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ABSTRAC?

Fomes roseus (Alb. and Schw. %x. Fries) Cooke is a wood
rotting fungus found in the Provinée of Alberta |
predominantly on Picea (spruce) trer. We have’inVestiQated ?
some qf,the me'tabolites produced by this fungus, b thjin
nature'and in Hiquid culture. The metabolites isolated and
charaCterized fhom the malt culture\Q§oth are linoleic (41),
p- hydroxyphenylacetlc (42), and é hydroxyben201c (43) acids.
These acids have not previously been»reported from Fomes/
species. No triterpénoidﬂmetabolites wére.found in the malt
éulture broth of Fomes Pbseus.

’The cpﬁpouﬁds isolatéd.and!identified fr?m the
qurocarp iﬁclﬁde squalene (1), 1inoleic’aciﬁf(gl),-an

v \

unldentlfled tr1g1ycer1de (44), ergosterol (g§),yéfgosterol
-endoperoxide (46), polyporenic acid-C (47) aﬁd
dehydrdtumul@éic acid (48). The two triterpenoid acids have
been derivatized and chemically'correlated. They have not
pre&iously been .reported from.any species of Fomes.
Conflicting andAinCOmplete reports concerning polyporenic

. acid-C and dehydrotumulosic acid, the result of A

‘ contamihation by the A*-congener and other olosef; related
inseparable compounds, required a detailed study of these
‘acids in order to assign the 'structure with certainty. The
oxidation of polyporenic acid-cC to the corresponding ketone
using tetrakis (pyridine) silver dichromate has been carried

out. To our knowledge this is the first report of an

oxidation of a secondary alcohol by this reagent and an
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improvgd work up pfocedure has been developed. for this
¥ oxsdation. The results of antibiotic biassays of various
impure me)abolites,'pure natural products, and their

analogues are described.
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1. INTRODUCTION

Our forests are an important natural resource. Wood is
used as construction material and as a source of péper,
chemicals, combustibléé and energy. Since decay of wood and
control of forest diseases are matters of greét economic
importance, an understanding of the chemistry of substances
produced by wood rot is desirable.

Apart from bécteria,'wood rot is brought about by a
large number of fungi, which, with only a few exceptions,

e.g., Xylaria polymorpha from As¢omycetes, belong to the

 class Basidiomycetes(1). The following fémilies of

‘“ -varieties; F. annosus , F. allardii, F. applanatus, F.

{s ‘pdrennial.’

B

Basidiomycetes are especially impoftant: Agaricaceae,
Hydnaceae, Thelephoraceae and Polyporaceae.

The reported Polyporaceae of North America are o
comprised of 8 generé, 235 species, and 12 varieties.
Fomes 1is the second largest genus of the family; The «
Poly?qfaceae.also include the genera Polyporus, Lenzités,
Cyclomyces, Daedalea, Hexagona, Tnametes,/and Favolus . The
most obvious difference between the genus Fomes and the
largest genus of the family,.Polyporu§,'is that the
basidiocarp of the latter is annualranéNthat of the former

NS . . . .
bV "The genus Fomes manifests itself in over 47 specles and
v g P ,

5

fomentarius, F. juniperinus, F. officinalis, F. pini, F.

-robiniae, F. senex, F. fastuosus, and F. roseus being the

more common species. The taxonomic status of Fomes roseus



(Alb. and Schw. ex. Fries) Cooke is summarized in Table 1.
Fomes grow in various habitats and this reflects the

\

fact that the genus can adapt to varying env1ronments in
nature.’éﬂe dlverse mode of nutrition (parasitic and
saprophytic) enables members of the genus to gtow on a wide
variety of host material,

Fungi which inhabit wood may be broadly divided into a
number of groups based upon the nature of thelr development.
in and on the wood and upon the type of changes or
deterioration for wh{ch‘they are responsible. fhese groups
are listed below; |

a)‘wood destroying fungi, the*host economically
important group, 1nclud1ng the three types of wood rot,

b) wood sta1n1ng fungi,

c) moulds.

The dévelopment of the.decay producing fungi depend upon a
number of faétors: ‘

a) suitable fooa éﬁpply,

b) suffici;nt moisture,/ : ¢

c) small amounts of air, and

d) favorable temperature.

Deficiency %n any one of these requirements will inhibit the
growth of the fungus. The fungus secretes enzymes and other
© organic éompéunds'thereby‘breakihgrdown the wood cell wall
constituents and transforming it into food. ,

The composition of wood cells consists mainly of

cellulose and lignin., The actual effect of the fungal attack



r
Table 1
~“Taxonomic Status of FOmes roseus
Group Fungi
Class Basidiomycete
Subclass : Homobasidiomycetidae
Order _ Agaricales
Family" _ Polyporaceae
g %enus o . Fomes
s -
§ S owegpecies roseus '
J



o

will vary with the substance which is affected. The
cellulose component of wood is light in colour, soft, tough,
and has a great affinity for wager; while the lignin
component of* wood is dark in colour, hard, brittle, ‘and has
little affinity for water.

Wood rotting fungi play an ecologicaily importént role?
by causing the decay of wood, tﬁus promoting the.cyclingngf; oy

v b

elements otherwise held in an inert and unavailable form.

The three type of rot associated with the wood rotting‘ wﬁﬁu
(destroying) fungi are the following:-‘ ;

1) white rot (lignin decomposers of wood)

2) brown rot (cellulose decomposers of wood)

3) hole orwgollow rot (lignin and cellulose decbmposers
of wood).

Brown rot sometimes occurs after whiﬁe rot in the same
tree but white rot seldom'f;llows broﬁn rot..Wood rot may
also be classified as root, butt, stump, trunk and\top rot
to indicate that‘portion of the tree which is attacked.

Fomeé roseus , a type of brown rot most frequently
found on the top (branches, stem) of the'trees, 1s commonly ,
called "Brown top rot". Fomes roseus grows widely in this
province on treéé of the genera Pjcea, Pinus, Larix, Abies,
Juniperus, Pseudotsuga, Tsuga and is occasionally found on
hard woods such as Betdla, Populus, and Prunus . However,
most of the Fomes roseus causing wood rot in Alberta is |

found on Picea (2).

Fomes roseus has been reported to occur in coniferous and



.mixed forests of North Ameriéa(3,4), Mexico(5), Japan(6),
Britain(7), Scandinavia(8) and the European U.S.S.R and
Caucasia(9%s{f , (\ |
' The fruiting body of this fungus is called a
basidiocarp or in general terms a sporocarp. Foresters
usually refer to it as a "conk". The basidiocarp is sessile,
convex in shape, and ranges from 1.5-10.0 cm in diameter;
0.9-7.0 cm in height and 1.3-3.0 cm in depth. The pileus
surface of the sporocarp varies from pale cream to brown to'
charcoal black. The context is pink or rose in coldur. The
tubes show varying degrees of stratification and a rose -
coloured hue similar to the context. The sporocarp occurs
either alone (solitary) or in groups on the substratum,.
These are woody tb corky, and never coriaceous as are the
basidiocarps of a similar species, Fomes cajanderi. The wide
variation in the appearancé of the fieﬁd specimens of F.
’Poseus can be attributed to environmentally induced
variation in the pattern and intensity of pigmeng deposition
between the hyphae of the basidiocarp causing a gewildefing
range'of colouration and texture. -~
Basidiocarp morphology in nature and in culture is used
as a criteria for identification of various genera and
species. In cases of ambiguous identification, this method
can be supplemented by chémotaxonomical methods. The
comparison of thin layer chromatograms of thd[extracts of
various speéies in resolving taxonomic problems in'

Basidiomycetes is in vogue (10-15). Currah (2), following a
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chemotaxonomical approach, has reported that F. roseus and
F: Cajanderi are more closely related to each other than to
other species and should be placed in one taxon. His
conclusionkwas based upon ultraviolet spectral data and
colour reactions of the fungal extracts. His clarificatggn
of the taxonomic status of the two species from a
chemosystematic point of view is speculative. More valuable
chemical information can be obtained if the organic N
metabolites of the two species under discuésion are
investigated and identified. Such an approach to producing
taxonomically useful chemical profiles has recently been
attempted (16, 17). Our interest in this species.arosg out
of the work of R. Currah of the Devonian Botanic Gardéns,
who had carried out a preliminary study of the metabolites
of Fomes roseus (2). Furthermore, early reports (16, 18) of
triterpenoids in wood rotting fungi coupled with their
structural'diversity and biological propertiesldiscussed
below stimulated us to search for biologically aqﬁive
organic compounds., Such’compounds may be important in
enhancing our understanding of the chemistry of wood rot.
Moreover, the usefulness of these metabolites in the control
of forest diseases is a possibility. From the human
viewpoint fyngal metabolites continue to command interest
because of the possibilities of finding new drugs, e.g.,
cyclosporine. Recently at Michigan State University it was
claimed that wood rotting fungi turn toxic dioxins, DDT and

PCB's into harmless chemicals (19). A literature review of
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chemical compounds igylatéd from varioyg species of Fomes is

-

?resented in Table 2.
< \ .
1:1 Tetracyclic triterpenoids and thej, piological activity
The triterpenes are part of the family of natural
productg called "Polyprencids’. They are a group of natural
products containing thirty to thirty ope carbon atoms in
their skeleton. Their structures can pe considered as being

derived from sgualene (1) by cyclizatjgp and other

’

reactions such as methylation, oxidatioh' etc. The wide
occurrence in nature and the structura) gjversity of
triterpenoids has evoked considerable jpterest in their
Eiblogical activity. Recently a number .of tetracyclic
triterpenes have been isolated and have peen Shown to
possess marked biological effects, e.g., antimicrobial (15),
antineoplastic (19), and plant growth inhfbition properties
(18-23). ’
Tetracyclic triterpenoids are an important group of

.compounds and are structurally closely related to the

steroids. Most of them contain a perhydrocyclo-



- Table 2

Compounds Isolated From Various Fomes Species

F. allardii Cervisterol (25), ergosterol (25),

ergosta-5,7,22-trien-3-8-01 (25).

F. Jjuniperinus Fomecin-A (26) and fomecin-B (26).
F. fomentarius Fomentariol (27), dehydrofomentariol
\ (28), anhydrofomentariol (29),

i

anhydrodehydrofomentariol (30),
ergosta-7,22-dien-3-f-0l1 (31),

)

5,6-dihydroergosterol (31).

F. applanatus (24S)-24 methquholesta-?,
16-dien-3--ol (33), 24 £-24 methyl
5-a-cholest-7en-38-0l1 {33),
ergosta-4,6,8'"*, 22—tetra—en-3—ong
(34), and ergosta-7,22-dien-3-one
(47).

F. pini Lanosta—8—en-3ﬁ—oln(31),

. 24-dihydrolanosterol (31), and

laposta-7,9''-dien-38-0l1 (31).

F. robiniae 1, 4-dimethoxy-2-nitro-3,5,6
trichlorobenzene (35) and

drosophilin-A-methyl ether (35, 36).
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" F, officinalis

q».

N
Pinicolic acid-A (37), senexdiolic
acid (37,38), senexanpl (34,35) -
senexdione (37,38), and bxidosehexone{

(3 38)

' Dehydrgebur1c01c acid Ketope (39),

‘3—Ketedohydrosu1phuren1wﬁac1d (40),
'ebur1c0d1®1 (41) ‘eburical (41),

off1c1na11c ‘acid (42),‘polyacetylenes

(43), eburicoic acid (39) suiphﬁrenic-

b'ac1d (45) 38, ' °

.Gﬁ-dihydroxy44 4,14a- tr1methyl ‘

'A'—Sa pregren 20 one (40),
ergosta—4,6,8" , 22-tetraen-3-one -
(46); eburicol:(44); dehydroeburicoie
acid (39) and | |

24- methylene dlhydrolanosterol (44)

‘(+) -~ Fomannoxin (48), 6- methyl

dehydro-a- lapachone (49), fomajorin-s
(50), fomajorin-D (50), 7a, 8B-11-

trlhydroxydrlmane (50 51),

: ergosge 4 7, sztrlen 3 one (31)

: 5 f07myl 3 hydroxy 2

1sop#openyl 2,3- dlhydro benzofuran
(50), S

(3



F.fastuosus

10

45-forﬁy1-é*1~(1—hydroxy?1—methyl
ethyl)-2,3-dihydrobenzofuran (50),

S-formyl-2-(1, 2 dihydroxy- 1 methyl
éthyl)- 2, 3-dihydrobenzofuran (50),

- S-formyl-2-(1,2 dihydroxy - 1 methyl

ethyl)-2, 3—dihydf3§§nzofu:an (50),

hexatriyne (52), ergosterol (31),

ergosté—S,7)22—trieﬁ43B-dl @EQ),
ergosta-7,22—dienf35—oi (31) ang
5,6—dihydroergosterol (3%).
Ergosterolr(32), 2,3:5,€-tetrachléro-

1,4-dimethoxy benzene (32), and

lanosta-8,25-dien-_3-01 (32).
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pehtanophenantﬁrene skeleton (2), analogous to that of the
steroids but with varying substitution patterns. The main
tybes of tetracyclic triterpenoids are listed in Téble 3.
The. onoceranes (9 are a group of tetracylfé'
triterpenoids which are grouped sepérately: Although the
onocerins (10) and'(ll)rmay appear to be more closely
relatéd to pentacylic triterpenes, they are neyertheless

tetracyclic. Onocerins have been isolated by extraction from

‘'such plants as Ononi's spinosa and Lycopodium clavatum (18).

- The structural s}milarity between the tetracyclic
triterpenes and steréids_toge;hef with their wide
distributibn has prombted the develonent of‘a éonsistent
system of nomenclature. Definitive rules fof steroid

nomenclaturevhave been described (53). The steroid a, B rule

is followed in tetracyclic triterpenoids i.e., the

. i . . <
‘substitutents Ccis to the C-19 methyl group are said to be §;

substituents trans to that methyl group are a. The numbering

pattern is presented for the lanostane skeleton (6).

TanAc+raral [173Y 36 an amiiles fuinma amand [10)Y AnAd 4~
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’ ‘'Table 3
« Typ £ tetracyclic triterpenoids
Skeleton Compound numbe;
Dammaranev - 3
Tirucallane 4
Euphane 5
- Lanmostane 6
Cucurbitane yi
Fusidane (Protostane) 8
Onocerane 9

T
LAY
NV
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To our knowledge no cytotoxic activity has been. reported for

1ano§£é—7,9“diene 38-0l1 (dihydroagnosterol, 17). However,

the 3-keto- and the 2%5- or 26-hydroxy derivatives of
lanosterol are not cytotoxic. Ikeda et al.(55-57) have

reported various biglogically active lanostanes of

Neamatoloma fasiculare, for examplef fasiculols A-F (18-23),

R, R, R.

H H CH,

H OH CH,

H OH CH,0H

H OH CH,
o X OH ' CH,0H

H OH CH,0H

(18)
{19)
(20)

(21)

(22)
(23)

Where, X = CH,OCOCH;NHCOCH;C(OHK)(CH,)CH,CO-

(Depsipeptide moiety)

Compounds 18-20 possess the uncommon a-glycol groups at

"Cz2.3, Cz24-25, while compounds 21-23 are triterpene esters

possessing the novel depsipeptide moiety and rare 12-a-OH.

All fasiculols (19-23) with or without the depsipeptide

molety exhibit approximately the same plant growth

inhibitory activity against Chinese cabbage seedlings. The

activity of compound 18 was one-fourth that of the other
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fasiculols (19-23). This sﬁgggsts that the C-12 hydroxyl
group is important for biologi;él activity and that the C-21
hydroxyl group and depsipeptide moiety make little
contribution to growth inhibitory activity. The
antimicrobial activity of‘fhe fasiculols (18-23) have alsJ
been reported.mTo be active against. Staphylococcus aureus
and Kiebsiella pneumoniae the fasiculols require the
presence ofhkhe depsipeptide moiety since-the fasiculols
(18-20) themselves are inactive. -

" The cucurbitacins.present a more varied biological
activity. These compounds are acrid, bitte: substances
present in.mé%y medicinal plants, which find use ih various
traditional Pharmacopoeiae as vefmifuges, narcotics,
purgétives and emetics, for the treatment of dropsy,
dysmenorrhea, malaria and to cure necrotic wounds (18). The
cucurbitanes usually occur in nature as glycos;des.

Cucurbitacin-E (24) shows antitumour properties (18).
~ Kupchan et al.(59) isolated two new cytotoxic cucurbitacins:
isocucurbitacin-D (25) and 3-epi-isocucurbitacin-D (25a),
from the'dried plant and ground leaves of Phormiun tenax.
Compounds 3§ and 25a showed tumour inhibitory properties
against KB cgl} cultures. Moreover, the latter compound 25a
was aétiVe aééinst P-388 lymphocytic leukemia in mice. The
ethanol extract of dried leaves showed cytotoxicity against
cells derived from human carcinoma of the nasopharynx.

Tessier et al. (60) studied the toxic African plants of

the family Euphorbiaceae and reported that the sisolated
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R1=OH'R2-H 2__5

| R2'OH.R1=H 2_5'3
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éucurbitacins killed HeLa cell culture within 3 days and
inhibited mitosis in Alljum sativum meristems. Jolad et al.
(61) observed that the crude chloroform soluble fraction of
the ethanol extract of the leaves of Bursera Klugii
(Burseraceae) showed antineoplast;c'activity against two
test systeméé éhe P-388 lymphocytic leukemia (3PS) and human

/ ’ ~
epidermoid carcinoma of the nasopharynx (9KB),

The activity of the extract wés shown to be caused by
sapelin-A (26) and sapelin-B (27).

Anisimov et al. (62) have studied the
structure-activity relationship of 1? dammqrane-type
triterpenoids. Various dammarane triﬁerpenoidé, panaxoside-A
(28), panaxadiol*3-yl—B-gluco-pyranos%dm (?-) and
dihydropanoxoside-A (30), when tested for early
embryogenesié of the seaurchin, caused anomalies in the
embryo development: notably arrest of eqg division and
blastomerelysis. In addition compdunds 28-30 displayed
cytostatic acéivity. ' o

Physiologically active substances are found not only
among tetracyclic triterpenes themselves, but also among
certain df their derivatives. Ourisson et al. (54) reported
that a mixture of A* and A’ ¢''’ (60:40) lanostane J
compounds, viz., 31 + 31a, 32 + 32a, 33 + 33a, and 34 + 34a
showed notable cytoxicity in vitro on cultured hepatoma
cells. | .

Fusidic acid (gé) 1s an important antibiotic which is

partichlarly useful for the treatment of staphylococcal
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infection (63, 64). It is produced by ther fungus Fusibium
coccfneumeand possesses the unusual trans,. syn, trans
stereochemfi}ryof rings A, B and C. This resultg in ring B
adopting a.Boat conformation. Fusidic acid locks active
cation transport across the cell membrane (6%), a function
of Na*K* adenosine triphosphatase: Fucidin, the registered \
trade mark for the crystalline sodium salt of fusidic acid,

is an antibiofic highly active against staphylococcal .
infections and which does not produce significant toxic
effeéts. Fucidin in combination with other an;ibiotics have
shown synergism and antagonism against various strains of §.
aureus. Both synergy and antagonism have been shown in vitro
with the penicillins, and synergy gas been shown with
tetracycline, lincgmyciﬁ, clindamycin and othéf'antibiotics.
Plasmid mediated and chromosomal mutation resistances have
been repélted with fusidic acid (65-68). Fusidic acid is
active jn vitro against many gram positive bacteria,
Nocardia, Mycobacter ium, N&lssema species and some

anaerobic organisms (68,69): Fusidic acid and its 24,
25-dihydro derivative inhibit polypeptide chain elongation

by binding to ribosome§\j635. The steroids of the fusidane
family resemble bile salts. Encouraged by the biological
potential of fusidic acid (35), workers searched for other
fusidane triterpenes. New biologically active members of the
fusidane class, compounds 35(a-d), 36, 36a, 37, have been
isolatéa (64, 69, 70). W. V. Daehne et al. (69) haveﬂstudiedﬂ

the structure-activity relationships in fusidic acid-type

~_,
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antibiotics. . o
Cephalosporin P, (38), helvolic acid (39) and

helvolinic acid (39a) have similar antibacterial spectra
(64, 65). Fusidic acid (35) inhibits-protein synthesis,
cephalosporin,P, (38) does not incorporate iﬁto‘proteins.

Kaise et al. (71) have isolated viridohinic acids-a, B
-and C;-compounds-gg, 40a andngég,-respectiveij, ﬁrom a

I

Cladospor ium species. These metabolites resemble
;ephalogporin'P} (38) in that they also possess the “
interesting biological property of inducing chlorosis in
higher plants.

This thesis descfibes‘wofk which has led to the
isolation énd structure determination of various metabolites
isolated féom the culture broth and the fruiting body of
Fomes roseus . As‘well,_the biblogicél activities of various

extracts; pure components and their analogues are described.

'
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2. RESULTS AND DISEUSSION

2.1 Malt oulture broth

" Fomes roseus (strain B-58, UAMH 4787) was obtained from
the Department of Botany, The Unlver51ty of Alberta and
ideftified in the laboratory of Prof. L. L. Kennedy. F.
roseus was cultured following éseptic techniques in liquid
nutrient media to produce large ouantities of crude
extracts. The medium for the growth of this fungus was
selected em§1r1caliy for a suitable carbon source, a
nlt:ogen source and 1norgan1c ions. Growth fagctors, such as
\érowth temperature, ligﬁt/dark'conditions and static’
(still)/shake (fermentor) conditions were selected
arbitrgrily. Longer inoubation is needed as most of the wood
rots have a slow growth, |

‘Shukla (72) studied the development of Fomes IgnlaFUS
var popullnus in culture and reported that this fungus grows
well on malt extract at 27°C for 30 days. This is in

v

agreement with our observation of the growth of F, Poseus .
The growth of F. roseus was carrled out in either
liquid v-8 medium or malt extract medium in Fernbach flaske

for 4 weeks axrd 7 ueeks.VOf‘the two common culture
techniques, stiilAand shake, still culture conditions were
- preferred over the use of fermentor because the still

conditions more closely mimic some of the natural conditions

of growth for F. roseus

27



28 .
{ .

