VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

SYNTHESIS AND BIOSYNTHESIS OF CANDIPOLIN,

- A METABOLITE OF PENICILLIUM CANADENSE.

THES IS

presented to

THE UNIVERSITY OF GLASGOW

in fulfilment of the

requirements for the

DEGREE OF DOCTOR OF PHILCSOPHY

by

HELEN LANGHAM, B.Sc..

(née SHIELDS)

The Chemistry Department,
The University,

Glasgow.

Supervisor: Dr. W.J. lcCorkindale. January 1981.



ProQuest Number: 10984243

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 10984243

Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106- 1346



To Paul,.



ACKNOWLEDGEMENTS

I should like to extend my thanks to Dr. N.J. McCorkindale
for all his help and encouragement during the period of this
research, and in preparation of this thesis. I should also like
thank Mrs. M. McK. Tait for her help in culturing the fungi, and
Mr. J. Gall for 100 MHz. NT®© spectra, Dr. D.S. Rycroft for
Fourier Transform 13C and 1H NMR spectra, Mrs. F. Lawrie for I.R.
spectra, Mr. A. Ritchie for mass spectra. I am grateful to Prof.
G.W. Kirby for permission to carry out this work and to produce
this thesis. Finally, I should like to thank all the staff (both
academic and non-academic) who made my stay at the Chemistry

Department thorouhgly enjoyable.

to



SUNMARY

Candipolin, a mycelial metabolite of the fungus Penicilliuﬁ
canadense, is‘gfbenzoylfgg(E—benzoyl;L-phenylalanyl)—L—phenylalaninol.
Its structure was deduced from spectroscopic and degradative studies
and confirmed by synthesis. FEsterification of N-benzoyl-L-phenyl-
alaninol with the imidazolide of N-benzoyl-L-phenylalanine yielded
a mixture of candipolin and its epimer, the latter arising by
racemisation at the phenylalanine centre. Epi-candipolin crystall-
ised from the mixture more easily than candipolin, making isolation
of the desired product rather difficult. Candipolin was obitained
free from its epimer by esterification of N-benzoyl-L-phenylalaninol
with the imidazolide of N-CBZ-L-phenylalanine, followed by selectiwe:
removal of the CBZ-group and benzoylation,

The presence of an ester link between an amino acid and an
amino alcohol unit is unusual in nature and worthy of investigation.
Biosynthetic studies using 14C—labelled compounds showed that all
four units of the candipolin structure (phenylalanine, phenylalaninol,
and the two benzoyl moieties) arise from L-phenylalanine
(incorporation 73%), this precursor showing equal incorporation
into each. L-phenylalaninol (incorporation 2%) was not directly
incorporated, but appeared to undergo oxidation to phenylalanine,
which was itself incorporated. Benzoic acid (incorporation 28%)
gave rise to the two benzoyl units with egual incorporation into
each, N-benzoyl-L-phenylalaninol (incorporatioﬁ 71%) was very
efficiently and very specifically incorporated into its own unit.
N-benzoyl-L-phenylalanine (incorporation 23%) was not directly
incorporated, but appeared to undergo hydrolysis to benzoic acid
and phenylalanine, which were each subsequently incorporated as

expected. From these results, it was deduced that a possible



sequence of events in the biosynthesis of candipolin would be :
N-benzoylation of enzyme-bound phenylalanine with reduction to the
alcohol before release from the enzyme, followed by reaction of the
N-benzoyl-L-phenylalaninol with phenylalanine to give N-benzoyl-O-
(L-phenylalanyl)-L-phenylalaninol, andvfinally, benzoylation of the
free amine.
. - . 13
Feeding experiments using CD3002Na were performed on

P. canadense and Trichothecium roseum, and the fatty esters and

rosenonolactone isolated from the respective mycelia were studied

13

using C NIMR spectroscopy. It was deduced that the deuterium atom

at C-10 in the oleate from P. canadense, and hence, those in the

even-numbered carbon atoms of the stearate precursor, was in the
pro-R configuration. This suggests that in the reduction of
crotonate to butyrate, delivery of hydrogen to C-2, and to C-3 if
the reduction goes trans,is to the si face, giving hydrogen in the .
pro-S configuration. Situdies on rosenonolactone from T. roseum

3C shift

and on the corresponding alcohol, aided by the use of !
reagents, indicated that published pezk assignments were incorrect.
Although the spectra require further investigation, using deuterium

decoupling, they showed that C-18 carried d, and d,, but not 4

1 3
species (as exvected from its derivetion from C-2 of mevalonate),

and provided convincing evidence for the accepted pathway of

incorporation of acetate into rosenonolactone,
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INTRODUCION




INTRODUCTION

FUNGI
Fungi are classed as members of the plant kingdom, although

they differ from higher plants in that they have no roots, stems,
leaves, or chlorOphylll. Since they lack the pigment necessary for
photosynthesis, they cannot utilise carbon dioxide, and, thérefore,
must obtain their carbon from sugars made by other organisms.
Saprophytic fungi obtain their sugars from dead organic matter, such
as leaves and trees, by secreting enzymes which break down the
structure of the wood, releasing sugars in the appropriate form,
By causing decay of dead vegetation, these fungi fertilise the soil,
and by their ability to decompose structural timber under damp
conditions, saprpohytic fungi cause dry and wet rot. Parasitic
fungi obtain their sugars from living organisms, to which they can
cause damage or even death, as in the rusts, smuts, and blights of"
crops. The lichens are a class of organisms consisting of a
" symbiotic association of fungi with algae, the algae phoio-
synthetically converting carbon dioxide into sugars, which the fungi
in turn metabolise.

| Mycelium, the material of which fungi are composed, consists
of a closely interwoven network of microscopic tubes, called hyphae,?
through which nutrients are absorbed, and metabolites (and
destructive enzymes) are excreted. The hyphae contain cytoplasm
in which nuclei are randomly dispersed, without having any discrete«l‘
cell structure. In some classes of fungi, the hyphae are divided:
into compartments by transverse walls (septa), which have central
vores through which cytoplasm, and sometimes nuclei, can pass.
Thus, even septate fungi are not organised onto mononucleate: cells.

There are two tynes of mycelium: vegetative and aerizl, The former



serves to anchor the fungus to its food source, and acts as a
permeable membrane through which nutrients and some metabolites &an
pass, while the latter produces Spores,bthe "seeds" of the fungus,
which are borne by wind and water to propagate the species. The
spores, which do not grow actively, also serve to preserve the
species through unfavourable conditions.

- Pungi are classed according to the type of spores they produce
and to the nature of the mycelium. Phycomycetes, the lowest class
of fungi, are distinguished by the aseptate nature of the mycelium,.
where it is present. The lower members, which do not form mycelium,
are unicellular and often aguatic organisms. Examples of this class
are Pythium, a plant parasité,_ﬁgggg, which parasitises man, and
Rhizopus, a common grey bread mould. (The term "mould" is a

colloquialism, used loosely to refer to Fungi Imperfecti, g.v., and

fungi which do not produce any macroscopic fruiting body. )

Ascomycetes bear sexual spores in a sac (ascus), and asexual
spores (conidia) on aerial hyphae (conidiophores). This class
includes unicellular yeasts, and fungi which produce large fruiting -
bodies, such as truffles. Many yeasts form loose aggregates of
cells, and some are capable of forming mycelium. They reproduce
asexually by budding, a process whereby an outgrowth which forms on
the cell grows, accompanied by nuclear division, until it eguals the-:
size of the parent cell, after which a cell wall is formed to
separate off the daughter cell. Many Ascomycetes, such as Claviceps
bﬁrpurea,'are parasites of plants, while some yeasts cause human
disease,

Basidiomycetes, the highest class of fungi, bear their spores:
on basidia, which are often associated in large numbers to form

fruiting bodies, as in mushrooms, tracket funzi, and puff balls.
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Members of this class cause considerable crop damage in the form of
rusts and smuts of cereals, and mycelium of Basidiomycetes is often
perennial in soil or wood.

Funei Imperfecti, which have no sexual ("perfect") stage of

growth, form asexual spores on conidiophores which usually occur on
the surface of the mycelium. Common examples of this class are

Penicillia and Aspergilli, which cause the familiar grey-green

growth on mouldy food. Some species classed as "Fungi Imperfecti

are simply the conidial stages of perfect fungi, for example,

Fusarium moniliforme is the conidial stage of Gibberella fujikuroi.

Fungi play an important part in our everyday lives. Yeasts,
by virtue of their ability to produce carbon dioxide from flour, are
extremely important in the manufacture of bread. Yeasts are also
very efficient in the conversion of fruit sugars to alcohol. TFungi
are responsible for the maturing of cheeses such as Gorgonzola,
Camembert, Roguefort, and, of course, some fungi, such as mushrooms
and truffles, are edible. Pungi provide an important source of

antibiotics, such as penicillin (1) (Penicillium notatum),

tetracyclines (2) (Streptomyces species), - chloramphenicol (3)

(Strevtomyces venezuelag), griseofulvin (4) (Penicillium griseofulvum),

and many fungi produce potent toxins, such as gliotoxin (5)

(Trichoderma viride), aflatoxins (6) (Aspergillus flavus), and

phalloidine (7) (Amanita phalloides). The fungus Penicillium

canadense, used in the present work, produces the antibiotic
canadensolide (8) as well as dihydrocanadensolide (9), a compound
which has found some use as an antiunlcer agents.

Fungi and higher plants exhibit both primary and secondary
metabolism. Primary metabolism is the process by which those

compounds are produced wnich are necessary for the growth and



maintenance of the organism, and for providing the energy necessary
for these processes., Primary metabolites are relatively few in
number and are common to all classes of organisms. Secondary
metabolites, on the other hand, are not essential for maintenance of
the organism, and exist in enormous variety, many being produced
only by one species of a particular genus. In order to study
secondary métabolism, it is necessary to be able to grow cultures
under controlled conditions in the laboratory.

The most convenient nutrient supply is an aqueous solution
containing sugar, nitrogen, and various minerals, into which spores
‘of the fungus may be inoculated. If this is left undisturbed,
the mycelium grows as a mat covering the surface (surface culture),
or, if it is shaken, the mycelium forms small submerged pellets
(shake culture). In a surface culture, part of the mycelium is in
contact with air, part is in contact with the nutrient medium, and
pért lies between these two extremes, making this type of culture
relatively inhomogeneous. A shake culture is mich more homogeneous
because all of the mycelium is submerged, thus §resenting a much
larger surface area to the nutrient supply, which is aerated as a
result of the agitation. ﬁevertheless inhomogeneities exist between
mycelium at the surface and that at the centre of the pellets. In a
surface culture, metavolites are removed from the proximity of the
mycelium, and fresh nutrients brought to it by the process of
diffusion, which is relatively slow compared to the agitation of
broth in shake cultures. These differences in the two methods of
culturing often cause differences in the relative provortions of
metabolites present, and, indeed, can lead to production of
metabolites peculiar to one form of culture.

Borrow and Bu'lock, who independently studied the relationshin



between nutrient supply and growth in cultﬁres, discovered that

fermentation occurs in several distinct phases. Borrow and co-

455

workers s studying gibberellin production by shake cultures of

Gibberella fujikuroi, described three metabolic phases in cultures

where the nitrogen source was limited. Between inoculation and
exhaustion of nitrogen was a period of rapid growth, the "balanced
phase', during which the weight of mycelium increased while glucose,
nitrogen, phosphorus, magnesium, and potassium were taken up. This
was followed by the "storage phase", during which the weight of
mycelium increased due to accumulation of fats and carbohydrates;
the remaining nutrients were assimilated, and secondary metabolism
commenced. At the "maintenance phase', no further increase in
mycelial weight occurred, but glucose uptake and secondary
metabolism continued. When glucose and mycelial fat reserves had
been exhausted, the "terminal phase" of breakdown of the mycelium
began, with release of mycelial components into the ﬁedium.

In fermentations in which magnesium and phosphorus became exhausted,
av"transition phase"” was observed between the "balanced" and -
“storage" phases, during which cell proliferation proceeded at a
reduced rate. Taber and Vining6 discovered that during the

"${ransition phase", cultures of Claviceps purpurea accumulated

nitrogenous but not carbohydrate storage material. Whereas normally
ergot alkaloids were accumulated during this period, cultures of
Ciavicegs.which did notkproduce alkaloids passed rapidly into a

normal storage phase, accumilating fats and carbohydrates.

Bu'lock has suggested »8 that at some time during the initial
period of rapid nutrient uptake, the "tropophase", some intermediate
of primary metabolism, normally present in low concentrations, may

suddenly accumulate and induce formation of the enzymes necessary
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. for secondary metabolism. The end of the tropophase, the period:
during which primary metabolism predominates, may be brought about
by exhaustion of a nutrient, after which the "idiophase'", the phase
of secondary metabolite production, begins. It has been observed in

9

Penicillium islandicum” and in Penicillium urticae8 that the rate of

oxidation of acetate fell during the tropophase, reaching a minimum
when secondary metabolism commenced. This could be explained by an
accumulation, towards the end of the tropophase, of primary
metabolites, such as acetyl and malonyl Coenzyme A, and intermediates
of the Krebs Cycle, with a concomitant decrease in rate of uptake of
nitrogen and phésphorus, and in the rate of acetate metabolism.

This accumulation of primary metabolites may have induced formation
of new enzymes, or may have effected activation of enzymes already
present, causing secondary metabolism to beginlo. Formation of a

. secondary metabolite may induce enzymes for its modification,

leading to production of a range of secondary metabolites. Bu'lock
found evidence of this from studies of production and transformations

of 6-methylsalicylic acid (10) by Penicillium urticaell, in which

this compound is converted to patulin (11) via gentisyl derivatives.
6-Methylsalicylic acid synthetase was shown to be a metabolically
stable.enzyme produced during the tropophase, and activated during
the idiophase. Metabolically labile enzymes were formed during the
idiophase which converted the acid to its gentisyl derivatives then
to patulin.

Since accumulation of a compound in a culture may induce thev
formation of enzymes for its mofification, care must be taken when
introducing compounds to cultures as part of a biosynthetic study.
Addition of large quantities of material can, by this process, give

rise to artefactse. The use of radioactive labelling makes possible
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the administration of potential precursors in trace amounts, thus
minimising the likelihood of artefacts (although if the compound is
normally only present in minute quantities in the culture, even
these trace amounts can behave as overdoses and cause misleading
results). The potential intermediate must be introduced when the
culture is actively producing the desired metabolite: adding it too
late will result in poor uptake of label; adding it too early may
result in its being metabolised to an undesired product before the
desired metabolic process has begun. Because:-of their greater
inhomogeneity, surface cultures are generally more easy to study
than are shake cultures, since it is probable that at the time of
addition of the "precursor", at least part of the mycelium will be
actively producing the desired metabolitel.

Care also has to be exercised in the interpretation of the
results of a biosynthetic study. If a compound is not incorporated,
it may be because it is not a precursor, or because it simply
cannot penetrate the cell wall. For example, in some Penicillia,
free malonic acid (12) cannot venetrate the cell walls, whereas
diethyl malonate (13) does, and can function as a precursor of
polyketides via malonyl-Coenzyme Az. If a compound does appear to
be a biosynthetic intermediate, then it may either lie on the main
pathway, or on a minor pathway, or may possibly exist in equilibrium
with the true precursor, while not actually being one itself., The
efficienoy of a2 compound as a precursor is measured by its
incorporation into the metabolite, given by the ratio:

specific activiity x weight of metabolite

Incorporation = x 100%
‘ specific activity x weight of precursor

As mentioned earlier, secondary metabolites are produced in

. . . 10
enormous variety by fungi, and are, in the words of Bu'lock )



"an expression of the individuality of the species in molecular
terms". Many suggestions have been advanced as to the purpose of
vthese apparently redundant compounds. The suggestion that they may
be reserve foodstuffs does not account for the variety of these
compounds, and seems somewhat inadequate, since fats and carbo-
hydrates are used by fungi as food reserves. The production of an
antibiotic obviously confers upon the organism the advantage of
being able to kill off competition, thus making it more fit for
survivallz. Most secondary metabolites, however, possess no
antibiotic activity, and it is possible that the activity of the
relatively few compounds which do may be simply fortuitous., It is
also possible that secondary metabolites may provide a means of
waste disposal or detoxification of the enwironment in which a
culture finds itse1f13. For example, if some product of primary
metabolism may accumulate to such an extent that it becomes toxic to
the organism, then conversion to a secondary metabolite may remove
it from the pool of active metabolites. Bu'lock14 has suggested
that secondary metabolites are themselves of little significance,
but that it is the process of secondary metabolism which is
important because by removing intermediates which would otherwise
accumulate, it allows the processes of primary metabolism to
continue during times of stress. This explanation seems reasonable,
since, despite their enormous variety and species-specificity,

secondary metabolites arise by a limited number of pathways.
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FUNGAL SECONDARY METABOLISM — THE SHIKIMIC ACID PATHWAY

Three major pathways of fungal secondary metabolism lead to

polyketides, isoprenoids, and aromatic amino acids respectively.

Whereas the first two pathways involve acetate as the fundamental
starting material, the third involves glucose without intervention
of acetate, and takes its name from one of its intermediates:

15,16

shikimic acid (14). This compound was first discovered in 1885

in the seeds of the plant Yllicium religiosum, but its importance

was not realised until the 1950's, when it was identified as an
intermediate in the biosynthesis of aromatic amino acids17. The
pathway, elucidated using bacterial mutantsl8, comprises an
unbranching part, common to all shikimate-derived metabolites, and
several branches, leading to various classes of metaboliteslg.

The common part of the pathway consists of the sequence of
transformations from glucose to chorismic acidl5 (Scheme 1)%
Transformations of chorismic acid give rise to the aromatic amino
acids and isoprenoid quinones. For example, rearrangement gives
prephenic acid (16), the precursor of phenylalanine (17) and
tyrosine (18) (Scheme 2). A different sequence of reactions gives
anthranilic acid (19), which leads to tryptophan (20) (Scheme 3)
and to many alkaloids. This biosynthetic pathway could quite
properly be called the chorismic acid pathway, but for the fact
that shikimic acid was discovered first., It is of interest to note
that chorismic. acid was only discovered within the past fifteen
years. The widespread importance of the shikimic acid pathway is
illustrated by its occurrence in higher plants as well as in
bacteria and fungij; in plants, it proceeds via the same intermediates
as in microorganismszo.

The shikimic acid pathway gives rise to many interesting
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10

metabolites having a wide variety of structures and biological

functions, including antibiotics, alkaloids, pigments, and toxins.
For example, the ubiquinones or "Coenzyme Q" (21) occur widely in
the mitochondria of animals and plan'bszl and in the cell membrane

of non-photosynthetic microorganisms, being involved in electron

transport processe322’23. The quinone part of these is derived from

24

shikimic acid, and the prenyl side chain from mevalonate '.

Cinnibarin: (22) is a red pigment found in the fruiting bodies of

Polyporus cinnibarinusz5, which might arise1 by oxidative coupling

of 3~hydroxyanthranilic acid (23) or related compounds. The
hallucinogenic ergot alkaloids ergotamine (25) and ergocristine (26),
responsible for the toxic effects of rye infected with the fungus

ClavicqpsAQurnureal, are amides of lysergic acid (24), a tryptophan~

derived metabolite. The antibiotic novobiocin26 (27), found in

Streptomyces niveus, is a particularly interesting metabolite,

having a mixed biosynthesis. The 3-aminocoumarin and p-hydroxy-

benzoyl units are shikimate-derived, phenylalanine and tyrosine

acting as équally effective precursors to these, while the sugar

arises from glucose, the isopentenyl unit from mevalonate, and the
27

methoxyl and gem-dimethyl groups from methionine ', Xanthocillin

(28), a yellow antibiotic pigment occurring in Penicillium notatum,

has the novel feature of isonitrile groups. Biosynthetic studies
suggest that the 06—02 units are most probably derived from

tyrosin928. A final example of a shikimate-derived metabolite is
the curious orange pigment hispidin (29), isolated from freshly-

harvested fruiting bodies of Polyvorus hisnidu529’30, This

pigment appears to form a lignin-like vnolymer when the fruits are
allowed to stand and harden. It is probably formed from

phenylalanine or tyrosine via caffeic acid (32)10.
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11

The shikimic acid pathway gives rise to a wide range of
aromatic compounds, some of which can arise from more than one point
on the pathway. C6—C3 acids, such as cinnamic acid (30), are
frequently derived by deamination of the corresponding amino acids
by the action of ammonia lyases. These enzymes have been shown to
be present in Basidiomycetes and Actinomycetes3l’32. p-Coumaric
acid (31), in addition to being formed by deamination of tyrosine,
can arise by enzymatic hydroxylation of cinnamic acid, as has been
found to occur in a species of Polxgoruszz.

Shortening of the side chain of cinnamic acids to give 06—02
and 06-01 comvounds ocecurs in higher plants by important oxidation

processes, and evidence that a similar pathway exists in fungi has

been obtained from studies of Basidiomycetes. Schizophyllum communé

has been found to convert cinnamic acid but not phenylacetic acid

33

(33) into benzoic acid”~. Washed cells of Sporobolomyces roseus

convert cinnamic, p-coumaric, and caffeic acids into protocatechuic
acid (34), probably via benzoic and hydroxybenzoic acids32. More
recently, the conversion of p- coumaric acid to p-hydroxybenzoic
acid by a non-oxidative mechanism has been shown to occur in

34

" Polyporus hisvidus and in a cell-free extract of potato tubers~,

When p-— qoumaric acid was supplied as substrate, the reaction

was found to be fast and indevendent of NAD, suggesting that the
35

chain-shortening step occurred via a non-oxidative mechanism

(Scheme 4). This is the first report of a Cx—C, compound giving a

3
C6—-C1 compound in a fungal cell-free system.
06—01 compounds ean arise via C6—C3 compounds or from
intermediates of the common part of the shikimic acid pathway.
Gallic acid (35) has been found to come from 5-dehydroshikimic acid

36

in Phycomyces blakesleeanus” ., However, there is evidence that it
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12

may also be derived via a 06—0 acid, since addition of L~tyrosine

3
to cultures of the fungus stimulated gallic acid production37.

38,39 suggest that this compound may

Experiments on higher plants
arise by either route., ot only can 06—Cl compounds arise from
different points on the shikimic acid pathway, they can arise by

different pathways in different fungi. Gentisic acid (36) is a good

example, coming from acetate in Penicillium urticae40 (2 member of

the Fungi Imperfecti), but arising from the shikimic acid pathway in
42

Polyporus tumlosustt (a Basidiomycete) and in higher plants™ .

Studies of this and other phenolic metabolites of P. tumulosus led

Crowden41 to conclude that 06—01 compounds can be formed from C6—CB
precursors by a number of different routes operating simultaneously,
the relative importance of an individual route depending on
prevailing conditions,

| The diketopipérazines are an important group of fungal

metabolites, many of which are derived via the shikimic apid
43

pathway. Echinulin (37) is found in various species of Aspergillus™~,
Biosynthetic studies using I?-14d] mevalonate and [1—14C] acetate

have shown that the compound contains three isoprene units44. The

44

1 .
specific incorporation of DL~ [carboxy- 4@],alan1ne and DL- [carboxy-

45

14d}~tryptophan with no randomisation of the label indicate that

the diketopiperazine ring has the stereochemistry shown46 (37).

This is borne out by the observation that L-tryptophan is incorporated

45

much more efficiently than the D isomer ™. The substitution of

tryptophan at the 2' position by an isoprene unit also occurs in

47

brevianamide B (38), a metabolite of Penicillium brevicomvactum

Rearrangement of this isomer may lead to brevianamide A (39).

The benzodiazepine alkaloids cyclopenin (40) and cyclopenol

48

(41), isolated from Penicillium cyclopium , were found %o have a
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carbon skeleton derived from anthranilic acid, phenylalanine, and
the methyl group of methionine49. The cyclic dipeptides cyclo-
(anthranoyl-L-li-methylphenylalanyl) (42) and its 3,10- dehydro—
derivative (43) were found to be specific precursors, while the
corresponding acyclic compounds were not, suggesting that in the
biosynthesis of cyclopenin, the cyclic peptide is formed in an
enzyme~bound state, with cyclisation occurring as it leaves the
50

enzyme” . These cyclic dipeptide intermediates were later isolated

from cultures of P. cyclopium and named cyclopeptine (42) and

3,10-trans-dehydrocyclopeptine (43). m-Hydroxylated derivatives of
these could not be found, leading to the conclusion that the
biosynthetic sequence is: dehydrogenation of cyclopeptine to give
the trans-3,10-dehydro derivative, followed by epoxidation of the
double bond with molecular oxygen giving cyclopenin, and finally
m-hydroxylation to give cyclopenol5oﬁ catalysed by a mixed function
oxygenase49 (Scheme 5). The benzodiazepine alkaloids cyclopenin
and cyclopenol are converted to the gquinoline alkaloids viridicatin
(44) and viridicatol (45) by the action of cyclopenase in the
conidiospores of the fungus.

