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.ABSTRACT

Four metabolites of the bird's nest fungus

Cyathus africanus were separated by thin-layer chromatogra-

»

phy. Two of these were shown to be identical with cyathin A

oo < . . 3

(1) and allocyathin B (2) respectively, both of which were
2 , ~

first isolated from Cyathus helenae.

1 2

The third metabolite, cyafrinvA y was shown

4
to possess structure 19 by spectroscopic analysis of the \\
parent compound and i‘s triacetyl and acetonide derivatives.
Preliminary work towards the correlation of cyafrin A with
- m

cyathin A was undertaken.
~ 3

The structure of the fourth metabolite, cya-

frin B (21), was established by spectroscopic analysis of
m | |



1

the'paren% compound and its diacetyl and methyl ketal deriva-

. . &
tives. Many other metabolifes were shown to be present but

were not isolated. . a : Q:}%\\

A preliminary investigation into the metabo-

lites of another bird's nest fungus, Sphaerobulos'stellatus,

was undertaken.
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I. INTRODUCTION

In recent years a large number of bird's nest
1 .
fungi have been described , most of which have been classi-

fied as belonging.to the class Basidiomycetes, subclass

Homobasidiomycetes, ord~<r Gasteromycetes, family Nidularia-

ceae, genus Cyathus.

A

! 2 .
Wilkins reported that mycelium of one of

these fungi, Cyathus striatus, showed bacteriostatic proper-

) ' 3.

ties. This report was confirmed later by Broadbent . In 1967
4 . - -

Olchowecki found that the mycelium of Cyathus helenae alsb

inhibited growth of a number of bacteria. Further sfudigs

indicated that mycelium of other species, including Cyathus
' . ™ . ’ '.",‘:'-‘? ‘V
limbatus and Cyathus poeppigii, also exhibited bacteriostasis.

L

Of these fungi C. helenae has been studied
. 5 :
most extensively. Johri found that -an ethyl acetate ex-

tract of the liquid mggiﬁmbused for‘cultivation of this
fungus retained its antibacterial acfivity. The residue from
»evaporétion of this extract was named "cyathinik Johri also
cérried oﬁt.sbudl > on the eFfecé of the composition of the

nutrient med. im .n- other factors on the gr--t' of E.“hele—
' 5,6 ‘ '
nae and the pr-~ :ion of cyathin . -

7 :
Taube first separated several components of

crude cyathin. He jdentified the phenol 2,4,5-trihydroxy- -



benzaldehyde and found a large number of C compounds. all
of which appeared to have-the same basic sizleton. These
compqunds were named cyathins, with a letter and a number
added to the name of each to indicafe the number of hydrogen
and oxygen atoms in the mblecule, respectively. Thus com-
ﬁounds of the "A" series contain 30 hydrogen atoms, of the
"B" series 28 and of the "C" series 26. The number in each
name corresponds to the.number of oxygen atoms in the mole-
cule. If a second compound was found with the same molecular
formula it.was.disfinguished from the first by the prefix

"allo-", and 'a third one by "neoallo-".

«

Taube succeeded in obtaining in pure, crys-

talline form two of these, cyatnin A (C H 0 ) (1) and al-

' o 3- 20 30 3
locyathin B (C H 0 ) (2), and determined their structures
- 3 20 28 '3 8,9
by spectroscopic and chemical methods . The absolute ste-

‘reochemistry has been confirmed by X-ray diffraction studies

of cyathin A .
3

. OH

I”
[ 4

OH

=
I~



10,11 .
Carstens carried on the inves*tigation of

crude cyathin. He séparared a mixture of cyathin B
o 3
(C H 0 )"(3) and cyathin C (C H 0 ) (47 from the re-
20 28 -3 " 3 20 26 3
maining components of the crude cyathin. He was able to

)
|+

separate them from one another only in the form of their

methyl ketal derivatives (5 and 6, respectively). The struc-

fen
joo

A



tures of cyathin B (3) and cyathin C (4) were determined
3 ' 3
from spectroscopic evidence on the methyl ketals (5 and §

raspectively) .and confirmed by chemical correlation. The

methyl ketal of cyathin B was converted to the methyl ketal
, 3 ,
of cyathin A and the methyl ketal of cyathin C was con-
3 ' 3
verted to tiie methyl ketal of allocyathin B . Later Mercer
. 3
developed a direct method of separating cyathin B from
12 . 3
cyathin C .
’ 3
: : 12 '
Recent work by Mercer resulted in the iso-

lation of neoallocyathin A (C H 0 ) (7) via its 0,0-iso-
4 20 30 4 ' '

propylidene derivati&e 8.

A 8

Two other bird's nest fungi that were subse-
~ 13
quently investigated, Cyathus bulleri and Cyathus inter-

1y .
medius , were found not to produce any compounds. of similar

structure to the cyathins.



In 1966 Dr. D. Hocking brought withvhim from
Tanzania two specimens of a bi:1's nes! fungus which he had
found growing on dead twigs .n Mount Kiliﬁanjaro at an alti-
tude onabout 8000 ft. Brodie15 determined this-to be a pre-

viously unrecognized Speciés of the genus Cyathus and named

it Cyathus africanus.

3 | »
Johri compared chromatograms of crude cya-

thin from C. helenae with those of similérly prepared ex- .
tracts of C. striatus and of the recently discovered Cyathus
africanus Brodie, and found them to be very similar. al-

though not identical.

It wés the similarity between chromatograms
of extracts of C. dfricanus and C. helenae that prompted the
investigations presented in this thesis. To distinguish the
metabolites of C. helenae and C. africanus, the crude ethyl’

acetate extract from C. africanus will be called "cyafrin".,

The purpose of this work was thus to deter-

mine whether extracts of C. africanus alsc contain compounds

3

similar to the ones found in C. helenae, and to elucidate E

. ] .
the structure of any new compounds isolated.

_Another related fungus,'§phaérobolus stellatus,.

also had been found to exhibit some antibacterial activity.

For this reason the metabolites of this fungus were also

investigated.

. ‘l.'



II. GENERAL EXPERIMENTAL

Growth of fungi and preparation of crude extracts

‘The procedures used for growing both C. afri-
canus (strain 66120) and . stellatus are based on those
developed for C. heieﬁae by JOhPiF.

Agar slant tubes of the fungus strain 66120
,wefe obtained. from the collection of H. J. Brodie, and were
maintained on Brodie.sdlid (agar) medium (for the composi-
tion ofvthe Brodie medium used see'detailed‘exPerimental).
These cultures may be stored forliong periods on solid medium’
in slant tubes or on Petri dishes at SOC.

The groﬁ%h of mycelium in liquid'medium is
initiated by transferring some of the agar-grown mycelium
to a 500 ml ErlenmeYer flask containing 250 mi of steri-
lized Brodie medium. The éulture is alloﬁed to grow at
room tempefatg?e for about four weeks, then the liquid cul-
ture is homogéhized'in a sterilized Wafing.blender and uwsed
"to inoculate (by means éf a sterile ﬁipetfe) a number of
2 1 Fernbach flasks each containing 500 ml of sterile me-
dium. After about four weeké of growfh the.liquid‘is~de—
canfed from the flasks. The remaining myceliﬁm may be re-

floodad with, fresh sterilized medium which will yield after

a further four weeks a seCOnd;/i}eld of metabolsates. The



. ' { ' i e o
quantity o{ mycelium in the flask has usually increased
greatly after the secgnd growth so that repeating the "re-
flooding" technique is impractical. A new growth is then
initiated.

RS «

Crude extracts are prepared by partitiqping
twice the combined liquid media with half the volume 6f
ethyl acetate. The oréanic layer is’driedlwitb anhydrous so-
dium sulphate, filtered, and‘the~éolvent is removed'bx.

means of a rotary evaporator.

Solvents and adsorbants

Because:of the smali scale on which separa-
tions‘qnd'reactiéns had to be carried>5ﬁt\dﬁring this work
even small amounts of involatile impurities in solvents
could not be tolerated. Therefore all solvents were dis~

‘i_ed before use except anhydrous ethyloether (Mallinck-
rodt), w- ch was found to be of sufficient purity to be used

direct_  "or the contailner.

> only adsorbent used was Silica gel G -

(E. Merck isorbent was used directly from the bottle.
Analytical th: - ¢ omatog.-»hy (tle)

1. Preparatior ~ .. <z-<

Or'y m - :cop- siides were used, of either



25 x 75 mm or 50 x 75 mm. These were coated with the adsor-
bght layer with the aid/gf templates, using a Desaga
spreader, according to a method described by Stahlls. Rou-
tinely a slurry was made up of 50 g silica gel G, aﬁprox.

1 g "electronic phosphor" .(ZnSi0 , General Electric) and
100 ml H 0. The spreader was setuto give a thickness of
adsorbenz layer bf 0.2 - 0.3 mm. The coated siides were
allowed to dry at room temperature for several hours and

o
then activated by heating overnight at 110 - 120 C.

2. Application of samples and developing of the plates.

Samples were Applied as solutions in a solvent
as non-polar as possible, using open end melting point
tubes which had been,draWn out in a flame to give a very
fine capillary point. Up to three spéts could be applied
to a small micréscope slide and up to six to a large one.

. ~

Plates were developed inside a 250 ml beaker

covered with a petri dish. Approximately 10 ml of the ap-

propriate solvent was needed. Development time depended on-

the solvent system, but was appfoximatély five minutes.
- L

.In certain cases the "multipie"elution" tech;
nique was employed, whereby a plate, after having been de-
veloped, waé allowedifo dry and then returned -to the deve-
loping tank té be eluted a second-time. This process was

repeated as often as needed.



3. Detection of components.

FC?mponents coﬁldlbe detected either by
viewing the plates under uv light (254 nm)“or by spraying
the plates with a SO% h SO solution followed by heating
at'l&OOC for a few minuzes? In the first case spots would
show up dark against a bright green fluorescent background;
'iﬁ the second case the spots would be charred to a purple
or yellow-brown®colour. Some indication as to the relativer
. amounts of matefial in each_spot could be obtained from its
size and the intensity of charring.

4., Recording of Rf values and solvent systems used.

R values are given as the ratio of the dis-
tance moved by‘tie component over that moved by the solvent
fronf. These values are dependent on the solvent system used.

This is indicated (by its code letter in parentheses) along

with the value. Sée below for these solvent systems.

In cases where "multiple-elution" was ap-
plied the R was recorded after the final elution. The sal-
. f .
vent system was allowed to progress to the same point on

each elution. .

Solvent systems used were:
A: Benzene : Acetone : Acetic Acid 75 : 25 : 1
- B: "Chloroform :vMethanol 87 : 3

C: Chloroform : Methanol 13 : 1



D: Acetone : Skellysolve B 7 3

Preparative thin-layer chromatography

1. Preparation of plates.

For preparative work, plates of size 100 x 20,
20 x 20, 10 x 20 and 5 x 20 cm wéfe used. These were coated
in a similar manner to the analytical plates, using a slurry
of the same composition, with the spreader set to give a.

layer ofq0.7 - 0.8 mm thickness.
2. Application of samples and developing of plates.

