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_' . Abstrpct

A fungus observed to mh.on the growth of several tree disease causmg tung of the genus

: -Cerazocys.us was 'soia,ted.by' Drs Y Hvratsuka and A Tscmeda of the Northorn Forest

Research Centre n Edmo'non The fungys igentified as apﬂember of the Arthrosporae
fan-nIy when grown on potato dexuose agar produces substances which mnhibit the
growm of C. utmi (the causauve agent o,f the so-calied Dutch eim disease). C. hunt//. and
C. monr/a {two qf the fungt responstble for the biue stain d:sease of pine).

Tr:s thesis des(:nbes the separltuon isolation, and ndennfncatuon of the metabolites

\ ,J

produced by the Arthrospone fungus The fungus produces a number of —

’

sesqwterpeno:ds to whlch _structures 20 - 26 have been assn‘gned. The structure

elucidation and the stereochemical assignments for each metabolite will )be duscqssed '

’
a

.
’} .
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I. INTRODUCTION o

A) N . " ) .
An as yet unidentified Arthrosporae fungus was encountered accidentally by Tsuneda and

’

Hiratsuka' at the Northern Forest Research Centre in Edmonton. The discovery.

-

reminiscent of the Penici//ium case.’ was made when a culture of a pathogenic fungus.

Ceratocystis u/mi . became contaminated with the unknown fungus. it soon became

~

1 " . )
apparent that the contarpinant, when grgwn on potato dextrose agar (PDA). produces.
v v L, :
substances which inhibit the growth of several tree disease causing fung: of the

Ceratocystis familf.3 .+ \

C.ulmi represents the perfect stage of an Ascomycetous fungus -described as

A

Ceratostorme//a u/mi by Buisman in 1923, This fungus also reproduces by means of an
imperfect stage . Pesotum u/mi * described by Sc¢hwarz in 1922. C. v/mi induces vascular
disease in elm trees. The disease has become known as the “Dutch elm disease”, because it

was a Dutch botanist who-first called attention to the disease in Holland in 1919 ¢ The

.

infection was soon thereafter discovered in several parts of Europe and Asia.

" The earliest knewn cases of the disease in North America were recorded in 1830

in Cleveland and Cincinnats. From 1930 to 1978 the disease spread over several parts of

v
»

oy the continent. . o . '

2 ‘L .

‘ ‘e ..
The occurrence of Dutch elm d;,s'easefm 'Canada was first observed in 1944 in the

Provmce of Quebec From 1944 to 1975 the dasease gradually spread over other parts
‘ of Canada The .most recant mcrdence of, the disease was noted in Manltoba in 1975
) o

: Newfoundland Noya Scotna and the th?ee most western provmces are stil relatuvely free

_"of the dnsease “ Elm treés are fOund in most parts of the north temperate zone and are

- o planted in: urbqn freas and in the c0untrysrde to prO\nde shade shelter and beauty. L
- The Dmch elm dusease called ‘the diSease of the Epth century is the most
& . . -
s ‘ ; k

EERRC . devastatmg world-wnde epudemuc plant dlsease Sunceuts dlscovery in 1919 Dutch eim

: q{-'-; ¢ .
L . dnseaseha,s kulléd fT\l"IOnS of elm trees m"Europe and North Amerlca ceusmg bl"lonS.Of
x.}I -, - ) . . : ) » a 7

dollars(am dlrect e&onomlc Iosses and mfllctmg mestlmable damage to the aesthetlc’tfuallty

4 - . .

R nfectlpns are Already recorded in ' Californig’ and Mamtpba There is no
‘10 "beligve " that. the Dutch elm dlsease will not spread“ to the. three most

0. provmces e . . L WA . 7

S




of the landscape C u/m/ . causal agency of the disease .invades the xylem vessel where «

multiplies by yeast-ike budding The symptoms of the disease include dwarfing and wilting

of the leaves which at the same time become yellow or brown Defoliation then takes

place. foliowed by the death of branches of the tree The fungal infection 1s spread by
bark beeties. insects of the Scolytidae family. These beetles not 6rily disseminate the
spores. but also introduce them into the deeper tissues of the fost plant

Considerable progress has been made in contruiing the disaasg ~ Several

preventiv€ (Prophylaxisi and curative (Therapy) methods are in use. but none has yet '

provided satisfagtory contro!. Extensive use of pesticides to eradicate the bark beetles
and the pathogenic fungus does not seem to be the answer since this causes

environmental contamination Itis imperative to find new biological tools which méy' be

used in the future 1o control plant diseases These methods should not harm the host ang

)

should not poliute the environment , ,

. , . ,.
Recently. two new biological tools have found application in the.control of Dutch

etm disease ¢-? One nvolves the mémpulghon of behavior of the beeties with pheromones

and host attractants 'Agg(egé'tnon pheremones found to be attractive to theguropean elm

) '\! . )
bark beetle have been ndermf.e'd and synthesued The active pheromone 158 three-part

mixture of the elm- produced cubebene T and the two beetie-produced metabolites

a- multlstraatm (2» and 4- methyl 3- heptan ol (3;

- -~

~;\.¢~Jhe second new method mvolves the use of Pseudomonas syringae. 8 bacterium

A

‘which grows 6n-the’blm sap. P. 'syringae 15 injected ino the eim tree whe're " produces

'

antnmycotncs toxic ‘o C. u/m/ The bacteruum and its ant:fungal metabomes sre not tox'c to

the Host' The dnsavantage of th:s method is that every d'seased tree must be treated .

mdlvndually The d;scovery of the umdentmed Arthrosporae fungus which 15 antagonistic to

‘C u/m/ was of mterest to scientists of the Canadian Forestry Servnc’e ' Our role has been

to 1solate and identif y the metabolutes of thns mterestlng fungus and, if potsable to .
determine the compounds respons:ble for the antnfungal actw:ty

“The: Arthrosporae fungus (UAMH- 4262) is a haploid bas-dnomycete ' Arthrosporae

-‘ ------- -’----.d---

~ldentnfncatnon code ‘of the Arthrosporae fungus deposited ‘at the Unuvqrsnty of

R I
- .
a

»
s



’

.

.s the form-family-genera nomenclature of a group of imperfect fung: '* The classtfication
of the Arthrosporae ;u‘ngus 1s ihustrated in Table 1. Observatnoﬁ under a microscope
stiows that the mycetium of thé fungus UAMH 42_62 1s made of several branched septate
hyphae (Fig. 1).In competntnvé culture the stram‘UAMH 426215 hughfy inhibitory toward C.
ulmi anc; other‘v‘vood decaymg fbng: of genus Ceratocystis including the causative agents '
“of the blue stan dnsease of pine * '

This thesis descrubes the efforts made towards the isolation and ndent«facatuon of
.the metabolites of stran UAMH 4262 The antufungal activity was found mamly in the
neutral fraction of the broth extracts. The mycehum extracts were bnologucally inactive
Antlbactenal activity was observed n the ac:duc fract-on of the broth extracts.

The neutral fraction cons:sts manly of C,, secondary metaboiites. The structural
studnes led to the conclusnon that the metabohtes of strain UAMH 4262 are hirsutane-hke

4

sesqwterpenonds Sesqunterpenes are G;«kqmpounds b:ogenetncally derived from three C

P ‘'soprene’ units (usopemeny‘l pyrophqsphate) which are in turn formed from acetate via

‘ mevalor_\aé," The Arthrosporae meuﬁohtes possess 2 tricyc_l.o|6.3.0.0’ - ¢ undecane

..................

ﬂ(cont d) Alberu Mold . Horbaruum under the accossuon numbar UAMH 4262.

< . .
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‘

_ Table 1. Taxonomye+ of Arthrc’:ospornq Fungus Accession No. UAMH 4262

'

Kingdom - Fung

Division ‘ Eumycotina (trQe or mycelal fung:

Subdivision Higher fung

Class e Deuteromycotna (imperfect fungu
(Fung Imperfect )

Form Sub-class ’_ Hyphomycepdae (comd-all fungbn

Form-family-genera | ' | ' Arthrosporae' (Section VIb

Speces ‘ . ‘ Ugknown

Accession No ' \ UAMH 4262 -

-

e

-*

P e L L L L Ty

-~ #The classification was based on information we gathered from References 10

to 14.°
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Fig. 1. Photo of Anthrosperae Fungus (X 830)
Courtesy of L. Sigler*
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“TakahAsh: and co- workers 1*

carbon skeleton (4 This hingarly-tused tricyclic system (triguinane} 1s present in many

‘sesquiterpenes which possess the hirsutane (5 and capneliane (6; structures

The three rings n bdth compounds are fused in the most ther'modynamncally stable

}
crs:anti-cis confnguratson The main' difference between the two :SOmers s inthe -

. reg.ochemustry of the angular and gemmal ‘methyl groups The var:ous troqunnane '

H

sesquiterpenes d:ffer in the number and position of oxygen atoms in the molecule,
Hirsutene (7).'* the pareént hydrocarbon of thetirsutane-like sesquiterpenes has
recerved much attention 3s a t.arrget in the syvn.thesis of linearly fused cyc-:lopentanmdsﬁ’
o The most important members ovf the hnrsu&aneﬂii@e sesquiterpenes are the. |
coruolo‘)hs“ '(8-1_1). Coriohn (B) was isolated from the éhlture broth of a B'as'dv?mycetoﬁs

'

tungus Coriolus consors in 1969. and its structure was elucjdatsﬂd- two years later by

.

Duketoconohn (10} the oxvdat-on product of coriohn B {9) has antnfungal and

nm-mucrobwl propertues. Modmcatnon of the ester groups led to no Ioss of biologncal

‘lctlwty 1 Kummoto and Umeuwa obsarvod that ‘the mode of action of dtketoconolm B on

rmmmahan colls mvolved mhnbmon of Na-K-ATPase n
: |

~

-
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o
W . x
A
’ Y
' 2
, o
3 : ‘%¢ )
~ ’ -
Y
: "»’
R
T
) - R
‘ ' OH 4
it 8 Ri=0 R= <H R)= M e¢oriolin - N
-
* , m N 9 N .
) % o ‘ % 9 R = = (‘H R'= CO(CH,,‘CH, “coriolin B
- ’ . . P
. 10 =R’ =0.R’ = COICH,,CH, diketocoriolin
% :
4 (o] I ) , .
N R:=f R = {H . R = COCHOHICH,},CH, eoriolinC .
v »
e : o
o : Hirsutic acid C (121 was isolated from a Basidiomycetous fungus. Stereum
. . . ; at . . )

1% prrsutum by Heatley er a/ (19471 and its structure was elucidated by Scott er 8/ twenty

-
s

-years later

[

(%4



-

. OH
- 12 R-= {H hirsutic scid C

13 R = complicatic scid
-

-

Meliows and Williams reported lthe 1solation and identification of complicatic acid
(13 from a\culture of Stereum comp//ca?um.“ Hirsutic acid Was also isolated from thg
Culturéﬂajs a minor metabom»e. Meliows and co-workers demonstrated that by care‘lely
choosing certan culture ff\edna and growth conditions; comphcatic acid (13) could be
converted into hirsutic acid {12). | '
’ € .
Oxcdatoon of the aliylic hydroxy group of hirsutic acid using manganese dioxide

gave comphcatnc acid (13) The ketone 15 obtamed from hnrsut:c a;nd (12» wa the duol 14

\

, showed appragumatély equsvalent antnmucrobual propertues to complucatnc ac:d Hirsutic

lc.d and dio! 14. showed no biological activity. Thus the epoxnde does not intervene in the

,

lctlwty " -
Pleurotelio! [ 16a) and.pleuroteliic ac;d (16b) are secondary metabolites produced by

a Basidiomycetous fungus Pleurotel tus hy pnophilus.* They possess a rearranged

- hirsutane structure and may be biogenetically derived trom hypnophilin (17), 8 co-isolated

‘meubolute. The three metabolites inhibit the growth Qf several bacteria. Furthermore.

hypndphilm‘ and plewoiallol are cytotoxic.?

.
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0

16a R = CH,0H : 17

b R = CO,M

Capnellane-like compounds are the other known members of the linearly*fused
tricychc sesquiterpenes. Capneliene (18). the parent hydrocarbon of the oxygenated '

capnellanoids (19)*” was isolated from the soft coral Capne//a imbricata by Djerass et

ot

. aln

It has been suggested that the‘ capneliane-like sesquiterpenes may gerve to deter\
attack by predators and defend againsnt microorganisms. in the last few dqéa'des, partél-or
total syntheses of thése linearly-fused triqqinanes have poéed a chalienge to synthetic '
chemists. Several synthetic routes have t;e’en developed.?*

| The Artﬁros’porae fungus metabolites represent fhe latest members of the
hirsutane-like sesqﬁiterpénes to be i&entified . This thesis reborts the isolation of these
antifungal metabolites. They have been characterized by spectrosc,opi; data and chemiical
t.ransformations;. The four major metat'ﬁolit.es have been identified as the keto-diol 20. the
unsaturated ketone 21, the triol 22 ﬁd the unsaturated diketone 23. Metab'clites 20, 21 and \
22 possess a hydroxyl group at C-‘8>..‘ a characteristic feature of arthro;poronoi.d |
sesquiterpénes. C-8is pot known to be hydréxylated in the hirsutane-like sesqmterperle_s'.

These new, members of the hirsutane family have been named arthrosporone (20), L "

2



198 R:=R5'=R“:H R':OH

bR =R = RHH = H R

= OH
ce R =R =R*=H R = OH
d R=R = H R = R* = DH

Y

anhydroarthrosporone (21), arthrosporol (22) and dehydroarthrosporod»one (23). Threge
minor metabolites were 8lso isolated and assigned structures 24, 25 snd 26. Compqund

24, which has a similar R, to that of compound 23. was identified as the monoacetate of

N

IR



the triol 22 1ts structure was confirmed by selective acetyl

Further

ation of arthrospor o! 22

research 1s requred to confirm structures 25 ang 26

12




P - 1. DISCUSSION

) or
Sui Cultures‘of-*%ne Arthrosporae fungus were grown in 8 hquid medium composed of
potato dextr:;se broth (PDB. 21 g/L) containing yeast extract (0.2 to 0 3%) A preliminary
growth study of the Arthrosporae fungus had shown that a temperature range of 15 to
20°C 1s required and a 30-day incabation period 1s needed to obtan a good yield of broth
extracts. -

&

At the end of the fermentation period the myceha were separated from the broth
by filtration. The broth was concentrated to one-fifth of its original volume and extracted
with diethyl ether using 2 continuous extractor.' The diethy! ether solution was wished
dried. and concentrated to gwé a strong sméllmg yeliow-brown residue (= 1 g/ 10 L)

The residue was redissolved in ethyl acetate and separated into ngutral and acidic
fractions by extraction with an aqueous solution of 5% NaOH. The neutral ethy! acetate
solution was dried and concentrated to give = 0.6 g neutral fraction. The residue was
subjected 10 an antibiotic bioassay using the disk-dif fusion method (see Experamerjtal) The
neutral extract d-splayéd strong antifungal activity against Cand/da a/bicans, and several
fung: of the genus Ceratocyst/s inciuding C. u/mi . the pathogenic agent of the #o-ca|led
"Dutch eim disease.” C. huntsiang C. minor. both causal agents of the so-calied "blue stain
dtsease:'_in pine.

— “Subsequently it was found that the active metabolites could be obtained as a

: -4
tractable’mixture simply by extraction of the broth with diethyi ether. These extracts were

obfamed-by} stirring the unconcentrated broth andu ether at room temperature using a
mechanical stnz.rer .‘ The residue obtained after the remova! of the solvent (300 16 400
mé/ 10 L of fermentation broth) d'splaye& a biological activity equivaient to that of the
crude neutral vbroth concentrate extracts. f . |

Thevsodium hydroxide extract was .a’cln'di,fuéd and extracted with ethyl acetate.

. Co‘nce.ntration of the dried ethy! acetate fract’ion gave crude acidic mtéripl (0.250 g1. The
q;:idic ektract, which aiso contained most of the colored compounds, displayed a ralatfve_ly
o v ‘ : 5

good antibacterial activity against Sibphy/ococcus sureus. However no extensive

investigatnop of the acidhc mixture was undertakenldqe to its complexity and the jack of

13
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5 ,
ma;or*eamponents as evidenced by excessive talling of the TLC of t?we mixture

Al
-

The mycelia were #ir-dried and ertracted with drethyl ether  then with ethy! acetate

in a Soxhlet extract?r The fycelial extracts, obtained in larger amounts than the broth

extracts were sub;ected to ant»bnot:c testmg and were found to be devord of antibacterial

and antifungal ac’trv:t-es Separatf@n of tng mycelial extract ied to the isolation of alarge 4

< quantsty of hydrocarbdhs fatty acids. ergoéterol and ergostero| peroxide (probably an .
¢

arufact from ergosteron along with several orrho;phthalates These were not nnvest-gated
/

in detail.

]

i ¥ ,
The bnol‘og:cally active neutral fraction of the broth extract was separated by

column: chromatography over sihca' gel Further purification by chromatographyaover siica

.o

" gel together w:th recrystalhzatnon when necessary, led to the 1solation of four major

metabolites. three crystaline (20-22) anc one liquid (23). Compounds 21 and.23 are UV
active. while 20 and 22 are not. Compounds 20-23 are readily visualized by TLC whep

'

sprayed with | 1% vannhn n sulfurlc acid (reagent A) and each compound gwps characteristic
. . "‘t -‘." )

‘colour reactions. Thegy are eluted from the chromatogra hy column i 1Pllowing order
grap > 9

S @ <

23>21>20>>22 L .

" The intensity of the antsfungal actwity of compounds 20-23 against C. mantia can be

r

C _ - o 21'>22> 0> 23 :
o . Only compOunds 20'and 21 show antifungal activity ainst C:.u/mi.

Three minor t:ompounds (24- 26) eluted along y wuth the major cornpounds will be

ranked as follows

descrnbad at the and of the. dlSCUSSIOﬂ Compound 24 eluted along with the ma,or

a.

L 'UV-actuve compound 23. whnle compounds 25 and 26 eluted along wuth major c’ompomds ‘

21.and m_.,.tespectwely. o .
e
\4 ) ' Y

Arthro%poroné (20)

‘Q Arthrosporone 152 rather polar’sohd rnatenal nsolated from:the Arthrosporae broth

P < DT ‘\

e , ,@
R : : ettnct ftis oasnly recygnnzsd bwts characternstuc colour reacnon on TLC R §0-54 (ethyl

Lt .g",)




" acetate  pentane 1 1) * A reddish colour develops instantangously when the freshly
developed TLC plate 1s sprayed with 1% vamillin in dueous sulfuric acid (reagent A) and
then carefully hgated on a hof plate When the compound 1s very concentrated a reddish

N

colour develops mtially then darkens and siowly turns into @ permanent greyish biue

y

coloration.
lmpure arthrosporone s usually obtained as a yellowish gum It ts then subjected 10
two or three purifications using 3 combination of flash and nogmal ;:hrometégrephuc

techmques (sofvent systems acetonitrite / dichloromethane 1 3 acetone/dichioromethane
15 85 R é" '
[

Arthrosporone ts obtained as shiny crystals whugh are recrystalized from
Skellysolve B diethyl ether to give analytically pure compound 20 m.p. 139-141°C .. (a]D=‘
=140 B (CHCI,} Arthrosporone has a molecular formula C, H,,0,. accounting fora ¢
molecmer \we!gm of 252 as'defermmed by a hngh resolution mass spectrum HRMS) The
molecular weight (mol. wt.) was Cc;nflrmed by a chemical iomzation (Cl} mass spectrum_ the
peak atm/z 27(34(100%4 Mf 18] corresponding to a collisiton complex of arthrosporone
and an ammomium 1on (NH,°). The fragmentaf-pn pattern i the HRMS of 20 displays peaélas
atm. 2234 (M - H,0. 27%). 20_5 (M - H,S-CO). 192 (234-CH,CO. 90%) and 1‘25 {C.H.0,

{

100.0%)

. L ] . . .
The ultraviotet wV spectrum of arthrosporone (km'ax 280 nmj shows 8 band

characteristic ef the n*)rdf transition of a ketone .’ The Fourier transform ;nfrered spectra
- _(FT4|R: of compeun‘d 20 shows strong bands at 3440 cm! (broad. OHI. 1731 “cm-’ =0 .,
“end a moderately intense AOleet at‘ 1380 eﬁe 1360 cr.n'-’. The doublet is characteristic of
gem—dnrﬁeth'yl g;oups’(C-H bending vibraton) » From this speetral mformatuon 1t was o
concluded that this matabolite 1s a ketone (possubly 8 cyclopemanone)” and mus n was
named arthrosporone {a kKetonic metabolnte from Arthrosporae). Compound 20 has four
snes of unsaturatnon at least one hydr0xyl group (MS R and 2 gemme/ dnmethyl group

‘ (IR).,

. %The Rf is the Rf usmg cholesterol as reference ‘ ;



The *H-NMR spectrum of' arthrosporone displays three methyl singlets at 6 1. 16,

| 1..08‘ and 0.84 and a methyl doublet (J = 7Hz) at 81.02. There are no low fieid protons

| e.. & > 3.0} indicating tr}at the molecule contains no olefinic pro;on(s) or protons
geminal to an oxyéen atom. Therefore the hydroxy! g;oup(s) in arthrosporone must be
tertiary. The remainder of :he H-NMR (Figure 2) spectrum consists of well resolved one
proton spin-multiplet systems. The lowest field protor; appears at 6 2.69 as a doublet of
doublets with a small coupling (J = 1 Hz) and a large coeplmg (J= 19 Hz) The magmtude of
the Iarée coupling is characteristic ‘of the geminal coupling of methylene protons &/ pha to
a five-membered ring ketone. Irradiation experiments show that the gem/na/ partner of
the proton at § 2.69 resonates at 6 2.20. The latter proton appears as a doublet shghtly -
overlapping another signal (1H, d, 16Hz). Irradiation of the sngnq,l at b 2.69 sharpens a one
proton quartet at  2.567. This preton shows vic/nal couphng (J = 7 Hz). These results
suggest the presenee of partial structure |.

" The 'H-NM‘-? spectrum of arthrosporone also exhibnts‘ a group of methylene

protons at 6 2.40 and 2.2 1, each proton appearing as a doublet Ugerm = 16 H2).

A broad Quartet at 6257 overlaps with a proton multiplet centered.at & 256
Extensive deCOuphng expeiments show that thns multuplet is strongly coupled to two other
protons, each of which show further coupling as summarized in Scheme II.

Addition of D,0 10 the NMR sample simplifies the signal Hk at 61.59 (doublet of
doublets of doublets (ddd)). The irradiation experiments show tha; H, couples either
thrbugh three bohds~(’J = 3 Hz) or. four bonds (*J =3 Hzf to the proton H {dd) 8t & 1.79.
Thus the coupling is either a vicinal (three bonds) or a long range (four bonds) coupllng
The protonat & 1 79 shows geminal coupling to the proton Hg at 5 1.96 (doublet Jg em =

14 Hz). When the S|gnal H, ats 1.70 (tnplet) is :rradrated the mumphcuty of the signal H at
6 2.56 is strongly affected and the signal H atb 1.59 {doublet of doublets) broadens.
These observatnons suggest that protons H, and H are geminal (J gem =12 Hz) and
‘ therefore proton H is vicinal to H, and H Alternatwely protons H and H may be

‘gemma/ J = 12 Hz). and consequently proton H is vicinal. These asimptnons lead

gem
“to partial structures Il to lv

* ‘ 'S
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CH, 8 1.02(d
© \_HE2.57 g

o
c M 82.69 (dd)

© ) H 8 2.20()

Scheme Il. 'H NMR Coupling Psttern for Arthrosporone
‘ A

J=B8H: J=3Hz

H_ (62 56) M (6159 M, (61.79)
J=12Hz J=12Hz J=14H
H (5 1.70) H (6 1.96)
“~
L, ©
(©)
! " ©
HS k H H
e « H;
H R k
© _H
" 9

<&

o o Tm R=(C) or (O)

[\



_the structure of arthrosporone ThLS mformat:on suggests that arthrospOrone 1s a

ketodiol. S e e , O R .

18

¢

appears as a doublet (J = 14 Hz) and H_1s 8 doublet 6f doublets1J . = 14
g gem h . gem

Hz Jw( = 3 Hz2) The multiphcity of H, (triplet) and-Hg (doublet) suggests that
t

arthrosporone does not have an ethylenic {-CH,CH,-} inkage in 1ts structure. Therefore the

’

part structure Il 1s rejected Frofn theanformation gathered thus far. the structure of

arthr osporone INncorporates the partial structures | il or IV, and V to Vi (Table 2).

? »

The number of hydfoxy! protonis)’in compound 20 could notvbe obtained since
these protons resonate at the same chem-cal sh:ft as that of res-due! wvater in
deuterochloroform AnaIVS|s of the 'H NMR spectrum of arthrosporone allows the

assignment of 22 tot 24) hydrogens . wh.ach are directly attached to carbon Therefore the

structure of arthrosporone mus? contain two tertuary hydr'Ox yl'grOups .
The tertiary nature of the hydroxy! groups v\;as constStent wstH ;helr resustance.to ’

oxidation reactions. queuer, under forcing conditions a:throsp’orone coule be ’

selecttv'ew.converted toa mOnpacet'yl derwatrve. Acetylation® of- arthrosporpne with

aceuc anhydride contairung a trace of 4-N,N-"dumethy.len{mopyndme tnvt,nethylamin.e at

room temperature for three days. gave a monoacetate 27 (m. P 120 122°C. Ie) » ‘37 6

'm/z caica for C, H,.O 294 1824 found 294. 1818) The infrared spectrurn of27"

¢

| shows a weak intensity: broad band at 3400 cm ! (OH). and strong bands #t 1736 arid 1243 .

B (QAciem ! The lH NMR spectrum of the monoacetate 27 shows a 3 proton Slnglet at 6

1 98 attnbuted to an acety! methyl and a D,O exchangeable broad smgtet at 61 47 due to

%

. a hydroxyt praton The presence of a hydroxyl gr0up as evndenceo‘ by the tnfraredrand

1 NMR spectra of the monoacetate 27 confcrms the prdsence of two hydroxyl groups n

K
L

- »
»e

\
-

Tne "CVNMR spectrum of arthrosporone exhtbtts the presence of 15 carbons. Thei-
signal at 6‘2 16 4 us the onty sp'-hybndnzed carbon and is assngned to the carbonyl carbon

of the cyclopentanone” (partsal structure Vlll) Two stgnals appeermg at 6 91.0(s). 87 ots)

5

are assugned to the two sp”hybndtzed quaternary carbOns bearmg tﬁe hydroxyl groups 3

s

The rest of the :pectrum shows the presence of two sp"hybndnzed quaternary carbons

: (smgletxZ) two rnethtne (doubletxZ) four methylene ttrlpletxm and four methyl (qua )et x
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©
Table 2. Partial Structures of Arthrosporone
) CH, § 1.02 () ..
© H 8 2.69 (dd)
€)1 ) H82.20()
1
H. & 2.56 (dq)
1 . - - ' ‘. R
H 6256 - - O~
| 1 701 \c""'H“b 1.59 (ddd)
Ve c— H. & 1. L. ‘
c C. i _ : ‘ / \HJ 5 1.70m
(€—C—H, & 1.59 (ddd) R —‘.C\\(c, -
C—C—H 617900 ©—C—H 81790 |
H 8 1.96 10 . K180
. . . " ‘ R.g(C,Qf Q). B
W ;
- R ’."
' ' e
O ‘? - a ‘C"t&i e
] : L oL
C—C—H 52.40 (). —c—0oH R T T
:1&2.21' (d - (o D R 16 1.16. 1.08.0.84 °
. b N -.‘ ’,‘ -‘c') \ . .‘. ‘
1 - | e
v Vi ‘jC}—(l:—CH,v
| | o
E |
B v
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4) carbons. The number of hydrogen atoms attached to carbon in the molecule counted
from the *C NMR signal multiplicity is 22. Takang into account the two hydroxyl-bound
singlet carbons, a formula C,H,,0, is obtained and thns formulation agrees very well with
HRMS results. The 1*C NMR spectrum also indicates trte absence of any other
spi-hybridized carbon,?’ thus ruling out the presence of a carbon-carbon double bond in

~ the structure of arthrosporone Th:s information, in addition to the fact that the molecule

has four methy! groups and four sites of unsatur)tron suggests that arthrosporone

possesses a fused trecychc undecanoud skeleton Further, one of the three rings is a
Cycl_opentanone represented by tWﬂ Vil
| The base peak in the HRMS of arthrosporone, m/z 125 (C,H,O,) corresponds to a
loss of C,H,0. This fragment‘may be formed elther from partlal structures IX and X via
the mochamsms»proposed in Schemes Ill and Iv. From the information derived to th:s-pomt
" several structures may be proposed for arthrosporone (structures 28 to 33)

The TH NMR spectrum of a rthrosporone (20) was compared with the 'H NMR
spectrum of mqnoacetoxyarmrosporone (27). In 27 three protons {8 2.83 {dd). & 2.81 (d).
and 8'.2.2 8 {ddl))-have boon shiftedoov(rr\fiold with rospe'ct to the chomical- shifts obssrve__d '

,
fn
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CH,
H,C HO CH’
(C 0
() 0
1 ()
H
CH, )
IX X
Scheme I
CH, CH, CH,
H,C ' :
’ H,C HhC
(€= o o -H 0
(CH ‘
~ OH - OH : o
m/z252 (M) miz 126 m/sz 1'25(100%;
Scheme IV
HO
H,C

m/z252M) - miz126 . m/2125(100%)
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in 206 256 dd 240 dhand b 1 78 (0dh presumably due to the anisotropic eftect of
the acetoxy! carbony! > In such a case 8 proton vi/crna/ and c/s 10 the hydroxy! group will
be deshielded in the 'H NMR when the hydréi‘yt group is reptaced with an acetoxyl! group
6f the structures tentatively proposed for .ar(hrosporone only structures 28 to 31 are
consistent with the observed acetate stuft in the ‘H NMR (20 = 27) In structures 28 and 29
the crs-protons at C- 1. C-7 and C-9 may experience a deshieiding effect from the
acetoxy! group. while the same results rru\ay be expected for the crs-protonson C-1, C-8
and C-10 in structures 30 and 31 In structures 32 and 33 only two c/s-protons may
experience the anisotropic effect of the acetoxyl group therefore structures 32 and 33
may be eliminated ,fr om consideration. The tentative structures proposed for
arthrosporone are hnearly fused Frvquinénes and are assumed 1o exist in the crs, 8ntsr, crs
configuration as evidenced by the‘ structures of hirsutane-iikke sesquiterpenes,
sterpurane-hke sesquiterpenes and protoliudene.’* Since the angular methy! protohs
wouid hinder the vicmnal ¢/s hydroxyl group. acetylation probably would occur at C-8
(tentative structures 28 and 29:. or at C-9 (tentative structures 30 and 31) in
monoacetoxyarthrosporone 27. In arthrosporone the methylene protons (at the carbon a
to the carbonyll vicina/ to the 3.OHresonate at 8 2.69 and 2.20. Therr chermical shifts.
which remain unchanged in the monoacetoxyl derivative 6(2.64 and 2.22) are consistent
with each of the proposed structures 28-31. | |
The 1soiation of a second metabolite from the Arthrosporae brbth extract and the

analysis of its spectral properties made an impo‘rum contribution to the structura!
elucidation of this class of compounds. ' | |

| The néwly 1solated mgtabohté whichis also a C,, compbund.. 1s UV active aﬁd 1ts
"mo!eCular formula 1s the'sam;;s that of arthrosporone minus 6ne molecule -of wate‘r‘ N

Indeed. arthrosporone may be converted to this metabolite by fr;amnt with
‘p-toluanesdlf onic acid in benzene. We tr;gre‘fore named fhis meubdlite

. anhydroarthrospor'one‘. Anhydroarthrosporope 21)is @ clzysullme compound which s
"slv-ghtly less polar than arthfosporone (20} R‘f 0.74 (acétonelbénzene 2:3). 0.49 (ethy!

