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* ABSTRACT

=

L

bulleri Brodie has heen
— .

tThe“blrd?s‘ﬂust fungug Cyathus
grown on a bhcm}tuli% undcfin%q liquid medium in -static
culture. Fungal metabolites extracted from the medium
were separated by chromatogra;hic mcthods. Three of these
mctahoiifcs were 1solated an crystalline form; Aﬁamoly

cybullpf (Cy 5L 05, Cbmppund I (CISH’QO") and compound B

12222 ' D
) )
(a0
, ‘ , (
The structure of <yvbullol (79) was partially detef- b
. N X - — R,

mincd by spectroscopic analysis of the parent compound and
several of its derivatives. The stercochemistry at -5 was
“estahlished by chemical conversion of “cybullol’ into geos-

)

N . — " v . - ,' .- e
- min «(70), a naturally occurring compound first isolated

from ActXhomycctcs.

79 R: nu,O*.{ ‘ N ‘ | 76’
80 R= =0 o :

N R . B
" } riy . wt

Both cyBullol and goosmin 3re4bpticariy

Y ‘

active; the .

absolute structures 4re ‘as represented’ in 79 and 76. These

were deduced from the positivc_COttonzefﬁcqt.obseerd;in the
- k)

iv. -

AR 4
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. - s : ) -
. 'Clrcular dichroism qpectrum Of Kito alcohol 80 ;;ormcd
from Lybullol b} mild oxidation. S

Biogenetical]y;lcybuIIol-appcﬁ?s”to bblé degraded. |

g N R ' R, a
sesquiterpene.  The co-occurrence of compound F, tenta- - T
. . | e
. n i
n tively d%qlgnol partial structure 109, supports @g\s hypo-.
_. v ) . ’ ‘ f . N
(thﬁlﬁ ' _ . : ‘ s .

- \:— . . '
. ﬁr ,
L
€ ' a3 .

Y
. Sﬁ%gtroscopic data from compound F and its acetate
- d .
erlvatlve are .1n agrocment hlth_}h1s partial structure.
The relatlvc stcreochemlstry was 3551&ned by analogy w1th
cybullol. - ’
%A . The identity of compound B, isolated in very small
; . 3 : ,

oun1§<\has not been established.
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a I INTRODUCTION \ -

e '‘Since F]oming%‘gelcbrarcd rECO&nJIIOﬂ of tbe antlhic-
. ' !

4
tcrial activity of Penicillifm nedgtum 'n’l929, the screen-
" ‘_f*_“i“jj - §¥‘*— . ] “ .

1n& of fun&al motabollteﬁ Ras uncovcred a large and vari%y

¢ —\

selection of aptlhlotlcs .~ In thcse laboratgries thc blrds

nest” fungus C\dthuq helenae BTOdlC (Gaqteromycctcs) ha<

N

been cultured, fO]IOhlng reports by Olgho(éckl and Johri4’5

that its-metaboljtcs possessed ‘antibiotic act1v1f) The

&

name ‘cyathin' was giwvén to the aomplcx m1xture respon51ble
Ky .

w

for this actJV1ty Separatlon of the Lydthln mixture and

L3 A}

+

structure elucidatior of the resulting components has ~)”
1dentified a numbcr of diterpencs; POssessing a novel Ear@on
skeleton. These Cyathins are named according to their mol-

dcular formulae. A lettcr deglgndtlon g1ves the number of

~

hydfogcns: 130 = A serles 28 = B serles, etc. The number ,
e \ " hndd \
of oxygens is shown by a subscript. Isomers of previously

1solated compounds are denoted by an d]lO- or' neoallo-

prefix. B o o

Kaubeé’ ~has” 1solated and identified cyath1n A3 (1a
1b). and allocvathln'Bj (Z2a, 2b). I@,the solid state cya-
thin A3 1s in “the hem1kctal form la while allocyathln B3
exists m the hydroxykctone form ZbQL The structures. were

detcrmlned by physical and chemlcal methods X-rdy analysis
;3 s ) . 6



“to be an CpOXidOll by correlation with cyathin A

!
of cyathin A_% {la) has confitmed, its Structure.Si"’
- - - <

Recently the structures of fhrec'more cyathin; have
been determined by correlgtion with cyathin :a,and allo-
cyathin B. The faldehydes cyathin B, (3a, b) Yand éyathin
C3 (4a, b) co—crystal]i;e\and could only be sepé;gtfd as
their.m@thyl ketals (3¢, ﬂg).g’lo Wide-range bioldgical

testing of a Cyathin BS/CS mixtﬁrc has revealed potent

anti-fungal properties. ?Neoallocyathin A4 (5) was found

3 2% 2D

o

(la, 1b).



At present seven other dltorpenes isolated from 7

Lyathus helcnac cultures, and probably sharing the same

tricyclic skeleton, have not been fully characterized. A

major difficulty here has been the inconsistent production

st

of several of the metabolites by different growths of the

fungus. Although the effect of varybng &onditions on‘thé



"gfowih’dflcgihclenao has been sthdfcd}lz this gradual.change

in secondary metabelism is difficult to explai

In addition to the above dlrcrpenes ~Cyathus ¥lenae
- ’ . \

also produacs palmitic acid, - 2,4,5 - trihydroxybenzaldehyde V¥

(6) and patulin (ZX»
Hc=0

2,4,5 - Trihydroxybenzaldehyde is thought to be a
biogenctic precursor of patulin.

It has been noted2 that closely related species of

fungl often:produce the same antibiotics or groups of anti-
biotics. Houe\gr this observation does not agree well with
results of biologic%)‘tosting of the Nidulariaceae family.
3 b N

© For instance, antibacterial activity against B. coli and

S. aureus Was‘ﬁbakly positive13 {or Cyathus striatus but

negative for Cyathus olla and Crucibulum vulgare.

: Olchoxy,ecki3 reports that gyathus‘helenae C. striatus,

C. limbatus, C. poépp{gll showed similar bacteristatic .
4

activity whereas C&Apallldus, C. bulleri, C. berkeleyanus

{
and C. stercoreus did not.

< . .2 .
It was decided to culture a variety of strains of

Nidulariaceae rin these laboratories, since the composition
. RN N .

of metabolites produced by any fungus will be dependent on

N



growth'medium and extraction techniques. Mycelium growths

on liquid culture medium were obtained 1n several steps from

the frulting bodies by standard techniques .. The medium dev;
14 . . o

eloped by Brodie (Brodie medium) was used throughout.

After a growth period of four wecks the medium was filtered

and extracted with ethyl acetate. ,ﬁyapofation of the solvent

gave a solid residue which was assayed for biological activity

by a paper-disc agar-plate mcthodl using Staphyvlococcus

[\

aureus as the test organism. Of the 18 species tested in

this<maﬁncr, 12 gave a significant zone of inhibition.
Onc.of these, Cyathinh“llﬂii» was chesen for further

studies and is the subject of this thesis. This cholge was

‘\ . ' - . . - - . -
‘based on Tactors in addition to the biological activity.

The yield of ethyl acctate sdluble metabolites (- 100 mg
per litre of Brodie medium) and thelr apparcntly‘unchanging
prcduction from growth to growth (as judged by thin-layer

chromatography and gas chromatography) were other contribut-

ing factors.

s Cyathus bulleri Brodie was firét diécovered in the
West Indieslé in 1967 and has subsequently been feound in
the islands of Oahu, Kanai and Hawaii.17 An accéunt‘of the
fruiting body17'dcscribes it as a pale, strongly plicatc
‘species having an cpiphragm bheset with véruical tuffg of

red-brown hyphae. The cultures grown for this research

produced no fruitiﬁg bbdies. Instead a thick mgss of

floating mycelium, very white in color when compared

N\

~ y



with other Nidulariceae growths, was obtained. Studies on

18 - '
Cyathus stercorcus have shown that fruiting body growth on

Brodie liquid medium is sensitive to calcium ion concentra-

tion. Brodie has reported fruiting of C. bulleri in cultures
| N 16 ° ‘

grown o#‘nutrlent agar.

The initial culturing and large scale production of

C. bulleri used a procedure developed for C. -helenae by

thrié and modified by Taube,6 Carsten59 and Mércer.r{ ‘The

original culture was obtained from the collection of Prof. H.
i

H

J. Brodie. Avsstock culture ofAthc fungus was kept at 5°C in
petri‘platos.und Slaﬁt ‘tubes of agar. ApprokimatelySZOO mlw
of Brogie liquid mediu@ (for compositibnféee Experimentﬂi |
Séction) in-a 500 ml flask was innocuidted‘uﬁder stqrilé con-
ditions with discs of mycelium from the petri plé;e éultures.
| After a 30 day growth period this became the inndculum'flask.
The contents of the flask, when brokcA up with a sterile
Waring blender, were thenrpséd to innoculate up to 20 Fernbach
flasks containing'Bfodie liquid medium. In this manner, and
as described in hore detail in the Experimental Section,
'still surfacc' cultures of C. bulleri'céuld-be used to pro-

$ . :
duce quantities of metabolites necessary for identification.

°

The objective of the work undeﬁgaken'in this thesis was
‘the isolation, separation and characterization of the.mixture

of substances produc®d by Cyathus bulléri,ﬁ Of indtial

®

interest was a comparison of the metébolites'with those of

Cyathus helenae and the‘iden;ificatjon of biologically activc‘

components. SN



I1 RESULTS AND DISCUSSION

¢ - \
1) Characterization of the Crude Cyathus Bulleri Extract
[ ! . .

°
v

\\ A light brown non-crystalline residue was obtaincd by
o
-ethyl acetate extraction of aqueous media containing the

C. %ullori metabolites. This residuey héreaftcr referred to
as the crude extract, weiéhcd between 50 and 100 mg per litre
of medium extractad. It was gound to be soluble in methanol,
ethanol and_?cdtone, partially soluble 1in chloroform, methy-
lene ;hloridg and ether, and insoluble in Watér and Skelly B
(a‘mi;tufé of saturated hydrocarbons b.pt. - 65°C).

"Routine spectroscopic measﬁrementé on a cgudfkextract
gave the folloﬁing infdrmation. The mass spectrum (msj,‘using

3

a direct probe and source temperature of 100°C to 200°C, con-

£ains m/e 348 as the highest mass number. Othervéignifiéant

peaks appéar at m/e 256, 232, 218 and 59, with the bfse peak

at m/e 41. The infra-red (ir) spectrum (CHCl3 solution)
v“show§'b§oad hydrox;l:and carbonyl absé&ptioﬁ. The ultra-

’ vviolet (uv), spectrum (mgthanol solution) contains'a shoulder
- . »
7 é? 243 nm; A»sensifivé ferric chloride testlg was negative;
indicating tﬁat no phenolic or enolic fﬁﬁctions are present.

Thinylayer'chrbmatography (tlc) using silica}éel as
adsorbent and a solvenpt system of methylene chloride}methanoi
(10:1) resulted iﬁ a rgaéonable separation of -phe crud

S s



Pt

\ oL : o 8

&,

extract. Numerous other tlc systems investigated gave

'poorer'separation. The plates were visualized by color

.reactions of many of the spots on spraying with 30% aqueous

sulfuric acid followed by careful heating with a heat gun.

-

These color reactions, together with the Rf values.measured
from the plate, were invaluable in identifying compounds
later isolated from the crude extract. They were also used

to check the constancy of composition of crude extracts from

different C. bullerixgrowtﬁs and to compare the c}ude ext?.

racts with those from C. hefenae. '. : .
Figure 1 shows a visualized aﬁalytical tlc plgte spotted

with three crude extracts. Two of‘these are from different

growths of C. bulleri and the third from the 1500 strain of

C. helenae. The plateAshowS that few, if any, of the meta-

bolites 5f C. helenae are to be found in extracts from C. bul-

leri. .

, A preliminary cataloging of the main compounds produced

by C. bulleri was necessary at this time. The compourfls are

&)

named alphébeticélly in decreasing Rf order - as in Table 1.

Although tlc is a useful and facile technique for mon -

itoring the crude extracts, it does not give a quantitative

measure of'cbmponénts in the extrac¢t. Volatile mixtures 6f..

, . P . _
compounds can be analyzed using gas chromatography (gc). A

v ¢

flame ionization detector allows detection of nanogram quan- -
: _ . !
tities. Thus separation of crude extract samples was attzx

\p -
o

ted on a variéty of gc analytical columns.
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= D
A NAMING'dF CYATHUS BULLERTI METABOLIfES ;
| , ‘ $
Compound ' Bﬁga) ' Color reéctiGﬁlgg "
. A 0.59 Dark yeliow(brown)
B ‘ 0.56 | lYellow (grey)
C | 0.55 (%$ Yellow (grey) .
D 0.49 Red/brown (brown)
E - 0.42 | Red (purple)
F | 0.35 Dark blue (black)
RS ‘ '
'
(a) = 1Stdi@tancc from orlgln of spot ‘using Slllca el
ance {rom origin of solvent TTont &

G (Merck) plates; ‘methylenc chloride/methano] (10/1)
,/ﬂfolvent system. Value dependent on plate activity.

10 .

(b) In1t1al color when sprayed with 30% ag. H SO4 solution
/ and heated to - 100° C. Bracketcd color produced on
. cool{ng.

‘q NS

Table 1




’ ' .
The choice of an appropriate stationary phase for

separation of unknown mixtures was largely a trial and cmror
process. The polar stationary phases gave a better separ-
ation of the crude extract than those of a non- polar nature
in particular, as.bhown in Figure 2, 3% OV-225 llqu1d phase
on 100/}20 GasChrom Q (Appldcd Sciences) 'produced a separ-
ation of C. bulleri crude extract. I éral\ spe.crude
“extracts gave up to 30 peaks on anchromatograph projuccd in
this manner , depending on the sen51thlty range used. It is
pogsihlg that not all compounds in the extract are eluted by
the gc column due to low volatility, high polarlty, etchﬁl
An increasg. in uolatility of hydroxylated compound§ can
be attained by formation of trimethplsilyl etherxderivatives.
A sample of crude extraqt in pyridine was heated under anhy -
drous conditions with hcxamcthy1d131lazanc and trlmethyl

chlorosilane for 3 hours at 80°C . Gec¢ analysis of the pro-
%

duct showed a rhange in retentlon time for many peaks when'
compared W1th a chromatogram of un51ly1ated materlal but. no
s1gn1f1cant increase in the number of peaks occurred This

observatlon doed not rule out the p0551b111ty that Compounds

"arc retained on the column due to' their "high moiacular\weight.

B f

a

hhcn a crude extract of C. helenae was chromatographed

I3

under the same CODdlthDS as abq , only one 51gn1f1can¢ peak

was observed. C. helenae extracts contaln a number of® hyd—

roxylated diterpecnes - thus polar hlgher‘molecular welght

compounds are 1ndeed retained on the column. ‘'The one peak

v
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Figure 2: Gas Chromatogram of C. bulleri Extract

10' glass column containing ' 3%0V-225 on

100/120, Gas-Chrom Q. , A
Temperature program: 140°C (held for 4 min.), .
8°C per min. ‘increase to 240°C ‘(held for 8 min.).
Gas flow: 60 ml Nz/min. Inj., det..ports: 250°C.
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observed did not have the same relati?e retention time (Rt;
see paéc]lo for definition) as any of the peaks in the chrom-
atograph of_C. bu}lcri extracts.

Gas chromntography shows that the crude extract of C.
“bulleri is a complicated mixture of compounds manydof which
form 511y1 lcrlvatlves and that none of the compounds det-

ectable by‘thle method are present in C. helenae extracts.

Comparlson of extracts from different growths of C. bulleri

by gc showed consistent production of the major metabolites,

though not always irmv prec1se1y ‘the same relative propoftlons
-The nen-identity by gc and tlc of C. bullerl*extractg\ﬁ

én& an cthyl acetate extract of Brodie médigm containing no

\
~fungal észfyé showed that none of the major C. bullerj

metabolites were artifacts from the medium.
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2) Separation of the Crude Cyathus Bulleri Extract
—_— 2 ’ -

Simple acid-base extraction of the crude extract was

initially attempted. This proved unsatisfactory in select-
o o - - . .
lvely removing any componegt of the extract, in spite of the

-

original dqucotus medium hav1ng ‘a pH of approx1mate1y six.

s Slmllarly scparat1on o the basis of limited solublllt@”1n

e

a.partlcular solvent was not useful.

.Chromatographic methods (tlc and gc) were useful as
1dentification procedures, as,mentaoned in the previous sec-
tion. Since ‘gas chrématogréphy was 1mpractical for large ‘
scale séparation of Complitatéd mixturés:)various liquid;
solid chromatography techﬁiqhes were investigafed.

; Silica gel C adsor%ent was found to give better separa-
tion of the extract‘than alumina or.magnesium silicate.
During the course of these experiments; Eﬁ%@f different silica
gel chromatography methods were utiliied EE’various times;
preparative'thin—layér (ptlc); dry column and €lution column
chromatography. |

Ptlc:proved laborious for separation of total crude

" extracts, even using large 20 x 100 cm plates and a mechanized

applicator. ‘However the method was found to be very. useful
for chromatography of small amounts, of material partially puri-
fied by column chromatography. The plates were impregnated
with 1% inofganicéphoSphér. This gllowed non-destructive

location of many bands'since irradiation of the plate with uv

&
3l



‘JJ' -

£

light (254 nmj produces a green glow, with dark areas wherg

compodhds absorb the light.
w .

. 2

Dry column chromatography 1s a rei?nt development

-

1ntcrmcd1at( hetween ptlc and conventional wet column metheds.

