogenetic origin of these metabolites.
The exocyclic methylene protons appcared as fine doublets at
3.54 T (J = 3.0H) and 3.88 T (J = 2.5H). The double doublet at
4.88T (H~3) and the doubdle triplet at 5.4T (H-4) were each
assigned to the protons geminal to the oxygen atoms of the two
% ~lactone functions. The remaining lH resonance at 6.0 (H-3)
corresponded to the allylic proton, The protons of the
n-butyl chain exhibited the expected pattern for this system
with resonances at 8.2 (2H), 8.5T (4H) and 9.0 (3H). These
asgignments were supported by decoupling experiments, summarised
with the n.m.r. data in table. 1.

Further corroboration was obtained from the mass spectrum.

The most favoured cleavage for 3-alkyl substituted ¥-~lactones



TABLE: o

Mass Spectral Data.

Peak Canadensolide Dihydrocanad. Epidihydrocanad.

m/ . ¢ Abundance my o % Abundance m/ . ¢ Abundance

+

M 210 0.5 212 5 212 4
M-28 182 1.5 18, 0.8 184 0.3
Medd, 166 3 168 0.7 168 0.5
M-57 153 2 155 3 155 1.3
M=(44+15) 151 3 153 A 153
M-(44+29) 137 7 139 4 139

M=(44+43) 123 18 125 10 125
M-(44+57) 109 19 112 7 111

gi:gvgge 1 110 40 112 12 112 5

Schenme | 96 100 98 100 98 100
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arises by loss of the side chain, while the parent jon itself

131

is usually of low abundance: In keeping with this the mass
spectrum of canadensolide (Table 2) showed an ion at m/e

153 (M-57) (loss of the n-butyl side chain), which wes several
times more abundant than the parent ion. Furthermore there
were losses of 57, 43 and 29 mass uﬁits from the ion at m/e 166
(M-44).

The presence of the exocyclic methylene group in
‘canadensolide (51) was also confirmed by the formation of
formaldehyde (characterised as its dimedone derivative) on
ozonolysis. The low yield (10%) is reputed to be characteristic
of & -methylene -8-1actones58. Further chemical evidence in
accordance with this structure was also obtained by treatment
of canadensolide with two moles of sodium metaperiodate to yield
n-valeraldekyde. This product was characterised as its d.n.p.
by paper chromatography, and directly as n-valeraldehyde by
g.l.c. comparison with an autkentic sample. Borohydride
reduction of the aldehyde gave n-pentanol which was also
characterised by g.l.c. comparison with an authentic sample,
This degradation provided chemical evidence for the presence of

an n-butyl side chain, This grouping was subsequently

confirmed in the present work when cleavage of the a —diol system



54

55

56

CO4H
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was carried out using sodium periodate under slightly alkaline
conditions (pHY9) with continuous removal of the liberated
aldehyde into a chloroform solution containing 2,4-dinitrophenyl-
hydrazine. The valeraldehyde dinitrophenylhydrazone obtained
by p.l.c. was identified by comparison with an authentic sample.
Dihydrocanadensolide (54 )54 , the second metabolite
isolated by Wright , was slightly less polar than the
antibiotic (by t.l.c.) and analysed as 011H160,4. It was
readily recogniged as a dihydroderivative of canadensolide
from similarities in i.r., n.m.r. and mass spectra. The
spectral features characteristic of the terminal methylene
group were absent in this compound. It's i.r. spectrum
exhibited two carbonyl absorptions at 1789 i (€ 850) and
1783 cm™ (€ 925) but no peak attributable to a double bond.
This apparent lack of the exocyclic methylene group present in
canadensolide was confirmed by the u.v. spectrum which showed
no abgsorption maxima above 200 nm,
The n.m.r. spectrum (fig. 7 ) likewise exhibited no
resonance indicative of a terminal methylene group but a secondary

methyl group was evident as a 3H doublet atl8.50't coupled to

a lH multiplet at 7.05 . The remaining resonances were similar

in appearance and chemical shift value to those in the n.m.r.
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spectrum of canadensolide except for the allylic proton (H—2) of
the antibiotic. This appeared at higher U value than the
corresponding proton in canadensolide as a doublet,

superimposed upon the quartet of the other proton ¢ to carbonyl
(H-10). Spin decoupling studies, similar to those carried out
on canadensolide, established the structure (54 ) for dihydro-
canadensolide. ( The n.m.r. data for this metabolite is given

in table 1.).

The structure was further corroborated by the mass

spectral data. Dihydrocanadensolide undergoes the same type

of cleavage as canadensolide giving a series of mass spectral
ions which differ by two mass units from the corresponding ions in
the spectrum of canadensolide (Table 2 ). Dihydrocanadensolide
(54 ) showed a parent ion at "/e 212 ("/e 210, for
" canadensolide), and the characteristic loss of the butyl side
chain (M=57) resulted in an ion at m/e 155 (m/e 153, for
canadensolide). Cleavage of ring A wouid again account for the
intense ion at m/e 112 and the base peak at " /e 98 in the mass
spectrum of dihydrocanadensolide. The corresponding ions in
canadensolide occurred at /e 110 and "/e 96.

Interconversion of these two metabolites was also reported .

Thus catalytic reduction of canadensolide (51 ) gave a product

which was more polar than the antibiotic. The n.m.r. spectrum
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showed that reduction of the terminal methylene group had

been accompanied by the reduction of one or both lactone rings to
give a mixture of lactols. Following oxidation of the mixture
with Jones' reagent dihydrocanadensolide (54 ) was isolated as
the major product. (This result will be discussed in more
detail in the following section).

The third substance isolated by Wright was a crystalline
acid, Cy,H1404, which was named "canadensic acid". This was
shown in the present work to be a 1:1 mixture of the naturally
occurring canadensic acid with its epimer formed under the
conditions used ﬁy Wright in the isolation procedure
(cf. chapter 2 ).

It was possible to postulate structures (55 ) for the
mixture of epimeric acids from the data obtained. The i,r.
spectrum showed absorption at 3,200-2,600 et and carbonyl

1 ( € 396 svi 20 cm.-l) indicative of the

1

absorption at 1700 ecm.
carboxylic acid groupling. Further, absorption at 1768 cm.
(€e522,8 Vi 28 cmTl) and 1630 emTt (€ 11) indicated the
¥ -lactone function and conjugated terminal methylene group
respectively. The conjugation was confirmed by the u.v.
spectrum which showed high intensity atsorption at 214 nm.

0f particular importance in structure determination was the

n.m.r. spectrum (fig.8 ) to which assignments were made as
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indicated. The resonanccs were more complex than in the n.m.r.
spectra of canadensolide ( 51 ) and dihydrocanadensolide (54 )
mainly due to the presence of C-2 epimers. The most
interesting feature in this spectrum was what apbeared to be the
"two doublets" at 3.47 and 4.07 [ (ecach 1H), which were

assigned to the two protons of the fterminal methylene group.
Each doublet is in fact comprised of two singlets corresponding
to the resonance of one terminal methylene proton from each
epimer. BEvidence that these were not those of two rotamers
(caused by restricted rotation about the (-2 — C-10 bond for
example) was provided by high temperature n.m.r. experiments
when no collapse of the two doublets was observed, The
resonance of the proton geminal to oxygen (H-4) appearcd as the
complex multiplet at 5.5 , while that of the proton & to
carbonyl and allylic (H-2) occurred as the double doublet at

6.38 T . The complex region from 7.3 - 8.2 (2H) was
assigned to the protons f to carbonyl (H-3). The remaining

resonances from 8.2 - 9.2T exhibited the typical resonance
pattern and integral expected of a n-butyl group. These
assignments were supported by decoupling evidence (Table | ).
Support for the presence of the n-butyl side chain was again

provided by the mass spectrum which showed an intense ion at
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155 (4-57) due to cleavage of this group.

Confirmation of the presence of the terminal methylene
group in the canadensic acid epimers was provided by ozonplysis,
when formaldehyde dimedone was isolated as its dimedone derivative
in reasonable yield, Similarly, hydrogenstion of the mixture
of acid epimers resvlted in the uptake of two moles of hydrogen, in
give a mixture of dihydrocanadensic acid stercoisomecrs (56), CTTHwaA’
. 1764 eme ™t (¥-lactone) and 1711 em, ™t (CO2H). Its n.m.r.

Vmax
spectrum confirmed the disappearance of the rescnances of the termin:l
methylene protons present in the mixture of canadensic acid epimer:,
and the presence of a secondary methyl groupfg to carbonyl at 8,777,
(doublet J = 7.0 Hz.,). This 3H doublet was found to collapse
to a singlet on irradiation of a 2H proton multiplet at 6,92T
assigned to the protons ato carbonyl (H-2 and H-10)., This supplied
further proof as to the type (terminal methylene group) and positicu
(a,Bto a carbonyl) of the double bond present in the mixture of
canadensic acid epimers (55).

Attempts were made to separate the two canadensic acid
eﬁimers (55) as their methyl ester derivatives, Esterification using
the methyl iodide, potassium carbonate, acetone procedure?9affordcd

the mixture of methyl canadensate C~2 epimers (57)
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as an oil, Viax. 1767 cm.-k52540) and 1721 cm.-1 (€430)
corresponding to the ¥ -lactone system and unsaturated methyl
ester group respectively, and at 1633 cm."1 corresponding to
the terminal methylene group. This was confirmed by the
n.m.r, spectrum which showed the 3H singlet at 6.15T
corresponding to the resonance of the methoxyl group, and the
characteristic pair of 'doublets' at 3.4 and 4.0 T due to the
resonances of the two terminal methylene protons. The mass
spectrum showed a parent at m/e 226 and ions at "/e 195 (¥-31)
and "/e 169 (¥-57) corresponding to the anticipated losses

of methoxyl and the side chain group. The mixture of epimeric
methyl esters, however, failed to separate on p.l.c. and on
g.l.c. using various columns. The isolation of pure natural

canadensic acid is described in a later section,
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At first sight the fused dilactone system of canadensolide
( 51) appears fairly rigid and extremely suitable for the n.m.r.
determination of its relative stereochemistry using the
observed coupling constants and the Karplus equation 60. There
is, however, a certain amount of flexibility in the molecule
and hence dihedral angles were calculated for the conformation
involving the least amount of non-bonded interactions.,

The first conclusion which can be drawn from a model of
the antibiotic is that the two lactone rings must be cis-fused,
since it is almost impossible to construct the severely
strained trans-fused system. Begides the dihedral angle
between H-2 and H-3 in this latter system would approach 1700,
for which a large coupling constant (calqHz) would be expected,
more then double the observed value (6.5Hz.).

If the rings are cis~fused, the dihedral angle between
protons H-2 and H-3 appears from models to be around 12° for
which a predicted coupling constant of 9.5 Hz. is obtained from
the Karplus equation. Since the presence of electronegative
substituents is known to decrease the coupling constant61
-between vicinal protons, this is in much better agreement with the
observed value (cf. Table 3 ). If protons H-3 and H-4 are gis

to each other, the dihedral angle in the most stable conformation



58



would appear to be ca. 350 giving a postulated coupling
constant of 6.5 Hz, while for the structure in which H-3 and
H~4 are trans the theoretical value for the coupling constant
is ca. 3.5 Hz. The observed value for this coupling constant
is 4.5 Hz. From this data it is very difficult to predict

whether these protons are cis or trans since the Karplus equation

is only an approximation and must be treatéd with reserve -

in view of distortion of bond angleé and lengths. However,
since both carbon atoms in question carry electronegative
substituents which, as stated previously, should decrease the
size of these predicted coupling constants the cis configuration
would appear more likely. On the other hand, it should be
noted that the analogous trans orientated protons of
avenaciolide ( 58) have a similar coupling constant (4.0Hz.)57,
the calculated values for this molecule are J cis (ca15°) 9.0 Hz.
and J trans (ca.120°) 5.0 Hz.

A similar treatment of dihydrocanadensolide (54 ) was also
carried out (Table 3 ), but again it was not possible to assign
with certainty the relative stereochemistry of H-3 and H-4,
although the trans configuration of H-2 and H-10 was established.
Thus if protons H-2 and H~10 are cis to each other the dihedral

angle appears to be ca. 15o giving a predicted coupling constant



60
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of 9.0 Haz. The dihedral angle for the trans configuration
is ca. lloo’giving a predicted value of 1 Hz. close to that
observed (1.0 Hz.), proving dihydrocanadensolide has the
relative stereochemistry at C-2 and C-10 shown in (59 ).

A chemical investigation of canadensolide ( 51 ) was
therefofe, initiated with a view to determining the unknovn
relative and absolute stercochemistry of the molecule as well
as that of dihydrocanadensolide (54 ). Examination of a model
of canadensolide (51 ) suggested that hydrogenation would
probably be sterecospecific. Adsorption of the antibiotic
onto the catalyst surface must occur from the least hindered
side, from above the plane of lactone ring assuming the absolute
stereochemistry depicted in (40 ) and proved later. The
dominating factor is the steric size of the atoms comprising
lactone ring A as opposed to the methine protons of the bridge.
The stereochemistry of the butyl group would appear to be
relatively unimportant as it is the noﬁ:conjugated lactone ring
itself which prevents the molecule being adsorbed flat onto
the catalyst surface, if approach from the @ side occurs.

This theory was fully borne out when hydrogenation of
canadensolide was carried out using glacial acetic acid with 5%

palladium on charcoal as catalyst. A crystalline solid of
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identical Rf to canadensolide (yellow/brown with(ccrig) but of
similer staining to dihydrocanadensolide (pvrple/brown with‘ceriaﬁ vas
obtained. No dihydrocanadensolide appeared to have been formed.
The i.r. spectrum (X.Br ) of this compound, 0111;1602’ lacked
the absorption of the exocyclic double bond present in the i.r.
spectrum of canadensolide ( 51). Peaks &t 1780 and 1762 P
indicated the presence of two ¥ —lactone groups, while the
remainder of the spectrum was similar but not identical to that
of dihydrocanadensolide (54 ). That it was epimeric at C¢-10
with natural dihydrocanadensolide (54 ) was confirmed by a
comparison of their n.m.r. spectra. These were almost
superimposable except that the protons on carbon atoms a to
carbonyl, H~2 and H-10, which appeared essentially as a doublet
and quartet respectively in dihydroc;nadensolide (54), now
apreared as a double doublet at 6.53 T (J=6.0, 10.5 Hz.) and a
double quartet (J= 7.5, 10.5 Hz.) at 6.93[ respectively. The
large coupling constant betweem these protons (10.5 Hz.) in the
hydrogenation product indicates a cis relationship (calculated
J value 9.0 Hz.) (of. Table3 ). This latter dihydroderivative
of canadensolide (51) is hence 10-epidihydrocanadensolide ( 61),
As mentioned earlier Wright reported an interconversion of
canadensolide (51 ) and dihydrocandensolide (54 ) by hydrogenation

of the antibiotic in ethanol employing 5% palladium on charcoal
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oS catalyst. This was concluded to have reduced not only

the double bond but also the lactone rinegs to give a mixture of lectols.,
This deduction was supported by i.r. and n.m.r. spectral evid:ince,
Subsegtent oxidatinn of this mixture of lactols with Jones reagent

and p.l.c. gave dihydrocanadensolide in 20% overall yield. This
material had identical i.r., me.s. and mixed m.p. to that of an
avthentic sample.

As this data appeared to be contrary to the high
stereospecificity encountered above, an attempt was made to repeat
this experiment described by Wright, Hydrogenation of cenadensolide
vas carried out in ethanol using 5% palladium on charcoal,

The material obtzined, however, was again pvre epidihydrocansdensolide.
o polar material was in evidence and no trace of dihydreccanadensolicde was
apparsnt (hy gelece, t.l.oc., n.m.r.).

It is cbviows that the particilar grade of catalyst used in
the earlier work did reduce the lactone rings on overnight
hydrogenation %o lactols. These might have reduced the stereo~
specificity of hydrogenation of the double bond by invelvemsnt
of the open chain hydroxyaldehyde tautomer thus allowing formetion
of some dihydrocanadensolide (54). It does, howcver, seem
surprising to say the least that reduction of the lactone to a2 lactol

should have ocerrred prior to reduction of the double bond,
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In view of the difficulty in detecting small amounts of
"dihydrocanadensolide (P4 ) present in canadensolide ( 51),
the sample of the antibiotic used for the reaction could have
been contaminated. This might account for this result if
the yield of dihydrocanadensolide (®4 ) (4 mg.) in the small
scale reaction (20 mg.) carried out by Wright was overestimated.
10-epidihydrocanadensolide ( 61) formed in the reaction could
possibly have be:n mistaken for unreacted canadensolide ( 51)
due to their identical Rf values, Re—examination of the reported
results of this experiment showed that a substantial quantity
of material with the same Rf and staining characteristics as
10- epidihydrocanadensolide ( 61) was in fact present 62.
Reproducible conversions of cana@ensélide ( 51) to dihydrocanaden~
solide ( 54) were, however, achieved in the manner described
below. |

The double bond exocyclic to the lactone ring in
canadensolide (51 ) must introduce a certain amount of strain
into the molecule. This would be relieved by the ring opening.
Thus the antifungal antibiotic avenaciolide (58 ) on mila
alkaline hydrolysis formed the hydroxy acid ( 62), which
regencrated avenaciolide ( 58) on refluxing in ethyl acetate?l

Canadensolide ( 51), however, appeared to be relatively base stable.

On alkaline hydrolysis (refluxing N/'10 NaOH) two equivalents of
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alkali were consumed, but acid treatment resulted in
recyclisation to the antibiotic although a trace of acidic
material was detected.

IHethanolysis of canadensolide (.5-) was slightly more
successful. Treatment with methanol containiﬁg sulphuric
acid as catalyst at R.T, for seven days partially converted
canadensolide into a more polar compound believed to be the
desired hydroxyester. (Attempts to increase the yield of this
compound by »rolonged heating only rcsulted in the formation
of a product less polar than canadensolide (51 ) which will be
discussed later). Attempts to obtain a pure sample of this
polar compound were unsuccessful because of decomposition on
t.l.c. In attempts to isolate the postulated hydroxyester (63 )
as a stable derivative various acetylation procedures were
carried out, again without success. However, evidence that
ring opening had taken place was shown by the i.r. spectrum
(thin film) of the crude reaction mixture of canadensolide (51 )
and polar compound. Absorption at 3,490 cm.-1 indicated the
presence of a hydroxyl group, while in addition to the normal
¥ -lactone frequency at 1770 cmTl, a peak at 1715 cmTl,
characteristic of ana ,B unsaturated ester was apparent. A

new double bond absorption also apprared at 1638 cm-.'1 in addition
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to that of the exocyclic methylene group of canadensolide at
1660 om.”t.

Confirmation that the hydroxyester (63 ) had been formed
was obtained from the n.m.r. spectrum of a methanolysis mixture
which contained approximately 50% of canadensolide (51 ),

a typical yield for a short reflux in methanol. The resonancas
of the conjugated double bond appeared as one proton singlets at
"3.33 and 3.90T, while a 3H singlet at 6.15T indicated the
presence of the methyl ester group. The remaining resonances
of the hydroxy ester (63 ) could not be distinguished from those
of the canadensolide (51 ) present in the mixture. Aven-
aciolide (58 ) under similar conditions was found to f‘orm61
the hydroxy methyl ester (64 ) in good yield exhibiting carbonyl
absorption at 1782 cm.ﬂl and weak double bond absorption at

1635 om.”L.

The poor overall conversion of canadensolide into the
hydroxy ester can be explained if recyclisation readily occurs
by whati is essentially a trans esterification mechanism. The
result would be an equilibrium mixture of canadensolide and
hydroxyester in the methanol solution.

This was demonstrated by refluxing a crude sample of ester

in an inert solvent (benzene) when recyclisation took place
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to give canadensolide in good yield. The. ready cyclieation
of the hydroxyester (63 ) confirms the cis relationship of the
C-2 and C-3 substituents deducced on the basis of the n.m.r.
spactrum.

An important result of this ring opening to give the
hydroxy ester (63 ) would be that the double bond is no longer
held in a rigid configuration (as in canadensolide). Free
rotation about the carbon-carbon bond joining the double bond
to the ring means that hydrogenation should no longer be
stereospecific. Both the 10S( 65) and 10R(66 ) dihydrohydroxy
esters should be formed. These should readily cyclise to
form 10-epidihydrocanadensolide ( 1) and dihydrocanadensolide
( 24) respectively.

Direct hydrogenation of a methanolysis reaction solution
with 54 palladium on charcoal as catalyst gave two compounds of
similar R, as the only major products. No hydroxy ester (63)
appeared to remain. P.l.c. gave epidihydrocanadensolide (61 )
and a 20% yield of dihydrocanadensolide (54 ) which had identical
i.r., m.pt. and mixed m.p, +to authentic samples.

This reaction thus realised the predictions concerning the
hydroxy ester ( ¢3) and provided the first reproduceable

interconversion of canadensolide ( 51) and dihydrocanadensolide
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(54). A more efficient means of interconversion was, however,
achieved as follows.

Cne of the effeccts of the cis orientation of the pfﬂtons at
C-2 and C=10 in epidihydrocanadensolide (61) is to increase the
non~bonded interactions at these centres relative to
dihydrocanadensolide. This can best bec represented by the
Dewar formula for 10-gnidihydrocanadensolide (67) and
dihydrocanédensolide (f2) in which we look along the (C-10) - (C=2) bond.
From this it can be seen that dihydrocanadensolide lies in a nstural

anti configuration as compared o the gkew configuration of

D

(

gg;dihydrocanadensolide; and is hence thermodynomically more stable,
Ipimerisation at C-1J should thus produce an equilibriunm

mixture in which the more stable epimer, dihydrocanadensolide,

chovld predominate, Epimerisation at the bridge head proton C=2

is, of course, prevented by the requirement of a cis fused lactone systen,
Epidihydrocanadensolide was found to be unaffected on

stirring with anhydrous potassinm.carbonate in analar acetone

63)‘

(a reagent often vsed for epimerisinga to a ketone The more
poverful base methanolic potassium hydroxide, however, carried
out the equilibrium in a few hours. Comparison of the relative

quantitics was obtained using g.l.c. with a 1% S.E. 30 column vhen
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the ratio of dihydrocanadensolide (11t 11.0 mins.) to
1O—§Bidihydrocanadensolide (Rt 13.7 mins,) was found to be

4.5/1. Pure dihydrocanalensolide was obtained on crystallization
from benzene light-petroleum in 70% yield, and was identical in
every respect with an authentic sample. It will be seen later
that this interconversion represents a vital link in

establishing the relative and absolute sterecochemistry of
canadensolide ( 51).

Although the unstable monolactone derivative ( 63) of
canadensolide (51 ) had been prepared as discussed above, it was
desirable to prepare stable monolactone derivatives with a view
to establishing the absolute stersochemistry. This was finally
achieved by treatment of the antibiotic with silver oxide and
methyl iodide in dimethyl formamide to give a high yield of a
less polar product, which was idenfical on t.1.c. to the
by-product obtained on methanolysis of canadensolide (51 )
under forcing conditions referred to earlier, This compound was
found to be an oil, 012H1604’ whose u.v. spectrum showed
strong absorption at 236 nn . (¢ 8,500) attributed to the 7¥
system of a conjugated diene or a fumarate type chromophore.

The i.r. spectrum (0014) showed no hydroxyl absorption but

had a single peak at 1768 cm.-l corresponding to an &,B unsaturated
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¥ -lactone. The presence of an a, g unsaturated ester was
deduced from absorption at 1732 cm.—l, slthough no peak
above 1600 cm.—1 attributable to a2 double bond appeared to be
present. The structure would thus appezr to be the diene
(68) or (71).

The n.m.r. spectrum did not exhibit a vinyl methyl
resonance and was consistent with the former diene structure.
The olefinic proton of the lactone ring occurrcd at low field
(2.07T) in accordance with its being the proton of an
a,B -unsaturated cerbonyl system as well as part of a diene
system. It wes slightly coupled (J = 1.5 Hz.) to the proton
geminal to oxygen (H-4) which appeared as a mulfiplet at 5.03T .
The two protons of the terminal methylene group appeared as 1H
singlets at 2.95 and 3.40C , while the 3H singlet at 6.15(
confirmed the presence of the carbomethoxyl grouping. Like
the various derivatives of canadensolide and dihydrocenciensolide
to be described, this ester sﬁowed resonances of an n-butyl group
similar to those found for canadensolide. The mass spectrum
of the diene (68) was likewise in accord with its structure.
In contrast to normal ¥ -lactones, cleavage'at the Y-carbon ztom
was not particularly favoureua, bui iocs of the methyl acrylate

grouping could account for the ion at m/e 139 (21%), while charge
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retention by this group would give the ion at m/e 85 (71%).
Loss of butylene (56 mass units) from the m/e 139 ion could
result in the ion at m/e 83, the base peak in the sp-ctrum.

The formation of this diene ( 68) is explained by

f—elimination of lactone ring B, initiated by proton abstracion

adjacent to the carbonyl of lactone ring A as shown (diag. 2 ),
the carboxylate anion acting as o good leaving group. Subsequent
esterification by methyl iodide would give the isolated product.
'The traces of diene ( 68) formed in the methanolysis reaction
can by explained by simple dehydration of the hydroxy ester ( 63)
in the acidic mediun. It was also formed in poorer yield on
attempted acctylation of the hydroxy ester{63 ) in pyridine
where a base catalysed elimination most probably occurs.

The diene ( 68 ) was important in that it contained
only one of the asymmetric centres in canadensolide (51 ).
The absolute stereochemistry at C-4 was dectermined from the c.d.
and o.r.d. curves of the diene (68 ), which esfablished it as
the 4S configuration shown (c¢f. Chapter5 ). This result was to
prove important in determining the relative stereochemistry of
C-3 and C-4 in canadensolide (51 ). |

A similar § —elimination reaction could also be carried out

on dihydrocanadensolide (54 ) using a large excess of silver
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oxide in dimethyl formamide with methyl iodide to give

a high yield of an oil consisting of the corresponding
butenolide ester (69 ). Presumably due to the slight decrease
in acidity of the proton on C-2 ( as well as an increased

steric hindrance to approach of the reagent ) the rezction was much
slower than in the case of canadensolide (51 ) and required
overnight stirring. (Selective P —elimination of the lactone
ring of the antibiotic could in fact be achieved if a 1:1
mixture of canadensolide (5} ) and dihydrocanadensolide (54 )
was subjected to these conditions). The butenolide ester
structure (69 ) for this oil was supported by strong i.r. peaks
(0014) a2t 1770 and 1730 cm._1 assigned to an unsaturated

¥ -lactone and methyl ester group respectively. The u.v.
spectrum showed strong absorption (€ 9,750) at 215 nm.
corresponding to the butenolide chromophore. In the n.ﬁ.r.
spectrum, the olefinic proton (H-3) appeared as a double doublet
(J1=J2=2.OHZ.) at low field (2.80T ), and was coupled to the
proton geminal to oxygen (H-4) (dt at 5.07T ), and the proton
H-10  (dq at 6.47T), these assignments being confirmed by
decoupling experiments. The methyl ester grouping was indicated
by the 3H singlet at 6.30 T, while the 3H doublet (J=7.5Hz.) &t

8.5TT confirmed the presence of the secondary methyl group
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(3H-11). The mass spectrum was also in agreement with the

postulated structure. Hydrogenation of the butenolide ester

( 69) gave the dihydro ester (70) as an oil, 012H2004.

Saturation of the double bond of the butenolide ( 69) was

confirmed by the u.v. spectrum, which had no absorption

méximum above 200 nm; and the higher lactone carbonyl frequency

(1775 cm._l) shown in the i.r. spectrum (fhin film).  The n.m.r.

spectrum showed no resonance which could be assigned to an

olefinic proton, and proton H~4 which is no longer deshielded by

the double bond, appeared as a 1lH multiplet at 5.62T . The two

protons, H~2 and H~10, which are on carbon atoms @ to carbonyl,

appeared as a 2H multiplet at 7.00 T . A 3H doublet (J=7.0HZ.)

at 8.59T confirmed the presence of the secondary methyl group

(30 - 11). The mass spectrum showed significant intonse ions

at m/e 228 (u%), 197 (1T-ome), 171 (u*-c o), 142 (M7 ~CH,,=CHCO lte

by McLafferty rearrangement 64), 139 (1717 -1eon), 111 (1357-c0)

and 88 (MeCH=C(OH)OMe®, base peak, by McLafferty rearrangement64).
This dihydro ester ( 70) is depicted as having the cis

stereochemistry for protons H-2 and H-4 because adsorption of the

butenolide ester ( 69) onto the catalyst surface must occur from

the less hindercd B side of the molecule. No trace of any

diastereoisomer could be detected in the n.m.r. spectrum, and
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g.l.c. established that none of the 2R, 10S dihydro ester

was present (cf. Chapter 3).

Following the publication of a preliminary communiczﬂ:ion65
reEording the findings of Dr. J.L.C. Wright on canadensolide (91 )
and dihydrocanadensolide ( 94 ), we learnt from Dr. R. Rickards
that he and his co-workers had isolated a dilactone from the fungus
Aspergillus indicus and comparison showed this compound to be
identical to dihydrocanadensolide (54 ). They had arrived at the
same tentative structure (79 ) independentLy66 « Proof of the
presence of the a glycol structure and hence of the butyl side
chain was provided in their case by lithium aluminiuvm hydride
reduction of dihydrocanadensolide (54 ) to a tetrol ( 80) followed
by periodate cleavage to give n-valeraldehyde which was isolated as
its 2,4~dinitrophenylhydrazone, In addition, they had found that
an excess of sodium in methanol converted dihydrocanadensolide ( 54 ) into
‘the keto dicarboxylic acid (81,R=H), CllH1805’ v max.(in CHClB)
3,600 = 2,300 {CO,H) and 1715 cm.™ (C=0 and COJH),  Sublimation
converted this into a keto anhydride, CllHl604’ shown to be a
substituted succinic anhydride by infrared absorption (in CClA) at
1863 and 1790 em. ™t in addition o ketonic absorption at 1720 emat.

Diazomethane treatment of the acid gave a dimethyl ester (81 ; R=Me),

(Cy 3,505 ¥ oy, (in CCL,) &t 1745 cm.™ (COMe) and 1723 cm, ™ (c=0).
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r;I‘he keto acid (81 ,R=H) was envisaged as arising by a
similar base catalysed pg-elimination of ring B to that previously
described for dihydrocanadensolide (54 ). The intermediate
6, B butenolide acid was, however, converted by double bond
isomerisation and hydrolysis to the isolated acid (81 ,R=H)

(Scheme 1 )s An analogous reaction had been encountered by the same
group in the base hydrolysis of antimycin A67 .

Since the a , § butenolide acid is thermodynamically more
stable than its B ,% isomer and the reaction would appear to be driven
to the side of the keto acid (81, R=H ) by hydrolysis of the latter
isomer, we considered that under controlled conditions it should be
possible to prepare this a, B butenolide acid ( 82) using this reagent.
Therefore, diliydrocanadensolide (54 ) was subsequentl}'/ treated with
approximately one equivalent of sodium methoxide in dry methanol,
After careful work-up, this reaction was found to give an acidic
product iﬁ moderate yield, This was not the keto dicarboxylic acid
( 81, R=H) , since its i.r. spectrum showed not only absorptions
at 3,500 - 2,600 eno™t amd 1720 eme T corresponding to a carboxylic
acid, but also a peak at 1765 cm.™* indicative of an unsaturated
¥ -lactone, together with weak double bond absorption at 1640 cm. .
The u.v. spectrum likewise showed strong absorption at 210 nm.

( € 9,340) suggesting that the desired butenolide acid ( 82) had been

isolated.  Its n.m.r. spectrum showed a 1F multiplet at 2.40 T
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assigned to the g proton (H-3) of the double bond, coupled
to the 1E multiplet at 5.02 T (H-4) and the 1H double quartet
(J = 6,0, 2.0 Hz.) at 6.35T(H-10). The secondary methyl
group appeared as a 3H doublet (J = 6,0 Hz,) at 8.55 T

Esterification of this acid ( 82) using the methyl
iodide-potassium carbonate~acetone procedure gave after
pel.c. the corresponding methyl ester as an oil, which wes
identical on t.l.c., and in its i.r. and n.m.r. spectra to the
butenolide ester ( 69) obtained diréctly from dihydrocanadensolide
using the silver oxide reagent, Having characterised the butenolide
intermediate it was decided to repeat the above reaction on
dihydrocanadensolide (54 ) using the large excess of sodium in
methanol employed by Rickards and co-workers66 .

The acidic product obtained in high yield from this rcaction
was the keto half ester (83), an oil, whose i.r. spectrum (thin filc'
shoved absorption ab 3,400 = 2,600 cm,™" (CO,H) and a strong band
centred at 1720 cm.™t assigned to carbonyl absorption of the
keton;, acid and ester groups. The n.m.r. spectrum confirmed
the presence of the acid grouping by a 1H resonance at 1.90T which
was removed on deuteration, and the methyl ester by a 3H singlet
at 6,30 T. A series of unresolved resonances between 6.40 - 7,60 T

(6H) were assigned to protons on carbon atoms a to carbonyl, The



Ethylene ketal from (81, R=le)



42

complexity of these proton singals was assumed to be due to higher
order coupling and to the presence of C~2 epimers, which also
resulted in the secondary methyl group appearing as a broadened 3H
doublet (J=7.0 Hz,) at 8.80T . The remaining n-propyl residue
was confirmed by resonances at 8.50T (4H), and 9.10T(3H). This
compound must be formed by methanolysis of the g, ¥ butenolide (84 )
Hydrolysis of this ketohalf-ester (83 ),.either by nucleophilic
attack by methoxide ion at the methoxyl carbon atom on prolonged reflux
or by alkaline (or acidic) conditions on work-up could produce the
keto dicarboxylic acid ( 81, R=H). Only traces of this latter
compound were, howevér, formed in this reaction,

Esterification of the keto half-ester ( 83) using diazomethane
produced the diester, 013H2205, v max'(0014) 1745 cm, ™t (002Me)
and 1725 cm,™t ( ketone ), whose n.m.r. spectrum showed similar
resonances to that of the former compound ( 83) except for a 6H singlet
due to methoxyl groups at 6.30 U . Comparison of the i.r. and mass
spectra of this diester to those reported for the keto dicarboxylic
ester (81 , R=Me) by Rickards &;suggested that they were identical,
and this was confirmed by the identity of the fragmentation pattern
pf the derived ethylene ketal to that reported for the corresponding
derivative of ( 81, R=Me), |

During the chemical investigation of canadensolide ( 51) and

dihydrocanadensolide ( 54) consideration was directed towards a
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feasible partial synthesis of the antibiotic. The diene (48 )
or the structurally related butenolide ( gg5) were considered possible
synthetic bintermediates, as cyclisation of these could produce
canadensolide (51 ) or the dilactone (86 ). The introduction of
an exocyclic msthylene group at the requisite position in this latter
compound appeared reasonable, since this grouping has been formed
af the a carbon atom of unsubstituted ¥ -lactones69, ) This
technique has been successfully applied to the analogous dilactone
( 87) in the totel synthesis70 of avenaciolide (58 )o The
butenolide ester ( 69) was chosen as a model compound for these
cyclisation reactions.

The feormation of ¥ ~-lactones from unsaturated acid and esters
has been extensively examined71 « The mechanism favoured for
the cyclisztion is a concerted attack71 of the oxygen of carbonyl on
the double bond to give the intermediate ( 88) (diag.3 ), which then
forms a ¥-lactone. Various protbnating agents such as sulphuric acid,
formic acid, trifluoroacetic acid, etc., have bzen used to carry
out this transformation. Trifluoroacetic acid, hcwever, failed to
affect the butenolide acid (87 ) under various conditions.
Formic/sulphuric acid mixtures have been successfully used in the
cyclisation of farnesylacetic acid to the sesquiterpene lactone

13 g1 174
( 89)'°, and the unsatursted acid ( 99) to the endo lactone ( )

The butenolide acid, however, was unaffected by this reagent at or above






room temperature while the methyl ester eventually hydrolysed to
the acid after several weeks, The expected product,
dihydrocanadexsolide, was found to be stable under the reaction
conditions,

The failure of the butenoiide to cyclise must be due
to the oxygen of the acid carbonyl group being too far removed from
the nucleophilic centre to enable attack to occur., Steric factors
‘are important in that the two reactive centres must approach
sufficiently close for bond formation to occur 't ,  Examination of
a model of the butenolide shows that considerable distortion of the
bond angles is required to approach the transition state., The
resultant energy barrier must be large enough to prevent this point
being reached,

An attempt was also made to hydrate the olefinic bond.
Since dihydrocanadensolide (54 ) is regenerated from a basic solution,
the introduction of a hydroxyl group B to the lactone and cis to
the acid grouping should lead to cyclisation to the required
dilactone, Hydroboration was discounted as this results in an
anti-Markownikoff addition which would create a hydroxyl group
at C-2, The alternative to hydroboration is an oxymercuration=-
demercuration procedure which results in the usual Markownikoff
hydrationG8 . This usually involves the desired trans addition

of mercuric acetate to the double bond although in sterically
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consirained systems cis addition can occur., The alkoxymercurial
is then reduced to the alcohol by alkaline sodium borohydride,
Confidence in this reaction stemmed from the fact that crotonic acid
was known to form an oxymercurial with the oxygen group attached
to the B carbon atom7r o However, no dilactonic products could
be obtained by application of this reaction to the butenolide
ester (69 ). This may have been due to anti-Markownikoff addition
as has recently been found in some 2-substituted acrylic esters75 .
A further attempt at direct hydration of the double bond was
made by treating the butenolide ester ( 69) with dilute acid
under various conditions, and also by attempting addition of
hycrogen bromide to the double bond with subsequent replacement of
bromine with hydrozide, HNo trace of dihydrocanadensolide (54 )
could be detected in these reactions,
Thus the butenolide system (69 ) does not appear to
represent a good synthetic intermediate in a route to the dilactone

systems of canadensolide ( 51) or dihydrocanadensolide (54 ).

More promising studies are reported later,
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The occurrence of both canadensic acid C-2 epimers (55)
was vicwed at the start of the current investigation with a certsi-
amount of rerpticism,  Very few secondary metabolites occur in pzirs
having an epimeric centre as enzymic reactions such as hydration,
hydrogenation etc., are usvally highly specific, It was, therefcre,
considered poséible.that partial epimerisation of the active centre
C-2 could have occurred by chemical means, producing the canadensic
acid C-2 epimer as an artefact. Some doubt also exists about the

validity of canescins A and B (92)76, the isomeric ¥ -lactones fre-

Aspergillus malignus, These are believed to arise from a chemicel

rather than enzymic, cyclisation of the postulated intermediate (32)
in the culture medium, On the other hand, both (+) - and (=)
-~decylcitric acids (94) have been found as genuine co-metabolites

— s i . . 77
of the fungis Penicillivm sniculisnorum Lehman'®,  As these latter

compounds appear to be closcly related biosgntheticélly to the
canadensic acid epimers, the epimeric nature of these mctabolites w=s
accepbable,

However, it was found by Dr. 'Y.B. Turner (1.c.I. Pharmaceuticals
Limited), who was carrying ovt biological tests, that broth which
had been treated with charcoal still afforded some acidic materiel
upon extraction vith ethyl acetate, This material crystallised Iroa

" 0 s 0 -
benzene - 1ight petroleum as needles m.p. 114 (i.e. 16" lower thaz
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the mixture of canadensic acid epimers) and appeared to consist
of onc epimer. In view of this information, cthyl acctate
extraction was used, henceforth, as the means of isolating the broth
netabolites,

The acic isolated by the new procedsre had molecular formula,
011H1604’ supported by elemental analysis and mass spectrometry.
The i.r. spectrum (K3r cisc) had broad absorption at 3,200 - 2,600 cm.™t
and at 1696 cu,™  indicative of an acid group. The prescnce of a
¥ ~-lactone was suggésted by a peak at 1752 cm.-l, and of a double bond
by absorption at 1624 cm.-l. This spectrum was similar to but not
superimposable on that of the mixture of canadensic acid cpimers (55 ).
The u.v, spectrum exhibited high intensity end absorption indicating

the conjugated nature of the metabolite (A 2l4nm., €2,000),

max.
The structure of this metabolite was evid:nt from its n.m.r,

spectrum (fig.6 ). The olefinic protons of the double bond, by

contrast vith the 'doublets' in the spectrum of the mixture of

canadensic acid cpimers, appeared as singlets at 3.46 and 4.05T.

This material is thus the naturally occurring C-2 epimer of'qanadensic

acid'(95).  The remainder of the spectrum was much less complex than

in the mixture.of epimers enabling decoupling cxperiments to be

performed and assignments to individual protons to be made. The proton

geminal to oxygen, H-4 appeared as a multiplet at 5.60 T due to

Vicinal coupling with the methylene protons of the butyl group and of
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the lactone ring. The proton on a carbon atom @ to carbonyl, H=2

occurred as a doublet at 6.341:(J1 =9,0, J
78

5 = 12,0 Hz.,) due to

coupling with the non-equivalent protons of the lactone methylene

group (2H-3). These protons H=3A (7.46T) and H-3B (8,03T) from
the AM part of an AMXY system which has H=2 and H-4 as the ¥ and Y

protons respectively,

2,34
JBA,BB = 12.0 and J3,4 = 6,0 Hz., which upon irradiation at H-4

H-3A appeared as a multiplet at 7.46 T with J = 9,0,
collapsed to a double doublet (J, = 12.0, J, = 9.OH3.HZ.), and irradiation
at H-2, vhich transformed H-3A into another double doublet (7, = 12.0,
6.0 Hz.),
The proton H-3B occurred at highér field (8,03 ) and appeared
as a slightly distorted quartet indicating the approximately equal
= 12.5 Hz., The

coupling constants, = 12.0, J

2,38 = I3B,32 3B,4
remaining resonances which were assigned to the n-butyl group consisted
of a 2H multiplet at 8,30 (2H~5), a 4H multiplet at 8,60Tand a 3H
triplet at 9.09T(J = 6,0 Hz,). The presence of this group was also
supported by the mass spectrum which showed an intense peak at m/e
155 (M" - 57) due to the loss of the butyl side chain,

The 1:1 mixture of epimers of canadensic acid which had
previously becen isolated is producedlby partial epimerisation of

the centre C-2, by the active charcoal used in the isolation procedure.
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Whether 2-gpicanadensic acid is a true metabolite is still open to
question, Since even using the modified extraction procedure the

crude canadensic acid isolated from column chromestography always contains
some 2-gpicanadensic acid (up to 10% ny n.m.r.). Pure canadensic acid is
obtained on crystallisation. As the culture is grown in an acidic
medium (pH of breth is approximately 4 after 10 days) and workup is done
under neutral conditions, it secmed unlikely that partial epimerisation
should occur,

The relative configuration of canadensic acid remained to be
determined i.e, whether the butyl group is cis or trans to the
unsaturated ester grouping, It had been hoped that this might have been
deduced from n.m.r. spectrum by application of the Karplus equation 60.
However, this aprroach requires the accurate measurement of the
corresponding dihedral angles, and as a model of canadensic acid (95 )
;hows the ring system to be very flexible these angles cannot be
predicted with any degrec of certainty. The situation is further
complicated by the recent finding79(using microvave spectroscopy) that
the oxygen atom, carbonyl and C-2 carbon. atom in ¥-lactones do not lie
in the same plane. In any case the similarity of J2,3A and J2,BB would
have almost certainly prevented any possible distinction between the two
isomers, Other evidence had therefore to be obtained in order to derive
the relative stereochemistry of canadensic acid, and this involved the
Preparation of various derivatives,

| Attempted esterification of canadensic acid with diazomethane

resulted in the formation of one major product less polar (Rg 0.15,
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CHClB) than the starting material. P.l.c. enabled this materisl
to be obtained pure., The i.r. spectrum (0014) showed no absorption
attributable to a double bond Lut showed ¥-lactone abso.ption at

1778 en.™t and that attribubable to a saturated ester (1745 em,~L)

/e

This latter frequency is too high for an unsaturated alkoxycarbonyl

systeme These facts were further confirmed by the n.,m.r. vhich showed

no resonance which could be ascribed to olefinic protons, although

the rcsonance of a methoxyl group was present as a sharp'singlet'at
6.30T. The appearance of a slightly broadened triplet at 5.30T(J=5.08z.)
together with the absence of the double bond indicated by the i.r. spectrum
suggested that diazomethane had not only esterified the carboxyl group but
had added to the terminal methylene group to form the pyrazoline ring systenm
(96). The complex multiplets from 6.7 - 8,0T(5H) coupled with the split
methoxyl resonance at 6,30 Twere in agreement with its being a mixture
of C-10 epimers, The pyrazoline ring system was further confirmed by the
i.r, Spectfum (thin film) which showed weak absorption at 1550 cmo—l !
charactceristic of the IEN group 80, and an ion at m/e 140 due to the
loss of 28 mass units (IEN) from the molecular ion in its mass spectrum.
Many similar reactions involving the addition of diazomethane
to double bonds activated by a suitable electron - withdrawing group

; 31
have been reported, for cxample, that of Zaluzalin A (97)°'. The

reaction of canadensic acid (95) with diazomethane, however, was
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particularly facile., Treatment with an excess of diagomethane
at ice temperature for one minute giving the same product with 1little
trace of the less polar methyl canadensate(100),

A simiiar treatment of the mixture of canadensic acid C-=2

epimers ( 55) had given rise to two main components of R,.s 0,15 and

£
0.25 (CHClB). Separation of these by p.l.c. using multiple elution
proved that the more polar component had identical i.r. and n.m.r.
spectrato the pyrazoline adducts (96) obtained from canadensic acid €5 )
and hence would appear to have the same relative configuration at C-2.
The other component was an oil which had Voax. (0014) at 1768 cm,-l
(¥=lactone) and 1740 em, T (OOzMe) but did not correspond to the
2-epipyrazoline compound (938) since it showed weak but sharp i.r.
absorption at 1630 cma ™t together with a 3H narrow multiplet at 8,0
in the n.m.r, This substance was not further characterised but coulc
be a mixture of ethylidene esters e.g; (99) formed from pyrazoline
intermediates, It was evident that this was not a suitable method cZ
preparing the required methyl ester and the reaction was not pursued.

When canadensic acid was allowed to reflux in dry methanol with
a drop of sulphuric acid as catalyst for several hours an 0il was obtzined,
which appeared to be homogeneousby t.l.c. and to be less polar than
canadensic acid, Its i.r., spectrum (thin film) showed absorption

1

at 1765 cm._l, 1720 eme ™t and 1635 cm. — corresponding
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to a ¥-lactone system, an unsaturated alkoxycarbonyl system and a
terminal mecthylene group respectively. This was corroborated by its
n.m.r, spectrum which showed a 3H singlet at 6.24 T corresponding to

a methoxyl group, and by the characteristic singlets at 3.60T and
4.1TT which confirmed that cepimerisation had not occurred in the acidic
reaction medium. The remainder of the spectrum was similar to that of
canadensic acid. The m.s. data showed a molecular ion at m/e 226 and
ions at m/e 195 (M-31) and m/e 169 (M-S%),Acorresponding o0 the
anticipated losses of the methoxyl and butyl side chain groups. This
data afforded the evidence that the product was the desired methyl
canadensate (100 ).

