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ABSTRACT

1

Stereum purpureum is the fungus rESponstbLe'fqr

silver leaf disease in a variety of fruit"trees, especially
plum and aople. Part I of the thesis describes an inves-
tigation of the metabolites produced by this fungus when
grown in 11qu1d culture Sterpuric acid (1), the first
compound 1so]ated from the acidic fract1on of the culture
broth extract, represents a comp]ete]y new skeleton among
the sesqu1terpeno1ds lts structure was estab11shed by
chemica] transformations and physical methods. Further
examination of the acidit fraction afforded two other
metabolites with the:carbon skeleton of sterpuric acid,.~
hydroxysterpuric acid (g), and hydroxysterpuric acid
ethylidene acetal (é) The two latter compounds were iso-

lated in the ,form of their methyl esters.

Examination of the neutral fraction of the broth
. i : 4

cu]ture extract yielded sterpurene-3,12,14-tr%o1 (g),

which also possesses the sterpuric-acid skeleton. The

-~

neutral fraction also contains two new compounds, 5

KN



and 6 (temporarily c#lled Tactone "A" and lactone "B"),
.. 7N

which have the carbon §ke1etoq of isolactarane.

The last compound discussed in Part I of the tngsis is

the sesquiterpene hydrocarbon sterpurene (Z). This com-

pound was isolated fkoh the myce11um of i._gurpuréum.

The'secbndrpérp‘of\the‘thesis describes a study

concerning the biosynthetic pxthway leading to the ster-

purane“éke]eton. S. purpureum culturéf‘yegg grown in
the presence of either [1-]3C]- or [2—]3C] acetate.

13C nmr spectra of the derivatives

Examination of the
of sterpur1c acid and sterpurene-3,12, 14 triol obtained
from these exper1ments indicated that. thersterpurane

skeleton is biosynthesized as shown “in the fp]]owing

\

scheme.

Vi
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Stereum purpureum (Pers.) Fr. has been known to
1

man for nearly a century, This fungus has béen‘c1as-
sified2 as belonging to the c]asé Basidiomycetes,
subclass Homobasidiomycetes, order.Aphyllophorales{
faﬁiiy Thelephoraceae and genus Stereum. It is now well
established that this fungus is responsible for a
disease in a vafiety of fruit trees, especially plum,
apple, and peach, in which silvering of the foliage is
its common symptom.' The first observation on this
disease was made by a French scientist in 1885 but it
was soon known throughout Europe pa:ticu1ar1y in England,
North America, Austtralia and New Zea1and.3 |
The name "silver leaf" was first applied to tﬁe
disease by Perci-_va]4 in 1902 who was the first to
question the noh-parasitic and "Act§ of God" character

of the disease. He showed that hyphae of the fungus

were present in the wood and root of silvered trees,

and by inoculation proved that §. purpureum could cause
the silvering. '

» The results of Percival were fully substantiated by
Brooks in a series of studies 1q~Eng]and.5'8 He

carried out extensive inoculation expgriments on plum

and apple trees and p}oposed the mechanism of action of

2. purpureum in causing silver leaf disease which is
L
currently the accepted mechanism.g'}0
. ’ /

According to his studies the fungus enters the

<
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wood through pruning woundc and bfoken branches, fre-
,quentl_);é ‘hle'ing dra'\}n‘aweonsiderable distance 1nto the
vessels WWere it germinates under more favorable con-'fjf
ditions chiefly because of the abundance of tarbohydrates
in these tissues. It then causes girdling and dieback.
The silvering of the leaves is a secondary symptom

caused by toxic materials of the fungus which are
oarried'up‘bythe_transpitat%on cdrrent. Brooks success-
fully d%honstrated this»by causing silveriness in plum
leaves by 1nJect1on of a f11tered extract of the fungus
into the stem ° |
© The silveriness of the fo]iaoe.is primarily due to
part1a1 separat1on of the mesophyl cells from one an-

. other and from the ep1derm1s 0w1ng to the presence of
abnormal -air spaces thus induced, the 11ght reflecting
qualities of the leaf are a]tered, and the ]e}»es
appeaf st]very. At a rather late stage in the develop-
ment of the disease and often as the affected trees |
or branches die, numerous bracket-1ike fruit bodies
appear which vary in size from about-1/4 to 2 in.
across. The upper surface of the fructification is
ye]low1sh brown, ha1ry and- zoned the 1ower surface
smooth and purp11sh This lower region carries numer-
ous spor s and it is by means of these m1croscop1c

~bodies that the dlsease 1s spread. 1 J

In ]909 Gussow detected the first gyfhentic case



! - 0 .
of silverlTeaf disease 1n$Canada.]?l He discovered the

existence of S. purpureum on a diseased apple tree in

the orchards of the Truro Agr1cu1tura1 Col1ege in Nova
Scotia ' Further investigat1on by th1s sc1entist re-
vealed the widespread existence of s11yer’]eaf disease
on plum and abple trees from Nova Scotia to British
~Lolumbia. “¥n his publication, Giissow also took the
Aopportunity to draw the attention of his United States
.colﬁeaguesﬁto the existence of the disease iu.North \
America despite the lack of brevious reterence.to its
occurrence on this side of At]antic, However, silver
leaf disease was not detected in the United States
until 1923 13 put, it occurs'widely‘on apple and plum =
trees in the East,/the Nest and. the Lake states. 14 In
the case of the prov1nce of Alberta this disease is
presently found on mount&in ash}}cotoneaster, and

%naspen.15 .

6 Bee’ver]6 succeeded 1n grow1ng S Apurpureum in

liquid medium. This ‘author undertook a study to deter-
mine the ab111ty and extent to wh1ch th1s’fungus 1s

able to use a range of nutrients for mycelial growth

in vitro. - A freshly isolated culture of S. purpureum

~maintained on potato dextrose agar (PDA) or 1.5% malt
‘agar was used throughout. A defihed-)iquid medtum
. containing glucose as carbon source and L-glutamic acid

as nitrogen source in which this fungus produced good:



~.

~leaf symptoms o app]e trees
medium. The cu1turg4fj1trate was dia11zed aga1nst

was mixed with 'solid ammonium sulfate to 90% sa

growth was selected as the basal medi@h, and the suit-
ability of other carbon and nitrogen sources was deter-
mined by‘subﬁtitdt}bn{'_Theiinfluence of several
vitamiﬁS»and of calcium on growth was also invesfigated.
Twenty—fhree cagson compounds and twenty-seven nitrogen-
contgining compounds were tested by adding each one :
separate1y to the basal medium to provide either 10 g
per lTiter of carbon, in place of qlucose or 225 mg

per liter of n1trogen, 1n p]ace of glutamic acid. These

experiments showed that maximum mycelial growth

‘'occurred with mannose or soluble starch as carbon

source and with glutamic ;cid or glutamine as the
nit;ogen soufce after a growth périod of“30 days.  Of
the seven Vitamins tesfed only thiamine was rgquired
for growth and the addition’of‘calcium hydrogen |
phosphate to the medium resu]ted in an increase in
the yield bf m}ce]ium. althdugh considerable growth
occurred in its absence. ’

Recently, there have been reports which claim that

toxic protein§,6? S. pUrpureum’areacausativeiof siiver
‘ ' k 17,18

S. purpureum was"’

cultured at 30 degrees for 20 days on a potato extract

0.005 M phosphate buffer (pH 6.0) and then the dia
riza-

tion. The resulting precipitate was dialize against

'8
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0.02 M phosphate buffer (pH 6.2) and passed through a

column-of DEAE- ce]1u1ose and the active substance was
precipitated with. ammon1ud sulfate followed by column
chromatography on sephadex G-100. :The active substance
thus isolated had a molecular weight of SO,bOOIand'
T”induced silver leaf symptoms when‘injected into apple
trees at a dosage of about 25 ug per tree |

., Since it seemed well established that the s11ver

leaf d1sease is caused by the action of a metabo]1te

or metabolites produced by S. purpureum and since to the

best_of the author's knowledge® there has been only one
attempt reported]g for the isolation of metabolites )
of the myce11um of this fungus in which ergostrol as
we1] as an un1dent1f1ed alcohol w1th molecular ion
peak (M ) of 398 and an un1dent1f1ed aPVéhat1c ester
were isolated, it seemed appropriate to undertake a
systehatic jnvestigatioh concerhinghtheaiso]ation‘of

| metabolites of this fungus. n

The pucrpose of'the workvreported in thesis was to

separate'and characterize the metabolites produced when

§[ purpureum is grown in liquid culture and to deter-

‘mine the structure of these metabolites.

Hhen S. purpureum is grown in 11qu1d culture its

broth extract contains many metabo]1tes the vast

major1ty.of which are sesqu1terpeno1ds. Out of seven
; v v R

sesquitérpenoid metabo]ites‘]istedain the chart only

i)



one of them (5)‘was isolated from the mycelium. It |

should be pointed out that compounds 2 and 3 were

S

‘isolated in the form of their methyl esters. Further-'
more, compounds 1 5 represent a new structura] type.
among the sesquiterpenOIds Thus, the name sterpuric
acids and sterpurenes are used for 1- 3 and 4 5 res-

pectively. Compounds 6 and 7 have the carbon ske]eton,
;f

of the known compound 1so1actaroruf1n 20 A1l com i

pounds were 1dent1f1ed by spectral ana]ys1s and chem1ca1
transformat1ons The structure of sterpuric acid ]
wh1éh is deduced here®n on the basis of chemical and

\
spectroscop1c studies has been confirmed by a single

crysta] X-ray d1ffraction ana]ysi;‘performed\by
Professor Jon Clardy and his group at Corne]f University.
o The_fina]‘chapter of this thesis will be concerned “
with the determination of‘the bfosynthetdc pathway
leading to the sterpurane skeleton by utilization of
Carbon-13 nuclear magnetié resonance (]3C nmr) studies

of the compounds produced when the Tiquid cu]ture was fed

_ w1th [1-]3C] - and [2-]3C] acetate The 1ntroduct1on to

blosynthetnc sbud1es will appear accordingly.
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S. purpureum was grown in malt extract-dextrosdt-

peptone liquid culture. A study was performed to

establish the optimum time required for the growth of

the fungus. This revealed that a period of 30 days

)t
e

was the optim time required to piiduce'the’ma&fmum

yield from the culture broth extra Ex@raction

with ether and ethyl acetate provided the crude metabo-

lites. This mixture caused sifvéfing‘of the foliage

21

in mountain ash seedlings. Furthermore, this ex-

'tract showed good activity against Staﬁhy]ococcus

aureus and Candida albicans:

. ‘—/’ ‘ N ’
The crude extract ;¥\s. purpureum contained a- =

R

complex mixture of many compounda_as evidenced by thin
1ayer chromatography (tlc). In an attempt to facili-

tate the isolation of 1nd1v1dua1 components the crude

' extract was separated 1nﬁ5 acidic, basic and neutral

fractions. The bulk of the material was contained ‘in
the acddic/anduthe neutral fractkons. .The basic

fraction was negligible.

1. Acidic Compounds

: )
a. Sterpuric acid

~Column chromatography of the acidic fraction”bave
a small amount of a compound which after recrysta111za—
t1on from.ethyl acetate gave a n1ce1y crystalline

compound’witﬁﬁthe melting point (mp) of 203-207° and

.
RS

~
€



the specific rotation, [a]20 = +72 (CH;0H) for which

we propose the name sterpuric acid (Stereum pu[pureum)
‘The molecular formula of this ' compound was determined
by h1gh resolutjon mass‘spéctroscopy (hrms) to oe
C]5H2203. The infrared (ir) spectrum shows absorptions
at 3020-3600 and 1700 cm™'. The 100 MHz proton
magnetic resongnce (]H nmr) speg;nuﬂ/exhibits a one
proton sign{i{at 6 0.88 as a doublet o doublets, two
quaternary methyl grvups;at 6,].20.anér1.32, and a viny]
methyl at & 1.62. The rest of the spectrum consists

of a serjes of unreso]vedhpeaks.

The Carbon-13 magnetic resonance (]3C nmr) spec-
trum of methy; sterpurate/ the latter obtained by
itreatment of sterpuric acid with diazomethane shows
downfield signals at 6 176.6 (s) corresponding to a
. carbomethoxyl. carbony] group, two low 1ntens1ty s1gna1s
at & 138 3 Lsi_and_la] 8 (s) represent1ng the two
carbon atoms of a fu]]y substituted double bond and
another s1nglet at 6 73.4 indicative of a tetrasubst1tut-
ed carbo”‘bear1ng an oxygen atom. Furthermore, the
-spectrum shows 51gnals corresponding to five methy]ene-
groups, one methime carbon, two quaternary carbons and.
three methyl groups

The terttary nature of the hydroxyl group in methyl
sterpurate was demonstrated 8hem1ca11y by its resistance

to Jones' ox1dat1on Furthermore. acetylation of methy! .

£
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A

sterpurate required treatment of this compound with
acetic-anhydride gnd pyridine at room temperature for
16 days. -

The spectral information aﬁdhthemicaI properties
presented thus ‘far indicated that sterpuric acid is a
tricyc]ic sesquiterpene with the functiona11ty sum-

marized below.

(c) (€)
-COOH /(!\\./(C) , (c)-f,-.on
(C) 5: (c) o
CH, ' -

(c) o ©) (c\>

|- ~ - o
5 X sz N2 X (C)-(':jC\H3? ,o(C)- CH\TJ,‘

(C) (0 o <C)

The mass spectra of sterpuric acid and its deriva-

tives all display an.intense peak at M+-28; shown by
high resolution measurements to be due to the loss of

ethy]en@, at f‘Ist suggest1ve of a retro Diels- A]der

fragmentat1on This a]ong with the fact that the "W nmr

spectrum of sterpuric acid has a one proton signa1 at

§ 0.88 suggested a 8- maaliene-type skeletonxg.zg

'_quever, the assumed .cyclopropane proton at § 0.88

has two large doupling-constants of 11 and 13 Hz,

',impossible to 1ncorporate 1nto this maaliene type

;structure

-y

13
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It/waf then found that methyl diﬁydrostkrburate;
where the carbon-carbon dodbTe bond isqreduced. also
shows a.base peak 1n ‘the hagh resolution mass spectrum
at M -28 correspondlng to the loss of ethylene, ruling.
‘:,out ‘the retro Diels-Alder fragmentai@gn. This then
suggested thgt a four-membered rjng'should be  considered,

the lo§s of ethylene in the ms Possibly assisted by the

t

tertiary hydroxyl group as-showh. E
e 3 | | |
-C——CH, . c—cnz N EA » /
(':—(l:H é éu ' (': ! gu
l,v 2‘ . A 2 / N\ H , 2
+OH 0 y +

. At this point it seemed apparent that sterpuric acid

-

- possesses a- carbon skeleton different from that of

- . . - - ('

r D

{ -

N
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any of the known sesquiterpenes

The 400 MJ; ]H nmr spectrum of sterpur1c acid
(Fig. 1) (which became ava1lab1e in early }979) proved
to be extreme1y informative. "It not only provided better
’reso]ut1on for the many unresolved signals, but it also
made po?s{tle the assignment of the coup1ing?partner(s)
of thevvast\maiozjty.of the hjdrogens by double irradia-
tion_expeniments ‘ﬁ (6 2.86) must be allylic (as
evidenced by upf1e]d shift when the carbon-carbon double
bond was hydrogenated) and is part of an isolated methyl-
‘ene group with Jﬂgé = 17 Ha, the other proton;of whioh
is He (6']2.24). Hg (8 2.61) which also must be allylic
, js‘ooppiedcto the most upfield signal Hk (6 0.88) wtth

=1 Hz/and Hy (6 1.58) with J = 6 Hz. H, and- Hy,

are mutua]]y ‘coupled (Ji = 13 Hz) and not further
vcoupled Likew1se, HB is coupled to HE (6 1.86) with

J =7 Hz and HG (6 1.64) w1th J o= 11 Hz and these_]atter'
two are’ mutua]]y coupled (J = 13.5 Hz) and not

! - gem .
furthen“coup1ed The fomr rema1n1ng protons give rise . -
to the s1gnals D (5 2.20), E (§ 1. 92). I' (8 1.56) and-

_ <
- J (8 1 23) each of which show two -large couplings and

Goup1tngs, suggest1ng two cont1guous
methz]ene group as an 1solated system ‘
By making the assumpt1on that sterpuric ac1d is
' <

der1ved from farnesy] pyrophosphate (9) without re-

‘arrangement. and 1ncorporat1ng the structura] features
PR an //,- o '
L N / . ) )

) LN i
h / /
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alluded to thus far, it was possible to arrive at the .
——TTT— . :

tentative structur 10 for §terpuric acid. At this

stage it was nQ\/pbss1b1e to indicate which of the

starred methyl groups in 10 is a carhboxy]l group.

n3
5.
I 4
OH
h o %
- S B

It was now neceséartho prove the proposed struc-
ture by means of chemical -transformations and tﬁen to
,determ1ne the relative stereochem1stry of the four
ch1ra1 centers of sterpur1c acid. Methy] sterpurate’ -,
was eas11y prepared and routinely used for further trans-
formations. Its ]H nmr spectrum in pyr1d1ne d5 sug-

~gessted that one of the . methy] groups was on C-6 (the

' pyridine shift'studies of metﬁyl sterpurate will be
discussed in more detail later). Acety]ation~ofvmethy1'“
sterpurate (ll) under normal conditians‘(acetié anhydride-~
pyfidine; rooh temperature) ‘occurred vefy slowly to
give methyl Q-aéetylsterpurate (lgj. 'However; fhe,
’écety]ation reéo%ion could be forced to completion in
three days wheh mefhyl sterpurate was treated with:

acetig anhydride in.-the presence of 4-N.N-dimethy1amino-
. L. { ‘



-

pyridine and triethyl amine in refluxing etﬁer 23 Hydro-

"genat1eq of the carbon-carbon double bond required 60

psi pre;sure 1n1the presence of excess palladium on
ponered charcoal at room temperature for seven days.
As indicated earlier the product of this reaction, methyl
dihydrosterpurate (lg). loses ethylene in the mass

spectrum.

'5]#9(5: . MeQ

. OH_ OAc H | OH
1 12 0B

Ozonol_ys'isz4

of hethy] sterpurate. (11) proceeded
with the uptake of two oxygens as ev1denced by h1gh
resolution ms. The ir spectrum of the product, however,
displays pn]y one carbonyl absorption at 1745 cm ].

The ]H nmr'spec%rum fhows that the olefinic methyl gro:>
is no longerxpresent as suéh, but- there is also no

signal representative,of a methyl ketdne. Instead, a

methyl s1ng1et appears at § 1. 39 It seems’ that the

—

ozono]ys1s of 11 proceeded as_expected to give the . R

desired d1ketone 14. but the react1on did not stop at
this stage The presence of the tertiary hydroxy]

group combined w1th the relative ease of formation of

17



five- and six-membered rings caused participation of
the hydroxyl function in further reaction of 14 to
form double hemiacetal 15 as indicated by the arrows

in 14. \

| MeQy ._ M
n—> <HO —>

&, cor
u o B

h
¢

In order to circumvent this side reaetién, the
ozonolysis 'was carried out on methyl g-acetylsterpurate
~(1§) which contains no free hydroxyi to pa;ticipate
in further rehetion of the diketone ]1'ohce°it is
formed The cleavage product 16 shows carbony] absorp-

-1

‘tions at 1736 and 1710 cm™  ‘in the );;spectrum and a

s1gna1 correspond1ng‘to a methy] ketone (§ 2.12) in
the 1H nmr spectrum The absorpt1on band at 1736 cm -1
must represent both the methy] ester ‘and the cyc]o-
~pentanone. but because of the over]ap, does not provide
a good evidence for the five- membered ring in sterpuric

ac1d SR N
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At this poinf it was decided to oxidize the carbon-
carbon- -double’ bond of methy1 sterpurate (11) w1th
osmium. tetroxlde It was hoped that this react1on would
provide the triol 17 which then would be degraded to a

b

cyc]opentanone-cyc1obutanone system However. treatment

25, “in ‘warm pyridine and de-

of 11 with osmium tetroxide
composition of the osmate ester thus produced with
sodium bisulfite did not resu]t in the formation of 17
(C]G 2605) Instead. the lactonediol 18 was produced
as ev1denced by spectral data. The high reso]ut1on ms
of 18 indicated a molecular formula of C]5H2204. The
1r‘spectrum shows hydroxyl absorpt1on_at-3460 cm'] and
‘carbonyl absorption at 1775 em”) characteristic of a

. y-lactone function. The "H nmr spectrum doesinot
‘exhibit a signal corresponding to the methyl- ester

moiety. . o

o | B
Treatment'of the lactonediol 18 with paraperiodic.
ac1d26 brought about cleavage of the v1c1na1 diol to

form a compound 19 conta1n1ng cyc]obutanone functionality

‘as shown by analysis of the spectral data The high
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resolution ms of 19 indicated a mo{eculae formula of
C]5H2004. 'Its ir spectrum shows carzonyI absorption‘_
~bands at 1785, 1775 and 1718'Cm'1 corresponding to
-cyclobutanone, y-lactone and methyl ketone fespective1y.
The, methy1 group on €-2 of meghy] sterpurate, now part
of a methyl ketone.lappears at 6 2.35 in the ]H nmr
spectrum. The methylene group at C-4 appears as a
triplet at 6 3;00 (J = 8.8 Hz), characteristic of a
' methy]eneigroup adjacent to the earbony] group of ;
cycTobutanone 27 The ]H nmr’specirum a]sd shows a broad
‘one proton signal at 6 2.84 (proton at C-8) coupled

to two otherw1se 1so1ated methy]ene groups (methy]ene
Jgroups at C-7-and C-9) consistent with the proposed -
~structure 19. the\fOrmation of 19 provides the best

direct evidence for the presence of a four-membered ring

in sterpuric acid.