-acetate/pentane 1:1, 2xdevelopment). It shows the same colour reaction as do@s 20 when
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visualized on analylical tic using reagent A-charring technique Furthermore both
metlabotites char green when reagent B-charring technique 1s used -

. Anhydrosrthrospgrone s an oplically active compound la]o +62° (CHCI,) and has a
memng pomnt of 118-119°C Its molecular weight as determined by HRMS 1» 234 iTsH,.0,
M-} The molecular weight has been confirmed by chemical ronization (Ch mass spectr urﬁ
the highest peak at m 'z 235 (100%abeing due 10 the presence of the molecular 10on plus a
broxon (M-H-). The molecular forrhufa C,H,,0, accounts for five sites of unsaturation.
Furthermore the HRMS exhibits fragmentions atm/2 216 {C, H,,0. M- - H,01and 123
{CH,, 0 M - C.H,,b; with a base peak at m:/2z 122 (C,H,;,0; |

Anhydroarthrosporone 1s UV active as evidenced by the band at )\max 230 (e
13700 hts infrared (IR spectrum shows a hydroxyl absorption (3461 cm ' strong and
broad: an a § unsaturated carbonyl absorption (1683 and 1632 cm ', both strong) and
suggests the presence of a germdimethyl group (1372 and 1364 cm?, medium doublet

The *C NMR spectrum of anhydroarthrosporoné displays three low-field signats of
spi-hybridized carbons. Cne of the signals (6 211.6. weak singiet) 1s assigned to the

carbony! carbon. the other two signals at & 177.0 (singletl and & 122.9 (doublet) are -

_ assigned to disubstituted and monosubstituted olefinic carbons respectively. A carbon

doublet resonates at & 63 4 ‘s'uggesttxg the presence of a methine carbona to a

carbony! ¢ These chemica! shifis together with the IR and UV data suggest the presence of

- v

the partial structure XI
The 3C NMR sbecirum of anhydroarthrosporone also shows the presence of a
"quaternary carbor{b'earmg an hydroxy! group (6 92.7).¢ The remainder of the spectrum

consists of one singlet (a quaternary carbon). two doubiets (CHx2). three triplets (CH,x 3!
& : .

and four quartets (CH,x4). The muitiplicity of the carbons bearing hydrogen atoms gives

21 hydrogens plus 1 hydroxyl proion‘ Thus. the »C NMR spectrum coriirms the molecuiar

formula FC, H,,0, - . —

V' esaceccssscteccann é,{

* A TLC plate was developed and dippec in-a reagent B (5% phosphomolybdic -
acid in 5% aqueous sulfuric acid contaring 8 trace of cerium (il sulfate). The
plate was driedSout and carefully heatedd on a hot plate.
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Amax (calcd! 231 nm aobs 230 nm

X1

The 'H NMR spectrum of anhydroarthrosporone (Figure 3) displays a iow field

L34

proton at 8 5 B5 coupled (J = 1.3 Hz) 10 a proton at & 2.72 Decoupling experiments
revea! that the proton at & 2.72 also has a gemrnal coupling Ugem = 15.8 Hz) with a
proton doubletat & 2.79 (:Ae.:he two protons at$ 2.79 and 2.72 constitute.an AB
quartet:centered at & 2.76 with g © 15.8 Hz) As well. a methyl doublet at & 1.1 1 which
15 conled vicinally to 3 one proton quartet (6 2.34. J = 7 Hz).three methy! singlets (8 1.22
1.13 and 0.94) and a series of one‘-protoﬁ multiplets (Scheme V) are observed.

Acetyiation of 21 (Ac,0/ DMAP) in triethylamme at room temperature overnight

gave O-acetylanhydroarthrosporone (34) C,,H,,0,(276. M). The IR spectrum of acetate

. ~ .
34 shows no OH absorption but shows strong bands at 1728 and 1241 cm? (OAc) and the

a.f-unsaturated ketone at 1706 and 1630 cm*. The 'H NMR spectrum of ; ”e"aceute :

A
A e

ke

shows the presence of an acetyl methyl singlet at 6 1.98.
A detalled comparison of the 'H NMR spectré of snhydroarthrosporone (_21) and its

acetate (34) was ﬁelpfdl in the determination of the structure of 21. Extensive decoupting

expernments-allomd the assignment of dnf ferent protons in gnhydroartfirosporone 21)

(Scheme V) and anhydroarthrosporone acetste [34) (Scheme Vi,

25



o)

o)

26

Scheme V
J=13mz J.=‘|6Hz
H.(éf) 85 = Hc (82 72, - Mb(b2 79
\\‘ .
J=t 9 m; JE 2 Mz JE 1S Hy -

L4

Hg(é 187 -——o th 1.68)

it 2 38 o——————oH'(b172' -

N/

J= 11 Mg J= 13m2
\ / ";1:7"_11 -
, | _ H.(b23410-—————0Hn(611]Cr1,
H'161471 :
Scheme Vi
J= 2H2 J= 17 H2 ‘ .
H (8B 76 e — : »
. . Hc‘sza' %(6332)
J= 95 M J= 2 #H:2 JE 15 Mz

\ /

J= 10H;2 "25'-13

J= 7.3Hz2 ‘
H 46232»-—.H 16110 CH

H lbld?o
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The spectroscopic data led to the formutation of partial struCtures Xl ang X1

~ —

€ e ‘
O (C1+CH,
CH,
Xlla R=H ‘ X i

Xiib R = Ac

- : 7

The HRMS of anhydroarthrosborqne displays a base peak atm/z 122 (C,H,,0) This
s peak may be.accounted for v:a the proposed mechanism in Scheme Vil on the assumption
that the partial structure XIV 1s present in the molecule.
The C NMR spectrum of anhydroarthr:osporone (2% exhibigs two quaternary
carbon signals. one Qf&whlch bears the gem dimethy! group (XIll. Since one of the
substituents on the carbon f to the carbonyl! in Xit 1s a methy! group (lei. it fo'llowshthai \
the gern dimethy! group (XIlh can 'be incorporated n only two ways. insertion of the gem
dimethy! group betwelan c-1 l'and C-9 foliowed by bond formation between C-1 and C-2

gves rise 1o structure 35, whereas insertion of the gem dimethy! group between C-1 and

C-9 followed by bond formation between C-2 and C- 11 gives rise 16 stracture 36.

Al the spéctroscopnc data presented for anhydroarthrospor (34) s

consistent with either 3 hirsutane skeleton (35) or with skeieton 36. in ndZ’:on the 'H NMR ™

. ! . ‘ i
spectrum of acetate 34 shows deshisiding of three protons and one of singlet methyls
with respect to the 'H NMR spectrum of 21. For each of sti'ucturos 35 or 36 the

>

deshielded protons would be those vici nal and cis to the acetoxyt group. Thus the’ :

. R N



;R

é
9

\.:*&'

methme proton lt C 1 1S &/ to the tertuary hydroxyl group at C‘

B,

3 CH,
H,C

e ©
° ‘ ‘ ,
© {

a : (VA

&\\.
) . Scheme ViI

(©)

m/z234

-H” , -
‘ m/z 1?2(1001.) \ . o CH, .

.: m/2123(77%

An- oxpernmant was des:gned to drstmguush which of the two structural types 4. e.

: 35 or 36) is that of anhydroarthrosporone Compomds such as 35 or 36 would be

28
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expected to undergo a retro-atdo! cleava'ge to give b»éychc cornp.Oun,d's 39 or 40
respectively v.aisomerization of the corresponding keto-dienot 37 or~38 o

Inspect:on of the infrared spectra of the product of the fragmentation reaction ot
Anhydroarthrosporone will determine Whe.ther a cyclobutane or a cyclopentarie mduexy 1S
p-esent. The carbonyl of a cyciobutanone will absorb near 1780 cm !, while the carbony!
stretcning band of cyclopentanone will absorb around 1745 cm® ¢

When a mixture of anhydroarthrosporone and an excess of sod“uum hydride in dry
ber;zene was aliowed to stir at room temperature under nitrogen for 5 hours a single
compbuhd (41} was obtaned quantitatively Compound 41 1s less polar than the starting
metabolite 21 and does not char with reagent A Compound 41 1s optically active (la] ’

-2027 (CHCI,) and 1ts UV spectrum shows @ Maxima at A 223 nm characteristic of
t °

B-alkyisubstituted cyciopentenone XV (Xmax (calculated) 226 nm) *

HO
HO

<1 A 36

‘

The IR ‘s;_;e‘ctrum of 41.s consistent with éartnal structuri XV as evidenced by the
strong absorption bands due to an c.ﬁ.-gnsatur'atedk c_y;ilopen’tenone { 17b2 snd 1625 cm Y.
in addition the IR dusplay$ no hydrpx,yf abserption bar“wd‘but does sr;ow a8 strong carbony!
absorption ba}wd:a 17'38 cm!, ir{ducative of the bresence,of n‘c'y'clopenunone.

Cémbound 41 has the ’s_ame' moléCular‘formula (C,,H,,d,. m/'z 234 M)as -

‘anhydr oant@rospordﬂe 2.
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The HRMS of 41 exhibits a base peak at m/z 123 (C,H,,0) which can be attributed

to formation of fragment A vsa the mechamsm shown below

This data 5uggests that compound 41 has structure 39 consequently -
anhydroarthrosporone (21} has structure 35. o
The 'H NMR spectrum of chpOund 41 gives further su;port to the structural
assignment. A low field proton {5 5.?5, qQ.J=16 Hz),shows allylic coupling te a methy!
\
group (6 2.05. d. J = 1.6 Hz). Three methy! singlets (5 1.45. 1.19 and 1.04) and a methy!
. doublet (8 ‘1 .08 4= 7.5 Hz), which is épupled to a methine proton 3 2.08. Q. are
bserved These data are consistent wittf the partnal structure XVI. The remainder of the
spectrum shows a set of proton mult:plte\\s '(Scheme VIII)
A similar spin system co;\snstent with partial structure XVl has precedence in the

literature** in the structure of Fomannosjn( ) and its derivative 43. The Iong range

coupling "("J = 2.5 Hz) observed in anhydfoar rosporone has also been obsef\)ed in 43 and

¥

cybrodol (44).4 | | \
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Scheme VIiI: '*H NMR Coupling Pattern for 6ompound 41

] S

H1(52.58) . J= 1.5Hz H-Oa (s 2.20) . .

J=85H J=25n
\ /
| H-112(81.67
J=125h / .‘, , J=18Hz
o J=125Hz

H11b (5 1.35) J= 1.0 Hz——=H-8b (6 2.04)

f
1
() (o} (C) \
7 | .0
XVI ‘ XVil
39 -
f N



Bond formation between C- 1 (partiat structure XVl andg C-2 (partial structure XV leads to

structure 33-for compound 41 The stereochermistry in 39 1s assigned by assuming that ‘the
. : . , -

stereochemistry at C-1 C-2 ang C-31s the same as the relative stereochemistry assigned

1o the starting anhydr oarthrosporone (21)

=

42 43

44 E ' . 21

' -’Anh'\(droarthrosporone possesses the hirsutane skeieton. The numbering system
.and ring designation are shown in structure 21. The ¢cis stewochﬁmistr} is issurﬁed for
the AB ring junction. The hnguia} mofﬁyl at C-2 15 assigned 2 b*qroonuttpn to satisfy the
cis. anti, ¢js configuration cohsistently found in the hirsutane sercé:e,. Thé moth_‘yt'group a
c-3 {secondary methy! érédp) is assigned a $-orientation on the basis of the 'félltowmg o

evidence.
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A *H NMR solvent induced shift study of anhydroarthrosporoné {21 was carried
out So-calied aromatic solvent induced shifts (ASIS) are observed when the NMR
spe;:trum of a compound 1s recorded in different solvents one of which s nert (CC!,) or
p;eudo-anert (CHCL,) while the other 1s aromatic {C,D, or C,D,N! The ASIS provides useful
information about the stereochemistry of the chirat centres or groups of atoms i a
molecule which contains site(s) capable of associating with the aromatc solvent. A 7-r
interaction i1s observed between a C=0 group and n electron cioud bf pynidine. while a
hydrogen bonding interaction 1s observed b‘etween 3 hydroxyl group and the lone pair
electrons on the nitrogen of py;njdnrnre‘ vSuch interactions induce ‘amsotropy on the atoms
near the site of aromatic solvent co-ordination. Assuming a 1 1 solute-pyridine compiex 1s
férmed the pyridine induced shift (PIS) for a8 given proton 1s expressed in terms of a

.difference between the shifts of the proton in COCI, and C,D,N (equation below)
4= 5(COCI) - 8. C,D,N |
? 8 ppms riggat:ve when the proton s desﬁielded by the anisotropic effect. The ASIS s
have found apphéatnon mostly in 6-membered ring (':ompounds, especially steroids.
1.3-Diaxial protons show large PIS (A 1s between —=0.20 and -0.40 ppm) whiie the 4 value
obser\)ed tor vicinal protons s a function of the dihedral angle between the protons and
the carbon oxygen bond.

Anhydroarthrosporbr’ré (21) contains several sites capable of bonding with
pyndme The most stable solu{e—pyrudme complex will be formed at C 8 wo hydrogen
bonding between the OH and the- ione pair slectrons on the mtrogen atom (Structure A).
The PIS will be extrapolated to anhydroar:frosporone. Table 3 shows that the C-1 pro;on

" eis to the OH is appreciably deshielded (A = -0.25). The methine proton at C-3 experiences
8 smatl pyrndoné vmduced shift (A - ~0.09). This h is not largé éndugh*no draw
conclus-ons concermng the stereochem.stry of H-3 wnh respect to the hydroxy! group at
c-8. Nevertheless the results of the solvent shm study have alloweld the assugnmem of.the

| chemical shifts of the methy! protons Thea methy! proto'ns (H- 12 pseudo 1 .3-diaxia! to

the OH) experaence a downfneld shnft The ASIS of the 'H NMR spectrum of an-

hydroarthrosporone 21} in C,D,N venfnes the conclusuons ¢rawn from the acetate shifts
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observed arisingfrom the anisotropic effect of the acetoxyl group on the neighboring
¢/s hydrogen in the 'H NN“IR of anh.ydroarthrosporone {21) and 1ts acetate 34. The resu!.t’s ot
the solyent shift studies do not allow conclusions to be drawn with regard to the

" stereochemustry at C-3.

Reduction of the 6-4 ketone to hydroxyl will provide‘a derivative in wh;ch the
pyridine complexation should provide evidence regarding the stereochemistry at C-3.1t |
was decided to protect the C-8 hydroxyl grc‘aup to‘msure that the hydrogen bonding
interaction only takes place at C-4. Acetate‘ 34 was theref'ore brepared and sub ;ected toa
selective reduétuon using NaBH,-CeCl, in. methanol at O'C.".A complex mixture of‘ a_k:ohbls
was obtained. Tha composition of the mixture was not affeg:tedtby the reaction
temperature or the o?ger of addition of_the r;agents. Approximately the sa mixture of
- components was obté'i?\ed in the absen:% cerium chloride. Thrae alcohols/were
isolated. The most polar alcohol was also the ma jor prodyct (i'a. 70%}, the least polar
alcohol was produced in 15% yield while the alcohol of interfrgédiate polarity was obtained
in aboﬁt‘S% yield. The major and the minor alcdhols produced-identical co‘lbur reactions

when sub jécted'to the reagent A charring tochnique_l They instantaneously give a red sbq‘t



Table 3. 'H NMR Spectral Data for Anhydroarthrosporone (400 MHz)

5, muluplcity (J values m Hz) -

H No. cocl, C,D,N 5
H- 1 . 2.38. brt (10) 2.63. brt (10) -0.25
H-3 232 q 71 241 q (7.5 -0.09
H-5 : 5.85 brd (1.3) 592 d (2) g . -0.07
H-12 122 s 1.40. s -0.18
H-13 113, s 1.10, s 0.03
H-14 ’ 094 s 0.86 s 0.08

H-15 1.1, d (7 1.14, d (7.5) -0.03

which turns blue overnight. The third alcohol shows a different visualization reaction
(biuish-grey spot) with reagent A. This alcoho! was assigned structu&bﬂe basis of
the following evidence. The IR spectrum of 46 displays a broad hydroxyl absorption at
3400 cm*. strong bands characteristic of an acetoxy! group at 1732 and 1242 cm'!, and
weak C=C absorptloﬁ band at 1674 cm-!. |

The HRMS shows the molecular ion atm/z 278 (M-) corresponqlhg to a formula
,C,H,;0,. Tﬁe base peak in the rﬁasé specttrum éppqars atm/z 218 (M- -60) arising from

the loss of acetic acid.

_The 'H NMR spectfum shows a vinyl proton at & 5.28 (broad singlet). A carbiny!
E proton appears as a multiplet at 6 4.56. An AB spin systém appears at  3.02 and 2.33

Wog = 17 Hz) with the proton at & 2.33 showing éllylic long-range coupling (*J = 2.2 Hz) to

AB
the vinylic proton. The methine proton at C-3 appears as a doublét of quartets with J = 6
and 7.4 Hz respectively. A pyridine shift stbdy led to the assignment of an a-configuration:
for the hydroxy! group at C-4. When the 'H NMR of 46 is determined in pyridine, the

proton at C-3 displays a prohdunced pyridine induced shift (A =
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.-OH

47

6CDCI, - éC,D,N = -0 46 ppm) while the §-oriented methy! group at C-2 shows no
appreciable shift. Table 4 illustrates the deshielding effect of pyridine on the protons
associated with ring C of the acetoxy alcoho! 46

The results are in good agreement with the proposed structure and iss-gned
stereochemistry . It 1s interesting that the methyl doublet (H- 15} displays 8 significant
downtieid shift (A = -0 17 ppm) which may be explamed o}» the basis éf conformationa!
considerations. Ring C of the triquinane system may adopt an envelope (C,) conformation
with C-3 being the flap of the emvelope. The C-4 hydrbxyl g.roup lies between the methine
and the methy! group at C-3. the dihedra! angle 8 (Figure 4) between the two groups then
determining the extent of the deshielding. The smaller the dihedral angie 8..the laréerv 1s the
deshielding effect. | |

'\ ﬁe two alcohols which show identicat colour react‘qu‘n on TLC sre

dnastereméomers and are ass-gned\struct&es 47 and 48 on the bas:s of the following
evidence A

The IR spectrum of 47 displays 8 broad hydroxyl absorption st 3464'cm™'. and

strong ester carbony! absorption at 1732 cm with 8 shoulder st 1716 cm. The



Table 4. ‘H NMR Spectra Data for Comipound 46 (400 MHz)

38

& muluphcity (J values in H;E
coa, CON AA

M-3 180 dq 6 7.4 226 dq 6 7.4 -04%
H-4 456, m 494 m -0.38

& oL
H-5 . 529 brs. 5.66, brd (2) -0.37
H-14 ol (o d0 83 -0.03

© 15 109 d (7.9 1.26 -017
.
‘*
i

-

NN
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molecutar formuia was establvshegas C,H,,0, IMW - 280) on the basi. of 3 M+ 18 peak at
m/z 298 in the Cl of 47 The ‘M NMR of the alcoho! 47 shows a caromyl proton at & 4 31
as an apparent triplet of doublets (J = 6 and 3 Hz) Decoupling experiments show that this
proton s coupled to vicrnal protons at & 2 37 - 2 30 imultiplety 1.96 and 1.88 The
2.37-2.30 signal integrates for two protons. However irradiation of the doublet methy! at
5 1.05 leads to a ssimphfication of the signal at 6 2.37-2.30. thus one of the protons in
this region 1s the methine proton at C-3. Once again a pyridine induced shift étudy was
usetul in assigning the 'H NMR spectrum of compound 47 A partal assignment of the
spectrum is shown in Table 5. : N ’

Table 5 shows that one of the methylene protons at C-5. the.rnethyl singlet at C-2
and the metr_\yl doublet (H-15) experience appreciable deshielding when the solvent is
changed from CDCI, to C,D,N. The chemical shift of the C-3 methme (H-3) remains
unchanged from one solvent to another. Th?o‘observatnons agree well with the proposed
relative stereochemistry at C-2 C-3 and C-4 in the acetoxy alcoho! 47 These dafa are n |
agreement with a ¢/s, ants, ¢/s configuration of the triquinane system. The reduction of fhe
C-C double bond would be expected to take place from the top side (less sterically
hindered face) of the moi'eCule For exampie. compound 49 upon catalytic hydrogenation
gives the c/s bicychc ketone 50. Compound 50 was alsp obtained by lithum ammora
reduction of 49 ¢ . - . ‘

The IR spectrum of fhe major alcohol (48) displays the same features as does. the
minor isomer 47. The spectrum shbws a hydroxy! absorptn‘on band at 3464 crr.r' and
acetoxy! absorption bands at 1732 and 1243 cm'. The carbony! absorption at 1732 ¢cm '
agamn has a shoulder at 1713 cm!. -

The molecular fofmula Ci:H,,0, (Mol. Wt. 280) was dedbc'ed on th; basis of high
resolution mass spec.tra (HRMS). Fragment ions at m/z 238 (C,H,,0,. M- - CH,C0). 220,
(C,H,,0. M- -~ HOAc), and 202 (C,,H;o, M - {(HOAc + H,0) are observed; The 'H NMR ,
spectrum (CDCl,) of major alcohot 48 show; a low-field proton at & 3.89 as an apparent

triplet of dbublets with coupling constants J = 9 Hz and 6 Hz, respacii\}bly. The spectrum

exhibits a methyl doublet at & 1.03 and methy! singlets at 6 2.02 (CH,CO), 1.05 (6 H) and
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Table 5 'H NMR Spectral Data for Alcohol 47 (400 MHz)
& muttiphcity (J in Hz)
coCy, C,D,N A
H-3 234 m 2:34. qd (8, 4) 0.00
H-4 431 18 63 . 432 m : -0.21
H-53 181 m 213 ddd (135 8 3 -0.32
H-5b 196 ddd (14, 6 3.6 201, ddd (142 6 4 -0.04
H14 095 s 1.21 -0.26
Héls 1.00, 4 (7.2 125 d 8 ‘ ' -0.25
\\ S
8
N
CO,E!
O . H, Pd/C
e ar————————
COzEt EtOH
49

0.80. The methy! doublet (J.= 7.2 Hz) is coupled to a one proton doublet of quartets (J = 9

and 7.3 Hz) at 6§ 1.97.

’
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The spectrum in pyridine was resadily interpreted and aliowed the assignmen? of
most of the protons Comparison of the spectra of 48 in CDC!, and C,D,N allowed the
assignment of the relative stereochemustry at C-3 anad C-4 (Table 6)

The H=3 methine shows a downfield shift (8 = -0 41 ppm) while the chem;"cal shuft
of the (-2 angutar methyl 1s not af fected by the solvent change Therefor.e the C-4
hydroxyl group 1s a oriented These results agree well with the proposed structure and
stereochemistry at C-3 and C-4 The pyridine shift studies show that the methyl doublet at
C-3 undergoes a substantial downfield shift (8 = -0.13 ppm}. Since the C-3 methy! has a §
orientation ring C ot the triquinane system must again adopt an envelope conformation
cxamination of molecular models reveals that the C-4 hydroxy! group 15 between H-4 and
the C-3 methyl when C-3 assumes the flap position of the envelope A Newman projection
ot the conformation viewed down the C-4 C-3 single bond i1s shown in Figure 5 below

The neghgible PIS o\? the angular C-2 methyl (M- 14) supports a:n a orientation of the
C-4 hydroxyl group. Further experiments were undertaken to confirm structure 48 Since
the major alcohol resulted from 1 4-hydride addtion to unsaturated acetate 34 foliowed
by the reduction of the resulting ketone 54 preparation of the diol 52v/& two successive
reductive reactions was undertaken Ketone 51 was obtamned v/a catalyuc‘hyd'rogenax-on
of anhydroarmrosporoné (21). Ketone 51 was then subjected 1o hydride reduction to give
dio! 52 (Scheme IX). The major alcohol thus obtaned was compar.ad with compound 53

the deacetylation product of acetoxyalcoho! 48 (Scheme X). Hydrogenation*® of
anhydroarthrosporone (21} over 10% palladium on charcoal in acidified methano! for 30
min at room temperature, gave a UV inactive ketoaicohol. The ketoalcoho! was °

recrystallized from a Skellysoive 8/ diethyl ether mixture to give 'mlytucally'pure needles

4 .

m.p 115-116°C. The sp(ectroscopk data is in agreement with the proposed structure 51
“for the reduction broduct. The IR spectrum of 51 shows sfrong bands st 3502 (OH) and
1727 (C=0)cm. o
The molecular ion at m/z 236 in the HRMS of 51 agrees with the molecular
formulaC,,H,.Ol. The '*H NMR gpectrUm of ketoalcohol 51 shows singlet methy! signals at

51.14 1.07 snd 0.77. A methyl doublet (J= 7 Hgit $ 0.99 is coupled to a broad quartet
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= Tadle 6: lIH NMR Spectra Data For Alcolo! 48 (400 MHz)
. - 5, multiphicity (J in Hz)
’ . . cocy, C,DN . a
H3 - 197 dg O 7.3 2.38. dq (8. 7 -0.41
H-4 3.89. td (9. 6) 418 m M -0.29
H-5a  1.38. ddd (13.2, 6. 3.5) 1.75, ddd (14.5 6. 4) -0.37
H-5b  2.28.-dt (13.8) 2.04, ddd (15. 8. 4) 0.25
H-14  0.80. s .. 0.83, s -0.03
.7 . - ’ +
H15 .7 1.03. d (7.2) 1.22, d (7) -0.19
v‘!’ -.
e
- ‘ |
) Figure 5 "
o RN
- %\ ., w
P

°s



Scheme IX

43
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"at & 2.54 assigned to the H-3 methine proton. The & 2.54 region integrates for two

protons. The ‘second proton appears as a broad doublet 'of doublets (J = 12 5 and 7 Hz)

and 1s assigned to the H- 1 methine. The C-5 methylene protons a to the carbonyl appear at

6 2.39 and 2 19. Each signal shows gem/na/ coupling (J = 18 Hz) and the proton at 6 2.39
4

shows a v/cinal couphng (J = 8 Hz) to the C-6 methine (multiplet at 8 2.31).