~Deaot1\dtcd 1dsorbcnts and nvlon columns used for dry column

chromatography arC<commorc1ally available. The method 1is

described more fully in the cxperimental section (pg.107),

but several difficulties encountered should bé'mentioned here.

The elutlnp solvent was 11m1tcd to a one . solvent S)stem,
S1nce'b1nar) 5ystems resulted 1n product1on of air bubbles
while the column was being developed, in spite of pre-equili-

P s
bration of the silica gel adsorbent, as recommended by Loev.
AN - .

¥ -
Ethyl agotate solvent, with a polarity intermediate between
[ : . BN :

methylene chlaride and methanol- was used.

a

Location of separa{?} compounds on the dry column by

measurement, using‘Rf valdes from an identical tlcxsystem,

proved to be inaccurate. Similarly, uv light absorptlpn

[}

" could not be used to monltor columns - 1ack of absorptt%ﬂwﬂéﬁ
probably belng caused by the low concentratlon of compounds

relative to adsorbent and lack of chromophores in many ‘of the':

-

: : . p
compounds. Colpmns were tRerefore arbitrgri

segments and extracte&x with a resultant los¢ in resolution.

Eventually elutlon\chromatography w;s fdund %o be as
: - hd o
convcnlcnt and efficient as.dry column chromatography A

combination of elution chromatography ‘and ptlc was used

routinely to separate the cTude extracts, as outllned in

-

20

cut into small .

oA
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Scheme 1.

In this manner, two of the compounds present in the
scrude extract have been isolapod as c¢rystalline materials.
These are compounds, E and F in Table 1. Compound E has been
1solated in'su(ficient quagtity (upproxihately 100 mg during
the course of this‘work) to allow full structure elucidation,
whereas only a tentative structure for compound F can be
“proposed. In addition, a Spull amount of compound B has been

: \_
isolated by dry columm chromatography. The structural feat-

ures of this compound will also be discussed.

t



Ethyl acetate solvent . ' }
T *
Crude )
extract — 1~
in ethyl - Silica Gel Woelm
acetate. <0.63mm particle e

size; (100gm per
gm of crude extract).

¥ Q@

Fractions monitored bv gc,tlc.

Methylene chloride/meth-
»~~ anol (100/5) solvent.

Partially purified —
fractions of interest -

passed through second- ’ Silica Gel Woelm
column. - ' (as above).

[ad

*
Third step only
required for com-
s pounds with very
similar Rf values.

20 x 20 x 0.05 ¢m Silica
Gel G prep. tlc plates;

1% inorganic phosphor
added. '

'r ) " v*\\ X

/ o

Methylene chloride/meth-
anol (100/10) solvent.

1%

—
;

L4

SCHEME T - Chromatographic Sepa?ation of Crude Cyathus
: Bulleri Extract ’ .

N
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3) Sfructure Elucidation of Cybullol (éompoug@ k)

‘A

a) Physical and Spectral Data Apalysis

Compound E (Rf 0.42, see Chart 1) has bcen.%ssigne@ the

Atrivia] namc cybu1¥o1 to reflect its origin from Cyathus '
bulleri and the fact that.it is an alcohol. It i%’easi1ﬁ~f
recognized by its’ characteristic color -reacton when a dev-
eloped tlc plate is sprayed with 30% aqueous sulfuric acid:
the initial red coloration %urns purple on cooling dnd, even-
tually, light blue. )

Gas chromatography, using the same column and oven ton-
d1t10ns as desurlbed 1n Figure 2, identified cybul!gl as the
largest Lompodént of the crude extract (as determlned by peak
areas of the chromatograph). Cybullol has a relative reten-
tion time - as defined in the general experimental section,
page 116, of-0.54. _ P

In @ typical chromatographic sequence, 1.5 ém of Gyathus
pulieri crude extrfgt, after initial separation as in Scheme
I, gave six fchtionsk(total weight 320~mgj containing cybul-
lol. These fractions; on further separation using a‘setond
silica gel column and solvent system Z, gave 26 mg of pure
cybuilol (as judged by tlc' gc). -Preparatiye tlc of other
fractions from thlS column gave an additional 10 mg of pure
cybullol. Thus 36 mg or 2.4% of the total crude extract was
isolated as cybullol.

<

A sample of Eybullol in methyiéne chloride which had



A

° J
been left in the fridge for several days was found to have
crystallized. The colorless crystals had a melting point,
after regrystaLlizatiQn'from methylene chloride/Skelly B,
/ : 25

of 125-126°C. ThquBmpound 1s optically activgl, [a}D =

-16° (¢, 0.4, methanol). - ~
High resolution mass spectrometry (hrms) of cybullol

gave an apparent parent peak with m/e 198.1614. This indica-

ted a mo}bculur fprmula of ClZHZZOZ (calc. 198.1620). The

-

possibfiity of a higher molecular weight parent peak which,
ducffo facile fragmcntution,‘ds absent from the spectrum,
could not be ruled out at this stage. An elemental analysis
was not carried out because of the small quantity of materijal
available. o "

The mass spectrum of cybullol is shown in Figure 3.

The indicated molecular formulae of fragment ions.were deter-
mined by hrms. Loss of a water molecule from the parent ion

indicates the .presence of an alcohol function. The low in-‘

tensity pyak‘at m/e 162 1is possibly due té the loss of a sec-
‘ond molecule of water. The peak at.m/e I6SIis due to loss of
both water and a methyl group.

The infra-red (ir)‘Spectrum (KBr disc) of crystalfjnc
Cybullo}.is shown in Figure 4. Important features inclqde
the hydroxyl aBsorption around 3400 cm_1 and the lack of
carbonyl absorption in the 1600 to 1750 cm_1 r¢gion. The
oxygen functionalities are tﬁus limitcd to either hydroxyl
and/pr ether functions. Solution spisifa (CHClg)xa}so show

o WA

R
[ . &
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Flgure 3: Mass spectrum of cybullol

4 £ SN ALY

) S

WMJ 1

12
o

120

-/.

Gy 0,

-~
&

WAVELENGTH MICRORS'

—— i

ot

+

MY 0 140 L300 000 000 S0 8 0 A0 ST - ad0
rRE Lot Y M

\spectrum of cybullol (KBr disc)

)
J_Lﬁlogu_j' ,

200

20




1
hydroxyl absorption. (3600 cm-ly and no carbonyl absorption.

Cybullol shows no uv absorption maximum in the region
210 to 350 nm. ‘

The 100 MHz p;oton magnetic resonance (pmr) spectrum of
c}bullol (Figure 5) shows secondary and tertiary methyl sig-
nals - a doublet at §0.81 and a sioglet at 61.03. The one
proton multiplet signal at §3.9 is assigned to aAHydrogen
~geminal to a hydroxyl gipop.

At least one‘ofhthe oxygen functionalities is an hydro-
xyl group as indicated by the ir‘spectrum. The iaentity of
the other was proved as followsl A sampie'Of cybullol was
dissolved in deuterated methanol (CH OD) The metﬁanol was
evaporated and the residue taken up in two drops of deuter—
ated methanol. A ms of the sample was then recorded, using
a direct probe which had been dipped. in fhe/501ution. The
ms (Figure 6) had a parent peak at m/e 206- Thus there are
two e%changeable protons in eybullol ano the remaining oxy
gen functlonallty can only be an hydroxyl group. The base
peak at mfz 128 in cybullol, wh1ch has been shown by hrms
to contain both oxygens, is shifted to m/e 130 in cybullol-
d,. - | | |

2 L
Thus cybu1lol w1th a molecular formula of C12H2202’ con-

talns two methyl and two hydroxyl groups. From. the pmr spec-
trgm there is only one proton adjacent to a hydroxyl group
JThe compound must therefore contain one secondary and one »

tertiary hydroxyl group; The moleeular.formUla indicates two

_ N .
sites of unsaturation. Onﬁ;7a fully substituted double bond
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Figure 5: 100MH; pmr spectrum of cyhullol (CDCl 2,
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P
could be present since the pmr spectrum shows no vinylic or
allylic protons and the ir spectrum shows no olefinic or
acetylenic absorption. Aftempted hydrogenation of cybullol
using platinum oxide as catalyst gave only recovered starting
matefial. As diséussed later, Eygullol sﬁpws no sp2 carbon
in‘the 13C‘*magnetic resonance (cmr) spectrum. Therefore,’
_cybullo]l must be bicyclic.

Having accounted for two of the twelve carbons as\methyl
groups, ‘the most common ten membered bicyclic systems e;coun—
tered in nature ére the decalin and perhydroazulene systems..
Spifo ring systems are also found in naturai‘products. Fof
instaﬁzgj acorone (§)2133nd a-vetisplrene (g)zu’are ten mem-
bered bicyclic ring systems. -However, in fhis spiro system,
it ‘is not possible to find a te}tiary methyl group unless it
1s édjaceﬂ} to a hydroxyl group, as in 10. The tertiary
methyl signal in the pﬁr of cybullol 1s at too high field to
be geminal to an hydroxyl growp. uThe spiro structure 1is

therefore discounted. Other ring systems such as 11 and 12

are not'normally'ehcountered among natural products.
¥

-
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b) Dehydrogenation of Cybullol ' o "\
\ .

Saturated bicyclic ring systems are often identified by
the charactcrgsfiﬁ uv absorpﬁion of their aromatic dehydro-
genation products. A small quantity (8 mg) of cybullol was
dehydrogenated usi 5%‘palladium on charcoal in a sealed

* tube at 250°C. A :f}{ure of four major products was obtained.
One of theée’has a retention time identical with that of 1-
methylﬁaphtha]ene, using a gc system that Sgparates 14 and Z-
methylnaphthalene. Uv apd mass spectral ‘data indicated that
th of the productsAwére mono - and éimethylnaphtholé. The
fourth product appcared'to be a dimethylnaphthalene. Its gc
retention time was of the same order as that of a mixture of
dimethylnaphthﬁleqe isgmers (available from Eastman Kodak).
As pure samples of all ifomers of dimethylnaphthalene were
not readily available, 1t was not_péssiblé to determine, by

comparison of gc retention times, which isomer of dimethyl-

i

naphthalene had been prpduced by'dehydrogehatioh., The

mass spectra were consistent with the above assignments
2 ' '
(see Experimental Section).

Substituted azulenes are blue and give different uv

-

spectra -to the above products, The dehydrOgenafion;:thefgﬂ

’

fore, indicates that cybullol is probably'a substituted



25

decalin although perhydroazulcnes such as 13 may possibly

rearrange during dehydrogenation, as shown below.

—:———-—>
% .

The tertiary mcthyi and hydroxyl groups in c¢ybullol must be

v
situated at bridgchecad positions since, as mentioned, they

13

cannot QF geminal. The formation of_é dimetﬁylnaphthalenc
and dimethylnaphthp] must necessarily be accompanied by a
i,Z methyl shift. This is a common occurrence 1n dehydfo—
genation reaétidné. For instance, Sli-a—methyldecalin glves
a mixture of“naphthglenc (64%) and;i-methylnaphthaléne
(46%)22 wﬁen dehydfogenated with palladised chafcoal at
325°C. n |

The sécqndary methyl group 1n cybulloi must. be located
on a ring carbon ddjacent to é bridgeheéﬂ position, since
otherwise 2-methylnaphthalene should have been present in

the. dehydrogenation mixture.

¢) Acetylation of Cybullol
‘ : N

A monoacetyl derivative was obtained when cybullol was

acetylated under a variety ¢f conditions:
1) methylene chloride as solvent; an excess of acetic
anhydride with a catalytic amount of pyridine; eight hours

at 25°C
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2) acetic anhydride as solvent containing a catalytic
amount of pyridine; four hours at 25°C’

3) same as 2), but solution refluxed for one hour

4) benzene as solvent; a threefold excess of 1sopro-
penyl acetate; p-toluenesulfonic bcid catalyst; refluxed
for one hour.

Under condition 1), only partial accty]atioh occurs.
Even under condition 4) no diacetate was produced - only
the monoacetate and a minor amount of dehydration product
could be detected. .The'difficult; in forming a diacetate of
pybullol 1s in agreement with a;signment of one hyaroxyl

.
group to a tertiary position.
noThe mass spectrum, 1r gpccfrum and pmr spectfum of the
monoaccfate are shown‘in/Figures 7,8 and 9 respectively.
The m/e 162 fragment in the ms, caused by loss of acetic
acid and water from the parent ion, indicates that the mono-
acetate contains an alcohol function.- This is confirmed by
‘the weak Oeﬂ/absorption in the ir spectrum (Figure 8).
| The pmr spectrum of the monoacetate (Figure 9) contains

a multiplet at 65.0. This is téused'by the proton geminal to
the acctoxyl group. The préton geminal to a hydroxyl group
in cybullol prodgces a>multip1et at 63.9. The shift of the
signal on acetylation - approximatelybl.l_ppm downfield '~
further confirms the seCOndé;y_p;sition\of this hydroxyl
-group. if fhé ¢3.9 signal was caused by'methyléne.protons
(i.e. a primary alcohol) then the Corresponding‘sigﬁal in the

_'agetate would "only have been shifted by approximétely-O.S ppm.-
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‘ d) Location and Orientatréakg the Secondarv Hydroxyl Group

The secondary hydroxyl group 1in cyballol 1s equatorlal
and the ring carbon to which 1t 1is bonded is flanked by
methylene éroups. This can be deduced from the width at
half height kW%) and multiplicity of the signal arA63{9 in
the cybullol Spectrum'(Figure 5) and at 85.0 in the monoacei
tate speCtr&ggﬁFigure‘9). The signal, caused by the proton
geminalkio the hydroxyl or}aceta;e function, is a ‘symmetrical
heptct. This pattern can be caused by EOUpling to six equiv-
alent 3djacent protons. Alternatively two sets of two equiv-
alent BdeLCnt proton< produce a triplet of triplets which
may overlap and appear as a heptet Clearly the first alter-
native 15 not possible since the proton caus1ng this signal
1s non geminal to two methyl groups. The heptet 1n the pmr
spectrum of cybullol can therefore only be caused by a proton
on a carbinol carbon flanKed by two methylene groups.

The Hassner rule,23‘applicable to protons geminal to an
hydroxyl group, states fhat the Wi, of the'bandsldue to equat-
orlal protons 1s 5- 10Hz whlle ‘that for axial protons 1s 15:
- 30Hz. The Wiy of the signal in the pmr spectra of cybullol
and 1ts acetate is approximately 25Hz The proton geminal to
1'the secondary hydroxyl in cybullol must be ax1a1 and the hy-
droxyl group 1s therefore equator1al

- The equatorlal or1¢ntat10n of thé secoﬁdary hydroxyl
group was conflrmed by epimerization of cybullol 1n the fol-.

lowing manneru“Cybullol,was oxidized to a keto-alcohol using
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Jo@es’ reagent. Details of the keto-alcohol are given 1m the
ne;t;scction. The keto-alcohol was reduced with sodium boro-
hydride to give a mixture of cybullol and epicybullol (1:4

by gc). The epimers were separated by ptlc; epicybullol was
less polar than cybullol. The 100Miz spectrum of epicybullol
(Figure 10) shows a multiplet at 34.] having a Wy, of approxi;
mately 8Hz. The downfield shift and decrease in Wi, of this
signal compared to the corresponding signal for cybullol arc
both indicative of an equatorial proton24 and thus epicybul-
lo] has’an axial secondary hydroxyl group.

The pmr spectrum of epicybullggﬁwlso shows an infd}ma-
tive downfield shift of the tertiaf;umethyl signal @hcn com-
pared with,thc same signal frem c¢ybullol. This shift, from
‘61.03'to 61.26, 1s typical of the shift produced by the En—
troduction of a 1,3 diaxial hydroxyl-methyl interaction in a

25a,b

cyclohexane ring. Thus in the decalin systems shown

4

below, the new secondary hydroxyl group can only beﬁip one of

the arrowed positions.

»

'S
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Figure 10: 100MHz (FT) pmr spectrum of ep}lcybullol (CDC13)
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At this stage it is useful to further analyze the mass
spectrum of cybullol (Figure 3). Fragments with mass num-ee
'bers 128 (base pecak) and 126 have the formulae C7H1202 (meas.
128.0801, calc. 128.0837) and C8H1 0 (meas. f\b 1020, calc.
126.1044) re§pecfively. They can be explained by the mechan-
. ism shown in Scheme II 1if the secondary methyl and hydroxyl
groups are not in the same ring.

A mechanism analagous to Scheme II has been proposed
for the mass spectral fragmentation of a number of S-hydroxy~
steroids.?6a The ms of deuterated cybullol (Figure 6) con-,
tains peaks at m/e 129R>Qd 130 copfirming the identity of the
m/e 128 {ragment. 'However m/e 126 1s not shifted to m/e 127
in the deuterated compound. This can be explained by an in-
ternal hydrogen exchange during fragmentation. vAn alternate
scheme,»accounting for this §xchange, is~shown below (§cheme
ITI). Thi$ scheme is more plausible than Scheme II since it
predicts both the retention of m/e 126 and the appearance of
m/e 130° in the ms of cybullol-d,. Possiblylschemé II’repfési
ents a generalized mechanism'for fragmentation of decalins
with a ring junction hydroxyl group, while Scheme III Becomes
more energetlcally favorable when a secondary- hydroxyl group
1s su1tab1y orientated to form & five membered ring. ‘ R

As expected, in the mass Spéctrum of'the monoacetate
(Figure 7) the m/e 128 peak is not present. If the same

fragmentat1on mechanism as in Scheme II were 1nvolved peaks

at m/e 170 and m/e 126 would be_ predlcted In fact,-there

t

4
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are prominent peaks at m/e 126 (40%) and m/e 110 (37%). If
the fragment of mass 170 loses a molecule of acetic acid,
then a mechanism analogous to Scheme II does explain the
major fragmentation of the monoacetate. In Scheme ITT,
replacement of.the secohdary hydpo¥yl group by an acetyl
group blocks the initial ring formation. THis»mechanism

]

could not operate in the case of the acetate. However, an

alternative mechanism to Scheme I1I i1s still possibles Initial

loss of acetic acid, followed by low energy electron trans-

. . . . ’_
fers, as in Scheme IV, may well represent a more energeti-

'célly favorable route to fragments Of.mass 126 and 110.  No —

metastable transition has been detected for either of the

possible processes. ‘ ‘

.‘The partial structure of cybullol, deduced from the in-

formation discussed so far is summarized in 33.