The results of the experlments d1scussed above -
were suffic1ent to character1ze the ske1eton and the

funct10na1 groups~$resent‘1n steer¥1c acid. At this



T

poinf'it became hecessary to establish the relative

21

stereochemistry of the four chiral centers present in

the molecule of s erpuric acid. The firSt}piece>of
‘1information concerning the stereochemica1/feature§ of
this compound was obtained by comparison of 'H nmr
specfra of methyl sterpurate (11) in deuterochloroform
(CDC1,) and pyridine- ds It is-known that pyridine

_ is capab]e of specific bonding (presumably hydrogen
_bond1ng) w1th sites such as hydroxyl groups within a v
molecule. The collision complex thus formed will, in |
principle,‘hawe a "shape" and thus yarious.portions of
the mo]eco1e will have differenf spatial relationship .
to the complexed™solvent- molecu1es They will therfore
exper1ence d1fferent magnet1c env1ronments due to the:
long range effects of the so]vent mo]ecu]es 28 In ]
the case of methyl sterpurate (11), compar1son of the
chemica] shifts of»the methy] group at C-6 in CDC'I3
~and pyridlne d5 shows a large pyr1d1ne sh1ft29 from

§ 1.20.in CbC1, to 1. 37 in pyrqd1ne -dg (GCDC13 ;pr.=

- -0.15 ppm) ind1cat1ve of cis- relationsh1p between

hydroxy] group at C- 3 and methyl group at-C-6. Like;.
w1se. the v1ny1 methyl exhib1ts a substantial pyr1d1ne
shift from ¢ 1 67 in CDC]3 to 1.85 in pyridine d5
(SCDC13‘ p ~0.18 ppm) which provides good evidence’
that methyl group at C- 2 1s in c1ose prox1mity to the
:hydroxyl group at C-3. Thus- by the ut111zat1on of
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the above pyridine shift study. the structure of methyl

sterpurate (]1) as shown be]ow was ver1f1ed

- The assignment of the re]at1ve stereochem1stry of
the rema1n1ng chiral centers, name1y, C-8 and c- 10
was based on the results of the,follow1ng experiments;
Treatment of methy] sterpurate (11) with m- ch]oroper-

2 gt

benzofc acid in methy]ene chloride prov1ded the.

epoxide 20. It i¢ knownS3O

that in the epoxidation of
aiiylic.aicohols Wwith peracids the addition occurs
from the side of the moleeule‘occupied by the hydroxy!
‘group.  The directive. effect of the hydroxy] group has
' :been suégested to arise because of the hydrogen bond1ng
:tetween the hydroxy] group and the attack1ng peracid
as shown be]ow Thus, on the basis of the above argu-
medy, a cis- relat1onship was ass1gned between the C-3

hydroxy1 group: and the newly generated epoxlde funetion. ,
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The estab]ishment‘of the stereochemistry of the
epoxide 20 prdvided the means for determination of the
configurat1on of the- chiral center at €C-10. Treatment
~of 20 ;1th p-toluenesulfonic acid in benzene at room
'temperature brought about smooth rearrangement of the
1-hydroxybicyclo[4.2. 0]octane derivative to ‘the
crystb]line b1cyc]o[3 2.1)Joctane-8-one 21, w1th concur-
rent -lactone format1on "High resoltuion ms of 21 ?
ind1cated a molecular formu]a of c15H2003 The ir
spect um shows absorptjon bands at 1767 (y- lactone)
and 1748 em~! (cyc]opentanone) and no absorp jon cor-

espo d1ng to tbe presence of a hydroxy] group. The *
H nmr- spectrum exhibits three methy! singlets at § T 06,
.12 jand 1.33. The mechanism of format1on of 2]
| rom the epox1de 20 is shown be]ow ~This faci]e lactone
form tion indicates that the epox1de function in 20
add, hus the hydroxy1l group in methy] sterpurate (31),

i s! to the carbomethoxyl group

23
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Alkaline hydrolysis of the ester 20 d1d“hot
cause any participation of the carbox 1ate anion ;nJ
epoxide ring openwng, even when the react1on m1xture
was heated under reflux with 10% spdium hydroxide in'
methanol -water.” Thws 'is also in agreement with the
syn- re]ationship of the carboXy] and. the epox1de (and
hence the hydroxy1) functions. Treatmentfof the

hydrolysis product 22 with p toluenesulfon1e acic 1y

/.

chloroform Tesulted in the format1on of the rearn&gge~

Ev1dence that the rearrangement of 20 proceeded
with migrat1on of the C-4 to C-3 bond rather than the
C-6 to C-3 bond to give the b1cyc1o[3 3. .0Joctane 23 was
prov1ded by reduction of the rearranged product 21

with 1ithium aluminum hydr1de°in tetrahydrofuran (THF)

'to the corresponding trio] followed by acetylat1on of

N

-

the latter to give the diacetate 24 The proton geminal

to the secondary acetoxyl group g1ves rise to a sharp
singlet at 6 4.72 in the: ]H nmr spectrum, thuys ruling
2 _ .0

- [}
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out structure 23 for the rearrangement produzt.
_ g~ i

¢

31

Furthermore, Marshall®' has recently studied the pinacol-

type rearrangement of 1,2-Eppxy-9—deca]o]s. Treatment (}

, . _ 5
of 25 with boron trifluoride etherate if methyiene
chloride at -20°1§esu1ted in the formation offgg/pgther

than 27 conSistent with the results obtained in the

case of 20.

The configuration of the iast’Fhiralvcenter'at c-8
of methyl steipUrate (]@)‘was dedufgd by consideration
of the'fOIIOWing“observatipps The two possible_con-
figurations 11a and 11b are out]ined in Scheme 1I. Thé

~ o o ~ o~

]H nmr spectrum of 11 "shows the same chemica] shift

> .

v oJ(G 2.61) for the proton in pyridine -dg as in CDC13.“
supporting the possibility of anti reiationship between
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27
the hydroxyl group at C-3 and the. allylic methine \..
Jtoton at C-8, thus, maklig_llg'the bettér candidate of

the two isomers. The second Pjece of evidence favoring

11a over 11b was obtained from the osmium tetroxide

-~~~ -~ a
.

oxidation of 11 to form the y- lactonei38 ' The oxida- =

tion products from 11a and 11b would be the tetracyclic

L~~~ ~ o~

lactones 18a and 18b respectively. However, examina-

~ ~ o~ o~

tion of models-of these isomers reveals that there

exists a considerable non-bom interaction between

hydrogens at C-4 and C-11 of 18b, wherea is free of
of-Such fnteractions.* The ease of 1actene'formation
thus suggested that the proton at C-8 is anti to
carbomethoxyl group &t C-10 (and hence anti: to the
hydtexyl group .at €-3) of methyl sterpurate (11), again
mak1ng 11a the preferred isomer. Finally, copffrma-d

~ o~~~

tion of the assignment of the stereochemistry at C-8

VY

was obtained by a pyridine shift study on hydroxyd1-

~ "
@

aéetate 24
"

High reso]ut1on ms of 24 d1d not show the expected )
molecular formula of c]9H3005 -Instead, a peak at - .
n»m/e 27&_correspond1ng to MT-60 was the H1ghest mass
observed, However, chemice1 fonization (NH3) ms gave
an M+18 peak of"356,fcompatjble with the molecular
formula of'gg, The ‘ir speéttum ﬁhoks a strong absorp{
tibnrbeﬁd at 3570 cm".I for the’tértiary hydroxy!l group

_at c-1. The 'H nmr spectrum exhibits a sharp singlet

*
However, there are boat conformat1ons of 18b which may .

be more stable than the chair: conformat1on shown
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at 6 4.22 for, the proton éeminal,tb thetsecondary:
~acetoxyl group, methyl singlets at 6 2.14 and 2.04 'in-‘l'b
‘dicative of two agetaté fqnctidns. and a one proton
Sroad‘signal at 6\1:90 For the proton at C-B.* Since
the‘téftiary hydroxyl group at €-1 in 24 had the same

. stereochemistry as the carbomethoxy] group (and hence
the hydroxy] group) in methyl sterpurateo(1l),1:t was
’felt that the €-1 hydroxyl function cou]d be correlated
w1th the hydrogen at C-8 by means of a pyridine sh1ft‘
study The 'H nmr- spectrum of Ei showed t same
‘chemica1 shift (6 1.90) for the proton at C- gk1n pyri-
.d1ne;d5 as in CDC14, 1nd1cat1ng that it is not cis to - . ) &\
-the C-1 hydroxy], and thus, 1t is ant1 to 'the carboxyl /
group_1n sterpyric ac1di The assignment of the stereo-

chemistry of the foﬁr chiral centers completes the ¢

assignmenE of strdcture 1 to Ste?puric acid.

LY
o o

) Sy - . .8

X

*

The configuration of the chiral center bearing the . ‘
secondary acetoxyl group (C-4, sterpuric acid i humBering) v -
wap assigned oh the basis that hydride ion would¥attack
from the less hindered side of 21 to afford,: aftermacety1-
ation, the hydroxydiacetate 24. “Furthermore, the 'H nmr o
spectrum-of .24 does not dhow a W- «coupling for the methine 3!
proton on C-3 in agreement with the proposed structure. N
However, the prQton on C-4 undergoes a moderate pyridine
shift of -0.12 ppm inggnsistent with the stereochemistry

-assigned to this center

‘/
el

)



It should be nointed out that structure l defines

on]y the re]ative stereostxueture of sterpuric acid

and the enantiomer shown is an arb1trary choice. The

relative stereochemistry can be designated as 3(3 )\
6(s"), 8(R") and 10(5%).

Structure ] has recent]y beenbyer1f1ed by ‘an x-
ray crysta1]ograph1c study 32 This study also shows

that the cyclopentane r1ng has the envelope (Cs) con-

—_Formation with c-9 Serving as the’ flap. The cyclg-

5 ,
hexene ring has the 1,2~ d1p1anar conformation with 0°
torsional ang]es about C(1)- C(2) and C(2)-C(3) and the
cyclobutane ring is puckered; . A computer &enerated

perspective-drawing of the X-ray structure of sterpuric

acid is shown 4dn Figure 2. Hydrogens have been om1tted

for c]ar1ty and ne absolute confwguration is- 1mp]1ed

b. Methylr.hydroXysteerrate

 The 1so1ation of the remaining ac1d1c metabo]1tes
turned out 'to be very difficult. _.Several' attempts to

separate these compounds by repeated co]umn chromatog-

~raphy and preparative thin layer chromatogr%phy (ptic)

using a variety of different solvent systems fai]ed to

provide a systemat1c method for the isolation of pure

' compounds w1th reasonable recovery of material. “There-

fore," in order to dévelop a consistent method of

: separation, the aC1dic fraction of the cu1ture broth

8

-

29
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It should be po1nted out that structure 1 defwnes

on]y the re]ative stereostructure of sterpuric acid
.and the enantiomer shown is an arbitrary choice. The

relative stereochemistry can be designated as 3(R ),
- 6(s"), 8(R") and 10(s" ).

Structure 1 has recehtly been verified by an x-
ray crystallographic study. 32 Th1s study also shows
that the cyc]opentane ring has the enve]ope (Cs) con-
format1on with C-9 serving as the flap. The cyclo-
hexene ring has the 1,2-dip1anar conformation with 0°
torsional angfes about C(])-C(é) and C(2)-C(3) and the
cyclobutane fihg'is puckered. A computer generated
perspective drawing of theix-ray structure of sterpuric
acid is shown in Figure 2. Hydrogens heve’been omitted

for clarity and no absolute configuration is implied.

bi  Methy) hydroxysterpurate-
& - T
| The 1so]at1on of the remain1ng acidic metabolltes

turnei’out to be very dlff1cu1t oSeveral attempts to
separate these compouhds by repeated co1umn chromatog-
raphy and;preparat1Ve thin layer chromatography (ptic)
using a J>r1ety of different solvent systems fai]ed to
provide a systemat1c method for ‘the 1solation of pure
compounds with reasonable recovery of mater1al = There-~
fore. in order to develop a consisteﬁt‘method of - |

,gseparation& the acidic fraction of the cuTture-broth

4




extract‘was treated with diazomethane to give a com-
plex mixhure of the methy1resters of the acidic
compounds. Silica gel chromatogrdphy of this mixture
_afforded methyl sterpurate (11) as’well as a more
polar’ compound which after further pur1f1cat1on was,
obtained as an oil in spectroscopica11y pure form.

The high resolution ms of the more polar compound
showed a molecular formu]a'of*c]6H2404, Furthermore,
the mass spectrum.shows a prominent peak at m/e 252 !
(M+-28) cdrresponding to the loss of ethylene. The

ir spectrum has strqngrhydroxy] absorption band at _
3400 cm™) as well as a carbonyl absorption at 1731 en”]
for the methyl ester The 1H nﬁr spectrum'(F1g 3) is
very s1m11ar to that of methy] sterpurate (11) " How-
ever, it shows one less methyl signal and a new signal
corresponding to a two proton AB.quartet at & 3.80

(J = 12 Hzy, presumably due to the presence\bf a hydrdxy—
methyl group. The speeirum aleo sho@s a mefhyl Sﬁgna]
:at § 3.70 represent1ng the methyl ester moiety and a

one proton doubie% ét § 2.86 which is part of an AB
quertet with JHSEJ= 17 Hz. The other proton of this

spin system appears at § 2.28. A broad one proton

" signal at & 2.63 is coupled to a one proton double

"doublet at & 1.90 (J = 7 Hz) and to another double

doublet at & 1.72 () 12 Hz). These. two latterjprofons

are_mutua]ly coupled (Jssm 13 He) and not further

-

30
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coupled. The broad signal (& 2.63) is also coupled to
another_otherwise isolated methylene group, the com-

ponents of which appear as a doublet of doublets at

§ 1.50 (J = 7 Hz) and another doublet of doublets at
$ = ' ] = '
1.20 (J = 11 Hz) with Jggm 13 Hz. The, spectrum also

shbws a signal at®6 1.65 for a vinyl methyl group and
a methyl singlet at 6 1.36. The four remaining protons
give risg'to signa]é at 6 2.23 (one proton mu]Eip]et).
2.02 (one p;oton multiplet), and 1.48 (a two brbton .
complex multiplet). V |

The molecular formula of this new methyl ester,
and the.1oss'of'ethy1ene in.the mass spectrum suggested.
.the_sterpuric’écid f;pe of 5ke1etonj As mentioned
earlier, the ]H nmr spectrum of this cohpound is quite
simi]gr_to that 6f-méthj1 sterpurate (11) égcebf that
the signal for the methylvgroap at C-6 (8 1.20) is re-
'_piaced'by a signé] for a two proton AB duartet at .
6 3.80. .Structure g§ and the name methyl hydroxyster;

purate is assigned'to_this new'compound.

31
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Treatnent of methy] hydroxysterpurate'(28)'with
acetic anhydr1de pyridine at room temperature for a
short period afforded the monoacety] derivativg 29 as
indicated by spectra} data. The molecular formula was .
'C18H2505 by high‘resolution'ms. The ir spectrum shows
a hydroxy1l absorption band (3340 cm']) indicating the
presence of the tertiary hydrox&1'group The ]H nmr
Vspectrum exh1b1ts a mew three proton singlet at § 2. 08
for the methy] group of the acetate function andd§he
two proton AB quartet origina]ly at s 3.80 in methyl
hydroxysterpurate undergoes an acetate sh1ft (s

alc.”

Sacetate = -0.5 ppm) to give a signal at 6 4.31.

The cis- relat1onsh1p of the C 3 and €-6' subst1tu-
“ents determined by study of ‘the pyr1d1ne shift of the
C- 6 methyl in the case of methyl sterpurate (11) was
firmly established by the f0110w1ng chem1cal trans-
formation of methyl hydroxysterpurate (28) Brief

| treatment of- 28 with '2,2- dimethoxypropane in the pres-

ence of p- toluenesu}fonie acid brought about the &orma--
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tion‘of the acetonide 39. The hféh resolution ms of }9 e
h 1nd1eated the expected molecular formu1e.of_C19H2804.“

The th'sbeetrum does not show hydroxyl absorption. - The

]H nmr spectrum shows't&o new methyl éing1ets at G‘I.és

and 1.39 compatible with the»asSigned>structure 30

This acetonide format1on, therefore. confirmed the 1,3-
relationsh1p of the two. hydroxyl groups and the c1s-

nature of the ring fusion.

'; Several'attempts were-maﬂe te'transform the hydroxy- ;
methy1l group of” methyl hydroxysterpurate (28) to a‘ .ﬁﬁy«
;methy1 group, thus corre]at1ng 28 with methy1 sterpurate
(11). These were all unsuccessfu], partly because of
the tendency of the hydroxymethylcyc]obutano] system
to undergo ring .cleavage. . ‘

Tosylation of methyl hydroxysterpurate (28) was YL \
‘achieved by treatment of 28 with g—to]uenesu]fony] chlor1de
in the presence of sodium hydride 1n'ether at}-10°
followed by room temperetune workup.33 fhrqmatography

of the crude product provided the tosylite 31, along



with sma]f amounts of the fragmentation product'3g (see
below). The high reso]ut1on ms of 31 indicated drpeak

B at m/e 416 correspond1ng to MT-18 fqr C23 28055. The
]H/nmr spectrum exhibits three new signals, two of

which appear as doublets in the aremat.c region at § 7.79
V(J = 8 Hz) and 7.33 (J = 8 Hz), the third a reoayl
singlet at 6 2.45, thus, cddfirming the presence of the
tosyl group. The AB quartet bearing the primary hydroxyl
group in" 28 is now shifted downfield to & 4.21 (J = 9
Hz). o | R

React1ons des1gned to br1ng about replacement of

the tosy1 .group with hydrogen 1nvariab1y led to frag-

*_mentat1on Thus, treatment of 31 with sodiuw~iod1de

and zinc dust 1n hexamethylphosphofﬁus’tr1am1de34 (HMPA)
gave 32 as the only 1501ab1e product A mo]ecu]arv'
formu)a of CygHyp05 was’ obta1ned for 32 by high resolu-

tion ms. The ir spectrum shows absorption ‘bands at
D

'.1730 (methyl ester) and 1650 (a.B unsaturated ketone)

. and no absorption due<to the presence of a hydroxyl

34
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group. The ]H nmr spectrum exhibits two downfie]d one
proton sing]ets at 6 4.66 and 4. 60 corresponding to the -

two protons of the newly generated exocyclic methy]ene

group /

'Similarly, attempts .to bring about the transtor-
mation of the tosy]ate 31 to the bromide 33 (R = Br)
by treatment of 31 with 11thium bromide35 in acetone‘at
room temperature gave oniy 32 Lithium a]uminum hydride
reduction of 31 led to the: formation of several products, .
the major component of which was t-e aliylic a]coho] "
resulting from reduction/of 32 " another attempt to
-transform the primary hydroxy] function of methyi
hydroxysterpurate (28) to the corresponding b omide 33 il
(R = Br), the alcohol 28 was treated with phosphorous )
tribromide in dry pyridine. 36 The ana1y51s of the spectra t'»'jn
. obtained for the- product of this reaction did not in-
dicate the formation of the deSired bromide 33 (R = Br)

‘-Instead, the cyclic phosphite 34 was obtained as’ a mix-
'ture of isomers. The high reso]ution ms 1nd1cated a |
mo]ecu]ar formula of C]6H2305 - The ir spectrum shows
bands at- 2420 (P H). and 1435 cm~] (P = 0) and shows no
‘hydroxyl absorption T 1H nmr spectrum shows . two |
downfieid doublets at 8 6. 88 and 6. 13 both. of which .

having a very 1arge cqupiing constant (J 96 Hz) char-.

- acteristic of phosphorous hydrogen coup]ing It a]so

fshows two AB quartets at § ‘5. 49 (3 i 9.6 Hz) and 4.46




(J = 7. é‘Hi) The spectrum a]%o shows a doubling of
‘most of the signals including the vinyl methyl (6 1 68
"and 1.69) and the quaternary methyl group at C-10

(6§ 1.35 and 1,36), suggesting the presence-of two iso-

mers in 34.

At this point, several attemptS'were*made to brfhg

abput the replacement of the pr1mary hydrﬁ&yl function
in 28 with chiorine to afford 3 33 (R c1). Treatment

of528 with carbon tetrach1or1de-—tr1 n-octyl phosphme37

:' or carbon tetrach1oride——triphenyl ph05ph1ne38

4

:temperature\for Iong periods did not produce the de-_

at room B

~ sired chloride 33 (R = C1). Heating of the react1on

"-mixtures caused ‘the {ormation of complex mixtures. .

Another approach for, ‘the transformation of 28 to

“methy? sterpurate (11) 1nvo1ves the ox1dation of the ,14- o
'rpr1mary alcoho] function in 28 to the correspond1ng

- -aldehyde. 35 The résu]ting aldehyde might then be
A'transformed 1nto a thioaceta] 36 Treatment of the -

'1atterlwith Raney nicke1 cou1d prov1de methy]l sterpurate
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(11) However, treatment of 28 with pyr1d nium chloro-

- At this po1nt, 1t seemed that the presence of ;'_ _
the tertiary hydroxyl grdup at C-3 of methyl hydroxy-t (4/“//3
sterpurate. (28) ‘was one of the major sources of com-/
plications’ because of.1ts~g »3- re]atlonship with the /
primary hydroxyl group. It was evident now that tné
CfS'hydroxyl group facilitated the fnagmentation/ct
the tosylate 31 and alsp prevented the formation of the
primary brdmide_at‘C-T3 When'28.was treated with.bhos-
phorous tribronide In order to circumvent th1s RN
.problem,/ft was decided to block the primary hydroxyl
group witn an\acid sensitive pratecting gnoup and the
teftiary hydpdxy1 group as its acetate. It was hoped
'thdt once thfs goal- was achieved‘-the protecting group
:of the primary alcohol cou]d selective]y be removed

and. the resu]ting hydroxy] function at C-13 converted

to the correspond1ng tosy]ate or brom1de Treatment
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of 28 with t-butyldimethylchlorosilane®® (TBOMSCI)

in N,N-~dimethylformamide (DMF) in the bresence_qf,imida-
zole ét roomﬁtemperaturé gave the desired t-butyldi-
methylsilyl etheh'gif The spectral data obtained for
ihiS'compound were coﬁsistent with the structure 37.
Nevertheless, attehpts to prepare the acetate 38
wutﬂi‘;?’ng the previously described procedure23 were
unsuccesﬁful, presumably because of th§ addea steric

/

hindrance caused by the bulky protecting group in 37.