The methyl ester could also be prepared by allowing
canadensic acid to stand at R.T. in mcthanol with a drop of sulphuric
acid as catalyst. Refluxing the methznol solution for long periods,
however, resulted in the formation of significant amounts of a slightly
more polar compound in addition to the expected methyl canadensate ( 120).

P.l.c. gave an 0il, which analysed as C The i.r. spectrum

1322%+
(thin £ilm) showed absorption at 1768 om™t ( ¥ -lactone) and 1734 o™
(COZMe) but no absorption which could be attributed to a double bond.
Also the n.m.r. spectrum lacked any olefinic resonances. Instead

of a single methoxyl resonance, however, there were two 3H singlets.

The one at lower field 6.297 must be that of the carbomethoxy group,

¥hile the resonance at 6.63T was ascribed to an aliphatic ether.
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The multiplets at 6,30 T (2H) and 7.70T(2H) were assigned to the

protons geminal to oxygen, 2f-1l, and 4 to carbonyl, H-2 and H-10,

respectively. The structure(101) for this compound was confirmed
by its mase spectrum which showed a molecular ion at n/e 258, and ions at
m/e 227 (M=31) and 2/e 201 (M—S?) due to the losses of methoxyl and the
butyl side chain groups respectively, The major peaks now arise,
however, from cleavage of the saturated ester side chain., This gives
rise to the ion at m/e 142 (102), presumably by Mclafferty rearrangement;gé
and, corresponding to charge retention by the side chain, the ion (103),
The latter could be stabilised as shown by the methyl ether group
and is the base peak in the spectrum.

The methyl ester (101) is formed by the.addition of methanol
to the terminal methylene group of.methyl canadensate (100) by acid
catalysis. The ad.ition of methanol to a,f unsaturated kctones
and esters under slightly basic conditions is well known 82. This
has been demonstrated in the case of 12-methoxydihydrocostunolide (104)
which was sho&n to be an artefact formed from the interaction of methanol
used in the work-up with constunolide (105) &2,

When canadensic acid (95) was refluxed in a slurry of pottassium
carbonate, acetone and methyl iodine for several hours an oil was
Obtained which was just Separable into two components by

analytical t.l.c. (R, 0.62, 0.6l CHCly).  The i.r. spectrum showed

absorption at 1767 cm, ™t (¥ <lactone) and 1721 em, L (unsaturated ester)
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in the carbonyl region while terminal methylene group absorption
was present at 1633 cm_l. The n.m.r. spectrum showed, apart from
the methoxyl resonance at 6.23 T, the characteristic pairs of
doubles at ca. 3.60 and 4.17 T, indicating that this oil was a 1:1
mixture of methyl canadensate (100 ) with its C-2 epimer, identical
to the esters prepared from the mixture of canadensic acid C-=2
epimers, This result was perhaps not suprising in view of the
basic catalyst nsed and the known acidity of H-2.

Although the methyl canadensate epimers ( 57 ) could be
just differentiated on t.1.c., they were not readily separated on
g.l.c. No separation was achieved at 211 on non selective columns
when only a single sharp peak was obtained; 1% S% 30 (125°Rt 7.0 min),
1% qF 1 (120° Rt 9.0 mins) and 5% APL (150° Rt 11.0 min.).

Columns containing a mofe polar stationary phase and which tend +to
interact more with the functional groups of the epimeric esters,
gave better results and enabled a partial separation to be obtained
(Table 4 ).

From the retention data it can be scen that methyl
canadensate (100 ) is slightly more polar than methyl 2-epicanadensate
in kecping with the t.l.c. deductions. It was noted that although
the peaks corresponding to the two isomers could not be completely
Separated:preventing integration of the peak areas, the peak due to

methyl 2-cpicanadensate was always smaller in height than that of



Fig, 7. "lcfinic vroton resonanccs in the n.m.re svcctrim

of the mixture of conpdonsic acid C=2 cnirmers,

Canadensic Acid

2-¢cpicanadensic acid
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methyl canadensate (120). Since the mixture of methyl canadensate
C-2 epimers (57) are formed by equilibration of the proton a to the
lactone carbonyl then the thermcdynamically more stable trans
compound (106) should be formed in the slightly greater amount. If
methyl canadensate (00) corresponds to the major epimer as suggested
by the g.l.c. data, then this means that the butyl and acrylic ester
groupings are probably trans to one another (06), A similar
conclusion could be drawn from the olefinic proton resonances in the
n.m,r. spectrum of the canadensic acid C-2 epimers where the resonances
of greatest intensity in the two "doublet" (Fig, 7) corresponded to the
olefinic protons of canadensic acid (95). This pattern might
alternatively be explained, however, by slight coupling of the olefinic
| protons of 2-gvicanadensic acid., Confirmation of this stereochemical
~assignment was hence desirable and was obtained as follows.
Hydrogenation of canadensic acid (95) for one hour vsing
platinum oxide as catalyst gave a crystalline dihydro derivative (Q07).
The i.r. spectrum (XBr ) showed absorption at 1695 cm.-l ( COOH) and
1758 cm.-l (¥ -lactone)., The lack of double bond absorption in the
i.r. spectrum was cofroborated by its u.v. spectrum which sthed no
absorption above 200 nm. The n.m.r., spectrum similarly showed no

olefinic resonances, but a doublet at 8,62 (3H, J=8.0 Hz. )
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indicated the presence of a secondary methyl group f to a carbonyl
function, confirming the saturation of the terminal mecthylene group.
The proton on carbon atoms g to carbonyl functions likewise gave rise
to 2H multiplet centred at 6.90 T , while the ring methylene protons
2 -3, occurred as another 2H multiplet at 7.627T .

The above reduction product was methylated using ethereal
diazomethane which could now be successfully employed since the

terminal methylene group had been reduced. The resulting dihydro

esters again failed to crystallise, although analytically pure. The
i.r. spectrum, (thin fiim) showed absorption at 1765 and 1730 cmT1
consistent with a ¥ -lactone system and saturated ester group. The
n.m.r. spectrum now clearly showed that this product was a mixture of
epimers, It exhibited a split methoxyl resonance at 6.28 T (3H), and
two doublets at 8,60 U (13H, J = 7.0 Hz. ) and 8.74T (13H, J = 7.0 ¥z.)
due to the secondary methyl groupings in the two epimers. The

remainder of the spectrum was in accord with its structvve, the protons
on carbon atoms n to carbonyl functions appearing as a 2H multiplet

at 6,96 T . 1Irradiation at this centre caused the doublets due to
Secondary methyl groups to collapse to singlets.

The mass spectrum of the mixture of these epimeric ¥ -lacltones

was in good accord with their structure ( 108), significant ions

+
occurring at m/e 228’(M+), 197 (M+-0Me), 171 (90% base peak, M = C4H9),

142 (u* - -
(1 CH, = CHCO,

+ :
Me by McLafferty rearrangement 64 , 139 (171" - YedH), !

i
|
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111 (139+ - co)_, and 88 (Me.CH = c(on)om* base peak by lMcLafferty
rearrangement 64).

Although' the presence of the epimeric centre at C=10 could
be deduced from the n.m.r. spectrum, attempts to detect two components
by t.l.c. or g.l.c. were completely unsuccessful. It was therefore,
decided to prepare the mixture containing the four methyl
dihydrocanadensates having all the possibie configurations at C-2 and
C-10 to determine if separation of these could be achieved. This was
prepared by hydrogenation of the mixture @f canadensic acid and
2-epicanadensic acid followed by methylationusing ethereal diazomethane.

The quaternary mixture ( 109) was obtained as an oil, 012H2004, L~
(thin £ilm) 1770 em>> (¥ -lactone ) and 1725 oat+ (COpMe). Although
the methoxyl resonance at 6.22 T (3H) in the n.m.r. spectrum was only
partially split, that corresponding to the secondary methyl group

now appeared as three doublets at 8.56 T (13H, J=7.0Hz.), 8.67T (H,
J=7.0Hz.) and 8.691: %§,J=7.0 Hz.). The remaining proton resonances,
although extremely complex, were similar in chemical shift to those i
of the methyl dihydrocanadensate C~10 epimeric mixture prepared previously.
The mass spectra of binary and quaternary mixtures were found to be

almost identical.

If we assume that canadensic acid ( 95 ) has its ;

substituents in a trans relationship and the absolute stereochemistry j

s shown in (130 ) (the elucidation of this will be discussed later),



Pig., 8 G.l.c. traces of nmethvyl dihydrocanadensates on a
, o) .
10% APL column at 163 .
Quaternary mixture (109)

29.0nin.
26 .8min.

2 .
Binary mixture (108) 29.0min.

\~ |

Methyl C-2epidihydroconadensate (70)
26.8nin.

\

Component (s) Retention Time(min.) '
Quaternary mixture (2s 10R)(2s 108) 26.8
(ZR 10R) (2R 109) 29.0
Binary mixture (2R 10R)(2R 108) 29.0
Methyl C~2epidihyro- (25 10S) 26.8

canadensate
-(Peaks of identical retention time were contirmed by

combined injection ).
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then the two epimeric methyl dihydrocanadensates can be represesnted as
(2R, 10R) and (2R, 10S). The four diasterecisomers which form the
quaternary mixture are thus represented as (2R, 10R), (2R, 108),
(2s, 10R), and (2S, 10S).

The best resolution of the four methyl dihydrocanadensate
diastereoisomers was obtained on g.l.c. using a 10% APL column at 1630.
This enabled two peaks of approximately the same area to be obtained
(R,G 26.8, 29.0 min.).  (1O0R + 103) methyl dihydrocanadensate on the
same column gave a single peak (Rt 29.0 min.); identical to the one of
longer retention time given by the quaternary mixture. This data
( Fig. 8 ) shows that the g.l.c. column used can distinguish the
dihydroesters only by their configuration at C-=2. The configuration
at'C-lO ié not differentiated. This would appear reasonable since the
rigidity imparted by the lactone ring means that a molecule with a
2R absolute configuration will have a itrans relative configuration of
the butyl and saturated ester groups while a molecule with the 2s
absQlute configuration will have a cis configuration. This results
in the molecules having entirely different shapes which is more likely

Yo affect their interactions with the stationary phase than in the czse

of the absolute configuration at C-10, since free rotation can occur zabows

the C~2 - ¢-10 bond resulting in molecules with 10R or 10S absolute
configurations having substantially the same shape.

A further indication that canadensic acid has a trans
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configuration can be obtained from the relative peak areas (Pig. 8 ).
The peak (Rt 29.0 min.) corresponding to the 2R methyl dihydrocanadensates
was found to be slightly larger than that of the 2S5 dihydroesters in
“the g.1l.c. trace of the quaternary mixture, Since hydrogenation does
not affect the configuration at C-2,this supoorts the earlier suggestion
that methyl canadensate might be the thermodynamically more stable of }
the two methyl canadensic epimers and hence have the trans relative
configuration, _

Although g.l.c. enabled the dihydroeséers to be distinguished
according to whether they have a 2R (isggg relationship of butyl and
proprionate ester groups) or a 25 (glg) configuration, the original f
assignments were somewhat tentative. We had, however, prepared during .
the chemical investigation of dihydrocanadensolide ( 54), a methyl
dihydrocanadensate of known relative configuration {70 ). Thie was
synthesised from the butenolide ester ( 69 ) by catalytic hydrogenation,

& process which would be expected to give mainly a cis configuration of

the butyl and propionate ester groups and hence a 25 absolute configuratio:.f
This ester was, thercfore, subjected to g.l.c. on the 10% APL column
Previously described, and found to give only a single peak (Rt 26.8 min),
which wag superimposable with the one of lower retention in the g.l.c.

of the quaternary mixture of methyl dihydrocanadensates. This resﬁlt

establishes that the dihydroesters of R, 26.8 min. have a 2S or cis

configuration of butyl and propionate ester groups, and conversely
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tﬁat the dihydroesters of Rt 29.0 min, have a 2R or trans configuratiosn.
This thus establisches the 2R configuration of canadensic acid and hence
its postulated structure (110 ),

With this solution to the relative stereochemistry
of canadensic acid ( 95 ) finally achieved, attention was focussed on
determining the absolute configuration of the molecule. As this could
not be derived from the acid directly(cf. chapter 5 ) ,a suitable
degradation product was required, the ultimate aim being
caprylolactone (111 ) which world contain only the asymmetric centre
C~4 present in canadensic acid (95 ). A secondary objective was tte
possible establishment of a degradation scheme suitable for
biosynthetic labelling =ztudies.

Application of the Schmidt reaction and of an elimination-
decarboxylation procedure gave similar results to those described for
the canadensic acid C-2 epimers (55 ) (discussed in chapter 6). The
most promising approach proved to be one in which one of the mixtures
of dihydrocanadensic acid epimers was subjrcted to a sequence of
reactions involfing 'tarboxy-inversion" 52 . This latter reaction
Tepresents a means of degrading an acid to an alcohol, and involves the
rearrangement of an acyl-aroyl peroxide to the corresponding acyl-
8royl carbonate (Fig. 9'). It is knowngrom consideration of
€Xperimental data that the peroxide linkage breaks to give the
Potentially more stable carboxylate anion which in the case of acyl-

aroyl peroxides is the aroyl carboxylate anion (see opposite). It is
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thought thét the partial positive charge is distributed over the triad of
atoms involved in the 1,2 shift from carbon to oxygen, as illustrated
by the resonances structures shown.

(1O0R + 108) dihydrocanadensic acid chloride was prepared
in high yield by the reaction of thionyl chloride on the corresponding
acid. On treatment with metachloroperbenzoic acid and pyridine in
hexane at ice température the acid chloride was converted to the mixed
peroxide, It is known that the rates of the rearrangement of the
mixed peroxides varies gz according to the nature of the alkyl group
present, the peroxides with primary alkyl groups being the slowest.
Since the mixed peroxide prepared above involved the migration of a
secondary carbon atom, a convenient rate was found to occur stirring
in hexane at R.T. A qualitative test for peroxide with starch-iodide
paper proved negative after 24 hours, proving that the rearrangement
had gone to completion. Hydrolysis of the carbonate was achieved
by adding methanol with a trace of acid catalyst and refluxing
under nitrogen. The liberated carbon dioxide was trapped as barium
carbonate (50% yield).

The non-acidic products of this reaction were found
to consist mainly of two components (Rf 0.31 and 0.45, 1% MeOH in
CH013), which were separated by p.l.c. The less polar and major
component, an oil which failed to orystallise,uas assigned the molecular

formula, ¢ 37 on the basis of elemental analysis and mass spectromexIy.

1089
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Its i.r. spectrum (CClA) showed absorption due to & hydroxyl group
(3,520 cm.-l) and a ¥-lactone (1758 cm.-l), confirming that it is one of
lactone alcohols éxpected from this reaction. This compound, named
norcanadensol A is depicted as having structure (112) as its corresponiing

carbonate might be predicted to be thermodynamically more stable than its

C-10 epimer as discussed below. Of particular importance in the n.m.r,

spectrum of this alcohol was the 3H doublet (J = 6.2 Hz,) at 8,67 T

due to the secondary methyl group, and a 1H double quartet (J = 6.2, 3.0 Zz.
at 6,10 T assigned to the proton geminal to the hydroxyl group.

Irradiation at the doublet resulted in this double quaftet collapsing

to the expected doublet, The remaining resonances in the n.m,r, speciruz
were as exiected for the postulated structure. In accord with the recorded

spectra of most secondary alcohols, the parent peak was extrencly

weak and overshadowed by the prominent (M+-1) ion at m/e 165. The
mass spectral breakdown was in complete agreement with the structure

(112), significant ions occurring at 171 (M'-15), 142 (M'- CH, = CH(X%),

2
by Mclafferty rearrangement), 129 (M+~57), 100 (129+-GHO), and
85 (base peak, 129+-002).

The more polar and minor component of the mixture of epimeric
alcohols, norcanadensoi B (113), was again obtained as an oil,

. - -1 ot |
C1OH1803’ Viax. (in CCTA), 3,590 cm. l(-OH) and 1765 cm, — (¥ -lactonz’, P

The nom,r, spectrum was similar to that of its C-~10 epimer, and\also

!
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exhibited the expected secondary methyl doublet (8.80 T y J=6.0Hz.)
The resonance of the proton geminal 1o the hydroxyl group was,
however, now obscured by that of the proton H- 4 resulting in a ~

2H multiplet at 5.80T . The mass spectral breakdown was also
parallel, the same intense ions being recorded in the spectra of bcﬁ:h
alcohols, |

The two alcohols discussed above had been assigned the
respective structure, epimeric at C-10, on the basis that only
two possible alcohoig could be formed from the carboxy-inversion
reaction. That th;y differed at this centfe and not C-2 was
demonstrated by treatment of the mixture of alcohols with methanolic‘
potassium hydroxide. Epimerisation of the centrea to carbonyl
occurred, resulting in a mixture with four components (Rf 0.45, 0.43
and 0.31, 0.27, 1% MeOH/99% CHCl3). These were t.l.c. identical
to the products of a carboxy-inversion reaction on the quaternary
mixture of dihydrocanadensic acid (C-2, C-10) diastereoisomers.

The 10R structure ( 112) had becn postulated for
lorcanadensol A, the thermodynamically more stable isomer, on the basis
that in the two possible anti confomers about the C-2, C-10 bond, there
apeared Yo be less steric interaction in the 10R carbonate ( 114),
than in the corresponding 10S carbonate ( 115). The important

interaction was taken to be that between carbonate ester (or methyl)






A

grouping and the 3 5 proton, This tentative assignment appeared

to be confirmed by the lower hydroxyl (3,500 cm.—l) and lactone carbonyl
(1758 cm.~l) absorptizns shown in the i.r. spectrum of norcanadensol A,
which can intramolccular hydrogen bond in a more stable anti

——

conformation.  Horcanadensol B (113), which has corresponding i.r,

L (-04) and 1765 cm.'-1 (¥ -lactone) would be

absorption at 3,590 cm."
expected to exhibit weaker intramolecular. hydrogen bonding because of
the interactions in the gauche conformation required.

Jones oxicdestion of norcanedensol A readily formed the
acyl-lactone (116), easily recognised on t.l.c. by its purple
colouration with methanolic ferric chloride. Its i.r. spectrum (CClA)
showed strong absorption at 1780 and 1728 cm."l in the carbonyl region
attributed to the lactone and ketone groups respectively. ilo
detectable amount of enol tautomer was present in the i.r. spectrum,
unlixe the case of acetyl-S-lactones which exist maialy in the enol
form 54, Thig is presumably due to the greater ring strain oroduced by
the exocyclic doutle bond in the enol form of acetyl-¥-lactones.

The n.m.r. confirmed that epimerisation of the active centre,
C-2, had occurred since the 3H resonance of the methyl groupb
attached to carbonyl was a finely split singlet at 7.40T .
A complex multiplet was also obtained for the proton, H-2, at the
&xpected low ficld value of 6,27 T . The mass spectrum exhibited a mole~

cular ion at m/e 184 and a breakdown pattern containing ions common with ~

e







norcanadensols A and B. Prominent ions at 142(1«1*'-{2c=c=o) by
Mclafferty rearrangement), 127 (M+ -57), 83 (1277 —002) and 43 (base
peak, CH3.CEO+) helped substantiate the postulated structure.

Oxidation of norcanadensol B with Jones reagent did not
occur readily and a poor yield of ketone ( 116) was obtained.

VThe mildly basic Sarett reagent was found to be equally unsatisfactory,
little reaction having occurred after several days at R.T. A further
~ attempt to effrct a clean oxidation was made using the silver carbonate
on celite method "6 . This reagent, unfortunately, was found to affect

neither norcanadensbl B nor norcanadensol A (112 ) ~ven on prolonged
reflux, It has been shown, however, thatB- diols cannot be oxidised
beyond the ketol stage using this techniqu086 , and hence, presumably

8 =hydroxylactones are equally inert.

Acyl- ¥ =lactones (117 ), like B -ketoesters can be further

degraded in two distinct manners, Attack by strong bases at the
ketonic carbonyl sroup causes cleavage producing an acid (11% ),and a
¥ -lactone (119 ), while dilute acid induces decarboxylation87 with
the formation of a &-hydroxyketone (120 ), which exists in
equilibrium with its ring opened form. The application of these
reactions to the ketone (116 ) would not only enable carbon atoms C-1
(as €0,) and €-10, C-11 (as acetic acid) to be isolated, but moreover

the degradation product from the base treatment would be the required
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caprylolactone ( 111), which should enable the absolute configuration at
C-4 to be determined unequivocally.

When the ketone ( 116) wes refluxed in dioxane—dilute
. hydrochloric acid there did result a significant amount of carbon
dioxide, which was traphed ag barium carbonate in the usual way,
The expected product (121 ), however, could not be isolated from
the complex reaction mixture. Attempts to separate it as its

dinitrophenylhydrazone likewise failed, and this reaction was not

pursued further.

Cleavage of the ketone ( ll6) was achieved by refluxing
in methanolic potassium hydroxide for one hour. The ma jor product
(Rf 0.43, CHClB), did not stain on t.l.c. with ferric chloride and was
slightly more polar than the ketone (Rf 0.46, CHCl3). Purification by
P.l.c. gave an oil, vwhose i.r. (thin film) showed a single carbonyl

absorption at 1768 cm?l, attributable to a saturated ¥ -lactone.

The n.m.r. exhibited a 1H multiplet at 5.50 T due to the proton g minal f
to oxygen, and a multiplet at 7.56 T (2H) assigned to the protons a to |
carbonyl.  Resonances between 7.6 and 8.0 T (2H) were ascribed to the
Protons [ %o carbonyl. The presence of the n-butyl group could again
be inferrcd from the 6H multiplet at ca 8.5T and the 3H triplet at

9.06 T. That this compound was indeed caprylolactone was confirmed by ]
Comparison of its i.r. spectrum with that of an authentic sample, when
the two Wwere found to be identical. The absolute cbnfiguration of

the caprylolactone, and hence C-4 in canadensic acid ( 95 ), was shown %o be
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as in (120 ) from its o.r.d spectrum (cf. chapter 5 ),

Interrelation of canadensic acid (95 ) with canadensolide
( 51) could have proven important in determining the relative
" stereochemistry of the antibiotic. It was hoped that this might
be achieved via isomerisation of the double bond of canadensic acid
(95). Acidic conditisns would appear to be unhelpful since no
isomeric product could be detected from the treatment of canadensic
acid ( 95 ) with methanol and concentrated sulphuric acid. A similar
result was obtained from attempted isomerisations using dry hydrogen
chloride in various solvents (such as ether, chloroform), conditions
which have been found effective in double bond isomerisation 83 .
This lack of recactivity may be due to the increased.ring strain of the
desired product ( 123, R=H) which has an exocyclic double bond, although
it was hopea this compound would be sufficicntly stabilised by the
resultant conjugation of the two carbonyl systems. A further reason
could be that acid catalysed protonation of -the double bond of
canadensic acid ( 95 ) will t-nd to give a primary carbonium ion since
the alternative carbonium ion would be a o a carbonyl group and hence
less stable, Deprotonation would thus mercly regenerate canadensic
acid (95 ), h

Although base catalysis would seem more likely to effect
the desireqd change, treatment with triethylamine at lcast was

unsuccessful. It had becn found during n.m.r. studies, however, that
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on storing the mixture of canadensic acid C-2 epimers ( 55 ) in
deuterated dimethylsuphoxide (DHSO) for 24 hours, isomerisation
geemed to have occurred. The n.m.r. spectrum, which showed no
. further chang» after storing for one week, now exhibited the resonance
of a vinyl methyl group at 7.23 T (3H) while the resonances of the
terminal methylene protons appeared as singlets at 3.76 and 4.15T
(each 1H). The rest of the spectrum was similar to that of canadensic
acid ( 55 ). It was tempting to interpret this result as isomerisation
of one of the canadensic acid C-2 epimers (55 ). Akthough this proved
correct, it was found that in dry DMSO ( in which no iéomerisation was
found to occur), the terminal methylene protons of the two C-2 epimers
resonated at the same frequency. The above observaticn merely
indicated that half of the mixture had been transformed.

In an attempt to substantiate this result, the mixture of
canadensic acid C-2 epimers ( 55 ) was stored in DHSO for 24 hours.
The DHSO was subsequently removed by extracting a chloroform solution
of the reactants several times with water. The resulting solid was
esterified by the methyl iodide/potassium carbonate/analar acetone
Procedure to give an oil which was homogeneous and indistinguishable
from the mixture of methyl canadensate C-2 epimers (57 ) on t.l.c.
The i.r. spectrum (thin films), however, wasnot idrntical to that of
the mixeq epimers, The carbonyl region was broader in absorption, a

new peak occuring at 1730 cm'.-1 in addition to the normal absorptions
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Fig. 10 G.l.c. trace of isomeric mixture on a 1% SE 30

column at 1410.

6.5min. 4.8min.

Retention Time.

Methyl canadensate C~2 epimers (57) 4.8 min,

Methyl ester of isomeric acid (123,R=Me) 6.5 min.
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at 1760 P ( ¥ -lectore) end 1707 cm. 3 (COZNe) found in the i.r.
spectrum of the methyl canadensate C-2 epimers (57 ). A new double
bond absorption was also apvoarent at 1668 cm?l, as well as that of the
terminal methylene group at 1625 cm?l. The remainder of the spectrum
was likewise similar but not identical to that of the cpimoric esters.
This evidence was consistent with the formation of some isomeric acid
methyl ester (123, R=.ie), end this was confirmed by the n.m.r. spectrum
which exhibited two distinct methoxyl resonances, namely at 6.15 and
6.25 T (15 H each). In addition a slightly coupled singlet at 7.98T
(13) indicated the presence of a vinyl methyl group, while the
"doublets" of the terminal methylene protons were still present at 3.59
and 4.17 T (each 3H). The remainder of the spectrum was again similar
to that of methyl canadensate C-2 epimers ( 57 ). The product would
thus appear to consist of a mixture of one part of each of the methyl
canadensate epimers ( 57 ) and two parts of the methyl ester of the
isomeric acid ( 123, R=ie).

Although p.Jde.c. had failed to separate this mixture of
isomeric compounds, g.l.c. (using a 1% SE30 column at 1410) readily
separated the methyl canadensate C-2 epimers ( 57) (Rt4'8 min) from the
methyl ester of the isomeric acid (123 ) (Ry 6.5 min.). The
corresbonding peak areas were found to be identical (Fig.10 ), confirmirg
the proportions deduced from n.m.r. Combined gas liquid
chromatography - mass spectrometry (g.c.m.s.) enabled the mass spectra

°f the two isomers to be recorded (Table 6 ). Both compounds exhibited
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reiatively weak molccular ions at m/e 212, confirming that they were
isomers. ‘ The mass spectra were found to possess many common ions,
which differed only in rela*ive abundance thus defying structural
distinctions, Exceptions were the lack of an M- 15 ion in the
spectrum of the methyl canadensate C-2 epimers (57), and a strong
ion at m/e 138 (loss of butene + MeOH) in the mass spectrum of the
isomeric ester (123, R=Me). |

Further proof was obtained from hydrogenation of the above mixture
of isomers. Saturation of both double bonds was confirmed by the
absence of any olefinic absorptions in the i.r. spectrum which exhibited
Vaax, (thin Film) at 1765 em.™ (¥ -lactone) and 1735 cn.™b (COe).
Comparison of the i.r. spectrum with that of the quaternary mixture of
methyl dihydrocanadensate (C-2, C-10) diastereoisomers showed that they
were essentially superimposable. From hydrogenation of the methyl canaden-
sate epimers (57) present in the mixture of isomers a 1:1 ratio of
dihydroesters having either a 25 or 2R absolute configuration would be
expected,  From the isomeric methyl ester (123), however, only one dihycro-
esﬁer (124 ), having a 25 108 absolute configuretion, will be obtained
if hydrogenation is stereoselective due to the steric affect of the butyl
group,  This explains the observed g.l.c. trace which corresponded to a
mixture of dihycroesters heving a ratio of 3:1 of those with a 25 to those
with a 2R absolute configuration.

The above result had éstablished that half of the mixture of

Canadensic acid C-2 epimers (55) was isomerised., It was further shown

that in faoct 2-epicanadensic acid(125)was completely transformed vhile
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canadensic acid (95) itsclf wvas unaffected, In order 40 do this

it was necessary to remove the DMS0 in the manner previously

described before the n.m.r. spectra were run, Time studies showed t-s
gradual disappearance of the two higher field signals of the two "douzle:z

which correspond to the terminal methylene protons of 2-epicanadensic aciz,
the thermodynamically less stable isomer. However, instead of a vinyli
methyl group at 7,93 T, a 3H singlet at 8.62 T appeared. This must

be assigned to a tertiary methyl attached to a carbon carrying

‘an oxygen as in the compound (126) which would arise from hydration

of the conjugated double bond of the isomeric acid (123, R=H) on work-:o.
Bsterification of this acid using methyl iodide/potassium carbonate/
acetone will result in dehydration to the isolated methyl ester

(i23, R=Me), DMSO is of course a very potent and versatile solvent £
and has been found to promote reactions not otherwise realisable,
Striking solvent effects found using this medium have been attributed
to the greatly enhanced reactivity of anions in DMSO in contrast to the
reduced activity of hydrogen-bonded anions in hydroxylic solvents of
comparable dielectric constant. Although no reports of double bond
migration in DMSO alone have been reported, the solvent has been found
to greatly accelerate prototropic rearrangements under catalysis

90 used this reagent to

by potassium t - butoxide. Price and Snyder
isomerise alkyl ethers (127) to cis-propenyl ethers (128), while the

. Same base-solvent combination has been used extensively for the
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isomerisation of olefins, cyclohexadienes,cyclooctadienes etc.,
under mild conditions, for exemple, 1l,5-cycoloctadiene (129)91.
The mechanism of isomerisation in the case of the canadensic acid
C-2 epimers ( 55 ) must involve proton abstraction by a D30 molecule
from the epicanadensic acid ( 125) molecule, followed by a double bond
migration to the isomeric acid (123, R=H). One possible explanation
why this only occurs with the one epimer,'is that the proton H-2 is
more accessible in the epicanadensic acid molecule where H-2 and H-4
are cis than in that of canadensic acid (92 ) where approach to H-~2
is restricted by the bulky butyl group. It is unlikely that the B
isomerisation can be explainced only on thermodynamic grounds as both
epimers appear to be one of the same order of stability.

Although isomcrisation of on~ cpimer of canadensic acid
had been achieved, attempts to further isomerise the resulting isomeric
ester (123, R=Me) to give a butenolide ( 130) by treatment with acid
Wwere unsuccessful. Attempts to isomerise the butenolide ( 69 ) defivsd

from dihydrocanadensolide ( 54 ) by basic treatment were also unsuccessful.

Reaction of the igomeric acid (123, R=H) with selenium dioxide might

have opened a route to the dihydrocanadensolide system but this was not
investigated., It was also hoped that conversion of canadensic aéid (55)
nto the diene (68 ) obtainable from canadensolide (51 )

(sce p, 34 )s could be achieved using dichlorodicyanobenzoquinone (D.p.2.)

Which is known to convert $-lactones into their a4 , B unsaturated
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derivativcsgz. However, dehydrogenation of methyl canadensate (190)
could not be affected with this reagent.

It seemed possible that interconversion of canadensic acid
(95) and canacdensolide (51) might have been effected by means of a
"Barton rcaction" 93, which enables ¥-lactones to be synthesised
from the amide of the corresponding saturated acid. The mechanism
involves photolysis of the N-iodo amide (131) to the radical (132)
which undergoes intramolecular hydrogen atom tranfer., Coupling
of the resulting radical (134) with iodine generates the ¥-lactone via
an intermediate Y¥-imino lactone. By means of this reaction the stcroid
20 - carboxyamide (136) was converted into the compound (137), which
has a ¥-lactone ring cis fused to a five membered ring 94. This appeared
to be a recasonable analogy to the dilactone ring system of \
canadensolide (51), It may be noted that synthesis of canadensolide
(51) from canadensic acid (95) could not have been achieved without
inversion of the configuration at C-2, sin;e the antibiotic has a cis
orientation cf the protons H-2 and H-4. However, it was decided to
use dihydrocanadensic acid amide (C-10 epimers) (139) as a model system
to explore this reaction,

Accorcdingly the mixture of dihydrocanadensic acid C-10
epimers (107) was converted to its amide (139) by treatment of the

corresponding acid chloride with ammonia. The mixture of

dihydrocanadensic acid amide C-10 epimers wes obtained as ar
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0il, v (thin film) 3,400 and 3,210 cm. > (Co.NH,) 1750 cm, "}

max
( ¥-lactone), 1660 cn.”t (broad) (amide). Its structure was also
confirmed by the n.m.r. spectrum, which showed the broad 2H multiplet
of the amide protons at 3.86 T;(non—exchanéeable with DQO\. The
remainder of the spectrum was, as expected, similér to that of the
methyl dihydrocanadensate C-10 epimers (108). Irradiation of these
amide epimers was carried out under Barton‘reaction conditions,
Hydrolysis of the reaction mixture, however, produced the crystalline
mixture of C-10 epimers of dihydrocanadensic acid (107). An attempt
to detect any dihydrocanadensolide (54) (or 10-epidihydrocanadensolide}
or the C-2 isomers was made by methylating a part of the reaction
mixture using diazomethane. G.l.c. of the resulting oil showed
only methyl dihydrocanadensate C-10 epimers (108) and none of the
required dilactone compournds. It has been reported95 that the Barton
reaction was also unsuccessful as a synthetic approach to the related
dilactone structure of avenaciolide (58). Once again it would
appear that the reactive centre is too far removed from the requifed
site of attack. ’

As will be shown later, interconversion of canadensolide wjth
another metabolite. hydroxvisocanadensic acid (148), was to prove more

useful in establishing the absolute and relative stereochemistry of tre

antibiotic,
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As indicated previously, ronolactonicderivatives of canadensolide
( 51) were useful in establishing the absolute stereochemistry of the
antibiotic using o.r.d. and c.d. More careful examination of the brotn

of P. canacense revealed the presence of a numoer of lactonic acids,

present in small amounts. If the relationship of any of these to
canadensolide could be demonstrated then these could afford
complementary evidence about the stereochemistry of the antibiotic.

One of these acids was more polar than canadensic acid ( 95) and
was obtained crystalline rather than as a jelly only if highly pure.
The molecular formula, C11H1605’ was assigned to this metgbolite on
the basis of elemental analysis and mass spectrometry, The polarity of
this compound relative to canadensic acid (g5 ) was explained by the
presence of an extra hydroxyl group as indicated by i.r. absorption at
3,420 Cm.-l. A carboxylic acid group was also suggested by broad
absorptiom at 3,300 - 2,600 em.”L and 1708 em.™t in the carbonyl region.
A strong band at 1759 ema™L vas aséigned to a % -lactone system,
and weak but sharp ébsorption at 1670 cm.-l together with strong absorptica
at 229 nm, ( €7.900) in the u.v. spectrum was consistent with the
double bond being in conjugation with both the lactone and
<.zar130111‘3“103973- groupings.

The n.m,r. spectrum indicated that the double bond must be

tetrasubstituted since no resonance attributable to an olefinic proton
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was apparent. A broadened singlet at 7,76 T , however, indicated the
presence of a vinyl methyl group (BHA). After addition éf D20,
the only other resonance below 7,76 T were two 1H multiplets at 4.1 T (HB)
and 5.70't,(HC). It wes assumed that these corresponded to protons
geminal to oxygen. The remaining multiplets at 8.3 T (2H), 8.6 (4H)
and a triplet (3H) at 9.0/ T exhibited a pattern comparable to that of
the n-butyl group of canadensolide., Due to the low solubility of the
metabolite in chloroform, the spectrum was fairly weak and )
unsuitable for decoupling experiments., The mass spectrum, however,
showed an abundant ion at m/e 229 corresponding to an M+1 ion,
This latter type of ion is typical of an acid 90and is normally obtained
under relatively high gas pressuresvhen the parent molecular ion is
weak, Significant peaks at m/e 210 (M = H,0) and m/e 192 (210" - H,0)
indicated the presence of the hydroxyl group, while evidence for a butyl
moiety was provided by a strong ion at m/e 171 (M' - 57).

Since derivatives of acids generally give cleaner n.m.r. spectra,

the crystalline methyl ester (C ) was prepared by treatment of the

12%18%
acid with ethcreal diazomethane, nﬁ pyrazoline being formed in this case
presumably because of the sterically crowded nature of the double bond,
In addition to hydroxyl absorption at 3,590 Cm--T, the i.r. spectrum
(CHCIB) now showed strong absorption at 1715 em. ™l dve to the

carbomethozyl group. The low ester frequency cannot be taken as
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evidence of conjugatidn since dilution studies demonstrated the pres:zace
of intermolecular hydrogen bonding. As indicated later, upon
acetylation or oxidation of the hydroxyl group the ester frequency

was found to be ca. 1735 cm. . However, the conjugated nature of

of the compound was again stressed by the high intensity absorption &3
230 nm.( ¢ 11,800) in its u,v. spectrum,

Confirmation of the presence of the carbomethoxyl grouping was
provided by the 3H singlet at 6.12T in the n.m.r. spectrum (fig. 11 ).
The vinyl methyl group (BHA) was apparent as a 3H doublet (J = 2.0 Hz,)
at 7.80T , which collapsed to a singlet on irradiation at a
finely split 1H multiplet at 4.94 T (HB), assigned to an allylic preizn
geminal to oxygen. This proton (HB) was also coupled to a proton HC
which appeared as a slightly broadened triplet at 5.86T again ascrized
to a proton geminal to oxygen. The small value of Jp, ( 1'5Hz.) wes
shown by irradiation at H, when H

c B
(3= 2,0 Ha.). Likewise irradiation at s 2H multiplet (2H) centred

collapsed to a fine quertet

at 8,2 T , and assipgned to the protons of a methylene group geminal %o

an oxygen substituent, caused HC to collapse to a broad singlet., T=s
remaining high field resonances at 8,60(4H) and 9.06U(3H) were again
indicative of the n-propyl part of a n-butyl group.
Confirmation that the unit n-Bu - QH-?H - was present was
.0 0

Provided by treating this hydroxy compound with an excess
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of lithium aluminium hydride to give a polar oil which showed no
carbonyl absorption in its i.r. spectrum, but had a strong band at
3,450 cm.“l due to hydroxylic functions. The tetrol structure (141}
assigned to this compound was supported by the n.m.r. spectrun whiéh
lacked any vinyl methyl resonance, Oxidation of the tetrol (141)
with periodate gave n-valeraldehyde which was characterised as its
2y4-dinitrophenylhydrazone,

If we assume the small coupling between BHA and HB is due to
homoallylic coupling98 then two possible structures (149 and (143),
incorporating a carbomethoxyl group, a hydroxyl group and an

a ,f unsaturated ¥ -lactone system, can be postulated, These diffsr as
to whether HB or HC is the proton geminal to-the hydroxyl group.

If is difficult to make a decision between these structures purely

on the basis of chemical shift values. Thus the typical value for

the proton geminal to oxygen of a ¥ -lactone (found for canadensic acid
and its derivatives) would appear to be ca. 5.5 T . The signal at

By (4491 T ) was proposed to be of this type if the butenolide structire
(143) was correct, and the signal at H, (5,86 T ) if the isomeric
lactone (149 was correct. The lower value of this proton, HB

(491 T ), in the butenolide structure (143) would be consistent with
its position ¢ to the B carbon of an a ,B unsaturated carbonyl systez.

It is more difficult to explain why the corresponding proton HC (5,35 T )
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in the isomeric lactone compound (142) should appear at higher field
than the 'normal' value, esp.cially since it would be vicinal to the
hydroxyl group. A similar argument can be applied to the proton _
geminal to the hydroxyl group where a typical value is ca. 6.3 T .

The signal at Ho (5.86 T ) was proposed to be of this type if the
butenolide structure (143) was correct, and the signal at Hy (4e91T )
if the isomeric lactone (1,2 was correct. Arguments can be found
to account for the deshielding effects which would be operative on the
basis of either structure,

The observed coupling coastants between the various protons, on
the other hand, seem to favour structure (142). The homoallylic
coupling betwecn BHA and HB (JAB; 2.0 Hz.) is explained by both
models. This type of coupling through four bonds has been shown
to depend on the magnitude of the angle 89R(as shown in fig.12 )
between the allylic C-H and the plane of the rest of the system, reachingz
& maximum of 2-3 Hz, as O tends to 900. In the santonin derivative (lo« ),
for example, the signal at7.88 T assignhed to the C-4 methyl group was
Observed as a doublet (J = 1.4 Hz.) due to homoallylic coupling with
H698 « Models of this compound with ring B in the favoured chair

conformation indicated a valve of approximatcly 115o for 6, In the
6-_621_ derivative (145), the C-4 methyl resonance appeared as a
singlet at 7.93T and in this case the value of O is approximately 25°,
In our case the observed coupling constant suggests a value of 8 of

close to 90°, Fxamination of models of the two postulated structures

o eleen.
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indicated that they both had values of 6 ca. 70°, in good
agreement WithJﬁbs . If, however, we consider JBCG.S.HZ.) then
differentiation of the structures would appsar to bé obtained,
The small value of this coupling constant can be explained by a trans
orientation of Hy and H, in the isomeric lactone (142), when the
dihedral angle ( 1150) from a model predicts a coupling constant of
ca, 3.,0Hz. by the Karﬁlus equation. The observed coupling constant,
hovever, would appear to be too small for the butenolide structure (143),
where free rotation about the C-C bond would be expected to furnish
a much larger coupling constant, in the order of 6-8 Hz, - 7.

ﬁowever, conflicting with this, the fregmentation pattern of
this metabolite clcarly favoured the butenolide structure (143 ) rather
than the isomeric ¥-lactone (142). Thus the most favoured cleavage131
would be expected to be at the lactone ¥-carbonyl atom and this
evidently gives rise to the ion at m/e 156 (the base peak of the

spectrum) corresponding to a loss of C 0 es would be expected from the

stho
butenolide structure (143). On the other hand, the ion at n/e 185

corresponding to a loss of C,H. was of low abundance (1.7%) which

479

would not be expected if the isomeric K-iactone structure were correct.
Acetylation of this alcohol was carried out in an attempt to
- clarify this situation. The corresponding acetate, 014H200 , was

obtained as a colourless oil. Its i.r. spectrum (thin film) showed

a strong band at 1765 cm.-l assigned to the unsaturated lactone and
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acetate groups while the peazk at 1740 cm.—l indicated the presence of
the carbomethoxyl grouping, Weak absorption at 1670 cm.-l was

again assigned to the tetrasubstituted double bond, while the u.v.
spectrum exhibited the typical sbsorption at 228 nm.(¢ 9,760) of the
expected chromophore,

The presence of the acctate group was confirmed by the 3H
singlet occurring at 8.10T in the n.m.r. The remainder of the
spectrum was sinilar to that of the corresponding alcohol, previoﬁsly
described (cf. fig., 11), except that the proton HC‘which had appeared
at 5.86 T now occurred as a 1H slightly broadened triplet
(J = 6.0Hz.) at 4.58 T, and was now partly superimposed on the 1H
quartet of the allylic proton HB (4.84T ). This‘shift can only be
interpreted as the deshieclding of the proton geminal to an acetoxyl
group relative to that in the corresponding hydroxy compound
(the £0 called acetylation shift 7). This result hence was consistent
only with the butenolide structure (143) for the original alcohol and
makes untenable the isomeric structure (142) wherec Hy is ascribed to
the proton geminal to the oxygen of the lactone.

Of particular interest was the mass spectrum of the acetate, (146)
which showed in addition to the mSlecular jon at m/e 284 and the strong
~lon at m/e 224 (1°- CH,CO.H), an don at m/e 193 (147), the base peak
in the spectrum.  This latter ion was postulated to arise from

the molecular ion by the molecular rearrangement shown, Support for
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its structure was provided by a metastable peak at m/e 123,
corresponding to the loss of ketene (42 mass units) from this ion.
Moreover, a similar type of mechanism has bsen used to explain
the loss of formaldehyde from the molecular ion of butyl propionate 100
(diag.4 ), and the corresponding loss of acetaldehyde from the molecular
ions of 2-butyl esters of aliphatic acids.lo1

The original mstabolite thus has structure (148) and was named
hycroxyisocanadensic acid, It would appear to be derived
biogenetically in a similar manner to the other isolated metabolites,
and was numbered accordingly., It differs structurally from
canadensic acid (95 ) not only in the additional hydroxyl group but
also by aopparently having lactone ring B of canadensolidc ( 51)
as part of its skeleton. It is similar in struvcture to many lichen
metabolites e,g. lichesterinic acid (149}02, and possesses the
@, Bbutenolice moiety found in the metabolites of several micro—organismg?f
as in tetronic acid derivaﬁives some of which display antibactereal
activity,

An anomaly in the n.m.r. spectrum of methyl hydroxyisocanadensate
(143 was however, the small coupling constant (1.5 Hz.)between the protons
H-3 and H~4, which appeared abnormally low for this open chain
compound, A possible explanation could have been intramolecular
hydrOgen bonuing between the hydroxyl group and the carbonyl of

ester grovping restlting in a fixed conformation having the requisite
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. O .
dihedral angle (ca2. 707) and hence smsll coupling constant.
I.re dilvtion studies, however, showed that there was eszentially no
intramoleculzr hydrozzn bonding in the molecule, It was possible

that in the concentrated n.m.r. solution intermolecular hydrogen

bonding might have caused dimer formation etc., and hence again produce

a fixed conformation with the appropriste sméll couping JB,A' However,
when the n.m.r. spectrum of the ester (143) was recorded in

devterated D.l1.5.0,, a sclvent of high dielectric constant (¢ 48.9 at 20o§,

which should prevent any self-zsscciation, no change in J was

354
observed although the hydroxyl proton appeared as a doublet (J = 7.0 Hz.)}

at 5.20T due to coupling with H-4. D.1.5.0 has, of couvrse, been
recommended asa £ood solvent when it is desirable to see the hydroxyl
resonznce 161, as the proten exchange rete js invariably quite slow in
this solvent, Strong hydrogen bonding oceurs with the solvent
accounting for the low chemicel shift recorded above. This resvlt did -
confirm the presence of a secondary hydroxyl grouping.

Temperature studies on both msthyl hydroxyisocanedensate (143) and
methyl acetoxyisocénadenSate (146) showed that the couvpling constant
JB,A did not noticably increase in magnitude even at 160° (in
tétrachloroebhylene), thus apparently excluding restricted rotation abouh
them-3—@-4)bond as a possible explanation.If however, the three
conformers obbtained by robation about this bond are considered (fig. 13),

88suning for the moment the absolute stereochemistry of the alcohol

to be that given in (150) - (as will be shown later), it would appear thet
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consicderable steric interaction occurs between the butyl and
carbomethoxyl groups in conformers I and III, This suggests that
conformer II has the lowest energy of the three conforme-s, and hence
a greater populatioﬁ. Since fast rotation about the(C-3)—(C-4)bond
occurs, the observed coupling constant (J3,4) is the averase of the
coupling constants of the three conformevsweighed according to their
populaticns.  If confomer II is a highly preferred cne, then its

coupling constant will be similar to that observed (J In fact

3,41'

the coupling constant calculated for conformerII is ca. 2Hz., (for
o o . . ‘s

a dihedral angle of 60°), which is similar to J3,4 obs.

the temperature would not neccssarily equalise the populations, and hence

104

increase J3 L obs A relevant case is the gauche conformerof sym -
b -
’ fos

tetrachloroecthane “whose intecr-proton coupling constant has been

Raising

calculated to be 2,0 Hz,  Moreover, similar 'locked! conformations

have recently been postulated 106

for 1,2 dihalo -, 1,3 dihalo -,
and 1,2,3 trihalo-2,3-dimethylbutanes on the basis of their n.m.r.
spectra.  Thus conformation ( 15D of 1,2 - dibromo-2,3 - dimethybutane
appeared to highly favoured over all the others, and was utilised to
explain the observed spectral features.