The fungus was harvested by separating the mycelium
frbm the bro#h. The myceiium was air dried and é#trécted
with ethyl acetate in a Soxhiet extractor. The ethyl acetate
was removed in vacuo to give the mycelial extracts (170 -
810 mg/L). The broth was concentréted in vacuo (5L/9L to 500
~mL) and then continuously extracted with ethyl acetate. The
ethyi‘acetate was concentrated to éive 0.32 - 1.58 g/L of
crude metabolites. The yields of mycelial and broth extracts
obtained under varipus growth conditipns are summariéed in
Table 4. It is cleéf frqm Table 4 thaﬁlthe fungus prbduces
larger quantities of metabolites when grown on malt extract
than when grown on V—8.extract.

The ' malt extracts of F.;boseus were darker in colour
ahd had a different odor than the V-8 extracts of-.F, Po%éus.,
Due to the differences in the yield.of metabolites, (Table
4),'£ogether.wi£h tﬁe biological activity of the various
extraéts ﬁhé malt broth extract was gélected for separation .

. . »
studies.

2.1.1 Isolation and identification of metabolites

.Flash chromatbgraphy S} ethyl acetate extracts 6f 4
weeks 0ld malt broth extréct,(0.64 g) of F. roseus. over
silica gel gave 14 fractions éach of which was a complex
mixture'when examined by thin layer chrométography (TLC)
over Silica gel. One of the least polar pinkiéhjcolodred

fractions (15 mg) showed a less complex TLC and was selected

for.éttempted'purification. The fraction was subjected to
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G:owth

medium

Quantity
of the
medium

(liters)

Time of
growth

(weeks)

e e - - — - ——— ———— - = ——

Broth , Mycelium

metabolites metabolites

V-8 extract
Malt extract

Malt extract

0.39 -0.49
0.64 0.38
1.75 0.90
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centrifugal chromatography (CC) overlsilica gel and eluted
with various combinations of ékellysolve B and diethyl ether
(3:1, 2:1, 1:1,100 mﬁ each). A number of fractions (1 mL
each) were collected and one of these fractions gave
component A (1.5 mg) as a yellow oil.

:The high resplution electron impact mass spectrum
(HREIMS) of componenﬁ A shows a molecular ion at m/z 280
corresponding to the molecular formula C,8H320,;' and the
presencerf three unsaturation equivaleots.

The. Fourier transform infrared spectrum (FTIR) of
component A shows a broad hydroxyl absorption band’
(3600-2400 cm~') and carbonyl (1710 cm-') absorption
characterietic of a carboxylic acid. Weak absorption at 1610
cm™! euggests the presence of olefinic functionality in the

iy . ~d

‘molecule." .

The proton nuclear magnetic resonance spectrum ('H NMR)
of component A d1splays 4 olefinic protons at 65. 37 as a
complex multiplet, four high field methylenes [(62 80, 2H,
m), (52.36, 2H, t, J=6 Hz), (6 2.04, 4H, m), (& 1.37, 14H) ],
and a mefhyl groupﬁ(é 0.94, 3H, vt). This data suggests that
component A is the common dienoic acid linoleic acid (gl);
The presence of an acid oroup at the terminal position of
the chain in compouhd,il can be demonstrated by.ﬁhe loss of
a C,H,0; unit (60 amu) from the molecule giving rise to
fragment C,¢H,, in the mass spectrum. This unit ano the
resultlng fragment arise by cleavage f to the carbonyl group

'All molecular ions were determined by high resoluonn
electron impact mass spectra.
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through a McLafferty rearrangement. Most naturally occurring
fatty acidé have an even number of'c;rbon atoms and compound -
(41) is no exception. A comparison of componeﬁt 41 with an
authentic sample of linoleic acid confirmed that they were
identical. Treatment of, compound (41) with ethereali

diazomethane gave methyl linoleate (41a). The 'H NMR signal

assignment for linoleic acid (41) is shown on the diagram

below.
O
5537 , "
516 —_—
5099/’\\//\\\//::=\\//c==a\,/’\\»//ﬂ\\//\\\ “on
A 8205 8 2.80 5236
R = H 41

R'icﬂa, 41a

The extract of 7 week old malt broth was taken upﬁin
water and extracted with Skellysolve B to remove fatf; acids
and triglycérides (800 mg). The residual extract was further
paftitioned with diethyl ether, the diethyl ether extract
‘was concentrated in vacuo and then triturated with
chloroform. Most of the brownish ﬁetabolites'dissolved
leaving a light brown insoluble residue (50 mg) which.was
subjected to flash chromatography using polarity gradient
elution with vérious combinations of benzene: diethyl ether
and diethyl ether: methanol. Tﬂe less polar fraction (Rf
0.31,\benzéne: diethyl ether, 1:1) from the column gave 6 mg

of colorless crystalline component B, while one Jf the less
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complex polar fractions contained 10 mg of impure cémponent
C. Component C was purified further by flash chromatography.

The HREIMS of component B shows a parent ion at m/z 152
cofresponding to the molecufar fo:hula &.H.O,, and the
presence of five unsaturation equivalents. The loss of COOH
from the parent ion to give a fragment ion C,H,0 in the mass
spectrum suggests the presence of an acid functionality in
the molecule. The HREIMS also shows peaks at m/z 79, 77
which are characteristic of a phenyl ring.

The FTIR of component B shows a broad band 3540-2400
cm”' and carbonyl absorption at 1707 cm"' characteristic of
a’carboxylic acid functionality. A phenyl ring is further
indicatgg by bands at 152§‘and 1518 cm~'.

The&fH NMR shows a low field methylene Signal at &
'3.53(5,2Hf?3doublets at § 6:29 (J=8 Hz,2H) and & 7.14 (J=8
Hz, 2H) indicafiye of para substituted aromatic‘moiety. Two
D,0 exchangeabie protons at § 10.6-12.3 and 6 12.68 were
also observed.'Thq spectral daté‘suggests that component B
is Q-hydroxypheny}écetic acid (ggf'énd that assignment was
confirmed by comparison of component B witﬂ an aU;hentic

R ", ¢
sample of 42. The 'H NMR signal assignment for

1
pP~hydroxyphenylacetic acid (42) is showh on the structure

below, L
51145679

h’:zea ‘ ?.
HO CH;—C—0OH
2 & (106-123)

2
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The mass sbectral~fragmentation pattern of compound 42 is
described in scheme A,

Compound 42 forms a methyl. ester, 42a, upon treatment
with.ethereal diazomethane. Treatment of compound 42a with
acetic anhydride and pyridine gave méthy} O-acetylphenyl

acetate (42b).

| o
tH '
o )—erto
‘ 3

R=H 42
R-Ac 42b

p-Hydroxyphenylacetic acid (42) has Been isolatéd by
Crowden et al. (73) from the culture bfoth of Polyporus
tumulosus. Compound 42 is used in the fluorometric
determination of oxidative enzymes (74) and used recently as
the peroxidase substrate in the enzyme immunocassay (EIA) of
insulin in serum (75). This is the first reported isolation
of 42 from a Fomes species. )

Fhr;her purification of component C gave a white
crystalline compound (mp 208-211°C) which is soluble in
benzene, diethyl ether, acetone, and.methanol.

The HREIMS of component C shows a molecular ion at m/z
138 corresponding to fhe molecular formula C,H,O;, and the
presence of five unsaturation equivalents. The loss of a
hydfo#yl group from the parent ion with the conseqguent

formation of an aromatic acylium ion, C,H;0,, is the

<%



Scheme A : The mass spectral fragmentation pattern of

p-hydroxyphenylacetic acid (42)

34
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dominant fragmentation in its mass spectrum,

The FTIR of component C shows a broad hydroxyl
absorption band (3600-2000, peak at 3388. cm-') and a
carbonyl absorption at 1674 cm™ ' characteristic of &
carboxylic acid functionality. Further support for an
aromatic ring is given by absorption at 1585 cm-'.

The 'H NMR of componenﬁ C shows two doublets, one at §
6.91 (2H, J=B Hz) and another at & 7.91 (2H, J=8 Hz)
indicating an A.X, spin system. These data suggest that
component C is p-hydroxybenzoic acid (43) ‘and this
identification was confirmed by comparison with an authentic
sample. The 'H NMR sign?l“assignment for p -hydroxybenzoic

acid (43) is shown on the structure below.

6691 5791

HO Q-OH

- ¥ p-Hydroxybenzoic acid (43) has been isolated by Crowden
et al. (73) from the culture broth of Polyporus tumulosus
but has not been reported from any specieé of Fomes .

- Compound 43 is present in the hydrolysates of certain leaves
and has been shown to be an acylating group attached to the
constituents of’cell walls (76). Moﬁocotyledons have been

reported to contain either compound 43 or its glycdﬁide (77,

78). Hillis reported the presence of this acid in lignified
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tissues or those containing many dead cells (79).
The components isolated from cultures of F. roseus

(malt broth extract) are summarized in Table 5.

[ -

2.2 Sporocarp . .

2.2.1 Approaches to the isolation of metabolites from the
sporocarp of F. roseus
The basidiocarps of F. roseus were collected from
fallen spruce in August 1982 and Abgust 1983 'in Drayton\\//
Valley. The basidiocarps were identified by Dr. R. S.

Currah, Devonian Botanic Garden, The University of Alberta.

The fungus was air dried and wood shav

ings adhering to the
G

basidiocarps were removed to prevent c¥dgmination. The

fungus was then subjected to Soxhlet mction with ethyl

‘o

acetate.OVarious attempts were undertak8 Nto simplify and
separate the extracts from the sporocarp of F. Pdseus.
Initially chromatographic separation.of the ethyl acetate
;xtract of the funqus over Sephadex LH-20, followed by slow
column chromatograbhy over alumina (Skellysolve B} ethyl
acetate) was attempted. The separation proved to be very
laborious and inefficient, No purification was possible. The
second attempt to separate the fungal extract involved
direct slow column chromatography over silicd gel using
gradient elution with various solvent systems, e.g.,

Skellysolve B: benzene and benzene: ethyl acetate. This

purification attempt also proved futile since the fractions
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Table 5

v CoTponehts'isolated from cultures of F. roseus (Mait broth -

extract)
e i S Er T
Comenent Time of ' Chromatographic
Isolated .growth : ! ‘ Separatibn
' ‘ . N\ ‘
(weeks) £ technique N
Component A - g Flash and CentifugglﬂPTLC) v
‘Componenf B 7 Solvent partitioning and flash
: . = Su A '
Component C 7 , Solvent>par%§tidning and flash
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were shown to be complex mixtures by TLC. Because of the‘WQ
complexity of the extracts, p:eliminary separation by ’
solVent partitioning was qttempted;'The'powdered fungus‘was
extracted successiigly with solvents in o;aer of‘polarityvto_
give 5 extracts!5viz.} Skellysolve B (1), diethyl ether

(11y), ethyl aceéate‘(lll), methanol (IV), and waﬁer (V) as
shown in Scheme B. Both Soxhlet extraction and solvent
extraction using a mechanical stirrer were carried out.

These methods yielded comparable quantities gf’metabolites
(Table 6), however, the Soxhlet extraction afforded extracts
~which were.darker'in color. The residue rema{;ing after
extraction with water was spongy, material which Qas
insoluble in most organic solvents and was discarded. Since
the TLC profiles'of extracté I-V from Soxhlet extraction andﬂ
of -extracts I-V from solvent extraction by mechanical
stirring wére identical, the variousvektrqcts wer§ combined
for"fufthe:'sep?ration»studieé. Chromatdgraphic'separatién

of the metabolites present ;n each - of the extracts -V did
ot appear pro:?§$ﬂg at this point since many compounds (up
to 40) “were sho;n to be present when the extract was
examihéd.by TLC. Thus further fractionation of extracts I

and 11 by separaEion into acidic, basic, and neutrai
fractionsawés undertaken (Scheme Cf.”Table”G'dépicﬁs the

guantities of extracts of the sporocg}p'of}F. roseus while

schemes B and @ show the extraction processes employed.



Table 6 L .

Extracts of crude metabolites from the sporocarp of F. roseus

) Quantity obtained (g) Composition of total extracts (g) *
Extracts , Colour : ,:nu-l;wnuwqulxln«ruu||'|n|||:||||uu14|||_||||L||||-|:l-llllllnuunﬁluwm ||||||||
- w C moxjwm» Mechanical Total - Strong . N zmmr¢ RS
extraction Stirring Acids >0wam mﬁcﬁvm_m
J 2 (from 75g) .. (from 75g) AmToa 150g) s . ww . . )
© o (s) , (MS) (S+MS) o N
Skellysolve B I " Yellow . 4.1 42 8.3 4.5 ‘ e
U_mn3<_ mﬁlmﬁ II White to yellow l%a‘o 33.4 mWwa‘ 20.1 umun
Ethyl acetate III Brown . 2.0 2.3 Amm s
Methanol 1V . . . » Dark brown . 3.4 3.2 . 6.6 ‘ IR
. water V Dark brown 2.5 15 4.0
M IIIIII O S
Overall efficiency of extraction = 60.4% o . . -
- “ 4 -

o

B

e



SchemgTB

Ext ract V/

%

Sporocarp

. Extract I‘r”//////

.

 Skellysolve B

Diethyl ether

s Extract 11

Ethyl acetate

e

>'Methanol_

~‘Extract 18%

Water

Residue

(Discarded)

: Flow chart of the extr

[]
action scheme from the

sporocarp of Fomes roseus (-continued)
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Extract I L

'~ Triglyceride (44,
K\\s‘ib component D)

: ' | Scheme C
Extract"‘_‘———'/_-—’a_x—iNase
la “1b ' ,
(acid) T w (neutral)

X

Lindleic acid (31, Squalene (1, component H

component E) Ergosterol (45, component F)
. Ergosterol peroxide .(46, component G)

Extract 11
CH szz . "3

Extract lle —sComponent J

B Scheme .
Extract“"’—/—‘;fN’Base
11a , 11b. | i

(acid) .. (neutral) o

Pblyporen&c acid-c (47) '
Dehydrotumulosic a%gang),

-

Extract Xtract
Ilw L 1l1s

' (weak acid) (strong acid)

ik

Scheme B continued
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Extract 1 and Extract 11

5% NaHCO, ‘
| e
{ge - T~a i
Weak acids, neutrals Strong acids
and‘bases ' _ RCOO"Na",
(Orgénic layer) ' (agueous layer)

5% NaOH | | a) 20% HCl

b) Extract with

+u ethyl'écetate

Strong Acids ”

Neutrals and eak acids'm

bases (ArO-Na*)
5% HCll 5% HC1 ’
¥ o
‘/)/\\ Weak acids
Neutrals\‘ Bases o . K
BH'Cl-

a) 10% Na,CO, 7 \\\

b) Extract with ethyiacetate

Bases

Scheme C : Flow-chart of acid, base and neutral extraction



investigationé of othef spécies"of clbsely related genera
had revealed that the nonpolar extract contained
triterpenoids, Chromatographic separations of extract I b
column and/or flash chromatography over silica gel were ﬁ
enqouraging. Complex fractiénS'were obtained even'after
répetitive chromatodkgphic separations. Only component D
isplated during these separation attempts. Accordingly,

' extraét 1 was separated into acidic (Ia) and neutral (1b)
compounds (Scheme C), then subjected to-éhromatography.
Table 7 lists compounds isolated from the various

Skellysolve B extracts.

2.2.3 Isolation and identification of component D

Cdﬁponent D was obtained from extract 1 of the
sporqcarp by a laborious procedure (see experimental)
empioying one sﬁandard and-twb flaéh chromatogfaphic
sepa;ptién procedures to give 5 mg of pale yellowish oil
which appegrs as a single spot by TLC.

“The FTIR of;component D shows absorptions at 3010Acﬁ;
" (vinyl C-H stretch);, 2953-2854 cm™' (saturated C-H stretct
1745 cm™" (ester cag?ényl)'and 1660, 1600 cm~' (C=C
stretch). The 'H NMR s?ectrum (Figure 1) of this maierial
shows a péttern charadteristic:of'unsaturatig triglyceride

(80), with peaks at & 5.38(m, 9H) and 6 4.23(2xdd, 4H). oOr

of the nine protons at 6'5.38‘corréspdnds t~ the C-2
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Table 7

Compounds isolated from Skellysolve B extract (I, la and Ia)

of the sporocarp of F. roseus

Method of ~ Components
Extract Used | , Chromatographic Isolated
| separation “
.
Direct Skellysolve B (1) Column and D
flash column
Acidic Skellysolve B. (la) Column and | E
flash column ;ﬁi
Neutral Skellysolve B (Ib) Column, flash ‘;f?f*k F
and PTAC,
Coiﬂﬁaﬂand | “\ G
'§ZZQ§\\' flash column
Column and H

flash column
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Figure 1 200 MHz 'H NMR spectrum (CDOC1,) of triglyceride awmv.
/ .
S S . i\rre :x—:F L \ J UL flf.\Lf
1 i 1 1 1 1 1 i
8 7 6 5 4 3 2
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hydrogen of the glyceggde {Ragment. This proton was shown to
be coupled to the prot&ns at C-1 and C-3 of fhe‘triglyceride
fragment (& 4.24) by decoupiing experiments. The other eight
protons at & 5.38 correspond to.olefinic protons of the acyl
residues. This was shown by dolee irradiation experiments
since saturation at the doubly allylic and allylic hydrogens
of the acyl residues at 6§ 2.81 and & 2.06 respectively led
to decoupling at & 5.38. This implies that methylene
interrupted unconjugated diene —CH;—CH=CH—CH2-CH=CH-CH2-
units are present in thé acyl chains. The signals at & 2.34
and &6 1.66 correspond to th; methylene protons a and 8 to -
tﬁe ester carbonyl reépectively. Finallyv the‘signals at § .
1.35 and 6 0.94 correépond/fo satur;ted;methylenes and
terminal methyls resg%ctivély. In the 'H NMR of component D
there are no D,0 excﬂénggable prétonslgFigure }a). The
preceding informatioﬁ defines component D as a triglyceride
(gg)'with acyl residues at the three pésitiong of the
glycerol backbone. The fact that the iﬁtggration for the
signals at & 1.66 corfespondsvto 8H instead of 6H and & 2.06
‘integrates for 10H instead of 8H indicates that the
triglyceride is not a‘single compound. Since no molecular
ion was observed from HREIMS, low resolution electron impact
mass speétrometry (LREIMé) fast atom bombardment. (FAB) and
chemical ionization mass spectrometry (CIMS), it is
difficult to write the structure for this component.

However, four kinds of fragments representing four types of

- cleavages possible in the molecule, are observed in the
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Figure

ta

200 MHz D,0 exchange '‘H NMR spectrum (CDCI,) of triglyceride (44)

-
-
1
-
-
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HREIMS,

(1) Fragments containing five oxygen atoms, which represent

the loss of an acylium ion from the triglyceride e.g.

C.\oHs JOS

(2) Fragments containing four oxygen atoms, which are formed

by loss of a terminal acyloxy fragment from the triglyceride

T
d 1 o _E_
T e SN ST
3 b—o-Con, O-C=R,

(3) Fragments containing three oxygen atoms which are formed

by the loss of the acyl residues at C-1 and C-3 of the

N
trlglycflde é g., Cz]Hg.OJ, C2|H3703, 919H37O;.

‘ o
o r— 0=C-R ] +
1 - < >
.Z-E‘-o—_ : -~ lz ¢

(4) Fragments containing one oxygen atom, which are formed

by the cleavage of the ester -CO-0O- bond are shown below

h

o) 1 O~-C-R
) 1 e *
lz'C-O— o] —_— '1 - Ct0
Lod,

e€.g9., Cy9H330, Cy4,H3,0. B
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Two fragmentation mechanisms are known to be operative
(77). One is favoured at C-1 and C-3 and the other at C-2 of

the glyceride backbone. : N

¢

~—, +
N
L 0 L 2
aCoDel aR  w—— - - e
s) R clofE-x e, ¢ mosCeR ki
H
-
H (O .
4 .
b) R-C-0;C-R ——— R-CH_=0 ° ¢ OKC-R ¥ .
Y 2
H

In conclusion, it is evident that this o0il is a mixture

of triglycerides which differ in the relative position of

the acyl residues and/or by their composition.

~

A representative structure (44)for the triglycerides

can be written and assignment of the 'H NMR spectrum is a%

follows. , , -
ba2a B 5200 5166 8335 .82«068538 d2e
O 02 - dog
5 qkz—-o—c—CAZ—caz-—(.Hz‘ 2~—cv~:m—-cHZ—CH:Cﬁ—cH2_f:Hl &

5ﬁi—o—@—<wy—cw—L§k—03 | -
H—CH—H. ) —CH—CH=CH -

ﬁro—ﬁ—cz H—H g H —{Tﬁmzak{%4u?{3

: a4

Such triglycerides play a vital role in life. They are
major form of energy storage for plants, animals and

microorganisms.
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2.2.4 Isolation and iden;ification of component E

Compone%t E was isolated form Extract Ia by column and
flash‘column chromatography as a pale yellowish oil and was
identical (TLC, FTkQ, 'H NMR, HREIMS, etc.,) with linoleic
acid (41) isolated e;?lﬁer/;rom the 4 we%ks old malt culture

broth.

2.2.5 %solation and identification of components F, C and H

Extract 1b which'was a complex mixture on TLC, was
chromatographed over silica gel using gradient elution
(Skellysolve B: CHCl,) to give three partially purified
ffactions. The most abundant fraction 1 (50 mg) was purified
by flash chromatography (Skellysolvé B: CHC},) followed by
preparative thin layer chromatography (benzene: diethyl
ether) to afford component ;'as a white solid (5mgq), mp
160-164°C.

The'HREIMS and CIMS results indicate a molecular weight
of 396 am: corresponding to the molécular formula Cz.H..O,
and the presence of seven unsaturation equziflents. The

'géragmentatlon pattern of the molecule is. glﬁllar to that
7w°rep05;ed for ergosterol.
" J‘The-FTIR shows a broad absorpt;on band at 3400 cm-'
cﬁéracterlstlc of an 1ntermolecularly hydrogen bonded
hydroxyl and oleflnlc absorptions: ét 3040, 1660, and 1600
cm™ ', '

- The UV spectrum of component F sbows maxima at 262,

271, 282 and 292 nm diagnostic of a conjugated homoannular
/



A
R
diene (81).