The epidithiodiketopiperazines are a group of extremely potent
antiviral and antifungal agentis which are produced by many of the

Fuangi Imperfecti51. Gliotoxin (5) the first member of the group to

52

be discovered, was first isolated from a species of Trichoderma”’ .,

Biosynthetic studies have shown that serine is the source of carbon
atoms 3,3a, and 4. DL—[1—14C] and [2-14] phenylalanine give
labelling at positions 1 and 1Qa, respectively, of the diketo-
piperazine ring. Furthermore, DL—[gﬁj_gftyrosine was found to be

53

incorporated more efficiently than was phenylalanine”™, leading to

the conclusion that phenylalanine is hydroxylated to m-tyrosine
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before cyclisation of the indole ring system. Care is always
reguired in iﬁterpreting the results of a feeding experiment, and in
this case, it seemed that more care was taken by other workers who
obtained very poor incorporations of m-tyrosine compared to
phenylalanine54. They proposed cyclisation of the indole system
via an arene oxide-type intermediate (46), and suggested that the
previous conclusion conld have been the resunlt of a phenylalanine
impurity in the m-tyrosine giving good incorporation into gliotoxin.
Their proposal was borne out by the finding that [@—331 phenyl—

alanine was incorporated into gliotoxin without loss of ring

tritium54, which is inconsistent with intermediacy of m-tyrosine.
The origin of the nitrogen atoms has been the subject of much
discussion. Feeding of L—[lSN] phenylalanine gave gliotoxin
labelled only on N(5), whereas [lsﬁ] glycine gave label in both N
atom355. Aspartic and glutamic acids have also been found to be
capable of contributing nitrogen, but not carbon, to the diketo-
piperazine ring. This led to the conclusion that the nitrogen
pool from serine gives rise to substantial gquantities of phenyl-
alanine. However, it has subsequently been shown that exchange- of
an amino group between L-serine and L-phenylalanine is limited56.

57

Chloramphenicol (3), a metabolite of Streptomyces venezuelae

is a very potent wide spectrum antibiotic, causing inhibition of

58

protein synthesis in bacteria” , The compound is biosynthesised

59

via shikimic acid and L-p-aminophenylalanine”’”, but neither

L-phenylalanine nor L-tyrosine were incorporated into the C6—C3
skeleton, suggesting that it may arise at some point along the
common part of the shHikimic acid vathway between 3—enolpyruvyl—

shikimic acid-H5—phosphate and prephenate. Labelling studies

indicate that the p-aminophenylalanine undergoes ﬁ—hydroxylation to
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give threo-p-aminophenylserine (47), an efficient and specific

precursor of chloramphenicol6o. The sequence of steps following'

this transformation is rather uncertain, but the next precursor in
line to be found was.g—dichloroacetyl—Dfiggggﬁg—aminophenylserinol6o
(48). Fréﬁ the non—incorporétién of 14C-labelled dichloroacetic

acid into chloramphenicol, it was suggested that the acylation may
require several steps61. p—-Aminophenylserinol and its nitro analogue
do not act as precursors, indicating fhat.§~acylation probably

occurs before reduction of the carboxyl group. N-dichloroacetyl-

threo—p-aminophenylserinol was incorporated with high efficiency

and without randomisation of the label (hydroxymethyl—l4c),

suggesting that it is close to the end of the biosynﬁhesis6o. This
compound was found in trace quantities in chloramphenicol-producing

cultures of S. venezuelaeéz. Feeding of unlabelled Dl-serine with

15N - labelled potassium nitrate gave equal l5N enrichment of both
nitrogen atoms, irrespective of the serine: nitrate ratio in the
medium63. This confirms that the nitro group of chloramphenicol
does not come from a biological nitration involving nitrate. It
appears to arise by direct oxidation of an amino group, as occurs
in>the biosynthesis of'ﬁrmitropropionic acidl. Although the
intermediacy of some of the compounds has not yet been proved,
evidence to date suggests that the biosynthesis of chloramphenicol
is as in Scheme 6. |

Chloramphenicol can be considered to be a substituted L-
phenylalaninol derivatives4, and it is interesting fto note that
natural products found containing this amino alcohol are
comparatively few in number. N-benzoyl-L-phenylalaninol (50) has

64

been found in the leaves of the plants Catharanthus pusillus

and Alangium lamarkii65. N-acetyl-L-phenylalanyl-L-phenylalaninol (51)
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has been isolated from culture filtrates of the fungus

4

Emerecellopsis salmosynnemata06. .E—(ﬁ—benzoyl—L—phenylalanyl)79-

acetyl-L-phenylalaninol (52) has been isolated from the fungus

Aspergillus glaucus67. L-phenylalaninol (49) has also been

identified as one of the hydrolysis products of the polypeptide
antibiotic antiamoebinés.

At the time of initiation of the present work, relatively
few biosynthetic systems had been studied using late precursors.
This thesis discusses the biosynthesis.of candipolin, investigated
using almost exclusively late precursors. Candipolin, a mycelial

metabolite of Penicillium canadense, is a benzoylated phenylalaninol

derivative, whose siructure and synthesis are discussed herein.
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DISCUSSION
CHAPTER I

SYNTHESIS AND PROPERTIES OF CAWDIPOLIN (53)

Candipolin (53) was first isolated from the chloroform extract

of the mycelium of Penicillium cenadense by silica column

70

chromatograph 69. Elemental analysis and mass spectrometry
indicated that the compound had the general formula 032H30N204.
Infrared spectrometry suggested the presence of ester (1750 cm-l),
amide (1635 and 1530 cm"l), and aromatic (1600 and 1580 cm‘l)
functions. The NMR spectrum (Fig. la) showed. the.structural features
represented in Fig. 1b, which was consistent with fhe abundant ions
at m/e 91 and 105 in the mass spectrum, corresponding to. benzyl and
benzoyl groups respectively. Hydrolysis of candipolin by heating at

130° with 5N hydrochloric acid in a sealed tube71’72

gave benzoic acid
plus two compounds which, .although not actually isolated, showed
TeL.C. behaviour (Rf and ninhydrin stain) identical to that of
phenylalanine and phenylalaninol ; these were shown 1o be present as

a 1l:1 mixture by G.L.C. after trifluorocacetylation. The configuration
of both hydrolysis products was shown to be L- by conversion to
N-acetyl-L-phenylalanine methyl ester (54) (Bx]D + 25° in cnc13),

and N,0-diacetyl-L-phenylalaninol (55) ([]y - 13° in CHC1,)
respectively. The mass spectral fragmentation pattern of candipolin
(Fig. 2 ) showed some features apparently consistent with a peptide
structure, namely, E}(g—benzoyl—L—phenylalanyl)1Q-benzoy1—L-phenyl—
alaninol (56). The peak at m/e 251 could be due to the ion (57),
formed by cleavage of the peptide bond ; loss of CO from this could
have given the ion at m/e 223.

This compound was, however, synthesised by treatment of the

azide of N-benzoyl-L-phenylalanine (59) with L-phenylalaninol (43),
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followed by benzoylation of the product (Scheme 7T ). Although it
had the same Rf and staining properties as candipolin, and virtuélly
the same melting point, mixture with candipolin caused depression of
the melting point. Comparison of their I.R. and N.H.R. spectra
showed that the two samples were distinct. While the ester carbonyl
group in candipolin absorbs at 1750 cm—l, the benzoate ester in the
synthetic compound was found to absorb at 1720 and 1710 cm~1.
Whereas the synthetic peptide showed two amide I bands (1660 and

1630 cm—1) assigned to the aliphatic and aromatic amides respectively,
‘candipolin showed only one absorption (1635 cm_l). Both compounds
showed, in their N.H.R. spectra, a signal at 7.8 8§, assigned to the
aryl protons ortho- to the carbonyl group of a benzamide function ;
this corresponded to four protons in candipolin, and to two in the
peptide. In addition, the peptide had a two-proton signal at 8.0 §,.
due to the corresponding protons of the benzoate function. Candipolin
showed a two-proton resonance at 6.8 §, whereas the peptide showed

two one-proton resonances at 6.04 and 6.79 §, assigned to the NH
protons of aliphatic and aromatic amides respectively.

A revised structure (53), consistent with all the previously
observed data, was advanced for candipolin. Consideration of model
esters and amides shows that a number of structural features of
candipolin are in fact much better accommodated by the new structure.
The ester C=0 frequency 1750 cm-l is more typical of aliphatic esters
than of benzoates, which generally show lower carbonyl frequencies:(4
Aliphatic amides tend to have amide I absorptions at higher
frequencies than the amide I band of candipolin (1635 cm—l), waich
appears to be more typical of a benzamide. In their N.M.R. spectra,
the NH protons of benzamides generally resonate at lower field than

do those of aliphatic amides, and the aryl protons ortho- to the
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carbonyl group generally resonate at lower field in a benzoate than
in a benzamide function.

Subsequent studies of candipolin provided further evidence in
favour of structure (53). Refluxing with ethanolic hydrazine
hydrate yielded N-benzoyl-L-phenylalaninol (50) together with a very
polar compound which showed the properties expected for N-benzoyl-
phenylalanylhydrazide73. Some difficulty was experienced in the
purification of this compound, and it reacted rapidly with traces of
carbonyl compounds present in organic solvents. Treatment of
candipolin with excess triethyloxonium fluoroborate yielded a
crystalline compound, whose I.R., N.M.R., mass spectrum, and
" elemental analysis were consistenf with those expected for the
fluoroborate salt of the diamine (60) 75 (Scheme 8).

Although an attempt to synthesise.E—benzoylﬁg—(ﬁ—benzoyl—L—
phenylalanyl)-L-phenylalaninol (53) by esterification of L-benzoyl-L-—
phenylalanine (58) with N-benzoyl-L-phenylalaninol (50) (using
dicyclohexylcarbodiimide) was unsuccessful70, spectroscopic and
degradative evidence described above establish unequivocally that
candipolin has structure (53).

| In commencing the present biosynthetic investigation, it was
recognised that the candipolin structure involves at least three
remarkable features. It incorporates an ester link between an
ol—amino acid and an olamino alcohol (the first known natural product
of this type). Until recently, 6ﬁ1y two natural products containing
L-phenylalaninol were known, namely, antiamoebin, a biologically

8,75
b

. . R . 6
active polypeptide from the fungus Emerecellopsis poonensis

and li-benzoyl-L-phenylalaninol from the leaves of the plant

Catharanthus pusillus64. In addition, chlorzmphenicol (3), a

potent wide—spectrum antibiotic nroduced by Streotomyces
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58,76

venezuelae

64

derivative 7,

, may be considerad as a modified phenylalaninol

Finally, the benzoyl group, although found in many »lant

products, is an unusual feature to find in = fungal product.

Previously-known metabolites are aurantiacin (61)77 and debenzoyl

leucoaurantiacin (62)78, produced by Hydnum aurantiacum, and

pebrolide (63) and related compounds from Penicillium brevi—

»compéctum79’8o.

Hydroxybenzoic acids can be derived from three
routes: by the acetate-malonate route; directly from shikimic acids;
via phenylalanine and cinnamic acidsgl. In plants, benzoic acid
itself seems to be formed by the last of these three routes, but no
investigation of the pathway in. fungi has been carried out.
Candipolin is an attractive subject for such an investigation, since
the presence of a benzoic acid and a phenylalanine unit in the same
molecule permits direct comparison to be made of the relative
efficiency of incorvoration of a precursor into these units,

Before a biosynthetic study could be undertaken, a synthesis
of candipolin was reguired in order both 4o confirm its structure,
and to make available potential biosynthetic precursors. An
efficient degradative scheme was also required, which would give
access to each of the four units of which the structure (53) is
composed.,

Selective hydrolysis of the ester link in candipolin was
achieved by refluxing with 0,01 M sodium hydroxide. Thié gave
l-benzoyl-L-phenylalanine (58) and N-benzoyl-L-phenylalaninol (50)
in almost quantitative yield, and the products were optically pure.
Acid hydrolysis of each bomponent at 1500 gave benzoic acid together
with L-phenylalanine and L-phenylalaninol respectively (Scheme9 ).

The last compound was conveniently isolated as its hydrochloride.
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This degradative sequence, in addition to indevnendently establishing
the structure of candipolin as (53), makes available three optically
pure compounds which may be intermediates in its biosynthesis,

namely N-benzoyl-L-phenylalanine (58), H-benzoyl-L-phenylalaninol (50),
and L-phenylalaninol (49).

The most obvious way to synthesise candipolin was by
esterification of N-benzoyl-L-phenylalanine with N-benzoyl-L-
phenylalaninol. N-benzoyl-L-phenylalaninol was prepared in three
stageé from L-phenylalanine as outlined in Schene 10, Yields in the
step involving LAH reduction of L-phenylalanine methyl ester were
at first found to be variable. Accordingly, an alternative method
of reduction, using sodium bis—(2-methoxyethoxy) dihydro aluminate
(SDA) was explored, but this gave poor results. Finally, the
difficulties in the LAH reduction were resolved, the low yields
previously obtained being attributed largely to inefficient extraction
of the product, and unusually large losses upon drying extracts.

In benzoylation of L-phenylalaninol, the N,0-dibenzoyl
derivative (64) occurred as a by-product, even when equimolar
cuantities of benzoyl chloride were used. Despite the apparently
fécile formation of this by-product, it was noted that O-benzoylation
of N-benzoyl-L-phenylalaninol required a considerable excess of
benzoyl chloride, and prolonged reaction time. 4It is possible that
in the benzoylation of phenylalaninol, N- and O- benzoylation are
competitive processes, and that the N,0-dibenzoyl derivative arises
mainly vis the O-benzoylphenylalaninol (Scheme 11).

The other reagent pequired for synthesis of candipolin,
§}benzoy1—L—phenyla1aniné, was easily prepared by benzoylation of
L-phenylalanine methyl ester, followed by salective hydrolysis of

the ester function. Careful acidification of the sodium salt
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yielded optically pure acid.

Since large supplies of commercial N-benzoyl-DL-phenylalanine
were available, this was used in a preliminary investigation of the
esterification with N-benzoyl-L-phenylalaninol. The somewhat
sluggish behaviour of N-benzoyl-L-phenylalaninol towards benzoyl
chloride noted above suggested that an efficient acylating system
would be required to prepare candipolin and related esters. It has
been shown that N,H'-carbonyldiimidazole (65) reacts with acids to
give acylimidazolides which act as effective acylating agents not
only towards amina?z’ai but also towards alcohols 84 (cf. Scheme 12).

Reaction of N-benzoyl-DL-phenylalanine with H-benzoyl—L-
phenylalaninol using N,Nf-carbonyldiimidazole yielded, .in addition to
some unreacted alcohol, a product, apparently-homogeneous by T.Le.C.y

having the same R, and staining properties as candipolin. Repeated

£
crystallisation of this material from ethanol afforded a compound,

MePe 2180, whose mass spectrum and elemental analysis were identical
to those of candipolin (m.p. 210°). TIts H.M.R. spectrum in cDel,

showed NH resonance as a 2H multiplet at 6.6 §, whereas the .
corresponding resonance in candipolin came at 6.88. Yo other M.i.R.
differences were apparent. The compounds were, however, distinct,

as shown by mixed melting point, circular dichroism, and infrared
spectroscopy. The C.D. curves of the two compounds shoved striking
differences, that of candipolin (Fig. 3) having a very strong
minimum of A€ -6.9 (277 nm.), while the other curve (Fig. 4) showed
several much weaker minima in the carbonyl region. The synthetic
product thus appeared to be the (D,L) diastereoisomer of candipolin
("epicandipolin”) (66). The most noticeable difference between the

solid state I.X. spectrum of this compound and that of candipolin

is the ester carbonyl frequency, which appears at 1733 cm—l (cf.
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QC:O was 1750 c;m.“1 in candipolin), This difference may reflect
the respective conformations adopted in the crystal states, since
the carbonyl frequencies in solution are much closer together

(1735 cm?1 for epicandipolin and 1740 em. T for cendipolin). Two
possible conformations are indicated in Figz. 5, in which the ester
carbonyl group lies in different environments, particularly with
regard to intramolecular hydrogen bonding. The mother liguors from
the first crystallisation of epicandipolin contained a more soluble
component, which was finally obtained in low yield after removal of
eight successive crops of crystals. This proved to be identical
with natural candipolin in T.L.C. behaviour, mixed melting point,
and solid state I.R. spectrum.

Although the candipolin had proved difficult to isolate in
this reaction, since an equal amount of epicandipolin was also
obtained, it was hoped that similar éondensation of N-benzoyl-L-—
phenylalaninol with H-benzoyl-L-phenylalanine might give candipolin
accompanied by little or no epicandipolin. The required acid,
obtained by benzoylation of L-phenylalanine methyl ester hydro-
chloride, followed by base hydrolysis, was esterified with N-
behzoyl—L—phenylalaninol, using N,l'-carbonyldiimidazole. However,
the solid state I.R. spectrum of the major product showed that it
once more consisted of approximately equal amounts of candipolin
(DC=O 1750 cm._l) and epicandipolin (QC=O 1733 cm.-l). Also
obtained in this reaction was a minor, less polar, product, which

85 carbonyl absorption at 1825 and 1810 em. "L, By

showed a double
. . . 86 . - s

comparison with an authentic sample , this was identified as

2—phenyl-4-benzyl-5-oxazolone (67), knowin to be the intermediate

L : : . 8
through which racemisation of N-benzoyl-L-phenylalanine occurs 7

(Scheme 13). In order to show that the oxazolone could in fact be
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involved in the esterification reaction, an authentic sample (DL),
was treated with N,N'-carbonyldiimidazole, followed by N-benzoyl-L-—
phenylalaninol. This gave a mixture of products, 40% of which was
shown by T.L.C. to be the candipolin—epicandipolin mixture.

Goodman and Levin688 prepared the optically active oxazolone from
J-benzoyl-L-phenylalanine and found that, on attempting to condense
it with IL-phenylalanine methyl ester, racemisation occurred much
faster than did coupling. Activation of the acid carbonyl group is
desirable in order to facilitate esterification. However, this
renders it-more susceptible not only to external attack by the
alcohol, but: also to intramolecular nucleophilic attack by the
benzoyl group, which results ultimately in racemisation. Therefore,
some alternative amino protecting group was reguired, which‘would
permit esterification without loss of stereochemistry.

Hany exemples are known of l-carbobenzyloxy (CBZ) amino acids
being used in peptide synthesis, with no racemisation occurring
under coupling conditions. Treatment of commercial N-CBZ-L-
phenylalanine (68) with X~benzoyl-L-phenylalaninol, using
NyN'-carbonyldiimidazole (Scheme 14) gave two products along with
much unreacted alcohol. The major product, a crystalline solid,
apparently homogeneous by T.L.C. (Rf 0.54), showed three carbonyl
frequencies in its I.R. spectrum, at 1740, 1690, and 1630 cm.—l,
which were assigned to ester, urethane, and amide groups respectively.
The presence of the urethane function was confirmed by the appearance
in the N.¥.R. spectrum of a new NH resonance at 5.2 § in addition to
the amide signal at 6.5 S,vand also of a new 2H signal at 4.5 §,
assigned to the —O—CHZ— protons. The mass spectral fragmentations
shown in Fig. 6 provided further evidence that the compound was

N-benzoyl-0-(¥~CBZ-phenylalanyl)-L-phenylalaninol (69). With the
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appearance of only one infrared absorption attributable to the ester
carbonyl group, it was hoped that the compound had the desired (L,L)
stereochemistry, however, caution was required, since it may have
been simply fortuitous that the ester frequencies of candipolin

and its epimer did not coincide. The melting point (185—70) of the
N-benzoyl-0—(li-CBZ-L-phenylalanyl)-L-phenylalaninol (69) remained
unchanged with successive crystallisations from ethanol, suggesting
that it consisted of a single compound, which, therefore, probably
has the desired (L,L) stereochemistry.

A minor, less polar, product was again obtained, but this
showed only one broad carbonyl absorption at 1720 cm._l, indicating
that it was an acyclic ester rather than a cyclic compound compareble
to an azlactone. The NHR spectrum showed that it contained a urethane
grouping, but a new 3~protonm singlet appearing at 3.88 suggested that
it was a2 methyl ester. This was confirmed by the presence in its mass
spectrum of peaks at m/e 282 and 254, corresponding to losses of

—-0CH, and —CO,CH, respectively from the parent ion (m/e 313). The

3 2773

compound was identified as N-CBZ-L-phenylalanine methyl ester by
comparison with an authentic sample. The origin of this was
uncertain, since all the reagents had been found to be pure by m.p.,
T.L.C., T.R., and ¥.F.R. spectroscopy. However, since no
corresponding ester had been found in analogous reactions using
N-benzoyl-L-phenylalanine, the CEZ acid was investigated further.
Although the N.i.R. specirum of the commercial acid run under normal
conditions showed no impurity, an almost saturated solution showed a
very weak signal at 4.09%, which could be attributed to the methyl

ester (cf. —OCH, at 3.8 & in synthetic E-CBZ-phenylalanine methyl

3

ester). However, the concentration of the impurity in the sample

seemed insufficient to accourt for the amount isolated from the
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reaction, the origin of which remains to be explained.

In view of the amount of N-benzoyl-L-phenylalaninol recovered
from these reactions, it seemed desireble to use a larger excess of
H,l'—carbonyldiimidazole to ensure complete formation of the acyl
imidazolide in the first stage. However, the fact that the coupling
agent can itself react with alcohols89 discouraged this idea. Improved
yields in this type of esterification by the use of base (sodium

91

ethoxide)90 and‘by prolonged reaction times have been claimed.

(Heating apparently a2ccelerates the reaction, but leads to
undesirable side reactions9; ) A number of procedural variations
were applied in the present case (e.g. using verious solvents,
adding sodium hydride, etc.), but no significant improvement in
yield resulted.

Candipolin was found not to suffer epimerisation or other
transformation when treated with either hydrogen bromide in acetic
acid (45%) or.benzoyl chloride in pyridine. It, therefore, seemed
likely that the steps of Schemel5 w§uld proceed without gndesirable
side reactions. Treatment of‘E—benzoylﬁg—(H—CBZ—L—phenjiaianyl)—L-
phenylalaninol (69) with 45% HBr in acetic acid gave quantitative
yields of a crystalline hydrobromide, which showed a broad infrared
absorption at 3420 cm.—l, characteristic of the NH3+ grouping. The
product showed only two carbonyl absorptions, at 1745 cm._l (ester)
and 1635 cm.'_1 (amide), whereas the urethane from vhich it was
derived had shown an additional band at 1690 cm.—l; Supporting the
conclusion that the compound was the hydrobromice of N-benzoyl-0-
(L—phenylalanyl)—L-phenylaianinol (71) (li'-debenzoylcandipolin |
hydrobromide), was the absence from its M.x.R. spectrum of the
urethane NH resonance (5.2 ), and a reduction in the intensity of

the signal at 7.2 5, corresponding to the loss of the benzyl groun.
) ’ b > 5 O &
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Benzoylation of this compound yielded a crystalline material,
mep. 2100, which was found not to suffer any change in melting
point on repeated crystallisation from ethanol. The nroduct showed
only two infrared carbonyl frequencies, 1750 cm.-l (ester) and
1635 em, "t (amide), the former indiceting that it was in fact
N-benzoyl-0-(H-benzoyl-L-phenylalanyl)~L-phenylalaninol (53). Its
identity with natural candipolin was demonstrated by mixed melting
point, and by comparison of their circuler dichroism curves, in
which the natural material showed N\€-6.9 at 227 nm., while
synthetic candipolin showed A€=-6.8 at 228 nm. (Fig. 7).

This synthgsis has established the structure of candipolin
as being_ﬂ—benzoylfg—(g—benzoyl—L—phenylalanyl)—L—phenylalaninol
(53), and has also made available the N'-debenzoyl compound (70),
which could be a biosynthetic precursor of candipolin.

It seems probable that this synthesis of candipolin should be
capable of adaptation to yield two further esters of this type which

are potential intermediates: in the biosynthesis of candipolin.

Esterification of N-benzoyl-L-phenylalanine with N-CBZ-L-
phenylalaninol (72), followed by cleavage of the CBZ-group .should
yield;ﬁ—debenzoylcandipolin hydrobromide (73) (Scheme 16). The
énalogous reaction using N-CBZ-L-phenylalanine (Scheme 17) should
give ll,N'-didebenzoylcandipolin hydrobromide(74a). }~CBZ-L-phenyl—
alaninol (72) required in both these schemes, was prepared by
treatment of L-phenylalaninol with benzyl chloroformate in the
presence of base92’93. Reaction of this alcohol with N-CBZ-L-
phenylalanine/glﬂ'—carbonyi&iimidazole gave a2 mixture in which the
desired ester (75) was a relatively minor componeént. Due to a lack
of time, these reactions were not investigated further,

An alternative method of obtaining the debenzoylcandipolins
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would be to selectively remove one or both of the N-benzoyl groups
of candipolin while leaving the ester link intact. Triethyloxonium
fluoroborate appears to have the required selectivity in its
reactivity towards amides in the presence of ester functions. It
was, for example, employed in the synthesis of Dl-tetrodotoxin’F (76)
to selectively li-deacylate the peracetylated lactone (77) and give

95

the corresponding diamine (78). In another example’”’, treatment
of the peracetylated amino sugar (79) with triethyloxonium.
fluoroborate, followed by a basic workup, yielded the diamine (80),
iﬁ which all the acetoxy groups remained intact.

