FUNGAL TRITERPENES

A THESIS PRESENTED BY
'HUGH KANE ADAM
- T0 THE UNIVERSITY OF GLASGOW FOR THE

DEGREE OF DOCTOR OF PHILOSOPHY

THE CHEMISTRY DEPARTMENT AUGUST

1967




ProQuest Number: 11011810

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 11011810

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, M 48106- 1346



Contents.

Introduction.

Part I - Pungal Terpenes. . . . o .
Part II - The Biogenesis of Tetracyclic
Triterpenes. e e e e e e

Part I - The Metabolites of Daedalea Quercina,

Triterpene Methyl Esters. . . . . .
Photosensitized Oxidation of Ergosterol.

Synthesis of Malonate Esters., . . . .

Survey of the family Polyporaceae. o .
Experimental., e« » e« o+ & a o a s

Part II - The Metabolites of Leptoporus Stipticus.

Triterpene Methyl Esters of Field-
collected Fungus. « o ¢ o o o o
Triterpene Methyl Esters of Cultured

Leptoporus stipticus (Pers.) Quel. .

Experimental. . « o« o o+ o« & ‘o o

Bibliog Eaghi . . . . .- . . . . . . e .

13
41
45
51
53

84

118

124
152




I should like to express my sincere thanks to my supervisor,
Dr. N, J. McCorkindale, for his constant encouragement and advice
- during the couiSe of this work and for his guidance in the
preseﬁtation of this thesis.-

I am indebted to the Carnegie Trust for the Universities
of Scotland for maintenance during the last three years and to
Professor R, A. Raphael, F.R.S., for providing the opportunity
and facilities for performing the wozrk. -

For their assistance and advice, my thanks are due to
Mr J. M, L. Cameron, B.Sc., and his staff (micro-analyses), to
Mrs F, Lawrie and Miss A. M. Robertson (infra red spectra), to
Dr, J., Martin and his staff (mass spectra), to Mr J. Gall (nuclear
magnetic resonance spectra), to Miss M, McKenzie and Miss J, Brown
(preparation of fungal extracts), to Drs., T. Bryce, F. J. Preston
and P, Bladon (high resolution mass spectrometry) and, finally, to

my many laboratory colleagues,

L)




SUIMARY .,
Structural studies on the methyl esters of the triterpene

acids from the polypore Daedalea guercina have established the

structure of the major component, methyl carbomethoxyacetyl-.
quercinate. In common with this compound, three other esters from
this fungus are 23-keto-27-carboxylic esters. The first and
second of these are methyl 1l6-hydroxycarbomethoxyacetylquercinate
and methyl l6-hydroxyquercinate respectively. The third ester,
methyl carbomethoxyacetyldaedaleate, which ié the first recorded
triterpene based on a 032 skeleton, is highly reactive and has

not, as yet, yielded recognisable transformation products. The
structure advanced for this compound is based on spectroscopic

examination, A minor constituent of Daedalea quercina is

thought to be methyl 25-hydroxypolyporenate C.
The synthesis and properties of carbomethoxyacetyl and
carboxyacetyl derivatives of triterpenes have been studied.
Examination of the methyl esters of the triterpene acids

from Leptoporus stipticus has established that the major component,

methyl tyromycate, is methyl 3-oxolanosta-7,9(ll),24-trien—26-
oate. Four other compounds from this fungus have been studied.
Three of these have been shown to be triterpene glucosides, the

first from a fungal source, whose basic nuclei are similar to




that of methyl tyromycate. The last ester from Leptoporus
stipticus, methyl leptoporate, is the second example of a 032
triterpene.

Leptoporus stipticus (Pers.) Quel., when cultured on malt

agar medium, produces eburicoic acid and tumulosic acid.
Attempts to influence the metabolite production of this latter

fungus are described.
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PART 1 - FUNGAL TERPENES,

The history of the word 'terpene' provides a perfect example
of how definitions must be modified and théir terms of reference
expanded to keep abreast of the increase in knowledge. The
noun was first used by wallachl to describe a group of volatile
C10 hydrocarbons which could be isolated from plant essential oils,
This definition was extended to include the oxygenated analogues

of these C,, compounds and further modified to include products

10
of a similar origin which contained fifteen or twenty carbon
atoms, In modern usage the description 'terpene'! applies to
hundreds of naturally occurring compounds, widely distiributed
throughout the plant and animal kingdom, whose basic carbon
skelefon may contain from five to forty atoms,

Attempts to define 'terpene' must take into account the
observations of Bertholet2, wallach1 and Ruzicka3 that the
framework of all compounds accepted as ter@enoid can be built
from a single C5 unit. All terpenes can then be derived by
linkage of these units. This 'Isoprene rule' prompted Haagen-
Smit4 to designate terpenes as " . . . all compounds which have
distinct architectural and chemical relationships to the simple
CSHS (isoprene) molecule . . . ".  Although such a definition

has been successfully applied to natural products, a more exact

.
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statement should take int§ account the biological basis for the
isoprene rule. It has been shown that mevalonic acid (1) is
the precursor of the C5 building unit and that this exists in
nature as iSOpentényl pyrophosphate (2), A more rigorous
definition of 'terpenoid' would then be, "any part of a compound
biosynthetically derivable from mevalonic acid via isopentenyl
pyrophosphate, or a polymer thereof." The prefixes hemi, mono,
sesqui, di, sester, tri and tetra are then applied when the
compound is obtained from the isopentehyl monomer, dimer, trimer,
tetramer, pentamer, hexamer or octamer respectively.

Lanosterol (é) may now be described as a triterpene alcohol
since it has beén shown to be biosynthesised. from mevalonic acid5
via squalene (isopentenyl hexamer) (&)6. It will be noted that
before a compound may be formally designated as terpenoid it is
necessary to show that it arises from mevalonic acid. Since
the number of compounds which have been isolated from natural
sources is enormous, the amount of tracer studies required by the
rigorous definition is prohibitive.  Because of this, definitions
such as that of Haagen-Smit are still of great value. An
important fact allowed for by a biological description is that
it includes compounds for which mevalonic acid may provide only

part of the structure, There are numerous illustrations of this
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type of 'mixed pathway', some of which will be discussed in the
examples of fungal terpenes chosen.

Studies of fungal metabolites have encountered almost all

types of terpenes. Puccinia graminisg yields 2-methylbut-2-ene
(2)7 as an example of a hemiterpene, while structures incorpor-
ating the monomeric isopentenyl unit are exibited by auroglaucin

(§)8 and flavoglaucin (1)9 from Aspergillus glaucus as well as by

fuscin (Q)lo, elymoclavine (9), agroclavine (lQ)ll and echinulin

(l;)lz. No C,. compounds based on the isopentenyl dimer have

10
yet been isolated from a mould, but this unit can be seen in the
. ether substituent of mycelianamide (;2)15 or in the degraded
side chain of mycophenolic acid (15)14.

Fungal sesquiterpenesl5 show a variety of structural forms.

In the azulenes from Lactarius delicosus, lactaroviolin (14)16

and lactarazulene (;5)17”the three 05 elements are easily visible,
whereas in helminthosporal (l§)18, sativene (11)19, the illudins
(l@)zo, marasmic acid (19)21, culmorin (29)22 and hirsutic acid
(g;)23 a more complex pattern is observed. Examples of structures
partially derived from three mevalonate molecules are

trichothecin (gg)24 and the related verrucarin A (25)25, end
fumagillin (24)26. Grifolin (g5)27 represents the case of a

compound of complex biosynthetic origin cdntaining the simple
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isopentenyl trimer and siccanin (g§)28 is a similarly derived
molecule in which cyclisation has occurred. Pleuromutilin (21)29,
rosenonolactone (g§)30 and the metabolites of Gibberella

| fuj'kuroisl, the gibberellins (e.g. gibberellic acid (29)),
fungenal (30), olearyl oxide (31) and the kaurene derivatives

(e.g. kauranal (32)) illustrate the diversity of structural

types available from the isopentenyl trimer.

Recently Nozoe et al. and Canonica et al. have isolated and
identified ophliobolin (33)°2 and its analogues. These Cy
compounds are the first known representatives of the sester-
terpenes, the class of terpenes derivable from the isopentenyl
pentamer. Examples of fungal tetraterpenes are the carotenoids
lycopene (34) and B-carotene (25)33.

The compounds with which the present study is involved are
all (presumably) available from the isopentenyl hexamer.
Previously isolated compounds of this type can be arbitrarily
classified by thebnumber of carbon atoms in their basic skeleton.
AThe first groupvconsists of metabolites containing less than the
prescribed thirty atoms and is exemplified by ergosterol (36)
and its derivative534 e.g. fungisterol (37), the highly oxygenated
antibiotics cephalosporin Py (§§)35, helvolic acid (ég)56, fusidic

acid (49)57 and the C,, compound viridin (4})38. It is very

19
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probable that these subsiances arise from squalene by cyclisation
and oxidative-decarboxylative loss of carbon atoms in a manner

similar to that suggested for cholesterdlig.
, 40

Squalene (4) is produced by Amanita phalloides’ and seven

other C,. compounds have been isolated from fungal sources.

30
Dustanin (42)41 is unique in that, so far, it is the only penta-
cyclic triterpene to have been isolated from a fungus, although
such compounds are common in higher plants42. The six other-

compounds are all based on a lanostane skeleton. These are

pinicolic acid (45) and its analogues from Polyporus pinicola

(44 - 4§)43, trametenolic acid (4])44 and echinodol (4§)45. The
latter has been included in this group since it is obviously an

acetylated C30 skeleton. Similarly 46 occurs in Polyporus

pinicola as the acetate of its methyl ester46, while 47 has been
46

isolated from Trametes odorata44, Fomes hartigii and Inonotus

obliguus47 as its methyl ester,

The members of the third group of fungal tetracyclic
triterpenes all have an extra C; unit (Cff introduction, part II).
The known examples 49 to 53%° ~ 22 are all based on a lanostane
skeleton, usually with a carboxyl group attached to C-20. The
- exception being polyporenic acid A which bears the acid function

on C-25, It is worth mentioning that compounds containing the 8,9-




double bond very often co-occur with the corresponding 7,9 (11
diene and that complete separation of these compounds is extremely
difficult. For this reason all the trlterpenes 43 to 53 have
been represented as having the 8,9-double bond even though some,
e.g. 50, have been reported as having been isolated as the pure
7,9. (11)-diene anglogue.

C,., compounds may also exist in esterified or 'conjugated'

31
form, Examination of Polyporus anthracophilus, allowed to grow

on decaying Eucalyptus regnans, showed the presence of the acetate

of eburicoic acid (49) but the same fungus, when cultured on a
synthetic medium produced the free hydroxy acid 4253. A similar

situation has been observed by Shibata concerning Poria coccus,

Cultured mycelium had been shown to yield free tumulosic acid (il)5o
but harvested schlerotia contained the corresponding 3-acetate,

the so-called pachymic acid54. In Polyporus betulinus
55

tumulosic acid occurs as its 3,l6-diacetate”” and recent studies on

this fungussé have indicated that polyporenic acid A (22) is

conjugated with at least three different simple acids.
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PART 1T -~ THE BIOGENESIS OF TETRACYCLIC TRITERPENES.

The biogenesis of tetracyclic triterpenes has been reviewed
by Nicholass7, and more recently by Clayton58, and only a brief
summary of the steps leading to the acyclic intermediate squalene
will be given. The cyclisation process and the further modification
of the lanosterol molecule will be considered in more detail,

The catabolic breakdown of carbohydrate or fat substrate
leads to acetyl coenzyme-A ester (acetyl Co-A) (54). The sequence
of reactions up to the accepted precursor of'terpenes, mevalonic
‘acid, is shown in Table 1. The acetyl Co-A is carboxylated to
give malonyl Co-A (55) which is then decarboxylatively coupled to
a second molecule of acetyl Co-A to yield acetoacetyl Co-A (56).
Claigen condensation of this species with a third molecule of
acetyl Co-A leads to B-hydroxy-B-methylglutaryl Co-A (57). The
evidence suggests that, up to this point, the reactions are
' reversible but that the reduction of 57 to mevalonic acid (58) ig
effectively irreversible and that this is one of the points at
which terpene synthesis may be controlled. Brodie59 has proposed
" _that the first three steps also involve en%yme-bound species rather
than the free Co-A esters and that the final reduction to mevalonic

acid releases it from the enzyme surface. This suggestion has

not yet been conclusively proved and further work is required




TABLE 2




before any preference for either of the alternatives can be

established.

The steps from mevalonic acid to squalene have been
elucidated by the Cornforth-Popjak group6o - 64 ﬁsing elegant
enzyme work and brilliant labelling studies. A precis of their
results is shown in Table 2 by using a hypothetical triply labelled
mevalonic acid molecule, The important features of the route are
as follows:

Step A has been shown to be a concerted frans dehydration-
decarboxylation reaction, although whether or not'the hydroxyl is
phosphorylated before elimination is not yet clear.

In Step B isopentenyl pyrophosphate (59) isomerises to dimethyl-
allyl pyrophosphate (60) with removal of the hydrogen at C-2 from
the a—face of the molecule and addition of a hydrogen atom of
unknown stereochemistry at C-4.

The stereochemistry of the condensation of 59 and 60 is as shown.
The involvement of group X (of unknown constitution) and the
suggested intermediate 61 has been deduced from the fact that again
the a-hydrogen atom is eliminated from C-2, Thus concerted
elimination of HX from 59 is a irans process, whereas a

completely concerted mechanism would require loss of the -

hydrogen atom at C-2. The stereochemistry at C-1 in 60 is



TABLE







inverted in the product §g, as would be expected from an SN2 type
displacement of pyrophosphate. By a similar condensation of 59
on geranyl pyrophosphate (62) farnesyl pyrophosphate (63) is,
generated.

No fully authenticated mechanism for the 'head to head'
linkage of two farnesyl units to give squalene has yet been put
forward. The scheme shown in Table 3, based on a Stevens
rearrangement, is due to Popjak and Cornforth65 énd is in accord
with the available data which requires an inversion of configur-
ation at C-1 of only one of the farnmesyl units66 and a reductive
step involving incorporation of one hydrogen from NADPH67. It
involves displacement of pyrophosphate from farnesyl pyropbosphaté
by the éulph-hydryl group of an enzyme., Reaction of another
molecule of 63 with this complex (64) would yield a difarnesyl-
enzyme complex (65). After Stevens rearrangement of this species,
forming the required central double bond, reductive breakdown of the
squalene-enzyme complex (66) occurs releasing squalene (67) with
stereochemistry as shown, providing that the reduction occurs
with retention of configuration. The requirement of this latter
assumption prompted Martin—Smith68 to suggest that the initial
two steps occur as in Table 4. It will be noted that this

mechanism allows for an inversion of configuration on addition of







the hydrogen from NADPH since it involves an extra inversion at
C-1 of one of the farnesyl units.

Production of lanosterol requires the cyclisation of squalene
in the enzyme-bound chair-boat-chair-boat configuration69.
Initiation of the éyclisation leads to the intermediate-carbonium
ion 68 which, by a series of concerted stereospecific hydrogen
and methyl shifts, yields lanosterol (69). Elimination of a
proton from 68 without Wagner-Meerwein shifts leads to the
fusidane skeleton e.g. fusidic acid (40).

Recent work on the initiation step has cast doubt on the
previously accepted theory of attack at C-3 by a reagent which
transfers OH' with concurrent cyclisation at C-2. The groups of
Corey7o and van Tamelen7l have shown that the 2,3-epoxide of
squalene is most probably the intermediate. However, Barton
and Moss72 have shown that lanosta-8,24-diene can be converted
into lanosterol by cell-free yeast extracts and they suggest
that, at least in some cases, oxidation at C-3 may occur after
cyclisation has occurred and that hydroxylation at C-3 releases
the lanosterol from the enzyme surface. Breslow gﬁ_gl,73 have
suggested, on the basis of in vitro experiments, that a free
radical initiator is involved. The dangers of this type of

approach are illustrated by van Tamelen's failure74 to repeat,

10
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in vitro, the cyclisation of squalene 2,3-epoxide to lanosterol.
It appears from the evidence that there may not be one general
mechanism of conversion of squalene to lanosterol and that the
initiating species may vary between organisms, The 1,2 shifts
of hydrogens from C-17 to C-20 and from C-13 to C-17 and of
methyl groups from C-14 to C-13 and from C-8 to C-14, as required
in the rearrangement of 68 to 69, have been shown to occur75’76.
Lanosterol has been considered the point at which branching
of biosynthetic pathways to tetracyclic triterpenes and sterols
occurs., Oxidation and decarboxylation remove the methyl groups
at C-4 and C-14 and lead to the sterols>?., It should be noted,
however, that recent work by Ourisson77 has shown that, at least

in some cases, lanosterol is not an intermediate in phytosterol

biosynthesis. C,~ triterpenes are immediately available from

30

lanoéterol by the introduction of double bonds and oxygen fuction-

ality. C,., compounds, on the other hand, require the introduction

31
of an 'extra' carbon at C-24. Tracer studies on ergosterol and
eburicoic acid showed that this Cl unit is derived from formate
or methionine78. Further studies on these compounds have shed
light on the probable mechanism, The scheme shown in Table 5
is based on the evidence that two of the three deuterium atoms
from CD,-methionine are incorpo;ated into eburicoic acid and

3

11







ergosterol79 and the observation that there is a hydride transfer
from C-24 to C-25 in the conversion of ianosterol to ergosterolso.
Barton81 has postulated that the additional Cl unit is introduced
into lanosterol as a first step before further modifications of
these compounds take place.

In view of the evidence to be presented that 032 triterpenes

have been isolated from Daedalea guercina and Leptoporus stipticus,

it is of interest to consider the biosynthetic studies on analogous
phytosterols which have an extra two carbon unit at C-24 since it
is very likely that a similar process will operate. The ethyl
and ethylidene side chain at C-24 are synthesised by two successive
C-methylation steps involving methioninesz. " Goodwin's group has
studied83’84 the incorporation of CTj—methionine into P-sitosterol
(70) in maize and larch leaves and conclude, from their result

that only four tritium atoms are incorporated, that the pathway is
via the ethylidene compound as shown in Tab}e 6, route A. Recent
work by Lederer §§_§;.85 on stigmast-22—en-;ﬁ-ol (71) from a

slime mould showed that five deuterium atoms were incorporated
using CDi-methionine as substrate and led that group to conclude
that the pathway is as shown in Table 6, route B,  Further work on

this subject is required to determine if either of these pathways

is general or if the routes differ in higher and lower organisms.

- 12




PART I

THE METABOLITES OF

DAEDALEA QUERCINA




The chemical study of fungal products has increased rapidly
in recent years, mainly because of advancements in mycological
techniques which now enable most orgenisms to be cultured on
synthetic media in the laboratory. Thus large amounts of material
may readily bé made available for structural elucidation or further
consideration, The feeding of radio tracers to fungi has become
a relatively simple procedure and biosynthetic pathways may be
the more easily studied because of this, and also because of the
short life cycle of many fungi. The current wide interest in
metabolic processes has made a mycology laboratory an additional
feature of many chemistry departments.

The increasingly more sophisticated array of physical tools
available to the chemist make structural elucidation considerably
~easier than previously. Thus the chemical constituents of
numerous fungi have been examined and the structures of many of
these compounds deduced. . lMost of the substances studied in
this way are described as-secondary metabolites,  These were
defined by Bu'L0ck86, "as having a restricted taxonomic distribution,
as being products which are not formed under all circumstances
and as having no obvious metabolic function", It would be
expected that the presence of any particular compound or group of

compounds in an organism would be characteristic of that organism.

13




It should therefore be possible to ascribe biological significance,
even if only taxonomic, to the metabolites produced by a fungus.
For maximum return in this direction it should be borne in mind
that the same fungus may produce a different pattern of products
when grown under varying conditions and that precautions should
be taken to ensure that the compounds isolated are as near as
possible to the form in which they exist in nature,. |
Chemical examinations of the family Polyporaceae in many
cases revealed the presence of tetracyclic triterpenes. A

recent study of Polyporus betulinus and Daedalea quercina in this

department56, using a mild non-hydrolytic isolation procedure,
obtained triterpenoids, of which the majority were conjugated
with simple acids. The structural studies of most of the

| metabolites from the latter fungus were incomplete when this

work was commenced.

Daedalea gquercina owes its trivial name 'Maze fungus' to

the labyrinthiform pore layer on the underside of its hard,
corky, hoof-shaped sporophores. It is frequently foupd on the
dead wood of living trees, especially oak, and has been known to
grow on fashioned timber.

Healthy young sporophores were collected from an oak stump

in Garscube Estate and, after superficial cleaning, were

14




TABLE I ~1 T.L.C. CHARACTERISTICS OF THE METHYL ESTERS
OF D. QUERCINA
Rf values
lOOC/ZCHCJ.5 l%§§8§ in giii:tzﬁgogéym Rhodamine 6G
3 2_ 4
D.Q.1 0.58 - brown red
D.Q.4 0.31 0.72 brown purple
D.Q.5 0.00 0.50 brown purple
D.Q.7 0.43 - brown red
D.Q.9 0.00 0.40 vellow red
D.Q.10 0.00 0.19 yellow red
D.Q.11 0.00 0.10 brown purple

' CH50 >

C.CH2.002

[




homogenised‘in‘methanol. Sterols and lipids (15% by weight)

- were removedbby light petroleum treatment to leave a mixture of
acids. For ease of handling and separation this matérial was
methylated with diazomgthane. Examination of the crude mixture
by thin layer chromatography (t.l.c.)‘revealed thé presence of
seven major compounds, to which the code naﬁes D.Q.1, D.Q.4,
D.Q.5, D.Q.7, D.Q.9, D.Q.10 and D.Q.11l have been assigned to
facilitate discussion. These code names refer to the compounds
whose t.l.c. behaviour is defined in Table I - 1.

Column chromatography on silicic acid using a light
petroleum to ethyl acetate gradient afforded fractions from
which could be separated, by crystallisation or preparative layef
chromatography (p.l.c.), pure samples of D.Q.1l, D.Q.4, D.Q.7,
D.Q.9, D.Q.10 and D.Q.11l. Isolation of D.Q.5 was more difficult
but,since its identity with methyl dehydrotumulosate had been
established,no further work was done on it. Similarly D.Q.4
was shown to be methyl polyporenate C. A point of interest with
respect to these two compounds was that each was contaminated
with about 10% of the corresponding 8,9-monoene,

Campbell had tentatively suggested structure 1.1 fof the
major compound D.Q.l, 036H5607' The evidence submitted in

support of this structure is summarised in Tables I - 2 and I - 3.

15
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TABLE I -2 I,R, AND N,M,R, EVIDENCE FOR THE STRUCTURE .

OF _D.Q.1
v gcm-l) T values
% 1756 H_ 5.50
: 1736 6,30
ofi.0.c.ch..co,~ & % & By 03
300 Oy L0 Hy
A H 6,70
. [¢)
0. |
_ 2773 1736
: 1716
0
%i::(//l\\V//f::%;;Ii;\e 1740 H_ 8.03
£ .
% 1685 H. 8.19

TABLE T - 3 VMASS SPECTRAL BREAKDOWN OF D.Q.1

600 (43%) 2 >585(350%) |
. - \C \d\
442(3% 482(7%) 467(100%) 427(19%)
& % N\ / i
B J
324(15%) > 509(63%)
k Transition N
(oA o’ -
185(2675)—>153(26%) a3 15
b,e,g,h © 158= 08H1403
Also at /e c,d,f,i 118=C,H,0,
143(65%) k -

115(22%)



The major loss in the mass spectrum of a neutral fragment of 118,
mass measuring for CAH604’ indicated the presence of the carbo-
methoxyacetate substituent at C-3 which could be lost by a

87 as in 1.2, The signals at 5.307, 6,307

Mclafferty type fission
and 6.707 in the nuclear magnetic resonance (n.m.r.) spectrum
were in agreement with this partial siructure, as was the doublet

L ana 1736 cn~t in the infra red (i.r.)

absorption at 1758 cm
spectrun. Final confirmation was obtained by transesterification
with sodium methoxide and identification of dimethyl malonate by
gas-liquid chromatography (g.l.c.). The relative position of the
ketone (1716 cm-l) and the methyl ester (1736 cm-l) was determined
from one of the non-volatile products of the transesterification
reaction. This compound was shown to contain an a,f-dimethyl
a,p-unsaturated X?lactone grouping.

If it was assumed that D.Q.1l is a 031 tetracyclic tritexrpene
of the previously encountered type then structure 1.1 became the
moét probable. The mass spectrum provided evidence confirming
this proposal. The loss of a neuiral fragment, C8Hi403’ could
be accounted for by a Mclafferty fission of the C-20, C-22 bond
involving removal of the C-17 proton as shown in 1.3. » Similarly
abundant ions at m/e 143 and m/e 115 could be explained by

cleavage a to the ketonic carbonyl at C-23 as shown in 1.4.
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In the present work the first aspect in structural
investigation of D.Q.1l to be studied concerned the nature of the
nucleus since no evidence had been obtained other than spectral
similarities with compounds known to be based on the lanostane
skeleton and a positive reaction with tetranitromethane.

The two most commonly encountered tetracyclic nuclei are the
lanostene (1.5) and the euphene (1.6) types. These may be
readily distinguished by conversion of each into the corresponding
7,9(11)-dienoid system. Ultra violet (u.v.) spectral data
indicate that the electrons in the lanostadiene system are the
more easily excited, evidently because of the difference in
stereochemistry between rings C and D. Lanosta-7,9(ll)-diene

has absorption at 237, 243 and 252 mp, whereas eupha-7,9(11)~-diene
has absorption at 232, 240 and 247 m}laa,

Treatment of D.Q.1l with selenium dioxide yielded a mixtuxre
of at least four products but encouragement wes derived from the
‘appearance of the chromophore expected for the lanosta-7,9(11)-
diene skeleton. Accordingly it was decided to carry out the
oxidation on a more stable derivative of D,Q,1. D.Q.1, when
treated with a large excess of lithium aluminium hydride in ether
at room temperature for 24 hours, yielded a mixture of D.Q.l-

triols (1.7) epimeric at C-24., The n.m.r., spectrum of this
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TABLE I - 4 HIGH m/e

MASS SPECTRAL FRAGMENTATION

OF THE D.Q.1-TRIOLS (1.7)

474(655)
EX ' _ b
459(45:) 456(35%)
~ /&-’
C z'
441(285%)
e
423(19%)

TABLE I - 5 GROUPS OF

IONS AT IOWER m/e

b

c

e

a

d .