For small samples theiapplfﬁgtion'was done by
hand, using a small disposable pipette, ;he tip of which

had been drawn out over a flame to ai{ineicapillary, and
‘which was fitted with a rubber bulb over the other end. So-
" lutions were dfawn up into the pipette wifh the rubber bulb
and applied to the plate by gently squeezing the bulb while
moving the pipette slowly élong a line parallel to and

about 2 cm from the bottom edgé of the plate. For large
plates the application was done with a mechanipal applica-

tor equipped w ' . a similar capillary.

- In general, it was found that.5 mg of mate-

rial per cm width of plate could be separated without diffi-

a

cilty.

10



11

The small plates were developed in glass
tanks of about 25 x 25 x § cm, which were closed at the
top with a glass ﬁlaté. The large plates were developed in
a metal tank (Shandon) of 110 x 25 x 15 cmt Developing time

was approximately 50 minutes.

1

3. Detection of bands and recovery of compounds.

\

iIf the compounds involved were strongly. uv
absorbing, the bands were detécted direbtly by viewing un-
der uv light.\If not, detection was done in conjunction
with the sulphuric acid "charring" method, used on an ana-
lytical chromatogram run on the Same sample under simiiar
conditions. Fipst, the corresponding bands as seen under uv,‘
light were scored on both analytiéal and preparafive plates,
then the analyticalvplaté was sprayed with the 30% sulphuric
'acid'solufion and heated at llOoC fqr a few minutes. The

location of the desired bands on fhe_preparative plate could

thus be inferred from the R value of the spots on the ana-_

f

lytical plate.

Recovéry of the separated compounds was
achieved by removing the‘silica gel in each band from the
plate, collecting it in a small glaés filter and eluting
the compound'from the silica gél with a polar solvent such
as acetone or methanol. Evaporation of the -solvent then

left the purified compound.



Measurement and recording of spectra

Mass spectra wefe recorded on an AEI model
MS-2, an AEI model MS-9 or an AEI model MS-50 mass spectro-
meter. The MS-9 was used to determine molecular formulas by
high resolution mass spectrometry (hrms). The MS-50 provi-
ded the atomic composition of all fragment peaks in a spec-
trum..All‘mass spectra in this thesis.are recorded as the _
intensity of each peak relative to the base peak taken as .

»

100%.

Proton nuclear magnetic resonance (nmr) spec-

tpa were recorded on either a Perkin-Elmer R 32 90 MHz spec-

trometer or a Varian Associateé HA-100 100 MHz spectrometer.
Spectra of very small sambles could be recorded on this
latter instrument in the Pulse Fourier Transform mode usin
the Digilab FTS/NMR 3 Data system. 13C nmr (cmr) snrectra
were recorded on a Bruker WP;SO ihstrument. Chemical shifts
are giveh throughout this thesis as 6 in ppm, using tetra-
methylsilane as reference standard. Spin-spin coupling data
were obtained by way of double ifradiation"exPerimenté."Nmr
coupling patterns are described as follows;-s‘i-singlet,

d - doublet, t —.triplet, q - quartet, m - unreso}ved multi-

plet, u - unresolved absorption band.

N

Infrared (ir) spectra were recorded on a

Perkin-Elmer model 421 dual grating spectrophotometer.

o

12



o
/

Ultraviolet (uv) spectra were recorded on d

Jnicam SP 1700 spectrophotometer.

13



ILI. RESULTS AND DISCUSSION

Characterization and partial purification of crude cya‘rin

During the course of tnis work portions of
crude cyafrin from:six consecutive grdwths were obtained aﬂd
examined. The amgrunt of crude cyafrin varied between 75 and

v .
150 mg per liter of medium. Crude cyafrin has the appearance

of a dark brown, very viscous, olly substance.

17
Initial experiments by Mr. R. Parkor  of

these laboratories had shown that crude cyafrin could be
partially purified by a four funnel counter-current dis-
tribut%on between water and diethyl ether. It is assumed
that the result of this procedure is to extract any highly
‘polar substances suck as carbohydrates and glycerol into
the aqueous phase. Glycerol is one of the constituents of
fhe Brodie medium used for gquing C. afrni s. The com-

U .
bined ether fractions of the counter-current dis%ribution

yielded after evaporation of the solvent a light brown
foam. This foam usually constit: -~ about half the'weighﬁ¥£/

of the initial oil ar was used as the starting material

for all following separations.
‘ | ;
Later the counter-current distribution was

réplaced by a simpler procedure which involved partitioning

the crude cyafrin between ether and water. Crude cyafrin

1”{5



was dissolved in the minimum amount of equal volumes of
ether and water and the layers separated. The ether was
extracted with an equal volume of water, then the two

aqueous layers combined and extracted twice with an equal
volume of ether. All ether layers were combined and the
ether evaporated. Any residual water was removed by freeze-

drying. The results of this procedure were as satisfactorv

as those of the counter-current distribution. f

Liquid-solid chromatography over silica gel.
has proven to be the most effective method of the several
separation methods examined for the separation of crudelcy—
athing’ll’lz. For that reason liquid-solid chromatography

was also the first choice for the separation of cyafrin.

Thin-layér_chromatOgraphy (tle) was considered
more attractive than column chromatography because, once
some skill has beeﬁ acquired iﬁ handling and preparine the
plates and applying the samplés, it is a fast and convenient
-method and less prone to mechanical problers. Therefore pre-
parative tlc has been the method used throughout ‘tHis’ work,
both for the initial large scale separations and for later

purifications.

Preliminary tests indicated that solvent sys-
tem A gave the most satisfactory separations of crude cyafrin.

Routinely the multiple elution technique was applied; three

'



elutions were usually sufficient.

It was found that the composition of crude
cyafrin varied considerably between different growthsg;This
is not sufprising as a similar variability has been found -
with C. helenae. It is thought that mﬁtations oecurring in
. the mycelium during its growth are reéponsible or this

. 10,12 :
variation in ;omposition . Thus the actual amourit of
any one metabolite isolated from crude cyafrin could vary
from virtually none.to as much as 10% of the weigsht of the
crude mixture. S metimes a certain band on preparative tlc'
Qould contain>mainly one compound; at other times the same
band would contafﬁ a. complex mixture of compounds. The

following results can therefore be considered as represen-

ting only a general trend.

In general most of the material was found on

) side of the chromatograms. Usually
. f : 7 .
a large proportion (40 to 50%) had an R of 0.0 (solvent
. f o
system A, triple elution). This material was not further

the high-polarity (low R

examined.

Three components showed up on tlec that : »-

peared to contain substantial amounts of material (as judged

A+ ~
from their size and colour-intensity after charring with

30% sulphuric acid). Of these, comppnent A, R 0.5 and com-
o , £

ponent B, R 0.2 (solvent system A, triple elution) were

f



g

coloured intensely purple by the charring while the third,
component C, R 0.4, charred yellowish brown. These three

F
components were selected for furtper examination.

Most compounds isolated during the course of

this investigation were obtained and handled as more or less

colourless gums.

Isolation and identification of cy.. nin A3 - allocvathin B,

mixture

&‘J £ 7 Y 9
‘Taube had found the major metabolites of

C. helenae to be cyathin A and allocyathin B. (8 and 10
3 3
respectively). He found compounds 9 and 10 to have identi-

cal R (silica gel, solvent system Benzene : Acetone : Ace-
f .
tic acid 70 : 30 : 1 ) but he managed to separate 8 and 10

by tlc on silver nitrate impregnated silica gel:

9 10

17
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As cyathin A and alldeyathin B were the
3 3
most abundant o€ all cyathins isolated from C. helenae, it
was decided to use them as reference substances for compa-

rison with any compounds found in crude cyafrin.

Cyathin A (sample provided by Dr. P. Singer"
of these laboratoriesﬁ hjs an ® value on tlec (R 0.5, sol-
€
vent system A, triple elution) gdentical with that of com-
ponent A found in C. africanus. Use of other solvent systems

such as C (double elution) did not ‘=how any differences be-

tween cemponent A and cyathin A .
3

The mass spectrum of component A showed foup
apparent parent ions at m/e 334, 332, 318 and 316. The ions
at m/e 318 and 316 were the most intense with an intensity
ratio of approximately 3:4. Other prominent ions were found
(at'm/e 191, 189, 175, 45 and u3 (base peak). Determination
of the molecular formulas of the parent peaks by hizh reso-
lution mass spectrometry gave the following results: m/e
316, C H n 3 m/e 318, C H o0 ,which are the saﬁe as the

20 28 3 ° : 20 30 3 : B
molecular formulas of allocyathin B  and cyathin A . Thus

-3 ; 3
component A is a mixture of four compounds, two of which are
present in major amounts. The molecular formulas o€ the two
minor parent peaks were found to be m/e 332, C H 0 and
' 20 28 4

m/e 334, C- H O .
S 20 30 4

The nmr spectrum of component A was verv un-
p . T

]



informative, its main features being very broad, coﬁoletely
unresolved bands around 8§ 1.0, 1.5 and 2.1. In addition it
showed unresolved narrower bands near 6 4.5 and b.0. This

behaviour is not\unexPected for cyathin-like compounds and
9 o

has been explained in terms of a fast tautomeric equilibrium

between a cyathin and its internal hemi-ketal tautomeric

form (Part structures 11 and 12).

It was decided to attempt to separate compo-
nent A by a method oriéinally suggested by Taube7, D.uu. The
procedure involves acetyiation of the hydroxyl groups of the -
compounds in the mlxture Followed by preparative tlc QF the
acetylated mixture. If desired, the isolated pure acetylated

Cyathlns can be deacetylated under mild basic conditions in

methanol to‘give the pure cyathins. An additional advantage

19
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of this method is that the tautomeric equilibrium described
above is not possible for acetylated cyathins, and it would
therefore be expected that these derivatives would give more

informative spectral.data.

Acetyiation of component A was achieved
using pyridine and an éxceSs of acetic anhydride overnight
at room temparature. After'concentration, the acetylated
mixture was separated by prep. tlc (solvent system A) and

the largest fraction, fraction A (at R 0.7) isolated and
' . ,

analyzed.

The mass spectrum of fraction @;(sée fie. 1)
showed parent peaks at.ﬁ/e 402 (hrms: C H OLB ana ynn
- (hrms: C H; 0 ) at an intenéity ratio g: iigit 3:4, Com-
parison g; gieSSPectrum of fraction A withyfhe'mass spectra

of 0,0-diacetyleyathin A and 0,0—diacetylallOCyathin B
7 3 ' 3
measured by Taube shows that fraction A is a 3:4 mixture

of these two compounds.

) (/" \,\
| 7
In addition, the nmr spectrum of fraction A

in CDC1 (see fig. 2) can be fully explained if fraction A

3
is assumed to be composed of 0,0-diacetyleyathin A and
S ) 3
0,0-diacetylallocyathin B . Compare tables I and II with
‘ 3 7,9

fig. 2 (tables also from data published by Taube ).