In these laboratories, a number of attempts to carry out this
type of debenzoylation of candipolin were made73. Some indication
fhat cleavage of the benzamide groupings was occurring was suggested
by an unmistakable odour of ethyl benzoate in the product and its
detection by T.L.C., although in most experiments, no other product
could be isolated. On one occasion, however, using a very large
excess of reagent, a crystalline salt was obtained which corresponded
in properties to the difluoroborate of_E,.E'—didebenzoylcandipolin73
(74v) (Scheme 8) . Further studies of this reaction were undertaken.
Reaction of candipolin with a slight excess of triethyloxonium
fluoroborate, followed by treatment with dilute acetic acid gave a
complex mixture containing ethyl benzoate and some unreacted stariing
material., Repeated preparative T.L.C. gave the major product as a
white solid, ehich separated out of solution as a gel. The most
striking feature of its infrared spectrum was the absence of a
ester band, and the appeafance of a broad hydroxyl absorption
flanking the HH stretching band at 3300 cm.-l. The absorption at

1640 cmfl showed that the compound still contained a benzamide

function, but the apnearance of a new band at 1660 cm.—l indicated
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the presence of an aliphatic amide linkage. That this compound
was not a debenzoylacndipolin was suggested by the number of frazment
ions in the mass spectrum in which loss of water or an hydroxyl ion
seemed to be involved (Fig. 8). The appearance of an abundant ion
‘at m/e 252 suggested that the compound was_E—(g—benzoyl—L—phenyl—
alanyl)-L-phenylalaninol (81). Cleavage of the central amide link,
with loss of the fragﬁent of mass 150, would give rise to this ion,
which could easily lose €O to give the ion of m/e 224 (Scheme 18 ).
Confirmation of the structure of the alcohol (8l) was obtzined
by benzoylation, which yielded a crystalline compound with melting
point (208-10°) and T.L.C. (Rf 0.57) similar to those of candipolin.
The I.R. and ¥.X.R. spectra of the product showed features identical
to those of.E"(gfbenzoyl—L—phenylalanyl)fg—benzoyl—L—phenylalaninol

(56), whose synthesis by a different rou‘be70

‘was described earlier
(see page 17). A characteristic of this compound was the double
ester absorption (1720 and 1710 cm.—l), caused by symmetric and
asymmetfic interactions with an anide group74. The positions of the
two amide absorptions were the same as in the parent élcohol. The
presence of the O-benzoyl group was demonsirated by the 2-proton
signal at 8.0 § in its N.H.R. spectrum, corresponding to the ortho-
protons of the aromatic ring.
.E—(Hfbenzoyl~L—pheny1alanyl)—L—phenylalaninol (81) could have
arisen by debenzoylation of the phenylalaninol residue of candipolin
to give N-debenzoylcandipolin (73), an analogue of N-acylephedrine (82).
It has long been known 96,91 that O-acylephedrines, on treatment with
base, readily undergo O-»N migration of the acyl function (Schene 19).
Treatment of the product with acid reverses the process, yielding
the ammoniom salt of the base. By analogy, ll-debenzoylcandipolin (73)

may have rearranzed under the reaction conditions to give
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N-(ll-benzoyl-L-phenylalanyl)~L-phenylalaninol (81), as shown in
Scheme 20. The alcohol, on warming with trifluoroacetic acid,
merely appeared to form the O-trifluorocacetate, as suggested by the
appearance of a band a2t 1785 cm."l in its I.R. spectrum. However,
treatment of the alcohol with HBr/AcOH for several days at room
temperature caused a new band o appear at 1730 cm.-l‘in ths I.R.
" spectrum, suggesting that a degree of -0 migration of the acyl
function may have been effected. The product, however, was a
mixture and was not investigated further.

In connection with the fact that candipolin underwent only
partial debenrnzoylation although treated with a slight excess of

98

triethyloxonium fluoroborate, it has been reported”  that even when
a five-fold excess of this reagent was used, the amide (83) afforded
not only the pfoduct (84), postulated to have arisen by attack at
)99

both amide functions (Scheme 21)77 ) but also the monoamide (85).
In the case of candipolin, furfher study is evidently regquired to
establish the conditions whereby efficient debenzoylation can be
achieved. Receﬁtly, a new method of selective HN-debenzoylation
in the presence of esters has been reported, which uses various
phenolsloo. This method might also be applied to candipolin,

The alcohol (81) obtained from the debenzoylation has been

found to occur naturally in Emerecellopsis salmosynnemata66.

Recently, another new phenylalaninol derivative, isolated from a

. 6
plant of the genus Euuhorb1a_7

, was deduced to be N-(#-benzoyl-L-
phenylalanyl)-O-acetyl-L-vhenylalaninol (52), and its structure was
confirmed by synthesis. Indepengently, the same compoung was

- . 101
isolated from the fungus Aspergillus glaucus » the name

asperglaucide being coined in this case. The alcohol (81) obtained

in the present work is closely related to this, and , indeed,
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Pable 1 C N.H.R. - SC in G2
Compound 53 49 50 70 81
¢=2 51.0 55.4 54.3 51.4 53.7
c-3 37.4 41.3 37.7 37.1 37.6
c=-1* 172.4 170.4 171.8
c-21 55.8 55.3 55.6
c-3' 37.5 37.1  38.6
CO-NH 167.7 167.8 167.7 167.7
168.5 171.8
aryl C p %o 128.6 126.3 126.5 126.7 126.4
» CH2 127.1 ' 127.7 126.8
aryl C p to 131.3 131.2 131.4 131.4
CO-NHR 131.8
gquaternary 135.0 140.4  136.2 135.6 135.5
aryl C 135.7 139.8  135.6  138.5
138.1 139.1 139.5
138.6

other aryl C 128.1 128.7 127.9 128.5 128,0
(signals »2C) 128.6 129.8 128.6 128.7 128.6

128.7 128,17 129.1 129.9
128.8 129,9  129.8
129.7 130.1
Notation :
0
i
NH-C—Ph

31 2 3
Ph—-CHz——CH——ﬁ——O——CH2——CH——CH2——Ph
3¢ 20 I

HH-C—Ph

It

0



Table 2 Shieldine effects in some acyl derivatives
of phenylalaninol (49).
c-1 c-2 ¢-3
—o-co-r  (8,7°-879) +4.2  -4.0  -0.6
—NH_CO—Ph (SCSO - 8049) "'3-3 -l.1 —3.6
~NH-CO-R (SC81 - 8049) -3.6 ~-1.7 =37
| NI-IRI
Ph--CHz---CH--CHZ--OR2 '
49 = Rl = R2 =H
50 : Rl = CO-Ph ; R2 =
53 ¢ Ri = Ph—-CO- ;3
| NH-CO-Ph
R2 = Ph—CHz-—CH—CO-—
NH-CO-Ph
81 : R; = Ph-CH,~CH-CO- 3
-1.2 = H
'ﬁ
.IIHZ
70 : R, = Ph~CH,—~CH~C~
|
!
i, = H
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acetylation gave a product which was indistinguishable from an
authentic samole of asperglaucide102 in melting point and I.R.
spectrum. The similarities in the structures of asverglaucide
(52) and candipolin (53) may reflect similarities in their
biosyntheses.

The 13

C N.X.R. spectra of various derivatives of phenylalaninol
obtained during the course of this work showed a conzistent pattern
(Table 1). The observed shielding effects resulting from N- and O-
acylation are contrasted in Table 2. These give some indication as -
to the conformations adopted by the compounds. In the N-acyl
derivatives, it is possible that the H atom of the amide might
hydrogen bond to the H atom of the OH, in which case, the amide
grouping would lie closer to C-1 than to C-3. It is also possible
that the O atom of the amide may be repelled by the O atom of the OH
group, in which case, the substituent would lie closer to C-3 than to
C-1. The fact that equal shielding of both atoms occurs indicates
that no preference is shown for either conformation of the molecules,
It is noteworthy that C-2 is shielded by N-acylation. By the inductive
effect, 2 deshielding would be expected. This result indicates that
the conformation of the molecule allows shielding from the N-acyl
group, . particularly in the case of desacetylasperglaucide, where an
additional benzamide functioan causes additional shielding at C-2.

In fhe case of O-acylation, the expected deshielding effect at C-1

is observed. The strong shielding effect at C-2 indicates that
there may be hydrogen bonding between the N-benzoylphenylalaninol-
unit and either the ester or the NH of‘the phenylalanine unit.

The latter seems more likely, since the shielding is larger in

N'-debenzoylcandipolin than in candipolin itself.



Table 3

1 2
Incorporation of label from L—rU— 4CI,fb—JH]

phenylalanine into candivolin.

Activity fed | Jeight of Activity of Incorp.
candipolin candipolin .
(depom,) (mgs) (d.o.me/mg.) (%)
46 | 1.11 x 108 61.0% 7358 0.41
32 | 1.88 x 107 61.,0% 102131 0.33

* Based on analytical T.L.C., the 13.8 mg. of candipolin

originally obtained was estimated to contain at least 10 mg.

candipolin.




Distribution of label fro

m vlmclwaou,ﬁwcwugadmsuwwwmuuso in tho two halves of the ocandipolin ester.

Table 4
Candipolin N-benzoyl-L-phenylalanine N-benzoyl-L-phenylalaninol
depeme/mg. n.v.a.\s.aow. % wm\wmo depems/mge | depems/momol. &t wm\waa depem.fmg. | dspeme/memol. %" um\wao
14, » » * 1015 2.73 x 10° - 947’ 2.42 x 107 -
# . 14.4 13.9
um. * * * 14628 3.94 x Hom - 13140 3435 x Hom -
144 56 2.81 x 104|100 62 1.68 = 1% | 59.8 64 1.64 x 104 | 58.4
, 14,2 14.3 14.0
| 195 4.02 x 10> | 100 890 2.40 x 107 | 59.7 893 2028 x 107 | 56,7
* Aotivity not measured
+ The number in the % column is x woomm

depem./m.mol of candipolin




Table 5 (a) Activity of benzoic acid from hydrolysis of H-benzoyl-L-phenylalanine.

N-benzoyl-L-ohenylalanine

Benzoic acid

dep.m./mg. | dep.;./n.mol. 4 3H/14C d.p.m./mg. | depen./m.mol. A 33/140
140 1015 2.73x 107 | 100 1167 1433100 | 52.4
14.4 14.5
3r 14628 3.94 x 10° 100 17248 2.11 x 10° 53.5
(b) Activity of benzoic acid from hvdrolysis of N-benzoyl-L-ohenvlalaninol.
F-benzoyl-l-phenylalaninol Benzoic acid
d.p.n./ng. d.p.m../‘m.mol. % 32—{/140 d.p.m./og. | dep.m./m.mol. % BH/II'C
14g 947 ° 2.42 x 10° | 100 998 | 1.22x10° |s0.4
. ; 13.9 15.4
32 | 13140 .35 x10° 100 15426 1.56 x 10° | 46.6
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CHAPTER 2

THE BIOCSYNTHESIS OF CANDIPOLIN

As indicated earlier, candipolin possesses a number of
features of interest from a biogenetic point of view. In particular,
the benzoyl groupings could conceivably arise from one of a number
of different pathways as mentioned in the introduction. If phenyl-
alanine happens to be the source of the benzoyl groups of candipolin,
then its efficiency as their precursor can be gauged using the
built-in phenylalanine unit as a reference. It was hoped to
establish whether the biosynthesis merely involved a more or less
random assembly of the subunits, i.e., whether several different
pathways are followed, or whether there is a well-defined stepwise
sequence of events leading to candipolin. v

A preliminary investigatioﬁ was carried out by adding L—[U—l4c],

[G—3H] phenylalanine to shake cultures of Penicillium oaznadense four

days after inoculation. Incorporation of'14C label into candipolin,
which was isolated aftef:six deys' further incubation, was f&und to
found to be 0.4%-(Table 3).. Only the 146 results will be discussed
at,this‘point (the results basédjon'3H_will be discussed 1ater).
Base hydrolysis of candipoiin to ﬁ}bghzoyl%L—phénylalanine and
ﬂ—benzbyl—prhenylalaniﬁol showed théﬁ-its»l4c activity was equally
distributed between these two fragments (Table 4); _Therefore, in
this experiment, L-phenylalanine was incorporated just as
efficiently into N-benzoyl-L-phenylalaninol as into li-benzoyl-L-
phenylalanine, Hydrolysis of these iwo comnounds gave samples of
benzoic acid which were found to have half the 14@ activity of the
perent amides (Table 5). By difference, the Y4¢ sctivity of the
L-phenylalaninol unit was presumed to be the same as that of the

vheznylalanine unit, If all four units of candinolin are derived




Table 6 (a) Distribution (%) of label in units of candipolin.

Candinoli N-benzoyl-L- N-benzoyl-L- Benzolic acid
andipoilin | penylalanine | phenylalaninol (single unit)
144 100 50 50 22
3
H 100 50 50 19
(b) Distribution (%) of label within the main units.
N-benzoyl-L- o . H-benzoyl-L-
phenylalanine Benquc acid phenylalaninol Benzoic acid
14 .
C 100 44 100 44
3
H 100 38 100 38




Table 7 Time-study usingﬁDT-[2—14C]0henyla1anine.

Day * Day * Weight of | Activity of | Incorporation
fed harvested candipolin candipolin
mg. d.pem./mg. %
4 10 160 24609 14.4
4 13 121 31427 13.8
T 10 117 8721 3.7
T 13 148 6107 3.3

* Day = number of days after inoculation.
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from L-phenylalanine with equal efficiency, the distribution of
label among these would be as in Table 6, which is in reasonable
agreement with the exverimental results. This shows that no% only
vias L-phenylalanine incorporated equally into both benzoyl groups,
but that this process was as efficient as incorporation into the
phenylalanine unit itself. This important result indicates that
the benzoyl units of candivolin do not arise directly from any
intermediate before chorismic acid on the shikimic acid pathway.

Since incorporations in the preliminary experiments had been
somewhat low, a time study was undertaken in order to determine the
optimum time of production of candipolin before carrying out further
feeding experiments, DL—[2—14C] phenylalanine was added to surface
cultures four or seven days after inoculation, and candipolin
isolated after various periods of incubation (Table 7). It became
evident that, using éurface cultures, incorporations much better
than had been obtained using shake culitures were obtained by adding
the radiotracer four days after inoculation. Although the day of
harvesting did not significantly affect incorporation, isolation
of candipolin from the crude mycelial extract was easiest if cultures
were harvested ten days after inoculation. In all subseguent
biosynthetic experiments, the radiotracer was accordingly fed to
surface cultures of P.canadense four days after inoculation, these:
being harvested sii days later.

Since remarkably high levels of incorporation of phenylalanine
into candipolin were now possible, an efficient means of obtaining
isotopically~labelled H-benzoyl-L-phenylalanine, N-benzoyl-L-
phenylalaninol, and L-phenylalaninol also became available via
hydrolysis of candipolin derived from suitably labelled L-phenyl-

alanine. Tor this purvose, L—[U—14CJ phenylalanine was fed to




Table 8

Incorporation of label from L—[U—14C]phenxlalanine

into candipolin.

Activity of Weight of Activity of
phenylalanine candipolin | candipolin Incorporation
fed
dupom. mge d.p.m./mg. %
8 6
6.66 x 10 168.2 2.88 x 10 T2.7




Teple 3 (a) 14C'Activity of N-benzoyl-L-phenylalanine and its
~ proportion of total candinolin label.
Diluted Calculated
Gandipolin % N-benzoyl-L- undiluted oF
activity % phenylalanine | N-benzoyl-—L- P
activity phenylalanine
activity
6 6
dpm/mg 2,88 x 10 44395 3.97 = 10
dpm/mmol | 1.46 %107 | 100 | 1.20 x 107 1.06 x 10° | 72.6
(v) Y Astivity of N-benzoyl-L-phenylalaninol and its
proportion of total candipolin activity.
Diluted Calculated
Candipolin « | N-benzoyl-L- undiluted *
activity % phenylalaninol | N-benzoyl-L- %
activity phenylalaninol
activity
dpm/mg 2.88 x 106 34965 2.68 x 106
6
dpm/mmol 1.46 x 109 100 8.92 x 10 6.84 x 108 47.0

% _

d.n.m,/m.mol of compound

”© =

dsp.ms/m.mol of candipolin




Hable 10 (a) Hydrolysis of diluted_[14Q] N-benzoyl-L-phenylalanine,

H-benzoyl-L-

Benzoic

*
phenylalanine ya acid %
activity activity

dpm/mz 22416 28478
6 6
dpm/mmol 6.04 x 10 100 3.48 x 10 5T.6
(b) Hydrolysis of diluted_f14C] N-benzoyl-L-phenylalaninol,
HN-benzoyl-L- Benzoic %
phenylalaninol % acid A
activity activity
dpm/mg 16216 19425
6 6
dpm/mmol | 4.14 x 10 100 2,37 x 10 57.2

- dpm/mmol of product

~ dpm/mmol of parent amide




Table 11 Incorporation of label from L—fﬁ—1¢d}nhenylalanine into

candipolin.

Activity of Activity of | Calculated Height of
phenylalanine | diluted activity of | undiluted Incorporation
fed candipolin undiluted candipolin
dpm dpm/mg candipolin dpm %
dpm/mg
8 6 * *
3.33 x 10 17990 1,90 x 10 £9.9 51.1

* Height = total weight actually recovered, not including a little

candipolin remaining in the crude extract.

is minimam incorporation.

Table 12 Hydrolysis of

diluted {}461 candipolin.

LS -+

Therefore, this

Candipolin A H-benzoyl-I— « | ¥-benzoyl-I— %
activity phenylalanine % phenylalaninol y4
activity activity
don/ng 17990 17399 17175
6 6 6
dpm/mmol | 9.10 x 10 100 | 4.69 x 10 51.5 4.38 x 10 48.1

% & _ dpm/mmol of compound

P =

dpm/mmnol of cezndipolin




Table 13  Incorporation of N-benzoyl-L-phenylalaninol into candipolin,

Activity of Activity of Calculated
Y-benzoyl-L- diluted original teight of .
phenylalanincl candipolin candipolin | candipolin Incorporation
fed ,1 1 activity
dom dom/mg dpm/mg mg %
6.60 x 107 4734 509191 91.90 70.9

1
Table 14 Distribution of label in candipolin from { 40] N-benzoyl-L-
|

phenylalaninol feed.

Candipolin | N-benzoyl-L- N-benzoyl-L- x .
activity phenylalanine +* | phenylalaninol %
activity r activity
dpm/mg 2186 184 4268
6 4 6
dpm/mmol | 1,11 x 10 4.96 x 10 5 1.09 x 10 98

* q - dpm/mmol of compound
" dpm/mmol of parent amide
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cultures of P.canadense, incorporation of label into candivolin
being 72.7% (Table 8) on this occasion. Hydrolysis gave l-benzoyl-
L-phcenylalanine and N-benzoyl-L-phenylalaninol, a diluted sample of
each being used for radioactivity assay. In agreement with the
preliminary results obtained using shake cultures, N-benzoyl-L-
phenylalaninol was found to have half the 140 activity of candipolin
(Table 9).The 14C activity calculated for N-benzoyl-L-phenylalanine.
based on the 140 activity of a diluted sample was anomalously high and,
in view of subsequent results, is considered to be in error owing

to the sample having been weighed on a conventional laboratory
balance instead of a microbalance). After further dilution, these
amides were hydrolysed to give samples of benzoic acid. Although the
140 activities of these seemed a little high (Table 10), each

140 activity of its

accounted for the same percentage (57T%) of the
parent monoamide, again in agreement with the experiment conducted
on shake cultures. On another occasion, L—[U—14C] phenylalanine

was fed to surface cultures, and gave an incorporation of 51% (Table 11).

Hydrolysis_of diluted csndipolin from this experiment gave N-benzoyl-

>

14C

L-phenylalanine and_Eebenzoyl—L—phenylalaninol, each having half the .
activity of the ester (Table 12)? which was, once again, in agreement
With the results obtained using shake cultures.

‘ 14 . ) )

The L—[p—. Q].g—benzoylphenylalanlnol (undiluted) obtained
from the former feeding (73% incorporation) was fed to 4-day old -

cultures of P, canadense. The candipolin recovered after six days'

further growth showed a total incorporation of T1% (Table 13). It
may be noted at this point that this is comvarable to the total

incorporation of L-phenylalanine itself into candipolin. Hydrolysis

of candipolin revealed that 98% of the 140 activity resided in the

N-benzoyl-L-phenylalaninol unit (Tadle 14), showing that not only is this



Pable 15 Incorporation of label from benzoic acid into candipolin.

Activity of Activity of Calculated Height of
benzoic diluted activity of | candipolin | Incorporation
acid fed candipolin undiluted
(14C) (140) candivpolin
dpm dpm/mg dpm/mg mg %
8 : 6
5.5 x 10 10183 1.86 x 10 83.0 27.8 .

Table 16 Distribution of label in candivolin from benzoic acid feed.

Candipolin | N-benzoyl-L- v | N-benzoyl-L- %
activity phenylalanine % phenylalaninol %
(14C) activity (140)‘ activity (140)
dpm/mg 6713 6615 6839
6 , 6 ' 6
dom/mmol 3.43 x 10 1.76 x 10 52 1.74 x 10 51

% & _ dpm/mmol of compound
” = Qpm/mmol of candipolin
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compound a very good precursor, but that it is a very specific
precursor in candipolin biosynthesis., Thus the specific incorporation
of N-benzoyl-L-phenylalaninol into the N-benzoyl-L-phenylalaninol
unit of candipolin (69.5%) is about double that of L-phenylalanine
into the same unit (34.2%).

c . 14 . .

ommercial [parboxy— C| benzoic acid fed to surface cultures

of P. canadense four days after inoculation gave 27.8% incorporation

of label into candipolin (Table 15). After hydrolysis of candivolin,
it was found that the compound had been incorporated with equal
efficiency into the HN-benzoyl-L-phénylalanine and N-benzoyl-L-

14,

phenylalaninol fragments (Table 16). As shown earlier, 20% of the
activity of ﬁL}AC] phenylalanine wés incorporated into each benzoyl
unit of candipolin. The result of the{:140] benzoic acid experiment
indicated that ca. 14% of the 14C activity is incorporated into each
benzoyl unit of candipolin, so that>free benzoic acid and
phenylalanine are both efficient precursors of the benzoyl units.

It may be ovresumed that the benzoic acid is incorporated via
an enzymic bénzoylation process. 1t is conceivable that the
hypothetical benzoyl amidase might accept only one substrate, e.g.
phenylalanine, or that it might be relatively non-specific and
accept a variety of substrates, including, for example, phenylalaninol
~or a debenzoyl candipolin, such as_Q—Cﬁ—benzoyl—L-phenylalanyl)7L_
pheﬁylalaninol. In the case of L-phenylalaninol, the H-benzoylation
product has already been demonstrated to be an excellent precursor
for candipolin so that it should be evident whether or not the
phenylalaninol is accepted as a substrate by the benzoyl esterase.

In order to ontain L—[U—14C] phenylalaninol, severél different
samples of yfbenzoyl—L—phenylalaninol obtained during the course of

the previously described experiments were collected, purified, and



1 .
“able 17  Incorporation of label from L—[U— 4Clphenyla1an1nol

into candipolin.

Activity of Activity of Height of
phenylalaninol candipolin candipolin Incorporation
fed
dpm dpm/mg mg %
6.80 x 106 1015 130 1.94

Table 18 Distribution of label in candipolin from L-phenylalaninol feed.

Activity of Activity of * Activity of .
candipolin | H-benzoyl-L- % li-benzoyl-L- %
(140) vhenylalanine phenylalaninol
dpm/mg 1015 977 957
dpm/mmol | 5,13 x 107 2.63 x lO5 51 2.44 x 100 48

£ o dpmfimol of compound
~ dpmmmol of candipolin



. . 1
Table 19 Distribution of label within amide units of candipolin from r 4@1

L-phenylalaninol feed.

(a) B-benzoyl-L—phenylalanine

Activity of Activity of %
N-benzoyl-L-phenylalanine | benzoic acid %
;dpm/mg 977 1131
dpm/mmol 2,63 x 107 1.38 x 107 53

(v) N-benzoyl-L-phenylalaninol

Activity of Activity of »
N-benzoyl-L-phenylalaninol | benzoic acid %
dpm/mg 957 1050
dpm/mmol 2.44 x 10° 1.28 x 109 53

* 4 = gpm/mmol of benzoic acid
dpm/mmol of parent amide




Table 20  Incornoration of label from [ﬁ;14CT-N—benzqy1—L—
1 =3 p3

phenylalanine into candipolin.

Activity of Activity of | Calculated
N-benzoyl-L- diluted activity of | Weight of
phenylalanine candipolin undiluted candipolin Incorp.
fed candipolin
dom dpm/mg dpm/mg mg %
8.89 x 107 2001 223076 89.6 23.0




hydrolysed with acid to give L-[U—14C] phenylalaninol (3.06/$Ci)
(Expt. Ta). This was fed as its hydrochloride to 4-day old cultures

of P. canadense and the candipolin isolated after a further six

days' growth. The incorporation was, however, less than 2%

(Table 17). Before accepting this "negative" result for L-phenyl-
alaninol, it seemed desirable to feed the free base rather than the
hydrochloride. The successful use of DHMSO in the benzoyl-
phenylalaninol feeding suggested that the problems of water—
insolubility and/or permeability might be overcome in this way. It
was necessary in this case to biosynthesise a further supply of
[U—140] candipolin from L—[U—14C] phenylalanine in order to obtain
the required L»[U—14C] phenylalaninol. (Expt. 3b). The pure amino
aleohol (3.2 uCi) was fed in DNSO (Expt. Tb) to 4-day old cultures of

P. canadense but the resulting candipolin again showed relatively low

1

4 activity (incorporation ca. 1%). The weakly radioactive candipolin
derived from the phenylalaninol hydrochloride was found to have half
its 140 ’activity located in the benzoylphenylalanine unit, and half
in the benzoylphenylalaninol unit (Tab1e>18). This suggests that
the benzoyl amidase does not accept L-pvhenylalaninol as a substrate.
Hydrolysis of these two compounds gave samples of benzoic acid, each
having half the 140 activity of the parent amide (Teble 19). The
distribution of label over the four units of candipolin was
approximately the same as that found ﬁhen phenylalanine was fed,
suggesting that L-phenylalaninol is not a true precursor of
candipolin, but that it may be oxidised to the amino acid and
incorporated as such.