‘ 'eqf'D

33

)

-eJK\Location of the Secondary Methyl'Gr@UQ

~——

To dEtermlne wh1ch p051t10n the secondary methyl group
occuples in the decal1n system (structure §_) it waS'heces-

sary to prepare the ethylene ketal 35 via the keto alcohol L

-

34. Mass spectral fragmentation patterns- of ethylene ketals,

Y
N
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33
4
. | Lo " 26b S .
extensively studied. by Djerassi provide information

concerning the structure in the vicinity of the ketal func-

tion.

eaHO,,

-CHj
AT |

, 35 : .
Cybullol was oxidized using Jones' reagent to give a

singlg producp (by gc, tlc) in over 70% yield. The ms (Fig-
ure 11) contéins the CXpectea.parent peak of m/e 196. The,
lack of a m/¢ 128 peak and the increase-in intensity of the
peak at m/e 126 confirm the earlier‘analysis of fragmeﬁpa~
tions in the mass spectrum of cybullol.

The peak at m/e 126 was found to be a doublet by hrms,
caused;by the radicalxions CoH,,0 (73%; meas. 126.1042,

814

calc. 126.1045) and C,H 0, (25%; meas. 126.0678, calc.”

126.0681.) By analogy with Schemejil, the radical - ions are

structures 21 and 36 respectively.

36

2
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However, carrying the analogy with Scheme II further,
one would expect 21 to éarry a higher percentage of the ion
current than 19 in the fragmentation of cybullol (6?7/23
(75%) and 36 (25%) iﬁ the fragmentation of the keto—alcohol
34). This again indicates that the fragmentatibn of cybul-
_161 may taKe place by the alternative mechanism proposed in
Scheme II1. |

The ir spectrum (Figure 12) shows both cérbonyl'and
_hydroxyl abso;ptions The tertlary hydroxyl group there—,
fore did not undergo acid-catalyzed dehydratlon during
Jones' ox1dation.

The circular dlchr01sm (cd) .and Optha] rotatory dis-
persion (ord) spectra of the keto-alcohol show a p051t1ve
Cotton effect at 288nm. The cd spectrum has a molar coef-
ficient of>diéhroic'absorpti0n (Ac) of 1.73. The amplitude
(a) of ;he ord spectgrm was 64. ‘These measurements prOVed
useful in detefmining.the ring junction~stereo&hemis}ry and
absolute stereochemistry of cybullol - tb be.discussed in
iater setfibﬁs: | | . |

A further proof of the secondary hydroxyltgroub posi-
tion in cybuilol 1s provided byAthe-failure of the ketol to
undergo base- catalyzed dehydration. Marshall has utilized
base dehydratlon of 37 to glve the a,B unsaturated kefone

38 27

S If the hydroxyl groups in cybullol were ‘in a 1,3 rela-
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5%NaOH
ethano!
I
H
37 38

LN

..tionship, base-catalyzed dehydration of its keto-alcohal
would be expected to occd}. JWhen the keto-alcohol was
heated under reflux in 2% ethanolic ssdium,hydroxide only
starting mate?ial Qas recove}ed,;in agreement with partial
~structure 33 fér'cybullol. g

‘Ketalization of the keto-alcohol 34 was effected on a
-small scale by<refluxing a benzene solution‘qf 34 with eth;
ylene’glycoi and.p-toluenésulfonic acid. Water was contin-

uously remové& from the system by allow1ng the refluxing

benzene to pass over 4A molecular sieves.

Spegtral analy—
sis showed that the expected product had een formed.  The
mass speqt;ﬁm (Figure 13) contained a‘p rsn} peak at m/e‘

; %40; the ir spectrum (CClASolution)’ howed an intense

band at 1090cm ) (C-0 stretch), hydroxyl absorptlon at 3600

em ! .and only weak carbonyl absoerQO 1700cm”

The major fragments to be s9en 1n the mass spectrum of

/

structures 35a and 35b can be p{edl ted by analogy with

Djerassi' s proven mﬂEhanlsms for fragmentation of steroidal

_ketals.26b

40



;-e ketals 35a and 35b will produce different
'_;gmcnts, (Scheme V), m/e 139,126 and 99 from
structuré ;
Televant; :khheights ﬁrom the mass sﬁectrum (FigdreAljyﬂof

the ethyl? L ketal. are shown below.

m/e $ of base peak
153 12
‘ 40 1.5
s
) 11.1 [
39 o
100 -
T

4

Thus the ethylene ketal produced in this reaction must

be 35a, and the partial structure of cybullol can now be

represented by 50.

€q HO/,,,

m/e 153,140 and 99 from structure 35b. The,

41
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~Mass spectra of ethylene ketals of this type usually
show a base peak at m/e 9Qformcd as illustrated in Scheme V.
The base peak at mass number 100 in Figure 13 can be ration-
o .

alized by .a f{ragmentation of the radical ion 43 not involv-

ing hydrogen transfer.

-

51 52

Alternatively and perhaps moré ljkely,lhydrogen trans-
fer from the hydroxyl group to the primary radical through
‘a five-membered transition state and concurrent or subse-
quent bond clecavage as shown below would lead to the ion

radical 51 .and Z,2,6-triﬁethylgyclohexanone_(éé).

43 ‘ 8] 53
m/e100

It would be. interesting to know if the mass spectra of 2-
-(ethylene ketal)-5-hydroxysteroids also show this anoma-
lous base peak. o 3 ' '#,é~w

DJera551 mentions that steroidal’ ketals may y1e1d the

' m/e 99 ion through a six-membered cyclic transfer (ref 26b,

O
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N\
pg.37). Applying this mechanism to radical 41 results 1n a

m/e 113 fragment. .

‘\-
The mass spectrum of et%ylene ketal 35a (Figure 43)

shows a strong peak (38%) of mass number 113.

Molecular formulae of fragments with mass numbers
99,100,113,126 and 139; determined from hrms, are all in
agreement with the assigned structures.

f) The Ring Junction Stereochemistry

RN - . .
Is cybullol a cis- or trans- decalin system? It 1is

useful to analyze the configurational isomers possiBLg;~_§t
this point absolute structures will not‘be considered, 1.e.
every_structure drawn in this section represents an enanti;
omeric pair.

The cis-decalins are conformationally mobile. The. -
four - possible stereoisomers (56,57,58 and 59) are shoWn:in
Scheme VI. Scheme VI also shows baqth possible cbnformétiéns
for each;configuratioﬁ. For ster;oisomer 56, conformation
599 should be the favored confprmation (serious 1,3-diaxial
methyl-methyl interaction inhégi) and sihce this carries an
~axial Secondary-hyd}oxyl group, 56 may be eliminated. Simi-

lar reasoning (serious non-bonded interactions in 57b) eli-
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minates'57. Thus 1f cybullol 1is a cis-decalin it must be

either 58 (éonformation'SSa) or 59 (conformation 59b)-.

The trans-decalins are conformationally rigid and an

axial secondary methyl group must therefore be considered as
a possibility. Since trans-decalins have higheY symmetry
than their cis counterparts, only gwo structures, 60 and o1,
are possible. Conformatioﬂally, structure 61 1s expected tb
be distorted from the usual chair-chair arrangement (as shown

in 6la), due to severe steric interactions between the two

hethyl groups.

6la

/ ‘ . ‘
Am indication that 1,3 diaxial methyl interactions do pro-

(, -t \’_‘l; ) ‘ " .
/duce ring distortions is provided from an X-ray analysis of
/the steroid 92.28 The A ring is considerably flattened when

R=CH, compared with the normal chair conformation when RéH;

3 |
Of the four.possible‘tybullol structures i58é,595,gg,

6lg), structude ,58a can be ruled out bylthe following evid- -
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62 R=H,CH;

-

encc; The bmr specfrum of the hyﬂﬁéxyl epimer. of cybﬁllolh
(Figure lg),.as previously discussed,'shows that theAsecon—
daryvhydroxyl.group and the.bridgehead methyl group are ‘in
a 1,3 diaxial relationship. Hd@evér, epimerization of stru-
Cture 58a would not produce this geometry.

Kirk and Klyne have recently publi;hed an empirical

29

analysis of the circular dichroism of decalones. The

! d
paper attempts to relate the magnitudé of the Cotton effect
. ki
(f4e). for the n—7" transition in -ketones to certain struc-

tural }eaqgies. The keto~a1c0hols (gé—-gg) expécted frdm
oxldation of bompoundsv§§}‘gl are shown in Scheme VII, to-
gether witﬂ'rheir octant diagrams.

The cd spectrum of the keto-alcohol prepared by oxida-
tion of cybuiidlAcontains a positive Cotton effect at 286nm

with a diffefenfiabidichroic absorption (Ae) of +1.73 (meth-

anok solvent). The structural classification of 63, 05 and
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66 and their calculated Ae values are summarised in Table
I1. The parameters are not applicable to distorted struc-

furesz such as 64.

Table 11 EMPIRICAL CALCULATIONS OF Ae . FOR , 9

STRUCTURES 63,65 and 66

Structure - Ring _h Methyl | Total
: classification B¢ classification 84 Ae
63 t3 +1.4  gax(Class 1) '+0.6 +2.0
65 - c3ax +0.1 ng .0.6 -0.5
66 . c3'eq 0.5 Bax(Classz)  +0.1 -0.4

The structures are analyzed using Kirtk and Klyne's method,
as follows. The basic decalone ring system is first iden-

tified. The trans-decaldne 63 is t3 (t=trans, 3=position

of ring junction nearest to ketén ; ;éé‘Scheme VII). The
gii_rings have to_ be further cléésified according to the

con%brmation of the particulér bond in ;h@ second ring |

jocated at the numbered bridgehead (ax=axial, eq=equatoria1jn
Structure 65 is therefore c3ax because the bond in the sec-
ond rlng at position 3 is, axial to the first ring. Primed
numbers arerused if the nearest flng Junctlon to the ketone

ocCcurs by counting in a c¢lockwise manner. Structure 66

thus becomes c3'eq. This simply allows enantiomers to be

S : . e L
“distinguished in the classification scheme.
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Significantly, of the numerous unstrained c3ax and c3eq
systems listed (ref. 29) none has a 4¢ value larger than
1.0. The majority of t3 systems have ae greater than 1.0.
On a comparltlve basis the cd measurement 1s therefore indi-
~
cative of a trans ring junction in cybullol.

Each decalone ring system has been assigned a pe para-
mete The parameters are.elther consignate ‘or dissignate.
Consignate terms are positive when the structural feature
they describe is in a positive octant and vice versa. 'Dis-
signate terms deSCribe<features formerly described as show-
“1ng anti-octant behavior .For example in 63 the t3 ring
system has a ron51gnate Ae of 1.4. Most of the struCtﬁre 1s
in a positive octant, SO pe=+1.4. In 65‘ the c3ax r1ng sys
tem is dissignate; .pAe=0.]. “As the structure lies” maln]y in
a negative octant, Aé=+0 1.

| The ae values are modified by methyl groups if. present in
certain positions of the molecule. These positions, known
as 'primary zig-zags', are defined by reference to the oct- =

ant diagram below.
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Only methyl groups attached to these 'primary zig-zags'
modify thc At values, For example, st}uctug% 63 has’a 3-
"bond 'primary zig-zag' in the upper left (rear) octaﬁt.

The axial methyl group inqa B position 1s ciassified a$

- -Bax (class 1) and adds.0.6 (consignate) to the value of Ae .
The class 1 designation indicates a 'primary zig-zag' of
more than two bonds. 1In 66, the 'primary zig-zag' is oniy
two Bonds in length; the B axial methyl group'}s defined
as Bax (class 2). A 0.1 (dissignate) change in Ae occurs
with this class. Other positions of the methyl group on
the 'primary zig-zag' are assigned parameters’ that are not
dependant on the length of the "primary zig-zag'. The Bed 
methyl group in structure 65 is therefore not fu%}her divi-
- ded into Classes.

»The negative sign of Ae for the cis-decalones Sihply

indicates that cybullol, with a positive ae
(

opposite enantiomer to the two Structures drawn. The

, would be the

total L€, obtained by summing the two contributions (Table
II) is much larger for the trans- decalone 63 than for either
of the cis- decalones The dlstorted‘structure 64 is expec-

ted to have a similar Ae °value to 63, from the octant.dia- AR

/
~

gram. The meésured vélue of Ee (=1. 73) is w1th1n 0.3 units
of the calculated value for the EEEEE decalone 50. The
accuracy of the predicted A¢ values is * 0.2 according to
the authérs,z9 except in cases of strédﬁed structufes,

where ring distortion might be'expected\to occur. However,
. J - s .
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3

no structures containing a hydroxyl group are mentioned jn
the paper. The dissignate effects of certain methyl groups
may result from dnvlnductlve withdrawal of electrons from
the 'primary zig-zag' (ref.. 29, pg. 1102). The hydroxyl
group can be expected to produce.su;h an inductive efféct
in structures 63,65 and 92, even though it is not located
directly on'a primafy_zig-;ag. This could increase the
error limit in predicted aA¢ values.

| The difference in the predicted value fo; the trans-
decalone and the‘measured value of aAe (515%) may.alsoAbe'
due to experimental error. A 4.32mg sample of the keto-
alcohol in 2ml of methanol was used to measure the spectrunm.
The wéighing and volume measurement erroxi are less -than
5%. Impurities in the sample, hbwever, cbuld introdyce a
larger error. Generally one would expect any impurity to
produce a lower Ae .than the trué value, since it is extremely
unlikely that the impﬁrity will also produce a pdsitive
Cotton effect at 286nm.x These faéts indicate thatfcybullol
has a trans-decalone ring system as in 63 and gi:v B
The Ezggé ring?junction sfereochemistrf\T§ chfirmed
:by the pyridine-induced chemical'shift ih tge pmr spectrum
of cybullol.; Proton chemical shlfts of numerous hydroxyllc
Acompounds have been measured in deuterlochloroform and pyri-

dine-d In compounds contalnlng vicinal methyl and hydro

=5
xyl groups, sq}vent sh1fts A (= 6CDC13 - 6C5 5N) caused by

b
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v1c1nal deshleldlng in the solute- solvent«complex are rela-

ted to the dihedral angle, 9, subtended between the methyl %

/

group ‘and the hydroxyl function.

3
! *

- When the dihedral angle is 180°, A is approximately

A

~0,03ppm. As 8 decreases 1n magnitude, Aincreasesﬁz At
approximately 60°, 4 is in the range -0.20 »-0.27ppm. These
vélues were used to predict the P vaiges in structures 58, -
61 (Table IIT). The secondary hydroxyl g;oup'invthese stru-
ctures has little effect on the A value of the ring junction
Amethyl group(glgnal (cf. Sa androstan-28- 01 and . 5a- andros—'
tan 2a-01; Afor protons at C-19 is +0. 01 and +0. 02 ppm res-

pect1ve1y) 30

. /, -
The measured values of A for thé ring Junctlon methyl

51gnal in cybullol and trans 1, 10 dimethyl-cis- 9 decalol

(gl, sample klndly supplied by Prof. J A. Marshall) are

-0. 03 and -0.28 ppm respectively (Table IV) Thus by com-
| parlson of Tables III and 1V, cybulIol has a trans rlng/) n:

ction. It is not p0551ble to d15t1ngu1sh between e trans- -

decalols 60 and 61 by thlS method 51nce'

he degree of

‘erlng flattening in 61 and hence Qheﬁ 1hedral angle 6, is
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difficult to assess.

67

B
\ =
-~ ¢ . S
,//Tetradymol (68) has a stfucture, determined by X-ray
analysis,31 that tompares:quitelclosely with the cis-decal-
0ls 58 and 59. . The pyrldlne induced solvent shift a of
-0.18 ppm for the tertiary methyl signal in 68 conflrms

‘that a cis-decalol system of this type produces a much lar-

ger A than that observed in cybullol. t

//The-cmr spectrum of cybullol (kindly determined by
Prof. J. B. Stothers) shows twelve carbon resonances (Table

V). Off-resonance-decoupling dlstlngu1shed the methyl

o f
+

methylene, methine and quaternary carbons. Specific off-

"

resoﬁance'decoupling was used to deterhine which hethyl

carbon signal was caused by the rlngﬁJunctlon methyl group.
>

57

The assignments in Table V were made u51ng the above 1nfor-

mation. L



Table V

CMR CHEMICAL SHIFTS OF CYBULLOL

(ppm)*

73.6
38.8
66.8
33.9
45:9
34.7

31.2

30. 3,
/

N 2101

15.2

| —ﬂ;.—cn

I

assignment

|
—Q—OH

3
—{H~OH
[

—H-—CH
i 5

~LHy

~‘(,:Hz'—

—CHi—
—CH >

— —
QHZ

-

* relative to TMSi, CDC1l., solution

3
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Theremgjk no signals prEEnt that can be assigned to
spZ (90—170 ppm) or sp (70—90 ppm) carbons, confirming the
assertion made earlier that cybullol contains no unsatura-

tions.
x

\‘ \‘\\
It 1s possible to predict cmrichemleal shifts of cis-

and trans-decalin systems. The accuracy of these predic -
tions depends on two factors; a) the availability of chem-
1cal shift data for compounds with similar structures to
those being studied and b) the accuracy and add1t1v1ty of
parameters used to modify these chemical shifts.