Tt was concluded on this basis that the fwo
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Figure 2. Nmr spectrum of fraction A (0,0—diacefylcyathin A

and 2,0-diacetylallocyathin B ) (CDC1l ).
,. !
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Footnotes to tables I and II:

!

a .
Identification of signals by letters is as.in ref. 7: let-

ters are assigned alpﬁabetically to signals belonging to
protons on the basic cyathin strﬁcture in order of de-
creasing chemical shift;'remaining'letters are-assigned to
signals belonging to protons added on;to the basic struc-
ture by derivation. This coding is also used in all fol-
lowing tables.of nmr data. |

b
'~ For notation see general experimental.
c .
The constants are listed in the same order as the signals

in the following column.

d ‘ : .
Numbers refer to numbeéred positions in structure 13

-

i
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major compounds present in component A are identical with

cyathin A and allocyathin B . This work establishes that
. 3 3 C o

L. africanus does indeed produce metabolites similar to

those found in C. helenae.

Isolation and proposed structure of cyafrin Au

The next subject of investigation was com-

ponent B (R 0.2, solvent system A, triple elution). After
‘ f
initial isolation by prep. tlc using this system component

B was found to be still contaminated with more polar material.

Further purification was achieved by prep. tlec with solvent
system D to give pure compound B as judged by tle. On one
occasion a sample was oBtained crystalline, but usually

compound B was handled as a gum.

The mass spectrum of compound B (see fig. 3)
showed a parent peak at m/e 334 and other prominent.peaks
at m/e 203, 190 (base), 175 and 43. The material appeared
to be'essentially pure, but a-small peak at m/e 332 sugges-
ted a minor impurity. Hrms gave a molecular formula of :

C OH .0 fer m/e 334 and showéd;the atomic composition of
20 30 4

the major fragment peak (m/e 180) to be C H . By analogy
Ay 22

with the general scheme for naming cyathins compound B was

called cyafrin A .
' y

The nmr spectrum of éyafrin.A “(see fig. 4)
u.

27
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Figure 4. Nmr spectrum of cyafrin A
n

Al

(CDC1 ).
3
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turned out to be poorly resolved; as anticipated for cyathin-
7, p.39 ' ‘ ‘
like compounds . For cyathins the poor resolution in

the nmr is attributed to the ketone - hemiketal tautomeric
. equilibrium described earlier. The only distinguishable

feature of the nmr spectrum of cyafrin' A that is of interest
uy
is the triplet (J = 7.5 Hz) at § 3.9, which is not present

in the nmr spectra of cyathin A and allocyathin B

3 3

The infrared spectrum of'cyafrin A 1s shown
’ u .

in fig. 5 (in chloroform solution) and fig. 6 (neat). The
second spectrum was obtained by arplying a chlbroform solu-

tion of cyafrin A to the face of the ir cell and allowing
. '4 .
the chloroform to evaporate. Both spectra show the general

features found in the spectra of cyathins. See for example
, : 7, p.36 -1
the spectra of cyathin A " . The absorption at 3600cm

. 3 | ' _
in the solution spectrum may be attributed to free hydroxyl

groups. In pure state all hydroxyl grdups'arevhydrogen—bon—

ded, as evidenced by the relatively more intense absorpfion
-1 . \ . ,
at 3400 cm  in the neat spectrum (fig. 6), and the ketone .

function is completely masked. This phenomenon is also ob-
served in the i® spectra of cyathins and is attributed to

the formation of an internal hemiketal. It has been shown
7,9
that cyathin A crystallizes exclusively in this form ™ .
T 3 _ . N
The remaining absorption of cyafrin A at 1650 cm  is
n

possibly due to a number of C=C double bonds in the molecule.
-1 : '
The sharp peak at 750 cm is due to residual chloroform.

31
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It thus appears that cyafrin A possesses a
o v
cyathin-like structure containing a number of hydroxyl

N\
groups. To obtain information on the number of hydroxyl

groups 1in cyafrin A it was acetylated. Acetylation of cy-

—_ L
afrin A was achieved in the same manner as described for
4 .
the cyathin A - alloeyathin B mixture, using pyridine as
‘ -3 3

solvent and a large excess of acetic anhydride, overnight
at room temperature. The crude prodact was purified by

prep. tlc (sclvent system A)..

The mass spectrum of acetylated cyafrin A
u

(see fig. 7) shows an 3pparent parent peak at m/e 400,

-:‘wx;hrmé: C H_.0 . This at first perhaps surprising result

24 32 5 _
may“bg explained if one assumes the formation of a triace-

tyl derivativer a triacetyl derivative (which would have a

..... i

molecular formula of C H 0 , m/e 460) can eliminate one
‘molecule of acetic acigsiist;e mass spectrometer (high tem-
perature, low pressure) if a proton is suitably-positioned
on a carbon atoﬁ vicinal -to that bearing +he acétylated
hydroxyl group.involvéd. This process would résult in the
fragment at m/e 400. The small peak at m/e 340 could be the
result of the loss of a second molécule of acetic acid. It
was thus tentatibely assumed that cya;Pin A had‘forméd an

: . 4
0,0,0-triacetyl derivative. B //j

This assumption is confirmed by the nmr spec-

3y



trum (see fig. 8). The three sharp singlets at 6»?;02, 2.07

and 2.12 are assigned to the protons of three acetyl groups.

The nmr spectrum of 0,0,0-triacetylcyafrin A proved to be
—— u |

very instructive. Many of its features could be analyzed by

virtue of its striking similarity to that of 0,0-diacetyl-

cyathin A . Compare tables I and III. The data for 0,0,0-
3 _
trlacetylcyafrln A (table III) were obtained using a 100

4
MHz spectrometer, the information on coupllngs was obtalned

)

by means of spin-spin decoupling (double irradiation) ex-

periments. Table I (0,0-diacetylcyathin A ) was compiled
: : 3 :
from data obtained using a 220 MHz spectrometer, which ac-

counts for its greater detail.

A comparison of table I and table III shows
only three significant differences. Firstly, 0,0,0-triace-

tleyafrin A (table III). shows an extra signal‘at 6 4.89,
y
which is coupled with some of the protons in the region of

L/\

'81gnals e to-J. Secondly}ethe region between § 1.9 and 1.1,
which CQntalns six protons in 0,0- dlacetylcyathln A , con-
'3

tains only four in 0,0,0- trlacetylcyafrln A . Thlrdly, the
Y
region around § 2.1 (sxgnals u,v,w) shows three three—pro-

ton 51nglets in 0,0,0-triacetylcyafrin A insteadiof two
-4
(signals u,v) as observed in 0,0-diacetylcyathin A .
3

- The cbndlusions.one can draw from this com-

parisen are: cyafrin A and cyathin A ‘are likely to have:
' o 4 3 ‘ ‘
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Figure‘s. Nmr spectrum

of O;0,0—triacetylcyafrin A (CDC1l ).
. ' , Y.
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the same basic structure; of two protons absorbing in the

methylene proton region for 0,0-diacetylcyathin A , one
' 3

has been replaced by a hydroxyl group (an acetoxyl group
in 0,0,0-triacetylcyafrin A ), the other by a proton which

y
~absorbs in the same region as other protons geminal to an

acetoxyl group.

If the first coﬁclusion is correct some tenta- .
tive structure assignments for cyafrin A° may be arrived
at. Looking at the structufe of O,b-diéc:tyleyathin A and
at the assignment of protdn signals in the molecule (zee
structure 13) it is found that the molecule contains six
methylene cafbons that could in principle bear the extré
aéetoxyl group observed in 0,0,0-triacetylceyafrin A‘; They
arercafbons'l, 2y 7, 8, 10 and 15. Of these, (C-10 c:n be

ruled.out: both protons on C-10 (signal g,]) are still pre-

sent in the nmr spectrum of 0,0,0-triacetylcyafrin A , as is
’ y

evidenced by the multiplicity of signal b (fig. 8, table III).

C-15 is not a possible site as the nmr signal c.,d (fig. 8)
of 0,0,0~triacetylcyafrin A contains two protons. It seems
then thét cyafrin A could ;ave the samé skeleton as cyathin
A 4 but would bear :n extpa oxygen on oné of éarbons l, 2,
73and 8. | |

To find further support for the tentative struc-
ture assignment-and to obtain further information about the

position of the extra oxygen function we decided to prepare

40
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a second derivative of cyafrin A . An attractive possibility
4 h

presented itself at once. It has been found that cyathin A

| . 12, p.102 3

readily forms an 0,0-isopropylidene derivative s

which results in the formation of an extra six-membered ring.
If cyafrin A does possess a similar basic skeleton it should
4 ,

form this derivative without difficulty, as the extra

hydroy is not likely (see abowe) to be in a position

thins would prove our tentative structure assignment for
cyafrin'A . Se*ectlve,protectlon of two of tﬁ? hyvdroxyl
groups ofucyafrin A as the O,O—180pr0py11dene derivative
would leave tﬁe'thiid hydroxyl free for chemical trarsfor-

mations.

Th= O,O—iSOpropylidene derivative (cyafrin A
‘ 1

acetonide) was prepared by dissolving cyafrin A in 2, 2-di-
u

methoxypropane. The reaction was Catalvzed with p-toluene-
sulphonic acid. Direqx application of the reaction mixture
to a prep. tlc plate and elution (solvent system A) resulted

in the isolation of pure (by tle) cyafrin A acetonide.
. - A iy _

The mass spectrum of cyafrin A acetonide (see
4 .

fig. 9) shows a strong parent peak at m/e 374 (hrms:

C H 0 ) as expected for a momno-0,0- lSOpropylldene deriva-

23 34 4
ﬁ.

4



2

0

"

°400

"w

h

124

¥ utayehosusprrhdoadost-¢ o 40 wnuajoads ssel *6, @2an3TJ

082
!

0y
[

LAY ]

~

gzl %02 o8t . 091 o 0zt

ohd L R Lk

0z
3
09

08




tive of a C H 0 compound, and no evidence of impurities,
20 30 & -

The nmr spectruh of cyafrin A acetonide (see
4

fig. 10) confirms that it is an 0,0-isopropylidene deriva-
tive: the two three proton single¥s around § 1.45 are at-
Tributed to the newly iﬁtroduced methyl groups.

As was the case with the spectrum of the tri-
Acetyl derivative of cyafrin A the nmr spectrum of cyafrin
Aq acetonide can be analyzed b; comparison with that of

Cyathin A acetonide. This compound was first prepared by
3 ' 12, p.60

Mercer, and table V is from data collected by him .
Comparison of the aata in this table with the nmr data for
Cvafrin A acetonide (table IV) shows many similarities.