L—[U—14C] l-benzoylvhenylalznine obtained as mentioned above,
gave 23% incorporation of label into candipolin (Tabvle 20). After

further dilution, the candipolin was hydrolysed to give N-benzoyl-L-



Distribution of label in candivolin from [~4C] N-benzoyl-L—
%

Table 21
phenylalanine feed.
Activity of Activity of x Activity of %
candipolin % | N-benzoyl-L— % | N-benzoyl-L- %
phenylalanine phenylalaninol
dom/mg 1550 1517 1539
dpm/mmol | 7.84 x 10° [100 | 4.08 x 10° | 52.0| 3.93 x 107 50,1

% % _ dpm/mmol of compound
~ ‘dpm/mmol of candipolin




Table 22 Distribution of label within the amide units of candivolin from the

N-benzoyl-L-phenylalanine feed. (*C)

(a) N-benzoyl-I—vhenylalanine

Activity of Activity of - Activity of *
N-benzoyl-L- % benzoic % phenylalanine %
phenylala;tine‘ acid hydrochloride
dpm/mg 392 845 56
5 5 4
dpm/mmo) | 1.06 x 10 100 | 1.03 x 10 97 1.13 x 10 1
(v) F-benzoyl-L-phenylalaninol
Activity of - Activity of -
F-benzoyl-L- % benzoic %
phenylalaninol acid
dpm/mg 1539 2355
dpo/omol | 3.93 x 107 100 | 2.88x10° | 73

"4 dpn/mmol of cormound

dpm/mmol of parent amide
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phenylalanine and N-benzoyl-L-phenylalaninol, each with approximately

half of the 14

C activity of the ester (Table 21). This seemed to
suggest that the N-benzoyl-L-phenylalanine was incorporated into
the k-benzoyl-L-phenylalaninol unit just as efficiently as into its
own unit. Hydrolysis of the N-benzoyl-L-phenylalanine gave an

14c

interesting and unexpected result (Table 22a). Almost all of the
activity was located in the benzoyl unit, with very little in the
bphenylalanine unit. Hydrolysis of the N-benzoyl-L-phenylalaninol
showed that 73% of the label resided in the benzoyl unit (Table 22b).
These results indicate that incorporation of intact N-benzoyl-
~ L-phenylalanine was at least very low. It is possible that this
compound is not a precursor of cendipolin, or that it is a dynamic
intermediate normally present only in small quantities so that on
feeding an amount in excess of the natural pool, only a small
percentage of the radiotracer would be incorporated intact. The
results indicate that most of the H-benzoyl-L-phenylalanine was
hydrolysed, before incorporation, to give L-phenylalanine and
benzoic acid. The phenylalanine released could form the four units

14

C activity of its own

14

of candipolin, with concomitant reduction in
unit, while the benzoic acid would elevate the C activity of the
benzoyl residues. The low 14C activity of the phenylalanine residue
suggests that the phenylalanine released remains enzyme—bou;d, and
does not become free to enrich the phenylalanine pool.

The fact that the proportion of label carried by the benzoyl
group 'is less in the N-benzoyl-L-phenylalaninol fragment (75%) than
in the N-benzoyl-L-phenylalanine fragment (90%) suggests that
reduction of the fed.g~benzoyl—L—phenylalanine (in wirich the benzoyl
group carried 60% of the label) had occurred to some extent. The

label distribution can be explained of production of N-benzoyl-L-—
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phenylalaninol by reduction is faster than its production from
benzoic acid (labelled via the hydrolysis process) (Scheme 22).
Indeed, it is difficult %o see how H-benzoyl-L-phenylalaninol

could be produced if not by these routes, since L-phenylalaninol
does not appear to be a precursor of candipolin. Further
investigation of this by feeding.ﬁ—benzoyl—L—phenylalaniné labelled
only in the benzoyl carbonyl group is underway. Although time did
not permit further study of the reduction and hydrolysis/recombination
- reactions, definite proof of intact incorporation of N-benzoyl-L-
phenylalanine might be obtained by feeding N-benzoyl-L-phenylalanine
synthesised from L—[15N] phenylalanine and [barboxy~130] benzoic
acid. Hiolecules of N-benzoyl-L-pehnylalanine (and H-benzoyl-L—
phenylalaninol derived by reduction) would show 13C—15N coupling,
whereas those derived via the hydrolysis step would show & 130
singlet in their H.HM.R. spectra. Comparison of the relative
inteﬁsities of singlets and satellites should permit estimation of
the contributioﬁ made by each pathway.

" The results of these five feeding experiments suggest that a
plausible pathway for biosynthesis of candipolin mignt be as
outlined in Schémezég with N'-debenzoylcandipolin (71) being an
intermediate. The feeding results do not rule out the possibility of
other pathways existing.

It is possible that the concentrations of N-benzoyl-L-phenyl—
alaninol may effect some degree of control over the enzymes of
candipolin biosynthesis. In the hypothesis outlined in Scheme 24,
steps 1 and 2 proceed fastér than steps 3 and 4 until the
concentration of N-benzoyl-L-phenylalaninol reaches a certain level.
Then the rates of steps 3 and 4 increase until the alcohol is being

esterified faster than it is being produced. Uhen its concentration



Table 23 Predicted 3H/14C ratios.
Phenyl- H~benzoyl-L- li-bengoyl-L- Benzoic
alanine Candipolin vhenylalanine phenylalaninol acid
fed
16.9 15.4 15.5 15.5 13.6
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falls below the critical level, steps 3 and 4 become slower than the
rate of production of the alcohol and the cycle begins again.

As was mentioned at the beginning of this discussion, 2
preliminary investigation of candipolin biosynthesis was carried out
using L—[U—l4d],[G—3H] phenylalanine. Hydrolysis showed that the
label distribution over the four units of candipolin was the same
as had been obtained for 140, i.e. N-benzoyl-L-phenylalanine and
N-benzoyl-L-phenylalaninol having the same 34 activity and the benzoic
acid samples from each having equal *H activities (Tables 4,5). The
unexpectedly high 3H/14C ratios of the benzoic acid samples
(Table 5, cf. Table 23) suggested an inhomogeneity in the labelling
of [C—3H] phenylalanine. An analysis of [?-3H] phenylalanine has
103

been reported which indicates that this is so, since the side
chain was found to carry 27 X 3% of the label and the ring to carry

73 s 3% of the label.

Other workers studying various phenylalanine-derived
metabolites haveereporfed stereospecific loss of tritium from the
3' position of phenylalanine, which occurs faster than incorporation.
A‘fuller discussion of these interesting experiments is presented in
Appendix 1. With the high generality of tritiation of the
phenylalanine used in the current work, it is not possible to
deduce reliably whether or not this tritium loss occurred during

. the bioéynthesis'of candipolin.
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Investigation of Acetate and Succinete as potential Precursors of

Candipolin.

As has been suggested earlier, it is possible that a minor
pathway leading to the benzoyl groups of candipolin may be from
acetate, via the Krebs cycle and the shikimic acid pathway (See
Scheme 25). Similarly, succinate, another Krebs cycle intermediate,
might act as a precursor to these functions.

13

C-labelled acetate and succinate were fed to cultures of

104

P. canadense during the course of an investigation not connected

with this work, but dealing with the biosynthesis of several
polyketide~derived broth metabolites. The metabolites under
investigation were canadensolide (8), dihydrocanadensolide (9), which,
as mentioned before, hgs”béen been found to act as an anti-ulcer
agent, and canadensic acid (86). The mycelium from these experiments
was, however, available, and afforded candipolin in the usual way.

130 H.M.R. spectrum of the candipolin showed no

In each case, the
significant signal enhancemants above the natural abundance level,
indicating that this pathway to the benzoyl groups is of little or

no importance.

Occurrence of N-benzoyl-L-phenylalaninol in the Hycelium of

P. canadense.

The mycelial extract of P. canadense which had been fed with

L—[U-14d}‘phenylalanine (Expt. 3b), was retained after removal of
candipolin. Inactive E—bepzoyl—L—phenylalaninol was added to‘the
mixture of metabolites more polar than candipolin, and the
corfesponding band removed after preparative T.L.C, This was found
to be radioactive, showing that N-benzoyl-L-phenylalaninol was

present in the mycelium. After extensive chromatographic purification)



Table 24 Incorporation of label from L—[U~14C]Dhenylalanine into

N-benzoyl-L-phenylalaninol,

Activity of Activity of Hinimum * Hinimum
phenylalanine | HN-benzoyl-L- weight of incorporation
fed phenylalanihol | N-benzoyl-—L-
phenylalaninol
dpm dpm/mg | mg %
8
3.33 x 10 23912 - 45.4 0.33

* Phis is the weight of inactive N-benzoyl-L-phenylalaninol

added as carrier.
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0.33% of the fed 140 activity was recovered in pure N-benzoyl-L-
phenylalaninol (Table 24) o If the assumption is made that the
incorporation into N-benzoyl-L-phenylalaninol is {he same as into
the same unit in candipolin, the recovered activity corresponds to
0.58 mg. of free N-benzoyl-L-phenylalaninol being present in the
mycelium, The low level of this free alcohol is consistent with
its being an intermediate in the biosynthesis of candipolin, as

outlined in Scheme 23.



87
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CHAPTER 3

FATTY ACID BIOSYNTHESIS IN P. CAMNADENSE : The Stereochemistry of

Double Bond Formation.

The accepted pathway of fatty acid biosynthesis from acetate
involves a cycle of reactions including dehydration of a (3R)-
hydroxy~ fatty acyl derivative followed by reduction of the
resulting trans-2-enoyl compoundlzo’lZI. The initially formed
compound is known to be the D-(-)-(3R)-hydroxybutyric acid

120,121

derivative s and dehydration of this has recently been shown

10 be a syn process involving elimination of the pro-2S hydrogen

(HS) atomt 22

. Hence, the pro-2R hydrogen atom (HR) is retained in
the crotonate. This predicts that only one deuterium atom will be
retained at the even-numbered carbons inva fatty acid chain
derived from deuteriocacetate (CD3COZNa). Assuming that the steps
subsequent to butyrate formation and leading to stearate are
repetitions of the first steps, 211 even-numbered methylene carbons
in fatty acids such as stearic acid would retain one hydrogen atom
derived from acetate in the same configuration (e.g. pro-R as shown
in Scheme 27).

The antibiotics ethisolide (87) and dihydrocanadensolide (9)
both contain polyacetate-derived moieties (ring A and the alkyl
substituent) presumed to arise by standard fatty acid-type

Y5, 136, 34 ana 20 singly-

biosynthesis following studies using 'C,
and multiply— labelled,acetatesl23. Bach is oxygenated at C-4 of

the fatty acid chain. An interesting result was obtained using
13033002Na whereby deuterium was retained at C-4 in ethisolide and
~lost from C-4 in dihydrocanadensolide124. The absolule configuration

of these antibiotics was at that time uncertain, but the above



88



S|

2

Pieure 9

Methyl
Oleate

G3

-3,
il
- 40 B T C17 18
GS

- 30 ~ .0 30PPM



43

result was correctly deduced to reflect a difference in absolute
configuration at C-4. These absolute confizurations are now known
to be as shown125’126, so that the retained hydrogen atom derived
from deuterozacetate is deduced to be in a pro-3 configuration as in
the structure 88. This assumes that hydroxylation at C—4 and
lactonisation do not affect the configuration at C-4.

bSince it has been established that in several systems (g:

diphtheriae, chlorella, and chicken liver) the desaturation of

stearic acid to give oleic acid involves loss of the 9-pro-R and
127,8 X . .
10~pro-R hydrogens s loss or retention of deuterium at C-10 in
oleic acid derived from deuteroacetate will indicate whether the C=10
deuterium atom in the stearate precursor was in the pro-R or pro-S

configuration respectively. The mycelial extract of P. canadense

afforded, in addition to candipolin, a substantial quantity of
lipid, consisting mainly of a mixture of triglycerides. The object
of the vresent work was to derive evidence for the configuration of
the acetate-derived hydrogen atoms in the fatty acid chains of the
lipids.

A method was first develoned for converting the triglyceride
mixture, obtained by chromatogranhy of the mycelial extract, into
the corresponding mixture of fatty esters. This was achieved by
successive treztments with 0.5¥ #aOH in methanol and with BF3 in
methan01129. Purification was effected by vacuum distillation.
N.M.R. (1H and 130) and G.L.C. showed that although the composition
varied a little from batch to batch of fungus, the main components
were methyl oleate (ca. 50%) and methyl palmitate (ca. 25%) with

13

smaller amounts of other fatty esters. The C spectrum of methyl
oleate (Fig. 9) shows a feature advantageous to this study in that

the signals corresponding to C-9 and C-10 are distinct, differing

o 1og
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Table 25 ¢ N.I.R. Spectrum of methyl oleate (containing methyl
palmitate and other esters) from 13CHﬂ13CO,\Ha.
- =
Chemical shift J13 13
Carbon atom C-="¢C
8 Hz.
14.10 c-18 34.8
22,75 C-17 34.9
32.00 Cc-16 ca.36.4
34.09 C-2 57.6
174.07 Cc-1 57.5
130.02 C-10
} "
129.52 inf. c-9

* Satellites not visible, but intermediate

at 129.85 p.p.m.

Notation :

13 3] 16

CH,~CH —CHZ—(CH

3772 2)4

" o § 2
—CH2—0H=CH—CH2~(CH

2)4

3 x P,
—CH2—CH2-CO CH

line appears

2773




44

by 0.25 p.p.m. It was considered that significant information
might be obtained by studying the 13C spectra of the total mixture
of methyl esters since the saturated esters like methyl valmitate
(Fig. 10) and methyl stearate have no signals in the olefinic
region which would be the region of most interest.

At the time of this study, there was available mycelium of

P. canadense which had been fed with [i,2—1302] sodium acetate in

. . 23,124
connection with studies on canadensolide (a broth metabollte)1'3’1 .

It was decided to study the corresvonding fatty ester fraction to
check the method and the incornoration of acetate. The specirum
(Pig. 11) indicates that a good degree of 13C enrichment has been
achieved. In view of the accepted vattern of incorporation of

13, 13

acetate into fatty acids, C - ""C coupling between the carbon atoms -

of each incorporated doubly enriched acetate unit will be expected
to give rise to doublets associated with each carbon (other than
the methoxyl group carbon). The assignments indicated in Fig. 11

130-3

are those established for these esters o Although many of the

methylene signals are overlapping, doublets associated with C-17
and C-18 and with C-1 and C~2 are both clearly seen (cf. Table 25).

The 3¢ 23

¢ coupling of C-9 and C-10 in doubly enriched molecules
is represented, because of their small chemical shift difference,
by a single line halfway between the natural abundance signals for
C-9 and C-10.

It was, therefore, possible to follow the fate of acetate~
derived hydrogen atoms following incorporation into methyl oleate
by studying the 130 spectrum of a sample enriched by culturing

13

the P.canadense in the presence of CDBCO2Na (95%). The presence

of deuterium at a2 varticular even-numbered carbon atom will result

in a triplet (owing to 130-?H coupling of characteristic magnitude)



Table 26 13

C N.ii.i. Smectrum of methyl oleate (vplus methyl

palmitate) from

Chemical shift

Caroon atom

snrichment factors

8 (4) (B)
14.14 c-18 0.36 0.56
22.75 ¢-17 ~0.09 . 0.25
25.03 c-3 0.23 0.01
27.26 c-8, C-11 1.28 -0.12
29,21 1.54 0.61
29.41 (CHZ)n 0.71 0.30
29.76 0.57 . 0.50
32,00 c-16 0.60 0.91
34.13 -2 1.12 0.77
5137 OCH3 0 -

129.77 c-9 -0.08 ~0.15
130.02 c-10 1.56 - 0.89
174.19 c-1 0.20 -
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vnich is slightly upfield of the natural abundance signal (owing
to the isotope effect) and which is relatively weak (owing to the

greatly increased spin-lattice relaxation time and greatly reduced

13

nuclear Overhauser effect associated with a C~?H signal as

compared to 13 2 )134. The biosynthetic pathway to saturated

130D3C02ua (fully deuterated) would predict that

every even-numbered carbon atom would retain at least one deubterium

fatty acids from

atom., In practice, enhancement of the natural abundance signals

are observed (of. Table 26). This must correspond to the

13

incorporation of C atoms bearing hydrogen rather than deuterium

atoms. This might arise because of some loss of deuterium by
exchange during biosynthesis. Also, if a small amount (e.g. 1-2%)
of the fed [2—130] acetate was not fully deuterated, any isotope
effect would tend to this being preferentially carboxylated and

incorporated into the fatty acid chain. In a recent study in which

13

CD_CO_¥a wias incorporazated into a number of polyketides, extensive

3772
135.

loss of deuterium was also noted

13

The C spectrum of the unlabelléd ester fraction (Fig. 12)

shows that the main olefinic ester is methyl oleate (cf. Fig. 9),
the most significant signals being those for C-9 and C-10 (which
are approximately the same in intensity) and for C-2 and the allylic
carbon C-8. Other olefinic esters present in small amounts give
rise to three weak signals in the 130 p.p.m. region. The sample

13

derived by feeding CD Cco Va (experiment A, Fiz. 13) shows triplets

. %
(J = ca. 19.3 Hz., isotope shift = ca. 0.35 p.p.m.) associated with

¥ Since J BH/KD = ca. 6.51131 and a typical value of J

m/ oz = 13 .
C-H

for a saturated CH2>group is 128 Hz. and for an olefinic CH 158 Hz.,

values can bn calculated for J of 19.7 Hz. and 24.3 Hz. reépect—

13 2H

ively. (h.<. Stothers p. 317 for the 19.7 I Hz. value). The calculated
value Of 24.3 Hz, is based on values of 157 Hz. for cyclohexenas,

160 Hz. for cyclopentene, and 156 Hz.. for ethylene.
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Table 27 “C W.i.22, Spectrum of the ester mixture from
13 . .
C0,C0 Na (Experiment B).
_.__-..3..._2.-
Chemical shift J
Carbon atom 130-?H TN
8 ' Hz. P.p.m.
27.20 c-8 19.1 0.37
31.95 Cc-16 19.1 ’ 0.46
34.12 -2 - 19.6 0.28




C-2 2nd C-8 most clearly, indicating the presence of one deuterium
atom at these centresl34. The spectrum shows the same three
“impurity" signals in the 130 p.p.m. region, but the signal for €-10
is clearly enhanced relative to C-9 (more than doubled in intensity)
and ephanced considerably more than any of the other even~numbered
carbon atoms. Also, there is no sign of a triplet (J= ca. 24.3 Hz.f
isotope shift = ca. 0.35 p.p.m.) corresponding to —1302H=CH— .

The ester fraction obtained from a second 13CD3002Na feeding
experiment (B) was slightly less satisfactory, The spectrum of
the ester sample (Pig. 14) showed the presence of slightly
different impurity peaks in the 130 p.p.m. region. Again, the C-10
peak is strongly enhanced relative to the C-9 peak. It is, however,
enhanced significantly more in this case than some of the other
even—numbered carbon atoms, making invalid any conclusions about
- the absence of deuterium. Indeed, at first glance, the impurity
veaks could suggest the presence of a deuterium triplet at C-10,
but the signals do not satisfy the requirement of coupling constant
and isotope effect indicated above. Also, an N.E,R. experiment
involving reduction of Overhauser enhancements of C-H peaks by

136

decoupler gating confirmed that these were impurity C-H peaks
rather than C-D peaks. The presence of these impurities was
unfortunate;sipée,in this case, very well-defined triplets
(J = ca. 19.3 Hz., B.= ca. 0.35 p.p.m.) appear (cf. Table 27),
associated with ¢-2, C-16, and C-8 as indicated in the inset.

The two experiments show almost certainly that there is no
deuterium at C-10 in the méthyl oleate, so that the deuterium atom
at C-10 and other even-numbered methylene carbons in the precursor

stearic acid can be deduced to be pro-R (assuming cis-dehydrogenation),

in complete agreement with the results for ethisolide and dihydro-—
canadensolide.

*¥ See footnote on p. 45.
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Table 28 130 HeiieR. Spectrum of methyl oleate from 13CD CO ka.
Chemical shift
Q Carbon atom Enhancement factor

14.12 c-18 -0.14

22.71 c-17 -0.10

24.97 C-3 -0.36

27.20 ¢-8, Cc-11 1,22

29.14 "\ 0.67

29.36 0.35

> (cH,)

29.54 0.47

29.75 J -0.24

31.93 C-16 0.44

34.11 C~2 o

51.41 OCH3 -0.30
129.77 Cc-9 0.42:
130.01 Cc-10 1.66
174.29 c-1 0.07
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Because of the unfortunate appearance of the olefinic region

in the spectrum of the second sample, it seemed desirable that
further purification of the methyl oleate should be carried out,
although this was not possible owing to lack of time in the present
work. A further feeding experiment with 1BCD3002Na has, however,
since been carried out (by Mr. G. Johnstone and Dr. N.J. McCorkindale)
and the transesterification carried out as before. The methyl oleate
was, however, isolated free from both saturated and unsaturated
impurities by T.L.C. on AgNOB—silica gel. The resulting spectrun
(Fig. 15, Table 28) is included for the sake of coméleteness (vy
courtesy of these workers). A very clean spectrum is obtained showing

1 2 . . . ‘ : :
e 3C--H triplets associated with C-2, C-16, and C-8 in particular.

th
C-10 is again more strongly enhanced than any of the other atoms,
and no triplet associated with C-10 can be detected, although
vrominent triplets aséociated with other carbons cen be seen.
This result confirms the above work.

It is now possible to deduce that the stereochemistry of
reduction of the crotonate to butyrate (Scheme 27) involves delivery
of hydrogen at C-2 from the si face, i.e. the hydrogen will adopt
the pro-S configuration. Assuming trans- reduction as is observed
in the biosynthesis of sterolsl37, in the biosynthesis of
griseofulvinl38, and. in the enzymic reduction of cinnamyl alcohol
using bakers! yeastl39, delivery of hydrogen to C-3 will also be
from the si face with respect to C-3, i.e. hydrogen will adopt the
pro-S configuration. This stereochemistry was recently verified151

in the case of butyrate biosynthesis by use of the enoyl reductase
to effect 3H labelling of & crotonyl substrate at C-2 and C—Ef:freat_
ment of the resulting butyryl substrate with pig liver dehydrogenase-

(which effects 2anti- elimination of thé pro—2R and pro-3R hydrogen

atoms) label was retained at both positions.



Scheme 28

OPP

89



Table 29 13; N.m.R. data for rosemonolactone (89).

ﬁﬁ?ﬂh Carbon Jg; ocm - (.8 2 Enhancements from [12C] acetates
g;ﬁézéum aton 13CH313602N$T 113 | 213 2-13cn;‘ 2_13c95*
(8z.) (») ()
16.9 a c-18 0 1.1% | 0% 0.a”
16.9 a ¢-20 - 0 1| o® 0.1”
19.8 t c-2 32.4 1.4 | 01 | 0.2 |-0.2
21.9 a c-17 35.5 0 1.3 o? -0.1
30.2 % c-1 0 1.0 0.2° 0.2
30.8 % c-6 33.9 11 | o 0.1 0
3.4 % c-12 ‘ 0.1 | 1.1 0.2¢ 0.1
31.8 % c-14 36.8 0 1.1 0.¢ )
35.1 s c-13 35.5 1.4 | -0.1 ) -0.1
35.4 % c-3 31.9 0.1 | 1.2 ot 0
35.8 % ¢-11 34.7 0.9 | 0.1 | 0.1 -0.1
8.8 | = c-9 35.1 -0.1 0.4 0.4 0.2
47.3 8 c-4~ 47.6 1.1 -0.2 -0.1 -0.1
47.4 a c-8 36.8 | 0.9 -0 | -0 -0.1
50.8 a -5 33.4 -0.2 | 1.0 0.2° 0
87.0 s ¢-10 1.0 |-0a 0.2 0.1
109.9 t . | ca6 69.7 1.4 | 0.2 0 0
149.6 a c-15 70.3 0 1.0 | o.2f 0.3
179.2 s c-19 48.0 0.1 | 0.6 EB! 2.2
20,0 | s c-7 ) 1.0 1.5 1.4

'Hotes H
* Half the total enhancement of this signal,
4+ Summarised in (91).

4+ Deuterium and carbon-l} labelling pattern summarised in (93).




Notes on Table 29

a (C-18 and C-20) : 3et, J = 19.5 Hz.,t&(dl) = 0.27 ppm.;
5, B(d,) = 0.45 ppm.
b (e-17) : 3°%, 7 = 19.3 Ha., B(a;) = 0.29 ppm.; 5°%,A(d,) = 0.63 ppm.;
7et,A(d3) = 0,88 ppm.
c (C-1) : Multiplets partially obscured by C-6, C-12 but centre
linés of 3et,ZX(dl) = 0,32 ppm;; 5et,[§(d2) =,0.65 ppm.
d Multiplets obscured by adjacent peaks.

e (c-5) : Bet

, 7 = 19.5 Hz.,zs(dl) = 0.47 ppm.
et
b}

f (c-15) : 3 J = 23,2 Hz.,zx(dl) = 0.36 ppm.

91

93
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CHAPTER 4

Studies on the location of acetate-derived hydrogzen atoms in

rosenonolactone (89).

The way in which useful information concerning the location
of acetalte-derived hydrogen atoms in the antibiotics ethisolide

and dihydrocanadensolide and in methyl oleate was obtained from

13CD COzNa feedings has already been described. It was decided to

3

explore this approach in the biosynthesis of rosenonolactone. In

13

particular, it was honed that the results of Cb COZNa feedings

3
might demonstrate that the migration of the methyl groun from
C~10 to C-9, generally accepted to occur during the biosynthesisl4o’}
occurs without loss of the original hydrogen, i.e. excluding the
intermediacy of a cyclopropanoid intermediate (cf. Scheme 28).

The current work was initiated by Drs. J.Troke and

No.J. HcCorkindale, who obtained biosyntheticzlly labelled samples

of rosenonolactone by feeding Trichothecium roseum with singly-

and doubly- labelled sodium acetates. The present analysis of the
carvon—-13 spectral data of these samples is indicated in Table 293.
This includes an unambiguous assignment of most of the carbon
resonances based on analogies, on off-resonance decoupled spectra,
on enrichments of the appropriate carbons in the samples from either
[1;13CJ or [2ﬁ13g] acetate and on the patterns of carbon-carbon
coupling in the sample derived from [1,2—1303 acetate. One
unfortunate feature of these spectra is that one of the signals

of most interest, namely C-20, is overlapping with another (C-18).