S1 ' , /H

\ OH

P

When ketoalcohol 51 was allowed to stir at room temperature in'methanol contammg
sodnum borohydrude two diastereocisomeric.diols were produced. Both dnols: when
sub ;ected to the reagent. A charrlng techmque on TLC dusplay the same color reaction as -
observed for acetoxyalcohols 47 and 48.
. The‘most polar diol. was formed as the ma jor product (yield > 8%%)‘. The major
product was assigned structure 52 on the basls of its' physical characterustucs
Diol 52 isa cotton-like solid (m p. 139 140°C). Its IR spectrum exhibits strong and
vbroad OH absorptnons at 3345 cm? (broad OH) and 1040 cm-! (C 0O). The molecular
weight as ‘determined by Ciis 238, consistent with the formula-C, sH30;. Peaks in the mass
spectrum at m/z 220 (C,sH,,0. M- = H,0) and 202 (C,sHy,, M- = 2H,0) are indicative of the

presence of two hydroxyl groups. The 'H NMR'spectrum of diol 52 displays only one
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downfield proton (H-4) at & 3.84. This proton appears as an apparent triplet of doublets

with J = 9 and 6.5 Hz. The spin pattern which has previously been obsefved in the 'H NMR
spectrum of 52 consists of fairly well resolved spin sy;tems. Extensive decoupling
experiments allowed the assignment of all the protons in the molecule (see Experimentall.

The minor diol was assigned structure 55 on the basis of its 'H NMR. Its only
downfield proton (H-4) appears at 8 4.29 as a triplet of doublets (J = 6 and 2.5 Hz).’Thns
chemucal shift and thedecoupling constants are very similar to the values observed in the
H NMR spectrum. of a:;qyalcohol 47 (8 4.31,td, J = 6 and 3 Hz). The C-2 methyl éroup
in the diols resonate at & 0.93 in the case of 55 and at 6 0.78 in the case of 52, suggesting
that the C-4 § hydrOxy‘ group deshields the angulé‘r methyl group (H- 14) more than the b
hyd;oxyl group, as woulz ‘qé expected.*

Final corretation of compounds 52 and 48 was provided by conversion of 48 into
52. When acetoxyaicohol 48 was allowed to stir at 80°C in 10% ethanolc potassium
hydroxide,* diol 53 was obtained in good yield as the sole product. Compound 53 was

identical in all aspects (TLC, IR, MS and 'H NMR) with compound 52. -

Structure and stereochemistry of arthrosporone (20)
Since arthrosporone (20) readily dehydrates under acid catalysis®’ to '

anhydroarthrésporone {21) (see Experimental) strycturg 28 was unequivocalfy assigned to

 be that of arthrosporone (20). The ¢/s AB ring junction in 21 as well as the configuration at

C-2 has been established. The stereochemistry at C-3 and C-6 in 20 were assigned on the
basis of the followmg evidence. | |

The stereochemnstry of the C-3 methyl of arthrosporone should be the same as
that in anhydroarthrosporone provuded -that no |somenzat|on took [;Iace during the
dehydratuon reaction, Evidence that the stereochemlcal integrity- at the center is retained is
prov:ded by H NMR data the H- 3 methme resonates at $2.57in arthrosporone {20) and at
62.54 m the reductnon product 51 obtamed by catalytnc hydrogenatuorr\f
anhydroarthrosporone 21). ‘lthus indicates that the methmq proton at C-3 in'both 20 ar;d 51

is in a similar environment.
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Examination of the '*H NMR spectra,of arthrosporone (20) and
O'acetylarthr'osporone (27) reveals that the H-3 proton moves upfield when the c-8
hydroxyl group 1s acetylated. This unusual shielding (46 = 0.22 ppm) in monoacetate 27 1s
explained if the H-3 methine and C-8 functional group are proximate to one another .
Examination of molecular models reveals that they are close to one another in space (a

conformational drawing of 27 1s shown below).

CH
HO 3 O‘e\rb

Results of the 'H NMR solvent shift studies with arthrosporone and B-O-acetyi-
arfhrosporone are presented in Ta_bles 7 énd_ 8 and lend support to the sterebchemical '
~assignment. Tabte 7 shows that in 20 H-3 is deshieided A =-0.35 ppm) when the M NMR
spectrum recorded in pyridine is compared with that recorded in CDC!,. The C-2 methyll
group (H-14) shows moderaté aesﬁieldiné A= -.0. 10 ppm) while the §r3 methy! group .
H-15) is not shiftéd. Similar solvent shifts are observed for 8-éceto>§yarthrosporone
(Table 8). | B
| " The negligible anisotropy expetienced by the C-3 f meth"yI' (Tables 7 and 8) may be
' _exp1ained by the‘falct tﬂat ring C assumes an énveiopeconformaﬁorx .wi;h C-3 at the flap
(Figﬁre 6). o | | 4'

o

< B



Table 7. 'H NMR Spectral Data fof Arthrosporone (400 MHz)

5. muitphcity (J values in Hz)

H-1
H-3

H-12
H-13
H-14

H-15

cDCl,
2.56.
257
1.16.
1.08.
0.84
1.02.

dad (12, 8
brq (7}

s

s

a (7)

C,ON

277, dd (12, 89.5)

2.92.
1.24,
0.96.
0.94.
1.00

qd - (7,
s by
s

S

d (7)

by

-0.21
-0.35
-0.08
0.12
-0.10
0.02

Table 8. ‘H NMR Spectral Data ofAO-Acetylarthrosporone 27

“. 5, multiplicity (J value in Hz)

H-5a
~H~5b
H-7a
H-7b
H-12
" H-14
H-195

cDCl,
2.64,
222,
2.81,
2.24,
1.04]
0.88.
1.06,

dd (19,
bd (19)
d (16)

d

(16)

(7)

C.D.N
2.69,

2.44

3.10,

2.45,

1.01,

1.09,

1.11,

brd (19)
brd (19)
brd (16)
brd (16)
S

s

d (7)

-0.05

-0.22

-0.29
-0.21

0.03
-0.21
-0.05
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c-)-""

Figure\é%@ C viewed from the top. .

Attempted base-ca'ta'lyzed benzoylation?* of arthrosporone led to recovery of
arthrosporone (20) along with a small amount of a shghtly more polar compound 57 (TLC. .
acetone/ chioroform 3.7). Compound 57 was produced in larger quan_tit‘y by treatment of
arthrosporone with a catalytic amount of DMAP and a few drops of Et,N in refiuxing -
dichloromethane. An apparent equilibrium mixture of 20 and 57 in the ratio of 10:1 was
obtained after 24 h. The mixture was separated and the starting material resubjected to
the reactaon conditions. This procedure was repeated several times. in this way about 2°
mg of 87 was obtamed from 20 (6 mg}.

Compound 57 was found to be an isomer of arthrosporone (eplmenc at.C-3) and

thus is named isoarthrosporone‘ . lts spectroscopic data are eopsistent with structure 57 in
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which the C-3 methy! 1s 1n the a configuration

20 $7

Compound 57 1s a waxy sohd It pos‘sesses a molecular weight of 252 (C,,H,,0, as
evidenced by HRr’\AS The fragmentaudn pattern in its MS s identical with that of
arthrosporone (20: except for the fragment representing the base peak! The base beak In
20 appears at mz 125 (C.H,0,) while in 57 the base peak eppears atm/z B3(C,H.O) The
two fragments are pestulaged to have structures A and B. respectively. A may arise as
shown in Scheme X1 The flact that this may not be facile in the /S0 series may lead to the
fragmentatnon shown in Scheme Xl below. Both isomers 20 and 57 are optically active.
ArthrospOrone (20: has a specnfuc rotat:on of -140° while isoarthrosporone (57) has a
rota;:on of +38". The IR spectrum of 57 is similar to that of 20 (3435 ¢cmt (OH). 1728 em>
({C=0n Ope distinguishing difference between arthrosporone (20} and /soarthrosporone
(57) 1s shown in thesr 'H NMR'spectra Table 9 summarizes the ‘mamvdnfferences in chemical
shifts of compOunds 57'and 20. The C-1 and C-3 methm‘es the C-5 methyleneprotons and

the C 2 angular methyl (H- 14) show the greatest d:fferences in the 'H NIVIR spectra of

compounds 20 and 57



Scheme XI

Scheme
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Table 9. 'M NMR Spectral Data £Or Arthrosporone and /soarthrosporone

(CDC1,, 400 MHz)

52

& (mutuphcity,

J valuégs 1in Hz)

Arthrosporone / soarthrosporone

256 (dd. 12, 8) 2.10 (brt, 95)
H-3 257 trg. 7 2.29 (qd. 7. 4}5)
H-5a 269 (dd 198 1) 317 @ 20)
H-5b - 2.20 (d. 19.8) 2.46 (dd. 20 1.5
H-12 1.16. s’ 1.18. s
H-13 1.08 s 1.09. s
H-14 084 s 1.04, s
H-15 102 . 7) 1.00 @ 7)
Table 10. 'H NMR Spectral Data for Isoarthrosporone (400 MHz)

§. multiphcity (J values in Hz)
cocl, C.D,N A

H-1 2.10, brt (9.5) 2.44, brt (9) “0.34"
H-3 2.29, qd (7. 15 2.56, brq (7.2) -0.27
H-12 118, s 1.35, s -0,17
H-13 1.09, s 1.08. s 0.01
H-14 1.04 1.25. s -0.21
H-15 1.00 1.12, d. (7.2 -0.12

-~
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The a-orentation of the C-3 methy! (see Table 9) in 57 accounts for the shielding
of the C- 1 proton and the desh.eibmg of one of the C-5 protons and the C- 14 methyI:
gr\0up observed in the 'H NMR of 57 with respect to the '"H NMR of 20 The §-orented H- 3
methine 1s shifted upfiela dué to 1its proximity to the €-6 hydroxy! group Results of
'H NMR solvent shift studies with ssoarthrosporone are given in Table 10 The observed
pyridine nduced shifts (PIS) are consistent with the assigned stereochemistry at C-3 in
1soarthrasporone {57) These studies show the destueiding of H-3 (A =-0.27 ppm} the C-2
methyt (& = -0.21 ppmi and the C-3 methy! (A = -0.12) The deshieiding of the C-3 methy!
ts due 10 1ts spatial proximity to the C-8 hydroxy! group |

We hoped that the 'H NMR spectrum of arthrosporone diacelate 58 would provide
confirmation of the stereochemustry of the C-6 and C-8 hydroxy! grOu;:v-n arthro-
sporone Trans 1. 3-hydroxy! groups would be expected 1o induce a simultaneous acetoxy!
anisotropic shift on both {-7 methylene protons The 'H NMR spectrum of 58 is shown in
Table 11 One of tr;e C-7 protons s strongly destieided retative 10 arthrosporone
monéacetate {27) the other 1s shghtly stuelded. The origin of the ;hue-lding effect on the
C-7 protons s Not Clea” and the measurements wer e not helpful in the confirmation of the
stereochemis;try;\

It has bef/j shown that arthrosporone (20) can be read-ly dehydrated to

anhydroérthrosporone (21) under acid catalys:s Several attempts have been made to

b .
al

hydlﬂgyaghydroarthrosporone to produce compound 20 and the resu!ts are reported
beiow i )

We felt that epoxidation of 21 to give 59 followed by reductive opening of the e
epoxide '(Scheme Xilly was one possible approach to arthrosporone (20). It was expected
that epoxidation would p'rovude the thermodynamically rhoré stable c/s.anti,cis triquinane
Dissolving metal reduction should then g:ve arthrosporone {20). ‘

Attempted epoxidation of compound 21 using known procedures fo@

epoxidatior of other hirsutane sesuiterpenes?®’ was unsuccessful. However, in one case

*The effect of & cis methyl group on the chemical shift of an angular methyl
15 shown in compounds | and i’
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Table 11. 'H NMR Spectral Data for Monoacetoxyarthrosporone (27) and

Diacetoxyarthrospgorone (58)
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5 (CDCL). multipiicity (J in Hz2)

4
\ Compounds
T | 58

H-1 . 2.83, dd B85, 12) 2.86, dd 8, 12
H-5a | 2.64. dd (19, 1) '3.21, dd (19, 1)
HBb | 2.20, d (19) 2.29. 4 (19)
H-7a "~ 2.8a d (16 3.30, d (17)
Hb , 2.24. d ()61 S 218, 4 (17
H-14 | 0.88. s | 088 s
H-15 : 1.06. d (7). 105 d @)

S
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Scheme Xl

L=k,

OH OH
20

-

-

in which the reaction mixture was stirred at room temperature for one day. a mixture of
compounds was obtained. TLC.showed. the presence of‘ starting material 21 along with
several othrer compounds. Column chrogmatography of the reaction mixture led to the.
isolation of an unidentified compound C,H,,0, (for spectral details see Experimental) and 3

relatively non-polar crystalline material 60 (m.p. 115-117°C).

The molecular weighz of compound 60 was shown to be 250 (C, ,H,,0,) as
evidenced by Cl (268, 100%, M+ 18). The HRMS of 60 shows fraémeht ions at m/'z 207
(M- - CH,CO - H), m/z 204 (M- -~ CO - H,0). and fhé base peak at m/z 109 (C,H,0)..

' The IR spectrum displays é hydroxy! absorption (3484 cm-!), a carbony! absorption
" {1749 cm!, stronf) ;nd co ab;or;ﬁtion L::ands (1180, 1 142 antl 1036 cm-!}. Compound 60

possesses five sites of unsaturation, probably a five-membergd ring ketone, and at least

'one hydroxyl group.

— sl
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The ‘H NMR'spectnrum of 60 sh.0ws\a snen'es' of one-proton sngnals There 1s no
downfield signal indicative of vinylic or carbinyhic protons ** An A3 spin-system (8 2 78
240 J= fB Hz)1s mdicatnv- of geminal methyiene protbns onacarbonatoa C=0 group
T'he chemical shifts of the system are ciose to that observed in the 'H NMR of
arthrosporone. The protgn at b 24 iO ;A/as shown to have a long range coupling (*J = 2 Hz,

§
to one proton of another ‘AB spin system (J = 14 Hz) at & 2.3 1 (apparent doublet of

doublets) and 6 2.13 (broad doublet) The ' '_, der of the ‘H NMR spectrum dnsplays a

coupling pattern sum.lar to that observed n arthrosporone {20} and anhydroarthrosporone

(21) The distinctive feature in the 'H NMR spectrum of 60 s the absence of the methyl -
. ~

+

doublet and methine quartet (observed at C-3 of anhydroarthrosporone (21)), There are
' ¢

four methyi groups fall singlets of 8.1 18 1.15 1.14 and 1.06) Structure 60 is tentatwely
propose_’g for this comﬁoand. Molecular models show that the §-proton at C-5 and the

B-proton at C-7 have a W arrangement_accounting for the iong range coupling observed.

3
-

Scheme X1V suggests one‘possiblé mechanism tor its formation. It 1s interesting that the 'H NMR

T . spectrum of.60 does not show the long range coupling (J = 2 to 3 Hz) usually observed
between the C-8 and C-1 1 protons in the *H NMR spectrum of anhydroarthrosporone |- )

arthrosporone and thenr derwatwes .

Although anhydroarthrOSporone failed to undergo epoxndataon two naturally

RN - -

occurrmg hxrsutanes conolm 9. and hirsutic ac:d (12) whlch possess the 5[5 SB spoxide

-

are known In addmon " has been reported that ketodnene 61 15 transformed Jnto mono

apo’ude 62 o} hngh yoeld s -

Both tursutic ac:d (12) nnd compomd 61 possess ane cyéli_g ?nefhylene ‘g,roup at

o C—3 while in cornolm (9) thg C q, C 15 bond isa- onemad suc hat any steric congestnon

- ¢

. between the c- 2 methyl and the C 3 subsmuam ls kept toa mmumum

.

Anhydroarthrosporone possesses a hydroxyl group at C- B Exammanon nf molecular

T m’bdels of the arthrosporone ser:es shows that the C- 8 OH is in relatnvely c\ose proxnm:ty

/i‘".' - R

to any Iarge group re., methyl) whnch has an a-onenutuon atC-3. ln anhydroarthrosporone
the C 3 mothyl is ﬂ \‘[he p apoxnde denvatwe :f formad wnllf destablluzod by the two

ﬁ-methyl'groups at C°2 and C 3 On fﬁe other hahd Qoe a~epoxcde cannot be formed smce

-
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- Scheme XIV
- _
Crore
~,0,/0+
HO ‘ .

21

a thermodyﬁamncally less favorable cis,anti trans tnqumane will be formed. Tnus

‘ anhydroarthrosporone did not undergo a facile' epoxndatton Under forcung condvtions a

{ L w N e " R - -
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more complex reaction oczurred Inversion of configuration at C-3 ang formation of the

C-3 C-6 tour-membered ring ether took place -

Arthrosporol (22)
Arthrosporol 1s the third most abundant metabolite 1solated by chromatograpby of
the Arthrosporae broth extract Itis a very polar compound (R A 0 .39 (acetone/ benzene

3 2). 0.32 acetone /benzene 2 3. 2xdevelopment} which chars red after visualization with

reagent A

-

The IR spectrum of 22 displays a strong and broéd hydroxyl absorption (3‘376
cm 1) sharp and strong C-H stretch-ng bands (2951 and 2933 cm 1), and bands
characteristic of gerrrdlmethyl C H bending vibrations (as a doublet 1380 and 1372 cm

The compound has a molecular weight of 254 (C! m/z 272, 100%. M+NH, 254
57% M-} The HRMS of arth-ros'porol shows a peak atm/z 236 (C,H,,0, M- -H,Oland a
base peak atm/z 218 (C, H.,0 M- - ﬁH,O). The mass spectral results indicate that
arthrospor ol has the molecutar formula C, H,,0,. ’ A

The 'H NMR spectrum (F'gqre 7) of arthrosporol sh6w$ a downfield broton
(apparent doublet of triplets. J= 9 and 5 Hz) at & 3.94 coupled to protons in the 6
2.06-1.96 r'éQQoq (mun;let. 3 protons). deépuplmg experiments reveal several othe- .
one-proto;\ spin \systems represented by.lthe proton coupling pattérn shown in Schéme ,
X/V S:m.lar spin systems have been described for the prevmusly discussed metabohtes of
] Arthrosporae The spectrum also exhtbnts two D,0 exchangsable protons {6 1. 77 and |
1 64 both as broad smglets) hree methy! smglets 6.1.11.1.04 and 0.76) and a. methy!

‘ d?ublet (61.02. 4= 7Hz) coupled toa proton inthe 6 2. 06 1.96 region.

“The ¥C NMR of arthrospordr in CD,0D shows two ’

----- hecanctessnsee

" R 1S relstve Ry calculated using metabolite. 21 as 8 reference.
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fully substituted carbons bearing oxygen atoms at 591 0and 6§ 90,0 ¢ The peak a1 & 76 8
{d' indicates the presence of a methine carbon bearing an oxygen aton‘1 * The remainder of
the spectrum consists of 2 singlets 2 doublets 4 triplets and 4 quartets The C NMR
confirms the proposed formula C,.H,,0, (3 unsaturations) for arthrosporol The absence
of a sp’ hybridized carbon’” coupied with the presence of four methy,l' groups (4 quartets!
-and three carbons bearmg‘O)(yg‘en atoms led 1o the conciusion that arthrosporol s a-

tricyclo-undecanoid triol. Thus structure 22 was tentatively proposed as that of

t

arthrosporol
Scheme XV. 'H NMR Coupling Pattern of Arthrosporol (22) -

J=8Hz J= 2 +H2 J= 13 M2

H (624 -— e e g | ———e )
b 0 Hg (6154 H, (6} 70 He(b 1.86

J= 12 Hz J= 2z
']
J= 152
D e e
. Hc162 32 : Hdlé 222,
Hh(b 147,

The structural ass'gnmem for artﬁrosporol was conf:rrr‘\ed by chemvcal transformat'ons
When a solution of arthrosporol {221 in d-chloromethane was allowed to stir overmgm n

~ the presence of pyrldmaum chlorochromate (PCC).* a singie product 63 was formed m.p

139- 1‘4b'c laly -‘14‘5' «tncu ). m/2 caicd for C,:H,0; 252.1718, fouhd 252.1723 M),
Compound 63 was shown to be identical with arthrosporone {20) iy ol respects (T LC. IR.

- MS and 'H NMR) Thérefore. the structure of arthrosporol 1s that shown in 22.

i

"1t was assumed that the stereochemustry of the C-3 methyl group was, urfhanged

<

‘ durmg the oxidation of arthrosporol (22) to trthrosporone (20). To veniytms
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(

arthrosporone (20 was subjected to soduur_t'\ borohydr.dg reduction in methano! at room
temperatire for 1 h * Two diastereomernic triols 64 and 65 were obtaned The major trio!
64 which was the most polar triol. showed the same Rf and simular charring |
characteristics on TLC as arthrosporo! Separation of the triols and analysis of the
spectroscopic properties of trio! 64 led to the conclusion that this synthetic triol was
identical in all aspects with naturally-occurring arthrosporo! (22, Therefore the .
‘st"eneochemns‘try of the C-3 methyi of arthrosporol is the same as that of arthrosporone
20! : J

The stereochémustry of the hydroxy! group at C-4 was assigned as a on the basis

2
of the evidence which foliows There exists a striking similarity in both the TLC behavior

and the 'H NMR%;ectra of arthrosborol {22) acetoxyalcohol 48 and diol 52. All three
.alcohols‘dnsplay the same colour reaction on TLC when sprayed with 1% vamihin in sulfuric
”\ acid reagent A) and heated Th‘e chemical shifts arid the spin systems of the. C-4 carbmnyi
proton in the 'H NMR of 22, 48 and 52 are similar (Table 12). |
Since the stereochermustry in acetox yqlcohol 48 and diol 52 has alreacty been
’ established as a. the steré;chemsétr\y ot the C-4 hydroiyl group In arthrosporol (22! can
be deduced tobea. . N
| To verify the stereochemistry ass'g'nrttent atC-4 in arthroépord? Sn analysls :w‘as .
| made 6f the. acetoxy! induced anisotropic shitts of protons vicinal tothe hydroiyl groups
in arthrosporo! and its tﬁoryo-. d- and tr:v:{:;tyil derivatives. The rfhonoac;etyl, chacetyl. and
triacetyl derivatives of arthrosporol were ﬁrepared select:vely as followé
Arthrosporo! monoacetate 466) was prepared by treatment of arthrosporol (22)
wath acetnc anhydride in pyndme for 24 hor by treatment of 22 with acetic anhydnde a -
catalytic amount of DMAP. and trnethylamme‘° for 3 hours. The Iatter ‘reactnon when
sliowed to proceed for.3 dayé géve a quaritntative yield of arthrosporol diacetate (67). .'
~Arthrosporol tnace(ate (68) was obtamed Quantctatavely when arthrosporol (22) was

allowed to stnr w:th .i catalytcc amount oT’ptoluenesulfomc ac-d in acetic anhydride*! for 3 -

L]

hours



Table 12. 'H NMR Spéctnl Data for Arthrosporo! (22) Acetoxyslcohol 48 snd

Diol 52
&, muttphcity {J/in Hz)
22 : ABV\, - ,
H-4 \ 35 3 8.6 3.89. 1d 9. 6 384 td (8 65
H-120 11 s 1.05 s 12 s
H13 - 1.03. s 105 s, 104, s
YRY 077 s 080 s 078 s
HS 102, d 7 Hu 103 d (7'H 100 0 (7 H

: 9‘H-12 to. H-15 repregent ‘the ‘methyl groups. ..

Each of acetates (66-68) 15 optically active. Monoacetate 66 is crystaliine and

éecomposes"?ti'JSO'C. The diacetate 67.1s 8 waxy sohd while the triacetste 67 IS 8 VISCOUS -
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ol Monoacetate 66 1s the most polar of the three derivatives of arthrosporol on TLC.
Structures 66, 67 and 68 were ass:gned to the arthrosporol mono-. di-, and triacetates,

respectively, on the basis of spectroscopic data (see Experimental Section).

22 R =R =R?=Harthrosporol)
66 R=Ac R =R*=H
67 R=R'=Ac R'=H

68 R=R'=R'=Ac

A characteristic feature appears in the IR (CHC!, cast) spectra (Table 13) of the
three derivatives of ar_throspor.ol' (22). Table 13 shows that arthrosporol triacetate 68
displays an ester carbonyt stretchmg frequenty at 1738 cm-*, characteristic of acetates .
(1735 cm- l) 62 The IR of arthrosporol. diacetate (67) dlsplays an ester carbony! absorption
at 1732 cm- wnth a shoulder at 171 8 cm-t.

'Afthros_porol monoacetate (66) on the other hand, #hoWs in its IR spectrum an
ester carbonyl ébsorption at 1715 cm! with ‘a. shoulder at 1732 vcm-l. wa'e carbonyl bands
at. 17.1 5and 171 8"crh“ are at unusually low frequehcy for an acetate carbonyl. Since
" compounds 66 and' 67 'possegs two and one ‘hydroxyl'g;oups r’esbectivély intramol‘ecular
or mtermotecular hydrogen bondmg between the carbonyl oxygen and the hydroxyl
hydrogen may account for the low frequency of the carbonyl absorptucn .

If mtramolecular H- bondung occeurs, then the C-4 hydroxyl group in diacetate 67
w'ould be expected to .;be ﬂ-onented, wheraas intermolecular rlydrogen bp_ndipg favors the

Lo
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Table 13. IR Spectral Data (CHCI, cast) for Arthrosporol Derivatives 66-68

Frequency = cm'

Function ’ Compounds

* 66 67 68
O-H - 3456 3512 -
c=0 1732« 1715 1732, 1718+ 1738

c-o° o 1260. 1020 1249, 1020 1249, 1225

1020

v

Table 14. IR Specfral Data for Arthrosporol Diacetate (67) in Carbon

Tetrachloride Solution

Frequencies crhV

¢

Function g Concentration

0.1 MM ' 0.05 MM 0025 MM
O-H . " 3615 T 3818 3616
c=0 1733 11734 1734

»Appears as a shoulder.
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a-orientation of the C-4 hydroxyl group. An expermment which allows distinction between
the two types of hydrogen bonding involves a study of the effects of dilution on the IR
spectrum of 67. The IR spectra of 67 were recorded in solution using carbon tetrachloride
as solvent. The resmts,. summarized n Table 14, show only one carbonyl absorption at
1734 cm!. The hydroxyl band sharpens and moves to a hugher frequehcy. Therefore. the
carbonyl absorption at 1718 cm * observed in the CHCI, cast IR spectrum of the diacetate
67 1s due to an intermplecularly hydrogen bonded acetate.*’ This is In agreement with the
tra:75 relationship between the C-4 and C-6 hydroxyl groups in ;rthrosporol. The low
frequency observed far the carbonyl of rr:onoacetate 66. much more pror?ounced than in
« the case of 67 1s probably due to an antfamoleCularly hydrogen-bonded acetate ** but
dilution studies were not performed due to solubility problems. This 1s consistent with an a
orientation of the C"4Ahydroxyl group in arthrosporol (22} lntér- and intramolecular
hydrogen bondmé may also explain the presence of shoulders observed in the carbonyl
absorptuo_n region in the film cast IR spectra of saturated acetoxyalcohols 47 and 48. The
'H NMR data (Table 15) of arthrosgorol and its acetate dernvatnves provide additional

\ e
evidence for the stereochemustry of the C-4 and C-6 hydroxyl groups. The acetoxyl

induced shi‘ft is ﬁ'el;;ful in locating protons ¢/s to the hydroxyl groups. The table shows that
when there is an zcetoxyt group at C-4 (e.g. 66, 67, 68) a strong desﬁieldmg of the C-3
proton. as well a‘s a‘ deshielding of one of the C-5 pr'oto.ns. is observed. A large downfield
shift of the C-4 proton is pxpected since the C-4 hydroxy! group is substitutéd with an ‘
acetoxyl group. ‘-I’h;e substitution of the C-8 hydroxy! group with an acetoxyl g‘rol:b (e.g. t
66, 67)results in a aownfteld shift of the C-1 (vfcina/ and c/s) methiné bne t;f the
methylene protons at C 7. and one at C-9, as waell as the C- 10a methyl protons {H-12). The
shielding of H-3 when an acetOxyI group is untroduced atC- 8 (66-’67) is not surprising. The
a-oriented H-3 is located close in space to the C-8 acetOxyI group and may be shlelded by -
the latter The shielding of the c-3 proton by the C-8 acetoxyl group has previously been
observed in *H NMR ofﬁ'acetoxyarthrosporone (27). The expect_ed deshielding of both
C-5 methylene protons is o;l:served when all three Ihydr,pxylic protons are subsiituted with

. -acetyl groupé. consistent wi_th the trans felationsﬁip betwesen the C-4 and C-6 hydroxyls.



Table 15

Derivatives (66-68).

IH NMR Spectral Data for Arthrosporol (22) snd the O-Acety!

400 MMz

65

Chem:cal‘ Stutts & ppm (CDCI, 400 Mmz)

H-7

H-S

H-12

H-15

CH,CO

22
2.40

207

2.22

; 1.86

1.11
0.78
1.02

g 232

66

2.22
1.90
1.71
1.12
079
0;99
2.05

N N - 8]
[e)] —
I B o lw

V]
N
O

l.