An indication of the ring stereochemistry»oflcybullol @
1s obtained by comparison ef‘the predicted chemical shifts,
of structures 58 %9 and 60 with the assigned measured val -
ues. Parameters and model compounds for 61, 4 strained
structure, do not exist but the chemical 'shifts predicted
for 60 can be compared qualitatively with those of 61.

cis-9-Methyldecalin (gg) and Ezgﬁs—Z—hydroxy_Q-meth91~
decelin (70) were used as model compounds. The'ir cmr chem-

32,33 are listed in Table VI. The parameters

1ical shifts
used to predict the chemical shifts of 58,59 and 60 are -
shown in Table VII. 1In general these'parameters are an

average of effects observed in a number of cyclohexanessf

32,33 In certain cases (noted in Table VII) the

or decalins.
parameter 1s based on a single observation and must be

viewed with some reservation.

{iPaIamefers for the effect of add;\g a ring juncfﬁon
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Table VI
13 SHIELDINGS® OF DECALIN sysrgmé"\
Structure 69 70 .§§ ‘ : 59 60 \
obs. obs. calc. obs. calc. obs. calc. obs.
c-1 '_ 30.4 50.9.  36.9 45.0 44.0 45.0 44.0 ' 45.0
c-2 22.8 66.9 63.5 66.8 _64.1 66.8  66.5 66.8
c-3 21.8 36.4 28.0 ., 29.8  29.5  34.7 29.5  30.3
Cc-4 28.4  27.9 297 30.3  20.4  31.2 3.3 .2
c-5 "28.1 28.1 35.8 33.9 34.3 33.9 35.1 3.9
C-6 27.8 26,9 29.8  31.2 28,6 30.3  28.9 9.8 |
c-7 22.8 21.2 22.4 20.3 21.8 20.3 % 20.8 20.3 j
c-8 . 42.3 41.6 35.1 34.7 28.0 29.8 34.4 34.7 ]
c-9 331 34.7 31.3 38.8  31.3 38.8 35.0
C-10 417 4409 78.2 73.6 77.4 73.6 82.4
REEETIR 28.3 16.6 23.8 21.1 23.8 21.1 17.7
2°-Me : - 15.2 15.2 15.2 15.2 15.2

} 8 in ppm from TMSi CDCl, solution

3



Table VII

PARAMETERS 32,33,34 (ppm)™USED IN CALCULATTON

OF CHEMICAL SHIFTS OF STRUCTURES 45,46 AND 47

-

y
a
X
X a B8 ' Y
eqMe 5.6 8.9 0.0
eqOH 41.7 8.6 . ~2.1
axOH 39.4 6.6 6.9
Ring junction ONP 30.9  0.33/3.4

~
\ ,
a) If B position 1s at ring junction

’b) Based on one observation (these laboratofies)

¢) Unless 8§ carbon = Me:-

>

0.3

~1.0¢
-0.4

61

-
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hydroxyl group to a cis- or trans-decalin structure are not

|
available in the literature. The parameters listed (Table

'VII) for this.substituent were obtalned by comparison of

the spectra of trans-1,2- dlmethylcyclohexane (71) and trans-

1,Z-dlmethylcyclohexan-l—ol 72). .The cmr chemical shifts

*

(ppm, relative to TM&Tiaregshown in 71 and 72.

274
/ . 404 )

.. ‘ . 261

71

~_;;zﬁ;;:;;;;g;;\HE?TV€&\£¥Qm\£QEES\Ei3 structures indicate

that the ring junction hydroxyl group\FﬁB\le§§reffect on

R,

-a- and B- carbon shift positions than either an axiéi\ot\gq

equaiorial hydroxyl substituent.
| trans-1,Z2-Dimethylcyclohéxan-1-01l (72) was synthe;ized

from 2-methylcyclohexanone (73).

CHngI
ether
' 18y
73 - 72 , . 74 ,
. 3 [
0 ’//
T { /’
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*

Treatment of 73 with methylmagnesium iodide gave.a

mixture of isomeérs 72 and 74 in 71% yield. The major isom-

IL )

er, 72, (82% by gc) was separdted by dry column chromato-
raphy uﬁd identified by comparlng chromatographic data with

litcraIure‘values.SSb

The cmr speetfum_of 72 was measured.
The calculated and ubserved cmr shifts of 58,59 and. 60
(Table VI) will be'analyzed'further. The tertiafy methyl
signél, meaeured'at 21 1 ppm, seems to indicate from its low
fleld p051£lon that cybullol has a cis rlng Junctlon The:
,calculated value of this 51gnal for 58 and 59 (23.8 ppm) is
closer to the meaqured value than the calculated value for
603(1/-7 ppm) . Also the measured value for cybullol is
remarkably close to the 21.5 ppm chemical Shlft of the angu-
|

lar methyl grOUp in‘cis-10- hydroxy 5- methylcyclohexan 3-one

,(755




~culation. _Thls error can be attr1buted to the ring junctlon,_

64

However; the estimated 17.7 ppn chemical shift in 60
must be treated with caution.. In calculating this figure,
no account was taken of the trans ring Junctlon hydroxyl
group, since no model is available from whlch to calculate
a usefal parameter for this effect. 1In general, antiperi-
planar heteroatoms at a y position to carbon produce an up-
field shift in that carbon,37 although exceptions have been
noted when the heteroatom is located at the bridgehead of a
bicyclicasystem. From this 1nformat10n one can only conclude
that a trans alng junction methyl group could poss1bly g1ve
a signal at a low field position of 21.1 ppm.

One of the methylene signals in cybullol ;esonates at
45.0 ppm. In calculating the methylene carbon shifts for
strutture 58, the lowest field signal can only be at apprdff/
imatelyA36.9 ppm (Table VI). Signifieahtly,_in,stfﬁetﬁreé
59 and 60 one of the calculated,methflene carbon‘shifts is
very close to the measured low field signal.

A quantitative estimate of the 'best fit' of calculated
carbon shifts was obtained by summiﬁg the'individual differ-
ences between calculated and observed values in Table VI
The totalled d1fferences A for strUCtures 58,59 and 60 are .
34.4, 30.1 and 21.1 ppm respectlvely The 1ow A value for

60 occurs in splte of a 1arge error in the C- 10 signal cal-

hydroxgl parameter which is based'oh only one observation.-
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The calculations for gg started from model 70. Only
two Substituent effécts had to be taken into acéount, com-»
pared with threc iﬁ the calculation of the Ccis-decalin
.shifts. Any error in parameters would increase the A value
of 58 and 59 more than that of 60. In fact,pusing trans-1-
methyl-decalin as a model for 6O the & value increases to
28.1 ppﬁ. This is still lower than elther of the cis-deca-
lin 4 values, 1nd1cat1ng that cybullol is most probably a
EzggéFdecalin system. |

trans~f,lO-Dimethyl-tis~9—decalpl (67) is an excellent

modei from wﬂich to calculate the cmr chem8cal shifts of 59.
The cmr spectrum of 67 was recently determined. Cmr cheml
cal Shlfts of059 were thén calculated (Table VIII) using the
equatorial hydroxyl parameters. The totalled differences,

A " between measured and calculated chemical Shifts of 59
was 23.3 ppﬁ. This high vaiue<compéred with A fBr 60 (21.1
ppm) again indicates that cybullbl is a trans-decalin sys-
‘tem. . |

" Structure 61 1s expected to“show 13C chemical shifts
similér to 60, except that both methyl groups would be more
shielded due to sterlc interactions. The extenﬁ,of thls

'shleldlng would depend on the amount of Tlng flattening in
.the structure. Structure él is therefofé less likely than

60 because the.calcula;ed ring junctionAmethyl signal would

be e?en furthér away from the observed value of 21.1 ppm.



Table VIII

E 13¢ SHIELDINGS® OF DECALIN SYSTEMS
p | .
Structure 67 59
meas . P meas.  calc. (from 67)
C-1 /37.0 45.6  45.0
C-2 21.5, 63.2 66.8
c-3 21.2 29.8 30.3
C-4 34.2 32.1 31.2
c-5 37.5 37.5 33.9
- C-6 32.5 32.5 34.7
c-7 1.6 21.6 . 20.3
Ci8 26.0 26.0 ©29.8
c-9  38.0 35.9 38.8
€10 75.2 73.1 73.6
3°Me 22.3 23.4 21.1
2°Me 14.9 < 14,9 15.2
a) “in ppm from QT‘MSi, CDCl3 solution-Q a

b) determined by Prof. J. B. Stothers on a sample

r

supplied by Prof. J. A. Marshall.

67 o - 59
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In summary, 211 of the spectral.data, except the cmr
ring junction methy 1l eignal, can be explained if cybullol
has a trans-decalin ring system. Even the anomalous methy!
signal is not conclusively negative evidence, since model
compounds are unavailable’fbr the ELQQE—Q—methyl-10»hxd}oxy.

decalin system.

g) Correlation of Cybullol with Geosmin
Geosmin (from the Greeck 'ge' = carth, "osme' = odor)
i1s an earthy- sme111ng substance first isolated from Actino-

mycetes by Gerber. 38 39

Its structure was proven to be
ﬁréns—1,10-djmethy1—9—decalol-(76);40’41' Since 1its initial

isolation in 1965, geosmin has been found in cultures of the

algae Symploca muscorum42 and Oscillatoria tenuls,43 as well

. . 4
as in other Actinomycetes cultures. 4
shown to be a causative agent of musty drinking water in

Ohio.*?

The compound has been

In prov1ng the structure of geosmln Mérshall has syn-
&;e512ed41 all four geometrlc 1somers of 1,10 d1methy1 9-dec-
alol (67, 76 7.7,78; Scheme VlII).The structure of cybullol
(79) has been conclusively proven by removal of the second-
ary hydroxyl group and comparison of the product w1th the
abave isomers. The converslon requ1red three steps (Scheme
ix); Jones"' 0x1dat10n of cybullol thloketallzatlon of the
resulting keto alcohol dnd Raney nltkel hydrogenoly51s of

«

the rhloketal
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A\

Jones' oxidation of cybullol gavye the keto-alcohol 80,
as‘préviously described (pg.37 ). Various reaction condi-
tidns were investigat¢d in order to bbtain the thioketal (81).
Initially‘the keto—alcoﬁol (6.5mg ) -was dissolved in’'l,2-
ethanedithiol (O.Sml) containing boron trifluoride etherate
(25ul). After stirring for one hour at 25°C, followed by /
work-up under basic conditions, a mixture of four products
(By gc,_relative retention times‘0.60—*0.65, cf. starting
material, 0.57) was obtained. A mass spectrum of the mix-

ture has a parent peak at m/e 348, which indicates that one

,
of the epimers of 82 is a component of the reaction mixture.

.
- . . »

’ 82

R

One can envisage §g‘being formed through the carbonium é%

=

ion. intermediate 83. Proton abStraCtion from this inter-
mediate would give either 84 or 85. The four products are
thus tentatively assigned structures 4,85 and the two C-10

éﬁimers‘d¥?§2. After separation of the mixture by prep.
tlc a mass sbeotrum of one of the fractions did show the

parent peak.expected for.84 or 85 (m/e 254)

{
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i . : . .
“ In order to moderate the reaction conditions, the

milder Fieser method46 was 1nvestigated. The keto-alcohol
(80) dissofﬁed in glacial acetic acid was treated with app-
roximately four equivalents each of i,Z-gthanedithiol and
borfon trifluoride etheéate. After the reaction mixture was
stirred for onec hour at 25°C,‘on1y one product was detected
along with unreacted starting material. -~~Analysis of tﬁg
product by gc indicdtcd 64% starting material and 36% pfoduct
(réla}ive retention time 0.87). By optimizing;reéction con-
diti;ns (see detailed experimental, pg. 123) the conversion to
product was increased to 75%. After separation of the two
éomponents by preé. tlc, the less polar compoﬁent_gavefa mass
spectrum (Figure 14) consistent with struc&hgglgl.
oIt islinteresting to compare the mass spec;rum of thio-
ketal 81 with that of the ethylene ketal (35a) (Figure 13).

' ’;As mentioned by DJer3551 (ref. 26%,_pg. 25), the ethylene
- 4 j .

7‘4§ke}al functlon is far superior to the thioketal in directiné

L
o

fragmentation in a predictable manner. This is demonstrated

by the relative intensities of the parent peak and the major
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¥

fragments 1n the two spectra; “in Figure 14 the parent peak
. ‘ { ’ :

is the basc peak, while in Figure 13 the parent peak is less

' e 4 : . v
than 39 of the base peak.” However, there are similarities 1n

\

" the two spectra; the peaks at m/e 131,132 are caused by for-

mation of fragments 8¢ and 87, by analogy with fragments 45

and 51 from the ethylene ketal. /

86 o 87
)
Since prep. tlc of the thioketalization reaction mix-

. o . &
ture resulted in considerable loss of material, the majority

of the product was uscd without purification in the final

) hijoge@dlysis step. A solution of the thioketal in 955
-ethanol was stirred with W-2 Raney nicke147 at 25°C. The

reaction was monitored by gc; after four hours thioketal 81

had been converted to three products with gc relative reten-

tion times 0.17 (58%), 0.15.(15%) and 0.08 (27%). Some keto-

\

alcohol presert in the starting material was unchanged. The

N

identity of the three .hydrogenolysis products was established

by gd¥ms. The major‘prbduct @Rt=0¢17)‘displayed an apparent’

paren% peak at m/e 182 and a base peak-at m/e 112 (ﬁigufe 15),
" 43 ‘ | \

as found in the ms of gosmin.

The other products are tentatively assigned structures

>

-
'Y



88 or 89 (Rt=0.08) and 90 (Rt=0.15) on the basis of the fol-
, | "

lowing cvidence. The ms of 90 (Figure 17) contains a small

parent peak at m/e 180 and a base peak at m/e 126, in agree-

ment with the expected facile retro-Diels-Alder fragmentation

of the molecular ion (Scheme IV, 29-—22).

0

; I/’I/ ’77,,

H

mm

o

88 89 : 90

Also, as GXpécted, the gc relative retention time of 90 (Rt=
0.15) is vérY\similar to the Rt=0.17 product, later identi-
fied as geosmin. The ms of §§f0r 89 (Rt=0.08; FigUré 16)
contains a parent peak at m/e 180, but ﬁg\predominént ring
fragmentation ion. "As shown in Schemes fI—*IV, méjor ring :
fragmentations are directed by a stébilized positive charge
on the ring junction hydroxyl group. Consequen%ly nolsuch :
~Ting fragmentation 1s observed for 88 or 89, where a ring
junction hyaroxyl group 1s notipresentn

~Van Tamelen has noted48 fhat deactivated Raney nickel
often produces olefiné‘aS’mian products dufigé hydrogenoly-
sié reactions. As W—ZfRéﬁéy nﬁ%key:ﬁas a shor; shelf-1life,
©1t was suspected that‘deactivaf'on’might be céusing‘the pro-

bleém in this case. The reaction conditions were modified to

!
{

\ .
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increase the reactivity of the Rdncy nickel. By refluxing

R IR

an ethanolic solution of the thioketalhwith W-2 Raney qifkel
for five hours the percentage bf the required product’?Rt=
0.17) was 1increascd to 80%, with 88,89(20%) as the on%y other
product. L 5 ‘
The two products, 76 and §§/§2 togethef wlth unrééétcd
keto-alcohol (80) from thé'starting material,lwere insep;h-
able by tlc. The products were therefore sepérated by ﬁ}cpl
gC using a 57 glass column coﬁtsining OVTZZS on 100/120 Gas-
Chrom Q.. A simple fraction Collector49 consisting o&‘a‘glass

capillafy tube packed with 20-50 mesh Amberlite XAD-2 resin

was used to collect 1 to ng samples of pure material.

Y .
Isolated fractions of the compound with a gc relative

A,

Te

retention time of 0.17 had a very strong earthy odor. A sam-

.
T~y

ple of 67, kindly supplied by J.'E. Marshall, had a different

-r€lative retention timé (0.20) and a more camphor-like odor

than the above fractions. It is perhaps p0551b1e that the

'nose can be used as an instrument for determlnlng stereo- v

chemlstryjln this case. Accord1ng to Amoore s stereochem1cal

theory of olfaction, 50a a globular b@dy of about 80A3 in vol-

E]

Qﬁe 1s the ideal shape for the perfeé% camphoraceous oabrant

i A

Models of structures 67 and 76 show ;hat the cis-decalin has

J‘ - .
a much more rounded shape than the rglatively planar trans-
, . =1l
‘ ] .
decalin. The trans-decalin is thus bxcluded from.the globu-

lar site of camphoraceous odor detectlon in the nose. Mar-’

41

shall has also noted the subtle differences in smell bet-

H

o
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-t

ween 1Somers 76, 77 ,67 and 78. A referenceyhoies that the
odor of geosmin may be detected by the nose "even when a

flame-ionization detector does not rospond to the substance

present” >0b B | -

The apparent volatility of the odorous fractions from

3

gc necessitated special) handling techniques. The solution
ir spectrum (Figure 18) of the hydrogenolyzed product with

Rt=0.17 was obtained be bluting the resin-filled collection

tube with CCl, directly into a micro-cell. éémpariéop of °
this spectrum with the 1r spectrum of geosmin (Figure 19)43
shows fhat the two compounds are identical. Tﬁe Fourier
‘transfornm pmr spectrum was similé%ly_ggfained by elufing a
collection tube with deutériochloroform into an nnmr tubé.
The pmr spectrum (Figure® 20) shows a methyl signal at &§0.75.