At this po%nt, due to the baucity of starting .

maferia]; the direqf'correIation of methy]lhydroxy- . B

sterpurate jgg)'with methy1 stérpqrate (11) was not

" further pursued.

As the final note, it should be pointed ou} that

in oné instance hydroxysterpuric péid (g) itself was_'

.isolated. .Repeated chromatogrpahy of the crude acidic

mixture and crystatlization of the‘material.thgigobtain-

ed-gave a very small quantity of‘hydfoxysterpqr acid

J(g) as white crystals with mp 60-633, The high

-«



‘reso1ution ms indicated the expected molecular formu]a
of C]5H2204 The mass spectrum also shows an intense
peak at m/e 238 (m* 28) corresponding to the -loss of
,ethylene The 1r Spectrum shows absorptions at 3360 and
1700 cm -1 (carboxy11c acid). The ]H nmr spectrum of 2 ‘
1s quite similar to that of methyl hydroxyste?purate‘
(28) except that the signa] for the methyl ester moiety
(6 3.70) is absent and it has three exchangeable hydro-
gens. The natura]]y occurr?hg\comp%und 2 was 1dent1ca1
1n a11 respects (ms, 1r. ]H nmr, t*cl\y1th a samp]e
prepared from the aTka11ne hydrolys1s ‘of methyl hydroxy-

sterpurate (28). ’ , : -

C.  Methyl hydroxysterpurate'ethylidene acetal

4

Fractions from chromatography of the crude ac1d1c
metabq11tes gave a soli¢ material wh1ch was slighttly |
- less po]ar than sterpur1c ac1d (1) and wh1ch seemed to’
be pure on tlec. However, treatment of this material
with diazomethane gave an 011 which conta1ned severa]

impuritigs (%Lc) Repeated chromatography of this—

7 - . ©

" .
.

39



40

o : o o A
mixture gave a pure colorless 011 with a molecular

formula - of c]8“2604 as 1nd1cated by high reso]ution ms
The mass spectrum also shows a prominent peak at m/e

278 (M 28) due to the loss of. ethylene. The ir spectrum
‘shows ester absorptfon (1731 cm ]) and lacks a, hydroxyl

absorption band. The 'H nmr spectrum (Fig 4) of this

compbund is very similar to_that of. the isopropylidene
.;derivative 30 (acetonide of m thyl hydroxysterpurate),
except that the ‘two methy] singYets of the em-dimethyl
group .of 30 are rep]aced by a mqthy1 doub]et at § 1.30 ‘
J=5 Hz) and a one proton quartéet at s 5, 05 (0 =5 Hz) "
characteristic of methine proton gemina] to two dkygens 4
‘ The simi]ar1ty of the spectral properties of 30 and those
of the newly 1solated ester made it possib]e to ass1gn
the structure 39 to the latter, methyl hydroxysterpurate
ethylidene aceta] Furthermore,,the va11d1ty of the . -
proposed structure 39 and the stereochemistry of the

"~ new chiral center were firmly establ1shed by chemical

transformations
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Treatment of 39 with 10% aqueous hydrochloric acid

1n THF at room t!mperature brought about the hydrolys1s<

of the acetal grouping The spectral properties of .the

product thus formed were 1dentical 1n all respects (ms,

, 1r, hmr) with those of methyl hydroxysterpurate (28)

f
After achleving direct correlation of methyl

Vora

hydroxysterpurate ethylidene acetal (39) wlth methyl

. hydroxysterpurate (28), it was necessarx_to determine

: -/
ry of the ch1ral'center at the acetal-

unct1onal1ty Treatment/of 28 with acetaldehyde in

the stereoch

—wﬁ_d_ﬁ_ajigilgjgguuxr1ﬁ’p toluenesulfo'l acid at room tempera-

Rl

ture gave a m1xture af two 1somer1c ethyl1dene acetals
-39 and 40 (about 1:1 rat1o) along with some acetalde-!
hyde tr1mer - The separat1on of the two ep1mers turmed
out to be very tedious because the two ep1mers and the<>
acetaldehyde tr1mer had very similar Rf values in a
variety of different . solvent systems Nevertheless,
repeated ptic and column chromatography provided small-

quantities of the two epjmers o The less polar ep1mer

:‘was 1dentical in all respects (ms, 1r, 'H nmr, tic)

wlth methyl hydroxysterpurate ethyl1dene acetaf (39)
The h1ﬁm resolutlon ms af the unnatural ep1mer (more

polar) 1nd1cated ‘the same molecular formula as 39

The ir speédtrum is quite similar ﬂb that of 39 How-q‘

ever, the IH nmr spectrum of’ the unnatural acetal

~ shows a one proton quartet at & 4.57 (J = 5 sz and

Es

TN
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,/#E/hethyl doublet at 5‘1.25 (d“f 5 Hz). Since the

unnetural acetal shows botﬁ the methyl'sighal (6 1.25)

Aandvtheﬁhethjne signal (§:4.57) at higher field than

those of the natural epimer (6 1.30 and 5.05, respec-

tiveT&) it was possible, with the aid of ]H nMr studies
reported in the 11terature42’43 to conclude that the

,methyl group in the natura1 acetal 39 is axial whereas

in the unnatural epimer 40 it is equatorial.

P
| R ;

Fiﬁal]y,‘the fact that on]y one of the epimers was

isolated‘from the natura1 source, and both were formed

dur1ng the laboratory preparation, suggests that hydroxy--

_sterpuric acid ethy11dene aceta1(3) 15 not an art1fact

produced during the iso]ation process.

Rk
a
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2. Neutral Compounds ’ .

Separation of the compounds constituting the

}neutraT fraction of S. purpureum cu]ture broth extract

proved to be very d1ff1cu1t due to the presence of

many components Repeated. column chromatography and“
pt1c provided no pure compoundg in sufficient quant1ty
to be studied. The spectra] data obtained for severa1~
of the assumed pure samp]es showed that they wer: in/
fact m1xtures of compounds -Nevertheless, a fortugatev

[hcident allowed us to isolate two crystalline com-

’pounds Occasiona11y.5when the neutraléfraction'was<

leftto stand at room temperature for a prolonged period

of time, a wh1te prec1p1tate was’ formed. Separation of

. this materia] from tmf rest of the m1xture gave a solid

u

which. cons1sted of ma1n1y two components (separat1on

~ofthe components and then characterizat1on will be .

“discussed in more detail later) | Furthermore, the advent‘

of a new- chromatographic techmque44 (f]ash chromatog-

>raphy) proved to be helpful. in the 1so1at1on of another

Qgcomponent of the neutral fraction

54’\

: a.,-d Sterpurene-3 12 14- trio]l v

The metabo]ite obtained by flash chromatography

of the neutra] fraction was further purified by co]umn

chromatography_and recrysta]lizat1on.. The_compound,
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@gg 146-148°, had the molecular formu]a'C]5H2403-as

"indicated by high resolution ms. The mass spectrum

shows an intense peak at m/e 224 (M*-28) due to-the

~loss of ethylene, now a characteristic feature of the

Q

" sterpurane skeleton. The ir spectrum shows a very

strong absorption band at 3300'em']_corresponding to the

preéence of hydroxyl groups. The ]H ?ﬁf spectrum (Fig. 5)
shows AB quartets at & 4.22 (J = 12 Hz) and 3.39 (J =

1% Hé), indicative of the presence of two isolated
hydroxymethyl groups. As in the case of sterpuric acid
ano‘its congeners the 1H nmr spectrum of this neutral

compound shows a broad one proton signal at 6 2.62

ot/

correspond1ng to the a11y11c methine proton at C- 8

‘The h1ghest field s1gna1 at 6 0.91, a doub]et of

/

i

g
“doublets (d's 11 and 13 Hz), again is suggest1ve of

the s?grpurane ske]eton. The spectrum also shows a

broad.three:proton signal at § 2.86 which disappears on

deuterium'exchange experjment indicating the‘presence-
of three hydroxyl gfoups Methy1 s1ng]ets appear at

§ 1. 21 and 1.10 and there is no signal representative

of a,viny] methyl moijety. On the basis of the

spectral daté obtained for this new metabolite and the
similarity of its spectral properties-with those'of
sterpuric ac1d the structure 4 and the name sterpurene-
3 12,14~ tr101 were ass1gned to this compound The

chemical.transformations described,below are consistent;

5
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with this aesignment.

Treatment of 4 with acetic anhydride- pyr1d1ne gave
an 0,0-diacetyl compound 41 The highest peak 1n the
high resolution ms corresponded to C19H2504 (m* H-O)
The 1rvspectrum shows acetate carbonyl absorption (1737

-1

1) and a hydroxy] absorption band at 3450 cm ~ in-
"~ dicating the presence of a tert1ary hydroxyl group.
The ]H nmr §pectrum of’g] proved}to be very informative,
faliowing assignment of a11 the signé]s-(the'speciium
will also be discussed in part I1 of the thes1s) It _
exhibits methy] singlets at 6 2 08 and 2. 06 for two . iv K
"acetate functions ‘introduced during acetylation. . The
signal for the c-12 protdns appears as an-AB'quartet o ) .

at 6 4.72 (s -0.50 ppm) and the AB quartet

alc Sacetate =
for protons at C-14 has a chemical shift of § 3.90 T

1

' ==0.51 ppm). Furthermore, the 'H nmr

(821c-%acetate ‘
spectrum of 41 in’pyridine-gs shows a large pyridine
shift(scoc]é4§Py = -0.46 ppm) for the protonsAat c-12

and a moderate pyridine.shift KGCDCIS'5P3-= -0.2 ppm)



]

for the C-13 protons indicating that the hydroxymethy]
group at C-2 and the methy! group at C-6 in sterpurene-;
3,12,14- triol(4) are proximate to the- tertiary hydroxy1

group at C-3.

o

"The 1,3-re1ationship of the C-3 and C-12vhydroxy1
group¥? of sterpurene-3,12,14-triol (5) was unambi&u—
ously established by'treatment of 4 with 2 2-dimethoxy-
propane in the presence of Pp- toiuenesu]fonic acid to
provide the acetonide 42 The molecular formu]a
C]8 2803 was revealed by high resolution ms. The ir
spectrum has an absorption band at. 3400 cm: (hydroxy]
group) and the ]H nmr spectrum shows new methy!l singlets

at 6§ 1.44 and 1.25 consistent with structure 42.

1
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It shouldfbe pointed out that the assignment of

the B-configuration to the hygroxymethyl group at C-10

- is made on the assumption that»the oxygenation pattern

is the same as for sterpuric acid.. ,

b. - Lactone "A" and‘}actone "B"

The solid material obtained by precipitation from
the neutral fractions of. the broth extract ment1oned
earlier conta1ned two major components as evidenced by
tlc. Silica gel chromatography of this mixture pro-
vided the crysta111ne compounds '

_ Recrysta111zat1on of the less polar compound gave
fine needles with mp 228 2325 ‘The mo]ecu]ar formu1a'
was shown to be C]5 ]604 by h1gh reso]ut1on ms, again
_suggest1ng the sesqu1terpeno1d nature of the compound

d3~'Int:erest'ingly, there is a prom1nent peak at m/e 232

'(M+-28) in the mass_spectrum. However;chts is not due

‘to the loss of ethylene, but rather corresponds to the

1oss‘of carbon monoxide as revealed by high resolution

ms; The -ir spectrum shows carbony] absorpt1on bands at.

1771, 1702 and 1650 cm'1 and 1acks hydroxyl absorpt1on
.The absorpt1on band at-1771'cm -1 is characteristic of

a'Y-1actone functtona1ity,'andxthe bands at 1702 amd
r]GSO em'} are assigned to a 2~ cyc]opentenone system

The ultraviolet (uv) spectrum shows an absorpt1on maxi-

‘ mum at 239 nm,'supporting the presence of an a,B-

47
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Jnsaturated carbony{ymoiety (2-cyclopentenone) in the
moiecule; ,

"The ]H’nmr speotrum”(Fig 6) cons1sts of a series
of well resolved peaks which allowed the ass1gnment of
the coupling partner(s) of virtua]]y all of the pro-
tons by doub]e irradiation experiments. The spectrum’
shows a one proton singlet at § 5. 72 due to a methine
proton gem1na to two oxygen atoms The s1gna1 at
S 3 66 is a one proton doublet of doublets coup]ed to -
two other one proton signa]s wh1ch appear as a doublet
ofydoublets at 6§ 4.55 (J =8 Hz) and é 52 (J = 8 Hz).
The two latter Protons are mutually coup]ed (dg__ = 8
Hz) and not further coupled The %bove spin system 15,/

therefore, an ABM system consisting of the sp11t two
proton doublet of an ApR quartet (centered at & 4. 03)
and a doublet of. doub]ets at § 3 66. The ]H nmr spec-‘
t;?m a]so shows a one proton s1gna1 at & 3 06 which must

b 11y11c and is a part of -an isolated methy]ene group.

. fJ
_;rﬂﬂ_
'6 2, 84 (1 e., an AB quartet centered at § 2.95).  The

20 .Hz), the other proton of which appears at ‘ -

.f' two proton swgna] at § 2.43 is also allylic and appears
_as an AB quartet (Jﬂ__ =.20 Hz) Two doublets wh1ch
‘appear at ) 1 82 and 1.39 a]so constitute an AB quartet

' (centered at-§ 1.60) With Jg__ =6 Hz. The small \V;///x
geminal coupllng obta1ned for th1s 1so]ated methy]ene !

‘group suggested the presence of a 1 ] 2 2~ tetrasubst1-




tuted cyc1opr0py1 funct%ona]ity Finally, two methy]
sing]ets appear at & 1.14 and 1.13in the ]H nmr spec-.
trum. ... _ v
The 3¢ nmr spectrum shows singlets at & 210. 8 -
(cyc]opentenone carbony]), 175.1 (y lactone carbony]),
165. 4 (B-carbon of a 2,3- disubstituted 2 cyc]opentenone)
and 132. 7 (a-carbon of a 2,3- disubstituted 2- cyclo-'
pentenone), all in good agreement with values reported
-in the literature 45, The spectrum also shows signals
- at ¢ 105.4 (d) corresponding to a- caroon'bearing two
oxygen atoms, 74.9 (t) representing a methylene group:
bearing .an oxygen atom 46 6 (t), 44 5 (s), 40 6 (s),
31.7 (d), 28 ] (t), 25. 1 (2xq), 24, 5 (s) and a triplet
at 19. 9 correspond1ng to the cyc]opropane methy]ene '
group. - ' . - ' : I "_h \
‘h The spectra] informatwon presented above may - be-

‘summarized 1q terms of the parts shown below.

‘ °holeou}ar fonmuWas gC]5H1604;"nnmber of ‘

unsaturations =8

2xRT R, ;;(C) s pentacyclic

B quternary methyl, 4 x By L (OH
AR L

. - .
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.Jso]actaroruf1n

c | _ o o !

3x quaternary carbon

These pieces may be expanded to inc]ude the

following features. - .

The spectral properties obtained for the above

-

compound and their s1m11ar1ty with those reported for

20 (43) (a]so a fungal metabo]ite) and

its der1vat1ves enab]ed us to assign structure 6 to th1s

¥
compound known henceforth as 1actone "A" It should

be po1nted out that 6 does not represent the absolute.

o configuration of the molecule and the enant1omer ShOWn

is an arbitrary choice. It 1s, however, 1nterest1ng
to note that in this tight “pen* acycl1c system, there

is on1y one stra1n free configuration possib]e

50



Hydrogenation of 6 in the presence of pelladtum
on powdered- charcoa] gave a m1xture of three compounds
in low y1e1d. Attempts to open the 1actone r1ng by
treatment of 6-with sodium methox1de in methanol or
THF fo]]owed by addition of methy] iodide failed to
prov1de the methyl ester 44. ‘Treatmeht of 6 with,
a]um1nu; hydride in THF resulted in’ the forhatioh
of several products However; brief treatment
of 6 with lithium a]um1num hydride in THF at room

.‘temperature fo]lowed by acetylat1on of the .crude product

w1th acet1c anhydr1de pyr1d1ne gave the tetraacetate

45.

"Thé hiQh'réso]ution ms of 45 did not §1Ve the eXf.'

) .tpected mo]ecular formula of. CZ3H3208,_but 1nstead it _“

The conf1gurat1on of’ the ch1ra1 center bear1ng the
secondary acetoxyl group was assigned on-the basis that
‘hydride ion would attack from the less hindered side of
6 to afford, after acetylat1on, the tetraacetate 45.

!
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the 1oss of acet1c ac1d The ir spectrum shows very

‘the loss of ethylene. Furthermore, its ir, uv, and’

;IH nmr spéttka.;re similar in many.details”to those -

_of cyc]opentenone) and 1640 cm

g

o

showed a peak at m/e 376 corresponding to MY-60 due to

’

strong carbony] absorpt1on at 1735 cm - and’lééks a

1

hydroxy] absorpt1on band The 'H nmr spectrdm exhibits

a one proton swnglet at § 5.33 for the a11y11c Proton

; s A ets'
\gem1na1 to the acetoxyl group. JIt a]so hows B q%art »

at § 2.44 (JL = 16 Hz) and 2. 06 (JL = 16 Hz) cor-

respond1ng to two 1so1ated a11y11c methylene groups
However, the most_1nstruct1ve feature of this spectrum

is the appeahance of an AB quartet at § 0.66 with’Jgsm =

5 Hz which clearly 1ndicates the presence 6f the methylf_»

ene group of a 1,1,2,2- tetrasubst1tuted cyc]opropane
m01ety in lactone npn, |

The more polar compdnent from the.precipitate i

‘obta1ned from the neutral fract1on ap red as white

heed]es with mp 210 212° after recrysta111zat1on The

molecular formula was> found to be CigHyg0y- As observed

in the .case of lactone. "A", the .high resolution ms of

o BN
this compound does not show a peak corresponding to |

' obtainedkfon lactone "A". The ir spectrum shows absorp-

t1on bands at 1760 (y 1actone),‘1695 (carbony] group

]; all observed in the'

case of lactone "A"’at s]xght]y h1gher wavenumbers

e S

The 1r,spectrum a]so shows a strong absorpt1on band at
, o ,

s

L]
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3450 cm™)

The uv Spectrum showsﬂan absorption maximum at 238 nm

suggesting the presence of.a hydroxyl group.

similar to that of lactone "A".

The 'H nmr spectrum (Fig. 7) is very similar to

that of'Tactone “A". The one proton downfield sing1et

at § 5. 72 1n ]a;"~**‘ is no ]onber present, but

ihsteadlthereﬂih ~_'_v‘".-\'proton doub]ets at § 4.62
(JSEE iﬁilﬂ% Peird . = *Hz) representing an iso-

Tated’ methyiﬁ e #ffbondegl to an oxygen atom (1 e.
an AB. quartet centeJ@d at & 4, 47) S1m11ar to the
case of 1actone "A",tthere is a two proton signal at ’

5 3.79 as a doublet of doub1ets (J =11 Hz, J.. =

gem vic -

3.5 and 5 Hz) coup]ed to a broad one proton signal at

6 3.18. \Ihe allylic methylene groups appear‘as AB
quattets at s 2.88 (Jé;* = 19.5 Hz) and:2‘42‘(ag__ -
18 Hz). Tha hydroxy] proton gives a broad signal-at -

§ 2.06 wh1ch d1sappears on exchange w1th Dzo The” 1so-
| lated methy]ene group of the cyc]opropyl mo1ety exh1b1ts
doublets at 6 1.12 and 1.07. (1 e., an AB quartet at
8 1.06) with J»“ = 5 Hz. The methyl s1hglets appear

_ gem
at 6§ '1.10 and 1. 09

»

The spectra] propert1es thus obtained for this
;eompound temporari]y cal]ed lactone “B", and their
-_s1milar1ty w1th those of Iactone "A“ made poss1b1e the

ass19nment of structure 7 to this substance

&
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‘gﬁcetylation of 7 with acetic anhydride-pyridine
.0 : -~ Y
&

}provided‘thevmonoacetate 46, molecularvformula €y 7H2005

(high resolution ms). In the ]H-nmr spectrum of 46

the s1gna1 for the methylene group carry1ng “the atetoxyl
-0.38 ppm).

v

funct1on appedrs at § 4.27 (6 -8

alc acetate =

Correlation of 1actone,"B" w1th lactone "A". was
obta1ned by treatement. of Tactone "B" (7) W1th 1ithium
a]uminum hydr1de and acety]at1on of the crude product
- as descr1bed for lactone "A" (g); The purified product
;has ddehtical ms , ir'ahd'tlc'as'45 » However,Vthe- . ' /
'1H nmr Spectrum shows the presence of a 1 1 rat1o of . . - :f
| ep1mer1c products (i €. .'45 and 47) based on- the‘/“ |

,,-fact ‘that two s1gna1s of about equaT intens1ty appear

‘:at 6 5 35 and'5 33 for fhe hydrogen at the chwral

: . [ o



center bearing'the secondaFy acetoxyl group. The spec~

trum a]so shows a doub]1ng of most of the 51gnals. in- .,f

. clud1ng the methyl groups of the acetate functions and .

lthe gemidal methyl. groups on the cyclopentene ring.