@

2.06. 2.03

2.00

']
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.-OH

47

The 'H NMR data for 68 shows a strong deshielding of only one of the C-7 protons. Since
the C-6 and C-8 acetoxyl groups are trans it was expected that both C-7 protons would -
be deshielded. The cause of the large downfield shift of only one of the C-7 protons is

. not clear. This unusual deshielding has also been observed in ‘*H NMR spectrum of

arthrosporone diacetate (58).
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Reduction ot arthr Osporone also produced a minor trio! 65 which shows the same
TLC behavior as that of compounds 47 and 55 obtained by reduction of /
anhyaroarthrosporone acetate (34, and anhydr oarthrosporone (21) respectively. The

minor to! which we name eprarthrosporo! was ass:gned structure 65 on the basis of

specltroscopic data

65 ‘ ' .

Table 16 compares the HRMS fragmentation of arthrosporol (64) and ep:-

arthrosporol (65 B
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Teble 16. HRMS for Triol 64 and 65
m/z Fragment Relative Intensity (%)
64 65
¥ 254 C, H,0, M absent 33
/
236 .M - HO 17.8 19.8
218 M- - 2MH,0 100.0 75
203 C,.H,,0 246 6.4
182 C.,H,0, . 327 100 O

Table 17. 'H NMR Spectral Data of Triols 64 and 65

6. multiphicity, (J in Hz)

64 _ 65
H-1 2.38. brdd (13. 8) 231, td {11, 1.5)
H-éﬂ 7\/‘ 201, m 2.07 qd (7:2, 5)
Ho2 sogecfis 3.95 td @® 6 414, td (5 2
H-sg:_;{ 2.02 m S | 251dd (14,1, 5)
H-5b ° ~ 1.85. dd (14.1, 1.8)
H-i4 0.77\, s 092, s |
H-15 1.03, d (7 1,00, d (7.2)

oot .
s " A
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The striking difference between the 'wo spectra s t‘he absence of a molecuiar on
1N the HRMIS o4 triol 64 and the fact that the base pe,ék N 64 corresponds to C.,H,.0 whie
the base peak in 65 - C, .+ ,0,

A comparison of the 'H NMR spectra of e triols (Table i?) Feveals i'str-knr;g
ditference in the chemical shitt and Coupiing constants of the C-4 carbiny! protons (H-4) as

A
well as in the chemical shift of the angular methy! groups’ The chemica! shifts of the H-4
methine are similar 1o the values reported for the C-3 endo aqqyexo-carbmyl protons in the

’

"HNMR spectra of bicyclol3 3 Ojoctan-3-ols 69 ang 70 *

H5 3.93
TOH

EndoH-3 imiNor triols: £ xo-H-3 fmajor triols:

‘!‘ >

69 | 70

The Chém.cal s_hnft and couptng constants of H-4 in the ‘H NMR spectrum of triol

-
65 are smuar to the chemical shifts and coupling constants observed in thé ’H. NMR
spectra of alcohols 47 and 55. In each of 47 and 55. the C-4 proton appears as a;w
apparent triplet of doublets 47 6 4.31, J= 6 and 2.5 Hz). The coupling constants U =
6 or 5Hz. Juan = 310 2 Hz)** observed for the H-4 in mnnor alcohols 47 55 and 65 are
consistent wnth the.stereochemustry P'OPOSB»C’ for the c-a hydroxyl group (anure 8)'

| Consequently the coupling constants Observed for the H-4 in'IH NMR- sppctn of .major

aicohols 48, 52, 64, and srthrosporol (22) are irans = B 0.9 Hzand ) =6 HE Figure s

’
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o .hydrogen bond more_ strongly to the sulrcage% matnx I A :
a f‘._' o . A thurd alcoho! wo; formed when lmpure arthrosporone (20) was allowed to stir .- |
SR Bpe § u ,wuth soduum borohydnde m rﬁ'bfhanol at rqom tomporature. Thns new compound {m, p
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% Thé molecutar forrqula of 71 was esubhshed as C, ,H,.O, on the basus of a M - 18

™
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Figure 10

. - . T . o . %“ . e
- e . ‘ ' ‘ . .
spectrum of 71 shows no carbonyl absorpt-on but does show hydroxyl absorption at

) . . e

3300cm‘. ) . : SERUPTEE o : g
. The '"H NMR spectrum of 71.s s.mular to the ‘H NMR spectrum of arthrosporol
except fOr the rhermca! shifts of the C-1, C-3 and -5 protons (Table 18; The methine

}prbton at C-4 i+ 4) in /saarthrosporol appears as an apparent broad tnpiet (J 6 5 Hz) at 6

~

_,4 14 whrle H-4 proton m arthrosporol appears as an apparent trlplet of doublets J= 9 p “,'

"and 6 Hz) at 5 3.94. The couphng constant J = 6.5 Hz for H 4 proton n /soarthrosporol . f
»

‘ (71 15 con /zstent wuth the stereochem»cal assognment for the C 3 methyl and C-4 hydroxyl b

-

o groups (Flgure ‘IO)

ey L
s

e
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Conclusive evidence that /soarthrosporo! has structure 71 was provided.by its

N

-successful conversion to 1soarthrosporone {57).
7 Dehydroarthrosporodione (23) »
A tourth compound. which has been assigned structure 23 on the basis of

spectroscopic data. was isolated from the Arthrosporaée broth extract. '

-t

‘ ’ 5 o . ‘ . _. ) -

Compound 23 chars dark purple on TLC us:ng the reagent A vasuahzatuon techmque .
Y o

L ‘Compound 23 is an optically active oil al, = -80.1° CHC!,) The HAMS of 23 displays a

-~

’ .‘I'-_molecmar non at m/z 248 M-, Cl,H,,O,) whnch ns confnrmed by CI (m/z 266 M‘ +1 8) Thus

. . compound 23 has snx sutes of unsaturatnon The\base peak at m/ z 233 ln the HRMS
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Table 18 'H NMR Spectral Data for Arthrosporol (22) and isoarthrosporol

(71}

g

T muttiphcity (J in Hz

m

22 71
H- 1 238 brdd (13 8 2.90. dad (13 7.5 15,
: W3 2.00 m 186 m
2 50w oee 416 brt (65 LT

500 m 2.47 brd (16

P 227 brdd (16 6.5,
H-14 077 s ' 089 s ,

H-15 . 1.02-d (7) ‘108 d 7

The IR spectrum of 23 Exhlb!ts a sgrongaod broad hydroxy! absorptnon (3450 cm i

and strong, carbonyl bands at 1738 and T?OQ cm ! along with a C c d0uble bond

2w
.

' absorpnon ax 1637 emi o S ' B ‘ _:_i;ﬁf,,:}?'

‘ Thguv spectrum of the compownd ;hows ab;orptnOn at >\ 242 nm suggestlve‘»
S ‘of the presence of chromophores A pr B¢ No shnft n absorptnon was observed when

. the spectrum of 23 was determmed un the presence of acvd and base h0wever an

N

-

i mcrease In the mtensny of the band (hyperchromnc shift) occurred Thus md'cates that the

hydrox yi group observed n the IR and HRMS 1S not part of the chromophore present n the »

ol e "
P ‘ : - o i

..molec:ule of 23 o e o V. ‘
The ne NMR SPBCtrum of 23 exhubuts f0ur smglet sp’-hybr-duzed carbon ttoms at b
= S -2 18’8 205 8 185 0 and 145 0 whnch mdncate me presence of 8 Cyclopenunoneu and AR '.’

: ,an a ﬂ-’unsaturated bacyclooctane 5ystem C .. Tﬁe peak zt 75 1 (doublet) m%)G—NMR
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X max (calcd.) = 239 nm Amax (calcd.) = 241 nm
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The 'H NMR spectrum of 23 (Figure 11) sh.éws a low field methine proton (H-9) at &
4".‘5 fbroad dd, J = 6.7 and 2.2 Hz) ndicating the presence of an allylic carbinyl proton **
Oﬁ addition of D,0 a signal at & 1 871(d. J=6 7Hz) disappears and the allyhc methine (6
4.5 1)b}oﬂapses to a broad singlet. Decguplmg‘ experiments (Schemé Xl show the coupling

_ partners of the allyhc methine. The ‘H NMR spectrum confirms the presence of four

rhethyl grdups. Three methy1=smglets resonate at & 1.19 1. 18 and 1.09. A methyl doublet
(6 1 17)1s coupled to a methine (82.48. q.J = 7 Hz), which has a four bond couphng wm}
a one-proton multiplet (8 2.39). |

W -

- Ttus couphing pattern is analogous to the couphng pattern observed for ring C in . 7‘
( . 7‘:: 4
“the 'H NMR spectrum of saturated ketone 51 and allows the assignment of those s:gnals to .

rn . " . .
g}c | | .

. Evndence for the structural ass:gnment of dehydroarthrosporodnone (23) was

Sy . -

prowded by spectral propertnes of |ts 0 acetyi and trlkatone denvatnves 72 and 73 o @ '

RPN ‘ Acetvlatnon of compound 23 (Ac,O PY“d'”e) gave dlketdacetate 72 (m/z calcd for “"'-; ’

(RS - CitHnOy; 290 1512 found 290 1624, 18,

1740 1232 cmr ‘) Oxndatton of 23 (PCC /
" CH CI,) ytelded tnketone‘73 (m/z call . for C,,H,.O, 246 1251 found 246 125'1” lR no :
&~ i T



Scheme XVI.

'‘H

7€

NMR Pattern for Dehydroarthrosporodione (23) {400 T MHz)

-

J=7Hz2

H-9(8495)) » 5 1.810H - ¢

-~/ \

J=2Hz N

=22Hz

g J= 17 Hz ’

H-7b (8 2.21) == — H-7a(5 283

N

J=4 Hz !

H-52 (5 2.60) . - - H6(52.93)

- B
4o
4.
.
»
.

/J=19Hz. /J s z‘ .
\ j :.- T e

o J=2Hz. . ‘
\' H- 5b (5 2. 39) o H3185248

o
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OH. 1696. 1616 cm 1). 4

The ‘H NMR spectrum of O-acetyidehydroarthrosporodione (72) was compared
with the ‘H NMR spectrum of-dehydroarthrosporodione (23) The ‘H NMR spectrum of 72
displays a downfield shuft (6 4 51 lr§3 =6 5.63 1N 72) as expected for the carbiny! proton'

H-8. which appears as an aoparem plet (J = 2.5 Hz). The C-3 methy! undergoes an
s

upfield shift (6 1.16 n 23+ 8 1 .08'in 72). imptying that the secondary methy! group hes on
the same side of the molecule as the acetoxy! group at C-9. Examination of molecular

models shows thﬁ the methy! group at C-3 should possess an a configuration in order that

8

1t be in the anisotropic field of the C-Oa acetoxyl group.
-Further evidence for the structure of 23 is provided by the 'H NMR Spectrum (see

’ Experimental} of 73. The 'H NMR spectrum of 73 shows no carbinyl proton reson%‘\ce and

the long-range coupting of the C-7 methyiene protons 1s not observed.
. ) ‘l’he spectral propertses of the dervatives of dehydroarthrosporodnone
compounds 72 and 73, ,provude support for the a55|gned substututnq\\/;)attarn inring A mn 23

and the a-confnguranon of the C-3 methy! group. “Lack of mat_erual precluded further

experiments with this rrwetabolnte

Ny . j" CompOund Separapon of the maxture gave compodnd 24, isolated as a wh:te solrd m.p.: i
. ," ¢ . ' '\$ o | |
‘50 C with decomms't'om U aete 4 ~

~ . .

:
L3

Crude dehydroarthrosporoduone (23) 15 usually contammated with a non UV active .

S

-
’

Conapound 24is optucally actuvj lm]D = -60 9) and its molecualr we:ght is 296 as

evndenrced by Cl (m/ 2 314, M+ NH,*) he HRMS dasptays a jow mtensnty’peak at m/ z 278

T (M - H,0). The base peak appears,at m/z 218 M: - FIOAc -H,0) whnle a dnagnosnc peak

o due to 2 loss of acetlc acud and two molecules of water appears.at m/ 2.200. This

‘ mformatnon suggested the molecular fbrmula C,,H,,O. and four sites of unsaturatnon for

1e

-

'_;thns Fnolecule

The IR spectrum of the compwnd shows strong hydrOxyl absorptnon (3540 cm S \\

;_:.(sharp) 3440 cm ! (broad)) %d strong bands (1720 1261 cm-) mdncatmg the presenre of S
; an’ acetoxylgroup mth;,molecule e S :

A

- A e %



The 'H NMR spectrum of 24 (Figure 12) shows a downfield proton (6 4 .84
: .3 : . o
apparent dt. J = 4 and 9 Hz). coupled to a mgthine proton (6 2.2 1, J = 9 Hz) and methylene
~ y L = * :\ = ' y
protons (6 2.13. 1.90. Jgem 14Hz J_  =4Hz dirans 9 Hz). The methine proton at‘é

2.21 15 coupled to a methy! group at 6 0.96 (J = 7 Hz). A methyl singlet appears at 4 2.03

o ‘ These data indicate that the partial structure XIX 1s present in the molecule.
: R .
. . ’
* \
t62.21
. H )
. 18 0.96)H,C @]

H {6 2.13 . OAC
N ( ¥ [} 190 A N
. NH (8 4. 84)
OCOCH,
(6 2.03 3
* «
, » Au
w XIX : 24 = 66
'3 5 @ “

The H NMR spe’ctrum atso indicates the presence of an :solated AB sp:n system (6

2. 27 2:23, "A 8= 14 Haz), three methy! smglets (6 1 09. 1 04 and 0. 78) and a couphng
. \ %
- pattern (Scheme XVII) srmnlar to that previously observed in the H NMR spec:tr‘fl -

K arthrosporone anhydroarthrosporol and arthrosporol (20 22). | ‘,ﬁ'\
From these data zt was. concluded that compound 24 has the structure shown

" below. Compound 24 is thus 4 0~acetylar}g1resporol The spéctroscopnc data of 24 are

. . e
\ L.



" (HRMS m/z 262‘, 100%. M) were determmed from the mass spectra of 25. A ‘fragment

iR

79

\

During the course of this work a smail amount of athirg UV active compound

A rax 228 nm « 19400 was 1solated . This compound was tentatively assigned struCture
- - 0

"25 on the bas:s of the following evidence
v [ N

) L4 .
Scheme XVIi: 'H Coupling Pattern in 4-O-Acetylarthrosporol (24)
- %’

o
e J=8Hz J=25H:z »
T OH-1(6241) H-11b (6 1.5 1) ~— H-8a(51.73)
o ,J=1<Hz JEI2Hz 5 J=138Hz
N/ |
: H-11a (8 1.60) H-9b (6 1.91)

o

Compound 25 has a spec:hc rotation'of *§8 9 (CHCI ). lts IR spectrum drspiays a

.

¢

hydrOxyl abSOrpt-on at 3456 em \Qoadﬂ and stronq absorptron ‘bands (1742 1704 and
1629. cm: 1) characterustcc of a Cyclopentanone and ana, 8- unsaturated Cyclopentenone
The moleCUlar wengm of 262 (Ct'm/z 280 100%. M+NH, ) and molecular formula C,H,,0,

L}

ton if Hw/z‘ 234 (M- ~ COl observed in the HRMS 15 'con.srstent with the presence of 2

-

' ketone carbony! _ o . S L o 4'
The H NMR spectrum (CDCI + D O (1 drop)) of compOund 25 (anure 13) sh0w
the presence of three methyl smglets (6 1 25 and 6-1. 15 (ZxQH,)) anda vmyl proton (6

5. 90 (d J= 2 Hz)) A one proton smglm ath 3. 92 s cons'stant w:th olther an epoxide

..

methme"’ ora secondary carbmyl proton The remainder of ‘the: iH NMR spocxrum consust;‘

" of wenfesolved spnn Systems (Scheme XVih betwean 54, 29 and 6 2 76 The Iowfleld

chermcal shnft of these protons mducnas that they are onther illyhc or gem/ml to an -

'

LI

<

it P



N a
of another ABX spin system between the protons at & 4 30 3 .98 and 2.84 (Scheme

80

Oxygen 31om

)

This coupling pattern shows that the vinyhic proton (6 5 9) s allyhically coupied to a "\
methylene proton (& 2 76i which s further coupled 1o two other proténs (83 3373 07, '

forming the AB par of an ABX spin system Decoupling experiments show the presence

F 4

XVH
The data presented tor compound 25 to this pomnt s consistent with either ¢

structure 74 or structure 75

74

3
14

When the '+ NMR spect'rum'of 25 was obtained in CDCI, (Figure 14) two doublet protons_ - -

- 6 3. 92 and 2. 63 J = 10. 5 Hz) were observed Upon addmon of D O the sugn.al at 6 2.63

d:sappeared and the proton at 6 3. 92 collapsed toa Ssngtet Thus these sngnals indicate the

L

' . presence o’T a secondary alcohol and structure 75 may be eliminated from consaderat;on

Further evudence ki or. the tenmnve structural ass-gnmem 1S based on the spectral '

propert»es of the O-acetyl derwauve of compomd 25.

Anempted acetylatnon of. 2,5 with acetnc lnhydrude and pyhdme fanled However

[l ~

acotglmon of 25 wnh acetic anhydnde in tnothylammrm the pfuonce of
N e R L Ta el a3 S

7



" Scheme XVHI: 'H NMR Coupling Pattern of the Tetracyclic Ether 25
(CDCI -D,0) :

e X *

‘) e X L | -

i3y
BN
AL

L)
N
. )
e . e J=9H:z .
. H7b(6307)"_—'-—0H8(63331 )
2 ¥ J=15"5Hz J= 9 H;z B
\c. s R .
A

H-5 (8 % 90 -— H-7a (6 2.76)

. J=96Hz

e " H15a3(5 4.30) «——— H-3(5 2 84 ’

N -/

J=9.6MHz J=3Hz

SRR LTS K-

) ., ‘ v L - ~»
4- d-methylammopﬁ’ dine (DMAP) gave a complex mixture from which a UV active acetate -

76 was nsolated (1744, 1233 cm-! (OAc)) : : ' - P . !
- ' > )
The IH NMR spectrum of acetate 76 shows the expected downf;eld shift (6 3. 92 -

B

85. 09 (sr) for the carbmyl protbn at C 11. Two methyt groups in the lH NMR | spectrum o.f

the acetate expeneqce an an-sdtropnc shuft due to the acetoxyl group ‘atC-11 (5 1.22, L N

- AR
1. 15 + 8 1.32, 1.27) and were assigned to the gem/na/ methyl groups at C-IO The & .

niethine at C 8 expenences a substantnal amsotropnc shnft B8=0. 17 ppm) as do the

.

’ methylene protcns at C- 15: These obser\.l‘atuons are consistent with structure 25.

’ s

) i C . R
»4»;‘-32“:,”' L o

il
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~y

Further evidence for the configuration of the C-11 hydroxy! group 1s provided by

comparison with the chemical shifts of the carbinyl proton (H- 11} 1n the *H NMR spectra of

triQuinanes 777 and 787 (Table 19)

<

The lower fleld shift observed for the carbmyl proton in 25 1s explamed by
deshleldmg caused by the C-8 carbony! group. -
Slnce only very small ampunts of compound 25 were obtained. no further

experiments were possible with this comp0und.
¢

Isocyclohumuladiol (26) .,
' impure ‘fractions of arthrosporon'e are often contaminated with small a'ndont of"a
2 compound, the TLC béhavror of which aroused our curiosity. Arthrosporone {20 charred
gre‘en on TLC whnle the unknown compound 26, charred dark biye’ when they :vere! |
sub;ected to the reagent B chamng techmque Arthrosporone appeared less polar than the

unknown compound wherf the TLC: was runin a solvent system contammg acetone as the

} most polar solvent On the othQr hand compound 26 appeared less polar than arthrosporol

) when the TLC was developed ina solvent systern contalnmg methanol &s the most polar

’ ’ »

A —— e T o e e B A Gihien S N
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T.bd‘ 19 Chemica! Shitt for H-11 In 25 77. snd 78
L - :
i n ppm

25 : 77 . : 78

H-11 392 o~ 361 s 379 RN =
P '{3‘
%ﬁ"l v f

component
.. The Cdﬂ*\pqund was tsolated as a white pov;der%‘f}er several Chrorlnat,ographnc ‘

purifications o.n sihca gel usmng chioroform 'methano! 98 4 then Acetonitriie

dichtoromethang 1 3 gs solvent systems T‘r?e;u.nkn‘own compound s méderarely soluble |

1y
n oqethyf.e!her chioreform ang methano! and has 2 specific rotatton of +17.5° MeOH

Anempted recrystalhzatnon ot 26 g :sop opyl ether/chloroform) produced a powdery
& i o

mateniai mp = 155 C
Tne m0leCUIar weugm of 26 was determmed by, HRMS 10 be 238 (C,.H,.O M- 7 4 .
addmo" 10 the base peak atmz 93 (C £y} the HRMS d'splayed duagnosnc peaks atm 2

1220 (M- = H,0 and 202 (M- = 2H,0 mducatlve of the’ presenee of two hydrox-yl groups n -

the molec:ule The formula C. H,‘O requres three s-tes of unsaturatnon '

The R spe"trum of 26 dn;p!ays a strong and broad hydr0xy| absorptnon (3300

cmi) in addmon 2 dcmblet (1382 and 1366 cm) suggests the presence of a |

L3 »

gem-dumethyl gro‘up _ ’_ .

v.

Chem:cal transformanons of 26 prov:des support for the f)umber and the nature of

the hydrox yl grouptSJ in the mOIeCuIe Acerylauon of 26 (Ac,OMndune) produces a.

monoacety! derwatNe 79 (m/zcalcd for C,.H,.O, 280*38 found 280 2043 R *

[

3440 1731 1243 tm . o NMR 6 2 06 fs..3H) ‘Oxndat-on of 26 (PCC Crt CHg‘ave !

"ketoalcohol 80.(m/2 236 (C,,H,.O M IR 3427 Ibroadh 1690 cmi. lc)D" 17 (CHCI I

These resufts mdtca!e that compound 26 'S 8 d-oi wnh 2 ne 3 hvdma(yl groups ;

LI 'L . v . N
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The °C NMR spectrum of compound-26 shows two carbons bearing oxygen atoms

-

(6 74 5(d) 73 6 (s consistent with the 2" and 3" nature of the hydroxy! groups in the
b [}

moleou1e Ew!hérmore“ the ’C NMIR SpeCtrum dxspiays four methy! carbons (quartets;
four methylene car‘b‘ons itriplets) three methine carbons (doublets) gnd two qQuaterna’y
‘ carbons‘ (s-hgléts) The most distinctive feature in the *C NMR spectrum of 26.s the
presence of a h-gh-fueld singiet (8 20°0) and tripiet (6 18.9). The ”C NMR spectrum
conf:rms the molecala' formula of 26 as C,H,. 0, by co;15|derat-on of the muttiphcity of
the hydrogen- bound carbon atoms The absence of sp’ carbon atoms (there are'no pe’aks
,n the & 120-200 ppm region the presence of four methyl groups and the three "
junsaturations in the molecule indicate that compound 26 1s a tricycioundecanod
3 The 'HNMR spectrum of the tricyclodio! (Figure 15;_) in C-DCI;-D,O {1 drop) shows
‘the presence of three h.rgh field orotons (6 0.69 048 0:21) which shift to higher fieia (&
O ag 0.23 -0 10 whenthe solvem 1s changed from chioroform to benzene, These
high- f.%ld protons are as&gned to a trisubstituted cyclopropane. *: The presence 0f a :
) Cyclopropane ring acc0ums for the high-field carbons™ observed in the »C NMR spectrum®
- of comoomd 26 The 'H NMR spectrum d:splays a carbmyl proton sgnai (6 3.24) which
srnfts to b 2. 9 1n €D, The spectrum also confnrm§ the pre.sence of four methy! groups N
. the molecule (&1 1.; 1.14 1.07. 1.04. all smgletS) i o SR
o Extens«ve spm-decou;hng,experuments {(Scheme Xlx; aliowed the determination of
the location and the multiphcity of the remaining, protons in the *H NMR soectfum of 26 -
. The carbmyl pro!on (6 3.24) appears as a do(ublet of doub%ets (J=11and 5 Hz\
| Decouphng expenments reveal the locatnon of only one of its wcma/ partners The:
chem-cal shuft of & 3.241s at relatnvely hrgh freid for 3 carbmyl proton thus the H- -8 proton | e
must be in close proxumny to the cyciopropy| rmg Th:s 5uggests that seqUence Ais
presentn the molecule. »
Chemica! shifts of the protor _.n the cyclopropane rng w‘ere' a‘s“s|gnod on the basts of the
couplmg constants ‘of their respectuve spin systems -H- 3!3 160.2 L appears asan apparem
mplet J Jgem = Jdiran s =5 Hz) whule H 3a appears as? doublot of doublets (Jg " S5Hz,
‘.’czs =8 Hz). The chermcm shifts and c0uplung consunts of compounds conummg pamal

1

—cm—
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Scheme” XIX: 'H NMR Coupling Pattern of Tricyclodiol 26 (400 MHz) :
+
J=11Hz ' J= 11 Hz :
H-10a(81.38) =~ - H-9(81.97) : - H-1 (6 1.12)
\ / D
. J=7Hz
J 11Hz\ 7 oo J= 10 Hz N
' J  =8Hz
cis
H-10b( 1.57) H2(6069) «— o H-3a1860.48)
' J\ =5Hz  J é{z
tréns . gem
H-36(60.21) .
\ \
L
=1 Hz

H-5(5324) =— e H-6'81.64)

J=pHz ‘ /’:11.‘12 :
(3H. m)

_ (51.80 - 1.87)

~a



8324 H

HO

. ~ ' .
structure A are well documented in the literature ** Spin decoupling experiments (Scheme -

XIX) show that H-1(6112) g&ears as an apparent triplet (J = 10 Hz). The J value is large
- enOugh 1o assume a trans relationship between the C-1 and c-8 protons *H-8 (6 1.97)1s

also c0uplea to, the C 10 methylenes(b 1.57.1.38 J =7 Hz Jrran =11 HzIwhich

~ havea 11 Hz gem/na/ couph(\g These data are cons«stem with the partial structure XX
| A\Examination o‘~f'the spectral properties of the derived ketoalcohol 80 gave further
lnformatnoﬁ about the structure of 26 The spectral data for ketoa.lcoh.ol 86 deucates the
presence of the partial structure XXII. The presence of a Cyclopropyl ketone 1S cohsvstenf
with the IR specrrum e O = 1688 cm l) "
" The 'HNMR spectrum of 80 shows signals which éan be attributed to H-2 (5 0.95'
i and the C-3 methwe'ne protons (8 1 ‘19 #. J=55 Hz) [ 0.52 (dd. J=8 and .5.5 Hz).
| H- 2 and H-30 are deshnelded with respect tcs*thenr chemucal skufts m the ‘H NMR spectrum
of diol 26 The ’H NMR schtrum of )xetoalcohol 80 also shows a dtshwldlng of one of the
" methyl singlets wh:ch appa|ars at & 1.38. This methyl is wcma/ to the C=0 or gem/na/ to a
-hydroxyl group (partual str cture XXIV or XXV). The C-6a proton (62.42) appurs asan ..

_apparent triplet of doublets (J= 13.5 and 4 Hz). H-7a {6 2.34) has sn identical spin systerm

)



xXXH

87



~

. /
/

7 88

-« as thatof H-6a H-60 (6 2 79) and H-76(4 1.93/have the same spin systems (triple qoubliét
(dod J= 13,555 1 and 3.5 Hz) The chemical stnf} assignments of the C-6 and C-7. ot

methylene tons are confirmed by spin decoﬁph%g e;perumems and sre consistent wxm

values reported for s»r:-nlar systems found in fhe Iterature. ™ Chém-cal smﬂ& for tt;e C;d

methy| group n cyclopropylketones analogous to XXIV are bet: end 7.15 and & 1.20

ppm ™ The "H NMR%pectrum of 80 d|sblay§ four methyt singlets atf & 1}36 1. 19, 1:06 and

0.96. Chemical shifts (& 1.36 and 1 19) account for the methy| smglets nC- 8 and C-A An |

partial structure XX VI Thus partial structure XXVii s present in the strqcture of dio! 26...

u"_., -y

. . XXVI- R=0 - g R
v o - xxv ‘R=<H - .
The ”C NMR spectruﬁw of the &nol displays only three quarternar'y carbons and
partal structure XXVII accounts for two of these. Since thare sre four methyl singlets in
“ the structure of the dnoi one of the quaternary carbons must bear two rne/thyl grOups
The gem dumethyl group cannot be geminal to the C-8 OH since an open cham will result -

and there are not suff |C|ent carbons left to form these rmgs hsertnon of me carbon bearing

2 methyl groups between C-1and C 10 and connéctmg C 8toC-9 gnvcs strpcture 26 for

o

the ciol. o T o .

