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SUMMARY

Sporophores of Daedalia quercina have been shown to contain
& mixture of tetracyclic triterpene acids. After esterification,
methyl polyporenates B and C were isolated together with six
labile esters. The most abundant of these was demonstrated
to be an half malonate ester and represents the first recorded
isolation of such a compound. It has been called methyl methoxy-
carbonylacetylquercinate. Of the remaining five esters, three
have been shown to be triterpene halflmalonnto esters, one to de
the acetate ocorresponding to methyl methoxycarbonylacetylquercinate
and one to be a free hydroxy compoundQ The triterpeme moiety
in two of these latter malonate esters would appear to be the
first reported examples of 032 triterpenes.

The instability of the six esters is almost certainly due
to the presence in the side chain of a Y-~keto-ester systeam.
Tentative structural proposals are advcnced for all the compounds.
The structures of the chbterpenb ssters appear to incorporate
epidioxide groupings. The "oonjugated™ triterpenes have also
been deteoted in 8 culture of Daedalia quercina grown on & synthetic
medium,

Studies with extracts derived from the sporophores of
Polyporus betulinus revealed that polyporenic acid A is present
mainly in the form of ester, one of which constituted a further

example of a triterpene half malonate. The other esters encountered



were acetate, caproate, 3-hydroxy-3-methylglutarate, malonate
monomethyl ester and 3-hydroxy-3-methylglutarete monomethyl
ester.

Possible functional significance for these triterpene
"conjugates" is considered.

From cultures of a species of Penicillium, the known
substance, mycophenolic acid has been isolated. The ethyl ester
and two oxidation products of this latter substance were obtained
and characterised.

Semples of a sesquiterpene benzoate, two quinonoid pigments
and a phenolic substance were also obtained froam the broth of the
organism but no definite structures were established for these

metabolites.



AN IHNTRODUCTION TO

THE STUDY OF

PUNGAL TERPENES



One of the most taxing problems presented by any body of
knowledge which is continually increasing in size and escope is
that of keeping the laws and definitions which govern the sudject
in harmony with all current developments. A most striking example
of how an early definition was modified and expanded in the light
of later findings is to be seen in the history of the term "terpene".
Initially the noun was employed by Vallach. in 1914 as & zeneric name
for a limited number of 010 hydrocarbone which were readily isolated
from plant essentisl oils. This definition wag later extended
{_rstly to include the oxygenated derivatives of these 010 hydiro-
carbons ( the camphors ) then to contain compounds of similar
origin possessing carbon contents of fiftesn and twenty atoms.
Nowadays the term "terpene" is uﬁed to describe a class of many
thousands of widely distributed naturally occurring compounds whose
carbon skeletons can contain from five to forty carbon atoms.

Any modern definition of the word "terpene"” mmst take into
account the observations of Bertholat,; Wallach' and mzich: that
the structural framework of all traditionally accepted terpenoid
materials could be nominally derived from linked isoprene unite.
This, the so-called Isoprene Rule, prompted Kaagen-&n.’n4 to designate
terpenes as " ..... all compounds which have distinct architectural
and chemical relationships to the simple 0538 ( isoprene ) molecule ... "
Although such a definition is practically functional and will be

used in the subsequent discussion of fungal terpenes, it is far
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from being rigorous. A more exacting definition of the term im
question, taking into account the biological basis of the Isoprene
Rule would be "a naturally ocourring subatance which can be derived
biosynthetically from mevalonic acid ( 1.1 ) via an isopentenyl |
polymer of general formula ( 1.2, X = OP0H,, OFO,H,, OH, H ».

H

H- /k/ "X
O,H

H 2 n
1.1 1.2

The stipulated involvement of & polymer in the above definition
leads automatically to the classical sub-division of terpenes,
the prefixes hemi, mono, sesgui, di, tri and tetra being eamployed
to describe species whose immediate pregenitors are isopentenyl
monomers, dimers, trimers, tetramers, hexamers or octamers reabec-
tively.

As an example of the operation of the latter definition,
lanosterol ( 1.3 ) is defined as a triterpene alcohol since it
has been shomn to be derived biosynthetically from 2-Cl4-mevalonic

s ) _ 6
acid ( 1.1 ) and the isopentenyl hexamer squalene ( 1.4 ).



1.1
1.4

1.3

It will be noted, however, that before a substance can be
formally defined as a terpene under the conditions proposed above,
both mevalonic acid and the appropriate isopentenyl polymer must
be shown to be intermediates in their bioqynthaeia. Since such
extensive incorpcration data is only available in a limited number
of cases, less rigorous, structurally based definitions such as
that pf Haagen~-Smit require to be used until more complete bio-

chemniocal evidence begomes evailable.
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Representatives of almost all types of terpene are to be
found as products of fungal metabolism as can be seen from the
examples contained in Tables 1.1 to 1.9. Puccinia graminis provides
an example of a fungal hemiterpene in the alkene 2-methylbut-2-ene -
(1.5 );, while the monomeric isopentenyl unit can be detected in
the molecule of the biogenetically complex diphenolic aldehydes
of Aspergillus glaucus, suroglancin ( 1.7 )sand flavoglaucin ( 1.8 )(i
as well as in fuscin ( 1.6 )? elymoclavine ( 1.9 ), azroclavine
(1.10 )2 echinulin ( 1.11 ;1and novobiocin ( 1.12 )?

Although no examples of a simple mould monoterpene have yet
been isolated, the isopentenyl dimer characteristic of such compounds
is encountered in the ether substituent of mycelisnamide ( 1.13 )*
and in the degraded side chain of wcoMlic acid ( 1.15 )’f

Sesquiterpenes occur in a variety of structural forms.

Simple systems are observed in the azulenes of Lactarius delicoeus,
lacteroviolin ( 1.17 )"and lactarazulene ( 1.16 )nwhilo @ore complex
arrangements appear in helminthosporal ( 1.19 )'3 the illudins
(1.20 fnand in the alcoholic portions of trichothecin ( 1.21 )zo
trichodermin ( 1.22 )1: diacetylscirpenol ( 1.23 )nand verrucarin &2.,3
Grifolin { 1.18 )1;'epresents the case of 8 substance of multiple
biosynthetic origin containing the isopentenyl trimer.

25 26
Rosenonolactone ( 1.26 ), pleuromutilin ( 1.25 ) and the

growth promoting factors produced by Gibberella fulikuroi, the
21

gibberellins ( gibberellic acid,1.24 ) illustrate admirably the

-4 -



structural diversity waich can arise from the simple isopentenyl

a3
tetramer, while the carotenoids contained in Table 1.9 are examples

of fungal tetraterpenes.

As far as the present study is concerned the compounds derived
from the isopentenyl hexamer squalene ( 1.4 ) are of greatest
interest. The known fungnl metabolites of this class can be
arbitrarily divided into three groups according to the number of
carbon atoms they possess. The first group contains less than the
prescribed thirty carbon atoms and is represented by the fungal
sterols such as ergosterol and its derivatives ( Tables 1.5, 1.6 ).
The highly oxygenated metabolites cephalosporin P,,( 1.37 )fq helvolic
acid ( 1.38 )sgnd fusidic acid ( 1.39 )mﬁlso belong to this group.

In all probability the reduction in carbon content of these compounds
is achieved by means of the oxidative-decarboxylation sequence
propossd to explain the conversion of lanosterol to cholesterol?z

Compounds containing thirty carbon atoms comprise the second
group of squalene derived mould metabolites. Squalene itself is

33
known to be a metabolite of Amanits phalloides. The six other known

members of this group 211 possess lanostsne skeletons which are

oxygenated to varying levels at position C-3 and C-21 and which
. N 4

have 4§§(9) or zs'(9)'11 unsaturation. The relevant structures

are collected in Table 1.7. It is noteworthy that trametenolic

34 3s
acid ( 1.44 )} occurs in Trametes odorata, Fomes hartigii and

3%
Inonotus obliquus, not in the free state, but as its methyl ester

-5 -



while 3a~hydroxy-lanosta-8,24-diene-21-oic acid ( 1.45 ) appears
s
in Polyporus pinicola as the methyl ester of its acetate.

“The members of the third group of tetracyclic tritexrpenes

are C,, compounds by virtue of the insertion of a C, unit at

31 1

carbon atom C-24 during their biogynthesis. The six known coampounds
of this type are gathered in Table 1.8. It casn be seen that com-
pared with the 630 compounds previously examined, there is a
greater variability in the positions on the carbon skeleton at which
oxidation can take vlace. There also exists the possibility of
having either a monoene or & diene system bridging rings B and C
and in this connection it can be mentioned that the monoenes
tumulosic acid ( 1.47 )37and eburicoic acid ( 1.51 )3gboth co~-occur
naturally with the corresponding diene. Such monoene/diene mixtures
prove very difficult to separate. As with the 030 compounds, the

C,, substances can exist in esterified or "conjugated" form. Thus

31
R A0
tumulosic acid can ocour as its 3-acetate and its 3,16-diacetate

41
and eburicoic acid as its 3-acetate.

It is relevant to the content of the following chapters to
list in Table 1.10 the various fungi which have been shown to give
rise to 050 and 051
the fifteen entries in the Table all but one, Isntinus dactyloides,

tetracyclic triterpeneas. It is noted that of

are members of the family Polyporaccae.



TABIE 1.1 FUNGAL HEMI- AND MONOTERPENES

-
1.5 2-Methylbut-2-ene. 1.6 Fuscin,

b
1.7 Auroglaucin. ReCHy(CH=CE), 1.9 Elymoclavine. ReCH,OH "

1.8 Flaveglaucin. thaGH}(G'H?_)eq 1.10 kgroclavine. R«CK3
1\/</
/KJ A

1.11 Eochinulin.

—1-




1.2, FUNGAL MONO- AND

CH, OCONH,

1.12 Hovobiocin

/K/\/K/‘ °‘©‘ﬁ=§i§w

1.13 Mycelienamide

] O ‘ /K/\
R ‘ R

o) 4 ~
7 R C ch Oa.""

1.15 Mycophenolic acid ( B" ) and 1.14

C
the proposed precursor ( R' )’




R

b i
1.16 lactaraszulene 1.17 lactarcviolin

A @

1,18 Grifolin “

i(f/%

1.19 Heln:lnthoaporal

1,20 Tludin ¥ ( R = O ) €O GH
CH CH,

1q 20
Tludin S ( R = CH0H ) 1.21 Prichothecin




TABIE 1.4. FUNCAL UI- AND DITERPENES

Yool Y ol
O ~ ~ ~ ~
]
[ N CHs H
CH,CO0
COCH; OCOCH;,
22
1.22 Trichodeminn 1.23 Diacetylscirpenol
COCHOH
--OH NN
e
b ] 2P
1.24 Gibberellic acid 1.25 Pleuromutilin

25

3
1.26 Rosenonolactone ( R = 0 )

4
1.28 Rosololactone

1.27 9-Deoxyrosenonolactone @

(R~1H,)




1.29 Squalene>’ 1.30 Ergosterol

H H
1.31 Pyrocaloiferol “ 1.32 Wdeetgostmlw
O HO
1.33 Ergosta - 7,22-diene- 1.34 Pangisterol’

3-one **




AN
: H OH

4
1.35 Ergosterol peroxide*"  1.36 Cerevisterol

30 3
1.38 Helvolic acid 1.39 Fusidic acid
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TARIR 1.7. PUNGAL TRITRRPRNES ( G, )

CH,OH oH
! i
HO™
1.40 21-Hydroxylanosta-7,9 (11), 1.41 lanosta-7,9 (11)-24-
24-triene-3-one *° triene-3B,21-d10l *
CH,OH GO+

< O

7~

s1
1.42 21-Hydroxylanosta-8,24- 1.43 Pinicolic acid A
diene-3-one ¥

e y e g

H HO”

1.44 3A-Hydroxylanosta-3,24- 1.45 3a-Hydroxylanosta-8, =
diene-21-o0ic acid % 24-diene-21-gic acid

-13 -



s
1.48 Polyporenio acid C = 1.49 Dehydrotusalosic acid

COgH CO,H

1 6H 1
H H

£7
1.50 Sulphurenic acid ~* 1.51 Bburicoic acid

-14 -




21

SABIE 1.9, FUNGAL TETRAYERPENES

- Ja
1,52 ILyeopene
- -4
1.53 P-Carotens
]
b - ,_

1.54 Canthaxanthin

« 15 -



TABLE 1.10. LIST OF FUNGI KNOWN TO PRODUCE 030 AND 631

TETRACYCLIC TRITERPENES

POLYPORUL PINICOLA

POLYPORUS ANTHRACOPHILUS
TRAMETES ODORATA

FOMES HARTIGII

INONOTUS OBLIQUUS

FOMES OFFICIRALIS
POLYPORUS SULPHUREUS

POLYFCRUS HISPIDUS

PORIA COCCUS

LENTINUS DACTYLOIDES

POLYPORUS EUCALYPTORIUM
POLYPORUS BETULINUS

21 -Rydroxylanoste-8,24-dien-
3~-one, lanoata-7g9( 11 ), 24
triene-38, 21-diol, trametenolic
acid A, pinicolic acid,methyl
T-acetoxylanosta-8-24 dien-
21-o0ate, polyporenic au:id o.

Eturicoic acid, and its acetate.

Methyl 3P-hydroxylanosta-8,24-
dien-2l1-0ate, trametenolic acid B.

Methyl 38-hydroxyhnosta—é,24-
diene-21-oate, trametenolic acid B.

Lanostercl, methyl ¥ -hydroxylanosta-
8,24-dien-21-0ate, inotodiol.

Eburicoic acid.

Eburicoic acid and its acetate,
sulphurenic acid.

Eburicoic acid, dehydroeburicoic
acid.

Eburicoic acid, dehydroeburicoic
acid, tumulosic acid and its
j-acetate,

Eburicolc acid, dehydroeburicoic
acid.

Eburicoic acid.

Polyporenic acids 4 and C, tumulosic



acid and its dimscetate.
POLYPORUS AUSTRALIENSIS Tumulosic acid.

POLYPCRUS BENZOQINUS Polyporenic acid C.

-17 -



CHAPTER 2

AN OUTLINE OF THR

BIOGENESIS OFPF

TETRACYCLIC TRITERPENES




Several detailed reviews of the biosynthesis of tetracyclic
triterpenss, with special reference to those pathways leading to
the steroids, are currently svulablo“and only the basic elements
of the processes which lead to the comstruction and modification
of the lanostane skeleton will be considered here.

The sequence of reactions commences with the derivation of
acetyl coenzyme A from dietary fat or carbohydrate. As is shom
in Table 2.1, one molecule of this substance is carboxylated to
yield malonyl coenzyme A which is then decarboxylatively ocupled
with a second molecule of acetyl coenzyme A to give acetoacetyl
coenzymse A Claisen ester condensation with a third molecule of
acetyl coenzyme A provides g-hydroxy-g -methylglutaryl coenzyme A.
Up to this point, all the reactions are completely reversitle and,
as will be noted in Chapter S, the f-hydroxy-f-methylglutaryl
derivative is in equilibrium with acetate, this making it a source
of terpanes and other acetate derived substances. However the
reduction of B-hydroxyl-f-methylglutaryl coenzyme A to mevalonio
acid is effectively irreversible and this reaction eppears to de
one of the points at which terpene synthesis can be controlled.

As the result of some recent work, Brodio”hal proposed that
the synthetiocally involved acetate, malonate, acetoacetate and
p~hydroxy-g -methylglutarate species are not coenzyme A ester but
enzyme esters. The issue, however, appears to be somewhat confused
and further evidence will be required before the validity of the

-18 -



findings can be assessed.

The conversion of mevalonio acid to isopeatemyl pyrophosphatc
requires three distinct phosphorylation resstions folloied by a
conoerted 1 : 2 elimination of carbon dioxide and the elements
of phosphoric acid.

The elaboration of the 030 isopentyl polymer squalens from
isopentenyl pyrophosphate proceeds via dimethylallyl, gersnyl and
farnesyl pyrophosphates. .A.lthough the doﬁilod mechanism of the
reaotions involved is not'?yet:m;.y understood, somse of the stereo-
chemical aspects hgva been eiwidated by the Popjak, Cornfoxrth
group in an aseomain@: beautiful mann’erfo In essence the results
are 8s follows,

a. In the coupling of dimethylallyl pyxophosphate with isopentenyl

pyrophosphate to give gerax\yl pyrophoaphate, inversiom tokes place

at carbdbon atom c1 of the dimethylallyl pyrophosphate molecule.

In addition, it has been shown that the hydrogen removed from ocarbton
aton C-2 of the isopentenyl pyrophosphate molecule comes from

thea face thus:-

PP
HOPP

H

b. In the coupling of the farnmesyl pyrophosphate molecules to give

squalene itself, the carbon atom 01 of one molecule suffers inversion

-19 -



while that of the other experiences no overall change of stereo-
chemistry,

No totally authenticated mechanisa for the union of the two
farnesyl unita is presently available. In Table 2.1, a cyclic
scheme based on the well-known Stevens rearrangement is ineluded.
It is due to Popjak and~00rnforth°;nd 18 in accord with all available
experimental data.

The cyclisation of squalene to lanosterol, the last step
in the sequence, involves a series of concerted hydrogen and
methyl migrafions, all of which have been carefully studied with
the aid of radio tracers. However, the precise nature of the
entity which initiates the process is not known; it may be the
cationic species OH'. 5

lanosterol marks the point at which the biosynthetic pathways
branch which lead eventuslly to the various tetracyolic triterpenes,
the steriods,- the €50 m'cn_cospounds. The o”'oo-po\’mu are
immediately available on introduction of the recquired oxygen
functions and double bonds. The steroids require to undergoe
a series of oxidation and decarboxylation reactions which lead to
the removal of the methyl groups on carbon atoms C-4 and 0-14?1
The 031 compounda,‘hdwe#er, have one additional carbord atom intro-
duced into the skeleton at position C-24 and the processes involved
are worthy of further consideration.

It has been shown that the additional carbon atom of ergosterol

"'20"



L2
and eburicoic acid are derived from formate and from methionine.

Further work vith ergosterol, which is presusably relewant to the

cn triterpenes, showed that when Me-D -methionine was :od to

3
methionine-less strains of Neurospore crassa only two of the three
deuterium atoms were incorporated into ergootmlfa It has also
been shown recently that when ergosterol is biosynthesised from
2—140-48-53-meva10mte, 8 tritium atom is retained at carbon atom 0-24‘.*
These experimental findings suggest that the "extra” carbon
atom of the phytosterols and of the 03'1 tetracyclic triterpenes
may be introduced via a 24-25 cyclopropanoid intermediate which
may have béen formed by the addition of a carbene-like spocie'a

to the.é\_24'(25) double bond.

Adenosine - % - g, —————> Adenosine - %'- 01-12
R R
+ /m
4
Adenosine - ; - Enzyme
! cﬂz\ /
—¢—G—
T
- f—2c-

(5= (o )y oy o |
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The above, biologically attractive mechanisa for the
incorporation of the additional cl unit has been proposed by
I.oderorfnd involves the addition of an yiido, generated by the
oxidation of S-adenceylmethionine, to the A24(2%) gouble vond
which hu been suitably polarised by association with an engyme.
It will be meen that the so-formed adduot can give the C-methyl
conpound direstly on hydrogemation without actually involving

a oyclopropanoid intermediate,

- 22 -



TARLE 2.1. THE BIOGEHESIS OF LANOSTEROL

Fiat

Carbohydrate

OH

CE~-g-H

I\
CH2-C-OH
Si
CH2QO02H

CH2CH20H

CH,-C-OH
31

ch2co2h

QELCOPP

12
CH_~C 072 ,
3

ch?2co2h

CH-COBCOA
54
COgECHGCOSCOoA

CHgGOS-Bn
OE.-C-OH

CEgCOgH

oh2ch?o (p)
CK*-C-OH

ch2co2h

OPP

OPP

23 .

A

CH”COCHgCOSCoA

CH?COSGoA
CH-C-OH
3

CRgQOgEL

CHxC~OH
3

CE~COgH

( H-OPP )

OPP



R-OPP > =R OPP

53&n

XX






Since the beginnings of the Science of Botany, aystematic
classification of the members of the Vegetable Kingdoa has been
arbitrarily based on considerations of morphology and physiology.
This is especially true of the Pungi where a taxonomy based on
such features has brought order to the vast multiplicity of fungal
forms. Over the last few decades, however, interest has arisen
in the chemical nature of the Fungi and it now becomes intriguing
to seek chemical reflections of those physiological and morpho-
logical characteristics which are the basis of taxonomy.

In this respect it is of interest to examine the species
distribution of the known fungal tetracyclic triterpenes. It
was noted in Chapter 1 ( Table 1.10 ) that fourteen of the fifteen
organisms reported to produce these materials were members of the
femily Polyporaceae. Before it could be judged how far the corollary
were true namely that tetraoyclic 'tritcrponn are of general occur-
rence in the Polyporaceae, many more detailed chemical analyses of
the members of this Family would have to be performed. As part
of a general programme directed towards this end, the detailed
chemical analysis of the organism Daedalia quercina was undertaken.
This large, brown, oorky, hoof-shaped polypore is commonly found
investing the base of dead oak stumps. It is also known to attack
fashioned oak timber in buildings and mines. The common name for

Daedalia quercina - the Maze Ringus - derives from the faot that

-25.



in the sporophore the hymenium lines long, deep, tortuous furrows
80 giving the under-surface of the fruiting body the aspect of a
maze.

In the vast majority of previous studies of both plant and
fungal triterpenes, the natural extract was subject to initial
uWiwtion. This vigorous procedure has been strongly
criticised by Ourisson et al. in the following tem:-u.

"It must be remembered that the isolation of

substances after treatment with strong alkali

gives no indication as to their true native

form. Such treatment can produce marked changes

in the substituents present; ester groups, in

pérticular. may be hydrolysed.”
In order that the study of Daedalia quercina should provide as
much valid chemical and biochemical information as possible, it
was docided to work with fresh extracts and to avoid sapomification.

Healthy, young eporophores of Daedalia guercina were collected
from an osk stump in Garscube Estate and, after superficial oléaning
were homogenised and extracted with cold methanol. The lipids and
light petroleum soluble sterols such as ergosterol were removed
from the methanui extract by treatment with light petroleum. Small
scale soid-base extraction of the brown solid wiich constituted the
petrol insoluble residue indicated that approximately 86 % of this

material was soluble in aqueous base. Since the petrol insoluble

- 26



fraction was thus essentially a mixture of acids, preliminary
investigation was made with chromatographic methods known to
fractionate acids. Since a mmber of adsorption and partition
systems failed to produce any appmiabie separation of the com-
ponents of the acid mixture, it was decided to esterify the petrol
1ncolu$1¢ fraction and conduct the remainder of the analysis on
the methyl esters of the constituent acids.

The thin layer chromatographic behaviour and staining properties
of the methyl esters of the eight principal metabolites of Daedalia
quercina are presented in Table 3.1. It has begn found useful in
this investigation to refer to these methyl esters by the code names
D.Q.1, D.Q.4, D.Q.5, D06, D.Q.T, D.Q.8, D.Q.9 and D.Q.10; these
will therefore be used throughout the following text to uniquely
represént the substances whose chromatographic and staining properties
are defined in Table 3.1. As a result of Qtaining, it was showmn that
all these compounds except D.Q.5 conﬁinad carbonyl groups capable
of rescting with 2,4-dinitrophenylhydrezine, while the compounds
D.Q.4 and D.Q.5 possessed conjugated diene systems. The latter
feature could be deduced from the obeervation that when the developed
T.L.C. plate of the Daedalia quercina esters was sprayed with an
0.005 % aqueous solution of the adsorption indicator rhodamine
66 and viewed in ultraviolet light of wavelength 2560 %, the com-

pounds D.Q.4 and D.Q.5 appeared as purple areas. Under similar



TABLE 3.1. R VAWESOPTEEDAEDAanmm

7
R, Values Staining
99 %
1004 | %35 | modantne DN.P
CHO1, 1% 6 G. .
O OF
D.qQ.1 f 0.58 - red +
D.Q.4 0.31 0.72 purple +
D.Q.5 0.00 0.50 purple -
D.Q.6 0.61 - red +
D.Q.7 0.43 - red +
D.Q.8 0.49 - red +
D.Q.9 0.00 0.40 red o+
D.Q.10 0.00 0.19 red +
p-aminoszobenzene 0.60 0.90
p-hydroxyazobenzene 0.21 0.56
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conditions substancee containing monoenes or non-conjugated dienecs

gave rise 1o red zones. Tnis simple, non-destructive technique

for beth types of compound has been used extensively in preparative

.ayer thromatograpty wbherein it was found advisabdble to incorporate

tne tye direstly into the platie at the time of their preparation.
Ther: —~an he ne oonbt tnat the most critical phase in the

anal;s.S 0l the laedalia quercina metabolites was the development

of chrematographic methods which would effectively fractionate the
comnlex mivture of esters.

Inrtzally Woelm Grade IV neutral alumina was employed in
conjuncticn witn grazdients of light petroleum, ether and ethyl
acetate. fltnougn thie procedure led to excessive loss of material
through: decompoesition on the adsorbant, pure samples of each of the
metahet it wern eventuslly obtained. The vee of aluping we,
however, discontinued when supplies of Mallinckrodt silicic acid
berame available. Although this latter adsorbant was not just so
selective in fractionation, it is much less destructive than alumina
and its nme with oradients of light petroleum and ethyl acetate
peiduced weli-nigh quentitative separations.

The T.L.C. of a typical silicic acid fractionation is dispiayed
in Table 3.2. 1t can be seen that pure samples of the compounds
D.Q.1, D.Q.4, U.Q.9 and D.Q.10 were immediately available. The
remsining four substances, the compounds D.Q.6, D.Q7, D.Q.8 and

D.N.5 were isolated by means of preparative layer chromatography
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on rhodamine-treated plates. It must be noted, however, that all
the compounds, save D.Q.4 and D.Q.5, decompose appreciadbly on
standing at room temperature and further purification may be
required immediately prior to the study of any particular compound.
The nature of the substances D.Q.4 and D.Q.5 will be considered
first. The substance D.Q.4, m.p. 192-194°%C had an aralysis in
accofd with the molécular formula 03234804 and was shown osmometri-
cally to have & molecular weight of 492+6. Absorption bands in the
infrared spectrum at 3623 o (e 76.6,Ayg_ 16 ), 1736 ea?
( & 580, Av, 16 ) and 1713 cet (€ 569,4v, 14 ) were compatible
with there being in the molecule a secondar; hydroxyl group, an
alkoxycarbonyl system and a saturated aliphatic or six membered
alicycliec kotene function. The first indication that the material
might be based on a tetracyclic carbon skeleton came from the
ultraviolast spectrum of the substance which oontained the triplet
characteristic of a steroidal 7,%(11) dienof Unsatnration was 8180
present in the molecule a8 an exocyclic methyleme group as shown by
infrared bands at 1642 and 890 cn™® and a two proton multiplet
at 4.55 tau in the N.M.R. spectrum., In review, the spectroscopic
evidence was wholly consistant with thé compound being methyl
polyporenate C ( 3.1 )ff Mixed melting point and chromatozraphio
comparison of the substsnoe D.Q.4 with an suthentic sample of
methyl polyporenate C sgemed to oconfirm their identity. Careful

analysis of the mass spectrum, however, revealed that the substance
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D.Q.4 was, in fact, a binary mixture. Together with a parent

CO,CH C O,CH,

3.1 3.2

molecular ion at m/e 496 corresponding to methyl polyporenate

C, there occurred a smaller peak { 12 % of m/e 496 ) at m/e 498

which was almost certainly due to oontamination of methyl poly-

porenate C by 2 small amount of the comaponding 8(9)=monoena,
methyl 7,11-dihydropolyporenate ¢ { 3.2 ). Such monoene : diene
mixtures are common in the previously encountered triterpenes of
the Polyporaceae-tumulosic aoiﬁ?pinio’ol:lc aoidﬂami eburicoic aci&;-’
are all accompanied by their 7,ll-dehydroderivatives.

The physical data of the substance D.Q.5 bore a great resem-
blance to the corresponding values for the substance D:Q.4 as is
shown in Table 3.3, The minor differences could be explained
if the substance D.Q.5 wes either the 3B ( 3.3 ) or 32 ( 3.4 )

alecohol devived from methyl polyporenate C.

-’2“



ABIE 3.3. COMPARISON OF PHYSICAL DATA CO! D.Q.4 AND D
D.Q.4 D.Q.5
Molecular
formla 03284804 c,znso%
M pax 23728 ( 13,500 ) 2370% ( 12,300 )
24308 ( 15,300 ) 24308 ( 14,300 )
25108 ( 10,600 ) 25108 ( 10,800 )
v 3623 (77 3623 ( 123
max 1736 2 580 i 1737 5 538 }
1713 ( 569 . =
1645 1645
890 890
Tau values 4:55 4.58
( 28, t; J=5.4 ) ( 28 t, J=6 )
5.25 5425
( 28, 4, J=2 ) ( 28, 4, J=3 )
5090 . 5'”
(18, n ) (15, =)
6.28 6.26
(%8, s ) (38, 8)
- 6.74
- (18, a)
P.M. Ion ﬂ/’ 496 n/c 498
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CO,CH, CO,CH,

HO HO

305 ’.4

Por comparison purposes, both these alcohols were aynthesised
unambiguously, the former by sodium borohydride reduction of
methyl polyporenate C, the latter by Meerwein-Pondorf reduction
of the same compound. To all intents and purposes the substance
D.Q.5 was identical to the 3B-alcohol ( 3.3 ) as judged by N.M.R.
and infrared spectra, Rf volue and mixed melting point, However
the compound D.Q.5 is also a monoene : diene mixture; two parent
molecular ions were detected in the ma.sé spectrum, the major at
m/e 498 ( 71 % ) corresponding to methyl 7,11-dehydro-tuaulosate
( 3.3 ), the minor at m/e 500 ( 29 % ) corresponding presumably
to methyl tumulosate ( 3.5 ).
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CO,CH,

oH

3.5

The N.l.R. signals characteristic of the functional groupe
present at carbon atoms C-3, C=7, C-1l1, C-16, C-21 and C-24 in
the substances D.Q.4 and D.Q.5 are collected in Table 3.4, The
corresponding literature values for methyl eburicoate ( 3.6 )O—Zmd
methyl sulphurenate ( 3.7 )f‘are included for comperiscn.

COCH cogp

HO

3.6 3.7

It ie interosting to note that the 16«-hydroxyl group in the substances
D.Q.4 and D.Q.5 exercises a slightly greater ( 0.1 tau ) shielding
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influence on the protons of the 24-exooyolic methylene group than
the 15a-hydroxyl group in methyl sulphuremate. The substances
D.Q.4 and D.(.5 were mixtures and thus no detailed study of that
part of the N.!.R. spectrum caused by saturated methyl groups -
was possible. It was noted, however, that the spectra of bdoth
compounds contained a peak at approximately 9.40 tau. Comstruction
of scale models of the molecules concerned indicated that in both
cases the C-18 methyl group was situated almost directly above
the plane of the conjugated double bond. In this position the
protons of the methyl group would experience considerable diamag-
netic shielding. It is noteworthy that the theoretical value for
the C-18 methyl group in 3-keto and 38,16a-dihydroxycholesta-7,9

63
(11)-diene { 3.8 ) is 9.49 tau.

QH

3.8

The detailed examination of the mass spectra of the compounds

D.Q.4 and D.Q.5 was of considersble assistance in the elucidation

of the stxuctures of the remeining metabolites. The mass values
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and sbundances of the principel ions are gathered in Table 3.5,
Both subatances readily lost a methyl group and the elements of
water from the parent ion to give rise to peaks at P-15, P-18 and
P-33. The ready loss of 31 units of mass from the parent ion in
both spectra could possibly be due to elision of the ester methoxyl
group. A significant proportion of the iom current corresponded
to the classical steroid fission wherehy the side chain together
with the carbon atoms C-15, C.16 and C-17 of ring D were elim’inated: '
in the compounds under present consideration this process was
responsible for peak systems cemtred at m/e 269 ( D.Q.4 ) and m/e
271 ( D.Q.5 ).

The most abundant ions in the spectrum of the ocompound D.Q.4
occurred at w/c 300 ( 86 % ) and m/e 293 ( 100 % ). The former
peak can be couvincingly rationslised in terms of & primary loss
of weter from wing D followed by e "Eype AB" tleavage between carbon
atoms C-17 and C-20 to give the allylic ion 3.9 ( Table 3.6 ).

The genesis of the base peak of the spectrum is more difficult
to trace. It was noted that the trensition m/e 463 - m/e 293 was
marked by an sbundant metestable ion at 185.5 and therefore it
appeared that the base peak was obtained primarily from a species
Telatei to the parent ion by losses of a methyl group and the
elements of water., In addition, & doubly charged ion corresponding

to the base peak was observed at 147.5. The ability to lose two

electrons is normally possessed by ions containing an aromatic
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TABIiS 5»6, PROPOSED CRACKING PATTERS FOR THE COMPCUKD D.Q.4

CKO CO CH-OCO

CHpCO

309

cr



gsystem. The scheme shown in Table 3.6 pmﬂdes 8 reasonable
genesis for the base peak which takes all the above observations
into account.