The «'H NMR of component F is very informative. It shows;
two quaternary methyl s1nglets at 5 0.66 and 1.00 and four
secondary methyl doublets at f 0.87(J=7 Hz), 0.89(J=7 Hz),
.b.95(J=6.5nHz) and 1.08(J=6t5 Hz). A carbinolic proton at &

%.68 (m,1H, w,,z=i2 Hz) is characteristic of the 3a proton.:‘

]
|

Slgnals at’ 6 5.58 (44, J 2.5 and 6 Hz, 1H), 5.39 (ddd

- J=2.5, 2 5 and 6 Hzy 1H) ‘and 5.25 (m, 2H) are aHﬂ' shown in
the ,'H NMR spect;um. Tnese s1gnals are characterlstlc_of
olefinic protons. Based n the ‘above spectral information,
component F was 1dent1f1ed as . ergosterol (45). The
Ldent1flcat10n was conflrmed by comparlson with spectra of o
, authentlc material. : o
The ‘H\fMR s1gna1_assi§nment of some protons of

, : ~
ergosterol (45) is shown on the structure below.

6 5.25

”

Thls is a characterlstlc fungal sterol and has been

- isolated from various. genera of fungi (82).
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Purificatlon of“fractidn 2 (20 mg) by flash
' chromatography (benzene:'diethyl ether) gave component G as
whlte crystals (3 mg), mp 170-174°C. |

The HREIM%;of component G shows a parent ion at m/z 428

correspondlng to "the molecular formula C,8H4 403, and the

presence of seven unsaturation equivalents., Loss of oxygen

from the mdlecular ion gives rise to the most afg;‘
fragment'(CzaH“uO), a fragmeptation tHat.is‘char:TTeristic
of an endoperox1de. The remain#gg fragmentatlon pattern
‘follows that of ergosterol (44); This suggests that
component G 1s closely related to component F,

| The FTIR of component G shows the‘presencepof a broad
hydroxyl ahsorption at 3400'cm" (aeSOCiated OH) The 'H NMR
© of component G (Flgure 2). is very 1nformat1ve. 1t shows the
_presence of two 51nglet methyls at 5 0.83 and 0.89 and four
methyl doublets at § 0. 84 (J=7 Hz), 0.86 (J=7 Hz), 0.91
h(J 6. 5 Hz) 'and 0. 99 (J—6.5 Hz) . An)axial carbinolic proton
at 8 3.97 appears as a multiplet (W,,,=14 Hz). Furthermore,,
two vicinal olefinic protons seen as a doublet of doublets |
at & 5,22 (J=7 16 Hz) and 5 14 (J=6.2,16 Hz) indicate the

resenceuof a tPans substltuted double bond. Two other
~.olefan1c%protons appear as a doublet of doublets at §-6.24
'and 6.50 with a coupling constant of 8 Hz. Based on these'
“spectral properties, component G was identlfied as
ergostErol peroxide (gg). Thls‘was confirmed by comparison

of spectra of 46 with spectra of authent1c ergosterol

peroxide., The 'H NMR signal assignment of some protons of

.
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Figure 2 : 200 MHz 'H ZID.mUmnnﬁcaﬁgnon_uv of ergosterol
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peroxide (46)

19



ER i
PR

5¢

eréosterol peroxide (46) is shown below,

Ergosterol peroxide (46) is a known fungal metabolite

——

-

which’ until recently has not been considered biologically
active (83). It has‘been shown_%b be effective against
._@Q@atoma\tissue.culture (HTC), Zzajdela hepatoma cells, an
Cinfections ascite cell strain, and normal 3T3'gells._

| A low'polarity fraction (20 mg) from column
chromatography of extract 1b was subjected to further -
pur1f1cat1on by flash chromatography (Skellysolve B CHC1,).
Compenent ‘H (10 mg),was‘lsolated as a pale yellowlehloiI‘
which-streaks.on TLC The HREIMS of component H shows a
molecular welght of 410 correspondlng to CioHso, and the

presence of six unsaturat1on equivalents are thereby
i,

Koo

“indicated. »
| The FTIR of H shows‘olefinic absorption.(3057 1667
cmff) and saturated C-H stretch (2965-2854 cm-'),
The 'H NMR of component H (Flgure 3) dlsplays a complex
, multlplet at 6 5.14 for v1nyl1c protons,y Qﬁpad multlplet

at & 2.04 for allylic protons and v1nyl¥§ methyls at § -.63//
{

. ‘ . N . - \)
A B
. P )
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Figure 3 : 200 MHz 'H NMR spectrum (CDC1,) of squalene
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and 1.60&$Based on the above épéctral infofhation, component
vaaé thought to be squalene (1). éomparison of the spectral
properties of compqnenf H with that of an authentic sample

.confirmed its identity. The 'H NMR signal assignment and MS

fragmentation of 1 are shown below.

' 2.2.6 Separation of Extract II ’ )

Extract Il is a complex mixture (at least 25 éomponents
by ?Eé) which could not be simplified after repetitivev
chfohatographic separatibns. The extract was separated into
acidic (extract Ilw + Ils) and neutral‘(eitract 11b)
components in the usual way. Attempted separation of
extracts (Ilw + IIs) by silica gel chromatography was
unsuééessful. Esterific&tion of extract Ilb with
diazomethane in efher gave extract Ile which gave several
fractions upon gradient slow column chromatbgraphy (silica
.gel:lelhént 1~5%*§H,OH in CHCl,). One such fraction was
purified to give component J (5 mg) as a white solid, ;b >
300°C. Component J is a terpenoid of molecular formula

‘CasHs 007 whose speégggl and some chemical properties are

described in the experimental. Due to the small guantity of
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the sample, component J was not investigated further.
i

2.2.7 Separation of components k and L from extract I1b.

Extract IIb céntains a mixture of as many as 14
compoﬁénts as revealed by TLC analysis. It waE found that,
slow column chromatography of extract IIb was much more
efficient as a éeparation techniqhe_than.flashv
chromatography. S:andaré column chrbmatography (silica gel)

was carried out according to the elution scheme in Table 8.

In this way reiatively pﬁre component K (8mg) and a less

b

complex mixture (3.5mg) containing component L was bbtainedt

Further purification of combonenE'L from the mi%ture was
aéhieved by chromatotroﬁ centrifugal chromatographytks%
CH3;0H in CHCl;) to gi&e component L (1.5mg) as a white
solid. In an improved and revised elution schemé (Table 9) -
Component K (20mg) and a mixture containing domponeﬁt K and
L (15mg) was obtained.§Component K (7mg) and component L
(5mg) were ‘easily obtained on purificatioﬁ of the mixture by
PTLC (multiple elution, ‘5% CH,0H in CHCl,). Component K is
one of the'major medium polarity components, while componént
L is one of the minor more polar components'of Extract IIb,
. 3}
2.2.8 Identification of Componenth as Po}yporenic ;cid-C‘
(47) g “ \
- Component # is a white solid melting between 268-272°C
(Cdiour chdnge occurring at 245-250°C). The compound shpw;y
y D

7 .
L35 AN

- , , LA
s ’ R ,
. . “ . ﬁ )
. . . B 2 .
? : i .
. . E

v
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Table 8

Elution profile for the isolation of component K and

component L from Extract“b (1.59)

Solvent Volume (mL) Componenf isolated
Skellysolve B (§K53) 750 . “ Complex mixture
Sk.B: benzene 72:{ & 1:1) '750,eégh : Complex mixture
" Benzene ' ‘ 500 - Comple% mixturé
Bgnzeﬁe; chlorofofm (2:1 750 each . Complex mixture
& 1:1) |
Chloroférm ' 7 750 Complex mixture
.T%'Methanol in chloroform 750 Complex mixturé
2 and 3% Methanol in 750 Component K
chloroform — |
4% Methanol in chloroform 500 Component K and L
5% Methanol in chloroform 550 Complex mixture
7.5,30,15,20,25%>Methanol 500 each Complex mixture
. in chloroform , _ | Complex .mixture
, Methanol : 500 Complex mixturé

The polarity and volume of the solvents used was decided on

the basis of the visual development of the fractions on TLC.
e . !
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Table 9

Revised and improved elution scheme for the separation of

component K and L from Extract IIb (2.0g)

Solv;ﬁt Yolume Component isoiated
(mL)

Chloroform S 1000 Complex mixture

1% Methanol in chloroform 750 Mixture

2% Methanol in chloroform 1000 Component K

3% Metﬁénol in chloroforﬁ 2000 Compe#nent K

4%kMethanol in chloroform 500 Component K and L

5% Methanol in chloroform 1000 Component K and L

Methanol ' ' 1500 Complex mixture

_——_———_.—.——.——._—_—-_—————__—_..__-__-....___.._._,....__-—_—_..—_____-—..
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weak activity towards Staphylococcus aureus, S. epidermidis
and'Candida albicans. It is a highly s;éble, UV active
molecule and is unaffected when left at room temperature for
prolonged periods of time. It does not streak on TLC as is
characteristic of most carboxylic acids.

ComS%nent K has been‘isolated from the neutral fraction
extractillb. It shows optlcal act1v1ty [a]D +13,75
(c=0.0008 g/mL, CHCl;) ‘The biological activity together
Qithfits structural complex1ty makes component K the most
:intefésting metabolite isolated from théﬁsporocarp of Fomeé
xv/‘OSéUS
| The HREIMS of compoment K indicates a, parent peak at
482 amu correspondlng to g molecular formula .of C31Hn509 and
the presence of nine unsaturation equ1valents.]Thls weak 1on
was conflrmed as a molecular 1on by CIMS u51ng ammonla as a
carrier gas. The C;, molecular formula suggests that
componént@K may be triterpenoid in nature. Furthermore, wood
rotting fungi belonging to the family Polyporaceae
(Basidiomycetes) are a rich source of triterpenoids (16,

18). The fragmentation pattern in the HREIMS of component K
‘shows the'absence of dominant fragments arising from the
cleavage of ring bonds which are characteristic of
pentatyclic fritefpenoids. That component K may be a
tetracyclic triterpene i; suggested by the HREIMS €7
fragmentation pattern in which the loss of the side chain

(CeH150,, 327 amu) and characteristic ring D cleavage

fragments (é,gstO, 270 amu, which includes loss of a methyl
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as well) are observed. Further support for the tetracyclic
nature of component K arises from the '°C NMR spectrum which
shows 3 pairs of olefinic carbons at & 155.4(s), 144.3(s),
142.2(s), 120.5(d), 117.2(d), and 106.7(t) and two carbonyl
carbon resonances at § 217.6(s) and 178.7(s). This accounts
for 5 of the 9 unsaturations implied by the molecular
formula. As all the unsaturated functional groups are firmly
established, component K must contain four rings.
Tetracyclic triterpenes are known to possess the
dammarane (3), tirucallane (4), eﬁphane (5), lanostane (6)
cucurbitane (7), or fusidane (8) skeletons. The UV spectrum
of component K shows Amax (CH,OH) at 237 (log e 4.15), 244
(log e 4.22), and 252 (log € 4.05) nm; These values clearly
indiéate the presence of a heteroannular transoid éonjugated.
diene syStem; Thus the dammarane (3) and fusidane (8)
skeletons are ruled out for component K since such
structures cannot accomodate a heteroannular transoid diene.

. -
Tirucallane (4, euphane (5), lanostane (6) and cucurbitane

(7) skeletons are consiéered to be possible skeletons for
compoﬁent K. Thetpossibility of cucurbitane (7) skeleton for
component k has been ruled out on the basis of .'H NMR and
circular dichnoiém (CD) data. The amplitude and sign of CD
measurement is in agreement with a structure having Sa
configuration. The 'H NMR of component K clearly shows five
tertiary methyl groups as singlets. Typical UV absorption

maxima of lanostane and euphane A™'(''’ partial ring systems

(18) are as follows



62

Amax 236, 243 and 252 nm Amax 232, 240 and 247 nm

‘The UV data shown above clearly rules out the
tirucaliane (4) and euphane (5) skeletons for component ﬁi

rand supports A’ f'') lanostane ring system.

The FTIR of component K shows the presence of a broad
band extendiﬁg from 3600-2400 cm~' with a noticeable peak at
3350 cm-' (associated OH stretching). Moreover, the stroﬁg
bands at 1714 cm-' and 1680 cm~' confirm the presence of two
carbonyl groups in .the molecule. The carbonyl absorption at
1714 cm- suggegts a six membered ring ketone functionality,
possibly at C-3 in keeping with the fact fhat the majority
of triterpenoids‘have oxygen functionality at that position.
The FTIR absorptions at 1640hl895 and 840 cm- ' suggest the
preéénce of an vinylic methylene group and a trisubstityted
double bond. Finally} the'presénce'of an isopropyl group was
suggested by the pfesence of peaks at 1380, 1170 and 1138
cm™' in the IR.

The 'H NMR of component K (Figﬁre 4) is very
informative. It displays vinyiic hydrogens at § 5.52 (J=7
Hz, 1H) and & 5.37 (J=7 Hz,1H) as broad doublets. Two broad

' singlets at & 4.8(1H) and 4.74(1H) further confirm the

i
»
B



Figure 4 : 400 MHz 'H NMR spectrum (CDC1,) of polyporenic acid-C (47)
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preseno“wfgxa vinylic methylene group, A carbiny} proton
appears at&a’@ms (ddd, J=1.5, 5.5 and 9 HZ, 1H). The @ R

exhibits five tertiary methyl resonances at & 0.67, 1.10,
8. o
1.12, 1,14, and 1.19 (s, 3H eacdl) and two sed®ndary methyl

i 7

- ﬁ%ﬁﬁéaonances at §1.01, 1,03 as doublets (J=7 Hz each).

The ’?C NMR spectrunﬁpf component K shows -the presence
of thirty one carbon atoms in‘the molecule: 9 quaternary
carbon singlets; at & 217.6, 178.7, 155.4, 144.3, 142.2, e
48.8, 44.8; 7 tertiary carbon doublets at § 120.5, 17.2,
76.7,‘56.9¢55035, 46.9 and 34.0; 8 secondary carbon triolets
at § 106.7,-43.3,~§6.7, 35.5, 34.9, 32.3, 30.5, and 23.7;
and 7 primary carbon quartets at 6. 26.0, 25.4, 22.9, 22.5,

22.1, 21.8 and 17.2.

e
Cons:ideration of the '*C NMR signal multiplicity

\

indicates the presence of*44 hydrogens directly attached to
pl

”ca bons 1n component K. Since this metabolite contains a
total of 46 hydrogens (by HREIMS) it, is evident that K must

contain. two exchangeable hydrogen atoms. The phy51cal

spectral propertaes mentloned above allow us to speculate-
. _

~that. compone?t K may be polyporenlc acid-C, a fungal

metabollte 1ncompletely characterlzed in earlier reports

(54, 84 85 as)ra

(N
In'orderfto verlfy and assign the structure of

component R as polyporenlc ac1d C (47) further analysis of
spectral propertles and addltlonal experiments weré
undertaken.!"

e e -, —_—— . ——

zMult1pl1c1ty was determlned on the basis of "carppet
spectrum”
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In the FTIR of component K the- a551gnment of the .
carbonyl at 1680 cm“ to be that of a carboxylic acid rather
than an enone was verified bY‘examining the UV spectrum,

Ac1d base shift studies reveal no change in the shape of the

UV absorptlon spectra ThlS behav1our 51gn1fres that the

kconjugatlon does not 1nvolve a carbonyl functlonallty and

.a:) [

_the MM trans1t10ns assoc1ated w1th the UV absorption owe.

.thelr or1g1ns to a con]ugated dlene. That the diene 'system

present in 47 (Amax 237 (e 14155 244 (e 16§§5) and 252 (¢

10965) nm) is a heteroannular tran501d dlene is suppo?ted by

~

the fact that ﬁ?teroannular and aCYClIC dienes’ have € values

between 8000 20, 000. Since e“Values are dependent on the”
‘square of the chromophore length S trans dlene maxlma are 2

more ;ntense,than those of S-cis. For example, Component F a

o ‘-'- \ . ) . v\\ ' . .
S-cis diene, shows ¢ values of Amax' (CoHsOH) 262 (e 7200), -

“« -

271(eiizsoo 282 (e 11800) and 292 (e 6500)nm The UV

of the der1vat1ves of component 47 show similar
- -

/ Rmax values for the ohree bands in the Uv with the central

absorptlon band be1ng more 1ntense thanlthe bands at low or

high wavenumber. :A closer Qpaly51s reveals that the

perturbat1ons assoc1ated WIth kmax values due to structural

ﬁ.changes-ln the der1vat1ves of 47 (47a?f,’ 8 48a—b) dlfg%r

by a few nm S w1th the relatlve 1nten51ty of each of’ the : 4 ‘
. » : s - «

3,

‘th;ee bands 51m11ar to that of compound 47 A’ tszcal UV

"spectrum‘of a A”“" dlene system 1s shown in Figure 5 The‘ :

¥ /
rangg of kmax valueS'ln the derlvatlves of 47 agd 48 are

shown ‘below. - - S S
o ‘ ’ o~ ) oo : N ' ' 4

LI . %
o i . o .
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234-237nm (Intense band)
243-244nm (Most inﬁ%nse'band)_
251-252ng (Least inteose band) 4
Recently M. ﬁirotani et al. (87) reported the UV
spectrum of perennlsporlol (50) whlch has the A’““"_
lanostane skeleton. In the UV of 50 the intense and least .
intense bands appeqr at 232 and 254 nm respectlvely, whlle
1naall %@her similar compounds the UV values are. 1n
agreement with the tgend we observe for 47-and its
derlvatlves |
Proof of the position of the ketone€ in rihg A and the
fistereochem/stry at the AB ring junction of 47 1s borne out
by ORD- co” studles. The ORD shows a plain p051t1ve curve as

is usua®ly observed with A’?('') dienes of the lanostane

series. The CD curve shows only one absorption which is the
: - . . L : :

: donsequeuce of the-aSymmeeric environment of tmﬁ éerbOnyl
;chromophore of'47. Generally carbonyl compounds exhibft weak
oV absorption (n 7% transition) whlth permits rotatory
.dispersion measurements through the reglon of makimal
absorption. (88) The Cotton effect typlcal of the optlcally

active n%ﬁi transition of the saturhgsd ketone in the 300 nm

region is exhibited at [¢lsos = —483.78°._The amplltude\and
sigu of tbeVCD ofigZ“is in agreement with ~ »
733ketoi4,4id&methyi:5a—compounds, i.e., -

—~4,4- dlmethylcholesta 3- one, 4 4rd1methyld1hydrotestoSterone,

and 4,4,17a- tr1methyld1hydrotestosterone- ). A list of

Cottonneffect pﬁrameters (51gn and amp\ltude) of varlou§

"



partial ring structures are shown in Table 10. Thus ORD-CD,
UV data define the stereochemistry at the AB, CD ring

junctions and at the C,, side chain. This information

supports our structural assignment of polyporenic acid-C

o~
v

A a
™

(47) for component-K
| The '°C NMR’ chem1ca1 shift of sp? hybrldlzed carbons in

the A”“" diene of several lanostanes and compound 47,

47a, 48a etc are listed in Table 11. The '°C values (§) of

A’ 011 diene moiety of 47 agree ciosely,with other reported

compounds (17, 49) as shown in Table 11,

FJ

Acetylation*and»methylation studies of ~component K-
‘conclusively"’ demonstrate the presence of hydroxyl and

carboxyllc ac1d groups in the molecule. Esterlflcatlon of

2., , X

component K with CH Nz/ether glves 47a% The IR spectrum of .

47a does not show the 3200- 26ﬂ®u;"' band -but absorptlon due

6.
2 ﬂ'atphlgher frequency‘(3418n>

to hydroxyl stretchlng is obs

cm").VAcetylatlon of componen K with acetic anhydflde and
iy .
- pyridine forms an acetﬁl derlva ive’47b, the IR spectrum of

S—

which shows that the characterlstlc acid band (3200—2600)e

cm™'-is retained, while‘no_band at 3850 4m-° is obsgrved.
The 'H NMR of 47a shows metﬁylﬁester-resonance at 6‘3.70'(5
'3H) while 47b shows acetyl methyl resonance at 6 .06 (é;
3H). Thus 'H NMR and FTIR. studies conflrm the presence of
.hydroxyl and carboxyllc ac1d groups in component K. )
In order to prove the p051tlon and stereochemlstry of
the hydroxyl group in 47, OdeatIan dehydratlon,
acetylation reactlons together wfth a'literatupg_Search.were'_

i R

\ ot
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Table 10
List of Cotton effect (sign and amplitude) in various
'partial ring structures )
______________________ e e e e ——
Structure : : Sign ~ amplitude
'3 »
PEA '
+ve . >1800°
~
Q{%"
AN
: 3 . 7 é‘ &
A +ve . - ®'>1500-1800°
i ) -
i P .. \
K E ﬁ%ﬁm ,
. ,b ‘ﬁ
4 .
’- .
-ve - <500°

r
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11C NMR spectral data pé€ A2 (') diene compounds -
. Carbon atom 17 mr,*«av 47a
(muitiplicity) - ) . 5 .
C-7 (d) 120.1 . 120.5 120.6 121.3 121.6 - 121 .1
C-8 (s) 142.7- 142 .2 141.9 - 140. 1. 140.6 140.2
c-9 (s) © 145.9  144.3 1433 145.9  146.3 1456

116 .2 116.2

D

2

121.3
t40.7

146 .0

118.0

135.7

*,.&v_a

118.8

115.8
136.3

1401

¥



o

YAy

undertaken. - ' A s
| L ,;;/

‘Efforts to oxidize polyporenic acid-Cc (47) by LR
_prev1ously reported procedures usxng CrO, /H sou ‘at room
temperature (89) were not successful‘IWe observed‘that this
ox1datlon destroyed the heteroannular diene system present

in the molecule since at least three products appeared on

i

“TLC none of -which, were v151ble by ultraviolet 1rradiat10n.