.
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Table 20. '‘H NMR Spectra Data for Isbcyclohumuladioi (26)
. ) ’ 4"‘: ]
X & in ppm
L
I ) \_1 s
cocy . .  CON s
H-12 , 1.05 1.03 0.02
e M3 - 107 1.13 -0.06
H-14 ‘ 1.15 : 1.16 +0.01
H-15 1.14 : 1.28 -0.14
) ' F
. 2 .
: . OH
i |
‘ . - Q. 4
. H
. HO-- H
N ' “H ‘.
L] ' O
a \
X \
26
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The stereochemstfy at C-1. C-2 and £-9 was deducedtrom the couéhng‘

k]

constants of H- 1 H-2 and H-9 The relative stereochemistry at C-4 Was assigned on the

basis of the fo"o&vmg-obser'yat-ons The 'HNMR of 26 in pyridine shows 8 pyridine
induced shxh for on!y one methyl group (Table 20)

¢

The C 8 methy! group e{tpernences ) strong deshueldmg in the *H NMR spectrum ot

-

ketoalcohol_ 80 b= Q.24 ppm) relative 1o the 'H NMR spectrum of diol 26 The protons at

+ C-1 C-2. artd C-3 atso expenence significant deshielding by the ketone indicating that they

7. : ! 3 .
are ngar the carbonyi group. -
The trans stereochemistry between the methy! at C-4 and the hydroxyl group at

H
1

" 4C-51s supportéd by the fact that the methy! group does not undergo an acetoxy!

' atusotropic shiftin the IH NMR gpectrum of the acetoxyaicoho! 79

- e , £
\ ~of . !
e OAC . ' . 3 ’
) . : o
,1 f / ’I
HO--4 H H ..
O , ! N HO-- ':‘ H .
. \‘H st ! . \H
' 3, ’ ' ) - ..
\ . .\‘
. =

S L

Fu
\ H
-

A search of the lnerature reveals that the epcmonc alcohols 26 and 81 asre known
) ¢ v
B )

compomds Compound 81, named tncyclohumulad" ol has been ‘reported as,a constituent

Do

of hop onl'° and has also been propared by cychzatnon of humulm t82)" n Compound 26

was prapared by sodium borohydr-de reduction of the lsOtone (BO) obtamed by oxcdat-on

‘ Of81.



¥x

- ' 9 '

Tricyclohumuladio! (B81) has a me!ting point of 205;207'C and thatisolated from,
hop ol 1s reporied as having la}D = 0" The compounds prepared from humuiene are
r\ecessar»ly racem;i: The melt.ng point of our compound (26115 155°C and 1t-is
dextrorotatory. The melung' pomnt of racermic 26 1s reported as 106°C. The spectral data
grven in the Iiterature ts very incomplete *** For example tr;é sphtung of the carbiny!
‘proton in 81 1S, énven as 18 and 22 Hz {obviously incorrect) and the chemnqa! shift is not
reported. The shift of the H-5 proton in 81 1s recorded at § 2.98 (multiplet) in one paper *°
and- at bv 3.;0 in the other. The ketoric carbonyl absorption of 80 i1s reported as 1670 cm !
in one papgr,1685 (16901 cm ! in others. The only information recorded for 26 1s the .
melting pont and th/e splitting of the C-5 cirbmyl p;oton {triptet J = 8 Hz). Because of

these discrepancies and the fact that we had insuf ficient material for further studies. we

are anemptmg‘ to obtain authentic samples of 26 and 81. Our structural assignment must
A

-3
remain uncertan until direct comparisons are made® -
S ;
A e
" s

i [
N :
N §

8 ‘ B 82

f i

meecrenecrcccene caae . /

»Comparison with an‘authentic sample of racemic BT shows ‘that the metabolite 26 is in

fact one enantiomer of compound 81. _
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' heating them on a hot platé. ' e 4 ‘ i /

.

LI EXPERIMENTAL
Dnstnlied water used to prepare growth media was redistilied using an all glass distiliation
apparatus D CO bacto’ potato dextrose broth (PDB) or potato dextrose sgar (PDA) and
yeast extra utihized fofgmwth media. New Brunswick Sc:ermf:c MF 214
microf erm and magnaferm laboratory ten-liter farmemogs were used for iarge
fermentation. Stm culture fermenthtion was performed using 2.5-liter Fernbach flagks
Cehte 545 (American Chemicals Limited) was used as a filter aid. Reagent grade sotvents
were distilled prior to use. Skellysolve B refers to‘Skeily Ol! éompany light petroleum
b.p. 62-70°C. Analytical grade diethyl ether (ACS 288) from freshly open‘eacans was
used Qithom further puriflcation.‘Column chromatography \:vas carried out using Brunkrﬁan

Instrument silica gei 60 (minus 0.080 mm/ 200 mesh). E. Merck silica gel 60 (0.040 -

~ 0.063 mm/230-400mesh) was used for flash column chromatography. A;walytncal thin

Ia'y’e‘F c‘f‘wromatogr‘a'bhy was carried out on home-+made plates prepared using thin layer -
smca gel G (Tefochem) contanmng 1% of-Retma P-1 electronic phosphor (General Eiectric).
“or pn aluminum foil supported’smca gel 60 (E Merck, 0.25 mm, F‘,,.a plates. The
chromatograms were examined under ultravnolet light (A = 254 nm or A = 350 nm). The
'developed plates were vasu;hzed by spraying with aqueous 20% sulfunc acid: contammg
1% vanlllln (r?agem A), or dipping in 5% phosphomolybdlc acid in AQerus 5% sulfuric acid |

containing a trace of ceruc.sulfate (reagent B). The stained plates were charred by slowly

NN

£
Mélting points were taken on a Fisher- JJohns melting point apparatus and are

: . 7 v
uncorrected. Fourier transform infrared (FTIR) spectra were obtained on'a Nicolet 7199

F.T. interferometer. Ultraviotef (UV) spectra were recordad on a UNICAM SP. 1700

" Uitraviolet spectrophotometer, of on a Hewlett-Packard HPB450A Diode Ar‘f'a,y,

spectrometer coupled to a 7470A plotter. Optical rotations (OR) were determur\'ed dnfﬁ

Perkm-Elmer model 141 automat:c polsrimeter. Hngh resolut-on electron wnpact mass

spectra (HREIMS) were recorded o an AEl MS 50 mass spectromater ccmpled to a dsta

- processing DS-50 computer system. Chemncal uomzatuon mass spoctra (CIMS) and low

resolution‘electron lmpact mass spectrs. (LREIMS) were datormmed on an AEI Ms-4 mass
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spectrometer coupled to 8 DS-8 computer System.' Data are reported as m/ z {relative

intensity). High freld proton nuclear magnetic resonance ('H NMR) and carbon nuclear

magnetic resonance {°C NMRl spectra were recorded on a Brucker WH-400

spectrometer coupled to an Aspect 2000 computer system. Chemical shifts expressed n’

. & units are reported in parts par mitlion (ppm) downfield from tetramethylsilane (TMS), the

internaldstendard. Coupling constants. J, are expressed in cycles per second (Hertz. Hz) and the
N » X

following abbrevigtions are used m = multiplet. s = singlet. d = doublet. t = triplet. g =

quartet. br = broad.

Growth of the Fungus

Y

An Arthrosporae fungus, drscovered by Tsuneda and Hiratsuka' has been
deposrted at the Unwersity of Alberta Mold Herbarium under the accession number UAMH

4262« The fungus. believed to be a haploid Basidiomycetes. has not yet been fully
- ! .

<
»

identif'red

The quu»d growth mednum (PDBY) was obtained by addmg 2 g of yeast ‘extract to a

) 'l L solutionof potato dextrose oth (anco) The solid medium (PDAY) was prep9red

i
from PDBY by addmon of agar (20 g L) The medna were autoclaved at 121 "C for 2010 45

edium to be sterilized.

mmn dependlng on the volum
Arthrosporae (UA H 4262) was maintained at 4’Cin slant tubes contammg PDAY
fhese slant tube cultures were used as mamtenance stock culiures. inoculum
ofArthrosporae was prepared by adding 2'rnL douply distil'led.gst‘e;rile water to one
mamtenance culture The surface of the e'gar was scratched lightly with 8 -sterile needie to
produce 8 mycelial suspension. The suspension was used to moculate two petri dnsh plates
contmmng PDAY The moculated plates were mamtmned at 15 to 20° C for two weeks A
mycehal suspensron (5 mL) prepared as prevrously described from one plate. was

transferred to a 500 mL Erlenmeyer flask containing 200 mL of sterilized hquid med.um ,

.PDBY). Two inoculated flasks were maintained at 15 to 20°C on a gyrotory shaker for two

>

eccoscssca sensenans

« Identification’ code of the Arthrosporae fungus deposuted at the University of

‘Alberta Mold - Herbarium under the accession number UAMH 4262..

~

<

N
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weeks The shake culture (400 mL) was transferred "aseptically to a fermentor containing

10 L of steriized PDBY and antifoarmihg agent (polypropylsne glycol, ‘1mL)e The

~

fermentation culture was mamntained at 18°C for four weeks (agitation rate = 200 rpmy

Sull cuttures were prepared by transferring 25 mL of noculum. prepsred as

described above into a Fernbach flask contaming 1L of steriized PDBY The cultures

were allowed 1o stand at 15 to 20°C for one month

.

* . Extraction of the Crude Mstabolites

Regardless of the fermentation method used. meuboﬂgs wereisolated in the
folloMHg manner The mycela v;erf separated from the broth by fultratuonfhmugh glass
woo! using a Buchner funﬁel The myceha were allowed to air dry n a fume-hood for ten
Gays then were extracted as described below Celite was added to the broth (5 g/L) and

mtxed 10 give 8 homogeneous suspension. The suspension was filtered /n vacuo (Whatman
A .

. futer paper number two) to give a clear. mycelium-free filtrate. The broth futrate (10 L

from still cultures) was concentrated /n vacuo at 55°C (water bathi to give 2 L of
c0ncentrate The concentrate was continuously exltracted for two days in @ lvquyd-iquad
extractor first with diethy! ether {ether). then wnh ethyl acetate The othar solution was
dried over anhydrous magnesium sulfate (MgSO ) arid concemrned to dryness under
reduted pressure to give the ether soluble extract E, (1.058 g The ethyi ar:eute extract
w:as dried and concentrated in a similar manner to yield the ethyl acetate soluble ext{'_aqt‘ E.
03989 - N |
The air-dried myceliag from still cuttures were pulvanzed and extrlcted for. thre;e

days in a Soxhiet extractor with ether, then with ethy! aceute The organic extract was
washed (water and brme) dried over sodnum sulfate (Na, SO.) snd concemrated to dryneSS

in vacuo 10 gwve the mycehum extract EM- 1(1.480 g from ether and the mycelum éxtract

Ey2(2.408¢9 from ethy! acetate. =+ :‘

crerrrcemssscsnmas

«The sntifoaming agent bis. ommed when the fermenfor possesses &
foam-breaker. :
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- Separation of the Neutral Metabolites
. The ether solubie extracts E, (2 145 g) were dissolved in ethy! acetate (500 mL:
and the solution Qv’a_'s extracted with 5% aqueous sod'num bicarbonate (2x50 mL).‘ The
g?gamé layer was washed with water (50 mL) and further extracted with 5% agqueous .
sodium ;w;rox-de solﬁ:on (2x50 mL} The ethy! acetate solution was washed with water
50 mL! and brine (50 mL}. then dried IMgSO,). The solvent was removed at 30°C under
reduced pressure to éwe a strong smeliing extract, EN (0.969 g Each of the basic K

s

aqueous extracts were worke_g up as follows The aqueous extract was 'acidified and
extracted with ethyl acetate The organiC extract was dried (MgSO,) and concentrated /n
vacuo. In this manner an extract containing mamly carboxyhc acids EA-1 {0.150 gl and an

extract contaning ma;nly phenohc compounds EA-2 {O.388 g). was obtained
Prolim‘inarylPuriﬁcntion
A 50 mm (outer diameter) célumn w}s-packed with silica gel (6.5 in) for flash
chromatography using dichioromethane : The neutral crude extract (1.430 g)qwas dissolved
in dichlioromethane (5 mL) and applied to the column through a cotton pll:g | The colan
was eluted at a flow rate of 2 inches per minute using gradaem solvent elution’ wnth
acetonitrile (T able 1). The voiume of aliquot was generaliy 40 mt but$25 mL ahquots were
COlte\ctéd during the elution of tthobpomds of interest. The fra_cnons V\.Iefe rhonitored
' by TLC using an acetonitrile/ d:chloromethaﬁé rn Vs;olv'em-ls_:ystem:- vam‘//avs :sed~féb
dgtec{oon or plates were visualized using the réagent/ char '_téchnidqe':*severa! fractions
"were collected.with each solvent mniture. System A was used to remer“ greasy or very

iow polarity material. System B JsUalty eluted the phthalates along with a complex tailing

material System C and D eluted the C,; metaboliites. fkactnonated as shown in Table 2.

BTN .
o

ot

(3 . . y

*TLC plates were sprayed wlth 1% vanillin in 20% or 15% Sulfunc acud.
~boliowed by careful heatng using a hot plste. ',



Table 1. Polarity of the Gradient Elution
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Ratio

190-217

it

‘crude 22 ~

Solvent System Volume
A CH,C, - - 500
CH,C1,-CH,CN 14 1 500
B CH,C1,-CH,CN 71 3-06 h
CH,C1,-CH,CN 72 500
CH,CI,-CH,CN 32 . 3100 ‘
D CH,C1,-CH,CN 11 1000 A
E Me,CO-MeOH - 1000
3
Table 2. Acetonitriie dichlorometh‘ne (2:5) frictior;ns ,
l@’ ‘
Fraction Yield (mg) Obsérvations
80-99 .. »29.5 mixture 23 and 24
100-118 »' 53.0 ST \
119-122 168 mixture 20, 21 and 23
123-150 146.6 mixturé 20, 21 and 25
151-160 19.8 mixture 20, 21 and 26
49.7

-

I3

&y

)

Isolation of arthrospororie (20), tetratyclic ether (25) and /socyclohumulsdiol (26)
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An impure fraction (110 mg) contamning 20 was chromatographed over sihca ge!
) _ , R .
(10 g} by elution with 10% acetone in dichioromethane. Fractions (3 mlL) were collected
- 4

usmg an automauc coliector. The fr.ctnons were momtored by TLC ]

ucetone/dnchlorometharﬂe 37 nnd were combmed to ten final. fragt»ons {A-K). Fractions C

(4 mg) and K (55 mg) were subjected to further purification.

~

hd -
-

2,6

cis=28.10,10-Trimethyl-11a-hydroxy-(1,3) spoxymethanotricyclo [6.3.0.07 7]

undec-5-en-4-one (tetracyclic ether, 25)

| A mini column was prepir‘ad by packing a d»sposable Pasteur pipette (5 3/41n,

Fisher Scientific Ltd.} with a slurry of sihca gel in ethy! acetate/ Skellysolve B (5.95).

'

Fraction C13.5 mg) was applied to gedcol,umh:ahd the column was eluted with ethy!
< ~ .

acetate/ Skellysolve B (3 7). Fractions (0. 4 mL) were é‘onected and momtored by TLC

: (EtOAc/SkB 1M Cbmpound 25 eluted in vaals ‘IO to 13. Fraction 11 yuelded a pure UV

. o,
actve compound (1. 7 mg) m. p (not avanlable) oy

.TLC Ry« 0.23 (ethyl acetate/pentane 2:3). yellow greemsh Spot (reagent Al

OR lajy 14289 (c 82.CHClY . - & -, :

coxy

UV (MeOHI x 229ﬁm(¢ 19400 ' A

[3

FTIR (cast) 3456 (b}oad) 3070 1740 (srrongr 1704 (strong) 1629 (strong) 1080 cm.

LHREIMS m/i (form%,da mtensny fragment)262 (C,,H‘HO 100’ 0.M). 234 (G H,,0,. 3.5.

»

M- CO) 191 (C,,h‘,,O, 365 M- - C,H,O) 163 (C DH,,O 11 "7;M CHO) 72 (G HO.

k.

' 3 2 M C,,H%.O) Do . v N ’ v . st

»

ClMS ‘miz (lnteﬁsntyﬁ fragment) 280 (100 0. M NH ) 263 (4?3 2 M- H ) 262 21.0. M)
sHNMRmb&MHz cda, -D;0l 55.90 (1H, d.2.0Hz. H-5)429(1H 3 96Hz H-15al.

3.98(1.H"§gd 3.0and8.3Hz. H-15b), 392(1H s H 11)-333(1H 1 QOHz HB). 307
. 47 “'

(1, dd‘@zpand 15.5 Hz, Hm 284(1H dd. 30and95Hz H-}) 2.76TH ddd722

' 0 H H- 7). 125(3H . C- 10Me)1 15 (6H. 5. C-1OMeandC 3Me)

“ X ) * .,
. © . . .
H v - § & )

2
Wigeeonocmee P ° . )

e RO T

o
: )



Purification of css.ant/,c1528.35.10.10 -tetramethyi-65,8a-dihydroxytricyclo

2'6] undecsan-4-one (arthrosporone, 20) and-the minor compound 26

[6.3.0.0
Fraction X (21.2 mg\ previously obtained was chromatographed on smca gel (flash

. fhromatography) usqng‘lomtnle / dachloromethane (1 3) as eluant Nine fractions were
coliected (F-1 to F-9) and the fractions F-3andF-4 (8.9 mg) contamed a single compound
Recrystallizaton from Skellysolve B/ diethyl ether yielded anat’ytucally ‘pure arthrosporone

G

29 as coloriess crystaline needies m.p. 139-141°C. )

' TLC R § 0 50 (acetone fbenzene 3. 2) reddish spot turning quickly to 8 greyish blueA
‘reagent A} - | .

. OR |a10v-mo48‘ (c .9, CHCIy)

UV (MeOHi A__ 280 nm (e 650
FTIR (CHCI, casti 3440 (br) 2951 (s} 2866 ,]731'(str£>ng) 1381, 1360 1275 1188
1015 emt ' . | ‘ ‘. | . _e- :
HREtMS ﬁw’z (formula mtérl\suty. tragment; 2521722 (AC,,H,.O“, 18.4 M), 234 (C,H,,0,.
27.8 M = H,01. 219 €, H,0,. 13 4. M'- - HO-CHJ. 216 (C,H,0. 2.0. M- - 2H,01, 206
(C,H,,0. 12.4. M- - H,0-CO) 192 (C,,H,,,o 894 M- - C,H,0- HO) 181 (C,H 1b0. 35 4.

IM- = CH,0-H,01, 177 (€, H,.0. 22.8. M = CH,01, 163 (C,,H,,Q. 20.6. M- - CH,0,) 127
(C.H,,0, 2.3 M- = CH,,0 125 (C, H,,0. 2.7, M- = CH,,0,) 125 (C.H,0, 1000, .

= CH,,01. 108 (C,H,,. 25 1MW - C,H,,0,). 95(CH,, 32.9.M -CH,,O) B3 (CH.0.
39.6 M- < C,H, omsa\mH 180 M- = C,4H,50,). 56 (CH,. 131 M- - - C,H,-0,). ‘

» CIMS m/z (|ntensny fragment) 270 (100 0. M-NH, )252 (39.6 M ). 235 (38.0 MH"-H, O:
o NMR {400 Mz, CDCI,) 5 2.69(1H, dd, 19.8 and_l Hz. H‘5a) 257 (1H. brq 7 Hz H-3).
2.56 (1H. dd_ 12 and 8 Hz. H-1). 2.40(1H/brd. 16 Hz, H-7a), 2.21 (1H. d. 16 Hz' H-7b)

’ A‘2.20(1H, d. 19.5 Hz H-5b). 1.96 (1H. brd. 14 Hz, H-9a)."1.79 1H, da. 14.lnd 25Hz,
H-90) 1.704:1}1 brt, 12 Hz. H-11a). 1.59 (TH, ddd. 12, B and 2.5 Hz. H-11b) 1.16(3H s |
H-12)1. 08t3H s.H-13). 1.02 (3H. 0. 7 Hz, H-15), 0.84 (3H, s, H-14).

7. HNMR(C,DM 55.60 (1H, 8. OH), 292(1H qd 7:and 1Hz H-3). 2.77 (1H. dd. 12 gnd
95Hz H-I) 275(1H d- 16 Hz. H7%255(1H d. 20Hz H5a) 247(10-1 dd. 20and1

Hz, H5b) 246(1H d. 16 Hz H-7b) 2:1,4(1H 4. 14H. H-Qa) 206(1H dd. 14 and 3 Hz.

o . e
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H-9b) 1.97 (1H brt, 12 Hz H-11a) 1.47 (1H. ddd 12 8.5 and 3Hz H-11b) 1.24 (3H s
H-12) 1.00(3H d. 7 Hi H-15)0.96 (3H s. H-13) 0.94 (3H. s H-14)

»C NMR (100 MHz CDCly) 86216 4 (weak. s, C-4). 91 (s C-6)87.0(s. C-8). 60.6id C-3,
5891 C-5 5691 C-71555(d. C-1). 54.6(s. C-2). 49.9(t. cC-9). 44.7°(1. C-11)40.2

(s C-10).29.6 Q. 26.9(q). 11.3(q). 8.3

trans,cis-4a-86,11,11-Tetramethyltricyclo [7.2.0. 0 ]undocun 58, 80 dlol
{ssocyciohumuladiol, 26)

Fraction 7 (1.5 mg! contained a single minor metabolite which was identified as
compound 26. All attempts 1o recrystallize 26 produced 6nly powdered material m.p
155°C | |
TLC R ¢ 0.48 (acetone /benzene 2 3) 0.35 (ethy! acetate/pentane. 1.2 developmentx2,

Produced dark biue spot with reagent B/ char technique *

R 1
OR lnD] *17.5((:; 1.3. MeOH)

FTIR (CHCI, casti 3400-3200 (broad). 3056. weak! 1453, 1452, 1382 and 1366 (as 3
doubletf 1073 101 1"and 894 cm!,
HREIMS m:2 (formula mtensny) 238.1931(C,H,0,. 2.5, M) (C,,H,.O 54 M- - HO)
205 (C,i,,0. 6.0. M- = H CH,0 202 (C,;H4,,. 1.4. M- = 2H,0), 164 (C,,H,.O 16.7.

M- = CiH,o0l. 162 (CyoHy,. 21.0). 147 (G, H,y, 23.7), 138 (CH,.0. 21.21, 121 (CH,, 50.41

111 (CH,0 27.0. M- -c.H,,m.dos (c.H,,,. 33.5.C,H,0. 38.61. 97 (C, H,0.41.1), 95 .
((CH,. 89 4and CH0. 18.1). 94 (CH,,. 54.1). 83 (CH, 1oo 0). 84 (C,H,0.50.31. 81

(CH 713 79(CH 58.01. 67 (CH,0.67.1). 59 C,H,0. 598)and55(CH 92.6).
CIMS m/z intensity. fragment) 256 (0. 'I M-NH,"). 238 (32.8. M- NH.'-H 0).2211100.0.
lMH --H,0). 220 (2.6, M- *NH,*-2H,0). -

'H NMR (400 MHz. CDC1,-D,0) & 3.24T1H, dd. 5.0 and 11.0 Hz. H-5), 1.97 (1H, 16 11.0

and 8.0, H-9). 1.87 (1H.m). 1.84 10 1. BO'(2H, m). 1 64 (1H.1. 11.0), 1.57 (1H, dd. 8.0

.Ind 17 OHz H-10a) 1. 38(1H . 1 OHz H-10b). 1.15(3H, s - H-14). 1. 14(3H s. H-15).

1. 12(1H t. 11 Hz H-1), 1.07 (3H. 5. H 13orH-14) 1 05(3H sH 140rH-13) 069(1H

- *The major metabolite (1 produced greenish spot in the same condition.:
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ddd. 10.5 8and 5 Hz, H-2). 0.48\(\1H, dd 8and5 Hz H-3a)» 0.23 ('I‘H‘ 1 S,sz, H-30).
— '
HNMR (C,D,) 6 2.91 (1H, dd. 11 and 5 Hz, H-5). 1.90(1H. td. 11 and 7 Hz. H-9). 1.73
(1H dd 12 and 5 Hz_ H-6a), 1.68-1.63(2H. m H-6andH-7) 1.57 (1H 1. 1 Hz  H-7).
1.47 (1H. dd. 11 and 8 Hz, H-10al. 1.28 (1H. t. 11 Hz, H-10b). 1.04 (3H. 5. 12 or H-13)
0.99(3H, 5. H-13 or H- 12) 0.92 (3H.s. H- 14 or H-15). 0.90 (3H. s. H- 150rH 14)0.75
(}H. 1 11 Hz H-1), 0.48(1H. ddd. 11, 7 and 5 Hz. H-2). 0.23 (1H, dd 7and5Hz H-3a)
-0 10 (1H, t, 5 Hz H-36). - ' ’
1H NMR (C,D,N) & 3.50(1H. m H-5). 2.21 (1H, brqg. 10 Hz, M-9). 2.06 (3H, m). 1.88(1H.
brt, 11 Hz H-B), 1.70(1H, dd. 9.5 and Hz. H-10a), 1.51 (t. 10.5, H-10b). 1.28(3H. s. .
H-15) 1.23(1H.t 105 Hz, H-1). 1.16 (3H, s, H-14) 1,13 (3H. s, H-12 or H-13) 1.03 (3H,

s H-130r H-12), 0.70(1H, ddd, 10.5. 8 and 5 Hz H-2)(1H. dd. B and 4.6 Hz. H-3a). 0.36

§ Hz, H-38).

» (100MHz. CD,0D) 874.5(d. C-5). 7.36 (s, C—é). 58.7 (s. C-11). 49.1 (d. C-9).
48.3(d 1), 0.0 (t, C-6 or C-7). 33.7 . C-7 or C-6). 30.5 (d. C-2) 30.5 (1. §-10). 24.3
(@), 22.2 (. 20.0(s. C-4), 19.9 (@, 185t C-31, 17.3(q)

“

Isolanon of ¢/s-26,36.10,10- tetramethyl-8a- hydroxytncyclo [6. 3ﬁ0 0 ] undec-5-en- 4)
one ‘(ant;pydroarthrosporone,l 21) -

A fraction containing 21 (640 mg) was applied ﬁ: a flash cuhromatography column
(56 mm) and eluted with chloroform at a flow rate of 2 inches per minute. The polarity of

the eluant was gradually increased by addition of acetone (ratio (CH,),CO/CHCI, 5:95. 1 9.

-1 4). Eleven final fractions were collected. The 8th and Sth fractions were combined to

«*

give fraction F (240 mg).

Fraction ‘F (48 m\g) was further purified by flash chroniatography usmg—
acétonitril-e/ dichloromethane (1:4). The fractions were monitored by TLC (Ci:i,CN/ CH,Cl,
1 .3, developﬁwentxZ) and were combined to give six fractions. The ‘fo;arﬂw fractioan-a

“ (18.1 mg) proved to be a single. coloriess, crystaliine compound which was recrystallized

» The chemical shifts for the cyclopropane protons were nss:gned on the bas:s
-of - their couplmg constant. _
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. from Skellysolve B diethyl ether to give an analytically pure sample of

anhydroarthrosporone 21 mp 118-119°C

TLC R'f 0 74 (acetone /benzeng 2 3) O 48 ethy! acetate ‘pentane | 1, developmentx2) =

" OR la] 7 +62 (c 2.0. CHCI,

UV (MeQOH) A 230 nm (e 13700}
max .
FTIR (CHCI, castt 3461 (broad strong) 1683 (strong) 1632 (strong! 1466, 1448 1372

&

and 1364 (8 doublet) and 872 cm .

HREIMS m/z (formula. nhtens:ty) 234 1617 (C,H,,0,. 62.9 M) 219 (C,.HL,O,, 32.3.

M- = CH, 216 (C,H,d0 33.7.M - H,0) 201 C,.H,.0 22.5). 178«C,,H,.d>,, 17.31 173,

(C,H,, 23.1). 123 (C,H,,0. 77.5. M- = C.H,,0), 122 (C,H,,0. 100.0. C,H,,D-H, 111 °

(C.H,0. 10.3 M - CiH,01 85 (CH,, 12.9. C,H,,0-CO) and 55(C.H,. 20.4. M- = C,H,,0,

CIMS m /2 intensity. fragment) 252 (2.2 M-NH,) 235 (100.0, M-H-). 234 (20 .0

M-NH,-H,0 or M- \ |

HNMR (3400 MHz CDCl,l 6 5.85 (14, d. 1.3 Hz. H-5). 2.79 (1H. d. 15.8 Hz. H-7a). 2.72

. (1H. dd. 1.3 and 15.8 Hz, H-7b). 2. 38(1H dd. 9.0 and 11.0 Hz-or oftenbrt 10 Hz, H-1).
e

e}

% 2.32(1H.q.7.0Hz H-3. 1.87 (1H.dd 2.0 and 14.0 Hz, H-9a) 172 (1H. ddd. 2.0.8.0
and 130Hz H- 11a) 168(1H d. 14.0.Hz, H-9b). 1.63 (1H. brs. OH). 147(1H dd. 11.0
lnd 13.0 Hz, H-1 1b) 3.2 (3H. 5. H-12). 1,13 (3H. 5. H-13J, 1.11(3H. d. 7.0 Hz. H-15)
08aGH s MG |
HNMR (C,O,N) §6.21 (JH_ 5. OH). 5.92 (1M, d, 2.0 Hz. H-5), 2.96 (1H.d. 15.5 Hz, H-7a;
| 280114, dd. 15 and 2 Hz. H-7b), 2.83 (1H, brt, 10 Hz, H-1), 2.41 (1H, qQ. 7.5 Hz. H-3.
2.08 (1H. dd. 14 and 2 Hz H-Bal, 1.68 (1H, d. 14Hz. H-8b) 1.65 (7H, dd. 13.9 and 2
Mz H-118) 1.45(1H, dd. 13 and 10 Hz. H-11b). 1.40(3H. &. H-12)1.14(3H d. 7.5 Hz.
H-151. 1.10(3H, 5. H-13) and 0.86 (3H, s, H-14).
13C NMR (CDCI,. 100MHz) 6211.6 (5. C-4). 177.0ts. C-6), 122.9 (d. C-5); 927 5. C-8) |
63.41(d, C-3).57.7(d. C-1).55.9(t. C-7).563.4 5. C-2), 44.0 ¢, €-9), 43.3 (s, C-10). 41.8

(t.C-11). 30.2.e% 28.2 (ax2. gem-dimethyll. 21.8 (q. C-2 Me). 9.5 (q. C-3 Me).