‘The formation of two epimers can be’ exp1a1ned by two

‘oppos1ng factors governing "the attack of hydr1de on

t e carbonyl group -of the cyclepentenone moiety. These'

. factors are attack from the. lTess h1ndered s1de of\the f
molecu1e (as observed fon lactone "A") versus e/mplex

n”format1on between the pr1mary hydroxyl gngup Q; 7 and
the redut1ny agent to produce the ep1mer1c‘a1coho]

\gNo attempt was made to separate the ep1mers due to the ‘

"pauC1ty of mater1a1 o~ e

1 - R

c. Sterpurene.;. -

The final metabolwte to be d1scussed in th1s thes1s

-was 1solated from the myce11um of S purpureum . Nhen,

fresh myce11um was. extracted (1n a SOxhlet apparatus)

“_and the,crude ei%%%bt was chromatographed on silica z:

gel a volaﬁiie, colorIess 011 could be 1solated How-ke

- ',~"‘. . ) . . . Y (\”' :

WL
.

ade

55



[ 3]

‘ - ever, this compbund was not isolated in sufficient
“quant1ty to be readi]y studied. HoWever;;when the
myce11um was kept in the freezer at -12° for three.
months and then extracted and pur1f1ed sufficient mater1a1
“Was obtained for examination. It was obtained as a.
colorless and moo1le liquid. High resolution ms indi-
cated a mo]ecular formu]a of ¢]5 24 The mass spectrum
" “also shows a pppm1nent peak at m/e 176 (ﬂ -28) corres-
'poncnng to the loss of ethy]ene. and thus, suggest1ng
the sterpurene type character of the- compound The : .
ip gﬂ!ttrum does not show any absorpt1o§abands in-
~d1cat1ng the presence of funct1ona1 groups | The %]H nmr
Spectrum (F1g 8) exh1b1ts s1gna15 s1m11ar to those . L q}‘

obta1ned for sterpur1c acid (1) and its congeners

'sed ear]1er It conta1ns a- broad one proton peak

'!i" otherw1se 1solated methylene 9”°"ps’ one .

‘~N L appears at § 1. 68 J -5 7.5 Hz, J - o
o4 pp A }” gem ,
the othen (C 7) at 2. 16 and .0.69

: 13 Hz) The new a11y11c meth1ne ?
ﬁp;!p -3 appears as a doublet of doub]ets at ¢ 2. 39
¢ R 2

' 0.6 and 13. 5 Hz) The s1gna1 for the a1{y]1c
\e@hylené group at C-TT appears at s 2. 10 The four o

f“_inpl,ets at’ a i 94 1.48, 1, aa and 0.94. The vinyl  * 4 ]
.J’methyl group signal appears at § 1. 53 " The methyl g

fé. : : . - :
R \" : 4 . ) R : .
R




singlet at C- 6 appears at ) f'23 and the gem1na1 methy}
~ groups at -10 show singlets at §1.10 and 1.08. Con-
us1deration of the Spectral data descr1bed above and
ats similarity to that of sterpurlc ac1ds and sterpurene
triol suggest that this hydrocarbonlhas structure. 5
‘°‘ The name sterpurene, or l-sterpurene, is suggested for

this compound The g&stemat1c:name of 1-sterpurene is

2.6.10,1O-tetramethylm¢r1cyc1o[6.3.0.03 6]undec-l-ene.
‘ ' o o -

3

o o ’
,.‘
a \M.'

Treatment of ste .unene (5) with m- ch]oropen;
benzo1c ac1d 1n methy ,ne chlor1de gave the epoxide. 48d
" as ¢ a s1ng]e ISomer Th‘ h1gh resd]uf1on ms 1nd1cated
the expected molecu]ar formu]a of C]5 240 ~-The ir |
sPectrum shows absorpt1on bands at 1190 and 850 cm T
"Jindicat1ng the presence of" an oxirane ring. The }H

T

sfeéﬁﬁg spectrum exhib1ts two one proton signals appear1ng

: aias mult]p1ets at & 2. 45 ‘and 1.85 correspondvdﬁ to
%he methtne protons atac 8 and <C- 3 respectvvely The

t.

xﬁ-SpectrUm a]so shows four methyl S1nglets at & 1.19,
1 18, 1_15 and 1. 12, 1nd1cat1ng the format1on of on]y

-

L

one 1somer dur1ng the epox1dat1on of sterpurene
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v

-~

has not been further invest1gated
but 1t gyes«Sppear to be the

the~varfeus sterpuren

Th1s pompound (f)

»"‘

. . ’ - s o

parent hydrocarbon of
e metabo]ites.

i

58

@]



}

EXPERIMENTAL

59:‘?\_ o



_are reported. ‘rnfraned spectra were recorded on a’

Mass spectra were recorded on an A.E.I. MS-50 mass
spect;ometer coupled to a DS 50 computer, or an A.E.I.
MS 9 mass spectrometer (chemical 1on1zat1onk ’and are
reported as m/e (relative intensity). The formulas

of-all ppeaks reported were determined by high resolu-

tion measurements Unless diagnostl%ally significant -

only peaks at least 20% as 1ntense as the base - peak'

M

Nicolet 7199 F.T. 1nterferometer and ultraviolet: spectqg

were measured on a Perk1n Elmer model l4l autdhat1c #
polar1meter Proton nuclear magnet1c resonance were

1

determ1ned on a Var1an 'HA-100 1nterfaced to a D1g1lab

FTS/NMR-3 data system, or Bruker WH 200,'or ngier
- WH 400 spectrometer with TMS as'internal'standa’G?;

Complete Spectra are reported for compound l 4, 5,

-~ -~

]. 28 ‘and 39,_otherw1se only dwagnostwcally signi-

-f1cant peaks are g1ven Carbon nuclear magnet1c
‘resonance spectra. were measured on a Bruker HFX-90 or
Bruker WH 400 spectrometer w1th TMS as Internal standard

'Melt1ng po1nts werg recorded on a Fisher- Johns melt1ng

Ty

apparatus and are- yncorrected
S Preparat1ve tlc wa's carr1ed ou? on’ 6 75 mm layers
of silica gel (E. Merck. Darmstadt) conta1n1ng l%?'

electron1c phosphor (Generaf Electr1c, Cleveland),

and mater1als were detected by spr‘y1ng with 30%

4‘ " l

"'{

60
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sulfur1c acid and charriﬂgf“\gg}umn chromatography was:®
carried out using Macherey Nage1 Kieselgel (0.08 mm,
100 g/g substrate). Flash chromatography was carr1ed
out using Merck silica gel 60 (0.040 - 0 063 mm)

A1l solvents were distilled prior to use. Skellysolve.
B refers to Skelly 0i1 Company 1ight petroleum, bp
62-70° A11 compounds for%ﬁpyehnspectral data are re-
ported showed s1ng]e spots on t1c using at least two

d1fferent so]vent systems

Growth of Stereum purpureum on Tiquid medium and

isolation of the crude metabodftes

The'aqueous medium.usedhfor cu]ture broth#has the
fo]]owi@g composftion per"h’tre_: "malt extract-25 g,
’dextrose 13 g, peptone 0.7 g. The mediUm was steri]- %h
ized in an autoc]ave at 120° for 20 minutes before use ‘.‘,

S]ant tubes of s, purpureum (stra1n C- 663) were

‘obtalned from Dr. Y& H1ratsuka, Northern Forest Research

Center Edmonton, and were ma1nta1ned at 4° on potato

-

dextrose agar.: ‘These were used to inoculate 500 ml , i"q?-
‘fiiehmeyer f]asks conta1n1ng 200 ml of the above ‘
meﬁdlh, and we zjllowed to mature for at least two
: fweeks tTo 1n1t15§e iarge sca!e growths the contents _
“ﬁo;é:ne 5%0 ml Erlehmtyer were blended (Waring blender)

and 20 m] portions of gpe resultlng suspension were 0

,g,transferred under sterile cond1tions to ten 2 8 z
. S

oy




1.5 g, The concentrate.was extracted_w th ether‘(3‘x,.

62

Fernback flasks containing 1 g medium.per flask. After

30 days growth the mycelium was removed by filtration;

'firstfthrOugh,cheese cloth, then through Cetjte. The

reSulting'broth was concentrated at reduced pressure to
1.5 g) and then with ethyl acetate (2 x"1.5 2). The

ether extract was washed wfth water, then brine, dried

‘(Na2504) and evaporated to give a Viscous light browd\A

0il (1. 29'g) The' ethy] acetate extract was worked

up S1m11ar1y to give a dark brown 011 (0.3 g)

Separation of acidic and neutral compounds Ty

The crude ether extract from above (1.25 g). was N
dfsso]yed in ethy].acetate‘(loo m and the resu1t1ng

solution was extracted twd timesrwgih‘loz sodium bi- -#J; ,

'carbonate (25 ml portions) ‘The organic phase was.' ‘4>*;

washed three t1mes1w1th water, then br1ne, drted

.'(Na2504) and concentrated under reduced pressure to

‘provide neutra] mater1a1s (0 83 g) as a ye]]ow oil.

The b1carb0nate extract was washed twice w1th chloro-

’-form, then cooled in 1ce bath and acid1f1ed to pH 3 ;.
| with M HC] The ac1d1f1ed so]ut1on was extracted
‘three t1mes with ch]qroform (50 m protions) and the

f comb1ned extract was success1ve1y washed w1th water
:.and brine.: Dryin§ (Nd‘504) and evaporat1on of the

~so]vent provided ac1d1c material (0 34 g) as a very

l

~ 1



viscous o0il.

Isolation of sterpuric acid (1) oo

The crude acids (0. 34 g) were: chromatographed over
silica gel ' E1ut1on with 7.5-12.5% acetone in henzene.

e
.gave grude sterpur1c acid (28 mg). Repeated crystal»

11zat1on from ethyl acetate provided sterpurlc acid
(1) (18 mg) as cplorless crystals’, mp 203-207°.
‘éc]D. +72° (¢ 0.004, CHyOH). &

IR (fﬂm)-‘ 3600-3200, 1700, .1455, 14'33,,1375.‘ 1320,
’ 1268, weno, 1220. 1192. 1140, 'ms, 1080 cm 1

,’H NMR (co3oo) 5 2. Bé”iff H on cE 11* d, J  - 17 Hz),

| gem
2.61 (1 H on C 8 br. mu]t ), 2 25 (1 H on- C 11, d
JHEEC- 17 Hz), 2.20 (1. H on C-4, complex mult ), 1.92

'%J H:on.c 4,_comp1ex‘mu1t.). 1.86 (1 H on C-9; dd,

9859;= 7 Hz,‘dﬂ;e;-“.1 = 12'Hz), 1'64'(1 H on C-9, dd,
f_:qsl§<=’jl.Hz, JQEE = 12. Hz), 1. 62 (3 H on C-12, s),
“);58.(1 Hon C-7, dd, J7 g = 6 Hz, qﬂéﬂ = 13 Hz),

?Yiﬂy on C- -5, complex mu]t )y 1 32 (3 Hqp C- 15, s),
L A
1.23 (1 H on C 5, comp]ex mu]t ), 1. 20 (3 H on;£‘13

"n.s), O 88 (1 H. on C 7, dd, J7 g = 1 Hz, JQEE‘- 13 Hz).

- The. ass1gnments of COUP11ng partners were conf1rmed _:*--

';by double 1rrad1at1on exper1ments S . _
us (probe,_lso ): m/e Calcd. for c15 22o3  250.1569
found 250 1573 (30), 222 (100), 176 (17), 175 (49),.
g161 (49), 136 (53). 135 (41). 91. (25)
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" Methy) sterpurate (11)

Diazomethane in ether“(3 ml, 0.3 M) was added to
a so]ution of sterpuric acid (25 mg) 1n ether methanol
(i'ml, 1: 1) After 15 min. the solvents were removed

under reduced predsure to prov1de methy] sterpurate,

_‘(26 mg) as an 011 wh1ch was pur1f1ed by chromatography

~(e1uent benzene ether {19:1)) "to g1ve pure methy]
sterpurate (25 mg) as an oil. ’. o , <:> |

IR (f11m) 3450 ’1731, ]455, 1433, h]376,‘13]8.\1268,
1220, 1192, 1142, s, 1078 cm”!.

. ]H NMR (CDC13) ‘ 5 3.70 (3 H OCH3; S), 2.83 (1 H on
'»f 11. d, Jgg_ =17 Hz), 2. 54 (1 H on‘CfB, br. mult.),

=y 23 (1 H on ct M, d, J g Hz), 1.67 (3 H on C-12,

gem

'.s), 1.35 (3 H on C- 15, s), 1.22 (3 H on C-13, s), 0.87.

H (1 Hon C-7, dd, 9; 4 = ‘11 Hz), Jgen = 13 Hz). x}ﬂf
THoNmR (py- -dg): 6 3.66 (3 H, s), 2.98 (1 H, d, 3=

17 Hz), 2.54 (1 H, Br ‘mult. ), 1.85 (3. H on C- 12, s),
\1 37 (3 H on c-13, s, T 35 (3 H, s), 0.80 (1 H, dd,
7,8 = 11 Mz, Jﬁ:;'g 13 Hz). |
MS. %probe, 200 ): m/e Calcd fortC16H2403 264, 1726
found:. 264.1720 (¢3). 236 (100), 205 (47), 177 (25),‘
176 (66), 175 (64),°161 (57), 149 (23), 136 (48),. 133]
'(zs). 121 (29). 1o7~(29), 105 (24), 01 (34), 91 (35),.

| 77 (22)

J
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'days. Ether (50 ml) was added and the resu]tant

. 65

Methyl Q—écetylSterpurate_(]Z)»” R

~To a solut1on of methyl sterpurate (1], 11 mg) in

' ether (4 m1) was added acetic anhydr1de (0 19'm1),

tr1ethy1am1ne (0 2 ml) and 4- N N- d1methy1am1nopyr1d1ne

(5 mg).. The solut1on was heated under reflux for three

so]ut1on was washed success1ve1y w1th 0.5 M HCI, water,

and br1ne - Drying (NaZSO ), evaporat1on of the solvents

and ¢ graphy (eluent benzene -acetone (19: 1)) gave

methyl Q acetylsterpurate (12, 11 mg) as a- ceﬂor]ess

IR (film): 1737, 1460, 1430, 1370, 1240, 1130, 1090 em™

oil. y - - o .

TH NMR (CDCT3): & 3. 68 (3 H, $), 2.90 (1 K, d, 9. =
17 Hz), 2.60 (1 H, br. mu]t ), 2. 00 (3 H, acetate

"gem =

methy], s), 1 50 (3 H, s), 1.36 (3 H, s), 1.20 (3 \, s)

MS (probe;_lso ) m/e Calcd for C18 26047 306. 1813 o
‘found 306 1827 . (]6), 278 (37), 264 (100), - 246 (32). ,e

236 %91), 205 (22), 187 (46), 186 (25), 176 (25), 175
(44), 161 (26), 159 (20), 149 (20), 135 (28), 105 (25),

'f 9 (36). 85 (28), 79 (20). 77 (20)

s

'_Methyl d1h¥drosterpurate (13)

Methyl sterpurate (}3 mg) in methano] (5 ml) was.

i,shaken under hydrogen (4 kg/cm ) for 7 days in the

-

-_Hpresence of 5% Pd c (80 mg) The suspens1on was then P




<

f11tered through Ce11te and the f11trate was evagorated
under reduced pressure. Chromatography of the crude
groduct (eluent benzene- ether (]9 1)) prov1ded methy]

d1hydrosterpurate (13, 5 mg) as a co]orless oil.

IR (film): 3510, 1730, 1455,;1433, 1{10, 1231, 1135 cn™ ',

TH NMR (CDCT3): 6 2.69 (3 H, s), 1.3) (3.H, s), 1.24
(3 H,5),1.14 (3K, d, 0 =6H). .

MS ‘(probe,.150°): m/e Calcd. for C1s“25°3 266.1882.
found: %es 1888 (13), 238 (100), 189 (28), 178 (22),

137 (21). 135 (60), 123 (33), 109 (33) 95‘(35), 81 (29);

79 (23), 55 (38).

ol

'Ozonolysis~of_methyi sterpurate>(1]f

A solut1on of methyl sterpurate (6 mg) in methano]
(1 m]) was coo1ed to -60° and ozone® was bubb]ed in unt11
| the so]ut1on remained blue. After f]ushlng w1th n1tro—

en at -60°. drmethyl sﬂ%f1de (0.2 ml1) was addedﬁand the

‘ 1on .mixture was success1ve1y stirred at -10° - 0°,
and ‘room temperature for 1 hr per1ods The solvent was

then evaporated under reduced pressure and ether (50

_ml) added. The so]ut1on was washed w1th water and brine, -

f'then dried (Na2504) Evapoﬁ%t1on of ‘the so]vent left
' an 0il wh1ch was pur1f1ed by chromatography (eluent
benzene acetone (19 1)) to give compound 15. as an 011
(6 mg) | \\ ’ '
IR (f11m)

P )

/3485, 1745, 14507, 1375, 12415“1;55;_1115 em™!
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"1H”NMR"(CDC1 )i & 3.74 (3 H, W00h3. S). 1.39 (3 H,'methyT"
g¥bup of the double hemiacetal function, s), 1.16 (3 H,
s), 0.88 (3 H, s) u

MS (probe, 150°): m/e Calcd. for C}5H§405> 295.1523.
found: 296.1626 (2), 128 (23), 100°(92), 97 (100).

-'Ozonolysis of methyl Q~acety1$terpurate (12)
Methy] D-acetylsterpurate was subJected to ozonoly— .
' s?i as descr1bed above for ‘methyl sterpurate. " The |

crude product was pur1f1ed by chromatography (e]uen.

benzene acigone (19 1)) to prov1de compound 16 as. a;_
colorless solid (3 mg). . e
IR (fi]m)i-'f736, 1710,- 1455, 1440, V375, 1245, 1170
TH NMR (coc13)? §/3.71° (3 H,us), 2. 12 (3 H on: methyl‘
ketone, $)s 2.06 (3°H, sh. 1.40 (3 Hy s), 3.27 (3 W, 5).
Ms (probe, 150 ) the h1ghest peak corresponded to M*.
C,H,0. | | L
| .m/e Calcd for. C]G 2405 (M CZHZO) 295'1624 ‘
"‘-found 296‘1626 (100) 253 (46), 235 (3]), 193 (27).
(21), ]27 (22), 97 (48)

'Osmium.tefroxide,QxidatﬁOn pf methylesterpunate,(ll)

A solution of methyl sterpurate (20 mg) and osmium

tetroxide/130 mg) in dry pyridine (2 ml) was stirred

T s
e ek

‘at 50° for 12 hy theUfc001etht*ngpm temperature and a



e
R

' ;xPerindate cleavage of diol l8

Qsolution o{ sodium b1sulf1te (O 18 g) in water (3 ml) and

. ture for 3 h, then diluted with water (5 ml) and ex- .

- MS (probe, lSO ) ‘m/e Calcd for C]5 22O4 266 1518

1 68.