No attempt was made to analyse the products. ThlS réact ién

1nd1cates that 47 appears to be acid sen51t1ve and ox1dlzed

_exten51vely Flrouzabad et al. (90) ha¥ recently prepared a

reagent known as tetrakls(pyrldlne)51lver dlchromate, a

stable neutral reagent useful for ‘the oxidation of benzyllc

and allyllc alcohols. We - employed this reagent or ox1datlon
G

. of the secondary alcohol in component ‘K. Thus {idation of

component K*%ﬁmg) with excess tetrak15(pyr1d1neﬁ§1l§er
dichromate in ‘dry benzene after 1m‘Foved work up gave anu
oxidation product ild whosé UV spectrum d1d ndt show
absorptions (‘22,5(51*1)‘, 2904% 10800) nm) chara‘;:teristi;cl of _a’%;'

conjugated diendhe (81). “Thus ‘the hydroxyl group in

‘component K is not located at the allylic positions C*6 or

C-12. The UV spectrum of the ox1dat1on product 47d which is

. similar to that of component K, shows an additional ‘weak

AN
intensity inflefion at 384(e 78) nm. The FTIR of %7d shows

an absorptlon at 1737 cm~! character1st1c®8f a carbonyl

Y

group in a 5- member ed ring (91)., This value is not in

agreement Hdth that reported by Bowers et ‘al. (89) for

polyporen1c racid-C. (Table 12). The’ carbonyl region

N . . a

a1y
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absorptions of 47 and its various derivatives including
incompleteJdate from other workers has been listed in Table

» 12. The evidence presented shows that in'gl the hydroxyl
group must be either at C-15 or C-16.

To confirm the position of hydroxyl group un the
S-membered r1ng of component K a dehydratlon reaction with
carboxy§ulfamoyltriethylammonium hydroxide inner salt methyl
ester.(;urgess's reagent, MeOszgozN(Csz)g) (92) was
employed Treatmentjoft47 with Burgess's reagent for 8 hours

in dry benzene undga reflux gave two dehydration products

47h + 47ha in approx1mﬂtely equal amounts. The dehydration

LY

products,ﬂwhlch were?q&@ﬁlapplng spots by TLC, could not be

separa%ea b& regular Or argéhtatlon khromatography

D i "*’-J'

’ Furthermore, the‘dehydﬂgtlon products were not stable. Since -

two products were apeﬁ@iﬁtly formed on dehydratlon the

hydroxyl functLon\}s 1Tie1y located at C-16.
2 .,nl ’
The sequence of éhe reactlons 1nvolved in the

4

preparatlon of%khe Burgess s reagent and the course of the

5’0

dehydratlon rqu}ion’has been rationalized in Scheme D.

0y
The confl@ﬁt‘ét'ﬂ*‘ Q- hydroxyl group in component K as a
DR A
was deduib& f2om the tpllow1ng 11ter§ture data as shown in

Figure 6. ‘ N

No‘exampies of a B'nydroxyl group at C-15 in the

" lanostane or euphane series were found. Badedsupon this .
t )

information, the course of dehydration reaction to give two

s

« products and the shape of the signal at § 4,W§finffh§ 'H’NMRA

of 47, the poSitiqn_of hydroxyl 1is established as 16'a.

K

P
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ClSO;N=C=0

lCH;OH

C1SO3;NH-COOCH ,
(CH;CH;),N excess

+ o
*v,. . *(C,Hs)sN'-SO';-N-COOCH;

-

H Burgess's reagent : i

{ . . T~
_>C‘&|'OH + CH;O;CNSO)N(Csz ) 3

g : +
‘/\ l‘(c;H;);NH
|0 \.. A —

t?(?'SO;NCO;CH;‘——’>C=C<+ OSO;NHCO,CH,

.

Preparation of Burgess'sfréagent and the course
— T

Py

LY p

~ of dehydration of polgporenig acid-C (47f)

s =
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‘ \
Further support in favour of a configuration of hydroxyl

group in polyporenic acid-C was deduced from the fact tbat
acetylation of 16a-hydroxy stero&ds resolts in a large .
negative shift io the molecular rotation while 168-hydroxy
steroids gives a positive shift (89). This is in agreement
with our observed shift in rotation from +10° to -10° while
going from 47a to 47b respectively.

In order to establish the position of the acid
functionality at C-20 in polyporenic acid-C (17) a
lactonization reaction with p-toluenesulphonic acid (PTSA)
in’benzene was attempted under reflux (water bath, 12 hrs.).
The FTIR of the mixture 47J revealed the presence of two
bands in the carbonyl region atﬁ1770 cm~' and 1747 cm-'
characteristic of v and & lactones respectively. These
reaults indicate that the double bond is 8§ to the carboxylic
acid group and that the OH group is jwto the carbdxylic acid
group. . |

These investigations support the structure of component
K as polyporenic acid-C (47). This is the firathreported
v_i;solation of 47 from Fomes roseus. t

Zellner and hls coworkers (97) first examined ®

s

metabolites produced by the birch tree fungus Polyporus

b

betullnus in 1913. Cross and coworkers (98) reinvestigated

the birchetree fungus, a large para51t1c white shelf fungus

,and claimed to have 1solated an analytically impure. sample
of polyporenic ac1d—C mp 263-266°C. They reported that“

. polyporenlc acid gave an orange coloured lower layer w1th
< ‘ “.. ) A L . - B :



17

~'&~ -\ h L
%ﬂ CH& 3 @n& H,;S0,, whlle it gave a blue-violet colouration
”wpfh aoetic anhydrlde and sulphuric acid. The molecular
fOrmula C,JH..O. or C,oH..Ou was suggested on the basis of
ythe analy51s of methyl polyporenate, mp 192-193°C. Because
of the complex1ty of the data, further investigation of the
molecule was abandonéq,
’BHKinshaw, Morgan and Findlay (99) grew P. benzoinus
.on a synthetic medium for 10 weeks. The wet mycelium:was

"remqyed and minced with ether, the solvent was decanted,

dried and concentrated to yield a viscous fawn colored

3
Jhe paste with ether gave a white

TN

paste, Treatmentﬂ

1nsoluble portlon.whl h was isolated and identified as
,‘J Y
polyporen1c acid-C. '4he acid gave color reactlons

characterlstlc of trlterpen01d acids. The behav1our of the

ac1d on meltlng is ch&ﬁacterlstlc' at 250°C, it begins to

ot

dlscolor at 275-280°C it begins to soften; at 285-290°C it

M : . : , _ 20
‘ﬂ}%, melts w1th liberation of gas. It has a rotation §alses,=
,d . ‘;l:" _.;‘ \ -

8.91(c=5.1 pyridjine). The methyl ester has a rotation of
[a]6;= 19.5°f¢$6.7, ohlorotorm). Polyporenic acid-C was
reported to form a diacetyl derivative (mp 212-214° decomp,
‘[a]"; +3/£2 (c=8.6, chloroform)]. The very‘f;ct that a-

diacetyl derlvatlve was reported shows that thése workers
were deal gaw1th impure material, Our studies have

. N [ w -
conclusively‘established that polyporeniC'acig—C 15 a %

-

w .
’ monobydroxy ac1d and not a dihydroxy ac1d Jr\

-4

3

thﬂ-gzz"ff Bow_rs, Halsall Jones and Lemln (89) 1solated an acid
% i ¢ i ‘-o"‘A 'ft;',f

'r-ue'ibenzomus and namea g be;i'rfibln s acid. mﬁe IR °
" !w ” ,,” ’(. \v)‘; ) ki Y

) o . ;" , ¥

g - - - e .



- acid-C rpp’arted by Birkmshaw et al (99) ?wers reporte.d’

o : 78

p .
of the methyl ester of thxﬁﬁhcxd was surpr1sxngly reported

(w1thout quotln%/lR absorptzonsﬁ to be 51m11ar to the methyl

ester .of the,d/%ydroxy ac1d i.e., the so“&giled polyporenlc

N
L]

that 1solat10n of appreciable quantltles o} polyporenlc

'ac1d -C was difficult due to the lack of a su1table method -

for estlmatlng pur1ty Th1s handicap was overcome when

T methyl polyporenate-c was shown to contain a conjugated‘

diene system and a keto group. Bowers et al.‘(89)
establishedmthe structure with rhe configuration of the
hydroxyl-group at C-16 as §, while Halsall and Sayer (100)
showed tﬁe configuraﬁ&on of this hydroxyl group as a.

All previqus workers (54, 84, 85, 86, 89) have reported
great d1ff1culty in isolating polyporenlc acid-C. Their data
is 1ncomplete and often conflicting perhaps due to
1mpur1t1es of other closely related inseparable compunds.
Polyporenlc acid-Cc has been reported by Natori et al. (16)
from various sources: ‘ |
Daedalea dickinsii, D. ranakée, Fomitopis pinicola,
Melanoporia-cajanderi, M. Juniperina, M. purpuracea, M.
nigra,«&i.nosea, Piptéponus betulinus, Tramates dickinsii,
T. feei, énd Poria COCO%. However, there s no reliable
detalled 'H NMR, '°C NMR‘aﬁd mass ;qfttpal data for 47 and

» R
1ts der1vat1ves.
Tﬂe isolation of polyporenic acid-C from Fomes rqseus

has allowed us to clarify the literatur values and this

wq&k lea&srmg“thezgssignmeht of 1ts stru ture as 47 with

.
)



1 2.2.9 Assignmentvbf 'H NMR signals

4
“

: . b . ' N \* -
certainty. : A . ,

—

‘ - : ¢ '
The 'H NMR signal assignment of polyporenic acid-C (47)

and some of its derivatives is discussed below.

§,=H, R.=H polyporenic acid-C (ﬁz) ]
v R,=CH3;‘R2=H methyl polyporehéfe-c (gig)
R,=H, R,=COCH, O4ace£ylpolyporenic acid-C (319)
Ry=CH,,R;=COCH; methyl O-acetyl polyporenate-C (47c)
The vinylic hydrogen H-7 appears as a'broad'ddublét at
5.52 and is coupled to another broad doublet at & 5.37
(H-11) as'shownlby découpling experiments. Irradiation of

H-7 changes Ehg signél at 6 1.8-2.3 and this is assigned to

" the geminal protons at C-6 (AB Portion of'an ABMX Spin

system). The appearance of H-7 as a broad ‘doublet (X part of

.an ABMX spin system) is slxghtly altered by irradiation of

3ke well ;esolved double doublqt at 61.55 (M part of an ABMX

»

spin system, J=3:5 and 11 Hz) a551gned to H-5., The

configuration of H-5 is axial (a) since it shows one latge'



‘the 'H NMR o;'methyl polyporenate-C (47a) is assigned to an

80

Hz). Irrad1at1on of H—11 X part of an ABX spin § stem

sauses decoupllng at 6 2.43 and 2 17 and tbese slgnals are

,a551gned to the C‘WZ protons, -Whe 9551gnment of the vinylic

hydrogens (H-?‘ H-11) in the 'H NMR-of polyporenlc ac1d C

I T

'(47) is in agreemsnt w1th the chem1cal shifts reported for

the vinyl pfotons\pf compound 49) a m§tabol1te of the -,

entomopathogen1c gungus Vertlcrillum Iecanli 9101)

i

\
In the 'H NMR of 47 the vinylic methylene protons at C-28
appear as two broad 51nglets at & 4. 8 and & 4.74. )
Interestlngly, in the 'H N&R of 16-0- acetylpolyporenlc ac1d
(47b)£khe v1nyLLc methylene protons appear as doublets and
are shlfted upfleld to’ 5 4.76 (J=1 Hz) and 4.63 (J=1 Hz).’

The signal at & 4. 15/(ddd J=1 5, 5.5 and 9 Hz, 1H) in the

R oy

'"H NMR of 47 is =h1£te§ doqgfleld in the 'H NMR of 47b to 5

4.99 and these 51gnals are a551gned to H-16 a as discussed
earlier.

J LS

The~signe};at'5 2.785(ddd, J=6, 14 and 14 Hz, 1H) ‘in

N

/ -~

N
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-axigz’proton (H-2), a to the ring,A carbonyl group on the
e o

bas1s of follow1ng exper1mental evidence. .Upon reduction of

(47a with LiALH, a tr101 47f is formed In the 'H NMR of“ %

(F1gure 7) the signal at 62.78 1stpot observed 'Furthermore,

C

treatment of either polyporenlc acid-C (47) or methyl

¢
polyporenate (47a) with NaBH, led to the formation of the
¥

reduction products 48 and 48a, respectively.’ In the,'H NMR
of 48 or 48a no;signal at’6 2.78:(H-2.akiél,in’gl) is ‘
ebserzeg, In each caee an axial carbinyl ptoten as a doubfe
douﬁiet (J¥4 11 Hz, 1H) at 8§3.2 is observed. It is |
inte estlng to note that double doublets due to

diastergtb ic hydrogens at C-21 (& 3.86, J=2, 11 Hz, 1H) and

‘and 11 Hz, 1H) J geminal=11 Hz appear in the"

™, ¢

Co

6413
»H
4 L4 ",
: “OH “OH
H ]
52781 " Ho
LiAIH, ‘?
\\\‘ b 32 ’ \\\\\\ 47
N ara , 3 N A}

The signal at & 2.52 (dt, J=3.0, 11 Hz, 1H) in the 'H
NMR spectrum of methyl polyporenate-C (47a) is assigned to
H-20 (the proton which is .a to the COOH group in the side

chain) on the basis of following spectral informétion. This
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Figure 7

400 MHZz “'H NMR spectrum (CDC1,) of triol
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signal is no longer discernible .in the 'H NMR of the
. - A . N - - ) f
reduction product, triol (44?), Moreover, the carbinyl"

proton (H-16 a) is shifted downfield by 0.12 ppm in the 'H ¢

NMR of the triol 47f relative to theé,'H NMR of methyl
- - . ; et ) . " .
polyporengte-C (47a).

Conversion of methyl polyporenatérc (474) to its 16-oxo
q‘ ;‘ .
o . . L] Lo
. derivative (47e) was accomplished using tetrakis(pyridig;)
. — P . [ - o
silver dichromate. In the 'H NMR of 47e (Figure 8), H-20 is

<

. R 8
observed at 6 2.57, shifted -downfield by 0.05 ppm with
respect to the chemical shift observed' in the 'H NMR of 47a.
This.small downfield shift suggests’ that the proton is in
close proximity to the C-16;carbonyl;
. o
5262 i ‘ : '
5( Cc%% . K HC
. . 3
/ { wOH PhA953197
4! benzene:dhr's
Ny
Partial structure of ", Partial structure of

. ¢
ester 47a , "16-0x0 ester 47e

" The angular methyl resd%ances;of several lanostane
compéunds have beenscompared igﬂpféure 9. In our assignmenﬁ
of angular meth;ll for tyromycic acid (51), the Q;QZ methyl
group must resonate Qf & 0.88 while in

26-0-methyl-3;oxo-perreniporiol (50), this methyl resonance

has been assigned at & 1.03 (87). We assigned the C-32

/&’

fa
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Figure 8 : 400 MHz ‘W NMR" spectrum (CDC!,) of methy! 16-oxo-polyporenate-C (47e)
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Figure 9 :

yﬁﬁ 119 ( o . -
. \ v " .
HAH g Me
o 5_9 R“"'V”H 2 .
S0a R ‘Q%H Ry=H
50b R :z"f- R-Me
AC H
- 80C RySupn 82‘

~Comparison of:angular methyl resonances of

-~~various A™‘'') lanostane compounds (47,

51): * our assignment
@
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i

50,
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‘methyl résbnancé of polypg}ehic acid-C (47) to be fHZt
observed at 31. 12 since th; pseudo-1 3-diaxial rélafidnship
with the C-16 hydroxyl group would pe expected to induce a
gownfield shift. Y,Kawazoe et al. (102) have.repbrted the 'H
NMR chemical shift’data for a series .of alcohols and their
corresponding acetate derivativeé. Acétylation of 47 gave
O-acetylpolyporenic acid-C (47b) whose 'H NMR spectrum shows
the C-32 methyl group at &1.05, shifted downfield in
accordance with the obse}GatiOn‘of Kawgzoe.

’ The 'H NMR méthyl reSohaﬁces of polyporenic acid-C (47)

and its derivatives are listed in Table 13,
, ‘ - »«0 J
2.2.10 '’C NMR assxgnment in polyporenxc acid- C (47) and
methyl polyporenate—c (47a)
The a551gnment of the part of the side chain from C-24
through C- 28 in (47 47a was made by direct comparison (103,

¢ -

104) with the sspectral data for cycloeucalenol acetate {53)
agd A"“’;’_methylene cholesterol (54)as shown in Figure 10.
The assignment of signals at C-20 and C-22.has beén made on
the basis of observeq mu1t1'11c1t1es of- the respective.
carbon atoms aided by the process of elimination. The '*C
resonance values (105) of methylene cyéloalkanes (Figure 11)
substantiates-that Gihylic methylene iq polypofenic acid |
(47) etc., is not the part of the nuclear framework. The
assignment of the C-16 carbinol carbon at & 76.7 was/also

been f%cilitated,byvcomparing the '°C data (106) of ydroxy

steroids (Figure 11). Finaily the assignment of '3¥C

g
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Table 13

'H NMR methy] resonances of polyporenic acid-C (47) and {ts derivatives |

b4

Compound C-18CH, C-19CH, C-26CH, and C-27CH, C-30CH, C-31CH, C-32CH,
. - o (J=T7 Hz) (4a) (481

A
a7 0.66, s 1.14, s 1.01, d 1.03, d 1.10, s 1.19, s 1.12, s
47a 0.62, s t.14, s 1.0, d 1.03, d 1.09, s 1.18, s 1.12, s
470 0.69. s 1.13. s ,~ 1.00, d 1.02, d 1.10. s 1.19, s 1.05, s

. ,
47c 0 64, s 1.12, s .00, d 1.03. d 1.10, s 1.19, s 1.05. s
47e 0.71. s 1.15, s 1.00, d 1.02, o 111, s 1.22, s 1.07. s
47F . 0 .55, s 0.97. s 1.00, d 1.02, d 0.88, s 1.03, s 1.10, s
48 0.62, s 1.04, s 1.00, d 1.02, d 0.89, s 0.97, s 1.1, s
48a 0.60. s 1.03, s 1.00. d . 1.02. d 0.89, s 0.97. s 1.10. s
e me D e
- @xr
ey
L Y
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Figure 10 @2 ﬁomparison of the side chain '’C NMR spectral

data of cycloeucalenol acetate (53), A

cholesterol (54) and polyporenic acig-C (47)
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Figure 11 : a) Comparison of '°C NMR spectral data of
vinylic methylene compounds,
bjComparison of '>C NMR spectral data of hydroxy

steroids and polyporenic acid-C (47)
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resonances in the nuclear frame work of 47 and 47a was aided
by comparison with reported '°C literature valgég (101, 107)
for agnosterol (lanosta-7,9''-dien-3f-0l, 17a) and
3—ﬁ—hyd;oxy-4,4,14atrimethyl-5a—pregna—7,9;'-diene-ZO
(S)-carboxylic ester (49) and gandoreic acids (96).

The '’C resonances in polyporenic acid-C (47) and
methyl polyporenate-C (47a) are shown in Figure 12.
2.2.11 The mass spectrai fragmentation pattern of

ﬁolyporenic acidSC (47)

The fragmentation pattern of compound 47-is shown in
scheme E. These cleavages substantiate the fact that
tetracyclic triterpenoids (like steroids) substituted at
C-17 show ring D cleavage yith loss of C-15, C-16 and C-17,
togéther with their substituents. However, Ehe formation of
base peak has been rétionalizedbby a seqguence of reactions

which do not involve ring D cleavage.

2.2.12 1dentification of component L as dehydrotumulosic
acid (48)

Component L ié a white solid, mp 5300°C, which shows UV
absorptions at 236 (loge 3.98), 243 (loge 4.14) and 251
(loge 3.30)nm. The three banded UV spectrum of component L
is srikingly similar to the UV spectrum of polyporenic
acid-C (51)'$uggesting that component L contains a

" heterocannular diene.
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178-7 a3

Figure 12 : 100 MHz '°C NMR spectral data (CDCl,) of
~ polyporenic acid-C (47) and methyl

polyporenate-C (47a) : - can be interchanged.

Y ———
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% 293( .-&o 100/)

The mass spég:}al fragmentatxon pattern of o

polyporenlc ac1d C (47).
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The HREIMS of Component L indicates a parent peak of
484 amu corresponding to a molecular formula of C,,H,sO, and
the presence of 8 unsaturation :equivalehts. The molecular
formula of component'L differs‘by 2 amu from polyPorenic
acid-C (47). The weak molecular ion was confirmedeby CIMS
using ammonia as a carrier gas.

- The FTIR of component L shows the presence of a broad

band extending from 36 900 cm- ', a noticeable medium

intensity peak at 3380 cm™' and a strong peak at 1735 cm-',

'suggesting the presence of a carboxylic acid.

Component L (48) forms a monoester 48a ('H NMR, & 3 71,

s, 3H, COOCH,), the '3C NMR of which shows' the presence of.

32 carbon atoms in the molecule 8 quaternary carbons as \'
51ngle§s (s) at & 176.1, 155.1, 145.7, 141 48 6 44 7 t"
38.7 and 37.5; 8 tertiary carbons as doublets at 6 121 O'”“
115.8;‘78.9,'77.0, 57.4, 49.?, 46.7 and 33;8 8 secondary'
carbons as triplets at 6 107.0, 43v6 35.7, 35 4 32.3,
30.6, 27.8, and 23.0 and & primary carbons as quartets at
51.2, 28.2, 26.2, 22.7, 21.9, 21.8, 17.2 and 15.8.
Consiéeration of "'3C NMR signallmultiplicities indicates the
presence of 48 hydrogens directly attached‘tO»carbons inc
48a. §ince the '’C NMR spectrum'of’component L was carried%ﬁe.
out on its methyl ester 48a, this suggests that component L
must contain 45 hydrogen atoms directly,attached to carbon

atoms.

Component L fotns a diacetyl derivative 48c [acetic

anhydride-pyridine; 'H'NMR, §2.06 (s, 3H), 2.05 (s, 3H)] and
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this together with the formation of monoester 48a
(CH,N,-(C;Hg) 20, 'H NMR 6: 3;72, s, 3H%\confirms the
presénce of only 3 exchangeable hydrogen atoms.

Since the molecular formula of component L differs by 2

amu's from polyporenic acid-C (47) it suggests that

.component .L may be a dihydro derivative of polyporenic

acid-C (47). - ’

In support of this observation is the mass spectral
fragmentation pattern of component L (Scheme F) which shows
a base peak at m/z 295 (C,,H,,0). The base peak is 2 amu's
greater than thaﬁ‘obsérved in the fragmentation pattern of
.7, . :

!

The FTIR of component L shows.the vinylic methylene

~

absorption at ‘1640, 884 cm~' and this together with its UV

data indicates that the three double bonds present in

polyporenic acid-C (47) are also present in component L.
Furthermore, the absorption maxima at 1714 (s) cm™'
characteristic of six-membered ring ketone in poiyporenic .
acid=C (47) is absent in the FTIR of component L. This |
evidence suggests that component L and component K are
related as hydroxyl and ketone congeners.