The data in the last two columns of table IV were obtained

by means of spin-spin découpling (double irradiation) ex- -
Periments. The differences between the data in these two.
tables are very instructive. The spectrum of cyafrin A ace~
tOnide<§how§ the extra signal b! it 6 3.9, and there agpear
to pe twc protons less in the 6 1.2-1.8 pegioh. This confirms
Our previous conclusions: signal b' is attributablé to a pro-
- ton on <« carbon that also bears a hydroxyl group. Signal_b'

is coupled with two protons (6 2.3-2.5) by equal or almost+

€Qual spin~spin coupling constants.

The, question remained: which of the carbons 1,

2,7 and 8 is the one bearing the hydroxyl group? The chemi~

3

e e A Y e i« £



Figure 10. Nmr spectrum of O,O—iSOpropylidenécyafrin A

(CbC1 )
-3

n
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cal shifts of the méthylene protons'whicﬁ are coupled with
the proton responsible for signal b', as we have féund thém
in the spectra of the triacetyl- and the acetonide deriva-
tives (2.1-3.0 and 2.3-2.5 ppm fesPectivély, seé tables III
and IV) make positions 7 and 8 unlikgﬁybto be the ones: the
presence of a hydroxyl group on an adjacent carbon would
nbt be expected to deshield these protons appreciably from,
e.g., the shift of 1.ut ppm found for the methyiene protons
. | 18, p.21l4 _ o |

in cyclohexane ~ « The literature was searched for nmr
data on suitable model compounds to ﬁake.a decision between
positions 1 and 2 possible. No data on 2-cyclopenten-l-ol
or similar compounds were found, but data on some 3-cyclo-
penten-1-ol systems are .available. The relevanf chemical
shiffé are indicated on the correéponding structures 15 -
(from.ref. 19) aﬁd lo (from ref. 20). These values corres-
pond closely to our values: signal b’ is»fgund at S 4.89 in
triacetylcyafrin A and at.§ 3.90 in cyafriﬁ A acetonide.’

. . Y mn
The methylene protons resonate at § 2.1-3.0 and § 2.3-2.5

C_H3CH28 H }_;*/-95 |
_ ©861.95-2.9
¢ . 4 H : '
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S 3.9y |
HO H ¢ 6 o

around 2.65

in these two derivatives respectively. It is not llkely

that the protons in 2- cyclopenten l-0l systems would have

similar chemical shifts, as is shown by the large dlfference

between the two sets of methylene protons in cyclopentene

itself (structure 17, from ref. 21).

Hw H s1.90
8§ 2.78
17

It was therefore tentatively assumed that the third hydroxyl

group 1in cyafrin A is positionedQQn c-1.
n R,



Oxidation of the free hydroxyl group in 0,0~
isopropylidenecyafrin A offered a second method of agpef~

u " .
taining the position of the third hydroxyl group of cyafrin

-

A . Oxidation of 0,0-isopropylidenecyafrin A was achieved
u:ing "Jones" conditions (see detailed expergmental) using
chromic acid. After filtration and separation of the pro-
duct mixture by prep. tlc (solvent system A) a small quan-
tity of chromatographically pure mﬁterial was isdlated. Mass
spectral analysié of this matefiai indicated that it was the
‘exPectéd oxigation product: a parent peak was found at m/e
572 (which corresp5nds to the molecular weight of the star-
ting material minus two protons).

The infrared spectrum of the oxidation pro-

-1
duct showed carbonyl absorption at 1735 cm . This is con-

A

sistent with the presence of a non-coniugated carbonyl

group in a five-membered ring.

The nmr sp- -rum of the oxidation produét
showed as new feature a two proton singlét‘at § 3.00, while
the triplet found in the spectrum of cyafrin A acetdnide
at § 3.90 had disappeared. The two pré%on sing;et may’bg
éssigned to the two protons adjaCenf fo the newly introduced
‘carbonyl group. The fact that these are magnetically equi-

valent is an indication that théy may be positioned on a

five-membered ring: In addition, the chemical shift of these

50
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two protons is guch (§ 3.00) that it can only be accommoda-
ted in the cyathin skeleton by assuming fhem to be positioned
on C-2, which is flanked both by the new carbonyl group and
by the C=C double bond. This confirms that the extra hy-

droxyl group in cyafrin A 1is positioned on C-1.

. We can now arrive at a more precise formula-

tion (structure 18) of cyafrin A .
: 4

The only problem that remains to be solved
is that of the stereochemistry of the C-1 hydroxyl group,
i.e., is the hydroxyl group orientated cis to the methyl

group on C-9 or trans to it?

It is known that when nmr spectra are recor-

ded in pyridine the chemical shifts of protons which are

N s b

QR Laires 95
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o

o

positiéned close to carbonyl or hydroxyl grodps may change
considerably when compared to their shifts in non-aromatic
solvents such as chloroform. It is assumed that ﬁﬁe pyridine
complexes with these functional groups, thus changing the
magnetic environment of neérby protons. In the casé where

a methyl group is situated on a carbon vicinal to a carbon
bearing a‘hydroxyl group, a definite relationship has been
found to exist ‘ between the dihedral angle (formed by the
C¥OH bond and the C-CH bond) and the difference in chemical
shift of the methyl prztpns when measured first in chlyro-
form and then in pyridine solution. Thus for a syncliqéi\
relétiqnship between hydroxyl and methyl groups, a down-
field shift of 0.20 PPM or larger may be E;pected.‘For an
antiperiplanar relationship the shift will.bé 0.10 - 0.12
‘PPM or-less. By recording the nmr- spectrum of O,O—isoPPO—
pylidenecyafrin A uin pyridine:d and noting how the chemi-

: 4 5 :
cal shifts of the methyl groups change compared to the o

shifts in CDCl (as given in table IV) it was hoped that
the orientatiog.of the hydroxyl group at C-1 could be de-
duced. Table VI shows how the shifts of the methyl gréuPs )
éomparg for the chloroform and pyridine spectra. The doublet
" signals are due to fhe>pr§tons on the iéoPropyl group. Two ‘
" interpretations are possible for the tertiary methyl signals.
Eitherlboth‘éignals have shifted by 0.21 PPM (from § 1.00

to 6§ 1.21 and from & 1.09 to § 1.30 respectively) or one

has shifted by 0.30 PPM (from & 1.00 to & 1.30) and the



Table VI. Chemical shifts of methyl protons in 0,0-isopro-

pylidenecyafrin A

Iy
Shift Shift
in CDC13(6) Multiplicity in CSDSN (5) Multiplicity
| 1.30 " | s
1.21 | s
S 101 d
0.91 d

L

Integrates .o six protons.

‘other by 0.12 PPM (from 8§ 1.09 to & 1.21). The first of
these two interpretations is the more attractive since it

eliminates the need to establish which signal corresponds

to the C-17 methyl group and which to the C-16 methyl group.

It is not unusual that the C-16 methyl group shifts as well
as the C-17 methyl group, since it is near the'carbonyl
group. This would then lead to the conclusion that the hy;
droxyl group at C-1 must be orieﬁtafed cis to the vicinal
methyl group.

‘ The second possible interpretation must not.

be neglected. Assuming that one methyl signal had shifted

| }/
by 0.12 PPM and the Othfj;ii;SFSO PPM it becomes necessary
/ S— .
to establish which signal~bélongs to which methyl group. To
determine this the spectrun of 0,0éisépropylideneCyathin,A
o= - 3

53
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_ 12, p.1l02

(prepared by the method of Mercer . ) was recorded in
pyridine and coﬁparcd with that recg;ded in chloroform (see
tablg V). Cyathin A is not functionalized in fhe five-mem-
bered ring, so the ghift-of the C-17 methyl protons is not
eﬁpected tq be influenced appreciébly by the change of sol-
vent. If we see a shift of one of the methyl signals then
that shift must be associatéd with the C-16 qfthyl group.

The nmr spectral results are given in table VII. The isopro-

Table VII. Chemical shifts of methyl protons in 0,0-isopro-

pylidenecyathin A

3
Shift : Shift
in CDC1 ($§) Multiplicity in C D N (8§) Multiplicity
] 3 T 5
1.10 I s 1.18 s
1.06 s 1.06 s
1.02 : d _ 0.96 ' d
0.99 ‘ - d 0.92 d d

™

pyl signals are readily.reCOgnized by their multipl;:Ety.
The chemical éhift of the C+17 methyl protons should not
change markedly and must be that of the signal at § 1.06. -
The signa. of the_é—ls methyl protons has shifted from
§1.10 to & l.l8,fi.e.; 0.08 PPM downfield. Thus in:cyafrin
A acetonide the signal which shifts by 0.12 PPM must be

i : :
the signal due to the C-17 methyl protons, and that which

54
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- shifts 0.30 PPM must be from the C-16 methyl protons. Hence
the hydroxyl group at C-1 must be orientated cis to the

C-17 methyl group.

It i possible to confirm this stereochemical
13 : 23
assignment using C-nmr. Recently Djerassi et al measured

13 .

C-nmr spectra of a number of steroids in which a hydroxyl
N o

group and a metﬁyi\group were positioned on adjacent carbons

i

Im a five- memberedKflng They noted that if  the relatlon—
__shlp between hydPQ\yl%and methyl group was antiperiplanar,
the chemical shift of the methyl carbon was only 0.4 PPM up- .

field from the case where the hydroxyl group was absent. If

-

the relationship between them was .ynclinal, the methyl
group was shifted upfield about 6 PPM.

13
The C-nmr spectra of several known cyathins,

including 0,0-diacetylcyathin A , have recently been measured
_ ' 3
in these laboratories, and the signals assigned to specific
24 '
carbon atoms. .

A large quantity (45 mg) of 0,0,0-triacetyl-
_ 13
cyafrin A was prepared and a C-nmr spectrum was obtained
Y . P
on this material. The shifts were compared with thosé of

0,0-diacetylcyathin A (see table VIII). Many signals have
3
81m11ar ShlftS to those of O 0- dlacetylcyathln A . These
3 .
have tentathely been assigned to the corresponding carbons.