O

'pyr1d1ne (2 ml) added ; This was stirred at.room tempera-,-- Y

tracted three times with ether (30“ml portions). The

\comb1ned .ether extract was washed with water and- br1ne

dried (Na2504) and évaporated under reduced. pressure

Chromatography of the product (eluent benzene- -ether

(7: 3)) prov1ded lactoned1ol l8 (7 mg) as a colorle-s , Y 4
solid, mp 145-150°, A T
IR (f11m):f 3460, 1775, 1731,,1450, 1380 1331, 1260,

1090 cm=!. N
]

ot

HNMR (CDC13): 6 2.40 (1 H on -8, br. mult.), 2.23

(2 H, complex mult.), 2 07 (2 H, complex mult ), 1.97 ;

(1 H, d, J = 10.5 Hz), 1. 6l (1 H, dd, J's 6. 5 and 14 Hz),
1.50 (1 H, mult ), 1 48 (3 H, s), 1. 33<(3 H, s), '

(3 Hy5),71.10 (1 H-on -7, dd, Jy.g = 12 Hz, g 7=-"

gem
13 Hz). L o

found: 266 1510 (l), 248 (56), 238 (87), l95 (74). 193

";(24), l77 (Zl). l69 (30). lSl (29). l49 (29), l42 (22),
g3 (loo). 107 (21), 93 (22)._8l (30). 69 (29)

s . . - ' . V7 a

-

Paraperiodic acid (HSIOG' 20 mg) was added to a
solutvon of l8 in dry THF (0. 5 ml} and the solution was

stirred at room temperature for lo min. Ether‘(40 ml)

L1

,‘-?-s?g:'

S




was;added and"the SolotiOn was}washéd with water and.
2 br1ne, then dried (Na2504) and the so]vents were -
evaporated under reduced pressure Chromatography o?
- the ‘crude product (eluent benzene ether (9: 1)) gave' Y
diketone 1? as an oil (6 mg). o ‘
IR (film): 1785, 1775, 1718, 1450, 1351; 1260, 1232,
12000 161 emt. a.f' TR
E‘H‘nMR‘(cbc13)7 8 3.00 (2 H-on T4+, /g - 8.8 Hz)..
”‘2‘84 61 H on C-8, br. mult. ). 2. 35 (3 H on methy]

’. ketone, s), 2.17 (1 H on C-9, dd, J8 g9 = 10,§ Ha, JQEE =
. "13 Hz), 2 01 (2 Hon c 1, AB quartet J = )0.4 Hz), L
4 1 85 (2 H on C-5, Wﬁ J4 5 = 8.8 Hz, Jgga' 11 Ha): 1.64.
(2 H on -7, d. of an AB quartet. J7 g =5 Ha: JQEE =
14 5 Hz), 1. 36 (1 H on C 9, dd J8 9 = 4,8 Hz, JQSE"=f

13 Hz), 1.34 (3 Hy 8), 1.17 (3°H, S) “The assignment§’5

: of coupl1ng partners were ver1f1ed by doub]e 1rrad1at1on
exper1ments _ . o .
‘MS’(probe. 150°): m/e Calcd: for Cqghyg0y: 264 1361.
“found: 264, 1372'(15), 236 (24), 193 (20), 179 (31),
15f (26),'140 (25). 136 (74), 135 (25), 123 (23), 122
>(53), 112 (23), 109 (23), 107 (32),.97. (28), 95 (26),~
~_455), 82 (55),,81 (40). 79 (24), 69 (100), 67 (31). 55
(55), 53 (23). - = IR ‘J“};'; N
, }Epoxiﬁation of,mgthyi sterpurate‘(ll)i | o
‘:?a S — -!. — | T : . :3‘#>.A§ ﬂ
‘m-Chloroperbenzoic acid (25 mg of 85%) was added to'

4 T S S L e

e R - : P D R - «/; N



y \}n ice cold solution of methyl sterpurate (11. 17 mg)

in methylene,chloride (0.75 m1). The reaction mixture
' was kept- at room temperature for 1~h, then diluted with
ether (50 m]kw. This was washed successive]y with satd.
sotution of sodium bicarbonate, uater. and brine

o

‘Drying (NaZSO ) and evaporatlon of the solvants under

| reduced pressure left an oil {17 mg) which G%% puriffed“ 3

4

e e ——. -

Y. by chromatography (e]uent benzene ether (9:1)) to pro-

- .««f

vide epoxide 20 asa coJor]ess 0i1 (15 mg).,

IR (fiTm): 3460, 1235, 1455, 1435, 1285, 1245, 1235,
R o R |
JTHONMR (coc13) ‘s 3. 68 (3 H,5), 1.38 (3 o s)a

(3 H, s), 1. 07 (3 H, s). '

‘Q MS ([robe. ]00 ) m/e Ca]cd for C]6H2404J 280.1675.

found - 280.1672 (7), 252 (23),A203 (35). ]83 (66) 177
(21), 175 (21), 159 (26), 151 (31), 135 (45), 125 (92),

123 (100), 11] (22). 107 (20), 93 (23), 91 (26), 77 (25),‘>

55 (20). DN

L d
i

',Rearrangementgof epoxtde'zo
. . - l-:k N

To a solu;ion of epoxide 20 (8 mg) in benzene (0 5

-1) was added Pp- toluenesulfonic acid (5 mg) e /
A) reaction wasmstirred at room temperature for 4 h then-

7
_whylene chloride (30 ml) was added and the resultant;

:"!tso%ution uas uash;d'successiuely uith satd sodium
.;;?fbicarbonate. ﬁltﬂr (three tihes). and brine Drying' -
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i,

8
%

o,

&

. l42-148°. fﬁl C | S A
CeTIR (Film): 1767, 1748 1455, 1445, 1370, 1330443180,

N A t

(Na2S045‘and‘eVaporation of the so]vents'followed by
chromatography (eluent benzene ether (§ 1)) gave. the re-

arranged product 21 (5 mg) a5 a co]or]ess so11d. mp

1150, 1010 ¢m®l,

1

P

H NMR <&oc13>: -5 2.78 (lfH on c-8, m), 2.02 (2 H on
C-11, AB quartet, J = 10.5 Hz), 1. 37 (1 H, m), 1.33 (3 H,
s). 1.12 (3 H, s). 1.06 (3 H. s) ;

MS (probe, 150 ): m/e Calcd for 615 24003 1412

found._ 1248. 1409 (26), 121 622), 111 (100), 5 \23).wA
W PO . .. .,.e‘ : . | 'Q - ‘f a‘. . uJJ .
Hydrolysis‘of‘epoxideAZO and-rearrangement of,aC1 '

-4

- ' | +-
A mi ture of epox1de 29 (32 mg) and 19% sod1um f"

hydrd&xde 1n methan01 =W 3er'(4 1, ‘5 m]) wps heated’under.

reflux for 3 h. Most of theyhﬁthanol was removed. under . .
reduced pressure and waﬂ?r {10 q?) added ‘The aqueous -
so1utwon was washed w1th ether, then it was gﬁoled in

ice bath and acidified w1th 3 M HC). This was extracted

r
four t1mes with ch]oroform (25 ml port1ons) and the

[y

comb1ned extract was washed with water and br1ne Dry1ng

(Na2504) and evaporatIOn of the so]vent gave acid 22

- (251mg)- A sma]l-portwon (1.mg) of the ac1dgwas esteri4f

fied with dfazomethane to give ester_zoi' fhe'remainder

(24 'mg) was dissolved An chloroform (1 ml) and p toluene-

suﬂfon1c acid (5 ng) added._e%fter stirring at rdom .

Lo
“



L
“

v

e temperature for two@?ays t he react1on m1xture was worked
. N Jab o
up,gas iescqlpe& 1n the case of rearrangement of epox1de

%

20) -to provi' rearrangement product 21 (6 mg),

&ﬂuantjcal (t]c,pIR "H NMR, MS) with that prepared . .

-

® dirbctly from epoxide 20. - o N
Py N . . S

) 1 ) , T S,
Preparat1on of hydroxyd1acetate Z4‘ o
: — T & 3 ) fa: —

58

‘ @g) waa d1ssolwed
. - -!!" ’m» ‘ﬁ'

&n THF (1 miﬁ and 11thtum a]umtnum hydrf
. ‘V & N
: After st1rr1ng at room temperature for 20 m&qé_éwgeSS

Twee

] hydride was. destroyéw by the addf%;on of wet g;ner
N ._.’.- 3 r- .
R 9’ Bthyﬂ acetate (40 ml) was added.and?the resu]tant so]

t1on was washed w1th water (th&ee“tlmes),*then Q?%i

-;a’ R :
& . R

. ’ Q
}g br1n&t Drying (Na 504) apd evapo_;;h‘

- f%;t ,prov1ded.an 011 (3 5 mg) wh1chéwa:§f:ssolved in® pyr1d1nej_

3*“:@ SR
(0 5. ml) and acet1c anhyd51de (';‘5 m]) added After

R
PR

'VV@?‘h st1rr1ng at room temperature ether (40 ml) was
o .added and the so]ution was washed succ€551ve1y w1th o -
oO 5 M HC1. water, and br1ne -Drying (Nazsoh) and ,",.
aevaporation of the solvents fol]owed by chromatography ‘

"(eluent benzene ether (4 1)) gave 24 as a co]orl&ss 011

[ A -t N g -
& . -

(3 mg) :.) . . . S \, _,’ ‘~ h
IR (f11m) .3srb; 1735"{450 1370, 1225 1210, 1020 en”!.
-~ THowme (ch13) “ a 4, 72 (1 ks cug@c. $).: 4. onr;f”“' |
_“.3‘J;cu20Ac. AB quartet = 10 5 Hz). 2 14 (3 Uy s), 2.04
‘i'€1(3 He s) 1 90 (1 n on apa, g). 1. o7 (3 u, s), 1,05 (3°H, o

S e B e o ®

[ I S N s

3& gl& ug fUded .



. *.“ M . . B
. g . . .
. N R . , - Xy ) 73 7
R A | s

¢
)

sf, 0.92 (3., \s)q N o

TH NMR (Py- dg): 6.4.84 (1 H, CHOAC, s), 4.32 (2 H, AB
#

quartet, J = 10 5" Hz) 2.05 (3 H:'s)..2.0] (3H, .s:),'k

i

(1 H on C-8, m) 1.[7 (3 H, s), 1-74‘(3°H, s), 0192'i i :

(3 H, s). L S g

Chem1ca1 Ionwmutxnn (NH y Ms,ahvﬁs M+18 (m/e 356) peak.

-

e v
MS (probe. 150 ),'d the highes .y 'a-gc cor esponded to B
. M %2“402’ m/e Ca1cd for C] o M 2H40 l 27‘_3-\188_1 R
. ,found. 278. ?881 (4). 95 (100?”

nE W
B « ' . ' }} .,
- e, . 1 i < Y . -
: . g L e,

SE T
iko]atma of methy’! hydroxy@tewurate (28) . “ﬁé“‘_‘q:, CL

) . d& B _'r . ;.- . i P:: ‘ NIRRT o '
o s .o "‘f . % . . )
Mo Cnude ac1d1c metabohﬂgs (0 7 Q%ﬁ’w‘ere dlssolve 1n -
. &.’ ’ ' C R
C Qeth‘jg-methano'l (2‘&}’ 30 m]) and treated w1th Excess B

!

. @ 3 F'd ethereal d1azomethan?° After stand1ng at\q,room ’ @

R =
,3” temperature for 15 mm the so]vent%were evaporated

L

and the résidue was chromatograh : '(e'luent benzene-‘ S

&y.ether (7 a to ?1ve crude methyl h_ydroxysterpurate "
(0 155 g) Further bur1f1cat1on by ptlc (tr1p1e el«uyon i - '
w1th ether) and column chromatography (eluent ch]oro-

form methanol (99 1)) pro‘y1ded pure methyl hydroxy—

o sterpurate (46 mg) as a. co10r1ess 011

IR (fllm) 3400, 17371, 1450 1433 1379 1319 125§\§ lg

© 1230, 1130 1072, 1030 cm ‘2;-‘,

Ty NMR (coc13) 5 3. so (2.H on. C- 13 "AB- quartet.

‘:,:.Jﬁ= 12 Hz), 3. 70 (3 H .OCH3, s).<2 86 (1 H on C- 11, d,

'!fagé;}a 17 Hz). 2.63. (1'H on c-8; br.lmuTt ), 2.28 (1 H

: AT !
’ Lo . R

: [N :

~ N



. ' v 0 74
%? on'C-lj, d, JQE@ =17 Hz), 2.23 (] Haon'C 4. m), 2. 02
) * (1 Hon C-%, qomplex mult.), 1 ) AR H on C- 9 ’dd’gi
,;~J8~9w=~1-%5. JEE; =*}3 Hz); 72 H-on - 9, dd, JB § f
. 12 Hz, z&;— , 13 Hz), 1.65 (3 H on- C 12, s), 1. 51 (1 H
on C- 7. dd, J7<8 =7 Hz, Jgen = 13 Hz), 1. 48 (2 H on '
. ‘cls, compfex mult ),-.1.36 (3 H on C-15, s), 1.20 (1 H-
;r ® “On c-7, dd, 7 'y —~11 Hz, Jﬂ__'= 13 Hz). The assigni‘sl ' - €¢
°  ments of couplang partners were wer1f1ed by doub]e ‘ ”
R ) L Sy : o -
. 1rrad1at1on exper1ments v S e
MS (probeg 150°): m/e Ca]cd for %f%ug‘o 280 1675 i e,
found 2%0 1673 (21), 252 52), 250 {27)% 189 (96). g
175 (47), 174 (100). 161 (28), 91 (2h9 pe P
. . ',‘ “,f f :,r: . . N . v .
- Ace&ylatjon»ofynethy] hydrdxysterpurate (28)‘ . S
L f"' o | ' — . o

?2 Acet1c anhydr1de (0 25 m1) was added to*a so]ut1on
of mbtﬁyl hydroxysterpu?ate (28 15 mg) in pyr1d1ne "L )

C““ . S

(0.5 m]) and the\solut1on was st1rred at room tembera-.
‘ture for 1 5 h. Aft‘k removal of:the solvents the crude ;
.prpduct was chromatographed (eluent benzene ether (9:1))
“to. nge tle mbnsacetate 29 as _colorless 011 (13 mg)

'\:IR (f11m) 3460, 1»35. 1450, 1432, 1380 1245.?7135.w

0 1072,71030 en”) L N e
R ’ v ’ "\i . . g
N TH e (cnc13) §4.3% (2 W onC-13, s). 3 68 (3 H,s),

L~ -

N 2 86 (] H. on. C- -11,° d Jg-—f= 17 Hz) 2 58 (1 H on C 8
\ ‘bro mult:), 2.24 (1 H on C-11, 4, d_,p = 17 Hz), 2,08
(3 H. aceta§¢ mef/y v s). 1 65 (3 H on C- 12, s). 1.3 ,",%”

; ™ . N . . . - . P . A ' o -
B e S S
R N - . o L g . R . ' AT
h - T . . - . . . S e " . . ’

. 2



13 Hz).. | o o B S

7 Ms (probe, 150°): m/emgg;ie for CigHpg0s: 322.1780.
" found: 322.1791 (35), 298(11), 262 (24), 234 (25),

203 (3g), 202 (21), 189 (£5), 175 (78) 174 (100), 159

© (26),885 (20), 91 (21). !
e — : | - ‘ ) . . : X -8 . '- - ‘ - ‘. B o » . o
ﬁ Methyl hydroxysterpurate acetonide (30) , . o -

,.." > - Methyl hydro'iysterpurate (.28, 15 mg) was .dissolved

o e 4n 2,2- d1methoxypropane (2, md and a catalytic amount

. . >_ nvé\:x: i » .“"7 . )
wMOS D to]uenesulfomc ayifl qdded The reaction mixture

. ':;(;Q"A

ya,s stn'red at roomﬂemperﬂ;reﬂfor 1 h. Ether (40 m])

was added and)the reSu'Itant so»]u&mn \Qas successivfely,'

@t

;j_-’~washed w1th ‘satd” sodium b1carbonate, wate‘r (three f.1mes),‘ e

and brine. After, dry'lng (Na2504) and evapo,ratwn of the
-solvents under reduced pressxere thegcrude pr‘oduct was -
chro/a’tographed (eluent benzene ether 1'9 1)) to prov1de
t%‘he a\cetomde 30 an ‘an. 0l hlS mg)", S

IR (fi1m): <1731, 1450, 1435, 1320, 1300, 1235, i130;
- Lo - P ’

G 1085 em oo T L w
4 ‘H NMR (toc13)4 F 3.70 (2 HifAe'duarfei, Ve ),
g | 3, 68°(3 H,. ), 2.82 (1 H on C-)1, d, JL =17 W), R
?_~“ -\§§¥%(¢1ﬁﬂﬁon c % tm»anuiauaveavaﬁn(l H on C- 11. ag__
;;'5' ~17 Hz)¢»1 .59' (3 Hon C-12, s). 1 39 (3 H, acetal methy]
«;"_je, 5), 1.36 (3 H on c- 15, s), 1.26° (3 H, acetal methyl, ).

T s (probe. 100°): m/e Caled. -for c19 2804 a” 0.1988.

E ‘i,Cg"‘f{; -d;f“:} ,f_f,"; 5 ;:;: | ':”’,ff:-.t D
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A - o o R o

'fouﬁqgﬁ 320.1994 (6, 252 (26), 189 (56)% 175 (38),
! ot . «f ot . 40.‘ . .

:17&;(100).

.
A i [

I LN

i [ 8 by

.%7fh¥7 hydroxysterpurhte p- to]uenesu1fonate (31) R . SR
:’ / v % .

/ Sodium hydr1de/(12 mg) was added to a so]uﬁﬁon of o
/methy1 hydroxysterpurate (30 mg)-in ether (2 my ahd B E
ot

the m1xture stirtred at room«temperature for T2 h. The }, »
solut1on was q;en cooled to -loeaand B t@luene5u1fony?z
chlomde&}»(ZZ mgqf in etheg‘ (1 m‘l) added Stirﬁng was ©

'cont1nued at -10° for 1 h, then at room tempe?ature

3for an add1t10naP 1 hvé Br1ne (5 m]) was»added and the -

m1xtwre was extr#ﬁﬁef_ ree t1mes thh ethan(zo m]
porfﬂons) The comh1ned ether e£i§?c$ was washeé Wlth
wate and br1ne, drled (Na2504) and evaporated\to g1ve7 ?ﬁg .

the rude product wh1ch was pur1f1ed by chromatography_‘

(elu ht benzene-ethér (19 1)) ‘to prov1de the tosy]ate L
s . ) S N M

_31.a an oil (20 mg) . R s

Ty NMR (CDC13): & 779 (2 H, d; J = 8 Hz), 7. 33‘(2 Hy do

J' = 7 Hz), 4. 21 (2 H, AB quartet, J = 9 Hz). 3.70 (3 H,

sﬁi 2.83 (1-H, 4, J - 17 H2), 2. 57 (1(H, br mre), T

2. 45 (3 Hy Ph=CHg) ), 1.60 (3.H, s). 1. 33 (3 H, s), ‘¢J. B
0. 91 il H, dd, J7 . ! AT HZ 9 13 g2y, AP

" gem -
L MS (pmgﬁ@ &QO’ the highestg!!a& CGJresponded to MA-’ ;

Hz m/e Calcd for C23H2905 s (MY-H 0) | 416 1557 - __k.{.:
found 415 1559 (7), 351;(20). 248 (30), 216 (35) 203 B
(30).:185 @EDO), 184 136), 172 (23). 157 (52),_156 (29),

_‘ R



‘, 91 ¢35). . . .
Ear11er fract1on$ from the chromatogréphy gave the

"
L
]

- cleavaée product 32 (1 mg) descr1bed below

-t

I ."".'_‘\IJ
X 2 "

. . i e
Aktempted transformation oﬁlﬂl to methy1 sterpurate (11)

,\%, . ‘The P to]uenesu]fonate 31 €7 mg) was d1§so]ved in
 %: HMPA (2-m1) and sod1um 1od1de (19 mg) and zwﬂc dwsg P
(17 mg)¢§efe addg¢ The m1xture was heated at 105° for
then cooled to fonm*temperature, and d11uted w1tb-

40 ml) .. The, §dTut1%n wa's waéhed with water Qnd |
X R T 7 o
f1ne, dr1ed'?Na 594) and the so]venfs were remdyed

e under reduced pressure‘ Chrématography of the srude

‘\‘ @

product (eluenv’benZEnevether (19 1)) gave the fragmenta-

,*:__..it1on product 3z as. a ;olor1e59~011 (3 mg)

£

1

| :_i k_IR gfwlm) 1730, 1550.03450 L373. 1240 11qs ggq~sﬁaﬁi,
' lH NMR (CDC13) 4 66 (1 H on: exocyc11c methy]ene, d,
e
J = 2 HZ). 4. 60 (1 H on exocyclic methy]ene. d, J =f.

2 Hz)” 3 72 (3 H, s), 3 10 {2 H, compﬂex mu1t T,

| (3 H on C- 12, s). 1.26° (3 H. 5}.. v N
,1" S Ms* (probe, 150° ) -;m/e Ca1cd~ for 515”22 5 - 262. 1569,
PR found 262. 1572 (50). 203 (100), 202 (44), 159 (41), R
| '145 (42)._119 (24), 107 (23). 105 (23), 91 (23) -

oy

77



o

’47.“7

o Nﬁ% (cnc? ) 5-6. 88 (1 W, PH, d, J = 96 Hz), 6.13

o ' 3,
MS (probetJIOO ): h/e Ca]cd for CIS 2305 P: 326 ]283

. - i ST
. . ” L
. & 7, |
: v éﬂx .78
Attempted bromid!’fcrmat1on w1th methyl hydroxyster-
purate (28) - ’ 1'» . v
Lo . '

. _ . _ O
e Phosphorous trihrom1de (50 mg) ih% added to an ice
co1d solut1on of methyl hydroxysterpurate (7 mg) in
pyrldine (0 75 m]) The reaction mixture was aL]owed
.to warm up to. room temnﬁrature and stvrred for 45 min.
Ether (40,m1) was adsaé*and the resultant solut1on was
~washed three t1mes with water, then with brine,‘and |
dr1ed (Na SO ) Evaporat1on of the so]vents and chroma-b
tography of the cruiﬁ’%reduct'(e]uent benzene ether :7’ |
(9:1)) prov1ded t1*gﬁ[*‘§#7‘?'34 as -an 0il (4 mg) o -
IR (filh): 2400, :@igiso;<1432, 1380, 1280, 1128, . . i
1020 em™!. T L L B - Ut -

s o

(1 Hy PH, d, J = 96 Hz), 4.59 (2 H, AB quartet, J--\f'
9. 6 Hz), 4. 46 (2 H .AB quartet J = 7. 2 Hz), 3 72 (3 H
s), 3.70 (3 H, s), 1 69 (3fﬂ, .sgj 68 (3 H, s). 1.
(3H,,s), 1 35 (3 Hy §) Tl EERRA

g 31282 (68). 298" (78). 280 (32), 267 (21),

249 (32). 240 (30), 239 (50, 233 (94), 237 [(100),, 221

(29), 220 (35). 216 (24), 198 (36), 185 (88), 184 (429,

183, (23), 174 (32), 157 (70), 156 (43), 149 (29).