Further confirmation of the postulated structure for this

metabolite was obtained by oxication of methyl hydroxyisocanadensate

(143) using Jones reagent. By rapid work-up and exclusion of air as much
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as possible,an unstable, yellow oil, 012H1605’ was obtained.

Its i.r. spectrunm (CClA) showed absorption at 1730 cm, ™t typical of the
butenolide grovp, while a sirong band at 1732 cm._l suggested the
prescnce not only of the expeizid carbomnethoxyl group but also of an
( a=polar substituted) kctone . The ketone function was also
suggested by the v.v. spectrum which in addition to absorption

at 240 nm.(€ 5,190) exhibited a weaker band at 382 nm. (€ 721)
attributed to the conjugated chromophore produced on enolisation,
although no enol form was apparent in the i,r. and n.m.r. spectra.
This assignment wes confirmed on basification when the u.v. spectrum
shoved cnly strong absorption at 382 nm.( €14,250),

The n.m.r. spectrum provided confirmation that the ketone (152)
had been formed, as the resonance attributed to the proton geminal to
hydroxyl group (H-4) of methyl hydroxylsocanadensate (143) was absent.
The only low field resonance was the 1H quartet (J = 2,0Hz.) of the
allylic proton, H-3, which was shifted downfield by 0.3 ppm. from its
Previous vzluve under the effect of the ketonic grouping. %t was coupled ic
'the characteristic 3H doublet of the vinyl mzthyl group at 7.77 T .

An important featuvre was a 2H multiplet centred at 7,37 T which appeared

to be the AB protons of an ARX, system, and was consistent with the

2
protons of a methylenc grouvp @ to the ketone. It was evident in the

mass spectrum that the ketone group now directed fission, resvlting in
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the intense ions at m/e 85 (CH,CH,CH00") and n/e 57
(CH30H20H20H2i'); ions which were not present in the mass spectra of
previous derivatives,

As 1ndicated above, care was necessary in the work-up of this
oxidation reaction since the product was found to be sensitive to air
and attempted prrification on p.l.c. converted it into a more polar
conpound, which analysed as G, H O,s  The i.r. spectrun (CHClB)
of this compound showed the presence of a hydroxyl group
by absorption at 3,430 en.™ . In the carbonyl region, absorotion
at 1799 cm,™F (¢ 521, Avk 20 cn.™t) again typified the butenolide
group while the peak at 1739 cm. ™t (e 509, Av: 25 en.™t) vas
assigned to the combined absorption of the carbomethoxyl and ketone
functions,  The u.v. spectrum, however, did not shov the previouvsly
described base shifta.

In the n.m.r., spectrum the absence of the 1H resonancc of the
allylic proton (H=3) found in ketone (152) suggested that C-3 now bore
‘a hydroxyl substituvent. This was supported by the absence of any
coupling of the vinyl methyl group, which appeared as a sharp singlet at
7,70 T. The similarity of the remainder cf the n.m.r. spectrun to
that of ketone (152) suggested that the pseudo-acid (53 ) had been forzcc.

Formation of this lactol (153 ) must involve the ready aerial

oxidation of the ketone (152) on chromatography. An obvious analogy
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can be drawn with the reportediogautoxidation of santonene (154),

which possesses a system vinylogous to that postuleted for the ketone
(152). When santonene (154 was set aside in ethanol solution with
access to the air then the two neutral compounds (155) and (156), and the
'acid' (157) were isolated. (In the case of ketone (152), of course,
only the pseudo acid (53 ) is possible), This autoxidation would
appear to involve the enol form. Keto-enol tautomerism studies 19

on satonene (154) showed that no enol form was apparent by i.r., n.m.r.,
or u.,v, measurements in chloroform solution, but an estimated 39%

enol form wus present in methanol solution., Similar conclusicns were
reached about the enolisation of the ketone (152 ) from its spectral
data (see above).

The progress of this oxidation could easily be fcllowed visually -
since the yellow colour of the starting material, presumably due to its
enol form, gradually disappeared with oxidation, for example when
bubbling oxygen through its methanol solution (under these conditions
the pseudo-zcid (153) was obtainable in high yicld after aboud 2 hours),
Although the pseudo-acid (153 ) was readily soluble in dilvte alkali,
it did not appear to exist in a detectable state of equilibrium (CHCl3
solution) with its keto-acid form. It is hence unlike the corresponding
pseudo-acid (157) of santonene (154), whose keto-acid form (158)
vas apparent in its n.m.r. spectrum and which was readily soluble in

: . o
aqueous sodium hydrogen carbonate, 10"
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Further proof of the pseudo-acid structure (153 ) was obtained
by its brief trecatment with methanol containing svlphuric acid
as catalyst when the lactol ether (159) was obtained as an 0il,
0,4ty 0% Its i.r. spectrum (CClL) lacked any hydroxyl absorption
but showed psaks at 179C)Cmv_l (¥-lactone), 1735 Cm-—l(COQUe and:C=0).
Support for its structure was provided by the n.m.r. spectrum which
exhibited a new methoxyl resonance at 6,67 T (3H) in addition to the
resonances found previously for the pseudo-acid (153).,  Although
the molecular ion at m/e 270 in the mass spectrum was weak, cleavage
@ to the ketone function resulted in significant, intense ions at

.CH,.0H,.C=0") in agreement with the

2°77RT2
structure. It may be noted that the m/e 186 ion would have been more

m/e 186 (160), and m/e 85 (CH .CH

difficvlt to account for on the basis of a product (161) derived
from the discredited isomeric lactone structure (142),
The tertiary hydroxyl group, although unaffected by acetic
anhydride and pyridine at room témperature, was acetylated by
refluxing in acetic anhydride with p.-toluensulphonic acid to give an
oil, 014H1807’ Strong absorption at 1800 eme™t with a shoulder at
1790 cm.-l in its i.r. spectrum (CCIA) was attributed to the unusual
£em  acetoxy lactone system. (Gem diesters are known to show
abnormally high carbonyl frequenciesllo). The remaining absorption in the

carbonyl region occurred at 1742 cm.-l and was again assigned to the

combined absorption of carbomethoxyl and ketone functions. In agreement
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with structure (162) the n.m.r. spectrum showed a 3H singlet at 7.80 T
corresponding to the acetate groupyand the mass svectrum showed

a molecvlar ion at m/e 298, and major ions, correspondirg to
cleavage directed by the ketone group, at m/e 256 (M+—Cﬁ3.CH = CH

64 2

by Mclafferty rearrangement ), m/e 172 (163), and m/e 85 (CHB.CH .CH..

272
C= O+),the base peak in the spectrum,
With the butenolide structure (148 ) of hydroxyisocanadensic

. acid substantiated, its absolute confipuration at C-3 was readily
determined from the o,r.d. and c.d, curves of the acid and its methyl
ester (143) to be that shown (164),

The similarity of strﬁcture between hydroxyisocanadensic acid
(164) and canacensolide (51 ) suggests that the two might be rcacily
interconverted, and in fact the acid might be an artefact arising
from hydrolysis of ring A of the antibiotic followed by double bond
isomerisation, Attempts to demonstrate this by alkaline treatment of
canadensolide (51 ), however, were unsuccessful as no product
corresponding to hydroxyisocanadehsic acid (148) could be obtained.
Besides, as the culture medium is acidic, any hydrolysis would occur at
ring B as has been demonstrsted for methanolysis of canadensolide (51 ).
Since the hydroxy ester (63 ) from this latter reaction recyclises,

13 A3
then the corresponding acid would be expected to cyclise even more reacily.

The presence of hydroxyisocanadensic acid (148) in the ethyl



Table 7

Relative acidities of wvarious czrboxylic acids.

Acid

Formic

acetic

propionic

n butyric
isobutyric
canadensic (95 )
acrylic

lactic

hydroxvisocanzdensic (143)

fumaric

pyruvic

pKa

3.77
476

4.85

4.30
4e26
3.87
3.45
3.10

2.46

z0.03
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acetete extract of the broth was demonstracted by dissolving the
gum obtained on evaporation of the organic solvent in the minima
amount of chloroform, and extracting once with a small volume of
agueous sodium hydrogen carbonate. Acidification of this & queois
extract produced highly pure hydroxyisocanacdensic acid (148),
This preferential extraction of the acid must be attributed partl
to its low solubility in chloroform (shown by its weak n.m.r,
spectrum), and also its greater acidity (pKa 3.45) relative to
canadensic acid (pKa 4.,30). This difference in acidity is inag
with their structures, since hydroxyisocanadensic acid (148) hess
stronger electron withdrawing group (a vinylogous lactone carbonyl)
than canadensic acid (. which has a double bond)., A comparison
various related acids is given in (Table T )«  The extra hydroxl
group present in hydroxyisocanadensic acid (148) should incresse
water solubility relative to canadensic acid (95 ) and thus might
facilitete this simple method of isolation.

Since canadensolide (51 ) did not seem to be readily convertd
into the hydroxyisocanadensic acid (148) the latter seemed extrenl!
unlikely to be an artefact. Their interconversion, however, W
still important since the relative stereochemistry of H-3 and B
in canadensolide ( 51) was as yet undetermined. Since the absol¥
configuration at C—4 in the antibiotic and at C-3 in hydroxyis®
acid (95 ) had been determined,then an unambiguous interconver-"iand

. d
these two metabolites would establish the absolute configuratio®

~
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two centres in both metabolites,

As no success had been achieved in selectively opening ring A
of canadensolide ( 51), chemical mocdifications of hydroxyisocanadensic
acid (148) were attempted in the hope that this would be more
readily interrelated with the antibiotic. Although cyclisatioﬁ of
hydroxyisocanadensic acid (148 ) to the highly strained compound
(165) did not appear a likely possibility, dehydrating reagsnis were
employed in the hope that double bond migration might occur with
concomitant cyclisation, However, acidic reagents, such as
R.~toluenesulphonic acid, concentrated sulphuric acid and
polyphosphoric acid were completely unsuccessful in effecting this
transformation.

111

The recent preparation  of the highly strained f ~lactone
system (166 ), involved pyrolysis of the corresponding 4-oxo-1,3~dioxane
(167 prepared from the corresponding hydroxy acid by treatment with
methyl orthoformate. It was hoped that pyrolysis of the analogous
compound (1568) of hydroxyisocanadensic acid (148) might result in
lactonisation to canadensolide (51 ), However, attempts to form
this seven membered ring compound (168) were unsuccessful, and.only
traces\of methyl hydroxyisocanadensate produced through transesterification
were isolated., Similarly, the lactol ether (169) was not produced

even on prolonged -treatment in acetone with a dehydrating agent.
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Thus, from the results indicated above it became
obvious that for the required convsrsion of hydroxyisocanadensic acid
(148) into canadensolide ( 51 ), double boﬁd'isomerisation was a
prerequisite, As this involves a tetrasubstituted fully conjugated
double bond migrating to a less stable terminal methylene group
an energy input was required. Double bond migration is knowr}12 to
oceur under the influence of u,v. light., The process involves
enolisation and takes place through a six membered transition state
involving ¥-hydrogen abstraction (diag. 5 ). A particularly relevan:
example is the reportec:lL13 transformation of the keto acid‘(170) to
its terminal methylene isomer., It was hoped that a similar "optical
pumping" of the high absorbing chromophore of hydroxyisocanadensic acid
(48 ) or its methyl ester (143 ) would produce the required isomerisatisn.
Although irradiation of the methyl ester (143 ) in ether solution using
& mercury lamp did result in tﬁe disappearance of this chromophore,
canadensolide (51 ) was not prodvced. From the n.m.r. spectrum
of the product, it was apperent that double bond migration had
unfortunately resulted in compounds of type (171 ).

In a further attempt to effect eyclisation via a 4-chloro-derivsiive,
methyl hydroxyisocanadensate was trecated with thionyl chloride or
phosphorus tentachloride when a non-polar product was obtained and lesr

shown to be the diene (172. The best preparation of this highly

unstable compound was by base catalysed elimination of acetic acid frez
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methyl acetoxyisocanadensate  (146) . using sodium hydride when it

was obtained as an oil, vhich solidified on storing at ca. - 20°.

Bands at 1785 cm.™  and 1730 cm. ™t in the i.r. spectrun (cc1,)
corresponded to the butenolide system and carbomethoxyl groups respectivs

and the diene system was suggested by bands at 1660 and 1610 cm.-ls

s

and by intense u,v. absorption at 308 nm. (€ 9,559),

In addition to the expected singlets for the carbomethoxyl
(6,10 T ) and vinyl methyl (7.77'[) groups, the n.m.r, exhibited a 1H
triplet (J = 6,0 Hz.) at 4.03 T assigned to the olefinic proton
(H=4)s It was shown by double irradiation to be coupled to a 2H
meltiplet at 7,60 T, assigned to the allylic methylene protons
(2A-5).,  The remaining n-propyl group appeared as multiplets at 8,5 (&%)
and 9.08 T(3H). At one stage it was hoped that irradiation of the
diene (17¢) might lead to double bond migration but its rapid
decomposition at room temperature made it unsuitable for the proposed
vhotochemical experiments.

It had been previously realised that saturation of the couble bond
of hydroxyisocanadensic acid (148) would remove the difficulties
encountered in the attempted cyclisations described above, and make
the saturated dilactone system of the dihydrocanadensolide (54 ) or its
C~1J epimer the ultimate goal, Hydrogenation of the acid (148) wvas
expected to occur from the less hindered side of the molecule to produce

the dihydrocompound (173), cyclisation of which would give the required
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cis fused dilactone structure of 10-gpnidihydrocanadensolide (61 )

or its C-4 epimer. However. it had been found that hydrogenation of

this acid could not be effected even under 5 atmospheres pressure

with acetic acid as solvent,and added perchloric acid, It is knan

that hindered tetrasubstituted double bonds are not readily reduced

end similar difficulties were encountere£14»dih attempted reductions

of the butenolide double bond of the sesquiterpene ugandensolide (174),
The reduction of the double bond of conjugated dienones, however,

has been reported to occur using zinc dust and acetic acid.  Thus the

ergosterol-derived diene-7,11-dione was reduced selectively at the

double bond flanked by the two carbonyls to give (175])15 o It was

concluded that a similar reduction might occur with the conjugated system

of methyl hydroxyisocanadensate (143)s In fact, by using more forcing

conditions (zinc dust/acetic acid/concentrated hydrochloric acid) two

dilactones were produced in moderate yield. Separation of these by p.l.c.

proved that they were identical to avthentic samples of dihydrocanadensolicle

(54) and epidinydrocanadensolide (61) by t.l.Cs, i.T., m.p. and

mixed m,p,  Moreover, the less polar product also had a similar value fer

its specific rotation to that recorded for dihydrocanadensolide (54 ),

while the more polar one had an identical o.r.d. curve to that of

10-gpidihydrocanadensolide,  This confirmed that the s&nthesised

samples had the same absolute and relative stereochemistry as the naturel

Products, and disproved any possibility of their being racemic or
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optical antipodes. This red:ction is believed to involve the cis
addition 116 of hydrogen to the double bond and isomerisation through
the enol o, Ho plausible means of affecting the absolute
stereochemistry at C~3 or C-4 in methyl hydroxyisocanadensate (143)

by this reduction can be envisaged, This means that dihydrocanadensolide
(54 ) and 10-gpidihydrocanadensolide (61 ) must possess the same absolute
- stereochemistry at C-3 and C-4 as methyl hydroxyisocanadensate (143).

As the-absolute stereochemistry at these positions have been shown
independcntly to be 4S in dihydrocanadensolide ( 54) and 35 in methyl
hydroxyisocanadensate (143 ) this means that dihydrocanadensolide has the
structure (176) with a cis relafion of H-3 and H-/sand methyl
hydroxyisocanadensate the structure (177). The antibiotic canadensolide
(51) has, of course, the same absolute stereochemistry and cis relationship

of these protons., |
|



DETERMINATION OF ABSOLUTE CONFIGURATIONS.
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Since optical rotary dispersion and circuldr dichroism
meastremnents were found to play important .roles in determining
variovs stereochcmical features of the forcgoing metabolitzs these
results are conveniently discussed together,

Any molecule which exhibits circular birefriagence also shows
circuiar dichroism, both effects occurring simultaneouvsly in a

molectle which has active absorption banas1 7. This combination of

unequal absorption and unequal velocity cf transmission of right and lefﬂ
circularly polarized light in the regicn in which optically

active absorpti&n bands oceur results in the pheﬁomenon(af a "Cotton»
effectn 120. This affect arises because thé inherently symnetric
electronic distriﬁution of the chromophore is asymmetrically

perturbed by the rest of the molecule in such a way that the symmetry

of the electron distribution is lowéred sufficiently to permit optical
activity. This optical activity usually requircs the prese¢nce of an
agymmetric carbon atom, and the associated Cotton effcct can be used as

a meanz of determining the extra chromophoric geometry, as has been

8

elucidated by Djerassi et alll for ketones using "The Octant Rule'.

Of particular importance in our case, were rules relating the

Stercochemical environment of the carbonyl group of a lactone with its

observed Cotton effect, Lactones had in fact been found to be a
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useful group for this purposellg, in that the carboxyl group is held
in a more or less fixed confirmation in g ring, instead of rotating
freely (as in a carboxylic acid). Lactones have a weak absorption band
at 215 nm.giving rose to a Cotton effect with a first extremum about
225 nm.  The "Lactone Sector Rule" established by Klyne relates the
absolute configuration of ¥ and o -lactones to their obssrved
Cotton effects.t? It was evolved by considering both carbon-oxygen
bands as having some double bond character and applying the Ketone
Octant Rule to each double bond.Superimposition resulted in the signs
of the contributions in some sectors cancelling in varying degrees while
in other sectors the contributions reinforce one another, giving on
balance a positive contribution in the back upper right sector E, and
a negaiive contribution in the back upper sector B, the boundaries being
provisional,

In order to predict the Cotton effect of a molecule from the
lactone sector rule,two views of each molecule must be considered,
These are (a) the view along the bisectrix of the 0-C-0 angle (the
usual octant projection) and (b) the view of the molecule from above,
Projected onto the plane of the lactone ring (the sector projection).
This is demonstrated by the compound (178) opposite. The signs given are
those of the back upper sectors, The lower ones are necessarily
Opposite to those of the upper sectors, as the lactone group lies in a

true symmetry plane., This rule was essential for the determination
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of the absolute configurations of the three metabolites, canadensic
acid (95 ), canrdensolide (51) ahd hydroxyisocanadensic acid (168).

Absolute Confiruration at C-2 and C-~/ in Canadensic Acid.

Canadensic acid ( 95) exhibits a trough at 222 nm.in its o.r.d.
curve (fig.14 ), indicating the first extremum of a negative Cotton
effect, If the lactone sector rule is applied to this molecule,
contribution to the Cotton effect appears to come mainly from the
substituent at C-2. This appeared to be confirmed by the o.r.d.

curve of the mixture of canadensic acid C-2 epimers when essentially

a plain positive curve was obtained. If the source of the Cotton effest

is indeed the lactone and not the acrylic acid moiety, then the sector

rule would appear to lead to assignment of the stercochemistry at C-2

as 2R.  However, the o.r.d, spectra of isomers of methyl dihydrocanadensate
differing in configuration at C-2 did not inspire confidence in this

interpretation., Although the reduction product of canadensic acid

(fig. 15) gave a ncgabive Cotton effect and that of 2R + 25 canadensic
acid an essentially plain curve, the C-2 epimer of dihydrocanadensic acid
obtained from the butenolide (69 ) slso showed a negative Cotton effect.
The possibility that this was in fact due to traces of unreduced
butenolide (69 ) cannot at present be discounted.

However, confirmation of the 2R assignment was obtained by

unequivocal determination of the absolute configuration at C-4
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and using_ the fact that a trans relationship of H-2 and H-/ had been
established (cf, chapter 3), This was achieved by the degradation
of canadensic acid ( 93) to caprylolactone (111), which coes not
contain a C-2 substituent or ester chromorhore, and was heace more
suitable for o.r.d. studies than the previous compounds., An early
attempt to relate the stereochémistry of a lactone, of type (179)

to its optical rotation had been made by Hudsogjn'on the basis of
studies on five and six membered lactones of the sugariseries.
Hudson's lactone rule may be stated as follows, "If the hydrogen atom
at the alkoxy-carbon (C*) in (179 ) lies below thé plane of the lactone
ring then the molecule is dextro-rotatory. Conversely if the hydrogea
atom lies above the plane of the ring, the compound will have a
negative rotation", In order to apply this rule to complex lactones
with several asymmetric centres it was necessary to subtract from the
lactone rotation that of a suitable reference compound, containing

- the same asymmetric centres as the parent but withoyt the lactone

122

ring s Such as the corresponding hydroxy acid or ester, However,

Ip}

123
Klyne subsequently showed that the difference curve betwcen the

rotation of the lactone and that of its reference compound was of the
same sign as the lactone Cotton effect at 225 nme  Thus compounds of
type (180) were found to give negative Cotton effects. Hence, since lae
caprylolactone from the degradation was found to exhibit a negative

Cotton effect at 216 nm.in its c.d. curve (fig.l6 ) it must have the <5
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absolute configuration shown,

Absolute Confiouration st O-~4 in Canadensolide and Dihvdrocanadensolids,

In the case of canadensolide ( 51) and dihydrocanadensolide (54 }
no attempt could be made st elucidating their absolute sterecchemistry
from their o.r.cd. curves (fig. 17 ) since the lactone sector rule |
cannot be applied to hydroxy lactones 12% Their monolactone
derivatives, howvever, appeared more suitable, Thus the butenolide
ester (69 ) exhibited a negative Cotton effect (fig.18 ) with its first
extremum at 225 nm, Application of the lactone sector rule to this
compound (see opposite) shouws that this effect is due only to the
configrration at C-4. Sinee the side chain at C-2 mist
lie in the symmetry plane of the lactone grovp then any small
contritvtion which, for example, the mcthyl group attached to C-10
would be expected to make by lying in a lower positive quadrant will
be cancelled ouvt by free rotation about the(C-2)—{C-10)bond resulting in
it also lying in an uppernegative quadrant. In fact the Cotton effects
of butenolides have been used to assign the absolute configurstion at
Cmdo 1 ¥T1s (8) =% =methyltetronic acid (181) and (8) -a- acetyl -(-)-
methyltetronic acid (182) exnibited negetive Cotton effects while (-)
-lichesterinic acid (183) was similarly assigned a 45 configuration on
this basis,

Confirmation of the 4S configuration postulated for
Canadensolide ( 51) was obtained from the diene (68 ), which possesses

only the desired asymmetric centre., The o.r.d. curve for this compounc
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(fig. 18) chowed a strong ncgative Cotton effect of molecular

amplitude - 318.5, while its c.d. curve likewise showed a negative Cotton
effect at 230 om.  ( [©] = + 27,600), correspoading tc the position

of maximum absorption in its w.v. spectrum.

Absolvte Conficuration of C~2 and C~3 in Canadensolide,and

Dihvérocznedensolide,

Since the rclative stereochemistry of C~3 and C-4 in canadsnsolide
was still :ncertain, this could now be established if the absolute
stereochenistry at C-3 were established independently., In view
of the established cis ring fusion, establishment of the absolute
configuration at C-2 would be equivalent., Since it hes been-shvown128
that the absorption of the azo group of spiro-pyrazoline camphor (184;
and its corresponding alcohol were optically active with a negative
Cotton effect at 330 nm.,the most promising means of establishing
the required absolute stereochemistry appeared to be formation of the
corresponding pyrazoline coupound from canadensolide ( 51). In view
of the snecificity observed in hydrogcnaticn of the antibiotic, it

vas antici-ated that one pyrazoline (385) would be formed preferentially.
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Treatment of canadensolide (51 ) with excess ethereal
diazomethane at ice temperature overnight, however, gave tuo
pyrazoline compounds, isomeric at G-10, in approximately
equal quantities (by n.m.r.). Separation was achieved by
p.l.c. and the two compcunds, named pyrazoline A and
pyrazoline B, analysed as 012H16N2.4' Pyrazoline A
(m.p. 107°) exhibited carbonyl absorption at 1798 and 1775 cm."l
attributed to the two ¥-lactone rings, in its i.r; spectrum wails

pyrazoline B (m.p. 100°) showed similar absorption at 1790

and 1775 cm..'l in its i.r. spectrum. Both exhibited weak

Nz
AR
PR A RPN

absorption at 1550 cm._l, characteristic of the N=N grouping
This group was aléo indicated in the mass spectra of both pyrnzc-
line compounds by the loss of 28 mass units from the weak molec::
ion at "/e 252,

Before any conclusion about the absolute configuration at
C-2 can be made from the c;d. curves of these molecules, the
stereochemistry of this centre relative to the azo grouping at
C-10 must be determined i.e. which pyrazolihe compound has the
azo group cis to H-2, It was hoped that this might
be deduced from a comparison of their n.m.r. spectra (fic. 17 ).
Both these spectra show the features expected of structure (ir=.

Thus the 1H double doublet around 4.5 was assigned to the proi-



Table 8

To ~ Ty + 0.07

Compound H-2(T) H=3(T)
-Pyrazoline A 6.43 4.63
Pyrazoline B 6.63 4.37
Tp - T4 + 0.20 - 0.2
Compound Hy. (T) Hy (T)
Major t pyrazoline 6.83 4.57
(186)
Minor ¢ pyrazoline 6.90 4.83
(187)
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geminal to oxygen H-3. The 2H "triplet" at 5.2 is due to the
resonance of the methylene protons a to the N=N group, which
must form the AB part of an ABXY system.- The other proton
geminal to oxygen (H-4) occurs as a broad multiplet in the same
region.  The 1H doublet around 6,57 was assigned to the proton
a to carbonyl (Ii=2), while the 2H multiplet around 7.§t,was
ascribed to the resonance of the XY protons of the ABXY system.
The remaining resonances were artributed to the p-butyl side chain.
Of particular importance in these two n.m.r. spectra
are the protons H-2 and H-3, which appéar to be most affected by
the forration of this l-pyrazoline (Table8 ), Both these protess
are at lower field (ca. 0.5 ppm) than in the case of
dihydrpcan&densolide( 54). This would be expected from the grezter
electron-withdrawing effect of the azo group at C-10. There are,

however, significant differences in chemical shift between the

18]

corresponding protons of the two pyrazoline compounds.  Thus E-
in pyrazoline B appears at 0,20 ppm.kigher then in pyraz-—

oline A,thle H-3 in pyrazoline B appears at 0.26 ppm lower tran
in pyrazoline A (cf. Table 8). At first it was thought that tiis
higher value of H-2 in pyrazoline B could be explained by H-2
being cis to the azo group. Fodels suggest that it might lie in

the shielding zone of this group. However, this could likewise
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be due to an uaspecified deshielding of H-2 in pyrazoline A.
It is difficult to account for the significént difference in T
values of H-3 in the two cémpounds.

It was hence decided to compare the results obtained
above with the values observed for a model system of known
relative stereochemistry. The most obvious example
was the dilactone system of avenaciolide ( 58) which must have the
same approzimate geometry.

Treatment of a sample of avenaciolide ( 58) with excess
ethereal diazomethane in an identical manner to that described
previously resulted in an oily solid , whose n.m.r. spectrum
confirmed that pyrazoline formation had taken place but that
two products had been formed in a 3/1 ratio. Due to
decomposition these could not be separated by p.l.c., but the
major component could be fractionally crystalliseds A low
field doublet in the n.m.r. at 4,57 (J=7.0:7) was ascribed to the
resonance of the proton geminal to oxygen anda 1o carbonyl(HALwhih
the other proton geminal to oxygen appeared as a 1l multiplet at
5.57T+ The 1H resonance at 6.83 T, a double doublet (Jl= J2=7.OHz;)

was assigned to the proton Hg.

The relative stereochemistry shown for this compound (186
was postulated on the assumption that approach to the terminal
methylene grouo from the aside would be hindered by the steric

bulk of the g-octyl group. As the absolute stereochemistry of
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avenaciolide (56 ) had been determined by Turner57'then the
absolute stereochemistry at C-2 in the major pyraznline
compound (186 ) nust also be that shown. The absolute
stereochemistry of the new asymmetric centre can be determiﬁed
from the c.d. curve of this pyrazoline compound as described
earlier. This exhibited a negative Cotton effect at 32/ nm.with
AE = 6.9, confirming it has the same absolute configuration
as gpiro-pyrazoline-camphor (184), as shown in (186 ). Thus the
major pyrazoline compound has a trans ordentation of H3 and
the N=N group. | |
By comparing the n.m.r. spectrum of the major pyrazoline

compound (186) with that of the 3/1 mixture it was possible to
ootain the chemical shift values of the two protons Hy and Hy
of the minor component 187 ) (Table8 ). The proton (Hpla to
the carbon bearing the -N=N- group in the major irang pyrazoline
compoundl(l86) was, however, found to be only at slightly lower
field {0.07 ppm) whan in the minor isomer (187 which has a c¢ig
orientation of H_ and the N=N group., This difference in

B
chemical shift value appears insignificant.

If, however, wecompare the corresponding values for the
other ‘'significant' proton HA then in the case of the

major kHB/azo trans) pyrazoline compound (186) of avenaciolide
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it occurs at lower field (4.57T) then in the case of the minor

HB/azo cis) isomer (4.83T). On this basis, pyrazoline B, having a
value for H-3 lower by 0,26 p.p.m., would be assigned the H-2/

azo trans configuration, Although this gives the correct absolute
and felative stereochemistry for canadensolide‘(51 ) as established
later it is uvnsatisfactory in that the origin of the shielding effects
are uncertain, The mirror image c.d. curves of pyrazolines A an@ B
are shown opposite (fig.19). In fact, it required aﬁ interconversion
of methyl hydroxyisocanadensate (143 ) to dihydrocanadensolide (54 )

to prove the absolute configuration at the bridgehead centres,

The absolute configurstion at C-3 in hydroxyisocanadensic acid.

The 4S8 absolute configuration of the remaining metabolite,
hydroxyisocanadensic acid ( 148/, being a butenolide was reacily
determined from its associated Cotton effect124. Thie was found
to be positive with first extremum at 256 nm.in its o.r.d. curve
. (fig-20), which must be due to the asymmetric absorption of the
butenolide chromophore (A max. 230 nm) The absolute configuration
at this centre in similar hycroxylated butenblides such as
ranunculin (188 ) have been established in this way 24 The analogous
positive Cotton effect for methyl hydroxyisocanadensaté (143)
was readily detected in its c.d. curve, which showed a positive

meximum ( AE,+ 4,02) at 243 nm. L-lichesterinic acid (183) has been

rePOrted:l2ﬂu> exhibit a negative Cotton effect at 235 nm. (8B,= 3.5).
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Absolute Conficuration at C-4 in Hydroxyisncanadensic acid.

An attempt was also made to determine the absolute
configuration of the secondary alcohol group at C-4 in m.thyl
hydroxyisocanadensate (143) using the Horeau methoélZ% This
depends on the preferential reaction of an asymmetric alcohol (i8§)
with one particular antipode of (i)’l-phenylbutyric anhﬁdride, and
can be rationalised by considering the steric interactions océurring
in the two possible diastercomeric esters (190) and (191), It can
be seen that ester (191) would be formed more readily in this case, énd
hence the acid isolated after hydrolysis of the excess anhydride
should be rich in (-) (R)-a-phenylbutyric scid (192).

When mcthyl hydroxyisocanadensate (143) was subjected to this
technique, the acid obtained on hydrolysis was found to have a
positive rotation, indicating an excess of (+) (S)-a-phenybutyric
acid (13) and hence that the starting alcohol had the absolute
configuration (194), If the butenolide ring system of methyl
hydroxyisocanadensate ( 143 is aséignea the large group and the butyl
group the medium one then this result means that this alcohol has the
4 R absolute configuration shown (195). ihiS, however, is OPPOSite
to the known absolute configuration of this centre (4S) shoun by the
interconversion of methyl hydrox;ﬁsocanadensate (W3) to
Cihydrocanacdensolide (54) (see chapter 4). This contradiction might
be explained by postulabing that it is the butyl group and not the

butenolide ring system which is the large group. Although this does
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not seem likely on purely steric grounds, it is possible that in the
"locked" confomer, postulated for this compound, the steric interactisns
of the butenolide group are minimal giving it less effective bulk than
the n-butyl chain. In agreement with this is the small (bu£
significant ) optical yield of ca. 11% obtained for the reaction,
suggesting there is not a large effective steric bulk difference
between these groups. In the case of cyclic sesquiterpene lactones,
however, Horcau's method has becn successfully applied, for
example to 1-epiallohelanalin (196) which gave an optical yield of
15% (+)127,
Alternatively this abnormal result might possibly be
atﬁributed to uninown, electronic factors introduced by the
pressnce of the carbomethoxyl grouping.
The limitations of this type of correlation has been stressed
by Mislow 20 who said : "Thus in the assignment of éonfiguration, a
heavy burden of proof rests on the credibility of the transition state
proposed in asymmetric synthesss, or on the critical analysis which
underlies the weighting of conformational populations in mobile

equilibria, whichever applies",
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In fungi and lichens, as well as in planfs, a smaller group
of structurally related aliphatic acids or lactones have been
found in which an alkyl chain is attached to shorter polycarboxylic

moiety. The fungal metabolites include spiculisporic acid (19'{)132

(Penicillium spiculisporum), agaricic acid (198, n=15) (Fomes

officinalis) the tetronic acids excmplified by carolic acid (199)134
{(Penicilliun charlesii). Related lichen umetabolites 133 are h

rocellic acid (200), (Rocella tinctora), caperatic acid (198, n=13)

(Parmelia caverata) and lichesterinic acid (183) (Cetraria

islandica). It was obvious that the C11 netabolites isolated

from Penicillium canadense should be included in this group

since their chemical structure indicated a similar biologicel pathﬁay. f

The structures of canadensolide (51), dihydrpcanadensolide(Sd),
~ canadensic acid (95) and hydroxyisocanadensic acid (148) can all be
formally derived by canadensation of a fatty acid chain with a three
carbon unit. Since at the.tiEe of commencement of this work
biosynthetic studies 136 on the lichen acid protolichésterinic acid .
(214) had suggested that two different pathways might exist by

which this type of compound might be formed in nature, it

seemed desirable to establich the pathway by which the metabolites of
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P, _canacdense wvere formed,

Prior to labelling experiments, however, it was necessary
to select one particular metabolite for biosynthetic study, and
gstablish a scheme for determining any distribiotion of label.
As the antibiotic itself was difficult to purify, the then more
readily available mctabalite, canadensic acid (95 ), was chosen,
This acid was also present in large amounts in the broth, providing
ample material for cdilution of radiocactive material and for degradation
purposes, Since this acid appeared to possesthe functionality |
necessary for the establishment of a satisfactory degracdation scheme
humerous chcmical reactions were directed towards achieving this,

Thus a Kuhn-Roth determination established that one C-methyl
group was present in canadensic acid;b The acetic acid isolated from
this reactiop enables C=7 and C=8 to be isolsted in reasonable yield,
making this reacticn suitable for use with labelled material. A
Similar oxicdation of the derived dihydrocanadensic acid*® now gave the
humber of C-methyl groups as two. These reactions hence give
an estimate of any label at C-10 and C-1l.

Attempts were also directcd at cleaving the terminal methylene
group, It has been reported137that ozonolysis of tetrasibstituted and
terminel methylene doubhle bondsare best carried out in an alcoholic

Solution since the Criegee zwitterion (201) formed from the molozonide

(202) does not react with the co-formed formaldehyde but reacts

* Mixture of C-2, C-10 diastereoisomers

+ Hixture of C-2 epimers
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preferentially with the alcohol of the reaction medium. The resulting
a =hydroperoxyether can be readily hydrolysed to its corresponding
ketone by mild trcatment with water, 1In féct although ozonolysis

of canadensic acid by this procedvre gave no recognisable ketonic
fragment, a far higher yield of formaldehyde (isoleted as its dimedone
derivative) was obtaincd than in the previously reported resction

using acetic acid as solvent54a It is of course known that double

bonds conjugated to a carboxylic acid grouping can give rise to -
decarboxylated products on ozonolysis, as for example costic acid

‘ 138
(203)which gives the degraded acid (204), The "abnormal ozonolysis" has

been ettributed to the formation of peracidlB?

Attention was then focussed on decarboxylating canacdensic acid*.
The first attempts utilising a Schmidt reaction gave only a poor yield
of carbon dioxide (trapped as barium carbonate) and no isolable product.
Although this could have been due to the presence of the conjugated
double bond, a similar reaction on dihyerCanadensic'acid* was found
to give only a slightly better yield of carbon dioxide. lMoreover,
in this latter case some dihydrocanadensic acid (20%) was recovered
but in spite of exhaustive extraction procedures no other characterisable
product was detected. Succinic acid derivatives have, however,
been reported to give poor yields of carbon dioxide when

140 _ |
Subjected to Schmidt reaction conditions, This has been postulated to

i
!
J
|
i

* Mixture of C-2 epimers * Quaternary mixture of C-2, C-10 diastereoisczers,
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be due to the formation of the hemi-acetal like species (205)
in the acidic mediun. The formation of the analogous compou
from dihydrocanadensic acid* 156 could explain Athe relatively
small yield of carbon dioxide and the reluctance of startim
material to react. Formation of fho zwiterionic compound (]
on work-up would result in any product formed being extremel
water soluble and difficult to isolate.

The next aporoach utiliscd the double bond of canadensic
to introduce a bromine atom B {o the carboxyl group. It ws
that a decarboxylation—-elimination reaction would then Liberak
carbon dioxide with formation of an olefin, which might be si
for further degradation. Bromination of canadensic acid+HaS
achieved by refluxing with carbon tetrachloride and an excess b
bromine to giwe an oil, whose i.r. spectrum did not show ay
olefinic a2bsorption. Peaks at 1775 cm.—l and 1710 cm."1 wert
assigned to ¥ —-lactone and carboxylic acid groups respectiwu'
The dibromo acid  structure (20B)was also supported by itsne
sopaectrum, Decarboxylation of dibromocanadensic QX?.QS.)MB)"“
achieved in reasona.blej yield by refluxing in ethyl acetate wil
equivalent of triethylamine.,  However, attempts to isolate
any other pfoduct from this reaction were unsucoessfui due ¥

decomposition both on preparative t.l.c. and g.l.c. Althowt

i
represented a feasible decarboxylation procedure, & more gat!

method seemed desirable.

+ Mixture of C-2 epimers.

* Quaternary iixture of C-2, C-10 diastereoisomers: ..

A
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. 4 - . *
Thus if dihydrocanadensic acid was converted by the sequence

shown (diag.6 ) into the olefin (209) it seemed likely that
ozonolysis of this latter compound would enable a step-wise
degradation to be achieved. Hence dihydrocanadensic acid* vas
converted by refluxing with oxalyl chloride in benzene into the
corresponding acid chloride which was reduced by sodium borohydrid. %:
diﬁydrocanadensol* (210). 1In agreement with this structure

was a strong hydroxyl absorption at 3550 cm.'.1 in the i.r.

spectrum which also showed only a single peak at 1760 cm._1

(¥ -lactonc) in the carbonyl region. The primary alcohol grpuping
was also indicated by the ﬁppearance of a 2H multiplet at 6.35 T
(QEZ-OH) in the n.m.r. spectrum.

Dehydration of the mixture of alcohols (210) fo the desirecd
olefin (209)+ was not thought likely to readily occur by acid
catalysis since primary alcohols cannot easily support any positive
charge on the primary carbon atom. These alcohols are in fact
believed to dehydrate via bimolecular attack of anions or
nucleophilic solvent molecules on conjugate acids of the alcohols.
As the B hydrogen atom in dihydrocanadensol* (210) was attached to 2
tertiary carbon atom it was, however, unlikely to be acidic. 1In

spite of this, it was found that even a brief reflux in benzene
With a trace of p-toluencsulphonic acid transformed dihydrocanadensol

into several less polar products. While the multiplicity of products

might be due partly to double bond isomerisations, further

* Hixture of C-2, C-10 diastereoisomers.
* llixture of C-2epinmers.



; : . .o F
Dicgrenm Degradation of canadensic acid
—— <

CH,O  C,
O3
OE\%H - SEQO‘QH
Kuhn Roth 1 Kuhn Roth
CH,CO.H
372
CH,CO,H
C6,C7 Cg>C7
+ .
SRRl



114

isomers could arise by dechydration of the isomeric lactone (211)
via the ortho ester type of compound. Alternative methods of
dehydration were therefore sought.

Dihydrocanadensol* (210) unfortunately resisted mild dehydration
using refluxing benzene and iodine or base catalysed elimination on
active alumina. Thus in order that a pyrolytic elimination reaction
could be attemnted, the oorréspondiné tosylate* (212) was prepared by
treatment of dihydrocanadensol* with tosyl chloride in the usual way.

Its structure was supvorted by the lack of any hydroxyl absorption in

ring (two doublets at 2.17 and 2.64T ) and aromatic methyl groupprotons:v
(singlet at 7.587T ) in the n.m.r. spectrum. Likewise there was a
downfield esterification shift of 0.45 ppm. of the resonance previously f
assigned to the hydroxymethylene protons (2H-10). |

Preliminary attempts to eliminate this tosylate (212) by
pyrolysis and to effect Hoffman eliminations after quaternising
triethylamine proved unpromising, and were not investigated further
when it was found that canadensic acid could be efficiently degraded
as indicated earlier (cf. chapter 3) by means of a carboxy-inversion:
reaction. A preliminary investigation of the biosynthesis of
canadensic acid® had, however, been initiated using the degradation
scheme outlined in diagram 7. This sequence of reactions enabled

a fairly good aporoximation of the activities at the‘indicated
Positions to be obtained, although a more detailed study using the

carboxy-inversion reaction can be envisaged.

+ Hixture of C-2 epimers

* Quaternary mixture of C-2, C-10 diastereoisomers.




H
QTECOQH - COH
COH

o aglt
C, precursor of glauconi¢?

O 9
HO

214 |




115

Biosynthetic studies on varioué fungal metébolites which
appear to be similarly derived have been carried out. Thus the
nonadrides exemplified by glauconic acid (213) was postulated 141 %0
ariée from the coupling of two C9 units of identical carbon
skeleton as indicated. That the 09 precursor was derived by
condensation of a hexanoyl derivative with oxaloacetic acid to

: ) i
give the substituted citric acid (fig. 21) was indicated 142 by

140 labelled acetate.into the fatty acid

a high incorporation of
portion, while only (l, 4—140) succinate was stereospecifically
incorporated into the 3 carbon unit. On the other hand, a similar
biosynthesis might be predicted for the lichen metabolites,
exemplified by (#) - protolichesterinic acid (214), but derivation

- from a C fatty acid chain and oxaloacetic acid seemed to be
contradicted by studies which suggested that the C3 unit was

derived from acetate rather than oxaloacetatel36. (Subsequent
contradictory experiments with protolicheSterinic acid were reported
later, when a good incorporation of succinate was obtained, and

seasonal variation in secondary metabolite production by lichens

was postulated 143).

The feasibility of this mechanism occurring in fungal secondary
-decylcitrigﬁ

. 144
metabolism was demonstrated by Gatenbeck who isolated (+)

acid and (~)-decylcitric acid (215,R=n.clo) from a strain of Penicill- %

1

ium spiculisoorum, and demonstrated their biosynthesis by condensation

, 145 o
of lauryl co-enzyme A and oxalacetate enzymically . The purified

enzyme system obtained was also capable of condensing fatty acids of
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smaller chain length than the natural one. Thus the hexyl citric acid

(?liRan6 ) obteined from a similar condensation of octanoyl co-enzyme

A with oxalacetate, couvld by decarbd;ylative elimination of water
and lactonisation produce canadensic acid 05 ).

Growth-time studies with Penicillium canadense indicated
that canadensic acid was [irst produced in detectable amount by
trl.c. after six days. Good incorporatiéns were obtained by feeding
labelled precursors to the fungus on the2nd. day and harvesting on the

~ 6th day, and hence all the labelling experiments were carried out on this

time basis. The experiments were carried out on a small scale using

5 roux ‘bottles (as opposed to 100 for a normal fermentation), and

the charcoal-acetone extract of the broth diluted with inactive carrier
material, The labelled canadensic acid isolated as a mixture of C-2 epimersf
was separated from the non-acidic mectabolites by bicarbonate extraction, ?l
and was then crystallised to constant activity. %

The incorporations achieved for several labelled substrates are ﬁ
given in (table 9). The high incorporation of sodium 14C-acetate was |
in agreement with the postulated biosynthesis of canadensic acid, and
degradation of the resulting labelled acid’ was carried out as indicated
earlier to determine the distribution of activity. The acetic acid
(C-8 and C~7) obtained by ¥uhn Roth oxidation of 2-'°C acetate

labelled canadensic acid’ (tablelO) was found to possess ca. 33% of the

+ Mixture of C-2 epimers.,
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total activity of the molecule, This is greater than the 25% expected
at these positions for uniform labelling of an acetate derived octanoate
chain,  This result can, however, be explained by a higher
incorporation of acetate into the starter unit., The acetic acid
obtained by oxidation of the derived dihydrocanadensic acid* was found
in both feeds to possess total acfivity only slightly greater than that of
the acetic acid obtained from canadensic acid’ confirming that there
was not a significant amount of (140-acetatederived) label at C=19
or (=11, This coaclusion was supported (at least as far at
C-11 is concerned) by ozonolysis of the labelled canadensic acid® to give
formaldehyde dimcdone which provided an accurate determination of the
activity at C-1l1. This showed that although no detectable labclling
of this position occurred in the acid+-derived from 1-1AC-acetate, a
small amount of activity (2.5%) was present in the acid+ derived
from 2—140~acetate. This result is consistent with the precursor for the
03 unit being succinic acid (or oxaloacetic acid) since conversion of
2-140-acetate into 2,3 ~1AC-succinate could take place via the
tricarboxylic acid cycle, while 1=14C acetate would not be expected to
label these poéitions (see diag. 8).

Confirmation of the postulated fatty acid derivation of carbon atoms
C-1 to C-8 in canadensic acid was also attempted u?ing experiments with
sodium D3-acetate, The good incorporation of1LC-acetate into the

+ Mixture of C=2 eﬁimers.