The signal at 81.25 is caused by a common contamlnant Com-

pallbOﬂ of the measured methyl chemical shifts W1th litera-

, :
ture values (Scheme VI11) confirms the hydrogenolvsis product

as 76. The structurc of cybullol 1s thereforél;on¢1hsiﬁe1y
shown to be 79, since nonc of f@e reactions in‘thé synthetic‘
sequence 79 thrdugh 76 will Ehange tge ring junction stereo-
chemistry (cf. ref. 41, where a-similar reaction.gequegce

produced no cis, trans-decalin isomerization).

' hj Absolute Stcreochemlstry of Cybullol and Geosmin

7
As cybullol has now been proven to be one of the enan-

1

tiomers of 79, the absolute stereochemistry can be,determ1ned'

??4‘“ ; Ty

fxom the octant diagram for this struéture shown in Scheme .

) . ' N . . -

; : .
- . . N
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-

VII. Cybullol produces a positive.Cotton effect at 298nm in
.. the cdagrd‘spectra: The absolute structure must therefore be
as shown in 79 below as opposed to 79e, since 79 has been

calculated to give a positive Cotton effect (section II-3e).

gmn

79 o i 79 »

The geosmin synthesized from cybullol shows a negatlve

rotation at the sodium D line. It was not possible to ‘deter-

25°C

mlné accurately the spec1f1c rotatlon value (a) , since

the geosmin could not be completely freed of solvent for ac-

Kt

cu%ate weighing. Natu#!‘ly oc;u?rlng geosmin also has a neg-

‘25°C

cative spec111c rotatlon ([a] = -16°). The;absolute ste-

reochem1stry of naturally occurring geosmin, not previously

’ * : . -
determinggLif\fherefore as represented in 76 below.

S— .

76
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1) Blogenetic Considerations

Gerber speculates40 that biogenetically geosmin is a
sesquiterpene which has lost an lsopropyl group. Apart from
cybullol, cogeijerene (91)51 1s thé only other ﬁaturally oc -

curring compound with this type of skeleton reported to date.

"It was isolated from the steam distillate of Geijera parvy-
flora essential oil, together with geijerene (gg).‘ Bot

compounds are racemic.

91

LSut%efiand{SUbsequéﬂﬁly discovered5 that geljerene

‘(ég)vis madnly-an artéfact« produced by steam dlstlllatlon
from prege13ereQ\\(93) A blosynthetlc scheme is proposed
~ that would. account for the co-occufrrence of 91 and 93,

'd(Scheme X) v although cogeljerene should be Opthally‘aCtlve‘
if produced in thlS manner Cybullol and geosmin could also

orlglnate from' 1ntermedlate 99.

\

The 1ntermedlate,gg is a dlrect precursor of the eudes-
T o Q .

< . : . @ , ’
b - ' Y
A ? . - .
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mane class of sesquiterpenés53 (96—100).

100 o

96

It is péthaps surprising that no sesquiterpenes have

@ . . - -
‘been found t®'co-occur with cogeijerene or geosmin. The

rd

next section of this thésis will describe the isolation of

a C-15 compound from Cyathus bulleri. All of the available
- evidence tonéerning this compound indicates that it has a

eudesmane}type Ske1eton.' ' : ' S |

- . - o
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41_ Partial Structure of Compound F

Compoond F (Rf 0.35, see Chart I) was isolated by the

T same procedure as used for cybullol (Scheme 1). It 1s reco.

gniged by a dark blue/black coloration produced when a devel-

qoped tlc plate is sprayed with 30% aqueous sulfuric acid.

Compound F has "a gc relatife retention time of 0.87.

On’a comparative basi3, the Cyathus bulleri fungus pro-
duces approx1mate1y one fifth as much compound F as cybuilol

-(by gc)a The low production of compound F and the dlfflcult)

* in separating it from cybullol by chromatography have resul-

ted in only 18mgs being 1solated‘§o date. Compound F is only
partlally so]uble in methylene chlor1de and crystalllzes on
standlng as colorless necdle-like crystals,fm.pt. 152 C.
The ms of compound F (Fig?re_zl) shows an apparent par -
entiion with m/e 256. High resolution ms ﬁndicates a mole-
'cular formula of C15H2803 (meas, ?56.2046; calc. 256.2039).
The f_»rag’men.t rons at m/e 238 (M+-HZO), 223 (M+-(HéO + CH;)),
220 (M"-2H,0) and 205 (M-(21,0 + CHy)) indicate that compound
F.has at 1oast two alcohol functions.
The ir spectrum:of‘comoound F (Eigure 22; nujol mull)
coofigmo'that ao alcohol function is proSenti(stroné absorp-

Lioniét_3300cm"1)., The low.intensity carbonyl’absorption‘at

N

1700 -.1750cm-1Q15 due 1n retrospect to. impuritf in thé g;'

.;ojcrystalllne sample o The crystalllne m%terlal contalned about‘

"

20% 1mpur1ty (malnly cybullol) as 1nd1cated by gc. -
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A fThe,Fourier transform pmr‘spectrum (Figure 23; CDC.l3
solvent) 1is 1informative in the methyl prgton region. It con-.
tains a doublet (J=7Hé) at 8§1.04, a singlet atvdl.OS and ;
'§inglet at 61.30. A common jmpurityvpeék at 61.25 1s now
thought to he due to silicone grease impurity.
A1£hough Fourﬁer transform pmr-allows very smali samples

v

(<1mg) to be\ifalyécd, the méﬁbod.suffers from the dis?dyan»
tage of providing nd‘meaningéul intggrgiion. This is berause
the areas under the peaks are dependaht on }hc"Tl relaxation

_times of each proton. Fourier transform‘pmrAsignéfs.caused .

by protons.in similar envirdnﬁents,-howevér, shotuld be;céﬁ-'

parable because Tl valueslwill be similar. | ‘ iu
The peaks at *61.05 and 61.30 were traced and wéighedg
the Léights were 1n the ratio 1 to 2: This probably indic-
ates that the low field signal 1is caused by two %quivalé%f
methyl groups since. the higher field signal is almoipsgcrta-
inly a methyl sihgléi'ithrce protons). The lowﬁfield'posi> |
tion of the two equivalent methyl groups is_conéisfent with_.
the presgﬁce of é geminal hfhrox}i group, a§‘E% thenparfiai "
: . . o v

structurec 10%.

CHj
® o CH3 P ‘ !
101
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Figure 23: 100 iz (FT) pmr spectrum of cOﬁpound‘F (CDC13)..
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Figure 24: 100MHz (FT) pmr Spectrum of compound F plus one

drop of trlchloroacetyl 1socyanate (CDC13)
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N

' b . “\ _
Although one might expect™the two methyl groups to be
non—equivalent if proximate to a chiral centre, there is ‘am-

* ple precedent’ fqgr this,sort of structure producing a singlet

.54 55a

pmr signal. For example, 102°" and 103 produce singlets

in cpc1, at 61 10 and 81. 20 respect1ve1y The type of signal

3
produced is poss1b1y related to the ease of rotation. of the

s 02 S 103

" R-C* bond. The partial structure 101 is further substanti-
_ated by ‘the presence of a large m/e 59 fragment ion in the ms

(Figure 21) "~ This is due to a C3H70 ion (meas. 59”0499*

calc. 59 0497) yhlch can be formed by a fragmq\tatlon mechan-"

ism characterlstlc of tertlary alcohols SSb'

Severaf experlments were performed on compound F to det-
:_-ermlne the number of hydroxyl groups present DeuterlUm ex-
: change of hydroxylic protons was attempted by shaklng a solu-
| tion of. compound F in CHSOD ‘U51ng the same procedure as |
with-.cybulloi, a sample of deuterated mater1a1 was 1ntroduced'
~into the mass spectrometer The spectrum produced howeVer‘

was 1nconc1us1ve . The parent peak moved ‘to m/e 257 and the

m/e 258 peak was enhanced cf. Flgure 21 (61% of the m/e {57



)

intensityf. By analogy with cybuliol,'either m/e 258 or m/e

259 should be the—Eiiii;ﬂgifk;51nce the mass spectrum (Fig-
ure 21) has indicated that compound F contalns at least two

88

hydroxyl groups. The dlfflculty in exchanging these hydrox-<

B

ylic protons may be caused by 1nternal ydrogen bond1 al»-

‘though, w1thout know1ng the full struct\ire of compound F,
thlS must be regarded as hypothe51s |
Trlchloroacetyl 1socyanate (TAI) (104),has been used
for 1n situ pmr determlnatlon of the number of hydroxyl
groups present in a molecule. 563

dly formed w1th a hydroxyl group when excess TAI is added at

c|3c—ﬁ’—N=c-—;o. ST cm—i—wx—@—o—k :

N "
104

A carbamate (105) is. rapl-‘

- room temperature to an nmr tubp contalnlng a deuterlochlo\o—

/-’
. form- solutlon of an alcohol Even hlghly hlndered hydroxyl

'groups have’ been functlonallzed and the excess reagent shows

© nNo pmr 51gnal The carbamate N-H 51gnals usually appear in- v o

the 68-9 reglon as dlstlnct 51ng1ets, permlttlng determlna-‘
Co
tlon of‘t total, number of hydroxyl funct1ons

L4

The method was app11ed to compound F The Pourler o

." )

bransform pmr Spectrum produced by addlng one drop of TAI to

)

a solutlon of compound F-(2mg) in CDCl3 (F1gure 24) contalns _‘“i

three dlStlnCt s1ng1ets at 68 08, 8 28 and 8. 92 ,showlng that



W o ) -
N

the compound contains three hydroxyf groups . The chemlcal
shift of the methyl 51gnals 1n the carbamate ‘are also 1nformZ
ative when compared with the correspond1ng alcohol 51gnals‘:
(see Table 1X). . ' e

Fable X -

CHEMICAL SHIFT OF" METHYL PROTON SIGNALS IN
: COMPOUND F AND ITS IBICHLOROAC TYL CARBAMATE DERIVATIVE

Compound Frooo Carbamate “ . A *ppm -

. ‘éppm .o ppm L
Los@ueH L@ w0as 2
1.05(s) o 1.18¢s) 0.13 |

1;30(3). 1o '-1.58(5). - ‘;7"b;2§7v.

'“é 6carbagate < éalcohol gg
v

.' {

.To. determlne the 51gn1f1cance of the A( 6carbamate‘- 6 S

o jalpha to t

'alcohol) values ‘in C\mpound F 1t is necessary to compare them

w1th correspond1 g valu s 1n model compounds\\ﬂln t*butyl-a1= :

cohol,-a Shlft in. the me

ved on addltlon of TAL; /15 72 the A_value for the methyl °

o 0.28 ppm f r'the 1sopr0py1' S1gnal of compound F is compar—

.able»w1th the 1ft of 51gnal produced ﬁn a methyl group :_“

alpha to a tertla?V\hydroxyl group,'conf1rm1ng the partlal

strTcture 101 Lav1e5§b has noted w1thout comment 51m11ar

Ty

y1 51gnal (A) of 0 35 ppm is obsermpﬂff

: hydroxyl group 1s 0 43 ppm._ Thus the A value of vlltn



~shifts in methyl signals fOIIOW1n§ reactlon of cabraleﬂf’?
(106) and methyl dammarenolpte (107) with TAI\ The A values

are shown on the structures below A 1s negllglble for methy],

groups not 1n themprox1m1ty of a hydroxyi functlon

f%

- L .’ - ¥ ‘L ’,‘ E . .
qn‘iSOpropyl'alcohol ‘J model for a ‘methyl group situ- .
“ated- alpha to a secondary hydroxyl group, A for the methyl
\
51gna1 is 0 17 S1gn1f1cant1y smaller ‘than the aboWe Values

The change in methyl shlfts ( A) Qf 79 and 67 have also

:been 5\?erm1ned and are sh :below




. 911
i : . ,,\\,

]

" The 51gn1f1cance of these flgures and - thefr appllcatlon

<

to determ1n1ng the structure of compound 'F_must awalt fur-

ther studles with mode] compbunds

..
to It should be noxed that . trlchloroacetyl 1socyanate also

reacts w1th the- epox1de functloﬁfln eplchlorohydrln (108)s7a 0

and with several enof‘ethers 57b Thus TAI should be used

A
W1th cautlon for stYucture e1uc1dat10n of hydroxylated com- -

pounds conta1n1ng these funct10na11t1es

' @Q R ' L

* - .
A

Hav1ng establlshed that compound F is a trlol, acety-
latlon was used: to obtaln 1nformat10n about the type of _aV

phydroxyl functlons present. Compound F (Smg ) in acetlc

anhydrlde (lml) contalnlng pyrldlne as catalyst was stlrred
~at 25°C for Sﬁ%ﬁh urs. The only produtt (by tlc) was a mon—~
oacetate, as Jioged from the ms (Flgure ZS), the ir spectrum ‘1f
(F1gure Zd) and the pmr spectrum (F1gure 27) The formatlon -
of a mopoacetate strongly suggests that one hydroxyl group
1s prgmary or secondéry a d that the other two are tertlary @?
,To d1st1nguf§h‘hetween prlmary and Secondary hx}roxyl groups, ﬁi-é
it is nece;saxy to. compar; the pmr.spectra of - compound F | -

f'(Flgure 23) and 1ts carbamate derlvat1$e (Flgure 24)t; n

‘-Flgure 23 a multlplet at <83, S is- a551gned to a proton geml-'

»~

o !



. . » ‘ . , ';r \ . . " -. : o - -
. 3 . f T4 L - . A Y, T
Figurge -25:. Mass spectrum of compound F monSacetate . #

. i . L . ) 2 . s . B . . .
\/-{ A ' o~ : / -
o 2. waWieNGTH mcrors) - .
3 4 s - - ‘

= ',"_,'_”tf,;‘;‘- -,\'Li.'r -3

?

s 4000 350 3000 2500 zooonmmoowqowoo»soouoonoo\mummmmomwosoo400
. : : - _ FREQUENCY CM - _ .

0 L g
Figd?e 26: Ir spectrum-of compound F monoacetate (CHCl
: . R

3)

3

R R PSP SN S OP P SDU R S W SN
¢ b !

'Figufe427:» IOOMHz SFT) pmr spectrum of giggaund'ﬁ}t;j

oot Al B .,
\‘; - monoacetate CCDCIS) Lo e e



< . 93

N
o
' »

nal to a seconda X hydroxyl group since the gemlnal 51gnal 1n

the carbamate (4. 9 ‘Fggure 24) has shifted downfléid by 1 4

ppm a typlcal value for secondarh\alcohols S6a. “ The p;L spec-

trum of the acetate (Flgure 27) contalns a multlpiet)a{/;4 8;
-

':'a chem1ca1 shifg hndicatlve of<a proton gemlnal to a second-
ary acetate function. S | ~‘ ;51° ‘.
As mentioned ip settion‘II-Sh the 1ntermed1ate 96 prop—
‘osed ir the blogene51s of cybullol is- aldlrect precursor of
the eudesmaneclass of sesqulterpene . By comb1n1ng the spec—'

N
Mral data con51dered above. W1th the hypothe51s that compound Y

 F w1]1 be related blogenetlcally to cybullol it~ 1s p0551b1e

. Jto propose a part1a1 structure for compound\F P rt1a1 struh/
cture 109 pOSSesses a eudesmane skeletOn and is con51stent

‘Wlth all Spectral data.,o

: There 15 no eV1dence for the stereochemlstry of the

,j.

"f ring Junctlon and he secondary methyl group other than the
qnalogy w1th cybullol The stereochemlstry at C 6 15 unde-ﬂ.qg
f1ned In the maJor1ty of naturally occurrlng eudesmane-:

type,sesqu1terpenes the 1sopropy1 group 1s equatorlal 58 '



-

‘Although an-equatorial group at ‘this position w111 give a

less sterlcally;hlndered structure, 1t must be reallzed that

s as mentioned by Parker et al, 53 classlcal chemlcal conceptgf

1 4
of strain and steric 1nteract10ns need not necessarlly be’
. .

L N -
: the domlnant factors in blosynthe51s srnce in V1V0 the
e LA AL

\ tubstrate must concur W1th the conformatlonal requlrements
s A
of the partlcular enzyme 1nvolveda’ This is demonstrated by

'the océurrence in nature of both 1ntermede0159» (110);and-

: /
‘—1ntermed_eol60 (111) wrth\aiiai\and/équator1a1 1soLrop-

“eny fgroups;respectlvely.

20 et o b b s s comon
€ Phe pmr 51gnal‘of the 1sopropy1' protons 1n compoun

‘is at sllghtly lowenzgleld (0.1 ppm) than the correqundlng
_»?’1gnals in: structures 102 and 103 P0551b1y the 150propy1
. group 'is ax1al 1n st:ucture 109 51nce then Van der Waals de—

- sh1e1d1ng of the 150propy1 protons would occur

Several features of the mass Spectrum of compoundbﬁw ,

»

-

j(Flgure 21) can only be explalned if the secondary hydroxyl f,f:;
‘."'\ .

1group is not ™in the same r1ng as the 1sopropy1 group Ihe

'.'peak at. m/e 170 (rel@t&ye 1nten51ty 82%) is. caused by a
s ’ #'~.*.J



C10H1802 fragment (meas. 170.1301; calc. 170.1307).

analogy w*Lh the mass Spectrat fragmentatlon of cybullol a

maJor fragmentatlon of structure 109 should be the. cleavage

‘>ofuthe-Cl-C9 and C4-C1Q bonds to give- the ion radical 112,

4 : 4 :
with mass 170.° ~ B S ' o g

o

‘If the-secondary”hydroxyl group‘had'been located-in .