Similar rationales of fragmentation pattexrn can be applied
to the spectrun of the substance D.Q.5 where, however, the principel
ions are shifted to higher mass by two units due to the fact that
the compound D.Q.5 is the alcohol derivative of the substance D.Q.4
As will be seen from Table 3.5, the spectrum of the substance D.Q.5
possessed two additional peaks at m/e 293 and m/e 277. These can
be readily explained in terms of the elimindtion of the elements
of water from the ions at m/e 311 and m/e 295 réspectively. |

With the establishment of the chemical nature of the substances
D.Q.4 and D.Q,5 as mixtures of tetracyclic triterpenss, it had been
demonstrated that one more member of the Polyporaceae contained
such compounds. Recent work in this field"has shown that two other
members of the Polyporaceae, lenzites striata and Leptoporus
stipticus also produce tetracyclic triterpenes. At very least,
these observations do not invalidate the hypothesis that tetracyclic
triterpenea are of general occurrence in the Polyporaceae.

The compound D.Q.1 was found to be structurally more complex
than either methyl polyporenate C or methyl 7,11l-dehydrotumulosate
and even now only a tentative structure ( 3.24 ) can be advanced.

At a comparatively early stage in the investigation it was noted

that this substance was prone to decomposition and was partioularly
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sensitive to both heat and alkali. In one experiment in which

the compound D.Q.1 was treated with warm aqueous sodium hydroxide,
ten distinct decomposition products were detected after a reaction
period of only a few minutes. This pronounced lability proved

to be a great hindrance to structural elucidation.

Mass spectrometric and classical combustion analysis indicated
that the compound D.Q.1 could be represented by the molecular
formula °36H56°7 ( m/e 600 ). Iﬁ’m of interest to mote that the
general appearance of the high field region .o.f the N.M.R. spectrum
resembled the pattern normally exhibited by tetracyclic triterpenes.
Approximate integration measureﬁenta of the signals occurring between
8.80 and 9.30 tau suggested that seven ﬁethyl groups attached to
saturated centres were present in the molecuie. The low field
area of the spectrum contained only four peaks, an ill-defined one
proton multiplet at 5.30 tau, two three proton singlets at 6.30 and
6.37 tan and a two proton singlet at 6.70 teu. It seemed probable
that the two three proton singlets were each due to a methoxyl
group.

Ixamination of the infrared spectrum of the ooﬁpound D.Q.1
revealed that none of the seven oxygen atoms in the molecular formmle
were oresent as hydroxyl groups. Intense absorption was, however,
present in the carbonyl ares. The lowest frequency band (116 cm'l,
€ 405,Avé 20 ) in e set of three was assigned to the etretching

vibration of an aliphatic or six membered alicyolic ketone. This
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assignment was in accord with ultraviolet absorption at 2820 £
( €86 ) and the positive reaction given by the metabolite with
Brady's reagent. In this latter respect it may be interposed that
several attempts were made to isolate manageable quantities of the
2,4~dinitrophenylhydrazone of the compound. D.Q.1. The reaction,
however, appears to be beset by side reactions and only small
amounts of relatively impure material were ever obtained. - |
Intensity measurements carried out on the second absorption
band ( 1736 o™}, € 1272, Avy 18 ) suggested that it had been
caused by two different carbonyl groups, possidbly in ester units.
Bearing in mind the facts that the original acidic extract had
been methylated and that the N.M.R. spectrum of the compommd‘D.Q.l
c.on"cained two signals attributable to the resonance of the protons
of methoxyl groups. it seemed possible that the oompound ’D.Q.l

was a dimethyl ester and hence could be represented as:-

C5oBs005 ( 00,(_,(:113)2
The remaining band in the carbonyl region of the infrared
spectrun ( 1757 em ., € 766, By 13 ) was initially stiributed
to a¥ or 8-lactons. This assignment, however, was altered in the
14ght of later work.
Possible relative dispositions of these carbonyl functions
were deduced from an analyeis of the mass spectrum of the compound

D.Q.1. The relat:lvé abundsnces of the major ions in the spectrum
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are collected in Table 3.7. A scheme in which the major trensi-
tions'qre supported by the presence of metastable ions is contained
in Table 3.8. It can be appreciated that the parent molecular

fon ( m/e 600 ), the base peak ( m/e 467 ) and the two principal
fragment ions ( m/e 585 and 309 ) in the spectrum are inter-related
through losses of neutral fragments of mass 15,118 and 158. Aoccurate
mass measurement of the m/e 309 peak showed that it corresponded
’uniguely to the oxygen free species 023333. Meking the assumption
that the initial loss of 15 units of mass corresponded to the
fission of an éngular methyl group, it was possible to deduce that
the combined molecular formula of the neutral species of mass 118
and 158 must be 012H2007, i.e. together these molecules account

for all the oxygen atoms present in the compound D;Q.l. Calculations
showed that there were only three non-trivial modes in which the

| 0., could be accommodated between two molecules of

1212007
mass 118 and 158. They are:-

é.rmlysis C

158 118
A CePi0s C,He0,
B C’IHIOO 4 05H1003
¢ CgRg0s C6t1402

The third set of values, C, can be immediately excluded since the

entity CH, 0, is completely saturated and therefore could not be

considered os & product of a rearrangement induced by electron



n/e % n/e %
600 43.7 428 6.0
585 o 35.7 427 18.8
582 3.0 325 10.8
500 2.0 324 15.2
483 7.0 309 63.4
482 7.4 255 9.0
468 35.1 185 26.6
467 100.0 153 25.8
443 3.5 143 65.4
442 2.8 115 22,7

59 80.5

also et m/e

189 175 161 149 135 123 109
187 173 1959 147 133 121 107
185 171 157 145 131 119 105
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TABLE 3«8. PROPOSED MASS SPECTRAL

COMFOUM) D.Q.1

582 - 5 5g7

£ I
600 ° _sgs5
Ig F TS
(445 ) ( 483 ) (468 ) (428 )
442 482 e > 467 427
$0
185

Full lino denotes ft process for whioU Eetastefol© ion is
svailabl®.

3 Transition
570*4 600-585
600-582
574,3
431*7 467-449
405*2 467-435
587.2 600“ 482
372.6 585-467
294*7 524-509
223%7 427-509
126.3 185-153



bombardment. Of the remaining two alternatives, A and B, the
second appeared inconsistant with the results of the infrared
spectral analysis which had revealed that the compound D.Q.1 con-
W ‘two ester groups, one kot@ group and a lactons ( ? ).
Any fragment of the compound D.Q.1 containing three oxygen atoms

would therefore require to possess at least two double bond equiva-

lents. Since the entity C5H, ;05 bas only one double bord equiva-
lent, the second set of values, B, was not considered to be feasible.

It was therefore concluded that the two neutrel fragments of mass

158 and 118 were represented by the molecular formulae cexl 403_

and C 360 respectively. Possible structures for these moleties

47674
were then considered.
Since the unit C 43604 contained four oxygen atoms it must
have eontained at least one of the methoxycarbonyl systems. This

allowed only five structures for the neutral molecule of mass 118,

namely ( 3.11, 3.12, 3.13, 3.14, 3.15 )

caao.co.o.co.cri3 cn3o.co.o.cn2cﬂo
3.11 3,12
0.CH .C0.C0.CH,,OH
CHBO.Cu.vh2COZH 0330 €0.CO cnz
3.13% 3.14
cH}Olmlco.ocns
3.15

Of these structures, it seemed justifiable to exclude the
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two carbonate esters ( 3CiX, 3-12 ) and dimethyl oxalate ( 3*15 )
since no reasonable mechanism could be envisaged for their elimi-
nation from a larger molecule under electron bombardment,, Acceptable
mechanisms were available to explain the formation of eilher of the
two remaining possibilities, raethoxycarbonylacetic acid ( 3*13 )
and methyl hydroxypyruvate ( 3»14 ). Both these species could be

10

derived by means of "Type EM rearrangements as shown ( 3.16 and

3*17 )r Furthermore, fission of each at point "a” would give

3*16

Y\
3*17
rise to the loss of 117 units of mass observed to take place from
the parent molecular ion of the compound DtQOlo Two further obser-
vations allowed differentiation to be made between the two possible
solutions. If the unit ( 3*17 ) was part of the structure of the

compound DOQ.lI, it would be expected that the infrared spectrum of

the metabolite ester would contain evidence of a bonded hydroxyl
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group and furthermore, that the mass spectrum would contain an ion
at m/e 87 corresponding to fission at point "b" ( 3.17). Sinoce
neither of these phenomens were obeexved it was concluded that the
fragment C,H,0, was methoxyoarbonylacetic scid ( 3.13 ) and that
the compound D.Q.l1 was a ntho:qcarbowlaqmu.

As immediate confirmation of this finding it was noted that
in dimethyl molonate, the protoms of the methylene group are res-
ponsible for an N.M.R. signal at 6.67 tau. As has alreedy been
mentioned, the N.M.R. spectrum of the compound D.Q.1 contained a
two proton singlet at 6.70 tau.

Since 1ittle literature was available relating to the spectral
charecteristics of unsymmetrical malonate esters, it was decided
to synthesise the model system cholesteryl methoxycarbonylacetate

( 3.18 ) and compare its properties with those of the compound D.Q.1.

CH,
o o
3.18

Thus methoxycarbonylacetyl chloride was prepared from dimethyl

malonate via potassium methoxyoarbonyl acetate according to the




method of Staudinger and liechel:'.,~ This acid chloride was then

used in a pyridine catalysed esterification of cholesterol. The
product, cholesteryl methoxycarbonylacetate, was a white cxrystalline
compound which, on electron bombardment,was found to loss 118 units
of mass from the parent molecular ion ( cf 3.16 ).

The N.!.R. absorption of the methoxycarbonylacetate unit-
in cholesteryl methoxycarbonylacetate was identified as a three
proton singlet at 6.29 tau ( ca30-) and a two proton singlet at
6.79 tan ( C0.CH,,.CO ). The point of esterification at the 3-
position in the steroid was deﬁné& in terms of a one proton multi-
plet at 5.40 tau. These values when compared with the low field
aspects of the N.I.R. spectrun of the compound D.Q.1 provided
additional confirmztion that this latter compound was a methoxy-
carbonylacetate and 'su;;;gested that the point of esterification in
the main carbon skeleton was marked by 8 one proton multiplet at
5.30 tau.

A study of the infrared absorption of cholesteryl methoxy-
carbonylacetate provided some interesting and diagnostically valuable
information. Comparison of the lower frequency region of its solid
state spectrum with that of cholesterol itself suggested that bands
at 1284, 1217, 1150, 1030 and 1014 ca ' might be charecteristic
of the methoxycarbonylacetate unit., In this regard it was moted
that the lower frequenmcy region of the solid state spectrum of the

compound D.Q.1 contained intense absorptiom at 1263, 1222, 1159,
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1036 and 1022 cu™ L,

In carbon tetrachloride solution the carbonyl region of
the infrared spectrum of cholesteryl methoxycarbonylacetate contained
two peaks, the first at 1759 aa™! ( & 570, Ay 17 ), the second
at 1739 on~t (€ 697,Av* 17 ). ‘This phenomencn of twin carbonyl
absorption in malonate esters has previcusly been encountered in
simple cases such as dimethyl and diethyl malonate by Abramovitch
who concluded that it was caused Jjointly by rotational isomerism
and vibrational ctmpl:'.ng.v3

Since the compound D.Q.1 contained a methoxycarbonylacetyl
grouping which should give rise to twin infrared carbonyl absorption
at approximately 1759 and 1739 om'l, the assignment of the bands
in the ocarbonyl region of the spectrum of the compound D.Q.1 was

revised as followsi~

1757 and 1736 om™L methoxy carbonyl unit
1736 ent a third ester group
1716 on~) an aliphatic or six membered alicyclic
ketone.

As final proof of this portion of the structure of the compound
D.Q.1, transesterification experiments were conducted. Model
reactions with cholestéryl methoxycarbonylacetate showed that
reaction at room temperature for twelve hours with & preparation

of anhydrovs sodium methoxide in dry methanol would probadbly be
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sufficlent to effect transesterification. It was found, however,
that the temperature of refluxing methanol was required for the
reaction to proceed satisfactorily. A portion of the reaction
mixture from such an operation was analysed Yy gas-liquid chromato-
graphy when it was found that a substance of identical retention
time to dimethyl malonate was present.

It thus seemed proved beyond all Mo doubt that the
compound D.Q.1 was a methoxycartonylacetate. The alooholic moiety,
C5pfl;,0,0 1tself was the methyl ester of an hydroxy, Keto-acid,
0318500 4? which has been named "quercinic acid". The compound
D.Q.1 is thus methyl methoxycarbonylacetylquercinate.

The positional relationship between the keto group and the
oarboxylic acid group in quercinic acid was deglnc-:_'ed as a;reault
of the study of the mon-volatile products of the transesterifi
eation of methyl methoxycarbonylecetylquercinate. ‘Thin layer chromato-
graghic analysis of the reaction mixture revealed that three substenses
had been formed, their standard R, values being 0.50, 0,36 and .
0.21. These compounds were readily separated by neans of lisht.
petroleum : othyl acetate gradient elution ohmmtognphy on silicic
acid,

The least polar of the three materials, tho compound of R.
value 0.5 was obtained as an :.ntmctiblo gun whose mhcuhr
weight wee determined mass spectmetﬁcﬂui to be 500. ‘The

» -1
infrared spcotrum of the substance possessed a bend at 3630 om
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which was assigned to the stretching vibration of a secondary
hydroxyl group and bands at 1740 and 1716 oa™* which were attributed
to the carbonyl bands of a methoxycarbonyl group and an aliphatic
or six membered alicyolic ketone respectively. The first two
assignments were corroborated from the N.M.R. spectrum of the
substance which contained a three proton signal at 6.33 tau due
to the protons of a methoxyl group and a one proton mmltiplet

at 6.58 tau attributable to a single hydrogen under an hydroxyl
group. The principal fragmentation sequence induced by electron
bombardment proceeded from a parent molecular ion at m/e 500 by
loss of a methyl group, the elements of water and the previously
encountered neutral fragment of mass 158 units to give a base ion
at m/e 309.

In review, the spectral evidence appeared wholly oonsistant
with the substance being the hydroxy, keto-ester which might be
expected to arise from the demalonation of methyl methoxycarbonyl-
acetylquercinate, that is methyl quercinate itself. However,
treatment of the compound of B.f value 0.50 with excess methoxy-
carbonylacetyl chloride under conditions which had led to the
coupling of this reagent with cholesterol, gave rise to a number
of products one of which was shown to have a similar but nons
superposable N.M.R. spectrum with methyl methoxycarbonylacetyl-
quercinate. Furthemmore, this product of the coupling reaction

wvas found to be slightly more polar than the natural metabolite
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ester when chromatographed on layers of silica. It is thus
feasible to presume that the compound of Rf value 0.50 was an
isomer of methyl quercinate and it therefore has been named methyl
neoquercinate. It was presumably formed from methyl quercinate
during the transesterification reaction by weans of base catalysed
inversion at one of the labile asymuetric centres of that molecule.
The second product to be isolated from the transesterification
reaction had an Rf value of 0.36 and was a white crystalline solid
of m.p. 228-229°C. Classical analysis was in accord with the
molecular formula C,)H,q0 ( m/e 468 ). The material was shown
to be an alcohol by virtue of infrared absorption at 3636 cm -
and an observed abundant loss of 18 units of mass from the parent
molecular ion. When the infrared spectrum was recorded in chloxo-
form solution, bands were noted at 1740 on”} (e 956.Av§ 21 ) and
1685 cm"lg when carbon tetrachloride was used as solvent, these

1 respectively.

bands moved to the higher frequencies 1764 and 1689 ca”
Taken in conjunction with ultreviolet absorption at 2170 & ¢ € 14,600 )
these facts were considered as evidence that the substance contained

an a,P-unsaturated Y-lactone system such as ( 3.19 ). In harmony

R
0
R
g g4

3.19
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vith this proposal it was noted that when the compound was hydro-

genated in glacial acetic acid in the presence of Adam's catalyst,

& product was formed whose perent molecular ion appeared at a/e

470 and whose infrared spectrum, recorded in carbon tetrachloride

solution, possessed carbonyl abeorption solely at 1782 om-l.

Furthermore the dihydro material was trensparent in the ultreviolet,

Since the above a,B-unsaturated lactone is nominally & dehydration

product of quercinic acid, it has been called anhyﬂroqneroinic acid,
The nature of the substituents K, B and B® in the formila

( 3.19 ) was deduced from a comparison of the N.M.R. epeotra

of enhydroquercinic scid and ita hydrogenation product ( 3.20 ).

The process of hydrogenation was reflected in the spectra as the

movement of a one protonr multi‘p_let at 5.25 tau in anhydroquercinic

Rl

Ra.
R

TN
hoo bR

3.20
acid to a value of 6,32 tau in dihydroanhydroquercinic soid and
the replacement of %wo broad three proton singlets at 8.03 and
8.19 tau 1nk anhydroquercinic acid by two sets of three proton
'doublets in the saturated methyl area of the dihydro compound.
These observations wera most acceptably rationalised if, in the

foraulee { 3.19 and 3.20 ) B* = H and B’ = Y = CH. It was then
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possible to represent the partial strusture of snhydroquercinic
acid as ( 3.21 ).

( 025340- oH )

cHy H,
32

The third product of the transesterification of mothyl
methoxycarbonylacetylquercinate appeared to be spectroscopically
identizal to the first, methyl neoquercinate. However the new
ocompound, methyl isogquercinate was found to be very instabdle,
qﬁickly decomposing with elimination of the elements of methanol
to form the new compound isosnhydroquercinic acid which, as its
nage suggests, was shown by standard methods to be a butenolide
isomeric with anhydroquoro:l.nid acid,

The existence of hydroxybutenolides as primary or secondary
degradation products of methyl methoxycarbonylacetylquercinate
provided strong evidence that in this latter compound the keto and
ester functions were situated 1 1 4 to each other. Such relative
disposition ( 3.22 ) would allow the following dase catalysed
reaction to occur converting the keto ester into an a,f-unsaturated

Y-lactone.



R —¢ CO,CH,

4
H H

/ 3.22

r0 COCH, g 0 g
— —
H H

Further information concerning the immediate environment of

the ketone in quercinic acid and its derivatives was obtained by

~ consideration of the struotursl unit ( 3.22 ) in the light of the
mass spectrum of the compound D.Q.1. It has already been noted
that two major neutral molecules were elided, one of whioh was
identified as methoxycarbonylacetic acid. The other, of mass 158,

was shown to have the molecular formula CgH, 403. Assuming that
the three oxygen atoms present in this fragment were those of the
ketone and ester and assuming further that the species was eliminated
by means of "Type H" 1;eamngcment ( 3.23 ), it was possible to
deduce that the ketone must have possessed an G-methylene group
and at least one y-hydrogen. The partial formuls ( 3.24 ) could
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COOCH

3723
CasH 40 " NB
-0OCO.CHg.COOCHg
5024

then bo established for methyl methoxycarbonylacetylquereinat®,
The two abundant ions occurring in the mass spectrum of the compound
DoQcl at m/e 143 ®/e 115 could be explained in terms of cleavage
a to the ketonic carbonyl as shown above ( 3=23 x>

Little experimental data is available relating to the structure
of the residual s unit other than that it appears to contain
a tetrasubstituted double bondo This was deduced from the obser-
vation that the compound D.Q.1 gave a slow positive reaction with
tetranitroraethane but the N.M.R. spectrum of the metabolite con-

tained no evidence of ethylenic proton resonance. Five of the

nine double bond equivalents present in the compound DoQ«l have
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thus been accounted for and it may be deduced that a tetra-cyoclic
system existed in the molecule. Reviewing the facts that quercinic
acid is a 031 compound, that its methoxycarbonylacetyl derivative
was isolated from a preparation which also yielded the methyl
esters of four °51 tetracyclic triterpenes and that the spectral
properties of the compound D.Q.1 bore several close rcsemblances
to those expected of such materials, it was tempting to propose
that quercinic acid was itself a tetracyclic triterpene and that
the compound D.Q.1 could be represented by structure ( 3.25 ).

LOOCH,

t
C HSOMO

3425

It can be easily appreciated that such a struoture as ( 3.25 )
would be particularly sensitive to alkali since in addition to
break-down of the malonate unit, there could occur isomerisation
at each of the two asymmetric carbon atoms in the side ¢_i;,ain. C-24
and C-25. Base catalysed lactonisation of the ¥ -keto-ester could
also occur. The structure also explains the presence in the mass

spectrum of the compound D.Q.1 of pesks at n/e 185 and m/e 153 which
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can be considered as arising by elision of the side chaln, i.e.
cleavage between carbon atoms C-17 and C-20, to give the ion
m/e 185 which subsequently loses the elements of methanol. The
following pattern of triplets encountered with the compound D.Q.1
has also been found in the mass spectra of other tetracyclic
triterpenes.

189 175 161 149 135 123 109

187 173 159 147 133 121 107

185 171 157 145 131 119 105

Attempts to deduce the relative stereochemistry of the
side chain substituents in methyl quercinate, methyl neoquercinate
and methyl isoquercinate have not met with unqualified success.
The four possible isomers are shown below in their states of

ninimum energy.

H H
CHy COR RCO CHs
CH " >co0CH, CHg 0OCH,
H - AR
H H
CH3>®:COR RCO CH,
CHOCO™ | CH, CH,OC H,
H . H
1T LA
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It will be noted that in the two threo isomers ( I and IV ) the
ketone and methoxycarbonyl groups could easily interact to form a
butenolide without there arising any serious steric interaction
between the methyl groups. It is thus suggested that methyl
isoquercinate, which lactonises spontaneously, is one of the
threo isomers. Methyl quercinate and methyl neoquercinate, which
do not lactonise spontaneously, could therefore be represented
by one or other of the erythro isomers ( II and III ) in which
the process of lactonisation would be attended by eclipsing of
the methyl groups. Since methyl quercinate appeafa to be less
stable than methyl neoque‘:cinate, models were constructed to

see whether thev relative stabilities of the two erythro isomers

( II and III ) could be predicted. Formal considerations of
conformational stability, however, shed no light on the problem.

The remaining metabolites of Daedalia quercina, thé compounds

D.Q.6, D.Q.7, D.Q.8, D.Q.9 and D.Q.10 have only been studied in
a superficial manner. | They are all prone to decomposition at room
temperaturé and tedious purifications are required immediately
prior to any study. With the 'exception of the compound D.Q.6,
all appear to be structurally more complex than methyi methoxy-
carbonylacetylquercinate.

The compound D.Q.6 was available only in very small emount.
It was & vwhite crystalline substunce for which the analysis 63 435205

was obtained by mass spectroumetry ( parent molecular ion m/e 542 ).
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TABLE 3.9. MASS SPECTRAL DATA FOR THE C D.Q.6
m/e % n/e %
542 18.6 369 9.8
527 11.5 325 7.1
511 2.7 324 5¢3
484 15.1 309 23.9
483 12.4 185 15.1
482 21.3 153 17.8
457 20.4 143 44.3
385 3.5 115 20.6
384 3.5 59 100.0

alse st n/e

189 175 161 149 135 123 109
187 173 159 147 133 121 107
185 172 157 145 131 119 105
185 169 |
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{483 ) o« - wrsap - T T %3
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483 H5*
-158
527
( 305 )™
+{o
-to
-to
! 525}

( Jfall lin ' denofrss ¢ process fo3? wMeh Esiaaijable ion

10 aVRilBblQ )

s f*snsltion

342-527
413%*3 527-467
274.J 385«52?
258.7 $65-309
258*3 527-569
204*4 467-509
126*5 185-155
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P.B.6 362 mg.

METHYL 3-( 4-METHOXYCARBONYI~3-HYDPROXY-3~METHY LBUTYRYL )-

POLYPORENATE A .19 ). THE COMPOUND P.B.

The material was isolated as detailed above, the substance
being elnted from the silica with ethyl acetate, treated with
decolourising charcoal and crystallised from & light patroleum :
othyl scetate eystézn as needles { 900 mg.), m.p. T79-81°C.
¥ g ( KBE ) 3598, 3510 ( brosd ), 3084, 2830, 1742, 1726, 1705,
1647, 892 em™>, ]

o (135 ow. oo, ) 3638 cm‘f‘l (e 55.5,Av, 14 ), 3528 en™t

(e 55.5,40 1 80 ), 1742 o (e 925,Av% 20 ), 1715 ou"t

( & 389 sh.) slsn 3090, 2833 and 1646 em L,
LI { cn OEI ) Ho abaorpiion sbove 2200 8.
Tau valuas (10314'} 5.12 ( 28, o ), 5.30 ( 1H, t, J=2.4 c/8.),
6.02 ( 1, 4, J=7.2 ¢f6.), T.40 { 4H, broad s ), 8.70 ( 34, 8 ),
8.75 ( 3H, G, J=7.2 ¢/u.).

Moiecular parent ion at m/e 658 undetected; first peask in mass
spectrum at m/e 640 ( P - 18 ).

Analyeis - Found C 71.19% HE 9.25%

039362"3 requires C 71.09% H 9.48 %



Infrared absorption at 1738 cm ' ( € 941,Av, 27 ) and 1718 o™}
2

( € 523, A‘% 22 ) suggested that the compourd was a keto-diester
Prom the presence of an intense band at 1246 ca™! in the infrared,
it was inferred that one of the esters was an acetate -~ a finding
which was confirmed by the existence in the mass spectrun ( Tables
3.9 and 3.10 ) of losses of 60 unite of mass from the parent ion,
the P-15 ion and the P-( 15 + 158 ) ion. The presence in the
compound D.Q.6 of structural featuree which could give rise to major
ions in the mase spectrum at m/e 309, 185, 153, 143 and 115 and
to the elision of & neutral fragment of mass 158 units suggested
that the compound D.Q.6 was closely related to methyl Guercinate.
However, no chemiczl corroboration is at present available that
the compound D.Q.6 is, in fact, methyl acetylquercinate.

The compound D,Q.10 has not been obtained in an high state
of purity, nevertheless asome interesting structural elucidation
has been possible. The consensus of infrared and N.M.R. spectral
evidence was that the substance was the methyl ester of & dihydroxy
keto-acid. From the features of the mass spectral cracking pattern
shown in Table 3.11, it appearsd probable that the compound D.Q.10
was methyl hydroxyquercinate or an isomer thereof since the charac-
teristic loss of 156 units of mass and ions at m/e 185, 153, 143,
115 were clearly discernible. A limited amount of information is
availab1~e relating to the site of this hydroxyl group. A one

proton singlet at 5.93 tau in the N.M.R. spectrum of the compound
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1*BLE 5.11.

*/e
516
496
465
465
358
345

541

BA53 SPECTRAL MTA TOR fiffi COHFOUITO D.H.10.

23.
27.
100.
26.
22
10.
19.
ﬁ.

480.5

447.8

289-9

218.7

202.6,

126.5

558 * -——#l -5

345

W/« *
9 525 43.5
1 307 22.6
0 246 30.4
0 185 26.0
.6 153 47.8
9 143 45.6
5 115 17.4
Transition
516-490
483-465
325-307
465-307
483-325
185-153
16
498--~- ->483 325
Tuz 4+
465 — >307
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revealed that it is secondary and, since it did not appear in the
side chain fragment of mass 185 units, it must be attached to the
tetracyclic nucleus., If it can be assumed that structure ( 3.25 )
is in fact valid for methyl methoxycarbonylacetylquercinate, the
only possible sites for secondary hydroxylation are carbon atoms
c-1, C-2, 0-6, ¢-11, C-12, C-15 and C-16. Since analogies are
aveilable for the hydroxylation of fungal tetracyclic triterpenes
at carbon atoms C-12, C-15 and C-16, these latter sites seemed more
probable. As encountered in other triterpene systems, considerations
of splitting patterns proved of little use. However, it may be
significant to mention in relation to the value of 5.95 tau obtained
for the hydrogen atom in the compound D.Q.10, that the literature
values for hydrogens under 1, 15% and 16 hydroxyl groups are
6.04, 5.73 and 5.90 teu respectively ( of Tables 3.4 and 4.3 ).

The compound D.Q.9 was aleo obtained as an intractable
gum. Preliminary spectroscopic anaslysis showed that the easily
detected features of a nethmcarbowlﬁcetate\.unit- were present
in the substance.. Since the parent molecular ion occurred at m/e
616 and sinco the N.I!1.R. spectrum of the compound closﬁly resembled
that of thc compound D.Q.10, it was probabla that the metabolite
D.Q.9 is the methoxycarbonylacetate of the compound D.Q.10, that is
methyl methoxycarbonylacetylhydroxyquercinate.

The two remaining metabolites, the compounds D.Q.7 and D.Q.8
were also shown to be metuyl malonate esters. Both compounds were

very closely related, possessing almost identical mass specira
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and differing only very little in chromatographic Rf value.

On decompoeition with base, both coapounds give rise to the

same T.L.C. pattern of decomposition products and it therefore
seems probable that they were, in fact, stereocisomers. For this
Teason only the properties of the compound D.Q.7 have been examined
in detail.

The compound D.Q.7, m.p. 137-136°C was a wiite crystalline
substance whose parent molecular ion at m/e 612 analysed uniquely
for 657115607. Since it was known to be a methoxycarbonylacetate,
the molecular formula of the slcoholic residue must be 0358520 4
N.IL.R. and infrared absorption indicated that the residue was
the methyl ester of an hydroxy-keto-acid. This being the ocase,
it will be seen that the new metabolite contained a carbon skeleton
of 32 atoms, two more than that of the basic triterpenes.

As yet no definite structure has been eatablished for the
alcoholic residue of the compound D.Q.7 although it seems ocertain
that it is closely related to methyl quercinate.

It was noted at an early stage in the study of the compound
D.Q.7 that its mass spectrum was identical to that of the compound
D.Q.1 save for the fact that the peaks which could be attributed
to the fragmentation processes involving the side chain were all
shifted 12 units to higher mass. Thus the neutral fragment of
mess 158 units found in the mass spectrum of the compound D.Q.1

appeared as a 1loss of 170 units in the compound D.Q.7 while the
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ions m/e 185, 153, 143 and 115 in ihe spectrun of the compound
D.Q.1 were replaced in that of the new metabolite by ions at m/e
197, 165, 155 and 127. This observation was taken as evidence
that the compounds D.Q.1 and D.Q.7 were structurally identical

in rings A, B, C and D and, at least, to that point in the side
chain from which the ions of mass m/e 115 and m/e 127 were derived,
that is to the ketone bearing carbon atom 0-24. A tentative
partial structure for the compound D.Q.7 would then be ( 3.26 ).

CTHu O,.

CH40

3,26

The unit C,H,,0, must contain the methoxycarbonyl group present
in the compound D.Q.7 and its detailed struoture should be derivable
from a study of those spectral differences which existed between
the two compounde D.Q.1 and D.Q.7. It was particularly notlceable
that the compound D.Q.7 differred from the compound D.Q.1. in
possessing an N.M.R. two protcn multiplet at 5.50 tau and in
exhibiting intense O.R.D. at 32808 ( & 16,200 ). Despite numercus
attempts, no femsible structure could be established for the entity

07!!1102 vhich was in keeping with these spectroscopic observations,
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The moet acceptable rationale of the two pieces of speétrm-
scopic data mentioned above was that the compourd D.Q.7 possessed
the structural element -CHZ-L'H?-O- and that an oxygen atom was
present a to the ketone group as part of an highly asymmetric
unit. However, all the oxygen atoms present in the mass speotrally
derived formula (25.,115607 have already been successfully assigned
and it must therefore be concluded that the ion m/e 612 =
637.85607 is not, in fact, the parent moleecular ion but is derived
from a more highly oxygenated species whose molecular ion is not
discernible in the mass spectrum. /

It was noted that the molecular formula G5785609 was more
compatible with_ the results of the microanalysis than was the
previously accepted formula 05735607 I

c% HS
Found 69.65  8.55
03735607 requires 72.52 9.21,
C3qHs 09 requires 68,92 s.7sf

On the basis of tiis revised molecular formuls, structure
( 3.27 ) is proposed as a working hypothesic!_for the nature of
the compound D.Q.7. It provides soms measure of explanation
for the observed N.M.R. and O.R.D. spectral phenomens and may
conceivebly lose the elements of molecular oxygen thermally in

the mass spectromatex.
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QOCH,

CH

3.27

The above structure is not inoconsistant with thé results
of praliminary experiments on the demslonation of the compound
D.Q.7. T.L.C. of the product obtained from sush a reaction
suggestod that only two substances had been formsd. However,
mags spactrometric analysis of a crystaliine sample of one of
these "substance" revealed that it was a mixture of at least
8ix compounds whose parent molecular iocns were detected at m/e
498, 500, 510, 512, 514, 526 and 526, The most abundant of these
ions, that at m/e 498, may correspoiad to the species ( 3.28 )
which could be derived from structure ( 3.27 ) as shown.