(25) el T
oL

N , N N — - : .o N B :‘. o .'.. ‘ - i L K ) L ) ; . . ‘ ) \’
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Preparation of g-buty1dimethy1si1y1'ether 37

~ A so]ut1on of methy1 hydroxysterpurate (8 mg),

| 1midazole (6 mg) and t- buty]d”.gthylchloros1lane (10

mq) in DMF (0.5 m1) was stirred at room temperature
for 12 h. Ether (50 ml) was added and the solutLon e
was washed with water (three times), drwed (Na2504) ﬁéﬁ

and evaporated at reduced pressure. Chromatographf of

 the crude product (eluent benzene ether (9: 1)) gave

t- buty1d1methyls1ly1 ether}37 as an oi] (10 mg)

IR (fllm) 3520, 1735 1435 1380 1255, 1137, 1080 Cm-]{'

Ty NMR (CPCT5): 6 3 75 (2 H, B quartet, gq = 12 H2),

3. 70 3'H, s), 2.85 1 H, ; J = 17 Hz), 3. 60 (1 H
( { geni )

‘w,br mult. ), 2.27 (]cH d, J = 17 Hz), ?lss (3 H, -

gem : -

—s)f 1.34 (3 H, s), 9 93 (9 H, t- butyl group, s), 0. 12

IR ml) added.; The so]ut1on was st1rred at room tempera- L

(6n, 2x51cn3,,s) | |
NS (probe, 150°): m/e Ca]cd for c22 38o Si: 394, 2539;’

L@

-~

found: 394 2542 (41). 366 (23).9337 (22) 309 (27,

A 262 (20), 249 (27), 248 (21), 245 (25),°189 (91), 185
_(66), 175 (33).,174 (75). 75 (100). 73 (50)

e Hydrolysis of methy] hydroxysterpurate (28)

4

Methyl hydraxysterpurate (35 mg) was. d1ssolved 1n‘

: methano] (O 75 ml) and 20% NaOH in methanol-whter (4:1,

etureefor 4 h fo#]owed by the removal of methano] Jnder

: -
S L o , S e . L

14 L T e' | B . i ) ) N .

Cod

79



CIR (film): 3360, 17007

-te

' hydroxysterpur1c acid (2, 8 mg) as wh1te crysta]s,

-TOZSicm’],
BE P

]'n Haz, JL

g b"“\’\
P B
o SRR s i
M .r."&:]'?x\: i '
"y SRt

9

80 .

‘reduced pressure. Water (3 ml) wfffadded and the

‘aqueous solution was washed with ether. then acidified

(ice bath) to pH 3 with 6 M HC1., The acidic solution

4

was extracted~three timgs with methylene chloride (15

‘ml portlons) and the comb1ned extract was washed o ;

success1ve]y with water and br1ne, dried (Na2504) and ¢:>'

evaporated ‘to give the crude hydroxysterpur1c ac1d

. (23 mg) Co]umn chromatography (e]uent ch]oroform-

methano] (9 1)) of the crude product fo]]owed by- crys- .

ta111zat1on from ether-Ske]]ysoIve B prov1ded pure

« N

L

-~ .

#. :_ " k t‘& - L . ‘ » ’
33 1380, T220, 3732, 1071, &%

row . . . B ol
« . . e L
Nt ’ : . B . ) *
R | U s

mp 60 63°

H- NMR 7(ch13‘): 5 4.75 (3 H, _.br'.,_ exchangeable), 3:84

{2 Hoon c-13, " quartet J = 12 Hz), 2.84 (1 Hon - .
- 1] d, 9, 18 Hz), .2.62 (1 H on C 8 br mu]t )s ' e

9—- a Y.

2 .27 (1 H on C-11, dy 3gon = 18 4. TGO Hoon C: 1; BT
. S)t 1. 38 (3 H On C ]5, S)s ] 22 (] H On C 7, dd,. J7 8 .

- Msu(orohe, 150° ) ) m/e Ca]cd for C]5H2204:I 266 1518

Isolation of hydroxysterpuric?actd (2)

found: - 266151 (29). 238 (50), 189 (100), 175 (1), . (*

174 (68). 161 (98). 145 (20). 105 (23), 91 (39), 77 (21)

Rl ...-v

. fréPArative'tic‘6ffthe>crudeaacidiC’metabafftesc?nf :

R BESANE o



L

>

(90 mg, two ptlc p]ates, tr1p1e ‘elution wwth benzene-

acetone acet1c acid (80:20: 1)) gave an impure sample of

.

hydroxysterpuric ac1d (20 mg). Th1s was.chromatographéd

(eluent ch]oroform methanol (9 1)) to g1ve hydroxy- |

sterpur1c ‘acid (13 mg) as'a very viscous colorless 011

o Crysta111zat10n of this: material; from ether Ske11yso]ve e
B prov1ded hydroxysterpur1c ac1d (3 mg) in crysta111ne
form, 1dent1ca1 in a]l respects (mp, IR 1@ NMR MS, ;

tlc) w1th the hydro]ys1s product of met\g] hydroxyster-’

purate

N

acetal‘(39) R ;’w -

. TN & -
e The crude ac1d1c metabo]1tes (1.4 g) were chromato-

‘L ..;,J
graphed ieluent benzene acetone (39 1) to. (19:1 Eg to
W g1ve a sol1d mater1a1 (43 mg) wh1ch was dussg diin}t

ether (5 ml) and then d1azomethane (10 QI, 0.3 M) adde¢

After stand1ng at rg,“heemperature for 15 min ether

was removed under reduced pressure aiﬁ?ﬁhe res1due wasy’
L subaected to. preparative t]c (trip]e e]ution w1th

A benzene ether (3 1)) followed by co]umn chromatography

&

(e]uent Skel]ysoTVe B- ether (9 l)) to»pﬁbv1de methyl
hydroxysterpurate ethyltdene aceta] (39) as a color]essé
ot (12 ng). . | ECEE o
IR (<mm) 1731, 1432 1400, 1372. 1303, 1235 1160,
4_}]1grep.j. s ' e

LI A

z"g;; ! :



]

" AR (CDCT,): 6 5.05 ( H, acetal proton, q, J -

5 Hz), 4.00 (2 H on C-13, AB quartet. J = 12 Hz), 3.70

~ (3 H, OCH,, $). 2.92 (1 H on c-11, d, Jg = li‘Hz). o

S 2.75° (1 H, dd. J's 9. 5 »and 10. 5 Hz), 2.58 (1 H on C-8,
br. mult.), 2.24 (1 H on C-11, d, Jg__ 17 Hz), 1.90-
1.70 (3'H, comp]ex), .60 (3 H on c-12, s). 1. 92 1.42

(3 H, complex), 1.34 (3 H on c- 15, 5),"1.30. (3 H, ,acetal.

'_:methyl. d =5 Hz).ll 20 (1 ¥ op C-7, J7 g = 10 Hz,
o E 'y - . ' ’,' oo
MS (probe, 150° )~ m/e Calad for c]§m2604 306 T831 3

yfound- 306, 1830 (16), 278 (149, 175 (31), 174 (109), y

r - Ls-. ’
22

2 (eny. oo T T
q fJ » o “‘ o A ' . ’ ' J_ BT ’ 'S

.7’

4«._Methy1 hydroxysterpurate (!8) from methyl hydroxyster- ;f;f

82

X

purate ethylidene acetal (39) o - R "j SR
:";; : The aceta] 39 (7 mg) was d1sso!ved 1% THF (0 5- m]) ,

and agueous 3_ﬂ HC1 (0.5 mi) added The react1on

~.m1xture was st1rred ‘at room tEmperature for 3 h ther

*'\(three times) and brine. then dried (Na 504) and evapo-_wg )

'"Qhrated at reduced pressure Chromatdaraphy ef the crude /”"'

e‘ product (e]uent~ben2ene ether (3 1)) gave methy1 hydroxy-f
\ sterpurate (23 4 hg). 1dent1ca1 (IR, 'H NMR, MS.LtTE) A;

. w1th an a”thentic sample ﬁgf_'V} '[-»_‘~., { ;jf

."‘ . ,».“'v‘-;,'_.- : . RS B

zsaPreparation of ethylidene acetals 39 and 40 .ffﬁﬂ p" s

:‘-. ‘t " P
'(30 ml) was adﬂed and“the solut1on was” washed w1th water .jj

A



110-\7-_‘

- Ske

i - ces 2
S o . Ll - Vo . . PR
e Al » », ” L .

,aldehyde-(1.7'ml) eno*ietoluenesu1fonic acid'(I mg)'was\
st1rred at room temqeratu?e for 1 h, then the solut1on _
”'was evaporated and the re51due taken up in ether (50 N

‘'ml). The ether so]ut1on was. washed success1ve1y w1th

4

:sdtd sodium b1carbonate. water . (threewtimes). and (J'

.

br1ne After dry1ng (nasso4) and. evaporatwon of the

rl.m\ solvent the crude nroduot was chromatographed (e]uent

| "" gkellyso'l‘ve B- ether (93 77) to provide a‘mixtuge- o‘F 39
m40 and acetaldehyde tr1gfr (20 mg) .Preparative tle-

I &y

'%:?? (trfple e]ution h1th S&elIy;olve B- ether (4u;)f sepa-,,

f:jv'rated the more polar component (unnatural epiﬁer 40%

was further§purif1ed by chromatography (e]uent

'ﬂ

:so1ve B=- ether (4 1)), as a color]ess o11 (3.5 mg)

. wh

The les;
fCOﬂSlSted bf th@ natUraﬂ éplmer 39 and acetaid hyde
:trlmer) uas subJected to ptlc (tr1p1e e1ut1on w1th
';7ebenzeqe ether (19 1)) to g1ve the naturaJ ep1mer 39 in.
f“ﬁéfairky pure form;.'Column chromatography (eluent .o
:115benzéne ether (]f’])) provided‘pure aceta1>39 ag a}i |
) fcolorless 0i1 (3 mg). 1dent1ca1 (IR NMR MS. t]c) with
- authentic sample: The unnaturaﬁ‘!p1mer 40 shows the

- ‘foliowing spectral propert1es.¢f,

S 1~1R (film): 1731 '14§h, 1400, 1380. 1307 1238. 1137 cm -1

oTar component g}fained from ptTc (wh1ch v?t J

83 -

——\:

”L]“ N"R (CDC1 )f' 6 4 57 (l H. acetal proton, q, J = ,U~»} SN

s Hz). 3.80 (2.4 on C- 13, AR’ quartet \a 10. 5. Hz).;«;’

\53 .70 (3 u. s). z 87 (1 H, d. Voew = 17.H&9, 2 51 (1 n




bl

br. mult.), 2.28 (1 H, d, Jgsmis 17 Hz), 1.56 (3 H, s),
1.33 (3 H, s), 1.25 (3 H, ace+al methyl, d, J = 5 Hz).
-MS (probe, 150°): m/& CaTcd. for C.|8 26 4 3&6 1831.

found\306 1824 (21), 278 (18), 174 (100).

Isolation of sterpurene-3,12,14-trio)

] N .
The crude neutral metabolites (0.52 g)‘were sub-

jected to flash chromatography (eluent éh]oroform-
methanol (19:1)) to give the crude triol 4 (75 mg).
Further purificati;n by column chromatography (eluent
benzene-acetoneéféfl)) provided a crystalline sample

of 4 (42 mg) which was .recrystallized from ether to’
glve pure sterpurene- 3 12,14-triol (4 30 mg) as white
needles, mp 146-148°, n

IR‘.(fi’l’m): 3315, ]';436, 1420, 1368, 1207, 1170, 1138,
1072, 1027, 998 cm™!. | )

"HONMR (CDCT,): s 4.22 (2 Hon C-12, AB quartet, 4 -
12 Hz}, 3.39 (2 H on C-14, AB quartet, J = 12 Hz),

2.86 (3 H, br., exchangeable), 2.62 (1 H on C-8, br,
mult.), 2.57 (1 H on C-11; d, Jgem = 18 H2), 2.24 (1 W,
dd, J's 11 and 19 Hz), 2.10 (1 H on C-11, d, J =18 Hz),
2.04 (1 H, complex mult.), 1.68 (1 H, m), 1.48 (1 H, dd,
J's 9.5 and 19 Hz), 1.22 (2 H, complex mult.), 1.2]

(3 H, s), 1.10 (3 H, s), 0.91 (1 W on C-7, dd, .8 *

11 ﬂz. Jggm = 13 Hz). ) |

" MS (probe, 1300):¢ m/e Calcd. fo%i§15H2403: 252.1725._

, Pl
1=
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% |
found: $52.1730 (3), 234 (46), 220 (49), 216 (20), 204
(24), 203 (67), 188 (94), 175 (100), 173 (36), 159 (54),
145 (25), 131 (22), 119 (27), 107 (20), 105 (44), 91 (40).

Acetylation of triol 4

Acetic ahhydridé (0.25 m‘) was added tvlg splution
of triol 4 (5 mg) in pyridined(O.S ml). The reactio®
mixture Qﬁs stirred at room temperature for 6.5\h,
then toluene (5 ml) was added and the solvents Jere
evaporated under reduéed pressUre. éolumn chromatog-

raphy (eluent benzene-ether (9:1)) provided the diacetate

41 as a tolorless oil (5 mg).

-~ -~

IR (film): 3455, 1737, 1450, 1422, 1365, 1929, 1130,
]02]_cm'1. .. f |

TH. NMR (CDC14): & 4.74 (2 H on C-12, AB quartet, J -
12 Hz), 3.90 (2 H on C-15, AB quartet, J = 12 Hz), 2.68

(Y Hon C-8, br. mult.), 2.42 {1 Hon Cc-11, d, JQSE =

17 Hz), 2.25 (1 H on C-11, 9_5’5 17 Hz), 2.20 (1 H
on C-4, m), 2.08" (3 H, acetate methyl, s), 2.07 (1 H,
m), 2.06 (3 H, acetate methyl, s), 1.71 (1 H on C 9, dd,

Jo g = 12 Hz, 9 = 12.5 #2), 1.63 (1 H on C- 7, dd,
gem ) (

8,9

J7,8 6 Hz, JSEE = 13 Hz), 1.55 (1 H on C-5, m), 1,30

(1 Hon C-5, m), 1.26 (1 H on C-9, J8,9 = 6 Hz, Jggm =

12.5 Hz), 1.24 (3 H on C-13, s),-1.14 (3 H on C-15, s),

"

0.88 (1 Hon C-7, dd, J; 4 = 11 Hz, dgen = 13 Hz). The
' Bt

assignments of the coupling partners were confirmed by s



. double irradiation expériments.

"H NMR (Py-dg): 6 5.20 (2 H on C-12, AB quartet, J =
12 Hz), 4.03 (2 H, AB quar{et. J =12 Hz), 2.71 (1 H,
br. mult.), 2.06 (3 H, s), 1.55 (1 H, m), ﬁ 42 (3 H on
C-13, 5),.1.32 (1 H, m), 1.12 (3 H, s)*\0.64 i H, cd,
J's 11 and 13 Hz). _ X

Chemical Tonization (NHy) MS shows the M*+18 (m/e) 354
peak). ‘ « ’ e C,
MS (probe, 150°): the highest peak cérrespoﬁdéd to
M*-H,0. m/e Calcd. for CigH,0, (M'-H,0): 318.1831.
found: 318.1851 (0.5), .308 (15), 276(20), 247 (21),
216 (41), 203 (33), 188 (100), 175 (55), 173 (44), 105

(21), 91 (20).

Sterpurene-3,12,14-triol acetonide (42) - P

Sterpurene-3,12,14-triol (7 mg) was dis;o]ved in
2,2-dimethoxypropane{0.5 ml) and a catalytic amount of
B;foluenesquonic acid added. After stirring af room
temperatﬁre for 2 h ether (50 ml) was added and thé
so]utibn was washed successively with satd. sodium .
bicarbonate, water:(tﬁree times), and brine. The
solution was dried (Na2504) and_evaporated to give the
crudexgroduct whichvwas_purified\by chromatbgraphy
(eTuent_benzene-e;hef (19:1)) to provjde acetonide &E
as a coiorless 6i1 (7 mg).

IR (fiim): 3385, 1453, 1378, 1240, 1192, 1087, 1030 cm" .

i



[ 4
TH NMR (CDCI4): 6 4.33 (2 H on C-12, AB quartet, J =
12 Hz), 3.47 (2 H on C—}}. s), 2.64- (1 H, br. mult.),
2.38 (1 H, d, J = 17 Hz), 2.17 (1 H, m), 1.92 (1 H,

gem
d, J = 17 Hz), 1.44 (3 H, s), V.25 (3 H, s), 1.18

gem :
(3 H, s), 1.10 (3 H, s), 0.92 (1 H on C-7, dd, J7 g =
11 Hz, Jgem 13 Hz). .
MS (probe, ?5“): m/e Calcd. for C]8H2803f 292.2039.
found: 29%/2034 (0.7), 235 (27), 234 (100), 216 (29),
206 (38), 204 (353, gO3 (89), 189 (21), 188 (78), 187
(33), 175 (41), 159 (27 ) M9 ("23)‘.> 105 (35), 91 (41),

79 (20), 77 (20), 55 (23). i

Isolation of lactone "A" (6) and lactone "B" (7)

'Y

Ether (40.m)) was added to the crude neutral
metabolites (2.2 g) and the soTution was warmed to dis-
‘'solve ?ﬁe oi}& material. - The‘resulting suspension was
kept at -12° for several days¥ This was then filtered

to provide a white solid containing- lactone "A",

lactone "B", and some minor compounds (a total of 60 mg).

This mixture was subjected to column chromatography
‘over si]jca gel. Elution with 5-15% ether iﬁ benzené
gave lactone npn (§, 8 ﬁg), and elutioh with 20-30%
gther in benzene provided lactone "B" (74 34 mg) both

of which were obtained as white solids.

]

Lactone "A" (6)

The crude lactone "A" (8 mg), eluted from the -

87 ¥
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‘column as the less polar component.'wés recrysta lized’
from the ether and a few drops of acetoneito E;:jéhe
pure 1actone_“A" (§. 7 -mg) q&;&&ﬁte needles, mp 228-
232°. |

IR (fitm): 1771, 1701, 1650, 1439, 1403, 1361, 1327,
1230, 1193, 1118, 1105, 1064, 1000, 970, 938 cm™ .

uv (CH30H): Amak = 239 nm. )

TH NMR (CDC13): § 5.72 (1 H on C-4, s), 4.55 (1 H on
€-12, dd, J3 12 = 8 Hz, Jggm’= 8 Hz), 3.66 (1.H on

C-3, dd, J = 8 Hz), 3.52 (1 H on C-12, dd, Jy 49 = 8

Hz, Jﬂgm= 8 Hz), 2.95 (2 H on F-B, AB quartet, J’= 20 Hz),

2.43 (2 H on C-10, AB quartet, J = 18 Hz), 1.60 (2 H
on C-5, AB quartet, J = 6 Hz), 1.14 (5 H, s), 1.13 (3 H,
s).h‘-Jhe assignments of coupling partners_weré con-
firmed by double irradiation experiments. )

13¢ nmR (CDC1): & 210.8 (C-T, s), 175.1 (c-13, s),
165.4 (c-9, s), 132.7 (c-2, s), 105.4 (C-4, d), 74.9
(C-12, t). 86.6 (t), 44.5 (s), 40.6 (s), 31.7 (d),

28.1 (t), 25.1 (2Xq), 24.5 (s), 19.9 (C-5, t).

MS (probe, 250°): m/e Calcd. for'ClsH]604:» 260.1059.
found: 260.1049 (77), 232 (35), 231 (47), 230 (100),
202 (42), 187 (55), 174 (zé);‘lfs (35), 159 (53), 145

(20), 131 (33), 91 (20).
} N ’ »
Preparation of tetracetate 45 . -

Lactone "A" (6, 4.5 mg) was dissolved in THF (1 ml)



and lithfam aluminum hydride (15 mg) added. The reaction
mixture was Qtfr}ed at room temperature for 20 min.,

then excess hydrihe was destroyed by the addition of

wet ether. After filtration and evaporation of the
solvents under reduced pressure chloroform (30 ml) was
added and the resultant solution was Washed_with water

(three times), then with brine. Drying (Na2504) and

. evaporation of the solvent gave an ¢il (3 mg) which was

y

dissolved in pyridine (0.5 m1) and acetic anhydride
(0.3 m1) added. .The.mix§ure was stirred at room ¥
temperature for 15 h, then.toluene (5 ml) was added and

—the solvents were eygporated. Chromatography of the
crude ﬂroduct (eluent benzene-ether (9:1)) provided
pure tetraacetate 5? as an o0il (0.8 mg). |
IR (film): 1735, 1623, 1457, 1372, 1360, 1223 cm” ).
"H NMR (CDC1,)T % 5.33 (1 Hon C-1,s), 4.40-4.00
(6 H, Ahree hethylene grOups-gemfna] to the primaryi

_ aceté&y] groups, complex), 2.86 (1 H on C-3, br. mult.)
2.44 (2 H on C-8, AB quartet, J = 16 Hz): 2.06 (2

.on C-10, AB quartet, J = 16 Hz), 2.06 (6 H, acetate
methyls, 2 ), 2.04 (3 H, acetate methyl, s), 2.02 .
(3 H, acetate methyl, s), 1.08 (3 H, s), 0.53 (3 H, s),
0.66 (2 H on C-5, AB quertet, J = 5 Hz). -
Chemical Ionization (NHs) S shows M*+18 (m/e 454) peak.

. P
MS (prob, 150°): The highest peak corresponded to

M+-C2H402; m/é Calcd. for Gu

. | B

89



found: 376.1889 (6), 316 (73), 274 (38), 256.(79), 243
(42), 241 (25), 214 (58), 201 (45), 196 (100), 184
(23), 183 (79), 181 (25), 91 (20). IR

Lactone "B" (7)

-~

The crude lactone ug (7, 34 mg) eluted as the more
polar component from.thé chrohatography of the precipi-
tate obtained from the neutral fract}on (see above) was
recrysta111zed from ether to prov1de the pure lactone
"B" (25 mg) as fine needles, mp 210-212°
IR (fi]m): 3450, 1760, 1695, 1640, 1431, 1397, 1331,
1238, 1176,’1108,»1093,,1043, 985 cm™!,

Uv (CH 30H): A = 238 nm.

max
Ty NMR (coc13) § 4.48 (2 H on C-4, AB quartet, J

9 Hz), 3.88°(1 H on C-12, dd, I3,12 = 3.5 Ha, Jgem = 11
Hz), 3.70 (1 H on c-12, dd, 93,12 = 5 Wz, Jggn =
11 Hz), 3.18 (1 Hon C-3, br. mult.), 2. 88 (2 H on c-s,

AB quartet, J = 19.5 Hz), 2.42 (2 H on C- 10, AB

quartet, J = 18 Hz), 2.06 (1 H, OH, exghangeab1e), 1.10 "

(3 H,"s), 1.09 (3 H, ), 1.06 (2 H on C-5, AB quartet,
‘ Jd = 5 Hz). The assignments of coupllng partners were
ver1f1ed by double irradiation exper1ments

MS (prqbe, 150°): m/e Ca]cd.Afor CLS#lB 4° 262.1205.
found: 262.1208 (14), 233 (25), 232 (100), 188 (24).