Further support for the relationship of component L and
component K és hydroxyl and ketone congenérs.is borne out
from the '>C and 'H NMR spectra of component L. In the '°C
NMR spectrum of component L no ketone carbonyl resonance is
observed but a carbinol carbon at 878.9 (d) characterisﬁic

of C-3, B-OH e.g., & C-3 lanosterol 78.3 is observed.

3
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The 'H NMR of component L is strikingly simila: to that
of polygorenic acid-C YQZ).;Thé 'H NMR of component L
‘exhibits a signal at 63,2 (m, 1H), which sharpens (dd, J=;
and 11 Hz, 1H) on deuteration. This signal is observed for
many tetracyclic triterpenoids (108) and is assigned to H-3
a. Figure 13 shows:'H NMR épectrum.df compound 48 and Figure
14, 14a show the 'H NMR spectrum of 48a and its D,0 exchénge
spéctrum respec&ively.
The 'H NMR methyl reFonanées of component L and its
derivatives are depicted in Table 14.
The '°C NMR spectrum of methyl dehydrdtumulbsatem(ggg)
hés béen aésigned and resonance valdé§ are listed in Figure

[4

15.

2.2.13 The mass spectral fragmentation pattern of
| dehydrotumulosic acid (48) |,
The mass spectral fragmentation of dehydrotumulosicw

acid (48) is quite similar to polyporenic acid-C (47). The

‘flow-chart of some of the fragmentation sequen;es of

compound gglare summarized in Scheme F.

2.2.14 Correlation of component K and COmponént“L

The relationship between componeht L and compodent K as
'hydroxyl and ketone congéners was confirmed by correlation
expérimentsll agd II. Thus NaBH; reduction of a methanolic
solution of polyporenic acid-C (47) or methyl polyporenate-C

(47a) afforded the corresponding alcohols, 48 and 48a
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Figure 13 : i
Fig 3 400 MHz 'H NMR spectrum (CDC},) of dehydrotumulosic acid (a8)

O
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Figure ft4

400 MHz 'H zzn,mumnﬁwca (CDC1,) of methy! dehydrotumulosate (48a)

* ~3UC1¢~<Am¢OIy

3
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Figure

tda : 400 MHz D,0-exchange 'H NMR spectrum (CDC1,) of

amn3<_.amj<mwonc3c~0mmam (48a)

x  Impurity (EtOH)
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Table 14

'H NMR methyl resonances of dehydrotumulosic acid (48) and its derivatives :
* .
Compound C-18CH, C-19CH, C-26CH, and C-27CH, , C-30CH, C-31CH, C-32CH,
. (U=7 Hz) ‘ (d4a) ‘._(48) )
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII > ll|I|I||l|,|ll||ll|llt||l|llllllllllllli|llllt|ill||lIllllllllllllA.O;llllllIIIIIl||IO|C|
48 0.6t, s 1.03. s 1.00. d 1.02, d 0.89, s 0.97, s 1.12, s
48a 0.60, s _1.03, s 1.00, d 1.02, d 0.89, s 0.97, s 1.10, s
a8 0.63. s . 1.01, s i 1.00. d 1.02, d 0.88, s 0.96, s 1.04, s
I
48c 0.63, s 1.03. s 1.00, d 1.02, d 0.88, s 0.97, s P 1.05, s
- <
™
- a .



101

J o
A
. : s& s
{ o
) : ~
‘ o

LY

Figure 15 : 100 MHz '°C NMR spectral data (CDC1,) of methyl

dehydrotumulosate (48a) : * can be interchanged
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Scheme F : The mass spectral fragmentation pattern of

dehydrotumulosic acid (48).

.
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respectively which were identical in every respect ('H, MS,
TLC, IR) with naturally occurring dehydrotumulosic acid (48)
and methyl dehydrotumulosate (48a). ’
Dehydrotumulosic acid (48) has been reported qariier by
éinhey et al. (85). However, this report lacks ¢omple7e
information on this acid. Fur%hermore, dehydrotumulosic acid
(48) has been claimed to be found in Daedalea dickinsii,

Melanporia juniperina, M. rosea, Trametes dickinsii, T. feei
and T. lilacinogilva (82). :
Triterpenoids of the lanostané group containing the
7,9'' diene system are frequently accompanied by the
corresponding (8—ehg) dihydro cbmpounds from which they have
not been readily separated (109, 110). At one time’
lanosta-7,9'' dienes were considered to be artifacts
resulting from the autooxidation of the 8-enes.
Lanost-8-en-7-ones are well recognized autooxidation
products of lanosta-7,9''dienes (110). Compound 49 having
A ') diene but without.the steroidal side chain has beén
isolated by column chromatography (87). 13 addition,
perenniporiol derivatives containing A*~or A’ ('') dienes
and a six-membered 22, 26-epoxy side chain have recently
been (87) separated by HPLC (Unisil QC 18)., Our isolation of
lanostane compounds having the A’ ¢''’) diene system and a
steroidal-type side chain (e.g., 47 or 48 by slow column
cgromatography has been demonstra for the first time,

With the notable exception of Agnosterol,

dihydroagnosterol, polycarpol, and the sapogenins relatied to
i



v o
by

104

the man&ne Tnvertebrates (sea cucumbers) of the Phylum
Echlnodetmata. e. g , Bohadschla,koelllkeﬂl (Seychelles
Arch1pelago in Indian Ocean), Actinopyga agassizi (Caribbean
Coast line) and Halodeima grisea (Brazilian Coast line), the
gaturally occuring lanosta-7,9''dienes are metaboiic
products of fungi of the family Basidiomycetes.
2.2.15 The biologiéél activity of the metabolites of F.
roseus |

Two.dif?é@ent biocassays were used to screen for

biological activity (antibacterial and antifungal).
Method A : (Modified Kirby—Baﬁer method)

This method Qas employed for testing compounds or
mixture of compounds against bacteria or the fast growing
fungus Candida alblcans . In this method the petr1 dish
(Muller Hlnton agar plates) was swabbed with an 1noculum
prepared by growing the test microorganism in sterile liquia
media (Muller Hinton or PDB). The liquid inoculum was spread
on the surface of the agar plate using a sterile cotton
swab. The disk, impregnated with the compound/or mixture of
compounds was applied to the petri dish after the inoculum
is absorbed in the agar. The results of these tests are
recorded after 24 hours. A test is positive when the growth
of the microorgénism is inhibited in a zone surrounding the
impregnated disk.

The broth and mycelial extracts of cultures of F.

roseus and the different extracts of the sporocarp were
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t8sted against a variety of fast growing microorganxsms.
These test results reported after 24 hours as zonJ diameters
of inhibition for 5% solutions of broth cultures, spdrocarp<
extracts, and their pure components are listed in Table 15
and Table 16. '

Method B : (Plug method)

This method was employed to screen F. rpseus for
antagonistic effect against other test fungi. In this method
Potato Dextrose Agar (PDA) plates were prepared in a
standard way. F. roseus and the test fungi were grown on
separate agar plates. Plugs of similar size, were used to
reméve inoculums from F. roseus and the test fungi.‘These
were carefully placed on opposite endf of a PDA plate. After
suitable incubation, the antagonistic effect between F.
Eoseus and the test fungus was observed by checking )
inhibition zone apd/or looking for broken hyphae orithinner
hyphal growth under microscope. The follgwing test fungi
were used: ”

1. Verticladiella wageneri C-728

2. Vertfcladiella wageneri UAMH # 4904
3. Ceratocystis ulmi UAMH # 5030

4. Talaromyces flavus ATCC-# 5220

5. Mycena citricolor ATCC # 12570

6. Ceratocystis minor C-839

7. Ceratocystis minor C-248

8. Ceratocystis clavigera C-838

9. Lachnellula C-6983
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.
B it e T CTTTTTTETTIITTITTTEITTTTTTT
R v-§. V-8 Malt ‘MakF.' .
- I S ~ broth mycelia brothbmycellia \
Ehténobéc%gr‘cldacée o - o 8 -
'gsCEenichié éoli o R - 10- - D
‘Klebsiella preumoniae - - - -
 Protéus vulgaris . \ - 9 8 -
Pseudomonas aerug inosa I - -
Salmonella typhimurium v Z {«— - -
Serratia marceséens SR - - ;J -
NIRRT , : ot . |
| Stabhy]ococCus aureus .10 - 10 -
- Staphylococcts epidermidis L - - B -
Stﬁéptococcus'pybgenes | - 10 10 -
Candida albicans ' - - 8 -
B i
Notte: gumbefs?above'indicate the measurément‘df,zbne |
diameter (mm) using’6_mm_diametérldisksﬂ 0

.
-~

- No activity
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T . ’ Table 16

Antimicrobial biocdssay of the sporocarp extracts, pure components and their analogues
. o R . v : : ! ‘ ¢

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu R e e P R

List of cultures P Extract u._mxw1bmn Extract  Extract $47 . 47a MNI,. " a8
_ ) W . 11s ,n,uuu B &

||||||||||||||||||||||||||||||| .nwnnuasﬂmm.wn...t.|||||||||||||||t|1|||-||o||n|...||||||a:-«,|.|uvnnnn..:n||;~|||||nun-qu..uf.»lwnnunn..n
Enterobacter cloacae - R ] - - - ‘..‘ - - . - ) - -
Escherichia coli , , . - - - - \f -~ - ’ - -
k~mcwmm-m U:mtSOLMWWW; - - 9 - - - - - AM
Proteus vulgaris T - 8 . . ) Z ;e - ~ z .
Pseudomonas aeruginosa ) - - - - T - - : R - i

J,_mm\30=m-m typhimurium - - - - . - - - .-
Serratia marcescens - - - - - Co- - N )

,w@mnmuz<~ononnCm aureus 8 8 - LA 12 12 - 8 %./{V
Staphylococcus epidermidis ' - - 8 10 . 8 v - - -
Streptocoeccus pyogenes 8 - - - . w o - . - - _
‘Candida albicans . S V : ﬁm 12 12 . 12 10 10 8 : 8

Note: Numbers above indicate the measurement:of zone diameter (mm) using 6 mm diameter disks.

.

- No activity
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10. APmIIIaPl mellea (Canadlan strain)

None of the fungi llsted above were 1nh1b1ted by F
roseus. Only those fungi showlng 1nh1b1t10n/antagon15t1c
feffect are - su1table candldates for- the fungal biocassay and
- hence fyrther: fungal bloaésay experiments with various

Y

-

~extracts of F. roseus were not carr%ii out.

o

el
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3. CONCLUSIONS
The work thét has been compieted'représents only a’
beginning of studies that can be carriéd éut with this
fungus. We have concertrated 6n a study of the
metabolites producéd b§ the - sporocarp of the fungus and

by certain liquid cultures. We observed variation

-

‘between V-8 and malt broth culture media and have also

fo that the sporocarp extracts are extremely complex. -

Th. salt broth extract produced simple hydquyphénolic
coﬁpounds and no triterpenoids whereas, the sporocarp
extracfs containedia variety of triterpenéids. Phenolic
compounds are prééent in the sporocarp in large amounts
but tﬁese were not'studied»in detail.

The sporocarp produced %v}’ounds relatéd‘to those
present .in wood, suggesting that the‘compounds obtained
may be fungal modifications of components of the tree.
The conflicting and incomplete aata repdrted in the
literature regarding polyporenic acid-C (47) and

dehydrotumulosic acid (48) has been resolved. This

~allows assignment of their structures with certainty.

Although some biological activity was detected for some
of the metabolites, further investigation of this aspect

will be necessary.

109



4., EXPERIMENTAL

The Qistilied water used'duriné the fﬁngal culturing
process was redistiiléd using ah all glass apparatus. The
fungus Fomes roseus (Strain B-58, UAMH # 4787), was grown in
still culture at room temperature on an agueous liquid
medium containing either malt extract (Difco) 25.0 g,
dextrose 13.0 g, and pepéone 0.7 g/liter or 10% clariéied . 7™\
- V-8 juice and 1% glucose per liter. Malt e#tract is an
infusion of malt, dried and powdered under conditions which
conserve its diasfatic activity and contains maltqse'52.2%)
dextrose 19.1%, sucrose 1.8%, dextrin 15.0%, other
carbohydrates 3.8%,9&;:tein‘4.6%, ash 1.5%, and moisture
2.0%. V-8 juice wés filtered through Celite before use and
is essentially a blend of eight vegetable juices (Campbell
Soub Company Ltd., Toronto, Caﬁada )Q'All the solvents hsed
for metabolite extraction and chromatographic separafioné
were“reagent gradé and were distilled prior to use,.
Skéllysolve B refers to Skelly.O;l Company light petroleum,'
bp 62—70°.ﬂFor centrifugal liquid chromatography (CLC) ;
Chfomatotron (Harrison Research Product, Paio Alta,
California) packéd'with Terochem thin layer chromatograph)f~
silica gel G, was used as an adsorbent. For column

chromatography (E. Merck, silica gel 60, 70-270 mesh,
Brinkman Inst. Ltd.) was used while (E. Mirck) silica gel 60
v(230-400.mesh, ASTM) was used for flash chromatégraphy.’
Terochem silica gel G céntaininé 1% of Retma P-1 electronic

phosphor (General Electric, Cleveland) 0.25-0.50 mm layer

110
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thiirness and E. Mgrckhprecoated thin laygr‘chromatography
plates 20 x 20 .cm plate, 0.25—0.50 mm layer thickness, ;ere
utilized for preparative thin layer chromatography. Tﬁﬁﬁ
layer chromatographic analysis (TLC) was ddné‘on E. Mérck
(BDH) precocated aluminium sheets precoated with silica gei
Fioss (0.25 mm 1éyer thickness). The‘chromatdgrams were
examined under ultraviolet light (254, 354vnm) or devéloped
witﬁ iodine :vapors. For analytical TLC, the Qisualizatifon
of the chromatograms were carried out by spraying with .10%
sulphuric acid in water or with a solution of 5%
phosphomolybdic acid ch;aining 0.5% of ceric sulphate in S%
sulphuric acid in water,‘followéd by carefui charring on a
hot plate (approx. 300°C). All spots char blue using the
‘datter spréy feagent with a yellowish-blue background.
Melting points were determined on a Figcher-Johns melting
point apparatus and are uncorrected. All thin layer Rf
values refer to distance travelled on ??actlvated (E. Merck)
precoateq alumlnlum TLC plates (Silica gel 60, F,s.) and the
TLC chambers were unequ111brated. High resqlutloﬁ electron
impact mass spectra (HREIMS) were, reéorded on an AE I MS-50
mass spectrometer. Chemical ionization mass spectra (CIMS) .
and low resolution eléctron impac; mass spectra (LREIMS)
weré obtained using an AE 1, MS-4 mass spectrometer. CIMS'
was obtained with aﬁmonia as a carrier gas. Fast atom
bombardmént (FAB) spectra were obtainéd using a MS-50

spectrometer. The data were processed in DS-50jand DS-9

computers. Fragment ions reported by m/z (molecular formula,
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relative intensity, fragmentatibn characteristics wherever
applicable, shave been determined by HREIMS. Unless
diagnostiéaliy significant only peaks at least 20% as
intense as the base peak are reported. Moleculér formulae
were determined by HREIMS from the correéponding molecular
ion and were calculated using C=12.060 H=1,0078 and
0=15.9949. The base peak is referred to as (B) and side
chain as (SC) wherever deeméd.necesséry. Fourier transform
infrared (FTIR) spectfa were recorded on'a Nicolet\7f99 FT
interierometgr. éingle scan infrared (IR) spectra were
recoSQ;qfon a Perkin - Elmer 297 infrared spectrometér.
Abbreviations nsed for reporting infrared (IR) data are the
following : (s) strong, (b) broad, (m) medium, (sh)
shoulder, (w) weak, and (vw) very weak. Ultraviolet (UV)
spectra were obtaineé'on a Unicam SP-1700 Ultraviolet
Spectrophotometer ana Hewlett Packard 8450 A Diode Array
Spectrophotometer attached with Hewlett Packard HP-85
Computer. Either e or loge values are reported for UVi
Optical rotétioné were recorded on a Perkin-Elmer 141
Pélarimeter while optibal rotatory dispersion‘(ORD) and
circula; dichroism (CD) spectra were recorded on a Durrnm
Jasco ORD/UV - 5 (§S5-20 modification)‘recording spectro
polarimetef,

High iield ‘H NMR»andj"C NMR Spectra were recorded on
Bruker WH-200 and/or WH-400 spectrometers with an Aspect
2000 computer system. Tetramethylsilane (TMS) was used as an

internal standard. Abbreviations for reporting NMR data are
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the following : (s) singlet, (d) doublet, (t) triplet, (vt)
Virtual‘triplet, (gq) quartet, (m) multiplet, (cm's) complex

multiplets, and (br) broad.
4.1 Malt culture broth ' . s

4.1.1 Cultivation of Fomes roseus

The strain of Fomes roseus was maintained on 2% malt
. . “\;J

agar slant culture at 4°C. Shake culturasvbf the fungi were
obtained by transferring small pieces of mycelium from the

slant culture to 300 mL Erlenmeyer flasks containing 150 mL

\

-of sterile 5% malt broth. Aftér two weeks at 17°C, the shake

cultures were ready to be used as an inoculum. Aliquots of .
inoculum (25mL) were transferred to Fernbach flasks, each
containing sterile malt broth extract (1L). The flasks we%e

maintained undisturbed at room temperature for two growth

_ _ i V3 _
periods; 4 weeks and 7 weeks. After several days, whitish

mycelia appeared on the surface of the still culture. By the
beginning of the 3rd week brpwﬁish pink to rose coloured
mycelium appeared. ‘The quantity of the extracts obtained

from the growth studies have been described in Table 4.

4.1.2 Extraction of tﬂe metabolites from 4 and 7 weeks‘malt
culture broth | |
The still culture growth Qas harvested éfter 4 and 7
weeks. The broth was separated from mycefium by filtration

through cheese cloth. The broth was concentrated at reduced
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presSure (5 Land 9 L to 500 mL), then extracted with ethyl
acetate in a continuous liquid-liquid extractor for 24
hours, Thérbroth extract yielded 320-1575 mg/L of crude
metabotytes. The mycelium (from 5 L and 9 L), was air dried
fdr thfee days, then extracted with ethyl acetate in a ,
Soxhlet extractor. The ethyl acetate extracts were dried

'(anhydrous Na,S0,) filtered, and concentrated in vacuo at

35-37°C to give 170-810 mg/L of mycelial extract.

4.1.3 Separation of the metabolites from 4 weeks old.mait
culture broth
4.1.4 Isolatipn'and‘identification of linoleic acid (41,
| component A)

The broth extract (0.64 g) was subjected to flash
chromatégraphy over silica gel (coiumn diameter = 25 mm,
Si0, depth = 20.5 cm) using Skellysolve B for packing the
column. A gradient solvent system (Skellysolvé B:“ethyl
écetate 2:1 to SkellySolve B: ethyl acetate, 1:1) was
employed. Fourteen fractions as mixtures were collected. One
of the fractions (15 mg) containing pinkish colored material
was further fractionated by CLC (Chromatotron) using
pg}%rity gradient elution by addinglskellysolve B in ratios
2:;, f+1, and 1:2 to diethyl ether (100 hL each). One mL
fracpions were colleéted. One such fraction contained

component A as a waxy yellowish-white semisolid (1.5 mg).

Component A was identified as linoleic acid 41 on the basis
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of its spectral properties and by comparison with.am
authentic sample;

TLC: Rf 0.38 (Skellysolve B : diethyl ether, 1:1) and 0.59
(Chloroform: methanol, 100:1).

HREIMS (Probe, 100°C) m/z (mol. for., rel.int): C,,H;:0:
[M*, calcd : 280.2394; found 280.2399] (12), 220(C,¢Hzs, 5,
M'-C,Ha02), 108(CyH,2, 36), 94(CsHio, 20), 60(C,H,0,, 25,
M*-C,¢H;¢), and 55 (C,H,, 100, B).

FTIR (CHCl, cast) : 3600-2400(b), 2930(s), 2860(s), 1710(s),
1462(w), 1405(w), 1280(b,w), 940(m,b), and 740(m,b) cm"'.
"H NMR.(400 MHz, CDCl,) 6: 11.87 (br.s 1H, COOH) 5.37 (m,
4H, ('CE=C§)2), 2.80 (m, 2H, -HC=CH-CH.-CH=CH) 2.36 (t, J=6
Hz, 2H, -CH,-COOH), 2.04 (m, 4H, -CH,-HC=CH), 1.6 (m, 2H,
-CH,-CH, -COOH), 1.37 (br.m 14H, -CH,-) and 0.94 (vt, 3H,

—CE3 ) .

4.1.5 Separation of metabolites from 7 weeks old malt

culture broth

4.1.6 Isolation of componeﬁt B and component C

The broth extract (1.75 g) was suspended in diszilled
water (100 mL) and extracted with Skellysolve B (2 x 100 mL)
to remove most of the fatty acids and}triglycerides (800
mg). The Skellysolvg B extract was not analysed. The aqﬁeous
extract was extracted with diethyl ether (2 x 500 mL,

mechanical stirring). The diethyl ether extracts were

combined and concentrated in vacuo to give a brownish-white

-
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‘residue. The bulk of the residue was redissolved in CHCl,.
The remaining CHCl, insoluble mixture of compounds (50 mg)
was subjected to flash chromatography over silica gel
(column diameter = 30mm, S10, depth = 16 cm) using benzene
diethyl ether (2:1, 1:1, 0:1, 300 mL each), then methanol
diethyl ether (1:1, 150 mL). The earlier fractions of the
column gave cbmponent B (6 mg) while latter fractions gave
an impure fraction (10 mg). Further purification was
achieved by flash chromatography over silica gel“(column
diameter = 10 mm, SiO, depth = 15 cm) using 10% of CH,OH in
CHCl, as eluting solvent system to give component C (4 mg)

as a white so0lid.