} COOCH3 , COOCHs
4 >
3.27 —H__
o

INS OCH,

| Qo

3.28

H

It must be emphasised, however, that these proposals are highly
apeculative and much more detailed study will be required before
any firm conclusions relating to the structures of the compounds
D.Q.7 ené D.Q.8 can be made.

In sumnary it can be said that the analysis of the methyl
eaters of the principal acidic metabolites present in the sporo-
phore of Desedalis quercina had led to the isolation of methyl
polyporenate C, methyl 7,ll-dihydropolyporenate C, methyl tumlosate
and methyl 7,11-dehydrotumulosate together with four new, apparently
tetracyclic, triterpene acids. All four of these latter materials

occurred as their malonate esters and, in addition, one was
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encountered as its acetate and another in the free state. In
the text which follows such compounds as contain triterpene
nuclei esterified with small organic acids will be referred to
as "triterpene conjuzates”.

Recently Daedalia quercina has been successfully grown in
pure culture on a synthetic medium. T,L.C. and N.M.R. analyses
of an extract of the mycelium produced indicated that all the
conpounds save D.Q.6 were present. Under the conditions of the
asaay, however, the small amount of this latter substance which

might have been present would not be detected.
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CHAPTER 4

THE METABOLITES OF

POLYPORUS BETULINUS




The most significant result of the foregoing work was the
demonstration of thg presence in Daedalia quercina of triterpene
acids esterfied with small organic molecules such as acetic and
malonic acids - the isolation of these conjugates necessarily
involving mild non-hydrolytic methods. These observations raised
the question whether such conjugates occur more generally in
triterpene producing fungi, their chemical sensitivity being
the c‘ause‘ of their non-isolation in previous analyses. With
this possibility in mind, the great, white "tinder fungus”,
Polyporus betulinus ( Ungulina betulina ) was subject to intensive
examination. As has been stated in Chapter 1, Polyporus betulinus
is an excellent source of the tetracyclic triterpenes, polyporenic

acids A, B and C ( 4.1, 4.2, 4.3 ).

COyH

4-1 402 R'-H' R"-OK.
4.3 R',R"=0.

Fresh, young sporophores of Polyporus betulinus were collected

in mid-Autumn from the birch woods around Milngavie and were

homogenised in methanol within six hours of harvesting. After
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extraction for eight weeks at room temperature, the methanol
extraot was evaporated and the fat content of the oily residue
reduced by extraction with low boiling light petrolewm. The
petrol insoluble fraction was eﬁbooquontly esterified with
diazomethane and the product fraotionated on a column of silica
employing light patrolemﬁ: ethyl acetate gradient elution.

As a result of systematic thin 'laéef.chmmwgrap!w ( T.5L.C.),
the eluant wae divided into three fractions. Details of the
T.L.C. behaviour of these three fractions ( I, II, III ) are
presented in Table 4.1, together with the corresponding data
for ergosterol and the methyl esters of the known metabolites of
Polyporus betulinus, polyporenic acids A, B and C. In dccordance
vith the eystem employed in the analysis of the constituents of

Daedalia quercinz, the metabolites of Po Tus betulims were

given the code nemes P.B.1l, P.B.2, P.B.3, P.B.4, P.B.S‘,‘P.B.G and
P.B.7. The strustures of three of these metabolites were immedie-
toly suggested by virtuz of a correspondence in Rr value and staining
behaviour on thin layers between the compound P.B.1l and methyl
polyporenate C, the c:ompoumi~ P.B.5 and methyl polyporenate A and
the compcund P.B.7 end ergosterol respectively. In this prelimi-
nary enalyeis no tracs of methyl polyporenate B could be detected.
After standing 2% room t::-mperatufe for several days, long
slender nsedles of the compound P.B.7 were deposited from the

ethyl scetate solution of Fraotion I. The spectral and chrome-
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tographic properties of this product were found to be in close

s
accord with the data quoted for ergosterol ( 4.4 ). The identity

HO

4.4

of the compound P.B.7 was confirmed by mixed melting point and
infrared spectral comparison with an authentic sample of ergosterol.

Ergosterol has previously been isolated from the fruiting
I+
body of Polyporus betulinus by Jones,. This sterol occurs very

widely in the fungal world and therefore seems likely to have some
important role to play in mould metaboliss.

The separation techniques employed in isolating the six
remaining metabolites are summarised in Table 4.2. Gradient
elution chromstography of Fraction II on silicic acid succeeded
in separating the compound P.B.2 from the compounds P.B.1 and
P.B.3. Fractional crystallisation of this latter mixture led to
the isolation of phe substance P.B.1, while preparative layer
chromatography of the crystellisation mother liquors afforded the

substance P.B.3 in a state of purity.
Fraction III was treated in similar fashion. Gradiemt
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elution chromatography on neutral alumina gave two binary mixtures,
nanely of the compounds P.B.4 and P.B.5 and of the compounds
P.B.5 and P.B.6. Despite numerous attempts using finely adjusted
gradiente on both alumina and silicic acid, column mmgraphy
did not resolve either of these mixtures. Separation was finally
achieved by means of preparative layer chromatography on large
rhodamine~treated plates adopting the technique of multiple elution.
By this means pure samples of the speoies P.B.4, P.B.5 and P.B.6 were
obtained.

The melting points and m_oleculgr formmlae of the six meta-
bolites as determined by micro-analysis, and mass aspectrosoopy were

as follows:-

P.E.1 - 193-194°C Cyo8, 604
P.B.2 : 86-8902 Cyesg0y
P.B.3 130-13§ c Oy 505
P.B.4 79-81 2 Csgfle -
P.B.5 148-14900 CagBso0y
P.B.6 177-178%C CoeH 4405

Systematic stmétural analysis commenced with the simplest
membexr of the group, the compound P.B.6. This white crystalline
substance possessed no carbonyl groups nor any WOn capable
of absorbing in the visible or ultraviolet. It was noted that its
molecular formula corresponded to the introduction of two atoms of
oxygen inte the formula of ergosterol ( Cogll 4 4() ). A possible
relationehip between the compound P.B.6 and ergosterol was suggested
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by the fact that both substances were rapidly oxidised to
intensely black spots when their thin layer chromatograms were
developed with eerie ammonium nitrate-sulphuric acid. Further-
moret th© mass spectral cracking pattern of the compound P.B.6
differed from that of ergosterol solely in the addition of two
peeks at m/e 410 and m/e 428. These observations could be
rationalised if the compound P.B,6 were ergosterol 5f£8-Peroxide
(4.5 ) or a structural isomer thereof. Suoh a substance would
have no ultraviolet absorption above 2200 2 and, on electron
bombardment, oould lose molecular ozygan by a "Type D" rearrange-
ment of the parent ion ( 4.6 to 4«? ) It will be noted that the

ion ( 4.7 ) io the parent molecular ion of ergosterol.

22,

MO

4c6
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The peak at m/e 410 results from the elimination of the elemente
of water from the m/e 428 parent ion.

The N.M.R. epectrum of the compound P.B,6 was con;istent
with its being that of ergosterol peroxide. In the low field
region of the spsctrum two independent sets of ethylenic absorption
were deteoted. The firat system, centred at 4.80 teu with a
coupling constant of 6 o/s., was identified by comparison with
the spectrum of ergosterol as the ethylben:l.o protons of carbon
atoms C-22 and C-23% ( 4.5 ). The remaining set of peaks consti-
tuted a well-defined A.B. system centred at 3.56 tau and 3.83 tau
with & coupling constant of 7.8 c¢/8. and was readily accommodated
by the hydrogens on ecarbon stoms C-6 and C-7 of ergosterol peroxidé.
These values are in close agreement with the reported data for the
vinylic proions of ascaridole ( 4.8 ) - 3.58 and 3.53 tau and

4.8

a coupling somaiznt of 7.8 c,/s.w

For somparicon, & sample of ergosterol 5,8-peroxide was
preparsd by tho method of Windeus and ankenv.b Ergosterol was
irradiated at room témperature in the presence of molecular oxygen
and a amall amount of eosin - this latter substance acting as a

photo-sensitising dye in the coupling of oxygen with the ergosterol
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diene system. Spectral, chromatographic and mixed melting point
comparison of the synthetic sample with the compound P.B.6 provided
final evidence of identity.

Ergosterol peroxide has previously been reported as a
metabolite of Aspergillus gmggm?lm w“
Considering its ease of production by photo-catalysed oxidation
of ergosterol, it is surprising that none of the authors concerned
seriously considered the possibility that ergosterol peroxide might
be an artefact. In examining this situation we have discounted
the possibility of autoxidation during chromatography or orystal-
lisation since many other ergosterol containing fungi have been
subject to similar methods without the appearance of ergosterol
peroxide. | ,

It was, however, feasible that Polyhorus betulinus contained
a substance capable of promoting the photo-oxidation of endogenous
ergosterol duriné the extraction process. To test this, a sample
of the methanol extract of a Polyporus betulinus sporophore was
supplemented with pure ergosterol and irradiated under high oxygen
tension. Over a period of twelve hours, the concentration of ergos~
texol peroxide was observed to rise from an initiai value of less
than one per cent to approximately eighty per cent; in a control
experiment involving ergosterol, pure methanol and oxygen only a
trace of the peroxide was detected after a similar reaotion period.

‘It must therefore be concluded that Polyporus betulinus does in
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fact produce a material capable of simmlating the photo-sensitising
effect of eosin.

This observation casts new light on the question of the metabolic
authenticity of the isolated peroxide since it must now be acoeptec
that non-enzymic, photo-catalytic processes will meke a oontri-
bution to the synthesis of the compound. The extent of this
contribution was determined as follows. A section of the context
of & fresh sporophore was frozen by immersion in liquid nitrogen
and quickly pulverised. The muitmt fine powder was extracted
in c0ld methanol for} three ninutes and the extract immediately
assayed for ergbstorol and its peroxide by T.L.C. Only tholfomer
compound could be detected; no trace of the peroxide was apparent.

It thus appears that the ergosterol peroxide isolated from
the fruiting bodies of Polyporus betulimus is en artefact. It
had been produced during the extraction process by the joint sction
on ergosterol of molecular oxygen and some other utsboiito of
the organiem whish was sble to effect photo-catalysis. In view
of this finding it would be of interest to reinvestigate the
production of ergosterol peroxide by Aspergillus fusigatus and
_T_gohom: h_ schonleiri.

The preliminary T.L.C. analysis had V:I.ndio&tod that the
compounds P.B.1 and P.B.5 might be methyl polyporenate C and A
respectively., These indications were subsequently oonfirmed as
vill row be desoribed. The compound P.B.1, Cy,H,c0,, possessed
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spectral properties identical to those of methyl polyporenate

¢ (4.9) end its melting point, 193-194°C was undepressed by

COCH COC

PH PH

4.9 4.10

admixture with an authentic sample of that material. However,
mass spectrometric analysis indicaied that the substance P.B.l
was methyl polyporenate C contaminated by approximately 12 ¢}

of a dihydrocompound, presumably the 8(9)-mono-ene ( 4.10 ).

In this respect it resembled the substance previously isolated .

from Daedalia guerc'ing.

The compound P.B.5 had an analysis in accord with the
&3

formula C 0 4 and was shown to be methyl polyporenate A ( 4.11 )

3250

HO QCH,

HO~

4.11
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on the basis of the physical mesasurements described below.

In the infrared, the two hydroxyl groups of the compound P.B.S

absorbed at 3639 on~L (e 95-2.AV% 18 ) while the. nethoxycarbonyl

systen gave rise to peaks at 2832 em™!

and 1744 oa™* ( € 510,
A\& 23 ). &m@er absorption at 3090, 1648 and 900 ol was
attributable to the exocyclic methylene group. This latter
functional unit was reflected in a two proton N.M.R. signal at
5.10 tau. Additional features oi" the N.M.R. gpectrum were the
singlet at 6.33 tau due to the protons of the methyl ester and
the resonances at 6.90 ( quartet ) and 8.75 ( doublet ) produced .
by the hydrogen and methyl group at carbon stom C-25.

Two sets of peaks at 6.63 and 6.94 tau both integrated for
one proton and were assigned to the hydrogens under the hydrovl
groups at carboq _gto;nq_ch and C-12. By analogy with the value
of 6,60 tau observed for the 38 hydrogen in methyl X, 16a- ,;
d1hydroxy-24-~methylenelanost-7,9(11)-diene-21-cate ( Experismental
Section 7 ), the peak at 6.63 tau in the spectrum of the compound
P.B.5 could be assigned to the 3P hydrogen. As confirmation
of this assignment & sample of the compound P.B.5 was acetylated
under conditions which, applied to methyl polyporenate 4, yielded
solely the 3 -scetate. The N.M.R. spectrum of the acetylated
product wae wholly consistant with its structure being methyl 3=
acetylpolyporenate A ( 4.12 ). It contained no absorption af

6.63 tau but contained a new peak at 5.35 tau. From these
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observations it could be concluded that the 3B hydrogen of methyl
polyporenate A gave rise to an ill-defined triplet at 6.63 tau
while the 12p hydrogen appeared as a doublet centred at 6.04 tau.
This latter value falls into the range 5.59 to 6.12 tau quoted by
Saith for the 128 hydrogen of the 12a-hydroxy bile aocids, '

The mass spectra of isolated and muthentic samples of methyl
polyporenate A were identical and showed the loss qf the elements -
of water and a methyl group from the parent ion to give the base '
peak at m/e 467. |

The substance P.B.3 represented the next most complex
molecular system. The infrared spectrum of this substance was
indicative of a system containing o::xe hydroxyl group ( 3631 _cm"l, 4
£ 54.5, A, 16 ), two alkoxyoarbonyl groups ( 1739 ca", € 845,
Avé 23 ) and an exocyclic methylene:’gmup ( 3080, 1640. 890 ca™ ).
During the examination of the compound P.B.5, the 3-acetate of

methyl polyporenate A ( 4.12 ) had been prepared.

HO O,CH,

CHaCOO' '

4.12



It was noted that the N.M.R. spectrum of the substance P.B.3 was
virtuslly identical with the spectrum of this acetate. Furthermore,
the micro-analysis Aor the substance P.B.3 corresponded to tﬁe formula .
of methyl 3-acetylpolyporenate A ( 054'15 405 ). The T.L.C. Rt
values of the substance P.B.3 and of methyl 3-acetylpolyporsnate

A were identical and also the infrared spectra were superposable.
The only property of the substance P.B.3 which m not consistant
with its being methyl 5-acetyipo1yporenate A was e melting point
disorepancy -of over ten degrees with the synthetic material.
Despite numeroﬁﬁ pz;epara.tive' layer chromatograms and repeated
crystallisations from various solvent systems, the melting point

of the isolated metabolite could not be elevated to the literature
value ( 136-139°C ).

These observaﬁions' §ou1d be readily rationalised on the
besis of the substance P.B.3 being a mixture in which methyl
3-acetylpolyporenate A was the major component. This was confimed
by mass spectroscopy which showed that, in addition to the parent -
mclecular ion at m/e 542 expected of methyl 3-acetylpolyporenate A,
there occurred a further parent ion at m/e 536. The ratio of
acetate to contaminant wa.s; ~es£imated from the mass spectrum to
be 87 : 13.

| The probiem of the chemical constitution of the contaminant
of mass %98 was aow tackled. Comparison of the infrared specira

of the mixture P.B.3 and methyl 3-acetylpolyporenate A showed no
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significant differences between the two; examination of the N.M.R.
spectra of the two metabolites revealed.only small divergences
in the saturated methylene region. Froa that region of the
mass spectrum which was not contamiﬁatod bty the fragmentation
fattern of the acetate it could be seen that the minor component
suffered loss of a methyl group and the elements of water from
the parent ion. The peak structures and-relative abundances of
the ions at m/e 598, 583, 560 and 565 closely resembled the first
four ions in the spectrum of methyl 3-acetylpolyporenate A. )
ﬂnﬁafoue attempts to resolve the mixture by normal T.L.C. methods
»or.by ths "wedge" modifioatio;yigre uniformly unsuccessful. .

In visw of the evident similarity in chromatographic and
spectral propertics which existed betwesn the two components of
the mixture, it scemed probable that the minor component was also
an ester of methyl poiyporenste A. On the basis of this assumption

1t was‘posaible to suggest the partial structure ( 4.13 )

OOCH,

~C OQ~

4.13



which accouniec for 527 uaits of mass, Since the mixture P.B.3

gave negative tests for nitrogen, sulphur and halogen, the remaining

71 units of mass must be defined by one of the following formulae:-

Ot OO - C5H50,
Of these poseibilities the last two seemed & little less probable -
since additional oxygen functions might be expected to confer
on the whole molecule & polarity greater than that of methyl‘ ‘
B-acetylpolyporena’ce A: it hed already been noted from T.L.C. work
that the components of the P.B.3 mixture were closely allied in |
polarity. The remaixxihg formula, 05!111, corresponded to the
esterification of methyl polyporenste 4 by the fatty acid C6H1202.
Thue @ semple of the substence P.B.3 was treated with anhydrous
gedivm methoxide in dry methanol and a portion of the product
analysed for 06 methyl esters by gas-liquid chromatoéraphy using
a temperature progremze which would uniquely define the normal
series of fatty acid methyl esters. Under those conditions a peak
corresponding *o methyl ceproate was detected in the transesteri-
ficationi prcdnct. This established that s caproate ester must have
been present in the substance P.B.3. ?.L.C. of & sample of the
reaction miztuve mgainst authentic methyl isopolyporénq‘te A. ( 4.16,
cf later digcussion ) indicated that material of the sa:‘x_?e Rf value
as methyl isopolyporenate A was the sole non-volatile pf?duct of the

methanolysis. It must be emphasised, however, that the proof that
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the minox componient of the P.B.3 mixture was methyl }cgpmylp;-,ly.

porenate A { 4.14 ) ie not as rigorous as would be desired:

4.14

The N.(.R. spectrum 0f a méthyl polyporenate-A 3-éstér
proved to be characteristic: The salient features are presented
t;,s & line diagranm in Teble 4.3. The 38 hydrogen comes into resonance
as an ill-definsd twiplet at 5.33 tau with an estimated coupling
conatents of 2,8 ¢/s. The C-24 exocyclic methylene group gives rise
to a fine multiplet centred at 5.10 tau while the methoxycarbonyl
methyl group appeevs az a three proton singlet at 6.32 tau. As
hss already been proved, the 128 hydrogen appears as a doublet
at 6.04 teu. The hydrogen and methyl group at carbon atom C-25
are responsiblc {or a quartei-doublet pattern at 6.90 and 8.76 tau
respectively, the coupling constant being 7.2 c/s. Complex absorption
due to the saturaied methyl groups is defined by peske at 8.91, 9.01,
9.04, 9.11 end 9.42 tau.

Analysis of the N.M.B. spectrum of the two remeining metabolites
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of Polyporus betulinus, the compounds P.B.2 ani P.B.4, z'evéaled
that both these substances possessed the above characteristics
of a methyl polyporenate A 3-ester.

The compound P.B.2 melted over the range 88-89°C and
analysed in accord with the formula, 056a56°7' The probability
that this substance was a methyl polyporenate A 3-ester enabled

the formula to be expressced in the alternative form:
C52350°5' c 4“60 4

The nature of the entity C 360 was readily determined since the

4674
N.".R. spectrum of the compound P,B.2 contained the three proton
singlet at 6.36 tau and two proton singlet at 6.70 tau characteristic
of the methoxycarbonylacetyl unit. The presence of this structural
grouping was further eonfimed by the observation of ; losa of 118
uhits of mass from the parent ion in the mass epectromtof and the
ocourrence, in the infrared spectrum, of the typiccl malonate bands
at 1757, 1739, 1273, 1236, 1162, 1057 and 1020 ca ', Spectrographic
analysis thus suggested that the metabolite was methyl 3-methoxy-

carbonylacetylpolyporenate A ( 4.15 ).



Ho OO CHy

CHPUO/ |

4.15

The followir;g chemical transformaetions proved this to be correct.
The compound P.1‘3.2 was treated with the reagent which had
mothly‘transaaterified the Daedalia quercina malonates - anhydrous
sodium methoxide in dxry methanol. A portion of the product of this
reaction was analysed by gas-liquid chromatogreaphy snd was shown to

contain an appreciable gquantity of dimethyl malonate. The non-
volatile product of the reaction was isolated bty P.L.C. as a white

orystalline compound and was deduced to be methyl isopolyporenate

OOCHS
HO :{

A ( 4.16 ) as follows.

HO”

4.16
- 93 -



Analysis and molecular weight ( parent molecular ion at m/e 500 )
indicated that the compound was isomeric with methyl polyporenate A. |
The H.M.R. spectrum of methyl polyporenate A was very similar to
that of the transformation product except that the latiter showed

no evidence of an exocyclic methylene group nor any A.X, system

3
at carbon atom C-25. 1nastead there appeared a six proton singlet
at 8.20 tsu. This latter feature together with an infrared band
at 1718cu * ( & 430, A‘% 18 ) and ultraviolet absorption at
2260 £ ( £3,900 ) was in agreement with the presence of & tri-
substituted .G,B- unseturated ester such as:-
R~—C=C~--C0,CH
N
Cﬂ?cﬂ3

3

Since, under basie conditions, the g,y double bd_mi of |
mebhyl pélj;g-m‘ren&te A is knomxsi;o move into coﬁjusstiqn with the
estor carbonyl tu give iaopolg\rporemte 4, j;heri'éct‘ thet the com-
pound P.B:2 uffeved & base catalyeed double bond migration d’uﬁ.ng-
demalcma’sion wae jurther evidente thet it was a methyl polyporenate
A 3-estex.

Final proof of structure was obtained by hydrogenating the
compound P.E.2 %o remove the exocyclie methylene group and repeating
the transesterification. The non-volatile product of the reaotion
wag isoleted and was found to coﬁeamnd in B, value, spectra and
mixed delting point with a sample of methyl 24,26-dihydropolyporenate

A ( 4.17 ) obtained by hydrogenation and methylation of an authentic
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HO COOCH,

HO~

4.17

sample of polyporenic acid A. The compound P.B.2 was thus proved
to be methyl 3-methoxyocarbonylacetylpolyporenate A ( 4.15 ).

Finally attention was focussed on the structure of the compound
P.B.4 which was a white crystalline substance, m.p. 79—8100, possessing
analytical data ,éoneistant with a molecular foruula c39362°8' The
material gave rise to no significant absorption in the ultraviolet.

Ag detailed in the case of the compound P.B.2, it was possidle to
deduce that the compound P.B.4 was a methyl polyporenate A 3-ester

and, as such, its molecular formula could be expressed in the fom:-

Us2f50%5  O7712%
in which the latter unit represented the formula of the conjugating
acid.
Subtraction of the N.H.R, spectrun of the compound P.B.4 from
that of a methyl polyporenate A 3-ester ( Table 4.3 ), gave rise to

the following simple spocznm:‘ia‘

-95 -



6.34 tau 3 protons singlet

7.40 tau 4 protons broad singlet

8.70 tau 3 protons singlet
From this it was concluded that the conjugating acid contained two
methyl groups and two chemically slightly dissimilar ﬁetbylene groups,
all in environments which would lead to unsplit signals. It seemed
probable that the singlets at 6.34 and 8.70 tau were caused res-
pectively by s methoxyl group and by & methyl group which was
deshielded in some way such as being B to oxygen. Bedring in mind
that the conjugating acid would require the unit -0021{ for union
with the basic nucleus, it was possible to write down the principal

features of its structure ast-

,'033
_A~OGH 5
CéﬁOa - -CHQ-
~CH,,-
-Co.B ( B )

In the infrered thé compound P.B.4 exhibited two independent
bydvoxyl shasorptions., The firet of these, 'a.i)peaz'ing at 3635 cm“l
( 5:55.5,&#_;? 14 ) wes cssigned to a non-bonded hydm:ﬁyl group.
The .éacgn& 'ba'zz:l { 3528 ex”l, € 55.5,Av% 18 ) was diffuss and
appeared loﬁar iﬁ the spsctrum at & frequency characterisiic o;
hydrogen bonded hydroxyl groups. Dilution etudies inaiéated that
the hydrogai; bon:u: waz intramolecularly eatablished. Subtracting from

this spectrum the absorption expected of the 12« hydroxyl group
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( 3639 cu ) and the C-26 carbomethoxy group ( 1740 ew™! ) and
agsuming thut the ester link between conjugating acid and basic
micleus gave rise to absorption at the normal value of 1740 om'l,
it was possible to deduce that the conjugating acid contasined the
structural features reaponeible‘ for the absorption at 1715 and
3528 oo™l and propose that the umit C,HO, in the above scheme
contained an hydroxyl group and a carbonyl function. The
structural elemsnts of the conjugating acid could then bse

tabulated ass-

-C0- -Co,8 ( B% )
&OGHS -01{2—

~OH ~CH,

~CH,, c

Theee olements had bthen to he assembled to give & structure which
would have no vicinal protons, would have {wo methylene groups in
aimilar but non-identical environments, would have a deshielded

methyl group and would have provision for intramolecular hydrogen
bording. There is e unique solution, the half methyl ester of P-

hydyvozy-B-nsthyl-glutaric acid ( 4.18 ).

OOH




It may be pointad out at this point that hydrogen bdonding should
also be possible between the hydroxyl group and the carbonyl
oxygen of the conjugating linkage.

As a preliminary check on these spectroscopic findings,
the N.M.R. spectrum of an authentic sample of dimethyl P-hydroxy-
B-methylglutarate was run. It was found to be superposable with
the spectrum derived from the compound P.B.4 by subtraction of
the absorption due to the methyl polyporenate A unit, eave for
a slight down-field shift ( 0.01 tau ) of one of the methylene
groups. This observation ﬁas eaéily rationalised in terms of a
slight difference in the chemical enviromment of the two methylene
groups in the asymmetrically substituted ester - the compound
P.B.4.

On the basis of spectroscopic measurements it was thue
proposed that the compound P.B.4 was methyl 3-( 4-methoxycarbonyl-
3-hydroxy-35-methylbutyryl )-polyporenate & ( 4.19 ). This
hypothesie was then subject to chemiocal varification.j

Ho - COOCH,
|
M |
CHO™ ™~n d

4.19



As would be czpecied the substance reedily absorbed one mole of
hydrogen t0 give & product which showed no infrared absorption at
1648 or 890cm - but gave & slow positive resction with tetrani-
tromethene. The N.M.R. of the dihydro compound showed no A.X5
pattern at 6.92 and 8.76 tau but instead possessed a doublet at
8.81 tau atvtzibutable to a methyl group placed B to an' alkoxy-
carbonyl cysiem. 4

When the compound P.B.4 was transesterified with anhydrous
sodium methoxide in dry methanol the non-voiatvile produoi ol vhe
reaction was found to be methyl isopolyporenate A ( 4.16 ). The
volatile product of the reaction was identified by gas-liquid
chromatography as dimethyl P-hydroxy-f-methylglutarate. Furthermore,
transeatevrification of the dinhydro derivative of the compound
P.B.4 gave a non-volatile product identical in all respects with
methyl 24,28-dihydropolyporenate A { 4.1T ).

With the establishment of the structure of the compound P.B.4
the analyeis of the methyl esters of the principal gdid constituents
of Polyporus betulinus was complete. It had resulted in the iso-

lation from the sporophore tissue of the following triterpeness«

mathyl polyporenate C ( 0.2 % )
methyl polyporenate A ( 0.7 %)
methyl 3-acetylpolyporenate A
methyl 3-oaproylpolyporenste Ag (0.2%)

methyl 3-methoxycarbonylacetylpolyporenate A ( 0.4 % )
methyl 3-( 4-methoxyoarbonyl-3-hydroxy-3-methylbutyryl )-
polyporanate A ( 0.7 %)
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and had convincingly demonstrated that, in at least one other
triterpene producing fungus, the triterpenes occurred in con-
jugated form. The figures in parentheeis in the above table
represent the yield of the ester concerned expressed as a
percentage of the original sporophore weight. Before ‘doaoribing
work performed with non-esterified extracts of Polyporus
betulinus, it is apposite to consider some of the ohafaotoriqt:lo
specstral properties of éwthyl polyporenate A and its conjugates.
The features of the K.M.R. spectrum attributable to the
functionality at carbon atoms C-3, C-12, C-24 and C-25 have already
been considered. It was mentioned at that juncture that .fi'.he pattern
of absorption pfoduced by the saturated methyl groups was also
highly characteristio of the series. As will now be shown, detailed
examiﬁation of the changes produced in this pattern as a result
of chemlocal reaction led to the assignment of speoific‘ resonance
frequencies to pavticular methyl groups. Data relating to the
methy;l rescnsncs pattern of the conjugates amd their principal
transformation products is presented in Table 4.4. It will be saen
thet %wo distinct pabterns emermed. Firstly there was the pattemrn
of the comjugeiss themselves defined by pesks at 8.91, 9.01, 9.04,
9.11 ané 9.42 %=un. Removal of the ester group from carbon atom C-3
ceused this patterm to collapse to the more simple four element
system defined by peaks at 8.91,. 9.05, 9.15 and 9.42 tau. Integraticn
messurements indicated that the process of hydrolysis was reflected’

in the KE.M.R. epectrum as the up-field shift of two three proton
- 100 -
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singlete from 9.02 and 9.11 tau to 9.05 and 9.15 teu. Since an
alteration in the resonance frequency of & proton is normally
indicative of a change in its immediate chemical environment it
was feasible to state that the hydrolysis of the ester function
at carbon atom C-3 would primarily influence the chemical shift
of the gem-dimethyl group at carbon atom C-4. It was thus |
concluded that the 4,4~dimethyl system in methyl polyporenate A,
methyl 24,25~di§13(¢mpolyporenate A and methyl isopolyporenate A
wag responsible for signsls at 9.05 and 9.14 %tau, while in the
3-estera of ;aéttwl polyporenats A and methyl 24, 28-dihydropoly-
porenate A it was responsible for signals at 9.0l and 9.11 tau.

The chmiéal shif¢s of the methyl groups C-18, 0-19, C-21
and 0-32 wers deduced from an analysis of the spsctrum of methyl
isopolyporenste { 4.16 ). This substance possessed ﬁw vinyiié
methyl g&»nps and ‘nénce ite saturated methyl resonances vere less
complex, being cauis‘ed‘ by only éix entities. A4s is shown in
Teble 4.4 ﬁn;tfsggfamdn revenled that the peake at 9.41 and 9:14
tem weme oscanioned by oingle methyl groups while the remaining
four matkﬁr}. crbrpe weTe distributed between pesks at 8,91 and
9.04 4n the zabio 1.5 1 2,5: The two half units of intemsity
containad iu vhess latber two peake vas esoribed to & doublet
cenizsl ot 8.98 ten ( 3 7.8 ofs ) produced by the splitting of
the methyl groiap C-21 bty the hydrogea on carbon atom C-20.

The singlet st 9.14 ten end part of the eignal at 9.04 teu
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have aireedy been assigned to the 4,4-dimethyl group, hsnce each

of the remaining singlet methyl absorptions at 8.91, 9.04 and

9.42 must be due %o one or other ofthe angular mthyl; c-18,

c-19, C~32, Eaking the assumption that the compound 68(9). ~cholesten-
3a, 12a-diol {4.20 ) was a-valid model for the C-18 and C-19

HO

HO”
4.20

methyl groups in methyl isopolypovenate A it was possible to
compute thcoretical values for their resonarnce freguencies.
Calcnlations Lzsed on date provided by Bhacca and William:‘ and
by Cohea zad }?.och‘zxe ghosn in Table 4.5. The latter’authora
makg no provisicn for a AB (9) double bond end this the Bhacca
avd Willicun volas mas employed. The vesulte indicated that

8 valus of 9.%% - 9,386 %taz could be expected for the C-18
methyl mscﬁ&ma and & value of 9.0 - 9.10 tau for the U-19
methyl rssonance. On the besis of these calculated values it
is progosed that the peaks at 9.04 end 9.41 tau in the spectrum
of mathyl isopolyporenate A and therefore in the related compounds
aTe dus to the C-19 and C-18 methyl groups respectively. Ry a

- 103 -



016 96°6 000°6 16£°6 ( wes ) 3tnsey
00°0 50" 0+ L10*0~ 050°0~ L84t
vo°o- TU°0- 000°0~ Zh0°0+ HO*eT
£t-o- 80°0+ 6210 £€80°0~ ©)e V
Yoo+ €0°o+ 000°0 800°0+ HO™
€26 1£°6 26L 0 269°0 BB} BOIPUY S TXG
61~0 81-d 61~ ] s}
4, T008 % HAHOD aﬁﬁﬂg % YOOVHK

SAN0ED TAEIGN GL~0 'O1-0 HOA SUONVRODAW QELvINOIVO °'G°V FIave

- 104 -



process of elimination it would appear that the C-32 methyl group
was responsible for the peak at 8.91 tan. This relati#ely low
value may be caused hy the deshielding of the protons of the Q-}Z
methyl group by the electrons of the 8(9) double bond and of ;the
12a hydroxyl group. These tentative assignments of resonance
signals to specific methyl groups are summarised in Table 4.6.