Atety]ation of lactone "B" (Z)

N .° . '
Acetic anhydride (0.75 ml) was added to a solution

90 .



of lactone "B" (7 mg) fn pyriéiheACILS ml) and the
;ixtﬁre was stirred at room temperatqre‘for 3 h.
Toluene (5 ml) was'added:and the solvents Jere evapoF-
ated under reduced pressure. Preparative tlc of the
Crudé product (benzene-ether (1:1)) gave acetate 46

(6 mg) whicﬁ was subjected to column chromatography

(eluent benzene-ether (4:1)) to give 46" as white

5

crystals, mp 168-169°, ' .

IR (film): 1755, 1690, 1645, 1453, 1418, 1398, 1376,
: S

1332, 1242 cm™'.

Th NMR (CDC14): & 4.34 (2 H, AB quartet, J = 10 Hz),

4.29 (1 H on C-12, J3']2 = 5 Hz, J em = 10 Hz), 4;26
(1 Hon C-12, J3']2 = 3.5 Hz,-Jgsﬁ = 10 Hz), 3.37 (1 H

on C-3, br. mult.), 2.87 (2 H, AB quartet, J = 19.5 Hz),
2.40 {2 H, AB quartet, J = 18.5 Hz), 2.00 (3 H, acetate

-

methyl, s), 1.11 (3 H,'s), 1.10 (2 H, AB quartet J *

5 Hz), 1.08 (3 H, s). ;

[ 24

Preparatidh of tetraacetates 45 and 47 from

lactone "B" (Z)

Lactone "B" (7, 4 mg) was reduced with lithium
aluminum hydride and this was . followed by acetylation of
the crude product using‘the same procedure described
for reduction-acetylation of lactone "A" (g). Chroma-
tography of the crude tetraacetate (eluent benzene-

ether (9:1)) gave a 1:1 mixture of 45 and 47 ¥(total

S
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w&ight_0.7{mg). | -
IR (film): 1735, 1460, 1372, 1360, 1223 cm™'. = .

TH NMR (CDCI4): & 5.35 (s), 5.33 (s), 4.40-4.00 (6 H,
tﬁ(ee‘methylene groups geminal to thelpkimary acetoxy1
groups, very complex), 2.86 (br. mult.), 2.76 (br.
mult.), 2.06 (3 H, s), 2.05 (3°H, s), 2.04 (3 H, s).
2.02.(3 H, s), i.08 (methyl singlet), 1.04 (methyl
singlet), 0.66 (2 H, AB quartet, J =‘5.Hz).

Chemical ionization (Nﬁ3) MS shows M*+18 (m/e 454)wpeak. "
MS (probe, 150°)§ the highest‘pedk corresponded go

MT-CoH, '
found: 376.1915 (4), 316 (64), 274 (34)J 256 (80), -~
2343 (35), 241 (27), 214‘(60),v201 (40), 196 (100), 185

(21), 183 (76), 181 (26);\91 (20).

. + ’
0&' m/e Calcd. for CZ]H2806 (M -C2H402). 376.1886.

Extraction of the mycelium-of S. purpureum and the iso-

2.

lation of 1-sterpurene (5)

The mycelium of 10 £ growth of S..purpureum was

kept at -12° for three months. It was then extracted

with chloroform for 2 days in a Sdxhlet app;ratus. The ] <>
chioroform extract was wa;Led with water and brine,

dried (Na,S0,), and concentrated under reduced pressure

to provide thé crude mycelium extract 3s‘a dark brown |
0114(0.62 g). Ske]]yso]ve B (10 ml) was addédtfo the

crude extract and the mixture was heated at 60° for 5

min. After cooling to room tgmperature,~the Skellysolve

¢ -
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‘

B- portion was triturated and evaporatxon of the solvent
gave the Ske]lysolve B extract as a ye11ow oil (0.35 g)
| The latter !gs subjected to column chromatography
(etuent Skellysolve B) td brovide 1-sterpurene as a | H///\
Eo]or]esk oil (12 mg). |
IR (film): 1457,'1445. 1433, 1372, 1361, 1355 em™ .

"W NMR (CDC14): 6 2.65 (1 H on C-8, br. mult.), 2.39

(1 H on C-3, dd, J's 10.5 and 13.g:Hz), 2.16 (1 H, m),

2.10 (2 H on C-11), 1.94 (® H, m), 1.68 (1 H on C-9, dd,

J8,9 = 7.5 Hz, JQEE = 12 Hz), ]i58 (1 H on C-7, m), .
1.53 (3 H on C-12, s), 1.48 (1 H, m),‘].44 (1 H, m), .23 .
(3 H, s), 1.10 (3 H, s, 0.94 (1 H, m), 0.69 (1 H on

C-7, dd, 3y g = 11 Hz, dggp = 13 Hz). The assignments . .
of most of the coupling partners were verified by
doudle irradiation experiments. .

MS (probe, 100°): m/e Calcd. for C]5 24" 204.1878.
found: 204.1878 (34)~176 (100), 175 (82), 161 (81),
149 (24), 121 (37), 120 (41), 119 (ﬁ3f; 111 (26), 107
(42), 105 (54), 97 (32), 95 (29); 93 (32), 91 (32),

85 (28), 83 (30), 81 (29), 79 (22), 71 (35).

k]

N

Epoxiéhtion of 1-;terpureﬁe

-

m-Ch1oroh§rbenznic aESd (10‘mg of 85%) was added to
an ice cold solution of 1-sterpurene (5 7 mg) in
.-methylene chloride (0.8 ml). \\fﬁe reaction mixture was
1eft to stand. in the fridge for 1 h, then an additional



'satd sodium bicarbonate, water (two t1mes)(}§qﬁébrine
- ~.:... ’\y

0.5 h at room température. Ether (25 ml1) was added‘d%d
the resultant solution was washed success1vek¥ wtﬁh
ave the

Drying (Na;S0,) and evaporation offfﬁéfsg_,;n s

crude product (7 mg) which wgs%ﬁurifiéﬁjgjichroma%og-

\‘\\ Qo

raphy (eluent Skellysolve B) to\Qrov1de €n§&1de 20 as

- a vo1or1ess 0il (4 mg). \&7 b

IR (film): 1600, 1455, 1445, 1432, 1363, 1355, 1280,
1168 cn™'. S

1
1.95 (1 H, d, J = 15 Hz),,1.85 (1 H, br. mult.), 1.67

(1 W, dd,.J's 7 and 12 Hz), 1.60-1.30 (6 H, complex),

1.19 (3 K, s), 1.18 (3 H, $), 118 (3 W, $), 112 (3K,
s).

MS (probe, 100°): m/e Galcd. for CysH 24b- 220.1827.

. found: 220.1819 (24), 219 (22), 163 (21), 149 (91#5

95 (1o~) 57 (55), 55 (;3).

H NMR (CDC13): § 2.45 (1 H, br. mult.), 2.14 (2'H, m),

.94
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I1: STUDIES ON. THE BIOSYNTHESIS
OF STERPYRANES -
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- INTRODUCTION



S

- . A bio%ynthetic mechanism, like "its chemical

counterpart, can hever be proved it 1s on]y pos-

; sible. “to prov1de data that are cons1s£ent with a

/

proposed scheme and hopefu]]y. are exc]us1ve of

. </
all other schemes dev1sed to date. It seems .that

.manyahiochem1sts %Kd natural product chemists have

much “to \e\rn on thf\vko1nt from phys1ca1 chemlsts L

\ ) ) \\ N /

Accord1ng to cur Tbiosynthetic theory as deve1-

\

oped by Ruzicka, Esch&

2-trans-6- trans farnesy] pyrophosphate (1) or the cor-

reSpond1ng 2-cis- 6 trans -compound 2 is regarded as the:

b1o]oglca1‘precursor of a]most‘a]1 sesquiterpenes.
e . 3 o ,
The. formation of 2 could invo]ve direct biosynthesis

from mevalonic acid or from 2-trans-6- trans 1somer (1):

via nero]1do] wh1ch 1s also a natural]y occurring com--
vpound Farnesyl pyrophosphate (FPP) is formed from
acetyl coenzyme A via meva]on1c acid (MVA), isopenteny]
pyro;h05phate (IPP). and geranyl pyrophosphate (GPP)

as shoun below b -

"2/5\800A———>M5c° }\SCM

_oser, Arigoni, and Hendr1ckson,2 :

B b i e St mann e e Lo L
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lAA'biosynthetié mechanism, like its chemical
countgrpart. can never be proved; it is only pos-
sible to provide-data that are'COnSisteqt.Qith a
_propo;ed scheme and, hopefully, are exclusive of
all other schemes devised to date.‘ It seem§ that

<

many biochemists and natural product chemists have

/
~ much to learn on this point from physical chemists.]

According to Eurrent biosynthetic theory as devel-

2

oped by Ruzi;ka. Eschenmoser, Arigoni, and Hendrickson,

2-trans-6-tranhs-farnesyl pyrophosphate (1) or the cor-

responding 2-cis-6-trans-compound 2 is régarded as the

biological precursor of almost all sesquiterpenes..

’

' The formation of 2 could involve direct biosynthesis

from mevalonic acid or from 2-trans-6-trans isomer (1)

-~

via nerolidol which is also < naturally'occurring com-
pound. Farnesyl pyrophosphate (FPP) is formed jrbm
< acetyl coenzyme A via mevalonic acid (MVA), isopentenyl

_pyrophosphate (IPP), and geranyl pyrophosphate (GPP)

\\

as shown below.

‘2“’j1‘S(RNA ;:::;? f/jz;V’jl\fﬂgoA{ ’/jl\{RJDA >

PP M
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GPP

Remoya] of the pyrophosphate grodp from 2-trans-
6-trans-FPP (1) yields a carbocation whose formulation
as the nonc}asSica] cation;é explains its cyclization
'tq7two cyclic cations ﬁ and_%.3 )Deprotonation of’
the carbocation Q’Sffords the 11-Temberéd ring hydro-

carbon, humulene (6), which is the parent intermediate

in the biosynthesis of a variety of sesquiterpenes.'
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Humulene (6) is a naturally occurring constituent

4

of numerous essential o0ils. Sutherland5 and co-

wofkers treated humulene (E) with Nkbromosuccinimide
in aqueous acetone to obt;in,the bfomohydrin (Z, R = Br)..
The latter could be converted stereosbecifica]]y} in
two steps, into the naturally occurring caryophyllene

\
(8) or back into humulene with retention of configura-

tion. Furthermore, hydrotysis of 7 (R = Br) gave tri-
‘cyclohumuladiol (7, R'= OH) which was shown one year
later to be a naturally occurring métabol%fe of |
Japanese hop oi1.6 McKervey and Wrightsiobtained1¢he

" same diol (Z,‘R = OH) by acid catadyzed'(ZO% stoi)
fearrangement.of humu]ene epox?deq(g),,a known natural
product.7 On the basis of their findingé and the fact
that both caryophyllene (§) and humulene (é) can be
“derived form the bromohydrin (Z, R = Br) by two in

| vitro éteps, the above workers postulated that humulene
and humulene epoxide may be in#o]ved in the biosyn-
thesis of tricyc]ohumu]adio] {7, R = OH)vand caryo- '

N

phyllene (8).

S
P

.
2
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. ¢
The discovery of i1ludin-M (10, R = H) and illudin-

!

S (10, R = OH) in ]963 ra1sed the poss1b111ty of in-
.‘volvement .of humu]ene (6) in the b1osynthesis of a Cs
var1ety of po]ycyc]1c sesquiterpenoids with novel

9

skeletons. The latter compounds were isolated from

the culture liquid of the Bas1d1omycetes fungus

Clitocybe illudens.

.

~In the1r original pub11cat1on d1sclos1ng the struc- a

t’tura] elucidation of i1ludin-M and -S, McMorr1s and
Anchel proposed a possible bioaenetic route in"which .
humuleneu(g),is {n{tially cyoiized,to the .then un- »
known protoilludane cation (lg). The lattef subséquently'
undergoes a 1,2-hydride shift to afford the flludane
cation (13).- This‘prooosa1'prompted Hanson and’co-
"workers to undertake an extensive study of the deta11ed

' b1ogenesis of the illudane skeleton using a var1ety -
of s1ng]y- or doub]y labeled precurSofs 10 . Thus, by
the study of the 1ncorporat1on of various tritium-

14

‘ and C- labeled meva]onates these authors conc]uded

'that humulene (6) is cyc11zed f1rst to the [6 3.0]

3 ’ ¢ a o,




)

‘bicyclic system 11 in a non-concerted manner. A second |

oy

cyclization provides the protoilludane cation (12)
which in turn undergoes a 1,2-hydride shift and alkyl
rearrangement to provide illudane cation (13). De-

protonation of the latter afford; illudin skeleton.

e .

I Furthermore.lthe coup]1ng pattern observed in 1]1ud1n M
and -S derived from L1, 2-] C ] acetate (see 14) and the
1nduced coup11ng observed between €-6 and C-7 when

lthe above compounds were obta1ned from [1- C] acetate.
is compatible wwth the proposed biosynthes1s from FPP
via the proto1]1udane cat1on (12) It shou]d also be
~ pointed out that the 1nvolvement of the postu]ated pro-
to111udane cation - (]2) in the blosynthes1s of illudins

was supported further by the isolation of i]]udol]]
(15) and neov]ludol 2’(product of al]ylic rearrange- -

1158
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ment of illudol) from the same source. -

Fomannosin (16) is a bio]ogically active ses-

quiterpene metabolite of the wood-rotting fungus Fomes

annosus.'3  The novel ring structure of this unusua1
w

sesquiterpene iekof special interest since this is
the first reported example of a sesqu1terpene con-

taining a cyc]obutené mo1ety

- / . . ﬁ
Fomannos1n obeys the 1soprene rule, but the iso--

prene un1ts are not connected in the ‘usual, head to- ta11

~ sequence. Although b1ogenet1c speculat1on had centered "

on proto1]1udane type precursor, this assumption d1d

not have any exper1menta1 support until 197§ Cane

-

N

116




117

and Nachbar undertook an lsotope 1abe111ng study using

14 13

Analysis of the C nmr spectrum

[1.2~J c2] acetate.
of the enriched fomannosin (16) provided very good
evidence for the intermediacy of the protoilludane

cation (12) in the biosynthesis of fomannosin as shown :

B " The structure-of‘the antibacterial comoound
N
marasmic acid produced by the’ fungus Marasm1us conigenus.

was deduced by de Mayo and co-workers to be 17 15

These\w%}kers.also 1nvesﬂ1gated the b1ogenes1s of this

]4CJ MVA was 1ncorporated 1nto

novelvsesquitgkpene. [
_marasmic acid to the extent of 0 3%.. Kuhn-Roth ox1dat1qn
of the 1abe1ed compound indicated that marasm1c acid

(17)ehad one-third of the label at the 9em1na1‘d1methy1
o . . T ‘
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L4

group and degradation of the ester 1§ showed that

about one-third of total activity resided in the cylco-
propane methylene of marasmic ‘acid. Although the de-
taiied biosynthetic seheme was not elucidated, these
workers suggested a b1ogenet1c scheme for 17 involving
the proto111udane precursor (12) and the_cyclopropyl

carbinyl cation 19 (marasmane skeleton) shown below.
~ o~ - &)

o

) | : ® T
Further‘indirect evidence indicatihg the inter- | S

mediacy 0f a proto111udane cat1on in mafasmwc acid bio-

synthesis was prov1ded by Nozoe t 1. lé A study

of the metabolites of the fungus Fom1tops1s insularis

by these authors shows.that A6-pr0t0111udane (20) and
'neo111udo1 (21) co-occur w1th compound 22 wh1ch bears

“the s e]eton of marasm1c acid.




Since the discovery of marasmic atiq (17),&ﬂd its

congeners, -several sesquiterpenoids with novel sk: «*ons

have been isolated from fungal sources the\biogene:is fff‘
. : v )

of which has been suggested to involve ringvcleaVége of
the‘manasmate intermediaté-(lg) der?véd by rearrange-
‘ment of a protoi]@udahe precursor”(lg): - |
The co-occurrehce-of metébblites withvmérasmane

(gg) and lactarane (33) ske]etdngbhave pfompted several
authors to suggest_that these compounds are biogeneti-
cally derived from a commoa marasméte:intermediate_(Lg)
(which in turn is derived fromcthe,prétoilludane cation

(12)).

11§
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Soay

" L |
Velleral ,(25) and the two lactones 26 and 27, which .

all have the lidctarane carbon sﬁéleton, were isolated

from the fungi Lactarios vellereus and L. pergamenus.

Further examination of the above fungi revealed that

~isovelleral (28) which has the marasmane carbon.skeleton

]

is also a natural constituent of L. vellereus and”

L. pergamenus. Oth&r examples of natural products

possessing the 1actaran§ skeleton (24) are lactarorufin

A (29a) and lactarorufin B (29b), both isolated from

~ o~ -~

18,19

-~

. <
the mushroom Lactarius rufus.

29 a)R=y
D R=0H

MagnusSon et al. prdyided experimental suppbyt for the
R _ . _ . {

1] - X .
biogpnetic intérrelation between the marasmane and/

“lactarane sesquiter"benoids.20 IsoVelléra1 (28) under-

N . - R o
/ : - .
. - : .
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(4 / \//i‘

went a smooth thermal rearrangement to the dienofuran 30 )
Nb&fh bears the lactarane skeleton. These authors -
suggest that compound 39 is a reasonable biosynthetic

Precursor to the furan alcohols 31 and 32 Furthermore,

an intermediate 1n;¥p1s reaction, compound 33, may be

% precursor to velleral (25). - 3

~Isolactarorufin (34) is a novel tetracyclic ses-

qu1terpene lactone co- occurr1nq with 1actaroruf1n A

(29a) and 1actaroruf1n B (29b) in the mushroom

~

Lactarius rufus. The structure of 34 was detéraned

by Dan1ewsk1 and co-workers. 21 These authors proposed
‘two b1ogent1c pathways, both of which proceed from
the protoilludant cation (12) via the-tricyclic,cation

'§§.' However, path b was eliminated on the'grounds



. ' ‘ ‘ . ' . \ N
that it involved the intermediaty of cyclobutane cation

36'(sterpuhane c&tion) Wﬁ;¥hv"<i\fn unknown skeleton

at that time.

&

- . . - ' ¥
A variety of sesquiterpenoids have skeletons which .

are probably derived in nature by cleavage of proto-- »
. i]]udanggégi)‘or illudane (§§) pr;curgorStA Thhs,
}leavage of bond a in 37 or 38 would Tead to the forma-
tion of compounds with the {i1iudalane skeleton (397,
and cleavage. of bond b in iI]ddane‘(ég)‘woulq afford
compoundélﬁith ggggjilludane.stru;ture (39). Only gne}
. compound with the 5559;11Pudane skeleton, hypacrone

- - .

o
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(40a), is known.2? Compound 40a is the acrid pr1nc1p1e '

of a fern and 1fs un1que structure was conf1rmed!by

%
,tota].sﬁnthe51s;23 . o .

40

A]though the 1solat1on of illudalic acid (41) as N

a "fourth crystall1ne compound“24 accompany1ng i11udin- Jod
/ .
‘M (10a) was first descr1bed in 1952 1ts structure. ~ . )

) ~ o~

along ﬁﬁth that of l]ud1n1ne (42), was not estab11shed

auntil 1969, 29

L1ke other members of this family of 7 f L
. metaboljtes, thése compounds\1ncorporated [2—]4C] MVA. |
The subsequent isolation and structural determination 2
.of i1tudacetalic acid" (43) from the same”source . - . l
prOV1ded further ev1dence for the 1ntermed1acy of pro- '

t0111u?ane (12) in the b105ynthes1s of metabolites

~with the illudalane ske]eton 26 _

* Structure 43 is the revised structure reported by d
Woodward and Hoye27 on the basis of synthet1c studles.
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. During the past decade a gFeat number of pterosins

and pterosi&es which bear the illudalane skeleton have

4555V§§31a£ed from various species of fern.28 The
N ) . :
“incorporation of [2-]4C] MVA into these compounds (e.g., —

pteroside A, 44) has provided evideﬁce for the inter-
. médiaty'of the protoilludane cdtion (12) invthe-bio- '

synthesis of compounds with the illudalane skeleton.2>

It is also interesting to note that treatment of hy-

pacrone (402) with acid provides a good yie]d of’

ptbrosin.@(de, providing experiméﬁ%alvevidence th&t



22

seco-illudanes may be-in vivo precursors of illudalanes.

45 H

R . Recently, Ayer-and McCaskill in these laboratories

have investigated-the metabolites of the bjrd's'nest

30 y ' N
These authors have charac-

'fungus Cyathus bulleri.
terizéd a series of‘seéquiterbenojd compounds, cybrodins,

‘thaf;repreﬁgnt a-new class of compounds biogenetic%]]y

'ﬁfbtaiﬁed from illudalane (ég) by bond cleavage at a.

l The major'metabolite"of C. bulleri is cybrodol (£§).