. 13..
In the biosynthetic sequence leading from 305313002Na to

rosenonolactone (Scheme 28), the loss of a carbon atom in the
transformation of mevalonate into dimethylallyl pyrophosphate will

result in an enriched singlet in each of the four terpene unitc.



90.
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These appear at C-1, C-7, C-12, and C-1€ in rosenonolactone.

C-20 and C-10 also appear as singlets reflecting the breaking of
the €-10/C-20 bond in the migration of C-20 from C-10 to C-9. Tt
may be noted that the assignment of the signals for C-1 and C-12
could easily be interchanged on all the evidence from these spectra,
but assignment is made as indicated by analogy with the values in
rosencl'olactone (90), which were established from lanthanide shift
data, ' as discussed later.

Comparison of the spectra of samples of rosenonolactone (89)
derived from 130H3002Na and 13CD3COZNa shows that only three
signals in the latter are enhanced, compared to twelve in the
former {cf, Fig. 16). This indicates that substitution of one or
more deuterium atoms at nine centres in the latter are causing

134

suppression of the carbon-13 enhancements™ ~, as discussed earlier
in the studies on [130, ZH] methyl oleate. Since C-T7, C-9, and
C-19 are fully substituted carbons, however, the carbon-13
enrichment is apparent. Lower than average enhancemenis are
observed for C-9 in both deuterated and undeuterated species.

13C--D

The presence of deuterium is also indicated by various
multiplet3134, e.z. C-5 shows a triplet (J = 19.5 Hz., &= 0.47 ppm)
and the olefinic carbon atom C-15 another triplet (J = 23.2 Hz.,

A= 0.36 ppm). C-3 would also be expected to carry only one
deuterium atom because of its origin as the olefinic carbon in
geranylgeranyl pyrophosphate, whose protonation initiates the
concerted cyclisaiixn%30—%cf. Scheme 28). However, it was not
possible to observe a triplet because of the flanking signals for
C-11 and C-13.

The signal for C-17 is associated with a triplet, quintet,

and septet, corresponding to dl’ d2, and d3 species respectively



Table 30 Intensities of C-D multiplets relative to

1609 pT)m peak = 1.00 .

Species s Normal Intensity with
ppm intensity Cr(acac)3

CHD2 15.61 - 0.138 0.132

CHZD 15.90 0.157 , 0.151

CD3 16.07 0.110 0.160

CHD2 16.39 0.248 0.264

CH3 16.9 | 1.00 1.00




<13

Table 31 C N.M.R. data for rosenololactone (90).
5§i;i§ii— Carbon Jg;gmin (90) Enhancements from [13c] écetates
g;:iéfz'm stom 1303313(:021@; 1-13e| 2-%3¢ 2_13“3: 2.13033*

(8z.) (a) (B)
17.2 a c-18 -0.1 0.8° 0.1% -0.1
17.6 q ¢-20 0.1 | 0.7 0.1° | 0.1
19.9 t c-2 32.3 1.1 | -0.1 0 ~0.1
22,0 q c-17 35.9 0.1 0.1 o€ -0.1
29.3 c-6 34.8 1.5 0.1 0.2 -0.1
30.0 t. c-1 0.1 1.0 0,24 -0.1
31.9 t c-11 34.8 1.0 0 -0.1 -0.1
32,0- % ¢-12 ) 0.8 0.1° -0.1
34.1 t c-14 35.1 0.2 | 0.7 0.af | -0a
35.7 t c-3 32.2 0 0.9 0.28 -0.2
35.9 s c-13 35.8 0.9 0 0.1 0.3
37.4 a c-8 35.1 1.1 | -0.2 0 -0.2
38.4 s c-9 34.9 0 0.8 0.4 0.7
47.2 s c-4 48.7 0.9 | -0.1 0 0.1
50.6 d c-5 33.7 0.2 | 0.8 0.2" 0.5
- 69.3 d c-7 ~0.3 0.9 1.7 0.5

87.9 s c-10 1.0 | -0.2 o 0
109.5 t ¢-16 69.7 6.9 | -0.1 0 -0.3
150.5 a c-15 69.9 0.3 | 0.5 0.48 | -0.2
s £-19 48.7 -0.3 0.5 2.1 0.9

180.3

Summarised in (92).

Deuterium and carbon-13

labelling pattern summarised in (94).




Notes on Table 31,

a 5et, J = 19.8 HZ., A(dz)

b 5et,_J

0.56 ppm.; 3et obscured by C-20 Bet.

1]

0.66 ppm.; 3et obscured by C-18;

il
]

19.8 Hz., A(dz)

centre of 7et would lie under Set of C-18.

c (3et’ weak), Set

a 3%, 7 - 19.3 Hz.,A(d,)

e 3et, J = 1905 HZ.,A(dl)

%
£ 3%,

, I = 20.1 Hz., A(d,) = 0.6 ppmy 7et,A(a3)«= 0.94 ppm.

et
0.34 ppm.; 5 obscured.

0.36 ppm.; Bet,él(dz) = 0.79 ppm. .

0.83 ppm.

]
[

J = 19.5 Hz., A(dl) 0.39 ppm.; 5et,1§(d2)

g 3éf J = 20.0 Hz.,A(dl) = 0.40 ppm.
h 3et’ J = 19.6 Hz.,[&(dl) = 0.49 ppm.

i 3% 72231 Hz.y A(d,)

]

0.36 ppm.

92

94
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and the single line corresponding to both C-18 and C-20 is also
accompanied by a triplet, guintet, and septet. The’most significant
iine of these multiplets is the centre of the d3 septet and this
undergoes apparent enhancement relative to the lines of the other
multiplets on addition of relaxation agent, Cr(acac)3, which
removes the nuclear Overhauser effect of the protonated species
CD,H and CDH, (cf. Table 30). Since C-18 is derived from the
2-position of mevalonate as indicated by the result with ﬁ,2—1302]
sodium acetate and could only be CD2H, this result indicates that

C-20 is present at least partly as the d, species (to the same

3

extent as C-17) and that methyl migration involves the intact
grouping.

The disadvantage in these spectra was the overlapping of
tvo sets of signals, namely, C—18/C—20 and C~4/C—8, and it was
hoped that this could be circumvented by reducing the rosenonolactone
samples to the corresponding enriched rosenololactones and applying
lanthanide shift reagents 142-5

Assignment of the chemical shift values to the various
carbon atoms in rosenololactone (90) was facilitated again by off-
resonance decoupled spectra, by enrichment data, and by the pattern

of C-C coupling in the sample derived from 13CH313

CO,Na (Tabvle 31).
However, none of the carbon signals are overlapping and those for
C-18 and C-20 in particular, differ by 0.4 p.p.m. In the sample
derived from [?—13d] acetate, C-9 shows a satisfactory degree of
enhancement relative to the other enriched carbons.

In order to clarify fhe carbon assignments, and, if possible,
obtain a spectrum in which the signals for C-18 and C-20 might be
observed free from overlap by other signals ( a requisite for

13

studying ~~C-D multiplets associated with particular carbon atoms),
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Table 32 Lanthanide—induced shifts for rosenololactone (90).

e | s | T® ORI AT | ),
c-1 30.0 7.96 15 3.9 3.9 3.1
c-2 19.9 9.04 15 2.7 2.6 2.3
c-3 35.7 8.56 25 2.5 2.3 2.1
c-4 47.2 7.36 25 4.0 3.7 3.4
¢-5 50.6 6.08 | 20 8.0 1.9 6.8
c-6 29.3 4.84 20 15.8 13.0 15.9
-1 | 69.3 3.76 | 20 33.8 38.5 30.6
c-8 37.4 4.64 25 15.9 16.6 16.1
c-9 38.4 5.76 15 10.3 10.3 8.8
c-10 87.9 6.64 10 7.1 7.1 6.2
c-11 31.9 6.96 20 5.3 5.4 4.9
‘€-12 32.0 6.68 30 4.6 4.5 4.1
c-13 35.9 5.92 38 4.5 4.8 4.6
c-14 34.1 4.00 35 17.2 18.5 20.5
c-15 150.5 6.24 50 1.1 1.8 2.2
c-16 109.5 7.32 54 0.1 0.4 0.8
c-17 | 22.0 6.68 47 1.5 3.0 2.8
c-18 17.2 7.44 35 2.6 1.7 1.6
c-19 180.3 7.54 22 4.0 3.7 3.5
c-20 17.6 5.52 15 11.7 10.4 9.0

* Summarised in (96).




Notes on Table 32 :

(1)  The lanthenide-oxygen distance of 3% gave the best fit.

shorter distances gave reasonable results, but not such a good fit,
For instance, a distance of 2.75 K and a C-0-Yb angle of 108° gave
calculated for ¢-6, C-8, C-9, C-14 and C-20 shifts relative to

C-7 = 38.5 ppm of 15.1, 16.3, 11.5, 16.7 and 13.0 (Found : 13.0, 16.6,
10.3, 18.5, 10.4),

(2) The C-0-Yb angle of 108° gave the best fit. An angle of 1250,
for instance, gave a poor fit. For example {calculated with 0-Yb of
32) for ¢-6, C-8, C-9, C-14, and C-20 was, relative to shift of 38.5
for C-T, 16.0, 17.4, 12.7, 14.1, and 15.0 respectively. (Found : 13.0,
16.6, 10.3, 18.5, and 10.4).

(3) A table of (300329 - 1) is shown :

(o] ’ (o]

0° 2.00 30° 1.25
5% 1.9772 35° 1.013
10° 1.9095 40°  0.7604

15° 1.799 45°  0.50
20° 1.649 50° 0.2395
25° 1.464 55° 0

It may be deduced that an error of 1° in measurement of the angle will
result in the following approximate error in the final calculated shift

1°at ca. 45° - %

40° - 6%
35° - 5%
30° - 4%
25° - 3%
20° - 2%
15° - 2%
10° - 1%

52— 0.7%
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spectra of rosenololactone derived from [2—13C] acetate were
obtained in which various amounts of shift reagent, Yb(dpm)3, had
been added (Fig. 17,18). The latter reagent is preferred to
Eu(dpm)3 in carbon-13 work, since it minimises the contact
contribution to the lanthanide-induced shiftl46’? Interpretation of
these spectra was, to some extent, helped by the presence of =
number of enhanced signals with this and the linear relationship
shown by the observed shift vs. the amount of shift reagent added,
the maximum downfield shift shown by each carhon atom was easily
derived as shown in Table 32, 1In a complementary experiment,
Dy(d.pm)3 was used to produce similar upfield shifts in the sample
of rosenololactone derived from !ﬁ—lBC] acetate (Fig. 19 and -
Table 32).

In order to use the magnitude of these shifts to obtain
evidence for the carbon assignments, calculations were made of the
pseudocontact shifts (D) using the McConnell-Robertson equationl48:

A=k (3c0s°6 - 1) /
>i.e. taking into consideration the probable location of the
lanthanide atom, the length (r) of the vector joining the para-
magnetic centre and the observed nucleus and the angle (6) between
that vector and the principal (z) magnetic axis of the paramagnetic
atoml46’? Of the three possible staggered positions of the lanthanide
atom about the C-0 bond, W can be excluded on steric grounds and X
can be excluded since the angle @ for nine carbon atoms would be
in the range 55(0(1250. This would result in the angular term
(360520 -1) béing negative and predict upfield shifts; some of
which, e.g. for C-13 and C-14, would be large because of proximity
to the lanthanide atom (and hence a large 1/r3 term). This is

clearly ruled out by the fact that all the atoms were observed to



96

13-C

Yb(dpm)
3
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undergo downfield shifts with Yb(dpm)3. Trial calculations of A
with the lanthanide atom in the remaining staggered position Y

gave a very poor fit with the observed lanthanide —induced shifts*.
(The calculated shift for C-14, for exemple, was smaller than those
for C-6 and C-8). A good fit with the observed data was, however,
obtained assuming little or no contribution from the staggered
~conformers and the lanthanide atom being in the eclipsed conformation
shown, i.e. with the site of coordination being essentially at Z in
(95). (This looks very favourable stericzlly). Table 32 shows the
estimated* values of r and 6 and the calculated lanthanide-induced
shifts, taking k arbitrarily as 2.656 x 105 to provide figures of
the same order as the observed lanthanide-induced shifts. The 17.2
and 17.6 pom signals can be assigned as C-18 and C-20 respectively
in view of the very much larger lanthanide-induced shift showm by
the 17.6 ppm signal. The signal at 32.0‘ppm shows a larger
lanthanide—-induced shift than at 30.0 ppm and, on this basis, these
signals can be assigned as C-12 and C-1 respectively to correspond
with the calculated values of the lanthanide-induced shifts. It is
reasonable to assume that similar assignments of C-1 and C-12 can
be made for rosenonolactone.

149

In a recent publication , carbon-13 data were given for
rosenonolactone and rosenololactone and assignments made. Some

uncertainties in assignments, substantial discrepancies (> 0.4 ppm)

from the values we observed, and erroneous assignments are noted

o
* The lanthanide—oxygen distance was taken as 3A and r and © were
measured using Dreiding models with a piece of fine bore rigid

plastic tubing to represent the oxygen-lanthanide bond.
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as follows
1) In the rosenololactone spectrum, signals at 31.0 and 31.9 ppm
were assigned as C-1 and C-12 or vice~versa. Firm assignments are
given in the present work for these carbons to the éignals at
30.0 and 32.0 ppm as discussed above.
2) Signals at 34.0 and 31.8 ppm are assignedl49 to C-11 and C-14.
This is clearly incorrect from the enrichment data and the correct
assignment from our data is 31.9 and 34.1 ppm.
3) C-18 and C-20 are reported to appeér as a single signal at
17.2 ppm. In our spectra, lines for these carbons appear at 17.2
and 17.6 ppm respectively as discussed above.

Attention was now turned to the sample of rosenololactone

. .
3CD3COZNa.(Fig. 20). The spectrum shows the presence

derived via
deuterium at several centres. The C-15 signal shows the triplet

(3 = 23.1 Hz.y, A= 0.36 ppm) typical of olefinic -CD- ; C-5 is
associated with a triplet (J = 19.6 Hz., & = 0.49 ppm) 3

C-13, being derived from C-1 of acetate; does not prevent the
triplet associated with the —CHD- grouping at C-3 (J = 20.0 Hz.,

A = 0.40 ppm) being clearly seen and the absence of d2 species to
be evident 3 similarly, C-1l1l is derived from C-1 of acetate and
the triplet (CHD) and quintet (CD,) associated with C-12 can be
seen ; C-6 is superimposed on the multiplets associated with C-1

in this spectrum. In the methyl region, multiplets for dl, d2, and
_d3 species associated with C-17 can all be detected. C-20 and

C-18 are too close in this spectrum to permit unambiguous

interpretation.

The spectrum of this [130, 2&] sample was also run under

special conditions, namely, the decoupling power was reduced to

103 dB so that protonated carbon signals were largely "smeared
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out 7

© (cf. Pig. 22). Quaternary carbons and carbons bearing only
deuteriums now become the dominant peaks. C-9 is seen as the
enriched quaternary carbon. The triplets associated with C-15 and
C-5 are evident, but the multiplets associated with CD2 and CD3
species cannot, unfortunately, be made out.

Finally, spectra were obtained in the presence of shift
reagents. It may be noted that D;y(dpm)3 was considered unsuitable,
since the shifted peaks suffered line broadening to an extent that
satellites would be obscured (cf. C-20 in Fig. 19). When sufficient
Yb(dpm)3 was used to shift C-20 clear from the other methyl

resonances (cf. Fig. 17, 18 ; spectrum not shown for the
sample), unfortunately, again, line broadening occurred and
satellites could not be detected. However, a useful spectrum was
obtained using a smaller amount of Yb(dpm)3 (Fig. 21). The €D,
quintets and CD triplets associated with C-12 and C-1 are now evident,
and C-20 having been shifted clear of C-18, it was confirmed that

the latter showed associated d1 and d2 species, but not a3, as
expected from its derivation from the 2-position of mevalonate.

There is no deuterium at C-7 in this rosenololactone since it was
obtained by chemical reduction of [13C, 2H] rosenonolactone. It is
hoped that deuterium-decoupled spectra will be obtained in the
future, but these results provide convincing evidence for the

deuterium substitution pattern indicated in (93) reflecting the

accepted pathway of incorporation of acetate into the metabolite.
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EXPERIMENTAL

GENERAL

Instrumentation

Melting points were determined using a Reichert hot stage
apparatus, and are uncorrected. Specira were obtained using the

following instruments :

1l

H N.M.R. 60 MHz. Varian T 60

lH N.]‘IOR- 90 MHZ.

(1]

Perkin~Elmer R 32

1

H N.M.R. 100 MHz. Varian HA 100

lH & 13C N.H.R.

(Fourier Transform)

(1]

Varian XL 100

lass spectrum A.E, I, M3 12

Mass measurement :
AB.I. ¥MS 9

(1]

(high resolution)

I.R. (4000 -~ 625 cm—l)

1

Perkin-Elmer PE 257

Perkin-Elmer PE 225

I.R. (4000 ~ 200 cm_
U.v. Pye~Unicam SP 800
Circular dichroism measurements were kindly performed by Dr. P.H.
Scopes at Westfield College, London. Gas chromatograms were
recorded on a Perkin-Elmer F 11 instrument with flame ionisation

detector.

Presentation of N.H.R. data

N.M.R. data are presented in units of 8 (parts per million),
relative to tetramethylsilaﬁe as internal standard, using the
following abbreviations : s = singlet, d = doublet, t = triplet,
q = quartet, m = multiplet ; the notation for coupling is as
follows : & 2.95 (2H, m 3 irr. 4.6 —> s ....) means that the

tvwo-proton multiplet a2t 2,95 p.p.m. collapses to a singlet when an
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irradiating field is applied at 4.6 p.p.m.

Miscellaneous

Merck Kieselgel (Type 60) GF,c, of thickness 1 mm, was used

54
for preparative thin layer chromatography ;3 0.25 mm.-thick Kieselgel

G was used for analytical T.L.C. All R, values measured in 1 &

£

MeOH/CHC1l, eluant are standardised to that of p-aminoazobenzene,

3
R. 0.55 {(candipolin R 0.54). The cett chromatographic spray used

f

was a solution of 10 gm. ceric ammonium nitrate and 660 ml. 5N
agqueous sulphuric acid in 330 ml. water. After spraying, plates
were heated to 1400 in an oven.

Unless otherwise stated, light petroleum refers to the fraction
boiling between 40° and 60°. In solvent extractions, the volume
given in brackets after the solvent name is the total volume
~accumulated over at least five extractions. All organic extracts
were washed to neutrality with saturated agueous sodium chloride
and dried twice over AnalaR anhydrous sodium sulphate before
evaporation of the solvent at reduced pressure on a Buchi Rotavapor
rotary evaporator. Dilute agueous HC1l means 5N agueous HCl.

Ethanol-free chloroform was obtained by slow passage of the
solvent through a column (2 ft. x 1 in.) of silica gel, then
rassage through fresh silica gel. Methylene chloride was freed
from acidic impurities and ethanol by successive passage through

a column of basic alumina, then silica gel.
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LXPERIHEHTAL

CHAPTmR I
Candipolin (H-benzoyl-O—(N-benzoyl-L-phenylalanyl)-L-phenylalaninol).
Candipolin (53) was obtained from the dried mycelium of

Penicillium csnadense (C.M.I. 95,493) by extraction with chloroform

for 24 hours in a Soxhlet apparatus. The solvent was removed, and
the brown residue taken up in boiling ethanol: candipolin
crystallised out on cooling. A further quantity of this metabolite .
was obtained by preparative T.L.C., using i% In;eOH/CHCI3 as eluant
(Rf 0.54). Crystallisation from ethanol gave candipolin as small,
colourless ncedles, m.v. 210° (yield ca. 150 mg./l.).

[;x]D -98.6° (c. 0.76, CH M) [, -78.7° (c. 0.14, C,HOH)

R, (14 HeOH/CHCl3) ¢ 0.54 relative to p-aminoazobenzene (Rf 0.55)3

4+

Ce’' -~ Dbeige .

\)max (kBr) : 3300 (WH), 3020, 1750 (ester), 1635 (amide I), 1600,

1580, 1530 (amide II), 1485, 1450, 1390, 1350,‘1320, 1305,
1270, 1210, 1185, 1150, 1095, 1070, 1025, 920, 910, 870,
850, 800, 740, 720, 690 om~t,

Vmax (CHC1,) = 3400 (WH), 1740 (ester), 1660 (amide I), 1600, 1580
Cm;l.

Wmax (MeOH) : 215 (22,700), 227 (20,020) nm.

¢.D. : Ac(A) : -6.9 (227 nm.).

S 100 MHz. (0pc1,) : 2.95 (2H, m; irr. 4.6 —> s : -CH,-Av), 3.25 (24,
d, J = 6.5 Hz.3 irr. 4.95 —> s : —CH,—Ar), 4.1 (1H,a4d,
J = 5.0, 12.0 Hz.; irr. 4.6 —> s : -GH-0-COR), 4.6 (2H, m;
irr. 4.1 —> br. s ¢ —NH—QEgQH-O—CORy% 4.95 (1H, dt, Jy=J, =
6.5 Hz.; irr. 6.7 > 1 (J ;Ee.s Hz.); irr. 3.25 => a (J = 6.5

’

Hz.) : NH-CH-CO-), 6.8 (2H, m; D20/CF3002H exchangeable ;

irr. 4.95 —> s :=CO-NE-), 7.3 (16%, m : &r-H), 7.8 (4, m :



o-H of Ar—CO-H).
136 m.k.R. (CDG1,)¥ + C-3 and G=3' at 37.3 and 37.5, C-2' at 50.3,
-2 at 54.6, C-1 at 65.4, 6 aryl carbons m- or p- to CH,R
at 126.8 (1¢), 127.1 (4C), and 127.3 (1C), 12 aryl carbons
at 128.4 (2¢), 128.6 (4C), 128.8 (2¢), 129.2 (2¢), and
129.3 (2C), ‘2 aryl cerbons p- to CONR at 131.4 and 132.0,
4 quaternary aryl carbons at 133.4, 134.3, 135.9, and 137.2,.

CONR at 167.2 and 167.5, CO.R at 171.9 p.p.m.

2
m/e (Rel. ébunaance) : ¥ 506 (0.05), 415 (0.1), 294 (0.2),

269 (1.5), 251 (3.3), 224 (3.3), 223 (2.2), 148 (33),

147 (17), 146 (91), 118 (34), 105 (80), 91 (100), 77 (72),

64 (17), 51 (27).
Analysis ~ Found : C : 76.11, H : 6.20, ¥ : 5.33 % ; ' at n/e 506
G32H§ON204 requires : C : 75.86, H : 5.79, N : 5.53 % ¢

H.Wt. 506.6 .

Base—catalysed hydrolysis of candipolin. .

1 M. agueous NaOH (1.5 ml.) was added to a solution of candipolin
(75 mg.) in aqueous ethanol (30 ml. EtOH + 20 ml. H20), and the
solution refluxed for 24 hours. On cooling, the mixture was
neutralised (dil. HCl), and concentrated to low volume. This was
basified by addition of saturated aqueoué$sodium carbonate (20 ml.)
and extracted with chlofoform (250 ml.), giving N-benzoyl-L-phenyl-
alaninol (26.4 mg.; 70% yield), which crystallised from CH013/light

. o, 10
petroleum as long colourless needles, m.p. 171-—3o (11t._17l—3 ). 5

o o]

Rf(l% HeOH/CHCl3) : 0.16 ; cett

- beige.

1 = -~
* Jor 1JC Naolieits (C5D ), see Table 1, page 31.

5
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The aqueous layer was acidified by careful addition of conc.
ag. HCl until a white precipitate was formed. Thisrwas extracted
with chloroform (250 ml.), to zive N-benzoyl-L-phenylalanine (58)
(19.9 mg.; 50% yield), which crystallises from glacial AcOH/HZO as
needles, m.p. 141-2° (1it. 142-3°).

E’J:D -42.2° (¢.0.07, CH,OH).
Ry (1% HeOH/CHC1,) = 0.21 5 Ce* - dark beige.
Both acid and alcohol are identical to authentic samples.

For spectroscopic details, see pages

Attempted hydrolysis of N—bénzqyl—phenylalanine»(581-

When N-benzoyl phenylalanine was refluxed in acetic acid with
either 5N. or concentrated agueous HCl, or with 45% HBr in acetic
acid + water, only partial hydrolysis occurred, even after prolonged
reflux. At best, only small gquantities of benzoic acid were detected

by T.L.C. of crude reaction products.

Acid~catalysed hydrolysis of N-benzoyl phenylalanine,
A mixture of dilute aqueous HC1 (3 ml.) and N-benzoyl

phenylalanine (40 mg.) was sealed in a thick-walled bordsilicate
glass tube (capacity ca. 1 ml. per inch), and enclosed in a tube of
copper gauze. This was heated at 150° (in stirred oil Eath) for 24
hours. On cooling, benzoic acid crystallised out in the tube.
After addition of chloroform (1 ml.), the solution was filtered.
Extraction of the filtrate with chloroform (100 ml.) yielded benzoic
acid (12.7 mg.; T0% yield), m.p. 121-2° (1it. 122°)106

Phenylalanine was obtained by preparative paper chromatography
of the acidic agueous extract, using Whatman P81 cellulose

phosvhate paper, with water : n-butanol : acetic acid (50:120:30)
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as eluent. Rf 0.55 (purple stain on heating after ninhydrin spray )

Attempted hydrolysis of N-benzoyl-L—phenylalaninol (50),

A solution of N-benzoyl-L-phenylalaninol in glacial acetic acid
was refluxed for 24 hours with 45% HBr in glacial acetic acid +
water., T.L.C. of the product, after evaporation of solvent, showed

that only partial hydrolysis had occurred.

Acid—~catalysed hydrolysis of N—benzoyl-L-phenylalaninol.