* Quaternary mixture of C-2, C-10 diastereoisomers.
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molec:le supgesved that a substantial deuterium enrichment might be
obtained if a large amount of substrate was fed to the fungus., This
type of technique, combined with mass spcctrometry, has heen used to

146
esteblish the biosynthesis of patulin (29), , while similar feedings

of 13C—labelled precursors established the biosynthesis of the

tropolone metabolite sepedonin (216%f7 ~ In our case, however, no
deuterium enrichment of either canadensic acid® or dihydrocanadensolide
was detected from exploratory experiments using mass spectrometry,

Several feeding experiments with probable precursors of the 03
unit of canadensic acid were also carried out, Since suceinic acid is
converted to oxaloacetate via the Krebs cycle, it was expected to be
mote specifically incorporated into this unit than had acctate.
Although the incorporstion of 2,3-3H-succinate was found to be small
(0,01%) a large amount of the activity (15%) was in fact present at
C-11 (Table 12). Some scrambling of the label was apparent, and
presumably occurrecd by partial degradation of the succinate to acetatc.
As has been shown above, however, acetate was not readily incorporated
into the '03 unit and hence the activity at C-11 was significant, and
this result thus suggested that succinate was indeed closer to the
imnediate biosynthetic precursor of this unit than acetate.

Although time prevented degradation of the labelled canadensic

- ) . .
acid’ from the remaining precursor experiments, certain conclusions can

1
be drawn from the observed incorporations (Table9 ). Both 3- AC-pyruvate

+ Mixture of C-2 epimers
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14 ,
(0.713) and 2= C-mevalonate (0,35%) were well incorporated, but

it is possible that these compounds are simply providing a source
of acetate. Pyruvate, of course, would be readily converted
biol%%&gally in the presencc of thiamine pyrophosphate and lipoic
acidrh-into acetyl co-enzyme A, while mevalonafe although theoretically
non-convertible to acetate (from which it is derived) has in
practice been incorporated into acetate derived molecules possibly
by degradation of terpene intermediates14?:15%bsides, the intact
incorporation of mevalonate into the carbon skeleton of canadensic acid
would g}ésumably require prenylation of a fatty acid, an unexpeéted
process biogenetically., The remaining labelled precursor, sodium 2-
14C-glyoxalate (incorporation 0.19%), however, is unlikely to be
converted to acetate by fungi. Apart from oxidation to carbon dioxice,
the most probable biochemical pathway involves condensation with acetate
via the Glyoxalate cycle (diag. 9) with the eventual formation
of oxaloucetate. An indication that this pathway could be important
in the biosynthesis of the metabolites of Pecanadense was provided
by the isolation on one occasion of small amounts of fumaric and succinic
acids, As these are possibie end products of the glyoxalate cycle,
their presence in isolable quantities suggests that this cycle is more
active than normally encountcred in primary metabolism,

Although these preliminary results appear to be in agreement

with the postulated biological formation of canadensic acid by

condensation of an octanoate chain with oxaloacetic acid, further
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experiments with labelled precursors and using the more extensive
degradation scheme are resuired, However, in order to clarify the
biogenstic relationships of the various metabolites of P,cansdense,
culture filtrates were examined after six days growth for the presence ol
possible biosynihetic intermediates.” The gum obtained from the organic
extract of the broth, after chromatography on a silver nitrate
impregnated silicic acid column afforded substantial quantities
of canadensolide, dihydrocanadensolice and canadensic acid as well as
fractions containing smaller amounts of two unknown acids. Separation
of these acids was achieved by esterifying the fractions using
diazomethane and p.lece

The less polar acid (217),gn 0il, analysed as C,H, 40, and
shovwed strong absorption a% 1770 and 1728 en.™ in its i.r. spectrum
due to the presence of a ¥-lactone system and carbomethoxyl group
respectively.,  Although no peak attributable to a double bond appeared
to be present, the u.v. spectrum, by strong absorption at 229nm,
(€13,500), suggested this ester possessed a similar chromophoric system
to that of methyl hydroxyisocanadensate (43).

Likewise the n,m.r., spectrum (fig.22) showed a 3H doublet’
(3= 2.0 Hz., 31;) typicel of a vinyl methyl group at 7.83T. Double
irradiation shoved 3H, was coupled to a 1H multiplet (Hp) at 4.94T,
assigned to an allylic proton geminal to oxygen, Confirmation of

the presence of the carbomethoxyl group was also provided by the 3H
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singlet at 6.14 T« At higher field, the 2H moltiplet 2t 8.35T
was assigned to methylene protonsonaz carbon atom B to oxygen, while
the remaining resonances centred at 8,6 T(6H) and 9,127T(3H)
héd the pattern expected for the n-butyl part of a n-pentyl chain,
This evidence strongly suggested that the ester had structure (217)
and was accordingly named methyl isocanadensate, This was supportéd
by the mass spectrum whose base peak occurred at m/e 156 (M = 70) due to
the expected loss of pentene from the molecular ion,

An important feature of the n.m.f. spectrum of this ester,
methyl isocanadensate (217, was the apparent non-equivalence of the
rethylene protons (2H~4). This was apparent when irradiation
at the 3H doublet at 7.83 (3H-11) resulted in the allylic proton (H-3)
collapsing to a double doublet (J1 = 8.0, J, = 1.5 Hz.) rather than a
triplet, This non-equivalence is typical of the protons of a methylene
group adjacent to an asymmetric ccntre78 and can be explained by the
different environment of the two msthylene protons in the three confomers
about the (C-3)-(C=4) bond. It was also noted that one of the methylens
protons had the same small coupling constant to that (J3,4 = 1.5 Hz.)
found for the corresponding protons of methyl hydroxyisocanadensate (142,

I .
The more abundant estsr (218) in the esterified fraction was again
’ -1
obtained as an 0il, 012H2004. Strong absorptions at 1790 cm. ~ and

1746 en,™t in the i.r. spectrum (0014) again suggested the presence of a
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¥=-lactone systen and a carbomethoxy group respectively. The absence of au-
conjugation in thic molecule, however, was shown by its u.v. spectrum
which had no absorption maximum above 200 nm.
Similarly, ths n.m.r. sﬁectrum (fig.23) in place.of a vinyl

methyl resonance had a 3H doublet (BHA) (J = 6.0 Hz,) at 8.73T,
assigned t0 a secondary methyl group B to carbonyl, These protons
were shown by double irradiation to be coupled to HB, forming with

HC a 2H multiplet centred at 6.,90T, both presumably being on carbon
atoms a to carbonyl. The 1H broad multiplet at 5.421:(5D) due to the
proton geminal to oxygen of the ¥-lactone was also-shown by double
irradiation to be vicinal %o the 2H multiplet centred at 8.2 and again
assigned to the methylene protonsa to carbon bearing oXygens
Resonances‘centred at 8,6 T(6H) and 9,12 T(3H) had the same pattern
observed previously for methyl isocanadensate (127) and typical of the
n-butyl moiety, Thus structure (218)was postulated for this compound,
methyl dihydroisocanadensate.

Dihydroisocanadensic acid (219)itself was leter isolated in

minor quantities from a normal 10 day culture, its i.r. spectrum

(KBr ) showing absorption at 3,200-2,800 cn.™d and 1742 en,”t due to
the presence of the carboxyl group. The n.m.r. spectrum, apart

from lacking the 3H singlet of the methoxyl group (6428T), showed
similar resonances to those found in the corresponding methyl ester.

In this case, however, double irradiation enabled the chemical shift
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velucs of H-2 (6,82 T) and H=10 (6.96T ), and the corresponding

coupling constants ( = 7.0 Hz.) to

= 900’ J = 8.0, J

¥2,10 10,11 2,3
be deﬁcrmined. As in the case of canadensic acid (95), however; it
was not possible to determine the relative stereochemistry by
application of the Karplus equation due to the flexibility of the
ring system. Evidence for a n-pentyl side chain was provided by
an ion at m/e 143 (i{'=71 mass units), the base peak in the mass
spectrum, due to the favoured cleavage at the¥-carbon atoﬁl3%f the
saturated lactone ring.
The 3R abeolute configuration of methyl isocanadensate (211)
was reacdily determined from its o.r.d. and c.d. curves which
exhibited positive Cotton effects, showing it to have the same absolute
confizuration at C-3 to that postulated for hydroxyisocanadensic acid
(148). Although a similar determination could not be made in the more
complex case of methyl dihycdrocanadensate (218)4if this molecule
is assuned to possess the same relative stereochemistry as
dikydrocanadensolice (54),1it may be represented as in ( 220).
Confirmation of the above assignment for dihydroisocanadensic acid
(219)could possibly have been achieved by interconversion of the
two esters, As specific hydrogenatipn of the butenolide system
of methyl isocanadensate (217) was unlikely to be any more successful
than in the case of is hydroxyanalogue (143),desaturation of methyl
dihydroisccanadensate (218)sing 2,3-dichloro-5,6~dicyano-p-benzoquinone

(D.D.Q.) was considered more feasible. Although this reagent usually
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dehydrogenates §-lectones to the corresponding o, funsaturated lactones

in feir yield?g, it was found not to effect the required

transformation on the dihyd.oester (218). A further attempt was.made to
pfepare the reouired butenolice system by making the hydroxyl

~

group of the ¥-lactone system in dihydroisocanadensic acid (219)
available for oxidation, via the big phenacyl ester derivative (221);51.
However, trecatment of the di sodium salt of dihydroisocanadensic acid ( 21%9)
with 2 equivalents of p.bromophenacyl bromide gave only the mono-
phenacyl ester (222), presumably due to the ready cyclisetion of the
corresponding diester.  The reported formation of p,bromophenacyle-
santonatéli%xl high yield from sodium santonate is possibly not a 5ood
analogy for the case in question, since the Santqnate ester formed could
adopt a skew-boat, conformation making recyclisaEidn unlikely.,

It was realised that saturation of the double bond of methyl
isocanadensete (217 would probably have been achieved using zinc dust
and acetic acid as described for its hydroxy analogue. This, however,
would have almost certainly been non-specific resulting in a mixture
of epimers at C-2 and C-10 and was not carried out on the small quantity
of unsaturated ester available. These new metabolites isolated
from the culture filtrates of the 6 day culture could thus represent
intermeciates occurring in the early stages of the biosynthesis of
some of the metabolites of Penicillium canadense, Isocanadensic scld (2237

could possibly result from concerted decarboxylation - elimination of -
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water followed by double bond isomerisation of an octylecitric acid
- intermediate. By simple stages of oxidation and reduction this
butenolide acid (223) could be converted into the metabolites shown
(A-B Scheme 2). ( Incidentally, attempts to effect in vitro
desaturation of 1l0-epidihydrocanadensolide (61) to the antibiotic
using D.D.Q. were, however, unsuccessful ).

The formation of canadensic acid (95) would appear to involve
the alternative decarboxylative~climination of water to the
unsaturated diacid (224) with itg subsequent lactonisation (A —C).
If both (+) and (-) hexylcitric acids are produced by this fungis
with analogy to the decyclcitric acjdsl44, then the corresponding
C-2 cpicanadensic acid (125) could be a natural metabolite, which

could cyclise to the dilactone system of canadensolide.
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A metabolite, structurally unrelated to those previously
described, was isolated in ninor quantities from the culture

fluids of Denicilliun canzdense on one occasion, This compound

was obtained from column fractions immediately following those
containing canadensic acid (95 ), and crystallised as needles

(repe 1440) from ethyl acetate - light petroleum., L1t appeared

to be phenolic (from its purple reaction with methanol ferric
chloride on t.l.c) and was shown to contain chlorine by a Beilstein
test, llass spectrometry gave a molecular ion at 174.00 75
7}1,]350103 requires 174,00 84) with the characteristic w+2

peak of approximately one-third the intensity of the parent due to the

(c

presence of molecular ions containing the 3701 isotope. This type
of characteristic doublet occurred at various parts of the mass
spectrum corresponding to fragment ions containing chlorine as
shown (diag. W), The interesting.biological properties shown
by various naturally occurring chlorophenols e.g. griseofulvin L225}5€
ochratoxin A 2;0153, etc. suggested that this compound would merit
further examination.

The i.r. spectrun of this metabolite showed no carbonyl
absorption but exhibited broad absorption.at 3,425 and 3,045 cm."1 due

-1 _
to hydroxylic functions, and absorption at 1597 em. ~ together with

intense peaizs at 700 - 9CO cm._l attributable to an aromatic ring.
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It's u.v. spectrum showed a strong band at 295 nm. ( €3,910) which
underwent a complex base shift (vide infra.).

The n.m.r. spectrun (fig, ¢4 ) in Dy dimethyl sulphoxide showed
broad multiplets at 0.38 T(1H) and 1.61 T (1H) assigned to
phenolic protons and a 1d multiplet at 4.92 T due to a hydroxyl

group (all three resonances disappeared on adding D.0). Two 14

2
doublets at 3.21 T (J = 3.0 Hz.) and 3.35T(7 = 3.0 Hz.) were
assigned to aromatic protons, thle the size of their coupling
constant suggested they were situated meta to one another.
The remaining 2H singlet at 5.48 T was assizned to an aryl
hydroxymethyl group. Irradiation at this 2H singlet resulted in
an increase in intensity of the low field doublet (3.217T),
presunably due to the removal of long range coupling. This result
suggested that the low field aromatic proton was ortho to the
hydroxymethylAgroup.

From the above data the metabolite appeared to be a
chlorodihydroxybenzyl alcohol and this was cbnfirmed by acetylation
to give a triacetate, which although shown to be homogeneous by t.l.c.,
was an oil, TIt's i.r. spectrum (thin film) in place of hydroxyl
absorption, showed a strong pand at 1770 em. ™} assigned to two
Phenolic acetate groups while a peak at 1745 em.™ indicated the

presence of a benzylic acetate groupe. The u.v. spectrum showed only
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end absorption Ficonfirming the absence of any phenolic group.
The expected acetylation shifts were found for the meta protons
(to 2,78 and 2,39 T ) ard tor the benzylic methylene protons
(to 4,98 T ) in the n.m.r. spectrunm,

Hydrolysis of one of the acetate groups of the triacetate
derivative readily occurred on p.l.c. The diacetate, again
an oil, gave a green colouration with methanolic ferric- chloride
on tel.c. and a base shift in its u.v. spectrum, suggesting the
presence of a phenolic group. Its i.r. spectrum (thin film)
showed broad absorption at 3,500 ema™ (<0H) and 1750 cn.t
(CH, C0.0-).  Two 3H singlets at 7.68 and 7,84 T in the n.;x.'r.
spectrum indicated the presence of oniy two acetate groupings.
Although the resonance of the benzylic methylene protons still
appeared at 5,02 T, the two 1H doublets (at 3.15 and 3.24 L) of

the aromatic protons occurred at higher field than in the triacetate

derivative, showing that a phenolic acetate group ortho or para to

two protons had been hydrolysed.

The 1,2,3,5 substitution of this chlorodihydroxybenzyl alcohol
suggested by the n.m.r. spectrum was confirmed by the characteristic
pattern of weak overtone and combination tone bands between 1740 and
1950 emy™ '®?  Phree structures having a proton ortho to the

hydroxymethyl group can be considered, namely the hydroquinone (1)

the resorcinol (II) and the catechol (III)., Hydroquinones are



O.2
N
= Ac
228
H2O H
OAc
230 229
CH
2OACC H,OH
| Cl
ACO/ OAc H H

231 i



129

generally differentizted ™ from the other two types by their

\n

u.v. spectra which exhibit a hypsochromic shift on basification.
However, the u.v. spectruz of the original metabolite upon addition
of base gave peaks z2tlonger wavelehgth, a result which was
interpreted as a bathochromic shift, hence, making the hydroquinone
structure (I) seen unlikely. Since the metabolite gave a negative
vanillin - sulphuric acid test for a catech01]57the resorcinol
structure (II) seened at this stage more feasible, and confirmation-
was sought by synthesis.

The first synthetic approach to this system used 3,4-dinitro-2-

1~P . .
chlorobenzoic acidib). Since attempts to convert the nitro

groups into the desired hydroxyl functions were unsuccessful,
chlorination of a suitable resorcinol was considered. The readily
available secondary metaboliten -resorcylic acid (2¢7), which has the
desired substitution was hence selected (scheme 3 ).  The phenolic
groups were protected by acetylation to the known diacetoxy compound
(228)19%, v 3,200 - 2,800 o™ (COH), 1770 (CH,60.0-),

and 1695 (CO0H), The presence of meta oriented aromatic protons

vas shown by doublets (J = 2.5 Hz.) at 2.67 T (2H) and 3.13 T (18)

in the n,m.r. Spectruﬁ. The two acetate groups gave rise to a 6H
singlet at 7.80 T . Selective reduction of the carboxylic function
of the diacetoxyacid (228) was carried out in good yield by using

exactly one equivalent of diborane > Jattack at the acetate group
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occurred with an excess of the reagent). The diacetoxy benzyl alcohol
(729), an 011 C  H, 0., in place of the band at 1695 cm.™" showed
absorption at 3,520 em. ™ (=0H) and retained a strong band at
1760 ca. ™t (CHBCO.O )  Formation of the hydroxymethyl group was
indicated by the 2H singlet at 5.19T and by the upfield shift of the
aryl protons to 3.06 T (2H, J = 2.0 Hz,) and 3,22 T(1H, J = 2.0 Hz.).
The triacetate derivative (230), C13H1404 was prepared prior
to chlorination of the aromatic nucleus, and was obtained as an oil
which lacked hydroxyl absorption in the i.r. but showed peaks at
1770 cm.—l (phenolic acetate) and 1740 ema ™t (b;ngylic acetate)
in the carbonyl region and also singlets in the n.m.r. at 7.71T(6H)
and 7.90T(3H) due to the two types of acetate groupings. It
had been considered thét achivation of the aromatic ring would be
provided mainly by the weak inductive (+1) or hyperconjugative effect
of the acetoxyuethyl group. The lone pairs of the phenolic oxygen
atoms should not contribute greatly to the electron density of the
aronatic ring due to delocalisation involving the acetate carbonyl
group as shown (diaz.11 ) (ef. u.v. spectra of acetylated phenéls
vwhich resemble those of the parent hydrocarbonl24) .Electrophilic
attack of chlorine at the desired position ortho to the acetoxynethyl
group rather than m hence ssened likely not only on the basis that
an increased slectron density at the former positions would result

if an inductive ef-ect was operative, but also because there was a
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statistically greater cnance of ortho substitution (2 possible
positions) rather than para (only 1 position). Consideration of
steric crowding would not appear to favour one position rather than
another,

In fact chlorination of the triacetoxy compound (230 ) occurred
slowly in acetic acid to give apparently only one chloro compound,
~ obtained as an oil, 013H13 0106, showing carbonyl absorptions at
1770 and 1738 cm.-l. The nem.r. spectrum showed that the predicted
2-chloro-3,5 ~ diacctoxylbenzyl acetate (p31) had been formed.
Two 1H doudlets (J = 2.5 Hz.) at 2.83 and 2.98 T were assigned to the
neta protons H-b and H-4, while in adiition to the 2H singlet
of the benzylic methylene protons at 4.73 L, three 3H singlets at
7.70, 7.77 and 7.83 T indicated the presence of three non-equivalent

acetate groups, Comparison of these spectra with the i.r. and n.m.r.

spectra of the triacetate derivative of the natural product showed t-at
although strikingly similar they were not identical.
Hydrolysis of this chloro coﬁpound (221) was achieved by
refluxing in methanol with hydrochloric acid to give the chlororesorcinol
(IT ) as needles m.p. 147°  Its i.r. spectrum (KBr) was similar
but not identical to that of the chlorine containing metabolite.
The n.m.r. spectrum (in D¢ acetone) showed 1H doublets (J = 2.0 Hz.)
at 3.30 and 3,58 assigned to d-6 and H-4 respectively and the 2"

singlet of the benzylic methylene protons at 5.27 T. The mass spectrun






showed a molecular ion at m/e 174 (3501), the base peak, from which
the loss of water was not particularly favoured (cf. the mass
spectrun of the chloro metabolite where M+-H20 was the base peak).
This is in accord with the recorded spectra of meta - hydroxybenzyl.
alcoholsléawhich exhibit strong molecular ions, and since no
mechanism can be written for the loss of water only weak M -sz
peaks occur. 1t was, trerefore, now evident that the mass spectrum
of the metabolite provided evidence, previously overlooked,
against the resorcinol structure II, Likewise the u.v. spectrum
showed kmax. at 283 nm. ( €2,365) which underwent a normal
bathochroric shift to 303 nm. (e 3,840) on basification,

"Although this synthesis did not provide direct evidence about
the structure of the metabolite, certain conclusions could be drawn

from the data obtained for the chloro resorcinol ( II).  Slight

broadening of the doublet of the proton H-6, ortho to the aromatic

methylene group relative to that of the para proton H~4 was obsérved
in the n.m.r. spectrum, proviiing confirmatory evidence for the similar
partial structure €33 ) previously postulated for the netabolite.

Also the close simiiarity in polarity (oh t.l.c.) of the chlororesorcinol
( II) to the metabolite suggested that of the two alternate structures
that of the hydroguinone ( I ) was more likely since the catechol ( 11)
would be expected to be much less polar than the other two isomers.

As stated previously, however, the u.v. spectrum of the metabolite
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did not show a hypsochromic shift on basification of its ethanolic
golution. Lnstead a series of intense peaks immediately appeared
at 314, 320, 408 and 433 nm. (fig. ), and were found to decrease

with time, the final spectrum showing oniy a broad band at 267 nm. which

renained unchanged on acidification. Contrary to the fact that
hydroquinone itself, is Known156 to give a hypsochromic shift,

its u.v. spectrum, recorded under identical conditions to those
used in the above measurements,was found to give a similar paitern
of absorption peaks on basification (fig.25 )y strong Qands occurring
at 312, 318, 410 and 430 nm.,collapsing rapidly to a broad band at
31lnm, Apart from one paper.P§4wh1ch records peaks at 405 mm. |
(log. € 2.0) and 430 nm. (log. €2.0) in addition to the nornal "hypsochromic®j
peak at 235 nm.(log.£2.7), these anomalous peaks recorded for a basified
solution of hydroquinone do not appear to have been reported in the
“literature, ror are any special precautiﬁns specifically used in
measurenent of these structural types stipulatedl65.

It was suspected that the unusual absorption spectra racorded

were due to the presénce of semiquinone ions by autoxidation of hydro-

ouinone in the basic solution, with these reactive ions undergoing

further reactions such as oxidation, coupling, etc.  This deduction
appeared to be substantiated by the "normal" hypsochronic shifts optained |
for both hydroquinones when their u.v. spectra were recorded under

nitrogen using deoxygenated aqueous sodium hydrozide as base.
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In fact a study of the absorption spectra of semlquinone ions,
generated by aerial oxidation of the corresponding hydroquinore with
bzsic ecatalysis, has been rade 166 « Although the unsubstituted Re-
benzoguinone ion itself wss too labile to be examined, the stable
2,5 di-tert-butyl-p~benzocuinone ion was reported to give weak
absorption bands at 436, 411 and 374 nm. and a strong band at 323 nn.
(fige 25 ).  The similarity of this spectrum to those reported above
provided further evidence for the involvenment of species of this type.

Synthesis of the 3~-chlorogentisyl aleohol (1 ) now
postulated as the structure of the metabolite was achieved as indicated
in (scheme 4 ), from gentisic acid (238), which can be readily
obtained from p,hydroguinone 157 « The tirst step in the synthesis
required preparation of the diacetate (2£39), a crystalline compound
C.,.H 0 The presence of the carpoxylic acid grouping was shown by

11%100%:
broad absorption from 3,250 - 2,800 cm. - and a strong peak at 1705

Cil. in the i.r. spectrunm. The acetate groups ggve rise to strong

bands at 1759 and 1727 cm.-l due to phenolic and hydrogen bonded

phenolic acetate groupings, and a 6H singlet at 7,67 in the n.m.r. speciru.
Selective hydrolysis of the 2-acetate grouping was obtained under

reflux in dioxan - water at pH 6,0 due to neighbouring group

Participation 168 involving the carboxylate jon. The facile hydrolysis

of acetylsalicylic acid is of course, well known 29,  Evidence for the



phenolic grouping in the S5-acetoxysalicylic acid (240) was its blue
colouration with methanolic ferric chloride on t.l.c., and its u.v.
spectrum which showed strong absorption at 308 nm.( ¢ 3,850) and a
base shif't. Unly a single ~bsorption attributabie to an acetate
group was likewise evident (1768 cm.-l) in the i.r. spectrum.
Of particular importance in the n.m.r. spectrum were the resonances of the
aroratic rrotons which established the substitution. A low field
doublet (J = 3.0Hz.) at 2.36 T was assigned to the proton H-6 which
was coupled to the meta proton H-4, a double doublet (J = 3.0 Hz.,
9.0 Hz.) at 2.73 T . The large ortho coupling (9.0Hz.) was evident
in the resonance of proton H-3, a doublet at 3.10 T .

Brief treatment of 5-acetoxysalicylic acid (240) with
diazo;ethane produced the corresponding methyl ester (241), a crystalline
solid (r.p. 870). (vmax. at 1670 cm.—l) showing a 3H singlet at 6.06T
in the n.m.r. spectrum. The only unsubstituted position activated by
the phenolic group was that at C-3, and hence the desired monochlorination
2t this position was achieved using chlorine water, or chlorine in
acetic acid when needle crystals (m.pe 124°) were obtained.
Although the presence of the expected functional groups could be
inferred from the i.r. spectrum Voox 3,450 (<CH), 1761 (acetate)

and 1682 (carbomethoxyl group) and the u.v. spectrum, conclusive proof
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of the structire was provided h7 the n.m,r. spectrum, which
displayed only two aromatic proton resonances. Doublets (J = 3.0 Hz.)

at 2.47 T (17) and 2.67 T (1H) were consistent only with resonances |
of the meta protons H-6 and H-4 respesctively, vhile the remeining

resonances were also consistent with structure (242).

Trestment of the above methyl ester (241) with a large excess

of chlorine in methanol gave, oa the other hand, a moderate yield

of a compound of similar polarity as yellow needles (m,p. 119°),

Perchlorinaticn was evident from the low hydrogen contgnt given by
elemental analysis, and the single resonance at 6,03 T (dve to the
methoxyl groun) shown in its n.m.r. spectrum. It.was thought that
hydrolysis of the acetatc group with subsequent chlorination had
occurred to give the trichlorohydroquinone (243).  However, an
altema?ive possibility was the corresponding quinone (244) which could
result from oxidation of the former compound by, for example, the
hypochlorous acid present in the s.olut‘ion. The quinone structure was

3
i
sugzested by the apparsnt lack of any absorption due to phenolic groups above:

3,000 em.™t in the i.r. spectrum, although this might be explained by the

strong hydrogen bonding likely to be present in the hydroquinone

structure (p43). The high ester frequency at 1735 em.™L and the strong
bands at 1632 and 168D cm."l”o, hoyever, seemed more consistent with a
quinone,  Similarly the u.vs spectrum shoved long wave absorption at
272 nm.which did not cxhibit a base shift although the molecular

171
absorption coefficient (e3,540) appeared low for a quinone.

C e marmu s g e o e TR ey .
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Confirmatory svidence was provided by the mass spectrum, hovever,
vhich showed “he molectlar ion (m/e 269) expected of the chloro
quinone structire (244) with ions at M+2, M+, and M+6 of the correct
intensity for a compound containing three chlorine atomsu?, and
a breskdown pattern consistent with this structure,

The fingl step in the synthetic sequence required reduction
of the carboxylic acid group of the chloro ester (242) to the
alcohol and hydrolysis of the acetate., Since the formation of
metal-oxide bo'1<1sl73lnlght have reduced the effectiveness of lithium
aluninivm hydride for this r:action, attempts were made to achieve
the required transformaticn using complex borohydrices (174) such
as sodium borohydride, lithiuvm borohydrides, etc. in methanol.
Linited success was obtaincd possibly due to the formation of boron
compounds of the final prodrct174 . By using ;‘1 mocdified work-up and =z larz:
molar excess of lithium aluninimum hydride, a moderate yield of materisl

of similar R, and staining to the chlorine containing metabolite was

£
obtained, Crystallisation from. ethyl acctate - light petralewn gave

ncedles (mop. 144°), C F C¢ which were identical in i,r. and u.ve

3’
spectra and mixed m.p. to & sample of the natural product. The metabclite

)

is hence 3-chloro-?2,35-dihydroxybenzyl alcohol, and the diecetate

derivative must have structure (245 )e
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Since o small amount of antifungal activity was known to be
present in the chloroform extract of the mycelivm of Penicillium
canadense, an investigation of the metabolites present in this extract
was carricd ovt by R.L. Baxter 175,  Although no antifungal antibiotic
was characterised, scveral ir;active métabolites were isolated, In
addition to trace amounts of canadensic acid, a nevtral oil
(thought to be an artefact) and a crystalline compound (of' postulated
amino acid orizin) were present in reasonable quantities. Althouvgh
tentative structurss had been assiéned to both these compounds, further
evidence secmed neccssary.,

(a) Iselstinn of o Plasticiser, \

The cclourless, noutral oil was at first assigned the dioxen struvcture
(246) o1 the basis of its spectral data. Strong absorption at 1745 em.™
in its i,r, spcetrum supgested the presence of the ester groupings,
which were confirmed by the scries of overlapping triplets (8H) at
ca. 5.9 T in its n.m.r. spectrun (fig. 26), assigned to methylene
protons geminal to oxygen of cafboxyl. The AB doublet (4H) centred at
6.9 and 7.2 T could be assigned to the methylene protons of the dioxan
ring, the coupling constant (15 Hz.) appearing to rule out the
corresponding epoxide structure. The singlet at 7.94T ,although at the
Position vsuslly associated with an acetate grouping, appeared to

integrate better as 4 protons rather than 3. These protons were, therefore,
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attributed tentatively to 4 protons & to carbonyl.  Evidence

for the propyl residue of the p-butyl ester groups was provided by
the resonances at 8.3 - 8.8 T (16H) and a triplet (12H) at 9.10T
(J = 7.0 4z.)

Since n-butyl esters appear to be unknown in fungal metabolites,
whereas, this grouwping is a common feature of many.known
plasticisox%}76 , this compound was suspeéted of being an artefact.
Horeover, it had also been isolﬁted in large quantities777 from
the broth of another fungus, penicilL}ngprgvicomgactum, grown in
our laboratories. Credence was lent to the dioxan structure (246 )

by the fact that it might represent a cyclic dimer of an

o
173

epoxidised methylencsuccinic ester which are known plasticiscrs .
It secmed possible that the dioxan product could have been
extracted from P.V.C., or rubber tubing during work-up procedure
or have been a funzal modified plasticiser ( by oxidative cleavage
of n-butyl pthalate for example).

However, although microanaly;is was consistent with the dioxan

structure (2.6 ), C 010, the mass spectrum did not show the

H
24744 _
expected molecular ion (m/e 516), the highest pcak occurring at

/e 403 (which might have been interpreted as an H+l ion).

Losses of butanol and butene evident in the spectrum did, however,

further confirm the butyl ester groupings. Further molecular
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weight determinations by osmotic pressure measurements,
furnished a molecular weight of 403 i-"S, and saponification,
-assuming the presence of 4 ester groupings gave a similar
value for the molecular weight. This clearly was inconsistent
with the dioxan structure (246),

That the signal at 7.98T in fact represented the three protons
of an acetate grouping (although the integration had suggested
the presence of 4 protons) was suggested by a loss of 60 mass units
in the mass spectrum, and was established by a selective hydrolysis
by heating to 200° in the presence of'3,5—dinitrob'enzoic acid

to give the corresponding alcohol (vma 3550 o:n-.'l, absence of

X

7.98T resonance in the n.m.r. spectmm): One spectroscopic
feature of interest was the sizable acetylation shift of 0.5
ppm shown by the methylene protons vicinal to the hydroxyl

group, a feature which has appeared to have escaped notice until

179
recently.,

The compound was deduced to be acetyl tributyl citrate (247 ),

020H3408 ard this was confirmed by comparison of the derived

alcohol with tributylcitrate.

This compound was shown to be present in P.V.C. tubing

by brief treatment with ether when & substantial quantity of
180

. essentially pure plasticiser was obtained. A recent paper

also described this compound as a contaminant of various solvents
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Diag. 12 Structural features present in the n.m.r.

spectrum of candipolin.
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in gcdition to ibs occurrence in P.V.C. tubing,
(b) Condipolin,

The crystalline metabolite (m.p. 210°) isolabed from the
chloroform extract of the mycelium was assigned the molecular formula
032H30:1205 on the basis of clemental analysis and mass spectrometry,
Infrared absorption bands ab 3,435 cm.™F ( €530), 1660 cm. ™t
(€900) and 1510 cm.-l in chloroform solution suggested the presence
of at lcast one secondary amicde group. Absorption at 1742 cm."l ( €422)
vas assigned to an ester grouping, vhile bands at 1690, 1579 en,™t indicated
the presence of aromatic groups, which appsared to be monosubstituted
benzene rings (from bands at 694 cm.—’land 194 cm'.'1 ). In agreement
with this were the abundant peais at m/e 91 and m/e 175 in the mass
spectrum vhich suggested the presence of benzyl and benzoyl groupings.

The n.m.r, snsctrum (fig, 7 ) of candipolin showed the pressnce
of the strictural fcatires reprosented in (diag. 12).  These partial
structurcs have the appropriate n.m.r. signal indicated, and sequences
of vicinal prebons were demonstrated by double irradiation experiments.
Ixchange of the anide rrotons (24, m, 3.3 T) did not oceur with DO
but was rapidly achicved using CF3°CO2D'

With the knowledge that the molecule possesses two benzoyl
groups, and an ester function the most obvious way of combining these
partial structires gives the 'peptide! structure (248 ).  The mass

Spectrum (Tablc 12 ) seemed to be in accord with this structure, Loss



(8Ll /) N=H0CHo W
566 # uw 8z -
(871 a/m) 0=0=N~ HO*“RO*WI
L -
(€22 ®/) W00~ N=HO"CHO'W
G°G6 n U 8c =~ ﬂ
W TO0THY GLy o /u
(T 3/w)  0=0=0-"HO"UWd
16—
(905 o /1) K

*TUHODHESIE [645000G SSC pPosodoag

Ll
Ll
cL
ool
7€
L6
LT
19
AN
€€
S°T
0c°0
gLee
S0*C

(%) souepunqy SAT3E[9Y

*UTL0dTpUty J0J BYB(Q T8I%09dg 552)

AN CER

LS
79
L
L6
8Lt
oY7L

L7

871
gee
TS
69¢
762
gLy
906



3
LA

248

249




142

of a benzyl racical from the molecular ion (m/e 536) could account for
the ion at n/e 415, while the strong peak at m’e 251 indicated the ion (e=:
which could arise by cleavage at the peptide bond, Loss of CO from his *--
would give the ion at m/e 223. |

Hydrolysis of candipolin was achieved by heating with 5H
_hydrochloric seld in a sealed glass tube 181at 130°, Analytical
t.l.c. (using silica gel G)  showed the presence of two polar

compounds active to ninhydrin, these being identical in R, and

f
staining to samples of phenylalanine (orenge/red on standing) and
phenylalaninol (purple/red only cn heating). This was further
substantiated by mcthylation followed by trifluoroscetylation 182
of part of the hydrolysate ,when two psalks of equal intensity,
corresponding to those recorded for authentic samples of bistrifluoro-
acetyl-phenylalaninol, and triflvoroacetyl-phenylalanine methyl estef,
were obbtained on g.l.c. (using a 1% 4.G.5. column at 140°).

An ether extract of the above hydrolysate gave a crystalline acic,
vwhich was purified by dissolving in aqueous sodium bicarbonate
and precipitaticn with hydrochloric acid to give benzoic acid (m.p. 122° )
idénticlr»il in its i,r. spectrum and mixed m.p. to an avthentic sample,
The remaining amine hydrochlorides, however, could nqt be separated witnou®
Prior formation of suitable derivatives. Thus esterification (using

methanol and hydregen chloride) followed by acetylation gave an oil,

vhich although apparently homogeneous by analytical t.l.c., separated
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into two bands on multiple elution preparative layer chromatography,
enabling two crystalline compounds to be isolated, The less polar
matcrial, 012%115;103 (mer. '7'00) wes found to be H-acetylphenylalanine
methyl ester (730 ;182 s its i.r, spectrum ( KBr) showing a band at
1748 ems ™t due to a carbomethoxyl group, and absorption at 3,300, 1645
and 1527 Cm.—lindicative of a secondary amide grouvping. The presence
of these groups was further confirmed—by 34 singlets at 6.,20T (QMe)
and '7.90'[(-:-&‘1.00.@3) in the n.m.r. épectrum. The methine proton
appearcd at 5,25 as a 1H double triplet (J = 7.0, 8.0 Hz.) due
to coupling with the benzylic methylene protons (6.80T ) and the amide
proton (3.23 T /. This compound was found to be dextro—rotatory,

la ];3+ 25.00(01101,2') and hence the L optical isomer (literature value

Lal 1950 cei) 183,

Lhe other compound, C,5f, M0, (mep. 128°) was found to be
¥,0diacetyl phenylalaninel (€51). Its i.r. spectrum was characterised
by a lower ester fregquency (1725 cm.-l, CHBCO.O) than that found for the
previous compcund, the postulated structure being supported by 3H
.smblets at 7,90 (cq C0,iH=) and 8,07 (c:HBco.o-) in its n.m.r.
spectrum,  Other important features were the 2H doublet (J = 5.0 Hz.)

at 5,97 T assigned to the methylene protons geminal to acetate, and

the increase in chemical shift (0.55 p.pem.) of.the methine proton (5.60T
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reletive to that of acetylrhenylalanine methyl ester (250). This
compound was found %to laevorotatory, and comparison with a synthetic
sample of H,0-diacetyl-I~phenylalaninel (vide infra), | a]D - 55,5
(CHCJ.B), proved it also o be the L optical isomer,

Hence, candipolin appeared to be derived from one molecule each
of L-phanylelanine and Lephenylalaninol and two molecuies of benzoic
acide  Since peptide synthesis is well documented, the total synthes:s
of this molecule seemed a comparatively easy task, and the genersl
approach using coupling of L-benzoylphenylalanine (252) with
phenylaleninol (253 ) to give the peptide aleohol (54 ) wes employed.
In fact the use of a benzoyl protecting group introduced difficulties,
although a successful route was eventially achieved.

Minor problems were also encountered in the apparently straighi-
forwerd synthesis of the sterting material., Thus the protected amins
acld (252) covld not be prepared by treating phenylalanine with
benzoyl chloride in pyridine possible due to mixed or benzoic anhydriZe
formation,  However, by acid hydrolysis of the easily prepared
benzoylphenylalanine ethyl ester(m.p.103%) Voax, 1192 cm.-l(COzEt),
1645 and 1525 eme (amide), needle crystals (m.p. 1,1°) of
benzoylphenylalariine (252 ) were obtained, Its structure was
Supported by strong i.r. absorption at 1705 cm."l due to the presence
of the carboxylic ecid, and apart from the absence of ester group

resonances the similarity of the n.m.r. spectrum to that of the originzl
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ester.,

Phenylaleninsl (25}), the other compound essential for the
1584

synthetic schemz, is reported t¢ be formed in high yield by '
recuction of phenylalanine ethyl ester by sodium borohydride in ethanol
via participation of the amino group. In our hands, however, under
varied conditions, only indiffarent yields of the desifed alcohol
were obtained with hydrolysis of the ester group the predominant reactic:.
It was more convenient to effect reduction using lithium alvminium
hydride which gave a high yield of optically pure phenyialaninol (253).
(I% seenms nrobably that the racemisation previously repcrted for this

. 17§
reaction

rcsulted froa the alkaline conditions nsed in the work-up).
This raterial lacked any carbonyl absorption, but strong i.r.

peaks at 3,325 ond 3,295 cm.'l together with broader absorption at
13,200 en.™! vas in accord with the presence of both amine and alcohol
functicns,  Confirmation of its struct: re was obtained by

Preparation of the diacetyl derivative, which had identical physical

properties to those reported above for one of the products of the

hyérolysis of candipolin.

Preliminary attempts at coupling benzoylphenylalanine and .
phenylalaninol using the acid chloridels6or mixed anhydride techniqueg”
were totally unsuccessful. The former method, however, has been shown
to be vnreliatlel ! , and the latter, depending on the competitive action
°f two different acyl radicals, has also been criticiged ! 9. A

. . 160
Partially successful route was achieved using the active ester method
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whereby ths p-niirorhenyl ester of benzoylphenylalanine (252 )
wvas allowed to rcact with phenylalaninol in an incrt solvent.,
Mthouzh exceptionally clean this reaction produced two prodicts of
similar Rf which vere eventially shown to be isomeric alcohols of the
general structure (254),but epimeric at the asymmetric centre present in
I~benzoylphenylalznine (252 ).  Since the .p:-nitrophenyi ester
vas optically inactive it appeared that racemisation had occurred on
treating benzoylrhenylalanine with p-nitrophenol in the presence of
dicyclohexylcarbodiidide (D.C.C.). Although this reagent has
been reported to cause racemisation 191, the above result at first
seemed unusval since the corresponding active esters of carbobenzoxy
protected amino acids have been prepared in high optical purity 190
It was, however, suspscted that the benzoyl protecting group used in
our case was nob as efficient as the moreAusual carbobenzoxy, presumably
197

because the former is more electronegative, and it has been reported ?
that benzyloxycarbonyl - L -leucine retains some of its optical activity evex
after seversl days in zcetic anhydride with sodium hydroxide, whereas
benzoyl-I~leucine is completely racemised after a few hours,

The above difficulty was circumvented by applying the
azide coupling tecl-w.m’.qué93 which is generally exceptional in avoiding
racemisation. Thus the hydrazide of I-benzoylphenylalanine was :
Prepared from the corresponding ethyl ester by treatment with

hydrazine hydrate, and converted into the req ired azide using nitrous
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acid at ice temperaturs,  On treatment of an ethyl acetate

41

solution of the eri:de zzide with L-phsnylalaninol (253)fbe amide
aleohol (254), a viscous oil, was obtained as the sole product.  The
presence of the hydroxyl srovp was shown by broad absorptinn ccntred at 3

cm.-l in the i.r.spectrum, while strong,sharp sbsorptions at 1655 and

/,~/

1630 Cm._l appeared indicative of two types of amide fu;nctions.
Its structire was also supported by its nem.r. spectrum where the
resonance ol two diffcrent benzylic methylene groups were apparent
at 6.72 and 7.20 . ts spectral features were similar to those
recorded for the epimeric amide alcohol (255) which had been previously
prepared by the active ester procedure.

To complete the synthetic scheme the amide alcohol (254)
was beazoylated vsing benzoyl chloride in pyridine to give a compound
which crystalliscd as needles (m.p. 208 ) from ethanol, and'which had an
identical Rf and stain with ceric ammonium nitrate to that observed for
candipolin, Hdewvever, it was only too- appar;—nt from a comparison of
their i.r. and n.m.». spectra that the two compounds were not identical.
The structure of the syathetic amide (<56) was validated by its i.r.
spectrum vhich showed in place of hydroxyl absorption new psaks at 1722 end
1715 cm.-l in the carbonyl region dve to the formation of the benzoate
grouping, (1_“;1., exanples of multiple carbonyl absorptions due to a
single co“bo*xyl grouvp are known 194y, similerly the proton resonances i

its n.a.r. spectrim (fiqa 28) were con31stent with its structure
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the methylsnc vwrobtons which were geminal to hydroxyl and noy
apprared ot 5.88T .

Critical resonances in the above n.m.r, are, however, thoge
assignzd to the aromabtic and amide protons, The syathetic
benzoylated amide (256) showed two 2H narrow mltiplets CCI-ItI‘Gd
at 2,90 and 2,287 , vhich were assigned to the ortho 'protons
of the benzoate and benzamide grovps respectively, these protons being
deshislded by lyiag in the plane of the carbonyl group. In the n.m.r.
of candipolia, however, only a single 4H narrow multiplet at 2,27 T was
apparent (cf. fig. 27 ), suggesting that the two sets of ortho
protons were attached to similar (benzamide) groups. Also tle
synthetic amide (256) exhibited two 1% multiplets at 3.16 and 3.75T |
assigned to the protons of aromatic and'aliphatic'amide groups respectively,
This effect was attribubed to the greater acidity of the aromatic and
amide proton because of the weak - I affect expected of a benzene ring
conpared to the + I affect of the alkyl group in an aliphatic amide
(diag. 13!.  Candipolin, however, again showed only a narrow 2H multi:le$
at 3,3 indicatihg that its two amide protons were of the same type
and probably benzamide protons. ‘

The above cvidence suggested that candipolin had the benzoylated
ester strvetvre (c57).  In agreement with this was the low benzoate
frequency (ca. 1720 cm.'l) shown in the i.r. spectrum of the synthetic

-1 . '
peptide which indicated that the 1742 cm,~ band in the i.r,spectrum of
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candipolin (which had been assigned to this type of grouping) was

in fact more in accord with a saturated ester. To substantiate the
above assignments it was necessary to examine the relevant physical
features of other Heand O-bcnzoylated derivatives., Thus the

carbonyl absorption of the benzoate grcup in the i.r, spectra of

the epimeric synthetic amide (258) and dibenzoylphenylalaninol again
occurred ca. 1720 cm.-l providing corroborating evidence for this
grouvp frequency. Moreover, more concrete strictural evidence was
obtained from a comparison of the chemical shift values of the critical
protons (Table 13, This confirmed that the typical value for the
ortho protons of a benzoste group was ca. 2.9(% 0.1)T while the
corresponding protons of a benzamide group occurred at ca. 2.3

(: 0,1) T . Similarly it was apparent that the amide proton of a
benzanide grovp had a characteristic chemical shift value of ca. 3.3T
while that of a peptide bond was ca. 3.7T with slightly higher values
for 'alirhatic' secondary amide protons, This data thus completely
supported the 'ester' structure of candipolin.

This mataboiite is hence interesting because of the unzxpected
ester linkage between the molecules of phenylalanine and rhenylalaninol
and the presence of benzoyl residues, Thus,although benzoyl esterases'”
arc known in fungal systems, they are relatively rare, Secondary
metabolites known to possess this feature are pebrolide (259), a

196

Sequiterpene benzoate from Penicillium brevicompactum and
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. - 1l
aurantiacin (460) 97. L-phenylal=ninol itself has been also

reported to be a constituent of another fungal metabolite, a biolorica i~

. . . > . G3
active polypeptid:«, antiamoebin, from Fmericellopsis poomensis.]'/u

Attempts to synthesise candipolin (257) from benzoyl-L-

phenylalanine (252) and K-benzoyl-L-phenylalaninol using normel

peptide coupling techniques were unsuccessful. The formation of ern esteri

¥

bond, however, requires much stronger activation than for peptide bords

and this problem has been encountered in the synthesis of the
c¢yclododecadepsipeptide valinomycin, which containé two amino acids
(L-valine and D-valine) and two hydroxyacids (D-a-hydroxyisovaleric =zcid
and L-laztic acid) arranged in a 36 membered ring regularly alternating

199

between amino and hydroxy acids . In this case the ester linkages
were eventuzlly formed in good yield by using N,N-carbonyldiimidazole
(CDI)zoO as coupling reagent. Preliminary experiments using |
this reagent for the coupling of benzoyl-L-phenylalanine and N-benzor-L-
es™)

phenylalaninol have proved promising, and the synthesis of the ester (25

is at present in progress.
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LS TRUMENTATION

Melting points were determined on a Kofler hot-stage
apparatus and are uncorrected, boiling points are uncorrected,
Ultraviolet spsctra were obtained on a Unicam S.P. 800 recording
spectrophotometer, Infra red spectré were measured. with a Unicem
S.P. 200 instrument and a Perkin IElmer 237 spectrometer, Huclear
magnebic resonance spectra were recorded with a Perkin-Flmer R 10
60 Mc/s spectrometer and with a Varian HA-100 Mc/s spectrometer,
Unless otherwise stated all values quoted are recorded in
chloroform with tetramethylsilane as internal standard. Mass spectra
were obbained with an A.S.I. M.S. 12 mass spectrometer, Analytical
gas-liquid chromatography was performed on a Pye Argon chromatograph,
while combined mass spectromstry - gas chromatographic determinations
were obtained from an LKB=9000 instrument., Optical rotations, in
methanol (unless otheruise stated) were measured on a Hilger and
Watts microptic photoelectric polarimeter.