15
18

18

15

18

189 175 161
187 173 159

185 171 157

149
147
145

135
133
131

123
121

119

Transition A"/e Metastable ion

444.1

4385

422,8

4‘0506

109
107

105



material showed the low field resonances expected for one primary
alcohol (6.741, 2H, multiplet) and two secondary alcohols (5.761,
2H superimposed, multiplets). The removal of all carbonyl
functions and the presence of the hydroxyl groupings were éonfirmed
by the i.r. spectrum which showed no absorption between 1700 - 1800
cm"1 and a hydroxyl peak at 3617 cm-l. On consideration of the
mass spectrum of this meterial it was found that it agreed with

the structure 1.7. The two most abundant ions at m/e 99 (100%)
and m/e 139 (55%) could be explained in terms of a cyclic
dehydration of the 1,4-diol and then cleavage a to the ether linkage
to give the ion ;;§, or fission of the C-17, C-20 bond with transfer
of one hydrogen. Normal dehydrations, characteristic of alcohols,
and the loss of the methyl radical, which is a common occurrence in
terpenes, accounted for the péaks at high m/e values as illustrated
in Table I - 4. It was noted that groups of ionms, which also
occurred.in the mass spectrum of D,Q.1, were visible at lower mass
numbers. These values are collected in Table I - 5. These ions
must be due to fragmentation of the tetracyclic nucleus, and no
rational explanation of the pathways leading to them could be
suggested. |

| Acetylation with pyridine and acetic anhydride led to the

triacetates 1.9. Reaction of this material with selenium dioxide
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in acetic acid gave the required dienoid triacetates 1.10. The
u.v. spectrum of this substance showed absorption at 236.5, 243%.5
and 252 mp, characteristic of the 1anosta—7,9(11)—diene system.
This seriés of reactions confirﬁed that D.Q.1 was based on a
lanost-8-ene skeleton and therefore had gross structure 1,1.
Comparison of the spectroscopic data. of the monoene tri-
acetates and the diene triacetates established characteristic
differences. Examination of the n.m.r, spectra showed the
appearance in 1,10 of the two vinyl protons at C-7 and C-11 as
a multiplet at 4.6OT, and slight differences in the methyl contour
due to the shielding effect of the 7,9(11)—diene system. N.m.,r.,
studies of the methyl groups of lanostane derivativese9’ 90 have
shown that the transformation from 8,9%-monoene to 7,9(11)-diene
affects mainly the C-lB;methyl group since it lies directly over
the double bond system. Its resonance position is raised by ca.
0.11 p.p.m.. A éimilar, smaller effect causes the C-32 methyl
’ to be shielded to the extent of 0.06 P.p.Oo.. The tau values for
the nuclear methyl groups in the two compounds are shoyn below.
8,9-monoene 1.9 8.98, 9.07, 9.12, 9.18, 9.26
7,9(11)-diene 1.10 9.00, 9.07, 9.12, 9.24, 9.41
c-19 C¢-30,C-31 C-32 C-18

It will be seen from this table that the values in this case were
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TATIE T - 7 PROPOSED  FRAGMETATZION OF 1.10

598(2255) - ——2 — 353 (1005) ———2—293(275)
e -
e /: 1 & T~ ‘
485(35%) 538(485) 513 (195%)

n| I

N ¥ ,
52%(245%) 478(30% 253(50%)
N

%jS(B&k)
453(12%)
Transition £%/e Netastable ion
a 245
b 60 243 .4
c 285
a 60 _ 204,6
e - 15 56743
£ 60 472.8
g 60
h 60 425.3
i 60 411.9
J 15 458.6

k 60 352.9



€00(&;.)
a \\\b
1;’// \A .
540(55%) 85(5%)
¢ Ed
460(7%) 525(50%5)

369(245) 405 (22%)
i
309(397%)

Transition 2%e Metastable ion
a 60 486,8
b 15 572.3
¢ 60 427.1
a 60 471.3
e 15
£ » 60 412.1
g « 96 272.,6
R 60 355.0

i 60 258.8



+0,06 and +0.15 znd that these were in reasonzble agreement with
tiie expected differences. The other values were,.as predicted,
almost unaffected. it was therefore possible to assign the
peaks at 9.187% and 9.267 in the n.m.r. spectrum of 1,9 to the C-32
and C-18 methyls respectively. Possitle assignments for the ;ther
methyl groups, based on literature interpretations of similar
systems, are included in the table.

The important peaks in the mass spectrum of 1.9 are shown in
Table I - 6. The major ion at m/e 465 arose by loss of two
molecules of acetic acid and a methyl radical., The ion at m/e
369 could be reasonably assumed to contain an intact ring 4, since
it lost a further molecule of acetic acid. It could then be
suggested that this ion arose from the ion at m/e 465 by elimination
of the neutral fragment C7Hl2 by e McLafferty type rearrangement
involving the side chain which hzd been desaturated by two losses
of acetic acid.

The mass spectrum of the doubly unsaturated triacetate,
shown in Table I - 7, was then considered. The fragment ions
at ‘high mass number probaﬁly arose by processes similar to those
encountered in the breakdown of 1.9 as shown in Table I - 6.
However the base peak of the spectrum at m/e 353 and the second

most abundant ion at m/e 253 had no counterparts. It was
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considered that these probably involved mainly loss of side chain,
The former required removel of an additional two protons, the ion
formed losing an acetic acid molecule. "The latter required 'steroid-

91

type' fission of ring D~ to yield the ion of mass 313.and then
further loss of 60 units. These fragmentations and the increased
abundance of ions corresponding to those in Table I - 6 seemed to
indicate that the 7,9(11)-diene system conferred increased stability
to electron bombardment on the tetracyclic nucleus, It was also
noted that the first three groups of peaks in Table I - 5 were all
moved down by 2 mass units in the spectrum of 1,10.

There remained to be determined the stereochemistry onALl
at C-3, C-24 and C-25. Consideration of the n.m.,r. spectrum
decided between the two possibilities at C-3. The proton at C-3
is split by both protons of the C-2 methylene group. The siz:
of the coﬁpling to these protons depends on the dihedral anr1e92.
Using measurements of the appropiiate dihedral angles on models
it can be predicted that a proton in the a, or axial,»configurat-
ion at C-3 will be coupled with J=2 10 ¢/s te the axial proton
é.t C-2 and with J=2 3 c¢/s to the equatorial proton at C-2.
Although these coupling constants cannot be measured, the net

effect is to broaden the signal due to the 3a—proton., For a 3B-

proton, on the other hand, both couplings are in the region of
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Inhrian - o
TABLT L - O T

VALUDS OF

PROTONS AT C-3%

g anpr .

3p-alcohols T VE 3a-~alcohols T y%
Methyl eburicoate 6.7%3| 12c¢/s |Methyl polyporenate A |6.63} 5c/s
Dihydrolanosterol 6.78| 13¢/s |Methyl epidehydro- 6.60| 5¢/s

tumulosate
Dihydrolanosteryl 5.39| l4c/s [Methyl 3-carbomethoxy |5.34! 6c/s
carbomethoxyacetate -~acetylpolyporenate A
Y-Lanosteryl acetate|5.43! 15¢/s |D.Q.1 5.%0| S5c¢/s
- Triacetates 2.9 5.30 4c¢/s




3 c/s. Thus the resonance due to a 3g-proton will be relatively
sharp. The half-band width of the signal due to the proton at
C-3 will then be characteristic of its configuration. In Teble
I - 8 are shown the 7 values and half-band widths for some 3=
hydroxy triterpenes and their esters. By consideration of these
values 1t will be seen that D.Q.l had a 3a-carbomethoxyacetyl
substituent. Lithium aluminium hydride reduction of an ester
leads to retention of configuration of {he alcohol93. Thus the
triacetates further confirmed the assignment of stereochemistry.
It will be noted that the v values for a C-3 proton also help to
distinguish Between the two configurations, the a-proton
resonating at higher field,.

Attempts to define the stereochemistry at C-24 and C-25 were
unsuccessful, The signals in the n.m.r., spectrum due to the
protons at these positions could be readily determined by
decoupling experiments involving the deshielded methyl groups at
the same positions. These occured as doublets at 8.76 and 8.82<t
and 8,82 and 8.91<. Irradiation of the brodad multiplet at 7.3
caused these doublets to collapse to sharp singlets at 8.7971 and
8,87t respectively. However, reversing the procedure in an
attempt to see the vicinal coupling between the two protons

under consideration failed to simplify the complex'of peaks at
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7.3t to any recognisable form.

It was at this stage in the work that it was noted that there
was a distinct difference, in the 60 Mc/s spectrum, in the heights
of the peaks due to the two methoxyl groups. On obtaining the
100 Mc/s spectrum it was seen that the methoxyl region was resolved
into a singlet at 6.57T, integrating for three protons, and two
peaks at 6.42 and 6.447, in the ratio of 1 : 3, whose total
integration was three protons. Two possibilities were considered
to explain this phenomenon.  Firstly that the two latter signals
were due to unequal amounts of closely related compounds, insepar-
able after repeated purification proceedures, and probably stereo-
isomers. Alternatively they might have arisen from restricted
rotation about one or other of the bonds in the side chain.

The latter explanation was favoured initially since material
extracted at various different times showed the same relative
intensities for the peaks in question. Temperature studies in
tetrachloroethane appeared to suggest that restricted rotation
was present since the peaks at 6.371 and 6;441 were of glmost
equal intensity when the spectrum was determined at 13000.
However, the situation was complicated by loss of resolution
and by spinning side-bands which developed at high temperature.

The situation was clarified by repeating the temperature studies
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with a sweep width of 500 c/s. It could then be clearly seen

that, although the peak at 6.447 did increase slightly in intensity,

the small peak at 6.427 was present, even at 13000. Thus the

substance D,Q.1 was most probably z mixture of stereoiscmers.

No t.l.c., conditions could be found to separate the two compounds,
In view of the fact thet rnost of the other compounds of

Daedalea guercina, namely D.Q.7, D.Q.9 and D,Q.10, appeared to

contain the Y-keto ester function in the side chain in a position
enalogous to that of D.Q.l, it was decided to re-investigate the
cyclisation reaction with a view to improving the recovery of .
butenolide. The yield from methoxide treatment was very poor,
and this reaction was therefore not applicable to the small
amounts of the other substances available. D.Q.1, on treatment
with base or mineral acid, gave numerous products because of the
sensitivity of its functional groups to these reagents. But
refluxing in dry benzene with a catalytic quantity of p-toluene-—
sulphonic acid led to an almost quantitative yield of cyclised
material, shown below to have structure 1.11. Investigation of
this material using a number of solvent systems showed that 50%
- light petroleum in ether separated it into two components,
Separation by p.l.c. gave equal amounts of the two compounds.

The structures of these isomers followed from their spectral



data, which were almost identical, showing the expected i.r. and
n.m,r, peaks for the carbomethoxyacetate. The a,pf-unsaturated
lactone absorbed at 1687 and 1764 cm_l in the i,r. and at 213 mp
in the u.v., while the a,pP-dimethyl substitution on this function .
gave the signals at 8,08 and 8.22t in the n.m.r., spectrum. In
the mass spectrum the base peak at m/e 435 arose by loss of 118
and 15 mass units, while an abundant ion at m/e 111 corresponded
to cleavage a to the lactone grouping at C-23,

Since these compounds were similar in most respects it was
assumed that they were epimeric at C-23, The establishment of
which compound corresponded to which isomer would depend on the
n.,m,r, spectrum and the size of the coupling constants.
Unfortunately the signal due to the proton under the lactone at
C-23% was superimposed on the resonance of the 3B-proton and
therefore no assignment of stereochemistry could be made. That
equal amounts of the two isomers was obtained was expected from
the probable mechanism of the cyclisation. This involved attack
at C-23 by the tosylate anion to generate an oxy-anion which
would form the lactol tosylate by attack of the carbomethoxyl
group. Elimination of the catalyst p-toluenesulphonic acid
would then yield the ﬁ;ﬁ-unsaturated lactone which should rearrange

to the butenolide very readily by a hydrogen transfer, Since
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there was no steric or electronic driving force to direct the
addition of hydride at C-23,equal amounts of the two epimers
were observed.

A more attrgctive method of interrelating the two carbonyl
groups in the side chain was reduction of both of 4hem to an
alcohol function and then cyclisation to the tetrahydrofuran,
This had the advantage of converting the side chain to a relat-
ively ineft state, thus allowing further reactions to be carried
out on the nucleus, Studies94 on this type of cyclic dehydration
ha;e shown that it occurred stereospecifically under the catalytic
effect of mineral acid in methanol. Attempts to separate the
D.Q.1-triols (1.7) by fractional crystallisation or by chromato-
graphy were unsuccessful. The mixture was treated with
hydrochloric acid in methanol in the hope that the tetrahydro-
furanoid compounds would be separable, This was achieved by
p.l.c. using chloroform as eluent. The component of Rf 0.71
was a crystalline solid 051H5202 whose properties corresponded
to those expected for the desired product 1.12. T.l.c. showed
that it was completely free of the other product (Rf 0.56) but
g.1l.c. revealed the presence of two peaks of relative intensities
3¢ 1. The mass spectra of these peaks were determined by

combined g.l.c-mass spectrometry (g.c.-m.s.). It was found that
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minor variations in peak intensities were the only differences
between the two spectra. It could thus be stated with reasonable
certainty that the two peaks on the gas chromatogram were due

to two stereoisomers of structure 1.12. The other component,

Re

- indicated that two compounds were present,again in the ratio of

0.56, was an oil. T.l.c. showed only a single spot but g.l.c.

3 :1,  G.c.-m.s, on these two peaks gave two spectra with Mt at
456 which were almost identical to each other and to the two
spectré obtained from the material of Rf 0.71. Thus itwo other
isomers of 1,12 were present. No detailed study of the physical
data of the two materials was carried out, other than to confirm
that the anticipated cyclic dehydration had occurred. A single
hydroxyl was present (3620 cm-lk while the presence of the sharp
multiplet at 6.571 confirmed that it must be at C-3, The tetra-
hydrofuran ring gave a complex of peaké between 6,0 and 6,77 due
to the C-23 proton (H-¢-09 and the C-26 protons (—CHé-O). No
analysis of this system was attempted because of the mixtures
involved, The mass spectra were similar to that of the D.Q.l-
triols in that the base peak at m/e 99 and the second most abundant
ion at m/e 139 could be explained in the same manner, but differed
by having only one loss of 18 mass units at high molecular weight.

The isolation from this reaction of four products provided
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convincing evidence that the D.Q.l-triols were a miiture of four
diastereoisomers., On the assumption that epimerisation did not
occur under the conditions of the lithium aluminium hydride
reduction, it was concluded that D.Q.l, as the n.m.r. had suggested
(ef. p. 24), was a mixture consisting of a main component together
with 20 - 30% of a stereoisomer, probably the C-24 epimer.

The compound D.Q.7 was, as previously reportedsé, a
crystalline solid, m.p. 137—13800. High resolution mass spectro-
metry gave the formula C37H5607 for the highest ion in the
spectrum at m/e 612, but no satisfactory elemental analysis in
agreement with this formula could be obtained. From the close
similarities in spectral data between this compound and D.Q.1,
it appeared that D,Q.7 was a 3a-carbomethoxyacetate of a
tetracyclic triterpene hydroxy-keto-ester. These conclusions
were based on the presence of the spectral characteristics of the
carbomethoxyacetate grouping (signals in the n.m.r. spectrum at
5.307 (1H, multiplet), 6.28t (3H, singlet) and 6.60t (2H, singlet)
and peaks in the i.r. spectrum at 1758 cmt and 1740 cm-l). This
was confirmed by the loss of 118 mass units in the mass spectrum,

L and 1719 cn ) was ascribed to

Additional absorption at 1740 cm~
the methyl ester and ketone respectively, the methoxyl group of

the former giving rise to a 3H singlet at 6.34t in the n.m.r.
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PABLE I - 10 PROPOSED FRAGMEITATION OF D.Q.7

Transition _QI_HLQ | Metastable ion

15 582.3

b 170

c 118 384.5

d " 170 306.0

e ‘ 118 h

£ 170 - 199.5

g 118 223.9

h 15 . 294.8
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TapLlk T -9 TASS SPECTRUM OF D.G.7

n/e %
612 24
597 42
553 8
495 1
479 34
442 7
427 ’ 34
383 9
324 16 .
309 100
197 80
165 30
155

127 50



spectrum, On subtraction of C4H504 (carbomethoxyacetate) from the
molecular formula, it was seen that, if the assumption that D.Q.7
was a tetracyclic triterpene was correct, the residual unit was

the methyl Qster'of acC > triterpene acid. At the commencement

3
of this work no firm structure for this compound had been
advanced.

Re-examination of the mass spectrum of D,Q.7 (Table I - 9)
led to the breakdown scheme, supported by the presence of.appropriate
metastable ions, shown in Table I - 10. It has been noted that,
in the mass spectrum of D,Q.l, fragmentation of the-¥-keto-ester
function gave ions at m/e 185, 153, 143 and 115, while total loss
of the side chain occurred as a neutral fragment of 158 mass units.
It can be seen that the spectrum of D.Q.7 contains abundant ions
at m/e 197, 165, 155 and 127, and that a major loss of 170 mass
units occurs. The difference of twelve mass units in all these
fission processes could be explained in terms of a 02 unit
attached to C-24, as might be predicted on biogenetic grounds.

Mass measurement of the ions shown below confirmed that the side

chain contained one more carbon than that of D.Q.l.

Approximate m/e Formula
612 C37H5607
= ®3675507
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Approximate m/e Formula

491 %352%7%
421 C27%39%
309 023335
197 01 Ey 705

Thus the ion at m/e 197, which represents thé complete side
chain, has formula CllH17O3‘ Possible structures for the side
chain would be as in 1.13, or an isomer thereof, The difference
in mass between the ions at m/e 597 and m/e 427 and between ions
at m/e 479 and m/e 309 corresponded to the fragment C9H14O3 and
could be explained by a Mclafferty rearrangement of a similar
side chain, The mass spectral evidence agreed with structure
l.14, or a double bond isomer of this e.g. l.l4a corresponding
to the parent ion at m/e 612.

The similarity of D.Q.1 and D.Q.7 was obvious from their
carbonyl absorptions in the i.r. which were superposable, but
the n.m.r. spectrum of D.Q.7 differed from that of D.,Q.l in three
ways. Firstly in containing an additional signal at 5.487 (2H,
multiplet). This suggested that D.Q.7 might contain a terminal
methylene grouping but this was discounted since suitable i.r.
or u.v, absorption was not observed and attempts at catalytic

" hydrogenation led only to the recovery of the starting material.
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An alternative explanation of this signal as being due to a
-CHé-O- grouping was apparently contradicted by the fact that

all seven oxygen atoms of the molecular formula had been accounted
for. However, an oxygenated systenm might be present which was
susceptiblé to an elimination reaction of some kihd to yield 1.14
or its isomer. The most obvious possibility, a hydroxyl group
which could undergo elimination, tﬁermally or on electron impact,
was however ruled out in view of the coiplete lack of hydroxyl
absorption (free or bonded) in the i.r. spectrum.

A further difference in the n.m.r. spectra of D,Q.1 and D.Q.?
was that onlj one low field methyl doublet was present (8.72 and
8.84T) in D.Q.7. This was to be expected if a C2 unit was present
at C-24. The hydrogen atom to which this methyl was coupled
was found, rather surprisingly, under the methoxyl peaks at 6,31«,
Irradiation at this point caused the doublet to collapse to a
sharp singlet at 8,78t. The last difference between the spectra
of D.Q.7 and D.Q.1l was that the multiplet at 7.37 was considerably
- altered in the n.m.r. of D.Q.7. Attempts to decouple this region
or to explain the variation were unsuccessful.

" A tentative structure 1.15 based on the available physical
evidence may be put forward. This compound could conceivably

lose 0, on electron impact by the processes 1,16 or 1.16a,
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Such a structure could explain the low field resonances at 5.48
and 6.317, The results of several elemental analyses were in
better agreement with the formula 037115 6o9 (1.15) than with the
mass spectrometrically determined CB7H56O7’

D.Q.7 did not give a positive peroxide teét, even under the
forcing conditions recommended for a dialkyl pero;idegS. Treatment
with p-toluenesulphonic acid in benzene, éinc dust in glacial
acetic acid, lithium aluminium hydride in ether, or war}ning to
80° at 0.01 mm.,'all produced mixtures of at least five products.

Work is at present being initiated which, it is hoped, will
establish, beyond all doubt, the structure of D.Q.7T.

The component D.Q.9 could only be isolated as a gum after
purification by plate chromatography. All attempts to induce
this substance to solidify failed, as did attempts to prepare
solid derivatives. The formula 03655608 was derived from mass
measurement of the parent peak at m/e 616.

Examination of the spectral data of D.Q.9 almost completely
defined its structure. Signals at 5.%67 (BB—proton), 6.43%
{methoxyl) and 6.691t(deshielded methylene) in the n.m.r. and

1 and 1757 cm_1 in the i.r. spectrum suggested

peaks at 1737 cm
the 3a~carbomethoxyacetate grouping. The i,r. spectrum also

showed the presence of a ketone (1717 cm_l), another methyl ester
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TABLE I - 12 PROPOSED BREAKDOWN OF D.Q.9

616 c :
4»’3”'”d/”/’/
%98 e,/4 98‘\/\‘{ \458‘\ 8
%4 S S~
5651 22/483 480 240
3// 65 1
\

425 - >307 185—————>153
Transition £%/e Metastable ion

a 18 '580,2
b 118 | 403 .4
c 158 342.6
d 15 567.7
e 15

£ . 18

g | 18

h 158 309.9
i 118 370.6
J B 18 447.3
k 158 221,8
1 118  202.6

o 32 126.7



PABLE I - 11 MASS SPECTRUM OF _D.Q.9

n/e %
616 14
598 36
583 T4
498 18
483 36
480 13
465 50
458 | 13
- 455 13
440 , 17
425 26
346 : 43
525 23
307 43
213 | 35
201 _ ‘ 26
199 32
185 60
153 65
143 100

115 43



(1737 cm-l) and a hydroxyl grouping (3619 cm‘l). That this
alcohol was secondary was deduced from the fact that only one
proton geminal to hydroxyl was present in the n.m.r. epectrum as
a triplet at 5.967.

The close similarity between the rest of the spectrum and
that of D.R.l strongly suggested that D.Q.9 was a hydroxylated
analogue of the main component, On examination of the mass
spectrum this correlation was amply borne out. The pertinent
ions are shown in Table I - 11, It will be seen that the break-
down pattern of D.Q.9 (Table I - 12) is very similar to that of
D.Q.1 (Table I - 6), Losses of 118 and 158 mass units (for
the carbomethoxyacetate and side chain respectively), the
methyl radical and the elements of water can explain most of the
breakdown, while cleavage of the side chain gives rise to ions
at m/e 185, 153, 143 and 115. It was also noteworthy that all
the ions of Table i - 5 were again present, The ion at m/e 346
could be due to a fragmentation of the tetracyclic nucleus
directed by the presence of the hydroxyl function, since no
corresponding abundant ion was present in the spectrum of D.Q.1.

On consideration of the previously isolated fungal tetra-
¢yclic triterpenes the occurrence of lanostane derivatives

substituted by l2a-, 1l5a- and 1l6a~ hydroxyl groupings was noted.
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These positions were therefore favoured as sites for the alcohol
~grouping in D.Q.9. The correctness of this assumption andrthe
elimination of C-15 as a possible site was demonstrated by reaction
with p-toluenesulpﬁonic acid in benzene at room temperature,

The single product was obtained as a gum. In contrast with the
product obtained from D,Q.1, it was shown as follows that this
product was not a butenolide, The i.r. spectrum of this substance
showed three peaks in the carbonyl region. Two of these, those

at 1737 and 1758 cm_l, demonstrated the retention of the carbo-
methoxyacetate grouping. This was confirmed by the characteristic
signals in the n.m.r, spectrum. The third peak at 1783 cm_l was
assigned to a saturated ¥Y-lactone which had arisen by interaction
of the ketone and the methyl ester since the absorptions due to
these functions had disappeared. The lack of a hydroxyl peak

in the i.r. spectrum and the observation that the proton formerly
geminal fto this group énd resonating at 5.967, was now centered

at 5.6671 suggested an internal attack on the ketone carbonyl by
the‘hydroxyl. The anion formed then attacked the carbomethoxyl
grouping to form a spiro;lactone. FProm models it was seen that

a hydroxyl on C-15 could not be involved in such a transformation,
whereas a hydroxf& group at C-12 and C-16 could cyclise in this

manner to give a seven membered ether (1.17) or a six membered
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TABLE I - 13 CALCULATION OF J TFOR PROTONS AT C-12 AND C-16 )

Protons Dihedral angle J Protons Dihedral angle J
HHy 10° 9c/s HE, 125° 5¢/s
HH, 110° 2¢/s H)Hy 50 10¢/s
HyH,. 120° 4e/s HyH, 110° - 2¢/s
HoH, 0° 10c/s HyH, | 30° 8c/s

| H.H, ‘2o° .90/8‘
HH 95° le/s

374




ether (1.18) respectively. The molecular weight, determined from
1t at m/e 548, agreed with eitherbstructure, loss of a methyl
radical to give the ﬁése peak and a further loss of 118 mass units
being the major fragmentation pattern. Ions at m/e 153 (48%) and
m/e 69 (35%) were thought to be due to éide-chain fragmentation.
The 16-position was favoured because of the ring size and because
the 12—positiOn is known to be sterically hindered96. A further
argument for-the former position came from a detailed study of
the resonance of the proion under hydroxyl. This had the outline
of a broadened triplet (apparent J=8 ¢/s). The spectra of methyl
polyporenate C, methyl tumulosate and methyl dehydrotumulosate,
all of which bear an a-hydroxyl on C-16, exhibited the same pattern
in every case. On the other hand, methyl polyporenate A, which
has a l2a-hydroxyl, showed a broad doublet, as did all its
derivatives. This then distinguishes between the two positions.,
A rationalisation of these facts may be obtained by an
examination of atomic models and determination of the approximate
values for the dihedral angles and the corresponding coupling
constants according to Karplus97, are as indicated in Table I - 13,
It will then be seen that for a l2p-proton the two coupling
constants involved are 10 c¢/s and 2 c¢/s, resulting in a broadened

doublet, as was observed. TFor a l2a-proton a similar, but
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broader doublet would be expected. A léﬁ-proton,whose coupling
constants with adjacent protons are 10,9 and 1 c¢/s,would be
expected to give a broadened triplet. This treatment is not
sufficiently accurate to distinguish between the lba- and 168-
protons since these would be expected to give similar patterns,
but it does, in conjunction with the other evidence, strongly
suggest that D.Q.9 has structure 1.19.