Conditions used were identical to those given for hydrolysis
of N-benzoyl phenylalanine. 35 mg. N-benzoyl-L-phenylalaninol
yielded 11.2 mg. benzoic.acid (67%), m.p. 121-2° (1lit. 122°).

The agueous layer was basified by addition of solid sodium
bicarbonate, then extracted with chloroform (100 ml.) to give
L-phenylalaninol, which crystallised from benzene/light petroleum
as plates (10.4 mg.; 514), m.p. 91-3° (1it. 91-2°):0?

(For spectroscopic &ata, see page 63.

Preparation of L-phenylalanine methyl ester hydrochloride (54.HC1).

Thionyl chloride (12 ml.) was added dropwise (over a period of
2 hours) to a stirred solution of L-phenylalanine (20.2 gm;)"in dry
methanol (100 ml.) at 0°C, and stirring continued overnight, with
heating to 5000. After cooling, excess methanol and thionyl chloride
were removed (in vacuo.) to give crude L-phenylalanine methyl ester
hydrochloride as a white solid. Crystallisation from CHCl3/1ight
petroleum gave colourless needles (26.07 gm.; 99% yield), m.p.157-

160° (1it. 158-162°).

R (1% MeOH/GHCL,) : 0.22 3 ce" - unstained.
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vV (KBr) : 3500-3350 (broad, weak), 3100-2800 (broad, strong),

1745 (ester), 1580, 1495, 1445, 1290, 1240, 1145, 1080,
1060, 990, 935, 870, 810, 745, T05 om L.

Amax (lieOH) : 218 (1630), 243 (44.9),‘248 (76.4), 252 (117)
258 (162)4 264 (126), 267 (67.4) nm.

& 100 HHz. (€DC1y + CDJOD) : 3.35(2H, d, J = 6.0 Hz.: —CH,~Ar),
3.8 (3H, s _coz-qg3), 4.37(1H, ty J = 7.0 Hz.: -CH-NH) ,

7.3 (5H, br. s : Ar-H) .

Preparation of L-phenylalaninol. (49).

L-phenylalanine methyl ester hydrochloride (20.0 gm.) in
chlorofornm (2 litres) was extracted with 5N. aqueous sodium
hydroxide (total vol. 250 ml.) until the aqueous layer was basic.
Bvaporation of the chloroform gave L-phenylalanine methyl ester as
a colourless oil (15.8 gm.; 95% yield).

A solution of this oil (15.78 gm.) in sodium-dried ether (200 ml.)
was added dropwise (required 12 hours) to a suspension of lithium
aluminium hydride (22.5 gm.) in sodium—dried ether (1 litre),
stirred under nitrogen ; stirring was continued at room temperature
for a further 18 hours. Excess L.A.H. was destroyed by very slowlo7
dropwise addition of 10% agueous ammonium chloride (200 ml.) over a
period of several hours j; a reflux condenser was fitted to the flask
to prevent loss of ether during this operation. The resulting pale
grey precipitate was stirred at room temperature until white (36
hours). The ether layer was decanted, and the agueous suspension
basified with 5N. agueocus sodium hydroxide (200 ml.) and extracted
with ether (2 litres) in portions. Since drying of the extract
caused precipitation of phenylalaninol, the combined ether extracts

were evaporated without drying, and the product taken up in benzene.
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This solution was dried, and the drying agent extracted by bioling
with benzene. Evaporation of the combined benzene solutions gave

L-phenylalaninol, which crystallised from benzene as shiny colourless
o 0102 .
plates, m.p. 91-3" (lit. 91-5°) (11.2 gm.; 80.2% yield w.r.t.

phenylalanine methyl ester hydrochloride).

R, (1% MeOH/CHCl3) 2 0.04 ;5 R, (10% MeOH/CHClB) : 0.25 3
4+

Ce” - unstained j with ninhydrin, stains purple then red on

heating.

Vmax (¥Br) : 3450 (WH), 3390 (NH), 3100-2800 (strong, broad : OH),

3010, 2930, 2910, 2870, 1570, 1490, 1450, 1335, 1120, 1085,
1

1060, 990, 970, 960, 905, 860, 830, 755, 700, 695 ocm .
‘Amax (1e0H) : 220 (1200), 245 (71.2), 248 (110), 253 (149),
259 (181), 261 (162), 265 (139), 268 (117) nm.
¢.p. Ae(A) : -1.11 (119 nm:), -1.29 {210), -0.010 (242), -0.016(248),
~0.026 (255), -0.039 (261), -0.033 (267) .

: ca. 2.7 (2H, ABX m : —CH,-Ar ; 8§ = 2.82, 8, = 2.55

3) 2 A

8 100 MHzZ.(CDC1

Ia

ca. 3.5 (2H, ABX m : —CH,~OH ; §, = 3.63, 8, = 3.4 5 J,p = 10.41

Iax

130 N.M.R. (CstN) : C=3 at 41.3, C-2 at 55.4, C-1 at 66.7, aryl

= 2.7, Iy = 7.9 Hz.), 7.2 (5H, m : Ar-H) .

carbon p- to CH, at 126.3, 4 aryl cerbons at 128.7 (2¢),

and 129.8 (2C¢), quaternary aryl carbon at 140.4 p.p.m.

Attempted preparation of I-phenylalaninol using S.D.A.

L-phenylalanine methyl ester hydrochloride (6 gm.) in chloroform
(500 ml.) was extracted with 5N. agueous sodium hydroxide until the
aqueous layer was basic, The chloroform extract yielded a colourless

0il (phenylalanine methyl ester), which was taken up in sodium-dried
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benzene (10 ml.). This solution was added dropwise (over 2% hours)

to a stirred solution of sodium bis—(2-methoxyethoxy)-dihydro
aluminate (S.D.A.) (4.67 ml. of 70% solution in benzene) in sodium-
dried benzene (20 ml.) at 0°. The reaction mixture was stirred at
room temperature for 24 hours, after which excess S.D.A. was destroyed
by slow dropwise addition of 5% agueous ammonium chloride (10 ml.).
After stirring for 3 hours'and filtering, the benzene layer of the
filtrate gave a mixture in which phenylalaninol was shown (T.L.C.)

to be only a2 minor constituent.

Benzoylation of L-phenylalaninol.
A solution of benzoyl chloride (4.5 gm.) in dry pyridine (30 ml.)

was added dropwise o a stirred solution of L-phenylalaninol (4.76 gm.)

in dry pyridine (20 ml.) at 0°. The reaction mixture was stirred
for 24 hours at room temperature. After dilution with chloroform
(500 ml.) the solution was washed with dil. HCl, saturated agueous
Na2C03, brine, then dried aﬁd evaporated to give crude product, which
was a mixture of N-benzoy}-L-phenylalaninol with ca. 40% of the
H,0-dibenzoyl derivative. Crystallisation from CHClB/light petroleum
gave N-benzoyl-L-phenylalaninol (1.28 gm.; 15.8% yield) as long silky

1
colourless needles, m.p. 171—30 (1it. 171—20 .05

Selective hydrolysis of the mother liquors by refluxing with
aqueous base yielded a further 2.74 gm. of N-benzoyl-L-phenylalaninol,

mep. 171-3°, making the total yield up to 50.4% .

[o(] ;) —46-4° (c.0.49, CHOL,) 5 [, -78.5° (c.1.11,c5H5N).
R, (1% WeOH/CHC1,) : 0.16 ; R (5% MeOH/CHC1,) : 0.48 5 Ce®" - beige.
Qmax (KBr) : 3400-3200 (broad : OH), 3310 (NH), 1635 (amide I),

1600, 1580, 1540 (amide II), 1490, 1450, 1330, 1280, 1220,
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1080, 1050, 1030, 1000, 915, 855, 800, 750, 700, 685, 675 em .

ﬁnmx (FeOH) : 211 (13,000), 217 (12,000), 225 (11,000) nm.

¢.D. AE(A) : =5.85 (226 nm,) .

8 100 HHz. (d5 pyridine) : 3.3 (2, dy J = 7.0 Hz.: -CH,~Ph), 4.05
(2H, d, J ='6.0 Hz.: ~CH,-OH), 4.9 (1H, m : ~CH-FH), 6.1 (1H,
br. s 3 exchangeable with D20 : —H@—) .

§ 100 ¥Hz, (CDCl3) : 7.3 (5H : Ar-H of benzyl group), 7.4, 7.7 (5H,
m : Ar-H of benzoyl group) .

130 N.M.R. (CDCl3)* : C=3 at 37.1, C-2 at 53.4, C-1 at 64.5, 3 aryl

carbons m— or p-~ to CH,R at 126.9, 6 aryl carbons 128.6 (2C),

2
128.8 (2¢), and 129.3 (2¢), 1 aryl carbon p- to CONR at

131.7 p.p.m.

Selective hydrolysis of N,0-dibenzoyl-L-—phenvlalaninol,

A mixture of N-benzoyl and N,0-dibenzoyl-L-phenylalaninol (64)
(3.39 gm.; estimated by T.L.C. to contain ca. 70% dibenzoyl derivative)
in agueous ethanol (20 ml. H,O0 + 30 ml. EtOH) containing 3.3 M.
aqueous sodium hydroxide (1.4 ml.) was refluxed for 1 hour. On
cooling, needles of N-benzoyl-L-phenylalaninol crystallised out
and were removed by filtration (m.p. 171—3° affer washing and
drying). PFurther material was obtained from the filtrate (pH 8) by
concentration to low volume, dilution with water, and extraction
with chloroform (500 ml.). Crystallisation from CHC13/1ight
petroleum gave N-benzoyl-L-phenylalaninol as needles (2.4l gm.; 98%),

m.p. 171-2° (1it. 171_3°).105

4+

R, (1% MeOH/CHCl3) : 0.16 3 Ce — pale beige.

For spectroscopic data, see page §3.

1 ,
*3or L3¢ NI R, (C5D5H), see Table 1 (page 31).
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Preparation of N,0-dibenzoyl-L—phenylalaninol. (64)

A solution of benzoyl chloride (0.511 gm.) in dry pyridine (30
ml.) was added to L-phenylalaninol (78 mg.) in dry pyridine (20 ml.)
at Oo. After stirring at room temperature for 7 days, the reaction
mixture was diluted with chloroform (100 ml.) and extracted with dil.
HC1 (until agueous layer was acidic), then saturated agueous Na2C03.
Evaporation of the chloroform gave crude N,0-dibenzoyl-L-phenylalaninol
containing a non-polar impurity which was removed by trituration with
light petroleum. Crystallisation from ethanol gave colourless
needles of N,0-dibenzoyl-L-phenylalaninol (0.135 gm.; 73%), m.p. 173-4°

(1it. 1690).105

R, (1% MeOH/CHClS) : 0.62 ; cet _ unstained.
Omax (kBr) : 3300 (WH), 3060, 3020, 1720 & 1705 (ester), 1635 (amide I),
1600, 1575, 1535 (amide II), 1485, 1450, 1310, 1280, 1130,
1020, 800, 755, 710, 700 omt,
7\max (MeoH) : 221 (16,500), 228 (21,300) nm.

C.D. De(A) : 6,12 (222 nm.), +1.50 (239), +0.72 (247).

§ 100 MHz. (cnc13) : 3.1 (2H, ABX multiplet, Typ = 19 Hz, J,y = 7 Hz.
~CH,-Ar), 4.4 (1H, m : —CH~), 4.75 (2H, m : ~CH,—~0-COAr),
6.55 (1H, br. d, J = 8 Hz.: -NE-), 7.3 (5H, s : ~CH,~Ar-H),
7.4 (6H, m ¢ m- & p- H of Ar—CO-NH and Ar—C0-0), 7.7 (2H, m :
o~ H of Ar-CO-NH), 8.05 (2H, m : o~ H of Ar—C0-0).

Analysis - Found : C: 77.10, H: 6.13, N: 3.79 %.

023H21N03 requires C: 76.86, H: 5.89, N: 3.90 %.

Preparation of N-benzoyl—-I—phenylalanine methyl ester.

A solution of benzoyl chloride (1.555 gm.) in dry pyridine

(20 ml.) was added to L-phenylalanine methyl ester hydrochloride
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(2.294 gm.) in dry pyridine (50 ml.), and stirred for 3 hours at.o°.
The reaction mixture was diluted with chloroform (30 ml.), and
washed successively with dil., aqueous HCl, and saturated agueous

NaZCO Evaporation of the chloroform and crystallisation from

3.
ether/light petroleum gave needles of N-benzoyl-L-phenylalanine

108
methyl ester (1.554 gm.; 60%), m.p. 79-81° (1it. 81°).

R, (1% MeOH/CHC1,) : 0.61 5 Ce™ - beige.

3

Y pax (KBr) : 3300 (NH), 3010, 1750 & 1740 (ester), 1640 (amide I),
1600, 1580, 1525 (amide II), 1490, 1430, 1360, 1320, 1290,
1210, 1190, 1170, 1090, 1040, 980, 910, 800, 755, 700 om .

7\max (MeOH) : 220 (9,930), 227 (10,300) nm.

C.D. De(A) & +2.03 (211 nm.), —-4.40 (225), -4.18 (230) .

8 100 MHz. (CDCl3) : 3.3 (28, d, J = T Hz. : —CH,-Ar), 3.8 (3H, s :
~oc_g3), 501 (1H, m : -CH-), 6.65 (1H, br. d, J = T Hz. : ~NH),

7.25 (5Hy m : —CH_ —Ar-H), T.45 (3H, s : m- & p- H of Ar-CONH),

2
7.7 (2H, m : o- H of Ar-CONH) .

In another approach, L-phenylalanine methyl ester waé treated
in dioxan for 36 hours at room temperature with benzoylimidazole
prepared from benzoic acid (25.3 mg.) and N,N'-carbonyldiimidazole
(38 mg.) in dry dioxan. However, much of the benzoic acid was
unreacted, and only a small amount of the benzoyl derivative was
obtained.

With a view to possible small scale preparation of (140)
labelled N-benzoyl-L-phenylalanine, this reaction was also carried
out using commercial benzoyl chloride (23 mg.), giving yields of ca.
50%4. When the benzoyl chloride was prepared from benzoic acid A

1
(23 mg.), essentially according to the method of Adams & Ulich, 09
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yields were unreliable. Preparation of (140) lébelledlgfbenzoyl—
L-phenylalanine by hydrolysis of (140) candipolin (see page 58)

was preferred.

Preparation of N-benzoyl-L—phenylalanine (58).

N-benzoyl-L-phenylalanine methyl ester (0.999 gm.) in aqueous
dioxan (47 ml. H,0 + 34 ml. 1,4-dioxan) containing 1M agueous
sodium hydroxide (3.7 ml.) was refluxed for 2 hours. After cooling,
the reaction mixbture was neutralised with dil. ag. HCl, and the
solvent evaporated to give a white solid ; a suspension of this in
dil.ag. HCl (20 ml.) was extracted with chloroform (700 ml.).
Evaporation of the chloroform gave N-benzoyl-L-phenylalanine, which
crystailised from glacial acetic acid/water as needles, (0.563 gm.,

o . 106
59%), mep. 141-2" (lit. 142-3").

[y —42;10»(0. 0.35, CH,0H).

R, (1% MeOH/CHCL,) : 0.21 ; ce?t ~ dark beige.

Omax (¥ujol) : 3300 (NH), ~ 2800 (broad : OH), 1710 (acid €=0),
1630 (amide I), 1600, 1575, 1520 (amide II), 1485, 1290,
1260, 1230, 1180, 1090, 1020, 930, 795, 750, 695 em Y,

A .. (HeOH) : 210 (13,200), 217 (12,000), 226 (10,500) nm.

§ 60 KHz. (cDCL,) : 3.3 (2H, dy J = 5 Hz.:—CH,-Ar), 5.1 (1H, m :

3) ,
-CH-NH), 6.8 (1H, d, J = T Hz.: —CO-NH), 7.3 (5H, s :

~CH,—Ar-H), 7.4 (3H, m

"

m- & p~ H of Ar-CONH), 7.7 (2H, m :

o- H of Ar-CONH), 8.5 (1H, s, D,O-exchangeable : OH) |,

2
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Formation of candipolin and epicandipolin by esterification of

N-benzoyl-L-phenylalaninol with :

(a) N-benzoyl-DL—phenylalanine

N-benzoyl-DL-phenylalanine (0.968 gm.) and N,N'-carbonyl-
diimidazole (1.066 gm.) were stirred in ethanol-free chloroform
(250 ml.) for 1% hours. Solid N-benzoyl-L-phenylalaninol (0.591 gm.)
vas added in 5 portions over a period of 2 hours, and the reaction
mixtﬁre stirred overnight at room temperatﬁre. After extraction with
dil, ag. HCl, and saturated ag. Na2003, evaporation of the chloroform
gave a wnite solid., T.L.C. showed that this contained only small
quantities of unreacted starting material ; a non-polar impurity
was present which could not be separated from the ester by trituration
with light petroleum (b.p. 60-80°), but which was separated by
preparative T.L.C., using CHCl3 as eluant. Crystallisation from
ethanol gave the mixture of candipolin 4 epicandipolin as needles
(0.470 gm.; 40%), m.p. 184-190°. (See separation procedure below).

R, (1% MeOH/CHCL,) : 0.51 ; cett

— beige.

‘)max (xBr) : 3300 (NH), 3020, 1745 (candipolin ester), 1730 (epi-
candipolin ester), 1635 (amide I), 1600, 1580, 1530 (amide II),
1490, 1450, 1390, 1305, 1290, 1275, 1180, 1160, 1095, 1075,
1025, 920, 870, 800, 750, 695 om L,

7\max (Me0H) : 215 (18,500), 227 (11,100) nm.

8§ 100 MHz. (CDCl3) : 2.9 (2H, m ¢ -CH,—Ar), 3.25 (28, dy J = 6 Hz.
-QgQ-Ar), 4.1 (1H, m : —CH-), 4.5 (2H, m : —CH,-0-CO),
4.9 (14, t, J = T Hz.: -CH-C0-0), 6.6 (2H, br. 4, J = 6 Hz.:
-NH-), 7.2 (10H, s : -CH2-Ar1§), 7.4 (6H, m : m— & p- H of
Ar-CO-NH), 7.7 (4Hy m : o- H of Ar-CO-NH) .

m/e (%) :+ M 506 (0.6), 415 (5), 293 (2), 252 (6), 224 (1), 148 (6),
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147 (2), 146 (36), 118 (6), 106 (6), 105 (100), 104 (2),
91 (26), 17 (39). . |
Analysis — Found ¢ C : 75.5, H : 6,13, N : 5.66 % .

C3oH3ol0, requires : C : 75.87, H : 5.79, N : 5.53 % .

(b) N-benzoyl-l—-phenylalanine.

N-benzoyl-L-phenylalanine (0.140 gm.) and N,N'-carbonyl-
diimidazole (0.154 gm.) in ethanol-free chloroform (250 ml.) were
stirred at room temperature for 2 hours. Solid N-benzoyl-L-
phenylalaninol (0.243 gm.) was added in 6 portions at 3-hour
intervals, and a further 100 ml. ethanol-free chloroform was added
to ensuré dissolution of the material. After stirring overnight at
room temperature, the reaction mixture was worked up as in the
previous reaction (a). A white solid was obtained, which was found
to contain three cémponents which were separated by preparative
?.L.C., using 1% MeOH/CHCl3 as eluant :
(i)‘grbenzoyl—p-phenylalaninol (Rf 0.16), which crystallised as
colourless needles (0.121 gm.) from CHCIB/light petroleum , .

m.p. 171-3° : found to be identical (I.R., T.L.C., mixed m.p.) to an

authentic sample.

(ii) A mixture of candipolin and epicandipolin (Rf 0.54), which
crystallised as needles from ethanol (0.154 gm.; 63% yield w.r.t.
unrecovered gfbenzoyl—L—phenylalaninol), m.p. 192—70; The I.R.
spectrum was identical to that of the ester mixture obtained in

the previous experiment (a), showing C=0 bands at 1733 and 1745 cm_l.
Although apparently homogeneous by T.L.C., repeated crystallisation

from ethanol raised the m.p. ultimately to 217-80, and effected the
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gradual removal of the component having l)C-O at 1745 cm'—l. The m.p.

(217—80) of pure epicandipolin (N-benzoyl-O-(N-~benzoyl-D-phenylalanyl)

-L-phenylalaninol) was depressed by admixture with natural candipolin.

B“]D ~46.9 + 20° (c. 0.006, C M) .

5

R, (1% HeOH/CHC1;) : 0.54 ; ce?t ~ veige.

Omax (xBr) : 3300 (WH), 3040, 3030, 1733 (ester), 1640 (amide 1),
1600, 1580, 1535 (amide II), 1490, 1455, 1305, 1280, 1230,

1185, 1095, 1075, 1030, 1000, 870, 800, 750, 690 om L.

Vo (cHC1,) = 3430 (WH), 1735 (ester), 1660 (amide I), 1600,
1580 em .

C.D. Ae(A) : +0.32 (205 nm.), -1.13 (217), -0.97 (224), -0.97 (235),
-0.65 (245)

§ 100 ¥Hz. (CDC1

3) : 2.9 (2Hy m : -qu-Ar), 3.25 (24, 4 : —Q§2—Ar),
4.15 (1H, m : =CH-), 4.5 (2H, m :-o-qgg-), 5.0 (1Hy m :
~CH-C0), 6.6 (2H, m : NH), 7.3 (10H, m : ~CH,-Ar-H),

7.5 (3H, m s+ m— & p- H of Ar-CONH), 7.8 (2H, m : o— H of
Ar-CONH) .

m/e (%) : M 506 (0.2), 415 (6), 385 (1), 294 (5), 270 (2), 268 (3),
264 (3), 252 (12), 251 (3), 238 (3), 226 (1), 225 (3);

224 (13), 148 (13), 147 (8), 146 (47), 131 (5), 122 (3),
118 (13), 117 (5), 106 (9), 105 (100), 104 (6), 103 (3),
91 (40), T7 (27) .

Analysis - Found : C : 75.60, H ¢ 5.91, N : 5.36 % .

M* at m/e 506.2202 I 0.001 .
H,oN,0, Tequires : C : 57.87, H : 5.97, N : 5.53 % .

274
N.W‘b. H 50602205 L]

After exhaustive crystallisation of epicandipolin, the mother
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ligours yielded a white solid (10 mg.), m.p. 204—70, whose I.R.
spectrum was identical to that of natural candipolin s mixed m.p.
with natural candipolin was not depressed.

R, (1% MeOH/CHC1,) : 0.54 5 Ce¥* - beige.

)
3
V nax (kBr) : 3300 (WH), 1745 (ester), 1630 (amide I), 1525 (amide II),

750, 690 —

(iii) 2-phenyl-4-benzyl-5-oxazolone (Rf 0.74), which crystallised from
light petroleun (b.p. 100—1200) as needles, m.p. 70—20(1it. 69—710)%10
its I.R. spectrum was identical to that of an authentic sample,

prepared as described below. .

A mixture of candipolin/ epicandipolin (79.4 mg.) dissolved in a
solutiﬁn of 45% w/v HBr in glacial acetic acid (10 ml.); after
standing for 1 hour at room temperature, excess HBr/AcOH was removed
in vacuo, leaving a transparent solid, which crystallised from ethanol
as heedles. This was found (T.L.C.; I.R.) to be unchanged starting
material.

The mixture (69 mg.) was also recovered unchanged after treatment

with benzoyl chloride (38 mg.) and pyridine (20 ml.) at 0°.

Preparation of 2-phenyl-4-benzyl-5—oxazolone {67).

N-benzoyl-DL-phenylalanine (1.01 gm.) in acetic anhydride
(10 ml.) was stirred at 90o for 40 min. Evaporation of excess
acetic anhydride gave a yellow oil, which was taken up in boiling
light petroleum (b.p. 100-120°) and filtered. On cooling, an oil
separated out, which, on scratching, gave crystals of 2-phenyl~4-

benzyl-5—-oxazolone. Crystallisation from light petroleum (b.p.
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100-120°) and washing with light petroleum (b.p. 40-60°) gave

, 110
colourless needles (0.668 gm.; T1%), m.p. 70-2° (1it. 69-71°).

Ry (1% MeOH/CHC1,) : 0.74 5 cett - veige.

Vmax (xBr) : 1825 & 1810 (doublet : C=0), 1720, 1640, 1610, 1600,
1580, 1535, 1490, 1445, 1320, 1295, 1270, 1225, 1080, 1045,
1020, 990, 920, 905, 880, 780, 695 en L.

A, (meom) : 211 (11,200), 242 (11,300) nm.

§ 100 MHz. (CDCl3) : 3.25 (2H, m : —qu-Ar), 4.65 (1H, m s -CH-),
7.2 (5H, s : -CH,-Ar-E), 7.4 (3H, m : m- & p~ H of Ar-C=N),
7.85 (2H, m : o~ H of Ar-C=H) .

Attempted acylation of N-benzoyl-L-—phenylalaninol with 2-phenyl-4-

benzyl-5-oxazolone.

A solution of N-benzoyl-L~phenylalaninol (12.6 mg.), 2-phenyl-
4-benzyl-5-oxazolone (20.4 mg.), and N,N'-carbonyldiimidazole
(4.5 mg.) in ethanol-free chloroform (100 ml.) was stirred at room
temperature for 7 days. After extraction with dil. ag. HCl, and
saturated aqueous Na2003, evaporation of the chloroform gave a crude
product which was shown (T.L.C.) to contain ca. 40% ester, the

remainder being unreacted starting materials.

Preparation of N-benzoyl-0O—{N—carbobenzyloxy-L-vhenylalanyl)—L—

phenylalaninol (69 ) by condensation of N-benzoyl-L-phenylalaninol

with N-CBZ-L-phenylalanine.