Thin Laver Chromatography.

Rf values were determined from elution on 0,25 mm. layers of

Kieselgel G, the compounds being located by spraying with ceric

ammonium nitrate/sulphuric acid (1% in 10%) and heating. The colour
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observed for a particular compound is given in brackets immediately
after its Rf value, The dyes sudan yellow and p-aminoazobenzene
were used to standardise all Rf values, The Rf values of these

dyes in the solvents employed arec given below s

Solvent p-aminoazobenzene sudan vellow
1005 CH.Cl3 0.51 0.62
1% MeOH in CHCl3 0.90 -
GENFRAL,

Diazomethane was prepared by the method of Moore and Reed 201

from bis (Hemethyl=N-nitroso)-terephthalimide. All organic extracts
were dried over anhydrous magnesium sulphate and solvents were
removed using a rotafy film evaporator, 'Light petroleum', unless
othervise sﬁated, refers to light petroleum b.p.. 60-30°,

Concentrations for optical mcasurements are given in g./l.

The following abbreviations are used in reporting spectral
data: S, singlet; d, doublet; &, triplet; q, quartet; m, multiplet;
br,, broad; and infl.,point of inflexion.

In the following typical description of n.m.r. data

5,6 (1H.m, irr 2.7 — d (J=2), irr 4.3 — t (3,=2, J,=3), H-4),
irradiation at 2.7 T has resulted in the collapse of the 1H
multiplet at 5.6(to a doublet J=2Hz., etc.

- refers to protons of the type indicated in x-caz-ggg-cnz.y

Sat, -GH2
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where X and X can be either hydrogen or carbon atoms.
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ELPIRIMITITAL .

CHAPTIR 1,

Nomenclature used in Activity Assoy Results,

The code used for describing activity assay results is as

—~

—

follows : the first number refers to the dilution i.e. 1 is a

dilution of &, 2=1, 3=%, ete. A fungistatic effect is indicated by
the presence of a first figure which is the lowest dilvtion at which
no germination or gerumination less than 1% is observed. The letter
S indicates stunting and the following number the lowest dilution at
which this occurs. Thus 355 indicates no germination at the lowest

dilution of %, and that stunting occurs at a dilution of 5-32-.

202
Growth and Extraction of the Mold

Penicillium csnadense (Commonwealth Mycological Institute

No. 95, 493) was subcultured onto 2% malt agar slants and thence to
agar seed bottles (15 x 9 cme)s A spare suspcnsion, ﬁrepared from
12 such bottles and distilled water (2l.), was used to inoculate 100
Roux surface culture bottles which had previously been sterilised
(0.5 hours with steam at 242°F and 12 p.s.i.) and each contained
200 ml., of the following medium : )

Glucose 50g.

Ammonium tartate 2.8g.
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Dipotessium hydrogen phosphate 5.0g.

Magnesium sulphate 1.0g-
Sodium chloride 1.9g.
Difco yeast extract ' 0.5g.

Fe30, . 7H,0 (0.1g), Cus0, 5H,0 (0.015z), ZnS0, . 7H,0

(0.05¢), HnSO, (0.01g), 1 mi NaMoO, (0.01g), 100 ml

distilled watecr,

Distilled water was added to make 1 litre solution,
Cultures were allowed to grow undisturbed at 250 and 70% relative
humidity, artificial illumination being provided by Mazda
fluorescent tubes for approximately 8 hours per day. After the
prescribed period of growth had elapsed, the mycelial mats were
separated from the broth, dried at AOO, powdered in a mortar and
subjected to soxhlet extraction with chloroform for 24 hours. The
pH of the broth was adjusted to 7 (recorded on a pH meter) and in one
procedure extracted with activated charcoal (10g. per litre of broth)
at room temperature for 24 hours. Thereafter, the charcoal was
filtered off and extracted in a soxhlet for 24 hours with acetone, 1In
the later procedure the broth was subjected to a constant liquid-liquid
extraction with etnrl acetate for 24 hours,

Activity Assays
Initial assays for antifungal activity using the serial dilution



Table 14, Initial Activity Assays on the Culture

filtrate of -¥'. canadense,

Fungus Dayes of Growth
6 18
P. canadense 559 154

Table 15. Activity assays of a typical growth period

of P. canadense (Large Scale Production).

Days of Growth
3 ’ 6

10

359 5510

5511
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spore germination test on the conidia of Botrybtus alii were performed

on replicate cultures of the funpus, After intervals of 6, 12

and 18 days growth, the broth of each medium was filtered through sterile
No.l Vhatman paper and the crude filtrates were used for the assays
(Table 14)s From this data it appeared that the optimum time for

" antibiotic production was 10 days and hence cultures were harvested

after this time,

Large scale production on groups of culturcs (100 Roux bottles)
were then carried out. Assays for antibiotic activity at intervals
throughout the growth period of 10 days gave the results shown in
(Table 15),

Similar assays performed on the mycelial extracts had shown only

very weak activity.

Chromotographic Separation of the P, Canadense letabolites .

The dry broth extracts (5.4 g.from 1 l.broth) were dissolved in
chloroform, silicic acid 10g added and the solvent removed on a rotary
film evaporator. The silicic acid with the adsorbed organic material wzs
allowed to dry thoroughly at room temperature, finely powdered and
introduced onto a column of silicic acid (200g). Scparation was
achieved by elution of the column with petrol containing increasing
percentages of chloroform (10,20,30, ete. % of chloroform). Fractions
were collected at 15 minute intervals (50ml. ). Tablel6 exhibits a tycical
fractionation distribution, these quantities of metabolites are only

approximate, since there is always a variation in the relative proportic=zs
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produced by the fungus,

Fracticns 11-18 were combined and the mixture separated by
preparative layer chromatography on a Kieselgel HF254 plate
(Im x 20 em x 0.75 cnm) using multiple elution with 80% chloroform/20%
petroleum ether, The less polar band containing dihydrocanadensolide
was dctected using an iodine spray reagent. IElution of this band with
ethyl acetate gave pure dihydrocanadensolide (200 mgs), which
crystallised as needles (m.pbt. 94.5°) from benzene/light petroleum.

The band corresponding to canadensolide could be detected by its

pale blue fluorescence under u.v, light (254 nm,) and its staining with
iodine. Canadensolide was obtained as an o0il (250 mg.) on eluting this
band with ethyl acetate, It crystallised as needles from ether/

light petroleum (m.pt.50°) on leaving at ice temperature.

The more polar fractions (20-24) were crystallised from
benzene/light petroleum mixtures to give canadensic acid,  This was
purified by dissolving in ice-cold freshly prepared aqueous sodium
bicarbonate solution and then immediately reprecipitated with ice cold
dilute 5H hydrochloric acid., The filtered solid was washed with water
and recrystallised (after drying);

The later polar fractions (25-29) contained varying concentrations
of canadensic acid and hydroxyisocanadensic acid which resulted in jellr
formation on attempted crystallisation. Pure samples of this were
obtained by very careful partial crystallisation from ether/light

petroleum of fractions which contained essentially pure hydroxyisocanacen-



sic acid. t could also be obtained by subjecting a chlorofornm
solution (200 ml.) of crude extract (20g) to one extraction of a
saturated freshly prepared solution (20ml.) of sodium bicarbonate,
Acidification of this aqueous solution at ice temperature with
5N hydrochloric acid gave a precipitate of hydroxyisocanadensic acid
(0.8g), which was crystallised as needles from ether/light pstroleum.
Continued elution of the column with chloroform containing
increasing concuentrations of ethyl acectate (0,10,20 % ete.) gave
reddish oils, which consisted of several polar materials. (Fr30 -).

Minor quantities of pure metabolites were obtained from these,

Canadensolide ( 51)

The antibiotic was isolated as previously described as an oil
which cryétallised from ether-light petroleum as colourless needles
Me Do 50°.

la)p -14° (c 0.86),
0.R.D. in methanol (€ 0.57): [0 ,50, =905 [ D] 554 - 2,860;
0] 50 = 2,700;  [D] 555 = 35,400,
T,l.c 0450, CHCL, (yellow-brown),

i.r. v max.(KBr'): 1764 (¥ -lactone ), 1666 (C=C), 1185,

1060, 959, 918, 908 cm. .
v oo (1046 mif CHOL,)z 1775 sm.~L (€ 1320, A vk 23em.T)

1663 cm.-l (e 73)
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UsVe A maX-( E504): 213 nm, ( ¢ 11,700).
n,m.r, 100 Me/s (CD013)‘C : 3,58 (1H, &, J = 2.5 Hz., H-1llg),

3.97 (14, d, J = 3.0 Hz., H-11%t), 4.88 (1H, dd, J = 6.5,

4e5 Hzey H-3), 5.38 (1H, m, J = 6.2, 4.5 Hz., H-4), 6.05

(1H, da, J=6.5, 2.0 Hz., H-2), 8.08 (2H, m, 2H-5),

8.5 (4, m, sat. -CH,-), 9.05 (3H, %, J = 6.0 Hz., CH,~CH,,
m.s. n/e (Rel abundance): M 210 (9.5), 182 (1.5), 166 (3),

A\
/e

153 (2), 151 (3), 137 (7), 123 (18), 109 (19), 110 (40),
98 (67), 96 (100), 85 (22), 69 (31), 68 (54), 67 (21),
57 (16), 55 (23).

Analysis_ ¥ound :  C, 62,84 H, 6.64%; M' at w/e 210.

011H1604 requires C, 62.35; H, 6.,71%; MW, 210,

0 zonolvsis of Cansdenseclide (51 ),

A stream of QZonised oxygen was passed through a solution
of canadensolice (150 mgs.) in glacial acetic acid (15 ml. ) for 1} hours.,
2 N hydrochloric acid (6 ml.) was added and the solution was left
at R.T. for 2 hours. After the addition of more acetic acid (émls.),
the solution was stirred overnight,
The solution was stecam distilled into an ethenolic éolution
" of dimedone (40 mgs. in 10 ml.). After heating for a few minutes on
a hot clate, the distillate was allowed to cool. The white solid
obtained was crystallised from ethanol-water as needles m.p. 191°

(30 mg., 14%). The melting point remainded -nchanged on admixture with
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an authentic sample of formaldehyde dimedone,

Cleavage of Canadensolide (51 ) with Sodium Metaperiodate.

(a) Canadensolide (25mg.) in methanol (1ml.), and 3 mls, 0.1N sodium
hydroxide, was refluxed for % hour. The cooled solution was
diluted to I5 ml, with water and adjusted to pH 8.5, Sodium
metaperiodate (35mg) was added. A chloroform solution containing
2,/4=dinitrophenylhydrazine (25mg. in 10ml.) was stirred vigorously
with the aqueous solution overnight,

The chloroform layer was separated, washed with water (2x10 ml.),
dried and evaporated., P.,l.c. of the resulting oil gave a solid,
which crystalliscd as needles from ethanol-water —m.p. 196°
(4mge, 13%).  The melting point was undepressed on admixture with an
authentic camole afn;valeraldehyde dinitrophenylhydrazone.,

(b) °4 Canadensolide (21mg.) was treated with potassium hydroxide

(13.5 mg.) in water (1ml.) and gently warmed for a few minutes,

Sodium metaperiodate (22 mg.) in the minimum volume of water was

added dropwise with stirring., A white precipate formed rapicly

and stirring was continued for 4 hours, The aqueous solution was then
filtered and the filtrate cafafnlly‘steam distilled. The distillate
was examined by g.l.c. using an Aerograph 200 instrument and two

separate columns. Column (1): 20% Carbowax 1500 on 60/80 Cromosordb ¥.,
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5! x %“ . Coluan temperature 60°, detector temperature 170°,
injection temperature 120°: Flow reste 20 ml./min. N2 58 peSels
and H, 18 p.s.io Column (2): 15% D.4.P. on 60/30 Chromosorb
Wey 6' x %" (Column temperature 60°, detector temperature 120°:
Flow rate 18 ml./min,, N2 58 pes.i., and H2 18 p.s.i.)

On both columns the n-valeralcehyde present in the distillate had
the same retention time as an authentic sample (Tablel?7 ).

The walls of a 1ml. syringe were coated with a 50% aqueous
solution of sodium borohydricée. Vapour samplcs (0.2ml.) from
the distillzte were introduced into the syringe and allowed to
react with the borohydride for 10 minutes. Subsequent g.l.c.
exemination of this vapour on the two columns showed one peak
corresponding in retention time to n-pentanol (Table 17). The vapour
from an aqueous solution of an authentic sample of n-valeralcehyde was
Similarly treated with borohydride, g.l.c. examination showing
complste reduction to pentanol (Table 17).

Dihydrocanadensolide ((54)

This compound was isolated as described earlier and crystallised
from benzene-light petroleun as colourless needles meps 94¢5 = 95°,
Le 15 - 31%C 0.53),
O.R.D. in methanol (C 0.52): [B],005 = 5405 [B] pyu0 = 8905

[ 8] 5560-3,860;5 [E] 5150 *65110.
L.l,c, 2.52, CHC1, (purple~brown),
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i.r, v max,(KBr'): 1766 (lactone ), 1292, 1185, 1068, 958,

916, 908 em. 7L,

y max'(o.'?s ! 01i013): 1783 cm, ™t (e 925), 1759 cn, ™t

(shoulder) (e 850),

U Ve A max.(EtOH): no sbsorption ) 200 n.m.
NeMm.T. 100 Mc/s (CDC.'LB)‘C: 4485 (1H, dd, J=6.0, 4.0Hz., H-3),

5.44 (1H, m, J=7.0, 4.OHz., B=4), 6.83 (1H, dd, J=6.0,
1,0Hz,, H=2), 7.06 (1H, dq, J=8.0, 1.0Hz., H-10),

8.2 (2H, m, 2H-5), 8.5(4H, m, sat. CH,), 8.53 (3K, d,
J=8.0Hz., 3H - 11),9.06 (3H, t, J=6.0Hz., %-CHz).

5
bn

M/e (Rel. abundance): M' 212 (5), 166 (4). 155 (3),
153 (4), 139 (4), 125 (10), 112 (12), 111 (7), 99 (21),
98(100), 70 (34), 69 (71), 57 (11), 56 (11), 55 (16), 41 (42).

Analysis_ Found : C, 62449; H, 7.31%; M' at e 212,
CllHléoA requiresC, 62.25; H, 7.60%; M.JW. 212,

5
Catalytic Reduction of Canadensolide (51 ) (Dihydrocznadensolice) 4.

Canadensolide (21mg.) in ethanol (3ml.) was shaken overnight
with 5% pallsdium-on-charcoal (10mg.) in an atmosphere of hydrogen.
The catalyst was scparated on glass paper and the solvent removed
in vacuo to yield an oil (23mg.5 T.l.c. employing chloroform as

eluant showed two spots more polar than the starting material.

v mex, (thin film): 3,600 = 3,200, 17¢0 - 1720 ema ™2,

T values (CDClB): 3.95 (CH,b), 4.9 (1H,m,), 5.4 (1H,m)
6"‘7 (2H,m)o
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b
Methyl doublets (J = 6 Hz,) of approximately cqual relative {
intensity at £.55, 8,65 and 8,68T. This mixture was treated with !
Jones reagent (O0.2ml.) for 20 minutes, diluted with water (2ml.) and |
extracted with ether. The organic extract was washed with bicarbonatie,
wateryand dried, to give an oil which was separated by preparative t.l.c.
on one Kieselguhr HF,. plate (20 cm. x 20 cme x 0,7 mm,) and elution

with chloroform. The major band (Rf 0,45) was extracted from the

silica by elution with chloroform, removal of the solvent affording a
colourless solid which crystallised from benzene - light petroleum as
colourless necdles mep. £9-93°, (4mg., 20%). These needles had
identical i.re, m.s., and t,l.c. properties as naturally occurring
dihydrocanadensolide (54 ).

Canadensic Acid: Mixture of C=2 Fpimers (55 ).

This substance was isolszted as described earlier and

crystellised from benzene-licht petroleum as colourless needles mep. 132°,
[a]D in methanol, 4 37.3°(C 1.06).

0.R.D, in methanol (C 1.2): [ B] 2000 26,55 [ B] 5500 * €355 [ 2] 227,

+ 1410,

T.l.c. 9,69, benzene (35)~dioxan (5)-acetic acid (1) (brown),
i.r. ox (¥kc1): 3,500 - 2,500 (CCOH), 1761 ( ¥ -lactone),
e v m .

-1
1692 (C=C), 1210, 1184 cm. " N

v . (1.2203CHCLy): 1768 em.” (¢ 522, Avk 28 em.™

“
-

1737 crn.-l (shoulcer) ( € 220), 1700 cm.'-1 (e 396, 8 vk 20 ez ;
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UV, M ax (EBOH) 3 214 nom. (€ 5,900),
n.m.r. 100 Mc/s.(cD013) T : 3.45 (34, S), 3.48 (34, ),

4404 (3H, S) and 4,09 (3H,S) (all olefinic protons),
5.50 (1H, m, H=4), 6.34 (1H, dd, J = 9.0 and 11.CHz,
H-2), 7.3 - 8,2 (2H, m, 2H-3), 8.3 (2H, m, 2H-5),
8.6 (44, m, sat. —CHZ—), 9.10 (3H, t, J = 6.0 Hz.,
gga ~CH,~).
Analysis ~  Found: G, 62.55; H, 7.43%; M at "/e 212.
C11H160 requires C, 62,25; H, 7.60%; M.W. 212,
) 54

4
Methyl Canadensate: Mixture of C=2 Foimers (57

(a) The mirture of canadensic acid C-2 epimers (21.2 mg.) was boiled
in a slurry of potassium carbonate (35 mg.) and 'analar' acetone
(10ml . ). Methyl iodide (0.2 ml.) was added with stirring under
reflwx, and heating continued for / hours, The reaction mixture wes
cooled, filtered (glass paper) and the solvent removed under reduced
pressure, The residue was taken up in chlorbrm (10 ml,) and washed
with fresh aqueous sodium bicarbonate solution, water, dried and
concentrated in vacuo to give a 1:1 mixture of the methyl csnsdensate
- C=2 epimers (57 ) as an o0il (21 mg., 93%) which failed to crystallise,

and distilled at 115°/0.3 mm.

T.d.c. 0,59 and 0.58, CHCl, (brown ).
3\
i.r. v .. (thin film): 1765 (¥-l8ctone ; " 176 (unsat.

carbomethoxyl), 1635 (-0=C-), 1195, 840 em. L
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- -]
Y maxe (1448 m MCHCL,): 1767 cn, 1 (e 540), 1720 em. ™
1

(e 430), 1633 ecm.™ ( € 80).

UsVe max. (Et.0H): 211 nom. (€ 6,040).
Nem,T. 60 Mc/S. (CDClB) T : 3.59 (3H, S) 3.62 (3H, S), 4.02

(34, S), 4.15 (3H, S) (olefinic H's), 5.5 (1H, m, H-4),
6.23 (3H, S, -OMe), 6.33 (1H, dd, J = 11,0, 9,0 Hz.,
H-2), 7.20 - 8.1 (28, m, 2H - 3), 8.25 (2H, m, 2H-5),
8.55 (4H, m, sat. ~CH,-), 9.10 (3H, t, J = 6,0Hz.,
CH; ~CH,-).
Analysis . Found : C, 63.59; H, 7.95%; M’ at m/e 226,
C12H1804 requires C, 63.70; H, £,02%; M.W. 226,
(b) The mixture of canadensic acid C-2 epimers (22mg.) was left in
methanol (3ml.) aﬁd concentrated sulphuric acid (0.1 ml.) for 7 days
at room temperature., After this time the reactiocn mixture was diluted
with water (5 ml.) concentrated in vacuo and extracted with chloroform
(2 x 5ml.). The organic layer was washed thoroughly with aqueous
sodium bicarbonate solution (2 x 10 ml.), water (2 x 10 ml.) and dried.
Removal of the solvent yielded an oil (20 mg.) which was identical wiih
a sample of the 1:1 mixture of methyl canadensate C~2 epimers prepared
in method (a), by comparison of i.r. and n.m.r, spectra, on t.l.,c. and
g.l.c,
Quaternary Mirture of Dihydrocanadensic Acid C-2, C-10 Diastereo-

54

isomers (56 ).
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The mixture of canadensic acid C-2 epimers (24 mg.) were
shaken with platinum oxide (6 mg.) in ethanol (3ml.) in an stmosphere
of hydrogen for 50 minutss. The catalyst was separated on glass

paper and the ethanol removed in vacuo to give the guaternarv mixture of

dihydrocanadensic acid C=2, C-10 diastereoisomers (56 ) as an oil

(22 ng., 93%) which crystallised from benzene - ligh% petroleum as an

amorphous powder, m.p., 103-105° (softening at 90°).

0.R.D. in methanol (C 0.9): [7) 400 * 350 [ Blygo, + 1370, [8] 5,
+ 204,

Td.c.  0461,(35) benzene—(5)dioxan{1) acetic acid (dark brown).
i.r. R (KBr): 3,300-2,600 (COOH), 1755 ( ¥ -lactone),

1690 (C04), 1195, 1119, 1004, 950 cm.™.

Y g, (2027 WALCHCL, ), 1764 em™t (e 712, Avk 57 ema7hl,

1711 em,t (e 665, Av L 38 emo 1),
UV, A . (7£0H): Ho ebsorption » 200 nm,
n,m,r. 100 Mc/s. (0D013) T: 5.58 (1H, m, H=4), 6.92 (2H, m,

H-2 and H-10), 7.7 - 8,0 (24, m, 2H - 3), 8.2 (24, m, 2H-5,
8.6 (4H, m, sat. -CH,-), 8.77 (34, d, J = 7,0 Hz., 3H - 11},
9.08 (3H, t, J = 6.5 Hz., CHy~ caz-)°

Analysis  Found : G, 61.45; H, 8.29%; (M' - 57) at m/e 157.

011H1QO4 requires C, 61.66; H, 8.47%; M. - 57, 157,
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EXPERIMENTAL,
CHAPTIR 2,

Hydrogenation of Csanzdensolide ( 51 ): 10-evidihy?rocaradensolice/&1 |

(a) Canadensolide (30mg.) in acetic =cid (5ml.) was stirred

with 10% pallsdium-on-charcoal. 10mg.) for 2 hours. The solution

was filtered, diluted with chloroform (20ml.) #nd the orgenic solution

extracted with aqueous sodium bicarbonate solution, water and

dried. Evapcration of the solvent gave 10-epidihydrocanadercsolide

(28 mg., 92%) which crystallised from benzene - light petroleum
as needles, m.p. 70°.

0.R.D. in methanol (C 0.43): [d] - 503 [5]240, - 1,470;

3507
() ,q0r 141300,
T.l.co 0.49, CHCl3 (purple - brown).
iere v (¥Br): 1780 (¥ -lectone), 1762 (¥ -lactone), 1203,

-
1165, 1132, 1099, 1069, 1055, 1034, 1010 cm

-1
(c014): 1805, 1795, 1180, 1155, cm

\Y
maXe

eve A (EtOH): no absorption > 200 nm.

n.m.r. 60Mc/s. (CD013)1; : 4.97 (1H, dd, J = 6.0, 4.0 Hz., H-3),
5,50 (1H, m, H-4), 6.53 (1H, dd J = 6.0, 10.5 Hz., H-2),
6.93 (1H, dq, J = 10.5, 7.5 Hz., H-10), 8.23 (2H, m, 2H-5),
8.5 (4H, m, sat.—CHQ—), 8.53 (3H, d, J = 7.5 Hz., 3H -11),
9.06 (3H, t, J = 6.0 Hz. EEB—CHz).

m.s. m/e (Rel. abundance): }*212 (4), 166 (3), 141 (4), 140 (4),

125 (6), 112 (5), 99 (12), 98 (100), 70 (20), 69 (40), 57 (6),
56 (4), 55 (8), 41 (26).
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Analysis Found : G, 62.36 i Hy 751%; u* at m/e 212,

011H1604 requires C, 62.25 ; H, 760%; I.W. 212,

(b) Canadensolide ( 20 mg.) in cthanol (3 ml.) was stirred with 5%
palladium-on-charcoal (16 mg.) overnight at R.T. The solution was
filtered,.and evaporated in vacuo to give 10-cpidihydrocanadensolide

(18 mg., 90%), identical in m.p., mixed m.p., and on t.l.c. to an autheniic
sample. Ho polar matefial could be detected,

Treatment of Canadensolide (51 ) with Alkali.

Canadensolide (20 mg., 0.095ml) was stirred under reflux with §/10

sodium hydroscide (5 ml.) for 5> hour. - The cooled ;olution vas titrated
with I:/lO hydrochloric acid (3.2ml.) to the phenolptholein endwoint

(i.2. 0.18n7 sodium hydroxide consumed)., The solution was =cidified
wvith 51 hydrochloric écid (5 ml.) and extracted with chloroform, The
organic layer was dried and evaporatéd to give after p.l.c. an oil

(15 mg., 75,) identical to canadensolide on t.l.c. and in i.r. spectrum.

Hethanolysis of Cangggggéyiﬁq_(jg_<l_: Hydroxyestor (63 ).

—

Canadensolide ( 35 mg.) in dry methanol (5 ml.) containing concentrated
sulphuric acid (0.1 ml.) was refluxed fo 4 .hours. The solution was
diluted with chloroform (15 ml.) and extracted with aqueous sodium
bicarbonate, watered and dried. [Evaporation gave an oil (34 mg.)
consisting of canadensolide ( 51 ) and hydroxyester ( 63 ).
Decomposition occurred on attempted preparative layer chromatography.
Hydroxyester ( 22 ) based on following spectra characteristics.

Ll.c. 0.43, CHCI (brown).



169

i.r, v (thin film): 3,490 (=0H), 1770 (¥ -lactone ), 1715
(unsaturatedmaxéozme), 1638 (-C=C-), 1300, 1265, 1183, 1145, 998 onTt
n.m.r. 60Mc/S (cnc€3) T+ 3.33 (1H, S, olefinic H), 3.90 (1H, S,
olefinic H), 5.20 (1H, m, H-4), 6.05 (1H, S, -OMe).

Cyclisation of Hydroxyester (63 ) to Canadensolide ( 4l ),

An approximately l:1 mixture of canadensolide and hydroxyester (35 mg. )
was refluxed under nitrogen in dry benzene for 24 hours. The solvent
was evaporated and the oil subjected to p.l.c. on a 0.75m . Kieselgel
HF254 plate. Elution of the major band with ethyl acetate gave
canadensolide (25 mg., 71%) ideﬁtical on t.l.¢. in m.p. and i.r. spectrun
with an authentic sample.

Hydrogenation of Hydroxyester ( 63 ).

Canadensolide (30 mg.) in dry methanol (10 ml.) containing concentrated
sulphuric acid (0.1 ml.) was left at R.T. for seven days. The reaction
solution was then stirred with 5% palladium—on-charcoal in an atmosph=re
of hydrogen for 2 ‘hours, The methanol solution was filtered, concenirats=d
in yacuo and diluted with chloroform (15 ml.). The organic solution
was extracted with agueous sodium bicarbonate solution and evaporated

to give an oil (25 ng.). The two components Wwere separated by p.l.c.
using multiple elution in 20% light petroleum in chloroform to give
loﬁggidihydrocanadensolide (12 mng., 40%) and dihydrocanadensolide

(8 mg., 25%) idemtical in m.p. and i.r. spectrum with authentic samples.
Conversion of 10-%Zpidihydrocanadensolide (61 ) to Dihydrocanadensolids

24 ).




170

Dihydrocanadensolide (33 mg.) in 2N methanolic potassium hydroxide

(10 ml.) was left at R.T. overnight. The aqueous solution was
acidified with 5N hydrochloric acid (15 ml.) and extracted with
chloroform. Evaporation of the organic solv:nt gave an oil (30 mg.)
shown by g.l.c. (1% SZ 304 4ft. column at 125°, flow rate 75 ml./min.)
to consist of dihydrocanadensolide (Rt 11.0 min.) and 10-epidihydrocana-
densolide (R,G 13.7 min.) in.the ratio 4.5/1. Crystallisation from
benzene-light petroleum gave dihydrocanadensolide (25 mg., 75%) as
needles m.p. 94.50, identical in m.,p. and i r. spectrum to an authentic

sample.

Diene ( 68 ) from Canadensolide ( 51 ).

Canadensolide (45 mg.) in dry dimethyl formamide (8 ml.) was stirred with
silver oxide (30 mg.) and rethyl iodide (0.2 ml.) at R.T. for 1 hour.
Chloroform (15 ml.) was added, and the organic solution filtered through
celite, and extracted with water (5x10 ml.) and dried. T®vaporation of
the solvent gave an o0il which was purified by preparative layer
chromatography on a Kies?lgel HF254 plate (0.75 mm. x 20 cm. x 20 cm.)

in CHCI,. TElution of the major dark-blue band under the u.v. (254 nm.)

3
with ethyl acetate gave the dicne (35 mg., 73%) as a slightly unstable

0ily b.p. 785/ 0.0l mm.

Q.R.D.  in methanol (C 2.0) : [a] - 450

LR IPYE
Tl.c. 0.75, CHCL

-e

-12,800; [@ ] 59, + 19,050.

3 (yellow).
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i.r. v . (0014), 1768 (8 -lactone), 1732 (co,Me), 1276, 1200,
1184, 1045, 1020, 968 cmor,
w.V. A (hexane) : 236nm. ( € 8, 500).

max,.

n.m.r, 6OMc/s.(CDCI3)'L : 2.07 (1H, 4, J=1.5Hz, H-3), 2.95 (1H, S,

B-11 eis), 3.40 (1H, S, H-11 trans), 5.03 (1H, m, H-4), 6.15 (1H, S,

-OMe), 8.5 (6H, m, sat. -CHz—), 9.09 (3H, t, J = 6.0Ha,‘g§3- CHy=) .
s, n/, (Rel. abundance) M 224 (6), 192 (20), 139 (21), 85 (71),

83 (100), 47 (28), 45 (17).

Analysis, Found : C, 64.55 ; H, 7.4 6%; M' at /¢ 224.
C12%1604
Butenolide ester (A9 ) from Dihydrocanadensolide ( 54 ).

requires C, 64.27 3 H, 7.1 9%; M.W. 224.3.

Dihydrocanadensolide (32 mg.) in dry dimethyl feormamide and methyl
iodide (0.2 ml.) was stirred at R.T. overnight. Chloroform (20 ml.)
was added to the reaction solution, and the organic solution filtered
through celite, and extracted with water (5x10 ml.). The 0il obteined
on evaporation of the organic solvent was subjected to preparative t.1l.c
using a Kieselgel HF254\plate (0.75mm. x 20 em. x 20 cm.) in CHCL3.

Elution of the major band observed with iodine in the usual way gave

the butenolide ester (20 mg, 59%) as an oil, b.p. 80°/0.01 m.m.

Q.R.D.  in methanol (C 0.28) : [@] ,50, =970 5 [@] .5, - 4,800 ;

Lal o5
Lil.c, 0.69, CHCL3 (1ight brown, on baking).

- 16,400.

T, v (thin film) : 1745 (¥ -lactone), 1730 (c02Me), 1620

max - -1
(wk.) (C = C), 1200, 1105, 1045, 960 cm.” ™,
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Voay. (€C1,) 1770, 1745, 1198, 1167, 1105, 1040, 960 om. "t

u.V. N o (Etou) : 215nm. ( €9,750).
nam.r.  60Me/S (“PCL ) T: 2.80 (1H, dd, J;= J,= 2.0 Hz.,H-3), 5.07
(11, at, J = 2.0,5.0 Ez., H - 4), 6.30 (3H, S, - Olte), 6.47 (1H, dg,

J =2.0, 7.5 Hz., H-10), 8.30 (2H, m, 2H-5), 8.57 (3H, d, J = 7.5 Hz.,

3H-11), 8.6 (41, m, sat. —CH2—), ©.10 (3H, %, J = 6.0 Hz., 953 - CH2-).
D.S. m/é (Rel. abundance) ; H' 226 (6), 197 (9), 195 (16), 194 (22),

169 (19), 167 (31), 166(100), 141 (25), 138 (15), 137 (21), 124 (24),

113 (17), 110 (92), 109 (26), 95 (41), 92 (33), 91 (52), 67 (25), 59 (37),
51 (58), 55 (36), 54 (29), 53 (59).

fnalysis. Found : G, 63.92 ; H, 8.01%; M* at ™e 226.

C)oHy g0, requires ¢, 63.70 ; H, 8.02%; M,W. 226,

Hydrogenation of Butenolide fster (69 ) : Dihydro Bster (790 ).

Butenolide ester (42 mg.) in ethanol (5 ml.) was stirred with 5%
palladium—on-charcoal (15 mg.) in an atmosphere of hydrogen for 2 hour-.
The solution was filtered (glass paper) and the solvent evaporated to
uéing

give an oil, which was purified by p.l.c. on Kieselgel HF254

CHCT The major band using iodine gave the dihydro ester (35 mg.,

3.
83%) as a colourless oil, b.p. 115°/0.3 m.m.
Q.R.D.  in methanol (C 0.50) : [@] 300° 0 [@)os0 » - 8003

Ll.c. 0.72, CHCT (dark brown).

i.r,

X \J

(thin film) : 1775 ( ¥ -lactone), 173C (COZMe), 1150,
maX.
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1075, 1025 catl.

u.v. No absorption maximum ) 210nm.
n.n.r.  100Me/S.(CDCI,) T s 5.62 (1H, m, H-4), 6.27 (34, S — OVe),
7.00 (2H, m, H=2 and H-10), 7.7 - 8.1 (2H, m, 2H-3), 8.3 (2H, m, 2H-5,

8.59 (34, 4, J = 7.0Hz, 3H-11), 8.6 (4H, m, sat. -CHy~), 9.00 (3H, t,

J = 6.0Hz., CH,—CH,-).
m.s. n/, (Rel. abundance) : M'228 (9), 197 (30), 171 (91), 143 (23),

142 (68), 139 (47), 111 (78), 88 (100), 69 (40), 55 (95).
Analysis Found ; €, 63.22 ; H, 8.68% ; M™ at " /e 214.

012H2004 requires C, 63.14 5 H, 8.83% ; M.W. 214.3.

Reduction of Dihydrocanadensolide (54 ) to Tetrol ( 80).

Dihydrocanadensolide (48 mg.) in ether (10 ml.) was added dropwise to
a stirred suspension of lithuim aluminium hydride (40 mg.) in ether
(20 ml.) and refluxed for 8houi‘s. After working up in the usual way
the tetrol (40 mg., 80%) was obtaincd as a colourless oil b.p. 125°/
0.01 m.m.

T.l.c. 0.35, 5% MeOH, 95% CHCL., (brown).

3

i.r. (thin film) & 3,450 (strong) (-OH), 1,270,1,140,
-1 maxe.
1050 cm.”.

u.v, No absorption 7 210 nm.

—

mm.r,  60Me/S. (CDCI,) T 6.3 10H,m, ~CH-OH),8.2 - 8.8 (8H, m, sat.
!
-CH2—), 9.1 (64, m, @3- ?H). On deuteration integral at 6.3 is

reduced to 6H.



174

m.s. "/e (Rel. abundance) 211 (0.3), 185 (1.0), 18.3 (0.5), 127
(4.0), 117 (16), 116 (13), 115 (100), 99 (5), 98 (32), 97 (20), 85 (33),
83 (16), 81 (9), 71 (14), 69 (49), 68 (14), 67 (13), 58 (10), 57 (2¢},
56 (10), 55 (24).

Analysis Found : C, 59.68 ; H, 10.74%.

C)1H,,0, Tequires C, 59.97 ; H, 10.987; H.4. 220.3.
The tetrakis—trimethylsilyl ether was preopared using hexamethyldi-

lazane and chlorotrimethylsilane in pyridine at R.T. overnight

(requires M.4. 508).

m/e (Rel. abundance) 349 (5), 259 (100), 197 (15), 170 (18), 169 (92},

159 (54), 148 (37), 103 (27), 97 (23), 75 (51), 73 (73).

Reaction of Dihydrocanadensolide ( 54 ) with one Baquivalent of Sodiua

lHethoxide.

Dihydrocanadensolide (76 mg., 0.36 mM) in dry methanol (10 ml.) contzining
sodium methoxide (19 mg., 0.35 mM) was refluxed for 14 hours.

Hydrochloric acid (0.1N, 4 ml.) was added, the solution concentrated

in vacuo, and extracted\with chloroform (3x5 ml.). The organic solutiozn
was evaporated to give the crude butenolide acid ( 82 ) as an oil,
Purification was achieved by extracting an ether solution (15 ml.) of

this 0il with aqueous sodium bicarbonate (3x5 ml.). The aqueous exiraci

was acidified with 5N hydrochloric acid and extracted with chloroform

to give the butenolide acid (45 mg., 59) as an oil.

T.l.c. 0.61 ,(35)benzene —=(5)dioxan-(1)acetic acid (yellow-brown}.

———
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i.r. ‘vmaxgthin film) : 3,500 = 2,600 (COZH), 1740 ( ¥ =lactone),
1700 (COQH), 1200, 1120, 1045, 990 em7l.
V. N (EtOH) 5 211 nm. ( €9, 240).

pm.r. 60 Mc/S. (cocr,) Tz 2.40 (1, m, H-3), 5.02 (1H, m, H-4),

6.35 (1H, dq, J = 6.0, 2.0Hz., H-10), 8.55 (34, d, J = 6.0Hz., 3H-11),

8.4-8.7 (6H, m, 2H-5 and sat. =CH,-), 9.10 (3H, %, J = 6.0Hz., CH ~CH,-) .

MeB. M/e (Rel. abundance) : (M+1)¥ 213 (2.6), 212 (3.1), 194 ?24),
183 (17), 167 (22), 166 (100), 155 (25), 138 (22), 137 (25), 127 (271),
125 (13), 124 (26), 123 (12), 111 (16), 110 (90), 109 (26), 99 (45), 55
(52), 81 (26), 80 (26), 69 (10), 67 (12), 57 (50), 55 (18), 53 (31).

Methylation of Butenolide Acid ( 82).

The butenolide acid (34 mg.) in analar ac-tone (10 ml.) and methyl
iodide (0.2 ml.) was stirred with dry potassium carbonate (40 mg.) for

6 Hours. The solvent was evaporated, chloroform (10 ml.) added and %he
organic solvent was filtered, extracted with aqurous sodium bicarbonate
water and evaporated to give the butenolide ester (69 ) (30 mg. , D4 i)
idenfical in i.r. and n“m.r. srectra to a sample prepared using AgZO &s
described previously.

Reduction of Dihydrocanadensolide (54 ) with an Bxcess of Sodium Nethoxile

Dihydrocanadensolide (200 mg.) in dry methanol (10 ml.) containing
sodium (150 mg.) was refluxed for 10 hours. After removal of the solv-ni
5N hydrochloric acid (10 ml.) was added, and the solution extracted

‘With ethyl acetate. Purification of the extract was achieved by
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extraction into =zouesous sodium bicarbonste

give the keto hzlf---zter (150 mg., 65%) as a colourless oil.

.l.c. 0.50, benzenc (35)- dioxan (5)-scetic acid (1), (ycllow-brown).
i.r, v (thin film) : 3,400 - 2,700 ( COQH), 1720 (%etone),
1210 (br), 11§;T.85o enTt.
1.V, No absorption » 210nm.

a.m.r.  60lc/S. (09013)’L : 1.93 (1H, br.S, CO00H ), 5.30 (3H, S,
-Ole), 6.40 - 7.60 (6H, m, H-2, H-10, 2H-3, 2H-5), 8.50 (4H, m, sat.

-cnz-), 9.10 (3H, t, CH.,~- CH2-).

3
Keto Dicarboxylic Hster (81,R=le).

The keto half-ester (60 mg.) in ether (10 ml.) was briefly treated with
an excess of ethereal diazomethane. Evaporation of the solvent gave zn oil

which was purified by preparative t.l.c. on Kieselgel HF (0.75 mm. x

254

20 cm.x 20 cm.) using iodine detection to give the keto dicarboxylic

ester (54 mg., 80%) as a colourless oil, b.p. 65° /0.005 m.m.

T1l.c. 0.45, CHCI3 (yellow-brown).

i.r. v (cc14) : 1745 (CO,Me), 1725 (ketone), 1206, 1170,
, max. ‘
1132 (wk.) 1108 (wk.) 1078 (wk).

WV, No absorption ) 210 nm..

n.m.r. 60;-1c/s.(cncx3)t : 6,31 (6H, S, ~OMe), 6.40 - 7.60 (6H, m,

H-2, H-10, 2H-3 and 2H-5), 8.5 (4H, m, sat. -CH2-), 8.83 (34, 4, J =
1.5Hz., 3H-11), 9.10 (3H, t, J = 6.0Hz., QﬂB—CHz-).

m.s. ™/e (Rel. abundance) : utos8 (2), 227 (26), 216 (40), 201 (55),

——
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184 (44), 173 (28), 167 (29), 166 (32), 156 (23), 141 (81), 139 (31),
124 (26), 113 (48), 83 (50), 85 (82), 59 (33), 57 (100), 55 (47).
216" — 184", m* 156.7,

200" — 1737, m* 148.9,

173V — 141", n* 114.9,

141 — 113% o 90.6.

Anelvsis Found : C, 60.74 ; H, 8.75%; u' at "/e 258.

013H2205 recuiras C, 60.45 ; H, 8.58%; M.7. 258.3.

Zthylene Ketal of ¥eto Dicarboxylic ister (81,R=le).

The keto dicarboxylic ester ( 32 mg.) in dry benzene (15 ml.) containin=z
p —toluenesulphénic acid (3 mg.) was refluxed for 18 hours. The

organic solvent was extracted with aqueous sodium hydrogen carbonate,

water and evaporated. The ethylene ketal which was purified

by chromatogravhy on Kieselgel (0.75 mm.x 20cm. x 20 cm.), was obtained

as an o0il, b.p. 85°/0.04 m.m.

T.l.c. 0.49 , CHCI3 (brown).

i.r. v (GCT,) + 1740 (CO M), 1192, 1159, 1040 cmTL.

—_—

maxX.
WV. .No absorption » 200nm.

pm.r.  60lc/S (CDCI3)'E : 6.10 (4H, s, —O—CHZ-CHz—O-), 6.31 (6H, S,
~0Me), 7.30 (2H, m, H-2 and H-10), 8.0-8.5 (8H, m, 2H-3, 2H-5, 2H-6

and 2H-7), 9.13 (3H, t, J = 6.0Hz., g§3—CH2-).

m.s. M /o (Rel. abundance) : (H+1l) ¥ 303 (0.07), 302 (0.04), 271 (9),

246 (8), 245 (41), 243 (4), 185 (27), 157 (6), 130 (12), 129 (100), 113
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(1), 201 (8), 99 (5), 86 (10), 73 (6), 57 (16), 55 (11),
245 "—s 185 * | m* 140.
Analysis Found : C, 59.44 ; H, 8.87%; u' at ™/e 302.

015H2606 requires C, 59.58 3 H, 8.67%; M.,4W. 302.4.

Attempted Cyclisation of Butenolide Acid (82 ).

(a) Butenolide acid (25 mg.) was dissolﬁed in trifluoracetic acid

(5 ml.) and the solution left at R.T. for 7 days. The trifluoracetic
acid was removed in vacuo to give an oil (23 mg.) identified by its

i.r. énd t.l.c. properties as starting material.

(b) Butenolide acid (15 mg.) was refluxed in trifluoracetic acid(5 ml.)
for 8 ‘hours, and the reaction worked-up as before to give an oil (13 mg.),
identical in i.r. and t.l.c. properties to the starting material.

Attempted Cyclisation of Butenolide Ester (69 ).

Butenolide ester (45 mg.) in a mixture of concentrated sulphuric acid

(1 m1.) and formic acid (3 ml.) was left at R.T. for 14 days. The
solution was diluted with water (20 ml.), and the aqueous solution extracte
with chloroform. The chloroform solution was then extracted with aquecus
sodium hydrogen carbonate, watered and evaporated to give an oil (33 mg.),

identical in i.r. and n.m.r. spectra to the butenolide acid (82 ).

Attempted Hydration of Butenolide Ester (69 ).

(a) Using Hecuric Acetate.

Butenolide ester (30 mg.) in tetrahydroforam (1 ml.) was added to a

stirred solution of mecuric acetate (50 mg.) in 50% aqueous tetrahydroforan
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(5 ml.), and the yellow suspension stirred for 1 hour. 5H sodium
hydroxide (3 ml.) and sodium borohydride (100 mg.) were added, ara tre
solution stirred at R.T. for 30 minutes. The solution was filtered
through celite, acidified with 5N hydrochloric acid, and extracted
with chloroform. Evaporation of the organic solvent gave an oil, shown
to be acidic and consist of at least two components (Rt 0.05, 0.03
CHCLB) by t.1l.c. This material -was recovered unchanged after
treatment with 5N methonolic potassium hydroxide (5 ml.) overnight.

(b) Using Dilute Acid.

Butenolide ester (15 mg.) was refluxed on 0.1N hydrochloric acid
(10 m1.) for 7 days. The solution was extracted with chloroform to-
give an oil, identical on t.l.c. and its spectrum , to butemolide acid
( 82).

(c) Using Hydrogen Bromide.

Butenolide ester (30 mg.) in a 50% solution of hydrogen bromide in
acetic acid (10 ml.) was left at R.T. for 7dsys  The solution was
diluted with water (30 ml.) and extracted with ether. Evaporation
of the organic solvent gave an oil (25 mg.), which was dissolved
in 2N methanolic potassium hydroxide (5 ml.) and left overnight. The
solution was acidified using 5N hydrochloric acid and extracted with
chloroform to give an oil (22 mg.) shown by t.l.c. io contain no neutral

product.
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EXFERIMENTAL.,
CHAPTZR 3.

Canadensic Acid (¢5).

The compound was isolated as described earlier and crystallised

from benzene - light petroleum as colourless needles m.p. 113-1140.

0.R.D. in methanol (C 0.58):[5]500, - 440: [6]400, - 405:
(8] 3007 - 990 18] 556 -2,3905 (8] 5505 - 3,240: [a]
- 15,3003 h]217, -12,800,

T.l.c. 0.60, benzene (35)-dioxan (5)-acetic acid (1)- (brown).

i.r. Vmax. (K.Br.): 3,200 - 2,600 (CO2H), 1752 (¥ -lactone),
1696 (C0,H), 1624 (C = CH,), 1195, 1172, 982, 930 (br.),
842, 800 cm.'l.