3.
&
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13
Table VIII. C-nmr data of 0,0-diacetylcyathin A “and
3
0,0,0-triacetylcyafrin A in CDC1l .
L 3
0,0-diacetylcyathin A 0,0,0-triacetylcyafrin A
3 . . 4
Chemical ' a . Chemical b Chemical c
shift (PPM) Assignment shift (PPM). shift (PPM) °
208.7 1y - 80.8
170.1 (21, ST
169.8 R 22) 21.9
lu3.4 12 - 143.5 7.1
140.7 ¢ 3, ‘ 138.0
135.5 ) " 134,y v
127.4 13 127.3
72.0 11 71.8
64.7 . 15 6L. 7
Sy,3 6 53.6
49.3 7 - 9 . 50,4
38.7 S 39.6
38.0 (1,
36.2 7) 35.4
v, 7 8 34,9
31.7 10 T 31.7 £
28.2 2
27.2.. 18 SR 27.1
24,04 ' 17 - -
21.7 (19, 21.1
21.7 20) 21.1
20.8 (23,. 20.8
20.8 : 24) 20.8
14.8 16 o 15.0
| - ¥
a . e : -
Numbers refer to carbons numbered as in structure 13, p.26. .
b :
Only the shifts of signals closely correspondlng to. 31gnr
in the first column are listes here. .
c .
The shifts of signals not listed in the prev1ous column °

a2 listed here.
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-in 0,0-diacetylcyathin A has“shifted upfield from § 24.0

Several major differences are also apparent. First o all,
only 22 signals were fognd for 0,0,0-triacetylcyafrin A ,
l'

élthough the compound contains 26 carbons. At the time the

spectrum was recorded samples larger than 45 mp were usually

required for good results. The mlSSlng 51gna]s are those of

the carbonyl carbons (C-14% and the'acetyl carbons)g which -
are relatively weak signals. The signai assigned to C-1 in
0,0-diacetylcyathin A has apparently sh%ﬁted to 6§ 80.8,
close to the signal fgr C-11, the ether methine carbon

bearing an acetoxyl group in 0,0,0-triacetylcyaf-in A.x
signal for C-2 in 0,0-diacetylcye*~in A has shiftel ;;on
§28.2 to 634.3 in 0,0‘,O—tr*- s ~yaf13~in A , due to the
influence of the acetoxyl grc ip at -1. In tge 13C—nmr of

0,0,0-triacetylcyafrin A a ne - _nal is foundyin'the me-
* Y
~hyl region at § 21.9: this must be the methyl carbon of

the acetoxyl group. Finally the signal assigned tQ”Cﬁllgﬁﬁ.fﬂ

TN

3

to § 17. l, i.e., by 6.9 PPM, in 0,0,0- trlacetylcyafrln A,
Y

which compares w1th a shift of about & PPM in the case of
23

a synclinal relatlonshlp observed by Djera351j;; and which

is a typlcal Y- gahche effect. . _;f; .

Thls conflrms our earller flndlng that the

.y

hydroxyl group at C-1 in cyafrln A must be orientated cis

i- u " ;u‘
' thC-l7. Structure 19 is therefore pr0posed for cyafrln A .

y

s

S



JCorrefgtion of cyafrin Au with allocyathin 33

Abundant s =2ctral evidence hac been presen-

ted to support structure 19 as that of cyafrin A-. The
: y Yo

finding of cyathin A ancd allocyathin B as major metabolites

3 3
of C. africanus shows that the structure for cyafrin A, is

biogeneticélly sonable. 1In order to prove conclusively
that cyafrin A, has structure-19, a chemical correlation of

cvafrin A, with one of the known cyathins was desirable.

We proposed tb do this (ag illustrated in

by dehydration of 0,0-isopropylidenecyafrin A to
X , ’ y - ‘
give 0,0-isopropylideneallocyathin B , a compound which has
S . 12
, N . ;
‘been prepared from allocyathin B and degcr;bed'by Mercer .

scheme 1)

Many reagents are known which can effect de-

hydration. However, many of them employ acidic conditions

."‘.

S8
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Scheme 1. Proposed conversion of 0,0- 1sopropylldenecyafr1n A
to 0,0- 1aopr0pylldeneallocyath B . . 4
3

S
\"’"/. F
".

which should be avoided in this case because the 0,0;iso—_

propylidene protecting group is acid labile. A procedure that
25 :

-employs basic condltlons deve*Oped by Von pudloff has been,

used successfully for the dehydration of various natural ’
products and derlvatlveszs. This method consists of heating
~the alcohol in the presence of alumina impregnatec with 1

2 2% of pyridine. We decided to @ﬂplace pyridine by colli-
«ine to minimize loss of the reagent by evaporation. A

‘

“small aﬁount of cyafrin A acetonide Qgs heated with this
catalystrat lSOOC forp36 ;inutes (these conditions are much
milder than the ones suggested by Von Rudloff). The products
were Wasﬁed from the catalyst wifh meth&lene chloride and
then methanol. The preduct mixture was examined by tlc,
using authentic allocyathin 83 acetonide as reference sub-

stance, Howéver, no trace of the desired product nor any

starting material could be detected in the product. Dis-



couraged by these findings we decided to look for less

vigorous dehydration methods.

Another well known dehydrating agent is
thionyl chloride, which may be used in combination with a
base such as pyridine. When we first attempted this reagent,
pyridine was used as solvent and a large excess of thionyl
chloride was added. The reactién was allowed to.proceed at
OOC for thrce hours..After this time part of the reaction
mixture was worked up and examined by tlc. It appeared-that
some of the startihé.material had disappeared, bdt‘little
else could be detected. After a further four hours reaction
at room tempe“ature the product was agaln examlned - The re-
sult th;s time was that most of the starting material had
disappeared. The bulk of the reaction mixtare now appeared
to have an Rf of 0.0 (solvént system A) but@pbvefyvfaint

spot was just discernable at the R expected of allocyathin
£
B acetonide (R 0.8).
3 : f

o

Dehydration was then attémpted using methylene
chloride as solvent, with excess pyridine and thionyl chlo-
‘ride for 24 hours at rcom temperéture.‘fxéminatibn of an
aliquot of the reaction mixture showed_very‘little change

after 6 hours.. After 24 hours tlc indicated a similar re-

sult as before: very polar material and a faint spot around

R 0.8.
f .

60 .
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It was decided to use acetone as solvgﬂt (as
this should insure the retention_of the acetonide pnétecting
group) and smaller amounts of reagents.-The reactigﬁ was
monitored by direct apélication ot aliquots of theﬁpeaction
mixture to tlc plates. This method proved useful: using 10

equivalents of freshly distilled thionyl chloride and 30
o
equlvalents of pyridine in dry acetone at 0 C and monitoring

the reaction by tlc (SOlveﬁt system A) it was found tha+ af-

ter 50 mlnutes the reactlon was complete, The tlc of the

reaction product-showed‘not only highly polar material, but

also a substantial amount of material with R 0.8, which is
’ f

the R value of allocyathin B 'acetonide; The material at
R O.g was isolated by prep. glc. The yield was somewhat
liss than[2 mg from 3.5 mg of starting neterial.
s | ‘ o
The mass spectrum of the dehyhﬁgtion prpduct
(see fig. 11) appeared promising. The -apparent parent peak
at m/e 356 is that exPectéd for allocyathin B3 acetonide. In

fact, this spectrum was identical with the mass spectrum of

allocyathin B acetonide recorded by Mercer.
3 .
The nmr spectrum of the "dehydratibn préﬁuct“
(seﬁ fig. 12) was, however, disappointing. This Spectrum
(recorded at.807MHz on a small quantity of materlal) showed
all ‘the features? eXpected of a cyathin acetonide: two methyl

signals around § 1.45, two more ]USt above 6 1.00 and ab-

s

-
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sorption around § 1.0 that indicate the presence of an iso-
propyl group. Also, faigly sharp signals are found at 6 4.3
and 5.7 (cohpare signals b,c,d and a in tables IV and V).
- However, allocyathin B acetonide has two olefinic protons
“on C-1 and C-2 that arz known to resonate around § 6.3, and
the reaction pr.cuct (fig. 12) doés‘not show éignals in this
region, I :addition, fig. 13 shows a bread signal around

SN ‘
6 4.8 which is not present in the spectrum of allocyathin B

acetonide, L/ . s
. ~

The uv spectrum of thé'material in hexane

3

. confirmed that the material is not identical with allocyathin
B acetonide; it showéd‘absorption_maxima at 231 nm (e ~5000)
and 330 nm (e -~100). These are the normal values for the

ayB ~unsaturated ketone found in all cyathins. No trace w

found of a shoulder at 256 nm, as would be expgcted for the

: : o o 7,9.
conjugated diene present in allocyathin B acetonide .
: 3
‘ ' - It is known than when thionyl chloride is used

as dehydrating agent, sometimes the reaction that takes
place is substitution instead_of~e1imination. That is, in

our..case, we could have obtained l-chlorocyathin A acetonide

‘(see structure 20) instead ofvailOCyathin B acetonide. This
' 3

would account for the evidence described: l-chlorocYathin A
. _ 3

acetonide would not show diene absorption in the ultraviolet

region, nor Would it show signals at § 6.3 in the nmr spec-

-

trum, but it could well show a signal around § 4.8, due to



7

.the.proton remaining on C-l. The mass spectrum may be ex-

: . " . . o~
plained by assuming that l-chlorocyathin A acet ‘de, whén-__

3
heated under vacuum in the mass spectrometer or on electron

impact, undergoes elimination of HC1 to produce allocyathin

B acetonide or the corresponding radical ion.
3 : .

At this point we recalled that the mass spec- |

trum of 0,0,0-triacetylcyafrin A (see fig. 7) showed the
_ 4 1 ey
highest mass peak at m/e 400 instead of 460 as expected,

which we attributed to the molecule losing a molecule of _
acetic acid in the mass spectrometer. If tﬁis molecule of
acetic acid originated from the acetoxyl group on C-1 and a
. proton on C-2, this would result in the_formafion of 0,0-
diacefylallocyathin B . Comparison of fig. 7 with the masé.
- spectrum of allocyathin B diacétate as recorded by Taube7

o | -3
showed them to be identical.

65



The mass spectral correlation strongly sug-

gests that cyaffin A does have the same basic skeleton as
I
allocyathin B . However, thé direct correlation has not been

3
achieved, and the possibility that there are stereochemical

differences (relatlvevor absolute) has not been eliminated.

Further atfempts to obtain more of what is
assumed ;to be l-chlorocyathin A acetonide were not under-
- taken because of a lack of stariing material: during the
later stages of this work the aﬁoupﬁ of cyafrin Az isolated
from growths of C. africanus had dec;;ggéd\ Thera;ea on
prep. tlc that earller contalned pure cyafrin A had now
begun to contaln increasing amounts ‘of other coipounds,
which proved very difficult to remove. Presumably”mutatioﬁs
had occurred in the fungus and it will be necessary to ob-

tain a new stock culture before the direct correlation can

be completed.

Isolation and propose. structure of cyafrin By

We now turned our attention to component C

found on tlec at R 0.4 (solvent system A, triple elution).

Mass spectral analysis of component C, which
was isolated by prep. tle (solvent system A, triple -elution),
i7 most :a;gg showed several apparent parent ions. The ma]or

one by far was at m/e 332 (hrms C °H Og).‘Other high mass
20 284 , .
&

66



~peaks appeared at m/e 348, 334 and 314 (hrms: C H O

20 28 5
C H 0 and C H O res;ectlvely), with further prominent
20 30 4 20 26 3

peaks at m/e 219 (C H 0 ) and 205 (C H 0 ). This material

15 23 1y 21
thus appeared to be composed mainly of a compound with mole-

cular formula C H O , which accerding to our system for
20 28 4 '
naming cyafrins was called cyafrin B . It was, however, con-
M

taminated with small amounts of several other compounds.