K
p051t10n S5 7 of 8 (Structure 109), a peak at’ m/e 186 would

have: been observed since the 1on rad1ca1 112 would theg con ,%

ta1n'an add1t1 - ydroxyl group The ms of the acetate -

(Flgure 25) conflrms.th1s ana1y51s.' The m/e 170 peak 1s

.st111 present so the secondary hydroxyl group 1s not con—'

talned in the ClOH 0t fragment Cleavage of the»C9 d§ and

18 2.

“'C10 C bonds in structure 109 w111 produce fragment 1on 113

" of mass 142. A peak w1th m/e 142 1s present 1n the ms of

_compound F (Flgure 21) but,'as expected it 1s absent from

the ms of the acetate (Flgure 25) ' The exact p051t1on of

the secondary hydroxyl group cannot be determlned from the .

'f1nformat10n avallable Theoret}cally the coupllng of the

'-carb1nol proton should d15t1ngu1sh a. hydroxyl grQUp at\car-ftf

Ve



» P T R
('bons 1,2 d@ 3 (structure 109) *However due to the small

quantlty of pure material ava:lable’l as - not been p0551ble

to obtain a pmr spectrum of sufflclent resolu%lon to provgde,._

&

“thys 1n£ormat10n L S \<?”?' | ) h o
>The pmr of the. acetate (Figure, 270 contains a methyl )

doubIet at 60 91 (J=6 SHz) ~ The correspondlng signal 1nA
compound F is 51tuated 0.13 ppm downfleld from this’ p051t1on
Th1s Shlft 1nd1cates thai the - secondary hydroxyl group 1s_f' "
7. spat1ally close to ‘the secondary methyl group A 1,3- dlax1al

- rel t1onsh1p, as’ 1n 114 is un11ke1y however- since the tertl—’
P ary?

oﬁ the bcetate.

methyl 51gnal 1s not shlfted 51gn1f1cantly on formatlon

In order :o determfne the ‘exact structure of compound F,
it w1ll be necessary to 1solate further mater1al and perform |
' several exper1ments Nouably, dehydrogenat1on should con%1rm,r
_ the eudesmane skeleton and cd data from the keto alcohol .
eXpected‘on m11d OX1dat10n W1ll allow the absolute structure

“to be determlned 1 Reactlons of thls keto alfohol(llS) should

allow locatlon of the p051t1on of the secoﬁﬁary hydroxyl
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Acid- catalyzed deuterlum exchange would allow distinction of
G-2 from C- l #nd C- 3 ) If c-3 1s 1nvolved base catalyzed -
'ellmlnatlon of the C iO Hydroxyl should be p0551b1e
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5. Some Infermation Concerning Compound B - [

Another metabolite of C. bulleri,-'compound ggk was

o~

%solated onione occasion. A total of Smgs‘of"crystalline
material (mpi 244:248°C from'ether) was obtained. By tlc'
| the compound has an Rf Sf 0.56 (see Chart I) and ig recog{
'nlzed by the yellow coloratlﬁn\produeed when & d€Veloped
plate is sprayed w1th 30% aqueous sulfurlc ac1d and heated ¢
‘Compound B has a gc relaflve retentlon time. of & 75. |
The ms of compound B- (Flgure 28) CQntalnS a base peak
"'at m/e 232, which appears to be the parent peak Tﬁe 1ntenr-
sity. of thlS peak suggests elther that the molecular ion is
verny stable or that the'peak~(epreseﬁts the major fragmen-
_ tation’ product of a 1ow abundance parent peak The peaks at_
m/e 217 and 214 are eV1dence that the parent peak 1s:m/e 232
because they then represen¢ w' CH3 and'M" H O reSpectlvely.
A molecular formula of C13H1204 is- 1nd1cated by hrms (meas \
232 0736; calc. 232 0736 ), The compound thereforiﬁcontalns
~eight 51ghts of unsaturatlon | ' | y
The ir Spectrum of crystalllne compound B (F1gure¢29
‘nujol mull) contalns both hydroxyl and. carbonyl absorpt1on

[}

" There are two OrT. p0551b1y three abSOrptrons in the carbonyl R

reglon at . 1761 1752 (shoulder) and 1710cm 1. These absorp--

" tions’ 1nd1cate that compound B contalns an ester 1actone or
P ,

carboxyl functlon (1761cm ) as well as a ketone or’ aldehydeap'“

 f(1710cm° ). A carboxyl functlon is however 1ncon51stent -‘1' ,

o

& . [
g , .
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with the low polarity tlc characterlstggs of compound B.

The h1gh degree of unsaturation of compound B leads one to-

expect an aromatic molecule. A pedk at 1605cm’ -1 is consis—

tent with this expectation, although usuaily there'are atL

least two peaks in the 1500-1600cm™ * region for arométic

compounds. : \A . | |
The.aromatic proton .signals observed in the Fourier

transform pmr'épectrum of compound B (Figure 30' 67.8) con-

firm the above a551gnment The number and 1nten51ty of peaks .

in the methyl region are d1ff1cuf¥ to reconcile with a for-

- mula contalnlng only twelve protons,'and suggests that an

. - i
3 @,

The UV'spectrum of compound B (methanol solutlon) con- -

. L2 o

tains three 1ow 1nten51ty absorptlon ‘maxima at 238 (e= 400),

impurity may be present. = - _i S ﬁéhd,-g‘
o

276 (e= 100) and 285(c 100)nm Most aromatlc compounds dlsplay

s «

tronger absorptlon maxlma than thls
No further work has been attempted on thls compound

From the 1nformat10n available, it is not p0551b1e to deduce"
' . ¥

- a strueture for compound B.

.’,J<
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6. Biological Activity of C. Bulleri Metabolites.

Cybullol inhibited the growth of penicillin-resist®nt
Staph. aureus at a 250ug level. At a similar conqentration

compounds B and. F showed no 1nh1b1t10n

A sample of crude extract from C._buileri was‘tééted for
biological_actiyity againsf a wide rang;lof bactefia.by Smifh
- Kline and French Laboratories | The results (Appendlx I) show
that the crude extract has no useful act1V1ty at- 250ug/ml

- the ‘highest concentratlon tested
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- III | EXPERIMENTAL S

. o . !
o : EEE | .
Growth of C. Bulleri Cultures; Extraction of| Metabolites

-]

Cultﬁres of C buller1 have been grown u51ng procedures

developed for.C. helenae by Johr1 and modified by Taube,6

Carstens9 and Mercer 11 Frultlng bodies of C bullerl,"

obtalned from Prof H. J. Brodle,‘were sectlonef after ster-

1llzatlon of the1r surfaces The sect}ons were 1ncubated on

sterlle nutr1ent agar. After a myce11a1 growth had become -

establlshed blocks of . agar contalnrng the growth were tran ~

vsferred to fresh nutrlent agar ) Repetltlon of thlS process

o

;produced a homogeneous growth of mycellum. The cultures Vj}

‘were stored at 5°C in petr1 plates and ‘slant tubes contaln—;
dng_nutrlent agar.

- Brodle 11qu1d medium: was used for the large scale

growth of C. buller1 cultures The aqueous medlum conk\lnS'
_ e pd
~-the fOllOWlng nutrlents per 11tre maltose, S, Ogm dex<

2

trose, 2. Ogm, yeast extract 2 ng KH2P04’ 0. ng’j Ca,;h
(NO ) 4H20- O‘S’gm- MgSO4 (anhyd),lo 24 gm peptohe, 0 2@
Agm; dl- asparag1ne 0. ng Fe (SO )3; trace 81YC€T91)_§
.mx_‘jl- ,_‘~ ,:: jt ;- 7"."“- ’/':'f” f Ys N

To 1n1t1ate 1arge scale cultures of C bullerl, dlSCS .

»_'of agar Contalnlng the mycellum were transfe{red to 500m1

5Er1enmeyer flasks contalnlng ster11e Brodle medlum (ZOOml) 5

’ ._.‘,

-

e
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" The cultures were lnCUbated at room temperature for a mini-’

mum of 30 days The Erlenmeyer flasks then became 1nnocu1um

flasks for up to 20.2 11tre Fernbach flasks Mycellum in
/

the 1nnocu1um flasks ‘hdve been left for a perlod of up\to

. two years with no loss of ablllty to produce cultures on

o

- blended

_fresh medium. ' The myce11um appear to reach a max1mUm growth

at‘hbdut $ix months presumably due to exhaustlon of food

suppll\s 1n'the medium. IA\‘

Large scale 'still- surface' dultures of C. buller1

" were grown as\ﬁgllows Up to 20 2 11tre Fernbach flasks

were each filled w1th 1 lltre of Brod1e medlum, The stop-

Jpered flasks were autoclaved at 127° C, 15 1bs. pressure for

20 mlnutes Meanwhile the contents of one 1nnoculum flask |

,were broken up in a sterlle Warlng blender/' When the Fern~?ff

bach flasks h

cooled to room temperature, lOml of the
spen51on was p1petted 1nto each “of the flasks

The cul ITes were then left at room temperature for 30 days

.after W 1ch the med1hm now conta1n1ng the fungal metabol-

) 4

‘,‘1tes, was dra1ned from the flasks and the mycellum reflooded

w1th sterlllzed Brodxe med1um After a second growth of 30

-

K days the medlum was agaln drauned In order to prevent the-

Fernbach flasks from becdhlng overcrowded the mycellum was L

then dlscarded and a new 1nnoculum was used to 1ntroduce the
ST

,-thlrd growth Dur1ng the course of th1s work approx1mate1yﬁ -

B 20 growths haVe been produced in thlS way
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The mediumvcontain}ng the fungal metabolites was filt-
"‘ered through’cheesecloth to'giye a clear»brown solutdon*
pH3Z6. = The solution was extracted w1th an equal volume of - .
'ethyl acetate (extracted twice with half volumes of solvent)

- The yellow extract was drled (Na S0 ), flltered and evapora-

ted to dryness, g1v1ng between 50 and 100mg of crude extract

per litre of medium. | Lo SRR : ",

801Vent and Adsorbent Purlty

oy
The common solvents (reagent .grade) used in these labor-

.;atorles contaln up to 30mg/11tre of 1nvolat11e re51due. T
fThls would result in an’ unacceptable level of contamlnatlon }5
"d>1n samples 1solated in m1111gram quantltles The solvents cd
were therefore dlstllled prlor to use, except d1ethyi ether

; wh1ch was of suff1c1ent purlty to ‘use d1rect1y from the con—
~tainer. A The various grades of 5111ca gel adsorbent were as-
-SUmed to’ be of hlgh purlty ~ They were used for chromatography
‘hW1thout further purlflcatlon.‘ "vhhé_;:_‘

Column Chromatogq);hy

’a), Elut1on Chrodatography ..i "7 | -

L" Slllca gel (Woelm) of partlcle size less than 230 mesh ,Q
produced good senarat1on of crude fungal metabolltes u51ng
}'elutlon chromatography Less r%solutlon Was obtalned when

[,5111ca gel of a larger paf%1cde 51ze was used In a typlcal

xv‘_ - i'

\ I oA
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\

separation of one gram of crude extract (see-SchemQYl ;_pg;
17) a glass column of 4cm dlameter fitted with a glass wool
‘ plug, was f111ed to a helght ‘&€ 25cm with a slurry of the
adsorbent in ethyr acetate ThlS gave an adsorbent to we1ght
ratio of approx1mately 100 o i. The column was kept vertlcal_,
and vibrated w1th .a mdchanl al .vibrator to remove. air bubblesr
| Ethyl acetate was-passed through the column for- some t1me to :
a1d in settllng of the adsorbent and | to remove non- polar im-
pur1t1es such as plast1c1zers |
“@53} To apply a sample/to the column the solvent level was
tjiadjusted to the level of the adsorbent surface -rThe sample,
dlssoIved in a m1n1mum amount of ethyl acetate was carefully
added . to-the adsorbent surface Once all the sample had |
‘ soaked. ‘into the surface ‘more ethyl acetate ‘was added and the
}elutlon was - begu;m(flow rate,:zIOml/hour) "h”d ~c* “'n .‘_f
| The 1n1t1a1 eluant was d1scarded untll a fa1nt yellow |
1~c010r .was observed 1n)the solut1on, 1nd1cat1ng tHat the leastiu-
, polar onents of the crude*extract were belng eluted
Frathjij?Tbml) were then collected ( Isco' fractlon collec-r
.tor) and monltored by tlc . o i );?rghpf’._df.-;;w |
The fractlons of 1nterest obtarned in the above manner
_were further separated by elutlon chromatography us1ng a 501,.1d*f
:vent system of methylene chlorlde/methanol (HDO 5),‘as 1n »
'ercheme II Typ1cally,}a partlally pur1f1ed sample -semg)

"ywas passed through a 5111ca gel (Woelmj adsorptlon bed of

ihe1ght 15cm and dlameter 2 Scm (adsorbent/sample Welght rat1o,.



N
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100:1). ‘Fractions were collecte

and monitored as above.

_ . R
b) Drijolumn Chromatography

)
Dry column chromatog@aphy was 1nvest1gated as a method

of separat1on of C buller1 metabolltes, as mentloned 1n Sec-

tion II - The experlmental technlques used are essentlally

20 '

‘those recommended by Loev and Goodman Typlcally, a'nylon

-vcolumn (= 4cm d1am uv- transparent) was heat sealed“‘bﬁone_
end and packed w1th 51llca\gel (Woelm), act1v1ty III - a de—

- actlvated 5111ca gel supplled for th1s technlque and contaln—
.%
1ng l% 1norgan1c phosphor ~An adsorbent to sample ratlo of at

‘least lOO 1 was used

The crude extract to be separated was - dlssolved in chlo»rr
T .

-
roform . and st1rred w1th 2- 3gm of the adsorbent///SoIvent was

*
/

' evaporated u51ng a rotary evaporator and {he sample now

~ _adsorbed on 5111ca gel, ‘was added to the g%@ of the adsor—

- “bent bed The elutlng solven wr usually ethyl acetate, was

'_added,tgithe column from a separat1ng funnel, at such a rate
as toama ntain a Scm head of olvent above the adsorbent. ‘As

v-mentloned preV1ously, b1nary solvent systems were unsatlsfac-iv

.tOEW in 5p1te of | pre equ111brat10n of adsorbent, as recommenavf”'

_ded by . Loev and Goodman\~ Once solvent h\37comp1ete1y f111ed vff¢v

the nylon tube (approx1mate1y one hour), the fractlons were

separated by Cuttlng the Column 1nto 1 or 2" sect1ons (no j:_l.'ft

.’components could be detected by uv 11ght absorptlon) he"t .
"jadsorbent was extracted w1th methanol/methylene ch10r1de ‘

&

TA (10 1), flltered through a 51ntered glass fudnel (2 2 Su pore

o



.size).aﬁd the filtrafajeyaporated to dryness. -
. . ‘r .‘ ‘.\ ‘._\ '
Thin-layer CthmatograpLy

8111ca¢ge1 G (E M rck) was. the only adsorbent used

r

.‘rOUt1ne1y»for tlc. - Addltlon of- 1 1norgan1c phosphor (Gen-
\eral Electrrc, type 118 2.7) to the adsorbent allowed the'.
deetectlon of uyv absorblng compounds by 1rrad1at1ng the devel-,.”
i-oped tlc’ plate with uv 11ght For both analyt1éalfand prep--

'aratlve tlc an aqueous’ slurry of the adsonbent was spread on -

glass plates u51ng DESAGA equ1pment as described in Stahlr

. handbook 61 The platés were a1r drled for. two hours, drled

.‘&,‘r; r

at 110 C for a further four hours and then allowed to coal

¥

. . : - o
~maintain— ctivity ‘

. before uszz/'Thilplates_were stored 1n~§ dry atmosphere_to o

“For preparatlve work. plates’ of d1mens1on 20 b 10@cm or’
\

20 x 20cm were used W1th an adsorbent depth of 0 Smm Sam~
ples in solutlon wlre applled to the\larggr plates w1th a-
-mechanlzed appllcator (de51gned in thlS department)
_m1crop1pet manufactured from a d1Sposab1e p1pet and f1tted
.w1th a rubber bulb was used to apply samples to the 20 x 20

cm plates Mlcroscope slldes (7 5 X 2 Scm and ] §'vj;-
’ ‘i

‘,’face w1th a cap&llary tube con a1n1ng the sample 1n solut1on -dt/7

5.: Plates were. developed 1n closed tanks c0nta1n1ng the

'trequ1red so1vent system A solvent system of methylene j_r
' ./'T\'/\.;L'f Lo
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chloride/methanol (10:1) prodnced the most satisfactory.

'_separation of C. bulleri metabolites ' Unless otherw1se

noted the Rf values quoted in this ‘thesis refer to this

'%solvent system The follow1ng solvent systems have also’
. . P

been used at various t1mes

‘,methylene chlor1d@/methanol | lOQfS' .

- ii\\ : methylene chleride/methanol ~ 100:2
| | benzene/acetone/acet1c ac1d. 75525:1
: / . Ty ' s L

| _acetone/Skelly B - 30:70

A After development of‘a'plate; the components'were; .
v.v1jyéllzed by uv 1rraﬁ1at10n of phOSphor 1mpregnated platesv‘
or by spray1ng w1th 30% aqueous H 804, followed by heatlng :

;.Occ351ona11y ‘a spray of cerlc sulfate in . sulfurlc ac1d :
produced clearer color reactlons In preparatlve work the
rsurface ared of the plate was protected w1th a glass plate,_
honly a th1n vertlcal :{ﬁd was treated w1th spray reagent ’
'The requlred horlzont bands were then scraped from the

.plate and- washed'w1th a su1tab1e solvent : Flltratlon and '

evaporatlon of the wash solvent gave the pur1f1ed mater1al
. "} _v v.‘[ . . ,

Y
, .