Examination of fhe solid state infrared speotra of methyl
polyporenate A and the related compounds suggested that peaks
at 1457, 1437, 1375, 1097, 1086, 1071, 1050, 968 and 977 on?
were characteristic of the methyl polyporenate A nucleus. Tﬁe
latter five bande were found to be of particular use in structural
analysis. _

On electron bombardment methyl polyporenate A and its deri-
vatives suffer a characteristic sequence of fragmentation reactions.
The abundances of the principal ions in the spectra of the compounds
are collected in Table 4.7. Since the compounds ell behave similarly,
the fission sequence will be discussed in terms of methyl 3-methoxy-
carbonylacetylpolyporenate A ( 4.15 ). From the position of
mete~gtable ione in the spectrum it was possible to deduce that
the parent molecvlar ion ( m/e 600 ) was linked to the base peak
( m/e 467 ) by means of two independent pathways. The first pathway
proceeded by means of fiesion of an angular methyl group t:o give the
ion P-15 = m/e 585 and thence to the base pesk by "Type H" elimination

‘of the elements of methoxycarbonylacetic acid ( 4.21 to 4.22 ).
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dHooca: et oa.

4.21 m/e 585 4,22 mle 467

.(re aeconc* pathway involved the same fieoion reactions but executed
them in reverse order. An ion corresponding to complete loss of
the side chain due to fission between carbon atoms C-17 and C-20
was dstdotsd in 10 A abundance at m/e 513* Losses of the elements
of water? presumably from the 12u hydroxyl group, were observed
to take place from the lone m/e 5857? rn/le 467 and m/e 313* Theae
findings ars summarised in Tabic 4.8.

The various other derivatives and transformation products
of methyl polyporenate A, with the exception of the hydroxymethyl-
gXntarate conjugate, undergo similar fission sequences. In all
cases a methyl group, the substituent at carbon atom C~3
( OH, CHMOCOCH'GOO ) and a proton are lo3t to give the base peak
at a/o 4b?» This latter ion subsequently loses the elements of
water to yield an abundant ion at rsfe 449* Tlia spectrum of each
substance contained an ion of mass ra/e 313*

Some slight divergence from this typical behaviour was noted
in the case of the compound methyl 3~( 4-®0fckoxyearborgrl-3~hydroxy*»
3=*eothylbutyiy1 )«polypQrena.t®© A. Under the conditions in which

the spectrum was obtained no parent ion could be detected lor this
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TABLS 4f6c PROPOSED MASS SPECTRAL FISSION SEQUENCE FOR THE

COMPOUND P«B.2»

600
~/s s
313 A 585 482
-ji*
IS
567 =
295
H8
f
449
m* transition
549*5 585-567
387 .2 600-482
573,6 585-467
431*6 467-449
355*5 569-449
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compound. The first ion in the spectrum occurred at m/e 640 and
corresponded to & dehydration product of the polyporenic acid A
ester. In similar manner the base peak of the spectrum was shifted
down by eighteen uniis of mase from the expected value of m/e 467
to m/e 449. Since there was no reasonable doubt as to the validity
of the structure of the compound it must be concluded that the
conjugate undervent thermal dehydration. It can be shown that
the hydroxyl group which was eliminated as water was that on
carbon atom C-12 since the jon formed by the dehydration process:
( m/ e 640 ) subssquently lost the other hydroxyl group present in
the molecule as part of 4-methoxycarbonyle3-hydroxy-3-methylbutyric
acid. Although the other polyporenic acid A derivatives all
showsd a loss of water from the parent ion the corresponding peak
had only an abundsnce of approximately 10 %, evidently not such
& dominant process as in the case of the hydroxymethylglutarate.
This can be attributed %o the promotion of thermal dehydration
by the higher probe temperature required to volatilise this latter
compound.

Before leaving the mass spectrum of the hydroxymethylglutarate
it is of intoresi to vefer to two fissien processes which do not

figure in any of the other conjugates. In addition to the "Type "

rearrangsnsnt cousing complete removal of the hydroxymethylglutarate

unit { 4.23 ),
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OH
4.25 /e 509

two further "CyI ‘h™ rearrangements can occur. The first ( 4.24 )

involves fission to the methosycartonyl system of the hydroxy-

methylglutarate oator and leads to the loss of 74 units of oiase

and an ion aI m/e 551 ( P-18-15-74 ). “he second process ( 4.25 )

involves fie io ;at3 to the conjugate ester linkage and gives

rise to a 10 ¢ of 116 units of mass and an ion at /e 509 ( £-18-15-116 )»
The “finger print“ region of the mass spectrum of all the

methyl polypoiWtate k Berios of compounds contained an impressive

group of doublet, triplet and quartet peak systems. Although

the structure of tiie ions producing them could not be deduced, the

pattern seemed to be characteristic of the tetracyclic triterpen®©



carbon skeleton. The peaks concerned occurred at

187 175 161 149 137 123 109

185 173 159 147 135 122 107
171 157 145 133 119 105
169 143 131

The previous work on both the metabolites of Daedalia quercina

and Polyporus betulinue had suffered from the great disadvantage
that the anzlyses had been conducted, not on the original methanol
extract of tie sporophore, but on a methylated preparation derived
from it. This procedure, although excellent from the point of
view of the initial separation and structural elucidation, left
some measure of uncertainty &s to the true native state of the
fungal metabolites. Steps were thus tsken to permit direct study

of the methanol extract of Polyporus betulinus. A benzene :

dioxan : glacial acetic acid ( B.D.A. ) T.L.C. system was developed
which was able %o produce good resolution of the constituents of

the methanol sxtract. As is shown in Table 4.9, eight distinct
substences werc detected and their standard Rf values determined.

The material of R, value 0.43 was immediately ideﬁtified as ergosterol

£
by virtue of a correspondence in R, value and staining behaviour

f
with an authentic sample of that compound.
Of the seven remaining substances it seemed reasonable to
assume that four would be related to methyl ﬁolyporenate A, its
acetate, methoxycarbonylacetate and 4-methoxycarbonyl-3-methyl-

butyrate. To ascertain the precise nature of the relationship the
- 112 -
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following twc dimensional T.L.C. operation was performed. A

sample of the methanol extract was placed at the origin of a

two dimensional chromatogram ( Table 4.10 ) and developed in the
x-direction with the B.D.A. solvent system. After in situ esteri-
fication with diazomethane the plate was developed in the y-direction
with 1 % methanol in chloroform against standard samples of the
previously isolated methyl esters. As a result, ﬁolyporenic

acid A and 3-acetylpolyporenic acid A were located as timq compounds
of Rf value 0.28 and 0.29 respectively. -

It was noted, however, with some surprise that the hydroxy-
methylglutarate and the malonate were each formed by methylation
of two dietinct acidic cowpounds. Accordingly, & sample of the
methanol extract was subject to column chromatography on Mallinckrodt
silicic acid. The T.L.C. record of the separation so produced
is shown in Table 4.11. For ease of discussion, the chemical
constitution of the more polar of the four compounds concerned
will bo considared first. _ v

The substarce of R, value 0.24 was & white, crystalline,
’acidio co:n,ncu?;d, m.p.b 184-185°C, which analysed in accord with the
molecular formulae ¢3 4}15207. The H.M.R'. spectTum of the oompo‘u!fd
contained a two proton singlet at 6.53 tau together with all the
peske expected of & polyporenic acid A 3-ester. Suapibiohé .that

the material wae 3-carboxyacatylpolyporenic acid 4 ( 4.26 ) were
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TABIE 410. 2D. T.L.C. OF P. BEPULINUS SPOROPHORE METHAROL
EXTRACT

~
.ola CH 50“
9%y CHU,.
BDA. \
T‘ SRR
"‘.*"‘“"— e-1--- @
] 1 :
aiadits Taaliell Rl - - -
@ I ] ? ! [ @
: Vo L
| ' ?4----:_-_1.-.1_@
] ! ] | i ) ' )
t : 0! ‘ |
I ;! |
! ¢ ! ' } '
- } t o; .
olde oy o ok 0‘3‘3 A 8C D
1 STANOAR DS,
A Methyl polyporemate A
B Methyl 3-acetylpolyporenate A
C Methyl }methoqcarbowluotylpolypogomte A
D Methyl 3-( 4-methoxycarbonyle3-hydroxy-
3-methylbutyxryl )-polyporenate A.
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HO COOH

}
ol A,

4.26

confirmed when, after methylation, the substance gave a product
identical in l'tf value with methyl 3-methoxyocarbonylacetylpolyporenate
A,

An exactly analogous sequence of events led to the identifi-
cation of the second substance ( Rf value 0.16 ) as 3-( 4<carboxy-

3-hydroxy-3-methylbutyryl )-polyporenic acid A { 4.27 ).

HQO

4.271

The third material (_ai. value 0.32 ) was eluted from the
column in fractions 111-124. It was & clear gum which methylated

to give a substance identical in R, value to methyl 3=( 4-methoxy-

- 17 -



carbonyl-3-hydroxy-3-methylbutyryl )-polyporenate A. Examination
of the N.M.R. spectrum of the gum revealed that it contained the
resonances expected of a polyporenic acid A - hydroxymethylglutaric
acid conjﬁgate together with a three proton singlet at 6.30 tau.
The infrared spectrum of the material was indicative of a substance
containing two alkoxycarbOnyl groups. The gum thus appeared to

be a monomethyl ester of 3-( 4-carboxy~5-hydroxy-3-methyibutyny1 )=
polyporenic acid A. The decision as to which of the tthcarboxylic
acid groups in the molecule was esterified was made on the basis of
mass spectral measurements.

As pointed out earlier, the mass spectrum of methyl 5;( 4=
methoxycarbonyl-3-hydroxy=-3-methylbutyryl )-polyporenate A showed
three fregment ions which could be formed by "Type H"Qgearrangoment
of the ( P-15-18 ) ion involving different portions of the hydroxy-
mathylglutarste unit. It was noted that in each case the neutral
molecule eliminated ( mass 74, 116, 176 ) contained within it the
methyl ester of the glutarate moiety ( cf. 4.23, 4.24, 4.25 ).

It was thus orgued that, if in the half ester of R, value 0.32
the free éarhoxyl group occurred in the aide'chaiﬁ.rathef than

in the hydrozymethylgluteraté eystem, similar losses of 74, 116
and 176 unite of maes should be detected in ite mass spectrum.

If, on the other hend, the frée carboxyl group OQA“ITQd in the
hydroxymethylglutarate groupigg, no such ioséaa would be observed.

Unfortunately there wers no metasteble peeks in the spectrum
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of the substance but & pleusible fragmentation aequoncé can
neverthelees be suggested ( Table 4.12 ). It is evident that,
apart from losses of methyl groups and the elements of carbon
dioxide, the principal fragmentations involve elimination of
neutral frégments of mass T4, 116 and 176, This iﬁdicated that

the half ester of Rr value 0.32 was 3( 4_methoxyéarbonyl-)-hydroxyb

3-methylbutyryl }-nolyporenic acid A ( 4.28 ).

OOH

4.28

Some difficuliy was experienced in separating the fourth
compound { R, value 0.40 } from the complex mixture of sterols
and fats which had been simultsncously eluted from the column.
Although preparative layer chromatographyvrifh the B.D.A;‘solvént
eystem was able to produce adequate separation, it was found
impossible t> obtain recovesy of better thaa 10 % of the pure.
compound from the silica. From the small, relatively impure
sample that was obtained the following results were gleaned.

The substence methylated to give a product identical in R, value
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with the moss spectrum of the compound P.V.9 of which the salient
features are collected in Table 8.4. It will be seen that apart
from the loas of carbon dioxide from the carboxylic acid and lactone

26
groupings, the principal fragment ions were derived from "Type A *

fission of the methyl and propionic acid moieties from the chron:ne
nucleus { 8.1% ). | |

Preliminaxry attempts to synthesise the compound ( 8.12 ) were
not successful. Epoxidation of e;t_b&l mycophenolate with m-chloro-
perbenzoic acid followed by treatment of "the resulting epoxy-phenol
with strong base or buffer pH 9 in the hope of effecting ‘the seﬁnonce

shown below resulted in both cases in the formation of the threo-

OH

14 01>< (@)
I&J .

hydroxylactons { 8.10b ). It thus appeared that, even in mild base,

thore is a greater tendency towards ester hydrolysis and attack of
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vith methyl >-methoxycarbonylacetylpolyporenate A while its N.M.R.
spectrum contained signals at 6.28 and 6.69 tau. These observations
suggested that the ocompound might be a monomethyl ester of 3-carboxy~
acetylpolyporenic acid A. No oonclusﬁe evidence is available to
indicate which of the two carboxylic acids groups was methylated,
however, by analogy with the hydroxymethylglutarate conjugate,

it would appear more probable that the ester group was located

in the malonate unit.

Evidence that these methyl esters were authentic metabolites
and not artefactes produced by interaction of the diacids with the
methanol used as solvent in the primary extraction, was obtained
by repeating the isolation and separation using ethanol as solvent.
Both esters were again detected and the more easily obtained, the
half ester of 3-( 4-carboxy-3-hydroxy-3-methylbutyryl )-polyporenic
acid A, was isolated and identified as the methyl derivative by
R.M.R. spectroscopy. This observation proved that the monomethyl
ester of the hydroxymethylglutarate was authentic and it was
assumed by enalogy that the methyl ester of the malonate conjugate
was also genuine.

As a result of these analyses of both methylated and non-
methylated extracts of the sporophore tissue of Polyporus betulinus
it was possible %o draw up the following list of metabolites shown

to occur thereins-
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ergosterol,
polyporenic acid C,
polyporenio acid A,
3-acetyl- polyporenic acid A,
3~-carboxyacetylpolyporenic acid A,
3-( 4-carboxy-3-hydroxy-3-methylbutyryl )-
polyporenic acid A,
3-caproylpolyporenic acid A,
a mono-methyl ester of 3-carboxyacetylpolyporenic
acid A.
It was noteworthy that at no time in this investigation was
there any evidence of the presence of polyporenic acid B.
lately & culture of Polyporus betulimus has been grown under
controlled conditions on a synthetic medium, Preliminary T.L.C.
and N.M.R. analyses of a methanol extract of the myceliua produced,
failed to reveal the presence of any of the conjugates.
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PTHOUGHTS ON THE METABOLIC

SIGNIFPICARCE OF

TRITERPENE CONJUGATE'S




There can be little doubt that one of the most intereating
and challenging aspects of modern biological chemistry centres
around attempts to discover the funotional importance in the
living cell of the various chemical compounds which can be isolated
therefrom. Considerable success has already been achieved in this
direction with mammalien systems. It is common knowledge that
the elements of the genetic code are the purine and pyrimidine
bases and that acetyl choline is the chemical agent whose action
at the synapse is responsible for nerve transmission. ILittle
progress has, however, been made with non-mammalian systems and
it appears that in this field the majority of natural product
structural elucidations are viewed as an end in themselves rather
than the beginning of e fuller study of the role of metabolites
in metabolism.

. ‘fhe isolation from Daedalia quercina and Polyporus betulinus
of groups of triterpene acids conjugated with such metabolically
significant molecules as acetic, malonic and hydroxymethylglutaric
acids led to Some interesting speculation as to the possible function
or functions of these conjugates in the tissue of the organisms
concerned. Seen in general terms, three possibilities appeared
worthy of consideration, the compounds could be functionally
defensive, structural or metsbolic. These roles will be illustrated
below with special reference to the triterpeme conjugates.

Defensive. It seemed possible that the conjugates might be broed
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spectrun antifungal or antibacterial agents which would permit
Daedalia quercina and Polyporus betulinus to compete more success-
fully in their natural environment and would preserve them against
attack by fungal parasites.
Structural. None of the isolated native conjugates were appreciably
soluble in water and since all possessed a moderate mumber of
functional groups which could bond or complex with other molecules,
it seemed possible that the conjugates might compose part of the
insoluble structural network of the cells themselves.
Metabolic. It has already been pointed out that the acids found
in conjugation with the tetracyclic t¢riterpenes are of great
metabolic importance being involved in the biosynthesis of both
terpenes and fats. The possibility that the conjugates were
involved in the storage, transport, activation or chemical recog-
nition of such entities appeared worthy of further wnudemﬁon.
The results of bioassays suggest that the conjugates are not
broad spectrum antifungal or antibacterial agents. 3-Carboxyacetyl-
polyporenic maid A, 3-( 4-carboxy-3-hydroxy-3-methylbutyryl )
polyporenic acid A and 3-( 4-methoxycarbony:1-3-hydl'ow-5-mt1V1-
butyryl ) polyporenic acid A were tested against standard prepara-

tions of Baccilus subtilis ( Gram negative bacterium ), Escherchis

coli ( Gram positive bacterium ) and Botxytus alia ( Fungus ) and
were not found to inhibit growth or spore germination.
Before considering the possibility of metabolic or structural
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funotionality it is suitable to describe two small experiments
whose resu;ts are apposite to the discussion. In the first, a
portion of the context tissue of a Polyporus betulinus sporophore
was homogenised in water, and successively extracted with water
and methanol befon being allowed to stand in methanol overnight.
Thereafter the residual tissue was saponified and the ethyl acetate
solubles extratted. The weights of the various extraots are shown
belows-

water . 623 mg.

methanol 3185 mg.

methanol ( overnight ) 15 mg.

ethyl acetate 7 mg.
T.L.C. analysis of the various extracts showed that the conjugates
were only present in the initial methanol extract.

In the second experiment two equally sized pieces of context
tissue were removed from the same Polyporus betulinus sporophore,
were frozen in liquid nitrogen and pulverised. The powdér from
the first block of tissue was treated with ethereal diazomethane
and the resulting esters extracted., The residual tissue was then
extracted with methanol but since it was shown to contain no con-
jugates, it was pooled with the ester fraction and the joint weight
recorded. The powder from the second block of tissue was imnediately
extracted with methanol and the resultant extract methylated.

Comparison of the product from both blocks of tissue indicated

- 125 -



not only that the weights were comparable but also that the
spectrum of metakolites present as revealed by T.L.C. was the
same.

These experiments demonstrate in a convincing manner that
the conjugates must be present as such and not as glycerides,
’glycosides or as elements in a polymer or copolymer. This latter
observation requires that, if the conjugates are structurally
involved, they must be present as loosely complexed, interstitial
ooclusions in the main chitin framework of the cell wall. Such
a situation is quite acceptable since fat appears to be incorporated
in a similar woy into mammalian cell walls.

Before any firm conclusions can be made on the validity of
possible metsabolic involvement of the conjugates, studies will need -
to be made employing conjugates labelled both in the conjugating
acid and in the terpenc nucleus.

However, one last experimentsl observation may be relevant.
Before the sporophore of Polyvoxus betulinus becomes fertile, an
autolytic process leads to the separation of the hymenium from the
main body of the sporophores and thus, in mature specimens, the
pore ares can be oleanly separated from the infertile superstructure.
Detailed examination of three sporophores taken at different times
from different geographical areas indicated that there was a pro-
nounced disparity in the ratio of total malonate to totsal hydroxy-

methylglutarate between the two zones described above. As can be
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seen from the T.L.C. record shown in Tadle 5.1, there was very little
malonic acid conjugate in the pore ares; the biogenetioally more
complex hydroxymethylgiutarate conjugate was in high preponderence.
Recallinz the olavement made by Corner in 1953 that e.

"It is not impossible that all the material froa which the
spores are made is stored in the sublywenial hyphse, perhaps, too,
in the walls of the skeletal and binding hyphae ...."
1t is teapting to .sn“eat that the glutaric acid conjugate represents
e portion of this material and that the other conjugates are inter-
mediates in its synthesis, '
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IKTRODUCTION

IESTRUMENTATION

lelting points were determined on a Kofler Hot-SM apparatus
and are uncorrected. Ultraviolet speotra ( u.v.) were obtained
on a Unicam S.P.800 recording spectrophotometer while infrared
spectra ( 1i.r.) were mecsured on a Unicam S.P.100 spectrophotometer
(quantitative) and on a Perkin Elmor 237 speotrophotometer (quali-
tative). Nuclear magnetic resonance spectra ( n.m.r.) were
determined on a Perkin Elmer R.10 60 Mc/s. spectrophotometer,
tetraﬁethylailane being used as internal standard. Msss si;e’ctra
were obtained by direct insertion into an A.E.I. M.S. 9 double
focusing mass spectrcometer; precise méss measurerents were made
relative to perflucrotributylamine. In two cases molecular weighta
were determined on 2 Mechrolad 301.A vapour phase osmometer.
Gas-liquid chromatography was pexrformed on Fye Argon and Perkin

Elmer F.11 Chromatographa.

CHROMATOGRAPHY

a. Column, As an aid to reproducibility, all column chromatography
was conducted in standard vessels with a height to diameter ratio
of 15:1. Approximately exponential elution gradients were produced

%
by the method described by lederer, the relationship between solvent
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composition and fraotion number being determined by placing water
in upper and lower vessels, adding methylene blue to the lower
one, allowing the gradient to develop directly into tubes and.

assaying the dye composition therein spectrophotometrically -
( ‘7000 £ ) as a function of time.

b. layer. MNerck Kieselgel G in 0.25 mm. layers was used in thin
layer chromatography ( T.L.C.); Merck kieselgel H and Merck
Kieselgel 3256/366 in both ;.00 and 0.60 =a, layers uie used in
preparative  layer ohrdms‘togmpl;'(‘P.L.ca). 411 P.L.C. plates
were pre-eluted with the developing solvent before application
of the mixture. Detection was achieved by m' of ceric ammonium
nitrate-sulphuric acid ( 1 % in 165‘ ) oxidation, iodine vapour
sdsorption or by observation in ultreviolet light ( 2540 sad 3500 £ )
vhere the plates had Seen subject to prior impregnation with
0.005 % Bhodamine 6G. The dye stuffs, asobensene, sudsn Ted,
. p-amino-agobenzens, p-hydroxy-asobensene and 2-methyl-6, 7-
methylenedioxy- 5(23)-1Boquinolone:‘vm used as -tandmui in all
. layer chromatography. _

~ "Mltiple Elution" is a method of obtaining maxisum yesolution
of aixtures of c‘omponnds' of closely allied polarity. A solvent
system i{s first selected in which the desired compound has an R,
valus of between 0.1 and 0.2. This solvent is then used to effect
repeated development of plates losded with the mixture wtil the
desired component has been eluted to a position of B 0.5 and
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paximum separation from the other constituents has been achieved.

MISCELLAREOUS

Diazomethane was prepared from bis(N-methyl-N-nitroso)-
terephthalamide by the method of Moore and Reed?t All solvents were
removed on 8 rotary film evaporator. Unless otherwise stated,
"1ight petrolsum" refers to petroleum ether of b.p; 60-80°C.
A1l solutions wers dried over magnesium sulphate. The following

abbreviations are used in reporting the n.m.r. datas-

s. singlet d. doublet
t. triplet g. quartet
m, wultiplet H, proton
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THE METABOLITES OPF
DAEDALIA UERCINA



j, EXTHACTION OF METABOLITES AND THEIR METRYIATION.

Fresh sporophores of Daedalia quercina were collected in mid-
Autumn from an oak stump in Garscube Estate. The cleaned, dried
tissue ( 900 g.) was homogenised in s Waring Blender in methenol
(12 1.). After standing at room temperature for two months with
this solvent the extracted tissue was filtered off and the filtrate
evaporated to give a light brown solid ( 42.6 g., m.p. 175-188°C )
which represented 4.7 & of the original sporophore weight. This
gubstance wae titurated with boiling light petroleum ( b.p. 40-60°C,
500 al.) to remove lipids ( v__ -liquid fils- 1720, 1240 ca™),
ergosterol ( A -#ethanol-2420, 2830, 2930 & ) and other petrol
soluble substances.

A portion ( 1 g.) of the petrol insoluble residue ( 37.8 g.,

. m.p. 183-188°C ) was dissolved in ethyl acetate ( 100 ml.) and
extracted successively with water ( 2 x 100 ml.), 6N aquecus
hydrochloric acid ( 2 x 100 ml.) and aqueous sodium carbonate

( 4 x100 ml.). The aquecus extract was lyophilised, while the
acidic and basic solutions were neutralised, extracted with ethyl
acetate, dried and evaporated. As a result, the proportion of
acidic, basic and neutral material in the original methanol extract

was determined to be as follows:-

Water soluble o%

acid soluble 9%
base soluble 86 %
neutral 5%

Attempts to fractionate the petrol insolubles by adsorption
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chrcmatography on silica, silicic acid, eilicic acid: oxalic acid
or silicic acid: acetic acid or by partition chrometography on
caster oil or mith the Beratrom”qaten. methanol, water: chloroform,
heptane were essentially unsuccessful. The petrol iﬁolubloa were
therefore methylated and the chemical analysis conducted on the
methyl esters of the metabolites. Thus a portion of the petrol
insolubles { 32.6 g.) was dissolved in methanol ( 750 al.), cooled
to °C and trested with excess ethereal diazomethane to give the

Daedalia guercina esters as an oil { 33.0 g.)

2, T.L.C. ANALYSIS OF THE DAEDALIA QUERCINA ESTERS,

THE "D.Q" REFERENCE CODE .

A sample of the Daedsliaz quercina esters was analysed by

T.L.C. in the two evlvent systems:-

A, 100 % chloroform,
5. 1 % methanol : 99 % chlorofarm.

The eluted plates were developed by spraying with iodine vapeur,
ceric ammonium nitrate-sulphuric acid solution, rhodamine G solution
and a solution of Rrady's reagent. The staining charscteriatics

and standerd X. values of the eight principal substandes are

f
collected ir Table 3.1.

For eass of reference, thc code names D.Q.l, D.Q.4, D.Q.5,
D.Q.6, D.Q.7, D.Q.8, D.Q.9 and D.Q.10 will be used throughout the

text to uniquely represent the compounds whose chromatographic

properties are defined in Table 3.l.
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3. CHROMATOGRAPHIC FRACTIONATION OF THE D. QUERCINA ESTERS ON ALUMINA.

A portion of the D. guercina esters ( 24.1 g.) was adsorbed from
light petroleum onto a column of Woelm grade IV neutral alumina
( 560 g., 4 x 60 onm., R, 710 ml.) and eluted with & gredient extending
from 11ght petroleus ( 1.5 1.) through 20 % ether in light petroleun
(21.) and‘other (111.) to ethyl acetate ( 1 1.). Fractions
( 26 ml.) were taken from a flow rate of 104 ml. per hour and were
assayed for metabolite content by T,L.C. in chloroform and 1 %
methanol in chloroform. The following table summarises the fraction-

ation produced.

IR —

Fraction Weight (mg.) Content Eluant
57-69 285 D.Q.1, D.Q.6 8 % ether in petrol
70-90 872 D.Q.1 ng = " .
91-100 388 0.3.7, D.Q.8, 14% " " ®
101-126 288 D.Q.4, D.3.7,

D.2.8 154 * » w
127-152 621 D.Q.5 2% "~ " "
153-159 415 D.Q.9 18 % ethyl acetate
160-176 742 1.Q.10 25 % ethyl acetate

,611 i.e. 15 % recovery

Pure samples of the compounds D.Q.1 and D.Q.5 were obtained
by crystallisation of the materisl contained in fractions 70-90
and 127-159 respectively from light petroleums ethyl acetate
mixtures. The compound D.Q.-4 was separated from the compounds
D.Q.7 end D.Q.8 by fractional cryatallisation from light peiroleums

ethyl scstate systems. P.L.C. on rhodamine-treated plates with
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1 % methanol in chloroform as solvent led to the purification of the
compounds D.Q.7 and D.Q.8 while a similar operation was used to
purify the compounds D.Q.9 and D.Q.10. The trace of the compound
D.Q.6 present in fraotions 57-69 was isolated by P.L.C. in chloro-
form of the material remaining after the btulk of the compound

D.Q.1 bad been removed by corystallisation. See Tadble 6.1 for yields.

4. CHROMATOGRAPHIC FRACTIONATIO] JUERC ESTERS

SILICIC ACID.

A portion of the D, guercina esters ( 21.269 g.) was adsorbed
from light petroleum onto & colum of Mallinokrodt silicic acid
( 490 g., 4 x 60 om., R_ 460 ml.) and eluted with & gradient of
light petroleum ( 1 1.) to ethyl acetate ( 3 1.). Fractioms
(22 ml.) were taken from a flow rate of 68 ml. per hour &nd their
T.L.C, assay in chloroform and 1 % methanol in chloroform permitted

the following groupings to be mades-

Irmctim E%%l Sontent (petxol 1’?%1 acetate)
45-49 2.406 D.Q.1, D.Q.6 37% to 33 %
50-56 5,508 D.Q.1 33 % to 29 %

57-66 2.517 D.4.1, D.Q.-4 29 % to 25 %
67-87 5.371 D.Q.5, D.Q.7, :

D.Q.8 ' 25 % to 15 %

88-100 2.847 D.Q.9 15% to 11 ¢

101~110 1.675 D.Q.10 NHto 9%

T AR

20.324 1i.e. 95 % recovery

D
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The compound D.Q.1 was obtained from fractions 45-49 and from
fractions 50-56 by means of orystallisation from light petroleunm.
This method also permitted the seperetion of the binary mixture of
the compounds D.Q.1 and D.Q.4 present in fraotions 57-66. The
materials D.Q.9 and D.Q.10 were purified Yy P.L.C. on sets of
rhodamine-treated plates emplaying a three fold elution with 1 %
methanol in chloroform.

Fractionation of the ternary mixture contained in fractions
67-87 was achieved by the more complex procedure described as _
follows. The material from the grouped fractions 67-87 ( 5.371 am.)
wags adsorbed from light petroleum onto a column of Mallinckrodt
silicic acid ( 380 g.y, 4 x 55 cn.,-li' 400 ml.) and eluted with a
gradient of 1ight petroleum ( 1.5 1.) to 50 % light petroleum:

50 &> ethyl acetate ( 1.5 1.). Fraotions ( 20 ml.fr) wexre taken from
a flow rate of 80 ml. per hour. T.L.C. anslysis indicated that
fractions 52-59 ( 1.625 g.) contained a mixture of the compounds
D.Q.5 and D.Q.7, while fractions 60-68 contained s aixture of the
three substances D.2.5, D.Q.7 and D.Q.8 ( 1.564 g.)-

Samples ( 300 mg.) of the material provided by the combined
fractions 52-59 were subject to P.L.C. on six rhodamine-treated
plates ( 200 x 200 x 1 mm.) employing a threefold elution with
chloroform. The pure compounds D.Q.5 and D.Q.7 were removed from
the silica by elution with ethyl acetate and were treated with

decolourising charcoal prior to orystallisation.
A further sample of the substanoce D.Q.5 was obtained by

- 140 -



TABIE 6.1, YIELDS OF THE D, QUERCINA METABOLITES OBTAINED
BY_CHEOMATOGRAPHY.

With the exception of the compounds D.Q.4 amd D.Q.5, the
esters of the metabolites of Daedalis quercina decompose appreciably
on standing at room temperature. This fact makes it diffiocult
to ucnﬁtely assess the yields of each metabolite obtained from
the described separational procedure. The fo_ll&vinc table,
however, gives an indication of the amounts of pure sudetance
which might be expected.

Adsordent
(ws.) Alumina S111otc Aot
Initial orudeweight 24,010 21,270
D.Q.1 900 5,260
D.Q.4 220 1,820
D.Q.5 500 1,210
D.Q.6 6 10
D.Q.7 50 280
D.Q.8 40 120
D.Q.9 100 540
D.Q.10 100 580

-14 -



similar methods from the material of the combined fractions
 60-68. Under these conditions, however, no resolution between
the compounds D.Q.7 »and D.Q.8 was obtained, These substances .
were finally separated by P.L.C. of samples ( 50 mg.) of the
mixture on ten rhodsmine-treated plates ( 200 x 200 x 0.5 mm.)
employing multiple elution with the solvent system, 30}'75, banzenet
70 % chloroform. Pure samples of each component were ébtained -

only after three such plating operations. For yields see Table 6.1.

5. METHYL POLYPOREWATE C ( 3.1 ) AND METHYL 7,1)-DIHYDROPQLY-
PORENATE G ( 3.2 ),  Til SUBSTANCE D.Ged.

This substence was isolated é,s desoribed .in Sections 3
and 4. It cf}stallised from & light petroleun : ethyl- acetate
systom as needles, w.p. 193;194%;

Voax (K ) 5500 ( broad ), 3086, 3030, 2832, 1734, 1711, 1642,
890 ot _ |
Vmax { 143 nl, COL, ) 3623 gm°1 (& 76.6,89 16 ), 1736 om™1

( e 500,80 , 16 ), 13 em (& 56?,Av,% 14 ), also 3083, 3031,

2842, 1642 cn” K

Amax ¢ cn.on ) 2572 8 ( € 13,500 ), 2430 ® ( £15,300 ), 2510 &

(& 10,600 ye

Tau veluee ( §014 ) 4.55 ( 2H, t, Ju5.4 8/n.), 5.25 ( 20, 4, J=3 ofs.),

5.90 ( 18, a ), 6.28 ( 3H, © ).