A solution of N-CBZ-L-phenylalanine (0.318 gm.) and N,N'-
carbonyldiimidazole (0.220 gm.) in ethanol-free chloroform (50 ml.)
was stirred for 1 hour at room temperature. N-benzoyl-L-phenyl-

alaninol (0.348 gm.) in ethanol-free chloroform (100 ml.) was then



T3

added in 6 portions at half-hour intervals, and stirring continued
for 4 days. After washing successively with dil. ag. HCl, and
saturated aa. Na2003, evaporation of the chloroform gave a mixture.
Preparative T.L.C., using 1% MeOH/CHCl3 as eluant gave three

compounds ¢

(i) The major component, Ry 0.54 (Ce4+ ~ beige), consisted of

N-benzoyl—0—(N-CBZ-L-phenylalanyl)-L-phenylalaninol, (0.186 gm.), which

crystallised from ethanol as needles, m.p. 185-70.
Yield = 25% absolute, = 65% w.r.t. unrecovered N-benzoyl-L-phenyl-

. alaninol,

[}i]D ~15.6° (c. 0.76, CHC1,).

R, (I%EeOH/CHCl3) 0.54

Voo (kBr) : 3300 (NH), 3020, 2920, 1740 (ester), 1690 (urethane C=0),
1630 (amide I), 1600, 1575, 1530 (amide II), 1490, 1450,

1380, 1340, 1310, 1295, 1260, 1210, 1190, 1045, 865, 795,
770, 745, 695 om

A .y (MeOH) : 215 (15,100), 227 (10,700) nm.

¢.D. Ae(A) ¢ -3.90 (230 nm.) .

8 100 mHz. (c3013) : 2.9 (2H, m : -qu—Ar), 3.1 (24, dy J = T Hze ¢
~CH,-Ar), 4.05 (3, m : —CH-VH), 4.3 - 4.7 (complex m :
~0-CH,~CH & —Qg-coz), 5.0 (2H, s : -mgcoz-qu—Ar), 5.2 (1H,
m 3 D20/CF3COZD - exchangeable : —H§—002—CH2—Ar), 6.5 (14,
br. m ;s -NH-), 7.2 (158, m : —CH,—-Ar-H), 7.4 (3H, m :

m— & p- H of Ar-CONH), 7.7 (2H, m : o- H of Ar-CONH) .

m/e (%) : ¥ 536 (0.23), 447 (4), 445 (4), 428 (0.2), 415 (0.5),
401 (0.1), 385 (0.3), 337 (1), 334 (1), 323 (3), 294 (3),
239 (6), 238 (5), 148 (8), 147 (6), 1456 (59}, 118 (10),
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105 (45), 91 (100), 77 (18) .’
Analysis — Found : C & 74.00, H : 6.13, N : 5.20 % 3
Mt at m/e 536.
C33H32N205 requires : C : 73.86, H : 6.01, N : 5.22 % 3
M.Wt. 536.2 .

Two minor components, R, 0.16, and R, 0.67, were obtained from

£ £
the above separation. The first of these consisted of unreacted
N-benzoyl-L-phenylalaninol (0.213 gm.), m.p. and mixed m.p. 171-2°,
The second component was a colourless oil (32,7 mg.), found to be
identical (I.R., N.M.R., T.L.C.) to an authentic sample of N-CBZ-L-
phenylalanine methyl ester (see page 75>).

This reaction was also carried out with a number of procedural
variations : adding the alcohol in one portion j; varying stirring
time from 12 hours to 7 days ; using different solvents - CH2012,

dioxan, CH,CN ; adding a little NaH along with the alcohol,

3
None of these had any significant effect on the yield of N-benzoyl-

.Q~(E—CBZ—L—phenylalanyl)—L—phenylalaninol obtained.

Preparation of N-CBZ-=L-phenylalanine methyl ester.

A solution of N-CBZ-L-phenylalanine (44.0 ng. ) and N,N'-
carbonyldiimidazole (22.9 mg.) in ethanol-free chloroform (50 ml.)
was stirred at room temperature for 30 minutes. Dry methanol
(10 ml.) was added, and stirring continued for 48 hours, after which
the solvent Was_removed in vacuo, to leave an oil. This was taken
up in chloroform (20 ml.), and washed successively with dil. aq.
HCl, and saturated aq. Na2003; evaporation of the solvent gave a
colourless oil, which was purified by preparative T.L.C., using 1%

MeOH/CHCl3 as eluant. This yielded N-C3Z-L-phenylalanine methyl
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ester (20.2 mg.; 44%) as a colourless oil.

Rf (1% MeOH/CHC1 0.67 3 Ce4+ - olive green.

3)

Jmax (KBr) : 3340 (NH), 3030, 2950, 1720 (broad : ester + urethane

¢=0), 1600, 1580, 1510 (broad : urethane), 1450, 1430, 1350,
1250, 1210, 1080, 1050, 1020, 910, 750, 700 e,
(cc14) : 3440 (WH), 3040, 2960, 1730 (bréad : ester + urethane

€=0), 1505 (urethane), 1460, 1440, 1350, 1210, 1060, 700 om .

max

%hax (1MeOH) : 219 (2,420), 248 (260), 253 (322), 258 (372), 265 (297),
268 (186) nm.

C.D. NE(A) : ;2.83 (218 nm.), -0.056 (240), -0.026 (258),
-0.026 (266) .

8§ 60 vHz. (CDCL,) : 3.2 (2H, d, J = 6 Hz.: -CH,~Ar), 3.8 (3H, s :

3)
-0CH,), 4.5 (1H, s

—CH-). 5.2 (2H, s -o-qu—Ar),
7.4 (10H, m : Ar-H) .
m/e (%) : 313 (2), 282 (0.1), 254 (1), 222 (0.7), 210 (4), 181 (4),
178 (3), 163 (6), 162 (33), 146 (4), 120 (2), 119 (2),
118 (4), 108 (4), 107 (2), 105 (2), 104 (2), 103 (2), 92 (1),
91 (100), 90 (3), 89 (4), 88 (3), 79 (3), 77 (5) .

Attempted preparation of this ester by an alternative route
(éOClz/pyridine + methanol) gave a product which was difficult to
pufify, and, therefore, was not further investigated.

A solution of N-CBZ-L-phenylalanine (38.3 mg.) and N,N'-

carbonyldiimidazole (133.5 mg.) in ethanol-free chloroform (150 ml.)

was stirred at room temnerature for 7 days. After extraction
with dil, ag. HCl, and saturated ag. Ha2003, the solvent was removed.
7,L.C. showed that the crude product contained a moderate quantity

of a compound having the same Rf (0.67) and staining properties
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(olive green) as N-CBZ-L-phenylalanine methyl ester.

Preparation of N-benzoyl-O-(lL-phenylalanyl)-L-phenylalaninol

‘hydrobromide (70) (li'-debenzoyl candipolin hydrobromide).

N-benzoyl—-0-(N-CBZ-L-phenylalanyl )-L-phenylalaninol (69 )
(0.172 gm.) in 45% w/v HBr/AcOH (25 ml.) was stirred at rToom
temperature for 2 hours, after which excess HBr/AcOH was removed

in vacuo. Nf-debenzoyl candinolin hydrobromide { 70 ) crystallised

from ethanol/light petroleum as needles (0.138 gm.; 89%), m.p. 189°.

Ry (1% HeOH/CHCL,) ¢ 0.13, with baseline residue ; ce?t _ unstained.

Omax (xBr) : 3420 (broad), 3300 (WH), 3020, 2920 (broad), 1745
(ester), 1635 (amide I), 1600, 1575, 1530 (amide II), 1490,
1450, 1290, 1260, 1220, 1075, 1030, 800, 750, 700 e,

Amax (1e0H) : 215 (10,300), 226 (11,700) nm.

C.D. AE(A) : +5.54 (214 nm.), -2.42 (238), +0.35 (250) .

& 100 MHz. : ( CDC1, + ¢D,0D) : 3.0 (2H, dy J = 7.5 Ha.: —~CH,-ar),

3
3.35 (28, dy J = T.5 Hz.: ~CH,~Ar of phenylalanine part),

4.1 — 4.7 (complex m : 2 x —CH-NH + 2 x -OCH-H), 6.95 (1H,
DZO/DCI exchangeable : —ng), 7.2 (10H, m : —CH2—Arﬁ§), T.45

(3H, m : m~ & p- H of Ar-CONH), 7.8 (2H, m : o— H of Ar-CONH).

3¢ Nom.r. (6;D5H) = C-=3 an 3' &t 37.1, C-2 =t 51.4, C-2' 2t 5.3,
C-1 at 67.6, 2 aryl carbons p- to CH, at 126,7 and 127.7,
12 aryl carbons o~ and m— at 128.5, 128.7, 129.1, 129.8,
and 130.1, aryl carbon p- to CONHR at 131.4, 3 guaternary
aryl carbons at 135.6, (2C¢), and 139.1, CONH at 167.7,

C-1' at 17004 DeDeMo
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m/e (%) + M 403 (0.1), 402 (0.3), 312 (1), 311 (6), 294 (0.4),
267 (0.3), 239 (1), 238 (8), 224 (1), 207 (1), 190 (1),
147 (3), 146 (25), 122 (3), 121 (2), 120 (25), 119 (3),
118 (13), 117 (6), 106 (3), 105 (33), 104 (7), 103 (10),
102 (2), 92 (10), 91 (100), 89 (7), 78 (6), 77 (42) .

Analysis - Found ¢+ C ¢ 61.99, H : 5.55, N : 6.08, Br : 16.8 4%

C25H27N203Br requires : C : 62.1, H : 5.58, N : 5.79, Br : 16.6 %

Synthesis of candipolin from N-benzoyl-O-—{L—phenylalanyl)-IL—

phenylalaninol hydrobromide.

A solution of benzoyl chloride (9.4 mg.) in dry pyridine (5 ml.)
was added dropwise to a stirred solution of E—benzoyl-O—(L—phenyl—
‘ alanyl)—L—phenylélaninol hydrobromide (33.9 mg.) in dry pyridine
(10 ml.) at 0°. After stirring for 24 hours at room temperature,
the reaction mixture was diluted with chloroform (50 ml.) and washed .
successively with dil. ag. HCl, and saturated aq. N32003.
Evaporation of the chloroform gave_Esbenzoyl—o—(ﬁ-benzoyl—L—phenyl—
alanyl)-L-phenylalaninol, which crystallised from ethanol as needles
(23.3 mg.; 75%), m.p. and mixed m.p. (With natural candipolin)
207—80. The compound was identical to natural candipolin by T.L.C.
(Rf 0.54 ; cet - beige), I.R. (ester: 1750 ; amide : 1635 & 1525
cm—l), mass spectrum (same fragmentation pattern), mass measurement

( 1" at m/e 506.22055), C.D. (A€ —6.8 at 228 nm.).

—~ o} T
(=0, -70.1 + 20° (c. 0.01, CgHcl).

Preparation of N-(CBZ-l-vhenylalaninol.

L-phenylalaninol {0.157 gm.) in distilled water (6.4 ml.)
containing sodium bicarbonate (0.2215 gm.) was treated with benzyl

chloroformate (0.20 ml.) in 6 portions at S5-minute intervals :
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white solid precipitated after each addition. The reaction mixture
was stirfed for 1 hour at room temperature, then acidified to pH 2
(dil. ag. HC1l), and extracted with ethyl acetate (50 .ml.).
Evaporation of the organic solvent yielded a white solid, shown by
T.L.C. to contain unreacted benzyl chloroformate, which was
subsequently removed by trituration with light petroleum. N-CBZ-L-
phenylalaninol crystallised from CHCl3/light petroleum as needles
(0.163 gm.3 55 %), m.p. 94-5°. (A mixture with L—phenylalaninol

had m.p. 69-73°).

Ry (1% MeOH/CHC1;) : 0.26 3 ce?t _ grey .

Qmax (kBr) : 3350 (OH), 3300 (NH), 3020, 2960, 2930, 2880, 1690
(urethane €=0), 1600, 1585, 1540 (urethane), 1490, 1480,
1450, 1310, 1225, 1215, 1140, 1080, 1070, 1050, 1015, 975,
910, 780, 745, 730, 700 cm L.

%max (MeOH) : 220 (2,200), 243 (150), 249 (230), 253 (310), 259 (380),
265 (300), 268 (230) nm.

¢.D. AE(A) + 4.0 (216 nm.), -0.30 (246), -0.56 (253), -0.065 (260),
-0.054 (267) .

S 90 MHz. (CDCl3)r: 2.0 (br. s., D,0 exchangeable : -OH), 2.8 (2H, d,
J = 7 Hz.: —CH,-Ar), 3.7 (2H, m : ~CH,-OH), 4.0 (1H, m :
-CH-), 5.0 (1H, br. m: -NH-), 5.1 (2H, s : —O—Q§2-Ar),
7.25 (5H, s : Ar-H), T7.35 (5H, s : Ar-H) . |

m/e (%) : M' 285 (2), 254 (1), 210 (4), 195 (3), 194 (24), 150 (12),
108 (4), 107 (4), 92 (14), 91 (100), 89 (2), 86 (4), 79 (6),
78 (1), 77 (5) -« |

Analysis — Found : C : T1.76, H : 6.65, N : 5.15 % .

1

Cl7H19NO3 requires : C : Tl.56, H : 6.71, N : 4.9
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Preparation of N—CBZ-—0-(N-CBZ-L-phenylalanyl)-L—phenylalaninol (75 )

by esterification of N-CBZ-L-phenylalanine with N-CBZ-L-phenylalaninol.

A solution of N-CBZ-L-phenylalanine (0.108 gm.) and N,N'-
carbonyldiimidazole (0.168 gm.) in dry dioxan (20 ml.) was stirred
at room temperature for 1 hour. A solution of N-CBZ-L—-phenylalaninol
(41 mg.) in dry dioxan (10 ml.) was added, and stirring continued
overnight. Evaporation of the solvent gave a colourless oil,
Three main components were recovered by preparative T.L.C., using
1% MeOH/CHCl3 as eluant :

(i) A white solid, probably N—CBZ—0-(N-CBZ—L—vhenylalanyl)-L—

phenylalaninol (75 ) (13.1 mg.), whose T.L.C. (Rf 0.54 3 cett -

beige) is similar to that of y&benzoyl-O—(ﬂ—CBZ-L—phenylalanyl)-L—

phenylalaninol (69 ) ; I.R. spectrum shows bands at 3320 (NH),

1710 (broad : ester + urethane C=0), 1530 (urethane) cm—l.

0.26 3 Ce4+ - grey 3

f
Qmax (Nujol) : 1690 (C=0), 1535 (urethane II) cm“l.

(ii) N-CBZ-L-phenylaleaninol (12.5 mg.) : R

(iii) White feathery crystals (96.0 mg.), having the same Re (0.2

in 1% MeOH/CHCl3) and staining properties (Ce4+ - beige) as N-CBZ-

L-phenylalanine, but whose I.R. spectrum : »

vmax : 3500 - 2900 ( broad, strong : OH ), 1700 (broad : urethane
€=0), 1600, 1530 (urethane), 1330, 1260, 1090, 1060, 830,

50, T00 cm—l

differs from that of the starting material.

Due to the low yield of non-polar material, the products of

this reaction were not further investigated.
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111
preparation of triethyloxonium fluoroborate.

Apparatus used was dried at 500, and assembled’while hot
drying tube containing silica gel protected éssembly whilé cooling.
Epichlorohydrin (40 ml.) was added dropwise to a stirred
solution of redistilled boron trifluoride-ether (80 ml.) in sodium—

dried ether {160 ml.) at room temperature ; a gelatinous white
precipitate formed during this process. The reaction mixture was
agitated manually until addition of epichlorohydrin was complete
(ca. 1 hour), then refluxed vigorously for 1 hour (0il bath
temperature ca. 750), and allowed to cool overnight. The dark
brown fuming supernatant liguid was carefully decanted from the
white crystalline mass. The crystals were washed with 3 x 300 ml.

portions of sodium—dried ether, then transferred to a glass screw-

top jar, and stored under ether in refrigerator.

Treatment of candivpolin with triethyloxonium fluoroborate.

A solution of triethyloxonium fluoroborate (2.73 gm.) and
candipolin (2.050 gm.) in dry methylene chloride (500 ml.) was
stirred under N2 for 24 hours at room temperature. Solvent was
removed in vacuo, and the resulting dark oil taken up in dioxan
(100 ml.); 3% aqueous acetic acid (100 ml.) was added, and the
reaction mixture stirred at room temperature for 24 hours. The
white solid which separated from solution was collected by
filtration, and was added to further crops of solid obtained by
concentration of the filtrate. After washing with ether, the solid
was suspended in water and extracted with chloroform (500 ml.) to
give a yellow solid (0.476 gm.), with an odour similar to that of

ethyl benzoate. Preparative T.L.C., using 1% MeOH/CHCL, as eluant,

3

gave two main components :
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(i) Candipolin (0.265 gm.), R, 0.54 (Ce4+ - beige). This was found

to have m.p. and I.R. spectrum the same as the starting material.

(ii) N-(N-benzoyl-L-phenylalanyl)-L-phenylalaninol (0.157 gm.), a

white solid with R. 0.21 (Ce** - beige). This was found to be

identical (T.L.C., m.p., I.R., N.H.R.) to a sample prepared by
reaction of N-benzoyl-L-phenylalanine p-nitrophenyl ester with

L—phenylalaninol73 .

The aqueous layer was basified by addition of solid K2003,
then extracted with chloroform (500 ml.) to give a white solid

(0.727 gm.). Preparative T.L.C., using 10% MeOH/CHCl, as eluant,

3

gave four major bands (Rf 0.95 : 33 mg.; R 0.85 ¢ 45 mge3 R, 0.7 :

£
296 mge; Ry 045 3 153 mg.) plus a very minor band (Rf 0.2)s The

main band (296 mg.) was further sevarated into two major components

(Rf 0.2 : 101 mg.; R. 0.1 : 35 mg.) plus five minor components

f
(each weighing less than 10 mg.) by preparative T.L.C., using 1%

MeOH/CHCl3 as eluant. The main component, Rf

K-(N-benzoyl-L-phenylalanyl)~L-phenylalaninol (101 mg.), was

0.2, consisting of

combined with the sample of this compound obtained previously, and
purified by preparative T.L.C., eluting twice with 100% CHCl3.
The alcohol, which separated from common organic solvents as a gel,
was obtained as a very hard white solid (254 mg.), m.p. 189-191°,
on trituration with ether.

Allowing for T5% average efficiency of recovery of material
from preparative T.L.C. plates, the overall yield of gg(yebenzoyl-
L—phenylalanyl)—i—phenylalaninol w.r.t. reacted candipolin is of

the order of 25%.
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o -
[&], -47.7° (e. 0.67, CoH HT)

4+

R (1% MeOH/CH613) : 0.21 3 (5% MeOH/CHCL,) : 0.6 ;4Ce -~ beige.

3)

Omax (kBr) : 3300 (NH), 3300 (broad : OH), 3030, 2930, 1660 & 1640
(amide I), 1600, 1580, 1530 (amide II), 1490, 1450, 1380,
1330, 1300, 1080, 1050, 1035, 750, 700 om *.

% 90 MHz, (CDC1l, + CD3OD) : 2.8 (2H, m 3 irr. 4.1 — br. s

3
~CH,-Ar), 3.15 (2H, m ; irr. 4.8 — br. s : —CH_-Ar of

2
phenylalanine part), 3.5 (2H, d, J = 5 Hz.: - Q§2—OH),
4.1 (2Hy m : -CH-), 4.8 (1H, t, J = 7.5 Hze: -CH-), 6.8
(1H, m : -NH-), 7.15 (5H, s : ~CH,-Ar-H), 7.25 (5H, s :
~CH,=Ar-H), 7.5 (3H, s ¢ m~ & p- H of Ar-CONH), 7.75
(2Hy, m : o- H of Ar-CONH) .
136 w.m.R. (0535N) ¢ C-3 at 37.6, C-3' at 38;6, C-2 at 53.7, C-2' at
55.6, C-1 at 63.1, 2 aryl carbons p- to CH, at 126.4 and
126.8, 12 aryl carbons o- and m- at 128.0, 128.6, and
129.9, aryl carbon p- to CONHR at 131.4, 3 quaternary aryl

carbons at 135.5, 138.5, and 139.5, COWH at 167.7 and 171.8,

C-1' a2t 171.8 p.p.m.

m/e (%) + M" 402 (3), 385 (3), 384 (8), 311 (3), 294 (4), 293 (13),
279 (5), 269 (3), 264 (3), 253 (5), 252 (29), 225 (7),
224 (20), 190 (5), 172 (7), 146 (5), 131 (4), 120 (8), 118 (4),
117 (4), 106 (10), 105 (100), 104 (5), 103 (4), 95 (5),
91 (24), 78 (5), 77 (24).
Analysis —~ Found : C : T4.39, H: 6.77, N : 6.84 %
025H26N203 requires ¢ C : T4.60, H : 6,51, N : 6,96 %
The other components of the reaction product mixture (each

shown by T.L.C. to contain impurities) were not further investigated.
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Synthesis of asperglaucide from N—(N-benzoyl-L-phenylalanyl)-L—

phenylalaninol.

A solution of'g—(E—benzoyl—L—phenylalanyl)—L—phenylalaninol
(25.2 mg.) and acetic anhydride (1.5 ml.) in dry pyridine (10 ml.)
was stirred overnight at room temperature. Evaporation of the
solvent gave a white solid which was triturated with light petroleum
to remove remaining {traces of acetic anhydride. Crystallisation
from ethyl ace'ba.te/ light petroleum gave asperglaucide (20.6 mg.;
74%) as colourless needles, m.p. 185-7° (1it. 185-6'°)67 . Melting

102
point was not depressed by admixture with natural material .

Ry (1% MeOH/CHCL,) : 0.47 5 Ce** - beige.
Voax (KBT) 3310 (WH), 3020, 1725 (ester), 1660 & 1630 (amide I),
1600, 1580, 1530 (amide IT), 1490, 1260, 1050, 750, 700 om .

& 90 MHz. (CDCl3) : 2.05 (3H, s : CH,-CO), 2.8 (2H, d, J = 7 Hz. :

3
—Q§2-Ar), 3.2 (2Hy m -CH,-Ar), 3.95 (2H. n : —0-CH,-),

4.4 (1H, m ¢+ —CH-), 4.75 (1H, m

(1]

-CHE-), 6.05 (1H, 4,

1

J = 8 Hz.: -NH-), 6.75 (1H, &, J = 8 Hz.: -NH-), T.15 -
7.3 (10Hy m : —CHZ-Affg), 7.5 (3, m : m- & p- H of Ar-CONH),
7.7 (2H, m : o~ H of Ar-CONH) .

mfe W' (%):444 (1), 384 (11), 293 (17), 252 (25), 224 (24), 172 (13),

105 (100), 91 (25).

M at m/e 444.20467 Gpqiygli,0, requires n" at m/e 444.20487 .

Benzoylation of O-debenzoyl iso-candipolin (81) to give l—(N-benzovl—

L-phenylalanyl)-O-benzoyl-L—vheaylaleninol (56).

A solution of benzoyl chloride (55.7 mg.) and O-debenzoyl

iso—candipolin (81) (23.0 mg.) in dry pyridine (10 ml.) was stirred
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for several hours at OO, then overnight at room temperature. The
reaction mixture was diluted with chloroform (30 ml.), and extracted
successively with dil. agueous HCl and saturated agueous Na2003.
Evaporation of the solvent gave iso-candipolin (g—(ﬁ—benzoyl—L-
phenylalanyl)-O-benzoyl-L-phenylalaninol), which crystallised from

ethanol as colourless needles (17.7 mg.; 61%), m.p. 208-10°.

R, (1% HeOH/CHCL,) 0.57 3 ce?™ ~ veige .
Viax (kBr) : 3280 (WH), 3060, 3040, 1720 andi 1710 (ester), 1660
and 1630 (amide I), 1600, 1580, 1540 (amide II), 1490, 1450,
1380, 1315, 1280, 1070, 1030, 750, 710 em. ™t .
& 100 MHz. (F.T.) (CDCl3) : 2,85 (°H, 4, J=7.1 Hz. : —ng—Ar),

3.15 (2H, ABX multiplet, J 13.6 Hzey Jyp= 5.97 Hz.,

A_B..".:
JTgx= 8444 Hz. 5 8,= 3.23, §;= 3.03 : -qu-Ar), 4.1 (2H, ABX
multiplet, JAB= 11.6 Hz., JAX= 4.6 Hz., JBX= 4.6 Hz. 3

SA; 4.17, SB= 4.06 —OTQHZ—), 4.5 (18, m : —CH-NH), 4.7 (1H,

*

m : -CH-NH), 6.04 (1H, 4, J= 8.4 Hz. : -NH), 6.79 (1H, 4,

J= 7.5 Hz. : -HH), 7.2 (10 H, br. s. : -CH,-Ar-H), 7.5 (6H,

2
m s m-, p— H of 0-CO-Ar and WH-CO-Ar), 7.75 (2H, m : o— H of

NH-CO-Ar), 8.0 (2H, m : o~ H of 0-CO-Ar) .

u* 506 (0.05), 384 (90), 293 (100), 279 (23), 264 (10),
252 (11), 224 (11), 105 (56), 91 (61) .

m/e (%)

Analysis : Found — C: 75.85, H: 6.03, W: 5.44 % .

C3pH3o,0, Tequires C: 75.87, H: 5.97, N: 5.53 % .

Treatment of F—(y—benzoyl—L—phenylalanyll—L—nhenylalaninol (81) with

trifluoroacetic acid.

A solution of'ﬂ—(ﬁfbenzoyl—L—phenylalanyl)—L—phenylalaninOI

(10 mg-) in trifluoroacetic acid {5 ml.) was allowed to stand at
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room temperature for 2 hours, after which the solvent was removed
by distillation. Trituration with iso-pentane gave.a‘white solid
mixture (m.p. 165—700) which was shown (T.L.C.) to contain ca. 50%
unchanged starting material plﬁs a new compound, whose I.R. spectrum

suggests that it is N—(N—benzoyl—L-phenylalanyl)—O—trifludroacetyl—

L-phenylalaninol (81a)..