Attempts to derivatise D.Q.9 as the 3,5—dinitrobenzoate98,

the a-naphthylurethan999 or as its p-iodobenzocate all resulted
in low yields of gummy material.  Solid material could be obtained
by reduction to the tetraol 1.20 with an excéss of lithium alumin-
ium hydride. Again what was presumed to be an epimeric mixture
was obtained. The i.r. spectrum of this material, C3lH54O4,
showed no carbonyl functions but contained hydroxyl absorption

at 3625 cm-l. In the n.m.r. spectrum the most notable feature
was a broad signal at 7.347, due to the four hydroxyl protons,
which disappeared on D2O addition, while the five protons under
the alcohol functions all appeared at low field. The reduction
of the carbonyl functions caused the methyl groups deshielded by
them in the starting material to move to hiéher field. The

mass spectrum was similar to that of 1.7 in having abundant ions

at m/e 139 and m/e 99, while losses of water and the methyl
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TABLE I - 14 MASS SPECTRAL DATA OF D.Q.10

516
516 24 a \\\$L\$
498 29 - 498 358
483 100 °i
483% 343
465 25 ' e f:
. v
451 14 ‘ 465 325
. \\Q{& k/ﬁ;/’/
433 12 .
: ‘ 307
358 : - 23
343 9 o Transition 2%/ ‘Metastable ion
341 20 a 18 480.6
325 42 b 158 248.6
307 25 o 15
246 32 a 15 328.,0
185 57 T e 18 447.8
155 46 £ 18
143 - - 42 g 18 290.1

115 17 i h 158 202.6



radical from the parent ion at m/e 450 accounted for all other
important ions.

The compound D.Q.10 could only be obtained as a clear gum,
despite rigorous chromatographic purification. 1lMass measurement
of the parent ion in the mass spectrum gave the formula 032H5205.
Consideration of the spectral data of this compound led to the
conclusion tﬁat it was closely related to D.Q.9, the obvious
difference being that it lacked the carbomethoxyacetate grouping
at C-3, The n.m.,r. signals characteristic of this latter function
were replaced by a multiplet at 6.59t (1 proton),. The half-band
width of this signal suggested that it was due to the 3p-proton.
Similarly the i.r. spectrum showed only an ester (1735 cm—l) and
a ketone (1715 cm-l) in the carbonyl region, but two hydroxyl
groupings at 3640 om ™t (e 79). The mass spectrum and the principal
fragmentation patterns are shown in Table I -14, These account
' for all the major ions, other than that at m/e 246, It will be.
seen that this is analogous to the ion at m/e 346 in the mass
spectrumn of D.Q.9. This and the similarity in breakdown of the
two compounds further emphasises their c¢lose relationship.

Reduction of D.Q.10 with lithium aluminium hydride yielded
a product, m.Dp. 108—11000, which was identical in all respects

to 1.20, the tefraols obtained from D.Q.9. Structure 1.21 could
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then be proposed for D0.Q.10.

Reaction 6f this compound with p-toluenesulphonic acid in
benzene at room temperature led to a solid 031 48 4 m,p. 197-199 C
to which the structure 1.22 was assigned on the follow1ng evidence,
’The i.r. spectrum showed one hydroxyl grouping at 3619 cm-l and
a single carbonyl peak at 1765 cm_l. The n.m.r, spectrum showed
that the 3a-hydroxyl grouping was still present since the narrow
multiplet was visible at 6.58t. The signal of the proton geminal
to the other secondary alcohol in D,Q.10 (5.87¢, triplet) had
moved downfield to 5.66t. This value was the same as that
encountered in 1.18, the spiro-lactone from D.Q.9. The mass
spectrum showed the parent ion to be at m/e 484, (mass measurement

31 48 4) while loss of 15 mass units to give the base peak at
m/e 469 was the major fragmentation. Ions at m/e 153 (50%5) and
m/e 69 (39%), similar to those encountered in the spiro-lactone
~ from D.Q.9, were also present.

The quentity of the last methyl ester from Daedalea quercina

to be examined was such that only a tentative structure can be put
forward, based on the spectroscopic evidence, That D.Q.11,
C32H4805’ was based on the lanosta-7,9(11)-diene skeleton was
demonstrated by its u.v. absorption at 252.5, 244.5 and 237.5 mi,

The nature of the oxygen functions was deduced from the i.r.
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TABLE I - 15 MASS SPECTRUM OF D.Q.11 °

512 22
497 18
494 9
479 10
469 15
391 ' 8
325 25
309 100
307 22
291 18
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spectrum, Two carbonyl groups were present, an ester at 1738 cm-'1

and an acyclic or six-membered ring ketone at 1718 cm_l. That
the other two oxygens were present as alcohol functions was

1 and 3609 cm-l. The n.m.r.

apparent from absorption at 3624 cm

épectrum, as well as confirming the presence of a methyl ester

(6.327) and the diene system (4.607), showed that one alcohol

grouping was secondary (lH, triplet at 5.78¢), while the other

was tertiary. The siting of the latter group at C-25 followed

from the presence of a six-proton singlet at 8.68t (Me-C-0).

A terminal methylene grouping (1625 cm_l) caused a doublet at 5.287.
Examination of the methyl region of the n.m.r, spectrum

showed that all five nuclear tertiary methyl groups were clearly

visible at tau values 8,84, 8.94, 9.01, 9.05 and 9.42. These

values bore a distinct resemblence to those of methyl polyporenate

C which were 8.88, 8.94, 8.96, 9.00, 9.0% and 9.42t. Replacement

of the signals due to the gem-dimethyl at C-25, a doublet with

J=6 c/s centred at 9.0t in this latter compound, with a six-proton

singlet at 8.681 led to an n.m.r. spectrum which was almost

superposable with that of D.Q.11. It may then be proposed that

D.Q.11 had structure 1.23.

The mass spectral data of this compound is shown in Table I-

15, It can be seen that the base peak at m/e 309 corresponds to
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dehydration followed by cleavage of the side chain. The peaks

at high mass number can be explained by loss of a methyl radical
or the elements of water. Analogous processes to these fragment-
ations occur in the mass spectrum of methyl polyporenate C.

In summary, it can be said that Daedalea quercina produces

five previously unencountered triterpenes, four of which have a
nbvel'x;keto-acid side chain. One of these is certainly based

on a C,, skeleton, although its complete structure is somewhat

32
tentative, If the basic nucleus of D.Q;l may be termed quercinic
acid, then the five compounds isolated were:

D.Q.l methyl 3a-carbomethoxyacetylquercinate,

D.Q.T methyl 3a~carbomethoxyacetyldaedaleate,

D.Q.9 methyl l6a-hydroxy-3a-carbomethoxyacetylquercinate,
D.Q.10 methyl l6a-hydroxyquercinate.

D.Q.11 methyl 25-hydroxypolyporenate C,
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No detailed examination of the light petroleum soluble

material of Daedalia‘quercina has been undertaken. The u.,v.

spectrum of this crude material exhibited absorption at 242, 283

and 293 . This was characteristic of the ergosta-5,7-dienoid

systemloo. T,l.c. examination in 1% methanol in chloroform

showed the presence of material giving the characteristic intense

blue-black coloursation at Rf 0.40 when sprayed with acidic ceric

ammonium nitrate and heated. This indicated that ergosterol
(1.24) was present. Only very slight traces of ergosterol
peroxide (1.25), easily detectable by a similar treatment (when

a dark green colouxr develoPed), were present.  Ergosterol

peroxide has been reported as a metabolite of Daedales quercinalOl.

- It has also been detected in extracts of Aspergillus fumigatusloz,

104

Trichophyton schoenleinilOB, Penicillium schlerotigenum and

56

Polyporus betulinus

In view of the fact that Windaus105 showed that ergosterol
could be converted into its epidioxide by photosensitized

oxidation, it was decided to investigate Polyporus betulinus and

Daedalea quercina to determine whether or not ergosterol peroxide

was a genuine metabolite. Methanol extracts of Polyporus betulinus

sporophores, when examined immediately by t.l.c., showed that

ergosterol was present whereas none of its peroxide could be
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detected. But, after standing in daylight at room temperature
 for only three days, the dark green staining peroxide could be
easily seen. Ixamination showed that the methanol extract of

Daedalea gquercina exhibited similar behaviour. These results

strongly suggest that 1.25 does not arise from metabolic processes.

Further experiments were designed to prove this theory.
Small quantities of ergosterol were added separately to methanol
extracts of each fungus in which neither this compound nor its
oxygenation product was present in detectable amounts. These
solutions were irradiated for 18 hours with white light under a
slow stream of oxygen. An almost quantitative conversion to the
peroxide was obtained. A control experiment using only a
methanolic solution of ergosterol showed no similar conversion.

It has been shown that a photosensitizing agent (e.g. eosin
can accomplish the transformation under examination. That such
a system must be present in the fungal extracts was confirmed
by repeating the above experiments (a) with oxygen but with
exclusion of light, and (b) without the stream of oxygen.

Nitrogen was first bubbled through the solution in (b) to remove

105)

dissolved oxygen. In both cases the ergosterol remained unchanged.

Thus ergosterol peroxide from Daedaleaz guercina and Polyporus

betulinus was an artefact formed by photosensitized oxidation of
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the metabolite ergosterol. The agent, or agentis, responsible
for this conversion were unaffected by thermal, base or acid
treatment.

Investigation of possibie models for these agents showed that
)26 emodin (1.27)%°7, n-
3-isoquinolone (;;g§) and N—hydroxy-G,7-dimethoxy-B-isoquinolone
<1422)108
oosporein (1.30)

results indicate only that a range of compounds may act as the

eosin, physcion (1.26 methyl-6,7-dinethoxy-

could all accomplish the reguired transformation whereas

109 and oospoglycol (1.31)110 could not. These

photosensitizing agent and in no way attempts to defihe this range.
Quantitative experiments with ergosterol (10 mg.) in methanol (10
ml,) showed that eosin was the most efficient catalyst requiring
only 0.01 mg. to achieve complete conversion., The activity of
the anthraquinones was 1/5 of this, while the isoquinolones requiréd
0.1 mg.. Similar quantitative expeériments with crude mould
extracts showed that the minimum guantity required was 100 ng..
T.l.c. examination of this material showed a number of polar
coloured compounds, one or several of which could be responsible
for the photosensitizing property. Even if it were assumed that
the activity of these materials was equal to the least active

of the model compounds, the maximum amount available was 25 mg.

per Kg. of fungus. Because of the difficulties involved in
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dealing with small gquantities of a mixture of polar compounds

this matter was not pursued.
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The major methyl esters of.Daedalea guercina bear the novel
carbomethoxyacetate grouping, and it has been shown56 that this
grouping also occurs in one of the main products of Polyporus
betnlinus. These facts, coupled with the paucity of data in
the literature, make the study of such compounds a valuable one,
In addition, future plans involving radio tracer work require a
synthetic pathway which is economical on the triterpene alcohol
portion of such conjugates.

Since the work up method employed led to the isolation of
compounds bearing the carbomethoxyacetate grouping, it was
decided to attempt the synthesis of model compounds in this
éystem as a pointer to a general method. A previous synthesis
of this type of system111 suffered from the drawback of low
yields in stages where the ester being varied had already been
incorporated. Carbomethoxyacetyl chloride was prepared from
dimethyl malonate via potassium carbomethoxyacetate by the method
of Staudinger and Beckerllz. Condensation of this acid chloride
with cholesterol or dihydrolanosterol in the presence of pyridine
gave the corresponding carbomethoxyacetates. The yields (based
on the amount of sterol) were 86% and 90% respectively.

However, it is known that the compound isolated from

Polyporus betulinus occurred as the free carboxyacetyl conjugate.




1t was felt that some indication as to stability and properties
of this system could be obtained by synthesising model compounds,
Again a prerequisite for the route was that the yields, in steps
after the sterol nucleus has been added, must be good.

The first method attempted was analogous to that used above
for the corresponding methyl esters, but, despite rigid édherence
to the conditions specified by the authors, carboxyacetyl chloride
could not be prepared from malonic acid and thionyl chloride by
the method of Staudinger and OttllB. Similarly, adaption of the
method of Wilds and Sh.unkll4 using oxalyl chloride led to
polymeric products.

The approach of half-hydrolysis of the corresponding malonyl
diester was tried. Malonyl dichloride was prepared from malonic
acid and phosphorus pentachloride according to Black gj_gl.ll5,
and condensed with cholesterol in the presence of pyridine. A
good yield of dicholesteryl malonate was obtained but, although-

a variety of hydrolysis procedures were tried, in all cases about
50% of the starting material was recovered, while half the material
had been completely hydrolysed.

A fresh line of attack was the thought that the required

compounds might be obtained from an unsymmetrical ester of the

form 1.32,



/c023
cE, )
\002 Bu

Treatment of such a compound with acid should allow preferential
hydrolysis of the t-butyl group to release the requisite carboxy-
acetate. Mono~t-butyl malonate was obtained by carbonation of
t-butyl acetate by the method of Hauser gﬁ_@l.lll. The acid
chloride of this compound could not be obtained by the action of
thionyl chloride or oxalyl chloride but direct coupling of the
free acid with cholesterol was achieved by a mixed anhydride
technique using p-toluenesulphonyl chloride in pyridine 116,
Treatment of the resulting cholesteryl carbo-t-butoxyacetate
with dry hydrogen chloride117 gave the desired free acid. A
similar sequence of reactions led to the isolation of the
corresponding derivative of dihydrolanosterol.

The compounds bearing the carbomethoxyacetate grouping

which have been isolated from D, guercina and P, betulinus are

52

the first of their kind. A previous examination of P, betulinus

failed to detect any carboxyacetyl polyporenic acid A, and it was
considered that this might be due to the method of work up
employed, since compounds with this structural feature would be
expected to be sensitive. Accordingly both cholesteryl carboxy-

acetate and dihydrolanosteryl carboxyacetate were subjectel to
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treatment designed to simmlate an extraction procedure from
natural sources. Refluxing in methanol for 24 hours and
treatment with ethereal diazomethane yielded.>90%-recovery of
the corresponding methyl ester. Thin layer chromatography
before methylation showed that the major decomposition product
was the free alcohol and that there was almost no conversion to
the methyl ester by the action of refluxing methanol.

Treatment with 2N methanolic sodium hydroxide at room
temperature was found, by t.l.c., to require 30 minutes for
complete hydrolysis of both carboxyacetates and both carbomethoxy-
acetates. By comparison, treaiment of the simple acetate of
dihydrolanosterol for a similar time showed that only 50%
hydrolysis had occurred, The conclusion from these experiments
is that acid;base extraction procedures such as have been used
previously in the isolation of fungal triterpene acids118 would
destroy any carboxyacetaites which may be present in the natural
extract, but that such compounds should be recoverable even after
soxhlet extraction of the natural tissue, as long as no
saponification step is employed.

Abramovitchll9 has studied the carbonyl absorption of
symmetrical diesters of malonic acid. He showed that all the

compounds he studied exhibited complex bands in the 1700 - 1800 cm

1




AND T,R. VALUES FOR

ESTERS

oF

MALONIC ACID

0,R
2fo
!
a : vinerl |«
4
Me Me 1747 , 1763 6.67
Bt Et 1740 , 1757 6.63
n-Pr n-Pr 1738 , 1755 6.76
i80-Pr iso-Pr 1734 , 1751 6.82
n-Bu n-Bu 1739 , 1755 6.75
sec~Bu sec-Bu 1733 , 1750 6.80
Me Cholesteryl 1739 , 1759 6.79
t-Bu |  Cholesteryl | 1731 , 1748 | 6.88
Me Dihydrolanosteryl | 1738 , 1758 6.59
t~Bu  Dihydrolanosteryl | 1737 , 1748 6.72
Cholosteryl Cholesteryl ' 1737 , 1755 6.67




region in the i.r.. He ascribed these signals to a combination
of rotational isomerism and vibrational coupling. In Table I - 16
are shown the values for some symmetrical diesters and some
unsymmetrical esters of malonic acid. It will be seen that all
the compounds show, under low resolution, two bands at about

1755 cm-l and 1735 cm_l. It was noticeable that, in all the
cases examined, the band at lower wave number was more intense.
It appears that the doublet carbonyl peak and the relative inten-
sities of these two peaks are characteristic of esters of

malonic acid. Consideration of the 'fingerprint region' of

such esters established that they all exhibited strong absorption

at 1150 cm'l, and that all four unsymmetrical esters showed

additional peaks at ca. 1280, 1215, 1030 and 1010 en™*. In
this respect it is worth noting that the carbomethoxyacetates

isolated from Daedalea quercina all had similar absorption,

The relevant data are shown below:
D.Q.1. 1292, 1227, 1159, 1036 and 1022 cm ",
D.Q.7. 1284, 1211, 1160, 1035 and 1013 cm ",
D.Q.9. 1277, 1212, 1157, 1044 and 999 cm ",
In the n.m.r, spectrum the tau value of the methylene
group is fairly constant. The values for the substances

studied are included in Table I -16. The mean figure of 6.77

49




is thus of great use in diagnosing the presence of a malonate
ester. This has been used in the following section.

The mass specfral cleavage of the synthetic compounds'waS‘
as expected in that all esters exhibited loss by a McLafferty
rearrangement from the 3-position, carbomethoxyacetates losing
118 mass units while carbo-t-butoxyacetates lost 160 mass units.
Apart from loss of the methyl radical, these were thé only

-important fragmentations.




Since the first two members of the family Polyporaceae,
which had been examined by a mild non-hydrolytic isolation
procedure, contained sensitive conjugated species, it was decided
to conduct a survey of other fungi of the same genus. Crude

methanol extracts of P. betulinus or D. guercina, when methylated,

clearly showed, when the n.m.r. spectrum of the mixture was
determined, the peak at ca 6,77 due to the methylene group of the
carbomethoxyacetate function. On this basis it seemed reasonable,
for a rapid survey, to examine the result of a similar procedure
on other fungi. Hopes that conjugates would prove to be of

wide occurrence were dashed by the results of this survey which
were, without exception, negative. For the sake of completeness
a list of the members of the Polyporaceae examined by this n.m,.rx,
stgdy are shown below. They are divided into those which were
cultured (A) and those which were field-collected (3B).

(4) (3)

Lenzites betulina Polyporus sulphureus
Lenzites subferrugina - Polyporus hispidus
Lenzites thermophila Polyporus frondosus
Lenzites repanda Polynorus giganteus
Lenzites trabea Foﬁes ignareus
Lenzites striata Fomes ennosus
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(&) contd. : (B) contd.

Daedalea biennis Ganoderma applanatum
Daedalea juniperina Oxyporus populinus
Daedalea unicolor Polystictus versicolor

Daedalea confragosa

It was noted that all the above fungi appeared to contain
tritérpene acids since, in every case, ihe saturated methyl
region (8.5-9.5t) exhibited the pattern expected, while the
methoxyl'groups of the methyl esters were visible at ca 6.37.
Also visible‘was a peak at‘gg 8.7t, of very variable intensity,

thought to be due to the presence of fatty acids.
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Instrumentation

Melting points were determined on a Kofler hot-stage
apperatus and are uncorrected, boiling points are uncorrected.
Ultraviolet spectra were obtained, in ethanol solutions, on a
Unican S,P, 800 recording spectrophotometer. Infra red spectra
were measured with a Unicam S,P, 200 instrument and, for high
resolution (KBr discs and solution spectra, in the solvent as
stated) with a Unicam S,P, 100 double beam infra red spectrometer
equipped with an S,P, 130 sodium chloride prism grating double
moriochromater, operated under vecuun, ¥uclear magnetic resonance
spectra were recorded with a Perkin-Elmer R. 10 60 Mc/s spectro-
meter and with a Varian HA-100 100 Mc/s spectrometer. Unless
otherwise stated all < values quoted are recoxrded at 100 Mc/s in
chloroform with tetramethylsilane as internal standard., Iass
spectra were obtained with an A,E.I., MS9 double focussing mass
spectrometer, precise mass measuremenis were made relative to
perfluorotributylamine. Analytical gas-liquid chromatography
was performed on a Pye Argon chiomatograph, while combined mass
spectrometry-gas chromatographic determinations were obtained
from an LKB-9000 instrument. Optical rotatioms, in chloroform
solution, were measured on a Hilger and Vattis micropiic

photoelectric polarimetex,

N
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Thin Leayer Chrometogrephy.

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

of Kieselgel G, the compounds being located by spraying with
ceric ammonium nitrate/sulphuric acid (1% in 10%) and baking.
The dyes p-aminoazobenzene and p-hydroxyazobenzene were used to
standardise all Rf values. The Rf values of these dyes in the

solvents employed are given below.

Solvent p-aminoazdbenzene p-hydroxyazobenzene
100% CHC13 | 0,60 | 0.21
1% MeOH in CHCJ.5 0.90 © 0,56
10% MeOH in 05013 - 0.92
100% benzene 0.35 0,10
50% light petroleum in ethexr 0.46 0.20
25% light petroleum in ether 0.64 0.48

All p.l.c. plates were pre-washed with the developing solvent

before application of the mixture.
General
Diazomethane was prepared by the method of Moore and Reed.120
from bis(N-methyl-K-nitroso)-terephthalamide. All organic
extracts were dried over anhydrous magnesium sulphate and solvents

were removed using a rotary film evaporator. 'Light petroleun',

unless otherwise stated, refers to light petroleum ether b.p. 60-



The following abbreviations are used in reporting spectral
data: s, singlet: d, doublet: t, triplet: g, quartet: m, multiplet:

br., broad: and infl, point of inflexion.
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1. EXTRACTION OF THD MITAEOLITES AND MITEYLATION

Fresh, healthy sporophores of Daedalea cuercins were

collected in mid-Autumn from an oak stump in Garscube Estate.

The clean, dry tissue (600 g.) was homogenised in a Waring Blender
in methanol (10 1.). After standing at room temperature for two
months the extracted tissue was filtered off and the filtrate
evaporated to give a brown gum (36 g.). Treatment of this
material with light petroleum (300 ml.) removed lipids and fats
(5.4 g.). The petrol insolubles were dissolved in methanol

' and treated with an excess of ethereal diazomethane to give the
methyl esters as an oil (30.3 g.).

_ 2. "D.Q." REFERENCE CODE.

A sample of the methyl esters of Daedalea quercina was

analysed by t.l.c. in two solvent systems:

A 100% chloroform.

B 1% methanol in chloroform.
Plates eluted with these systems were sprayed with ceric ammonium
nitrate in sulphuric acid solution and rhodamine 6G solution.
The staining characteristics znd standard Rf values of the seven
principal substances are shown in Table I - 1. TFor ease of
reference the code names D.Q.1l, D.Q.4, D.Q.5, D.Q.7, D.Q.9, D.Q.10

and D,Q,11 will be used ixn the text to uniquely represent the

Ut
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compounds whose chromzfographic properties are defined by Table
I-+1.

3. CHROMATOGRAPEIC SFPARATION OF D, GUERCINA ESTERS.

The esters of Daedalea quercina {30.3 g.) were adsorbed on

to silicic acid (15 g.) which was placed on top of a column of
sili&ic acid (650 g.). This was eluted with light petroleum
(1.5 1.) to which ethyl acetate (3.5 1.) was gradually added and
fractions (20 ml,) were taken at the rate of four per hour,

T.l.c. ahalysis of the fractions revealed the groupings shown

below,
Fractions Weight (g.) Main constituents
103 - 109 7.52 D.Q.1, D.Q.4
110 - 114 | 3.8 D.Q.4, D.Q.7
115 - 120 3,15 D.Q.7, D.Q.5
121 - 130 4,12 | D.Q.5, D.Q.9
131 - 140 2.54 D.Q.9
141 - 143 0.53 D.Q.9, D.Q.10
144 - 162 2.39 D:Q.10, D.Q.11
163 - 200 3.2 mixture of polar constituents

Total 27.25 i.e. 90% recovery

D.Q.1 was obtained from fractions 103 - 109 by fractional



crystallisation from light petroleunm. Trituration of fractions
110 - 114 or 115 - 120 with ether permitied isolation of pure
D.Q.7. Purther chromatography was required to obtain pure D.Q.9,
0.92.10 and D,Q.11. FElution of fractions 121 - 13%0 oxr 131 - 140
on Kieselgel H plates using 1% methanol in chloroform allowed
separation of pure D.Q.9. D.8.10 was also separated from fractions
141 - 143 or from a similar treatment of fractions 144 - 162,
D.Q.11 waé recovered from fractions 144 - 162 by p.l.c. with the
same soivent system employing Kieselgel HF254 as adsorbent. This
was found to be more convenient than spraying with rhodamine 6G
solution. The total yields of each of the components under study

is shown below.