*Compound 21 shows the same color resction as compomd 20.
anAll the quartot shufts sre mterchangoable
- O
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N ‘QA : cea, L !

' Isolimon of cis,anti c1s-26,36.10,10-tetramethyltricyclo [6.3.0. 0 ]undponﬁ 4a,60,8a-

A
triol (arthrosporol. 22)

- Sica gel (7,4ig) in dichloromethane wasA packed in a 25 mL buret. A-fraction (72
mg) cofitaining 22 was appled to the column and the column was eluted wa;h\i‘ ;
acetone / dichloromethane 3 7) at a flow rate 6f/dA mL /min. The fractions’coliected .

’ -
were monifored by TLC and combined to give nine fractions (F-1 to F-9). Fraction F-7
@16 mg). which contained the triol. was rec?y’stallluzed from diethyl ether at 4°C for
several wéeks to yield an arialytical sample of 22 (18 mg) as colorless needléé m.p.
163-164°C. o : .
TLC‘_‘R‘fﬂ 0.39 (acetone/ benzene 3 2) 0.32 (acetone/benzene 2 3. develvobmeme)‘
OR laly? -28(c 2.0 CHCL). -62.1 (c 1.0, MeOHI.

FTIR (CHCI,. cast) 3376 (broad. strong), 2951, 2933. 1456. 1380 and 1372 (doublet). .

o i
1088 and 1012 cm"/

HREIMS m/z (formua mtenscty) 236. 1773(C,,H,.O 15.8. M- - H,0), 218 (CH,,0.

100.0, M- = 2H,0). 203 (C,H,,0. 30.7. C, H,,0-CH,), 190 (C,.H,, 7.8. C,,H,,O CO). 182

(C,1H,0,. 38.0, Mi/= CH,0). 174 (C,)H,.. 32.8) 164 (C,,H,.0. 18.0. C,,H,,0,-H,0). 150 \
(Cy;Hur. 54.0). 139 (CH,,0. 32.2), 135 (CpoHy,. 3261, 127 (CH,,0,. 32.4. M - CH,,0)
126 (C,H,,0. 2. 3/and CH,,0,. 8.7), 125 (C.H,0,. 16.1). 123 (C,H,0, 16.5. M- - CHi,0y)
121 (CyHys. 24, 71) 110 (CH,,0. 25.3), 109 (C,H,,, 38.7 and C:H,0. 22.4), 107 (C,H,,.
34.3). 95(CH/ 31.0. 83 C,HO, 54.3, CH,,O CH,). 68 (C;H,. 38.4) and 55 (C.H;. 65.2

L

and C,H,0..15.9).

- CiMS m/z(ntensuty fragment) 272 (100.0, M-NH, )254 (569 M NH,--18). 237 (14. 6

M-H- jiﬁnm
‘HNMRMO@MHZ CDCly): 5394(“’1 td. 908nd50Hz H-4), 240("“[ dd, 80qnd —ar

12. OHz H-1). 2.32 (1H, d. 150Hz H-7a), 222(1H d, 150Hz H-7b). 2.06 - 1.96 (3H.

m 1. BSHH d 13Hz, H'Sa) 1.77 (1H, brs, OH), 1 70(1H dd. 2.0 snd 130Hz H-9b),

P L LT LT L e

- eR¢ was calculated using anhydroarthrosporone as the. reference compound.

P
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1.64 (1H brs. OH). 1.54 (1K, brt, 12 Mz H-11a), 1.47 (14, ddd. 2.0. 8.0 and 12.0 Hz.

/ .
H-11b) 1.4.143H. s H-12), 1.04 (3H s H-13) 1.02(3H d. 7.0 Hz H-15), 0.76 (3H. s
A . (

H-14). ‘

. ) A { '
13C NMR (100 MHz, CO,0D) 691.0 (s, C-6 or C-8). 90.3 (s. C-8 or C-6}. 76.8(d. C-4).
609(d C 3orC-1), 585(t C-7 or C- 5) 58.21, C- SorC 7). 56.3(s, C-2).52.1(d. C-1

orC-3).49.0n. C- 11orC 9).45.3 (1, C90rC 11}, 400(5 C 10). 307 286 12.9 and

12.5/@ach q. 4xCH,). .

"Isolation of ¢/s-28,3a, 10,10-tetramethyl- 9a hydroxytricyclo [6.3.0.0] undecec-1(8}-
en-4,11-dione (lnhydroanhrosporodione, 23) and the minor c¢is.ant/cis -2, 36, 10,10-
tetramethyl- 4a- 4-O-acetyl-tricycto [6.3.0. O ] undecan-68,8a-diol

‘ (O-acetyl-nhrosporol, 24)

A fraction (82.5 mg} containing compounds 23 and 24 was subjected to flash
‘chromatography over silica gel (10 mm) by ekstion with acetone/ dichloromethane (2 7).
Fractuon D (34.5mg contained compound 23 and 8 small amount of c0mpound 24.

{
Fractnon D18 mg) was repurified by preparatnve TLC (silica gel, acetone / dichloromethane

27, developmentn@gwe compound 23 as a colorless oii* (8. 5 mg) and compound 24.
' 1

N ‘ o ;

-

Diketone 23

TLE R’ ¢ 0.74 (acetone/benzene 2.7); 0.47 (aihyl acetate/pentane 1,2,_ developmentx2)
. dark ;5urple spot (réagent A). '

OR la] »-80.1 (c 2.5. CHCI,). 4

UV (MeOH) l X 242 nm (e 7712) uv (MeOH +0.1 NV HCH. 7« 242 nmie 8142); UV
(MeOH + 0.1 NNaOHI A 242 nm (e 10594).

FTIR (CHCI,. cast): 3450 (broad. .strong), 1738 (strong)‘17_00 (strong)., 1688 (strong). )

%

1637 (strong). 1374 and 1089 cm.
HREIMS m/ z (formula, intensity) 248 (C,5Hy0,. 42.0, M), 233 (C,.H,,O, 100.0, .

\

M‘ - CH,’)‘230(C,,H"O,, 4.2, M.L H,O), 2 15 (C]‘H[’O), 54, C)‘H]'I.o)- )o’: 192 (CIIHlCO)'

#The colorless oil turns yellow at room temperature aftar some period’ of time.
. . v
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A 11.4) 177 (C,H,,0, 1861, 173(C,,H,,0. 7.3, 131(C,H,,. 12.61.91 (CH. 16.7)

CIMS m/z intensity fragment) 266 (100.0. M-NH,")'248 (8 1MNH. 18). 235013 7
M-H:-H,0). .. ’

JH MR (400 MHZZDCl, 6451 (1H. 6.7 and 2.2 Hz, H-9. 2083 (1H. m. H-6) 2,831
ddd, 2.2. 9.0 and 16.0 Hz. H-7a). 2:60 (1H. dd. 9.0 and 19.0 Hz. H-5a). 2.48g1H. qd. 7.0
and 1.5 Hz "H-3) 2.39 (14, ddd. 1.5. 7.0 and 19.0 Hz, H-5bl. 2.21M1H ddd. 1.8, 708a
16.0, H-7b). 1.87 (1H, d. 7.0 Hz, exchangeable with D,0). 1.19 and 1.18(2xs. two
methyls), 1.17 (3H. d. 7:6Hz, H-15). 1509 (3H. s. methyl). R d

5C NVIR {100 Mz, CDCly 6 218.8 (5. C-4), 205.8 (s, C-11) 185.0 (5. C-8). 145.1 (5.

C-1). 75.1(d, C-9), 54.3 (s, C-10/51.0(d. C-3. or C-6),49.9(d. C-6 or C-3). 42.1 (s.

v

C-2), 4171 C-5 O>C-7), 31.7.C-70r C-5). 23.6. 26‘.2, 18.5 and 9.3 (4x9. methyls).

‘1 Arthrosporol monoacetate 24
- Mp. 132 135°C (diethy! ether, Skellysolve 8). ' ¢ ”
R 0 70 (&teto‘ne/benzene 2 7). 0.44 (ethyl acetate/n-pfntane 1 2 deveiopmeme)
oua laly” -60.9 (c 1.4 CHCH,. ‘ '
FTIR (CH%, castl 3540 (sharp), 3440(broad). 172.0 {strong). 1261 strong) and 1021
w .. (sharp) cm-!. | -
| HREIMS: m/z(formula mtensnty) 278.1885 (C,,H O O 2 M- - H,0). 263 (C,.H ,0,. 0.2,
g,,H,.O -CH,), 236 (C”H,.O, 3.5. M- - HOACc). 218 (C,, 10.100.0. M- ~ HOAc H,0, 203
& ‘4F,.H,,,O 18.0), 200 (C,,H,o 0.8, M — HOAc- 2H,O) 160 (CyHye 13 5). 139 (C H,,O 12.7),
. 138 (Cuthe. 40.51 108 {CH,,0. 24.9) 109 (Cityy. 22.0 and C,H,0. 26.2) and 55 (C.H,.

234 ~ : : SN
SN . CIMS: m/z (intensity. #fagment) 314 (100.0. M-NH,") 296 (4.6, M-NH,* - 18 and 236

i (2.0. M- - 60). |
lHNMR(400MHz CDCI): 6 4.84 (1H. 1. 8.0 and 4.0 Hz. H-4). 241(1H dd 8.0 and

N e

KHOHz H-1), 227(1H d. 140Hz H-7a) 2.23(1H..d. 140Hz H7b) 221(1H dq. 9.0
‘ and?OHz H-3i.. 2 13(1H dd. 14.0 and 9 Hz, H-5a), 203(3H s. CH,CO-. 196(1H dd.
140and40bz H'5BT 811N, d, 138Hz H°Qa) 1.73 (1, dd. 13and25Hz H9b)
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1.60(1H t 12Hz, H-11a 1,51 (1H ddd. 13.0, 8.0and 2.5Hz H-11b), 1.09 (3H s,

methyl). 1.04 (3H. s. methyl) 0.96 (3H.d. 7.0 Hz, H-12) 0.78 (3H. s. methyl).

“

‘n2,6

cis.antr,cis-26,36,10, 10-Tetramethyl-Ba-acetoxy- 68-hydroxytricycio {6.3.0.0°""]

[
ot

undecan-4-one (O-acetylatthrosporone, 27)

Arthrosporone 20 (2.4 mg, 0.0096 mmole) was dissolved in triethylamine (2 mL).
Dimethylaminonypyridine (DMAP, 1.5 mg) and acetic anhydride (Ac,0. 4 drop§) were added
and the mixture was allowed to stir at room temperature for 3 days. The solvents were

~

removed /n vacuo and the residue was partitioned between ethyl acetate (20 mL) and 5%

“agueous HCI (5 mL). washed with water (5 rr‘IL), dried over sodurn sulfate (Na,S0O,), and

concéntraﬁted to dryness. The residue was purified by chromato?raphy over silica gel
(acetor;e/benzene 1:9) to givé™nalytically pure monoacetate 27, m.p. 120- 122°C.

TLC R'( 0.58 lethyl acetate/pentane 1.2, developmentx2).

OR [a]y» -37.6"(c 5.0, CHCI,).

IR (CHCly, cast): 3449 (broad}). 1736 (strong), 1382 and 1368 (doublet), 1249 (stro'ng),K »
1017 cmt, ~ ‘

HREIMS. m/z (formula, intensity) 294 (C,,H,,O,. 1.1, M), 252 {C};H,,0,. 1.3. M- = C,H,0).

234 (C,H,,0,. 32.1. M- = HOAG), 216 (C,,H;c0. 3.0. M- = HOAC-H,0% ‘192 (C,,Hy0.
100.0, M- =~ HOAC-C,H,0). 125 (C;H,0,. 92.3). 110 (C,H,,, 30.5): m/z calcd. for C,HyO,
/294.1824; found 294.1818. . RO .

IH NMR (CDCl,): 6283(1‘H dd, 12 and 8.5 Hz, H-1), 2.81 (1H, d. 16Hz H7a) 2.64 (1H,

vdd ‘lganlez HSa) 2.34 (1H, qd, 7and 1 Hz, H-3), 228(1H dd, 15and3Hz H-Ga),

224(1H d, 15 5 Hz, H7b) 222(1H d 19 Hz, HSI'!) 198(3!:( s, CHCO) 186(1H d.
16 Hz, H-9b), 169(1H t. 12 Hz, H- 11@) 156(1H ddd 12 85and3Hz H- 11b) 1.47
{1H. brs, DO-exchangeable) 1.08 (3H, :; H-14), 1.06 (3H, d 7 Hz, H-15), 1.04 (3H s.
H-12j, 089(3H s, H-13).

lHNMF((C,DN) 8 3. 10(1H brd. 15.5 Hz, H-7a), 2.97 (1H, br dd, 12and8Hz H-1), 2.69
(1H. brd, 19 Hz, H-5a), 2.52 (1H, brq, H-3), 2.46 (1H,brd, 15 Hz, H-9a), 2.45,(1H, brd, 16 ‘

Hz. H-7b). 2.44 (1H, brd, 19 Hz, H-5b), 2.15 (1H, brd, 15 Hz, H-8b), 2.00 (1H, brt, 12 Hz.
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and 1.5 Hz) pattern.
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H-11a 1.95 (3H\s, CH,CO), 1.58(1H. ddd. 12 8and 3Hz H-11b) 1. 11 (3H d 7 Hz,

H-15) 1.09(3H, s H-14)1 07 (3H s H-13) 1.01{3H. s H-12)

N
: e
ci5-26.38,10,10-Tetramethyi-8a-acetoxytricyclo [6.3.0.02'6] undec-5-en-4-one o

(O-acetylanhydroarthrosporone, 34)

’

A mixture of anhydroarthrosporone 21 (5.7 mg, 0.0245 mmole).

-~

dimethylaminopyridine and acetic anhydride (5 drops) in trnethyl}amme (2 mL) was aliowed to

a3

stir at room temperature for 7 h. The- Solvents were' evapor}é‘%g /n vacuo and the residue

was partmoned between dichloromethane (20 m{) and 5§j%uebus hydrochloric acid

s

solution (2x2 mL). The organlc phase was dried (Na,SO,) and evaporated to give crude

acetate (5:1 mg). Siica gel column chromatography (acetone/chloroform 3.97) of the
tim
crude acetate gave pure acetate 34 as @' qlorless hquid.»

TLC R 1.21 (acetong/benzene 1 8). "’llOG"(&hyl acetate/ pentane 1.2).

OR la] o +78.0 4 FCHCI).

Ry
o

FTIR (CHCI cast), 1728, 1706 (both strong), 1638, 1241 (strong) cmt.

" UV (MeOH) A___ 228 nm (e 8273), ° .
| max ‘
' HREIMSQ m/z (formula, intensity) 276 (C,.H,,0,. 1.8. M), 234 (C, H,,0,.4.0. M- - CH,CO),

- 216 (C,H,,0. 100.0 M- = ACOH), 201 (C,H,,0, 38.5). 173 (C,,H,,. 36.2. C,.H,,0-CO). 122

(C,H,,0.°26.5), m/ z calcd. for C,;H,,0,: 276.1718; found 276.1724.
HNMR (CDCI,) 6 5.75 (1H, d, 2.2 Hz, H-5), 3.30 (1H. d, 17 Hz, H-78). 2.74 (1H, brdd. ws

17. and 2.2 Hz, H-7b), 2.68 (1H, brt, 10 Hz, H-1), 2,43 (1H. brd.» 15 Hz, H-Sa), 2.33 (1H,

'q 75Hz H-3), 197(3H CH,CO, 169(1H ddd, 12.5. 93nd22Hz H-11a), 1.64 (1K, d,

- 15Hz H-Sb), 1.45 (1H, dd 125and95Hz H-11b). 1.11(3H. s, H- 13, 1.10(3H.d. 7.5

Hz, H-15). 1.09(3H, s. H- 14), 0.93(3H, s H-12).

(-)-{5-(4",4’-dimethyl-2"-0xycyclopentyl)-1,4,5-trimethyicyclopent- 3-on-2-on6]

» The liquid solidifies very slowly after a long period of time: m.p. 76-7°C.

«« Resolution enhancements showed that the proton at & 2. 74 was s ddd
(16.0, 2.4 and 1.2 Hz) while the proton at ‘8 2.43 displayed 2 ddd (14.5, 2.2

“~
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{bicyclodiketone, 39)
A solution of 21 (4.1 mg 0.0176 mmole) in dry benzene (2 mL) was flushed for 10

min with nitrogen. Sodium hydr«dé {excess) was added as a suspens;on n

benzene to the éolutnor) The mixture was allowgd to str at roor% temperature under a

nitrogen atmosphere for'5 h. The mixture \;vas diluted with benzene (5 mL}), quenched with

10% aqueous acetic Bc«d, then éﬁowed to stir until the excess of sodium hydride

dissolved. The benzene layer was washed with brine, dred (MgSO,) and evaporated /7

vacuo. The crude (3.9 mg) was purified by chromatography over silica gel (chloroform) to
" grve pure bicychc compound 39 as a crystaline material
M p 55-56C (ether, stow evaporation).
TLC F-'(’f 1.29 (acetone/benzene 1 8), 1.00 (ethyl acetate/ pentane 1 3. developmentx2).
reagent A does not char the ;:ompound 39 |
OR laly™ -202° (¢ 1.95, CHCIy).
FTIR (CHCI,. cast): 1738. 1702 and 1625 cm"’.
UV (MeOH) )\mﬂax 223 mm (e 1.3400)' .
" HREIMS m/ z calcd. for C,H,,0,: 234.1614,; found. 234.1623 (59.4. M), 219 (C, H,,0,.
" 6.8) 150 (C,¢H,,0. 36.5), 124 (C,H,,0. 35.9, M~C,H,,0)..12.3 (C,H,,0. 100.0), 122
(C,H,,0. 89.6), 112(CH,,0. 26.2. M - C,H,,0). 97 (CH,0, 15.1, 112-CH,), 85 (C;H,)).
50.2). '%
IHNMR (CDCl,): 5 5.92 (1H. G, 1.6 Hz, H-5 2,58 (1H, ddd. 12.5, 8.5 and 1.6 Hz, H- 1),
2.20 (1H,-ddd. 18.0. 2.4 and 1.5 Hz, H-9a), 2.08(1H. q. 7.5 H;, H-3A),. 2'..05.(3H, d 1.6 Hi,
H-7), 2.04 (1H, dd. _18.0 anq 1 Hz, H-8b), 7.67 (1H, add,:‘13.0, 8.5 and 2.5 Hz, HO-11a),
1.45 (3H. s, H-14), 1.35(1H, brt, 12.5Hz, H-11b), 1.19 (3H; s.H-13). 1.08(3H.d. 7.5
" Hz 'H-19) and 1.04 (3H. s, H-12). ‘ ‘

Selective reduction of acetoxynnhydroarthrosporone

» The coupling constant for long range couplings were obtained by resolution
enhancement experiments. -
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The unsaturated acetate 34 (5 mg. 0.0 18 mmole) was dissolved in methano! (1 5
mL). Cerium(iil chlonde (2.2 mg) and sod:u¥n borohydride (10 mg in methanol) were added
and the mixture was altowed to stir atroom temperat;;re_ After 1 h the mixture was
w‘orked up as usual and the‘crude product was purified by chromatography over silica ge!

{acetone / dichloromethane 5 95} to give three alcohols (46, 47, 48)

crs-24,38, 10,10-Tetramethyl-8a acetoxytricyclo [6.3.0.02'6] undec-5-en-4a-ol

(unsaturated acetoxy alcohol, 46)

TC R, 0.83. acetone/benzene 1.3}. 0.50(ethyl acetate/ pentane 1 2), greyish blue spot

reagent Al.

FTIR (CHCI,. cast) 3400 (br). 1732 (strong), 1676 (vweak) 1242 (strong) 1017 cm?

HREIMS m/z calcd for C,.H,,0, (M) 278.1875, found 278 1873(0.8. M), 218

. (C,,H,,0, 100.0. M- - HOACc) 203 (C,H,,0. 38 8 218-CH,) 200 (C,H,,. 4 4. 203-H,0).
106 (C,H,,. 84.5). 91 (C H, 20. 3)

CIMS m/z 296 (6.5, M-NH,"). 278 (5.6, M-NH,--18), 201 (100.0, M-H--HOAc-H,0).
__'HNMR (CDCl,) 65.29 (1H, brs. H-5)/4.56 (1H, brm. H-4), 3.02 (4. 6d. 17.0 and 1 Hz,

\d H-7a): 2.57 (1H, brdd. 10 and 9 Hz. H-1), 2.33 (1H, dd. 17 and 2.2 Hz. H-7b). 2.29 (1H.
dg. 15and 2.4 Hz, H-Q‘a), 2.00(3H.s. CH,CO. 1.81(1H. dq, 6and 7.4'Hz, H-3). 1.53 (1H.
d. 15 Hz. H-9b). 1.52 (1H, ddd. 13, 9 and 24 Hz. H-11a). 1.32 (1H, dd_ 13 and 10 Hz,
H-11b) 1.09 (3H. d. 7.5 Hz, H-15), 1.05 (3H. s, H-14), 1.03(3H. 5. H-12), 0:80 (3H.’s.
H-13), '

IHNMR (C,D,N) 643 (1H, brd. 4.2 Hz, CHOH), 5.66 (1H. brd, 2 Hz. H-5). 4.94 (1H. m,
H-4), 328 (1H. brd, /16Hz H-7a). 2. 70(1H brt, 10 Hz, H- 1) 2. 52(1H brdd. 15 and 2 Hz,
H-Sal, 2.46 (1H, brdd. 15.6 ahd 2.2 Hz, H-7b), 2.26 (1H, dq 6 and 7.4 Hz, H-3). 1 93(3HF

-5, CH,CO). 1.62 [1H, d. 15 Hz, H-9b). 1.46 (H-j. ddd, 12.8. 9 and 2 Hz, H-11a), 1.33 (1H,_
dd 12.8and 11 Hz H-11b). 1.26 (3H, d. 7.5 Hz. H-15), 1.06 (3H, 5, H-12). 1.02(3H. 5.~

s

H-14). 0.83 (3H, s, H-13).
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crs,8ns,crs-28,36. 10,10-Tetramethyl-8a- acotoxytncyclo (6.3.0. 0 ] undecan-45-ol
{lsast polar and minor acetoxyaicohol, 47)
R ¢ 0.93 (acetone/ benzene 1.3). 0.68 (ethy! acetate/ pentane 1 2) reddish spot

turning dark blue overmight (reagent A).

FTIR (CHCI,, castt 3464 (broad). 1732 (shoulder) 1724 (;trong), 1367. 1245 (strong) and
1016 cm .

HREIMS m/z 220 (C,H,.0. 31.5 M- - HOAc), 202 (C, H,,. 5.0, 220-H,0). 16 (C, H,,
22.4), 161(C,,M,.. 55.9). 148 (C,,H,,. 64.8). 123(C,H4,,0. 12.8). 110 (C;H,,0. 100.0). 107
(CH,,.. 25.9).

CIMS m/z298(60.2 M-HNH,} thus 2801(0.7, M")

‘H NMR (CDCl,) 64.31(1H.brt. 6.0 and 3.0 Hz, H-4). 2.67 (1H, brdd. 12.5 and 8.0 Hz.
H- 1), 2‘.37 (1H, dd. 10 and 9.0Hz, H-7a), 2.37-2.30 (2H. m, H-3 and H-6). 2.23 (1H. brs,
' CHOH). 1.96 (1H. ddd. 14. 6, and 3.6 Hz, H-5a), 1.88(1H, m  H-5b). 1.80 (1H, d. 15 Hz.

" H-9a). 1.53(1H, ddd. 12.5. 8and 3 Hz, H-11a), 1.30 (1H. t, 1é.5 Hz, H-11b), 1.4 (3H, s,
H-13), 1.02‘ (34, s. H-12), 1.00 (3H. d, 7.27Hz_, H-15). 0.95 (3H, s, H-14). >»
'HNMR (G,D,N) 6 5.82 (1H. d, 2 Hz, CHOH), 4.52 (1H, m, H-4), 2.84 (1H, dd. 12.5 and 8
Hz, H-1) 2.46 (1H. dd. 15 and 9 Hz, H-7a). 2.34 (1H, dq 4 and 8 Hz, H-3), 2‘.v27 (14, dd. 15
and 2.5 Hz, H-Ba), 2.13 (1H, dad. 13.5. Band 3 Hz, H’Sa) 2.11 (1H dd. 14.5 and 7 Hz,

7 H 78 2.01(3H. s. CHCO) 2.01(H, ddd 14.2, 6 and 4 Hz, H-5b), 1.85(1H, d. 14 8Hz,
H-8b). 1.49 (1H, ddd 12.5. 8and 2.5 Hz, H-11a), 1.31 (1H t, 12.5 Hz H- 11b) 1 25(3H
d. BHz H-15), 1.21(3H, s, H-14}), 1.08(3H. s, H-12), 1.02 (3H, s, H-13).

cls,ant/,CI&Zﬁ 39-Totramothyl Ba-ncctoxytricyclo (6:3.0. 0 ]undocan-u-ol {most
polar and major acotoxyllcohol 48)

TLC R’ 0 65 (acetone/benzene 1:3), 0. 36 {ethyl acetate/pentane 1: 2) reddish spot
turniny dark biue overnight (reagent A/ char technique).

- FTR (CHCI,, cast) 3400 (broad), 1732 (strong). 17 13 (shoulder). 1383 and 1366
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(doublet). 1243 (strong) 1087 (strong) and 1016 (strong! cm !

HREIMS m/z 238 (C, HO,. 0.5 M-~ C,H,0) 220 (C,,H,.0. 40.8 M- - HOAC) 202
(C,,H,,. 66 0. 220-H,00. 187 (C, H,, 23 8) 176 (C,,H,,. 16.3) 161 (C,,;H,, 52 0) 148
(C,,H,,. 100.0). 111(C,H,,0 18.7). 108 (C,H,,. 34.0). 83(C.H, 25.3).

IH NMR (CDCl,) & 3.89 (1H. td. 9 and 6 Hz, H-4). 2.67 (1H, bdd. 12 5 and 8 Hz, H-1) 2 43
(1H dd 17.5and 11 Hz H-7a) 2.29(1H. m_H-6). 2 11 (1H, dd. 15 and 3 Hz H-9a) 2.09
(1H. m, H-5al. 2.08 (1H. dd. 18 and B Hz. H-7b). 2.02 (3H. 5. CH,COI. 1.97 (1H.dq 9 and
7.3Hz H-3) 1.75 (1H.bd. 15 Hz H-Sb). 1,48‘?1'H, ddd 12.6. 8and 3Hz H-11a) 1.38
(1H ddd 13,6 and 3.5 Hz. H-5b). 1.22 (1H 1. 125 Hz H-11b). 1.05(6H. 5. H-12 and
H-131 1.03(3H.d 7.2 Hz H-15). 0.80 (3H. 5 H-14) |

iH NMR (C,D,N) 6 6.26 (1H. bd 4.2 Hz CHOM). 4.18 (14 m_ H-4) 2.85 (1H. dd. 12 and 8

Hz H-1) 2.59(1H. dd 15 and 9 Hz H-7a) 2. 46 (1H. dd. 14 and 8 Hz H-7b} 2.40(1H m

' H-6).2.3B(1H.dg Band 7 Hz H-3) 2.28 (1H. dd 15 and 2.5 Hz. H-9a. 2.04 (1H. dad

15.8 and 4 Hz. H-5a). 1.88(3H. s. CH,CO). 1.83(1H. d. 15 Hz H-9b). 1.75 (1H. ddd
14.5. 6 ad 4 Hz, H-Bb), 1.47 (1H. ddd. 12.8 and 2.5 Hz. H-11a). 1.25(1H 1, 12 Mz
H-1 l'b), 1.22(3H.d. 7Hz H-15) 1.09(3H. s H-12) 1.03(3H. s H-13). 0.83(3H. s
H-14), |
c/s,anr/,c/s-20:3nﬁ‘, .10- Tetramethyl-8ac- hydrox;'tricyclo [6.3.0.02'6] undecan-4-one
(51) ‘
. ‘ ° ~

A mixture of 21 (10 mg. 0.043 mm ).‘ acetic acid (10% in methanol. 4 drops).and
acuvat-adﬁWethaml (2 ml) wasi%rraqat room tqv:npe'ature under an
atmosphere of hydrogen contained in a small.giuodn. After 30 finutes the mixture was
filtered tﬁrough a.ce‘lne‘ and the celite washed with methanol. The combined fiitrate was
concentrated to dryﬁés,s under reduced pressure to give saturated ketone 5t in )
quantitative ;/cield_. An analytically pure'.s'ample was prebared by recrystaliization{Skellysolve

B/ diethyl ether); m;p. 115-116°C.