Cyafrin B 'was purified by prep. tlc, using
y

solvent system C, quadruple elut ... After this

ification
the mass gpectrum looked very muci. cleaner (fig,*

fragments m/e 205, C H O and m/e 219 C H O obv1ously
14 21 : 15 23

do originate from cyafrin B ,
, T

¢

The ir_spectra of cyafrin B , recorded in

- CHC1. solution and neat (fig. 14 and 15 respectively) proved

o

3 ,
interesting (the latter spectrum was obtained by evapora-

ting the solvent from é.Solution of cyafrin B which had

4
been applled to the surface of an ir cell)., The solution
-I '
spectrum, shows free hydroxyl (3600 ecm ), hydrogen bonded
-1 : -1

hydroxyl (3400 cm .)'and,strong carbonyl (1685 cm ) ab-

sorptions. As was the case with cyafrin ‘A the free hydroxyl

_ : 4
absorption disappears in the neat spectrum. The carbonyl ab-

sorption is also less intense. This phenomenon is often ob-

served for cyathin-like compounds.

The uv_spectrﬁﬁ‘of-cyafrin B shows the ge-
u .
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" neral features of all cyathin-like compounds: a maXim
231 nm (e ~7000) and a shoulder around 305 nm (e ~10¢,
Both may be attributed to the a,B-unsaturated ketone func-

tion present in the cyathins.

In view of the small amount of material pre-

2 .

sent, an nmr spectrum of cyafrin B was not recorded since
y

1t would not be expected to yield much information. Instead

an acetylated derivative of cyafrin B was prepared, since
n

this would give information about the number of hydroxyl
groups in. the molecule and enable us.to record well resolved

spectra. Cyafrin B was acetylated in the mannen described
4
prev1ously for cyafrin A . The product was isolated jy prep.
' L
tlc (solvent system (' and further purified by.the same .

method (solveht'system B, douple elution).

The mass spectrum of tt cetylated product

(see fig. 16) has a parent peak at m/e 416 (C H 0 ). This
24 32 6

indicates that the product is a diabetyl derivative of

cyafrin B . The peak at m/ev356 is attributed to loss of

one molecule of acetlc aci d from the’ parent ion. The peaks

SN

at m/e 205 and 219 are still present, indlcat;ng that a major

portlon of the molecule has not been affected by the acety— x

lation.

The infrared spectrum of O,Q—diacetylcyafrin

B (see fig. 17) confirms the presence of the acetoxyl

4 ‘ . _—
: . : v fu
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-1 -
groups (cart\nyl absorption at 17uo cm: ). The absorption
: -1
at 1685 cm is attributed to the a,s—unsatufated ketone

function common to all cyathins The absence of absorption
-1
around 3500 cm shows that all hydroxyl groups . 1%}the mole-

cule have been acetylated.
e
Y . . .
The nmr spectirum-of 0,0-diacetylcyafrin B
. o ' 4
(see fig. 185 has some intepesting features FLrst 1t con-

*flrmq the preqence of twoﬁﬁhetﬂ”&f groups by. the appeareance
FREIV T

of two three- proton smglem at 6%.06 ,and 2.12. Second, the
o “%’
overall appearance of the SpectrUm is very similar to that
. of other acetyl derlvatlves of cyathlns Comparison of the

T ’{5”

.‘data for this spectrum (table IX)%With, fqp examfle, table I
Yy

is very 1nstruct1ve The 51gnals a, b,"¢, d, u and vbappear‘
in the Spectruﬁ)of 0,0~ dlqpetyICyaFrln B (table IX) er-
L’. R rc' )-6

tually unchanged ¥rom those observed in the spectrum of O O—

dlaeetylcyathwn A (table I)d ' "freglon between § 2.25 and
. i .
3.0 of‘éﬁ% nmr of 0 ,0- dlacetylcya rin B contains signals
- 0 ‘ o =
fot no more than three protons, compared to six, in 0,0-di-

acetyt/yathl“ A3 (remembering that  the molecular formula
for cyafﬂln B indicates two hydrogens less than for cyathin
A ). The “mis:ing" signQi in the nﬁf of O O—diacetylcyafpin
83 has perhaps sthted toihecome ‘signal d' at 6 3.13: The

y
ssharp signal 3' at 6 2. 21 is difficult to account tor at this

\

~stage: possibly it could originate from an 1mpur1ty in the

sample. Signals corresponding to the signals q, r, s and t

73
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invthe nmr of 0,0-¢ ac *ylc athin A are found to have shif-

3
 ted con91derably tc the w 7ield side of the spectrum in
0, O dlacetylcyafrln B . lrom these data a few conclusions
4 L . '
can be drawn:ddf four oxygen atoms present in cyafrin B two

(R - '4
exist as hydroxyl groups and a. thlrd forms part of an a ,R8-

.A bV

unsaturated ketane group, the seven- membered ring contalnlng
thlS a,B- unsaturated ketone and bearlng the tyo hydroxy’

groups 1n cyathin A is present unchanged in cyafrln B . as
A 3 - Cowo 4

X ev1denced by the 31gnals as b, ¢ and d in. the nmr Spectrurri‘F

. , .

of the dlacetyl derlvatlve, the molecule, liXe other cyathlns,

w
-

s “ 'f
contalnstiwo tertlary methyl grouPs and an isopropyl group.

¥

Other 1nferences may be made cyafrln B 'may
. 4

A

have the same ba51c skelcton as all cyathlns, the fourth

oxygen atom is present in a. functlonal group whlch consi-

-,

.derably 1nfluences the chemlcal shlfts of many protons in:
the molecule (signals d' g, r, s and t in the nmr Spectrum

are all downfleld compﬁred to théir "normal" p031tlons)
. &' - )
/ . "

- {

The problem is now to establisg the nature
of thé fourth oxygen functlon. This oxygen "atom does not
ex1st as. a thlrﬁ hydroxyl group; the ir spectrum‘of the dl—

'(acetyl derlvatlve proves thlS. The o 48~ unsaturated ke-one

group preSent in all cyathins very often cannot be detected

because it can be "masked" by virtue of the internal ketone-
hémiketal equilibrium. We must therefore consider the possi-



T

bilif& of a second éarbonyl group in cyafrin B , similarly
, o
undetected. It is also possible that the fourth oxygen is
. o .
present as an ether function, e.g%\as an epoxide., One of

the metabolites of g.‘helenae, neoallocyathin A , has been
: 4

shown to contain an epoxide function (see structure 7).

749
Taube first prepared methyl ketal deriva-

tives of cyathin & and allocyathin B by treatment with
3 3 .
methanol containing hydrogen chloride, as illustrated in

i

scheme IT.

L B L , \1

Schemeyi§l«~ Preparation of methyl ketal derivatives of cyathins

-

4 B

The preparation of such a derivative could

/,/
P

Yassist us in ascertaining whether or not cyafrin B .con-
‘ains a second carbonyl group, sincer in this derivative the
{@,B~unsaturated ketone is ketalized. If a further carbonyl

group is present, this may now be bbserved in the infrared

i g
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fe]

spectrum.

The methyl ketal of cyafrin B was prepared
7,p.132;9 4
by the method of Taube & - The product was isolated
v \ .

by prep. tlc.of the reaction mixture (solvent system A,

double elutlon, R 0.u). > .
f ’ fa) ’ a .
< g

. Mass SpectroSCOpyb(SEé fig. 19) iqgicates
that the~ product is the desired cyafrin B methyl ketal
4

(parent peak: m/e 346, -hrms: C H 0 ). The mass spectrum
21 30 y

shows a very intense Beak at m/e 141 (hrms: C H O ) which
7 9 3

1s common to methyl ketal derivatives of all -cyathins. Its

formation has been ratlonallzed as illustrated in scheme
7, p.723 9 _
IIT . , _ - g

HaCxrON—OCH;

- CH,0H

Scheme III. Fragmentation of a eyathin methxl ketal



80

J

f

- TR18Y TAyjauw g utayedo jyo unaioads
L4
L U7€ 08 00€ 08z gz gv
OMI»P- 1 1 i bl 1 1 i i L i i
N g Y “
i Q
P W 0z 9%¢ m&
0y
03
£ > =
08 08
_ i1 .
%00 4 —4004
"00}
Pl
“ 4
( 3
v ' «
. £

sSSPl

*6T @uan3yy \



.cyafrin B contains two o ,8-unsaturated ketone functlons.

"The ir spectrum of cya®rin B methyl ketal

: , n
in chloroform solution (see fig. 20) shows a strong absorp-
\ -1
tion at 1685 cm indicating the presence of a carbonyl

group. Fig. 21 shows the 'spectrum as recorded on a neat

(solid phase) sample of cyafrin B methyl ketal. It is pos-
4 -1

sible that the absorption found at 1685 cm in the solu-

tion spectrum of cyéfr%n B itself.(fig.flu) is in fact due
T4 R :
mainly to this second‘carbonyl group'and not to the a,B-un-

saturated ketone as assumed prev1oub§¥ Interestlngly,

the solutlon qpectrum of cyafrln B methyl ketal (fig. 20)
-1

_ 4 ®
shows only free hydrox&@rgrouP absorﬁ%ion (3600 em ) and

;m?_ _l‘
ne hydrogen bonded hydroxyl group abSGTﬁﬁ&Dn (&QOO cm ) at.

| :J

all, whereas the reverse is true for the solid phase. ir

ﬁSpectnum of cyafrin B methyl ketal (figf 21).

uo ‘ . S

The uv Spéctrum of éyafrin B Tﬁethyl ketal,ih
3 L

hexane solution proves conclusively that cyafrin B dontains”
u

a second chwomopH%Le besides the- u,B unsaturatgé ketone com-
- 1o
moh to all cyathins. An absorpthﬁvgg foun% at 251 nm (e-~

3.500), with a shoulder around 310 nm (e ~60). This indi-

v

‘cates that a second a,8-unsaturated ketone is present. This

- e .

absorption must have béen,partially masked in the uv.spectrum -

of cyaffin B itself. A logarithmic plot of the uv spectrum
: . 4 | ‘ : L ey
of cyafrin B reveals a shoulder around'251 nm on the peak =z
: L
at 231 nm (see fig. 22). Thus it ‘has now become clear that’

4 : . ‘ -

81
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gu

If we assume cyafrin B 1o possess a cyathin-

like structure it is possible to suggest structurc 21, or

alternatively structure 22 for this metabolite.

ketal

y The nmr spectrum of cyafrin B. methyl
- , 4 ;

'23),allows -us to choose between 21 and 22.