R. D. ( methanol, ¢=0.5559 ) (] g + 198, (2] 263 * 151400,
Molecular weight 492 + 6 ( isothermal distillation from methyl
ethyl ketone )

Parent molccular ions at m/e 496 ( 88 % ) and m/e 4968 ( 12 % ).
Analysis Found C 77.20% H 9.80% 0850 6.58 %
Caloulated for Cy M0, C 77.37% B 9.74% CH0 6.25%

This material was shown to be identical ( Rf' mass spectrum,
mixed melt ) with a sample of methyl polyporenate C generously
provided by Dr. T. G. Halsall. Both the isolated and authentic

samples contained approximately 12 % of the related dihydro compound.

6. METHYL 7,11-DEHYDROTUTLOSATE . AND METHYL TUMMULOSATE

( 3.5 ). THE SUBSTANCE D.Q.5.

a. A sample of the miiture methyl polyporentate C and methyl
dihydropolyporenate C ( 200 mg.) was dissolved in methanol ( 5 ml.)

and cooled to 0°C. To this solution solid sodium borohydride

( 50 mg.) was added over 5 minutes. After standing at room

temperature for two hours, the reaction solution was added to

water ( 20 ml.) and extracted with ethyl acetate ( 2 x 25 ml.).

The combined ethyl acetate extracts were washed with water ( 2 x 30 ml.),
dried and evaporated to iive & white solid ( 129 mg., 98 ¢/ ) which

: )
crystallised from agueous methanol in needles, m.p. 176.5-178°C.
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Vgay ( KBr ) 3450 ( broad ), 3086, 3030, 1735, 1642, 890 en™l.

Vpax ( 1-47 m., 0C1, ) 3623 ca™t (¢ 123,Av423 ), 1757 cal
( £538,Av,15 ) also 3060, 3028, 2646, 1645 cu™!

Npax ( CH;0H ) 2370 R ( e 10,400 ), 2430 & ( ¢ 14,700 ), 2510 &
( e 12,700 ).

Tan values ( cc1, ) 4.58 ( 28, t, J=6 o/8.),5.25 ( 2H, 4, J=2

¢/s.)y 5.90 ( 1H, m ), 6.30 ( 34,s ), 6.74 (18, m),

b. The compound D.Q.5 was isolate4 as degcéibed in Sections

3 and 4. It orystallised from agueous methanol as needles, f.p.
175-177°¢.

A pax ( CH,0H ) 2376 R (£ 12,100 ), 2430 & (€ 14,300 ), 2520 &

( 10,800 ) A . |

Parent molecular ions at m/e 498 ( T1 % ) ax;d m/e 500 ( 29 % ).
Analysis Found C 76.68 % H 10.30 % ocﬂ3 7.01 %

3275074
This material was found to be similar ( Ry, i.r. and mixed

Calculated for C,.H..0, C 77.06% H 10.10% ocn3 6.25 %

melt ) with the sample prepared in 'a' above. The ratio of
_monoene to diene would appear to have little effect on melting

points, mixed melting points or R‘f values,

7. METHYL 36,16 - DIRYDROTY-24-MEPAYLENBLANOST-7,9(11) - DIENE-21-
OATE ( 3.4 ).
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Clean aluminium foil ( 22 g. ) was suspended in redistilled
isopropanol ( 100 ml.), mercuric chloride ( 10 mg.) and carbon
tetrachloride ( 2 ml.) were edded and the reaction was refluxed for
17 hours. To a portion of this preparation of aiunininn isopro-
poxide ( 50 ml.) was added the natui;ny ;.7ccurring mixture of
methyl polyporenate C and methyl 7,11-dihydropolyporenate C
(1.058 g. ). Aftera further refluxvperi’od of 6 hours, the
renctlon aélufion was added to cold 6N asgqueous hydrochloric
acid ( 25 ml.) and extracted with ethyl acetate ( 2 x 25 ml,)

The combined ethyl acetate extracts were washed wvith water (2 x5 ml.),
dried end evaporated to give & white solid ( 961 mg.) whzch was

shown by T.L.C. in 1 % methanol in chlotoform to be & binary mixture.
This mixture was separated by P. L.C. on four rhodamine-treated plates

( 200 x 200 x 1 mm.) employing a two—fold elution with 1% methanol

in chloroform.

The less polar compound ( 421 mg., 40 % ) was removed from
the eilica by eluiion with ethyl acetate, treated with decolourising
Qhafcoal and crystallised from agueous methanol in needles, m.p.
176-177°C. It wss shown ( R, and mlxed melb ) to be the B-alcohol.

The corresponding e-alcohol ( 299 mge y 27 ) was eluted frem
the silica in gimilar manner and c:yséallised from aqueous methanol
in needles, m.p. 171-173°C.

Voax ¢ KCL ) 3440 (broad ), 3079, 3026, 2840, 1735, 1718, 1640,
888 cm”l.

Teu values ( ce1, ) 4.60 ( 2H, t, J=6 ¢/8.)s 5.28 ( 2H, 4, J= 2 ¢/8.),
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-~

5.99 ( 18, = ), 6.32 ( 3H, 8 ), 6.60 ( 1H, a ).
Analysis Found C 76.76 % H 10.40 %
Calculated for Cy.Rc 0, € 77.06 % H 10.10%

This substence was isolated from the mixture of D. guercina
esters as described ir.n Sections 3 and 4. It crystallised from
light petroleum as needles, m.p. 101-103°C.

Vaax ( kBr ) 2835, 1751, 1733, 1706, 1468, 1456, 1437, 1418,
1390, 1366-75, 1348, 1339, 1292, 1263, 1222, 1199, 1179, 1159,
1036, 1022, 978, 893, 880, 847 em *.

Vaax ( 0.809 mM., CC 4 ) 1758 on™t (€ 632,Av%15 )» 11'36”0:{'l

(e 1272,%18), 16 om ™t ( € 405,8v,20 ) sleo 2837, 1470, 1435,
1408, 1390, 1377, 1370, 1357, 1327, 1310, 1254, 1242, 1200, 1156,
1058, 1034, 1025 on™>.
Vpax ( 4-16 wi., CS, ) 1758 om™t (€ 766, A*_l;l} )y 1736 cat
(‘& 1500,8016 ), 1725 cat (& 86, 18 ).

Amax ¢ cﬁsoé y 2820 ] ( Ie 86.1 ). |
Tau values ( 0C1,) 5.30 ( 1H, t, J=2.7 ¢/8.), 6.30 ( 3, 8 ),
6.37 ( 38, s ), 6.70 ( 2K, 8 ). Methyl contour defined by peaks
at 8.82, 8.97, 8.97, 9.00, 9.08, 9.12 and 9.25. |
R. D. ( methanol, ¢=0.137 ) [3] g0 ~210 (2] 303 ~2,700,

[8] 156 +40590, [2] 55, +2380.
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Parent molecular ion at m 600 =
n /e 05655607.

Analysis Found C 72.16% H 9.224 caso' 10.63 %
CsgllcgOy Tequires € 71.96% E 9.39 % CE,0 10.30 .

The compound D.Q.1 normally decomposes when treated with Brady'a
reagent; however, on one occasion a orystalline 2 4-d:ln1trophew1-
hydragone was isolated from the reaction. It crystallised from
methanol as fine orange needles, m.p. 150-162°C (‘dec.)

anx { 0-89 ., €01, ) 1757 en™! (& 511, 5315 )y 1738 cat
( e 1038, Aw,l9 ). | ‘
Mgax ( CH5OH ) 3630 8 ( & 23,50 ).

9. FPOTASSIUM METHOXYCARBONYLACETATE

Redistilled dimethyl malonate ( 61.295 g., 0.464 N.) was
dissolved in methanol ( 100 ml.) and added dropwise over a period
~of 90 minutes to a stirred sqlutiozzn'of potassium hydroxide ( 24.784 g.;
0.450 M.) in methanol ( 200 ),). After a reaction period of
22 hours, the whito solid was filtered off, the filtrate treated
with diethyl ether to precipitate the remaining pro&uct and
the combined crude potassium methoxycarhonylacetate ( 48.011 g.,

84 % ) waehed with ether ( 500 ml.). Po*nssium methoxycerbonylacetate

orystallised from msthenol in plates,{ 42,22 g.) m.p. 205-206°C ( dec.).

Vuax ( KOL ) 1735, 1605, 1375, 1304 on™.
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Analysis Pourd € 31.34% H 3.72 %
Calculated for c4nso4x C 3l.00% EH 323%

A solution of thionyl chloride ( 34.8 g., 0.255 M.) in
anhydrous ether ( 70 ml.) was added dropwise over 2 hours to a
chilled suspension of potassium methoxycarbomylacetate ( 47.9 g.,
0.306 M.) in dry ether ( 200 ml.). The reaction temperature
was maintained at 0°C for 6 hours and then allowed to rise to
23°C for a further period of 6 hours. Thereafter the precipitated
potassiun sulphate wis removed by filtration through glass paper,
and the solvent evaporated to give a bromn oil ( 33.96 g.). lLow
pressure distillation gave pure methoxycarbanylacetyl chloride,

b.p. 54-60°C, 15 mmHg. ( 9.508 gep 30 % ).
-1

¥ ax ( 1iquid film ) 1798, 1740, 1440, 2680 ca .

A solution of choleeterol ( 1.001 g., 2.6 uM.) and dry

mridine ( 4 ml,) in anhydrous ether ( 10 ml.) was added dropwiee
&t room temperature over 1 hour to & solution of mthonurﬁowlaqotyl

chloride ( 6 g., 28.5 mM.) in dry ether ( 10 ml.). Stirring was |
maintained for s further two hours. Thereafter the ether solution
was treated with water ( 25 ml.), washed with 6N aqueous hydrochloric
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acid ( 6 x 25 ml.), dried and evaporated to give an oily solid
( 1.491 g.). This solid was adsorbed from light petroleum onto
8 colum of B.D.H. silica ( 100 g., 3 x 24 om.); elution with
5 % ether in light petroleua ( 500 ml.) provided pure cholesteryl
methoxycarbonylacetate ( 1.162 g., 92 % ) which crystallised from
a 1light petroleum: ethyl acetate system as needles, m.p. 108-108.5°C.
vaax ( KCL )} 1765, 1736, 1296, 1284, 1216, 1150, 1030, 1014 cu™>,
Voax ( 1015 nM., CC1, ) 1759 cat ( € 570,00 A7), 1739 on~1
( €697, Av_}n ).
Tau values ( CCl, ) 5.40 (18, m ), 6.25 ( 3H, 8 ), 6.79 ( 2H, s ).
Parent molecular ion at m/e 486.
Anslysis Found C 76.47% H 10.50 %

°31“50° 4 Tequires C 76.50% H 10.35 %

12, METHAROLYSIS OF CHOLESTERYT, METHOXYCARBONY LACETATE

In a reaction conducted in & small dry box cholesteryl
methoxycarbonylacetate ( 244 mg.) was dissolved in anhydrous methanol
( 20 ml.) and treated with a preparation of sodium methoxide
( 50 mg. sodium ) in anhydrous methanol { 10 ml.) at room tem-
perature for 12 hours. Thereafter the reaction solution was
quickly sdded to 16N aqueous hydrochoric acid ( 10 ml.) and
immediately extracted with ether ( 2 x 25 ml.). The combined

ether layers wers washed with water ( 2 x 40 ml.), dried and
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evaporated to give a white 80lid ( 156 mg., 81 % ) which was
found to be identical ( i.r., Rey mixed melt ) with an authentic

sample of cholesterocl.

13, METHANOLYSIS OF METHYL MRTHOKYCARBONYIACETYIQUERCTHATE.
PART I - THE VOLATILE PRODUCP

Again under anhydrous conditions, methyl methoxycarbonylacetyl-~
quercinate ( 162 mg.) was dissolved in dry methanol ( 10 ml.)
and treated with an anhydrous preparation of sodium methoxide
( 10 mg. scdinm ) in dry methanol ( 10 ml.). After a reflux period
of 8 hours, ihe reaction solution wes quickly added to chilled
16K agueous hydrochloric aeid ( 20 ml.) and immediately extracted
with ohlorofoxm { 20 ml.). The washed, dried chloroforam extract
was reduced in volume to approximately 1 ml. by careful fraotional
distillation before being analysed by gas-1iquid chromatography
ona 4 foé’c J‘é % polyethyleneglycol adipate columa ( Pyg Argoa,
flow 32 uml. argofn per minute, temperature 75°C ). The reaction
solution was found to give rise to a major peak of retenﬁon tmo
29.8 minutes; the retention time of an asuthentic sample of dimethyl
malonate was 29,2 minutes. Co-application of dimethyl nalpnsto '
and the reaction solution gave risé to a single vell-foxﬁed pesk
of retention time 30.1 minutes., Minor components were detected
in the reaction solution with retention times of 20.1, 16.0 and 10.3

ninutes,
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PART I1 - THE NON-VOLATILE PRODUCTS

In a reaction conducted in a small dry-box, methyl methoxy~

ocarbonylacetylquercinete { 2.40 g.) was dissolved in anhydrous
‘methanol ( 20 ml.) and treated with a preparation of sodium
methoxide ( 100 mg. sodium ) in methanol ( 20 ml.) at room
temperature for 1% hours. Thereafter a small aliquot was removed
from the reaction vessel, acidified, extracted with ethyl acetate
and examined by T.L.C. in chloroform. Since unreacted starting
material was detected, the complete reaction was allowed to proceéd
for a further 12 hours at the temperature of refluxing methanol.

At the conclueion of this second period, the reaction solution

was quickly cdded %o 16N eyueous hydrochloric acid ( 60 ml.)

and immedintoly exbracted with ethyl acetate ( 2 x 100 ml.).

The combined ethyl ncetate extracte were washed with water ( 2 x 100 aml.)
and evaporated ic give & walte solid { 1.801 gn.) which was shown
by T.L.C. in chioroform o be a mixiure of three substances, R,
valves 0.21, 0.%6 and 0.50 ( p-amino-azobenzens, R, value 0.56,
p'-hydroxy-azobenzem, Ry valus 0.21 ).

These substances wera fractionated on a column of Mallinckrodt
silicic acid { &0 g., 2 % 30 cm.) employing a gradient of light
petroleum ( 1 1.} to 50 % of light petroleums 50 % sthyl acetate.
Practions ( 20 ml.) were taken from a flow rate of 40 ml. per hour

and were assayed by T.L.C. in chloroform.
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&. The substance of R, value 0.51. Methyl neoguercinate.

Fractions 23-31 of the above colummn, eluted with solvent
varying in composition from 15 % to 21 % ethyl acetate, contained
the compound of R, value 0.51 ( 673 mg.). It was further purified
by P.L.C. on three m?256 /366 Plates ( 200 x 200 x 1mm.) eaploying
8 twofold elution with chloroform. Removal of the compound from
the silica by means of ethyl acetate elution provided mthjl
neoquercinate as an oil which_oonld not be induced to crystallise.
Viax ( CHCL; ) 1729, 1710 emL, |
maz ( OC1, ) 3630, 1740, 1726 en”l.

Tau values ( onel, ) 6.33 ( 3H, 4, J=1.2 ¢/s.) 6.56 ( 1H,m ),
methyl contour defined by peaks at 8.82, 8.87, 3.90, 9.00, 9.01,
9.11, 9.26.

Tau valuee ( 501, ) 6.38 ( 34, 4, J=1.2 o/e ), 6.69 ( 1§, m ),
methyl countour defined by pesks at 8.94, 9.03, 9.10, 9.18, 9.28.

Parent molecular icn at mfe 500.

A semple of $his oil { 82 mg.) end pyridine ( 0.2 ml.) -

(o]
et

were dissolved i aehydrous ether ( § ml,) and added dropwise
over 15 minutes %o o stirrad solution of methoxycarbonylacetyl
chloride ( 982 mg.) in dry ether ( 10 ml.). After a further
twe hours at room tempsrature, the solution was treated with
water { %0 ml.) amd the ethereal layer washed with 6N agueous
hydrochloric acid { 6 x 20 ml.), dried and evaporated to give

an o1l ( 180 mg.). T.L.C. analysis in chloroform Tevealed that
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at least four components were present, R, value 0.52, 0.46, 0.36
and 0.00, { p-amino-azobenzene, Ry 0.59, p-hydroxy-azobenzens,
R, 0.16 ). The least polar of these was isolated by P.L.C. on
two rhodamine treated plates ( 200 x 200 x 0.6 ms.) employing
chlorofors as eluant. It was an 0il ( 32 mg.) which was found
to be similar ( n.a.r.,R, value ) tut not identical with an

authentic sample of methyl methoxycarbonylacetylquercinate.

b. The substance of Rf value 0.21. Methyl isoquercinate

Fractions 37-44 of the above column, eluted with solvent
varying in polarity from 23 % to 28 % ethyl acetate, provided an
oil ( 457 mg.) which contained both the substance of Rf value and
0.36 and that of R, value 0.21. Fractional orystallisation of

the mixture from a light petroleum: ethyl acetate system provided

a pure sample ( 201 mg.) of the more polar substance. It orystallised

from light petroleum: ethyl acetate mixtures as needles, m.p.
284-286°C.
Voaz ( €1, ) 3630, 1740, 1716 cu™.
Tau values ( (:1)015 ) 6.31 ( 3, 4, Jal.2 o/s ), 6.58 ( 14, » ),
methyl contour defined by peaks at 8.75, 8.89, 9.01, 9.03, 9.13
and 9.28.
Parent molecular ion at m/e 500.

Within hours of isolation tids substance decomposed to the
new compound anhydro-isoquercinic acid which crystallised from a

o
light petroleum: ethyl acetate system as needles, m.p. 270-274 C.
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Vax (BT ) 3530 (broad ), 1752 (‘s ),_1731, 1684, 1094, 1058,
1047, 1007, 986, 978, 958, 765 cz .

Y ag (115 mM., CHCL, ) 1742 ca™! (& 956,89, 21), 1663 oa!
(e 115,A\% 12 ).

M pax ( CH;OH ) 2170 8 (e14,600). |
Tau values ( CDC1, ). 5.20 ( 1H, @ ), 6.58 ( 1H, m ) 8.04
(38, 4, J=1.2 ofs ), 8.18 ( 3H, d, J=1.2 o/s ), methyl contour
defined by peaks at 6.73, 8.89, 9.00, 9.01, 9.10, 9.25.

Parent molecular ion at mfe 468.

Analyeis Found C 79.05% H 10.10%
°3154e°5 requires C 79.44% K 10.32 %
¢. Ihe substance of R, value 0.36. Anhydroguercinio acid

The mother liquor from the orystallisation of methyl iso-
quercinate was evaporeted to give a solid ( 251 mg.) from which
& sample of the compound of R, value 0.36 was isolated by P.L.C.
on oue HF256/‘566 plate ( 200 x 200 x lmm.) vsing ohloroform es
elusnt. The subetance was recovered from the silioca with ethyl
acetate, trcoaitad with decolourising charcoal and orystallised
from ethyl acetate as needles ( 126 mz.), m.p. 228-229"0.

Vasx ( EBY ) 5543, 3470, 1754 ( 8 ), 1740, 1684, 1093, 1062,
1048, 1009, 939, 977, 960, 768 o2,

- -]
Vanx ( 5:56 wH., CHCL, ) 1742 on bee 480,80, 22 ), 1684 on™

¥ rax ( com 4 Y, 3638, 2836, 1764, 1689 on”L,

Maox ( CH,0H ) 2170 B ( £12,700 ).
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Pau values { CDC1, ) 5.25 ( 1H, d, J=T.8 ofs ). 6.57 ( 14, u ),

8.03 ( 38, s ), 8.19 ( 3H, d. J=1.2 ofs ), methyl contour defined

by pesks st 8.90, 9.00, 9.01, 9.10, 9.13, 9.28.

Parent no,lecnla;r.' ion at m/e 458. .

Analysis ~ Fowd C 79.73% H 9.99%
C)fyg05 Tequires € 79.44% R 10.32 4

15. EYDROGENATION CF ANHYDROQUERCINIC ACID

Anbyquuéminic acid ( 37 mg.) was diseolved in ethanol
( 5 ml.) and shaken for two hours with hydrogen at room temperature
and atmospheric pressure in the presence of platinum oxide ( 10 mg.).
Removal of the catalyst and evaporati;n of the solvent yieldgd a
white solid ( 32 mg.) whose i.r. spectrum was identical to that
of anhydroquercinic ecid. | '
Fowever, hydrogenation wes effected at room temperature
and atmospheric pressure with glaciasl ecetic soid ( 5 ml.) as
solvent and pletinue oxide as catalyst ( 10 mg.). After a five
hour period, the cstalyst was removed by filtration through
glass paper and the solvent evaporated to give a solid ( 26 mg.)
“hich wee purified by P.5L.C. on two rhodamine treated plates
(200 x 200 x 0.25 mn.) using chloroform as eluant. The pure
dihydroanhydroquereinic acid was removed from the silica by
elution with ethyl acstate and crystallised from a 1light petroleum:
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ethyl acetate system ae rosettes { 7 mg.), m.p. 221;é25°c
Y pag ( OC1, ) 3638, 1782 ca L,

M pag ( CH,OH ) no absorption above 2200 )y

Pgu values CDCIS) 6.32 (14, m ), 6.60 ( 1H, m ), methyl
oontour defined by peaks at 8.76, 8.80, 8.92, 9.01, 9.04, 9.19,
9.14, 9,21 and 9.30. |

Parent molecular ion at m/e 470.

16. ATTEUPTED FRTPARATION OF THE ETHYLENE KBTAL OF METRYL

Methyl iscquercinate { 200 mg.) was dissolved in dry henzene

{10 ml.) zid refinysd with redistilled ethylene glycol ( 1 ml.)
and p-toluonesuluicnic acid { 3 mg.) for 16 hours with azeotropic
removal of waber. Trhercafter the solution was cooled, washed with
water ( 4 x 20 nl.), dried and evaporated to give a solid ( 65 mg.)
which ozy:sisi’ised from an ethyl acetates light petxoleunm system
88 needlee { 42 mg.), m.p. 270-274°C. |

This :@aﬁeriél wag identical ( Rgy i.7., n.m.r. and mixed

melt ) with isoanhydroquercinic acid.
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17. THE_COMPOUND D.Q.6

This substance was isolated as described in Sections 3 and 4.
The small amount of compound available crystallised as needles
from petrol, m.p. 184-192°C.
Y ox ( 1-57 @, cC1, ) 1738 en? (e 941, &v, 27 ), 1718 ou?
(e 523.Av‘§_ 22 ), also 2834, 1470, 1455, 1388, 1376, 1371, 1357,
1246, 1195, 1178, 1159, 1060, 1036, 1017 cm'l.
Km ( CHSOH ). Ko significant absorption above 2200 £

Parent molecular ion at m/e 542.

18. THE_COMPOUND D.Q.7

The isolation of the compound is detailed in Sections 3 and 4.
It crystallised from ethyl acetate : light petroleum as needles
m.p. 136-138°C. | |
Mpay ( 1.43 mi, cC1, ) 1758 ot (e 656, Av, 15 ), 1740 ca}
(& 1110,Av, 20 ); 1719 cnt ( € 425,4v 4 17 ), also 2633, 1468,
1457, 1434, 1408, 1389, 1263, 1245, 1200, 1167, 1151, 1143, 1116,
1103, 1057, 1047, 1033, 1024, 1013 o™ .
Moax ( CH,00) 33008 (€209)
Tau values ( CCl, ) 5.30 ( 1H, t, J=2.7 o/s.), 5.5 ( 28, m ),
6.30 ( 3H, e ), 6.36 ( 3H, 8 ), 6.69 ( 28, 8 ), 7.38 ( 26, m ),
methyl contour defined by peaks at 8.85, 8.98, 9.06, 9.11, 9.20, 9.24.
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N

R.D. ( methanol, € 0.0247 ) [z] s00 = 103 [1] 341 + 16,200,
(2] ;4 - 16,200, [7] 279 = 3»480, [1] 254 = 41460
Parent molecular ion at m/e 612 « CBTH%O?' ;

Anslysis Found C 69.65 % H 8.55%
°57“56°7 requires C T72.52 % H 9.21%
03755609 requires ¢ 68.92 ¢ E 8.75%

19. PRELIMINARY RESULTS FROM THE METHAROLYSIS OF THE COMPOUND D.Q.7

In a reaction conducted in a small dry box the compound D.Q."l

( 313 mg.) was dissolved in dry methanol ( 10 ml.) and refluxed with

an anhydrous preperation of sodium methoxide ( 20 mg. sodium ) in

dry methanol ( 10 ml.) for 11.5 hours. Thereafter the reaction
solution was sdded to chilled 16R aqueous hydroohloric acid ( 40 ml.)
and immedistely extracted with ether ( 2 x 50 ml.). The combined
ethereal extracts were :}ashed with water ( 2 x 100 ml.), dried and
evaporated to give a white solid ( 257 mg.) which was shown by T.L.C.
analysis in 1 % methanol in chloroform to contain two substances
of closely allied polarity, R, values 0.50 and 0.45 ( p-amino-
azobenzene, R, 0.81, p-hydroxy-azobenzene, Re 0.51 )

P.L.C. on two rhodemine-treated plates ( 200 x 200 x 1 o, )
employing a sixfold eluiion with chloroform led to a partial separation
of the components ( R 0.50, 48 mg., m.p. 103-109%, B, 0.45, 42 ng.,

0il ); in each case one substance was slightly contaminated by the
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other. Both isolated samples shared the following spectroscopic
dataz-~
Vaax { OC1, ) 3634, 3390, 1734, 1715 ca™!
Pau values ( 0014 ) 6.34 ( 38, 8 ), 6.65 ( 18, m ) methyl contour
defined by peaks at 9.01, 9.06, 9.15, 9.25.

The compound of R, value 0.50 exhibited the following spectros-
copic data:-
Mpax ( CH;0H ) Maxima at 2250 R, 2320 8, 2410 £ 211 with € = 4,250
based on a molecular weight of 510.
Parent molecular ions at m/e 498, m/e 500, m/e 510, m/e 512, m/e
514, m/e 526, m/e 528.

20. THE COMPOUND D.Q.8

This compound was isolated as described in Section 3 and 4.
It crystallised from ethyl acetate : light petroleuz as needles,
m.p. 136.5-138°C.
- -1
Vaay ( 1.55 m., CCL, ) 1757ca 1 (e 664,8vy15), 1739 oa
(‘€ 1004, Ay 22 ), 1722 ca~t ( € 420,Av; 21 ), 2833, 1466, 1456,

1434, 1408, 1389, 1197, 1164, 1153, 1115, 1104, 1068, 1061, 1033,
1024, 1012 om™t.
)'ma.x ( CH,OH ) no absorption above 2200 £

Parent molecular ion at m/e 612.
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Analysis Found C 69.55% H 8.83 %
CyHocO; Tequires C 72.52% B 9.21 %
Ospec0y Toquires C 63.92% B 8.75 %

21. THE COMPOUND D.Q.9

This substance was isolated se detailed in Sections 3 and 4.
It was 8 clear gum. o
Yaax ( €1, ) 3620, 3500 ( broad ), 1755, 1736, 1714 oL,
A x ( CH30§1 ) no appreciable absorption above 2200 &.
Tou values ( CCl, ) 5.34 ( 18, m ), 5.94 ( 18, m ), 6.34 ( 38, s ),
6.40 ( 30, & ), 6.71 ( 2H, s ), methyl contour defined by peaks
at 8,74, 8.84, 8.94, 6.99, 9.06, 9.12, 9.30.

Parent molecular ion at m/e 616.

2, THE COMPOUND D.Q.10

The isolation of this compound is describ’ed in Sections
3 and 4. It was a clear gum.
"eax ( 001, ) 3620, 3480 ( broad ), 1740, 1715, 1619 eu™.
Teu values ( CC1, ) 5.95 ( 18, n ), 6.38 (38, 8), §o63 (18, m),
methyl contour defined by peaks at 8.74, 8.63, 8.92, 9.01, 9.08,
9.15, 9.30.
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Parent molecular ion at m/e 516, also ions at m/e 510, m/e 512,
m/é 514, m/e 528 and m/e 530.

23, CULTURE OF DAEDALIA QUERCINA ON A SYNTHETIC MEDIUM.

DETECTION OF THE CONJUGATES IN THE MYCELIUM

Spores were collected from two fresh sporophores of D, quercina

and were allowed to germinate and grow for 29 days on malt agar
plates st 250(7 and 70 % relative humidity. Portions of the mycelial
mat 80 produced were transferred to malt agar slopes and allowed
to grow for a further 36 days. Thereafter the slope cultures were
homogenired and the homogenate used to inooculate 76 Roux surface
culture bottles which had previously been steam sterilised containing
250 ml. of 5 % aqueous malt -extract. Cultures were allowed to grow
undisturbed 2% 25°C and 70 % relative humidity, artificial illumination
being provided by Mazda fluorescent tubes for 12 hours per day.
After 56 dazys, the broth was filtered off and the mycelium collected,
dried at 40°2, powdersd and extracted with methanol at room tempers-
ture for 7 days. From 57.0 gme of dry mycelium, 3.12 gms of methanol
extract was obtained. _ | _

T.L.C. enalysis ia 100 % chloroform indicated that the compounds
D.Q.1, D.Q.4, D.R.5, D.Q.7, D.Q.8, D.Q.9 and D.Q.10 were present.

The assey was not suffiéient;y sensitive to detect any of the

compound D.Q.6 that might be present.
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The N.M.R. spectruz of a methylated sample of the metheanol
extract exhibited absorption at 6.70 tau as well as at 6.30 and
6.37 tau.
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THE METABOLITES OF
POLYPORUS BETULINUS




24. EXTRACTION AND PRIMARY FRACTIONATION

Fresh sporophores of Polyporus betulinus were oollected in

nid-Autwm from the woods around Milngavie and were processed within
six hours of harvesting. The cleaned, dried tissus ( 992 g. ) was
homogenised in a Waring Blender in methanol ( 10 1.). The slurry
was filtered free of tiém after two months extraction at rooa
tenperature.i The solvent wae evaporated to give a brown ssami-solid

( 116 g. ) which by extraction with boiling light petroleum ( 40-60°C,
2 1,) gave a petrol soluble oil { 10.5 g.). The insoluble residue
was dissolved in methanol ( 500 ml.), cooled to 0°C and treated with
excess ethereal diszomethane. The ether soluble fraction of the
product ( 75.5 g.) was slurried in ether with B.D.H. silica ( 50 g.),
placed on a column of the same adsorbant and eluted with a gradient

of 1ight petroleum ( 2 1.) to ethyl acetate { 2 1.). T.L.C. analysis

of the fractions permitted the following groupings to be made.

Praotion  Weight ( &.) Eluant
( ratio of petrol to ethyl acetate )
I ’ 1.345 10050 to 90:10
II 17.924 90:10 to 50150
111 28.003 50250 to 0:100

The standardised T.L.C. R, values of the seven principal

components of these Fractions are presented in Table 4.1.
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25. ERGOSTEROL ( 4.4 ). THE COMPOUND P.B.7.

After standing for two weeks at room temperature the ethyl
acetate eolution of Fraction I ( 1.345 g.) deposited a solid
( 160 ng.) which crystallised from light petroleua : ethyl
acétate as needles ( 90 mg.), m.p. 164-165°C ( 1it. 165°%C )Z“
Yoax ( KBT ) 3400 ( brosd ), 3034, 1060, 1036, 1025, 980, 966 om-L.
N pux ( Bexane ) 2520 R ( € 3,500 ), 2620 & ( € 6,200 ), 2720 R
( & 10,200 ), 2620 R ( € 10,800 ), 2940 & ( € 5,900 ).
Tau values ( 0014) 4,50 (2H, » ), 4.80 ( 28, = ).

This material was identical ( i.r., R

ey Eixed melt ) with

a sample of autheéntic ergosterol.

26, CcOLMN CHROMATOGRAPHY OF FRACTION II

A portion ( 8.291 g;) of Praction II was adsorbed from light
petroleuas onto a column of Mallinokrodt silicic acid ( 480 g., 4 x 60
cm., R 490 ml.) and eluted with a gradient of light petroleum ( 1.5 1.
to 50 ¢ 1ight petroleum : 50 % ethyl acetate ( 1.5 1.). Practions
( 25 nl.) were taken from & flow rate of 60 ml. per hour.

a. Methyl yperenate C . and methyl 7,11- -

porenate C ( 4.10 ), The substance P.B.l.