% weight of dry sporophores

D..1 5.1 &g. 8,52
D.Q.T 0.37 &. 0.06
D.Q.9  0.62 g. 0.10
D.Q.10 0.57 g. 0.09
D.Q.11 0.03 g. 0.005

4. D.Q.1 (METHYL 3-a-CARBOMETHOXYACETYL QUERCINATE,)

This substance was isolated as detailed in Section 3. It
crystallised from light petroleum as needles, m.p. 101—10300.

(a7 -2.8 (c 0.8) . Ry (05015) 0.58.
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v (KBr) 2950, 2877, 2835, 1751, 1733, 1706, 1456, 1437, 1415,

1390, 1375-1366, 1346, 1339, 1292, 1263, 1227, 1199, 1179, 1159
1060, 1036, 1022, 988, 893, 881 and €47 cm ™.
Ve (CCL,) 1758 et (e 632), 1736 en™T (e 1272), 1716 om™ (e 405)

< values (c014) (60 Mc/s) 5.30 (1H, m), 6.30 (3H, s), 6.37 (3H, s),
6.70 (2H, s), methyl contour 8.82, 8.87, 8.97, 9.00, 9.08, 9.12

and 9,25, ,

T values 5.38 (1H, m), 6,37 (3H, s), 6.42 and 6.44 (3H), 6.69 (2H, s),
methyl contour 8.84, 8.92, 9.01, 9.10, 9.14 and 9.28.

Analysis Found C 72.16% i ot m/e €0 C.H0
E 9.20% 36567
03635607 requires C 71.96% o 600
CH 9.3%

5. REDUCTION OF D.Q.1 WITH LITHIUM ALUMINIUM HYDRIDE

TO D,Q.1-TRIOLS (1.7)

To lithium aluminium hydride (LiAlH4) (1 5. 20 fold excess) in
dry ether (200 ml.) was added, slowly over 1 hour, D.Q.1 (1.6 g.)
in dry ether (50 ml.) and the reaction stirred at room temperature
for 24 hours. The excess reagent was removed by dropwise addition
of mineral acid. After further addition of 2N hydrochloric acid
(50 ml.), extraction of the ethereal layer and weshing with

sodium carbonate (4 x 25 ml.) end brine (2 x 25 ml.), a white

un
0



solid (1.4 g.) was obtained. Crysiallisation of thisc materisl
from ethyl acetate yielded the D.Q.l-triols (1.7) (0.9 g., 71%)
as granules, m.p. 199.5-201°C, R. (1% MeOH in CHCL;) 0.10.
Voo (KBr) 3400 (br.), 2940, 2868, 1466, 1451, 1375, 1367, 1284,
1257, 1154, 1124, 1110, 1060, 1037, 1026, 1011, 985, 971, 958,
915 and 864 cm"l.
-1
vmaxb(CHCIB) (1.1 mM.) 3623 em ~ (e 98), 3430 (br.)
(0.1 mM.) 3617 cm+ (e 131), 3460 (br.)
© values (60 Mc/s D.M.S.0.) 5.76 (2E, m), 6.74 (2H, m), methyl
contour 9,06, 9.13, 9.20, 9.30 and 9.41.
Analysis Found C 78.18% .
, M at m/e 474
H 11.67%
C..H. 0, requires C 78.43%
5175473 M.W. 474
"H 11.46%

6. ACETYLATION OF D.0.1-TRIOLS (1.7)

The D.Q.l-triols (1.7) (200 mg.) were treated with pyridine
(0.5 ml.) and acetic anhydride (0.5 ml,) at room temperature for
12 hours. The reaction mixture was poured into a mixture of 4N
hydrochloric acid (5 ml.) and iced water (10 ml.). Ether (25 ml.)
extraction of this suspension and washing with 4N hydrochloric
acid (5 ml.) and saturated sodium carbonate (2 x 10 ml.) gave,

after drying,the triacetates 1.$ (210 mg., 83%) which crystallised



 from methanol as needles, m.p. 159-160°¢. Re (CHClB) 0.77.
Yoex (KBr) 2938, 2866, 2821, 1732, 1469, 1450, 1431, 1371, 1272,
1243-1230, 1179, 1054, 1033, 1018, 975 and 959 cm ~.

vmax(CH013) 1739 em™t (e 1210)

v values (60 Mc/s) 4.97 (1H, m), 5.30 (1H, m), 6.03 (2H, d, J=7 c/s),
7.93 (9H), methyl contour 8.98, 9.07, 9.12, 9.18 and 9.26.

Analysis Pound C 73.74% .
M at m/e 600

H 10.18%

CB7H6008 requires C 73.96% o 600

H 10.06%

7'. OXIDATION OF D.Q,1-TRIOL TRIACETATES (1.9) WITH SELENIUM

DIOXIDE,

The triacetates 1.9 (100 mg.) were refluxed with selenium
dioxide (120 mg.) in glacial acetic acid (10 ml.) for 12 hours.
After addition of a small quantity of sodium acetateythe metallic
selenium was filtered off by glass paper.' Evaporation of the
solvent yielded a white solid (71 mg.) which,on crystallisation
from methanol,gave the diene triacetates 1.10(51 mg., 52%), m.p.
141-143°C. R, (cHeL5) 0.77.

Voax (KBT) 2941, 2871, 1734, 1471, 1458, 1444, 1371, 1273, 1240-
1236, 1178, 1066, 1034, 1016, 988 and 962 cm ©.

Ve (CHCLg) 1724 ent (& 1170)
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Ay 236.5 m (log € 4.13), 243.5 mp (log € 4.19), 252 my (log € 4.02)
© values (60 Mc/s) 4.60 (2H, m), 4.98 (1H, m), 5.31 (1H, m), 6.04
(eH, 4, J=7 ¢/s), 7.94 (9H), methyl .contour 9.00, 9.07, 9.12, 9.24,
and 9.41.
Analysis Found C 74.4é% +
M at m/e 598

H 10.08%

© C,H. 0, requires C 74.21%
3775676 M.W. 598

E 9.76%

8. ISOMERIC BUTENOLIDE MAIONATES 1.11 FROM D.Q.1 BY

TREATMENT WITH p-TOLUENESULPiONIC ACID,

D.Q.1 (300 mg.) and p-toluenesulphonic acid (30 mg.) were
refluxed in dry benzene (100 ml,) for 18 hours., The mixture was
then cooled and washed with water (2 x 25 ml.). After drying and
evaporation of the solvent a white solid (280 mg.) was obtained,
P.l.c. on five 20 x 20 x ,1 cm layers of Kieselgel H using 50%
light petroleum ether allowed the separation of the products,

R. 0.53 and Ra 0.47.

Isomer a, Rf 0.53, crystallised from light petroleum (b,p. 40-600)
as fine needles, m.p. 152.5—15400.

Voax (XBr) 2940, 2870, 1757, 1732, 1687, 143%6, 1370, 1326, 1272,
1238, 1172, 1153, 1096, 1055, 1035, 1016 and 999 cm-l.

Vnax (0014) 1764 om+ (e 1340), 1740 emt (e 578), 1687 em™t (e 98)
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A 213 mn (e 10,100)

v values 5.26 (2H, m), 6.29 (3H, s), 6.63 (2H, s), 8.08 (3H, s),
8.22 (3H, s), methyl contour 8,93, 9.01, 9.10, 9.13 and 9.29,

Analysis Found C 7%,76% .
M at m/e 568
H 9.17%

C,.H..0, requires C 73.91%
3575276 M.W. 568
H 9.21%

Isomer B, R, 0.47, crystallised from light petroleun as plates,
m.p. 141-143°C.

v, (KBr) 2953, 2870, 1760-1735, 1686, 1453, 1570, 1330, 1274,
1205, 1172, 1146, 1075, 1055, 1034, 1014, 993 and 989 cu .
Vaaxe (CC1,) 1763 ont (e 1670), 1739 eu™t (e 843), 1688 cm™* (& 109)

Apax 214 m (e 9,750)

max
© values 5.28 (2H, m), 6.28 (3H, s), 6.63 (21, s), 6.10 (3H, s)

8.20 (BH, s), methyl contour 8.94, 9.01, 9.08, 9.12 and 9.28.

Analysis Found C 74.00% N
’ M at m/e 568

H 9.21%

C.cH.,0, requires C 73.91%

3575276 M,W, 568

H 9.21%

9. ACID CATALYSED DESYDRATION OF THE 2.0.1-TRIOLS (1.7).

The triols 1.7 (100 mg.) were dissolved in methanol (20 ml.)

to which 36N hydrochloric acid (2 ml.) had been added. The




mixture was refliuxed on a siteam bath for 4 hours, Affter cooling
and neutralisation with 4N sodium hydroxide (18 ml.) the methonol
was removed and the agueous solution extracted with ether (2 x 20
ml,). On drying and evaporation of the solvent an amorphous

solid (90 mg.) was obtained, P.l.c. on 20 x 20 x ,1 cm Kieselgel
H with chloroform as solvent separated the two components of Rf 0.71
and R. 0.53.

by
Product of Rf 0.71 crystallised from light petroleum as needles,

m.p. 188-190°C.
Voo (KBr) 3470 (br.), 2965, 2941, 2877, 1464-1458, 1386, 1378,
1076, 1048, 1015, 994 and 966 cm T.
Vs (0014) 3620 om™t (e 43)
< values 6,57 (1H, m), 6.06, 6.57, 6.72 (2 x 1H, m), methyl contour
8.99, 9.03, 9.06, 9.08 and 9.11.
Analysis Found C 81.76% .
M at m/e 456
H 11.74%

031H5202 requires C 81.52% N

H 11.46% '
G.l.c. on ; 4 foot column of 1% SE 30 at 250° with a flow rate of
40 ml,/min. showed two peaks of retention times 12,25 min. and
15.0 min. (relative intensities 3 : 1). Cholesterol had a retent-

ion time of 5.5 min. under the same conditions.,




The mass spectra of both peaks were similar with M+ at m/e 456.

Product of R. 0.56 was isolated as a gum.
e

Yooy (£ilm) 3420 (br.), 2960, 2619, 1467-1459, 1391, 1322, 1297,

1241, 1111, 1073, 1048, 1043, 997 and 973 cm I,

Ve (CCL,) 3621 ent (e 50)

< values 6.55 (1H, m), 5.90, 5.98, 6.73 (2 x 1H, m) methyl contour
8.97, 9.00, 9.01, 9.05 and 9.11.

M at m/e 456,

G.l.c. under the same conditions as above gave two peaks of
retention times 13.75 min, and 14.0 min, (relative intensities

3 :1),
The mass spectra of both peaks were similar with M at m/e 456.
10. D.Q.7.

This compound was isolated as described in Section 3. It
crystallised from ethyl acetate/light petroleum as needles, m.p.
136-136°C. Ry (CHCL;) 0.43.  [o]p =63 (c 0.8)

Vax (KBr) 2943, 2867, 2840, 1751; 1737, 1722, 1457, 1435, 1409,
1376, 1370, 1328, 1284, 1273, 1262, 1240, 1232, 1211, 1160, 1050,
1035, 1013, 984 and 685 ent,

Y nax (cc14) 175 cm L (e 657), 1740 ent (e 1092), 1719 emt (e 438)
 values 5.30 (1H, m), 5.48 (2H, m), 6.28 (3H, s), 6.51 (1E, n),

6.34 (3H, s), 6.60 (2H, s), meth&l contour 8.72, 8.84, 8,94, 9.00,
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9.04, 9.12 and 9.24.

Highest ion at m/e 612 = 037H5607‘

Analyses  Found' C 69.65% 69.92% 69.76% 69.79%
H 8.55% 8.54% 8.91% 8.66%

CB7H5607 requires C 72.52% o 612
H 9.21%

037H5609 requires C 68.92% —_—
H 8.75%

11. D.0.9. (16-HYDROXY~ D.Q.l.)

. This compound was isolated as described in Section 3, It
was a clear gum. R, (1% MeOH in CHCL;) 0.40. [o]; -4.0 (e 1.7).
Ymax (£ilm) 3540, 2920, 2870, 1741, 1725, 1707, 1467, 1456, 1380
1335, 1291, 1277, 1212, 1157, 1122, 1066, 1044, 1032 and 999 cm .
Vnax (0014) 3619 cm™* (e 40), 1757 emt (e 628), 1737 om™t (e 1460),
1717 om™2 (e 448)
© values 5.36 (1H, m), 5.96 (1H, t, J=8 ¢/s), 6.36 (3H, 8), 6.43
(3H, s), 6.69 (2H, s), methyl contour 8.76, 8.82, 8.91, 8.99,

9.00, 9.07, 9.12 and 9.28.
M at m/e 616= CHs 0 -
12, REACTION OF D.Q.9 WITH p-TOLUENESULPHONIC ACID,

D.Q.9 (75 mg) and p-toluenesulphonic acid (10 mg.) were

dissolved in dry benzene (15 ml.) and left at room temperature
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for 24 hours. Water (10 ml.) was added and the léyers seperated,
The benzene layer, after further washing with water (5 ml.), was
dried and evaporated to yield a clear gum (70 mg.). P.l.c. on a
20 x 20 x 0,07 cm. layer of Kieselgel H with chloroform as solvent
permitted seﬁaration of the product 1,1 (50 mg., 68%) which was
a clear gunm, Rf (CHCIS) 0.73. |

Vo (film) 2943, 2863, 1775, 1750, 1728, 1467, 1455, 1443, 1390,
1306, 1279, 1239, 1217, 1174, 1156, 1114, 1074, 1041, 1034, 1009
and 956 cut. : (

Ve (CCL,) 1783 ca™ (s 496), 1758 ou™ (e 467), 1757 ca™™ (e 598) -
T values 5.30 (1E, m), 5.66 (1H, t, J=8 c¢/s), 6.31 (3H, s), 6.63
(2H, s), methyl contour 86.89, 8.95, 9.00, 9.04, 9.13 and 9.24.

M at m/e 584.

13. LITHIUM ALUMINIUM HYDRIDE REDUCTION OF D.Q.9.

To LiAlH4 (150 mg.) in dry ether (10 ml,) was added D.Q.9
(100 mg.) in dry ether (5 ml.). The mixture was stirred at room
temperature for %6 hours, then the excess reagent destfoyed by
dropwise addition of 1N hydrochloric acid. Washing of the
" ethereal layer with 4N hydrochloric acid (2 x 10 ml,) and brine
(3 x5 @ml.) and drying vielded, after evaporation of the solvent,
the tetraols 1.20 {65 mg., 50%) which crystallised from methanol

as needles, m.p, 107-109°C. R, (2 }eCX in CHClB) 0.05.

O
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Voax (KBr) 3400 (br.), 2964, 2890, 2845, 1472-1462, 1442, 1390,
1382, 1147, 1070, 1045, 1024, 997, 991 and 965 cnt,
Vaax (CCL,) (saturated soln.) 3624 em™L, 3400 o™t (br.)
1 : 5 dilution 3625 cm .

© values 5.86 (1H, t, J=8 ¢/s), 6.32 (1H, m), 6.501(2 x 1H, m),
7.34 (4H, m), methyl contour 8.95, 8.98, 9.01, 9.05, 9.07, 9.12,
9.19 and 9.24.

On addition of D,0 the pesk at 7.34 disappeared.

Analysis Found C 75.56%
| H 10.77%

requires C 75.87%

M at m/e 490

C,,H.,0
3175474 M.W. 490

H 11.09%

14. D.Q.10 (DESMAIONYL-16-HYDROXY-D.Q.l.)

This substance Qas isolated as detailed in Section 3., It
was a clear gun. R (L% MeOH in CHCL;) 0.19. [a]y +18 (c 0.9)
Vpax (film) 3500, 2900, 2830, 1731, 1705, 1462, 1439, 1383, 1263,
1211, 1128, 1106, 1077, 1043 and 972 emL.
Vaax (0C1,) 3637 cn™ (e 52), 3540 om ™t (br.), 1735 ca™ (e 421),
1715 et (e 362)

1 : 20 dilution 3640 em™ L (e 79)
T values 5.87 (1H, t), 6.26 (3H, s), 6.59 (1H, m), methyl contour

8.73, 8.81, 8.89, 8.99, 9.02, 9.07, 9.12 and 9.26.
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LITHIUM ALUMINIUM HYDRIDE H.DUCTION OF D.Q.10.

To LiAlH4 (140 mg.) in dry ether (10 ml.) was added D.Q.10
(100 mg.) in dry ether (5 ml.). The reaction was stirred at
room temperature for 36 hours. The excess reagent was destroyed
by addition of 1N hydrochloric acid. The ethereal layer was
waéhed successively with 4N hydrochloric acid (2 x 5 ml,) and
brine (3 x 5 ml.) and then dried. Evaporation of the solvent
gave a product (75 mg., 52%), m.D. 106-110°C.  This was identical
with a sample of the tetraols 1.20 prepared from D.Q.9.(i.r., n.m.r.,
mass spectrum, R.., m.p. and mixzed n.p.)

16. REACTION OF D.0.,10 WITH p-TOLUERNESULPHONIC ACID.

D.Q.10 (100 mz.) and p-toluenesulphonic scid (10 mg.) wexe
dissolved in dry benzene (20 ml.) and kept'at room temperature for
36 hours. Water (10 ml.) was added and the layers separated.

The benzene layer, after further washing with water (2 x 5 ml.)
was dried and evaporated to yield a gum (80 g.). P.l.c. ona

20 x 20 x 0.1 cm. layer of Kieselgel H using chloroforﬁ as solvent
separated the product 1.22 (40 mg., 4%%) which crystallised from
benzene as fine needles, m.p. 197-199°C. R, (CHClB) 0.46.

v (KBr) 3550, 2970, 2947, 2865, 2620, 1767, 1467-14653, 1441,

On
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335, 1306, 1245, 1228, 1207, 1188, 1177, 1154, 1114,

1072, 1054, 1025 and 998 cen™t,

,_l

1393, 1387,

Ve (CCL,) 3619 en™d (e 41), 1765 et (e 672)
© velues 5.66 (1H, t, J=8 c¢/s), 6.58 (1H, m), methyl contour’8.88,
8.94, 9.00, 9.04, 9.13 and 9.23.

Ltnalysis Found C 76.57% .
I at m/e 48 C.H, 0O
H 9.83% ‘ /o 484 Coyligdy

CBlHArBO4 requires C 76.62%
H 9.96%

17. D.0.11 (METHYL 24-EYDROXYPOLYPORENATE C 2 ).

This compound was isolated as explained in Section 3., It
crystallised from methanol as needles, m.p. 209-21100.
[“]D +202 (c 0.3). R, (15 1eOE in 01{013) 0.10,
V.. (KBr) 3350 (br.), 3025, 2850, 1710, 1689, 1625, 1447-1434,
1420, 1564, 1242, 1188-1184, 1145, 1089, 1030, 1003, 997, 976,
876 and 830 cm T, | ; _
. (0014) 262, emt (e 72), 3609 om™> (e 42), 1738 om~L (e 640)
1718 cnt (e 648) '
< values (60 Mc/s) 4.60 (2&, m), 5.28 (2H, 4, J=4 c/s), 5.78 (1E,
t, J=8 ¢/s), 6.32 (3H, s), 8.68 (6H, s), methyl contour 8.84,

8.94, 9.01, 9.05 and 9.42.

[y
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Apax 228 mp (infl.) (log € 3.87), 237.5 m (log € 4.03), 244.5 .

(log € 4.15), 252.5 mp (1og € 3.91).
Analysis Found .C 74 .78%
~H 9.57%
réquires c 74.‘96%
m 9.44%

M at m/e 512

C.,H,.0 :
5274875 MW, 512
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All experiments in this series were cearried out under
similar conditions. Ergosterol (10 mg.) in a solution of
“methanol (10 ml.) containing the materials deteiled below was
irradiated for 18 hours with a 150 watt pearl buldb while oxygen
was bubbled through the solution. The solu%ion was then examined
by t.l.c. Ergosterol and ergosterol peroxide could be readily
detected by spraying with ceric emmaonium nitrate in sulphuric acid
solution and heating for 3 minutes =zt 14OOC. With 1% methanol in
chloroform as solvent, ergosterol gave a characteristic blue-black
spot at Bf 0.40, while its peroxide appeared as a dark green spot
at Rf 0;23. The results of these irradiation experiments are
given in the following teble, where the conversion factor is
‘estimated from the relative amounts of ergosterol and its peroxide

after 18 houxrs,

Solute in mg./10ml. of methanol, Conversion factor (%).

Extract of D. Quercina 500 mzg. 100
100 mg. - 100
50 mg. 75
10 mg. 25

Extract of P. Betulinus 500 mg. 100
100 mg. 100




e~
)
22

feinte in gz, /iCml, of methancl, Conversion factor

inus 50 =z, &10)

10 mg. 30

Eosin 0.1 mg. ‘ 100
0.01 =mg. ‘ 100

0.001 mg, | 50

Physcion or enddin 0.05 mg. 100
0,01 mg. . 75

Isoquinolones 0.1 mg. | 100
0.05 mg. 50

Special Treatment.

Extract of P, Betulinus 500 mg. With exclusion of light 0]

500 mg. No oxygen ' 0
500 mg., Refluxed at pH 1 for 24 hours 100

500 mg. Refluxed at pH 12 for 24 hours 100




5. SYINTELS 0T CARRCITTIOIVACETYL CHLORIDE

a. Potzesium carbomethoxyacetofe:

To dimethyl malonate (60 g.) in methanol (100 ml.) was
added, dropwise, a solution of potassium hydroxide (24 g.) in
methanol (200 ml.). After 24 hours ether (50 ml.) was added.
The precipitated potassium carbomethoxyacetate was recovered by
filtration (40 g.,.75%), m.p. 204-206°C.

b. Carbomethoxyscetyl chloride,

Redistilled thionyl chloride (25 g.) in dry ether (100 mi.)
was dropped into a chilled suspension of potassiuﬁ carbometho:gy-
acetate (32 g.) in anhydrous ether (200 ml,). The mixture was
kept at 0°C for a further 6 hours and then allowed to stand ai
room temperature for 18 hours, Removal of the potassium sulphaté
by filtration yielded a brown oil (22g.). Distillation gave
carbomethoxyacetyl chloride, b.p. 56-60°C. (15 mm.) (6 g., 29%).
(Literature tle b.p. 57-59°C. (12 mm.)) |

Viay (£ilm) 1795 en™t , 1740 ca™t.

&4}

20, CHIOESTEROL CAREOMETHOXYACETATE.

‘A solution of cholesterol (0.5 g.) and dry pyridine (2 ml.)
in anhydrous ether (5 ml.) was added, dropwise, to a solution of
carbomethoxyacetyl chloride ( 3 g.) in ether (5 ml.). The reaction

was stirred for 2 hours at room temperature. Vater (15 ml.) was
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adidzd end, after washing with &Y hydrochloric zcid (4 x 10 ml.)

and drying, evaporation of the solvents yielded a semi-solid (0.6 g.).
P.l.c. on four 20 x 20 x 0.1 layers of Kieselgel H using benzene

as solvent gave pure cholesteryl caréomethoxyacetate (0.42 8y

86%) which crystallised from ethyl acetate/light petroleum as

needles, n.p. 108-109°C. R, (CHCL;) 0.76.

9
v, (aujol) 1753, 1728, 1283, 1219, 1150, 1057 and 1020 cx ™.
Voo (c014) 1759 em™t (e 570), 1739 ot (e 697)

© values (60 e/s, CCL,) 540 (1H, m), 6.25 (3H, s), 6.79 (2H, s)

Analysis Found C 76.47% .
M at m/e 486
H 10.50%

requires C 76.50%

C, H. 0
5175074 MW, 466

H 10.35%

2l. DIEYDROLANOSTERYL CARBOMNETEQOXYACETATE.

An esterification similar to that described in Section 20
was carried out using dihydrolanosterol (0.5 g.). P.l.c. yielded
pure dihydrolanosteryl carbomethoxyacetate (0.46 g., 96%)
which crysitallised from methanol as needles, m.p. 94-9600.

Ro (CH013) 0.78. )

v (nujol) 1751, 1726, 1282, 1220, 1150, 1027 end 1007 cm .

/ "l - -l
v (CC1,) 1758 cm ~ (e 446), 1738 caw ~ (e 490)

T vaelues (60 Ie/s, CCl,) 5.46 (1E, m), 6.22 (3, s), 6.59 (2H, =)

J




A <,

Anslysis Tovnd C 77.03% -
, 1T et m/e 528
H 20.57%
H.,0, requires C 77.22%
3475674 " MW, 528
H 10.67%

C

22, ATTEMDPTED PREPARATION OF MALONYL MONOCHIORIDE.
;. To melonic acid (10.4 g.) in dry ether (30 ml.) was added
redistilled thionyl chloridé (11.8 g.) in anhydrous ether (15 ml.).
The mixture was refluxed gently for 6 hours under an atmosphere of
nitrogen. Evaporation of the solvents yielded a brown gum (15 g.).
This was extracted with a chloroform : light petroleun mixture
(2 : 1) (30 ml.) and the extract cooled. When no solid appeared
the extract wés evaporated to yield malonic acid, identified by
i.r. (nujol). |
b. To malonic acid (10.4 g.) in water (50 ml.) was added 4K
sgdium hydroxide (25 ml.). Removal of the water by distillation
yielded the disodium salt (14.1 g., 9695).  This was washed with
methanol and thoroughly dried. Oxalyl chloride (1.2 g.) was
added, dropwise with cooling, to disodium malonate (2.2 g.)
suspended in dry benzene (15 ml.) with a trace of pyridine (0.1 ml.)
After gentle heating for 30 minutes the mixture was allowed to
stand at room temperature for 12 Lours. Evéporation of the

solvents yielded an intraciable brown oil wihich could not be

-
o




o e 7~

S 4 A S AA KR
Ciztilled or soliidifica.

1=
[
(0]
} 1
.
[

r. spectrun (film) showed no

higa carbonyl peak.