U.Ve A nax. (FtOH): 214 (¢ 2,000).

n.m.r. 100 ¥c/S. (CD013)1; : 3.46 (1H, s, H-1lc), 4.05 (1H, s,
H-11%), 5.60 (1H, m, H-4), 6.34 (1H, dd, J = 9.0, 12.0 Hz.,
H-2), 7.46 (1H, m, J = 6.0, 9.0, 1£.0 Hz., irr. 6.34 — "
(3 = 12,0, 6.0 Hz.), irr. 5.60 —>» dd (J = 12,0, 9.0 Hz.),
H-3a), 8.03 (1H, m, J = 12.5, 12.0, 12.0 Hz., irr. 5.60—— i:
(le J,= 12,0 Hz.), H-3b), 8.30 (2H, m, 2H-5), 8.6 (4H, m,
sat. -CH2—), 9.09 (3H, t, J= 6.0 Hz., g§3-052-).

m.s. m/e (Rel. abundance): ¥ *+212 (2), 168 (17), 155 (63),
137 (85), 111 (67), 99 (43), 98 (58), 81 (50), 57 (80),

55 (62), 41 (100).
Analysis Found : C, 62.33; H, 7.64%: X *tat m/e 212,

requires C, 62.25: H, 7.60%; ¥.W. 212,

C,,H, .0
1171674 100)’

Methyl Canadens~te (
Canadensic acid (30mg.) in dry methanol (10ml.) containing
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concentrated sulphuric acid (D,1ml.) was refluxed for 4 hours, The
reaction solvtion was then cilvted with water (20ml.)yconcentratezd in
vscuo and extracted with chloroform. The organic layer was washed

with aoueous sodium hydrogen cartonate solitinn, water and dried,

Removal ~f the sclvent gave pethyl canadensate as an oil (28mg., 87%),
b.p. 8370.01 mm.

Telece 0.58, CHCL., (brown).

3
ir. v (thin film): 1765 ( ¥ lactone), 1720 (unsat. cozne),

maxXe
1635 (G=cH,), 1183, 1019, 925, 232 em. ™,
WeVo Ao (207): 211 nm. ( €5,920).
nem.r. 102%c/5. ( ““l ) T: 3.60 (1H, S, H-1le), 4.17 (1H, S, i=11t),
5.58 (14, m, H-4), 6.24 (34,5,-C%), 6.35 (1M, d4d, J = 11.9,
9.0 Hz., H-2), 7.48 (1H, m, H=34), 8.04 (1H, m, l=/B}, &.30
(21, @, 26 =5), 8,57 (44, m, sat. CHy=), 9.7 (34, &, J = 6.2 Ir.,

mse /e (Rel. abundance): (1) 227 (1.9), 226 (1:3), 195 (14),
182 (30), 169 (38), 143 (31), 141 (35), 125 (100), 323 (51),
122 (37), 113 (33), 112 (54), 111 (31), 93 (33), 82 (42), 21 (65),
79 (57), 67 (49), 59 (42), 57 (81), 55 (81)

Analvsis Found : C, 64,13 ; H, 8.0653;‘)4+ at n/e 226;

Cy 1140, requires C, 63.70 ; H, 8.02%; M. 226,

Trestment of Canadensic dcid with Liazomethane.

Canadensic acid(32mg)in ether (5ml.) was treated with an excess
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of ethereal diazomethane at ice tempera*vre for 10 minubcs, Temoval
of the solvent yielded an oil (26mg.) which was purified by p.l.c.
on Kieselgel HF?54 to give the mixture of C-10 pyrazoline epimers (5%,

T.l.c. 0.15, CHCL, (vellow-brown),

3

i.r. Ve, (thin £ilm): 1760 (¥-lactone) 1735 (COZMe), 1550 (wk. ‘=,

1452, 1430, 1350, 1257, 1189, 1902, 925, 237 cu.™t.

UeVe (%°H): do absorction ) 200 nm.

A max,

3 ymlEil-),

5,50 (1H, m, H-4), 6.27 (31, S, =Qfe), 6.7 = 8.0 (5H, m, ), 8.6

n.m.r. 60Hc/S, (crcl,) U: 5.37 (24, £, J = 7.5 Hz., -CH
(64, m, 215 and sat. ~CHy-), 9.10 (3H, t, J = 6.0 Ha.,
g, - CH,=)e

ms. /e (Rel. abundance): 17 268 (2), 240 (5), 225 (4.4), 299 (12,
208 (12), 181 (17), 163 (22), 157 (34), 139( 67), 126 (52),
125 (34), 123 (27), 111 (22), 197 (30}, 95 (54), 94 (44), 93 (.5},

8L (44), 79 (73), 57 (120), 59 (55), 55 (702), 53 (42},

Trestpment of Jangdensic Acid ¥ivture of C=2 Inimers (55 ) with Niag--z--- -,

. The mixture of cenadenzic acid C-2 epimers (52mg.) in ether (37:2.
vas treated with an excess of ethereal diazomethane at ice temperatire
for 10 minutes. Removal of the solvent save an oil (64mg.) which
appearec to consist of two main prndvets from t.l.c. These were
separateu by p.l.c. vsing a Kieselgel HF254 plaﬁe and multiple elvtic:z
in chloroform,

Compound A was obbained as z2n oil (35 nme,)

(yellow-brown).

Td.c, 0.15, CHCl,

-
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j s

lere v o (001/4‘} : 1778 (¥-lactone), 1745 (0021\1e), 1175, 925, 834 ==, -,

WeVe Ao (B60H) : Ho absorption ) 202 nm.
n.mn.r. 6Mc/S, (CDCIB)T:: 5.33 (24, t, J = 7 Hz., ~CH, ==}, 5,50
(18, w, H-4), 6.20 (3H, S, ~Cie), 6.7 - 8.0 (5H, m ), 8.6

(6H, m, 28-5 and sot, ~CH2-), 9,07 (31, %, CH,~CH -)

=3
Comnound B was obtained as an oil (11 mEe)e
T.l.c. 0.25, CHCl3 (yellow=brown).
leme v (00143: 1762 (¥ -~lectone), 1740 (COZMe) 1680 (wk.), 1302,
1230, 1192, 1151, 1218, 968 cn. ™ .
u,v, Kmq}, (2t0H): No absorption » 279 nm.

Rem.r. 60Mc/3. (05013) T: 5.50 (1H, m, H-4), 6.20 (3H, 3, =Cis),
8.6 (64, m, 2H-5 and sat. -CH,-), 9.10 (34, t, ggg-cég-\
ms, m/e (Rel.abundance): M' 240 (0.5), 226 (17), 172 (22), 169 (1°°),
166 (23), 140 (38), 137 (40), 113 (27), 112 (16), 111 (26),
110 (17), 109 (22), 88 (31), 81 (33), 69 (23), 67 (21), 59 (32,
55 (50), 53 (44)s

Methvl 1l-methovvdihvdroenancdensate ((Hivbvre of C=10 enimers) (177

e ®

Canadensic acidl(52 mg.) in absolute methanol (15 ml.) containing
~concentraued sulphuric acid (0.3ml.) was refluxed for 3 days,
The solution was then diluted with water (32ml.), concentrated in voc.z
and extracted with chloroform, The organic extract was washed with
aq.eous sodi'n hydrogen carbonate, water and evaporated to give an oil

(64ﬁg.). P,l,c. on XKieselgel H (0.7 mn. x 22 em, x 20 cm.) using
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iodine vapour for detection enabled methyl canadensete (199) (25 me.,
45%) (icentity established by t.l.c., and n.m.r, snectria) end She

more polsr mebhul ll—methcyvﬂihviroennadewsnﬁe,(ZSmg., 41%) to be Separated,

T.l.c. 2.50, CI—ICJ.3 (brown),
ire v (thin £ilm): 1768 (¥ -lactone), 1735 (COtie)s 1455, 1433,

1

1284, 1352, 1185, (br.), 1118, 1005, 962 cm,”
UsVe .0 absorption ) 210 n.m.
.Q;QAQ. 62ie/5, (CD013} T : 5.62 (14, m, H-4), 6.29 (3H, S, -cozggﬁ, 639
(2H, m, —Qﬂz

8.5 (8H, m, 2H-3, 2H-5 snd sat, -CH2-), 9.10 (34, t, J = 6.2 Hz.,

-2-ie), 6.63 (1, 5, -Me), 7.70 (2H, m, M-2 and H-12),

ggB-CHE-).
m.s, n/e (kel. abvndance): ¥ 258 (1.0), 247 (19), 227 (6), 226 (3),
215 (22), 190 (17), 187 (24), 169 (22), 155 (16), 145 (26, 142 (17),
141 (22), 117 (190), 111 (24), 191 (33), 35 (54), 69 (31).
Analysis Found :  C, 60,53; H, 8.68%; M at m’e 258.
C13H2205 requires C, 62.45; ¥, $.58%; M. 258,3.
Methyl Canadensshe C=2 lnimers ( 5T ).

Canadensic acid (30 mg.) was stirred in a slurry of potassivnm
carktonate (50mg.), 'snalar' acctone (10ml.) and methyl icdide (J.2ml,)
for 6 novrs. The reaction mirture was filtered (plass papsr. end the

solvent removed in vscio.,  “he residue was taken vp in chloroform (12n1..

el SnlL .

4
and washed with aqueous sodium hydrogen carbonate, water and the solvent
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evaporated to give the mixtire of methyl canadensute C-2 epimers (2%mr.,
87%),idcntical (t.lecey, nomer) to a sémple prerared by esterification -2
the mixture of canadensic C-2 acid cpimers with methanol and sulphuric
acid catalyst,

Dihvdrocznadansic Adcid (Giiztire of C=12 'nimers) ( 107,

Canadensic acid (32mg.) in ethanol (10ml.) was stirred with
platinum oxide (6mg.) in an atmosphere of hydrogen for 1 hovr,

The solvtion was filtered throush celite and the ethanol evaporatad
5 1

vhich erystallised from benzens - light nctroleum as needles, m.p. 11€7,

T.l.c. 0,61, benzene (35) = dioxan (5) = acetic acid (1) (dark-broun’e

fere v (¥Br) : 3,239 - 2,300 (cozn), 1758 (% -lzctone)

4

1695 (CO,H), 1288, 1198, 1120, 1004, 952 cm.”

UyVe (Tt°8): no absorption > 299 nm. -

mails
nem.r. 10Aic/S. (CLClB)‘[ 2 5.62 (1H, m, H-4), 6.9 (2H, m, H=2 and 5E-17],

7.6 = 8,0 (211, m, 2H=3), 2,3 (24, m, 2H4-5), 8.5 (4, =, sas. =Ci_-1,

<

8.62 (34, ¢, J = 8.0 Hz., 3H-11), 9.29 (3H, t, J = 6.7z,, ggB.csz—f.

m.s. m/e (Rcl. abundahce) : %' 214 (0.8), 196 (2.0), 157 (45), 139 (1 °i,
129 (15), 111 (64), 96 (65), 88 (22., 83 (39), 74 (65), 69 (53},
67 (25), 55 (95).

hnalysis Found : C, 61.52; H, 2.42% M at m/e 214.
C11H1804 requires €, 61.66; H, 8.47%; M. 214.2.

3 Al b nd > 108
‘Methyl dihvdrocsnadensats (mixtire of =17 Frimers) ( Ve

The mixture of dihydrocanadensic acid C -10 epimers (25mg.)
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in ether (5ml.) was treated vith an excess of diszzomcthane at ice

temperatire for 15 minut s,  The solvent was removed *o give the

mixtvre of epimeric methyl dihydrocanadensntas as an oil (24m7., 99%),

which gistilled 2t 115°/2.3 mm.

Qez,d. in methanol (C 2.,25): [ 3] 3000 ~110; [ 3] 2590 ~101; [ & ]225,-13é;
[8]500 + 243,

T.l.ce 0.69, CHCl3 (dark brown),

i.x, Voax (thin film): 1765 (¥ -lactone), 1730 (COZMe), 1189

1129, 1079, 1915, 955 cm.™t.
;\ \ . Lr " 2 nm.
WeVe A (EtCH): Ho absorption » 200 nm,

n..r. 100 Me/3. (.:z:013 )T 5.62 (14, m, H-4), 6.27 (1}4,3, =Tic),
6.22 (1}H, 5, -QMe), 6.98 (2H,m, H-2 and H-10), 7.6 = 8,0 (24, m,
28 - 3), 8.3 (2H, m, 20 =5), 8.5 (4%, m, sat. -CH,-), 2.60 (1} H,
dy J = 7.0 Hz., H-11), 8.74 (13H, ¢, J = 7.0 Hz,, K-11),
9.23 (34, t, J = 6,2 Hz., g_&B
m.s. m/e (Rel. abundance): M’ 228 (8), 197 (31), 171 (93), 143 (20),

142 (65), 129 (49), 111 (78), 82 (109), 69 (42), 55 (91).

\
-CHP"‘ ,' [

Analvsis Found ¢ C, 63,245 H, 8.84% M oat n/e 228,
C12H2004 req‘iiI‘eS C, 63¢14; H, 80837‘3; h{ok’o 228.30
Methvl Dihvirocoanadensate (Juaternary mizntuve of C=2, C=10 liasterecoisome=s '

(109,

The quaternary mixture of dihydrocanadensic acid C-2, C-10

diastereoisomsrs (15mg.) in ether (5ml.) was treated with an excess of

ethereal diazomethane at ice temperature for 15 minutes. The solvent was

-
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evaporzted te give the quaternary mixtureof methyl dihydrocsnadensate

diestereoisomers (12ng., 75%) as an oil which distilled at 125°/0.2m7.

O.r.cein methanol (C 0.24): [§) 3790 * 325, [ @]250, + 555: [ %] 234
+370; (8] 540, + 3,620

T.l.c. 0.69, CHCL. (dark broun).

3
lere v o (thin film): 1770 (¥ =lactone), 1725 (COQMG), 1130,
1128, 1975, 1020, 960 cm.L.
WeVe A oo (-£CH): Ho absorption » 220 nm.

n.m.r. 10%ic/3, (CD013)1;: 5.60 (14, m, H-4), 6.22 (3H, S,=C¥e),
6.92 (21, m, H=2 and H=10), 7.6 - 8.0 (24, m, 2H-3), 8.2 (24, n,
2H=5), 2.6 (4H, m, sat. -CH,-), 8.56 (13H, d, J = 7.0 Hz,, H - 117,

Sc67 (‘?—Z{, d, J = 7.0 HZ., H-ll)’ 8.69 (’?H’ d, J 7.0 ElZ‘,II-ll,‘,

9.20 (34, t, J = 6.0 Hz., g§3-0H2-).

mes. m/e (Rel. abindance): ' 228 (13), 197 (29). 171 (73),
143 (35), 139 (39), 124 (15), 111 (77), 101 (27), 100 (23),
88 (190), 83 (28), 69 (43), 55 (94)e -
Analysis Fovnd :  C, 63.22; 1, 8.68%; N at m/e 223,

C requires C, 63.14; H, 8,83%; M. 228.3,

120207,

G.L.C. &nalvsis of the Juaternary Mixture of Methvl Tihydrocanadensats

C=2, C=170 Disstersoisomers_(109),

The fcllowing 4 ft. columns were used on a Pye Argon chromatogran,

with flow rate 40 ml./ninute.
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Cclumn Tenneratire Retention Time (min.) o, of Penks.
1% SF30 140° 3.5 1
15 FEGA 135° 16.0 1
1% NGS 150° 48 1

% APL 125° 64,0 1 (broad)
10% APL 163° 26.2,29,0 2

Schmidt Reactions on Cancdensic Aeid ( 95) and Dihydrocanadonsic icid

(idxture of C=10 enimers) (107 °,

The reactions were carried cut in an analogovs manner to those
described feor the mixture of canadensiec acid C-2 epimers zné the
quabernary mixture of dihydrocanadensic acid C-2, C~10 diastereoisomers
(cf, Chapter 6), and gave similar yields of carbon dioxide and products.

Cartoxy-invarcion Reaction on Dihvdrocanadensic Acid (Miytvre of C=10

epimers ) ( 95'L

Dihydrocanadensic acid C-1C wpimers (61 mg.) in thionyl chloride
(2m1.) wes allowed to stand at R.T. for 1} hours, and then refluxed for
5 hour.  Evavoration of the solvint gave the aéid chloride as an oil,
which was used without purification. The acid chloricde in dry
hexane (19ml.) under dry nitrogen, was cooled to ice temperature,

Y - chloroperbenzoic acid (55mg.) was added to “the stirred solution,
Freshly distilled cry prridine (40mg.) in dry hexane (10ml.) was added
dropwise to the stirred mixtire in the r.action vessel. The reaction

solution was allowsd to heat to R.T., and was stirred for 24 hovrs when
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a qualitetive starch iodide test proved negative., The hexane

solvtion was decanted from the gummy precipitate of pyridiniumhycdrochlori::,
Methanol (20ml.} and concenirated sulphuric aeid (0.1ml.) were added

to the hexane solution which was heated vnder nitrogen to 70° for

1 hour using an oil bath. The reaction soluvtion was coacentrated,

water (30ml,) added and the equeous golubion extracted with chloroform, «:uf
the orzanic cxtract washed with saturated aquecus sodium bicarbonatc, wotsr
and evaporated to give an oil (45mg.), which appeared to consist of twé
main components, Rf 0.31 and 0.45, 1% ¥eCH in CHCl,., These were

3

separated by p.l.c. on Kieselgel HF (0,75 mm. x 20 cm. x 2D cm. )

254

using icdine vapour for detection,

doresnzsiensol A was obtained as an o0il (26 mg., 49%) which

distilled at 74°%/0.2 mm.

T.l.ce 0.45, 1% MeCH in CKECl, (light browa).

3
lr. v o (0014): 3,500 (=0H), 1758 (¥ ~lactone), 1268, 1192, 910 cm. ~.
) ¢ ) .
L.V.e A max. (x£0); do absorpclon\> 210 nm.

n.m.r. 100 ¥e/3, (CD013)'C : 5.66 (1H, m, H-4), 6.10 (24, m, H-10 and =T,
7.40 (1, n, H=2), 7.70 (11, m, H-34), 8.34 (14, m, H-3B),
8.4 (24, m, 28 - 5), 8.6 (4H, m, Sat.—CHz—), 8.67 (34, d, J = 6.2
Tz., 3u=11), 9.29 (34, t, J = 6.0 Hz., QﬁB—CH2—), n
Geuteration 6.10 rssonance collapses to dg, J = 6.2, Hz,

n.s. mn/e (Rel., abundance): (2’:—1)+ 185 (4), 171 (5), 153 (6), 142 (63
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129 (29), 124 (36), 113 (10), 111 (31}, 199 (60), 96 (33}, 25 (10,
Anglysis Found: G, 064.56; H, 9.63%; (1-1)" at m/e 185,

Ciotlyg0y requires C, 64.49; H, 9.74%; 1. 186.3.

Horcanscenscel B was obbtained as an oil (12 mg., 23%) which distilled
at 85°/9.3 mm.
T.l.c. 2031, 15 MeOH in CH013 (1ight browa).

max
=1
1010, 955 cm, .

i.re v . (0014?: 3,590 (=0H), 1765 (¥ -lactone), 1185, 1179,

reve A (EtCH): lo absorption D 200 am,

nem.r. 197 ¥e/S. (CDCL,)T: 5.8D (24, m, H-4 and H-12), 7.50 (1¥, =,

3
H-2), 7.7 = 8.2 (2H, m, H-3), 8,3 (24, m, 20-5), 3.6 (44, =,

sat., =CH,-), 8.20 (24, &, J = 6.0 Hz., 39-11), 9.00 (34, %,

2
— 1
J = 6,0 Hz., QQB -CHZ-).
m.s. m/c (Rel abvndance): (2=1)" 185 (1.3), 171 (6), 153 (3), 142 (347,

129 (27), 124 (18), 111 (17), 1290 (28), 85 (172), 71 (27), 55 (2.7,

nalyeis Found @ C, 64o34; I, 9,724 (M=1)" at m/e 1¢5.

|

C1OH1803 requires C, 64.49; H, 9.74%; M.\, at 186.3._

O

. 112 2 ; 2 1l
Trestment of the ldwture of .lorcanadensol A (319) o1d .iorcansccnsol 3 Dt

with listha-olie Potrscium Hyiroxide,

A mixtire of norcanadensol A (lJmg.) and norcanadensol B (5mg.)
in 54 methenolic potassium hydroxice (Iml) was 1=f+ at R.T. overnight,
After dilvtion with water (10ml.) and acidification (5. hycrochloric azid’,

the aqueous solution was extracted with chloroform, and the orgenic



191,

extract washed with water and evaporated to give an oil (122g.).
This wes shoun by t.1l.c. to consist of four componants, Rf Ve45,
3.43, 0431 and 0,27, corresponding tc the two starting norconedensol
alcohols and their C-2 epimers, and app%ared identical on t.l.c, to
the mixture of elecohols obtained from a carboxy~-inversion rcaction
of the graternsry mixture of dihydrocan é-nsic acid C-2, C-1)
diastereoisomsrs,

Cxidation of orcanad 4 (112 wusing Jones Rearcent,

dorcanadensol A (25 mg.) i lar' acctone (10ml.) was
cooled £0 ice temperature.  Jones reggent (0.4 ml., 266 ng./nl,
3, 405 mg./ml, HZSOA) was added dropwise and the solution allowed

to stand 15 minttes, lethanol (2ml.) and water (15al.) was added,

and the aqueous solution extracted with aqueous sodium bicarbonate,

vater and evaporated to give the acyl loctone ( 176/4an 0il (2dmg.,803"

. e o}
vhich distilled at 707 /2.2 mm.

Tloce 2.50, CEiCl3 (yellow=brown).

-]
i.r. Vax (CCIA): 1730 (¥ -lactone), 1723 (ketone), 1162, 1120, 932 cm. .
Le¥e A (7£01): o absorption » 212 nm,

n,n.r. 100 Me/3. (cnc13)1;: 5.47 (1%, m, 9-4), 6.27 (1H, n, 1-2),
7.10 = 8,9 (2H, m, 2H-3), 7.40 (34, S, 3H-11), 8.5 (&I, m, 2H-5

",\', 9037 (BH, t, J = 6'9 HZ., Cn -CH —.‘:.

and sat. -CH o

2
mes. /e (Rel abundance) : ¥ 124 (5), 156 (6), 142 (24) 127 (11),

124 (15}, 114 (10), 100 (24), 99 (10), 96 (11), 85 (9), 82 (21),
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73 (147, 71 (14), 70 (13), 55 (23), 43 (17), 41 (19).

Lnnlysis Fovnd @ C, A5,40; ¥, 2.79%; M' at m/e 184.
cmH1603 requires G, 65.19; M, ¢.75%; M.\. 184.2.

Ovication of iorcanecdensol B (113,

(a) Uitk Jones reznant,

orcanadensol B (20mg.) in analar acstone (5m1.) was cooled to
ice tempsrature, and Jones reagent (1.0ml.) was added dropwise,
Complete cxidation of the alcohol had not occurred after 2 hours
(t.1.c.) when the reaction ﬁas worxed up in the usual way to give an
0il (172g.). P.l.c. on Xizselgel I (0,75 mm. x 29 cm. X 20 cm. )
gave acyl lactone (116 ) (@ma.) identicel in i,r. and n.m.r, spectra
to an auvthentic sample,

(b) ¥With Silver Carbonatc,

dercanadensol B (10mg.) in dry benzene (10ml.) was refluxed with
silver carbozate on celite (50 mg., 0.57z = 1 m.mole AgZCGB) for 2 days.
The mixture was filtered, the filﬁrate ebracted with water,
Ivaporgticn of the benzene gave norcanadensol B (9nmg.) identiczl in

i.r. and t.l.c. t0 the starting meterial. (A similar reaction using

norcanadensol A was likewise unsuccessful).

dropwise with Sarett reagent (1nl.). The solution was left

at R,T, for 2 days, then diluted with water (15al.) and extracted with
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chloroforn.  The organic extract was washed with 57 hydrochloric
acid, water and evaporated to give an oil (12mg.) shown by t.l.c. and
i.r. spectrim to be unreacted staorting material,

Becarboylation of the Acvl-=lzetone (116 ),

The acyl-lactone (25mg.! was dissolved in dioxan (2ml.) and
2.5 sulphuric aeid (10ml.) added. The solubion was heated to
90° on an oil bath under nitrogen; the effluent gas being monitored for
carbon dioxide by bubbling it through a solution of barium hydroxide in

the usval way. After 1 hour at this temperature the precipitated

barium carbonate was obtained by centrifuging the solution, decanting the

{

liquid, and was washed with water and acetone resp. (1Omg., 373).

The reaction solution was cooled and extracted with chloroforn,
and the organic extract washed with watsr and dried (h8304)°
Evaporation of the solvent yielded an oil (15mg.), which appsored
by t.l.c. to contain scveral components fo:nd to be inseparable by p.l.c.
(0.75 mm. x 20 em. x 20 em. ).  Attempts to form a characterisable
2,%=~dinitrorhenylhydrazone using the normal procedure vere likewise
unsuccessiul,

Cleavsce of the Acvl-lsctone (116) to Ceprylolactone(11] J,

The acyl-lactcne (30mg.) in ethanol (2ml.) was treated with 593
potassium hydroxide (4ml.) énd the solution refluxed for 1 hour., The
sclution was cooled, acidified vsing 54 hydrochloric acid and the aqueous

solution extractscd with chloroform. The organic extract was washed with
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water and evaporated to give an oil (25mp.) which was purificé by pr.l.c.
on rieselgel H (D.75 mme x 20 cem, x 20 cm. ) using iodine vapour

1 . S N . ~ .
for detection, to give an oil (18%mg., 827) whose i.r, spretrun was

identical to that rccorded for an avthentic sample of canrylolzchone,

C.D.in mothanol (C 0.47): Bliggy D405 8 T,p0, =0.0L5 A Egié, - 2.17.

T.l.c. 0.48, cn013 (palegrey).

i, v (thin film): 1768 (¥-lactone), 1215, 11¢2, 1130, 1027,
-1

995’ 931 CMe .
n.m.r. 62/, (02013) T: 5.50 (14, m, H=4), 7.4 (2H, m, 24-2),

7.5 = 8.2 (21, m, 24 = 3), 8,5 (61, m, 24-5 ad sot. ~CH,-,

9.73 (34, t, ggB,CHz-).

Attenpted Iscmevisation of the tiebhyl Canadensate C=2 Epimers (22 O,

The mixture of canadensate C=2 cpimers (15mg.) in tristhvlaznine
(O.5ml,) was refluxed overnight. The solvent was removed, chlorofora
(1oml.) added, and the organic solution cxtracted with 5 hycdrochloric scic,
water and evaporated to give an oil (12ng.) identical gn i.r. spectrum znd
on t.l.c, to starting material.

Isomerisation of the iixtire of Canadensic Acid C-2 Epimers (55 ),

The canadcnsic acid C-2 epimers (69 mg.) were stored in
dimethylsulphoxide* (15ml.) at R.T. overnight, Chloroform (52al.)
was added and the solution extracted with water (& x 10 ml.), dried
(MgSOA) and the solvent evaporated to give a solid (4lmg.). This
material wes reflixed for 6 hours in analar acstone (15ml.) with

dry potassium carbonate (40mg.) and methyl iodide (240 mg.). The solvtion
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was filterec and the solvent removed in wacuo, chloroform (IL5ml. )
adcded and the organic solution extractcd vith water, and evayorated
to give an oil, (4dmg.). This was shown by g.l.c. and spechral
data to bhe a mixtire consisting of 1 partlof the methyl cenzdensate
C-2 epimers (57 ) to 1 part of the methyl ester of isomeric acid (123,RZ e'.
Attempts to separate these by p.l.é. were unsuccessful,
L.l.c. 0.59, CiCl, (trown).
Lre v (thin film): 1760 (¥ -lactone), 1715 (COZMG), 1727
vnsat. COzNe), 1682 (tetrasubs, C = C), 1615 (terminal methylene ',
1300, 1235, 1199, 1152, 1025, 930 cm.™L.
el 60tc/s.(CBC1,) Tt 3.58 (4, S), 3.60 (3,8), 414 (UH,5),
4.19 (-H,3), 5.45 (1H, m), 6,15 (134, S, -Ce), 6,25 (13H,S,-0l’,
7.4 = 3.0 (21, m), 7.98 (134, J = 13z.), 8.3 (24, u, 255),

8.5 (4H, m, sat. - CH =), 9.28 (34, t, J = 6.0 Hz,, CH —CH.-),

2" 3 72
GeCoemeSe = see discussion,.
G,l.c, of the above reaction mixture was carried out on a pye-argon

o .
chromatogram using 4 ft. columns at 141° with a flou rate of

45 ml./ninute,

* Dhis reaction did not work with redistilled DMSO. At least 5%

water was present in the reagent utilised above.
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Column Reaction Mixture Methyl Cenadensate $=2 ¥riperz 27
1% SE30 Rie 472, 6.45 min, Ry 4478 min,
1% QFI Ry 6.93, 11.41 min, Ry 6.93 min,

5% APL Ry 23.40, 33.94 min, Ry 23.40min.
Rémnﬁcnlmkx 1774, 1786 1774
# This rezaction did not work with redistilled DMSO., At leest

5% water was present in the reapeht utilised above,

Hydrogsenation of Mixture of 1 vart Isomsric ester (123 ,P=lz) 5 1 rors

Methyl Canadenscte C=2 Epimers (57 1.

The mixture of isomeric ester (30mg.) in cthanol was sbirred 1o-n
platinum oxide (10mg.) in an atmosphere of hydrogen for 1 hour,  The
solution was filtered (glass paper) and the solvent evaporated to giv: en
oil (28 mg., 93%). This appeared identical in i.r. and n.m.r,
spectra to the quaternary mix*ure of the dihydrocanadensic acid C=2,
(109,

C-10 diastercoisomers methyl csters

G.l.c. on 103 APL at 163° (Pye argon, 4 ft. columns),

Solution Ry Peaks Ratio of Peal: Areas
Hydrogenation product 26.8 nin, 3
29,0 min. 1
Quaternary mixtuvre (109) 26,8 min, 1
29,0 min, 1
Attemphed Tesaturation of lethyl Cangdensate (100),

fethyl canadensate (30mg.) in dry dioxan containing 2,3-dichlers
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~4y5-dicyanobenzoquinone (10mg,) was reflvxed for 24 hours.

The solution wss filtered and the resuvlting oil purified by p.l.c.

on Kieselgel H, to g¢ive unreacted starting material (22mg,) identified
by t.lec. and its i.r, spectrum,

Dihvdrocangéensic Acic Amice(Miztire of C-l') ‘ pimers) (139),

Dihydrocanadensic acid mixture of C-10 evimers (37me.) in
benzene (5ml.) containing ovalyl chloride (0,2nl.) was reflixed for
15 hours.,  The solven% uas evaporated, and = satirated solution of
ammonia in banzene (2ml.) added to the reachion flask. After 5 minutes,
the solvent was evaporated to give an oil (33mg.) purified by p.l.c.

on Kieselgel H using iodine vapour for detection, The dihydrocanadensic

acic_amide C-10 epimers were obtained on elvtion of the major band

as an oil (25 mg.)78%).

T.l.c. 0,13, 2,14, 2% HeOH in 0}1013 (brown).

i.r. Ve (thin film): 3,400 and 3,210 (CO.NH ), 1750 (5-—1acton§),
1660 (br.) (CO.IM,), 1460, 1422, 1350, 1280, 1183, 1139, 1265,
1017, 964 cn, -1,

num.r. 6dc/3. (CLCL,)T: 2.87 (2H, m, ~CO.MH,), 5.5) (14, n, H3-4),
7.1 (21, m, H-2 and H=12), 7.5 - 8.1, (21, m, 2H=3), 8.2 (24, m,
28-5), 8.5 (44, m, Sat.-CH2~), 8.80(3H, d, J = 7.0 Hz,, 3H -11),
9.27 (21, n, 9;13-0%12-).

Attemoted Barton Peaction on the Iivture of Tihyirocanadensic Acid

Amide C=10 Ininers (139),

To dihydrocanadensic acid amide C-10 epimers (4Omz.) in analar
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o

chlorofern, was added iodinz and then lead tetraacetate (320me ),

end the solution was irradiated with v.v, light from a mercury lamp for
5 hours at 150. The solvent was then evaporated, 2N sodium hydroxide
(10ml.) added and the solviicn allowed to stand at R.T. for 1% hours.

3,

After acidification, the aqueous solution was extracted with chloroform,
and the organic extract washed_with diJute aqueous sodium

thiosulphate (2 x 10ml,), water and evaporated to give a crystalline
solid shown by t.l.c., i.r. spectrum and m.p. to be dihydrocanadenéic
acid mixture of C~10 epimers  (107) (35ag., 87%). A sample of the crude
reaction product was methylated vsing ethereal diazomethane., G.l.c.

of the resulting oil on a 1% SE30 column at 125° gave only one peak
corresnoncing to the methyl dihydrocanadensate C-~10 epimers, and no

peak corresponding to dihydrocanadensolide (54 ) or related dilactonic

conpoundés,
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EXPIRIMENTAL,

CHAPTIR 4.

Hydroxyisoccenadensic Acid (1.8 ).

The metabolite was isolated as described in Chapter 1, and
crystallised from ether-light petroleum as colourless needles,
MePe 1470.

O.R.D. in methanol (C-0.56):[ ) 400? 0: [ 3] gy * 1395, [ 3] 266?
+ 900, [Blysr + 1890, [Byyqs ~4,460, [8]ypn, 3,250,

Tel.c.. 0.40,(35)benzene<5)dioxan{1)acetic acid (brown).

i.r. V max (KoBr.): 3,600 and 3,420 (=04), 3,300 - 2,600
(CO,H), 1759 (B -lactone), 1708 (COH), 1770 (uk.)
1

(c=c), 1224, 1093, 1C35, 331, 722 cm, .
UeV. Y max. (E50H): 229 nm. ( €7,900).
NeMeTe 100 Mc/S.(CDCIB) T: 4.91 (14, m, H-3), 5.70

(14, m, H=4), 6.1 (2H, m, D O exchangeable - CH),

2
7.76 (3H,5,3H-11), 8.3 (2H, m, 2H-5), 8,6 (4H, m, sat, -0;12-‘,
9,04 (3H, %, J=6.0 Hz., Q_I_{_B-CHz-). |

Mm.S. n/e (Rel. abundance): (M+1)" 229 (1.4), 228 (100), 210 (6.6),
192 (6.5), 153 (23), 143 (15), 142 (100), 141 (52), 125 (12),
124 (50), 113 (78), 87 (17), 86 (22), 85 (35), 69 (62),
68(30), 67 (51), 59 (85), 58 (42).

Analysis Found: C,57.68; H, 6.85%; M at m/e 228.

C requires C, 57.89; H, 7.07%; M.W. 228,

1171605
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Methyl Hyvdroxyisocanadesate (143),

Hydroxyisocanadensic acid (35 mg.) in methanol (2ml.) at ice
temperature was treated with an excess of ethereal diazomethane and
the solution allowed to stand 10 minutes, The solvent was then

evaporated to give methyl hydroxyisocanadensate (32 mg., 86%) which

crystallised from cther-light petroleum as long, colourlecss needles,
MePe 6600 |

0.R.D. in methanol (C0.93): [ & ]

400’0;[ §]286’ + 18205

| B)psgr 05 [ Blys,s = 2405 [ 8,50 -24,900.
C.D. in methanol (C0.56): AE

o7y 1135 BFy s + 402, 8T,00,-6.31,
T.l,.c. 0.42, CHCl3 (brown).
i.r. V. (K.Bre): 3,400 (=Cl), 1758 and 1745 ( ¥-lactone),
1728 (COMe), 1228, 1070, 1036, €30 cm.™r.
¥ nax. (thin £ilm): 3,520 (~OH), 1760 ( ¥ =lactone),
1725 (COZMe), 1760 (wk.) (C=C), 1225, 1105, 1047, 1028, 770 a7t
V o, (CIC15)2 3,590 ema ™, 1763 en.™t (¢ 677), 1715 en.t
(e 472).
UeVe A ot (EtOH): 230 nm. (¢ 11,800).

Nem,T. 100 Mc/s. (CDClB) T : 4.94 (14, dq., J = 2,0, 1.5 Hz., irr,
5,86 —> q (J = 2.0 Hz.), irr. 7,80 ——>d (J = 1. 5Hz.),
H-3), 5.86 (1H, dt, J = 6.0, 1.5 Hz., irr. 8.2 —>(J = 1.5 Ez.),
H-4)y 5.9 (1H, m, D0 exchangeable, -OH), 7.80 (3H, 4,
J = 2.0 Hz., irr. 4.94 —=S, 3H-11), 8.2 (2H, m, 2H-5), 8.6

(4H, m, sat. - caz-), 9.06 (3H, t, J = 6.0 Hz., ggs-cng-).
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m.S. m/e (Rel, sbundance): M' 242 (0.08), 224 (1:1), 211 (0.2),
185 (1:7), 157 (14), 156 (100), 123 (7), 127 (36), 125 (19,
124 (4€), 99 (15), 98 (9), 97 (14), 96 (14) 38 (9), 87 (7),
85 (11), 69 (25), 68 (17), 67 (40), 59 (128), 58 (20), 57 (1¢},
M at m/e 242.1105, Cy ol g0s requires 242.1154.

Analysis Found : C, 59.44; H, 7.57%; M at m/e 2/2.

C 0 requ ires C, 59.49; H, 7.49%; M.W. 242.10

12 1875

Lithium Aluminium Fydricde Reduction of Methvl Hydroxyisocanadensate (Z.3),

o 4

Methyl hydroxyisocanadensate (47 mg.) in dry ether (20ml,)
containing lithium aluminium hydride (75 meg.) was refluxed for 12 hours,
Water (2ml.) was added dropwise, and the precipitate obtained dissolve:
in 6N NaOH (15 ml.). The ether was decanted, and the aqueous soluticn
extracted with ethyl acetate. The combined organic eviracts were
washed with water, and evaporated to give the mixture of tetrols (141

as an o0il (35 mg., 73%) which appeared as thrce spots on t.l.c.

T.l.c. 0,20, 0.23, 0.30,10% MeCH in CHC1, (brown).

i,r. Vo . (thin £ilm): 3450 (-CH), 2995, 1465, 1380, 1250,
1125, 1040 em.™L,

U.V. Y pex® (i4CH): Ho absorption )2‘()0 nm.,

numer.  60Me/s. (CDC1;)T: 4ed (6H, m, = CH-OH), 4.7 (4H, m, D0
exchangeable,~ OH), 8.6 (8H, m, sat., - CHZ-), 9.07(3H, m,
-CH-C
o, o)
The tetrol (141) (30mg) was oxidised with sodium periodate (0.30 z.°

in water (10ml.) for 1 hour. The aqueous solution was then steam-
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distilled into an ethenolic soluvtion of 2,4-dinitrophenylhyérazine
(30 mg. in 5 ml.), when n~valeraldehyde 2,4-dinitrophenylhydrazone
(20mg.) was obtained, and purificd on Kieselgel H and crystallised from

ethanol as needles m.p. 1060, identical with an authentic sample,

Methyl Acetoxyisocanadensate (146).

Methyl hycroxyisocanadensate (40 mé.) in acetic anhydride
(0.3 ml.) coataining pyridine (0,05 ml,) was left at R.T. overnight,
The solution was then concentrated in vacuo chloroform (15 ml.) added,
and extracted with 5 N hydrochloric acicé, saturated aqueous sodium
bicarbonate and water, FEvaporation of the solvent gave msthyl

. o} s
acetoxyisocanadensate (35 mg.,?A%) as an oil, b.p. 95 under 2,5 mm,

T.l.c. 2.75, CHCl3 (brown),

i.r. V max (thin film): 1765 (¥ -lactone), 1740 (CO?Me and
CHB.CO.O), 1670 (wk.) (C=C), 1343, 1222, 1105, 1050, 1025,
965 Cmo-lo
—_— (0014): 1778 (¥ -lactone), 1745 (COMe and CHBCO.O),
1668 (wk.) (C=C), 1237, 1092, 1048, 1021, 810, 760 cm.™ .
UeVe A max. (hexane): 228 nm. (¢ 9,760).

n.m,r.  60Mc/S. (09013)11: 4.68 (1H, t, J=6.0 Hz., B=4), 4.8, (1H, g,
J =2.0 Hz,, 4-3), 6.12 (34, S, =OMe), 7.83 (3H, d, J =2,0 Hz.,
3H-11), 8.10 (3H, S, CHBCO.CL), 8.2 (24, m, 2H-5), 8.4 (6H, m,
sat. -CH2~), 9.10 (3H, t, J=6.0 Hz., CH, -CHz-).
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MeSe m/e (Rel. abundance): (M+1)" 285 (0.7), 284 (0.25), 225 (3.31,
224, (17), 199 (8), 198 (71), 157 (11), 156 (100), 129 (33},
124 (14), 123 (12), 69 (14), 67 (41), 59 (21), 55(31).
m/e 198 ———>  m/e 156, m" at m/c 123.

Analysis Found : C, 59.10; H, 7.04%; M' at m/e 284.

¢ 14H2006 requires C, 59.14; H, 7.09%; M.W. 284.3.

Methyl Trifluoroscetoxvisocanadensate,

Methyl hydroxyisocanadensate (25 mg.) was dissolved in
trifluoroacetic anhydride (0.2ml,) and the solution left at R.T.
overnight. The solvent was evaporated in vacuvo to give methyl
trifluoroacetoxyisocanadensate (26 mg., 87%) as a slightly yellow oil,
T.dl.c. 0.80, CHCL, (yellow~brown).

i.r. v (0014): 1790 (¥ -lactone), 1745 (COLMe and F,C0.0),

max 3
1340, 1161, 1048 em, 7L,
n.m.r. 60 Mc/S. (CDClB)'C 2 4.50 (1H, at, J=7.,0, 1.5 Hz., H~4),
4480 (1H, dq, J=2.0, 1.5 Hz., H-3), 6,10 (3H, S,-Qie),
7.80 (3H,d, J=2,0 Hz., 3H-11), &.3 (2H, m, 28-5), 8.5
(4H, m, sat. CH,-), 9.08 (31, t, J=6.0 Ha., CE,
Oxidation of Mcthvl Hydroxyisocanadensate (143) to Ketone (152),

~CH2~).

Methyl hydroxyisocanadensate (45 mg.) in 'analar' acetone
(5ml.) at ice temperature was treated dropwise with Jones reagent until
the red colour was not discharged, and the solution left 20 minutes,

Methanol (0.1 ml.) was added, then water (10ml.) and the agueous soluiicn



extracted with chloroform. The organic extract was washed with
satvrated esqueous hydrogen carbonate, water and evaporated, and the
resulting oil was then suvbmitted once more to the above oxidation
procedure, The ketone (152) (35 mg., 78%) was obtained as an

unstable yellow oil b.p. 950/0.3 mm,

T,l.ce Rapid cdecomposition occurs on attempted t.l.c.
i.r. Ve, (thin £ilm): 1770 (¥ -lactone), 1722 (CO e and 0=0),

1225, 1080, 1015 cm. .

Vo . r; N —
max, (€0l ): 1780 (% ~lactone), 1732 (CO.Me and G=0),
1

1218’ 1075, 1025 Cm;- .

(1 hexane: 1 FtOH): 215 nm. (€ 9,280), 240 nm.

-
L]
<
[ ]

A max.

(€5,190), 382 nm.( e 721).

( + NaOH): 220 nm.(e 10, 420), 382 nm. (¢ 14,850),
max,

DeeY. 60 /S, (CDClB) T @ 4.53 (1, q, J =2,0 Hz., H-3),
6.13 (3H, S, =(Me), 7.37 (2H, m, 2H-5), 7.77 (3H, 4, J =2.0 Hz.,
3H-11), 8,50 (4H,m, sat. -_CHZ—), 9.10 (3H, t, J=0.0 Hz.,
953-0}12-). .

MmeS. n/e (Rel. abundance )M 240 (0.6), 224 (2.5), 172 (8), 156 (4.5,
154 (3), 140 (11), 139 (4.3), 86 (g), 85 (100), 67 (25), 57(¢€b).

Anslysis Found : C, 59.80; H, 6.83%; M at m/e 240.

C12H1605 requires C, 59.99; H, 6.71%; M.W. 240030

Pseudo-acid (153) from Ketone (132),

(a) On P.L.C.
Attempted purification of ketone ({%2) (20 mg.) by p.l.c. on



Kieselgel HF254 (0,75 mm x 20 cm. x 20 cm, ) using chloroform as

elvant resulted in the yellow band (under visible light) of the ketone givinz
rise to a dark-blue band (under v.v. light of 254 n.m.). Elubion of this
band with ethyl acctate gave the pseudo-acid (15 mg., 70%) as an oil,

beve 85°/0.1 mem.

T.l.c. 0.45, CHCl3 (brown).

i.r, V opax, (thin film): 3,420 (=OH), 1780 ( ¥ -lactone),
1735 (Cone), 1670 (wk. ) C=C), 1235, 1162, 1130, 1078, 1044,
968, 755 cm. ™.
Ve, (0.03M, 0014): 3,430 (=0H), 1790 (¥ -lactone),
(e521, avk 20 em.™1), 1739 (COMe and C=0) ( ¢ 504, & vk 25 cma™)
1675 (wk.) (C=C), 1230, 1162, 1131, 1078, 1945, 972 cm.™t.
UV, S (hexane): 219 nm.(€ 10,300),
Dem,r. 60e/S . (09013)13: 6.17 (3H, S, =(Me), 7.50 (2H, m, 2H~5)
7,70 (34, S, 3H-11), 8.40 (4H,m, sat. —CH2—), 9.10 (3H, t,
J=6.0 Hza, Cy=CH,-). '
m,s, n/s (Rel. abundance): M' 256 (D.4), 225(3,9), 212.(11), 181 (12),

180 (12), 172 (10), 169 (17), 156 (53), 137 (46), 124 (63),
85 (80), 67 (85), 57 (100).

Analysis_Found : C; 56,453 H, 6.47%; M at m/e 256,

C12H1606 requires C, 56.25; H, 6.29%; M.W. 256,

(b) Using Oxyeen/Ethanol,

Ketone (152) (30 mg.) was dissolved in ethanol and oxygen



bubbled thrcugh the solution until the yellow colour disappeared
(ca. 2 hours), The solvent was evaporated to give an oil (32 mg.)
Purification of this by p.l.c. gave the pseudo-acid (22 mg., 64%)
identical to an authentic sample (prepared by method (a)) on t.l.c.,
and in its i.r. and n.m.r. spectra.

Lactol Ether (159,

The pseudo-acid (32.mg. ) in methanol (10ml.) and concentrated
sulphuric acid (9.05 ml.) was refluxed for 4 hours. The solution was
concentrated in wacvo , water (10 ml,) added and the aqueous solution
extracted with chloroform. The organic extract was then washed with
saturated aqueous sodium hydrogen carbonate, water and evaporated to

give an oil, which was puvrified by p.l.c. on Kicselgel HF The

254°

lactol ether (22 mg., 68%) was obtained as an oil, b.p. 720/O.Olmm.