Fractions 63-75 of the above column, eluted with solvent varying

in composition from 21 % to 26.5 % ethyl asetate, were found by T.L.C.
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anslysis to contain two substances. Their R, values in 1 %

methanol : 99 % chloroform were 0.72 and 0.62 respectively

( p-sains-esobenzens, R, 0.67, p-hydroxy-asobenseiié R, 0.35 ).

Practional orystallisation of the mixture ( 2.082 g.) from a

light petroleum : éthyl acetate system produced a pure sample

of the slower running material ( 966 mg.) as noedles, m.p.

193-194% ( 1it. 192-194% )

Vaex ( KBr ) 3500 ( broad ), 3086, 3030, 2832, 1734, 1711, 1642,

890 om”l, )

¥oax ( 1.43 mm; cczdv) 3623 qm"l_ (e 76.6,;L\vé 16 ), 1736 ca”!

(€ 580,Av, 18 ) 1715 en™" (& 569,Av, 14 ).

Mpex ( OB501 ) 2572 R ((€13,500 ), 2430 £ ( 15,300 ), 2510 2

(= 10,600 ).

Tau vdalues { CCl A ) 4.55 ( 2H, t, J=5.6 e/a.), 5.25 ( 2H, 4, J=3

efs.), 5__.:90 (18, m ), 6.28 ( 3H, 8 ).

RD. { methanol c=0.5559 ) [¥]gpp + 198 [2] 565 + 15,400

Holecular weight 492 + 6 ( isothermal distillation from methyl ethyl

ketone solutior ).

Parent mo:iecularv fone at mfe 496 ( 88 % ) and m/e 498 ( 12 % ).

Analysie Pound C© 77.20% H 9.80% OCH,0 6.58 %

Caloulated for GyoHeg0, © 77.37 4 H 9.74% mf}o 6.25 %
Tois matoriel was shomm to be identioal ( By, mass spéctrum,

mized melt ) with s sasple generously pmvmed byDr T. G. Halsall.

Both samples anowed the presence of appro:imtéiy' 12 % of the
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related dihydro compound.

b. Methyl methoxycarbonylacetylpolyporemate & ( 4.15 ).
Zhe compound P.B.2.

Fractions 79-93 of the column previously desoribed, eluted
with solvent varying in composition from 27 % to 30 % ethyl acetate,
were found by T.L.C. analysis to contain one single substance.

Ite R, value was 0.51 in 1 % methanol : 99 % chloroformn ( p-emino-
azobenzene, H, 0.67, p-hydroxy-azobensene, R, 0.31 ). The white
solid ( 2.081 g.) crystallised from a light petroleum : ethyl ;metate
system as nesdles ( 1.500 g.), m.p. 88-89°C.

¥ ax ( XBr ) 3602, 3090, 2832, 1755, 1736, 1645, 1236, 1163, 1037,
1020, 890 em™t

oy ( 116 mi, CC1 4 ) 3630 o ( e 60,AV 3 17 ), 1756 on~t

(& 705,Av; 16 ) 1736 cal (e 1220,/ v, 19 ) slso 3090, 2632 and
1646 ca™L,
A eex CEBOH } Fo sbmorption above 2200 &.

Pau values { CCL, ) 5.12 ( 24, s ), 5.34 ( 1H, t, J=2.4 o/s.),
6.04 ( 1H, 2, J-'f.z c/a,), €.32 ( 3E, 8 ), 6.34 ( 3§, 8), 6.70
(28, a), 6.92 ( 18, q, J=7.2 ¢/s.), 8.74 ( 38, d, J=T.2 o/s.).
Pavent moleoular ion at m/e 600 = 05635607'

B D, ( mothanol 0=0.433 ) [2] 500 +300s [ ?] 100 *480

(2] 500 + 1120, [E] 55 42640, [2] 555 + 4170

[z] o3 +4230, [E] 55, +3060.
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Analysic Found C 71.694 H 9.54%
°36356°1 requires C N97T% H 9.371%

Kathyl 3-methoxycarbonylacetylpolyporenate A ( 131 mg.) was
diesolved in ethanol ( 10 ml.) and hydrogenated at room temperature
and atmospheric pressure for two hours with platinum oxide ( 31.9 mg.)
as catalyst. When the hydrogen absorption was complete ( 5 ml.),
the catalyst was removed by filtration through glass paper and the
resulting sclution evaporated to give a white solid ( 128 mg.) which
oryetallissd from equeous methanol as needles ( 98 mg.), @.p.
140-141%,

v ( KBr ) 3560, 2830, 1756, 1736, 1262, 1252, 1153, 1037,
1019 om™Y.
Ay ( OH ;08 ) %o absorption above 2200 £.
Tan values { CCl A ) 5.32 ( 1H, t, J=2.4 ¢/s.), 6.04 ( 1H, 4, J=7.2
o/s.), 6.32 { 38, & ), 6.38 ( 3H, 8 ), 6.71 ( 24, & ), 8.91
( 3/, 4, 3=7.2 ¢fs.).
Parent molecular icnm at n/e 602 = 036H5807°
Avalysis Found C T.43% B 9.45%
65655807 raquires C T.73% H 9.70%
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28, METHANOLYSIS OF METHYL 3~METHOXYCARBONY LACETYLPOLYPORENATE A.

a. Isolation of methyl i renate A .16

In a reaction conducted in & emall dry-box, sodium methoxide,
prepared from sodium ( 50 mg.) and anhydrous methanol ( 10 ml.),
was added to a solution of methyl 3-methoxycarbonylacetylpoly-
potenate A ( 318 mg.) in methanol ( 8 ml.). After a reflux period
of 16 hours, the reaction mixture was quickly added to chilled
16N aqueous hydrochloric acid ( 20 ml.) and immediately extracted
with ether ( 2 x 20 ml.). The combined ethereal extracts were
washed with water ( 2 x 20 ml.), dried and evaporated to give a
white solid 151.8 mg., M.pe. 151—155°G, 73 % ). This material
was purified by P.L.C. on two rhodamine-treated plates ( 200 x 200 x
1 mm.) using 2 % methanol s 98 % chloroform as the developing solvent.
Thée pure msthyl isopolyporenate A was removed from the silica by
elution with ethyl acetate, treated with decolourising charcoal
and orystallised from squeous methanol as needles ( 52 mg.),

53
m.p. 158-163°C { 1it. 163-165°C ).

vong ( KBr ) 3500 ( broad ), 2838, 1708, 1633 ox™'.

-1 -1
¥ oax ( 1.20 mH. 0014 ) 3637 em (€ 91,5,Av% 22 ), 1718 cm
( € 430,0 v, 18 ).

» pax { CHJ0H ) 2260 £ ( € 8,900 ).

Tou values ( CC1, ) 6.04 ( 1H, d, J=7.2 o/s.), 6.30 ( 3H, 8 ),
6.65 ( 1H, t, J=2.8 o/s.) 8.20 { 6H, 8 ).

Molecular parent ion at m/ e 500
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Analysis Found C 76.52% R 10.39 %
Caloulsted for Cu.H.,0, C 76.75% H 10.47 %

b. Detection of dimethyl malonate

The procedure outlined above was repeated with a further sample
of methyl 3-methoxyocarbonylacetylpolyporenate A ( 493.6 mg.). The
vashed, dried ethereal solution was reduced in volume by careful
fractional distillation and a sample analysed hy gas-liquid chroma-
tography on a 4 foot 10 % polyethyleneglycol adipate column ( Pye
Argon, flow of 26 ml. of argon per mimute, temperature 75°C ).

Por the reaction solution a single peak was observed with retention
time 20.9 minutes; the retention time for an authentic sample of
dimethyl malonate was 20.8 minutes. Co-application of a sample of
the reaction solution and a sample of authentic dimethyl malonate
gave rise to a single well-formed peak of retention time 20.7 minutes.

29. METHYL 24,26-DIRYDROPOLYPOREMATE A ( 4.17 )

8. Polyporenic acid A ( 132.3 mg.) was dissolved in ethanol ( 10 ml.)
and hydrogenated at room temperature and atmospheric pressure for two
hours with platinum oxide as catalyst ( 32.6 mg.). When the hydrogen
absorption was complete ( 6 ml.), the catalyst was removed by fil-
tration through glass paper and the resulting solution treated with
oxcess ethereal dissomethane, at 0°C. Removal of the solvent provided
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an ofl ( 128 mg.) which was purified by P.L.C. on two rhodamine-
treated plates ( 200 x 200 x 1 ma.) using 2 % methanol : 98 %
chloroforn as the developing solvent. The pure methyl 24,26~
diliydropolyporenate was removed from the silics by elution with
ethyl acetate, treated with decolourising charcoal and crystallised
from an aqueous methanol system as needles ( 61 mg.), m.p. 140-
142°% ( 11t. 140-142°C )2

Vaax ( KBr ) 3500 ( brosd ), 2832, 1742, 1727 oa™.

Ymax ( 1-47 . 001, ) 3638 ol (& 91.2,Am 23 ), 1738 on”}
(& €05,4y 14 ).

M pax ( CH;O ) Ko absorption above 2200 ) &

Teu values ( (:;:14 ) 6.05 ( 1B, 4, J=7.2 ofs.), 6.35 ( %4, » )
6.65 (18, m ), 6.91 ( 3, 4, J= 7.8 o/s.).

Molecular parent ion at m/e 502 = 03}5‘04.

Analysis Found C 76.56% E 10.83 %

Calenlated for G305 ,04 C 76.45% H 10.83%

b. In a reaction oconducted in a small dry-box, sodium methoxide,
prepared from sodium ( 50 mg.) and anhydrous methanol ( 10 ml.), was
added to a solution of methyl 3-msthoxycarbonylacetyl-24,28-dihydro-
polyporenate A ( 128 mg.) in anhydrous methanol ( 8 ml.). After

& reflux period of 10 hours, the mixture was quickly added to
chillod 168 aquecus hydrochloric acid ( 20 ml.) and immediately
extracted with ether { 2 x 20 =l.). The combined ethereal extracts
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were waghed with water ( 2 x 30 ml.), dried and evaporated to give
a white soliG { 92 mg., 87 % ). Thie substance was purified by
P.L.C. on & rhodamine-treated plate ( 200 x 200 x 1 mm.) using 2 %
nathanol 3 98 % chloroform as the developing solvent. The pure
methyl 24,28-dihydropolyporenate was removed from the silica by
slution with ethyl acetate, treated with decolourising charcoal
and crystaliised from aqueous methanol as needles ( 50 mg.)

2.p. 139-141°C.

This material was found to be ideatical ( i.r., n.m.r., Re,

mixed melt ) with that prepered in "a" above.

a. Methyl polyporenate A ( 62 mg.) was dissolved in anhydrous pyridine
( 5 ml.) and treated with acetic anhydride ( 1 ml.) for 72 hours at
21°C. Thereafier the resction mixture was poured into ice-cold 6N
equeous hydrcohloric acid ( 20 ml.) and extracted with ether
(2x20ml.). The combined ethersal extracts were washed with

6N hydrochloric acid ( 6 x 20 ml.), then water { 2 x 20 ml.),

dried and evaporated to give an oil ( 78 mg.). This substance was
purified by P.L.C. 6n a rhodamine-treated plate ( 200 x 200 x 1 am.)
using 100 % chloroform as the developing solvent. Hethyl 3-acetyl-
polyporenate { 62 wg., 93 % ) was removed from the plate by elution
with athyl acetete, freated with decolourising charcoal and crystallised
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>3
from aqueous mothanol as needles, m.p. 136-137°C ( 1it. 137-1368°C ):
Y ix ( x»r ) 3629, 3080, 2830, 1738, 1640, 1375, 1249, 890 ™l
 gay (137 ol CCL, ) 3631 et (€ 545, Av; 16 ), 1739 ca}

(€ 845,40, 23 ) also 3090, 2832 and 1645 om™L.

M i CH, 08 ) Bo absorption above 2200 £.

Tau velues (_ccl4 ) 5.10 ( 28, 8 ), 5.35 ( 18, w ), 6.08 ( 17, 4,
InT.2 0/3')0 6.33 ( H, B )o 6.90 ( 1H, q, J=7.2 °/3;)’ 7.96

(38, & ) 8.72 ( 3H, 4, J=7:2 o/s.).

Parent molecular ion at m/e 542.

Analysis Found C 74.99% H 10.04 %
Caloulated for 034115 % C 75.23% H 10.03 %

b. The mother liquors from the orystallisstion of methyl polyporenate |
C contained approximately 50 % of a material of R, valus 0.72 in
1 % methanol : 99 % chloroform ( p-amino-azobensene Rf v0.6-7, p-hydroxy-
azobenzene R, 0.31 ). The mixture was resolved ( 1.061 g.) by P.L.C.
on four racdamine- treated plates ( 200 x 200 x 1 mn.) employing &
four fold olution with 50 % benzene : 50 % chloroform. The substence
wes removed from the silica by elution with ohloroform and sucoessiva
oryotallieation from light petroleum and agueous methanol gave
neadles ( 59 mg.), m.p; 130-132°C.

This materinl was almost identical ( 1.2r., num.Z., R, ) witk

that prepared in "a" abdove.
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31. DETECTION OF METHYL CAPROATE AS A PRODUCT OP THE TRANSESTERI-
FICATION OF THE SUBSTANCE P.B.3

A sample of the substance P,B.3 ( 1681 mg.) was dissolved in
anhydrous methanol ( 5 ml.) and treated with a preparation of
sodiun methoxide ( 10 mg. sodium ) in anhydrous methanol ( § ml.).
After a ret‘lui period of 13 hours, the reaction solution was poured
into 16N agueous hydrochloric acid { 10 ml.) and immediately extracted
with ether {( 2 x 20 ml.). The combined ethereal extracts were dried
and carefully freed from solvent at 40°C. The residue was dissolved
in chloroform and subjected to gas-liquid chromatography on a 6 foot
10 % polyethyleneglycol adipate column ( Perkin Elmer F.11l, flow
of 32 ml. of nitrogen per minute, temperature 8 minutes at 50°c,
thereafter to 90°C at & rate of 3°C per minute ). The reaction
sample gave a single peek with rétantion time of 16.0 minutes;
under identical conditionms, euthentic methyl caproate hed & retention
time of 16.1 minutes. Go-a.ppiioation of the reaction sample and
suthentic methyl caproate gave rise to a single well defined peak

of retention time 16.0 minutes,

32. CHROMATOGRAPHIC SEPARATION OF FRACTION III
Fraotion III ( 28.003 g.) was slurried in light petroleum

with Woelm grade IV neutral alumina ( 50 g.), placed on a column of
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the same adsorbant ( 1000 g., 5 x 75 cm.) and eluted with s gradient
of 1light petroleun ( 1.5 1.) to ethyl acetate ( 1.5 1.). Fraotions
( 23 ml.) were taken; the flow rate being 100 ml. per hour.

| Fractions 107-124, eluted with solvent varying in composition
from 52 #% to 57 % ethyl acetate, provided an oil ( 12,086 g.) whioh
was shown by T.L.C. analysis to contain the compounds P.B.4 and
P.B.5 ( R, values 0.36 and 0.15 respeotively in 2 % methanol
98 %4 chloroform § p-amino-azobenzene R, 0.67 p-hydroxy-ssobenzene
0.31 ). Ko separation of the compounds had been produced.

The o0il was placed on a column of Mallinokrodt Silioic soid
( 1000 g.) and eluted with the same solvent system; again no
separation was effected. A column of the same adsorbant, eluted
with the less polar gradient, light petroleum ( 1.5 l.) $o 50 %
light petroleum : 50 % ethyl acetate ( 4.5 1.), also failed to
fractionate the components. Thus samples ( 440 mg.) of the oil
were submitted to P.L.C. on eight rhodsmine-treated plates ( 600 x
200 x 1 mn.) employing a threefold elution with 2 ¢ methanol in
chloroform. By this means the compounds P.B.4 { 1.654 g.) and
P.B.5 ( 802 mg.) were obtained in pure fomm.

Fractions 125-131 of the original colum, eluted with solvent
varying in composition from 57 % to 59 % ethyl acetate also contained
8 binary mizture ( 1.371 g.). The compound P.B.5 and P.B.6 were
separeted by P.L.C. on two rhodamine-treated plates ( 600 x 200 x 1 mm.)
using & 2 % methenol in chloroform as solvent. Yields, P.B.5 - 462 ng.,
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P.B.6 362 mg.

The material was isolated as detailed above, the substance
being eluﬁgd from the silica with ethyl acetate, treated with
decolourieing charcoal and crystallised from a light petroleum
ethyl @cetate system as needles ( 900 mg.), m.p. 79-81°C.

Yoy ( KBr ) 3598, 3510 ( broad ), 3084, 2830, 1742, 1726, 1105,
1647, 892 cu™>.

Vaag ( 1-15 oM. CC1, ) 3638 ont { € 55.5, AY, 14 ), 3528 ea”
(€ 55.5, A% 80 ), 1742 ou™ (€ 925,48% 20 ), 1715 ou™?

( & 388 sh.) also 3090, 2633 and 1646 om ',

1

Mpax CHyOH ) Ko sbeorption above 2200 f. B
Tau values ( cc14 ) 5.12 ( 2H, 8 ), 5.30 ( 18, t, Ju2.4 ofa.),
6,02 ( 1H, d, J=7.2 ¢/8.), 6.06 ( 1K, 8 ), 6.32 ( 3H, 8 ), 6.35
(38, s), 6.92 ( 18, g, J=T.2 o/s.), T.40 ( 4H, brosd s ), 8.70 ( 3,
8 ), 8.75 ( 38, 4, J+7.2 o/s.).
Molecular parerit don at m/e 658 undetected; first pesk in mass spectrus
at /e 640 ( P ~ 18 ).
Analysis Poud C7T1.19% H9.25%
Cygllgy0g Toquires C71.09% H9.48%
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24,268-DIAYDRO TR A

 Nethyl 3-( 4-methoxyocarbonyl-3-hydroxy-3-methyl-tutyzyl )-

polyporenate A ( 833.8 mg.) was dissolved in ethanol ( 25 ml.) and

hydrogenated at room temperature and atmospheric pressure for three

hours with platinum oxide ( 157 mg.) as catalyst. When the hydrogen

abéorption wae complete ( 30 .nl.), the catalyst was removed Yy

filtration through glass paper and the vesulting solution evaporated

to give an o1l ( 910 mg.) which orystallised from light petroleum

as prisms ( 810 mg.), m.p. 91-93°C. '

Yanx ( KB ) 3400 ( broed ), 2825, 1734, 1700 ( sh ),

L - ( 05303 ) No absorption above 2200 &,

Tau values ( ¢c1, Y 5.30 ( 18, m ), 6.08 ( 1H, 4, J=7.2 o/8.), 6.35

(%1, s ), 7.40 ( 48, broad s ), 8.71 { 3H, s ), 8.90 ( 38, 4,

J=7.2 ¢fs.).

Parent molecular ion at m/e 660 undetecteds first iom in spectrum

at afe 642 ( P - 18 ). |

Analysis Pound C TL.19% H 9.T0% ’
c”ns g Toquires C 70.89% H 9.70%

a. Isolation of methyl iso renate A 6 )



The procedure outlined in Section 28a for the preparation of
this compound from methyl 3-methon'carbony1acetylpolyporenate A
was followed with a sample of methyl 3-( 4-methoxycarbonyl-3-
methylbutyryl )-polyporenate A ( 420 mg.). The ethereal extract,
on evaporation, provided an oily solid ( 182 mg.) which was
purified by P.L.C. on two rhodamine-treated plates ( 200 x 200 x
1 mn.) employing 2 ¢, methanol : 98 % chloroform as developing
solvent. The purified methyl isopolyporenate A was removed from
the silica by elution with ethyl acetate, treated with decolourising
charcoal and crystallised from aqueous methanol as needles { 100 mg.).
m.p. 165 ( 1it, 163-165°C )5:5

This substance was identical ( i.r., n.m.r., R, ) with that
obtained by methanolyeis of methyl 3-methoxycarbonylacetylpolyporenate

A,

b. Detection of dimethyl 3-hydroxy-3-methyl-glutarate

The procedure deacribed above was repeated with a further sample

of methyl 3-( 4-methoxycarbonyl-3-hydroxy~3-methyl-butyryl )-poly-
porenate & ( 443.5 mg.). The washed, dried ethereal solution was
freed from solvént by careful distillation and the residue was taken
up in chloroform. This solution was analysed by ges-liquid chroma-
tography on a 4 foot 2 % Versamide 900 column ( Perkin Elmer F.ll,
flow of 38 ml. of nitrogen per minute, temperature 5 minutes at 80°c,

thereafter to 200°C at a rate of 5°c per minute ). The reaction
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sample gavo rise to a single peak of retention time 16.0 minutes;
authentic dimethyl 3-hydroxy-3-methyl-glutarate had a retention
time of 16.6 minutes, under the same conditions. Co-application
of the reaction product and authentic dimethyl 3-hydroxy-3-methyl-
glutarate gave a single well defined peek of retention time 16.4

minutes.

36. METHYL 24-28-DIHYDROPOLYPURENATE A ( 4.17 )

The mothod outlined in Section 29b for the transesterification
of methyl 3-methoxycarbonylacetylpolyporenate A was repeated with
a sample of methyl 3-{ 4-methoxycarbonyl-3-hydroxy-3-methylbutyryl )-
24,28-dihydropolyporenate A ( 280 mg.). The product was purified
by P.L.C. in similar fashion to yield a substance which cyrystallised
as needles from aquacus methanol ( 60 mg.), m.p. 139-141°%C
( 11t. 140-142°% ).

Thie rompound was found to be identical ( i.r., n.m.r. Bes
mixed melt ) with the cample of methyl 24,28-dihydropolyporenate A

prepared from authentic polyporenic acid ( of Section 29a ).

37. METEYL POLYPORENATE A 11 sBe2.

The isolation of this compound has already been desoribed
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( Section 32 ). It was eluted from the P.L.C. Plates with ethyl
acetate, treated with decolourising charcoal and orystaliised
from aqueous methanol as needles ( 720 mg.), m.p. 148-149°C
( 1it. 148.5-149.5°C ).
Yoax ( BT ) 3500 ( broad ), 3090, 1742, 1727, 1648, 500 om™l.
Yoy ( 1050 mH. CCL, ) 3639 ou™ (¢ 93.2,8m 18 ), 1744 ea”!
(e 510, /vy 23 ), also 3090 and 1643 en™L,
Npay ( CH;0H ) Fo absorption above 2200 f. _
Tau vslues ( cc1, ) 5.10 ( 28, s ), 6.04 ( 1H, 4, J=7.2 o/s.),
6.35 ( 3H, s ), 6.63 ( 14, m ), 6.90 ( 1H, g, J=7.0 o/s.), 8.75
( 3, d, J=7.0 ¢/a.).
Parent moleoular ion at m/e 500.
Analysis Found C 76.54% H 10.40 %
Calculated for Cyfi;,0, C T76.75% B 10.47 %

This substance was identical ( i.r., n.m.x., R;, mixed melt )
with an suthentic sample of methyl polyporenate A generously
provided by Dr. T. G. Halsall,

ERGOSTYROL 5 ,8-PEROXIDE 29 1 COX P,B.6.

a. Brgosterol ( 1.516 g.) was dissolved in ethanol ( 100 al.),
eosin was added ( 2 mg.), and the solution was illuminated at
roon temperature by two 100 watt Mazda bulbs with a slow streem

of oxygen passing ( 50 ml. per minute ). After twelve hours,
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the solvent was removed and the solid ( 1.528 g.) purified by
P.L.C. on three rhodamine-treated plates ( 600 x 200 x 1 mm.)
using 2 % methanol : 98 % chloroforn as eluant. The peroxide
was removed from the plate by elution with ethyl acetate, treated
with decolourising charcoal and crystallised from a light petroleum :
ethyl acetate system as needles, m.p. 178°C ( 0.882 g., 58 %, lit:ﬂ
178°C ). .-
¥ ax ( KBE ) 3434 ( broad ), 2960, 2674, 1075, 1042, 1027, 968 cm .
Apax ( CH}OH ) 1o absorption above 2200 R.
Tau values ( ce1, ).3.56 ( 1E, 4, J=7.8 ¢/s.), 3.83 ( 1H, 4, J=
7.8 ¢/8.), 4.80 { 24, n.).
Parent molscular ion at m/e 428,
Analysis Found C 78.27% H 10.18%
Calculated for  C,oH 4 78.465 H 10.35 %
b. The compuund P.B.6 was isolated as describved in Section 32.
The substance was eluted from the silica with chlo'rofom‘and
crystallieed f{rom aquecus methanol as needles, m.p. 177-178%.
It was found to be identical ( i.rk., n.m.Tey Rp., mixed

melt ) with that prepared in "a* above.

¢. Ergosterol ( 30 mg.) was added to a portion ( 20 ml.) of the
methanol extract of the aporophores ( Section 24 ) which itself

contained only traces of ergosterol snd its peroxide. The solution
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was illuminated and oxygenated for twelve hours in the sagines
described in "a" above. At the end of this period the reastion
solution was assayed for ergosterol peroxide by T.L.C. in 2 %
methanol 1 96 % chloroforn. Approximately 80 % of the product
had the same Rf value as ergosterol peroxide.

In a control experiment involving ergosterol { 30 mg.) and
pure methanol ( 20 ml.) only s trace of the peroxide was detected

after a twelve hour reaction period.

39. FREPARATION AND T.L.C. ANALYSIS OF A MEPHANOL EXTRACT OF
A_POLYPORUS BETULINUS SPOROPHORE

A clean, dry, whole sporophore of Polyporus betulinus ( 48 g.)

was homogenised in methanol ( 500 ml.) at room temperature over
& period of five minutes. The resultant slurxy s filtered free
of tissue and the filtrate evaporated to give & brown semi-solid
( 1.251 g.). A portion of this solid was subjeot to T.L.C. in the
low pH solvent system { B.D.A. )s-

benzene 35

dioxan 5

glacial acetic acid 1
Eluted plates were developed eeparately with B.D.H. *"Universal®
indicator, iodine vapour and oeric. ammonium nitrate-sulphuric

8cid when the results shown in Table 4.9 were.obtained.
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The relationship between the six principal acidic substances
and the pravicusly encountered esters was established by two
dimensional T.L.C. A sample of the methanol extract was placed
at the origin of & two dimensional T.L.C. plate ( 200 x 200 x 0.25 mm.)
and eluted in the x-direction with the solvent system B.D.A. When
the solvent had travelled 10 cm. the plate was removed from the
tank. carefully freed from solvent and treated along the length of
the x-axis with an ethereal solution of diszomethsna, The esters
80 prcduced were then chromatographed in the y-direction with the
soivent system 1 % methancl in chloroform against authsntic samples
of methyl polypovenate A, methyl 3-acetylpolyporenate A, methyl 3-
methoxy-oarbonylacetylpolyporenate A and methyl 3~( 4-methoxycarbonyl-
3eiydroxy-3-methylbutyryl )-polyporenate A. The results arve

tabnisted in Table 4.10,.

40. CHROMATOGRAPHIC FRACTIONATION OF THE ACIDS OF POLYPORUS

BETOLINUS

A portion ( 2.552 g.) of the methanol extract of a Polyporus
betulinus spornphore ( cf Section 39 ) was adsorbed from chloroform
onto a column of Mallinckrodt silicic acid ( 300 g. 4 x 50 em.,

R, 340 ml,) and eluted firstly with chloroforn than with 1%
methanol in chloroform. Fractions ( 25 ul.) were teken from a

flow rote of 60 ml. per hour and were assayed by T.L.C. in the
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B.D.A. solvent system. The results appear in Table 4.11.

a. Monomethyl ester of kcarbomgo}z;m_;mnnj.c aocid A

Fractions 98-109 ( 746 mg.), eluted from the above column
with chloroform, contained the acidic material of Rf value 0.43
( Table 4.9 ) together with fats and sterols. It was isolated
in a relatively impure form YWy P.L.C. on four rhodasmine-treated
plates ( 200 x 200 x 1 mm.) employing elution with the B.D.A.
solvent system. It was with some difficulty that the substance
was removed from the silica by elution with ethyl acetate. The
compound proved to be a gum ( 32 ng. )

| The n.m.r. spectrum of this crude substance contained

absorption at 6.23 and 6.60 tau. On methylation it produced &
material identical in R, value with methyl 3-methoxycarbdbonylacetyl-

T
polyporenata A.

b. ~-Methoxycarbonyl- - 3.m@ thyl bu 1 )= renio

acid A ( 4.28 )

Fractions 111-124 ( 307 mg.) eluted from the above column with
chloroform conteined the acidic substance of R, value 0.32 ( Table

4.9 ). It proved to be s gum.
Y pax { GECL; ) 1736, 1720 on™ .
Tau values ( C])(}].3 ) 5.01 ( 28, m ), 5.21 (1H, m ), 5.98
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( 18, 4, J=7.8 o/s.), 6.30 ( 3H, 8 ) 7.29 ( 48, & ), 8.70
( 34, 8 ), methyl contour defined by peeks at 8,87, 9.00, 9.04,
9.10 and 9.37.
Parent molecular ion at m/e 644 undetected; first fon in spectrua
ocours at m/e 626.
On methylation this substance gave a produot of identical
R, value to methyl 3-( 4-methoxycarbonyl-3-hydroxy-3-methylbutyryl )-

polyporenate A.

6. 3-Carboxyacetylpolyporenic acid A ( 4,26 )

Fractions 154—160 ( 243 mg.) eluted from the above column
vith 1 % methanol in chloroform contained the abidic substance of
Ry valuo 0.24 ( Table 4.9 ). It was s white orystalline compound
which crystellised from light petroleum s ethyl acetate as needles
( 200 ng.), m.p. 184-185°C. |
Y oag ( 6-1 mM. CHCL, ) 3614 qm“l (e 49,13”% 30 )y 3505 on™!
(‘€ 59,8v, 54 ), 1763 au”" (€ 262 ), 1134 o™ (© 565 ),

1710 ( € 785,AV% 28 ). \

Tew values ( CDC1, ) 5.00 ( 28, 8 ) 5.22 ( 15, = ), 5.93

(18, 4, J=6.6 o/s.), 6.53 ( 2H, & ), 6.80 ( 1K, q, J=7.2 0/8.),
8.67 ( 34, 4, J=7.2 ¢/a.)

Methyl contiour defined by peaks at 8.89,: 9.01, 9.06, 9.08, 9.38.
Analysis FPound C 71.29% B 9.55%

,30 W1
€y 85,0, requives C 71.30% H 9.I5%

- 184 -



On methylation this substance gave a product identical

in Rf value to methyl 3-methoxycarbonylacetylpolyporenate A.

d. 3-( 4-Carboxy-3-hydroxy-3-methylbu 1l )= renic
acid A ( 4.27 )

Fractions 161-170 ( 361 mg.), eluted from the above columm
with 1 % methanol in chloroform, contained the acidic substance
of Ry value 0.16 ( Table 4.9 ). It was & white crystalline material
which crystaliised from light petroleum : ethyl acetate as needles
( 120 mgo), {ﬂ.p. 165"‘166000

. - -1

v ( CHC1, ) 3620, 3518, 1742, 1710 cm .
mex 3 .
Tau valuss | cncl5 ) 5.00 ( 28, m ), 5.24 ( 1€, m ), 5.96 ( 14, 4,
J=7.2 ¢f5.), $.80 { 1H, q, J=7.2 c/a.), 7.28 ( 4H, 8 ), 8.62
( 3, 8 ), methyl contour defined by pesks at 8.80, 9.02, 9.08,
9.40, 9.3%9.
Anslysis fourd C T70.23% E 9.50%

3375‘{5808 requires © 7Q.44 % H 9.27%

On methylation this compound gave a product identicsl in
R, value with methyl 3-( 4-methoxycarbonyl-3-hydroxy-3-methyl-

butyryl )-polyperenate A.

N.B. Mnteriel ( 104 mg.) giving rise on methylation o methyl

rolyporsnate A and methyl 3-acetylpolyporenste A were noted in

fractions 150-153 of the above column. These sutstances were not



examined in further detail.

41. ISOLATION OF 3~( 4~METHOXYCARBONYL-3-HYDROXY-3-METHYL~

BUTYRYL )-POLYPORENIC ACID A FROM AN ETHANOL EXTRACT OF
POLYPORUS BETULINUS SPOROPHORES

The procedures detailed in Sectiun 40 for the isolation of
3. ( 4-methoxyoarbonyl-3-hydroxy-3-methylbutyryl )-polyporenio
acid A from s methanol extract of Po:_l,m.' rus betulinus sporophores
were repeated with an ethanol extract therefrom. The halr ester
of Ri' value 0.32 so 6btéined was shown by N.M.R. spectroscopy
to be 3~( 4-methoxycarbonyl-3-hydroxy-3-methylbutyryl )-polyporenic
acid A and not the ethyl analogue.