(see fig. Com-

methyl ketal (table %) with

A J
pare the data for cyafrin b
4 .

the nmr data measured for cyathin A methyl keta* by
7, p.65; 9 .. 3 ;
Taube gﬁ (table XI). &% - -
snows

, The nmr of cyaftln B methyk Ketal
. : " J}

'(table X) signals a, b, ¢, d, e, s T S t dnd’ z whlch are
all v1rtually unchanged from thelr p031tlons 1n the nmr

,sPectrum of cya&hln A methyl.ketal All other 81gnals of
3
cyafrln Q methyl ketal have shlfted to Lower fle;d as was
L} ’
found in the case of 0,0~ dlacetylcyafrln B . The two proton
o y '

. 31nglet v, found at §2.21 in o,ofgﬁacexylcyafrin'B;

is

i o , RN
. 7

R

s



Figure 23. Nmr spectrum of cyafrin B

N

L

methyl ketal (CDCl )

PRIV

- <

=L
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present in cyafrin B mefhyl ketal (table X) at 682.16. This
. ; L
establishes that signal j' does indeed belong to the ccmpound
&

‘and is not due to an impurify. The chemical shift of this
signal is in accordance with the wvalue expec%ed {or the me-
thylene protons adjacent.to a cafbonyl group 1in an a ,B-unsa-
turated ketone such aS’those'on C-1 in struéture 21. fignal
d iﬁ the spectrum of 0,0-diacetylcyafrin B.Jtablé IX) cor-
responds to signal .f in the spectrum of~cya§riﬁ B ‘ﬁefhyl
ketal (table X) "and cyathin A methyl ketal ftab:e XI) and
may be éttributed to the protog on C-5. Its position in
structure 21 in relation to the a,B-unsaturated ketone éx-
plains why signal d'/f has shifted downfield compared to

the wvalues found for cyathin A derivatives. The hydrogens '
responsible for signals h and.z in. cyathin A methyl ketal
(table XI) have of course been replaced by ég oxygen atom

in cyafrin B . Also, two protons of the unresolved multiplet -
around ¢ 1.5: in the spectrum>of cyathin A methyl ketal
(table XI), i.e. those on C-1, now give rize to signal j'

in the spectrum of c“afrin B methyl ketal (table X).
2 L ' ) )

Structure gg‘can be eliminated as a possibility
for cyafrin B as it would not be expected to‘show a two
: ' 4 ) ' -
proton singlet at 6 2.21 (signal j') in its nmr spectrum.

It should display a signal around & 6 due to the vinyl pro-

ton on C-2. We are thus led to propose structure 21 for

89
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/
cyafrin B .

y

It should be noted here that cyafrin B 1is
y ;

not identical with the oxidation product obtained previously
from cyafrin A (see page 50). This provices additional

evidence that in cyafrin A the hydroxyl group is not loca—
4 »
ted on C—2, as was concluded before on the ba81s of spectral

evidence. \

Other metabolites

a

Throughout this Ehvestigafion it had been
noted that C. africanus produces various other compounds in
addition to the four major‘metabolites discussed thus far.
These ‘were sometimes.encountered as impurities during iso-
lations of cyafrin A and B and somet imes auring‘mass SpeC;
tral analysis of bangs from%prep. tlc which did not contain
- the major metabolltes. Most of these were found only in very
small quantities, and usua]ly were not analyzed beyond their
molecuLar formulas_(by hrms) . Below is a ljst of the apparent

formulas of the_minor'compounds encountered, arranged rough-

ly in order of increasing R value (in solvent system A:

f .
triple elution). o e @
R 0.0-0.2: C H 0,C H 0o,C H 0,C H O ,C H.0
f 23 34 5 23 34 6 26 36 3 23 36 7 26 38 8
cC H 0.

26 u0 8

- mysemgriene.

90

'%



R 0.2-0.4: C H 0,C-H O,c H O0O,C H o0,C 'H 0
f 20 26 2 20 26 3 20 264 20 28 2 20 28§
: a
C Ho,CH o .
20 30 5 20 32 4

R 0.4-0.6: C H o,C.H 0,Cc H Q,C H O,C H 0,
£ 20 24 3 20 24 4 20 26 3 20 26 4 20 28 2

C Ho,CH O,C H O.
20 28 5 . 20 30 4 22 32 4

R 0.6-0.8: C H o ,C H 0. .
£ 22 30 5 22 32 5

R 0.8-1.0: C H 0o,C H 0, C H O.
£ - 21 30 3 21 323 30 u6

\\

a ' ,
This compound was encountered increasingly 1n:g;Qp}es of

cyafrin B . If it is isolated in pure form it will not fit
o o i ~ .
conveniently into our present nomenclature system.

Of all these compounds only the ones between:

IS

R 0.8 and 1.0 have been examined in any detail.

f
.. =

. : A sample of C H 0 (éohtaining some
v 21 30 3 -
C H 0 according to ms) ‘was analyzed using nmr and ir; it
21 32 3

was found that the sPectral data were 1dentlca1 with these
of allocyathin B methyl ketal, as prepared by Taube7 9,
possibly contamigated with some cyathin A methyl ketal. It
was then realized that methanol ‘had been ised to a1d dis-
solution of the crude cyafrln from which thls compound had

been 1solated; apparently this treatment had been suffi-

.cient to convert some of the cyathins present -into their



methyl ketal derivatives. In later~separations, when use of

methanol was avoided, these compounds wére no ‘longer detec-
V- .
tEd.. ‘ . ) - ' \

.

The other c0mpound that was. studied further

is the one with Apparent molecular formula C H 0. Its massf

. : 30.46
PSpectrum is shown 1in fig.‘ 24, uxact mass determlnatlon of

the fragment of m/e- 229 gave ‘as atomlc compdsition C H . |
17 25
AThe ir spectrum of thlS compound;showed besides C-H and
o -1
c-C abSOrptlon band§: a strong absorptfon ‘band at 1720 em .

P4

//whlch 1nd1cates the presence of an unco%jugated ketons

-

~function. Uv SpeftPQSCOpy showed an aboorptlon max1mum at

\
245 nm, ‘but this was of such low 1nten31ty (e ~1500) that

it may well”have’been*caused by" an impurity. The‘total Ry
Y4 ’ T ¢ ) L , . o . ,
amount of thisfcompound present in crude cyafrin was teo

small to allow a more detalledystudy at the, tlme. Recently
: 27> '
. it hasgbeen shewn - that this compound, the major metabollte_

to be found\in thke myceiium of C. ‘lecanus, is glochidj?ol

(structure 24), molecular formula C H O . : PR

., 30 48 R ST

972

o
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Metabolites of Sphaerobulos stellatus

- \\\ .

b During the screening of the metabolltes of a
n s i\\“
number of species of blrd S nest fungl 1t Q@ \£§Pnd that a
AN \

crude ethyl acetate: extract_pf\s stei&agus showed some
‘_‘\\\“<~
antibacterial activity. It was &QCrded to- lnvestlgate these

metabolites as well. . Vt

A

S. stellatus Qas cultured under the same con-
ditions as described for C. africanus. Crude ethyl acetate
extracts were obtained as described for C. africanus} In
addition, the extracted culture was made. basic to pH 10 with

dilute sodium hydroxide and extracted with methylene chloride

to obtain any basic components.

The total amount of crude material isolated °
from S. stellatus per liter of medium extracted was rather .
low (only about 30 to’'50 mg per liter) compared to the 75

to 150 mg per liter we obtained from C. africanus.

The crude basic extracts were examined by
tlc (solvent ‘system C) and found to contain mainly hlghly
polar material (R. 0.0) ‘and one small spot at R 0.1. A
very small quantliy of this latter material wasflsolated by
prep. tlc (solventjsystem_b). Mass sPectroscopy indicated

a molecular weight of 168, apparent molecular formula .

C HN . It was not p0551ble to obtaln a good ir spectrum
1 2 ‘

gy



A}

on this small amount of material. Surprisingly for a com-
pound that appears to be highly unscturated, we could not
detect .y significant absorption in the uv Speétrum.over
220 nm. Later cultureé of the fungus did not produce this

compound, and it was not further investigated. , .

Preliminary investigation by tlc (solggnt

system C) of the crude ethyl acetate extracts revealed a

complex mixture, most of it with a low R value, but also
containing some less polar material. Pargial separation of
this mixture was achieved by means of a distribution be-
tween equal volumes of methanol (containing. 5% water) and

¥

Skellysolve B (a low boiling mixture of hydpocarbons). This

\

resulted in a large "polar fraction" and a much smaller

"non-polar fraction”.

Thev"non—polé# fraction" was examined by mass
specfroscopy'and uv. It was found to contain mainly dioctyl-
phthalate, a commonly used plasticizer which isvréadily re-
cognizable from ver - prominent peak in thé mass spectrﬁm
at m/e 149 and otier peaks at m/e 167 and 279. No other com-
pounds could be isolated in amounts suffigiehtbfor investi-
gation. Yo

The much lérgér "polar fraction" was subjected
to t}? examination using varigus solven% systems, with a

view to separating it by prep. tlc.,@sweVer, none of the

-

95



systems used appeared to be capable of separating the con-
stituents. Usually a streak of material was found on tlc

rather than separated spots.

An attempt was made to achieve some separa- -
.tion of this mixture by column chromatoéraphy, using silicic
acid as adsorbent, and eluting with chloroform - methanol
mixtures containing an increasing percentage‘Af methanol (up
to 20%). Numerous fractions were collected, and those con-
taiﬁing visible amounts of material after evaporation of the
solvent were’subjectéd to mass spectfal analysis. Peaké were
found at m/e 386, 368, 260, 170 and 103. However, dufing an
attempt to'obtaih the atomic composition of these peaks only
the.peakiat m/e 103 was reproduced. Its molecular composition
‘was found to be C H703. The total amount of material isolated

y . A

in this way was very small; the bulk of the material could

only be recovered from the column by eluting with pure metha-

T

nol.

It thus appeared that most, of the material Qas
highly polar. It was ¢onsidered that acetvylation of this po-

lar mixture would result in reduction of its polarity and

-

thus perhaps facilitate separation. Also this would facili-

tate the use of gas omatography (gc) as an analytical and
g graphy (g -

preparative method.

Acetylation df:the—miktube'was achieved in the
: !

96



usual wey,'using a large excess of pyr udine - gcetic anny~
dride overnight at room temperature. The 5eagcnts.were 55-
moved by adding toluene and distilling the.miXed solvents
under reduced pressure, repcating this scveral times until
the residue appeared to be free of the reagents.

o - R -
The acetylated mixture was used for trial se-
» .

parations using gas chromatcgraphy (gc). The best separation

8

was obtained using an OV 225 column (3% on{chromosorb W) of.
_ o o o, _
7' x %" and temperature programmlng (100 —220 C at 2 C per

minute). In this way as many as thirteen peaks could,be e-

n

tected (fid detector) in the mixture, one of &hich,(at a

AN

short retention time) was.by far-the largest. = . - S «3_:

Preparative gc¢ was first investigated as a

method of, isolating this compound. However, it was found that

material collected in this way, when be—examinedAby analytisf

cal ge, no longer contained this component; apparently“it = = C o

decomposes during gas chromatcgfaphy. o : A
s Prep.'tlc was next investigated, eebarationt ,‘ .
‘ - ) ' )
being monitored by isolation of’separated"bands and then

analysis of the mixtures obtained™from each band By gc.”Of
N i

several solvent systems tried ‘none gave a clean separation.