TLC R’ § 0.82 (acetone /benzene 2 7), 0.70 (ethy! acetate/pentane 1.2. developmentx2).

~ ysliow spot. - \ N
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FTIR (CH,CI,. casy :{502 (strong). 1227 (strong) cm*’, v p)

HREIMS m7z calcd “for C,,H,,Q, 236.1772. found 236.1773 (M), m/ z (formula,

o

intensity) 236 (CysH,.0., 16.4. M) 221(C,H,,0,. 86 M-~ CH,), 218(C,,H,,O° 198,
M- 2 H,01. 203 (C,H,:0. 901‘ 218-CH,). 1?6\(C,,H,°70 7. M.~ CH,CO- H,O), 161 (C,,H,..°

- y
33.3). 124 (C,H30. 38.9 M- CH,,O) 110(C H,00. 100.0. M- -~ C,H,,0). 109(C,H,,.

‘\ . . & ] 2
65.4), 83(CH055) ' ¢

HNMR (CDCI) 62.64 (2H, m, F-1ang H-3)» 239 (1K brdd, 18 and 8 Hz, H-5a}, 2.31
(1H, m.: H—G) 2.28 (1H. dd, 153nd8Hz H7a) 2.19(1%. brd, 18 Hz. H-5b). 1-78(1‘H dd.
¢ 14 and 2.8;H‘z..H 9a), 1.68(1H, brd. 14 Hz,H 9b), 1.6 (WH, dd. 15 and 10 Hz, H-7bl, 1.63
(1H. brs. OH). 1,60 (1H, ddd, 12.5. 7 ahd 2.8 Hz. H-11a). 1.29 (1H, 1, 12.5 Hz H-11b),
£ 1.18(3H, 5. H-14). 1.07 (34, s, H-13). 0.98 (3H. d. 7 Hz H-15). 077 3H.s. H-12.

Reduction of{e’tol 51 o

s
o’

The ketol?{! (8 mg, 0.034 mmole) in methanol (3 mL) was enowed to stir at room
temperature in the presence of an excess of sodium borohydride for 1 h. Acetnc ac:d 5

‘ ,drops) ‘was added and the mxxture was allowed to stir for 5 min. Solvents were removed
|

and the residue was 'partmoned between watey (5 L) and ethy! acetate (3x 10 mL). The
?

orgamc phase was dried and concentrated to ave a dlasteronsomernc mnxture of alcohols
(52, 55). The two alcohols were separated by i mini snlnca gel column chromatography

'(acetone/dlchloromethane 1:9). ' . ©

AR

et

!

- ¢fs, ant/ 015'2[3 :w 10 10- Totrameth\, .mcyclo [6.3.0. 0 ] undecan-da,&z-dlol (most

s«u -

polar and *fnajor dlol 52)
mp 13§ 180°CICH,Cl,/Skely B,

AR 'TLC JR 0 1% (acetone/benzene 2:3).0.22 (ethyl acetate/pentane 1:0). hdusplays the
. |

ﬂf‘ne colour reactlon (reagent A) as the minor diol.

? FTIR lCHCl, cast) 3347 (broad, strongl 2953, 2932 (both strongl 2869. 1040 (strong)

.. . ﬁ v l'?.’ . - ’ N .
. —i”

v

" A ,broad Quaiter' J =‘7.0 Hz) overlaps a broad doublet of doublets (J e

.. & 15 and. 7.0 Ha. _— .
!":,‘g. paAR ) ." R N , e . ' s .

Ay b
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cmt.

HREIMS m/z (formula. intensity) 220 (C,,H,.O) 13.2 M - H,0) 205, H,0 6 3
'220-CH,), 202 (C,H,,. 50.0. M- ~ 2H,0). 179 (C,,H,,0. 32.4). 166 (C,,H,,0. 56. 3k 148
(CHu.. 100.'0), 120 (C,H,;. 26.7). 111 (CH,,0.54.5). 109(C,H,, 68.8. C.H,0 42.9). 108
(C,H,,. 95.5). 95 (CH,,. 52.1). 55 (CH, 41.8). m/z»calcd for C,,H,,0, 238. found 238
by Ctim/z 238 (M‘.‘6;.'3.9)‘ ' | &

4 NMR (CDCF,) 6 3.84 (1H.-1d. 8 and 6.5 Hz. H-4)2.35 (1H. brdd. 12 and BHz H-1). 2.29
(1H. dt. 12 and 8 Hz, H-5a), 2.15 (14, dd, 14 and 9 H2§H-7a). 2.05 (1H. m. H-6). 2.04 (1H
dq 9and 7Hz H-3) 1.78 (1H brad. 14 and 6.5 Hz, H-7b). 1.70 (1H. d. 14 Hz H-Sa'
1.65(1H, dd. 14 a'nd 2 Hz, H'9b)', 1.50 {(1H d1 6.5 and 12 Hz, H-Bb). 1.48 (1H. Bdd 12, e
and 2Hz H-11a) 1.25(1H. t. 12 Hz H-11b), 1.12(3H. s H-12) 4.04(3H s H-13) 100

(3H.d 7 Hz H-15)'0.78(3H. s H-14).

Deacetylation of ocetoxy.lcohol 48

Acetate 48 (5 mgl was dnssolved in 10% ethanolic potassmm hydromde {3 mL) and
&
the mixture was alowed 10 shF at 80° C (o~ bath) Atfter 20 mm. the mixture was cooled in

an ace water bath and quenched wuth 20% HC!” Most of tha ethano. was removed in vacuo

The residie was diluted with water (2 mlL) and exhaustively extracted with ethyl acetate
; - ) +

The ethy! acetate extract was dried and concentrated to give 2 yellow gum in quantitative
. v v

yield. Purification ‘by chromatography over siiuca ge! (acetone / dichloromethane 1 4) gave

diol 53 (cott’onflike materiall m.p. 138-14Q°C. .
TLC R' 0.16 (ethy! acetate/pentane 1-1), 0.22 (acetone/benzene 1'4). It charred red
-then turned dark biue overmght (reagent A). : N

FTIR (CHCI cast) 3345 (broad strong) 2952 2933 {both strong\ 2869 1045(sxrong»
cm-l, |

HREIMS m/z (formula. intensity) 220 (C,H,,0. 21.9. M -HO) 205 (C,H ,’,o 8.6). 202
(C,H,;. 69.4. M- —2H 0) 187 (C,H,y. 25.3). 179 (C11H,,0. 40.7). ‘166 (C,,H,,0. 62 1.
163(C,, 1s0. 18.6); 148(C,,H,. 100.0). 123 (C,H,,0. 15.1), 120 (C,H,,. 18.8). 11

(C,H,,G%3 4) 109 (C,H,, 42. 3 C-,H,O 26.5). 108 (C.H,, 62.2).95(C H,, 28.6).55

1]
>



(C.H, 41.8). R
\HNMR (CDCI,) 5 3.84 (1H. td. 9 and 6.5 Hz). 2.35 (1H dd. 12 and B Hz), 2.29 (1H, dt 12
and B Hz), 2.15 (1H. dd. 13.5 and S Hz). 2.05 (2H. m). 1 78 (1H, brdd, 13.5 and 6.5 Hz).
'IA7’0 (iH, d 14 Hz) 1.65 (14 dd 14 and 2Hz), 1.50(1H_ dt. 6.5 and 12 Hz), 1.49 (1H,

brddd. 12. 8 and 2 Az), 1.25 (1H. brt. 12 Hz). 1:12(3H. s). 1.04 (3H, s), 1.00 (3H. d. 7 Hz),

0.76 (3H. s).

cis,ant/cis-26,36, 10,10~ T_otramathyltricyclo [6.3.0.02'6] undecan-43,8a-diol (least
polar and minor diol, 55) as a waxy material

TLC R'f 0.44 (ethy! acq'tate/pentane 1 1). 0.48 (acetone/benzene 1 4) areddish spot
turning Into a dark blue spot (reagent A/ char techmique).

'HNMR (CDCI,) & 4.29 (1H, td. 6 and 2.5 Hz, H-4), 2.31 (1H. brad, 12 and 8 Hz, H- 1),

2.27 (1H. m, H-61 2.15 (1H. quintet, 7 Hz, H-3). 2.06 (1H. dd. 15 and 9 Hz, H-7a), 203
(1H. ddd. dd. 14, 6 and 5 Hz, H-5a), 1.84 (1H. ddd. 1;1, 8 and 2.5 Hz. H-5b). 1.70 (1H, d.

14 Hz. H-Ba), 1.61(1H, dd.-14 and 2 Hz, H-gb). 1.54 (1H. dd. 15 and 7 Mz, H~7b), 1.49

(1H. ddd. 12. 8Band 2 Hz. H-11a). 1.27 (1H. 1, 12 Hz. H-11b), 1.10(3H, s, H-12), 1.02 (3H, -

s'H-13). 0.97 (3H, d, 7 Hz, H-15) and 0.93 (3H. s..H-14).

Syrithetic anhydroarthrosporone 56
Arthrosporone 20 (2 mg, 0.008 mmole) was dissolved in dry benzene (3 mL)
containing molecular sieves (3 A) and a catalytic amount of g-toluenesulfonic acid. The

mixture was allowed to stir at room temperature for 4 h. The mixture was decanted,

v

diluted with ether and washed with aqueous sodium bicarbonate (10%, 2 mLx2). THe

organic extract was dried (Na,SO,) and evaporated under reduced pressure. Tr@ resudu'e\\\
-
was purified by flash chromatograpy to give a quantitative yi'e!d of crystaliine, unsaturated

kétone 56. i

M.p. 119-120C. | o

’

"TLC. R f 0.74 (acetone/ benione 3:2). 0.49'(athyl'/ acetate/pentane 1:1, developmentx2).

OR: [aly» +62.0 {c 1.0. CHC,).

—am - 1 . -



FTIR (CHCI, cast) 3424 (br), 2951, 2928 1692 (strong) 1636. 1463 1376 and 1368
{doublet) cm . -

HREIMS m/z (formula. intensity) 234 (C,,H,,0,. 71.3 M), 219(C, H4,,0,. 32 1. M - CH,
216 (C,H,,0. 34.8. M- - H,0). 201 (C, H,,0. 25 4} 191 (C;,H,,0. 7.8). 178 (C,H,.0,
22.3), 173 (C,,H,,. 26.1). 150 (C,,H,.0. 16.6). 124 (C,H,,0. 100.0.M" - C,H,,01. 123
(C,H,,0. 89.9) 122 (C,H,,0. 94.2). 112 (C,H,,0. 14.0. M- - C,H,,0). 83 (C,H,0. 10.3). m/z
calcd. for C,,H,,0, 234.1614_ found 234.1619. 8 |

iH NMR (CDCL) & 5.86 (1H, d. 1.5 Hz). 2.80 (1H. ld_ 15Hz), 2.74 (14, dd. 15.0 and 1.5
Hz) 2.39(1H brdd, 11and 9 Hz). 2.34 (1H, q. 7Hz), 1.88(1H dd. 14and 2Hz) 173

. {1H, ddd. 13. 9 and 2 Hz), .1 .70 (_1H. d 14MHz) 1.49(1H. dd 13 and 11 Hz) 1.23(3H. s)
1133 s 1.11(3H,d, 7 Hz), 0.94 (3H. ).

c1s,ants,c/s-20,3a, 16,10-Tetramethyl-6ﬁ,8¢z- dihydroxytricyclo 16.3.0.02'6] undecan-4-
one (isoarthrosporone, 57) L .

}Arthrosporon‘e 20 (6 mg. 0.024 mmole) was dissolved n dnchlororhetﬁane
c}ontaming dimethylaminopyridine (catalytic amount) and diethylamine (4 drops). The mixture
was heated under reflux for 24 h. then allowed to cool and difuted with -duichlor_omethane.
Theghloromethane was partitnoned with water. The orgamc layer was waghed, dried and
concentrate drvness to give a mixture df two products. Silnca gel chromatography
N pfévided. the ;stérting material 20 and the minor isomer 57. The

, \
ed to yield about 2 mg of the desired product.

(acé_tone /benzene

‘ starting rnaterial v('/as continuous y
isomer %57 as a waxy material. | " .

'TLC; R 0.39 tacetone/ chioroform 3.7), O.;IO (acetone/benzene 2:5).

OR. [2]y* +38.2 (c. 1.0, CHCI,). |

FTIR (CHCI,; cast): 3435 (broaéj, strong). 1728 (véry strong) cm-!.

* HREMS. m/z (formula, intensity) 252 (C,;H,.0,,28.3. M), 234 (C,,4,,0,. 56.6, M" - H,0).
219(C,iH,,0,, 32.8, Mr = H,0 — CH,). 216 (C,Hy0. 3.3 M- = 2H,0). 182 (C,,H,,0. 43.7,

'234 -C,H,01. 191 (C},H,,0. 75.9, 192 = H), 177 (C,;H,,0. 24.2), 163 (C,H,,0. 43.9), 160

(C,,H,,. 32.3), 125 (C,H,0,. 60.2) 108 (C,H,,. 46.1). 83 (C,H,0. 100.0).
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'HNMR (CDCI,) 83 17 (1H d. 20 Hz, H-5a), 2.46 (1H_dd_ 20 and 1.5 Hz H-5b), 2.29 (1H,
qd. 7and 1.5Hz H-3). 2 19(1H d. 13Hz H-7a). 2.10 (1H brt. 9.5 Hz H-1): 1.94 (1H. d,
A 13 Hz. H-7b), 1. 73 (14 brd. 14 Hz H-9a) 1.69 ('Il:*l; brs. OH). 1.60(1H, ddd, 13 9 and
1.8Hz H-11a 154 ("H d 14 Hz H-9b). 1.47 (1H dd. 13 and S Hz, H-11b}. 1.36 (1H,
brs. 6H), 1.18(3H. s, H-12), 1.09(3H. s H-13), 1.04 (34 s, H-14), 1.00(3H. d 7 Hz
H-15)

'H NMR (C,D,N) 8 6.54 (1H. brs, OH). 5.80 (1M, brs. OH). 3.80 t1H. d. 19.5 Hz, H-5a),
2.84 (1H. brd. 19.5 Mz H-5b). 2.56 (1H, brq, 7.2 Hz, H-3), 2.52 (1H. d. 13.5 Hz, H-7a),
244 (1H brt, 9Hz H-1), 2.37(1H. d, 13 Hz, H-7b), 2.03(1H, brd. 14 Hz,  H-9a}. 1.61
{1H, brd. 14 Hz H-9b), 1.60(2H, m H-11). 1.39(3H, s, H-13), 1.25 (3H. s. H-14), 1.12

{(3H. d. 7.2 Hz. H-15). 1.08(3H. s. H-13).

crs,anti,cis-28,38, 10,10- Tetnmethyl"'sﬂ.,aa -tricyclo [6.3.0.02'6] t;ndecan-A—one
(discetoxyarthrosporone diacetate, 58)

Arthrosporone 20 (2 mg. 0.008 mmole) was dissolved n dichlpromethane (2ml)
-contaning acetic anhydr}de (5 drops). The solution was allowed to co.oll in an ice-bath and
| few grains of p-toluenesulfonic acid was added. The monoacetate 27 was formed
. quantitatively after 30 min as judged by TLC. fhe mixtgre was allowed to warm to room
temperature. After 60 rﬁnn the soleon was diluted with dichloromethane (10 mL). weshed
with agueous 5% sodium bicarbonate (2x 2 mL). brine (2 mL), driéd (MgSO,), and
evaporated to yield crude diacetate. Purification of the residué by lch.romatography over
silica gel (acetone/ dichioromethane 2:98) yielde;! pure diacetate 58 as a waxy material.
TLC: R'¢ 1.14 (acetone/benzene 1:8), 1.08 (ethy! acetate/pentane 1:3).
f-;TlR (CHCI,, cast) 1739 (stfong). 1383 and 13609 tas a doublet), 1249 (strong), 1227,

1

(strohg) and 1028 cm-!. ' )
IHNMR (CDCI,): & 3.31 (1H.d. 17 Hz. H-7a), 3.21(1H, dd. 18 and 1 Hz, H-5al, 2.86 (1H, dd.
12 and 8 Hz. H-1). 2.31 (1H.d, 15.0 Hz, H-Sa), 2.28(1H. d, 19.0 Hz, H-Bb). 2.27 (1H, qd|
7.0 and 1.0 Hz, H-3). 2.18 (1H, d, 17.0 Hz, H-7b), 2.04 (3H, s, CH,CO-). 1.98 (3H. s,

CH,CO-). 1.67(1H. 1, 12.0 Hz, H-11a), 1.62 (1H, dd, 12 and 8 Hz, H-11b), 1.58 (1H, d,
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15 0 Mz H-Gb) 1.06(3H s H-13) 1.05(3H. d 7Hz H-15 103(3H s H-12) 0 88(3H

s H-14)

Attempted epoxidation of anhydroarthrosporone 21
A solution of 21 (4 mg, 0.0169 mmole) in tetrahydrofuran (2 mL). was cooled at
0°C for 15 min. then a solution of sodium bicarbonate (14 mg 0. 169 mmole) in water 42
mL) and 30% hydroben peroxide (1 drop) was added. The mnxt;;re was allowed to stir at
room température. After 6 h no reaction had taken place as judged by TLC. After 2;1 ha
mixture of starting material and a non-UV active compound {major by TLC) was formed.
The reaction was quenched with a saturated solution of ammonium chloride (5 mL}), then
the mixture was ex-trécted with ethy! acetate (3x 10 mL) -The organic layers were
combined. washed. dried and evaporated /n vacuo. The residue obtained (4.5 mg) was
subjected to a mimi silica gel column chromatography (acetone/ dichioromethane 32810
give mostly the starting material 21 (= 2 mg), a solid material 60 (0.8 mg) and a very polar
compoupd 59 which was not identified.
Most pblar unidengified combound {59)
TLC R'f 0.20 {acetone/benzene 2:7], 0.14 (ethyl écetate/peﬁtane 2.3, developmentx2).
FTIR (CHCH,, cast)- 3375 (broad. strongi, 2952 (strong). 2932 (strong). 2867
1736-1713.% 1137 (strong). 1079 (strong) cm"*. 6
HREIMS m/z (formula, intensity) 248 (C,,H,,O, 6.5. M- - H,0), 205 (C,,H,,0,. 23.7). 193
(C,,H,,0,. 85.8), 191 (CZH,,O 28.4),1.77 {C,,;H,,0. 28 2). 176 (C,,H,0. 61 2) 164 |
(C,,H,0. 100.0. M CH,0,). 163 (C,,H,,0. 44.9), 161 (C,,H,,0. 28.9). 135 (C,H,,0-
37.1), 121(CH,,. 52.8). 111 (CHO 304) 109 (C,H,0. 48.1), 95 (C;H,,. 20.6). 81 (C,H..
43.9), 67 (CH,. 31 .9), 55 (CH,. 72.6), m/z calcd. for C,,H,,O 266; found 266 by Cl
(m/z 284 (M+18) 100.0).

-

1H NMR (CDCI,): 6 4.09 (< 1 H. s), 3.14 (1H, brs."OH). 2.16 (1H, brs, OH). 2. 16:(1H. d, 14

P e et T

» A medium intensity band mdncatmg that the sample was contaminsted with a
carbony compound.



Hz) 2. 12(1H. d 13.5Hz) 1.94 (1K brdd. 13and 7.5Hz) 1.83 (1H brd 12 BHz) 181
(1H. d 12.8Hz) 1.69(1H. d. 13 Hz), 1.959(14 do 13 and 8Hz) 1.40 (1H. t 13Hz) 126

K4

1.15 1.14 and 0.97 (each 3H s)

cis,anti cis-20,3a,10,10-Tetramethyl-8a-hydroxy (3B,65-opoxytricyclof6.3‘0.02')

undecan-4-one, 60

Compound 60 was recrystalized (E1,0/ Skellysolve B) to give neediés m.p

115%-117°C.

Y

TLC R P (cholesteroll 0.82 (acetone/benzene 2 7). 0.57 (ethy! acetate/ pentane 1 2' ;
devel.op-rneme), as a yellowish spot (reagent A) or reddish spot (reagent B)

FTIR (CHCI,. casti 3464(broad). 1749 (very strong) 1384 1] 180, 1142, 1036 (all strong’
cm. |

HREIMS m/2 (formula,‘qmensny) 207 (C,,H,,0,. 8.5 M- ~ (CH,CO~H)). 204 (C, H,0. 35 8.
M- - (H,G*CO)), 179(C,;H,,0. 78.9). 165 (C,;H,,0. 89.8). 164 (C,,H,,0.52.2). 161 (C,.H..
- 99.6). 149 (C,H,,0.21.6). 123 (C,H,,0. 55.4). 113 (CH,0,. 45.6)‘/,'1'12 (CH,0,. 32.2),
108 (C.H,0, 100!, 107‘tC.H,,, 30.1). 105 (C,H,. 35.8). 95 (CH,,. 34.4), 91 (CH,. 36"‘,3).

B5 (CH,0. 36.6). 81 (C,H, 43.8). 79 (C,H, 45.2). 77 (LH, 41.0) &

calcd. for C,,H,,0, 250. found 250 by Ci(m/z 268 (M+18). 100},

'HNMR (EDCI,) 52.78 (1H, d. 18 Hz. H-Bal. 2.41 (1H, brdd. 12 and 7 Hz, H-1), 2.40 (1H
dd. 18 and 2 Mz, H-5b), 2.31 (1H. dd. 14 and 2 Hz, H-7a).-2.13 (1K, brd. 14 Mz H-7bl
1.65 (1H, brs, OH, 1.62 (1H, d. 12 Hz. H-Ga), 1.56 (H, t 12Hz H-11a) 151 (1H.d. 12
Mz, H-b). 1.49 (TH. dd, 12 and 7 Hz, H-11b), 1.18 (3H, 5. H-12), 1.15 (3. 5. H-151. 1.4

(3H.'s. H-14). 1.06 (3H, H-13).

‘Oxidation of -nhrosporﬁl

Alcohol 22 (3 mg 0.012 mmole) in dichloromethane (2 mL) was aliowed to str in
th? presence of pyridinium chiorochromate (PCC. 2.2 rr'wg) at room temperature. After 2 h
the suspension was filtered through a florsil éolumn whiﬁh was then washed with diethy!

sther. The organic filtrates were combined and concentrated to yield after recrystallization

< .



118

{ether / Skellysolve B) keto-diol 63 m.p 139-141°C laD“ -145%" (¢ 05, CHCl,)
TLC R p 0.51 (acetone/benzene 2 5) |
FTIR (CHCI,. cast) 3478 (broad. strong). 2951 (strongl 2868 1730 (strong). 1382
1366, 1190 1141 1071 cm
HREIMS m/z (formuta intensity), 252 (C,,H,,0, 365 M) 234 (C,H,,0, 28.8 M - H,0
216 (C;;H,,0. 2.0 M- - 21,0), 192 (C,,H,,0. 81.4). 191 (C, H,,0. ‘29.9), 125 (C.H,0,.
100.0. C,H,,0, 2.0}, 108 (C,H,,. 22.7). 83 (C,H,0. 41.2) 69(C H, 299} 56 (CH, 25.8).
Triols 64, 65 and 71 obtained from the reduction of arthrosporone 20

Crude 20 (5 mg. 0.02mmole} was dissolved in methanol (2 mL} and sodium
borohydride (7 mg. 0:2 mmole) was added The mixture was allowed to stir at room
temperature After 1 h aqueous acetic acid (50%, 1 mL) was adtded and the mixture was
aliowed to stir for 2 min. The solvents were removed. water (2 mL} was added and the
agueous solution was extracted wvnth ethyl acetate (3x5 mL). The organic layers were
combined. washed with brine, dried (Na,SO.)‘ and concentrated /n vacuo. The crude
garoduct was purified by chromatography on silica gel (two' successive columns.
acetone/ dichioromethane (3 7) and acetone/benzene (1 4)) to‘ give three products. The
most ;;olar product was the major triol while the least polar product wés the minor triol »
C‘IS anti,cis-2p,35,10,10-Tetramethyltricyclo {6.3.0. 0 ]undecan-la 68.8a-triol
(synthetic arthrosporol, most polar. 64)
M.p. 164-165°C.
TLC. R’fw 0.52 (acetone/b\e’nzene 3:2), 0.46 (acetone/benzene 2.3, developmentx2).
reddish spot which turned dark: blue overnight (reagent A). |
JOR. lélD” -32.0" (c 1.5, CHCI,); -62.3" (¢ 0.7, MeOH). /
FTIR (CHCI,. casf): 3368 (broad and intense), 2950, 2927, 1383 cm-t. '

rrersccarcc—re—--

» The third triol whose polarity lies between those of the minor and major
triols was not obtained when the reduction was carried out on pure
arthrosporone (20).

#* R'¢ was calculated usmg metabolne 21 for reference.
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HREIMS m/z (fragment intensity). 236 (C,,H,.0, 17.8 M- -H,0) 218(C,,H,,0. 100 O
M- = 2H,0) 203 (C,#H,,0 24 6 218-CH,. 182 (C,H,,0, 32.7. M- = C,H,0). 114 (C, H,,
25.6) 150 (C,,H,,. 39.8) 139 (C,H,,0. 19 5) 127 (C,H,,0, 19 0) 109 (C,H,, 21.6) 83

(C,H.0. 16.6). 55 (C,H, 12.2) \

3

CiIMS m/z (intensity, f ragment) 272 (100.0. M-NH,"), 254 70 4. M-NH, - 18). 236
(22.8 M- - H,0)

IHNMR (CDCI,) 8 3.94 (1H, 1d. 9 and 5 Hz H-4). 2.38 (1H_brdd. 13 and 8 Hz H-1), 2 .31
(1H. d 15 Hz H-7al 2.21(1H. d. 15 Hz H-7b) 2.04-2.00 (3H. m). 1.87 (1H, brd. 14 Hz,
H-9a) 1.71(1H. bra, 14 Hz H-9b). 1 54(1H, brt. 12 Hz H-11a) 1.47 (1H_brddd. 12. 9

and 2.2Hz H-11b) 1.11(3H s H-12) 1,04 (3H s H-13), 1.02(3H d 7Hz H-15) 0.78

{34 s H-14)

‘C/s,aﬁx/,C/sZﬁ,Zm, 10,10- Tetramefhyltricyclo [6.3.0.0z'elundecan-dﬁﬁp,Ba-triol lep:-
arthrosporol, least polar triol 65) |
M.p. 150°C (dec.) (diethy! ether / Skellysolve B).

TLC R‘f 0.63 (acetone/benzene 3 2). 0.55 (acetone/ dichloromethane, 3 2.
developmentx2). reddish then blue §pot.

OR [aly” -64.0" (c 0.1, MeOH).

FTIR (CHCI,. casti 3301 (broad, strong). 2950, 2930, 1466, 1378 and 1364 (doublet),
. 1067. 1024 cm™. g ‘ |
HRE‘MS m/z (formulé. intensity) 254 (C, H,,0, 3.3. M), 236(C,,H,,0,. 19.8, M- - H,0).