4.1.7 Identification of component : as p-hydroxyphenyl
acetic¢ acid (42) |

Component B is a colorless compound soluble in
methanol, benzene, acetone and diethyl ether, mp 133-138°C.
TLC: Rf 0.31' (benzene: dieth}l ether, 1:1)
UV amax. (CH,;0H), 275 (e §625) nm.
HREIMS (Probe, 100°C) m/z (mol.for., rel.int): CeHeO; [M",
Calcd :.152.0471; found: 152.0473] (29), 107 (C,H,0, 100, B}
M*-CO,H), 79 (C¢H,, 2, B-CO),-and 77 (C¢H;, 15, B-CO-2H).
FTIR (CH,OH-CHCl,; cast): 3540-2400 peak at 3258(s), 1707.(s),
t610(m), 1598(m), 1518(m), 1440(m), 1405(m), 1362(w),
830(m), 820(m), 780(m), 650(m) and 540 (m) cm™'.
"H NMR (400.1 MHz, Acetone-de) &: 12.68 (d, J=1.5 Hz, 1H),

12.3-10.6 (br.s, 1H - COOH), 7.14(d, J=8 Hz, 2H), 6.79 (d,
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J=8 Hz, 2H) and 3.53(s, 2H, CgHs~-CH,-).

4.1.8 Esterification of component B

Compound 42 (5 mg) was dissolved in ethereal

¢

diazometﬁlne (3 mL). The reaction mixture was allowed to

¢
fe

stir for#

,Jhours at room temperature; The reaction was
monitored by TLC. Evapération of the solvent in vacuo gave
oily compound 42a in quantitative yield.

TLC : Rf 0.58 (benzene : diethyl ether, 1:1)

HREIMS (Probe, 150°C) m/z (mol.for., rel.int.): Ce¢H,,0, [M"*,
calcd: 166.0627; found: 166.0630] (25), 107 (C,H,0 100,
M*-CO;CH3), 79 (CgH,, 2, B*-CO) and 77 (C¢Hs, 13, B*-CO-2H).
FTIR (CHCl,; cast): 3450(b), 1735(s), 1618(m), 1599(m),
1515(s), 1440(m), 1405(w), T264(s), 1240(s), 1223(s), .
1163(s), 1100(m), 1010(m), 826(m), 800(m), and 790(w) cm-'.
'H NMR’(2OOMHZ, Acetone-dg) 6: 7.13 (4, J=8 Hz, 2H), 6.79
(d, J=8 Hz, 2H), 3.66 85, 3H, -COOCH,;) and 3.54 (s, 2H,

-CH,-COOCH; ) .

4.1.9 Acetylation of compound 42a

Compound 42a (4.5 mg) was stirred with pyridine (1.5
mL) and acetic-anhydride (2.5 mL) at room temperature for 4
hrs. The reaction mixture was diluted with ice cold water
'(25 mL), then extracted with ethyl acetateb(ZO\mL). The
ethyl acetate extract was washed successively‘with 5% HCl,(z

x 10 mL), 5% NaOH (2 x 10 mL), and brine (2 x.5 mL). The

ethyl acetate extract was then dried over anhydrous Na,SO.,
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filtered and coﬁcentrated under reduced pressure to give
co&pound 42b as ah oil in quantitative yield.

TLC: Rf 0.73 (benzene : ddéthyl ether, 1:1)

HREIMS (Probe, 150°C) m/z (mol. for., rel. int.): C, H, 20,
[M", Calcd : 208.0732; found: 208.0736] (12), 165 (CsH,0,,
‘80, Mf—COCH;), 149 (CyH40,, M‘“COQCH,), 107 (C,H,0, 100(B),
M*'-C4Hs03), 79 (Ce¢H,, 5, B*-CO), and 77 (CeHs, 14,
B*-CO-2H). X

FTIR (CHCl, cast): 2950(m), 2852(m), 1758(s), 1742(s),
1610(w), 1594(w), 1563(w), 1509(w), 1436(m), 1370(s),
1313(w), 1219(s), 1162(s), 1101 (w), j075(w), 1039(s),
932(m), 912(s), 849(m), 818(m), 656(m), 597(m) Cm-'. |

'"H NMR (200 MHz, Acetone-d, 6: 7.19 (4, J=8 Hz, 2H), 6.90
(d, J=8 Hz 2H), 3.69 (br.s, 3H, COOCH,), 3.59(br.s, 2H), and

2.11 (s, 3H, -OCOCH,).

4.1.10 Identification of component C as p-hydroxybenzoic
acid (43)

Component C is a white solid crystallizing as white
prismatic crystals (CHCl, : CH,;0H), mp 208-211°C, readily
soluble in ether and acetone.

TLC: Rf 0.28 (benzene: diethyl ether, 1:1)-and 0.47
(benzene: acetone: acetic acid: 5:1:few drops).

UV Amax. (CH,OH): 260 (e 7600) nm.

HREIMS (Probe, 150° m/z (mol. for., rel. int.): C,H¢O, [M’,‘
Calcd : 138.0315; found 138.0317) (71), 121 (C;Hs0,, 100,

M*<OH), 93 (CgHsO, 26, M* -CO,H), and 65 (CsHs, 21, N
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M‘_CozH-CO) .
¢
FTIR (CH,OH-CHCl, cast): 3600-1900 (b) peak atf 3388 (s),

1674(s), 1608(s), 1595(s), 1516¢n), 1446(m), 1424(m),
(q386<w), 1364(w), 1316(m), 1290(m), 1246(m), 1169(m),
1130(w), 1100(m), 1010(w), 930(m), B54(s), 769(m), 695(w),
,anz 619(m)cm- ",

'H NMR(400.1MHz, CDCl,) &: 7.91(d, J=8 Hz, 2H) and 6.91(d,

]
1

J=8 Hz, 2H).

i
Y

4.2 Sporocarp

4.2.1 Extraction of the metabolites from the sporocarp of

Fomes roseus

The basidiocarps of Fomes roseus (Alb. and Schw. ex
Fries)Cooke were collectéd and identified in August 1982 a@?
‘August 1983 by Dr. R.S Currah, They were found growing on-
fallen Picea (Spruce) near Drayton Vally, Alberta. The
basidiocarps were air dried and wood shavings adhering to
the basidiocarp were removed with a knife. The sporocarp$’
were then cut with a knife and finally ground to a powder in
a Waring blender. The powdered fungus (75g) was transferred
carefully ihto a thimble and extracted with Skellysolve B in
a Soxhlet efb;actor (24 hrs., 1.5 L). The extract was
collected and Lhe residue further extracted with Skellysolve
B (12 hgs., 1.5L) to remove Skellysolve B soluble compounds

completely. The thimble content’s were drained of Skellysolve

B and the extracts were combined, filtered through Celite
A
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and concentrated to yleld Skellysolve B e&tract (4.c g)

Further basrgigyanp extract;on, was repeated with dlethyl

"ether\\et%yl acetate, methanol and water,u51ng the procedure

descrlbed fdr Skellysolve’B to yleld 34 g, 2 g, 3 g, and 2.5

A

g of concentrated extracts, respectlvely The spongy re31due,,

,left over was dlscanded

.

. So&vent extractlon of the ba51d10carps at room

temperature W1th mechan1cal st1rr1ng was also carr1ed out.
Powdered fungus (75 g) was allowed to. stir W1th Skellysoi@e_

( . 5L, 24'hrs~)‘ then the Skellysolve B was decanted and

/

concentrated ThlS procedure was repeated with, dlethyl

"ﬁether vethyl acetate, methanol "and water to yleld the

o

correspondlng extract. (Scheme B for y1e1ds of extracts) Thel

'=olvent part1t10n1ng at room temperature under mechanlcal
'stfrr1ng gave comparable ylelds of crude extracts (see Table

). Sinte the TLC proflles of the extracts from Soxhlet

extractlon and so vept extractlon by mechanlcal st1rr1ng

. et :
wvere 1dent1cal the correspondlng extracts were comblned for

fﬁurther»;eparatlonmwprk. The quantlty’otvthe crude_"

metabolites' has been described in Table 6.

4;3‘Purification?of metabolites

4 3 - Isolat1on of Component D
Extract 1 (300mg) was applled on the top of a 5111ca
J ®-
gel column (column diameter= 30 mm, S;Oz deRth ;,20 cm)

iu51ng Skellysolve ‘B: benzene (2:1)“as"the columnrpacking‘

&
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B sdlvent.'Sloh chromatography with a gradientfsol$ent sﬁstem

) . & .
;”B “benzene (2 , 500 mL), Skellysolve B: benzene

Skellysolv

fg1:1, 50@ ﬁt) » and benzene: acetone (1:1, 500 mL) was | .
bemDIOYEd.'Slxteen fractions (150 mL)fwere collected.The.»)k
\nlnth fractlon was rechromatographed over silica gel (columnﬁ
‘dlameter=‘1 5.cm, SlOz depth = 15 cm) by flash

chromatography u51ng Skellysolve B: dlethyl ether_lzﬁl,;1:1,

A

;’1:2; 3G0 mL of each) as the gradient solvent Qgstem Further -

‘ purlflcatlon of one mlddle fractlon by flash chromatography
”(Skellysolve B:i _ethyl acetad!) over. 51llca gel gave:(Smg) of
pale yellow15h 011 Whlch appeared to be a .single component

§

in a TLC analy51s

4.3. 2. tdentification of component D as trlglycerxde (44)‘ ’

TLC: Rf (0.32, Skellysolve B ethyl acetate, 85:15 and 0.5

iﬁ:cnc1 ). o . \ o o
.HREIMS (Probe, ‘275 C m/z (mol for. .rel int.): {M‘,‘nonel,
- 603 (C39H71Ou,31) 602 (CasHy 004, 17),_c01'(c,,uggo“” 10),'

493 (CsoHsa0s, 22), 339 (C,iH5405, 25) o ’

CIMS fm/z, ref: int.): 790 (3). k

FTIR (CHc1;fcast):’301o(w); 2953-2854(s), 1745(5); 1650(w),

1600(w); 1465(m), 1375(m), 1260(x), .1163(w), 1060(w) and "
“725(m).cm-'f 2 P

'H NMR~(200MHz,CDCl;)46} 5. m, OH, coupled to $4.24, 2.80

"and 2.04, H-2 + 8 vinylic protons),.4.24 (2 x ad,

5ystem, 4H J=5.0, 6.5 and 12 Hz, coupled to 6 5 38

*br-t‘J—G HZ. 4H, doubly allylic protons, coupled toj
| : \
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2.34 (br.t J=B Hz, 6H, -CH,(CH,)CO;R), 2.06 (br.t, J=6 Hz,
10H, coupled to §5.38), 1.66.(m, 8H, CH,CH,CO,R), 1.35(br.s,
46H, -(CH;),-, and 0.94(vt, 9H, -CH,). No D,0 exchangeable

proton observed.

4.3.3 Isolation and 1déntification‘of linoleic acid (41) as

component E | n B

Slow chromatogrépQé)&f Extract Ia (100 mg) over silica
-'gel (column diameter= 20 mm, SiO, depth = 16 cm) was
perforﬁed‘using (CHCl,: CH,OQ; 99:1) as eluant. A major
 fract§on'(25 mg) was repeatedly chromatogfaphed byvflash
chromatography: (column dia = 20 mm, SiO, depth = 8 cm,
e;uanﬂ ;'Skéllysolve B: CHCl,, 1:8) to giye component E, Rf
O 6 (CHCl,: CH,0H, 99:1) an oil. Component E was shown to
‘have spectral propertles identical with component A and was

v

thus identified as linoleic acid (41). "

‘.4.3;4 Isolation of components F and G

" Extract IB (200 mg) wa: chromatogréphed over silica gel
- (column diameter= 25 mm, SiO, depth = 15 cm) using gradient
eiution [Skellys®lve B: CHCl,, 9:1, 7:1;;§ET, énd 3:1 (300
mL each)l; Three partiélly pure components were obtéined.[
The 'most abundant component (30 mg). w;:'subjected to flash‘
chromatography over silica, gel using Skellysolve B: CHCl;
(4:1)., Final purification was%gshleved b; PTLC over 5111ca
bgelﬂ(benzene diethyl ether, 12 2, mulf1ple elution) to

afford component F as a whlte colorless solid (5 mg, mp .




123

160-164°C). |
| Thevpplat f;éqtion‘(20 mg) wa§ purified by fiash
chfomatogréphy ovér'siléqa7gel (column diameter ol 10 mm,
: SiO;'=quv¢m,’eluant='bgn2¢nep die&hyivether, 1:1) Compound .
G .was iséiated as yhiﬁe crystals (3 mg, mp 169-174°C).
~k?ﬁ? 'The least polar fraction (20 ‘mg) was purified by flash
“éhroméﬁograbhy over silica gel (column?diameter= 25.cm,
Sid;=10 cm;-eluant='Skellysoive B: CHCl,, 5:1). Compound H

(WO'mg) was‘isolatqd as a pale yellow oil.

%

.,.4:;T;Yi4entificationvof componént F as ergostérolv(g§)

TLC: Rf>0.38‘(behzéné:”diethyl ether, 1:%).
HQEIMS (P;Qbe;’200°C) m/z (mél.for., rel. int.): C,sH44O .
‘ [M*, Calcd: 396.3381; found: 396.3379] (100), 381 (C27Ha,0,'
f *fip 4, M’ - CHy), 378 (CeHsz, 8, M*-H;0), 376 (c,,H“o; 5,
M*-H,0-H;), 364 (cz}ﬁno, 23, M"-CH;-OH). 363(C,;H;s, 74,J
Mf-cﬂg-ﬂzo), 337 (Cstaz. 31, M*=59), 27 (C15H250;415,
M*-SC, 253'(c1,H25, 27,.M“-$C-H20), 2“-,  yHig, 18) 157
(CyzHys, 21), and 143 (CyiHyy, 26). b o
FTIR (CHCl; cast): 3800(b), 3048(w), 2951(s), 2933(s),

2869(s), 1730(b,w), 1660(w), 1600(w), 1467(m), 1378(m),
1068(m), 1038(m), 970(m), 837(m) and 801 (w)'c@-'. -
UV‘imax; (C,HsOH) ' 262 (e 72005, 271(e 9260), 282(e 11800),
and.292 (e 6500) nm. ',L o | ,

'H NMR (200”Mﬁé, CDCl;) 6: 5.58 (dd, J=2.5 and 6 Hz, 1H5,

5.39 (ddd, J=2.5, 2.5 and 6 Hz,TH) 5.23 (m, 2H), 3.68 (m,

H-3 a, 1@); 2{6- 1.2 (21H, cm's methylene-methine protons),
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1.08 (d, J=6.5 Hz, 3H), 1.0 (br.s, 3H), 0.95 (d, J=6.5 Hz,
3H), 0.89 (d, J=7 Hz, 3H) 0.87 (4, J=7 Hz, 3H), and 0.66

(br.s, C-18 CH,, 3H).

4.3.6 Identification of component G as ergosterodl peroxidé
(46) |

TLC: Rf 0.25 (benzene: diethyl ether, 1:1) and 0.3

(Skellysolve B: ethyl acetate, 85:15).

. HREIMS (Probe, 250°C) m/z (mol. for., rel. int.): C,sH440;
v

[M, Calcd: 428.3279; found: 428.3286] (5), 410 (CeHa20:,
5, M* - H,0), 396 (Ci4 HyuO, 100, M'-0;)} 381 (C,,Hy,0,
M*-0,-CH,), 378 (CyeHyz, 3, M*-0;-H;0), 364 (CqsHeo 23,

| M"-0,-CH3-OH), 363 (C;y Hss, 31, M°-0,-CHy-OH,), 337
(C2sHss, 13, M"=0,-59), 271 (C,4H;,0, 7, M*-0,-5C), . i
253(CygHys, 12, M*=SC-H,0), 69 (CsH,, 39), and 55 (CuHy,
33). |

FTIR (CHCl, cast): 3400(b), 2960(s), 2933(sh), 2860(s),
2380(vw), 2365(vw), 1730(w), 1600(b,w), 1470(m), 1390(m),
1080(m), 1050(m), 1038(m), and 980(m) cm-'. |

"H NMR (400,1~Mﬂz, CDCl;) é: 6.50 (a, J=8 Hz, 1H), 6.24 (4,
J=8 Hz; ]H),'5;22 (dd, J=7 and 16 Hz, 1H), 5.14 (dd, J=8.2
and 16 Hé\\1H); 3.97 (m, w,/2=ﬁ4 Hz, 1H),; 0.99 (4, J=6.2 Hz,
3H), 0.91 |{d, J=6.5 Hz, 3H), 0.89 (s, 3H), 0.84 (d, J=7 Hz,

3H), 0.86 (d, J=7 Hz, 3H), and 0.83 (s, 3H).
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* (
4.3.7 ldentification of component H as squalene (1)

HREIMSI(Probe,‘130°C).m/z (mol. for., rel. int.): C,oHso[Mf,
Calcd : 410.39; found: 410.3898) (9), 341 (CosHay, 5,
M -69), 273 (CioHay, 3, M'-137), 205(C,sHy5, 3, M*¥2ps), 81
(CeHy, 47), and 69 (CsH,, 100). _

FTIR (CHCl, cast): 3050(w), 2965(s), 2917(s), 2854(sh),
1667(w), 1446(m), 1381(m), 1150(w), 1107(w), 983(w), 834(m),
and 740(w) cm'}. . ;

'H NMR (400.1 MHz, CDCl,) &: 5.14 (m, 6H, olefinic), 2.04
(m, 20H, -CH.-) 1.66(br.s, 65,'-653) and 1.60(br.,s, 18H,
~CH,). "

4.4 Purification of metabolites from extract II
4.4.1 fsQlation of component J

Extract II contains a mixture of as many as twenty five
gompounds (TLC behaviéur). Slow column chromatography (SiO,,
gradient 1-10% CH;0H in CHC13?’500—1000 mL) of. Extréct 11
was unSuccessful because it gave complex mixtures as shown
by TLC Extract II was simplified by separatlon into a
neutral fractldh (extract IIB) ‘and an acidic f:actlon
(extract IIW + ;IS) Slow column chromatographic separat1ons
of extract I1IW + IIS (SiO,, CHCl;. CH,0H) were found to be
unsuccessful due to intractable migtu:?s obtained after
elution.‘ | M

,Esterificatioh'of extract IIW ;:IIS(Ig) with ethereal

diazomethane concentration and purification by slow column
t

4
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chromatography (sao;, gradient (1-10% CH,0H in CHC1,)
afforded component J (10 mg) as one of the medium polarity

fractions. Component J is a white solid, -melting point >

.300°c.

TLC: Rf 0.43 (CHCls: CH,OH, 93:7).

HREIMS (Probe, 250°C) m/z (mol.for., rel.int.): C;sHsoO
[M*, Calcd:582.3543; found 582.3544](9), C,.H.,0,(567, 13,
M‘FCH,),cgsu.,os (564, 4, ﬁ‘—Hzo), CisHuasOs (549, 6,
M"=CH;=H;0), Ca3Hy705 (511, 8), CioHusOs (467, 16),Cs Hys0s

(464, 9, M*-2 COOCH;), C3oH430; (451, 22), CyoH4.0;5 (450,

.. 33), CioHs105 (449, 100), C30H430, (435, 22), CioH350, (4371,

28), C,5H,;, (307, 16) C,,H,,(279, 8), C,3H,, (221, 10),
CyeH;, (213, 11) C1’aHn (187: 14), C1aH17(185, 12): CyaHys
(171,11) Cy Hys (159, 14), CypHy, (157, 11), CgH,,0,(153,

11) CgH,20, (152, 11), CgH,,0,(151, 57), Cy,H,; (145, 14)

'C10H15(135, 12), C1°H11(107' 15) CaHh (]05, 14), C7H11(95,

15) C,Hg(93, 11), C,;H,(91, 11), CeH, (81, 12), CsHe(69, 13),

and CaH7(55, 19)- ‘/‘

CIMS m/z (rel, int): 600 (15.4)
FTIR (CHCI, ca<f7?~3soo—24oo (b) peak at 3480 cm-', 2951(b),
2876 (s), 2830 Mm) 1732 (b, s, COOR) (1710, 1680, 1650 sh.),

1454 (w), 1435 (w), 1380 (m), 1267 (m), 1234 (m), 1202 (m),

1157 (w), 1143 (w), and 754 (m)em- ',

'H NMR (400.1 MHz, CDc13)'6: 6.2& (br,s, 1H), 5.97 (br.s,
1H), 4.80 (br.s, 2H), 4.10 (m, 2H), 3.72- (br.s, 3H), 3.42
(br.s, 3H), 2.88 (dd, J=4 and 15 Hz, 1H), 2.56 (m, 2H), 1.36

(d, J=7.5 Hz, 3H), 1.00 (br.s, 6H), 0.94 (s, 3H), 0.92 (s,
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3H), 0.88 (br.s, 3H) and 0,72 (br.S, 3H).

4.4.2 Acetylation of .component J
Compound J (5 mg) was acetylated with acetic anhydride
(0.5'mL) and pyridine (0.5 mL) for 24 hours. A complex

mixture of inseparable products, which could not be
. 7

analysed, was obtained.

4.5 Separation of the metabolites from extract IIb

&
o~

4.5.1 Isolation of component K
Extract Ilb (1.5 g), comprising a complex mixture of os
many as 1; components (TLC), was'subjected to slow
chromatography over silica gel (column diameter = 35 mm, -
$i0,; aépth = 40 cm, using SkellfSolve B (Table 8) or
chlofoform (Table 9) as packing and first elutlng solvent.
Normal gravity condltlons with an elutlon rate of 30
'mL/hr were used. Component K (8 mg and 30 mg) was isolated
according to the elution scheme described in Table 8 and

Table 9 respectively. The isolation of component K by a

chromatographic procedure was very difficult since cioéély'
related inseparable qompounds co-eluted with component K. It
was found that careful attention to several‘experimental
conditions duriog the chromatographic procedure allowed
successful purification of this compound. These include the

following:
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1. the flow rate for elution 30 mL/h gave good results.

2. column preparation (packing with.the eluting solvént
(CHCl,: CH,;0H, 99:1) gave mixtures.

3. immediate monitoring of the eluants by TLC (allowed
the adjustment of the eluant to the appropria;e mixture of

solvents).

4.5.2 Identification of component K as polyporenic acid-C

(47)
TLC: Rf. 0.17 (CHCl,: CH,O0H, 99:1)
| 0.23 (CHCl,: CH,OH, 96.5:3.5)
0.38 (CHCl,: CH,O0H, 92.5:7.5)
0.45 (CHCl,: CH,0H, 90:10) and
0.15 Skellysolve B - acetone (4:1).

MP: 268 - 272°C, change in crystal shape at 245-250°C_on

melting.