2%, MALOIYL DICELORIDE,

. Under a nitrogen atmosphere, phosphorus pentachloride (20 g.)
was added to malonic acid (10 g.) in dry benzene (5 ml.). When
the vigorous reaction had ;ubsided the solution was refluxed for
45 minutes, Distillation removed the benzene and yielded pure
malonyl dichloride b.p. (15 mm.) 49-51°C. (3.2 g., 43%).
(Liﬁeraturell5b.p. 47°¢. (15 mm.))

Voo (£ilm) 1790 en™t,

24, DICEQOLESTERYL MAILQNATE,

To cholesterol (9.5 g.) in anhydrous ether (100 ml.) and
pyridine (0.7 g.))cooled in ice, was added, dropwise with stirring,
malonyl dichloride (1.4 g.) in dxy ether (5 ml.). After
allowing it to warm to room temperature,the purple solution was
stirred for 12 hours. Bvaporation of the)solvents yielded a pale
pink solid (8.25 g.) which was zdsorbed from light petroleum on to
silicic acid (500 g.). Elution with 50% benzene in light
petroleun gave dicholesteryl malonate (6.3 g., 84%) which

crystallised from etayl acetate/light petroleum as needles, m.D.

o

160-182°¢. R, (cHeL;) 0.62.

s AT o o il At gy hj ,_l
Yooy (BUJOl) 1755, 1726, 1150, 1035 and 1020 cm .
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v_ . (cex, ) 1155 em T (e 523), 1757 em (e 684)

T values 5.25 (2H, m), 6.67 (2H, s)
Analysis Found C 81.17%

E 11.27%
C57H9204 requires C 81.36%
11.02%

bl

25. ATTEMPTED PARTIAL HYDROLYSIS OF DICHOLESTERYL MALONATE,

£

4 solution of potassium hydroxide (0.0l g.) in methanol (20
ml.) was added, dropwise, to dicholesteryl melonate (0.5 g.) in
methanol (10 ml.). The reaction was stirred for 6 hours at room
temperature., The solid (0.21 g.) was filtered off and shown, by

t.l.c., to be cholesterol. Rf

(CHCIB} 0.37. Evaporation of
the filtrate yielded unchanged dicholesteryl malonate (0.24 g.).
Upon variation of the solvent to benzene-methanol or the base to
barium hydroxide similar results were obtained.

26, BUTYL CARBOXYACETATE,

Sodamide was freshly prepared by dissolving sodium (13.8 g.)
in an excess of liquid ammonia (400 ml.). To this solution was
slowly added t-butyl acetete (34 g.) in dry ether (100 ml.).

Vhen addition was complete the mixture was placed on a steam bath
and the remaining emmonia beiled olf, as ethexr (300 ml.) was

5

added. The reaction was cooled to room temperature and, after
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at room temperature for 12 hours. Water (200 rl.) was added and

tie agueous phase separated, This was neutralised, with cooling,
with 36N hydrochloric acid (100 ml.) and then extracted with ethner

(2 = 75 ml.). .After washing with saturated sodium carbonate

(2 x 30 ml;) and brine (25 ﬁl.) the solution was dried and evaporated
to yield a clear oil (26 £4). Distillétion under reduced pressure
gave pure t-butyl carboxyacetate (32 g., 66%), b.p. (0.09 mm.) 78-
g0°c.

v (£ilm) 3300 (br.), 1740, 1720, 1150 and 985 e

© velues 1.18 (1E, m), 6.65 (24, s), €.52 (9H, s).

27. CHOLESTERYL CAREQ-t-BUTOXYACETATE.,

p-Toluenesulphonyl chloride (1.3 g.) was added to t~buityl
cérboxyacetate (0.6 g.) in dry pyridine (10 ml.). This mixture
was chilled in ice and a solution of cholestérol (1.3 g.) in
anhydrous ether (10 ml.) was added, dropwise with stirring.  After
stirring at OCC. for a further 4 hours, the reaction mixture was
poured into iced water (50 ml.). The gummy solid was filtered

taken up in ether (25 ml,), weshed with water (2 x 10 ml.)

Kal
orf,

and dried, Removal of +tre solvent yvielded a clear gum which
J 9

on trituration with methanol, gave a wiite solid (1.6 g.).




Crromctogrenty on silicic ccild (50 g.), eluting with 25% licht
petroleun in benzene, gave cholesteryl carbo-t-butoxyacetate

(1.2 g., 61%) vhich crystallised from methanol as plates, m.p. 87-
86.5°C. R (CEC1,) 0.79.

V., (nujol) 1733, 1719, 1262, 1213, 1152, 1036 and 1021 em™t.
Ynay (CC1,) 1748 et (e 592), 1751 en™t (& 693)

% values 5.45 (1E, m), 6.88 (2H, s), 8.57 (%H, s)

fnalysis  TFound C 77.29% . '
M at m/e 518
E 10.48%

3, 56O requires C 77.22% N
M, W, 518

H 10.67%

28. CEOLESTERYL CARBOXYACETATE,

Cholesteryl carbo-t-butoxyacetate (0.2 g.) in anhydrous
benzene (2 ml.) was cooled in ice and dry hydrogen chloride bubbled
through the solution for 20 minutes. The flask was stoppered
and the reaction was kepti at 0°C. for a further 6 hours. Removal
of the solvent gave cholesteryl carboxyacetate (165 mg., 94%)
which crystallised from benzene as needles, m,p. 155-156°C. Rf
(10% MeOH in CHCl ) 0.42,

Vo as(aujol) 3400 (br. , 1744, 1712, 1693, 1204, 1162, 1032 and
1016 om ™~

v___{¢ccL,) 174 Sl (e 292, 1719 cmt (e 566)
max 00&4) 17%9 cil (o 4’.11;}7 J.l.l./ ci = DO




5 (21, s)

un

© valuez 0.€0 (IH, br.s), 6,
inalysis Found C 76.40%
H 10.24%

T read o
C30n4804 requires C 76.23%
: H 10.24%

29. DIEYDROLANOSTERYL CARE0O-t-BUTOXY ACKTATE,

Dihydrolanosterol (1.4 g.) was treated in a similar manner
to that described in Section 27. After chromatography of the
crude product (1.5 g.) on silicic acid (50" g.), using 50% benzcne
in light petroleum as eluent, dihydrolanosteryl carbo-t-butoxy-
acetate (1.1 g., 54%) wes obtained from methanol as needles, m.p.

81-83°¢C. R, (05015) 0.80.

-

3 2 o -1
v, (pujol) 1732, 1713, 1261, 1217, 1153, 1024 and 1009 cm ~.

Voay (CCL,) 1748 ca”t (e 593), 1732 en™t (e 687)
T values 5.43 (1H, m), 6.72 (23, s), 8.54 (9H, s)
Analysis Found C 78,14% N
M at m/e 570
H 11.12%
T . o
037h6204 requires C T7.84% i, 570
H 10.95%

30, DIZYDROLANCSTERYL CARSOXYACEITATE.

. N - \
Treatment of dihydrolenosteryl cerbo-i-butoxyacetate (2;0 ng.)

with dry hydrogen chloride in the mznner described in Section 28

e




yielded dinydrolanosieryl cerboxyacetate (186 ng., 92%) wiich

crystalliséd from methanol as needles, m,p. 158—16090. Rf (105

MeOHE

in CHCL;) 0.42.

Yooy (mujol) 3300 (br.), 1732, 1713, 1209, 1180, 1148, 1027 and

1006 cm .

1

Vs (CCL,) 1755 em™d (e 284), 1720 cut (e 578)

© values 1,63 (1H, m), 5.48 (1H, m), 6.60 (2H, s)

Analysis Found C 76.9%%

C33t549,

31.

a.

H 10.43%
requires C 77.00%
H 10.57%
TREATMENT OF THE CARBOXYACETATES WITHE REFLUZING

METHANOL,

Cholesteryl carboxyacetate (25 mg.) was refluxed in methanol

(5 ml.) for 24 hours. After cooling,the solution was treated

with excess ethereal diazomethane, zvaporation of the solvents

and crystallisation from light petroleum/ethyl acetate yielded

material (23 mg., 90%) which was identical (Rf., m.p., and mixed

p.) with the cholesteryl carbomethoxyacetate prepared in Section

Refluxing dinhydrolcucsieryl carboxyacetate (25 mg.) in

methanol (5 ml,) for 24 hours end & similar treatment yielded

ro




m.p.) o the dihydrolanosteryl carbomethoxyacetate prepared in
Section 21,

32, EASE TREATIENT OF THE CARBOXYACETATES AND OF THE

" CLRECMETEOXYACLTATES,

Crolegteryl carbomethéxyacetaﬁe (10 mg.) was allowed %o stand
. at room temperature in 2N methanolic sodium hydroxide (4 ml.) for

30 minutes. 4N hydrochloric acid was added to neutrality and
water (5 ml.) was added. After most of the methanol had been
evaporated, the solution was ether extracted (5 ml.). T.l.c. in

chloroform showed that the solid (6 mg.) recovered from this solut-
ion had the same R, as cholesterol i.e. R, (cH u13) 0.37. A
similar treatment of cholesteryl carboxyacetate had the same
ﬁ”lt
Dihydrolanosteryl carbometiaoxyacetate or carboxyacetate
under the same conditions yielded dihydroleanosterol. R, (CHCIB)
0.30. Treatment of dihydrolanosteryl acetate for the same length

of time under similar conditions was shown by t.l.c. to effect

only 50% hydrolysis.

C:
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PART

11

METABOLITES OF

LEPTOPORUS

STIPTICTUS




The most important result of the studies of the triterpene

acids of P, betulinus and D. guercina was that they were, in

the main, present as conjugated species rather than in the

free state. Although the results of the survey carried out on
other members of the Polyporaceae were disappointing, in that no
other examples of the carbomethoxyacetate coﬁjugating species
could be detected, it was decided to examine one of these fungi
in more detail.

The saprophytic organism Leptoporus stipticus (syn. Tyromyces

albidus, Tyromyces stipticus, Polyporus stipticus) may be
recognised by its characteristic white, hoof-shaped sporophores
which appear on dead conifer timber, Fresh sporophores were
collected from a fallen pine tree in the grounds of Dunkeld
House Hotel in early September. After superficial cleaning,
the tissue was extracted with cold and hot methanol. The
combined extracts were treated with light petroleum to remove
lipids (14% by weight). On evaporation of the solvent, a small
quantity of crystalline acid was obtained. The major part of
the material, a brown gum, was dissolved in methanol and treated
with an excess of ethereal diazomethane, In the following
discussion, the methyl esters of the five major metabolites are

referred to as methyl tyromycate, methyl leptoporate and by the
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TABLE II -1, T,L.C, CHARACTERISTICS OF THE ESTERS OF

L, STIPTICUS

Rf Kieselgel |Ceric ammonium
100% 01-1013 10% MeOH 1{5'25 4 nitrate/H250 4
in CHCl3
methyl tyromycate 0.63 - purple brown
methyl leptoporate 0.31 - purple dark green
L.S.IT 0.00 0,30 purple green
L.S.I1T 0.00 0.44 purple red
L,S.IV 0.00 0.37 purple mauve




code names L.S.II, L,S.III and L.S.IV,
These compounds were defined chromatographically as shown
in Table II - 1, i.e. by their Rf on Kieselgel H and on Kieselgel

HF254, by their characteristic light absoxrption when viewed in
u.v, light (» 254 mp) and by their characteristic staining
behaviour when sprayed with a solution of ceric ammonium nitrate/
sulphuric acid and heated at 14OOC for 2 minutes.

Some difficulties were encountered in the separation of
the five compounds. The two non-polar esters could be relatively
easily»separated by column chromatography of the mixture on
gilicic acid. This method was, however, extremely inefficient
for the three polar esters since it incurred a serious loss
of material and provided almost no separation. Preparative
layer chromatography, although effecting a vigible separation,
led to even greater loss of material. A major step forward
was the discovery that a partition system of light petroleum/
water/methanol (2:1:3) would completely separate the mixture |
into two parts, the light petroleum layer cohtaining methyl
tyromycate and methyl leptoporate, and the aqueous layer contain-
ing the polar esters L.S.II, L.S.III and L.S.IV. Methyl
tyromycate and mefhyl leptoporat?“oould then be completely

separated by chromatography on silicic acid employing a gradient
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of light petroleum to 30% ethyl acetate in light petroleum.
It is proposed to discuss the structures Qf these esters first.
The major component methyl tyromycate, 031H4603’ was a
crystalline solid, m.p. 154-15600. General similarities ih
its physical data.to those of previously‘encountered compounds
indicated that it was a triterpenoid methyl ester. The u.,v.
spectrum showed the trip1e peaks at 235.5, 244 and 252 mp which
are characteristié of the lanosta-7,9(11)-diene skeleton. It
was noticed, however, that the intensity of absorption below
235 mp was higher than that expected for the diene system,
This demonstrated the presence of another chromophore. That
this was an a,P-unsaturated methyl ester was suggested by other
spectroscopic properties. TFrom the i.r. spectrum the presence
of é double bond (1650 cm_l), other than the diene system (1601
cm-l), and two carbonyl groups, superimposed at 1706 — (e 746),
;ould be deduced. One of these was a ketone since methyl |
tyromycate formed a 2,4-dinitrophenylhydrazonez 037H5006N4’ m.D.
208-209°C.  The other was thought to be an a,P-unsaturated
methyl ester function in view of the methoxyl resonance appearing
at 6,247,
Confirmation of this conjugated system was obtained by

hydrogenation to the dihydro compound, CBIHZSOB. The u.v.
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spectrum exhibited the triple maxima with the extinction co-
efficients expected for a simple lanosta-7,9(11)-diene system,

The i,r. spectrum now showed a saturated methyl ester (1727 cm'l)
and the 6-membered ring ketone (1703 cm-l) and no strong double
bond absorption at 1650 om™ 2. By subtraction of the u.v. spectrum
of methyl dihydrotyromycate from that of the parent compound,

it was possible to obtain the absorption of the a,B-unsaturated
ester (xmax 222 mn, € 4140).  The nature of the environment of
this unsaturated ester could be determined from the n.m.r. spectra
of methyl tyromycate and its hydrogenation product. A fine
doublet in the former at 8.087 (J=2 c¢/s) was assigned to a vinyl
methyl group, while a broadened triplet at 4.00t was thought to

be due to a vinyl proton, the broadening being caused by allylic
céupling with the methyl group. Both these features were absent
in the spectrum of the dihydro compound whereas the multiplet at
4.50t, caused by the vinyl protons of the diene system, was
retained. On this evidence it was possible to postulate
structure 2,1 for methyl tyromycate, since it would be expected
that the third oxygen function would be at C-3.

Confirmation of the position of the double bond was obtained

as a result of the sequence 2.1—.2.2 — 2.3, Treatment of

methyl tyromycate with osmium tetroxide in ether, with a trace
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éf pyridine, led to the black osmate ester. This was cleaved,
without isolation, by treatment with gaseous hydrogen sulphide
to give the glycol 2.2. The spectiroscopic features of the
a,B-unsaturated ester were no longer present. The i.r. spectrum
showed two bonded alcohol groupings (3564 cm_1 and 3522 cm_l)
and two distinct carbonyl groups, the ester at 1736 em~t and
the ketone at 1712 cm-l. The deshielded methyl group, formerly
a doublet at.8.08¢, was now a sharp singlet at 8.5771, the
expected value for such a grouping when a to an oxygen function,
The ultra violet spectrum was again untrammelled lanosta-7,9(11)-
diene absorption. Treatment of this compound with sodium
metaperiodate led to the aldehyde 2.3, 027H4002. The aldehydic
proton at 0.157 and the diene 2H-multiplet at 4.517 were the
only low field signals in the n.m.r. spectrum, The i.r. spectrum
showed a single carbonyl absorption at 1705 m ~ (& 840). On
‘the scale of the experiment, attempts to isolate the C4 fragment-
from the crude reaction mixture as its 2,4~dinitrophenylhydrazone
were unsuccessful.

Final proof of the structure of methyl tyromycate was
obtained by its degradation to K—Ianosterol (2.7) by the route

2.1—>2,4—2.5->2,6—>2,7. Reduction of the methyl dihydro-

tyromycate(Q.&)with lithium aluminium hydride yielded the diol
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2.5, 630H5002. The i.r, spectrum confirmed the removal of the
carbonyl functions and the presence of two hydroxyl groupings at
3615 om ™ (e 107). In the n.m,r. spectrum, the 3B-alcohol

gave rise to a broad multiplet (half-band width 15 c¢/s) at 6.64%
due to the 3a-proton, while the C-26 methylene group of the
primary alcohol appeared as a doublet at 6.427 (J=6 c¢/s).
Treatment of the diol 2.5 with a unimolar quantity of p-toluene-
sulphonyl chloride in pyridine with cooling gave mainly the
monotosylate 2.6, 037H56SO4’ the rescnance of the 3a~proton

being unaffected while thaf due to the carbon-bound protons of the
primary alcohol grouping was lowered to 6.007, thus establishing
the position of the tosylate residue. Lithium aluminium hydride
of this compound converted the primary tosylate to a methyl group
and produced Y-lanosterol (2.7). This same substance was prepared
from a sample of dihydrolanosterol121 by acetylation, oxidation

to the diene acetate with selenium dioxide and hydrolysislzz.

The stereochemistry of the 24(25)-double bond could be
ascertained from the position of the C-24 vinyl proton by compar-
ison with model systems. The vinyl proton of methyl tiglate
(2.8), which is cis to the ester grouping and therefore deshielded
by it, resonates at 3.277. The trans vinyl proton of methyl

angelate (2.9) does not show this effect and appears at 4.127.
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This comparative approach has been shown to be valid in the
'triterpene field with respect to methyl mangiferolate (2,10)
(3.377) and the corresponding trans isomer methyl masticadienoate
(4.191)125. Spin decoupling experiments determined the position
of the C-23% methylene group as 7.67%. This group was, as expected,
deshielded. These results established the stereochemistry of

the double bond in methyl tyromycate as that shown in 2.1.

The small amount of acidic material isolated before
methylation of the extract was now examined. By crystallisation
from methanol the pure acid CBOH44OB could be isolated. The
spectral properties of this acid (n.m.r. virtually identical to
that of methyl tyromycate, save for the methoxyl resonance,
identical u.v. and carbonyl absorption at 1711 and 1690»cm‘l)
showed that it was tyromycic acid. - This was confirmed by
- methylation with diazomethane to give the previously obtained
ester,

The behaviour of tyromycic acid on melting is worthy of note.
When crystallised from methanol, lustrous plates were obtained.

On heating these crystals on the hot-stage it was found that, at
-119-12100, they completely liguified but, even with further

heating the substance resolidified in the form of fine needles

which remained intact until 176-17800. The resulting liquid
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TABLE II - 2. PATTERN OF IONS AT IOW m/e.

187 173 159 147 135 123 109

185 171 157 145 133 121 107

183 169 155 = 143 131 119 105
129



was. allowed to cool and its meliing point redetermined and found
to be 174-177°C.  This could be explained by the first, low
melting material containing water of crystallisation.  The
analytical figures tended to support this view since, despite
drying under high vacuum at relatively high temperature (70°C),
the results obtained could only be reconciled with the formula
CBOH44O3.H2O.

The results of a study of the mass spectral fragmentation
of tyromycic acid, methyl tyromycate and its degradation products

proved of great value in the structural elucidation of the other

components of Leptoporus stipticus. The most notable feature

was that all eight compounds showed an almost identical pattern
below m/e 200, having the groups of peaks given in Table II - 2,
It will be seen that these ions are very similar to those observed

for the compounds of Daedalea guercina, collected in Table I - 5,

Again no pathways leading to these fregment ions can be suggested,
but it may be said that those groups of peaks appear to be
chafacteristic of lanostane derivatives. A differentiation

may be made in that the first four groups for lanost-8-ene
compounds appear at two mass units higher than the corresponding
groups for lanosta-7,9(1l)-diene derivatives. For further

discussion of the mass spectra it is convenient to divide the
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TABLE II - 4 PROPOSID MASS SPECTRAL BREA_ICDOWN. oFr 2,2

500(25%) 2 > 396(75%)
c b
482(23%) d > 467(45%) 381(32%)
~o g ;
- J64(88%) L >249(31%)
Transition ~ A'/e Metastable ion
a 104 310,1
b 15 - 366.3
c 18 463.4
d 15 451,8
e 18
f 15 434.3
e 18 429.9

TABLE II - 5 PROPOSED MASS SPECTRAL BREAKDOWN OF 2,3

e /,E _ ,396%
- 395(28%) . 378(60%)
363M

Transition 2% Metastable ion
a 1
b 18 - 362,0

c 15 348.3



TABLE II - 3. PERCENTAGE ABUNDANCE OF THE MASS SPECTRAL

FRAGMENTS IN THE TYROMYCIC ACID SERIES,

n/e Methyl  Tyromycic Glycol Aldehyde Methyl dihydro-

tyromycate - acid 2.2 2.3 tyromycate
M 00 100 25 41 - 100
-15 17 12 7 15 18
311 24 Y | 52 26 30
309 28 12 30 98 9
269 50 37 100 86 | 65




compounds into two groups, those having a 3-ketone function and
those bearing a P-alcohol at C-3. The former group, tyromycic

acid, its methyl ester and products 2.2, 2.3 and 2.4, all showed

loss of a methyl radical and abundant ions at m/e 311, 309 and
269, as shown in Table II - 3. These may bé explained by the
cleavages shown in 2.11, involving loss of side chain (a), loss
of side chain and two protons (b), and 'steroid-type' fission
of the D ring (c).

These are the only important fragmentations of methyl
tyromycate and its dihydro éompound, but the o,pf-unsaturated
acid undergoes, in addition, decarboxylative loss of 44 mass units
to give an ion at m/e 408 (20%). The functionality in the glycol
2.2 and the aldehyde 2,3 causes the additional patterns shown in
Tables II - 4 and II - 5 respectively. The glycol 2.2, as
might be predicted, undergoes two successive losses of 18 mass
units., Also an important process is cleavage between the two
alcohol groups, with hydrogen transfer, giving the rearranged
ion at m/e 396.

The 3B-hydroxy compounds formed in the degradation of methyl
tyromycate behaved in a similar manner under ion impact, in that
analogous cleavages to those shown in g;;; occurred to produce

ions at m/e 313, 311 and 271 (Table II - 6). It wes also seen
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TABLE II - 6. DPERCENTAGE ABUNDANCE OF THE MASS SPECTRAL

FRAGMENTS FOR COMPQUNDS WITH 3B-ALCOHOL.

m/e Diol Monotosylate  ¥-Lanosterol
2.5 2.6

M 100 87 100
M -15 26 97 26

313 5 14 17

311 4 10 18

271 8 33. | (1]
wt-33 18 100 | 18

253 6 11 39




that in all three éases there was a loss ofveighteen mass units
(ﬁZO) from thg M" -15 ion and from‘the ion at m/é 271. Other
modes of breakdown of these substances depended on the function-
ality in the side chain., The ions in Table II - 6 are the only
important peaks in the high mass region (Ym/e 250) of.the spectrum
of Y{-lanosterol (2;1); which has a completely saturated side chain,
The diol 2.5, which has a primary zlcohol function, undergoes an
additional loss of eighteen mass units both from the parent ion
and from M+ -15, The additional ions in the mass spectrum of
the monotosylate 2.6 at m/e 426 (18%) and 412 (30%) may be
rationalised in terms of the rearrangements shown in 2,12 and
2.13 , while the latter product loses a further eighteen mass
units to give an ion at m/e 394 (20%).

A consideration of the saturated methyl region of the n.m.r.
spectra of methyl tyromycate and its degradation products proved
to be extremely useful in helping to assign structures to the

other four compounds isolated from L. stiptibus. By consultation

with literature values 20 it was possible to assign all tertiary
methyl resonances in the spectrum of methyl tyromycate, as

shown in Table II - 7. Askwill be seen from the other data
given in the table, these values remained almost constant in all

compounds with a ketone at the 3-position, This was to be
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TABLE II - 7. N.M.R, POSITIONS OF NUCLEAR METHYL GROUPS

IN THE METHYL TYROMYCATE SERIES.

Cc-18 Cc-19 C-32 C-30/C-31

Methyl tyromycate 9.42 8.61 9.12 8.89,8.92
Tyromycic acid 9.41 8.80 9.12 8.67,8.91
Glycol 2.2 9.40 8.80 9.13 8.88,8.,92
Aldehyds 2.3 9.41 8.81 9.12 8.88,8.91
Methyl dihydrotyromycate 9.41 8.80 9,12 8.87,8.91

TABLE II - 8, N.M,R., POSITIONS OF NUCLEAR METHYL GROUPS

IN COMPOUNDS WITH 3pB-ALCOHOL.,

Cc-18 C-19 C-32 C-30/C-31

Diol 2.5 9.42 9.01 9.14 9.03,9.14
Monotosylate 2,6 9.42 8.98 9.16 9.03,9.16

Predicted®?»? 9.37 9.01 9.18 9.04,9.20



expected since alterations in the side chain would not be
expected to affect nuclear angular methyl groups. However, as
soon as the carbonyl group on C-3 was reduced, the deshielding
effect associated with it disappeared, thus the resonances of the
methyl groups at C-4 and C-10 moved upfield to the values given
in Table II - 8. It was noted, with satisfaction, that the
predicted values, which are included in the table, agreed with
the observed signals.

Consideration of other features of the n.m.r. spectra
yielded two other useful facts. Firstly, it was seen that the
 tertiary methyl peak at 9.127 was, in all cases, broadened at the
base, while the integration for this peak corresponded to six
protons. Since in methyl tyromycate there was only one saturated
secondary methyl, this broadening was ascribed to the C-21
secondary methyl group. On determination of the spectrum of
methyl tyromycate at 100 Mc/s, one half of this doublet could be
clearly seen at 9.07x. Irradiation at 8.467 caused this peak
to diéappear, while the single peak at 9,127 increased in intensity.
This was stirong evidence in support of the C-20 methine being at
8.461 and the C-21 methyl doublet being centred at 9.127,

The other interesting featgye could only be detected at a

sweep width of 100 Mc/s. In the region of 7.37 in the n.m.r.
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TABLE IT - 9 I0W FIELD MULTIPLET IN THE N,M,R.