42. EXPERIMENTS INVOLVING DIRECT METHYLATTON QP POLYPORUS

BETULINGS SPOROPHORE TISSUE
Two biooks ( 3.41 g.) of fresh tissua, "a" and "b", were cut
from the same Polyporus betulinus sporophore and were frozen in
liquid nitrogen before being separately pulverised. The fine powder
from block "a" was ai;.épandad in ether snd immediately treated with
diaszomethans. After one hour the tissue was removed, wvashed with
eﬁhar and extracted at room temperature for 0.5 hours with methanol.

The ether and methanol extrsots were evaporated to give 244 mng. and
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30 mg. of material respectively.

The powder from block "b" was extracted with methanol
at room temperature for 1.5 hours. Thereafter the tissue was
remnoved by fiitration and the filtrate evaporated and methylated
to give 268 mg. of materisl.

Since T.L.C. examination of the methanol extract from
blaock "a" revealed it to consain no polyporenic acid A conjugates,
it was united with the ether extract from the same source. T.L.C.
comparison of the combined extract from block "a" with the extract
frbm block "b" indicated that the same esters were present in the

_same proportion in both.

43, EXTRACTION EXPERIMENTS WITH POL S S SPOROPHORE
A clean, dry sporophore of Polyporus betulinus ( 38.7 g.)

waa homogenised, extracted five times with water ( 300 ml.) and
three times with methanol { 3 x 300 u_al.) before being allowed to
stand overnight in methanol ( 300 ml.). Thereafter the tissue was
filtered off and refluxed with 4N agueous sodium hydroxide for

12 hours. The resultant sludge was filtered to remove the tissue
remnants  22.3 g.) and the filtrate scidified and extracted

with ethyl acetate ( 2 x 500 ml.). The comdbined ethyl acetats
extracts were dried and evaporated, the msthanol extracts
individuslly evaporsted and the pooled aqueous extracis lyophilised
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to give the following yields of material.

Total water 623 ng.
1st methanol 2,626 ng.
2nd methanol 553 ng.
3rd methanol 6 ng.
Overnight methamol 15 ng.

Ethyl acetate ( base hydrolysis ) 7 ug.

The pore tissue of three sporophores of Polypoxus betulinug
collected from different geographical areses was carefully removed

from the context tissus and all six samples separately homogenised
in methanocl. The methancl extracts so produced ware examined by
T.L.C. in the B,D.A. solvent system before being methylated and
re-examined by T.L.C. in the solvent system 1 % methanol in chloro-
form. The results of these analyses are shown in Table 5.1.

3-Carboxyacetylpolyporenic acid A, 3-( 4~ocarboxy-3-hydroxy-
3-methylbutyryl )-polyporenic acid A and
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3-( 4-methoxycarbonyl-3-hydroxy-3-methylbutyryl )-polyporenic
acid A were tested separately at a level of 10°ppm. against the
following organisms

Baccilus subtilis,

Escherichia coli,
Botrytus alia.

No inhibition of growth was detected with any of the metabolites.

46. CULTURE OF POLYPORUS BETULINUS ON SYNTHETIC MEDIUM. FAILURE
IO DETECT MALONATE OR HYDROXYMETHYLGLUTARATE CORJUGATES,

A culture of Polyporus betulinus ( N> 4C ) was obtained from
Forestry Products Research Laboratories and was subcultured onto
12 5 < malt agar slopes. After 7 days the mycelial mat was homo-
genised and the homogenate used to inoculate 24 Roux surface
culture bottles which had previously been steam sterilised con-
taining 250 ml. of & 5 ¢ malt extract medium. The oultures were
allowed to grow at 25°C and 70 % relative humidity for 56 days,
artificial illumination baing provided by Mazds fluorescent tubes
for 12 hours per day.

After the prescribed growth period the broth was removed
and the mycelium collected, dried, pulverised and extracted over-
night with methanol at room tempereture. The 45 gm. of dry
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mycelium provided 1.78 g. of methanol solubles.

T.L.C. and N.M.R. spectral analyses failed to detect the
presence in the methanol extract of any of the polyporenic acid
A conjugates,
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The organism Penicillium brevi-compactum is widely distributed
in Nature and can be isolat-d from soil, from all manner of decay-

ing vegetable matter and from spoilt or mouldy grain. It is
distinguished from other members of the genus in possessing
a relatively short, compact base to the penicillus of spore-
bearing organ.

The detailed chemical analysis of the metabolites produced
by this mould was first undertaken im 1932 bty Clutterbuck, Oxford,
Raistrick and Smiih' who studied the principal cheamical constituents
of the broth of some fifteen strains of Penicillium brevi-compactum.
These authors suoccéeded in. is0lating from fourtcen of the strains,

four water soluble phenolic compounds whose structures were shown

to form the following biogenetically interesting l.l_'i”,"z
H . R R - mzcwoma 1.1
- WOH.(K).QK3 7.2
OOH - mowa% 70)
. - 00211 v 7040

HO

A further phenolic acid was isolated at that time by the

Raistrick Group from twelve strains of Penicillium brevi-compactum.
It was shovh to be identical to the substance mycophenolioc acid

4
( 7.5 ) which had previously been encountered by Arlsberg and Black
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HOC

CH

3

1+5

and possibly hy Goaiosas & metabolite of Penicillium stoloniferum
and "Penicillium glauocun" respeotively. As the result of detailed
degradative work by Birkinshaw et g._]_.b the structure of the meta-
bolite was finally elucidated in 1952. Mycophenolic acid has
been the sudject of biosynthetic study by Birch who demonstrated
that the side chain was terpenoid in origin while the aromatic
nucleus was derived from an acetate-malonate po]_.ymr.: The aromatic
methyl and methoxyl Troups were shown to come from mthioaine.,

The conjugated sterol, ergosterol palmitate ( 7.6 )qaud
i-erythritol ( 7.7 )nhave also been obtained by Raistrick et al.

cryfeHco

7.6 7.7
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from cultures of Penicillium brevi-compactum.
Without any doubt the most comprehensive survey of the

metabolites of Penicillium brevi-compactum has been conducted

by Godin in Belgium“:n He succeeded in isolating mycophemolic

acid and the other four "Raistrick phenols" from cultures of the
‘mould and noted tbe presence of eié_ht other pﬁenolio products

whj.ch he designated IV, V, VI, VII,- VIII. IX, X and n.," Reflooding
experiménts with a u;ature mycelial preparation seemed to indicate
that the latter two substances, X and XI were biosynthetically
related to mycophenolic acid while the materisls IX, VIII, VII,

VI were related to the "Raistrick phenols” in the mannexr shown

in Table 7.1. Only compound IX was present in suffiocient quantity
to permit further study and, on the basis of what must be considered
the most fragmentary experimental data, Godin proposed structure

”
( 7.8 ) for this substance.

H

COOH
H
7.8

In a second phase of study Godin isolated the glucose
polymer compactose from the mycelium of cultures of Penicillium
"
brevi-comggctum snd conducted an extensive and detailed paper

chromatographic survey of the sugars and Krebs cycle acids present
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TABLE 7.1 BIOGENETIC SEQUENCE PROPOSED BY GODIN T0 INTERRELATE

THE °1o METABOLITES OF PENICILLIUM BBEVI--0()1!!’1‘)’.011!.‘t

H H
0
CO0,H O.H
H H

7.8 (IX) — VIII e Tod

l

HO

T3 ( - T.2
M H CO,H
VIl
O,H
N H
VI > 7.4
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in the broth of a culture of the growing mould. His results,
summarised in Table 7.2 indicate that there is consideradle
varistion in the metabolite content depending on whether cultures
sre static or agium'.f Godin has also studied the variation
produced in the pattern of acids obeerved in static cultures
when calcium carbonate is added to the nodim.‘

It may be pointed out that the phosphorylated sugars present
in Penicillium brevi-compaotum have been the subject of study
by Simonart, Bommers and Pamentiorwlnd that 5-ribosylisocytosine
and 3-ribosylisocytosine have been Qyntholiud in reactions

catalysed by the cytoplasmic mMMt fluid from a strain of
"

Penicilliua brevi-compaotus.



TABLE 7.2. THE SUGARS AND ACIDS OF P. BREVI~CO:PACTUM DETECTED

(P
BY GODIN.

CULTURES STATIC CULTURES AGITATED

Arabinose

Ribose

Glucuronic acid
2-Ketogluconic acid

Gluconic acid Gluconic acid

Citric acid ‘ Citric acid

Malic acid Malic acid

Dihydroxyacetone Dihydroxyacetone
c-Ketoglutaric ¢cid
Succinio acid
Fumaric acid
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CHAPTER 8

SOME NEW METABOLJTES

ok
ENICILLI vi- P



At the commencement of this work, a strain of Penicillium
viridicatum was being examined for the production of such hetero-
19 20
cyclic compounds as viridicatin ( 8.1 ) and cyclopenin ( 8.2 ) whose

2
biogenetic origins were at that time completely mxexp:lomd.l Although

Hl
- O30
N N\OH "

8.1 8.2

preliminary investigutions revealed that a good yield of a complex

mixture of ultraviolet-active metabolites was produced by the

mould, none of these were the heterocyclic systems to which we

have referred. The structure of many of the substances actually

produced was revealed by the detailed analysis now to be described.
The strain of Penicillium viridicatum catalogued by the

Commonwealth Mycological Institute as C.H.I1.49162 was grown on

a standard Czapek-Dox medium for fifteen days as a surface culture.

Thereafter the mycelium was separated froa the broth, dried,

pulverised and extracted with acetone. The metabolites present

in the broth were adsorbed onto charcoal and then removed therefrom

by means of soxhlet extraction with acetone. Both acetone preparations

were studied independently, attention being prinoipally focussed
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on the metabolites present in the broth.

Treatment of the acetone extract of the broth with an equal
volume of water caused the precipitation of an appreciable amount
of & 1ight brown orystalline solid, which, after purification,
pelted over the range 140-141°C and analysed in accord with the
molecular rmmmu{cl.,u,‘,()o6 ( o/e 320 ). Miorotitration studies
indicated that this material possessed two reedily ionised hydrogens
vith ionisation constants ( DK, 2.3, PK- 6.2 ) which suggested
that the substance was a phenolic acid. The phenolic nature of
the compound was confirmed by the observation that it gave an
intensely blue coloration when treated with alooholic ferric chloride
solution. In the 1ight of the spectroscopio evidence now to be
presented, the isolated substance was shown to be mycophenolic
soid ( 8.3 ).

The hydroxyl and carbonyl regions of the infrered spectrum
were rendered complex by virtué of the ocoexistence in solution
of carboxylic scid monomer and dimer. Nevertheless dilution studies
and comparison with the absorption characteristics of ethyl myoo-
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phenolate ( 8.4 ) suggested that the band at 3516 el and part

of the miximum 8%t 1740 cm"1 were due to the carboxylic acid monomer
and the broad band between 3225 and 3100 om™) and the peak at 1714 co™>
due to the carboxylic acid dimer. The strong intramolecular hydrogen
bond established between the phenolic hydroxyl group and the Y-lactone
carbonyl was responsible for a lowering in the frequency of both.

The stretching frequency of the Y-lactone occurred at 1740 on~!

23
rather than the expected value of 1768 cm™» while the phenolic

hydroxyl band appeared at 3450 cm™) rather than 3610 ca~l.

The phenolic hydroxyl group had also a profound influence on
the ultraviolet spectrum of the substeénce. At neﬁtrality or at
low pH, a three peak pattern was obaérved with maxima at 2160,

2505 and 3040 8. When the pH was raised to such a level that
the phenol was ionised, in effect the first and third bands suffered
bathoohromic shifts to 2280 and 3430 & respectively.

The N.M.R. spectrum of the isolated lptahduto was fully
consistent with the compound being mycophenolic acid. Singlet
resonance signals at 6.23, 7.86 and 8.19 tau wm respectively
asgigned to the protons of the methoxyl group, of the aromatic
methyl group and of the allylic methyl funotion found in the side
chain., The hydrogens of the phthalide methylene group appeared
as a two proton singlet at 4.80 tau while the resomance due to
the hydrogens on carbon atoms 0—41 and 0—51 were superposed to
give a broad four proton singlet at 7.61 tau. The vinylic hydrogens
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and allylic methylene in the side chain produced a triplet-doublet
pattern at 4.70 and 6.50 tau respectively, the coupling constant
being 6 o/s. Slight broadening of the signals due to the C-11
methylene group and the methyl group om carbon atom C-3! was
attributed to their allylic coupling to the ethylenic hydrogen

on oarbon atom 0-21.

The spectroscopic properties of the corresponding acetate,
methyl ether, dihydro derivative and netwi ntpr methyl ether
further corroborated the structure of the isolated metabolite and
their melting points conforsed %o the quoted litersture valuss.

Mycophenolic acid has never before been isolated from any
culture of Penicillium viridicatum but it is a recorded metabolite
of twelve strains of Penjcillium vtrevi-cogpgutum. The ooloration
it produces with forric chloride solution is, in faot, the basis
of one of the principal tests used to detect the presence of
Penjcillium brevi-compactum in spoilt mu? Suspicions that the
organism C.¥,I. 49162 had been erroneously classified were heightened
when chromatographic comparison was mede between the broth and
nycelial extracts of the organism C.N.I. 49162 snd similar pre-
parations derived from nine suthentic strains of Penioillium brevi-
cogga_gtm;l and six authentic strains of wlm“_ﬁ_ﬂ_&w_
grown under similar conditions as have been detalled for the culture
of the organism C.M.I. 49162. The thin layer chromatogrsa of the

extract of the latter mould closely resembled those of the brevi-
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compacti but bore no relation whatsoever to those derived from.
the viridicati. Following these observations, the organism in
question has been reclassified by the Commonwealth Mycological
Institute as 4 Penicillium brevi-compactum.

Despite the fact that strains of this mould have previously
been the subject of extensive investigation, the T.L.C. a.ualysis‘
shown in Table 8; 1 suggested that a closer study of this strain
would be of interest. From the Table it can be seen that there
were nine principal metabolites, that of ﬂf value 0.15 being
mycophenolic acid itself. In harmony with previous practice, the
code names P.V.1, P.V.3, P.V.d, B.V.6, P.V.7, P.V.8, P.V.9, P.V.10
and P,V.11 were used to define the compounds whose chromatographic
properties are defined in Table 8.1. In was noted with some
interest that the compounds P.V.6, P.V.7 and P.V.9 possessed
gimilar fluorescence and ferric chlo‘rideA staining properties to
mycophenolic acid.

Samples of the compounds P.V.6, ;P;V.T and P.V.9 were isolated
from the broth extract by means of a combination of colum and
plate chromatography. The compound P.V.6 was a low meltiné white
solid, m.p. 88-89°C, which provided analytical data compatible
with the molecular formula 019}12 40 . It was e?,sily identified.

as ethyl mycophenolate ( 8.4 ) from its N.M.R. spectrum which
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TABIE 8.1.

T.L.C. PROPERTIES OF THE NINE HAJOR METABOLITES

OF P. BREVI-COMPACTUM.

.00 p.oo
X W 6o © o (b .

p PP P ° 4 3 '

Vv v v v a '

o it 9 1 3 ¢ t '

Solvent 10 % m3on in cxm,
Be | L, M1§ D.N.P:

P.V.1 0.15 | - blue | blue -
P.V.3 0.60 | yellow | yellow - -
P.V.4 0.42 | yellow foiiqn - -
P.V.6 0.94 - blue dblue -
P.V.T 0.39 = | viue | blue -
P.v.8 0,22 - - - -
P.V.9 0.21 - blue | dlue -
P.V.10 0.00 - black | brown “
P.V.11 0.08 - | blue | wine -
p-Hydroxy _
azo-henzene 0.75 - - - -
isoquinolone
yellow 0.42 - - - -




8.4

possessed ‘the previously described pattern of absorption due to the
mycophenolic nucleus together wifh & two proton quartet at 5.95 tau
and a thrée proton ¢riplet at 8.80 tau. Final oconfirmation of
identity was obtained by spectral and mixed melting point comparison
of the isoclated metabolite with an authentic sample of ethyl myco-
phenolate prepared by smtheaia.

BEthyl mycophenolate has previously been encountered in extracts
darived from Penicillium brevi-compactum by Raistrick et gf “ho
showed that it had been fomed during the extraction process by
interaction of mycophenolic acid with ethanol. T.L.C. of samples
taken from the broth of a growing culture of the organism under
present study indicated that ethyl mycophenolate was present therein.
It may also be of interest to mention thaﬁ N.MH.R. epectroscopy -
revealed that ethyl esters were also present in the complex
mixtures of lipids produced by the mycelium of the orgenism under
study. |

Details of the mass spectral cracking pattern exhibited by
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mycophenolic acid and its ethyl ester are Shown in Table 8«2*

The base peak of both spectra occurred at m/e 207 and could be
explained in terms of a "Type A" g?esion at point "a” ( 8*> )e
Fission at point "b" gave rise to the other major ion ( m/e 247 )
but since cleavage 0 to a double bond is much more favourable

than cleavage a to it, it may well be from th-j double bond isomer

( 8%*6 ) that the fragmentation takes place*

CH

8.5

CH.CH,

The exceptionally large m/e 44 ion in the spectrum of mycophenolic
acid is presumably due to the loss of carbon dioxide from the
carboxyl group* The two ions in the spectrum of the ethyl ester
at m/e 303 and m/e 302 represented the losses of ethylene and

an ethyl group from the ion ( P-18 ). Such losses are typical

tie
of carbethoxy compounds. The origin of the ions P-18 and HVé



TABLE 8,2. MASS SPECTRAL DATA FOR MYCOPHENOLIC ACID AND ETHYL
MYCOPHENOLATE.

a. Mycophenolio acid ‘
m/o : %

320 46.6
- 302 : 42.0
247 97.9
207 100.0
159 39.0
139 39.0
44 - 570.0

No metastable ions detected.

b. Et ‘myo 8 $

nfe %

348 15.2
330 13.3
303 31.6
302 27.8
247 31.2
207 100.0
159 27.5
128 29.8

No metastable fons detected.
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159, 137 and 128 was not immediately evident.

The highly insoluble substance I'.V.7 ( 8.10b ) analysed
in accord with the formula 01 07. Infrared, ultraviolet, N.M.R.
and mass spectral similarities with mycophenolic acid indicated

that the substituted dihydroxyphthalide nuoleus ( 8.7 ) was also
H

CH,

8.7

present in this new metabolite. Infrared spectroscopy further
suggested that the three oxygen atoms unaccounted for in the above
structure could be accommodated in & y-lactome function ( 1768 om™’,
8784.Av% 30 ) and as an hydroxyl group { 3620 cu'l. € 54,A v 56 ).
The hydroxyl group appeared to be secondary since there occurred

in the N.M.R. apectrum at 5.63 tau a double-doublet attributsble

to a single hydrogen under a hydroxyl group. The oxiitcnco in the
compound P.V.7 of a tertiary meéthyl group was also inferred from
'the N.M.R. spectrum. -

The relative disposition of methyl, lasctone and hydroxyl groups

wae deduced fron the observation that on electron bombardment the
molecule split into two parts, m/e 99 and m/e 237. The latter ion

was, in faot, the base peak of the spectrum ( Table 8.3 ). Assuming

0213"



TABLE 8.5. MASS SPECTRAL DATA FCOR THE COMPOUND P.V.7

m/e io
336 15*5
237 100.0
219 6.5
208 38c8
207 50.5
190 11.9

99 51.1

336
_*aq -

/\ " >
207 208 237 99
190 219
m¥ Transition

202.4 237-219
173.6 208-190
167.2 336-237
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that the larzer fragment contained the structural element ( 8.7 )
it was possible to argue that the additional thirty units of mass
must correspond to the moiety cxzo and must represent the substitu-
tion in the side chain # to the bensene ring. In view of the

fact that the compound P.V.7 contained an hydroxyl group, it was
proposed that the charged fragment of msss 237 units possessed
structure ( 8.8 ). This required that the fragment of mass 99
mst contain the ¥-lactone and the tertiary methyl group and must
have the formula 05!1702.

H H o
® |
CH, (
8.8

8.9

A unique solution was available in structure ( 8.9 ). Assuming

that both ions have been formed by the clesevage of a 1,2 di-oxygenated
bond, it was possible to propooo structure ( 8.10 ) as a representa-
tion of the compound P.V.T. |
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There were, however, two possible geometrical iscmers for
the above structure ( 8.10 a and 8.10 b ). For comparison purposes
both isomers were synthesised, the former by cemylation and
lactonisation, the latter by epoxidation and lsctonisation of
mycophenolic acid. It was found that the oompound P.V.7 was
identical in all respects to the threo-isomer ( 8.10b ).

Atteapts to ascertain whether the natural metabolite was
optioally active have met with no Sucoess sinoce insuffiocient material
was available to permit exhaustive classical determiriation and
since the compound's high level of ultraviolet absorption remndered
rotary dispersion studies valueless. If the substance were shown
to be optically active it would be of interest to determine its
absolute stereochemistry and thus shed some light on the stereo-
cheaistry of the processes leading to the bdiosynthesis of the
hydroxylactone system. 4

Mioro-analysis and mass speotroscopy indicated that the
molecular formula of the compound P.V.9 ( 6.12 ), 01131806 corTes-
ponded fornally to that of & dehydromyoophenolic acid. The N.M.R.
speotrum of the mtabolita.i with rescnances at 4.76 tau ( phthalide
methylene ), 6.17 tsu ( aromatic methoxyl )"a’md 7.84 tau ( sromatic
wethyl ) confirmed that the -ycopﬁmlip nucleus ( 68.11 ) was present

in the new compound. It was construed that there was no free

- 216 ~



8.11

phenolic hydroxyl at R since the ultraviolet spectrum of fhe
compound P.V.9 was pH independent and since the stretching frequency
of the phthalide carbonyl group appeared in the i.ntnrod spectrun
uMmmumunewﬂumN“ﬂ;mumo
nature of the substance was in keeping with further infrared
sbsorption at 3528, 1748 and 1714 oa™l.

Of the six atoms of oxygen known to be present in the mole-
cule, five had already been accounted for. Since no unexplained
carbonyl or hydroxyl absorptions were detected in the infrared
spectrum, it was assumed ti\at the' remaining oxygen atom was involved
in an ether linkage. It seemed highly probable that this ether
might be located at. carbon atom C-2 of the aromatic ring ( Rl, 8.11 ).

Three of the resonances in the N.M.R. spectrum have already

beer considered, the remeaining features of that spectrum are listed

below:~
8.50 tau mltiplet)t ~C-CH,
7.80 ten multiplet m;
7.45 tau mltiplet 'mz‘fmz"
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4.37 tau doublati J «CHeCH-
3.32 tau doublet) 10.2 c/s.

The most feasidble explanation of this data was that the compound

P.V.9 contained two vicinal methylene groups, one tertiary, de-

shielded methyl group and a double bond system possessing no

gllylic hydrogens.

Ultraviolet spectroscopy revealed tliat in the metabolite
there occurred a chromophore more extensive in nature than that
possessed by mycophenolic acid and its simple derivatives. This
fact suggested that the double bond was in direct conjugation with
the aromatic ring and explained adairably why one of the peaks
in the A.B system ( 3.32 tau ) was so deshielded. The remaining
part of the structure was easily solved. Since the ethylemic unit
can have no allylic hydrogen atome it sust be linked directly to
the carbon bearing the tertisry methyl group. Murthermore, since
neither of the two methylenes had a chemical shift low enough
( circa 6.0 tau ) to be directly joined to oxygem, it must be
assumed that the ether oxygen was also united to the guaternary
carbon and that the two methylene groups and the carboxylic acid
function existed as a p- substituted propionic acid unit ( 8.12 ).

The structural relationship of this 2,2-disubstituted chromene
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8.12

_to mycophenolic acid is immediately evident; the substance has been
W mycochromenio acid.

Close analogies for the N.l.R. absorption of the oﬂwleniq
Protons are available in the chromene systeas ( 6.13 ) and ( 8.14 )

o
CH,40 CH,O OH
OCHy
8

8.13 14

which exhibit resonance frequencies at 3.23 and 4.26 tau and 3.42
: : 21
and 4.21 tau respeotively, the coupling constant being 10 c/s.

The above structure ( 8.12 ) was also completely consistant
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with the mass gpectrum of the compound P.V.9 of which the salient
features are collected in Table 8.,4. It will be seen that apart
from the loss of carbon dioxide from the carboxylic acid and lactone

z8
groupings, the principal fragment ions were derived from "Type A "

4
fission of the methyl and propionic acid moieties from the chromene
nucleus { 8.13 ).

Preliminary attempts to synthesise the compound ( 8.12 ) were
not succeasful. Fyoxidation of ethyl mycophenolate with m-chloro-
perbenzoic acid followed by treatment of>the resulting epoxy-phencl
with strong base or buffer pH 9 in the hope of effecting the sequence

shown below resulted in both cases in the formation of the threo-

hydroxylactone ( 8.10b ). It thus appeared that, even in mild base,

there is a greater tendency towards ester hydrolysis and attack of
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TABLE G.40 MASS SPECTRAL DATA FOR THE COMPOUND P.V,9

m/e

518
503
274

245
230

201

274

21s9
18808

174.6
158.4

"44

- 221 -

3008

5.5
6.4
100.0

~505
54.6

201

Transition

245-230
518-245
503-230
245-201



the epoxide by the carboxylate anion rather than for direct attack
of the epoxide by the phenolate anion. The use of & less labile
acid blocking group such as an aamide and the eaployment of the
didromide rather than the epoxide may well lead to s successful
synthesis.

Before attempting any further work with the compounds P.V.7
and P.V.9 it was important to establish that they were not artefacts
of isolation. This has been done bty means of direct chromatography
of samples of the broth itself and has unaabignously shown the
presence of both metabolites therein. It was interesting to note
that all three of the compounds P.V.6, P.V.7 and P.V.9 begin to
appear about the tenth day after inoculation and rise to a maximum
at about the twenty-eighth day. Chromatography alsc showed that
none of the compounds P.V.6, P.V.7 or P.V.9 were the substances
X and XI reported by Godin as new metabolites of Pepicillium brevi-
Sompactum related to mycophenolic acid.u |

It may readily be appreciated that both the compounds P.V.7
and P.V.9 could be derived biogenetically from mycophenolic acid
by means of epoxidation and lactonisation or ether formation along
the lines of the synthetic approach described above. Since such
& segquence is relatively simple it was considered possible that
the enzymees responsible might be present in the broth. Accordingly
methods were developed und& which samples of broth could be
removed, filtered and dialysed under sterile conditions. Several
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attexpts were made to use such preparations to eonvert mycophenolic
acid to the two new metabolites without any measure of success.
'm failure of this series of experiments mey indicate that the
required oxidases were not present in the extra-mycelial broth or
that essential cofactors had been removed during dialysis. Be that
as it may, they do provide sonclusive ovidm;:é that ths compounds
P.V.7 and P.V.9 were not spontaneous aerial oxidation ar.f.fscta :
of mycophenolic acxd since the experimenta involved tie exposure
of aqueous: eolutiona of mycophenolic acid for twenty dq- to the
oonditions prevailing in the broth during the culture of the mould
and did not result in the formation of chrm or 4by"dﬁxy'laotcnéc
It was noted during these experiments that the dialysed
preparation of the broth contained a species with ultraviolet
absorption similar to thet of & mycophenolic acid derivative.
The probability that it might be a protein~bound form of myoophenolic
acid was heightened when it was noted that electrophoresis of the
dialysed 'pm'paratién revaaled the vp_resem of a protéin with the
charaotexfia,tic ultraviolet induced blue fluorescence of mophenolic
acid and 1tl.derivativa;s.
labelled mycophtemolic acid, derived biosynthetically from
¢!4_formste, 1s currently being groduced and it s hoped to use
this material to furthor investigate the biogenstic problems associated
with the production of the compounds P.V.7 and P.V.9 in Penicillium

brevi-compactua.



Before leaving mycophenolic acid and the related subetances,
it is apposite to summarise their main spectroscopic properties.
~ This is done in Tables 8.5, 8.6 and 8.7. It is interesting to
examine the variation in cheamical shift of the protons of myco-
phenolic acid and its ethyl ester cocasioned by a solvent change
from deuterochloroform to trifluoroscetio acid. If it can be
assumed that the increment of -0.14 tau observed in.the case of
the aromatic methyl group and in the methyl group of the ethyl
ester is the "normal™ increment for such a solvent change, it then
appears that the various protons possessing P oxygen atome
( CH,-0-, cu3-o- ) experienced a larger shift than normal ( -0.25,
-0.30 tau ) while the protons B to double bonds suffered a shift
of opposite sign ( + O.14-+ 0.31 tau ). Both these phenomens can
be explained in terms of protonation in the solvent of high acidity.
Partial protonation of the oxygen P to the methyl and msthylene -
hydrogens can be considered as causing a drift of electrons away
from the hydrogens; thus leading to deshielding. Protomation of
the double bond will lead to a decrease in its deshielding influence
on the protons of allylic methyl and methylene groups and therefore
their resonance frequency will rise.

The details of the solution infrared spectra of the compounds
have already bcen discussed. It may be pointed out, however, that
as potascsium broﬁide discs the metabolites and their derivatives

give rise to a sharp band at 3420-3430 cn™ > due to the intramolecular
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hydrogen bond and to a characteristic triplet systea at 1075,
1036, 966 en~t presumably due to ring vibrations.

The chromatographic behaviour of the compound P.V.10 suggested
that it was an acidj it was therefore esterified snd isolated as
its methyl ester. This yellow, phenolic substance analysed in
acoord with the molecular formula C),H O and was shown by the
normal spectroscopic methods to be the methyl ester of 3,5-dihydroxy-
é-mbonbmoyl methyl ketone ( 8.15 ) ~ & known metabolite of

3
Penicillium brevi-compactum,

Most 61‘ the work now to be described is of a fragmentary
nature and relates to the remaining metabolites of the mould,
the compounds P.V.8, P.V,3, P.V.4 and P.V.11l. The former substance
appears to be the most interesting and from the small amount of
material that was isolated the following data were gleaned. The
compound P,V.8 is & white crystalline, neutral material, m.p. 252-
255°C which analysed in accord with a molecular formula C,,H, Oc.
Evidence to the fact that the substance was a bensoate ester was

obtained from the N.M.R. spectrum of the substance which contained



the typical absorption pattern of the bensoyl group and from the
mass spectrum in which losses of 122 and 105 units of mass were
prominent processes. Thus the formula of the compound could be
expressed in the forms-
( Cogfips0, ) 000CgH

The nature of the four remaining oxygematoms could be deduced
from ipfrared spectroscopy. The carbonyl region of the spectrum
contained two band, the first of which at 1711 cn > ( e 04,Aw 21)
could be attributed %o the benzoate ester. The second occurring
et 1775 en™! (& 480,Av, 22 ) was assigned to the stretching
of the carbonyl of a Y-lactone. A band in the hydroxyl region at
3629 om™? (e 127,Av_§ 43 ) was found to integrate for two hydroxyl
groups, Ths compound P.V.8 thus &ppeax;ed to be the benzoate ester
of a trihydroxy Y-lactone of molecu‘lar-'fom).:a 01532 405. Thie
latter aﬁbstancb contained four double bond equivalents, two of
which mul& be required for the lactone and hence it may well be
8 bicyolic sesquiterpene. The N.M.R. spec_tﬁm of the compound
vas extremely complex and spin decouplingl;feohniques will certainly
be required for its complete enalysis. Hmﬁr, it was noted that
three tertiary methyl groups appearéd to be present in the molecule.

A synopsis of the principa.lﬁ features of the mass spectrum of
the compound P.V.8 is presented in Tsble 8.8 while in Tadls 8.9

an attempt has besn made to comstrucs a fvegmentation st;haaa
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PABIE 8.8. MASS SPECTRAL DATA FOR THE CQ!POUND P.V.8
n/e % a/e %
388 0.3 235 9.5
358 1.1 219 5.8
357 1.1 218 12.0
283 29.3 217 7.6
266 14.2 192 8.1
265 3.6 142 11.3
237 8.4 105 100.0
236 21.2 17 34.0

m* Transition
330.3 388-358
240.0 283-265
209.3 266-236
207.6 266-235
206.5 388-283
202.3 237-219
201.3 236-218
200.4 235-217
182.4 388-266
156.9 237-192
156.3 236-192
155:5 235-192
125.6 192-147

56.5 105~ 17
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8.9. PROPOSED FISSION SEQUENCES OF THE CCfljPOUMD P.V.8

ON ELECTRON BOMBARDMENT

388
558
557
(~coo0')
283 266 267
255
-44
192 192
218 147 147 217
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consietant with the positions of metastable ions in the spectrum.
Apart from the losses of 122, 105, 18* 15 units of maos which have
been previously discussed and an elimination of 44 units of mass
presumably from the Y-lactone, there appeared distinctive losses

of 30, 31 and 45 units of maos. The latter two fragments may point
to the existence in the compound P.V.8 of the primary and secondary
alcoholic units shown below*

~CHQQH

—CHOHiCH.
mass 31

The compounds P.V.3 and P.V.4 were Isolated in very small
quantities indeed and no headway has been made with their structural
elucidation* It appears possible that they are both aromatic
qulnonoid pigment.