[a][’)5 = +13.75 (c = 0.0008 g/ml, CHCl,)

Mol. rot. [¢): a x m/100 = 66.27

ORD: Plain positive éﬁrve. It doeé not rise appreciably with
decreasing X, | |

CD: [9],ospm, -483.78 (c = 1.5 mg/ml, 1= jmm, scale = 1
millidegree/cm, solvent= CHCl,).

uv Xmax.O(CHaoH)': 237 (loge 4.15), 244 (loge 4.22) and 252
‘(loge 4.05) nm, '

HREIMS (Probe, 250°é)‘m/z (mél. for., fel} int): C3,H4s0,
[M*,Calcd: 482.3384; found 482.3385] (16), 467

(C30Hu304,10), 464 (Cy HyaOs, 12), 449 (CsoHu+10,, 38), 437
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(Cs0Has02, 3), 368 (Co4H;,05, 4), 327, (C;3H5,02, 3), 311
(C21H2702, 4), 310 (C2:Hi00, 15), 309 (C,;H,40, 54), 308
(C,2Hz40, 19), 295 (C,,H;,0, 19), 294 (C;,H;s0, 26), 293
(C;1H2s0, 100) 271 (CysHz40, 10), 270 (C,eH,60, 21), 269
(C1oHa50, 37), 268 (Ci4H,a0, 18), 253 (CyjHzs, 10), 96
(C4Hy2, 7), 84 (C¢H,,, 3), 69 (CsHy, 22) and 55 (C.H,, 43).
FTIR (CHCl, cast): 3600-2400 (b), peak at 3350 (m), 3040(w),
2960 (s), 2933 (m), 2872 (m), 2853 (m), 1714 (s), 1680 (s),
1640 (w), 1450 (m), 1395 (m), 1380 (w), 1310 (w), 1250 (s),
1200 (m), 1170 (w), 1138 (w), 1120 (s), 1090 (m), 1065 (m),
1025 (m), 1000 (w), 935 (w), 925 (w), 890 (m), 840 (w), 790
(w), 654 (w) and 615 (w) cm™"'.

'"H NMR (4Qp.1 MHz, CDCl,) é: 5.52 (br.d, J=7 Hz, 1H), 5.37‘
(br.d,,J=75q£; H), 4.8 (br.s, 1H), 4.74 (br.s 1H), 4.15

~(ddd, J=1.5, 5.5, and 9 Hz, 1H), 2.78 (ddd, J=6, 14 and 14

¢

s

Hz, 1H), 2.52 (3t, J=3.0 and 11 Hz, TH) 2.36 (m, 1H),
2.3-1.6 (cm's,16H), 1.55 (dd, J=3.5 and 11Hz, 1H), 1.19 (s,
3H), 1.14 (s, 3H), 1.12 (s, 3H), 1.03 (d, J=7 Hz, 3H), 1.01
(@, J=7 Hz, 3H), and 0.66 (s, 3H, C-18 CH;) v
'°c NMR (100.61 MHz; CDC1l,:CD,0D) &: 217.6 (s),‘178.7 (s),
155.? (s), 144.3 (s), 142.2-(s), 120.5 (d), 117.2 (d), 106.7
(£)y 76.7 (d), 56.9 (d), 50.7 (d), 48.8 (s), 47.6 (s), 46.9
(d),,44.8 %s), 43.3 (t), 37.4 (s), 36.7 (t), 35.5 (t), 34.9
(t), 34.0 (d), 32.3 (t), 305 (t), 26.0.(q), 25.4 (q), 23.7
‘F’ (t), 22.5 (q), 22;1 (q), 21.9 (g), 21.8 (g), and 17.2 (q).

L
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4.5.3 Methyl polyporenate-C (47a)

Polyporenic acid-C (2 mg, 4.1x10°° mmoies) was
dissolved in diethyl ether (1 mL) and diazomethane in
diethyl ether (2 mL) were added dropwise to the stirred
solution at room'témperature. A brisk reaction occured with
the evolution of a gas. The TLC of the reaction mixture
showed complete conversion to the product within half an
hour. The reaction'mixtUre was concentrated to give a
guantitative yield of méthyl polyporenate-C (47a).

TLC: Rf 0.52 (CHCl;: CH;0H, 96.5:3.5)

MP: 166-172°C, can be raised to 190°C by repeated L
recrystallization from (CHCl,: CH,OH, 99:1).

[k]é’ : +10.0 (¢ = 0.0019 g/mL, CHCl,)

Mol.rot [¢] = 49.6°

UV Amax.(CH,OH): 236 (loge 4.08), 243(loe-4.15), and 252
(logé 3.99) nm.

HREIMS (Probe, 250°C) m/z (mol.for., rel. int.): C;.H4:04
[M*, Calcd : 496.354; found 496.3550] (8) 481 C;,Hes0., 19),
478 (C32H4603, 4), 465 (C3; Hys03, 18) 463 (C3,H4305, 20),
418 (C30H420, 2), 400 (C,sH3604, 2) 382 (C,sH3403, 3), 327
(C,2H3,02, 2), 310 (Cz;H;30,0, 14), 309 (C,;;H,,0, 53), 308
(C2:H;0, 26), 295 (C;,H.,0, 26), 294 (C,,H;60, 275,v293
(C21Hz50, 100), 271 (CysHz70, 9), 270 (C,sHz40, 23), 269
(C1oHsO, 26), 268 (CyoH240,. 19) 227 (Cy13H;,0,, 8), and 96
(CsH 2z, 3).

CIMS m/z (rel.int.): 514 (15.2)

FTIR (CHCl, cast): 3420 (m), 2957 (s), 2851 (s), 2922 (s) ,
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1727 (s), 1682 (s), 1639 (w), 1463 (s), 1377 (m), 1190 (w),
1160 (m), 1020 (w), 890 (m), and 718 (m) cm™'

"H NMR (400.1 MHz, CDCl;) &: 5.51 (br.d, J=6 Hz, 1H), 5.39
(br.d, J=6 Hz, 1H), 4.78 (br.s, ‘1H), 4.72 (br.s, 1H), 4.13
(m, J=7 Hz, 1H), 3.70 (s, 3H), 2.78 (ddd, J=6, 15 and 15 Hz,
1H), 2.52 (dt, J=2.5 and 11 Hz, 1H) Y 2.36 (dt, J=4 and 14
Hz, 1H);2.14-2.3 (cm's), 2.08 (ddd, J=3.5, 7 and 15 Hz, 1H),
2.02-1.70 (cm's), 1.62 (dd, J=6 and 17 Hz, 1H) 1.54 (ad, J=3
and 11 Hz, 1H), 1.18 (s, 3H), 1.14 (s, 3H), 1.12 (s, 3H), i
1.09 (s, 3H), 1.03 (@&, J=7 Hz, 3H), 1.01 (4, J=7 Hz, 3H),

and 0.62 (s, Bh, C-18 CH,)

"°C NMR (100.61 MHz, CDCl,): 216.4 (s), 177.4 (s), 155.1

(s), 144.3 (s), 141.9 (s), 120.6 (d), 116.9 (d), 107.0 (t),
76.7 (d), 57.3 (d), 51.2 {q), 50.7 (d), 48.7 (s), 47.4 (s),
46.8 (d), 44.7 (s), 43.6 (t), 37.3 (s), 36.6 (t), 35.4 (t):
34.8 (t), 33.8 (d), 32.3 (t), 30.6 (t), 26.0 (q), 25.5s(a),
23.7 (v), 22.5 (q), 22.0 (g), 21.9 (q), 21.8 (g), and 17.2

K4

(q).

4.5.4 Q-Acetylpolypofenic aéid—C (47b)

Polypofénic acid-C (2.5 mg, 5.1 x 10-° mmoles) was
dissolved in dry‘pyridine (1.5 mL) and acetic anhydride (2.0
mL) was added. The reaction was stirred at room temperature
for 3 hours. The TLC of the reaction mixture showed complete
conversion to the product within 2 hours. The reaction

mixture was quenched with ice cold water (10 mL) and

extracted with ethyl acetate. The ethyl acetate extract was
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treated successively with 5% HC1l (2x10 mL), 5% NaOH (2x10
mL), and brine (2x5 mL), then dried over anhydrogs Na,SO.,
filtered and concentrated under reduced pressure to give
Q—acetylpolyporenib acid-C (47b) in quantitative yield.
TLC: Rf 0.22 (CHCl,: CH,OH, 99:1)

[X]S‘ : =10° (c=1.8 mg/ml, CHCl,)

Mol.rot: [¢] = -52,4°

UV Amax.(CH,OH): 236 (loge3.96), 244 (loge 4.02), and 251
(loge .3.92) nm.

HREIMS (Probe,’ 250°C) m/z (mol. for., rel. int.) : C;3H440s
[M*, Caicd : 524.3489; found: 524.3470]) (9), 464 (C3,H4,40;,
31), 449 (C30H4 103, 21), 368 (C24H3:0;, 4) 310 (C,:H,,00,
18), 309 (C,.H;40, 54), 308 (C;:H;40, 20), 295 (C;,H,,0,
28), 294 (CZ}Hgso, 26), 293 (C,+H,s0, 100), 269 (C,g¢H;:50,
20), 268" (C1sHse0 18), 253 (CoaHss, 5), 96 (CrHys, S, 69
(CsHg,21), and 55 (C.H,,27). .

CIMS (m/z, rel. int.) 542 (100).

FTIR (CHCl, caét): 3200-2400(b), 3030 (w), 2958 (s), 921
(s), 2850 (s), 1732 (s), 1700 (s), 1640 (w), 1463 (m), 1378
(m), 1366 (m), 1245 (m), 1113 (w), 1075 (w), 1022 (m), 968
(W), 946'(w), 825 (w), 895 (w), 815 ?w), 796 (w), 720 (w),.
and 615 (w5 cm™ ', _

"H NMR (400.1 MHz, CDCl,) &: 5.49 (br.d J=7 Hz, 1H), 5.37
(br.d, J=7 Hz, 1H), 4.99 (ddd, J=1.5, 5.5 and 8 Hz, 1H),
4.76 (d, J=1 Hz, 1H), 4.63 (d, J=1 Hz, 1H), 2.77 (d&d4d, J=5,
14, and 14 Hz, TH), 2.9-2.1 (cm's), 2.06 (s, 3H, OCOCH,),

2.0-1.3 (cm's), 1.19 (s, 3H), 1.13 (s, 3H), 1.10 (s, 3H),

! LA
\{_u‘\
At
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1.05 (s, 3H), 1.02 (d, J=7 Hz, 3H), 1.01 (d), J=7 Hz, 3H)
and 0.69 (s, 3H). |

;$4.5.5 Methyl O-acetylpolyporenate-C (47c)

Methyl polyporenate-C (2.5 mg, 5.1 x 10°° mmoles) was
dissolved Tn dry‘pyridine (1 mL) and acetic anhydrgde (2.6
mL) was added. The TLC of the reaction mixture showed
compiete conversion to the product within 1 hour. Work up
proceeded in the manner described for the preparation qf
O-acetylpolyporenic acid-C. Treatment of 47b (zmd) wiﬁh
ethereal diazomethane (2mL) followed by concentration gave
methyl Q—acetylpolyporénate—c (47¢c) in quéntitative yield.
TLC: Rf 0.19 (CHCl,;) and 0.38 (CHCl,: CH;OH, 96.5:3.5)

UV Amax.(CH;O0H): 235 (loge 4.08), 244 (loge 4.16), and 251

(loge 4.00) nm.

HREIMS (Probe, 250°C) m/z ,A@@ol.for., rel. int.): Cs;4HsoOs,
o

M Calcd : 538.3645; (hillte 538.3654]) (15), 478 (C,.HasOs,
28), 465 (C, Hus0s, 28), YEOC, Hes0,, 37) 382 (C,sH3405,
3), 367 (C23H3103, 2), 310 (Cz2H100, 21), 309 (C3:H:40, 64),
308 (C,,H;60, 27), 295 (C;H,0, 25), 294 (c;,H,,o, 27), 293
(Cz1H, 50, 1005 268 (Cy4H2,0, 25), 253 (C,eH,s, 2), and 96
(C;H,2, 3). | |

FTIR (CHCl, cast): 3040 (w), 2960 (w), 2945 (s), 2850 (m),
1735 (s), 1709 (m), 1638 (w), 1580 (w), 1440 (w,d), 1380
(m), 1365 (w), 1244 (s), ;195 (w), 1160 (m), 1118 (w), 1060
(m), 1022 (m), 895 (w), 840 (w), 810 (w), 720 (w), 640 (w)

and 600 (w) cm~"'.
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'fn“nMﬁ-o4oo.11ung, CDCl;) &: 5149 (bf.dﬁ‘q=6¢Hz} 1y, 5.39
(br.d, g=b He, 1H) 4.98 (ddd J=1.5, -sfén&«sfaz,]wn),'4.7s‘
(bris, 1H), 4.62 (a, 3= * Hz, 1H), 3.73 (s, 3H » COOCH,),
2.78 (ddd, 'J=5,QJ¢3and 14 Hz, 1H), 2.52 (enm. 1), 2.06 (s,
‘;3H OCOCH;), 1.19 (s, 3H) 1.12 (s,ndﬂ);'1.10 (s, 3H), 1195
;(s; 3H), 1.02 (g, J 7 Hz) 3H),hj.oqf(d, 3=7 Hz, 3H), and

- 0.64 (s, 3m, C- ?QECH ).

o o | !‘K/J\-{"‘ e o ’
;;4 5 6 Preparat;on of @Ltrak1s(pyr1d1ne)51lver d1chromate

(PYaAgz-CtzO7')t \ " ) "‘ . .v - ;/ \'.:'

\

K Crzo7 (1g) was dlssolved in H O (4 mL) and AgGNO, (1.2
i A . -

g) was added Over ‘the next 10. m1nutes, the SOlUtlcn was

stlrred and H, O (4 mL) and pyrldlne (6 mL) were adced An

X

N\
orange yellow preg: pate was formed-and collected-by vacuum

]

flltratlon. The SOlld was washed wlth benzene (3x10 mL ) and
the reagent dr1ed overnlght under vacuum to glve PyuAngrZO,

Sin quant1tat1Ve yield mp 110-156 C (decomp ) 'IF ;s a stable

_reagent and has llmlted SOlUblllty in benzene.

s
LI
s -

-

4.5, 7 Oxzdat1on of polyporen1c ac1d C. (47) . .g;;‘

Polyporenlc ac1d C (2 mg,.4 14x10 ’mmoles) was
dlssolved in dry benzene (2 mL) An~excess of Py“AQZCr107 (5

" my) was-added to thE»reactlon flask and bhe stifred»miXtute
A
was heated at reflux under an atmosphere of N, for 4 hrs.
W, 19" B
TLC analy51s of: the reactlon mlxture showed an. ox1dat1on -

L3

2product with an Rf value h1gher than the or1g1nal ac1d The

reactlon mixture was flltered and the solad re51due@fas

W

3
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,washed with cold benzene (50 mL). The solvenf,ﬁas evaporated

and the p;o§g¢t:was purified by PTLC using CHCl,: CH,0H,

Lo

95:5 as eluanf to remove the pyridinium salt. The pyridinum,

~ salt was retalned at the base line of PTLC and a very low -

(25%) y1e1d of the 16-oxopolyporenic ac1d C (47d) was

obtalned

"TLC: RE 0.30 (cnc13 CHsOH, 96.5:3.5)

eAY Xmax,(CHaoH).'234 (e 11500), 242 (e 12520), 251 (e

10525), and 384 (e 78) nm. x

HREIMS (Probe, 200°C) m/z; (mOl,Eor.,rel.int.).: C31H..O}\

'[M', calcd; 480.3228; found 480.3233] (24), 465 (CioHa:Ou,

FTIR (CHCl, cast) : 3600-3200 (b), 2962 “(s), 2933 (s), 12872

16), 383 (Cz4Hs 04, 7), 313 (Cz1Hz50z, 20), 312 (C21H;403,
22), 3‘11 (C21Hz‘702, 100), 295 (C21H27O, 15), 270.(C19H‘230,
20), 269 (CisHy50, 37), 96 (C;H,z2, 15), 69 (CsHg, 34), 67

(CsH;, 20), 57 (CuHs, 26), and 55 (C4H,, 61).

(s),”2853 (m), 1737 (m), 1707 (s), 1640 (w), 1595.(w), 1450
\\1398‘(w) 1380 (w), 1290 (w), 1258 (m), 1230 (w), 1178
€m)," 1140 (m), 1110 (m), 1075 (m), 1032 (w), 1036 (w), and

=

- 885 (m) em~',

4, 5.8- Ox1dat1on of methyl pclyporenate C (47a)

Methyl polyporenategc (3 mg, 6.2 X 10"mmoles) was.

.dissolved in dry benzene (3,5!mL) and Py,Ag,Cr,0, (4 mg)_was

Y _ : " .
added. The resulting solution was stirred and heated under

‘reflux for 4 hrs. The hot'solution was filtered through

 Ce1i£evsilica gel (1:1, 3 g),‘in a sintered funnel (4-8 u,

, o _ o
p .

o
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porosity).;The solid mass was washed with hot benzene (4x10

mi) to recover most of the oxidized préduct. The bénzene

extracts Qere combined and concentrateé under reduced

pressure to give methyl 16-oxo-polyporenate-C (47e) in 83%‘
~yield. '

TLC: Rf 0.77 (CHCl,: CH,OH, 96.5:3.5)
HREIMS (Probe, 220°C)mm/£>(mol.for., rel. int.): C;3:H4s04
[M*, Calcd : 494.3384; found: 494.3381] (10), %79 (C31H4 304,
29), 247 (CsoHs0s, 29), 398 (CosHy404, 7), 325 (CzsHz40s),
5), 313 (Cp1Hz402, 24), 311 (cz,Hg,o,;'1oq), 270 (CygHz60,
18), 269 (f£i19Has O, 41), 171 (CysHys, 20), 157 (Cy3Hyy, 19),
96 (CsHiz, 18), 81 (CeHs, 21), 69 (CsHo, 35),°67 (CsHy, 20)
and 55 (C,H,, 58). | '

PTIR (CH,Cl, cast): 3030 (w), 2963 (s), 2888 (s), 1735 .
(b,s), 1709 (s), 1640 (vw), 1453 (b,m), 1432 (m), 1383 (m),
1362'kw), 1347 (vw), 1310 (wi, 1274 (w), 1254 (m,b), 1225
(w), 1210 (Q), 1198 (w), 1156 (m,b), 1112 (m), 1050 (w),
1028 (w), @002 (w), 998 (w), 970 (w), 950 (w), 892 (b,m),

808 (w), 735 (w), 660 (w), cm™'.

"H ﬁMﬁ (400.1 MHz, Cpc1;5: 65.56 (br.d, 356.5 Hz, 1H), sjso
(br.d, J=6.5'Hz, 1H), 4.78 (s, 1H), 4.74 (3% J=1.5 Hz, 1H),
3.72 (s,-COOCH, 2.78. (ddd, J=5.5, 13.5 and™12.5 Hz, 1H),
.2.57 (adt, J=3.5 andfﬁﬁH%}‘lH), 1.96 (dt, J=5.5 and 10Hz,
2H), 2.5-1.4 X%m's);f1,22 (s,3H) 1.15. (s, 3H), 1.11 (s, H),

- 1.07 (s, 3H), 1.01 (d, J=7 Hz, 3H), 1.00 (4, J=7 Hz, 3 , and

g [+3
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4.5.9 Lactonization of 47

Polyporenic acid-C (5 mg, A}1.03x10"z mmoles) was

" dissolved in benzene (2 mL) and excess p-toluenesulphonic

acid (10 mg) in benzene (T mL) was added to the stirred
solution at room temperature The solution was heated under

reflux on a water, bath The TLC of the reaction mixture

showed 3 overlapplng spots. The react1on mixture was

quenched with\sa%urated;solution of NaHCO; (2x4 mL). The

. benzene extract was concentrated and a mixture of lactones .

’ ) M

473 (4 mg) was obtalned

FTIR, (CHCI, castﬁP%29ﬁhs

-

ety v.a

1747 (s), 1707 (s), 1638-(m); 1550 (w), 1450 (m), 1376 (m),

s), 2981 (s), 2849 (s), 1767 (s),

1350 (w), 1300 (w), 1260 (m), '1194 (m), 1168 (m), .1092 (m),
1038 (m,b), 800 (m), 735 (w) and 700 (w).