- A schematic representation of the}postulated‘in-
volvement of the protoilludane intermediate in the bio-

~synthesis of Various-seSquiterpenoid strﬁcturés is

LN

- outlined in the following scheme. Itris_interesting_l

’
—
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to note that the fungus Fomitopsis insularis is capable

of producihg metabo11tes possessing the skeletons of
several of these 1ntermed1ates, namely, protoilludane,

marasmane, 1actarane, 111uda1ane. ‘and fomanosane 16

isolactarane / iludane seco-illudane
o , Z . o

iludalane - - Protoilludane

SO

seoo-illuda[_ane - marasmane

The purpose of the work reported in the part II of

this thes1s ijs to study the bwosynthetic route 1ead1ng
, to the sterpurane ske]eton, wh1ch represents a completely
©onew ske]eton among the. sesqu1terpenoid metabo]ites |

Stereun purpureum was grown in 11qu1d culture_, and,,

4



[1-]3C]- and't2-13C] acetate were incorporated into

'sterpurig acid and_sterpurepeaa, 12,14-triol to the

13

“extent of 5%. The '3C nmr spectra of the enriched

: mgthyl sterpurate énd the diaéetaté of sterpqrene-3.12J4-'

‘triol were'compared with the spgctra of the samé com-
pounds ‘containing natwiral abundanﬁe of carbon-13.

This study proQides evfdence that the sterﬂurane
skeleton is biogéneticé]]jvderiQed from the proto-

©

i1ludane cation (12).

127
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In the first part of this thesis 1t was shown
that the Sterpurane 5ke1eton (47) can be derived from
farnesyl pyrophosphate (]) via humulene (6), the [6 3. 0]-
bicydlic system 11, and the sterpurane cation (36) s ;
This biosynthet1c proposal which helped in der1v1ng |
the structure of sterpur1c ac1d 1nvo]ves no rearrange-

ment and ijs out11ﬁed in Scheme I.

36

‘rSCHEME I

The aboae proposal seemed to be the most log1ca1 and
‘straightforward route for the b1osynthes1s of sterpur{c
1ac1d and 1ts congeners However, 51nce these metabolltes

| rrepresent a un1que carbon skeleton -among the sesquiter-

7 penoids. it seemed appropriate to examine the proposed

-

-~




biogenesis. Therefore, we dec1ded to undertake a
study’of the 1ncorporat1on of ?3C Tabelled acetate 1nto
.sterpuric acid and sterpurene 3,12,14-triol. An
.analysis ‘of'the ]3C nmr spectra of these enriched
metaboTltes would then Provide information as to the

btosynthet1c.pathway Tead1ng to the sterpuranc skeleton.

S. purpureum Was grown in ma]t extract- dextrose-
peptone liquid cuTture Th1s culture was treated-
with sodium [1- 3C]— or [2- ]3C] acetate using a mod1f1ed

13

'procedure as descr1bed for the C nmr Studies on the

biosynthes1s of the cyathins. 3] Thus, after an 1n1t1a1

A10 day growth per1oq. the liquid culture of S. purpureum
was treated with sodium acetate enriched w1th carbon- -13
'at e1ther C-1 or €-2 (90% enr1ched)at a dosage of ‘
1 mmoTe/z The feedlng w1th enr1ched acetate was re-
peated tw1ce more after 17 and. 24 days growth ;Itg
‘»shoqu be po1nted out that the advantage of . muTt1pTe
dosage over a 51ng1e dose feeding Txes 1n the oppOrtun1ty
it provides for ma1nta1n1ng a. more or less steady con-
' centrat1on of the precursor wthe avo1d1ng ‘the: pg;s1b1e
toxic effects of an excess1ve1y h1gh concentrat1on of
acetate . _ - |
After 30 days growth the myce11a were harvested ,

and.the crude extract conbaining metabolites enriched

ﬁufth ]3C were obtalned by the usual work up Sterpur1cgf.

. acid (48) enrrched with [T-» C] acetate was 1solated

-
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~

from the crude acidic mixture as described in,Parg!I.
It was then transformed into spectroscopically pure
‘methyl sterpurate (49) by treatment with d1azomethane

followed by chromatography S o

,'eﬁﬁ

[ The proton noise decoupled (PND) 13C nmr soectrum

- of 49 at natural abundance’ exh1brts 16 s1gnals (see

~also Part I). In order to follow the label ng a/{tern
6?5hg{:;1 sterpurate, it was f1rst necessary to a551gn

the chehical shift of each ‘carbon atom in the mo]ecu]e

of methy] sterpurate The: ass1qnments of the 1nd1v1d—

ual carbon atoms are. based 1arge1y on off- reSOnance and
v'S1ng]e frequency decoup11ng (se1ect1ve proton decoup11ng),
'nexper1ments 32 The off -resonance decoupled. spectrum '
”may be’ used to determ1ne wh1ch carbons and hydrogens

are bonded.,ind1cat1ng whether the carbon atom in quest1on
‘1s attached to 3, 2, 1, or no hydroqens S1ng]e fre-"
_-quency deCoup11ng experlments (observe ’3cn 1rrad1ate

{! H}) are, uti]lzed to estab]ish wh1ch carbon’1s d1rect1y
bonded to a part1cu1ar proton Therefore, an unamb1gu-

qos‘assignment of the_lH nmr spectrum'of the compound.

7
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under investigatibn often provideS'the_necessary too1 

to locate the majority of the qarbon_a@oms within the

3

molecule. The assignments of the protons in the "W nmr

‘spectrum of sterpuric acid and its deriy

dealt with in detail in the Part\i of this thesis. The

atives were
24

_0.87

. chemical shifts,vﬁplitfing patterns,'cdgnljnq constants - ¢
and locations of all protons of methyl sterpurate (gg)
can be_summarized in the following table.
S(ppm)  No. of H  splitting J('s)(Hz)  location of H('s)
f’3,70 3 s - OCHy
2.83 1 d 17 S c-Nn
 2.54 1 br._mult.’ - | C-8 .
2.23 1 4 17 & c-11
2.2 1 mult. - c-4
1.98 1 omt. - c-4
| 1.83 1 dd T 9 5
.64 1 dd 1,12 o9
1.60 3 s - c-12°
P57 o 6,13 -7
e v “mAt. - X |
1.3 3 s - s
1.23 9 ;-muTt. | - s
120 T3 s - | PRE
| 1 | ddf maz T

~The utilization of the 1H nmr'd§ta3jn selective proton

a




decoupling experﬁments along with %he'inform tion deduced
from PND- and off-resonance decoupled ]3C hqu‘ ’
~afforded the assignments of carbon atoms bearing hydro-
gen(s) in methyl sterpurate (49) " The ass1gnments of .

2 centers and the QUaternary carbon atoms were

the sp
obtained by comparison of the chemical shifts of these
centers with similar cases reported in the 11terature 33
Figure .1 ShQWS'the.PND 13C nmr spectrum of methy?
sterpurate at natural abundance The fo]low1ng table
_summar1zes the chem1ca1 shifts, mu1t1plic1t1es, and

locat1ons of all carbon atoms in methyl sterpurate (49)

jé(ggml o multipiﬁcit} - location of E
178.6 s C-14
138.3 s @ | c-1
127.8 s ; C-2 =-

73.4" s | c-3
51.9 s 0-CH,
O . -
47.1 s c-10
44.3 t c-9
43.9 ,:. N S - . . C"6 _
41.3-" -:f*’ dd o €-11
36.8 | d ‘ c-8
34.9 dd’ R o2 &

- 34.4 Tt - c-4
25.4 q c-15
1 23.4 . q C-13

S22.T ot . - C-5
2.8 S q- : C-12

R
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enriched-with [1-’

The' pNp 13

exactly the same condit1ons (the Same temperature. con-~

C nmr spectrum of methy1 sterpurate

c] acetate was obtained under

centration, and number of pulseS‘applied).- Compariso

(Ff¥g. 2) with that

obtained for methyl sterpurate at

“natural abundance. (Fig. 1) indicates that [1-]3 c)

acetate Sgs incorporated into sterpuric acid to the

extent of about 5%.

Assuming’ that the pathway propos

n

ed

for the bidsynthesis of sterpurane skeleton (Scheme 1)

was correct we expected to obServe enhancement of peaks

for -2, C-4, C-6, C-8, C-10, and C=11 in the pND 3¢

nmr spectrum of the enriched methy! sterpurate Thuys

1t was assumed.that C+1 ‘enriched methy] sterpurate

"Should have the. labe"ing pattern shown in structure 50.

>

-~

: However, the ]3C nnr Spectrum of methyl sterpurat&\%n-

r1ched with C- 1 Iabeled acetate does not exhibit

enr1chment at C-4,

Instead, ennjchment is observed{

134




oM

at C-5. Thus, the labelling pattern is not that shown

"{n 50, but it is as shown in structure 51. Furthermore,

W

if 50 represented the‘correct 155&111ng pattern, one

fwou]d expect to observe induced coupling only between

h'c-lo.and‘c-11 of the enriched methyl sterpurate. How-

ever, the analysis of the 3¢ nmr spectrum of enriched

methyl sterpurate revealed the existence of zwo»soch in-

duced couplings, one dde”to the expected C]O-C1] coupling

(9gyp-Cqp = 34-3 Hz), and another due t% C5-Cg coupling

.(JCS’CG = 29.3 Hz). The observation of this second in-

. duced coup11ng prov1ded further evidence for the 1abe111ng

pqtterh shown jn §1. : o -

The reSu1ts of the incorporation'of [1-]3C] acetate

1nto sterpuric acid showed that the pathway proposed

: for the b1ogenes1s of sterpurane skeleton 1Scheme I)

was- not followed It was Wow obvious that the forma- -

’;t1on of the cyc]obutane portion of the sterpurane skele-"

‘ton d1d not invo]ve a s1mp1e cyclizet1on of 11 to. -

afford the stergurane cation (36) o ' f__

]he precedence of the invo\vement of the protoi]]udane
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cation (12) 1h the biosynthesis of servera] nove]
ske]etons 1solated from d1fferent Species of Bas1d10—
'mycetes prompted us to cons1der the following bip-~
/synthet1clpathway (Scheme 1I1). As in the first propbsal,
' it starts with initial cyEIization of fernesyI pyro¥v‘
phosphate “to humulene (6) The latter'then reacts
_further to afford the protoilludare, cation (12) The
‘cation 1? may then rearrange to the~b1cy¢1o[3.2.1]octanev
system §§-' A further 1, 2 a]kyl rear angement 1n 52 leads

L~
further trans-

to the sterpurane cation which is “the
formed to sterpurane (47) (path a). A1terwat1veTy,

the protoilludane cation (12) can rearriﬂée to the known
, i _ .

illudane cation (13).-. This may then«uhdergoaa 1,3-

Vs

hydride shift folﬂowed by a 1,2-alkyl rearrangement
" to provide the tr1cycl1c cation 36awh1ch may 1ead>;g:15”/

~
e

e
<

sterpurane cation (36) (path b). ,,//~/’_j,.1- v
/ o -

- e

" SCHEME 11
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At this point, it was obvious -that 1f the bio-
synthetic routé'proposed in Scheme IT was correct, then
7the ]30 nmr Spectrum of methy1 sterpurate derived from
f2-]3C] acetate would have enrichment of .the rmng carbon '
~atoms atgc 1, c 3, C-4, C-7, and £~9 as well as the ‘
three methy1 groups and the carboxyl carbon of methy]

sterpurate as shown in 53.

’//A

To our dwsappo1ntment,,when S purpureum was grawn

in. the presence of sodjum [2- CJ acetate it did not
: produce a suff1c1ent quant1ty of enr1ched sterpur1c'
~-acid for 13C nmr stud1es : Sodium acetate enr1ched
with carbor 13 is relatively expens1ve A1$o. there'

was no guarantee that repeatfng the exper1ment wouldJ
{Erov1de a suff1c1ent amount of sterpur1c dcid. We .
thus decvded to examine the sterpurene 3, 12 14 tr1gl
(54) formed 1n these experiments. Q°TP°Q"d,§f is the
major compoment of the neutral p0rtion‘ofrthe culture
broth extract The structural eiucidation of'thisf.
compound is described in Part 1 of th£ thes1s In -
order to obtain a suffvcient quant1ty of pure sample S

“and also to circumvent the problem.of dissolving 54 in



e

e

1H nmr spectrum of §5. This wou]d prov1de the neces-'

, 138
» )
a small volume of CDCl3, the tr1o1 54 was converted to

e’

he corresponding diacetate 55

o (S
The spectral properties of 12,14- Q Q- d1acetyls§%fq
it

purene-3,12,14-triol (55) -were ‘discussed in‘Part I.

However, it was now necessary to aSS1gn comp]etely the

sary means for selectlve proton decoup11ng exper1memts

to be used for ass1gnment.of all the carbon atoms in:
-13

 the C nmr spectrum of 55 The following table shows

the/aSS1gnment of all protons in the FH nmr of .the di-

acetate §g as verified by double 1rradiatjon_ekperi¥

i . e . .
i - . . ‘ f

ments.

7

8{ppm) - No of H splitting - J('s)(Hz) location of H('s) " -
i = Fi

-

'4-74, 2 ABq I b
390 . 2, Mg 12 oe12 S
. 2.68 - R br. mult. . - . C-8 -~ g
. 2.42. B P d 17 : : c-11 S | ce
AT R T TS b A = | SN
. 2,20 ¢ ] mult. - - c-4 S v
2.08 3 s . T .cg3c=o :

]

' : ' jﬁﬂ&d: .o .?:.h}'.—,g?. ' ’ g

- . . ) . . Y L : 7_”-
) - N : M L ] .



¢ (ppm) No.’of H- §p1itting |
. 2.07 ] mult..
2.06 3 s
1.7 ] dd
1.63 1 dd
~ 1.55 1 mult.
1.30 L .mult.
1.26 ] dd
1.24 3 s
1.14 3 s
0.88 ’1 dd
The PND 13

J('s)(Hz)

5L -y

e

1ocation of H{'s) !
c-4
CH3C=0

© 6,13 - c-7-

c-5
-5

6,12.5 -9 t

_ 11,13‘ e

the presence of 19 carbon atoms. 'S

c-13 “
c-15 /

(8
~

C nmr spectrum of the diacetate 55 Shows

elective proton

.decoup]ing exper1ments prov1ded the a551gnment of all

carbon atoms bearing hydrogen(s)

Again, the ass1gn-'

ment. of the carbon atoms of the - tetrasubstwtuted double -

. 4‘:\

bond and the quaternary carbon atoms was made by com-

par1son to s1m11ar cases reported in the 1iterature 33

These results are summar1zed in the follow1ng table. -

& (ppm)

m.z

147.6

"127.2

72.9

724

s

' 62.1

44,2
42.9

multiplicity

W et e+t 1 - ow

location of ¢

2 x(kb
C-1
.C-2
c-3

c-14

S

c-12
C-6
c-9

- continued......

139
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§(ppm) multiplicity location of C
40.6 s Y C-10
. 40,0 t l c-n
.37 d c-8
N Q v
© 35.3 t c-4
35.2 dd R Y |
- 24.9 q c-15 .
23.9 q " C-13
22 t C-5
' .21.0 q _CH4C=0
20.9 . q . CH4C=0
The ]3C’nmr spectrum of 12,14-0,0-diacetylsterpurene-
3,12,14-triol prepared from C-1 labeled acetate (56) Cw

| (Fig. 3) exh1b1ts enrichment at C 2, C-5, c-6, C-8,

. C-10, andmt 1. This is in agreement with. the biosyn-
| thetiqpathway outhned on Scheme I1. The Spectrum also
_ lexhibits 1nduced couplings between C-5 and C-6 (Jcs CG -

29.1 Hz) and C 10 and c-11 (J = 34.3 Hz).' The ~

¢ C
]3§ nmr spectrum of the same clzpolld prepared from j'

| c- 2 Iabeled acetate (57) ﬂF1g 4) is also in complete
_agreement with the proposed b1osynthes1s It shows the

v "expected enrﬂchment of_the r1ng‘carbon atoms at'C-l,

754"6 3, C-4, C-7, and C-9 as well as the”two'carbon“atoms
_bearing acetate funct1ons (C- 12 and C- 14) and methy]

: groups (C 13 and C- 15) S1gn1f1cant]y, it a]so exh1b1ts.'

induced coup11ng between C- 3 and C 4 (J 3-C4 = 31 4 Hz)

¥



The ]3C nmr studies of methyl sterpurate and 12,14~

\

0.,0-diacetylsterpurene- 3,12,14- tr1o] enriched by means
of [1- ]3C] or [2- C] acetate provwde 1nformat1on on

the b1osynthes1s_of the sterpurane ske]eton. 5These

‘studies suggest that the bibgenesis of this skeleton

occurs v1a humu]ene (6). the proto111udane cat1on (12),
]

and either the 111udane cat1on (13) or the cation 52

(Scheme 11). However, the above labelling studies do

» .

_not d1fferent1ate between the cations 13 or 52 as an

intermediate in the course of b1osynthes1s . The i1lu-

dane cat1on (13) 1s known to. be an 1mportant precursor

~in the b1ogenes1s of a variety of funga] metabo]1tes.

To the best of the author s know]edge the cation 52

has not been reported as an 1ntermed1ate in the b1o-

/

synthe51s of any sesqu1terpeno1d metabo]1tes It is

: interesting to note, however, that khe chem1ca11y

generated protovlludane cation is “ transformed 1nto a-

. system with" the carbon skeleton of 52 34 Thus. treat-

-

metn of the synthetic protoi]ludane der1vat1ve 58 with .

‘form1c acid’ resulted 1n rearrangement to 59 -Th1s.

147

¥ 3




142
' . . ' I
along with the fact that treatment of methy] 1,2-epoxy-

sterpurate (20, Part I) afforded a compbund (21, Part I).,
: ATERE AL TeT R , efe P L. -

with the carbon skeleton of §g, provides some experi-

mental ‘support for the possible intermediacy of the

‘ catiqh 52 in the biosynthesis- of sterpurane skeleton

(47). :
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o The reader 1s.referred_to the Experimental Section
of Part I of the thesis for generaT 1nformation abqutl
Achemica1s;"spfrents;”chromatographtc_materia]s;:and”'
Spectroscopic instruments utilized’fdr this part of
-the study. Details concerning the‘isolatfonvand

| structural determination of sterpuric acid (48) and
sterpurene- -3,12, 14 trio] (54) may also be found in the.

Experimental Section of Part I. The procedures for

conversion of sterpuric ac1d (48) to methy] sterpurate A

A(49) and transformation of the trio] (54) to-12, 14 0, 0-’

: ‘,d1acetylsterpurene -3,12, 14-triol (55) and the spectral

propert1es of these: derivat1ves are a]so descr1bed in

T

Part I.

The ]H nmr-Spectra and 3¢ nmr spectra of'methyi
-sterpurate at- natura1 abundance (49) and enr1ched (51)

were ‘measured on a Bruker WH- 400 spectrometer _The
" same 1nstrument was used to measure the ]H nmr and
_13C nmr Spectra of 12,14-0, 0 d1acety1sterpurene 3 12 18-

triol at natural abundance (55) as well as the en-

riched (56 and 57) samples fSamples of methyi sterpurate

 were examined as- 3. 6% (W/V) solut1ons 1n CDC’I3 and the
samples of 12 14- 0 0- diacetylsterpurene -3,12, 14 tr101:-
»«were examined as 'S5, 6% (W/V) so]ut1ons 1n the same |

»“so]vent. In a]] cases TMS was used as an interna] -

L
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reference. ‘Ihe precision of ]3C Shteldfng data is
: jUdged to be + 0.004 ppm Sodiunr[]- C] acetate and-
sodium [2-]3CJ acetate (90% enriched) were purchased

from Herck, Sharp and Dohme Canada Ltd

Incorporation of IQC-Iabeled acetate into sterpuric

‘acid and sterpurene-3,12.145triol

./

174

Stereum purpureum (Cc- 663) was grown 1n liquid still

culture at room temperature in malt extract (25 g/%)
- dextrose (13 g/%) - peptone (0.7 g/z) med1um in ten
2.8 % Fernback f]aéks (1 lvter med1um per flask)

After 10 days growth sodium [1 C] acetate (82 mg,

1. 00 mmo]e) dissolved in water (5 ml, ster111zed) was —
1nJected into each flask. One week later an add1t1ona1
1,00 mmole sod1um []_J3c] acetate was added to each
flask. "1In anather week a further 1.00 mmo]e sod1um

| :[1-]36] acetat% was added to each flask After a tota]
-of 30 days growth the myce11um was removed and the
»‘broth was extracted as. descr1bed in Part I. The s
‘.labeled sterpur1c ac1d and sterpurene 3 12,14~ tr1o]
'hwere isolated and 1dent1f1ed by the same procedures »
f,»used for their natura] abundance counterparts The en-
_’1r1ched sterpur1c ac1d and sterpurene 3 12 14 tr1ol were
}h COnverted to the labe]ed methyl sterpurate (18 mg, 51) "
and 12, 14 Q 0- d1acetylsterpurene 3—12 14 tr101 (28 mg,
'~56) by the same procedures used for the preparation

0
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R
\
.
/

6f~their natural counterparts. ‘
The experiments with soffium Iz-”cJ xacet'atge. were
conducted in é—xa'c'tl"y the _san;éﬂQay“aAs‘”deAsé;iBéc»lv‘ for
sodium [1-13¢] acetate to afford C-2 tabeled 12,14-
_()',~Qfdj'acety15t’erpurene¥3,i.2,]4'-tr1'01’ (28 mg, §Z)

1
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