Finally the major componenf’was isolated by

column chromatogfaphy, u31ng 51lica gel G as adsorbent and

>
- » >

DA
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eluting it with pure chloroform-containing approximafely
0.75% ethanol as stabilizer. Under these conditions it was

the first compound eluted.

The ﬁéss cpectrum of the‘compound shows peaks
at m/e 158, %HS, 116, 115, 103, 87 and 43. Aside from the»
base peak at\%/e 43, the strongest peak is the one at m/e 103
which has anlatomic composition of C H O . The nmr spectrum
(see fig. 25) is very simple; a doub;e7p2akiat §2.05, inte-
grated at nine protons, a four proton triplet at &§4.20 and
a one proton quintet at § 5.22; The ir spectrum shoWedvab;
sorption peaks at 955, 1020, 1060, 1090, 1265, 1370, 1420 and

1745 em . No uv absorptian maxima were found abo%§*210 nm..

The'Specgra proved to be identical with those
of triacetylglycerol. Glycerol is one of the components of
the Brodie medium used for growiné S. stellatus. It thus ap-
peared that the mo;t abundant compound in the chde extracts
was not a metabolite produced by the fungus. Since minor
compounds were ~menable to-separation ané&¥since we had

no indication :? the presence of cyathin-1like -om>ounds, the

extracts were n- ex.mined further.



’

. .
e

Figure 28. Nmr spectrum of triacetylglycerol
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IV. DETAILED EXPERIMENTAL

Gencral remarks

The experimental data given in this chapter
are in many cases examples of experiments which were carried

out several times. The amounts used and the yields varied.

Spectral data presented in chapter ILI are
not repeated, but reference is made to the page where ‘they
. \ ’ . .

are recorded.

Growth Of fungi

3

The'procédures for growing the fungi that
were investigated are described under General Experimental.
The Brodie medium used contains per liter: glycerine, 6 ml;
peptone, 0.2 g; d,l1§sparagine, 0.2 g; yeast extract, 2.0 g3

MgSO. (anhydrous), 0.24 g3 Ca(NO ) .4H D, 0.5 g3 KH PO , 0.5
4 ‘ ' 32 2 2 4
g3 Fe (SO ) , trace; maltose, 5.0 g; dextrose, 2.0 g. For
2 4 3 ' ‘ .
. liquid cultures this was' made up to one liter with distilled

water. For solid media 15 g bacto-agar was added, and dis-

)

tilled water to make up one liter.

The procedure used for preparing crude ex-

tracts is also given under General Experimental.
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Isolation of crude.metabolites

Crude cyafrin was frced from highly polar ma-
terial by the ether - water partition procedure described
previouely. The resulting partially purified cyafrin was
dissolved in a small volUme of methylene chloride and chro-
matographed on prep. tlc plates of. 100 cm lengtﬁ applying
0.5 g cyafpin to each plate. The plates were developed with

solventsystem A (triple elution). Three bands, at. R 0.2,
f

O.u andAO.S were premovéd from the plates and eluted to yield,

after evaporation of the solvent on a rotary evaporator,

crude cyafrin A , crude cyafrln B and crude cyathln A/
b 4 ' _ 3
‘allocyathin B mixture respectively.
3 : -

Acetylation and purification of the crude cyathin A, / allo-

cyathin B, mixture

¢

Crude cyathin A / allocyathin B (50 mg) was .

oo 3 3
‘dissolved in 2 ml of pyridine. Acetic anhydride (1 ml) was

added and the mixture was allowed to stand overnight at room
temperature. Toluene (15 ml) was added and the mixed solvents

. were removed by evaporation under reduced pressure using a
. . o “

rotary evaporator. This toluene treatment was repeated three

Ve
-

times. The pesidue was taken up in methylene‘chlobide and
chromatographedxon one 20 x 20 cm prep. tlc.piate (solvent
system A). A band &t R 0.7 was removed from the blate and
eluted to yield, afterfevapoﬁation of—the-SOIVent; 15 mg of

102



a3 : 4 mixturegof 0,0-diacetyleyathin A and 0,0-diacetyl-
allocyathin B . The mass spectrum of this mixture is shown

3 ) -
in fig..1. The nmrqépectrum is given in fig. 2.

fw

Purification of cyafrin Ay and cyafrin B,

o

Crude cyafrin A (200 mg, isolated from seve—
n
ral growths of fungus) was dlssolved in a small amount of

‘acetone and applled to two 20 x 20 cm prewﬁ tlc plates. These
-were developed with solvent system D. The band at R 0.6 was
removed from the plates and eluted with acetone. Affer evapo-
ration of the solvent. 1uo mg of purlfled cyafrin A was ob-
tained. The mass spectrum of this compound is showg in fig. 3.
Ir Spectra are shown in fig. 5 and 6. The nmr spectrumqis

N . ~

shown in fig.‘u. o , ' La
. . /\ ‘\

Crude cyafrin B (300 mg, isolated from seve-
ral growths) was diseolved'in.: small amount of acetone and
chromatographed‘on three éo‘x 20 cm. prep. tlec plates wiﬁh
solvent system c, quadruple elutlon. The band at/R ‘.4, af-
ter elutlon with acetone and evaporation of the solvent, ylel—
ded 94 mg purlfled cyafrln Bu. The ymass spectrum of this com-

pound is shown in.fig. 13. Ir spectra are shown in fig. 1u

and 15..The uv spectrum is shown in fig. 22.

4

103



»

'Acetylation of cyafrin Au.and exafrin B, \ .

: Crude cyafrin A (75 mg) was acetylated using
N . Y _
the procedure outllned for cyathin A / allocyathin B .. The
3 3
excess reagents were removed by repeatod co-evaporation un-

‘der reduced pressure with toluene. The residue was chromato—

“graphed on a 20 x 20 cm prep tlc plate u311g solvent system

Y
A. A band found at R 0.65 yielded pure O, O 0- trlacetylcy—
f
afrin A (45 mg)./fhe mass spectrum of this compound is
| Y

shown in fig. 7. The nmr data are given in fig. 8 and tables
T )

IIT and VIII. . . | -

Cyafrin B (30 mg) was acetylated in the same
, y » . .
manner. After removal of the excess reagents prep. tle (sol-

vent system A) yielded 0,0- diacetylecyafrin B (21 mg). Mass
B

spectral analysis of this materlal showed it to be impure.
Further purification was achleved by prep. tlc (solvent sys-

tem B, double elution) on a 5 x 20 cm plate. A band at R 0.5
T 2 | . f
7ielded pure 0,0-diacetyleyafrin B (8 mg). The mass spectrum
, 4 '
~of this ~ompound is shown in fig. 16.- The ir spectrum is

shown in “ig. 17. Nm% data are given in fig. 18 gndktable'IX.f

Formatior of scetonide of cyafrin Ay

‘~in A (15 mg) was dissolved in 2,2—dime?
Y
" thoxypropane ( = =0 which a few drops of acetone had been

added tc assi:t 4. . .7 on. A few smdll crystals of p-to-
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luenesulphonic acid were added. After 30 minutes the peaation
mixture was applied directly to a 5 x 20.cm prep. tlc plate,

which was developedluith solvent system A. The band at:R 0.5
yieldéd pure O,O—iSOpropylidénecyafriu Au (9 mg). The mags

spectrum of this compound is shown in fig. 9. Nmr data are

given in fig. 10 and tables IV and VI. ,

"Jones" oxidation of 0,0-isopropylidenecyafrin Ay

0,0-isopropylidenecyafrin A (5 mg) was dis-
u t

\J solved in acetone (0.2 ml). "Jones reagent” (8N Cr0 -in di-
' -3

lute sulphuric acid, 15 microliter) was added. The orange
, .

colour of the reagent changed to green. A small drop of 2-
proparol was added to consume excess reagent and a small a-

mount of‘Na‘CO was added to neutralize the soiution. The

2 3 :
"solids were filtered off and the reaction mixture was ap-

~plied to a 5 x 20 cm prep. tlc plate After develoPment.with

solvent system A, the band at R 0. 75 ylelded dehydrocyafrln
by

A acetonidé (approx.rl mg). For analytlcal data on this

4 o a .

compound see page 50. . A . L

Attempted dehydration of 0,0—isoﬁropylidenecyafrin Ay

0,0~ 1sopropylldenecyafr1n A (5 mg) and col-
v , y
~lidine (O 3 ml) were dissolved in @ small amount of methylene
chloride. Alumlna (Woelm neutral alumlna - grade 1, 0.5 g)

was added, and the methylene chlorlde removed Dby evaporatlon.,
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The résulting dry powder Qas heated at lBOOC feor 30_minutes,'
then extracted fipdt with 10 ml methylene chloride ahd

then with 10 ml-of methanol - The combined extracts were con—
centrated by £vaporation, Tlc examlnatlon of the residue
(solvent system A) showed nb spotStwith Rf greater than 0.0.
No starting matefial.could be détéctéd. This material was o

not ' further characterized.

Formation of l-chlorocyathin Aj acetonide

0,0- 1sopropy11denecyafr1n A (7 mg) wés dis-
solved in dry acetone (OV* ml). Pyrldlne (20 mlcrollter) was
added and the solution was‘cooled to O C an ice-water
bath, then 10 microliter of.freshly distilisd thiohyl'chlo—
.ride was added. After 50 minutes'thé reaction mixture was
applicd directly to a 5 x 20 ;m preph'tlc plate, which was
‘developed with solvent system A. The band at Rf 0.8 yielded
what is belleved to be 1- chlorOCyathln A3 acetonlde (2 mg)

The .mass spectrum of this- compound is shown in Flg. 11. The

nmr spectrum of thls compound 1is shown in flg. 12

Formation of methyl ketal of cyafrin By

Cyafrin B (90 mg, impure) was dissolved in
v " e

1.5 ml of a 2.5 N solution of HC1l in methanol. After 4 hours_/\v)
- the reaction mixture was applied to a 20 x 20 cn prep. tlc

plate;_After’development'with solvent system A (double elu- <

Q
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tion) a band at R 0.4 gave cyafrin B methyl ketal (45 mg).
£ - 4 | .

-
~The mass spectrum of this c¢ ound is shown in fig. 19. The
Q and 21. The uv spectrum is

ir spectra are shown in fig.

shown in fig. 22. Nmr data are given in fig. 23 and table X.

Isolation of triacetylglycerol.

Some of the methanol soiﬁble.fraction of. the
ethyl acetate extract from S{ stellatus was acetylated as
described for cyathin A3 / allocyathln BB. About lOO mg of
this aéetylated crude was chromatOgraphed on a column of si-
lica gel G (E. Merck), 1 cm diameter, 10 cm high. The column
‘was eluted with chloroform (containing appp;x. 0.75% -ethanol
" as stabilizer). The fractions which were‘collected were ana-
lyzed by glec, unders.conditions described on page 97. The
fiprst five fractions'yiggded; after e&aporation of the sol-

‘vent, glycerol triacetate (33 mg). The nmr épectrum of this

compound is shown in fig.'28.
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