4

4.5.10 Preparatlon of the dehydrat1ng reagent (carboxy

sulfamoyltrxethylammon1um hydroxxde inner salt methylf- 

~ester) | ) ‘

Anhydrous methanol (L,12mg,'0.b35Améll) in benzene
(dried over ROH, 2 mL) was added dropwise to a solution of.
chleroeulfonyl isocyanate (3.44;9, 0.0246 mol.) in drf «
beﬁzene (10 mL) contained in a 50 mL round bottomed tlask
fitted7§ith"a 25 mL addition funnel. The exothermic reactjion
was conttolled.with a cool water bath. After the eddition

was complete (30 mintues), the solvent and excess methanol

was removed from the reaction mixture under reduced

-~ pressure. The resulting white, crystalline mass was
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recrystallized from toluene to give colorless needles of
carbomethoxysulfamoyl chloride (C;H.ClNOnS, 3.1g, mp 69°C
1it.70-71°C). | '

| Carbomethoxysulfamoyl chlogdde (3.1g, 0.0178 mol.)
dissolved in benzene (10 mL) was added dropwise to a
solution of Et,N (4 g, 0.0396 ﬁol.) in benzene (5 mL) under
a N, atmosphere at ambient temperature. After the addltlon
-was complete (30 min.), the precipitate of trlethylamlne
hydrochlorlde was removed by flltratlon and the solvent was
_evaporated under reduced pressure to afford a residual
colorless oil which selidified on standing. Crystallization
. | from toluene yielded colorless néedles of
,caﬁboxysulfamoyltriethylammonium hydroxide inner salt methil
ester (CH;0,CNSO;NEt,, 3.2 g, mp 70°C lit.71-7£°C).
'H NMR (80 MHz, CDCl;) &: 3.66 (s, 3H), 3.29 (q, J=7 Hz,

" -3
6H), and 1.15 (t, J=7 Hz, 9H). '

"4.5.11 Dehydration of éclypérenic acid-C (47)

Polyporenic acid-é (1mg‘,'2.07x10‘J mmoles) was
dissolved in dry benzene (émL) and 14§¥
; alkyl—N—cérbomethostulfamate ester (CH;OZCNSOZNEta,'1m§§
4.2mmoles) was added. Tne reaction was hdated under refiux
for 8 hours in an atmosphere of dry N.. The reaction mixture
was quenched with water (10 mL) and the benzene layer
ﬂseparated dried (anhydr0us NazSO ) and concentrated under

reduced pressure to yleld a white solid (1 mg) The TLC of

the reactlon product showed two equal 1nten51ty nearly
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overlapping spots corresponding to the possible elimination
- products bf the dehydration reactioh. Attempts to separate
the two compounds failed. This was due to the siﬁilarity in
Rf of the"components‘énd the instability of the resﬁlting
‘dehydration'products, namely,
3-oxoeburico—7,9";15“,24"*tetraéne (47h) and
3-oxoeburico-7,9'',16'’,24%*~tetraene (47ha). ‘

TLC: Rf. 0.37 and 0.38 (Skellysoive B: acetone, 4:1)

-HREIMS (Probe, 200°C) m/z(mol. for., rel. int.):-C3iHun03
[M°, Calcd : 464.3279; found: 464.3290] (94), 449 (GCsoH4 10y,
133), 381 (C,sHs330s, 58), 380 (CpsHiz03, 34) 368 (C4H;,0s,
17), 310 (Cz2H100, 15), 309 (C,2H:50, 39), 295 (C;,H;,0,
36), 294 (C;1H,60, 16), 293 (C;4H,50, 62), 270 (C,sH, 40,
22), 269 (C,4H,s0, 60), 268 (C]gHz;O, 12), 183 (Ci4Hys, 21),
171 (Cy3Hys, 33), 157 (CyoHis, 35), 145 (Cy4Hy5, 30), 143
(CyyHiv, 28), 133 (CroHys, 28), 131 (CyoHyy, 22), 121
(CeHys, 20), 119 (CoHyy, 36), 109 (CeH,s5, 38), 107 5c,H1,,
31), 105 (CeHy, 37), 97 (CyHys, 77), 96 (CyHiz, 53), 95

—

' (C7H12, 53), 95 (C7H13, 85), B4 (C5H12, 49), and 83 (C5H11,

100). | N
”FTiR (CHC1, cast); 3600-2200‘(b;~peak at 3380 (m), 2955 (s;,
2922 (s), 2870 (m), 2850 (m), 1710 (m, b), 1640 (vw), 1460
(m,b) 1380 (m,b), 1260 (m), 1200-920 (b), 895 (w,b) and 620

(m) em-'.
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4.5.12 Lithium aluminium hydride reduction ofvmethyl
polyporenate-C (47a)

Methyl polyporenaté-c (3mg, 6.0x10 ’>mmoles) was added
carefully to a cooled‘(0°) suspension of excess lithium
aluminium hydride (5mg) in tetrahydrofuran,ldried,over K,
3mL). Dry THF (imL) wa§“33ded and the mixture Qas stirred
for 20 minutes under an atmosphere of "argon. Théqcoolihg
' bath was removed\and the reaction stirred for further 2.5
hrs. During thisﬁéeriod, the progress of the reaction was
'mdnitored by TLC. The reaction mixture was then'recooled to
0°C and excess of the reagent was‘destroyed by excess of
-ethyl acetate (3mL). After stirring for 10 minutes, -
saturated aqueoué NH,Cl(3.5 pL) was added, the cooling bath
was rehoved and the mixture was stirred for 25 minutes. The
reaction mixﬁure was filtered through Celite (2g).contained v
in a sintered funnel (4-8u porosity). The Celite~§as washed
with ethylyacetaté (}xs mL). The organic filtrates were
combined, dried over anhydrous Na,SO,, filtered, and
conééntrated under reduced pressure to give the reduction
product 1i.e., 3B,160-21-trihydrbxy§burico-7,9",24"-triene

(47f£) (2;7:mg) as'ﬁhiteksolid in high purity which<qu‘psedl
without further purification, ' | ¥
TLC: Rf. 6.19 (CHCl,: CH,0H, .96.5:3.5)

'HREIMS (P?obeh 250°C) m/z (mol. for., fel. int.): C341Hs00;
M, Calcd; 470.3747}.found: 4%9.3759] (29), 455 (C,QH.,O;,
28), 439 (C,oHu:,0;, 37), 437 (c,on.soz,'zz),l419 (csoH.;o;

9),356 (Cqugst, 8), 329 (Cz;”‘{3302, 8), 312 (C22H320, 40),
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311 (C22H;,0, 100), 310 (C,.H;00, 20) 297 (C;H;,0, 28), 295
(C31Hz70, 38), 273 (CieHze0, 18), 272 (Ci4H:4O, 18), 271
(CreH260, 47), 246 (CyyHgs0, 20), 239 (CioHaa, 21), 237
(CysHz1, 20), 227 (CysHz,, 20), 225 (CyqHzy,"25),
However, hydrocarbon unit frégment peaks at the following
amu's althoﬁgh insignificaﬁt occur at intensites greater
than 20%-felative to base peak. They include fragments at
211, 199, 197, 187, 185, 183, 173,‘175, 171, 170, 169, 160,
159, 158, 157, 147, 145, 143, 135, 133, 132, 131, 123,121,
119, 109, 107, 105, 97, 95, 93, 91, 83, 81, 79, 71, 69, 67,
57, and 55. | |

FTIR (CHCl, cast): 3700-2100 (b) peak at 3295 (s), 2961 (s),
2980 (s), 1640 (m), 1450 (m), 1372 (T)’ 1188 (w), 1149 (w),
1070 (m), 1036 (m), 990 (m), 889 (m), and 850 (w) cm™',

'H NMR (400.1 MHz, CDCl,) 6&: 5.49 (4, J=7 Hz, 1H), 5.36 (4,
J=7 Hz, 1H) 4.76 (br.s, 1H), 4.72 (&, J=1.8 Hz, 1H), 4.25
(ddd, J=1.5, 6, 8.5 Hz, 1H), 3.86 (4d. J=2 and 11 Hz, 1H),
3.58 (dd, J=2.5 and 11 HQ, 1H), 3.25 (ad, J=4.5 and r Hz,
1H), 2.45 (br. signal, disappears on D,0 addition), 1.45
‘(dt, J=3.5 and 12 Hz, g%»;‘1.16 (s, 3H), 1.03 (s, 3H), 1.01
(d, J=6.5 Hz, 3H), i 700 (d, J=6.5 Hz, 3H), 0.97 (s, 3H),
0.88(s, 3H), and 0.55 (s, 3H).
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4.5.13 Correlation experimént number I

4.5.13.1 Sodium borohydride reduction of polyporenic acid-C
(47)

Polyporenic acid-C (é.1mg,4.3x10{’mmoles) was dissolved
in methanol (2mL) and excess of NaBH, (5mg) was added in two
"portions. The rééulting solutionwwas stirred at room
temperature. After 1 hour, TLC analysis showed complete
conversion to product. The reaction‘mixture was qﬁenched by
‘adding excess acetic acid (2mL). Further dichloromethane (10
mL) ahd water (10mL) were,added; The organic and water layer.
were seéarated. The water*layer was extracted with CH,Cl,
and the ofganic extracts were combined, driéd over anhydrous
Na,SOu, filteredﬁgnd concentrated to dryness to givé of the
reduction product (1.9mg), i.e., 38,
16a-diﬁydroxyépurico‘7,94‘, 24%'~triene (48).

TLC: Rf 0.26 (CHCl,: CH,OH, 92.5:7.5) and 0.32 (CHCl;:
CH,OH, 90:10) -

UV Amax.(CH3;0H): 235 (e€10220), 243 (€3450) and 251 (e11200)
nm. P

HREIMS (Ptébe, 250°C) m/z, (mol. for., rel. int.): C;,HseOu.
[M*, Calcd: 484.3560; found: 484.3530] (13), 469 (C,oHys0s,
10), 466 (C,,%}gO;, 14), 453 (C3oHys03, 22), 451 (C;30H4,30;,
20), 435 (C30H4s30,, 23), 433 (C;3;oH4102, 16), 339 (C,3H;,0,,
10), 311 (C,,H,,0, 26), 297 (CZ,HZ.O, 18), 296 (C;,H,.0,
20), 295 (C;4H;4,0, 54), and 277 (C, H,s, 14).

However, hydrocarbon unit fragment peaks at the following

amu's occur at intensities greater than 20% relative to base

kY
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peak. They iﬁcludé fragments at 159, 145, 121, 119, 109,
107, 105, 97, 95,%93, 91, 83, 81, 71, 69, 67, 57 and 55.
FTIR (CHCl3 &ast): 3600-2400 (b) peak at 3450 (h), 3028 (w),
2960 (s), 2929 (s), 2870 (s), 1736 (s), 1640 (w), 1600
(v,w), 1446 (mi, 1378 (m), 1288 (w), 1258 (w), 1195 (w),
1158 (m), 1090 (m), 1036 (m), and 889 (w) cm ',

"H NMR (400.1MHz, CDCl,) 6: 5.48 (br.d, J=6 Hz,1H), 5.31
(br.d, J=6 Hz, 1H), 4.78 (br.s, 1H) 4.72 (br.s, 1H), 4.1
(cm, 1H), 3.2 (cm, 1H), 2.9-2.5 (cm's), 2.50 (ddd, J=3.0,
1.0, and 11 Hz, 1H), 2.4-1.2 (cm's), 1.11 (s, 3H), 1.04 (s,
3H), 1.01 (d, g=7;Hz, 34), 1.00 (d, J=7 Hz, 3H), 0.97 (s,

3H), 0.89 (s,@3H)j and 0.62 (s, 3H).

) i
4.5.14 Correlation experiment number 1II

4;5;14.1 Sqaium-gorohydride :educt%on of methyl
,‘polyporen5£§—cﬁ(glg)‘

' ThevfédUCﬁion of methyl polyporenate-C (2.5mg, 5.0x10"°
mmoles) was carried out by a similar procedure as described
for the NaBH, reduction ofvpolyporenic acid-C (47). o
Methyl-38, 16a-dihydroxyebutico 7,9'',24%%trien-21-oate
(48a), mp 160-170°, 2.3 (mg) was obtained as a white solid.
TLC: Rf 0.61 (CHCl,: CH,OH, 92.5:7.5) ‘

HREIMS (Probe, 220°C).m/z (;ol. for., rel., int.): C;3;,Hgs00.
(M~ Calcd: 498.3696;'found:_498.3715] (13), 483 (C;3,H.,0.,
12), 480 (Cy2Hus0s, 8), 467 (Cy1Hus05, 16), 465 (C3,H4s05,
9), 447 (Cs Hes0z, 8), 353 (CzeH330s, 6), 311 (CaaHs 0, 47,

+310 (C2,H300, 15), 296 (C,,H;40, 24), 295 (C,,H,,0, 100),
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277 (C3\Hys, 18), 272 C,4H;40, 16), 96 (CoHyz, 9), €9 (CeH,,
29), and 55 (CuH,, 43). I

FTIR (CHCl, cast): 2960 (s), 2929 (s), 2870 (s), 1732 (s
1640 (w), 1600 (vw), 1450 (m, b), 1378 (m), 1285 (m), 1257
(m) 1195 (m), 1160 (m), 1095 (m), 1037 (m),_9§2 (w), 889
(w), and 755 (w), !

'H NMR (400.1 MHz, CDCl,) &: 5.48 (br.d,’J=6.5 Hz, 1H), 5.31
(br.d,” J=6.5 Hz, 1H), 4.78 (br.s, 1H), 4.72 (4, J=0.5 Hz,
1H), 13 (cm, 1H, Sharpens on deuteration to ddd (J=1.5, 5.5
and 9 Hz), 3.72 (S, 3H, -COOCH,), 3.25 (m, 1H, sharpens on
deuteration>to dd (J=4.5 and 11.5 Hz, 1H), 2.50 (dt, J=3 and
11 Hz, 1H), 2.8-2.5 (cm's), 2.4-1.2 (cm's), 1.10(s, 3H),
1.03 (s, 3H), 1.01 (&, J=7 Hz, 3H), 1.00 (d, J=7 Hz, 3H),b

0.97 (s, 3H), 0.89 (s, 3H), and 0.60 (s, 3H).

4.5.15 Isolation and identification of component Llas
| dehydrotumulosic.acid (48)

Further fracﬁionation of extfact IIb with higher
polarity solvent (CHCl,: CH;éH, S6:4), gave impure component
L (3.5 mg).'Purification by centrifugal PTLC (Chromatotron;
© Skellysolve B: ethyl acetate : 2:1, 1:1, 1:2) afforded
component L (1.5 mg) mp> 300°C. In an improved isolation
scheme (see Table 9) component L wés isolated as avmixturé
containing component K. Easy purification bvaTLC using (5%
CH,0H in CHCl,)’gave component L(5 mg) as a white solid.

.

Component L is one of the minor, more polar compgéents of

‘the above extract. S—

ke
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TLC: Rf 0.26 (CHCl,: CH,OH, 92.5:7.5) and 0.31 (CHCl,:
CH,OH, 90:10). “

UV Amax.(CH,0H): 236 (loge 3.98), 243 (loged4.14), and 251
(loge 3.90) nm. | ’ |
HREIMS (Probe, 250°C), m/z, (mol. for., rel. int.): C;,H4s0,
[M*, Calcd : 484.3540; found: 484.3548] (20), 469 (C3oH4s04,
9), 466 (Cy HyeOs, 15), 453 (C3oHusOs,.24), 451 (CyoHus0a,
17), 433 (C30Hu102, 15), 339 (C23H,,02, 12), 311 (Cz5H3,0,
26), 297 (C21H;90, 16), 296 (C,,H,40, 20), 295 (C,,H,,0,
100), 277 (C;4Hps, 20), 272 (CysH,40, 19), 96 (C,H,,, 6) .69
(CsHy, 27), and 55 (C.H,, 36). -

FTIR (CHCl, cast): 3600-1900 (b) peak at 3380 (m). 2950 (s),
2920 (s), 2860 (s), 1735 (m), 1732 (m), 1640 (w), 1600 (bw),
1445 (m), 1375 (m), 12§8 (w), 1248 (m), 1200 (w), 1165 (m),
1090 (w), 1025 (w) and 884 (w) cm™',

'"H NMR (400.1 MHz, Cpc13)«6: 5.48 (m, 1H), 5.32 (m, 1H),
4.78 (br.s, 1H), 4.72 (br.s , 1H), 4.1 (m, ' 3.2 (m,1H),

2.52 (dt, J=3.0 and 11 Hz, 1H), 2.9-2.55 (c: .}, 2.4-1.2

(em's), 1.12 (s, 3H), 1.03 (s, 3H), 1.02 (d, J=6.5 Hz, 3H), J€§g$“

1.00 (4, -J=6.5 Hz, 3H), 0.97 (s, 3H), 0.89 (s, 3H), and 0.61

(s, 3H).

4.5.16 Preparation of mefhyl dehydrotumulosate (48a)
Dehydrotumulosic acid (2 mg, 4.13x10°* m.moles) was

dissolved in diethyl ether (1 mL) and ethereal diazomethane

(2 mL) was added dropwise to the stirred sSlution at room‘

temperature. A brisk reaction occured with the evolution of

e S

Vg
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é #hs. The TLC of the reaction mixture showed complete
conversion to the product within 1 hr. The reaction mixture
was concentrated to give a guantitative yield of ﬁethyl
dehydrotumulosate (48a) as a white solid. s

MP: 163-172°C, change in‘crystal shape to'sharp needles
occurs at 145°C, |

TLC: Rf 0.61 (CHCl,: CH3OH, 92.5:7.5).

UV Amax.(CH;0H): 235 (e 12700), 242 (e 14830), %ﬁd 251 (e

- 10200) nm.

lall® : +7.5° (c=0.0008 g/ml, CHCl:). |

Mol. rot [¢]: +37.35 : 8L ;

HREIMS (Probe 325°C) m/z (mol. for‘{ rel. int.): C;,Hs00,
[M*, Calcd : 498.3696; found 498.3706] (10),.483 (C3H4 704,
7), 480 (C,:H4405, 9), 467 (C3H47Qs5, 12), 465 (C3H4sO0;, -
9), 447 (Cy,Has0z, 10), 353’(c;.H33§ 8), 311 (czzhs,o

40), 310 (Cs3H300, 12), 296 (C;,H;407 -2&)1\;95 (C21H27O
100), 277 (Cz4H.s, 19), 96 (C,H,2 , 8), 81 (Cs H,, 237, 69
(CsHg, 36), 57 (C4Hg, 23), and 55 (C.H,, 54)% ‘

FTIR (CHCl, cast) : 3436 (b), 2959 (s), 2927 .(s), 2862 (s),
1732 (), 1640 (w), 1605 (v), 1460 (b,m), 1378 (m),k1zss -
(m), 1257 (m), 1194 (m), 1159 (m), 1096 (m), 1037 fm i
(vw), 885 (w) and 752£Yw) cm~'. 1;;.v
'H NMR (400.1 MHz, CDCl,) 6: 5.48 (br.d, J=6‘§iQ§:jWH)

(br.d, J=6.5 Hz, 1H), 4.78 (br.s, 1H), 4.72.(4, J 0. 5,,zd%>

M), 4.13 (br.t, J=7.5 Hz, 1H), 3.71 (s, 3H, acoocuﬁijAwif
tdd, J=4 and 11 Hz, 1H), 3.1-2.6 (cm's), 2. 51 ﬁdt 3n0 and

11 Hz, 1H), 2.4-2.1 (cm's), 3.10 (s, 3H), 1.
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77.0 (@), 57.4 (d), 51.2 (q), 49.2 (d), 48.6 (s), 46

44.7 (s), 43.6 (t), 38.7/{s), 37.5 (s), 35.7 (t), 35
33.8 (d), 32.3 (t), 30.6 (t), 28.2 (q), 27.8 (t), 26
23.0 (t), 22.7 (g), 21.9 (q), 21.8 (q), 17.2 (q), an

(q).

4.5.17 O-Diacetyldehydrotumulosic acid (48b)

Dehydrotumulosic acid (2.5 mg, 5.16x10°° mmoles

‘dissolved in dry pyridine (1.5mL) and acetic anhydri

was added. The reaction was stirfed at room tempErag
8 hours. The TLC of the r;action mixture showed comp
conversion to the product. After this time the pyrid
azeotropically removed with toluene. The residue was

through a silica column (pasteur pipette, eluant CHC

‘CQ3OH, 98:2, 2 cm column bed) and compound- 48b (2mg)

obtained as a white to yellow semisolid which showed

. . "%
spot on TLC 1in various solventg&ys&gms.
P }‘?i;k

TLC: Rf 0.76 (CHCls: CH,OH, 96.5%3.5).

%'~ HREIMS (Probe, 250°C) m/z (mol. for., rel.int.): Cysl

"'[M‘, Calcd : 568.3750; found: 568.3765) (18), 508 (cC.

35), 495 (C;zHa;Og, 18), 433 (Caqu1Oz, 35), 353 (Czl

1 43), 339 (C23H30;, 24), 337 (C;3H,40;, 18). 295 (C,.

39), 277 (CayHas, 36), 157 (CyaHys, 22), 149 (CaHsO, .,
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96 (C; H,,, 8), and 55 (C4H,, 100).
"
Other peaks Whlch are 20% as intense as base peaﬁ“are -

reported. Only amu of the fragments ar% mentaoned. They are
‘ v o N

N ’ . ' o - ! P ‘

119, 109, 107, 105, 97, 9%, 93, ©1,85,83, 81, 73, .71, 69,

and 67. B |

g4

_FTIR (CHCl; cast): 3600-2400 (b), 2957 (s), 2924 (s), 2853

(s), {7%3 (s), 1700 (m), 1640 (w), 1370 (m,3Q), 1244|Eb,s)(
J}fB (Ey; 10304(m,b), and 895 (w) cm"ar ", |
'H'NMR | Miz, CDC1;) 6: 5.45 (br.d, J=6.5 Hz, 1H), 5.36
'(brrd;-dee;s Hz, 1H), 4.99 (m 1H) 4,76 (br.s, 1H), 4.63
(br.s, 1H), 4.52 (cm, 1H), 2. 9-2: 08 (cm' s) 2.06 (f 3H,
-OCOCH;),- 2.05 (s, 3H,v-OCOC§3), 2.02-1.10 (cm's), 1.04 (s,

3H), 1.03 (s, 3H), 1.02 (4, 'J=6 Hz, 3H), 1.01 (d, J=6 Hz,

.gH), 0.96 (s,3H), 0.88 (e, 3H), and 0.63 (s, 3H),

“4.5,18 Preparétion‘of‘methyl“Q—diacety18ehydrdtumulosate
(48c)

Methyl dehydrotumulosate (1.5 mg, 3. 01x10"mmoles)rwas

v treated with pyrldlne (1mL) and acetic anhydrlde (1.5mL):at

room temperature for 4 hours.vThe reaction mixture was
guenched with ice cold water (40mL) and extracted with ethyl

acetate. The ethyl aeetate eXtract was treatedﬂsuccessively

| with-S%AﬁCl;(sz mL), 5% NaOH (2x5 mL) and brine (2x5 mL)

then dried over anhydrous Nazsou, filtered and concentrated
under reduced pressure to glve (1mg) methyl O-diacetyl
dehydrotumulosate (1 mg) (48c) as a single spot on TLC.

TLC: RE 0.87 (cnc1,' CH30H, 96.5:3.5)
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‘,rel.int}): CaegHs406

he 1 (9), 522 (CsuHso04,
18), 396 (CZ,Hus,
18), 3;9 (C23H3402,
,. 149 (CgHsH,, 48),

B100), 56 (C.Hs, 22),

), 2848 (s), 1737 (s),
242 (s), 1160 (m), 1030

"H NMR (400.1 MHz, CDCl,) &: 5.43 (br.d, J=6.5 Hz, 1H), 5.38

(br.d, J=6.5 Hz, 1H) 4.98 (m, 1H), 4.76 (br.s, 1H), &.64,

7 (br.s, 1H), 4.55 (m,1H), 3.71 (s, 3H,-COOCH:), 2.06 (s, 3H,

-

_ -OCOCH,), 2.05 (s," 3H, -OCOCH,, .1.05 (s, 3H), 1.03 (s, 3H),

"1.00 (d, J=6 Hz, 3H), 1.00 (d, J=‘6_Hz, 3H), 0.97 (s, 3H),
. 0.88 (s, 3H), and 0.63 (s, 3H). - .

.

»
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