Gas Chromatography ,ﬁ '

o

K Hewlett Packard 5700A gas chromatograph f1tted Wi h a R
'flame 1on12at1on detector was used for both analytlcal and

I .preparat1ve work ﬂor analyt1ca1 separatlons, a 10' glass

-

‘column‘( o.d. ) ‘was packed w1th 3% OV 225 on 100/120 Gas-V~‘~A°'

'Chrom Q (Applred Sc1ences) “on a Preparatlve scale a 5"1i‘f{3}L;



,”inJect1on of a sample, d1V1ded by the total program t1me. .

_'placed between the colupn and detector. The collectors

- 110

.

' glass column (4" o.d. ) containing identical pack1ng mater1a1

~was used. The carrler gas flow rate was 60m1 (N ) per min-

ute (anal;) 100m1 (N, ) per mlﬁpte (prep ). Injection and

detector ports were kept at 250°C Canal column);. 200°C

(prep. column)

°

A temperature program was selected to produce the best

separatlon o@ C. bullerl crude extract The‘program_used

o : : v o » Vv"
routlnely was:

Inltlal temperature, 140 c, held for four m1nutes“
Temperature 1ncreased 8 C per m1nute to f
P1na1&temperature, 240 C held for e1ght m1nutes

. gPe rel t1ve retentlon time (Rt) of any peak 1s deflnedA

as the time £ ken for the peak to appear on the. trace after"

"Rt 1s dependant on the type of column temperature program
~and gas “flow rate _ By keeplng these parameters constant
the Rt values were used to- 1dent1fy and compare samples
'vRt values quoted in thlS thes1s were obtalned u51ng the

.analyt1ca1 column and operatlng cond1t10ns ment1oned above -

For preparat1ve work a gas flow sp11tter (10 1) was

'cons1sted of TOcm caplllary tubes packed Wlth Amberllte XAD-.

'12 Tesin (Malllnckrodt) The re51n was held in place w1tg

l

*Uglass.wool plugs | A teflon d1sc contalnlng a small hole to e

iaccommodate one end of the caplllary was clamped over the c*

’»'i

49 \/ ‘~

~ L

exhaust port of the chromaﬁograph As the requ1red c pon--f‘uk_u"



u

(/\A -k | . | “ 11}_
_ : .. ¥ A e

ent appeared at theiexhaust pdrt, a capillary tube collec-

- tor was simply pushed}into the Teflon disc. In this manner

. 1-2mg samples were collected. This method-of-collection

was.partlcularly.useful for.spectroscopic.work. To obtain B

pmr,spectra the sample'was eluted from the collector“into
9

an nmr tube with CDCl or CCl4 7 Simllarly, for ir spectra

;'.‘

‘the sample was eluted 1nto ‘a m1cro cell with CHCl3 or CCl4
@.:

Instrumentation. ‘ _
Mass SPecgg%\were recorded on an AEI Model MS—Z"MS-Q

or MS;lZ An 1nterfased AEL PS50 data system produced a

pr1nt out of norma11zed spectra All mass speciga are
recorded 1n this thes1s as a percentage of the base peak,
The MS- 9 was used for hlgh-resolutlon mass measurement
'The ‘small’ quantlty of pure samples avallable prevented
d‘%flrmatlon of molecular formulae by m1croanaly51s \

Ir spectra were recorded on a Unicam SPlOOO(&ﬁ?ra red

',*spectrophotameter or a- Perkln Elmer Model 421 duaf)gratlng

’7»spectr0photometer

Pmr Spectra were recqrded on a Var1an Assoc1ates HA-

100 w1th tetramethy1511ane as an 1nterna1 reference 'The“
¥

: spectra of small samples (e-Smg) were recorded on. a Var1an '”
.:Assoc1ates HA 100 15" 1nstrument equ1ppeg with a: Dlgllab RN
,Data System and pulser for Pulse Fourler Transform rpe__,"

”13C magnetlc resonance (cmr) spectrum of trans 1, 2 dlmethyl- o

}cyclohexan 1 01(7?5 was recorded at 22 63 MHz on a Brukerj.‘
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HFX-90 ‘instrument equipned'wirh 5 Nicolet 108S computer\
Other cmr spectra were recorded by Prof J B. Stothers at
“the University of Western Ontarlo . | o
Uv spectra were ‘recorded u51ng a Cary Recordlng Spec-

tr0photometer Model 15. | A o - ’

Optlcal rotatlons were measured on a Perkin-Elmer

Model 141 Polarimeter, ' : 1';7 : e ~ o

Cd and ord spectra ‘were recorded on a Durrum Jasco

- Recording S ec rd olarimeter. .

Meltlng ifits were recorded on a Flsher Johns meltlng

and arg uncorrected { |
: - s £
Isolatlon of beul}ol Compound F and Compound B

point apparat

: Cybullol énd COmpound F were both isolatedruSJng the

Y !

"
‘procedure outllned in Scheme 1. Exper1mental detalls of

the chromatograph1c techqlques are glven earller in thlS
.sectlon The chromatographlc characterlstlcs and qhant1->' ,

N ‘r =
t1es .of, mater{al 'solated are glven 1n sectlons II 3a(cy-=- N

-

_bullol),and compound‘F), SRl H-. -

lebullol (79) . S
:im.pt; 125 126°C . [a] 2 = -16°(C 0 4 methanol)

Flgure 3, calc fhr C12H22 2,198 1620 meas. 198, 1614

- Sv”‘_ S v T7“\3i94 .

| . @;' B
pmr. (CDCl ), Flgure S, 60 81(3H ﬂ J 6Hz CHCH ), 1 03 e

ir (KBr disc), Flgure 4

-(3H s, CCH ),‘-3 9{1H m CHOH)

. rd
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Compound F (109):

. | ‘ . } |
% ~om.pt; 152°C [G]gs = -18.5 (C,0,07, methanol)

15 28 3
.Qﬁr’(nugol mull); - Figure 22

3 _ms; Figure 21, calc. for C;gH 256.2039, meas. 256.2046

pmr (CDC13)» Figure 23, 51.04(3H,d,J=7H2;CHCH3);-1.05(3H,

a3 ' a » |
A : . .

.azghs,CCH ), 1.26(s,imp.), 1.30(6H,s,C(CH;),), 3-5(1H,m,CHOH)
.';%,/‘

e Crystall1ne compound B was isolated on one occasion in

&

1.§he following manner. Crude extract #16 (600mg) was chrom-
2 atdéraphed on a dry column of deactlvated silica gel, as
~described under the~head1ng 'Dry Column Chromatography.'
' The column was cut into 13 x 2' segments. Fractionbll'(i‘e.

‘the segment between 20 and 22" from the top of column) was

eluted\w1th methanol/methylene chlor1de (10: 1) Eyapora-
t1on of the solvent gave a clear yellow 011-(60mg) which;
'.,by tlc con51sted of compounds A, B and C (Table l) ‘Evap--

i

‘orat1on of an ethereal solution’ of the 011 to a volume of
1 ml resulted in part1a1 crystalllzatlon‘ The solutlon was
allowed to stand at 5°C for 8 hours, the crystals were .
then separated by centr1fugat10n »RecryStallization-from ;/
_ether/Skelly B solutlon gave 4mg of colorless crystals,'

m. pt. 244-248 C.. The crystels were cla"ffred by the1r

'tlc character1st1cs as compound B (Table f3 . Attempts to
_crystalllze more materlal from thlS fractlon were. unsucces-
sful. It was dec1ded at th1s t1me to concentrate on. 1so-
latlon of cybullol the largest component of the crude |

L
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L ',‘ K
N . 3
\ ;

. : \\ .
extract; consequently further isolation of compound\ﬁ was
not attemptedf\

Compound B: | | A ., - }

m.pt; 244-248°C -

- ms; Figure 28, calc. for C13H1204 232.0736, meas. 232.0736
ir (nujol mull); Flgure 29 |

pmr (CDCIS);" Flgure 30, §81. 00(! J 6Hz)'«ﬁ 18(5) 1 19(5),
]

- 1.24(s), 1.30(5),’7780(d,J=2Hz) signals not assigned

w
) 3

Dehydrogenation of Cybullel (79)
'Cyhuilol (8;4mg) was heated at 250°C'for 4. S'hours;in f
a sealed tube with 5% palladlum on charcoal (80mg) The .

product was extracted w1th methylene chlorlde (10m1) and

'y

f11tered The remalnlng solid was extracted w1th 10% meth-

anol in'methylene chloride (lOml) | After careful evapora-

Sl

_tion of solvents, the methylene chlorlde\Fxtract welghed

/

1. 8mg and the more _polar extract 1 Smg.
0 _
Gc and uv spectral data of the two extracts and of

eeveral aromatlc compounds is summarlzed in Table X§’

‘ms;A 

:,10% MeOH in CHZCI2 extract Mono and dlmethylnaphthol

| Calc for C12 12O m/e 172 0888~ meas m/e 172 0881 (66%),
171(20), 159(22), calc for cllﬂéoo 158. 0732, meas. 1;8;
0740(100), calc for c11 g0 157. 0653 measa-157-0641 'H_

$(93),, 149(45), 120(32), calc. for CIOHS 128. 0626 meas.um

128, 0631(48), 115(30), 111(24), 109(27), 97(30), 95(31),,‘



91(30), 85(24), 83(32),‘81(34); 71(42), 71(42), 69(48),
57(66), 55(66), 43(69), 41(78). | |

LI

'CHZCIZ extfact' l;methyl and dimethylnaphthalene

Calc. for Cy,Hy, n/e 156.0939s meas. 1156.0947 ,(123),

143(17), calc. for Cll 10

141(75), 139(19), 116(14), 115(16), 89(16), 75(15), 74,

(15), 63(24), 51(18) - . TN
‘Table X

-Gec relative re-, Uv spectrum. Amax

115 -

142,0783, meas. 142.0779‘(100),

: tention time(s) . (methanol) -of most
'\{ " o -~ of major peak(s): intenseipezﬁs.(nm)
CHZClzfextract ” E ,0;39;0.37' R 223:.
‘10» MeOH/CH, cJ | T
- éxtract - kN 0.66,0.70 S ‘\7_227;‘
Naphthalene . . o2
 1-Methylnaphthalene . o 0.30 '1'  - 224
2-Methylnapthalene - . = . 0. 29 224,
":‘Dimetﬁylnaphéhaléﬁeg 10.34,0. 34(sh) 0.37 v ~-2?6;2294 
l-Naphthol T _' = e !,'216;2332'~J>-‘
'2-Naphthol - '_" 1 0,62' i o ;i!-‘j‘izz§2. 
~7,‘z Methyl 7- naphthol T 0.63  j-fx'; 'ffig29%;~-":‘

&

Columh condltlons, as pg ’ except temp program
: 80° C+240 C at 8° °C p min. held at z4o c for 8 min
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Attempted Hydrogenatlon of Cybullol (79)

| Cybullol (79 1.7mg) in 95% ethanol (Zml) conta1n1ng
PtO2 catalyst was stirred at 25° C under hydrogen (1 atm.
lpressure) for two hours. The solutlon was flltered and

»

evaporated g1v1ng only recovered startlng mater1a1 (1 7 mg)
tlc: Qne spot, Rf 0142 T |
ms: identical with F1gure’3 (ms of cvbulldlj.

Aeetylation~of Cybullol (79)

La) Methylenevchloride'solvent-' l‘ o "';:'
| Cybullol (79" 8mg) was stlrred w1th acetlc anhydrlde n
A'(ZOmg) and pyr1d1ne (2 drops) in methylene chlor1de (Zml) |
| for 8 hours at 25 C Removal of solvent under vacuum gave
';a m1xture of startlng mater1al and monoacetate (28 ZaOAc,.J )
SaMe 10a0H) as. a yellow 011 (5mg). | o
tlc: 'Two spots Rf 0, 42 (79),e0f53 (Eg)l o
' 'ge:. 'Two peaks Rt 0 54 (79 60%);‘0 S7”(28~ 40%),’d
“ms: - Peaks from Flgures 3 and 7 both present |
L. ir(CG1,): 3450 (0- H),_174o = 0~);-cn} 1
~:b) Acetlc anhydrlde solvent d, “ ﬁ.v‘}.' R 3
Cybullol (79 4mg) An acet1c an%ydrlde (0 Smlj con-if
.:fta1n1ng pyrldlne (2 drops) was st1rred at 25 C for 4 hours
'Removal of the solvent under vacuum gave one product the€5”5

ﬂ,,monoacetate (28 ZaOAc, SaMe lOaOH)‘as_a colorless:o;lif

C(4.6mg).

N
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tlc: One spot, Rf 0.53
gc: One peak; Rt 0.57_-
ma: _Figure 7, f
N calc. for C14H2403 220.1726, meas. 240.1718
ir (CC14) Figure 8 , |
'-» pmr - (GDCl B Figére~9 §0.80 (3H d,J= 6Hz, CHCH 3), 1
(3H, s CCH ) 2. 01 (3H,s OCOCH ) 5.0 (1H m CHOAC)
:In another experlment
Cybullol (2 Smg), acetlc anhydrlde (0 Sml) and pyrldlne
(2 drOps) were heated under reflux for one hour The pro- 4
‘duct (ng) obtalned after removal of the solvent was 1dent1-ﬁ
_'cal (ms, tlc, gc) w1th the monoacetate product above
'c) ISOpropenyl acetate method :. | L | |
Cybullol 679 2.2 mg) in benzene was heated under re- T
flux W1th 1sopropenyl acetate (S drops) and p- toluenesulfoe'*f
v'n1c ac1d (catalytlh amount) | After ‘one. hour the acetone;n‘
.was removed by dlstlllatlon The cooIed benzene solutlon ;

- was washed w1th 2% NaHCO3 solutlon (2 X 3m1), water (Sml),;jJ~h'

dr1ed (Nazso ) and the solvent evaporated to g1ve an 011y

o jre51due (2: 8mg). con51st1ng of two maJor Pdeucts ‘;;,

‘_'hLower Rf?product ;ffyhh i~.;5€j37 o

LI
h

bl (two spots, Rf 0. 53, o 65 f"'f_fgj'f,in X L
ger two peaks, Rt o 57 (ss%), 0.61 (45%) ff}y;f-i*""
B f The products were separated by ptlc"(5111ca gel plates,glﬁ

'.CH ClZ/MeOH (10 1) solvent)

-

"vd Ident1ca1 W1th cybullol monoacetate (ms, gc, tlc)
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/ ._ ) | 118 |

ngher Rf product »
tlc: RE0.65 . o oo
gc:® Rt 0. 61 _ | o
msQ' m/e 259(10 ), 240(3), 180(M+_ 18); 165(8); 162(33)
- 147(12), 126(10), 110(14), 109(12), 95(13), 91(13), 89(12),\
81(16), 69(14), 67(13), 59(80), 58(15), 57(19), 55(21),
4 45(75), 43(100), 41(35) . |
' . The enhanced m/e 180 peak 1nd1cates a dehydratlon
. e

'product,_p0551b1y”gg. | &3

"

j Cybullol (79 lmg) ‘was d15$01Ved in methanol d

.(CH OD 1 ml) - The solutlon was partlally evaporaté& un- |

- der n1trogen to' g1ve cybullol d

',ms; (dlrect probe drpped into- 501ut10n), F1gure 6

"_Jonesf Qxidationﬁo? cybﬁllol 79
Jones' reagent (8N in - CrO ) Was added dropw1se to a

: stlrred solg;1on of cybullol (smg) in- acetone (Zml) at 25 C;r

: 'luntll a. permanent orange color was produced 1n solutlon. t,7'

The solution. was stlrred for a further 20 m1n, ‘150pr0py1 e
“falcohol was then added to react WIth excess Jones reagent‘gjfj-
',(solutlon orange-—green) The pH‘was adJusted to 7 us1ng
2% NaHCOS 5°1“t1°“ : The 501Ut10n was flltered and the :sf;d“ o

filtrate dlluted Wlth saturated NaCl solut1on (Sml) 7-qfrqf
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Aeetohe'was eveporated and the remaining-501otion\extracted

with ether (3 x 5ml). The ethereél’SOlUtion was dried‘

{MgSO ) and evaporated to glvq(keto alco@71 80 as a color—
1ess 011 (5 6mg) '

tlc: .one.Spot RE 0.60

gc:  one peak Rt.0.57‘ N o "‘ _:;  : 3 'A,‘ -

ms : ,;Figure 11; calc. for C12H2002 196.2;44, meas . 196ﬁ:f1
2136 R Y o R

~ir(cel Flgure 12

4) , | _ , .
pmr (CDC1g): 60. 90 (3H d,J=THz, CHCH ), 0. 97 (3H s, CCH 1) -

2702, 82 (4H m, (CH,), €0)

ord (c -.CH OH) [q>]275 -3 005*£ZE]315 = +3 ,400, a f64

cd (C, 0 5 CH OH) Ae = +1 73
P 3 i
.4% N

:'Attempted Base Dehydratlon of Keto dggohoa &Q

96

"The - keto alcohol 80 (1mg) was he ted under reflux 1n 'v

”'2% ethanollc KOH solutlon (Sml) for fo T hours The cooled

_ SOlUthH was dxluted W1th saturated NaCl solutlon (10m1)’and

-erextracted w1th ether (3 x Sml) The ethereal solutlon was

| washed w1th water (3 x 10m1), drled (MgSO4) and evaporated Jfgﬁ

g1ve recovered startlng materlal ( lmg) _d: i,ﬁ¢

f‘oiso G
Rt 0.57 o
gﬁ | 3
‘ms:  identical with Figure 11
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Sodium Borohydride Reductidh of_Keto-alcoho} 80°