SPECTRUM _OF METHYL TYROMYCATE




spectra of both methyl tyromycate and its dihydro derivative
could be seen six mihor_peaks in three groups of two, as illustrat-
ed in Table II - 9, These were thought to be due to one of the
protons at C-2, though ho complete explanation of the splitting
pattern could be advancéd. It was noticed, however, that methyl
polyporenate C (ketone at C~3) exhibited these same peaks, whereas
methyl dehydrotumulosate (3f-alcohol) did not. This would have
been in agreement with one of the C-2 protons, deshielded by the
ketone at C-3, giving rise to the observed low field multiplet.
A small gquantity of methyl tyromycate was reduced to the
corresponding 3B-alcohol. The 100 Mc/s spectrum of this substance
showed that the multiplet under discussion had disappeared and
further supported the conclusion that it was characteristic of
a ketone function at C-3.

The second non-polar substance to be isolated from

I,. stipticus was then examined, Methyl leptoporate was a

crystalline solid, m.p. 175—17700. The formula 035H4804 was
determined by high resolution mass spectrometry. The elemental
analysis agreed with that of a monohydrate, even afier high
vacuunm drying. A general consideration of the spectroscopic
properties showed that this subspgnce was closely related to

methyl tyromycate, on the following evidence, The u.v. spectrum



TABLE II - 10.

MASS SPECTRUM OF METHYL LEPTOPORATE,

m/e
508
493
465
449
311

309
269

95

%
23
4

8
100
12
20

20
32



(228, 256, 244 and 252 mp) agreed closely with that of methyl
dihydrotyromycate i.e. a simple lanosta-7,9(11l)-diene chromophore,
An examination of the saturated methyl groﬁps in the n.m,x,
spectrum showed that they were almost superposable with those of
methyl tyromycate. The values are shown below,

methyl tyromycate 8.81 8.89 8,92 9,12 9.42

methyl leptoporate 8.80 8,90 8,93 6,12 9,42
It was also noticed that the doublet due to the C-21 seéondary
methyl group was present at the same position. Again only one
part of this doublet could be seen at 9.157, Irradiation at
8.411 caused this signal to disappear and produced a single sharp
peak at 9.127.

Other structural similarities that could be deduced from
the n.m.r. spectrum were the diene system (4.501) and a methyl
ester (6.25t). The group of peaks at 7.3t which, it had been
suggested, demonstrated the presence of a ketone at C-3, were
again observed. The i.r, spectrum confirmed the presence of a
saturated ester (1737 cm-l, e 360) and a ketone (1704 cm-l, € 355).
The mass spectrum of methyl leptoporate (the important ions are
given in Table II - 10) showed notable similarities to that of
methyl tyromycate and its derivatives. The ions collected in

Table 1I - 2 were again present. In addition the ions at m/e






311, 309 and 269, which corresponded to loss of the side chain
iﬁ the substances of the methyl tyromycate series bearing a ketone
at C-3, were also detected.

The spectroséopic evidence suggested that methyl leptoporate
vas similar to methyl tyromycate, at least up to C-20, and
therefore had partial siructure 2.14. Elaboration of the C30
lanostane structure to.a 032 skeleton usually occurs, as discussed
in the Introduction, by addition of a 02 unit to C-24. Since
methyl leptoporate was the methyl ester of a 032 compound it
could be reasonably expected, on biogenetic grounds, that the
fragment C9H1303 had the carbon skeleton shown in 2.15. The
nature of this residue was then investigated. Two of the oxygen
atoms had already been accounted for in the carbomethoxyl
function.,- The i.r. spectrum showed that the third oxygen was
not present as a hydroxyl grouping nor as'a carbonyl function,
since the former was absent and the position and integsity of
the two peaks between 1650 - 1800 cm-l corresponded to only a
ketone and a methyl ester.

The conclusion that an ether grouping was present was
confirmed by the n.m.r, spectrum. This showed, as illustrated
in Table II - lla, two sets of four peaks between 5 and 67,

which could be assigned to a methylene grouping o to an oxygen
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PABLE II - 11 N.,M,R. DECOUPLING OF METHYL LEPTOPORATE
IABLE 12 = o

s
A

B
1234

123 4
(a)
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atom.v These appeared as the AB part of an ARX system. N.m.,r.
tickling and decoupling studies established the part structure
O-CHé—CH in the following manner. Irradiation at 8.091 (the

X proton) reduced the low field signals to the system shown in
Table II - 11Db. This was a simple AB system frém which the
coupling constant J=17 c¢/s was evaluated, It was also possible
to deduce the chemical shift of each of the two protons as 5.207
and 5.957 , and, since %/J was large, to obtain a value of

J,.=J =8 0/8124. Table II - 12a shows the higher quartet of

AX "BX
peaks (B) on a considerably expanded scale. II - 12b is the
effect of applying a weak perturbing field to peak A4, while
I1 - 12¢ is the effect of a similar application to peak A5. It
has been establishedl25 that this result indicates that JAB has a
negative sign. Thus the large coupling constant and ifs negative
sign were in agreement with a geminal AB system126. The shape
of the system before irradiation indicated that only one proton
(X) was splitting each part of the AB system. The t values of
the A and B protons were in the region.expected for protons
attached to a carbon a to an oxygen atom,

Another feature which had to be included in the side chain

was the deshielded methyl group which appeared as a sharp singlet

at 8.34T, This suggested the presence of the system CH;—C:C,
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a 9,18 (t)

b  8.72 (q)

¢ 5.75,6.19 (AB of ABX)
2.1 a 8.,%2 (4)
5.58 (m)

TABLE 1T - 12 SYNTHETIC ROUTE TO 2,17

/\<202Et . 02Et
- —_— -
0,Et . I ’ 0H

2




in wﬁich the double bond bad to be tetrasubstituted; since no
vinyl proton was visible in the n.m.r. spectrum, On incorporat-
ing the two part—strucéures discussed above and a saturated carbo-
methoxyl group into:the fiagment C9H1303 strucfu;e 2.16 was
obtained as the unique solution for the structure of methyl
~ leptoporate. bIt was noted that the equality of JAX and JBX wes
in agreement with the observation that J§i§ and Jﬁg@ﬁg for
coupling between the protons at C-2 and C-3 ih 2,3-dihydrofuran
are accidentally equallzs.

Since only a limited amount of the n.m.r. data was available
for substituted 2,5—dihydrofurans]'27 , thevsynthesis of the model
129

compound 2,17 was carried out. The literature route which

is shown in Table II - 1% was employed. The interpretation of
its n.m.r. spectrum is shown in 2.17. The noteable features were
that the value for the vinyl methyl group (8.321) lay close to
that of methyl ieptoporate (8.347) and that the two protons at

C-2 appeared as the AB part of an ABX system, where A arc B were
quartets centred in the region of 5.75% and 6.197. The greater
separation between the A and B protons in methyl leptoporate was
attributed to the effect of the carbonyl double bond in the

carbomethoxyl grouping, since models showed that one of the protons

under consideration was deshielded by it in both possible stereo-
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isomers.

The base peak in the mass spectrumvof methyl leptoporate
at m/e 449 aidse by ioss of 59 mass units from the parent ion
(metastable for this transition at m/e 396.0). lMass measurement
- of these two ilons gave the formula 02H302‘for the fragment lost.
This supported structure 2.16 since cleavage B to the dihydro-
furan double bond to release bOQMﬁ would be expected to be a
favoured fission.

It was expected that acid treaiment would open the dihydro-
furan ring to give a methyl ketone and a primary alcohol, No
product could be isolated from an attempt to effect simultaneous
hydration and oxidation using Jones reagent. Reaction with an
ethanolic solution of 2,4-dinitrophenylhydrazine dihydrogensulphate
gave an unstable product (possibly the bis derivative) in low
yield. However, mild acid treatment in methanol at room
temperature did produce a single product. This compound, 053H5005,
of Rf (CHClS) 0.08, wgs a crystalline solid, m.p. 153-1550C.

The n.m.r. spectrum of this substance indicated that the signals
which had been.associated with the dihydrofuran ring were consider-
ably altered., The deshielded methyl group had moved upfield to
8.507 while the AB part of the ABX system was now superimposed

upon the methoxyl peak at 6.27t. Otherwise the spectrum was
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almost unchanged, the scturated methyl regions, £.8 - 9.57, being
superposable, The diene system was unaffected, giving rise to
a mulfiplet at 4.51t and absorbing at 236, 243.5 and 252 p in
" the u.v,. The i.r. spectrum showed the carbonyl peaks due to
the ester (1731 bm-l) and ketone (1703 cm_l) as before, but also
indicated the presence of a hydroxyl grouping (3624 cm_l). The
mass spectrum was .ddentical to that of methyl leptoporate.

These facts were best interpreted by proposing structure
2.18 for the compound. This could very readily lose water,
either thermally or by electron impact, to give the mass spectrum
observed, 2.18 might also explain the changes in the n.m,r,
spéct;um, since the methyl group at 8.50tT was in thé expected
region for such a grouping when a to two oxygen atoms (cf. acetal
8.677)°.  The upfield movement of the AB part of the ABX
. system of methyl leptoporate in its hydrated product was more
difficult to explain, unless it is allowed that the double bond
makes a definite contribution to the deshielding of these protons
in methyl leptoporate.

Further structural work on methyl leptoporate was hampered by
lack of material and the failure (q.v.) to produce it efficiently

—

in culture.
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The three polar compounds L.S.II, L.S,III and L.S.IV gave
very characteristic t.l.c. colourations (green, red, mauve respect-
ively) when sprayed with ceric ammonium nitrate in sulphuric acid
solution, as described in Table II - 1. It was therefore easy
to detect them and follow attempted separations. It was found,
“at a relatively early stage in the exemination, that chromatography
on silica or silicic acid was extremely costly in materiel.
However, from the small amounts of fairly pure L.S.II and L.S,III
which were isolated by this proceedure, it was possible to decide
that they were polyhydroxy compounds based on the lanosta-7,9(11)-
diene structure and this suggested vossible methods of separation..
Both compounds exhibited u.v. absorption at ca 230, 238, 246 and
254 mp with extinction coefficients similar to those of methyl
tyromycate. The hydroxyl functions were visible as intense
broad absorptions at ca 3400 cm~l and ca 1050 cm“l in the i.r.
spectrum, while the same groups gave rise to a broad hump in the
region of 6.5t in the n.m.r. spectrum;

L.S.IT and L.S.III could be induced to solidify by precipit-
ation from benzene solution on addition of light petroleum, but
were obtained as amorphous solids and could not bé obtained in
crystalline form. Acetylation, it was hoped, wouid provide a

solid derivative which could be purified by standard proceedures.

102



TABLE II - 14 IOW ?Ze FRAGMENTATION OF L,5.11 PERACETATE

OR L.S.III PERACETATE

331
la
271
b 7‘~g
“
211 229
e
16
f g
127 109
Transition Ae Metastable ion
a 60 221.8
b _ 60 164.3
c 42
a 42 - 135.5
e 60
f 42 955

€ 60 | 70.2




Treatment of the small quantities available did indeed'convert both
compourds into much less polar substances, which retained tne
characteristic $.1.c. colours, The determination of the mass
spectra of these solids provided the first indication that a type
of triterpene coﬁjugate was involved, The base peak of both
spectra was ét n/e 43, while abundant ions a% m/e 3%1 and below
could be fitted into.the breakdown patterns shown in Table II -~ 14.
This is very similar to the fragmentation of pentaacetyl glucose151
and strongly-suggeéted that both compounds were triterpene
glycoside tetrascetates. Recent work™ % has indicated that this
pattern is characteristic of glucoside tetraacetates.

The probability that all three polar compounds were triterpené
glycosides offered an alternative to separation as such, namely
hydrolysis to the aglycones, which would be expected to be relat-
ively non-polar and, therefore, separable by adsorption chromato-
graphy.' A portion of the mixture, when treated under the mild
acidic conditions normally used to hydrolyse aliphatic glycosideslaa,
showed that L.S.IV was completely hydrolysed, but that L.S.I1I
and L.S,III were unaffected. Use of stronger acid, or the applic-
ation of heat, did cleave these latter compounds, but examination,

by t.l.c., of the re-esterified uixture showed a multitude of

products. In one experiment, 18 distinct spots were counted when



15: methanol in chloroform was used as solvent,

Although acidic hydrolysis of the methyl esters was of little
Value in determining the aglycone portion, it could be used to
determine the sugar moeity. Heating with 4N sulphuric acid in
methanol for one hour completely hydrolysed all three glycosides,
Treatment with an agueous suspension of barium carbonate for
24 hours and then filtration gave a clear solution containing the
sugars. Evaporation of the solvents,followed by descending
paper chromatography against standsrd sugars with the solvent
system ethyl acetate : pyridine : watex (12:5:4), the spots being
developed by treatment with methenolic sodium hydroxide and then
silver nitrate in ace‘tone134 estaﬁlished that only glucose was

9

present in the solution resulting from hydrolysis.

Since nearly all natural glucosides have the B—configurationlBs,
enzymic hydrélysis using P-glucosidase was attempted. It was
hoped that cleavage in this mammer would give fewer products. It
was found thét the main problem in this respect was the insolubility
of the compounds in water. Shaking a suspension of the mixture
in an agueous solution of {#-glucosidase for four days failed to
achieve the desired hydrolysis. Base treatment of the mixture

of methyl esters converted all three to the corresponding free

acid, T.l.c. in 20% methanol in chloroform showed three spots
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wnich stained in an identical manner to the esters. Since
treatment with etherezal diazomethane reéenerated thé original
methyl esters, none of the glucosides appeared to be base 1abile136.
The free acids were only fractionally more soluble in water and
aga;n attempts at enzymic hydrolysis in aqueous suspehsion failed
to cleave the glycoside bond. The mixture of acids was dissolved
in a basic buffer solution (either borate buffer137 or.tris-(hydroxy-
methyl)-aminomethane bufferl58). 0.1X¥ hydrochloric acid was added
until the pH (measured on a pH meter) was 7.2. ' On addition of a
solution of P-glucosidase a homogeneous phase was obtained.  The
glucoside acids were unaffected even after t&o days at 50°C.
Finally a mixture of dimethylsulphoxide/water was used to dissolve
both the free acids and their methyl esters. T.l.c. showed that
no reaction with f-glucosidase had taken place after 48 hours at
25?0. Cellobiose was converted to glucose under the same
conditions. Attempts at enzymic hydrolysis of the mixture, under
similar conditions to those described above, using eﬁulsin (a-
glucosidase) also failed.

Separation of the fhree'compounds as their pertrimethylsilyl
ethers was then attempted. Overnight treatment of the ternary
mixture of methyl esters with hexamethyldisilazane in pyridinel39

with a catalytic quantity of trimethylchlorosilane led to tue recovery



of en o0il wnich showed three compounds, Rfs 0.90, 0.33 and 0.31

in benzene. From the colour after sprayiné with ceric ammonium
nitrate (green, red, mauve respectively), these were assigned to
the pertrimethylsilyl ethers of L.S,II, L.S.III and L.S.IV
resﬁectively. P.l.c. permitted separation of the three components
in low yield. Mild acid treatment in methanol regenersted

L,S.,I1 from the substance of Rf 0.90, and L.S.III from the substance
of R. 0.33. This confirmed the hypothesis that the colour
reaction of these compounds on thin layers was retained in their
derivatives. L,S.IV could not be isolated by a similar treatiment
of its derivative due to the succeptibilty of this compound to
acid-catalysed elimination of glucose. . Although the recovery
from this separation was poor, it yielded sufficient quantities
for acid hydrolyses and paper chromatographic identifications

of the sugar residue of the three separated glycosides. Glucose
was found to be the only sugar in all three cases.

The separation achieved as describéd above was of limited
value since the recovery was low and L,S.IV could not be recovered
from i%. These factors, and the non-crystallinity of the L.S.II
and L,S,IIT isolated, prompted further work on the acetates.
Treatment of the mixture of metbyl esters with acetic anhydride

in pyridine yielded the peracetates of L.S.II, L.S.III and L.S.IV.
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On thiﬁ layers in 25% light petroisum in ether these were visible
at Rfs 0.35, 0.27 and 0.22 respectively, again the assignation
being dependeni on their t.1l.c., colours (green, red, mauve respect-
ively). Fractional crystallisation from methanol yielded needles
which were shown, by t.l.c., to be the peracetate of L.S.IV,
P.l.c. on Fieselgel HF254 permitted separation of L.S.II pefacetate
and L.3.IIT peracetate,

As has been discussed, it was found at an early stage in the
work that L.S.IV could be easily hydrolysed by acid treatment.
The aglycone obtained was identical in all respects to methyl
tyromycate, Since this compound did not have a hydroxyl grouping,
it followed that removal of the glucoside must give rise to one of
the other functional groups. The isolation of L.S,IV peracetate
allowed the distinction to be made beiween them. The u.v,
spectrum of this material, 045H66013’ m.D. 194-195.500., showed
absorption at 216 mp.  Since the triple peak of the lanosta-
7,9(11)-diene system was not visiblé, it was thought that this
system must be generated oﬁ hydrolysis to the aglycone,
Confirmation of this was‘obtained by addition of 6 drops of acid
to the u.v. cells and rerunning the spectrum.at 30 minute intervals,
wheﬁ the peaks at 236, 243 and 2?? mﬁ became visible. Hydrolysis

was complete after 3 hours, ti@ u.v. spectrum then being super-
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posable on that of methyl tyromycate.

Examination of the n.m.r. spectrum of the glucoside tetra-
acetate confirmed that thé diene system was absent and showed that
the a-methyl a,ﬁ—unsaturated methyl ester was present, the vinyl
proton appearing as a broadened triplet at 4.097t while tﬁe vinyl
methyl group gave rise to a fine doublet at 8,147, The methoxyl
grouping resonated at 6.307. The four acetate groupings of the
sugar residue appeared as two peaks at 7.961 and 8.0%t (in the ratio
of 1 : %), The i.,r, spectrum of L,5.IV perécetate showed two
carbonyl peaks at 1761 om™t (e 1670) and 1711 om ™ (; 850),

These were assigned to the four acetate carbonyls and the ketone
superimposed on the'methyl ester respectively.

From the spectroscopic properties of the glﬁcoside‘tetra-
acetate, and the fact that methyl tyromycate was produced on
hydrolysis, it was possible to write the two alternative structures

2.19 or 2,20 for L.S.IV. This follows from the fact that only

one glucose residue was present and that the nuclear double bond
had to be in the 8,9-position since no vinyl proton was visible
in the n.m.r. spectrum. Either of the two structures could
explain the ease of hydrolysis since the glycosidic linkage vas
in an allylic position. 4in alcohol group at C-7 in a lanost-&-

~ene system is known to be acid labilel4o, giving rise to the
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The configuration of the glucose residue may be determined
from the n.m.r, spectrum. It has been shownl41 that the doublet
due to an a-proton on C-1 of the glucopyranose residue resonates
&t higher field and has a larger coupling constant (J~8 ¢/s) than
a f-proton on the same position (J=% ¢/s). 4 doublet at 5.29t
(J=8 ¢/s) in the spectrum of L,S,IV peracetate was in good
agreement with the value 5.45t (J=8 c¢/s) for the P-glucoside tetra-
acetate of ﬁ—sitosteroll42. This established that the gzlucose
residue had the B-configuration. The results of attempted
enzymic hydrolyses were considered inconclusive since neither
.emulsin nor maltase effected hydrolysis. It was thought that
this might be due o steric hinderance at the position to which
the P-glucose residue was attached. Paeoniflorin (géggg, in
which the sugar residue is bonded to a tertiary centre, was found
to be resistant to enzymic hydrolysisl43.

There remained the problem of the point of attachment to
the tetracyclic nucleus, It was found, by decoupling studies,
that a low field broadened doublet at 5.76t, integrating for one
proton, collaosed to a singlet on irradistion at 8.17t. This
confirmed that the glucose was on a secondary allylic position

and that it was most probably in the axial configuration.  This

I
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TABLE II - 15, EFFECT OF SUBSTITUENTS ON NUCLEAR

ANGULAR METHYL GROUPS.,

c-19 c-18
Ta-0H | -0.008 +0.008
Ta-OAc +0.008 -
1la-OH +0.117 40,025
11a-0Ac +0.092 +0.058

L.S.,IV tetraacetate +0,08 +0,12




latter conclusion wes reached by a consideration of models, when
it was found that the dihedral angles between (a) the 7£-proton
and the 6a-proton, and (b) the ll@—préton and the 12a-proton were
ca. 900. Thus the coupling constants between these protons
would be small, The angles between (a) fhe TE~proton and the
6p-proton, and (b) the llf-proton and the 12f-proton were ca. 0°C.,
The couplings between these protons would therefore be ca. 10 ¢/s.
The total effect would be to give the observed broadened doublet.
The tetraacetyl-g-glucose residue can therefore be assigned to |
the 7a- or the llu~ position.

A consideration of the saturated methyl region favoured the

lla- position. The contour is shown below:

8.80 6.95,8.95 9.14 9.18
-~ . 89,90 - - .
The predicted values for lanost-8-en- 3-one 7?7 are, with assignmenis,

8.88(c-19)  €.97,8.97(C-30,C-31)  9.13(C-32)  9.30(C-18)
It can be seen that the observed values are similar to the pre-
dicted values except fof C-19 and C-18. This indicated that a
deshielding influence must be operative on both thesé angular
methyl groups. The effects of a Ta- or 12a-hydroxyl function
and of a Ta~ or l2a-acetate function on the angular methyls of
Sa-steroids are shown in Table IL - 15144. It can be seen that,

in all cases, the effect of an lla-substituent is larger then that
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of 2 Ta-substituent,. The size of the downfield ghift in I1.S.IV
tetraacetate (included in Table II - 15) suggests C-11 as the

point of attaclment of the sugar re;idug._ A mixture of glycosides,
which on hydrolysis generate the lanosta-7,9(1l)-diene system,

have recently been reported. 22,25-oxidoholothurinogenin (2,22)
has been identified, but the structure of the glucoside has not

yet been determinedl45.

Determination of the mass spectrum of L.S.IV tetraacetate
showed that elimination of teiraacetiylglucose occurred under
electron impact. Ko parent ion was observed. The spectrum
showed the ions at m/e 331 and below, collected in Table II - 14
and characteristic of the tetfaacetylglucose portion, Otherwise
the spectrum corresponded to that of methyl tyromycate, with the
ions in Table II - 3 being clearly visible. This showed that
elimination had occurred, rather than cleavage of the glycoside
bonds.to give ions at M =331 (m/e 467) and M =347 (m/e 451)
as had been reported for a glucoside tetraacetate146.

Although substantiailly pure L.S.iII could be isolated in
small amounts, this compound was conveniently characterised as
its more accessible tetraacetate, Cy5iigs015s oD 169-171°C.
Since it had been esvablished, by hycrolysis and paper chromato-

graphy, that L,S5.III was a glucoside, there remained the problerms
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of the configuration of the glucoside link and the nature of the
églyoone. 4s in the case of L,S.IV, emulsin and maltase failed
to cleave the glycoside bond. The n.m.r. spectrum was therefore
employed to determine the configuration at C-1 of the glucose
residue. In the free glucoside a doublet at 5,387 (J=8 c/s) was
observed, while in the tetraacetate this doublet occurred at 5.307
(J=6 ¢/s). These values established that L.S.III was a P-glucoside.
All attempts to hydrolyse either the free glucoside or its tetra-
acetate to the aglycone produced complex mixtures of products.
Howevef, it Qas possible to suggest a plausible structure for
L.S.III, based on its spectroscopic properties and on those of
its tetraacetate.

The data of L,S.III itself were very similar to those of
methyl tyromycate., The u,v. spectrum (236, 245.5 and 254 mp)
with increased intensity ca. 225 mp evidenced the presence of the
lanosta~7,9(11)-diene system and an a,p-unsaturated ester.
Purther data in support of these proposals were obtained from
the n.m.r, spectrum. Three vinyl protons were present, multiplets
at 4.38 and 4.621 representing the diene system, and a broadened
triplet at 4.027 being the signal due to the trans g-proton of
the a,p-unsaturated ester. The methoxyl of this latter group

appeared at 6.297, while the finely split doublet at 8.107 was
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the vosition of the vinyl methyl zroup. The i.r. specirum
showed that the peaks due to the ketone and the a,B-unsaturated
ester were superimposed at 1706 cm-'l (e 737). The crystalline
tetraacetate showed spectroscopic data similar to those described
above, and fully in keeping with its possessing é ketone function
and a -CH=C(CH5)002Me grouping. |

In view of the close parallels between the data of L.5.111,
its acetate and those of methyl tyromycate, it was considered that
the basic skeleton was similar for these compounds. ILike methyl
tyromycate and the several other lanosta-7,9(11)-dien-3-ones which
were examined, the n.m.r. spectra of L.S.III and its tetraacetate
both showed the triplet of doublets, in the reglon of 7.37. In
addition, a comparison of saturated methyl regions showed that
. the values, shown below, were almost the same as those encountered
in’methyl tyromycate,

methyl tyromycate 8.61, 8.89, 8.92, 9.12, 9.42.

L.S.III 8.79, 6.88, 8.91, 9.09, 9.43.

L.S.III tetraacetate 8,79, 8.86, 8.89, 9.08, 9.46.
This not only substantiates that L.S.III is based on methyl
tyromycate, but indicates that the position of the glucose residue
is such that it has little effect on the resonances of the nuclear

2 - i 0, .,\.\A‘_'.“'_ T =TT
methyl groups. Carciul exemination of the n.m.r., specize of L.S.III
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and 1ts acciave failed 1o reveal any signal which could be assigned
to protons under the sugar residue. Because of this, it was
considered that the glucoside unit was attached to a tertiary centre.
This could perhaps account for the resistance of the free glucoside
to enzymic hydrolyses.