The last of the nine principal metabolites of FsnjclIlium
brevi-compacturn to be considered is the compound P.V.1l. It was
phenolic in nature and it was noted that its ultraviolet spectrum

neutrality and also at pH 10 was superposable with that of 5% I

dihydroxyphthalide ( 8*16 ). Furthermore, both substances possessed

8.16
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similar ultraviolet induced deep~blue fluorescence and produced
the same wine coloration with alcoholic ferric chloride. However,
although T.L.C. comparison in three solvent systems showed the
materials to be idontical', they did not possess exaotly the same
lf value in a methyl ethyl ketone, water, diethylamine T.L.C.
system. It seems probable that the compound P.V.1ll is, nevertheless,
closely related to the phthalide ( 8.16 ).

As a conclusion to this chapter there is presented in Table
8.10, details of the T.L.C. Rf valus of the isolated metabolites
recorded in tour solvent systems. It may aleo be mentioned that
during the preperation of C'4 mycophenolic acid from C14 sodiun
formate, autoradiography of T.L.C. plates indioated that a compound
of high specific activity was present in the broth o_i.’ a 10 day
old oulture. It was not present in the culture medium after 19

and 28 days growth.
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PABLE 8.10. R, VALUES OF THE P. BREVICOMPACTUM METABOLITES,

SOLVERT

A B c D
P.V.1 0,00 | 0,35 | 0.55 | 0.34
P.V.3 0.00 | 0o.60 | 0.30 | 0.80

P.V.4 0.00 | 0.42 - -
P.V.6 0.32 | 098 | 0.79 | 1.00
P.V.7 0.00 | 0.39 | 0.34 | 0.43
P.V.8 0,00 | 0.22 | 0.20 | o0.28
P.V.9 0.00 0.12 0.36 0.43
P.V.10 0,00 | 0.00 { 0.3 | 0.35
P.V.11 0,00 | 0.08 | 0.11 | 0.83
Radiqaoﬁve compound - - - 0.22
p-hydroxyazobenzene 0o.11 | 0.75 | 0.63 | 1.00
"isoquinolone yellow" 0.00 | 0.42 | 0.07 | 0.24

Solvente

A Chloroform.

B Methanol ( 10 ), Chloroform { 90 ).

C Benzene ( 90 ), dioxan ( 45 ), acetic acid ( 4 ).
D Methylethylketone ( 460 ), water ( 40 ), dlethylamine (1)|
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compound P.V.9.

Experiments with dialysed P. brevi-compagtun broth.
3,5~-Dihydroxy-2-nethoxycarbonyl-benzoyl methyl
ketone. The methyl ester of the compound P.V.10.
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The coapound P.V.1ll.
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1. GROWTH AND EXTRACTION OF THE MOULD

Penicillium brevi-compactum ( Commonwealth Mycological
Institute No. 49162.) was sub-cultured onto agar slants and thence

to agar seed bottles (15 x 9 cm.). ‘A spore suspemsion, prepared
from 24 such bottles and distilled water ( 2 1.), contained approxi-
mately 7.7 x 107 spores per millilitre. This suspemsion was used
to inoculate 100 Roux surface cultufe bottles which had pz;eviously
been sterilised ( 0.5 hours with steam at 242°C and 12 p.s.i. )
containing 200 ml. of the following Czapek Dox mediums-

sodium nitrate’ ; 0.2

dipotassium hydrogen phosphate 0.1
potassium chloride 0.05
magnesium suiphate 0.05
ferric sulphate - 0,001
glucose 5.0
corn steep liquor 1.0
distilled water “to 100.0

Cultures were allowed to grow undisturbed at 25°C and 70 %
relative humidity, artificial 11lumination bﬁng provided bty Mazde
fluorescent tubes for 12 hours per day. After the presoribed period
of growth had elapsed, the mycelial mate were separated from the
broth, dried at 40°C, powdered in & morter and subject to soxhlet
extraction with acetone for 24 hours. The droth was sti;rod with
charcoal ( 10 gm. per litre of broth ) at room temperature for
‘1.5 hours. Thereafter vthé oharcoal was filtered off ( glass paper )

and extracted in & soxhlet apparstus for 24 hours with acetone.
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The mycelial weights were determined after growth periods
of 8, 15 and 28 days and ,a8 shown below,indicated that an incu-
bation period of approximately 15 days was required to give
maximal tissue production.

Culture age Mycelial weight
( days ) (& /1. brotn )
8 | 9.4
15 16,5
28 123

The average 15 day oulture provided 11 gm. of mycelial extract
from 250 gm. tissue ( i.e. 4.4 ¥ extraction ) and 3.2 gm. of broth
extract from 25 litres of broth ( i.e. 1.3 % extraction ).

The constituents of both broth and mycelial extracts were
exanined by T.L.C. in each of the following four solvent systems:-

A, Cnloroform ( 100 ).

B. Methanol ( 10 ), chloroform { 90 ).

C. Benzene ( 90 ), dioxan ( 45 ), acetic acid ( 4 ).

D. Methyl ethyl ketone { 460 ), water ( 40 ), diethylamine ( 1 ).
The developed plates were viewed in U.V. light ( 2540 and 3510 £ )
and sprayed with 10 % methanolic ferric chloride solutiom, 1 %
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Bredy's reagent and a solution of ceric ammonium nitrete ( 1 % )
in 10 % agueous sulphuric acid. The chromatographic mobilities
and staining characteristics of the nine principal metabolites
are collected in Table 8.10,

The R, values were corrected for plate snd solvent variation
by standardisation relative to the dye mixture of p-hydroxy.
ssobenszene and 2-methyl-~6,7-methylensdioxy-3( 2H )-isogquinolone.

T™he code names P.V.1, P.V.3, P.V.4, P.V.6, P.V.7, P.V.9,
P.V.10 and P.V.11 will be used throughout the text to uniquely
represent the metabolites with Rt values as defined in Table 8.10.

3. C AC 8.3 ). ‘ V.1,

A sample of 15 day broth extract ( 3.4l gn.) was dissolved
in scetons ( 20 ml.), filtered through glass paper and trested with
vater ( 20 nl.). ' Phe precipitated solid wes oéentrifuged off, re-
dissolved in acetone ( 20 ml.) and reprecipitated with water ( 20 aml.).
Gradient precipitation of the resultant solid from aquecus methaaol
gave brownish needles ( 2.16 g., m.p. 136-140°C ) which were treated
with decolourising charcoal and orystallised from a light petroleum:
ethyl acetate system as needles ( 1.08 g.), m.p. 140-141°C ( 1t
141°C ). The substance titrated as a dibasic acid, ok 2.3, pK8 6.2.
Vaayx ( KBr ) 3420, 1738, 1711, 1627, 1207, 1167, 1132, 1100, 1075,
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1051, 966 cu™’.

bpay ( 665 8. CHCLy ) 3516 aa™ (e 55.5,49, 44 ), 3454 oa™
( €95.6,Av4 55 ), 1740 ca™ ( & 1363, oY% 24), 1714 o7

( e490,Avi 19 ). |

Aax ( C8;00 ) pH 2 and 7, 2160 & ( € 41,500 ), 2505 & ( €8,200 ),
3040 R ( 3,900 ).

Agax ( OH;0H ) pE 10, 2280 £ ( € 31,000 ), 2500 & ( € 6,000 ),
3430 £ (€ 6,000 ).

Tau values ( €DCl, ) 4.70 ( 14, t, J=7 o/s.), 4.80 ( 24, s ),
6.23 ( 4, 8 ), 6.60 { 2H, &, JaT ¢/s.), 7.61 ( 4H, m ), 7.86
(%8, s), 8,19 ( 3, 8 )

Tsu values ( CP,CO0H ) 4.59 ( 28, s ), 5.97 ( 34, & ), 1.72
(3, s), 8.35 ( 30, 8 ), complex absorption between 7.0 and
T.7.

Parent molecular ion at m/e 320 = 11“2006

Analysis Pound C 63.90% H 6.32%

Caloulated for C).H, 0, C 63.74% B 6.29%

4. MICOPHENOLIC ACID ACETA

Mycophenolic acid ( 537 mg.) was dissolved in dry pyridine
(110 ml.) and acetic anhydride ( 5 ml.) was added to the chilled
solution. The reaction was allowed to stand at 0°¢ for 63 hours
before being poured onto ice-cold water. The organic materials
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were extracted into ethyl acetate ( 100 ml.) and the ethyl acetate
solution washed with 6N aqueous hydrochloric acid ( 6 x 100 al.)
before being dried and evaporated to give a white solid ( 560.3 mg.,
92 € ). Myocophenolic a.cid acetate orystallised from a light
petroleums etlvl acetate sysm in needles ( 291 qg.), @M. p. 156~
156% ( 1ty 158-160°C ).

Yiox ( kBr ) 1768, 1727, 1624, 1612 (s.), 1196, 1188, 1210, 1133,
1070, 1033 and 970 ca"l,

M ax CHOH ) 2150 ﬁ_( € 29,500 ), 2465 & ( ém.aoo )» 271% £
(€ 1,900 ), 2830 & (& 1,900 ). On basification the speotrum of
the perent acid is obtained. ’

Tau values ('01)015 ) 4.80 '( 2H, s )’. 4.80 ( 1H, ¢, §-6;6 o/8.)s
6,16 ( 38, 8 ), 6.59 ( 2H, 4, J=6.6 o/s.), 7.58 ( 44, m ), 7.75
(3, s),8.17 (38, s). .

Analysis Found C 63.11 4 B 6.07 %

Caloulated for G, H,0, © 62.97 4« B 612%

5. DIHYD C_AC

Mycophenolio acid ( 320 mg.) was dissolved in glacial acetioc
aoid ( 50 ml.) and hydrogenated at room temperature and atmospheric
Pressure for two hours with platimum oxide ( 100 mg.) as ostalyat.
When the hydrogen uptake was complete ( 23 ml.), the catalyst was
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removed by filtration through glass paper. Removal of the solvent
gave & white solid ( 318 mg., 99 % ) which crystallised from an

ethyl acetate: light petroleum system as needles ( 290 mg.), m.p. j
140-141°C ( Lity 139°C ).

v ox ( KBT ) 3430, 1740, 1718, 1623, 1210, 1160, 1102, 1074, 1034,
965 onl,

"m ( CH,0H ) pHeT and 2 2160 R ( 33,200 ), 2510 R ( €8,800 ),
305 & (e 4,200 ).

Mpax { CH;0H ) pH=10 2300 R (& 32,800 ), 2520 & ( € 7,200 ),
3450 & ( e 7,200 ).

Tau values ( CDCI3 ) 74'76 (28, 8), 6,17 ( 3H, 8 )t 7.84 ( 3, 8),
8.86 ( 38, d, J=12 o/s.) complex absorption at 7.2-7.8 and at 8.4.
Analysis Found C 635.24% H 6.84% |
Calculated for Gy Hy0p  C 63.34 % H 6.88%

6. METHYL MYCOPHEKOLATE METHYL FTHER

Mycophenolic acid ( 320 mg.) was dissolved in methanol ( 10 ml.)
and treated with excess ethereal diazomethane for 24 hpura at 0°C.
The crude product ( 329 mg.) wae purified by P.L.C. on a plate
(200 x 200 z 1 om.) uai;:xg 100 % chloroform as the developing
solvent. Methyl mycophenolate, methyl ether wes removed from the
silica by elution with chloroforn, was sublimed ( 180-185°C, 0.3

mulz.) and orystallised from a light petroleum: ethyl acetate aysiem
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as needles ( 108 mg.), r.p. 57-58°C ( lit,:‘ 58%C ).

v, ( KBr ) 1759, 1750, 1602, 1211, 1165, 1125, 1105, 1074,
1033, 966 co L.

Aag ( CH;OH ) 2160 (& 48,300 ), 2490 & ( e 10,700 ), 2940 &

(e 3,200 ).

Tau values ( CX1; ) 4.78 ( 18, %, J=T.2 c/s.), 4.81 ( 2, 8 ),
5,80 ( 34, s ), 6.14 ( 38, 8 ), 6.31 ( 3H, 8 ) 6.50 ( 28, 4, J=T7.2
¢/s.), 7.58 ( 48, m ), 7.75 ( 38, 8 ), 8.14 ( 3&, 8 ).

Analysis ' . Pound C 65.55 % K 6.81%

Calculated for c”n2 26 C 65.50% B 6.94%

7. MICOPMENOLIC ACID, METHYL EFFR

A solution of methyl mycophenolate, methyl ether ( 220 ng.)
in methanol ( 5 ml.) wes treated at 20°C for 16 hours with 4K
aqueous sodium hydroxide ( 2 ml.). After this period the reaction
solution was acidified with 6N equeous hydrochloric acid ( 4 ml.)
and extracted with ethyl acetate ( 2 x 20 ml.). The combined organic
layers were washed with water ( 2 x 40 ml.), dried and evaporated
to give a white solid ( 196 mg.) which was purified by P.L.C. on
a plate ( 200 x 200 x 1 mm.) using 10 % methanol in chloroform
as eluant. Mycophenolic acid methyl ether wase rvemoved from the
8silica by elution with ethyl acetate, treated with decolourising

charcoal and crystallised from an ethyl acetate: light petroleus
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b

SNSRI



system as needles ( 56 mg.), m.p. 110-111% ( lit? 112% ).

v, (EBr) 1760, 1716, 1603, 1295, 1205, 1163, 1120, 1102,
1074, 1036, 964 oL,

Aax ( CB50H ) 2200 & (& 24,500 ), 2500 & (€ 9,700 ), 2950 %
( 2,600 ).

fau values ( cDe1, ) 4.78 ( 1H, t, J=6.6 ofs,), 4,84 ( 284, s ),
5.96 ( 38, s ) 6,21 ( 3H, & ), 6.59 ( 2H, 4, J=6.6 o/s.), 7.61
(48, 8), 7.681 ( 38, s ), 8.19 ( 38, 4, J=1.2 o/s.).

A portion of the broth extract ( 3.57 g.) of P. brevicompactum
was placed on a column of Mallinckrodt silicic acid ( 167 g. 4 x 30
om.y R = 242 ml.) and eluted with & gredient of 50 % benzene :
50 % chloroform ( 1 1.) to 50 % chloroform : 50 % methanol ( 1 1.).
Fractions ( 20 ml.) were taken from a flow rate of 20 ml. per hour
- and were assayed by T.L.C. in the ususl meuner.

The material ( 418 mq.) eluted from the column with solvent
verying in composition from 0.5 % to 2 % methanol in chloroform
contained the compound P.V.6 which crystallised from ethyl scetate:
light petroleum ass plates ( 262 ag.), @m.p. 88-90°C.

Yoy ( KC1 ) 3420, 1736, 1624, 1167, 1130, 1098, 1070, 1031,
970 on™2, |

: ' S|
aax ( 6-0 mt., CHC1, ) 3460 on~! ( €100,Avy 61 ), 1737 ca
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(e 1349,Avé_ 25 ).
Nax (CH;0H ) pH 7 and 2 2190 R ( €36,200 ), 2500 & ( € 9,900 ),
3030 ( € 4,700 ).
Maag ( 0508 ) pE 10 2280 R (€ 34,500 ), 2510 & ( € 6,500 ), 3420
£ (e 7,900 ).
fan values ( cc1, ) 4.73 ( 1H, t, Ju?.2 ofs.), 4.83 ( 28, s ),
5.95 ( 28, q, JaT.2 c/s.), 6.22 ( 30, ® ), 6.62 ( 2H, 4, JaT.2 ofs.),
1.70 ( 48, s ), 7.87 ( 38, 8 ), 8.20 ( 3, s ), 8.80 ( 3, ¢,
Ju7.2 8/8.).
Tau values ( CF4CO,H ) 4.58 ( 28, 8 ), 5.65 ( 2B, q, J=7.2 o/s.),
5.93 ( 3H, s ), 8.51 ( 3H, 8 ), 8.65 ( 34, t, Ju7.2 o/8.) complex
pattern at 7.2 and ;1.9.
Parent molecular ion at m/e 348.
Analysis Found C 65.66% H 7.00%

Cy98, ¢ Teauires C 65.50% H 6.90%

This compound was identical ( i.r., n.m.r., mixed melt )
with a sample of ethyl mycophenolate prepared in 82 % yiefd by
treating mycophenolic acid with ethanolic hydrochloric acid for

24 hours at room temperature.

- X=JACTONE )-2-HYDROXY~6-HYDROXYMETHYL~5-MET:(YL~p-ANISIC
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ACID Y-LACTONE ( 8.10b ). THE COMPOUND P.V.]

s. Mycophenolic acid ( 380 mg., 1.19 mM.) was dissolved in chloroform

(10 ml.) and treated with excess m-chloroperbenzoic acid ( 392 mg.,
2.29 wil.) at room temperaturs for 5.5. hours. Thereafter the solvent
was removed and the crude product refluxed with 6N aqueous hydrochloric
acid ( 10 ml.) for five mimites. The resulting produot was extracted
into ethyl acetate ( S0 ml.) washed with water ( 2 x 50 ml.), dried
and evaporated to give a white solid ( 430 mg.) which yielded the
lactone ( 107 mg., 26 %, m.p. 218-220°C ) after two crystallisations
fron squeous acetic acid.

Yoay ( KBF ) 3438, 1763, 1739, 1620, 1199, 1160, 1136, 1075, 1032,
968 wa™L.

Y oax (.71 mM., cac13 ) 3620 c;n’l (é 54, Avi 56 ), 3451 cq’l
(€120, v, 83 ), 1768 ou™ ( & 786,4v4 30 ), 1141 et (& 1340,
Av 3 24 ). |

A g € CH,08 ) p 7 2155 & ( e 34,600 ), 2500 & ( € 8,600 ),

3040 & ( € 4,200 ).

X pax ( GE,0H ) 55 10 2270 R ( € 38,000 ), 2500 & ( & 7,200 ), 3360 &
(e 7,100 ).

Tay; values ( cpscozn') 4.54 ( 21, 8 ), 5.63 ( 18, 4.4, 3t= 9.6,
Mag2 o/s.), 5.99 ( 38, 8 ), 7.70 ( 3H, 8 ), 8.27 ( 3, 8 ),
complex pattern between 6.7 and 7.4.

Parent molecular ion at m/e 336.
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W’ Found Cc 600 46 % H 5.87 ’
CyqHp00; Tequires C60.71 % H5.99%

b, The fractions of the column desoribed in Section 8 eluted

with solvent varying in composition from 2 ¥ to 13 % methanol con-
tained myocophenolic acid and the compound P.V.7 ( 1.62 g.). The
former substance ( 1.02 g.) was removed Yy orystallisation from
ethyl acetate:s light petroleum and the compound P.V.7 isolated

from the mother liquor by means of two successive P.L.C. operations
on plates ( 200 x 200 x 0.5 mm.) using 10 £ methanol in chloroform
as eluant. The metahbolite was recovered from the silica by ethyl
acetate elution and orystallised from ethyl acetate: light petroleum
as needles ( 268 mg.), m.p. 218-220°C.

This substance was shown to be identical ( i.r. m.a.r., B,

nixed melt ) with the material prepared in "a" above.

Myoophenolic acid ( 580 mg., 1.81 mi.) was dissolved in dzy
sther ( 50 ml.) and pyridine ( 1 ml.) and osmium tetroxide ( 500 mg.,
1.97 oM.) were added. The reaction was allowed to stand in the

absence of light and at room temperature for 72 hours before the
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precipitated osmate ester was removed by filtretion, suspended

in methanol ( 100 ml.) and treated for one hour with gaseous
hydrogen sulphide. The osmium sulphide was filtered off and the
sethanol solution evaporated to give & white #0148 ( 562 mg.) which
was treated for two hours under reflux with 10 % agqueous hydroohloric
scid ( 20 ml.). Thereafter the resction soluticn was extracted

with ethyl acetate ( 2 x 30 ml.) and the combined ethyl acetate
extraots washed with water ( 2 x 60 ml.), dried and evaporated

to give a solid ( 501 mg.) which after four successive orystallisations
from ethyl acetate:s methanol systems provided the exythrolactone

( 52 mg.) as needles, m.p. 215,5-217°C.

Ynax ( kBr ) 3436, 1760, 1740, 1620, 1196, 1160, 1135, 1103, 1073,
1036, 967 ca™>.

Mpay ( CH,OH ) pE 7 2170 £ (€ 31,200 ) 2490 & ( € 8,100 ), 3030 &
(& 4,000 ).

A € CH,0H ) pH 10 2280 R ( 28,600 ), 2490 & ( € 6,400 ),
3380 & (& 6,700 ).
Tau values ( CF,00, ) 4.56 ( 28, 8 ), 5.75 ( 1K, a.d, 3= 9.0,
Mas.2 ¢/8:)y 6,00 ( 3H, 8 ), 7.72 ( 38, 8 ) 8.28 ( 3, e ),
complex pattern betweon 6.6 and T.4.
Apalysie Found C 60.55% H 5.97%

CyqHyo0y Tequires C 60.71 % B 5.99%

The spectroacopic deta for this compound was not identical

‘with data derived from the compound P.V.7 ( Section 9 ).
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The melting point of a 1 : 1 mixture of the two substances was
199-211°C.

11. 2=( 2-CARBO L_)=~2-METHYL~5-METHOXY - 6~METHY L-7-HYDROXY -~

METHY LENE-8-CARBOXYCHROMENE Y-~ LACTONE ( 8.13 ). THE COMPOUND
P.V.9

A sample of broth extract from P. brevi-compactum ( 7.16 g.)
was adsorbed onto a2 column of Mallinckrodt silicic acid ( 200 g.
4 x 46 cm., Rv = 198 nl.) and eluted with a gradient ranging from
benzene ( 1 1.) through chloroform ( 1 1.) to ethyl acetate ( 1 1.).
Fractions ( 30 ml.) were taken from a flow rate of 40 ml. per hour.
Fractions 85-92 provided myoophenolic acid ( 564 mg.) while
fractions 93-95 provided the threo-hydroxylactone ( 120 mg.).
Fractions 96-101, eluted with solvent varying in composition
from 60-64 % ethyl acetate contained a white solid ( 182 mg.) which
after three successive crystallisations from ethyl acetate: light
petroleum provided pure compound P.V.9 as needles ( 36 mg.), m.p.
163-165°C.
Vnax ( EC1 ), 3230, 1770, 1750, 1640, 1615, 1604, 1131, 1073, 1036,
967.
Vaay ( 6:45 ui., CHC1, ) 3528 eal (€ 58, Oy 61 ) 1763 (€ 930,
Avk 25 ), 1748 om™t (s), 1714 ont ( e 310, A\% 28 ).
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L CH, Ol ) 2460 B (& 20,500 ), 2000 R (e 3,200 ), 3215 &
(e 3,500 ), 3325 & ( € 3,000 ).
Tau values ( coel, ) 3.32 (18, 4, J=10.2 c/s.), 4.37 ( 1H, 4,
J=10.2 ¢/s.), 4.90 ( 2H, 8 ), 6.20 ( 3H, s ), 7.90 ( 3H, e ),
7.45 (28, m ), 7.89 ( 2H, m ), 8.50 ( 34, s ).
Parent molecular ion at m'e 318,
Analysis _ Found C 64.24% H 5.70%

°17318°6 requires C 64.14% E 5.70%

12. ATTEMPTED CONVERSION OF ETHYL MYCOPHENOLATE TO THE COMPOUND P.V.9

Ethyl mycophenolate ( 135 mg., 0.387 mM.) was dissolved in
chloroform ( 4 ml,) and treated with m-chloroperbenzoic acid ( 86 mg.,
0.502 mM.) for 7 hours at room temperature. Thereafter the solvent
was removed and the resulting solid treated with 4N aqueous sodium
hydroxide overnight at room temperaiure. Acidification and extraction
with ethyl acotate provided & product ( 79.2 m3., 64 %, m.p. 219-
221°C ) which was shown to be identical ( Re, i,r.) with the threo-
hydroxylactone described in Section 9.

A further attempt in which the sodium hydroxide was replaced

by 8 borate bulfer pH-9 similarly provided the threo-hydroxylacione.

13. EXPERIMENTS WITH DIALYSED P, BREVI-COMPACTUM EROTH
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Under sterile conditions, the broth ( 250 ml.) from a 15 day
culture of P. brevi-compactum was separated from the mycelium, filtered
through glass peper and transferred to a length of Visking tubing
which had previously been sterilised hy irrediation in u.v, light
for 72 hours. A similar procedure was adopted with ons of the
"control” flaske set up with nuterient medium at the time of the
original inoculation. Both preparations were dialysed against tap
vater for 32 hours before being separately placed in two o_torile
inoubation flasks ( 500 ml.). A sterile, agueous solution of
aycophenolic acid ( 300 mg. in 100 ml.) buffered with phosphate
to pH 7.8 was added to each of the flasks and incubation was allowed
to proceed for 20 days. Microscopic examination at the end of this
period indicated that both preparations were still sterile.

Both solutions were acidified with lv}lrochlorlc acid and
extracted with ethyl acetate ( 2 x 400 ml.). On evaporation of the
dried extracts white‘aolida were obtained ( reaction 256 mg., control
280 mg.) which were shown by T.L.C. in solvents B, C and D ( Section
2 ) to be pure mycophenolic acid uncontsminated by the compounds
PV. 7 or P.V.9.

1t may be noted that an ultraviolet spectrsl compaiison of
the two dialysates revealed that the broth contained en entify
absorbing at 2910 and 3090 £. This species may bear a relationship
to & protein detected in an eight day old broth cample by diso

electrophoresis on polyscrylamidegel in tris-glycine buffer.
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fhe protein had approximately the same mobility as the single

protein in the broth sample which absorbs methylene blue.

A sample of 15 day broth extract ( 7.8680 ga.) was placed on
a oolumn of Mallinckrodt silicic acid ( 480 g., 4 x 60 om.) and
eluted with a gradient of 99 % chloroform ¢ 1 % glacial acetic acid
(1.5 1.) to 80 % chloroform ¢ 19 % methanol s 1 £ glacial scetic
acid ( 1.5 1.). Preotions ( 26 ul.) were taken froa a flow rate
of 56 ml. per hour. The columm eluant was monitored by the normal
methods of chess plate and thin layer analysis,

Mycophenolic acid ( 2.854 gn.) was eluted from the column
with solvent varying in composition from 1 % to 3 % methanol and
was orystallised from a light petroleum : ethyl acetate systea
in needles, m.p. 140-141°C.

The substance ( 5.735 gn.), eluted with solvent varying in
polarity from 3 % to 5 % methanol was found by T.L.C. enalysis %
be predominantly the compound P.V.10. A sample of thie substance
( 2.303 gm.) was dissolved in methanol ( 100 ml.) ocooled to 0°C
and treated with excess ethereal diazomethane. Removal of the
solvent after a period of 12 hours gave & brown oil ( 2.813 ga.)
which was adsorbed onto a column of Mallinckrodt siliclc acid
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N ax ( CE,00) rE 10 2300 £ ( € 12,100 ), 2540 & (& 22,500 )

( 100 gn., 3 x 28 cm.) and eluted with a gradient of ether (11.)

to ohloroform ( 1 1,). PFractions ( 15 ml.) were taken from a
flow rate of 30 ml. perhwrmmuwdhthomml.m.

The fraotions corresponding to elution with solvent varying
in oomposition from 8 % to 10 £ chlorofora were evaporated to give
s 80114 ( 1.146 gm.) which, after treatuent with decolourising

charooal, orystallised from a light petroleum : ethyl acetate system
as yellow needles ( 982 mg.), m.p. 137-1368°C.
1oy ( KBF ) 3300, 1708, 1676, 1328, 1268, 1242, 1164, L121, 745 "L,
g (1018 m, cHGL, ) 3585 on? ( €156, 00, 41 ), 3440 ol
(e 29.63 56 ), 1723 ca™* ( € 342,40 14 ), 1707 o™ (& 536,
vé 26 ), 1683 on* (€ 584, Aw, 25 ).
nex ( C8;08 ) §l 7 and 2 21502(: 13,500 ), 2250 & (€ 11,800 )
2540 & (€ 12,500 )

2010 & ( €5,320 ).
Tau values ( CF 3CO,H ) 3.11 ( 1H, 4, J=3.6 o/s.), 5.3 ( 1, 4,
J=3.6 °/9’)s 5.97 ( 38, 8 ), T.32 ( 3H, s ).
Analysis Found C 55.34% B 4.25%
€)1M,,0 requires C 55.47% H 4.23%

15. THE COMPOUND P.V.8
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A sample ( 3.57 g.) of broth extract deriv;d from a 28 day
culture of P, brevi-compactun was placed ‘on a colwm of Mallimokrodt
silioio acid ( 167 g., 4 x 30 cm., R, 250 nl.) and eluted with a
graddent of 50 5 benzene : 50 % chloroform { 1 1.) . to 50.% ehloro-
form + 50 % methanol ( 1 1.) Fractions ( 10 al.) were taken from
a flow rate of 20 ml. per hour and were assayed by T.L.C. in the
usual manner. Solvent with an estimated composition of 15 % methanol
eluted the compound P.V.3 and P.V.4. Two of the nine !‘raotiono
which contained these metabolites also oontained the substance
P.V.8 ( 23 mg.) which after treatment with decolourising charcoel,
orystallised from ethyl scetate petrol ss needles ( 15 »g.), @.p.
252-255°C. |
Yoax ¢ KBr ) 3420 ( broad ), 1756, 1713, 1602, 1582, 1276, 1200,
1160, 1108, 1055, 1035, 964 cn™>. |
Yoy ( 12.8 mi., CHCL, ) 3629 on™! (e 121.0* 43 ), 1TN @
(e 480,8v, 21.5 ), 1711 (& a4,0v, 21 ).

Parent molecular ion at m/e 388.
Analysis Found C 68.41% E 7.08%
022' H,q0p Tequires | C 68.02% H T.271%

16. THE COMPOUND P.V.1l
The broth extracts ( 6.8 g.) from two 15 day cultures of
P. brevi-compactun were combined and partitioned between etiyl



acetate ( 250 ml.) and water ( 250 ml.). The aqueocus extract,
which was shown by T.L.C. to contain the compounds P.V.10 and
P.V.11, was lyophylised and the resultant solid ( 4.12 g.) placed
on a column of Mallinckrodt silicic acid ( 100 8., 3 x 45 cn., R,
120 ml.) which had been thoroughly washed with the solvent system
bensene ( 90 ), dioxan ( 45 ), acetic acid ( 4 ). The same solvent
was then used to develop the column and. fractions ( 10 ml.) were
taken from a flow rate of 25 ml. per hour. The temnth column
volume of solvent eluted the compound P.V.1l ( 335 mg.) which was
further purified by P.L.C. on four plates ( 200 x 200 x 1 mm.)
using 30 % methanol s 70 % ohloroform as developing solvent.

The product ( 101 mg.) was removed from the silioca by elution
with methanol as a gummy solid.

¥ o ( mjol ) 3400 ( broad ), 1700, 1680, 1600 ca™*
Mpay ( CH;0H ) pH 7 and 2 21902(0.3. 1.41 ), 2580 &

( 0. b, 0.81 ), 2930 & ( 0. D. 0.21 ),

Max ( CH0H ) pH 10 2340  (o.p,1.21), 2850 & ( 0. D. 0.89 ),
3160 & ( 0. D. 0.51 ).

17. THE COMPOUNDS P.V.3 AND P.V,.4
Both these substances are highly coloured and their presence

on chromatographic plates and columns can easily be deteoted. The
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combined yield of both these substances from fourteen production
batches of P, brevi-compactum amounted to 142 mgs. A relative pure
sample of the compound P.V.3 wae isolated from this mixture by
P.L.C. on two plates ( 200 x 200 x 1 mm,.) using 10 % methanol
in chloroform. The substance ( 28 ag.) was removed from the silica
by elution with ethyl acetate; it proved to be an oil.
¥max ( CHCl; ) 3590, 3410, 3320 ( broad ), 1777, 1737 ( &),
1712, 1690, 1663, 1618, 1603 om™t.
X pax ( CHSOH ) 2380 & ( 0. D. 1.91 ), 2560 £ ( 0.D. 0.71 ),
4040 £ ( 0. D, 0.32 ).

Insufficient of the compound P.V.4 was obtained to permit

g

spectroscopic examination.

18. DETECTION OF THE COMPOURDS P.V.6, P.V.7 and P.V.9 IN THE
BROTH OF A GROWING CULTURE OF P. BREVI.COMPACTUM
Sanmples were removed from the broth of a growing culture of
P. brevi.compactum every two days and were assayed for mycophenoliec
acid and the compounds P.V.6, P.V.T and P.¥V.9 by T.L.C. with the
solvent systems described in Section 2. Mycophenolic acid wae
detectéd after two days growth; the other substance began to

appsar a.fter 10 days growth.
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