+ 2181(C,H,,0. 7.5. M- - 2H,0.)',"203 (C,H,,0. 218-CH,). 182 (C,}H,,0,. 100.0.M- -~ C,H,0),

177 {C,H,,0. 4.01. 174 (C,,H,,. 21.2), 164 (C,,H,,0.6.8). 150. (C,H,,. 38.5), 138 (C,H,,0.
42.0). 127 (CH,,0,. 17.5 M = G,H,0). 124 (CH,,0. 3.6). 121 (C,H,,. 22.4). 111 (CH,0.
.5'4)' 83 (E,H,O, 14.0). 55 (CH,. 26.6). m/z calcd for C,H,,0,: 554.1875,i found:
~ 254.1875. | ‘

IHNMR (CDClLy): 6 4.14 (1H. td, 5.0 and 2.0 Hz). 2.51 (1H’,‘dd. 14.1 and 5.0 Hz), 2.3 1 (1H,
td. 11.0'and 1.5 Hz}. 2.13 (1H, ¢d. 14.0 and 1.5 Hz), 1.07 (1H, dq. 5.0 and 7.2 Hz), 1.98

(1H, d. 14.0). 1.87 (1K, brd. 13.8 Hz)./l.BS {1H, dd. 14.1 and 1.8‘Hz). 1.57 (1H, brd, 13.5

"
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Hz) 148 (28. M) 109(3H s) 1.03(3H s) 1003H d 7.2Hz) 092 (3H4 s} 2 07 and

1.57 (2H exchangeabie with D,0) -

C/s,anr/,ct's-20,3a,10,1O-Tetramethyltricyclo[6.3A0.02’6] undecan-4§,66.8a-triol {/so-
arthrosporol, 71)

Mp 168-169°C (CH,Cl,/ Skellysolve B)

TLC R f 0.52 (acetone/benzene 3 2), O 42 (ace‘tone /(ehloromethane 32

developmentxZ2) "
- L]
OR la]y» -20.9 (¢ 2.2 MeOH)

FTIR (CHCI, cast) 3301 (broad and intense} 2950 2980, 2803 1466, 1378 and 1364
(doubtet). 1315 1163 1067

HREHV@ m/z (forr;;ula, mntensity) 236 (C,,H,,0, (83 8 M- — H,0}, 218 (C,,H,,0, 100.0,
236-H,0). 203 (C,H,,0. 67.2, 218-CH,. 182 (C,,H,,0, 36 1. M- = CH,0). 177 (C,,H,.0.
16.0). 175 (t,,H,., 23.00. 164 (C, H,,0. 39.7}. 150 (C,,H,,. 35.01. 139 (C,H,,O, 39.6), 127
(C.H,,0,. 9.2. M- - C,H,,0). 124 (C,H,,0. 3.3,'M‘ - CH,.0;. 121 (CH,,. 25.6). 111
{C.H,,0. 27.2). and 83 «C,H,0. 42.1). |

IHNMR (CDCiy) 84.16 (1H. brt, 6.5 Hz. H-4). 2.90 (1H, ddd. 13.75 and 1.5 Hz. H-1). 2. 47 ©
(1H. brd, 16 Hz. H-5a), 2.37 (1H, dd. 14 and 1.7 Hz, H-7a). 2.27 (1H, brdd, 16 and 6.5 Hz.
H-5b). 1.86 (11, d. 14 Hz, H-7b), 134(1»« m. H-3). 1.68 (1H. dd. 14 and 2.5 Hz. H-9a)
1.51 (1H, 5. 14 Hz, H-9b), 1 46(1H ddd. 12, 8and 2.5 Hz, H- Ha) 1.41(1H, brt, 11 Hz,
H- 11k, 1:12 (3K, s, H-12), 1.018 {3H.d. 7Hz, H-15). 1.03(3H. s, H-13), 0.89(3H. s.

H-14)

cis,anti,cis-28,36,10,10-Tetramethyl-da-acetoxytricycio [6.3.0. O ] undocln .68,80-
diof (4-O-acetyl -rthrosporol 66) ’

A soiution of arthrosporol (3.4 mg, 0.013 mmole). acetic anhydride {5 dropsl} and
pyridine (1.5 mL) was allowed to stir at room temperature for 24 h. Workup in the usual

manner yuelded crude acetate (4 mg) Punfucatuon by snluca gel chromstography

(acetone / dichloromethane 12:88) gave monoacetate 66 which was recrystallized
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(Skellysolve B/ diethy! ether) m.p 150°C (dec.)

TLC le 0 71 (acetone/benzene 2 71 O 35 (ethy! acetate/ pentane 1.2).

OR fal,™ -68 4 (c 2. CHCI,)

FTIR (CHC!, casti 3456 (broad) 2951 (strong 2936 (strong). 2865, 1732 (strong). 1715
(strong). 1260 (strong} 1020 cm *. (
LREIMS m/z (intensity) 296 (0.1) 219 (16.0), 218(100.0). 203 (14 .4}, 160(11.5), 136
(42.3). 125(12.2). 108(39.9). 95(15.5) 83 (18 4). 69(17.1,67 (.10.6), 55 (26.6). 43

54
(79.9).

HREIMS m/z (formula. intensity)-278 (C,,H,,0, .02 M- - H,0) 236 (C,,H,,0, 35

M- - AcOH), 218 (C, H,,0. 100.0. M- — AcOH - H,0). 203 (C, H,,0. 17.8). 136 (C,H,..
41.1,CH,,0.9.8). 123(C,H,,0. 11.2). 110(C;H,,0. 25.0). 109 (C,H,,, 22.4. C.H,0.
26.5). 55 (C,H,. 23.8) ‘

‘H NMR (COCl,) 6 4 84 (1H, ddd. 9.5: 9and 4 Hz, H-4). 2.42 (1H, brdd, 12 and 8 Hz M- 1),
2.27 (IH. brd. 16 Hz, H-7a). 2.22 (1H. d, 16 Hz, H-7b), 2.22 (1H, dq. 8 and 7 Hz, H-3),
2.13(1H, dd. 15 and 9 Hz, H-5a). 2.03 (3H. s. CH,CO}."1.95 (1H., dd. 15 and 4 Hz, H-5b).
1.90(1H. d, 14 Hz, H-9a). 1.71 (1H, dd. 14 and 2.5 Hz, H-Sb), 1.63 (1M, brs, OH). 1.‘59
(1H. 1. 12 Hz, H-11a). 1.40 (1H, ddd. 12. 8and 2.5 Hz. H-11b). 1.12(3H. s, H-1), 1.05

(3H. s. H-13). 0.98 (3H. d. 7 Hz, H-15). 0.79 (3H. 5. H-14).

cis,anti,cis~28,30,10,10-Tetramethyl-4a,8a- diacetoxytricyclo [6.3.0.02'6] undecan-65- -

ol (arthrosporo! diacetate, 67)
Arthrosporol (22. 4.7 mg. 0.019 mmole), dimethylaminopyridine {(catalytic amount).
‘and acetic ihhyhydride {5 drops) were dissolved in trigthylamine at room temper"ature. The

reaction mixture was allowed to stand for 3 days. The mixture was then worked up in the

-

usual way. The crude acetate was purified by chromatcigraphy. (acetone/benzene 5:95) to

give diacetate 67 as a waxy material. ) w 1
TLC. h'f 0.86 (acetone/benzene 7:2), 0.73 (ethyl acetate / pentane 2:1).
FTIR (CHCI,, cast): %12 (broad), 2952, 1732 (strong), 17 17 (shoulder). 1249 (strong).

1020 (strong) cm'.
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FTIR (CHCI,. 0 1 MM) 3560 1716 (strongl 1248 (strong) cm !

FTIR(CCI, 0.1 MM) 3615 2958 1734 (strong). 1242 (strong)

LREIMS m/ z retative intensity) 299 (0. 6) 278 (2 7). 21950 4, 218(100.0), 203 (12 8)
190 (16.6) 163(23.3). 109(30 1) 85(16.5). 55(13 6). 43(58 1)

'H NV (CDCI,) 64 82 (1H ddd 10. 9 and 4 Hz.H-4) 2.70 (1H d 12 and 9 Hz H-1) 2.64
(1H. d 195 Hz H-7a 2.34 (14 brd 15 Hz H-7b). 2.20(1H dd. 1S5 and 3 Hz H-9a} 2 13
(1H brdd 14 5 and 10 Hz H-5a) 2.04 (3H s CH,CO) 2.03(1H m MH-3) 202(3H. s
CH,CO). 1.88 (1ka dd. 14 5 and 4 Hz H-5b) 1.82(1H d. 15Hz H-9b) 1 59 (1H t 12Hz
H-11a) 1.44 (1H dd 12, 8and 3Hz H-11b), 1.03(3H s H-12) 101(3H 5 H-13) 100
(3H. d 6.5Hz H-15) 081 (3H s H 14) ) .
(C,D.N §6.23(TH s OH 512 (1H, td 9.5and 4 Hz H-4) 308 (1H d 155Hz H-7a)
291(1H dd 12 and 8Hz H-1) 2.68(1H d 15 Hz H-5a), 2.52 (IlH, dd 14 and 10Hz,
H-5al 2 457(1H, dd. 15 and 2.5 Hz H-Qal. 2.35 (1H, dq. 8.5 and 7 Hz. H-3). 2.19 (1H, brd
14.5 Hz. H-Gb). 2.08 (1H, dd. H’lland 4 Hz H-5b) 1.96 (1H brt, 12 Hz H-11a), 1.96(3H,

s. CH,CO). 1.95 (3H. 5, CH,CO). 450 (1H. ddd. 12. 8 and 2.5 Hz H-11b), 1.09 (3H. s
H-12). 1.08 (3H. d. 7 Hz H-15). 1.04 (3H. 5. H-13). 1.02 (3H. 5. H-14).
cis,ants,c15-26,38.10,10- Tetramexhyl 4a,608a- triacetoxytricyclo [6 3.0. 0 ]undac.ne
(arthrosporol triacetate, 68)

Alcohot 22 (2.4 mg. 0.009 mmdle) and p-toluenesulfonic acid {(few grainst were
dissolved in acetic anhydride (1 mL) and the solution was allowed to stir at room
temperature for 3 h. The solution was diluted with dnethyl ether (10 mL). washed 5%
aqueous sodium bicarbonate, water and brine). dried (MgSO,) and the solvent %oved
The residue was chromatographad over silica gel and pure arthrosporol triacetate (68) was
eluted (acetone/ dichloromethane 1:99) as a vuscm;ss material [a}D” -29.6{c 2.1 CHCI,).
TLC: R‘ 1.43 (acetone/benzene 1:8). 1.17 (ethyl acefate/pémane 1:3), developmentx2).
A FTIR (CHCl cast): 1738 (strong, sharp) 1249 (strong). 1225 (strong), 1020 cm*.

HREIMS m/z (formula, mtensuty) 321 (C,,H,,O. 1.1, M- - AcOl. 260 (C,.H,.O 10.8
M- - 2AcOH), 218 {C,4H,,0. 8.7, M- - AcOH - CH,CO), 200 (CysH,,. 100.0. M- - 3AcOH).



CMMS (NH,) m/z calcd for M~ 18 398 found 398 (100.0%) ‘

4 NMR (ClSCn,) §485(1H td 10and 3 8Hz H-4) 3.18(1H. d 17 Hz H-7a 2.75(1H
dd 12and 9Hz H-1).2 43(1H dd 15 and 3.8 Hz. H-5a), 232(1H d. 17 Hz. H-7b) 2 30
(1H. dd. 15 and 10 Hz, H-5b), 2.25 (1H dd, 15 and 2. B Hz. H4-Sa). 2. 06. 2.03 and 2 00
(each 3H s CH,CO). 2.02 (1H. m_H-3). 1.58 (1H brt. 12 Hz H-11a). 1.53 (1H brg. 15
HZ H-9b) 1.49 (1H ddd 12 9and 2.8 Hz. H-11b). 1.01 (3H s H-12). 1.00 (3H s H-13),

099 (34 d 7Hz H-15) 0.84(3H s H-14)
c15-28.3a,10, 1O-Tctramothyl-Qa-acetoxytrlcyclo[6.3.0.02'6] undec- 1({B)-en-4_ 11-dione
(atllylic acetate, 72) - .

Aicohol 23 (4 mg. 0.016 mmole). pyridine (1.5 mL) and acetic anhydruée {few
drops) were allowed 1o stir at room temperature for .1 2 h. The reaction mixture was
worked up in the usual way, then purified by breparatnve thin layer chromatography
{acetone / dichloromethane 5-995) to give pure acetate 72 (3 mg}. |
_ TKC R’f 1.07 (acetone/benzene 1 8). 0.58 (ethy! acetate. pentane 1.3 developmentx2).

R

0 lalD” -13.8(c 1.6, CHCI,).

FTIR (CHCI,. cast) 1740 (stro‘ng), 1710 (strong). 1632, 1328 and 1374 (dc‘)ublet)‘ and
1232 (strong) cm!.

HREIMS: m/z (formula. intensity) 290 (C,,H,,0.. 6.7, M*). 248 (C,;H,,0,. 88.7 M- ~
CH,CO). 233 (C,H4,,0,. 100.0, 248 - CHy). 177 (C,,H,;0;. 25.4) 174 (C,,H,.0, 19.2) and -
91 (C,H, 18.9). m/z calcd. for C,,H,,0, 290. 1512; found: 290.1524.

CIMS (NH,}: m/z (relative intensity) 598 (0.3, 2M+181 308 {100.0 M+18).

'HNMR (CDCl,): 8 5.60 (1H. t, 2.5 Hz, H-9), 2.97 (1H. m, H-6), 2.87 (1H, ddd, 16. 8 and
2.4 Hz. H-7a). 2.59 (1H. dd. 20 and S Hz. H-5a), 2.42 (1H, ddd. 18, 4, and 1.5 f'iz, H-5b).
2.40 (1H, qd. 7 and 1.5 Hz. H-3),.2.25 (1H, ddd. 16. 7 and 2.5 Hz, H-7b). 2.17 (3H. s,
CH,COL. 1.26 (3H. s, CH,). 1.11(3H, s, CH,), 1.08 (3H. d. 7 Hz. H-15), 1.00 (3H, 5. CH,).
13C NMR (100 MHz, CDCl,): 6 217.5 (s. C-4). 204.9(s. C-11) 181.4 (s, C-3), 170.3 (s,
CH,CO). 147.5 (s, C-1). 75.5 (d, C-9, 53.9(s. C-10). 51.0 (d. C-3). 49.9 (d. C-6). 42.1 (s.
C-2), 41.7 0, C-5), 317t C-7), 24.1 (qh 20.7 (q). 19.9 (q. CH,CO). 18.6 (q). and 9.4 Q.

q
¢
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c15-206-32,10,10-Tetramethyltricyclo 16.3.0.02'6] undec-1(8}- en -4. 9, 11-trione
(triketone, 73):

| Alcoho! 23 (2 7mg 0.01 1" mole) was dissolved in dichioromethane pyridimiurh
chlorochromate (2.3 mg. 0.0 13 mmole) was added and the yellow suspension was

allowed to stir at room temperature. After 20 h. the brown suspension was filtered

* through fluorosil and the adsorbent washed with chioroform Purification of the residue

by sihica gel chromatography (dichloromethane) gave trikgtone 73 as a low meiting sold
JLC R f 1.29 (acetone/benzene 1 8) 0.67 (ethy! acetate/pentane 1 3. o
developmentx2) »
OR‘lcle“ -153.97« 0.7. CHCt)
UV (MeOH) xma'x 247 (e 4762). 236 (¢ 41.94)
FTIR (CHCI,. cast) 1736 (strong). 1696 (strong), 1616 (weak) cm !
HREIMS m/z (formula, intensity) 246 (C,,H,,0,. 100.0. M), 231 (C,H,,0,. 6.7. M- - CH))
218 (C,.H,,m& M- - CO), 190 (C;,H,,0,. 29.2). 189 (C,,H,,0,. 53.3). 176 (C,,H,,0,.

.

§0.1). m/z caled. for C,H,,0, 246.1251; obs. 246.1257. | v’ '

\ \
1H NMR (CDCI,) 6 3.10 (1H, dd. 17 and S Hz. H-7a), 3.07 (1H. m_ H-6). 2.74 {1H. dd. 18.5

- ‘\

and 9 Hz, H-5a). 2.51 (1H. dd. 17 and 6 Hz, H-7b), 2.38 (1H, m. H-3). 2:21(1H.dd. 18.5

and 5 Hz, H-5b), 1.23(3H.s. CH,). 1.19(3H, 5. CH,). 1.16 (3H. s. CH,). 1715(3H. d. 7 Hz.

H-15). -

cis.28.10,10-Trimethyl-11-acetoxy-(1a, 3a)- spoxymethanotricycio [6.3 ,02’6]

undec-5-en-4-one (Ojacetyltdtracyclib ether 76) |
About 1 mg of 25 was dissolved in pyridine (1 mL) and acetic anhydride (2 drops)

was added. The mixture was ailowed to stir at room temperatdre. After 24 h the starting

material was recovered unchanged. The solution was-éVap-orated 10 dryness and the

residue redissolved in triethylamine (1 mL). Acetic anhydride @2 drops) and few grains of
------------------ . 1 : ) )
» The compound does not char with a staining reagent A.

. ' S

13

o
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DMAP were added and the mixture was allowed to stir overnight. Workup 1n the usual way
) , :
gave a complex mixture (TLC) Chromatography of the mixture on a mini silica gel column

(CHCI, l gave a small amount of UV-active acetate 76 IR (CHCI, cast). 1744 (strong), 1709

(strong) 1632 to 1233 (strong) cm *.

lHNMF?(CDCI) 5588(1H d. 2 Hz H5).5.09(1H, s H-11), 3.97 (14, dd. 7 and 4 Hz.

i

968, 875 cm*.

H- 15a), 3.52 (1H. 1. 8 Hz, H-8;, 3.51(1H. t. 7 Hz, H-15b), 3.03 (1H, dd. 15 and 9 Hz,

t-7a). 2.84 (1H,ddd, 15.8.5, 15 Hz H-7b), 2.78 (1H, dd. 7 and 4 Hz), 2.20 (3H s,

t

CH,CO). 1.32 (3H- s, H-13), 1.27 (3H. s, H-12). 1.14 (3H. s, H-14).

1rans,C/'s,Aa,BﬁAl.Jl\“Tqir-memyl-Sﬁ-acetoxytricyclo (7.2.0.0%4) undecan-58-ol
(5-0-2 :.ylisomcyclohumuladlol 79)
Alcohol 26 (2 mg. 0.008 mmole) was dlssolved in dry pyridine (1.5 mL) ané@ceta%

anhydride (3 drops) was added. The mixture was allowed to stir at room temperature for

- 18 h. Solvents were removed /n vacuo and the residue was dissolved in dichloromethane.

The solution was washed. dried and concentratéd to dryness. Purification by
/ ) . . . N

chromalography over a silica gel column {chloroform} gave acetate 79.
TLC R 0&5 (acetone/chloroform 15.85.
FTIR (CHCJ,. éast) 3440 (broad) 2953 2833, 1731 {strong), 1248 (strong)* 1075 1020

HREIMS /2 (formula, intensity) 280 (C,HuO,, 2.7, M), 263 (C,Hy,0,, 2.7. M- H,01.”

- 220 (€,/H,0.71.6. Mf—‘H‘OAcA:l, 187 (C,H,. 27.3), 164'(C,,H,,C 34.7, M- ~ HOAE -

| CHi.. 162 lc,,H,. 43,1159 (C,,H,, 29.3) 149(C,,H,, 16.2: C,H,,0. 44.7), 147,

(C,,H|,,56 '?E 146 (C,,H,. 60. 3) 138 (C,H,,0. 25.9),-135 (C ,,H,, 26.2). 133 (C,,;—H,,

' 27 2), 131 (C,.,H,, 56 8) 125(C H1,0.25.2), 121 (C,H,,. 46 8), 119(C,H,, 38.3), 109

e j (C Hiy. 32. 2) 107 (C Hu 52. 79) 106 (C4H,,. 100.0). 105 (CH,. 34.1), 95 (Can, 58.9), 94

(C,H,, 51.2), 93(C1H 71 6) 91(C,H, 47. 9) 81.1(CH,. 41.2), 79(C(H,. 37. 6) 71(CH,0.
29. 2) 69 (CH,. 32.4), 67 (C H 28. 9) 59 (C H 0. 28.5 and 55 (CH,. 45.9): m/z calcd.

' tor c,,H,.o, 280.2031: found "280. 2043

| 'H NMIR (CDCl, + D, o (1 dropn 6 4 50 {1H, dlstorted dd 12 and & Hz, H-5), 2.06 (3H,
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4

CH,CO) 1.98 (1H. td. 11 and 8 Hz, H-9), 1,84 (3H. m. H-6a and H-7). 1.68 (1H m_ H-6b).
156 (14 dd 10.5 and 8 Hz H-10a), 1.42(1H. t. 11 Hz H-10b), 1.19(1H t 11 Hz 11

, >
Hz MH-1)» 1.193H. s H-15) 1,12 (3H,- s H-120rH-13) 1.05(6H,'s, H-14 and H-13 or

v

H-12) 0.65 (1H, ddd 1 1.‘7.5 and 5 5 Hz H-2)»* 045 (1H dd 7.5 and 5.5 Hz, H-3a}

-

0.31(1H, 1. 5.5Hz, H-3p).

2,4

trans,cis,4a,88,11,11-Tetramethy!- 1 1a-hydroxytricyclo {7.2.0.0" '] undecan-5-one

(keto'alcoh‘ol 80) .
Compound 26 (2 mg. 0,008 mmole} in dichloromethane was oxidized with an

excess of pyridnium chiorochromate. After 20 h the mixture was worked up in the usual

way to give 2.8 mg of crude ketol Purification by chromatography over silica gel

(chloroform) gave pure keto! 80. h

TLC R‘f 0.75 (acetone/chioroform 3 7).

OR laly?-117" (¢ 1.0, CHCl,).

UV (MeOH) )\max 203 nm (¢ 1676).

FTIR (CHCI,. cast) 3427 (broad). 2955. 2932, 1690 (strong), 1384 and 1367 (ch:cublet),

1102, 1089, 1073, 946. 891 cm-. "

HREIMS- m/ z (fragment, mteﬁsity) 236 (C,,H,.0,. 36.0. M), 221 (C,H,,0,, 18.5.

M- - CH,). 218 (C,,H,',o 1;1 M: - H,0). 179 (C,,H,,o 20.8), 178 (C;;H,,0. 21.9), 165

: (C,,H,,O 27.2), 163 1(C,,H,, 21. O) 141 (C,H, H,,. 31.7, 137 (C,,H;, 40.3, C,H,,O 21.7).

135 (C,Hy5. 27.7: CH,,0. 24.9), 123 (C H,,0. 36.3). 122 (C, H,. 40.8 CH ,,O 20.4), 121

(CHy. 25.7). 119 (CH,,. 31.2). 111(CH,, 0. 36.51. 108 CH,, 43.9.CH,0.67.7). 107

{C,H,,. 56. 4), 99 (CH,0,. 100.0). 97 (CH,0. 32. 2).95(C |Ll,, 48.6). 93 (C,H, 52.5), 91

(C/H,. 31.6). 79(CH,. 35.2),. 71 (CHO 25.1), 69(C.HO 23.8. C4H,. 68 .5}, 67 (CH,.

56 7)., 57 (CiH,. 57.4) and 55 (CH,. 91.7), m/z calcd. for C,,H,.O 236.1770. found

236.1777-. ‘ ‘ _

'HNMR (CDCI, + D,0 (1 drépf): 6{2.7"9 (1H, ddd. 13.5. 5.3 and 3.5 Hz, H-6a). 2.42 (TH. td,

« The center of the triplet coincides with the methy! singlet at & 1.19.
«« Coupling constants of the cyclopropane protons Jeis = 7.5 Hz. Jirgns =
Jgem ',‘ 5 5 Hz
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135and4Hz H-6b) 2.34(1H 1d 135 and 4 Hz H-7a) 2.04 (14 td. 10 and B Hz H-9;
191(1H. dad 135 5 1and 3 4Hz H-7b) 1,534 (14 dd 10 and 8 Hz. H-10a) 1.38 (3H
$. H-195) 1.36(1H t 11Hz H-10b) 1 19(1H t 55 Hz) 1.09((3H. 5 H-12) 1.06 (BH_ s

H-130rH14) 0.99-081(1H M 0Y6(3H s H-14 0rH-13) 0.52(1H. dd Band’ 5

Hz)

STUDY Of THE BIOLOGICAL ACTIVITY OF ARTHROSPORAE METABOLITES USING A

PAPER DISK DIFFUSION METHOD (modified KirbyrBauer method):

Preparation of the tested cultures
A solution of Bactrol Disk~ was aseptically prepared by allowing a disk of bacteria
’ . _
10 2 mL Muelier Hinton (Difco bacto) broth to incubate overnight at 35-37°C.

Mueller-Hinton agar piates were then swabbed by ightly brushing the plate surface with ‘

thé above inoculum using a Q-tip swab -
inoculum of test “fungn were prepared in a n_wair,mer similar to that described above
Potato dextrose broth ana pota“tyo. dextrose agar were used as cufture media (ime ‘varied .
with speéues overmght to several days).
" Test solution and results | . '
| Compounds to be tested wer‘eb" b}epared 'as follows. A ;olut»oﬁ ‘of the compound
{or mixture) was prepared at c’qncentrafuons oﬁf 5% (crude material) or 2 to 5% (pure‘
materiall. Paper disks (10 or 6 mm in dn‘.‘aﬁwtgrf were soaked in the solution, theh sllowed
todry. Agar piates were mocuﬁfed with bacteria. the combound soaked disks were fnrrﬁl,; ‘
placed on agar and the plates were c|/nc:ubated for 24 h (bactena) or for several days
{slow- growmg fungal test culturés). = The resuits of antibiotic assays of Arthrosporae

| metabolites are shown in Tables 3 - 7.

Bagtrol Disks are water soluble disks containing viable bacteria commercially
; ilable from American Type Culture Coliection (ATCC).
*« For dewiled procedure see LaboratOry Mml by L. Browne and A. Szenthe.

ad 1Q0E ‘Manartemant aé MChanice. I hkmiccamaio.. ol Alawen -

AN
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Table 3. Antibiotic Bioassay of Crude Extracts of Arthrosporae,

Zone diameters= of inhibiion |

Test Microorganisms E 1;' E-2 E-3 £-4
Enterobacter cloacae 12 14 - -
Escherichia coli - ] 4 ‘ - -
Proteus vulgaris 30 30 20 -
Serratia marcescens 20 20 . - -
Staphy/dcoccus aureus 22 , 24 - -
Srap/ry/ococcus epidermidis 18 20 - -
Streptococcus pyogenes |  , Very positive - =
Candida albicans 28 18

w=A 10 mm disk was soakea with.5% sol;mon of the material to.be,tested,

\\ : \ .
. \\ '
« E-1 concentrated ether extract from the culture broth.
E-2 concentrated ethyl acetate extract from the culture broth.

E-3 concentrated ether extract from myce\‘fnum.. ’
\

E-4 concentrated ethyl acetate extract frorﬁ mycelium.

' \

4 »

Note - means no activity. o o

. . Y
¢) - v
. . « 1
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Table 4: Antibiotic Bioassay of Crude Extracts from Arthrosporse

»

Zone diameters#+ of inhibition

Test Microorganisms E-5~ E-6 E-7 E-8
— —

Serratia marcescens : —\ ~ 25 . -

Stéphy/ococcus sureays 12 10 18 10

Staphylococcus epidermidis 18 1M 16 -

Streptococcus pyogenes 20 20 22 -

Candida al/bicans A 15 g 1 18 -

»E-5 (neutral extract). E-6 (acidic extract), E-7 (crude extract. and E-.B {basic extract of the

culture broth)

»= A 6 mm disk was soaked with a 5% solution (CH,Cl,/MeOH, 85/5) of extract
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~
Table 5. Antifunga! Bioassay of Crude Extracts of Arthrosporae

N

\{one diameters (mm#) of inhubition

Test Fung (Ceratocy st/s!

E-Qee E-10 E-11 E-12
C clavigera | 35 36 20 22
C munor(C-248; 24 32 - 17
C minor (C-839 24 . 30 - 24
C uimi 20 22 18 16

Q@

‘w A 10 mm disk was socaked 1N a 5% solution of the extract

© w= E-Q (total crude extract) E-10 tneutral extract) E- 11 (acidic extract) from still culture

-

broth and E-12 (ether extract) of fermentor broth.
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20
Test Fung
Ceratocystis clavigera 14*
Ceratocystss minor {C-839: a
Ceratocystrs montia , ‘28
Ceratocystss ul m - 7
verticr//rum wagner_/a 123

Metabolites

21

14

30

18

22

23

12

18

/

« Zone dnamefers (mm) of Inhibition

+ 8@ shght activity

b inhibition zone not well defined for measurement

Antifungal activity 6f anhydroarthrosporone (21} and dehydroarthros;:;orod-one (23) was

compared with Arbotect (Merck) (83 and Lignasan BLP (Dupont) (84;.« two welj-known

benzimidazole derivatives used as fpngumdf?agamst plant pathogen fung: including the ’

Ceratocystis. Results of the antifungal bioassay are presented in Table 7.

csccmccanccsvcance.

* Samples of Arbotect (83) and Lignasan {84) were kindly provided by Dr Y.
Hiratsuku, Northern Forest Research Center. Canadian Forestry Service.
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Table 7 Antifungal Biosssay of Known Fungicides

- e
Fungcides e

21 23 83 84

Test Fung (Ceratocyst:s)
C. minor 8" 10 30 12

C ulm | 8 0 . 30 . -

= The concentrations of each of 83 and 84 was 0 1% 21 was 4% and 23 was 2%

== ZOne diametersimm)of inhibiton (6 mm diameter disk was used)

’
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Figure 2 400 MHz 'H NMR spectrum tCDCI_;)'of arthrosporone 200
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Figure 7. 400 MHz *HNMR spectrum {olo]
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Figure 11. 400 M;ﬁz 4 NMR spectrum (CDCl,) of dehydroarthrosporodione (23
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Figure 12,400 MHz 'HNMR spectrum.(CDCl,i of 4-O-acetylarthrosporol (24
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Figure 14. 400 MH: H NMR.spectrum (CDCI,) of tetracychc ether 25
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