The mass spectrum of L.S.III tetraacetate showed a similar
pattern to that of L.S.IV tetraacetate at m/e 331 and below.
Tons at m/e 461 (" -331) and m/e 465 (7 ~347) supported the
pbstulate that the aglycone moiety was a hydroxylated analogue
of methyl tyromycate and showed that cleavage of the glucoside
bond was occurring under ion impact (c¢f. L.S.IV peracetate).
The mass spectfum of L,S.III itself showed the highest ion at m/e
482, It has been reportedl42 that, upder mass spectral conditions,
glucose is eliminated from a glucoside to give the free hydroxylated
aglycone. The molecular weight of 482 agreed with methyl hydroxy-
tyromycate. Loss of a methyl radical and of water accounted for
most of the ions at high m/e.

Some indication as to the position of the sugar residue
could be obtained from the mass spectra of L.S.III and its tetra-
acetate. The ~ree glucoside gave ions at n/e %25 and m/e 285.
On comparison with the ions shown in Table II - 3, it will be seen

that these former ions correspond to the fragmentations discussec
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mass units, i.e. a hydroxyl function. Both L,S,III and its tetra-
acetate showed abundent ions at m/e 3%09. In the methyl tyro-
mycate series, this ion corresponds to loss of the side chain with
“{transfer of {two hydrogen atoms, Since no ion at m/e 311 occurs

in the spectra of L,S,III (or L.S.III tetraacetate) (cf. Table II -
3), it was thought that m/e 309 corresponds to the elimination

of the elements of glucose (or its tetraacetate) followed by

loss of the side chain., On the above evidence it is reasonable
to. suggest two possible structures for L.S.IIi, g;;g and 2.24,

An oxygen.function at C-17 is more frequently encountered in

147 than an oxygen function at C-5, but further

natural steroids
work is required to distinguish between the two structures 2,23
and 2,24 for L.S.III.

Small quantities of substantially pure L.S.II could be
iéolated via its pertrimethylsilyl ether or by plate chromato-
graphy. It was found to be a low melting amorphous solid which
could not be crystallised of further purified. However, this
compound was conveniently characterised as its crystalline penta-
acetate, C47H680149 m,p. 92-9400.

From its spectroscopic date, it could be seen that L.S.II

contained several of the structural features of L.,S.III, The
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ultra violet absorption and signals in the n.m.r, spectrum caused
by the lanosta-7,9(1l)-diene system and the a,f-unsaturated methyl
ester weie eimost the same as in that substance. The a-proton
at C-1 of the glucose residue could be seen at 5.457 (J=8 ¢/s) in
the n.m.r. spectrﬁm of the free glucoside and at 5.327 (J=6 ¢/s) in
that of its pentaacetate, thus establishing the configuration of
the glucoside linkage as £ with respect to the glucose. As in
the case of L.S.III, it‘was considered:t§at the glucose was attached
to a tértiary centre, since no proton under'the glucose residue
could be seen in the n.m,r. spectrum of the free glucoside or in
that of its pentaacetaté.

Some. distinct differenceg between L,S,II and L.S.III were
noted. The i.r. spectrum of L.S.,II showed a single carbonyl
peak at 1710 en™* (e 444) which was attributed to an «,B-unsaturated
methyl ester, in view of the methoxyl resonance at 6.29t. There
was therefore no ketone at C-3. It was seen that neither L,S.II
nor its pentaacetate exhibited the complex of peaks ca. 7.57.
The extra acetate grouping in this latter compound, which could
be detected by integrating the 7.96 - S.OZT region, could be seen
as a shoulder, at ca. 1740 cm_l7 on the pesk due to the other four
acetates (1762 cm-l). Since oxygenation might be expected at

C-3, it was thought that this was the probable site for the fift
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ate grouping. 4 relatively sharp one-proton multinle: at

ot

ace
5.321, of half-band width 6 c/s, (superimposed on the glucose C-1
doublet), revealed that this acetate was secondary and strongly
suggested that it was in the 3a-configuration (cf. configuration
of D.Q.1 at C-3, page 21). It was therefore considered that
L.S.II was based on the 3a-alcohol of methyl tyromycate.

The mass spectral data of L.S,II and its pentaacetate
suggested that the sugar residue was attached to the tetracyclic
nucleus.,  The free glucoside showed the highest ion at n/e 484,
corresponding to the predicted mass of the aglycone. This ion
underwent loss of the methyl radical followed by two successive
losses of water, The ions at m/e 287 and m/e 311 indicated, as
discussed for L,S,ITI, that the sugar residue was attached to the
tetracyclic nucleus.,  Support for these ideas was obtained from
the mass spectrum of L,S,II pentaacetate, in which ions at n/e 525
(11" -331) and m/e 509 (M -347) corresponded to cleavage of the
- glucoside andsf An abundant ion at m/e 353 indicated that loss
of the sugar residue and cleavage of the side chain‘left an
acetylated tetracyclic skeleton (311 + 42 cf. Table II - 5).

On the above evidenée, it was possible to suggest structures

2.25 or 2.26 for L.S.II. As in the case of L.S.III, it is hoped

that future study will distinguish between these two possibilities.
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Since shortege of material was hindering structural
elucidation of the methyl esters from the field collected sample

of Leptoporus stipticus, it was decided to study the organism

as grown in the laboratory. Accordingly, a stock culture of

L. stipticus (Pers.) Quel. was obtained from Centraalbureau voor

Schimmelcultures and grown on malt agar for 8 weeks in roux boittles.
The harvested mycelium (61 g.) was extracted with hot and cold
methanol as previously. The light petroleuﬁ soluble material

(6.5 g.) was removed and the residue (22 g.) was dissolved in
methanol and treated with an excess of ethereal diazomethane,

" T.l.c. analysis of the'resulting mixture of methyl esters showed
immediately that the five previously encountered metabolites had not
been present, but that two new compcunds were presentzgiving methyl
esters visible at Rf 0.37 and Rf 0,19 in chloroform. Column
chrométography failed to separate these substances but preparative
layers of Kieselgel HF achieved a complete separation.

254

The compound of Rf 0.37 was a crystalline solid, 032H5205’

m.p. 145-1470C. Its spectroscopic properties almost completely
defined its structure. The i.,r. spectrum showed one alcohol

- -1

grouping (3621 cm 1), a saturated methyl ester (1727 cm ~) and
1 1

)

a terminal methylene group (1647 cm ~ and 894 cm This latter

" function gave rise to a two-proton doublet at 5.24t, while the
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nethoxyl of the methyl ester appeared at 6.3271, The n.m.r.
spectrum also showed that the alcohol grouping was secondary (1H
multiplet at 6;77T). The saturated methyl gegion was similar to
that encountered in other tetracyclic triterpenes.  The most
obvious possibility was methyl eburicoate (2.27). On comparison
with literature values for m.p., aDl48 and the n.m,r, spectrum89 R
it was found that these agreed well with the observed constants.
An authentic sample of methyl eburicoate, obtained from an authentic
sample149 of the corresponding acetate, was identical (m.p., mixed
n.p., Rf) with the isolated material. Similarly, acetylation
of the isolated compound gave materizl identical to the authentic
acetate.

The second methyl ester, R, 0.19, obtained from the cuitured

£

Leptopvorus stipticus (Pers.) Guel., was a crystalline solid,

032H5204, m,p. 175-17700. The spectroscopic data obtained for
this compound suggested that it was methyl tumulosate (2.28).

The terminal methylene grouping was visible in the i.r. spectrum
at 1641 cm™* and 869 cm’l, and in the n.m.r. spectrum as a
two-proton doublet at 5.2%t (J=6 c¢/s). The two secondary alcohol
fuhctions.absorbed together at 3626 em™t (¢ 81) and gave rise to
two one—protoﬁ multiplets at 5.7@1 anéd 6.767 respectively.

. I : . s R,
Absorption at 1728 cm -~ and a singlet at 6,317 confirmed the
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presence of a satﬁrated methyl ester fupction. The close
similarity in these properties to those observed for methyl
eburicoate.and methyl dehydrotumulosate strongly suggested that
the compound was methyl tunulosate. Comparison of the spectro-
scopic data of the substance under examination and those of the

material isolated from Daedalez quercina, which had been shown

to be methyl dehydrotumuloszte contaminated with methyl

tumulosateSé, showed only minor differences. Admixture of the

ester from Leptoporus stipticus (Pers.) Quel. with some of this

substance only slightly affected the melting point. It has
been stated that there is an absence of melting poiﬁt depression
when a significant amount of 7,9(1l)-diene is mixed with the
parent 8-ene150. The above evidence was consistent with the
compound of Bf 0.19 being methyl tumulosate.

The fact that only methyl eburicoate and methyl tumulosate
could be isolated from the cultured strain suggesfed that the fungus
was not the same as that which had been field collected. That
this was not the case was demonstrated by subculture of the latter.
After 8 weeks growth on malt agar it was seen, by t.l.c., that
while the five previously encountered metabolites were still
present, the fungus was now producing eburicoic acid and tumulosic

acid. The converse of this, i.e. growing the purchased strain



on malt agar conteining white pine wooa For 16 weexs, saowed

o

that small guantities of tyromyéic acid, leptoporic acid and the
three glycosides were produced. These two experiments indicated
that the two species were the same,

The discovery that incorporation of white pine-wocd into
the culture medium induced the production of the five metabolites
prompted an investigation of the variation of the metabolites

of Leptoporus stipticus (Pers.) Guel. under different culture

conditions. The aims of this work were three fold, It was
hoped to find out if this effect was specific to white pine, if
the agent causing this effect was an extractable compound and,
finally, to point the way towards the optimum conditions for
the production of the five requisite metabolites,

Leptoporus stipticus (Pers.) Guel. was cultured for 8 weeks on

malt agar with equal quantities of different woods incorporated
into the medium, In other experiments carried out at the same
time, tér soxhlet extraction of white pine with light petroleum
or ﬁethanol or water, firstly the extracts and, secondly the
extracted wood, were incorporated into the malt agar medium,

The results of these experiments are shown in Table II - 16,
The methenol extract of the mycelium was methylated with diazo-
T.l.c. in chloroform

methane and then assayed by two methods.
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TABLE II - 16. VARIATION OF CULTURE CONDITIONS FOR

L. STIPTICUS (PERS.) QUEL.

methyl tyromycate

A methyl eburicoate glucosides
Sitka spruce 0.5 4
White pine 0.1 -
Parana pine 0.1 -
Scots pine | 0.1 -
Oak 0.02 -
Hemlock | 0,02 -
Elm 0.03 : -
MeOH extracted white pine 0.l -
H20 extracted white pine 0,2 -
Petroleum extracted white pine 0.1 _ | -
MeOH extract of white pine 0.007 -
H,0 extract of white pine ' 0,00 S -

Petroleum extract of white pine . 0,003 ' S -

Agar 0.00 -

o
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while g.l;c., aiter removel of the polar substances by p.l.c.,
allowed a comperison of the amounté of methyl eburicoate and
methyl tyromycate., = Table II - 16 shows the results of the assays
with the various woods employed.  Given in thé table is the
guantitative ratio of methyl tyromycate to methyl eburicoate

and the result of the t.l.c. exemination for the presence of the
glucosides;

It can be séen, from the table, that the effect does not
aﬁpear to be specific to white pine but that the four conifers
used were all more efficient than the three desciduous woods.,

The factor of ten shows that the effect is not merely due to

. surface phenomena affecting the consistency of the culture medium,
since in all seven cases this wes the same, The table also
shows that extraction of white pine wood had almost no effect

on its property to induce the fungus to produce tyromycic acid
and that the extract so obtained has only a very slight effect.
This would appear to indicate that there is no extractable
induction factor.

Previous qualitative studies appeared to show that, for
culture on white pine powder, as the growing time was lengthened

more tyromycic acid was produced, while the glucosides could be
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detected after 16 weeks. It apvears, the: , that incorporation

of Sitka spruce into the cultur
tyromycic acid and its analogues from a culture of Leptoporus

stipticus (Pers.) Cuel..
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Fr;sh sporophores of Leptoporus siipticus were collected
in mid~futumn from a fallén pine tree in the grounds of Dunkeld
House lotel. The cleaned, dried tissue (200 g.) was homogenised
with methanol (2 1.). After standing for one week, the extracted
ticsue was filtered off and the filirate evaporated to give a
trown 0il (19.1 g.) from which a crystalline white solid (400 mg.),
,D. 162—16600, separated. Soxhlet extraction of the tissue
with methanol ( 1 1.) for 24 hours yielded a further 7.4 g. of
gummy meterial, Thin layer chromatography of the hot and cold
extracts showed them to have similar composition,  They were
therefore combined and the whole triturated with light petroleum
(b.p. 40—6000, 200 ml,) to remove lipids. The pefroleum
insoluble material (23 g.) was dissolved in methanol (500 ml.)
and treated with an excess of ethereal diazomethane, The

metabolites of Leptoporus stipticus were thus obtained as a

mixture of their methyl esters (22 g.).

2. 7.L.C. REFERENCE CODE FOR L, STIPTICUS ESTERS.

The oil above was examined by thin layer chromatography
using two solvent systems:
A 1009 chloroform.

B 10% methanol in caloroform.

},._1
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The cheracterlstic R, values of the five major esters of

L. stipticus and their staining characteristics, when sprayed with

éerio ammonium nitrate / sulphuric acid and heated for 2 minutes
at 14000, are shown in Table II - 1. Also shown is their
appearance vhen run on layers of Kie;elgel HF254 and viewed in
w.v, light (A 254 mF). Throughout the text the names methyl
tyromycate and metiyl leptoporate, and the code nemes L.S.II,
L,S.IIT and L.S.IV will be used to represent the compounds whose
thin layer chromatographic properties are defined in Table II - 1,

3. CHROLIATOGRAPHIC SEPARATION OF THE MIXTURE OF

L, STIPTICUS KSTERS.

A portion (5 g.) of the mixture of methyl esters was adsorbed
on to silicic acid (5 g.) from ether and placed on top of a column
of silicic acid (%00 g.). This was eluted with light petroleum
(1 1.) to which ethyl acetate (2 1.) was gradually added.
Fractions (20 ml,) were taken at a flow rate of 100 ml,/hr. and
were examined by t.l.c. for content. The following table

summarises the separation achieved.
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Fractions Weight (mg.) Content

24 - 38 163 methyl tyromycate
39 - 56 160 methyl tyromycate, methyl leptoporate
57 - 66 80 methyl leptoporate, ergosterol
114 - 160 2700 L.S.II, L.S,III, L.S.IV
Total 3100 i.e. 62% recovery

Methyl tyromycate was obtained from fractions 24 - 38 by crystallis-
ation from methanol. Methyl leptoporate could be purified from
fractions 57 - 66 by p.l.c. on Kieselgel HF254 layers using
chloroform as eluent. Seperation of the binary mixture in
fractions 39 - 56 was also achieved by this method, An attempt
4}to separate a portion (700 mg.) of the polar constituents of
fractions 114 - 160 by a similar method using 10% methanol in
chloroform as solvent permitted the isolation of pure samples of
L.S.II and L,S.III, but in poor yield (ca. 50 mg. of each).
Adsorption of the remainder of fractions 114 - 160 (2.4 g.) on to
silicic acid (250 g.) and elution with chléroform (11.) to

which ethyl acetate (1 1.) was slowly added gave only a partial
separation of the three polar components with heevy loss of naterial,
a total of 0.8 g. (33%%) being recovered.  Attempts to further

separate these compounés by column or thin layer chromatography
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4. PAATITION OF THE IMuTEYL ESTERS OF L, STIPTICUS,

4 portion (18 g.) of the mixture of methyl esters was
distributed between light petroleum (200 ml.) and methanol : water
(3 + 1, 400 ml.) and allowed to come to equilibrium. The layers
were separated and examined by t.l.c.. This showed that an almost
complete separation of the non-polar light petroleum soluble
compounds (methyl tyromycate, methyl leptoporate) from L.5.11,
L.5.I1I and L.S,.IV had been achieved. Shaking the agueous layer
with a further quantity of light petroleum (100 ml,) completed the
separation. The combined petroleum layers were dried and the
solvent removed to yield a pale yellow solid (2.3 g.). The aqueous
phase was boiled to dryness to give a brown oil (13.8 g.).

5. CHROMATOGRAPHIC SEPARATION OF THE LIGET PETROLEUM

SOLUBLE ESTERS.

This fraction was crystallised from methanol to give a white
solid (2.1 g.). This was adsorbed from light petroleum on to
silicic acid (150 g.) and eluted with light petroleum (700 ml.)
to which 30% ethyl acetate in light petroleum (500 ml.) was
gradually added. Fractions (15 ml.) were collected at the rate

of four per hour. The separation is srown in the table below.
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Trections wWeight (mg.) Composition

L0 - 55 1230 methyl tyromycate
56 - 60. 396 methyl tyromycate, methyl leptoporate
61 - 73 | 92 methyl leptoporate
74 - 90 245 methyl leptoporate, ergosterol
Total 1963 i.e. 9&% recovery -

lMethyl tyromycate could be obtained by crystallisation of fractions
40 - 55 from methanol,. Methyl leptoporate was separated from the
binary mixtures in fractions 56 - 60 and 74 - 90 by p.l.c..
irgosterol was identified only by its thin layer properties
(identical R, and staining characteristics with authentic sample),
6. MNTHYL TYROMYCATE. METHYL 3%-070-LANOSTA-7.9(11)-24-

TRIEN-26-0ATE.

This compound was isolated as detailed in Section 5. It
crystallised from methanol as lustrous plates, m.p.’154-15600.
R (CdCl ) 0.63. [a] aly +40 (¢ 0.9).

(KBr) 5035, 2960, 2918, 2875, 2823, 1714, 1650 1601 1449,
1454, 1384, 1573? 1360, 1350, 1278, 1263, 1220, 1215, 1200, 1152,

. -1
1126, 1110, 1075, 1002, 990, 902, 868, 851, €15 and 799 cm .

~

nax

y (CHClB) 1706 cu — (e 746)
T values (60 Ie/s) 4.00 (1H, br.t, J=8 o/s), 4.49 (2K, m), 6.24
(35, s), 8.06 (3H, 4, J=2 c/s), metlyl contour 8.79, 8.87, £.90,

R
-
/o.a..L [SRPY

a 9.40.



© velues 4.07 (1, bx.t, J=6 ¢/s), 4.54 (24, m), 6.29 (32, s), €.13
(3%, 4, J=2 ¢/s), methyl contour §.61, 8.89, 8.92, 9.12 and 9.42.
My 228 mp (infl.) (log & 4.12), 235.5 m (log & 4.18), 244 mp
(log e 4.18) and 252 mp (log € 4.12)
Lnalysis Found C 79.56% .
‘ M at mfe 466
H 9.85%

CBIH4603 requires C 79.76% —
H 9.93%

Reaction of methyl tyromycate with an ethanolic solution of 2,4~
dinitrophenylhydrazine hydrosulphate yielded the derivative which
crystallised from methanol/chloroform as needles, m.p. 208-20900.
Analysis Found C 68.41%

H 7.63%

¥ 8.95%
CS7H5006N4 requires C 68.71%

H 7.79%

N 8.66%

7. HYDROGENATION OF METHYL TYROMYCATE. METHYL 3-0X0-

LANOSTA-7.9(11)-DIEN-26-0ATE,

Methyl tyromycate (500 mg.) in ethyl acetate (100 ml.) was
bydrogenated over 10% palladium charcoal (50 mg.). When the uptake

of hydrogen was complete (1 hour), the solution was filtered and



the solvent removed. The recovered methyl dihydrotyromycate (2.4)
(474 wg., 937%) recrystallised from methanol as plates, m.p. 160~
162°C. R, (cc1,) 0.63.
- (KBr) 2950, 2923, 2872, 2831, 1733, 1714, 1461, 1450, 1440,
1373, 1286, 1258, 1214, 1201, 1170, 1134, 1126, 1110, 1091, 1003,
990, 901, 848, 614 and 796 en L,
-1 -1
Viax (CHClz) 1703 cm (e 499), 1727 cm ~ (e 354)
v values 4.50 (2H, m), 6.30 (3H, s), methyl contour 8.80, 6.87, 8.91
9.08, 9.12 and 9.41.
Aoy 226 mu (infl.) (log e 3.98), 236 m (log € 4.16), 244 3
(log € 4.21) and 252.5 m (log € 4.05)
Analysis Found C 79.3%8% .
1 at m/e 468
H 10.10%
H .0 i 445
031 48°3 reguires C 79.44% MW, 468
H 10.32%

8. TREATMENT OF DMETHYL TYROKMYCATE WITH OSMIUM TETROXIDE.

METHYL 24,25-DIHYDROXY-3-0X0-LANOSTA-7,9(11)-DIEN-26-0ATE.

Methyl tyromycate (200 mg.) and osmium tetroxide (140 mg.)
‘were dissolved in ether (10 ml.) with a trace of pyridine (0.1 mi.)
and left for 60 hours. Chloroform (%0 ml.) was added and

The

hydrogen sulphide passed through the solution for 15 mins..

precipitated osmium sulphide was filtered off and the mothexr
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liquor evaporzted to give the glycol 2,2 (145 ng., 65%) which
was treated with decolourising chnarcoal and crystallised from

methanol as needles, m.p. 145-146.5°C. R. (CHCL,) 0.30.

3)
Voax (KBr) 3420 (br.), 2985, 2972, 2940, 2894, 1760, 1720, 1468,
1452, 1433, 1367, 1377, 1250, 1128, 1113, 1071, 1020, 1003, 994,
976, 900 and 810 cm™*.

Ve (CCL,) 3564 on™" (e 48), 3522 cn™ (e 52), 1736 au™ (e 463)
and 1712 et (e 602)

© values 4.53% (2H, m), 6.20 (3H, s), 6.43 (1H, m), methyl contour
8.57, 6.80, 6.88, 8.92, 9.13 and 9.40.

Apax 227 m2 (infl.) (log € 4.03), 236.5 m (log € 4.16)7 243.5 mﬁ
(log & 4.24) and 252 mp (log € 4.09)
Analysis Found C 74.06%

H 9.47%

M at m/e 500

031H4805 requires C T74.36% . 500

H 9.66%

'9. PERIODATE CLEAVAGE OF THE GLYCOL 2.2,

The glycol 2.2 (100 mg.) in methanol (4 ml,) was treated
with sodium metaperiodate (55 mg.) in water (0.3 ml.) and the
mixture was stirred at room temperature for 24 hours. The
sodium iodide was filtered off an@ the solid (95 mg.), recovered

after removal of the solvent, was purified by p.l.c. on one
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20 x 20 x 0.1 cm. layer of Kieselgel HF2C4 with chlofoform as
g,
solvent. Pure 2.3 (57 mg., 72%) crystallised from methanol
as needles, m.p. 162-164°C. R, (CHCIB) 0.59.
v .. (KBr) 2950, 2920, 2890, 2671, 2830, 1708, 1460 - 1454, 1446,
1429, 1378, 1370, 1282, 1258, 1241, 1187, 1130, 1119, 1056, 1047,
1018, 1009, 1001, 974, 901, 811 and 796 emt.
-1

Ve (Cch}) 1705 cm ~ (e 840)
T values 0.15 (1H, t, J=2 c¢/s), 4.51 (2H, m), methyl contour 8,81,
8.88, 8.91, 9.12 and 9.41. |
Aoy 228 mu (infl.) (log € 3.97), 235.5 m (log € 4.17), 242.5 mp
(log € 4.23) and 251 R (log & 4.06)
Analysis Found C 81.77%
M oat mn/e 396

H 10.02%
C,.H .0, requires C 81.77%
2774072 MW, 396

H 10.17%

10, LITHIUM ALUMINIUM HYDRIDE REDUCTION OF METHYL

DIHYDROTYROMYCATE. LAYOSTA-7.9(11)-DIENE-3£,26-DI0L (2.5).

Methyl dihydrotyromycate (2.4) (400 mg.) in dry ether (10 ml.)
was added to a suspension of LiAlHﬁ (400 mg.) in dry ether (50 ml.)
and stirred at room temperature for 12 hours. The excess reagent

was neutralised by dropwise addition of 1N hydrochloric acid.

The solution was washed with 6N hydrochloric acid (2 x 10 ml.),
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saturated sodium bicarbonate (10 ml.) and brine (2 x 10 ml.) and
then dried. Evaporation of the solvent gave the diol 2.5
(320 ng., 74%) which crystallised from methanol as needles, m,p,
161-162°C. Re (CH013) 0.10.
Voay (KBr) 3350 (br.), 3035, 2923, 2870, 1461 - 1443, 1370, 1256,
1135, 1096, 1074, 1031, 996, 987, 905, 811 and 798 cm ~.
(CHCl ) 3615 cm (e 107)
xm 228 m (infl.) (log e 3.99), 237 m (log € 4. 20) 244 mp
(log € 4.27) and 252.5 mp (log € 4.11)
© values 4.56 (2H, m), 6.42 (2H, 4, J=6 c¢/s), 6.64 (1H, m),
methyl contour 9.01, 9.03, 9.14 and 9.42,
Analysis Found C 81,14% .
M at m/e 442

H 11.62%
3085002 requires C 81.39% Vo 442

H 11.36% )

11, 26-TOSYLOXY-LANOSTA-7.9(11)-DIEN-3p-0L (2.6).

The diol 2.5 (200 mg.) was added to p-toluenesulphonyl
chloride (600 mg.) in dry pyridine (2 ml,), cooled in ice. The
mixture was stirred for 30 minutes at 0°c. Vater (0.5 ml.) was
added and the reaction stirred for a further 15 minutes, It
was then taken up in ether (20 ml,), washed with 6N sulphuric acid

(2 x 15 ml,), saturated sodium bicarbonate (2 x 5'ml.), brine



(10 ml.) and dried. Evaporation of the solvent gave a clear oil

which, after p.l.c. on two 20 x 20 x 0.1 cm, layers of Kiéselgel

HF254 using chloroform as eluent, yielded the monotosylate g;§
(177 mg., 65%) which crystallised from methanol as needles, m.p.