Keto-alcohol 80 (7.7mg) ink98%bethanol (2n1) wa -
stirred Qith'NaBH (Smg)vat rooﬁ temperature:,‘AfteerS
“min. the. starting materlal had been converted to two pro-_ﬁfy
'ducts (monltorlng by gc) Excess NaBH4 was destroyed with |
,water (lml) The solutlon was extracted w;th ether (2 X 5
yml), dried (MgSO ) and evaporated g1v1ng a m1xture (Smg)
| of tyo products, cybullol (79) and its C 2 eplmer in a
| .ratlo of 1:4 (gc) ' _f‘_fb : f’f._' - o
tlc: Rf 0. 42 (cybullol), 0. 50 (eplcybullol)
gc;. Rt 0. 51 (80% ' ep1cybu1101), 0 57 (20% Cybu110U
| . ' Eplcybullol (lmg) was obtalned pure by ptlc }Sll;ca;‘"
agel plate, CH Clz/MeOH (10 1) solvent) ' o
tle: RE 0, 50 ST e
ge: Rt 0.51 [A;{ > :f;;f_)'-?;f'” T
~ por (cnc13) Figure 10 60.79 (3H d,J= 6Hz,CHCH3),_ ,,Qfﬁ,ﬁ
B (3H,s CCH3), 4.1 (1H,n cnou) X L «,,:i'f fpf:yi}hiﬁ
ms: gn/e 198(N+209L 180(12), I65(10), 162(5), 129(10), |
f}128(100), 127(10),‘126(19), 125(12), 123(14), 110(28), ‘eb
._2109(22), 99(16), 97(16), 95(209, 86(30), 81(27), 69(22),

'zﬁf}57(z4), 55(36), 43(38), 41(37)

l-j;Ketallzatlcn of Keto alcohol 80

Keto alcohol 80 (Smg) 1n benzene (Zml) was heated

.Jaf}under reflux for 15 hours Wlth ethylene glycol (500u1) and ¥ﬂ~b
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p- toluenesulfonlc acid (cat. Lamount) Water was continuo-

'usly removed by pa551ng ‘the refluxing benzene over 4& mole-

cular 51ev§pﬁ§§15her) The cooled solutlon was then washed

.‘vw1th ZoNaHCOS’solutlon (Sml), w1th water (2 X Sml) and
"dried (MgSO4) Evaporatlon of the solvent gave the ketal-

;(35a- 5aCH3, 10a0H) plusoa small (undetermlned) quantlty

fof startlng mater1a1 as a colorless 011 (6mg) |
tlc: Rf 0.60 ” |

v-‘,éo:' Rt d,S7.I

ms: ifignfe 13, R | |
r¢aic. for C. H,,0 240:1726 *meag .240;1718i

14724737 TRt
*calc. for C H oz, 139, 0759 meas. 139'0763w
'Ca;ﬁ;efor 7H10 - 12§10§§1, meas 126 0678
- calc.” for C6H902, 113.0603, meas. 113 0608 -
calc. for csusoz, 100. osz4 mea! 100 0525 ._g; ];=”
- cale. for C5H702, 99. 0446 meas. 99 0448 |

xpmr (cnc1 )3 80.79 (3H d J 6Hz CHSCH),.I 13 (3H s, CH C),~ o
125 s, 1mpur1ty), 3.90 (4H m,OCH, %H ,0) ppm - I

Y

ir - (cc1 ) 3600 (o H), ¥710 (weak c= o), 1090 (t -0). cm_?, |

c. : g'
P

-#IThioketéiiiatianiof Ketoféicohq;ﬁgggl“_

'e)"EthanedithidS as solvent T [*,vr;f:f;j*‘f}<_~-'“
" Keto-alcoho 80 (6 6mg), ethanedlthlol (SOOul) and

"‘boron tr1f1u0r1de vtherate (25u1) were stlrred at 25 C for
.fone hour The solutlon was d11uted w1th saturated NaCl i

' jsolut1on (Sml) and extracted Wlth ether (3 x Sml) The ‘1""

’



122

ethereal e*tract“was wdshed with 20% aquebus'NaOH solution

s (3 x Smi), safurated NaCl éolutidq (2 x 10m1) and dried
(Mg$O4)f Evaporation df SdIVent géve 3v6'mg of a mixfure7
of fq?r pr;dﬁcts;tgé): -84, 85.and the C-10 eplmers of 82.
tlc:"(cnzciz solvent) RE 0.50, 0. 70
‘gc:';Fbuf peéks ‘Rt O 60— 0. 65 (cﬁwstartlng mater1a1 Rt 3
| The m1xtur§.was geparated by ptlc (5111cé gel adsor-v
bent; CH ,C1, solvent) ‘_.f ) S - - R
RE 0, S0, (CH ciZ) product ‘Epimefs'pfjgg,

gc: Two~peaks Rt 0.63, 0. 65 _,”,' o
s m/e-;43 ot 369), '315(5), 287(6), 256(18), 255(88),
254(22), 195(14), 194(6), 193(8),_162(14), 161(100), 159(11),1
131(75), 121(12), 119(@5), 113(14), 165(72), 95(15), 93(20),:_.
91(26), 81(32), 79(24), 77(14), 69(15) 67(20), é&(SO) 59
(18), 55(40), 41(44) o e
.Rf 0. 70 (CH C1 ) product 84 and 85 (tentat1ve a551gnment)
- gc: Four peaks,.Rt b 60-40 65 (Rt 0. 63 0. 65 smaller than ;  ]
v in‘6r1g1na1 mlxture) | "“ \ " ', " b f
:@sﬁﬂ All peaks for ms of 82 (above) plus m/e 346 318 254;§j;'
161 131 enhanced Parent peak for 84,  '%‘m/e 254 -
‘ ,' b) ﬁFleser method | _' V.P"}?'ﬁi."; ; ] o
’liInit1a11y, the keto alcohol 80 (2 Smg) 1n glac1a1 acetlc
'.~;} ac1d was stlrred w1th ethaned1th101 (4u1) and BFSEt 0 (4u1)
. f?for 2 hours at 25 C The solut1on was then d11uted Wlth

'ﬁ:jsaturated NaCl solutlén (Sml) ahd extracted w1th ether»"a"“'V



oo
" 123

&

. . v

(3 x 5m1). The ethereal extracf was waEEEESw1th 10% Aaque-
‘ous NaOH solutlon (3 x 5m1), saturated NaC1 solutlon (2 X
.l10m1) and dried (MgSO ). Evaporatlon of solvent gave a

mixture of starting materlal (64%) and the requ1red thio-
| ketal 81 (36%) as.a colorless 011 (2. 6mg)

tlc: Rf 0,60, 0.92

gc: Rt 0.57, 0.87

R The m1xture was separated by ptlc (5111ca gel G, 2%
MeOH in CHZCI2 solvent) ‘ ' |

 Lower Rf product 80

. Same tlc >, ms as 80
Higher RﬁJiroduct 81 (<1mg)
. tled Rg;o.g; o S T
- ge: “Rt'0.87---, l fﬂ- N 2 R T
.F_///msfl Flgure 14 . :"V . ' .: - ”;5 | R -’;4l‘.i~ 'ot
S In an. attempt to opt1mlze the y1ead of 81 the follow- R
‘ ing reactlon cond1t1ons were used B S N L
Sample, HOAc SH SH BFsEt O ' Tlme‘,Yields“§21~§l-:;_§2l.
B T B R Y
25 Tso 4 47 a6 ease
9% 250 '1fizoal 20 ,}3fﬁfuid}7:f};;fsi“;ss;fzif"fl
'*.6}6oi?$062H.;'iqutl;fiidopgff.12tl1‘:4<2ir45;155ii _ .
13000 40 a0 s oszozs 75
a 2 _’10-0»6. L 4'0_' ” . Lo - : 4 0 _."__:;.11.54;'(/) 33 67 ;;

% 20% NabH in work-up. - .
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Raney Nickel Hydrogenelysis of Thioketal 81 L v

a)‘-InitialhReactiohrCoﬂditions
A mlxture of thloketal 81 and keto- alcohol 80 (5. ng,
‘ratio as above) was st1rred with W-2 Raney n1Cke147 (excess)

in 984 ethanol for hours at 25°C. The sedutlon was f11-

-
tered and carefully ev

orated at room temperature (roto- p
vac). . The volatlle re51due.was taken up in~ ether (Sml),
washed with saturated NaCl solutlon (Sml), dr1ed and evap-
orated at room temperature g1V1ng a m1xture of three pro‘
.ducts plus unreacted keto- alcohol (total we1ght 1 ng) |
ger Rt O, 08 (88 or 89 27%), ofls (90, 153), 0,17 (19,
f758%), 0.57 (30) PR o
gc/ms, (gc cond1t1ons, as prep:Eeolumn below)

76 Figure 15

88, 89, Figure 16

fhree products were obtalned when a purlfledif o

;ietal 81 (0 7mg) was reacted as abOVe

"'fethanel,t ;n The solutlon was f11tered and carefully 4ﬂ'if'-

R

-Tat room temperature The re51due was taken up

"evaporatj

b

'1n ether (3m1), washed w1th saturated NaCl solutlon (Sml)*ﬁf_: N

'~*=5dr1ed (MgSO ) and partlally evaporated to glve a solutlon

}1;p_0f 88/89 and 76 plus unreacted keto alcohol 80 1n ether
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(=1 ml) 4

ge: Rt 0.08 (88/89 17%),"6,17 (76, 33%),“0.57 (80). .
: é)ﬂ Separetlon of*products' '; o
- | The three products 76, §Q.ahdA§§/§g were separeted by‘
prep. gc uSing the column and:eoliectOr!deeeribeddearlier.
in this sectlon under 'Gas Chromatography - The oven':
temperature was kept constant at 140 C; ‘only'the_required
.product (76) was-collected. N

\ “ ®

ge: Rt 0. lT\\

tlc: Rf 0.65 (29Me0H/CH Clzrsolvent) . -
‘mSs:. Flgure 15, ‘ e 'TA
calc. for Cy,H,,0 182.1671,'m¢g;.'1§z,1677 I

ir_(CCl4): Flgure 18 ‘ . _
pnr (CDC1,): Flgure zo 50 75 (SH d,J= 6Hz CHCHy), 1.01
(3H s,CCH;), 1. 25 (s 1mp ) ‘ |

h

14

'tranell;2-Dimethwlcyoiohexeh—Iiol (72)'

MeMgI (12 ng) in ether (25m1) and 2 methylcyclo- |
'hvhexanone (8 4gm) in ether (50m1) were stlrred t\gether at
VO °C for 90 m1n The mlxture was. poured 1nto 6M HZSO4 '
'v(30ml) dontalnlng 1ce (30gm) After f11trat10n the m1x~'d.
ture was extracted w1th ether (3 x 50m1) ; The etherealf'f’
."h-extract was washed W1th 2% NaZSO3 solutlon (2 x SOml), 2%.
v7NaHCO solut1on (2 x SOml), water (50m1), dr1ed (Na 804)

5‘and eVaporated to g1ve 6 8 gm (71%) of two products 72
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C
(70 ), 74 (14%) plus startlng material (16%)

gc?? oven temp. 70° C, ‘Retention times 6.0 (72), 7.0 - (73),
8.2 (74) min. S o

tlc: Rf 0.15; 0.25, 0.30 (CH,C1, so1&ent);

The major product (72) wgs'isdlated by-dr} column éhrométo-
- graphy using silica gél (Activity III; 600gm) and CH,C1,

solvent.

ms: c8H16o calc \128 1202rfﬁeas? 128A1206’ M, 23%), 1

(16), 112(12),/95(15), 85(40), 71(100), 69(22), 68(46),

58(40), 55(30), 43(50), 41(75)

1;:(neat): 3450 .cm” (0 H). I’ ' -

par (CDC1,): 60.87-(3H,d,J=6Hz, CHCHS), 1:10 (3H;s,COHCH,)
3). 15.2° (CHCH ), 22 2 2651 28 7 (COHCH ), .8,

40,1,‘40.4-(QHCF3) 71.0 (ngCH3)~ppm; (relative to TMS).

cmr (CDC1.,):

LN

AAcétylapion.of‘Cpmeund'F-(LDQ) =

' Compdund‘F inQ; .514 mg)rin‘écetic ahhjdride (l mij 
c;ntalnlng pyrldlne (1 drop) was st1rred at ZS C for 5 5 |
"hours The solvent was removed upder vacuum to glve a mon-,*
oacetate derlvatlve (3 Smg) as an dlly re51due( o

AR ey e e
Flgure 25 calc‘ for C17H30 4 298 2144 meas 298{2I36 Lo
ir (cuc13),_ Flgure 26 SN 5”;"~,__,.‘ .  f¢ _w .

pmr (CDCl Flgure 27 50 91 (3H d J= 7Hz'“CHCH3), 1. 08

3)5
“i ~(3H s, CCH3], 1. 26 (s, 1mp ), 1 31 (6H s C(CHS) ), 4 8 (1H

:iX:t;

' m, CHOAc)
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Attempted Deuterium Exchange of Compound F (109)

\\

Compound F (2mg) was dlssolved in methanol dl(CH OD;
l-ml) The solvent was. partlally evaporated under N2 The
~sample was 1ntroduced into the mass spectrometer by dlpp-
ing a direct probe 1nto the solutlon SO | N
ms: (contains E impurity; % ages Ofolén current there-,
fore not meaningful) m/e 258, 257, 256, 239, 238, 218,

1205, 200, 199, 181, 180, 171, 170, 162, 152, 147, ‘129, 126,
124, 123, 111, 110, 109; 108;‘98} 97, 96, 95, 81, 55. -

Trichloroacetxl‘Carbamate Derivatives

T o -

The pmr spectra of 67, cybulloi“(?g) and compound F
(109) were recorded after the addltlon of. excess trlchloro-‘
acetylrsacyanate to the nmr tube
- Pmr chemlcal shlfts of trichloroacetylcarbamete“derivétivesﬂ#
\(CDC1 );. 67 60 93 (3H d J 6. SHz CHCHS), 1 12 (SH s CCHs)
- 3.72 (s,imp. ), 8.10 (1u s. NHCO) ' ,‘ e
. Cybullol (79) 61.00 (SH d,J= 6HLCHCH3), 1, 15

. (3H,s ccﬂ!b 3. 72 (lep .= 5 z (IH n cnoconn), s 19 (1H
'«s NHCO), 8.78 (1H s ;NHCO) L
. F i?

Compodnd E (109)(r1gure 24)61 17 (3H d J{puz

._te.CHCHS),vl 18 (3H s GCH ),‘1 26 (5 1mp ), 1 58 (ﬁH : C(CH } y;‘pf

3.72 (s, 1mP ), 8,08 (lH s, NHCO), s 28 (IH s. NHCO) 8 92

(1, NHCO) S

. \ . ) o \/] ) )
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© -V APPENDIX
fkesults of biblogicalltes;ing'bf,C.buliérifcfﬁdé extract
by Smith, kline and French liboratories, Philadelphia.

~

February 25, 1975

liti:od.and.ﬁaferial‘ B ,‘, 

- The serial ag¥r-dilution method used for the -assay of ferméntation’

" products and for the evaluation of cyathin preparations earlier, was employed,
‘Tvo-fold dilutions of the crude cxtract (from 250 to. 0.5 ng/ml) were mixed
into the Pcnassay Sced Agar buffered to pH 7. 'The surface of ‘the agar vas _
inoculated with the relevant dilutions of the suspensions of test micro~: .
‘organisms using the Steers' ‘multiple inotula replicator, ' After overnight

incubation at.’37°C" for ‘the bacteria and Candida albicans,. and an additional = -
three day incubation at 30°C for Trichophyton acntagroonytes, -the median
i.nhib,i.tory-concgntrdtiqu (MIC!8) were read and recorded, .. . .7

A}

D '»1.‘!°-¢°?‘.°?ﬁttéti°nafolf +3¢ cﬁﬂtlﬁl',.@ti‘?i“i?.ﬂ:'("gentahiéixi.'f‘gry_th'roﬁy’qih;l_" B
‘and amphothericin B) used in' this evaluation were from 200 to 0.1 pg/ml dn." . .o

- the usual two-fold dilutions,

¢

AT L S e o I )

S .

- Results v ‘ . R
. .-+ As:the'data of Table 1 ahow, SK&F 76543, thé crude metabalite of . PR
~ .. Cyathus bulleri failed to,produce’ any.appreciable ‘MIC. values against the. . -

. gran-positive cocci (Nps, 1-3), apathogenic mycobacterium. (No. 4), gram- - )

"~ negative bacilli (Nos. 5-13), the yeast-like fungus; Gendida albicans and - 0
~« the derpatophyte, Trichophyton:mentagrovhytes, ‘the'microorganisas included = . -
| in the assay, T o T L ENREE SRR

Lo -
' N B s ¢

"t aadle 1: Ip-Vitra Actdvity of ST 76543 and Controls | -

" | BUFFERED: pH-1.0 PENASSAY SEED'AGAR

UMie (;@_ld.lf o
ti2]a] a]s}le6 :

[z [wfw s

®
[ -]
-
[

%CODE _'.st&F .

‘phlei 1228

- gattinarum
-ATCC 9184

andfide.

- Yvi_é;hc:'-:-.mn- S

e
{5

“Satmorelle .
5T

Fvo
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