Ry (1% HeOH/CHC1;) : 0.56 ; cett — beige .

Vmax (Nujol) : 3300 (wH), 1785 (ester C=0), 1660 and 1630 (amide I);

1520 (amide II), 1160, 960, 920, 780, 750, 700 em. "t L
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EXPERIMENTAL

CHAPTER 2

Culture of Penicillium canadense in the presence of labelled

compounds, and isolation of candivolin.

Penicillium canadense (Commonwealth Mycological Institute No.

95,493) was cultured on 2% malt agar as slants in test-tubes, then
in seed bottles (18 x 7 cm.). A suspension of the spores from one
seed bottle in sterile deionised water (100 ml.) was used to
inoculate 10 Roux bottles (1 litre capacity), each containing
culture medium A (200 ml.), which had been previously sterilised in
an autoclave for half-an-hour with steam at a temperature of 120°
and pressure of 15 p.s.i. The culture medium consisted of a
solution of the following in 1 litre of deionised water :
glucose (50 gm.), ammonium tartrate (2.8 gm.), potassium dihydrogen
phosphate (5.0 gm.), magnesium sulphate (.7 H20) (1.0 gm.), sodium
chloride (1.0 gm.), Oxoid yeast extract (0.5 gm), and 1 ml. of a
solution of trace elements containing :FeSO4.7H20 (0.1 gm.),
CuSO4.5H20 (0,015 gm.), ,Znso4.7H20 (0.05 gm.), MnSO4.4H20 (0.01 gm.),
Na2M004 (0.01 gm.), 100 ml. deionised water. Cultures were allowed
to grow undisturbed at 25°, and 50% relative humidity, with
illumination from white fluorescent tubes for ca. 8 hours per day.
At the appropriate stage of growth, a sterile solution of
radoitracer was injected, in equal portions, into the broth of two
culture bottles. After the desired period had elapsed, the mycelium
was separated from the broth, washed with chloroform, dried in an
oven at 350 for 48 hours, then crushed, and extracted with
chloroform for 24 hours in a Soxhlet apparatus. The solvent was
removed in vacuo, and the resulting solid taken up in the minimum

volume of boiling ethanol. Candivnolin crystallised out on cooling.
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A further quantity of candipolin (Rf 0.54) was obtained by

preparative T.L.C. of the mother liquors, using 1% MeOH/CHC1, as

3
eluant. Typically, two Roux bottles gave 55 gm. mycelium, which
gave ca. 800 mg. crude extract, yielding ca. 100 mg. candipolin.

Shake cultures of P. canadense were obitained by inoculating

sterile culture medium (100 ml.) in conical flasks (250 ml. capacity)
with a spore suspension and shaking at 150 r.p.m. The mycelium

was collected by filtration.

Radioactive counting of samples.

All samples were weighed on a Hettler UHT7 microbalance, then
dissolved in a suitable solvent, and the volume made up to 15 ml.
by addition of scintillator solution, which contains 4 gm. PPO
(2,5-diphenyloxazole) and 0.1 gm. POPOP (l,4—bis;2—(4—methyl—5—
phenyloxazolyl)-benzene) per litre of sodium-dried toluene. The
diluter solvents used were as follows : 6 dropvs dimethyl formamide for
counting candipolin 3 0.5 ml. methanol for counting N-benzoyl-L-
vhenylalanine, N-benzoyl-L-phenylalaninol, benzoic acid, and L-
phenylalaninol j; L-phenylalanine was counted as its hydrochloride
dissolved in distilled water (3 drops) and metﬁanol (3 ml.), then
made up to 15 ml. with scintillator solution. The activity of
these solutions was measured using a Philips Liguid Scintillation
Analysér (PW 4510), giving detection efficiencies of the order of
85% for 140, and ca. 75% for dual labelling. Samples were counted
for a time long enaugh 1o give a standard deviation of b 2% on
counts. Screening of T.L.C. plates for radioactivity was carried
out using a Panax radiochemical T.L.C. plate scanner.

Incorporations were calculated as follows :
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Total activity recoverzd (w cawdipolin
Incorporation = - - X 100%
Total activity - o ed - ,

d.p.m./mg. X weight (mg.) of candipolin ieccvered
== - . X 100%
d.p.m./mg. X weight (mg.) of S P\'egu\"sw‘(’, -

-In calculating incorporations, a pure sample of candipolin was
crystallised and counted to constant activity. The remaining
candipolin was crystallised until pure by T.L.C., and the quantity
remaining in the mothef liquors estimated by T.L,C. The combined

weight of these three samples was used to calculate incorporation.



89

EXPERIMENTAL

CHAPTER 2

by shake cultures of Penicillium canadense.

A sterile aqueous solution oflL—[U;14Cﬂ phenylalanine (50/uCi)
and L-[G—3H] phenylalanine (0.86 mCi) was added to two shake flasks

of P. canadense on the 4*? day after inoculation ; on the 7th day

after inoculation, the mycelium was collected by filtration, washed,
dried, and extracted with chloroform for 24 hours in a Soxhlet
apparatus. Evaporation of the solvent gave crude extract (0.179 gm.),
from which crude candivolin (13.8 mg.) was obtained by preparative

T.L.C., using 1% MeOH/CHcl as eluant. This was diluted by addition

3
of unlabelled candipolin (50.5 mg.) and purified by preparative
T.,L.C.y to give eséentially pure candipolin (52.4 mg.), which
crystallised from ethanol as needles, m.p.<2100. Crystallisation

to constant activity gave the results shown in Table 3. A sample

of this candipolin (31.6 mg.: 7358 d.p.m./mg. 140 s 102131 d.p.m./mg.
3H) was further diluted to give candipolin (152.9 mg. : 1980 d.p.m./
mg. “4c 5 28280 d.p.m./mg. 3H).

A sample of this candipolin (28.3 mg.) was hydrolysed by
refluxing with base, giving pure samples of N-benzoyl-L-phenylalanine
and N-benzoyl-L-phenylalaninol, which were each in turn hydrolysed
to give benzoic acid. On such a small scale, however, crystallisation
of the products to constant activity was not possible.

14, .

Accordingly, candipolin (69.6 mg. : 1980 d.p.m./mg. 3
28280 d.p.m./mg. 3H) was diluted still further by addition of
inactive candipolin (131.7 mg.). This candipolin (201.3 mg.) was
base hydrolysed to give N-benzoyl-L-phenylalanine and N-benzoyl-L-—

phenylalaninol, which were crystallised to constant activity (from
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AcOH/H20 and CHCl3/1ight petroleum respectively). (See Table 4 ).
By an oversight, the activity of the thrice—diiuted candipolin
used in this hydrolysis was not measured. A separate sample of
candipolin was, therefore, obtained by preparative T.L.C. of
residues of the crudé nycelial extract after dilution with inactive
candipolin. This was crystallised to constant activity, giving
56 d.pem./mg. 140 5 795 d.p.m./mg. 3H, and hydrolysed as before to
give N-benzoyl-L-phenylalanine and N-benzoyl-L-phenylalaninol.
(See Table 4),
H-benzoyl-L-phenylalanine and N-benzoyl-L-phenylalaninol from
the former hydrolysis (201.3 mg candipolin) were separately hydrolysed
(dil. ag. HC1l at 150°) to give samples of benzoic acid, which were

crystallised (from water) to constant activity. (See Table 5 ).

2. Time vs. incorporation study on surface cultures of Penicillium

canadense using 2- [1401 Di—phenylalanine.

A sterile agqueous solution of 2—[14CJ DL-phenylalanine (25/uCi)

was added to surface cultures of P. canadense (4 bottles) 4 days

after inoculation j half of the cultures were harvested 6 days ,

agd half harvested 9 days later. Similarly, 2—[14C] DL-phenylalanine
(25)LCi) was added to culitures (4 bottles) 7 days after inoculation,
which were harvested 3 and 6 days later. Candipolin was isblated
and crystallised to constant activity. The results are shown in

Table T.

Investigation of the biosynthesis of candipolin by adding

radiotracers to surface culitures of Penicillium canadense.

In 211 of these experiments, the radiotracer was added to 2

Houx bottles containing cultures of P. canadense 4 days after
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inoculation j; cultures were harvested 10 days after inoculation.

Candipolin was isolated and degraded as described previously.

3 (a). L—[§-14C] vhenylalanine.

300lpCi fed as sterile solution in distilled water. For
incorporation, see Table 8.

A sample of the candipolin isolated (92.9 mg. ; 2.88 x 106
d.p.m./mg.) was hydrolysed to give N-benzoyl-L-phenylalanine and
N-benzoyl-L-phenylalaninol, which were required for further feeding
experiments, therefore, were crystallised once, but not counted
directly. A sample of N-benzoyl-L-phenylalanine (0.9 mg.) was -
diluted by addition of unlabelled N-benzoyl-DL-phenylalanine (79.9
mg.). A sample of N-benzoyl-L-phenylalaninol (0.7 mg.) was diluted
by addition of unlabelled material (53.0 mg.). Each of these diluted
samples showed constant activity over three successive
crystallisations (see Table 9 ). A sample (74.2 mg.) of once-diluted
N-benzoylphenylalanine (44228 d.p.m./mg.) was further diluted by
addition of inactive N-benzoyl-DL—-phenylalanine to give material
(147.4 mg.) of activity 28478 d.p.m./mg. , which was then hydrolysed
to give benzoic acid (mee Table 10a). A sample (46.2 mg.) of once-
diluted N-benzoyl-L—phenylalaninol (34965 d.p.m./mg.) was further
diluted by addition of the inactive compound (51.9 mg.) to give
material (98.1 mg.) of activity 16216 d.p.m./mg. , which was then

bydrolysed to give benzoic acid (see Table 10b).

3 (b). L- [U—14C] phenylalanine (150 pCi) was fed as a sterile
aqueous solution. Recrystallisation of the material which separated
directly from an ethanolic solution of the crude mycelial extract

gave candipolin (67.0 mg.), shown by T.L.C. to be free from impurity.
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A sample (0.6 mg.) of it was diluted by addition of unlabelled
candipolin (62.8 mg.), and the diluted sample was found to have
constant activity over three successive crystallisations. Repeated
preparative T.L.C. of the remaining crude mycelial extract, using
1% MedH/CHCl3 as elusnt, gave a further sample of candipolin (22.8 mg)
(see Tablell ). ,

Diluted candipolin (58.3 mg.; 17990 d.p.m./mg.) was hydrolysed‘
(base) to N-benzoyl-L-phenylalanine and N-benzoyl-L-phenylalaninol,
which were crystallised to constant activity (see Table 12). These .

compounds were not further hydrolysed.

3 (c). Detection of N-benzoyl-L—phenylalaninol in mycelial extract of

P, canadense by radioisotopic dilution.

This investigation was carried out on the exiract of the
culture fed with L—[U—l4d] phenylalanine (150 pCi) in experiment
3 (b). The combined fractions of crude mycelial extract having
lover Rf than candipolin were: "diluted" by addition of unlabelled
N-benzoyl-L—-phenylalaninol (45.4 mg. ).-and separated by preparative
T.,L.C., using 1% MeOH/CHCl3 as eluant. Elution of the major band
and crystallisation to constant activity gave N-benzoyl-L-phenyl-
alaninol, m.p. 169-172° (23912 d.p.m./mg.). Minimum incorporation

is given in Table 24.

4. [U—l4C] N-benzoyl-L-phenylalanine.

[U—14C] N-benzoyl-L-phenylalanine (8.894 x 107 dep.m.), obtained
by hydrolysis of candipolin derived from L—[h—l4c] phenylalanine
(Expt. 3(a)), was converted to its sodium salt and fed as a sterilised

aqueous solution. A sample of the isolated candipolin (1.1 mg.) was
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diluted by addition of inactive candipolin (124.3 mg.) and
crystallised to constant activiiy. Incorporation is given in
Table 20 .

A sample of the diluted candipolin (118.6 mg.; 2001 d.p.m./mg.)
was further diluted to give candipolin (150.8 mg.; 1550 d.p.m./mg.),
which was hydrolysed (base) to give N-benzoyl-L-phenylalanine and
N-benzoyl-L-phenylalaninol. Crystallisation to constant activity
gave the results shown in Table 21.

N-benzoyl-L-phenylalanine (41.4 mg.3 1517 d.p.m./mg.) was
diluted by addition of inactive N-benzoyl-DL-phenylalanine (79.4 mg.)
to give material of activity 392 d.p.m./mg., then hydrolysed to
give benzoic acid + phenylalanine (the latter was isolated as its
hydrochloride by preparative paper chromatography : Rf 0.55 on
Whatman P81»ce11u1cse phosphate paper, using as eluant, a mixture of
water (50 ml.), n-butanol (120 ml.), acetic acid (30 ml.)).(see
Table 22a). lN-benzoyl-L-phenylalaninol was hydrolysed (acid) to give

benzoic acid (see Table 22b).

5. [U—14C] N-benzocyl-L-phenylalaninol,.

1 d.pem. ),

[U-14c] N-benzoyl-L-phenylalaninol (6.598 x 10
obtained by hydrolysis of candipolin derived from L—[U~14Q] phenyl-
alanine (Expt. 3(a2)), wes fed in solution in dimethyl sulphoxide
(2 ml.), which was not sterilised. A sample of the isolated
candipolin (0.7 mg.) was diluted to give candipolin (75.3 mg.; 4734
d.p.m./mg.) (see Table 13). A sample of this (71.6 mg.) was further
diluted to give candipolin (152.3 mg.; 2185 d.p.m./mg.), and then
hydrolysed (base) to N-benzoyl-L-phenylalaninol. Crystallisation

to constant activity gave the results shown in Table 14. These

compounds were not further hydrolysed.
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6. Carboxy—£140] benzoic acid.

Carboxy—[14C] benzoic acid (250}LCi) was converted to its
sodium salt by addition of agueous sodium bicarbonate. This was fed
as a sterile aqueous solution. A sample of the isolated candipolin
(0.6 mg.) was diluted by addition of inactive carrier (108.9 mg.),
and crystallised to constant activity (see Table 15). This diluted
candipolin (106.3 mg.; 10183 d.p.m./mg.) was further diluted to give
candipolin (136.4 mg.) of activity 6773 d.p.m./mg., which was
hydrolysed to give N-~benzoyl-L-phenylalanine and N-benzoyl-L-phenyl-
alaninol. Crystallisation to constant activity gave the results

shown in Table 16. These compounds were not further hydrolysed.

7 (a). L—[U—14C] phenylalaninol

1-[0-14c] phenylalaninol (6.804 x 10° d.p.m.), obtained by
degradation of candipolin derived from L—[U—14C] phenylalanine
(Expt. 3(2)), was fed as its hydrochloride in agueous solution
(sterilised). A sample of the isolated candipolin (ca. 100 mg.;
1015 d.p.m./mg.) (see Table'17) was hydrolysed (base) to give
N-benzoyl-L-phenylalanine and N-benzoyl-L-phenylalaninol.
Crystallisation to constant activity gave the results shown in
Table 18, These compounds were each hydrolysed to give benzoic

acid (see Table 19),

l_ihl. The above experiment was repeated using L—[U—14C] phenylalaninol
(7.06 x 10° d.p.m.), fed in solution in dimethyl sulphoxide (2 ml.)
(not sterilised). Candipolin isolated had activity of 519 d.p.m./mg.,
which is consistent with the previous result, therefore, no

degradation was carried out on this material.
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13

Feeding of C—- labelled Acetate and Succinate.

In these experiments, cultures of P. canadensev(S bottles,'each

containing 200 ml. of culture medium) were pulse fed on the 7th,

8th (10 a.m., 5 p.m.) and 9th (3 pem.) day after inoculation.,
Cultures were harvested 4 days later, and candipolin was isolated

in the usual way.

In three separate experiments, 13CH313C02H, 13CD312002H, and
were adde o cultures 2 e respective rates o
(13CH212002H o ded t 1 t th ti tes of
13

10, 12, and 8 mg. per bottle per feed. In each case, the C N.HM.R.

spectrum of the isolated candivolin showed no 13C enrichment.
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CHAPTER 3

13 *
CD,C0,¥a ' »

CH,C0,Na (300 mg.) was dissolved in pure D,0 (6 m1.) .

NaOH (60 mg.) was added, and the solution was transferred to two

Preparation of

13

identical thick-walled (10 mm. o.d.) tubes, which were then sealed
off. The tubes were immersed in a magnetically stirred oil bath at
180° for 24 hours. After cooling, these were broken open and the
contents washed into a 50 ml. flask. The solution was brought to
pH 7 by dropwise addition of conc. HCl, and the water removed by
evaporation in vacuo. The residue was dissolved in water (;O ml.),
and the solution centrifuged to precipitate the suépended silicic
acid. The supernatant solution was transferred into five 10 ml.
flasks, and the sediment washed with water (2 x 2.5 ml.) to give a
total of 3 ml. solution per flask (one flask per pulse was used in
feeding). |

*
Feeding of P. canadense.

Labelled sodium acetate (250 mg.) was fed in 5 pulses T, 8,
and 9 days after inoculation, and the culture harvested 4 days
later. The dried mycelium was extracted with chloroform for

24 hours.

Isolation of fatty esters.

The mycelial extracts were concentrated and candipolin
removed. The fatty esters were isolated from the residual extracts

by preparative T.L.C. (1% MeOH/CHC1 A yellow oil (0.1297 mg.)

3)'

was obtained.

* Details reproduced by kind permission of Dr. J.Troke.
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Transesterification of the fatiy ester mixture.

The fatty ester mixture (0.1221 gm.) was heated with 0.5N
methanolic NaOH (4 ml.) at 95° for 5 minutes, after which,
14% wfw BF3/MéOH solution (10 ml.) was added, and heating continued
for 10 min. After cooling, the mixture was extracted with
petroleum spirit (4 x 25 ml.,; b.p. 40—600). The extracts were
washed (sat. NaCl), dried (Na2SO4), and the solvent evaporate& to
give a mixture of methyl esters (0.1218 gm.), which was shown by
G.L.C. to consist of ca. 50% methyl oleate, ca. 25% methyl
palmitate, and ca. 25% unidentified methyl esters. A crude
separation of these was effected by vacuum distillation, but time

did not permit further purification .of the products.
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CHAPTER 4

*
Feeding of Trichothecium roseum .

Labelled sodium acetate (300 mg.) was fed in 6 pulses T, 8,
and 9 days after inoculation, and the culture harvested 3 days

later. The mycelium was extracted with CHCl, for 24 hours in a

3
Soxhlet apparatus.

*
Isolation of rosenonolactone .

Crude rosenonolactone was obtained .by wéshing the mycelial
extract with ethanol, This solution was filtered through silica
gel, and rosenonolactone recrystallised from CHCl3/hexane to give

colourless needles, mep. 214° (yield 323 mg.).

Reduction of rosenonolactone.

KBH4 (101.2 mg.; 1.88 m.mol) was dissolved in 12 drops
distilled water + 1 drop 1lI NaCH, and the solution added dropwise
to rosenonolactone (139.1 mg.; 0.44 memol.) in methanol (25 ml.).
The KBH4 flask was washed into the reaction mixture with methanol
(2 x 25m1) and the final solution stirred at 400 for 1 hr. 45 min.
Af£er cooling, a little distilled water (ca. 4 ml.) was added and
the solption stirred at room tempverature for 2 hours, during which
time, a white solid precipitated. This was removed by filtration,
and the methanol evaporated from the filtrate to leave an agueous
slurry. The filtered solid was dissolved in CHCl3, and the slurry
added. fhe resulting mixture was washed to neutrality (sat. NaCl),
the organic layer was dried (Na2504), and the solvent evaporated to
give crude rosenololactone. Recrystallisation from C6H6/CHCI3/

petroleum spirit gave colourless needles of rosenololactone,

m.p. 220-3° (110 mg.; 0.35 mmol.; yield 80%).

* Details reproduced by kind permission of Dr. J. Troke.
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APPENDIX T

Selective loss of hydrogzen from phenylalanine during the course of

biosynthetic investigations.

During the course of biosynthetic investigations using
phenylalanine as a precursor, it was discovered that the amino acid
can undergo proton exchange at c-3 independently of its incorporation
into secondary metabolites. In one studyllz, DL—[}',3'—2H2]

phenylalanine fed to Trichoderma viride gave rise to gliotoxin

with 2 small enrichment of dideutero- species and a substantial
enrichment of monodeutero- species. From the W.H.X. spectrum, it

was deduced thalt during the course of the biosynthesis, the deuterium
atom in the pro-S position had been lost, while that in the pro~-R
position was retained. Feeding of L—3'R—[3'—2H£]— and of
DL—B'S—[3'—2H11— phenylalanine to T.viride along with DL—[l'—l4C]
phenylalanine (as an internal check) confirmed that the 3'- pro-R
atom was retained while the pro-S atom was lost. Feeding of

3H] phenylalanine to the organism at a time when

pL-[11-g,30-
giiotoxin productiOn was not yet underway yielded mycelial protein,
the phenylalanine of which showed a 35% reduction in the 3H/14C
ratio from the material fed. This indicates that stereoselective
repalcement of the 3'-pro-S atom of phenylalanine by hydrogen.
occurs independently of the production of gliotoxin, It has been
shown113 that L-alanine underwent exchange of all hydrogen atoms
when incubated in 2H20 with pyridoxal phosphate and alanine-
glutamate transaminase. It is reasonable to assume that
phenylalanine might undergo such an exchange, the exchanging

svecies being, possibly, aﬁ enzyme—=complexed pyridoxamine derivative
of the &A-keto acidllg.

In another study114, when L—(3'R)—[}'—2HJ and DL—(3'—S)—[3'—2ﬁ]
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phenylalanine were fed sevparately to T. viride along with DL—I}'—14C]
phenylalanine, it was found thet the gliotoxin derived from the
3'R- labelled precursor carried only a little deutefium, while that
from the 3'S-~ labelled phenylalanine was avppreciably enriched with
the isotope. This result was confirmed by feeding DL-(3'R)- and
DL—(3'S)—[}'—3H]phenylalanine with the same 140 tracer as before.
The mycelial protein from this latter experiment also showed loss of
the 3'-pro-R label and retention of the 3'-pro-3 tritium from the
phenylalanine. In a time study, it was found that loss of.label
from the phenylalanine occurred much faster than incorporation of the
precursor into gliotoxin. The protpn introduced into the C-3!
position of phenylalanine could have come from outside the molecule
or from within by a 1,2- shift from C-2' to C-3'. The latter
possibility was tested by feeding DL—[Z'—3H, 1—140] phenylalanine to
T.viride, however, both the gliotoxin and mycelial nrotein phenylalanine
isolated contained very little tritium. The loss of label could have
resulted from rapid reversible transamination within the organism
occurring before incorporation into protein, a2s has been previously
showm to occur extensive1y56.

In a further study l?, DL-(3'R)-, DL-(3'3)-, DL-(3'RS)-, 2nd

3

L—(3'R)—[ -~H, U—14C] phenylalanine were fed to Penicillium

griseofulvum, The mycelianamide 1solated after 55 days showed low

retention of tritium from the 35- labelled phenylalanine, but high
retention from the 3R- labelled precursor. In the biosynthesis

of cryptoechinulin A (144) in Asversgillus svp., the label from the

[3'— 3H]tryptophan precursor was found to be stereospecifically

retained in the 3'R- position and lost from the 3'S~ position.

115

In a study of the biosynthesis of cyclopenin and cyolopenol

in Penicillium cyclopium, D—,L—, and DL-(3'R), D—yL—-, and DL-(3'S),
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©organism, with [1—14C]pheny1a1anine as a reference label in each

organism, with [i—l4d]phenyla1anine as a reference label in each
case. It was found that the tritium loss in each case was greater
than 50% of that fed, and that the loss was independent of the

configuration at C-3'., A possible explanation for these observations

is that the phenylalanine might be reversibly converted into
phenylpyruvic acid by a transaminase system. Reversible enolisation
of the [}'—3H] phenylpyruvic acid would remove part of the tritium
with epimerisation of the remainder. Because of the kinetic

isotope effect, hydrogen would be lost faster than tritium dﬁring
enolisation, hence, enolisation would occur faster than tritium loss.
If epimerisation were essentially complete, than half the remaining
tritium would be lost in a stereosvecific dehydration step115

(Scheme 26).

The biosynthesis of candipolin in Penicillium canadense was

studied using,[G43H},[U-l4C] phenylalanine. With such a high
generality of;tritiation, it is not possible to deduce reliably
from the 3H/M'C ratios whether the 3'S tritium was lost or retained .

during the biosynthesis,
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APPENDIX 2

Discovery of K-benzoyl-O-(l-benzoyl-L—phenylalanyl)-L-vhenylalaninol

in an Aspergillus species.

Since completion of the current work, and before its
publication, some other workers found_E—benzoyl—O—(ﬁ}benzoyl—L~
phenylalanyl)~L-phenylalaninol in the mycelial extracts of

117

Aspergillus flavives, and named it asperphenamate » The physical

and spectroscopic properties guoted for asperphenamate are identical
to those of candipolin (53)118. The only difference in the published
data lies in the intervretation of the resonances at §50.3 and 54.6

in the 13

C N.i.R. spectra. Clark and Hufford interpret these as
being the methine carbon atoms of phenylalaninol and phenylalanine
respectively, whereas, we feel that the reverse assignment is true.
This group of workers went on to synthesise the metabolitell9
by essentially the same route as has been used in this work. They
used the anhydride of the protected phenylalanine, whéreas we used
the imidazolide for esterification with H-benzoyl-L-phenylalaninol.

In addition to this, mycelial metabolite, N-benzoyl-L-

phenylalaninol was isolated from broth extracts.