T.l.c. 0.45, CHCL, (yellow=brown).

i.r. Y nax. (cc1 4): 1790 (¥ -lactone), 1735 (COMe), 1330, 1240,
1195, 1130, 107¢, 1000, 965, 945 em. L.

n.m.r. 60 Mc/S. (CDClB) T : 6.13 (34, S, 002Me), 6.67 (3H, S, =0Me),
7.20 (2H, m, 2H-5), 7.70 (3H, S, 3H-11l), 8.50 (4}, sat. -CH2-),
9.10 (3H, t, J=6.0 Hz., CH, - CH,=).

m.s. m/e (Rel. abundance): M' 270 (0.04), 239 (5.3), 186 (67),
185 (23), 171 (11), 154 (32), 153 (37), 125 (25), 85 (100),
67 (42), 57 (93).

Analvsis Found : G, 57.74; H, 6.49%; M at m/e 270.

C13H1806 requires C, 57.77; H, 6.71%; M. 270,3
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Acctylation of I'seudo-Acid (153),

The pseudo-acid (33mg.) in acetic anhydride (2ml.) containing
p.~toluenesulphonic acid (2mg.) was refluxed for 30 minutes. The solvznt
was then evaporated, chloroform (15ml.) added and the organic solution
extracted with agqueous sodium hydrogen carbonate, water and
evaporated to give an oil. The 0il was purified by chromatography on
Kieselgel HF254, when elution of the major band with ethyl acetate gavs the
tertiary acetate (152) (19 mg., 49%) as a colourless oil b.p. 82°/9.01 =m.
T.l,.c. 0.70, CHCl3 (brown),

i.r. Vo (0014) : 1800 and 1795 (gem acetoxy lactone), 1742
CO_Me and:p=o), 1335, 1200 (br.), 1078, 1038, 982 eme k.

NoMeTe 60Mc/S, (CD013)I;: 6.13 (3H, S, =Me), 7.30 (2H, m, 21-5 ),

7.72 (3H, S, 3H-11), 7.80 (3H, S, ggsco.o-),s.s (4H, m, sat.

~CHy-), 9408 (3H, $, J=6.0 Hz., Cll,-CH,

. m.S. n/e (Rel. abundance): M’ 298 (0.43), 256(12), 172 (36),

")c

164 (15), 150 (16), 85 (100), 67 (35), 57 (85).
Analysis Found : C, 56.60; H, 6.36%; M* at n/e 298.
C1AH1807 requiresC, 56.37; H, 6.06%; M.W. 298.3,
Attempted Cyclisation of Hydroxyisocanadensic Acid (148),

(a) using p.toluenesulrhonic Acid.

Hydroxyisocanadensic acid (12mg.) was refluxed in dry benzene (1°=l.;
containing p-toluenesulphonic acid (3 mg.) for 2 days. The reaction was
worked up in the usual way to give an oil (11 mg.) which contained

no neutral products.
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(b) using Sulphuric Acid

Hydroxyisocanadensic acid (bmg.) in concentrated 98% sulrhuric
acid (2ml.) was left at R,T. for 1 week, and worked up in the usval
way to give an oil (4 mg.) which again contained no neutral products,
(¢) using Polvphosphoric Acid

Hydroxyisocanadensic acid (15 mg.) in polyphosphoric acid (3 ml.)
was left at 50° for 6 hours, and gave on work-up a reddish oil (12mg. )
which appeared to consist of several acidic compounds by t.l.c.

Treatment of Hydroxvisoéanadensic Acid (148) yith Methyl Orthoforrmate,

Hydroxyisocanadensic acid (50mg.) in dry benzene (20ml.) end
methyl orthoformate (0.5 ml.)was refluxed for 3 days. The solvent was
removed in vacuo to give an oil (52 mg.), purified by p.l.c. on Kieselgel
HF254 to give methyl hydroxyisocanadensate (24 mg.) as the major
component. This was identical in i.r. and n.m.r. spectrum to a
sample prepared by methylation of hydroxyisocanadensic acid using

diazomethane,

. 8 .
Treatment of Hvdroxyisocanadensic Acid (14°) with Anhydrous Copper

Sulphate in Acetonc,.

Hydroxyisocanadeﬁsic acid (20 mg.) was stirred with anhydrous
copper stlvhate (50mg.) in acetone (5ml.) at R.T. for 3 weeks, The
solution was then diluted with water (20ml.) and extracted with
chloroform. The organic extract was washed with aqueous sodium hydrogen
carbonate, water and evaporated to give a crystalline solid (16mg.)

identical on t.l.c. and i.r. spectrum to the starting material,
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UV, Trradistion of lethvl Hvdrovvisocanadensate (143,

Methyl hydroxyisocanadensatc (32 mg.) in dry ether (10ml.)
(under oxygen free nitrogen) was irradiated with light from a mercury
lanp fof 3 days. The solvent was removed to give an oil (30mg.),
which although t.l.c. identical to the starting material, appeared to e
a mixture of compounds (171) from its spectral data,

T.l.C. 0e41, CHClB (brown).

i.r. v'max (thin f£ilm): 3,550 (=0H), 1770 (¥ =lactone) 1730
(0,Me), 1205 (br,), 1110, 1020, 770 om.™ .,

UV, A (EtOH): No absorption ,> 200 nm,

- maXe

mmez.  60He/S. (CDCL,) Tt 4.9 ( & Hym), 5.4 (1H,n), 6.17 (3H, br.:,
~Gfe), 6.9 (14, m, =0H), 8.6 (9H,m, sat. -CH,-), 9.10 (3, =,
ggB-CHz-).

Preparation of Diene (172),

(a) From Methvl Hydroxyisocsnadensate (143 ) wsing Phosphorus Pentach  srif-,

Methyl hydroxyisocanadensate (45 mg.) in dry ether (1dml.) was
stirred with phosphorus pentachloride (40mg.) for 36 hours.  The
solvent was removed in vacuo to give an oil (50 mg.), which was purifisd
by p.l.c. on Kieselgel HF254. Flution of fhe major band under the
u.v. (254 nm) gave the diene (172) (20mg., 52%) as an unstable oil
identical on t.l.c. and in i.r. spectrum to a sample prepared by
method (C).

(b) From Methyl Hydroxyisocanadensate (143 ) using Thionyl Chloride.

Methyl hydroxyisocanadensate (50 mge.) in thionyl chloride (2al.’



210

and pyridine (0,1 ml.) was refluxed for 2 hours. The solvent was
evaporated, and the resulting oil (65m7.) purified by p.l.c. in the
manner described in (a) to jive the diene (172) (31 mg., 73%) as an oil,
identical in t.l.c. and i.r. properties to a sample prepared by

method (C).

(C) From Methvl Acetoxvisocanadensate (146),

Methyl acetoxyisocanadensate (43 mg.) was added to sodium
hydride (20 mg.) (o0il emulsion free by prior washing with light
petroleum) in toluene (15 ml.) and the solution refluxed with
stirring under nitrogen for 72 hours. The toluene solution was
then extracted several times with waber and evaporated to give the dicne
(172) (28 mg., 838%) as an unstable oil, whiéh solidified on storing
under nitrogen at ca. =20°,

T,l.C. 0.81, 25% light petroleum in CHCl3 (1ight brown).

i.re Y nax. (0014): 1735 (¥ -lactone), 1730 (GO Me), 1660 (C=C),
1616 (C=C), 1335, 1220 (br.), 1075, 1030, 973, 920 cm. T,
u.v. A po, (hexane): 234 nm. (€ 6,560), 308 nm. (€ 9,550).

n,m,r. 100Me/s . (00013)'t,: 4.03 (14, t, J = 8,0 Hz,,
irr. 7.60 —— 35, H-4), 6.10 (3H, S, =OMe), 7.60
(2H, m, 2H-5), 7.77 (3H, S, 3H-11), 8.6 (4H, m, sat. ~CH,=),

9.M (3H, t, J= 6.0 Hz., CH, - CH,-).

3

Attenpted Hydrosenation of Hydroxyisocsnadensic Acid (148),

Hydroxyisocanadensic acid (148) was fo:nd to be unaffected

by hydrogenation at R.T. under the following conditions :
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(2) Platinum oxide in ethanol at gtmospheric pressure.
(b) 10% Palladium-on-charcoal in acetic acid at atmospheric pressure,
(¢) 10% Palladium-on-charcoal in acetic acid (99%) - perchloric

acid (1%) at 5 atmosphercs pressure,

Reduction of Methvl Hviroxvisocanadensate (143 ) with Zinc Dust,

The zinc dust was activated by washing with 5% hydrochloric acid
(5%), water (5X), methanol (5X), ether (5 ) and drying in vacuo for
2/, hours.

To methylhydroxyisocanadensate (40 mg.) in glacial acetic acid
(2nl.) and concentrated hydrochloric acid (2ml.) was added activated
zinc dust (40mgz.), and the solution refluxed( with the addition of a
further amount of zine dust (10mg.) after 1 hour) for 2 hours. The
solution was then diluted with water (30,ml.)and extracted with
chloroform. The organic extract was washed with aqueous sodium
hydrogen carbonate, water and evaporated to give an oil (28mg.), shown
by t.l.c. to consist of two components Rs 0.52 and O.A9,'CH013.

These were separated by p.l.c. on Kieselgel HF254 (0.75 mm.x 20cm. X 20 ci. |
in & CHCl3 (3)/1ight petroleum (1) mixture employing multiple elution,
and using iodine vapour for detection.

Component of Rf 052+ This was identical on t.l.c.,in i.r. spectrum,

m.p. and mixed m.p. to an authentic sample of dihydrocanadensolide,

Its optical rotation ([a]y = = 46°) was similar to that recorded for



212

= = 33994y,

dihydrocanadcnsolide ( [Q]D

Comnonent of Rf 0449, This was identical on t.l.c., in i.r. spectrum,

m.p. and mixed m.p. to an authentic sample of 10~gpidihydrocanadensolide
( 61) prepared by hydrogenation of canadensolice (51 ). I8 0.T.G.

curve was identical to that recorded for 10-gpidihydrocanadensolide,
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EXPERIMENTAT,

CHAPTIR 5.

Treatment of Canadensolide (51 ) with Diazom:thane.

Canadensolide (45 mg.) in dry ether (5ml.) was treated with an
wxcess of sthereal diazomethane (prepared from 0.5g. nitrosan),
and the yellow solution stored at ice temperature overnight.
Evaporation of the solvent then gave an oily solid, shown by n.m.r. to
consist of a 1:1 mixture of pyrazoline compounds. Crystallisation from
chloroform gave needles, m.p. 107°, of Pyrazoline A (18mg., 333).
P.l.c. of the oil obtained on evaporation of the mother liguor

on Kieselgel HF using iodine vapour for detection gave Pyrazoline 3

254
(15 mg., 27%) which crystalliscd from ether-light pstroleun as needles,
m.p. 100°,

Pyrazoline A crystallised from benzene-light petroleum as colourless

needles mep. 107°.

O,r.d.in methanol (C 1.6): [@] 3310 * 40, 600; [§] 3067 = 26, 9503
[ 8,595 *+ 11,2505 [B] 55 = 25,600,

T.1.c,0.14, CHC1, (vellow).

iere _— (KBr): 1798 (¥-lactone), 1775 (¥-lactone), 1550 (wk.)
(W=il), 1368, 1208, 1094, 1054, 1045, 1020,8) 2, 812 cm. ™2,

v, v .. (B6OH): 213 nm. (€2,950), 293 nm. €1,460),

n,m,r.60 Me/s. (00013)'[:: 4,63 (1H, dd, J=6.0, 8.0 Hz., H=3), 5,17

(2H, t, J=8.0 Hz., CH,=N=H-), 5.20 (LHym, H-4), 6.43 (1H, d, J=8.0 Hz.,
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H=2), 7.90 (24, my=CH ~Cii i), 8.3 (2H, m, 2H-5), 8.5 (4H, m, sat.

~CH =), 9.05 (3H, t, J=6,0Hz., CH,-CH-- ).
m.s. w'e (Rel. abundance): M 252 (0.2), 224 (4); 180 (16); 165 (5),
150 (8), 138 (24), 137 (35), 124 (72), 123 (67), 110 (110), ‘
82 (90}, 81 (39), 71 (21), 67 (25), 57 (17), 55 (27), 54 (38),
53 (53), 43 (42), 41 (53).
Analvsis Found: C, 57.40; H, 6.53; i, 11.37:4" at &e 252.

e ———

12 16 O requires C,57,13; H,6.39; &, 11.135:10.%. 2523,

Pyragzoline B crystallised from ether-light petroleum as colourless

needles, m.p. 102°,
O.,r.d. in methanol (see below).
T.1.2.0.27, CHCl (yellow).

L. Voo (KoBre): 1790 ($=lactone), 1775 (¥-lactone),

1555 (wk.) (iEd), 1350, 1304, 1190, 1130, 1352, 101,930,

915, 833 em. 2,

u,ve 60 Me/3. (CD013)I:: 4.37 (1H, dd, J=4.0, 8.0 Hz., H-3), 5.16

(2H, dd, J=6.5, 7.0 Hz., ~CH_-i=ii-), 5.35 (14, m, H=4), 6.63

2

(1H, ¢, J=6,0 Hz., H=2), 7.60 (2H, m, -QH -CH -H=H-), 8.3
(2H, m, 2H-5), 8.5 (4H, m, sat.-CHz—), 9.0 (3H, t, J=6.0 Hz.,
ggg_cnz-).

m.s. m/e (Rel. abundance): M' 252 (4), 224 (4), 180 (12), 163 (14),
138 (24), 137 (35), 124 (60), 123 (73), 110 (96), 82 (122),
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80 (52), 57 (30), 55 (49), 54 (42), 53 (55).

+

Analysis Found : C, 57.14; H, 6.35; d, 11,0091 at m/e 252,

012}116”204 requires G, 57.13; H, 6.39; N, 11.1053M.W. 252.3.

O.r.d, in methanol (C 0.6): [§) 3320 =25,790; [ 3] 3070 * 17,2005
[ @] 242’ _6’0005 [é]216’ + 13’900'

~ 3 . o -’\ . .
Treatmcnt of Avenaciolide (9 ) with Diazomethane.

Avenaciolide (30mg.) in methanol (2ml.) was treated with an
excess of ethereal diazomethane, and the yellow solution (15ml.) left
overnight at ice tempcrature., Evaporation of the solvent gave
an oil, showh by nem.r. to be a 3:1 mixture of pyrazoliné compounds
(35mg. ), which decomposed on sttenmpted separation by p.l.c.

By fractional crystallisation from ether-light petroleum ths major
(HB/azo trans) pyrazoline (7mg., 20%) was obtained as needles,

m.p. 83-36°,

n.n,.r.60 iic/S. (09013)1:: 457 (1, d, J=7.0 Hz.), 5.20 (2H, m,
-CI{,( —i}-:.l—), 5-57 (lH’ m), 6.83 (lH, dd,JI:J2=7'OHz‘>7'8 (Q}I, m’
-CH,-0H,
-CEB-CHZ-).

-i=d-), 8.3 (24, m),8.7 (12, m, sat. -CH,-), 9.12 (3H, t,

Analysis Found:  C, 62.30; H, 7.65%:, 7.95%.

C16H24N204 requiresC, 62.32; H, 7.84%:N, 9.08%; M.W. 308.4.

Partial Resolution Jixperimcnts with Methvl Hydroxyisocanadensate (1.3),

Methyl hycroxyisocanadensate and <) -4=-nenylbutyric anhydride

in qu3ntities shown in Table A were dissolved in dry pyridine (0.521.}



216

and allowed to stand at icc temperature for 18 hours, Water (0.1ml.)
was then added and the solution heated gently on the stean bath for

& hour.  Benzene (3ml.) and water (2ml.) were then added and the
mixture tritated to the pnenolphthizlein erd point using ¥/10 sédium
hydride. The aqueous layer was extracted twice with éhloroform,
acidified with hydrochloric acid, and extracted with chloroform
(2x10ml.). The latter chloroform extract was evaporated to give a sclid
which was dissolved in benzene, and after adjusting to 2ml., this
solution was used for mcasurement of rotation,

Table A @

Fxpt. ilo. 1 2
Alcohol (mg.) 22,2 VAIA
Anhydride (mM.) 0422/, 0.345
Acid on hydrolysis (mM,) , 0.374 04555
Esterification (%) 80,7 ‘ 76.0
Conc, for rotation (mg./ml.) 6.03 | 11.1
o obtained ( °) ' + 70,07 + 0,1

Optical yield (%) + 11 .9 + 10.6
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FEPERIMIET AT

CHAPTIR 6,

Kuhn Roth Oxidstion of Canadensic Acid (Mixture of C-2 Fpimers) (550,

The mixture of canadensic acid G-2 epimers (32mg.) was refluxed
for 1% hours with 5ml. of cold oxidising reagent (prepared by adding
20 ml. of concentrated sulphuric acid to 16,8g of chromic anhydride in
100 ml; of water) in a long necked flask using a cold finger condenser,
The condenser was then removed and washed free o? any acid Qith as
little water as possible (ca. 2ml.). Magnesium sulphate (7,0g.) was
added and the flask set up for steam distillation, a [lame being held
under the reaction flask Juring passage of the steam to concentrate
the contents., When 50 ml. had bLeen collected, the distillate was
titrated against sodium hydroxide solution (1i/100) (using a pH meter)
and was found to require 13.5 ml., to the end-point. A blank
solution under the same conditions required Co5 ml. sodium hydroxide
(8/200 ).

. normality of alkali x vol.Agml.l x MJT.
Terminal methyl Jo..

grams of sample x 1000
= 0,86

A similar reacticn using the, quaternary mixture of dihvdroesnsdensic

acid (C-2, C-10) diastercoisomers (56) (20.1mg.) required 16,5 ml.
/100 sodium hydroxide to the end-point, and hence the terminal methyl

number of these diastercoisomers is 1.7,



Ozonolysis of the Canadensic Acid (Mixture of C=2 Inimers) (57 ).

The mixture of canadensic acid C-2 epimers (42,6 mg.) in
ethanol (10ml,) was cooled to -25° (carbon tetrachloride/solid carbon
dioxide bath) and ozone was passed through for 1% hours, the
temperature being maintained at -25°, Hitrogen was then passed through
the solution at ice temperature for % hour, water (1ml) added and the
solution left overnight at R.t. The solution was then steam
distilled into an ethanolic solution of dimedone (50mg./5ml.) until
50ml. distillated had been collected, ané the distillate concentrated
and allowed to cool when necdle cystals, m.p.19f)were obtained, and
found not to depress the m.p. of an autheniic sample of formaldehyde
dimecone (26mge., 45%). The aqueous reaction solution and the steam
distillate were both extracted with chloroform to give an oil (25mg.)
which appeared to consist of at least four polar components from t.l.c,
(using benzene (35)-dioxan (5)-acetic acid (1) as eluant), and no
component was satisfactorily isolated by p.l.c.

S~
4

Schmidt Reaction of Canadensic dcid (Mixture of C-=2 Fpimers) (59,

The mixtire of canadensic acid C-2 epimers (50mg.) was
dissolved in analar 98% sulphuric acid (0.2ml.) and sodium azide (30mg.)
added, The solution was heated under nitrogen from 350-650 during
+ hour, and maintsined at this temperature for 1% hours, The barium

carbonate which collected in the trap (5ml. of a solution containing 2% 3a

(0H)2, 3% NalNO,

) was centrifuged, and the solvent was decanted.
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After washing successively with distilled water (3X), and dry acetone
(2% ), the solid was dried under reduced pressure to give barium
carbonate (5mg., 5%). The acid solution was dilutcd with waber
(20ml.) neutralised with 1N sodium hydroxide, and subjected toJcoﬁstant
extraction with chloroform for 24 hours, to give a yellow oil (7mg.)
which consisted of several components more polar than the canadensic
acid C~2 epimers by t.l.c. (benzene (35)-dioxan(S)-acetic acid (1)),

This was not investigated further,

Schmict Reaction of the Juaternary Mixture of Dihydrocanadensic Acid

C=2, C~10 Diasterecoisomers (50),

The dihydfocanadensic acld diastereoisoners (5&ng.5 were
dissolved in analar 98% sulphuric acid (0.2ml.) and sodium azide (35mg.)
added. The solution was heated under nitrogen to 60° over % hour, and
maintained at this temperature for one hour, The barium carbonate

(10mge, 21%) which appeared in the CO, trap was collected as described

2
previously. The acid solution was then diluted with water (20ml.)

and extracted with chloroform (2 10ml.) to yield an o0il (1img., 20%
reéovery), identical on t.l.c., and in its i.r. spectrum t& the starting
material, Constzant chloroform extraction of the aqueous solution
adjusted to pH7 (1N NaOH) for 5 days gave an o0il (5mg.) which was

shown to consist of material much more polar than the quaternary mixture

of dihydrocanadensic acid diastereoisomers by t.l.c. (using benzene

(35) dioxan (5)-acetic acid (1)).



10,11 = Dibromocznadensic Acid (lixture of C=2, C~12 Dipstereoiscmers) { °

The mixture of canadensic acid C-2 epimers (21mg.) in carbon
tetrachloride (10ml.), wes treated with a saturated solution of bromine
in carbon tetraciloride (0.3ml.) and the solution was refluxed for
2 hours, The organic solution wes then washed with water (3X10ml.),
brine, dried and evaporated to give the dibromocanadensic acid as a
yellow 0il (37 mge, 95%).

T.1.¢.0.47, benzene (35)-dioxan (5)-acetic acid (1) (brown).
Lere v (0014): 3,500 - 2,820 (COZH), 1775 (¥ =lactone),

1710 (CO,H), 1170, 1125 em.”,
UV, AmaX;(EtOH): Ho absorption 210 nm,

Rmer.€0 He/S. (CDCL,)T: 5.60 (3H, m, He4 and 28-11), 6.40 (1H, m, H-2),

7.2 - 8,1 (24, m, 2H-3), 8.4 (2H, m, 2H-5), 8.6 (4H, m, sat.

-CH2-), 9.10 (3H, t, J = 6.0 Hz., @343112-).

Decarboxylation of Dibromocanacensic Acid (Mixture of C=2, C=1)

Disstereoisomers) (208),

The mixture of bromoacids (30mg.) in analar ethyl acetate (15m1,)
containing dry trieﬂhylamine (0elnl.) was refluxed under niﬁrogen, the
effluent gas being monitored for carbon dicyids by bubbling through a \
standard barium hydroxide solution (5ml.). This trap turned cloudy
after 5 minutes reflux and the reaction was worked up after 30 minutes,
The barium carbonate (8mg., 50%) was isolated in the usual way. On
cooling the ethyl acctate solution, crystals of triethylamine

hydrochloride separated and crystallised from chloroform-light petroleun
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as needles (15mg., 70%), m.p. 123°, Identity with an avthentic sample
was established by mixed m.p. The mother liquor was washed with
water (2 x 10ml.), dried and evaporated to give an oil (20mgz.),
containing at lcast 3 componcents all less polar than the starting

material. (Rf,s 0,60, 0,32 and 0.30 by t.l.c. in CHCl,). Attempts

3

to separate trese by p.l.c. were unsuccessful. C.l.c. of the oil

gave only a broad peak on all columns used, for example :

12 SE30 at 70° R, 31.4 min. R.I. 1390

t
This could not be satisfactorily recorded by g.c.m.s.

Dihydrocenadensol (Mixture of C=2, C=1) Diastereonisomers) (219,

-

The quaternary mixture of dihydrocenadensic acid C—2, <13
diastereoisomers (60mg.) in dry benzene (15ml.) containing oxalyl
chloride (0.5m1.) was reflixed for 1 hour. The solvent was evaporated
and the crude acid chloride dissolved in dry dioxan (5ml. ), scdium
borohydride (50mg.) added and the solution stirred in a stoppered
flask overnight. The dioxan solution was diluted with chloroform
(30ml.) and the organic solution extracted with water, saturzsted aqueous
sodium bicarbonate solution, dried and evaporated to give an oil
(50mgs).  This was purified by p.l.c. on Kiesclgel (0,75 mm x 20cm,
X 20cm,) to give the mixture of dihydrocanadensols as an oil
(25mg., 59%).

Tol.c.0.25, CiCly (trown).

-.‘-—..4-—-

i.r. V nax (thia filmn): 3,550 (-CH), 1760 (¥ -lactone), 1195, 1130,

————

1055, 1930, 975 cn. L,
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Wy A . (E60H): ilo absorption ) 200 mm,

nm,r.60 /s, (CD013)I:: 5.60 (14, m, H-4), 6,35 (3H, m, ~CH,-0H),

7.20 (1, m, H-2), 7.4 - 8.0[ 2H, m, (1H DO exchangeable),

2
2H-3 and -0H |, 8.1 - 8.8 (7H, m, H-1D, 2H=5 and sat. - CH

\
~/y

2
9.05 (61, m, CH, - CH=).

Attempted Dehrdration of Dihwdrocanandensol (Misture of C=2, $=19)

Diastereoisoncrs) (210),

(a) The dehydrocanadensol mixturc (20mg.) in dry benzene (15ngz.)

< s

containing p.-toluenesulphonic acid (5mg.) was refluxed for 3 hours,

the recaction being monitored by t.l.c. After evaporation of the

solvent, the resulting oily solid in chloroform (15ml.), was extractsd
successively with saturated aqueous sodium bicarbonate, wabter and dri:=d,
Evaporation of the solvent then gave an oil, which was shown by t.l.c.

to contain aﬁ least 6 components all less polar than the starting ma-:rial,
(b) The dihydrocanadensol mixture (1Omg.) in dry benzene (15m1.)
containing a crystal of iodine (2mg.) was refluxed for 2 days without

any reaction having occurred (by t.l.c.). Work-up in the usual wey

gave an oil (8mg.), identical on t.l.c. and in its i.r. spectrum to

the starting material.

(¢) The dihydrocanadensol mixture (5mg.) in dry benzene (10ml.) wes

passed down a column (10 cm. x # cm.) of active basic (10g., ‘olm grzie I .

Evaporation of the solvent gave an oil (4mg.) shown to be starting mazerisl

by t.l.c. and its i.r. spectrum.
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Dihydrocanacensol p-Toluenesulvhonates (Mirture of C-2, C=12

Diastercoiscmers) ( 212, .

The mixture of dihydrocanadcnsol ¢-2, C=1D diastereoisomers
(45mg.) in dry pyridine (3ml), containing p-toluenesulphonyl chlorice
(43mg. ) was left at ice temperature overnight. - The solution was then
diluted with chloroform (20ml.), and the organic solution extracted
with 50 hydrochloric acid, saturated aquéous sodium bicarbonate and
water, Evaporation of the solvent gave the crude p-toluenesulrhonates
which were purified by p.l.c. on Kieselgel H (20 cm. x 20cm. x J.752m. )
to give dihycrocanadensol p-toluenesulphonates as an oil (58mg., 72%).
T.1l.c.0,60, CHC1, (brown).

Lefe oo (thin film): 1762 (¥ -lactone), 16290, 1185, 1175, 1095,

985, 845, 822, 775 cm. L.

LeVo A oo (E60H): Ho absorption » 21D nm.
Nem,T.60c/S, (CD013)I;: 2.17 (28, d, J = 8.0 Hz., Ar-=H), 2,5/

(28, ¢, J = 8.0 Hz., Ar-i), 5.60 (1H, m, H=4), 5.90 (24, m,

2H-10), 7.15 (14, m, H-2), 7.58 (34, S, Ar-CHB), 7.80 (24, m, 2H-3),

8.3 (24, m, 2H-5), 8.6 (7H, m, sat. ~CH,~and H-12),

9.10 (6H, m, Qﬁa-dH-).

Ixperiments with Labelled Precursors,

Growbh ané »traction of Penicillium Cagnacense.

Penicillium cangdense with labelled substrates was grown

under identical conditions to those previously described for normal
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cultures. The broth was extracted by mcans of the active

charcozl-acetbone techninte,

Introcuction of Radinachive Substrates into Cuvltures of P, ecsnadense,

Radiocactive precursors in sterilised water (9.5 hours stesm
0., ) .
at 242°F and 12 p.s.i.) were sprcad evenly over 5 roux bottles

containing two day cultures of Penicillium canadense. These cultures

were harvested in the uaual way after 6 days growth.

Isolation of Labclled Canadensic heid (Mivture of C~2 Fpimers).

The dry broth extracts (ca. 0.5, from 5 roux bottles) were
taken up in the minimum volume of chloroform (120 ml.), inactive
canadensic acid (mixture of C-2 epimers) (ca. 150 mg.) added, and the
solution extracted with freshly prepared aqueous sodium bicarbonate
solution (2 x 50 ml.). The bicarbonate soluvtion after cooling to ice
temperature was acidified with 5i hydrochloric acid. The aqueous
solution was then extracted with chloroform and the organic solution
evaporated to give a solid, which on crystzllising from benzene-
light petroleum gave the mixture of canadensic acid C-2 epimers
as needles m.p. 128-1300. Radiochemical purity was obbtained by
crystallising to constant activity (ocqurring usually after 4
crystallisations) and checked where possible by scanning for
radioactivity on t.l.ce.

Counting of Radioachive “aterigl,

Radiocactive assays were carried out using a Packard Tri-Carb

Liquid Scintillation Spectrometer (Series 3000), Samples were counted
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using a solution of 0.10g. dimath&l POPOP (1,4~bis=2=(4-nethyl=5-
phenyloxazalyl )=benzene) and 3.0g. PPO (2,5-diphenyloxazole) in toiuene
(1 litre). Formaldchyde dimedone was counted in this snlution but the
canadensic acid C-2 epimers (being only slightly soluble in toluene)
were counted in a mixture of the above solution (9ml) with dry

ethanol (lml.). Sodium acctate was counted by dissolving in water
(Iml.) adding Bio Solv BBS~-2 solution (2ml.) and the above toluene
solution (10ml.). Efficiencies obtained for 140 using .
these solutions were in the order of 92%, 70% and 85% respectively.

The counting of radioactive samples was carried out for sufficient

time to give a standard dcviation of 2%.

Ozonolvsis of Labelled Cengdensic icid (Mixture of C-2 Fpimers).

This was carried out on canadensic acid*(BOmg.) in an identical
manner to that described previously. The formaldehyde dimecdone
obtained on cooling the steam distillate was crystallised from ethanol-
water to constant activity (usually ca. 3 times).

N 3
Kuhn Roth Oxidation of laballed Canadensic Acid

This was carried otut on canadensic acicd (30mg.) in a-similar
manner to that described previously, except that after nevtralisation
of the aqueous acetic acid (ca. 50ml.) with /100 sodium hydroxide,the
aqueous solution was evaporated to dryness jin vacuo. Vater 2ml. was
then added to the gummy sodium acetate obtained, and 1lml. used for

counting by the Bio Solv-toluene scintillation technique.

+ Hixture of C-2 epimers.
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Attempted Denterium Farichment of Canadensic Acid (Mivhure

Epimers ).

Attenpts to use more sodium acctate and less glucosc in the
medium resulted in retarcded fung:l zrowth, Thus with the same
glucose level mediums containing various concentrations of sodium

acetate were used for incubation and gave the following restlt :

% Sodivm Acctate in medium 0,001 04901 0.05 0.1 1.0

Wb, of lMycelium after
o 11.5 11.5 10.5 9.0 3.5
10 days (g.)

To prevent rctarded growth, a concentration of 3,07% sodium D3—acetate

was used in the medium (i.e. 2.5g. spread evenly over 20 roux bottles. , anc
the fungus incubated for 6 days. The broth was then extracted with

ethyl acetate in the usuval way, and the gummy solid extracted subject:z2

to chromatography on silicic acid in the us-al way. However, no
devterium enrichment of samples of either canadensic acid (55 )

or dihydrocanadensolide (54 ) was detected by mass spectrometry.

Separation of the Metabolites in a 6 Dav Culture of P,canndense.

The broth from a 6 day culture of P,canadense was extracted witk
ethyl acctate in the usval way, and after evaporation of the solvent t-s

viscous oil (6.0g.) was absorbed oato silicic acid (10g.) and placed a3
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the top of a column of silicic acid (350g.) impregnated with silver
nitrate (35g.). The column was cluted with 205 chloroform in light
petroleum (21,) and the polarity of the solvent increasc. by 10% each tirze
t111l materizl was eluted (with 60 chloroform in light petroleum).

The distribution of metsbolites is shown boloir.

Fluting Solvent, Fr, No. W, _ Cortponents.
60% CHCl3 in 15,16 50mg. dihydrocanadensolide
light petreleum 17-21  100mg. dihydrocanadeasolide and
canadensolide
22-2/, 35mp. canacdensolide
25,26 60mz. isocanadensic acid and

dihydroisocanacensic acid
27-30 200ng. cahadeénsic acid,

Fractions 25 and 23, which contained acicic material slighily
less polar than canadensic acid, was treated with an excess of ethereel
diazomethane,  Evaporation of the solvent gave an oil (65mg.), which
by t.l.c. appcared to consist of ﬁwo components of Rf 0.59 and 0.62,

CHClB. These were separated by p.l.c. on Kieselgel HF254‘(ZDcm. % 2027,
x 0.75 mm.) with multiple elution in chloroform (2) -light petroleun
(1) 3 using v.v. light and iodine vaporr for detecticn. to give

Methyl_isocenadensate (217) (12mg.) was obtained as an oil, b.p.

63°/0,05m.
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Q.rsgoin methanol (C 0.25)(al;,,, 9 [3],,,, * 57005 [3],
[@]203’ - 5,080,

c.d. in methanol(C 0.,28): AE 300° 0; _AE g3r ¥ 0.35; OE o5+ Se3R5

“1 0750

B pogr + 3455 BT oo

T,l.c.0.62, 0H013 (brown),

i.r. “}rr;ax. (0014): 1770 ( ¥ -lactone), 1728 (COZMe), 1218, 1117,
1

1095, 1045 cme .

WeVo Ao (F£0H): 229 nm. (€13,590),

R.m.r.100 de/S. (ODC1,)T: 4e94 (1M, m, irr. 7.23 —>dd (7, = 2.0,
J2 = 105 HZ.)’ H"‘B), 6.14 (BH, S, —O;'Ie), 7.83 (BH, d, J - 2.0 ?Z:.,

irr. 4,94 —> S, 3H-11), 8.3 (24, m, 2H-4), 8.6 (6H, m, sat.
-CHZ-), 9.12 (34, t, J = 6.0 Hz., CHy - CHZ-).

m.s. M/e (Rel. abundance): M 226 (15), 197 (53), 156 (103), 128 (.2,
127 (32), 124 (37), 123 (19), 99 (27), 71 (23), 67 (43), 55(1% .

Analysis Found : C, 63.23; H, 8.,07:; M at me 226,

vk | s < .O ‘:'\'; MMWe 2203,
C12H1804 requires C, 63.70; H, 8,025 M. 226.3

Methyl dirvdrocenadenssie (218) (35 mg.) was obtained as an oil, b.:z.

110°/9,07 n. |

Cor.d.in methanol (C 0.53):[ 8] n3o9 * 358805 (8] 2160 3 [ @]196 + 2,253;
Q.‘.g;oin methanol (C ‘3.53)3 AE 250) O; LE 228? + 1°38; A% 235} 0.
T.1,c.0.59, CHCl, (brown).

i,r, .vmax (cc1 4): 1799 ( ¥=lactone), 1746 (coQMe), 1240, 1194, 1173,
-1

995, 925 cm.
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WeVe A (£50H): No absorption’ 200 nm.
— MnaX o

n.m.r.100 Mc/S, (CD013)I;: 5.42 (1, m, H=3), 6,28 (34, S, - Cle),

6.90 (2H, n, -2 and H-19), 8.4 (2, m, 28-4), 2.6 (6H, m, sat.
~CH,=), 8.73 (3H, d, J = 6.0 Hz., 3H-11), 9.12 (34, t, J = 6.0 Hz.,
ggB - CH2-).

m/e (Rel. sbsundance): M 228 (2), 197 (11), 196 (9), 1&2 (12),

E
)

169 (20), 168 (12), 157 (55), 155 (22), 129 (95), 128 (21),
101 (52), 97 (54), 69 (100), 59 (23), 55 (36).
Anglysis Found: C, 62.20; H, 8.58%; M at m/e 228.

c requires C, 63.14; H, 8.83%; M.W. 228.3.

128209,

Dihvdroisocanadensic Acid (219).

This compound was isolated in minor quantities from the broth
of a 1J day culture, and cfystallised from ether-light petroleum as
colourless needles, m.p. 143°,

T.l.c.0.62, benzene (35)-dioxan (5)-acetic acid (1) (brown),

Lre v o (XBr): 3,200 = 2,820 (CO2H), 1758 (¥-lactone), 1742
(COH), 1458, 1423, 1383, 1360, 1326, 1314, 1253, 1212, 1183,
1.

1014, 988 , 690 cm.~
WeVe Ao (Et01): Ho absorption ) 210 nm.
n.m.r.107 Mc/S. (CD013)T:: -2.3 (1H, m, =COCH), 5.32 (1H, m, H-3),
6.82 (1H, m, irr, 8.66 —>d (J = 9.0 Hz,) H-10), 6,96 (1H, m,
irr., 5.32 —>d (J = 9.0 Hz.), H=2), 8.4 (2H, m, 24-4),
8.6 (€H, m, sat. -CHZ;), 9,10 (34, t, J=6.0 Hz., irr. 8,6

— s, CH, -052-).
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m.s.n/e (Rel. abundance) M 214 (0.6), 196 (9), 168 (27), 155 (25),
143 (122), 115 (80), 114 (28), 97 (72), 87 (66), ©6 (25)
69 (74), 55 (48).

Anglysis Found : C, 61.57; H, 8.38%; M at m/c 214.

C11H1804 requires C, 61,665 H, 8.473; M.W. 214.3.

~ A

Attempted Desaturstion of lethyl Dibvéronisocznadensete( 21R) veiny D.L.2.

lethyl dihydroisocanacdensate (10 mg,) in dry benzene (5ml.)
containing 2,3-dichloro=-5,6-dicyano=p.~benzoquinone (10mg.) was
“refluxed for 2 days., The solvent was then removed and the resulting
oil (13mg.) subjected to p.l.c. on Kieselgel H, Elution of the major
band detected by iodine vapour gave an oil (émg. ) identi;al on t.l.ce
and in its i.r, spectrum to starting material.  #do methyl
isocanadensate was detected by t.l.c. of the above rcaction mixture.

Attempted Formation of Risphenacvl Fster of Dihydroisoeanadensic seid (F-1),

To dihydroisocanadensic acid (40 mg., 0.187 m4) in ethanol (1ml.)
was added #/10 sodium hydroxide (3.75ml., 0.375 mM) and the solvent
evaporated on a steam bath. The residual solid was dissolved in
dry acetone (1Oml.) and stirred for 18 hours at RT with g.;bromophenacyl
bromide (110mg.)s The solvent was then evaporated and the resulting
0il purified by p.l.c. on Kieselgel HF s, (20 cme x 20 cme x 0.7 mm).
Elution of the major band gave a solid (58mg., 75%) shown by its n.m.r.

spectrum to be the monophenacyl ester (222) which was not investigated

further.
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T,l,c.0./1, CH013 (brown).
n.m.r.60c/s, (03013)'5: 2,30 (AB q4J = 10.0 Hz., Ar = H), 4.€0
(24, s, C0. CH, - o.co-)? 5.27 (1H, m, H=3), 6,70 (24, m, H-2

and H-10), 8,25 (2H, m, 2H-4), 8.6 (4Hz.m, sat, - Cl,-), 8.64

(3H, ¢, J = 6.5 Hz., 38=11}, 9.08 (3H, m, CH,

An attempt to oxidise the hydroxyl group of any bigphenacyl

-CH2" )o

derivative in situ was made by treating the above reaction
soluticn with Jones reagent at ice temperature, Work-up in the usvzl
way gave only the mono-rhenacyl derivative,

Attenrted Desaturation of 10-Enidihvdrocanadensolide (61 ) nsing D.T.3.

10-Epidihydrocanadensolide (10mg.) in dry benzene (5ml.} contsining
D.D.Q. (10mg.) was refluxed for 2 days. ilo canadensolide (51 ) was
detectable by t.1l.c. or g.l.c. of this reaction solution,
Evaporation of the solvent and purification of the resulting oil on
Kieselgel H gave 10-gpidihydrocanadensolide (6mgf) identical on

t.l.ce and i.r, spectrum to the starting material,
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CHAPT}R 7

Isolation gnd Pronerties of 3-Chlorozentisvl aleohol.

This was isolated in minor quantities on one occasion by
silica gel column chromatography of the charcoal-acchone extract of

the broth of Penicillium canadense (see Chapter 1), but was detected

on t.lec, Of fractions from several extracts. It was eluted from
the column using 5% ethyl acetate in chloroform and crystallised
as neecles mepe 144° from ethyl acetate-light petroleum.

[G]D in nethanol (C, 2-0), 0.

T.1.ce0.25, 4% MeCH in CHC1, (black).
ir. v (K8r): 3,425 and 3,045 (=0H), 1597 (Ar-H), 1455, 1302,

- maxe.
1160, 1175, 1928, 978, 848, 843, 792 em."t,
v, Ao (#6CH): 294 nm. (e 3,910)
A ey (EEOH + daC): 262 nm,(€ 3,920), 314 nm. (¢ 7,060)
320 nm.{* 8,120), 408 nm (%4,140), 433 nm.(e4,320)

¢
A oy (PEOH + NaOH under N,) 280 nm. (c5,100).

RellaLe 100 Me/S. (Dg DM.S.0.) T: 0.88 (1M, m, Ar.0H), 1.61 (1H, m, Ar.CZ,
. 2.21 (14, &, J = 3,0 Hz.., Ar.=H ), 3.35 (1H, d, J = 3,0 Hz,, Ar.-3=|,
4492 (1H, m, <CH,.0H), 5.48 (2H, S, Ar.-CH,-CH).
Spectrum plus DZO: 0.88, 1.6l and 4.92 T signals disappear.

Irradiation at 5.48 T cauvses proton resconance at 3,21 T to sharver.
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nes. mn/e¢ (Rel, abundance ): i’ 3701 176 (2:0), 174 (27), 159 (5),

158 (33), 157 (14), 156 (170), 130 (17), 128 (53), 110 (14),
103 ( 5), 101 (5), 100 (16), 99 (16), 65 (15). |
" 331 at wle 174.0075

C10,requires 174.0084

73
3=Chlorogeatisyl alcohol ~ triacetate,

C7H

The above chlorine contzining metabolite (22mg.) in acetic
aghydride (0.3ml.) arnd pyridine (0.05ml.) was left at R.T. overnight.
The solvtion was concentrated in yacuo,chloroform (10ml.) added and the
soluticn extracted wuth 5N hydrochloric acid, and evaporated to give the
triacetote as an oil (28 mg., 74%).

Tsl.c.0.52, CHCl3 (brown).

iere v o (thin film): 3,180 (wk) (Ar.E), 1770 (phenolic CHBCO.O),
1745 (benzylic CH,C0.0), 1375, 1230, 1205, 1175, 1025, 1023, 765 cam. .
QeV, )\max. (EtQH): o absorption ) 210 nm, ‘

n,m.r,.60 Me/S. (cD013) T: 2.78 (14, d, J = 3.0 Hz., Ar.H), 2.29 (14, d,

J = 3.0 Hz., Ar.H), 4.98 (2H, S, Ar.-CH,-OH), 7.68 (3H, s, CH

.CC.2=),

3

7.76 (3H, S, CH3.00.0~), 7,97 (3H, S, CHB.CO.O-).

Attempted purification of the triacetate derivative by p.l.c. on

Kieselgel HF using multiple elution caused hydrolysis to the diacetate

254
(245 ) (dark blue band under u.v, light),

T,1.c.0.35, CHC1, (brown),
fer. y . (thin £ilm): 3,500 (br.)(-04), 1750 (CH,CC.0), 1696, 1599, 1469,

1375, 1230, 1185, 1125, 1030, 908, 875, 815 cm.™L,
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gﬂ.lkmm (E60H): 315 nm. (€ 2,900).

(Et0H) HaCH: 348 nm,( €3,400),

n.m.r.60 Me/S. (00013)1; : 3.15 (1H, d, J = 3.0 Hz., Ar.-H),
3.24 (1, d, J = 3.0 Hz., Ar. H), 5,02 (2H, S, Ar. - cH, - CH,,
7.68 (3H, 5, CH;.00.0-), 7.8, (34, S, ci,
Discetyl-o =Resoreylic icid (228),

.C0,0=).

oL =Resorcylic acid (2.0g.) in acetic anhydride (10ml.)

~e
-

-

containing sodium acetatec (O.1g.) was left at R.T. for 24 hours.

solvent was concentrated in vacuo, 5N hydrochloric acid (20ml.) added
and the aqueous solution extracted with chloroform., The orgenic ex*ract
was washed with aqueous sodium hydrogen carbonate, water and evavores:zd

to give diacetyl-# = resorcylic acid (2.5g., 79%) which crystallised “rom
J ey

.
Ol:; \
o) \

s .

chloroform - lipht pctroleum as needles m.p. 162° (1it. m.p. 101~

i.r. Ve, (KBr):= 3,300 - 2,800 (co2

1593 (wk) (Ar.-H), 1470 , 1440, 1428, 1368, 1327, 1200 (br.)},

H), 1770 (CHC0.0), 1695 (0O

1225, 1022, 945, 918, 911, 992, 890, 838 cm.™ .
n.m,r.60 Mc/S. (CD013)T;: 0.03 (1H, m,-COZH), 2,67 (2H, d, J = 2.5 Zz.0,
Ar.~H), 3.13 (1H, d, J = 2.5 Hz.,; Ar.-l), 7.80 (64, S, cH, S.0-".

Diacetoxybenzyl Alcohol ( 279),

To diacetyl-K~resorcylic acia (144984, 6.3m1) in dry diplyme
(20ml,) at ice temperature undcr nitrogen was added a 0.5M solution =7
diborane in dry tetrshydrofuran (8ml., 4 mi), and the solvtion left =
hour, VWater (150 ml.) was added and the aqueous solution exiracted -:it:

chloroform, The organie extract was then washed with aqueous sodiu=

N
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hydrogen carbonate,wster (10 x 20 ml.), dried and evaporated to give

the disccboxybenzyl rlcohol (0.928., (4%) as an o0il, b.p.. 105°/0.005 ma.

L.1.c.0.80, 33 MeOH in CHCL, (purple=trown),

iers Vax. (thin film): 3520 (=CH), 1760 (CHB.CO.O), 1370, 1283, 1210,

1123, 1925, 970, 910 em. 7L,
u,v. Ar.ax (£6CH): o absorption D 210 nm.

Rmer.60 Mo/S. (CDCL,) Tt 3,06 (2H, @, 7= 2.0 Hau, Ar.-H), 3.22
(1H, d, J = 2.0 Hz., Ar.-H), 5.19 (24, S, Ar o ~CH,-CH),

5.80 (1H, m, -C%),7.76 (éH, S, CHy C0.0-).

Spectrum plus DZO: 5.80 T resonance disappears,

Analysis Found : G, 58.87; H, 5.47%.

011H1205 requires €, 58.93; H, 5.39%; M.W. 224.2.

Diacetoxybonzyl Acstzte (230 ),

Diacetoxybenzyl alecohol (J.3g.) in acetic anhydride (5ml.)
contzining pyridine was left at R.T. for 24 hours, The solution was
concentrated in vacuo, 5H hydrochloric acid (20ml.) added and the
aqueous solution extracted with chloroform. The organic extract was
washed with agueous sodium hydrogen carbonate and evaporated to give an oil,

which was purified by p.l.c. on Kieselgel HF254 (100 em. x 20 cm.x 20 cm.

x 0.75 mm.) to yield the diacetoxybenzyl acctate (0.28g., 79%) as an oil,
beps 105°/0,01mm.