107-108.5°C. Ry (CHCL,) 0.26.

v oy (KBT) 3400 (bx.), 3024, 2959, 2918, 2842, 1596, 1495, 1462,

1455, 1367, 1358, 1290, 1187, 1175, 1096, 1067, 1033, 973 - 967,
947 - 942, €44, 813 and 774 cu T,

Vs (CHCL5) 3625 en ™t (e 41)

© values 1.83, 1.98, 2.32, 2.47 (2H, AB system, J=10 c/s),

4.47 (28, m), 6.00 (2H, &, J=T c¢/s), 6.64 (1H, m), 7.47 (3H, s)

methyl contour 8.97, 8.98, 9.03, 9.09, 9.16, 9.29 and 9.42.

| X 227 mp (log € 4.49), 244 o (log & 4.22) and 252 mr (log € 4.04)

max

Analysis - Found C 74.39% .
M at m/e 596

H 9.50%

requires C 74.56%
4 MW, 596

B 9.47% -

12. Y-LANOSTFROL. (LANOSTA-7.9(11)-DIEN-3B-0L)

Ly

| 037H56SO

(1) By Lithium Alwninium Hydride Reduction of 2.6,

The monotosylate (60 mg.) in anhydrous ether (2 ml.) was
added to a suspension of LiAlH, (50 mg.) in dry ether (15 ml.).

The reaction mixture was stirred at room temperature for 12 hours,
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and then neutralised with 1N hydrochloric acid (4 drops). The
ether solution was washed with 6N hydrochloric acid (2 x 5 ml.),
saturated sodium bicarbonate (5 ml.) and brine (5 ml,). After
drying and evaporation of the solvent Y-lanosterol was obtained
(36 mg., 86%) which crystallised from aqueous methanol as needles,
m.p. 155-157°C. R, (CHC1,) 0.40.

Voax (KBr) 3350 (br.), 2955, 2927, 2880 - 2870, 2845, 1465, 1444,
1373, 1098, 1067, 1034, 1000, 988, 906, 813 and 601 om <.

Voo (CHClB) 2618 cm * (e 53)

© values 4.55 (2H, m), 6.68 (1H, m), méthyl contour 9.01, 9.03
9.10, 9.12, 9.18 and 9.41.

ALy 228 T (infl.) (log € 3.96), 236 o (log € 4.15), 243.5 R
(log € 4.24) and 252 m (log & 4.04)

M at m/e 426,

This material was identical in all reSpécts with that prepared
as below (n.m.r., i.r., mass spectrum, Rf, m,p. and mixed m.D.)s

(ii) From Dihydrolanosterol.l22

Acetylation of dihydrolanosterol (1 g.) with refluxing
acetic anhydride (20 ml.) yielded dihydrolanosteryl acetate
(0.97 g., 89%) which crystallised from methanol as needles, m.p.
118,5-120°c.  (Literature m.p. 120-121°C). Treatment of

dihydrolanosteryl acetate (500 mg.) in acetic acid (50 ml,)
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. with selenium dioxide (500 mg.) under reflux for 1 hour, yielded
lanosta-7,9(11)-dien-3B-acetate (350 mg., 70%) which crystallised
from acetone as needles, m.p. 167.5-168.5°C.,  (Literature m.p.
16700). Hydrolysis of a portion of this material (200 mg.) in
4N methanolic sodium hydroxide (20 ml.) for 12 hours at room
temperature led to Y-lanosterol (181 mg., 93%) which crystallised
from methanol/acetone as needles, m.p. 156-156°C.  (Literature
m.p. 158-159°C).

13. TYROMYCIC ACID.

This material was obtained by crystallisation of the small
quantity of solid obtained on evaporation of the methanol extract
of the sporophores, before methylation, It crystallised from
methanol as needles, double m.p. 119-12100 and 176-17800.

Ry (107 MeOH in CHCL,) 0.68. [aly +45 (c 0.8).

Voay (KBr) 3300 - 2500 (br.), 3025, 2980, 2890, 2877, 1716, 1695,
1649, 1600, 1458, 1430, 1374, 1307, 1270 - 1250, 1192, 1160, 1131,
1114, 1080, 1058, 1002, 992, 903, 811, 796 and 784 e,
Vax (CCL;) 3300 - 2600 (br.), 1711 emL (¢ 660), 1690 em™> (e 646)
T values 3.88 (1H, t, J=7 o/s), 4.50 (2H, m), 8.06 (3H, d, J=2 ¢/s),
methyl contour 8.80, 8.87, 8.91, 9.12 and 9.41.

Moo 228 mp (infl.) (log & 4.16), 235 mp (log e 4.19),

244 mR (log & 4.19) and 252 m (log € 4.02)
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Analysis Found C 76.56%

H 9.68%

M at n/e 452

C3oHys05-Hp0 Tequires ¢ 76.55%
H 9.85%

14, IMETHYL LEPTOPORATE,

MW, 452

This compound was isolated as described in Section 5, It
crystallised from methanol as plates, m.p. 175-177°C. Rp (CH013)
0.31. [a]D +105 (c 0.6).

v ., (KBr) 3018, 2957, 2943, 2924, 2880, 1741, 1710, 1600, 1454 -
1448, 1434 - 1430, 1373, 1348, 1303, 1291, 1284, 1267, 1256,
1244, 1235, 1214, 1204, 1191, 1184, 1167, 1136, 1113, 1102, 1003,
991, 987, 901, 814 and 798 omt,
Ve (CECL5) 1737 cn ™t (e 360), 1704 emt (& 355)

T values 4,5 (2H, m), 5.06, 5.13, 5.24, 5.32; 5.83, 5.91, 6.00,
6.08 (2H, AB part of ABX system, J, =17 c/s), 6.25 (3H, s), 8.34
(3H, s), methyl contour 8.80, 8,90, 8.93, 9.12 and 9.42.

Npay 228 mp (infl.) (log & 3.96), 236 mp (log € 4.17), 244 m

(log € 4.23), 252 mp (log e 4.05)

Analysis Found C 75.61% .
M at m/e 50855033H4804
H 9.68%
C,.H, 0, .H i .25% :
33 4804 H20 requires C T75.259% Hev. 508

H 9.57%
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15. PREPARATION OF 2,B-DIHYDRO—2—ETHYL-4-I'IE1‘HYLFURANIQ9.

Redistilled diethyl ethyl malonate (23.5 g.) was condensed
with redistilled propargyl bromide (15 g.) in the presence of
sodium methoxide (2.87 g. sodium in 4 ml. methanol). After
work up, distillation gave diethyl 2-ethyl-2-propargyl malonate
(23.3 g., 82%4) b.p. (lmm.) 96-98°C.  (Literature b.p. (17 mm.)
125°C).  This substance was hydrolysed with 1N methanolic
potassium hydroxide to give the corresponding diacid (15 g., 80%)
as a gum. (Literature m.p. 118°C). Decarboxylation was achieved
by heating at 200°¢ for 2 minutes, Distillation gave 2-ethyl-2-
propargylacetic acid (7.6 g., 68%), b.p. (0,02 mm,) 65-68°C.
(Literature b.p. (18 mm.) 117°C). Treatment with ethanol in the
presence of sulphuric acid yielded the corpesponding ethyl estexr
(5.9 ., 75%), b.p. (20 mm.) 78-80°C.,  (Literature b.p. (22 mm.)
77°c).  LiAlH, reduction gave 2-ethyl-pent-4-yne-l-ol (4 g., 76%),

4
" b.p. 172-174°C.  (Literature b.p. 174°C).  Slow distillation of

2-¢fhyl
this substance from sodamide (200 mg.) produced 2,3-dihydrok4-
methylfuran (2.6 g., 61%), b.p. 110-112°C.  nj 1.4384.
(Literature b.p. 113°C. ny 1.4345).

‘16. HYDRATION OF METHYL LFPTOPORATE 1IN ACID SOLUTION.

Methyl leptoporate (50 mg.) was dissolved in methanol (7 ml.),

to which 36N hydrochloric acid (1 drop) had been added, and was
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allowed to stand at room temperature fo:_r 30 minutes. Saturated
sodium carbonaté was added to neutrality and a further 10 ml. of
water was added, After boiling off the methanol, the solution
was extracted with ethyl acetate (2 x 5 ml.). Drying and
evaporation of the solvent yielded a white solid (44 mg., 85%) |
which crystallised from aqueous methanol as needles, m,p., 153-
155°¢. R, (CHC1;) 0.08.

v . (KBr) 3400 (br.), 3045, 2972, 2960, 2957, 2890, 1738, 1716,
1600, 1470 - 1462, 1458, 1439, 1381, 1290, 1275, 1230, 1215, 1201,
1144 - 1136, 1013, 999, 989, 907, 820 and 815 emt.

Yook (CHClB) 3624 ent (e 41), 1731 emt (e 404), 1703 om™2 (e 419)
T values 4.51 (2H, m), 6.25 (2H, m), 6.27 (Bﬁ, ), 8.50 (3H, s),
methyl contour 8.81, 8.89, 8.92, 9.12 and 9.42.

Mooy 228 mp (infl.) (log € 3.96), 236 mp (log ¢ 4.15), 243.5 mp

max
(log € 4.24), 252 mp (log e 4.04)

Analysis Found C 75.31%
Highest ion at m/e 508
H 9.30%
()33H5005 requires C 75.25% v, 526

E 9.57%
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17. SEPARATION OF THE POLAR ESTERS L.S,II, L,S,III AND L,S,.IV.

(a) Formation of trimethylsilyl ethers.

A portion of the mixture of methyl esters (500 mg,) was
dissolved in dry pyridine (1 ml.) and treated with hexamethyldisil-
azane (1 ml,) and trimethylchlorosilane (3 drops) at room temper-
ature for 12 hours. The solvents were removed under vacuum and
the resulting gummy solid was ether extracted. After drying, the
ether was removed to yield a gum (400 mg.). P.l.c, on four
20 x 20 x 0,1 cm, layers of Kieselgel HF‘254, .which had been dried
at 14000 for 30 min., using benzene as eluent, separated the
three derivatives: L.S.II pertrimethylsilyl ether (40 mg.), R, 0.90;
L.S.III pertrimethylsilyl ether (30 mg.), Re 0.33 and L.S,IV per-
trimethylsilyl ether (18 mg.), Rf 0.31, Pure L.SI.II and L,S.I1I
were obtained by treatment of their derivatives in methanol (2 ml.)
with 4N sulphuric acid (3 drops).

(b)  Acetylation,

Treatment of the mixture of methyl esters (1.5 g.) with an
excess of acetic anhydride and pyridine at room temperature for
24 hours completely converted the three compounds into their per-
acetates. Removal of the solvents yielded a gummy solid (1.6 g.).
This was treated with hot methanol and allowed to cool., The

crystalline solid (180 mg.) which separated was shown, by t.l.c.,
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to be L.S.IV peracetate. P.l.c. on 50 x 20 x 0.1 cm. layers of
Kieselgel HF254, using benzene as eluent, separated the peracetate
of L,S.II (235 mg.) and the peracetate of L.S.III (220 mg.).

18. ACID HYDROLYSES OF THE GLYCOSIDES.

A portion of the ternary mixture of methyl esters (500 mg,)
was dissolved in 4N methanolic sulphuric acid (10 ml.) and left
at room temperature for 12 hours. The solid (37 mg.), which
had precipitéted, was filtered off and, after crystallisation
from methanol, was shown to be methyl tyromycate (i.r., n.m.r.,
mass spectrum, m,p,, mixed m.,p. and Rf). Tsl.c., of the filtrate
showed that L,S.IV had been hydrolysed, but that L.S.II and L.S,III
were unaffected. The mixture was refluxed until t.l.c, showed
that these two glycosides had been hydrolysed (1 hour). An
aqueous suspension of barium carbonate was added and the mixture
was left for 24 hours. TFiltration through glass paper gave a
clear, aqueous solution. This was reduced to 0.5 ml., and then
examined by descending paper chromatography using Whatman No. 1
paper in ethyl acetate : pyridine : water (12:5:4). The spots
were developed by passing them through (a) a solution of acetone
(99.5 ml.) and saturated aqueous silver nitrate (0.5 ml.), then
(b) 5N ethanolic sodium hydroxide. After the spots had appeared,

the excess reagent was removed by passing the strip through (c) 6N
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aqueous ammonium hydroxide, By comparison with the standards D-
glucose, D-galactose, D-mannose, D-arabinose‘and L-fucose, it was
seen that only glucose was present in the hydrolyses filtrate.

When the separated pertrimethylsilyl ethers of L.S,II, L,S,III
and L.S.IV were similarly treated under acid conditions, and then
the water soluble hydrolyses products examined by parer chromato-
graphy under the same conditions, it waé found that only glucose
was present in all three cases. It was seen also that L.S,IV,
on hydrolysis, gave methyl tyromycate.

19. L,S.IV TKTRAACETATE. (7a- OR lla- TETRAACETYLGLUCOSYLOXY-

LANOSTA-8,24-DIEN-26-0ATE) .

This compound was isolated as detailed in Section 17(b). It
crystallised from methanol as needles, m.p. 194—195.5°C. R, (25%
light petroleum in ether) 0.22. [q,:]D +22 (¢ 1.0).

v .. (KBr) 2960, 2893, 1765, 1754, 1714, 1654, 1460, 1446 - 1440,
1380, 1328, 1245 - 1230, 1160, 1139, 1120, 1096, 1042, 990 and

813 cm-l.

Vnax (0C1,) 1761 en™ (e 1760), 1711 en™ (e 830)

v values 4.09 (1H, br.t, J=T c¢/s), 4.88 (3E, m), 5.29 (18, 4, J=6
c/s), 5.73 (1H, 4, J=6 ¢/s), 5.80 (3H, m), 6.30 (3H, &), 7.96 (3H,
s), 8.03 (3 x 3H), 8,14 (3H, 4, J=1.5 c/s), methyl contour 8.60,

8.95, 9.14, and 9.18.
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Ay 216 mp (log € 4.00)

After addition of 6 drops of 6N hydrochloric acid to both
cells, and standing for 3 hours:
Aoy 226 mp (infl.) (log e 4.10), 236 mp (log e 4.13), 243 m (1og €
4,11), 252 mp (log € 3.90) '
Analysis Found C 66,07% '
Highest ion at m/e 466
H 8.20%

C,.H 0., requires C 66.3%2%
45766713 M.W. 814

H 8.16%

20, L,S.III. (METHYL 50~ OR 17a~- GLUCOSYLOXYTYROMYCATE).

This compound was isolated as described in Section 17(a),
It could be obtained as an amorphous solid, m.p. 90-97°C, by
addition of light petroleum to its benzene solution, Rf (10%
MeOH in CHClB) 0.44.
Vinax (KBr) 3400 (br.), 2950. 2928, 1710, 1647, 1454, 1436, 1377,
1310, 1250, 1203, 1148, 1077 - 1073, 1043, 1016, 997, 908, 891
and 818 cm™ L.
Ve (CHCLs) 3450 en™} (br.), 1706 en™L (e 737)
v values 4.02 (1H, t, J=7 c/s), 4.38,4.62 (2H, m), 5.38 (1, d, J=
8.5 ¢/s), 5.64 (1H, m), 6.29 (3H, s), 6.0 - 6.8 (br., m), 8.10
(3H, 4, J=1.5 c/s), methyl‘contop; 8.79, 8.88, 8.91, 9.09 and 9.43.

Mpax 230 mp (infl.) (log e 4.14), 238 mp (log € 4.27), 245.5 mp
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(log € 4.28), 254 mp (log € 4.12)
Highest ion at m/e 482,

21 L.S.,III TETRAACETATE, (METHYL Sa- OR 17a~ TETRAACETYL-

'GLUCOSYLOXYTYROMYCATE) .

This compound was isolated as detailed in Section 17(b).
It crystallised from methanol as needles, m,p. 169-171°C, Ry (25%
light petroleum in ether) 0,27. [C"JD -9.2 (¢ 0.7).
v (KBr) 2954, 2880, 1744, 1707, 1640, 1452, 1432, 1370, 1243,
1230 - 1220, 1050 - 1040, 1036, 997 and 906 cm™~.
Ynax (CCL,) 1763 en™t (e 1730), 1714 em™T (e 782) |
< values 4.02 (1H, br.t, J=7 ¢/s), 4.44,4.66 (2H, m), 4.88 (3H, m),
5.30 (1H, 4, J=8 c/s), 5.80 (3H, m), 6.28 (3H, s), 7.97 (4 x 3H),
8.10 (3H, d, J=1.5 ¢/s), methyl contour 8.79, 8.86, 8.89, 8.98,
9.08 and 9.46.
Apax 229 TR (infl.) (log € 4.17), 237 mp (log € 4.22), 245 mp
(log € 4.23), 254 m (log € 4.09).
Analysis Found C 65.79%

' Highest ion at m/e 481
‘H T7.61%

C45H6 4013 requires C 66.15%

M.W. 812
H 7.89%
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22, L.S.II. (MBTHYL 5a- OR 17a- GLUCOSYLOXY-30-HYDROXYLANOSTA-

7.9(11) ,24-TRIEN-26-0ATE),

This compound was isolated as described in Section 17(a).
Addition of light petroleum to its benzene solution precipitated
it as an amorphous solid, m.p. 86-92°C, R, (10% MeOH in CHOL)
0.30.

Voax (KBr) 3400 (br.), 2946, 2873, 1710, 1646, 1456, 1425, 1374,
1250, 1205, 1152 - 1149, 1074, 1071, 1043, 1017, 993, 944, 905
and 820 cm L.
Vuax (CHCL) 3450 em™d (br.), 1710 ca™t (e 444)

v values 4,05 (1H, br.t, J=7 c/s), 4.46,4.67 (2H, m), 5.45 (1H, 4,
J=8 ¢/s), 5.64 (1H, m), 6.29 (3H, s), 6,10 - 6.80 (br., m). 8.10
(3H, d, J=1.5 c/s), methyl contour 8.94, 9.04, 9.09, 9.11, 9.16
and 9.39.-

Apas 230 mp (infl.) (log € 4.06), 238 oy (log € 4.13), 246 m (log €
4.14), 254.5 mp (log € 3.94)
Highest ion at m/e 484

23, L.S.II TETRAACETATE., (METHYL 3a-ACETOXY-5a- OR 170~ TETRA-

ACETYLGLUCOSYLOXYLANOSTA-7 ,9(11) ,24-TRIEN-26-0ATE)

This substance was isolated as described in Section 17(b).

0
It crystallised from agqueous methanol as needles, m.p. 92-94°C.

R. (25% light petroleum in ether) 0.35. [“]D +4.8 (¢ 0.3).,
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Voax (KBr) 2935, 2916, 2840, 1755, 1742, 1710, 1642, 1451, 1433,
1372, 1243 - 1239, 1220 - 1216, 1150, 1130, 1090, 1038 - 1033,
1001, 990, 954 and 906 cn™ .

Ve (€C1,) 1762 em 11740 em™t (sh.) (e 1720), 1713 cut (e 443)

v values 4.02 (1H, br.t, J=7 ¢/s), 4.45,4.68 (2H; m), 4.88 (3H, m),
5.32 (2H, m), 5.80 (3H, m), 6.28 (3H, s), 7.99 (5 x 3H), 8.10

(3H, 4, J=1.5 c/s), methyl contour 8.94, 9.00, 9.05, 9.12, 9.17

and 9.49.

My 228 m (infl.) (log € 4.09), 237 m (log & 4.15), 245 m\x (log ¢

4.16), 253.5 m (log € 3.97)

Analysis Found C 66.21% .
Highest ion at m/e 525
H 8,15%
Cyqllgg0y, Tequires C 65.87% N

E 7.99%
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24, CULTURE, EXTRACTION AND METHYLATION,

A stock culture of Leptoporus stipticus (Pers,) Quel. was

obtained from Centraalbureau voor Schimmelcultures, Baarn,
Netherlands, and grown on 5% malt agar slopes for 3 weeks.
Further culture on malt extract for 3 weeks provided mycelium
which was blended and used to inoculate 5% malt agar in 100 roux
bottles. This medium had previously been autoclaved at 12 p,s.i.
for 30 minutes (twice, at an interval of 24 hours). Cultures
were allowed to grow, at 25°C and 70% relative humidity with
artificial illumination being provided for 12 hours per day, for
8 weeks, The mycelium was separated and dried at 4OOC.

The dried mycelium (61 g.) was extracted with cold methanol
(1 1.) and then by soxhlet treatment with methanol. The
combined extracts (29 g,) were treated with light petroleum to
remove lipids (20%) and then allowed to react with excess ethereal
diazomethane overnight. Evaporation of the solvents provided a
brown gum (22 g.). T.l.c. in chloroform indicated that this
material contained two main components at R, 0.37 and R 0.19.

25. SEPARATION OF THE TWO MAJOR COMPONENTS.

A portion (5 g.) was treated with benzene (100 ml,). This
efficiently separated the two major components (2.9 g.) from the

considerably more polar insoluble residue. The benzene soluble
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fraction was adsorbed on to silicic acid (750 g.) and eluted
successively with benzene (3 x 250 ml.), chloroform (5 x 250 ml,)
and finally with ethyl acetate (2 x 250 ml.). T.l.c, in
chloroform showed that the substances of Rf 0.37 and 0,19 had
been eluted together by chloroform and were present in all five
fractions. These were therefore combined and the resulting
yellow solid (1.3 g.) was chromatographed on silicic acid (75 g.),
using as eluent benzene (500 ml,) to which chloroform (500 ml.)
was gradually added. No distinct separation was achieved, the
two components again being co-eluted. The material recovered
from this column (1.2 g.) was separated into its two components
by p.l.c. on four 50 x 20 x 0.1 cm, layers of Kieselgel HF254
with chloroform as eluent. This allowed complete separation

of the compound of Re 0.37 (%360 mg.) from the other component of
Rf 0.19 (500 mg.). Total yields of each of these compounds from

61 g. of mycelium: 1,9 g. and 2.2 g. respectively.

26, THE COMPOUND OF Rf 0.37. (METHYL EBURICOATE.)
This compound was isolated as described in Section 25,
It crystallised from aqueous methanol as fine needles, m.p. 145-
147%.  [a], +46 (c 0.4).
vma;x (kBr) 3300 (br.), 2967, 2895, 2849, 1733, 1647, 1469, 1458,

1440, 1379, 1368, 1281, 1260, 1164, 1152, 1102, 1087, 1070, 1042,
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1023, 1008 and 894 g
Ve (CHCL) 3621 emt (e 41), 1727 e (e 403)
% values (60 Me/s) 5.24 (2H, 4, J=5 c/s), 6.32 (3K, s), 6.77 (1K, m),
methyl contour 8.95, 9.01, 9.04, 9.11, 9.20 and 9.27.
Analysis . Found C 78.99% .
) M at m/e 484

H 10.73%
C32H5203 requires C 79.29% N

H 10.81%
This material w;s identical (m.p., mixed m.p., Rf) with material
obtained by hydrolysis of authentic methyl acetyleburicoate,
generously gifted by Dr, J. McLean (University of Strathclyde),
Acetylation with acetic anhydride/pyridine yielded the acetate,
which crystallised from methanol as needles, m.p. 157-15900.
This was identical (m.p., mixed m.p., Rf) with the authentic
sample,

27, THE COMPOUND OF Rf 0.19. (METHYL TUMULOSATE.)

This compound was isolated as described in Section 25,

It orystallised from aqueous methanol as needles, m.p. 175-177°C,
[aJD +34 (c 0.9)

Voo (KBr) 3400 (br.), 3946 - 3932, 3871, 1757, 1716, 1641, 1452,
1440 - 1433, 1373, 1275, 1202, %}60 - 1154, 1096, 1052, 1041,

1029, 997 and 889 em™ L,
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"’max (CHClB) 3626 cm™> (e 81), 1728 ent (e 473)

t values (60 Mc/s) 5.23 (2H, d, J=6 ¢/s), 5.74 (1H, m), 6,31
(3H, s), 6.50 (1H, s), 6.76 (1H, m), methyl vcontour 8,96, 9.01
9.04, 9.07, 9.21 and 9.24.

Npax 237 mp (& 2100), 244 mp (e 2500), 244 m (e 1900)
Analysis Found C 73,96%

H 10.37%

M at m/e 500

032H5204.H20 requires C 74.09%
H 10.49%
28, CULTURE OF LEPTOPORUS STIPTICUS (PERS.) QUEL, TUNDER

M.W., 500

DIFFERENT CONDITIONS.

(a) Variation of the type of wood included.

Equal quantities of seven different types of wood: Sitka
spruce, white pine, Parana pine, Scois pine, oak, hemlock and
elm, in fine powder form (2%) were added to 5% malt in 2% agar,
and the whole was sterilised (twice). Each was inoculated with

Leptoporus stipticus (Pers.) Quel. and allowed to grow, under

the same conditions as previously, for 8 weeks. The methanol
extract of the harvested mycelium was methylated with an excess
of ethereal diazomethane. T.l.c. of this material in 10%

methanol in chloroform allowed detection of the glucosides, if

present, P.l.c. on Kieselgel H in chloroform and removal of all
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material between Rf 0.1 and 0.8 (relative to fhe standard dye spots)
gave, after extraction with ethyl acetate, the mixture which was
examined by g.l.c. on 1% Q.F.1 at 225°C with a flow rate of 55 ml,/
min,

A mixture containing equal quantities of methyl tyromycate
and methyl eburicoate was found, under these conditions, to
give well separated peaks of equal height, RT 17.5 min, and

26,5 min, respectively,

(b) Extracts of white pine,

Finely powered white pine wood was soxhlet extracted for
12 hours with light petroleum, The residue obtained by
evaporation of the light petroleum extract and the extracted
. powder were added separately to malt agar culture medium, The
whole proceedure was repeated using water and then again using
methanol. The six media so prepared were inoculated with

Leptoporus stipticus (Pers.) Quel.. Further treatment was

identical to that described above (part (a))

[
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