T.l.c. 0,20, CHCl3 (purple-brown).
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i v (thin f£ilm): 3,025 (wk.) (Ar.-H), 1770 (phenolic

CH;C0.0) 1740 (enzylic CH,CC.0), 1619, 1595, 1451, 1369, 1292,

1200 (br.), 1126, 1023, 755 cm. . : .

wve A (E&CH): 217 nn. (€ 5,600), 265mm. (€ 300).

Ren.r. €0 Me/S, (0DC1,)T: 3.00 (2M, d, J = 2.0 Hz., Ar.-H), 3.97

(18, 4, J = 2,0 Hz., Ar.-H), 4.90 (24, S, Ar.-Q_ﬂz-O.CO.CI{B),

7.71 (64, S, CHy C0.0-), 7.90 (3H, S, CHy.C0.0-),

Analysis Found : G, 58,563 H, 5.2/4%.
013H1404 requires C, 58.65; H, 5.30 %, M.,W. 266.3.

Chlorine in Acebsic Acid,

Chlorine gas after drying with concentrated sulphuric acid was
passed into glacial acetic acid (100 ml.) to give a saturated solution,
Titration of 0,1 ml. of this solvtion in 5 ml. of 9.5 N potassium
iodide solutiocn with sharch indicator required 2.3 ml. /10 sodium
thiosulphate = 0,12 mM, chlorine in acetic acid.

2=Chloro=3, 5~diazetoxybsnzrl Acctate (e31),

Diacctoxybenxvl acctate (176 mg., 0.66 mM.) in acetic acid

(lml,) was treated with the above solution of chlorine in Acetic acid
(10ml., 1.2a) and the solvtion left at R.T. for 24 hours. The
solvent was then removed, and the oil obtained purified by p.l.c. on

Kieselgcl HF (20 cm. x 20 eme x 0,7 mm.) to give 2-chloro-3,5-

254
diaceboxybenzyl acstate (120mg., 69%) as an oil, b.p. 115°/0.02 mm.

T.l.,c. 0.28, CHGl3 (yellow-brown),

ir. v o (thin film): 3035 (wk) (Ar.-H), 1770 (phenolic CHBCO.O},



1738 (venzylic CH,C0.0,, 1448, 1365, 1373, 1185 (br.), 1132, 1763,
1042, 1018, 960, 297, 719 cm.™.

weve A, (ESOH): 227am. (€ 6,570), 276 am. (€ 700).

n.m.r. 60 Mc/3. (0DC1l,) U : 2,83 (1H, d, J = 2.5 Hz.,H-6), 2,98

3

(1H, ¢, J = 2.5 Hz., H-4), 4.73 (2H, S, Ar.-Qﬂz-OAc.), 770

(3H, s, CH,00.0-), 7.77 (34, S, CH,C0.0-), 7.82 (3H, S, CHBCZ..’.L'.

3
bnalysis Found : C, 52,08; H, 4.52%.

3

013H13010 requires C, 51.92; H, 4.36; C1, 11.79» M.W. 300.7.

Chlororesorcinol (I1).

2-chloro-3,5~diacctoxybenzyl alcohol (30mg.) in methanol (10wml.
contzining concentrated hydrochloric acid (0.05ml.) was refluxed
under nitrogen for 6 hours., The solvent was removed in vacuo to givs

an oily solid. The chlororescrcinol (15 mg., 86%) was obbained as

needles, m,p. 1470, on crystallising from ethyl ac:tete-light petroleum,
Tol.c.0.24, 4% lMeCH in CHC1, (dark brown),

RIS (KBf): 3,370 (=~0H), 1590 (Ar.), 1438, 1237, 11483, 124/,
1003, 962, 843, 827 em.™L.

u,v, kmax. (EtOH): 283 nne ( 52’365)0

s (EGOH + HaOH): 303 nm ( 3,840).

n,mer. 60 Mc/S.(D6 acetone) T : 3.30 (1H, d, J = 2.0 Hz. , Ar.H),

3.58 (1, d, J = 2,0 Ha., Ar.H), 5.27 (24, S, Ar LI, - OH).

m,s. m/e (Rel abundance): M’ 3761 176 (3), 174 (103}, 159 (5), 157 {22),
156 (19), 147 (19), 145 (27), 139 (66), 130 (7), 128 (21), 111 {(57,,
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110 (57), 93 (37), 8L (27), 9 (41), 65 (47).
Anglysis Found :  C, 48.32; H, 4.3%:1° 2201 ot n/e 174
CpilCloy Tequires G, 48,15, H, 44045 C1, 20315 2.4, 174.5.

U.V. Spectra =f 3-Chlorosantisvl Alcohol =nd pn.Yvdroguinone.

These were recorded in ethanol solution, their base shift being
measured by the addition of 0,1 ml. of 53 sodium hydroxide

[ ]
giving peas which decrezsed with time.

lietabolite  (neutral) am. - | 295 -
€ 2,910
(basic) am, | 262* - | 3140 320% | 4o0%| ot
Start E 3,900 7,060 8,120 4;1-{(3 "r”:‘::\
(vasic) nm, 267 - - - - -
after 30 min. |€ |4,560
p.lvdroguinone (neutral) {nm. - 292 - - - -
£ 1,900
(basic) |pm. | 236° - | 312° 212® | 210%| o20f
(start e |2,850 15720 | 4,110 R,250 [2,32°
(basic) |om. | 238 - |31 1 - - -
aftGI‘ 30 mi.’l. € 3,200 1,805
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The u.v. solutions were 'deoxygenated' by bubbling nitrogen
gas through for ¢+ hour, and the 4N sodium hydroxide solution

similarly treated by refluxing under nitrogen to give the followings

spectra.
Metabolite (neutral) | nm _ 295 _
€ 3,910‘.
(basic) nm 280 - -
£ 5,100
p.Hydroguinone (neutral) nm _ - 294
£ 1,900
(basic) nm 284 _ _
£ 2,750

Diacetylgsentisic Acid (239),

The sodium salt of gentisic acid (500mg.) in acetic acid (20ml.)
containing acetic anhydride (15 ml.) and sodium acetate (100mg,) wzs
left at R.T. for 24 hours. The solution was then diluted with water
(100 ml.) and extracted with chloroform. The organic extract was
washed. with water and evaporated to give 2n o0il hydrogen carbonete and
precipitation with hydrochloric acid to give dircetylgentisic acid
(380 mg., Sé%)as rods, m.p. 120° (1it. m.p.16§)205).

i.re v _-(KBr) : 3500 - 2,800 (COH), 1759 and 1727 (CH3CO.O),
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1705 (CO,H), 1488, 1434, 1380, 1250, 1205, 1175, 1125, 1065, 1019, 930,

850 cm._l.

A “H0H): _ , _
_LJ-_O_Y_O max. (‘-tOH)‘ 273 nm'( 51,673)0 .
| (E6CH + HaOH): 294 nm. (€ 2,900),
n.m.r, 60He/S. (CD013)T, 2 2,25 (1H, d, J = 2.5 Hz., H-6), 2.77 (2H,m,
H-3 and H-4), 7.67 (64, S, CHy CO.0~).
Analysis Found : Cy 55.65: H, 44274.

C, H, 0 Tequires  C, 55.47; H, 4e23%. MW, 238.2,

5-fcetoxvsalieylic Acid (40 ),

Diacetylgentisic acid (700 mg.) in dioxan (20ml.)-water (60ml.)
at pH 6.0 was refluxed for 2 hours. The acidified solution was then
extracted with chloroform, and the organic extract washed with water
and evaporated to give 5-acetoxysalicylic acid (400 mg., 67%) which
crystallised as needles m.p. 130° from ether - light petroleum.
lere v oo (XBr):- 3420 and 3,200 (br.) (COH and ~0H), 1763 (CHBGO.O),

1673 (COzH), 1625, 1488, likl, 1369, 1340, 1215, 1192, 1134, 1015,

902, 838, 832, 804, 795 cm. T,
We¥s A pay, (E6OH): 308 nm. (€3,850),

(B6OH + HaOH): 291 nm(e 3,920), 340 nm.(€ 2,290),

n.m.r. 69 Me/S. (GD013)t : 2,36 (1H, @, J = 3.0Hz.,H=6), 2.73

(18, dad, J = 3.0, 9.0 Hz., H~4), 3.0l (1H, 4, J = 9,0 Hz., H-6),

7.73 (34, S, CHBCO.O—).
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Analysis Found : C, 55.03; H, 4.13¢,

C9H805 requires G, 55.11; H, 4.11%;M.W. 196.2

Methyl 5-Acctoxvsalicylate (241),

5-Acetoxysalicylate acid (50 mg.) in ether (17ml.) at ice
temperature was treated with an excess of ethereal diazomethane for

1 minvte. The solvent was removed to give methyl S-acetoxvsalicylzs=s

(45 mg., 84%) which crystallised as needles m.p. 8’7;) from methanol - <razer,
T.1l.c.0.51, CH013 (yellow~brown).
Lere vy (€Br): 3470 (uk) and 3,260 (-OH), 1754 (CHBCO.O), 1670
(COZMe), 1612, 1480, 1435, 1282, 1200 (br.), 1078, 1002, 973, <27,
873, 834, 782 e
WeVo Ao (BHCH): 3i5 nn. ( €2,960),
(ELOH + ald): 344 ( €£3,100).
n.m.r. 60 Mc/S. (CD013)1:: 2.25 (14, 4, J = 3.0 a., H-6), 2.30 (14, 23,
J = 3.0, 9.0 Hz., H-4), 3.97, (1K, d, J = 9.0 Hz., H=3), 6,06
34, S, =Ofe), 7.73 (3H, S, 01{300.0-). "
Ang;xsis Found : C, 57.21; H, 4.64 %,
1OH1005 requires C, 57.14; H, 4.80 %$; M.W. 210.2

Methyl 3-Chloro-5-acetoxysalicylete (242 ),

‘Methyl 5-acetoxysalicylate (150mg.) in acetic acid (Iml.) wes

treated with a saturated solution of chlorine in acetic acid (3ml.) z-d
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allowed to stand at R.T. for 1 hour, On dilvtion with watcr (10ml.),

methyl 3-chloro-5-acstoxysalicylate (145mg., 845) was precipated and

crystallised as needles, m.p. 1240 from methanol - water,

T.l.ce 0443, CHCl3 (yellow).

lere Vo oo (XBr): 3,450 and 3,250 (wk.) (=CH), 1761 (CHBCO.O),

1682 (cobne), 1614, 1468, 1435, 1372, 1332, 1248, 1220, 1167,
1096, 1025, 999, 952, 902, 892, 790 om.™L.
WeVe hmm’(ﬁmU:BHJmf(CBﬂuﬂ.
- (EtOH + NaOH): 346>nm.( €3,430).
n.m,r. 60Mc/S. (CDClB)'C: 2.47 (1d, d, J = 3.0 Hz., H-6), 2.67 (1H, d,
J = 3.0 Hz., H = 4), 6.03 (3H, 5, = Qe), 7.78 (3H, S, CH,C0.0-).
Analvsis Found : C, £49.27; H, 3.71¢.

CiHgC10; requires G, 494995 H, 3.7145C1, 14.49; M. 244.6.

Perchloroquinone ( 244 ),

An excess of chlorine ges was bubbled into a solution of methyl
5-acctoxysalicylate (350mg.) in methanol (15mi.) for 10 minutes, and
the solution was found to increase in temperature. The yelloy
solution was then evaporated to give an oil (420 mg.). By fractional

crystallisation from chloroform - light pctroleum needle crystals,

MeDe ll9°,of perchloroguinone (180 m.g. 40%).
Tolece D446, CHC1, (bright yellow),

ire v (KBr): 2,950 (wk.), 1735 (Cozbie), 1699, 1682, (quinone),
1622, 1579, 1435, 1328, 1250, 1230, 1113, 1093 (wk.), 955, 912,
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UeVe A max. (2£0H): 200 nm.(3,070), 272 nm. (e 3,540),

n.m.r. 62 /S, (0D013>T;: 6.03 (S, =Me).

NS, n/e (Rel abundance): 275 (1), 271 (26), 269 (23), 241 (15),
239 (52), 237 (49), 213 (11), 211 (27), 229 (27), 185 (8), 183 (12,
181 (12), .89 (32), &7 (100).

Analysis Found : G, 36.1; H, 1.82%,

08H3913o4 requires C, 35.7; H, 1.1; Cl. 29./%:M.WM. 269.5.

c8H501304 requires C, 36.2;'3, 1.82; Cl. 39.18% 3.4, 271.5.

Recduction of Mebhyl 3-Chloro=S-acchoxysslievlate (242),

Methyl 3~chloro-5-acetygentisate (50mg.) in ether (lﬁml.)waé acéed
dropwise to a stirred suspension of lithium sluminium hycride (152 mg.) in
dry ether (17nl.), and the solution stirred at R,T. for 14 hovrs,

Ethyl acetate (20ml.) was carefully added and the .ether allowed to
cvaporate, 5.4 hycrochloric acid (5ml.) was then added, and the‘solttion
stirred overaight, The ethyl acetate layer was decanted and the

aqueous solution washed with ethyl acctate. The combined organic
extracts were evaporated to pive a red oil, which was puriiied by p.l.c.

on Kieselgel IIF (20 cm, x 20 eme x 0,75 m)s  [lution of the major

254
dark-blue band under u.v. light with ethyl acectate, gave

3~chlorozentisyl aleohol (I1 ) (24 mge, 68%), vhich crystallised as

o A . s i o
ncedles mep. 144 from ethyl acetate - light pctroleum, and was icdenitical

on t.l.c., in i,r, spectrum, end in mixed m.p. to the chlorine containinz

’

metabolite,



Analysis Found : C, 48.00; H, 3.92 %

CJi ClO requires C, 48.15; H, 4.04; Cl, 20.31%£
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CHAPTIR

(00}

(a) Isolation of a Plasticiser,

Acetvltribotyl Citrate (247,

This compound was solated in lafge quantity by silica gel

column chromatography of the chloroform extract of the mjccllum of

175

. i X , . )
Penicillium canadense s  and was obtalned as an oil, b.p. 140/0.25n7.

I.l.c. 0.55, CHCl, (pale grey),

i, v (thin filn): 1745 (ester), 1285, 1180, 1065, 975 cm. ™S,

WeVe A . (Hexane): iio absorption » 210 nm,

Rn.z.60 1e/S (6D01;) Tt 5,95 (6, m, <00.0CH =), 6.94 (4H, A3 quartet,
J = 16.0 Yz, —an-C0.0—), 7.94 (3H, S, chUb. ), 8.5 (12H, m, sz*.

4HZJ,9JO(%Lt,J=’L0Hm,g%4mjd.

m.s. m/e (Rel. ebundance;: (1+1)7 403 (0.7), 402 (0.5), 347 (6),
342 (4), 329 (18), 301 (11), 269 (14), 259 (80), 212 (11),
186 (14), 185 (100), 157 (21), 129 (48), 111 (15), 57 (43),

6 (19), 55 (12).

Analysis Found : C, 59.77; H, 8.54%; M at m/c 402.

CZ?HBAOS requires C, 59.68; H, 8.,51% M.MW. 402,5.

koleculer Yeisht Determinaticn by Csmomstry.

Standard 0,922, 0.24, 9.75 and 0,08M solvtions of benzil in carbon
tetrachloride were preparcd and a graph of resistance (AR) against molsr

concentration (Cm) plotted. DBy preparing several soluiions of the
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plasticiser in carbon tetrachlcride in the concentrations
indicatcd below, it was possible to determines their molarity and hence

the molecular weight (M) from the gravh.

[

Solution Conc. (Mz./p) R(measured) lolarity (cale.)

1 4e134, B ' 0,01625 475
2 8,450 1521 0.03340 404,
3 10.830 1959 0.04289 404,
4 23.330 4796 0.29380 398

Mean molecular weight of the plasticiser was 403 z 5

Saponification of the Plasticiscr,

N
/10 sodium

A veighed amount of plasticiser dissolved in
hydroxide (10ml.) was refluxed for 2 hovrs. ?heAsolution was then
cooled and titrated against H/10 hydrochloric acid, to give the
molecular weizht i calculatcd below (assuming the presence of 4

ester groupings). o product could be satisfactorily isolated

from a constant chloroform extract of the acidified aqueovs solviion,.

Weight of Vol. of /10 Vol. of 1/10 HalH A
Plasticiser (mg.) HaOH(ml.) /10 HCL(ml.) |Ccnsumed(nml.)
58.9 10 43 5.7 AN
52,2 10 449 5.1 412

lean molecular weight was 412.

Selective Hvérolvsis of Plasticiser.

The plasticiser (50mg.) and 3,5-dinitrobenzoic acid (32mp. ) were
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0 . . ; .
heated to 2007 vnder nitrogen for 15 minvtes, The reaction mixture -2

[4}]

then cooled, dilvted with chloroform (15ml.) and the organic solubizn
washed with aqueous sodium bicerbonate, water and evaporated to give 21
oil. Purification wes achisved by p. l c. on Kieselgel (20 cm. x 27 23,

x 0,7 mm.) uvsing iodine vapcur for detection when t"Jbutvlcltrgfe

(32mp., 685) was obtoined as an oil, b.p. 150°/0.1 mm.
Leloc, 0.40, CHOL, (pale grey).

fere” v e (thin £ilm): 3,550 (=OH), 1740 (ester), 1185, 1065, 1022,

it

>

979 cm,7L,
Voo (001 ): 3,520 (=0), 1745 (ester), 1190, 1062, 1020, 960 2=, -.
UV ; (E50H): ilo absorution » 210 nm.

b I ESORN
n.m,r. 62dc/3. (CDClB)TL: 5.96 (6H, m, ~011,=0. .C0), 7.33 (4H, AB q.,
J = 16,0 Hz., =CH,~ C0.0~), 8,5 (124, m, sat, =0l -, 9,03
(94, t, J = 7.0Hz, Q§3-6H2->.
n.s. me (Rel al bendance): (1)* 361 (0.1) 360 (0.2), 395 (2),
287 (5), 260 (11), 259 (65), 203 (6), 1¢6 (15), 185 (190),
147 (9), 129 (67), 111 (15), &7 (13), 57 (39), 56 (21), 55 (13 .
Analysis Found : G, 60.28; ¥, 8.91%; M at m/e360
C18H32O7 requires C, 59.98; H, 8.95; M... 360.5.
Prepar--ion of Tributyl Citrate.

Citric acid (10g.) in n-brtanol (50ml.) at ice temperature was
saturated with dry hydrogen chloride and the solution left at R,.T,.

for seven days., The solution was then evaporated, and the resvlting 2:i1,
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dissolved in cnloroform (50ml.), extracted with saturatcd agueous sodiun
bicarbonatc, and watcr.,  vaporation of the solvent pave tributyl
citrate (15g., 80%) as an oil ideztical on t.l.c., and in i,r. and
n.m.r. spectra to the alcchol obtained from sclective hydrolysis of
the plasticiser,
(b) Candirolin,
This compound was first isolated by silica gel eolunn
chromatogra;hy of the chloroform extract of the myceliuﬁ of

Penicillium_gnnadensgl75 . It wos more conveniently obbtained by

concentrating the chloroform extract, and filtering the precipitated
solid., Crystallisaticn from ethanol then gsve candipolin as,émall
needles, m.p. 212°,

ls ] in ethano1(C 0.05), + 33.0.
T.lec. 0015, 1% HelH in CIICl3 (light grey).
far. v (iBr): 3310 (CO.IM), 3060 (uk) (Ar.-I), 1750 (cster),

1640 (amice), 1604, 1530, 1530 (amide), 1450, 1392, 1730, 1070,

800, ik, 695 cn.7L,

- - \ —l
Ve, (CHOL): 3,435 en.™ (¢ 530), 1742 om.™ (€ 40), 166 en.
(¢ 920).
U.v.e A ((40H): 230 nm. ( €19,000).

n.n.r. 100 /S, (05013;1: 2.27 (LH, m, 0 H of Ar.C0.9=), 2,5 = 2.3
(164, n, Ar.-H), 3.3 (24, m, D,0/¥,0.00H exchangeatle, irr.
5,05 — 3, ~CO.NH-), 5.05 (1H, dt, Jp =, = 6.5Hz., irr.

3.3 — % (J = 6.5 Hz.), irr. 6,75 —> d, (J = 6.5 Hz.,),
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. ,
‘NH-CH-C0.-), 5.4 (2H, m, irr. 5.9 —> br. §, - NE.CH-{ - 0 - COR),

jee]

5.9 dd, J = 5.9, 12.0 Wz., irr. 5.4 —*

(1H
H

S, -9 0.C0R, 6,75 (24, d, J = 6.5 Hz,, irr. 5.05 —>3, ~Cil-Ar. ),
H

7.05 (21, m, irr. 5.4 —>, - ggQ-Ar.).

m.s. n/e (Rel. acendance): M~ 536 (0.05), 415 (0.13), 234 (2.20),
269 (1.5), 251 (3.3) 224 (3.3), 223 (2.2), 148 (33, 147 (17),
346 (91), 118 (34), 105 (80), 91 (120), 77 (72),
64 (¥7), 51 (27).
Analysis feund : G, 76,113 H, 6.20; i, 5.23%; M at n/e 506.
32 3OJ204 requires C, 75.26; H, 5.27; 3, 5.535; .. 506,6.

Hydrolysis of

e

Candinolin,

Candipolin (150 mz.) in a scaled glass tube (10 cm. x D.4 cme
0.1 cm.) contain iing 50 hydrochloric acid (3ml. ) was heated 1300
for 36 hours. The aqueous soluvtinn was then dried by azestropic
distillation using dry benzene and scetone (4I) to give an oily

soli¢ (4 sample of this solid was methylatéd 'sing methanol and HCI,
then trifluoroscetylated, using trifluorocacctic anhydride, and
stbjccted to g.l.c. cn a 1% HGS column at 150° to give two mein peaks
of Rt 5.4 and 9.6 nin., which were identical to auvthentic sauples

of triflucroacetylphenylalanine meth&l ester and bistriflvoroacet;l-
pﬁenylalaninol). The oily solid was then washed with ether (2 x 5ml.’,
and the ether solution evtracted with agueous sodiun bicarbonate,

The aqueows solution was then acidified, extracted with chloroform

-



and the chloroform eveporsted to give benzoic acid (46mz., 63%),

which crystallised from methanol - water as needles, m.p. 1220,

and was identical in mixed m.p. and i.r. spectrum to an authentic sample.
Since attempts to separate the components of the ether extracted

golid by solvent partition were unsuccéssful, a solution in

saturated methanolic hydrogen chloride (15ml.) was allowed to stand
overnight. The solvent was then evaporated to give an oil (120mg.)
which was treated with acetic anhydride (10ml.) and pyridine (0.1lml.)
overnighf. /)The solvent was removed in vacuo to give an oil (140mg.)
which was separated into two components by p.l.c. on Kiesselgel

HF254 (20cm, x 20 em. x 1,0 mm.) using multiple elution in 1%
feOH/99% CHCl3.

Component A: L-Acetvlphenylalanine Methyl Fater,

This compound (41 mg., 61%) crystellised from ether —'light

. 0183 (
petroleum as needles, m.p. 90° (Lit. m.p. 91°°°7 ).

in methanol,+ 19.5183),

[a ]D in chloroform (C 2.0), + 25° (1it.[a]D

T.l.c. 0.20, 1% MeOH in CHCl3 (pale brown), o

dere v (KBr.): 3330 (CO.KH), 3,200 (wk) (Ar.-H) 1748 (ester),
1645 (amide), 1598 (wk), 1527 (CO.NH),1432, 1380, 1é85, 1260,
1215, 1187, 1168, 1115, 1080, 1038, 995, 970, 948 em. 7k,

n.m.r. 6CMc/S (CD013)1;: 2.88 (5H, br. S, Ar. -H ), 3.93 (1H, m,
-C0.NH-), 5.05 (1H, dt, J = 7.0, 8.0 Hz., -Nafég -CO.NH-),

6.20 (3H, S, -OMe), 6,80 (2H, d, J = 6.0 Hz., Ar. -cnz-),



7.90 (31, 5, CH,CO.1).
Analysis Found : C, 65.40; H, 6.26; N, 6.39%,
0. N0y Tequives G, 65,143 B, 6.23; N, 6,333, 221.3.

Component B: IL<Dicecctvlvhenvlalaninol.

This compound (47 mg., 62 crvstelliscd from benzene - licht
vetroleun s needlss, m.p. 124° [Q]D in chlecroferm (C 1.5), = 12,
( [a]p of syathetic material (seéibelow) in chloroform (C 2,25}, - 15.3.
Tel.c. 0,18, 1% lMeCH in CHCl (pale brown).

i.r, Avmay (X3r) 3,900 (CO.JH}, 1725 (acetate), 1640 (amice), 162

A

(vk), 154% (Co.H), 1385, 1370, 1305, 1265, 1255, 1193, 1240,
1028, 750, 638 em.
nem.r. 60¥e/s, (CD013)1; 2 2,78 (5“, br. 8, ir.=H), 4.0 (14, =,
-C0,.H~ ), 5.60 (1H, m, NH-CE ~ CO.:H~), 5.97 (24, 4, J = 5.0 Hz.,
~CH,0hc), 7.13 (°H, 4, J = 7.0 Hz., Ar.-CH,-), 7;93 (34, s,

C_HB.CO.NH-—), 8.07 (3H, S, CHB'

Anslysis Found :G, 66,29; H, 7.10; 4, 5.73%.

Cc0,0-).

0 reguires G, 66,26; H, 7.28; N, 5. 05%3M.H . 235,

\»

Cy3tly7

I-Benzoylpchavlelanine Fthyl ¥ster,

L- Phenylalanine ethyl ester hydrochloride (197g.) in dry
pyridine (5ml.) containing benzoyl chloridc (120mg.) was 12ft at ice
temperature for 2 hours,  The solution wos then dilvted with chlorofern

(20ml.) and the orgenic solution extracted vith 5 hydrochloric acid,

water and evaporated to give bengovlphenvlal=nine ethyl ester {2757z, 227
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v ) [s]
which crystallised from benzene - light petrolevm as necéles, m.p. 1237,

Laly in CHCl?(C 0.27), + 72.7.°

T,l.c. 2,70, CIC 3 (faint grey).

i.re v (8r): 3,362 (00..1), 1752 (ezter), 1645 (aznide),

max.

1605 (wk), 1579 (uk), 1525 (Cco.NH) 1493, 1442, 1370, 1327,

1274, 1210, 1180, 1155, 1095, 1010 cm.™t.

1

nem.r. 6Mc/S. (CD013)TL : 2,27 (2H, m, ortho H of Ar.CO,0-), 2.5

- 2.8 (&0, m, Ar.-H), 3.20 (1H, m, -CO.NE-), 4.95 (17, d

J =50, 7.0 Hz,, = J‘i-CH - CO “t

CH QCE‘?.L.COJQ 6073 (ZH’ d, J = 5.0 HZ., Aro-Cl‘I_z‘), 8.71 (3:{, t,

3
J = 7.0 HZ., CEBQCHZ—C\.CO—).
Analwvsis Found : C, 72.85; H, 6.54; 1,

018H19Hu3 requires C, 72.71; H, 6.44; 0,

L-Bengcylrhenvlalanine (252,

L~Benzoylphenylalanine ethyl ester

ter (25ml.) was refluxed for 2 ho TS,

4a55% .
4071;‘::; Mo"lc’. 29704'

(522mp. ) in dioxan {17al.)

The solution on cooling to

50, gave benzoylphenylalanine (350 mg., 77%) which crystalliscd from

benzene - light petroleum as needles, mop. 1420, (Lit, value 142 203

lalp in cHCL, (C 0.25), + 116°,

T.l.c. 0.40, benzene (35) - dioxane (5)=-zcetic acid (1) (faint grey),

ir. v (ror): 3380 (CO.:H), 3200 - 2,620 (CO2H), 1725 (CO2H),

maxe

1635 (CO.MH), 1598 (wk), 1575 (wk), 1520 (-CONH-), 1485, 1435,

1415, 1315, 1290, 1260, 1235, 1163, 1150, 1085, 1670, 1022,

745’ 690 cm.-lo



nen.r. 60Me/3, (09013)'C: 1.47 (1K, S, D,) exchangeable, -CO.0H),
2.30 (2H, m, o Ar.-H), 2.6 (3H, m, m and p Ar.-H), 3,20
(14, &, J = 7.0 Hz., = COH-), 4.27 (1H, m,-ﬂﬂ_ég—cozﬁ-),
6.67 (24, d, J = 5.0 ﬁz., AT o=CHy=).

Analysis Found : C, 71,52; H, 5.73; 1, 5.08%,

016H15H03 requires C, 71.36; H, 5.61; N, 5.207; M.W. 269.3

Preparetion of I-Phenylalaninol (¢53) from Phenylalanine thyl Ester

Hydrochloride

(a) Using Jodium 3orohvdride.

To a solution of sodium borohydride (2.5g.) in absoclute ethanol

(20ml. ) was edded dropwise a solution of phenylalanine ethyl ester

hydrochloride (2gJ in absclite ethanol. The soluvtion was refluxed

for 24 hours, when vhenylalanine (0.9g., 643) crystalliséd on the étrfacss
of the flask, and was identified with an a‘thentic saaple by m.p.

(283°) and on t.l.c. The ethanol solciicn vas concentrated,watér

(20ml.) added, and the aqueous solution extracted with ethyl acetate.,
Evaporztion of the organic solvtion gave phenylalaninol (42@@., 3:)
identical in m.p. and i.r. spsctrum to a samnle prepared by method (bl.
This yield was not improved by using agueous ethanol or purified sodium
borohydride,

(b) Using Lithium Aluminium Hvdride,

L-phenylalanine ethyl ester hydrochloride (1.0g.) in chloroform

(20ml.) was extractcd with 54 sodium hydroxide, water end evaporated
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to give phenylalanine ethyl éster as an oil (2.85p. 94%). A sol:tion
of this oil in dry ether (20ml.) was added dropwise to a stirred
suspension of lithium aluminium hydride (47Jmg.) in déry sther

(20ml.) and the sol :bion stirred at R.T. for 1 hoir. 1275 ammocnim
chloride (5ml.) was then carefilly added, follewed by wet ether (12nl. ).
After one hoir the grey precipitate was fiitered, washed with sther and
the combined ether«al extracts evaworath to give a vhltc sclid.

Cryst llisation from benzene gave L-f»r1ylsla11nol (572 ma., 765) as
needles m.pe. 92 (Lit . 1. De 91-70 204 ).

(al. in CHCl, (C 0.22), =22.7° (Lit.[a]p in EeOH (0 1.0}, - 25.6°).
D D

Ll.c. 0.2, 965 Z60H= 4% 1,0, Purple rod on heating (ainhycrin!.
lere v .o (iBr): 3,325 and 3,295 (—WHZ), 3,220 - 2,832 (br) (-CHY,
1575, 1493, 1452, 1335, 1119, 1285, 1362, 983, 970, 958, 902, 232,

830, 750, 770, 693 em, L.

nem.r. 63c/S. P01‘)1;~ 2.73 (5H, S, Ar.=I ), 6.50 (28, m, ~CL -7,
6.90 (14, m, -cn H,), 7.23 and 7.43 (21, AB quartst J = 6.0 Tz,
Al -CH - )

Analysis Found ¢ C, 71.56; H, 8.53; N, 9.03%

09H1BNO requires G, 71.49; I, 3.67; d, 9.26%; .. 151.2.

i1, D-Diacctyl-L-Phenylalaninol (251).

I~Phenylalaninol (62mg,) in acetic anhydride (lOml.) containing
dry pyridine (0.2n1,.) was left at R.T, overaight, ' The rcactlon solvticn

was concentrated in wacuo, dil:ted with chloroform (22ml.) and the

organic solution extracted with 5i sodium hyaroxide, water and driecd,
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Evaporation of the solvent gave an oil. Crystallisation frem

. . . o
benzene - light pustroleum gave diacchvl-=L-vhenvlnlaninol, m.n. 128
44 b [ :

identical in mixed m.p., and i.r, spectrum to ccmponent B of the
~candipolin hydrolysis,
[a], in CHCLy (C 2.25), ~ 15.57

Penitrophenvl_cster of Benzmoyluvhenwlalanine

To L—benzoylphenylalanine (36.9mg. ) in analar ethyl acetate (5ml. .
at 0° was added p-nitronhenol (25mg.), followed by dicyclohexylesrbodiinice
(28mg. ) and the mixtore stirred at ice temperatre for ¥ hour, then
'allowed to warm to R.T. The precipitate of dicyeclohexylurca was
filtered, and the solution evaporated to\give an oil., The

p=nitronhenyl ester (45mg., 69%) crystalliscd from ethanol ss nsedlss,

mep. 159°,
l2)p in CHOL, (G 0.25), o°.

T.l.c. 0,70, CC1, (reddish brown).

ire v (¥3r): 3,320 (co.mY, 1755 (ester), 1638 lamice),
1518 (=CONH), 1485 and 1344 (Hoz),,lzzs, 1200, 1145, 1735,
958, €90, 861 cm.™t, |

n.m.r. 6Mc/3. (00013)'C: 1.73 (2H, d, J = 9.0 Hz.,), 2.2 = 2.7 (194, =,
Ar.-H), 2.83 (2!, d, J = 9.0 Hz.), 3.30 (1}, m, ~CL.HH=}, 4.70
1H, q, J = 7.0 Hz., -NH-ég,co.o-), 6.60 (24, d, J = 7.0 Hz.,

Ar.—_C_Iiz-) (3
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Analysis Found @ G, 67.53; H, 4.04; T, 7.297
022}{18‘?1205 reguiresC,67,69; H, 4.65; N, 7.18%; M., 390./.

Reaction of P-nitrorhenyl Zster with L-Phenylalsninol (253).

in analar ethyl ac.ta%e (5nl.) was added L-phenylalaninol (39ng.)

and the solvtion left at R.7T. for 24 ho:rs, The ethyl acetste
solution was then washed with 51 sodiuvm hycroxide, water and
evaporated to give an oil (%5 mg.). The two main components of this

0il were separated by p.l.c. on Kisselgel HF254 (20 emy x 27 em. x 1.0 &z,

to give

Azice Alecohol (254 ) (35 mg., 34#) wes obtained as a glassy solid,
[a]); in €01, (¢ 2.07), - 26,20

T.l.c. 0.20, 25 ieCH in CIC1, (brown),

3

fr. v (3r): 3,600 - 3,200 (br) (=0H), 3,322 (CO.45H), 30250
and 3222 (wk; (Ar.-4), 1655 (amide), 1630 (amide), 1520 (br)
1

(CO-NH5, 1485, 1440, 1375, 1320, 1257, 1075, 1328 cn. .
n.u.r. 6Ric/3, (cr;013) T: 2.3 (24, o H of 4r =C0.0=), 2.6 (33, p. and
p H of Ar =C0.0-), 2,70 (5H, 3, Ar.-4), 2.27 (5H, s,'Ar.-H),
5.20 (14, q, J = 7.0 Hz., -zm-ég - GO}, 5,80 (1H, m,
-zm-ég-cz{2oz1), 6.47 (3H, m, 1E D0 exchanceatle —>d(J = 4.0 Va. ),
~CH,~0H), 6,78 (2H, m, Ar.-Q_Il2~), 7.20(24, 4, Ar.-C}_{_Z--).
m.s. me (Gel.abundance): (M-1)" 401 (0.2), 400 (0.4), 382 (2), 293 (3,
252 .‘(11), 224 &3), 199 (3), 182 (1), 134 (2), 131 (2), 120 (12},

195 (190), 91 (36), 77 (25), 60 (13}, 51 (3).
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Iscmeric Amide Aleohol (255) (30me., 29%)

. s}
cryst=llised from henzene zs necdles, mep. 176,

[“]D in 0301 (C 0.15), + 34.5°,

T.l.c. 0.18, 25 MeOH in 0501 (brown’.

i.r. v (o) 3,5u0 - 3,200 (br.) (-0H), 3,230 (Co.:M), 1657 (2mice),

- maX,

1630. (anice), 1600 (wik), 1575 (wic), 1530 (br) (CO.IH), 1485, 1423,

1370, 1315, 1276,.1233, 1130, 1370, 1038, 1023, 743, 695, 670 c=.

nem.r. 62ic/3. (CLbl JT ¢+ 2.3 (2H, my 0 H of Ar.~£0.0~), 2.6 (31, n

and p H of Ar.-C0.0-), 2.8 (I0H, br. S, Ar.-d), 3.20 (14, d,

p—

J =17.,0 Hz,, =CO. NH-), 5,27 (1H, 4 J = 7.0 Hz., =H-CI~C2.H~),

5.80 (1H, n, -JW—CH - CH ”H), 6.40 (3H, m, 1H, D.O exchangeable,

2
~CH,=01), 6.93 (2H, ¢, J = 7.0 Ha., ar.-Qi-), 7.32 (24, ¢, J =
7.0 Hz., Ar. -ggg-).

Analwsis Found ¢ C, 74.47; H, 6.53; 1, 6.91%.

Cooyglly)y req iiresC, 74.60; H, 6.515 W, 6,965 M., 402.5.

I-Bengzovlvhenvlalanine Hydrazide

I~lenzoylphenylalanine ethyl ester (411 mg.) in ethanol (12ul. )

A\

was reflured with 85% hydrazize hydrare (9.5 ml.) for & hours. (n

cooling to ice temperature L=bengoylphenvlalanine hvdrazide (311 nmg., 3257

crystzllised as needles m.p. 153°,

T.l.c. 0.12, 4% MeCH in CHC1, (browvm).

ir. v (i2r): 3,270 (iH), 3050 and 2020 (wk) (ar.-H), 1630 (amicie’,

max.
1595, 1575, 1520 (CO.iM), 1433, 1435 41365, 1315, 1283, 1235,

1173, 1070, 1022, 920, 79, 795, 749, 699 cm.”t.
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N,m.r. 6;@/0.(CF .CO H)t, 2.+0(5H m, Bz=H), 2.60 (5H, 8, Ar.-3),

4.87»(1H, q, J = 7.04z., -dd-Cﬂfco.NH-,, 6.63 (2H, d, J = 7.0 Yz.,

| Ar.CH,-).
Analysis Found G, 67.92; H, 6.22; 4, 14.25%
016H17N302 requires C, 67.33; M, 6.95; I, 14.33%; M., 283.3.

Reaction of L-3enzoylvheavlalanine Azide and I-Phenvlalatinol (253 ),

L-Benzoylphenylalanine hydrazide -(100mg.) in glacial acctic
acid (5ml.) was dilvted with 50 hydrochloric acid (3°ml.) and cooled
with an ice-salt bath.  Ithyl acetate (20ml.) was then added and
the mixture stirred vigorovsly while an ice coléd solution of sodiun
nitrate (90 mg.) in water (5ml.) was addéd all at once to the aqueous
layer.‘ After stirring for 5 hour, the ethyl acetate layer was
separated, washed with ice cold agreous sodivm bicarbonate, water and
dried using Mg§Q4 and C&le. | I~Phenvlalaninol (57mgz.) was added to ths
dried solution and left at 50 for 24 hours, The solvent was then
evaporated to give an o0il (123 mg.) which was purified by p.l.c. on

Kiesclgel HF (20 em, x 20 em. x 1.9 mm.).  Aution of the majior

254
band under w.ve light ( A 254 nm) gave the amide alcohol (¢54) (102 n:.,
-72%) identical on t.l.c. and in i.r. and mass spectra to a samvle

prepared above from benzoylphenylalanine n-nitrophenyl ester,

Attempted Couplings of L-Bengovlrheaylalanine (252) and I-Phenvlalsnins® 253

Attempts to couple L-benzoylphenylalanine {252 ) and L-phenylalaniasl
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(253 ) using the acid chloride and mixed anhydride

technigues or with dicyclohsxylcarbodiimide reasent WEre
unsuccessful, only traces of the amide alcohol (254 ) being detécteé
by t.l.c.

Benzoylated Azide (254 ).

The amide alcohol (254 ) (25 mg.) in dry pyridine (§ml.)
containing benzoyl chloride (9mg) was left at ice temperature overnight.
The solution wes then diluted with chloroform {12ml.) and the soliiion
washed with 55 hydrochleric acid, 5H sodium hydroxide and water.

Evaroration of the solvent gave the beqzovlafed amide as a £0lid

O

(27 mz., 20%) which erystallised from ethanol as needles, m.p. 209°,
T.l.c. 0.15, 13 Y¥eOH in CHClB (1ight prey).
ir. v (i3r): 3,280 (CO.:H), 3950 and 3020 (wk) (Ar.-H), 1722
and 1710 (ester), 1652 (anicde) 1630 (amide),_lSBQ (br) (COH’,
1499, 1448, 1378, 1312, 1287, 1135, 1265, 1223, 750, 710, 690 c-.
n.m.r. 100 c/3, (CD013)T; : 2,00 (24, o H of Ar.-C0.0-), 2,28 (24, =,
o H of ar,Cl.d-),2, 55 (61, u, ar.=H), 2.6 (10U, br. S, ir.-i!,
3.16 (1%, 4, J = 7.9 z., =C0.0~), 3.75 (17, &, J = 3.2 Hz.,
-C0.MH-), 5.21 (18, dq, J = 7.0 Hz., 8.0 Hz., —HH-ég_CO.L‘-),

5.50 (13, m, uHcgrcnzoBz), 5.2¢ (2, m, -CH.=23z), .32 (21, n,

2
—ggz-gr), 7.16 (28, &, J = 7.0 Hz., -QgQ-Ar.).

‘m.s. m/e (Rel. abondance): M 526 (0.1 ), 394 (12), 223 (12,

279 (4.6), 264 (2. 5) 252 (3.5), 172 (8.5), 122 (2}, 125 (120},

91 (17), 77 (32), 65 (3.5), 51 (€).

1
~
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Analysis Found % C, 75.79; H, 6.11; ¥, 5.30% : ¥ a2t m/e 506.
c32H30N204 requires C, 75.873 H, 5.973 N, 5.53%; k.W. 506.

Isomeric Benzoylated Amide (258).

The isomeric peptide 2lcohol (20mg.) in dry pyridine (3ml.)
containing benzoyl chloride (8mg.) was left at ice temperature overnicnt.
The solution was diluted with chloroform (JOml.) and worked up in the

usual way. The isomeric benzoylated.amide (18 mg., 72%)

crystallised from ethanol as needles, m.p. 212°,

T.l.c. 0.15, 1% MeOH in CH013 (1ight grey).

dere v (¥Br): 3,285 (CONH), 3050 and 3020 (wk), (Ar.-H), 1730, 1717,
1708 (ester), 1655 (amide), 1630 (amide), 1540 (br.) (-COKH-),
1490, 1450, 1383, 1285, 1270, 1128, 1070, 1029, 790, 753, 717,
695 cm._l.

n.m.r. 100 iic/S. (Cn013)1:: 2.08 (2H, br. d, J = 9.0 Hz., o H of
Ar.-C0.0-), 2.35 (2H, br. d, J = 9.0 Hz., o H of Ar.-CO.NH-),
8.5-8.6 (6H, m, Ar.-H), 8.74 (5H, S, Ar.-H), 8.78 (5H, S, Ar.-Z),
3.26 (1H, 4, J 5'7.0 Hz., -CO.NH -), 3.68 (1H, d, J = 7.0 Hz.,
-C0.NH-), 5.20 (1H, dqy J = 7.0, 8.0 Hz., -NH-éngO.NH-),

I
5.50 (1H, m, -NH-CH - CH,.0.Bz), 5.80 (2H, m, _ggz-o-Bz), 6.90

2
' 2H, 4, J = 7.0 Hz., Ar. - 952-), 7.20 (2H, m, Ar._ggz_).
Analysis Found : C, 75.84;5 H, 5.78; N, 5.66%.

C32H30N204 requires C, 75.87; H, 5.97; N, 5.53%; }.W. 506.6.
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daOditengzgerl-T~"henrlaloninnl

w-Phenylslaninol (54me.) in dry ny-idine (5m1,) containing
benzoyl chloride (94mz.) was left at ice temperature
overnight,  Chloroform (15ml.) was addzd and the organic solution

washed with 54 hydrochloric acid, water and evavorated to give i[,0-

o
.

dibenzovlvhenvleolzninol as a solid (92 mg., 7175) which crystallised

o':lgB) .

. . . 0 /q:
from bhenzene - light petrolevm as needles, m.p. 170 (lit. m.p. 163

T.l.c. J.46, 02{013 (pale gray).

(¥Br): 3,310 (CC.iH), 1720 and 1710 (ester)y 1635 (anmice),

l.T,

- Vma}:.
1602, 1572, 1538 (COWH), 1490, 1450, 1431, 1382, 1358, 1315,

1285, 1195, 1178, 1155, 1132, 1120, 1070, 1025, 975, 342,

797, 755, 792 em. "L,

n.m.r. 60Mc/S, (cnc13)T,: 1.98 (24, n, oH of 4r,-C3,0-), 2.30 (24, m,
o of Ar,~CU.NH=), 2,62 (6H, =, n and p ¥ of Bz.-), 2.70 (5H, 3,

Ar.-l), 3.37 (1H, ¢, ¢ = 8.0 Hz., -CO.Ni-), 5.55 (24, d, J = 5.0 Hz.

-CH2-OBz), 5.87 (1H, dd, J = 7.0, 8.0 Hz., -NH=CH - CH

6.90 (24, m, Ar.-C__Eiz-).

2727

Analysis Found : C, 77.10; H, 6.13; H, 3.79%.
C23H21303 requires C, 76.85; H, 5.89; N, 3.907%; .4, 359.4.

N-Benzoyl =IL- phenylalaninol,

L-Phenylalaninol (40mg.) was added to a solution of benzoyl
chloride (37mg.) in dry pyridine (4ml.) at Oovand the solution stirred for
1 hour. Chloroform (20ml.) was then added and the solution extracted

with 5N hydrochloric acid, saturated aqueous sodium bicarbonate and water,



veporstion of the solvent gove l=tenzovi-l-=henvlalaninol as a solid,

v . : - o )
whlch crystallised from chlorofsrm - light petrolevm as platez, mop. 173,

T.l.c. 0.20, CHC1, (grey).

(8r): 3,400 = 3,200 (br) (=), 3312 (C0.:1), 3020

Vm aXe
ar.=H), 1635 (amice), 1620 (wk.), 1540 (CO.:iH), 1435, 1446, 1328,
1282, 1215, 1082, 1050, 1030, 997, 859, 797, 755, 693 cm.™t,
n,m.r. 60:c/S, (CL013) (weak soln.) U : 2.3 = 2.7 (51, m, Bz.=i),

2.73 (5H, Ar.=l), 5.6 (1i, m,.—NHéﬂ -}, 6.21 (28, 4, J = 5.7 Hz.,
-QQQ-VH), 6.97 (2H, d, J = 7.0 Hz., ir.~CH

Anolysis Found : C, 75,103 H, 6.69; i, 5.537.

2")‘

C16H17ND2 requires C, 75.27; H, 6.71; ., 5.49%; M., 255.3,
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