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ABSTRACT

The metabolites of Cyathus helenae have been sep-

arated by chromatggraphic methods. The following compounds
have been isolated from the crude extract called cyathin:.
ghromocyathin (é)' patulin. (%%), cyathin By (C20H2803),
cyathin Cg (CZOHZGOS)' allocyathin A, (020H3004), cyathin
By (C20H2804), cyathin.A3 (C20H3003), allocyathin B3
(C20H2803), and cyathin A, (C20H3004). Patulin was iden-
tified by spectroscopic methods, chromocyathin was shown

to be 2,4,5-trihydroxybenzaldehyde by Specﬁroscopic methods

and by synthesis. 0
O
HO CHO J
. = s
HO OH, o 0~ \OH
S5 . 14

The structure of allocyathin B,, which exists '
in solution inlgquilibrium-between_the tautomeric forms
49 and 41, Qas established by spectroscopic investigations
of the parent compound‘and of its diacetyl aﬁd methyl

ketal derivatives.




| iv.

The spectroscopic data suggested that the keto
form of cyathin Aé has structure g%. This was confirmed
| by correlation of cyathin 24 with allocyathin B, via the

hydrogenation product 3Q.

50

These assignments were confirmed by X-ray analy-

sis which also established the relative stereochenistry of

the hemiketal form of cyathin A, as in 46.

46 | 52
It is believed that the other Czo_compounds also

possess the novel diterpenoid carbon skeleton R
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1. INTRODUCTION

fIn 1965, Brodie discovered a new species of
fungi growing in the Canadian Rocky Mountainsl. He clas-
sified this fungus as belonging to the class Basidiomy-—
cetes, subclass Homobasiaiomyéetes, order Gasteromycetes,
family Nidulariaceae (Bird's nest fungi), genus Cyathus,

and gave it the name Cyathus helenae. This strain was

found at an altitude of 7,000 £t near Mountain Park,
Alberta, and was given the number 1,500 (Brodie Herbarium

_pumber). Subsequently c. helenae was also found at the

following localities: ‘Gillam,‘Manitoba; Drumheller,
Alberta; the banks of the Miette River near Jasper,
Alberta; and Elmbre County, Idahoz. Only cultures of
strain No. 1,500 were used throughout the work described
in this thesis. |

Olchowecki3 succeeded in growing C. helenae

in culture and obtained monosporous mycelia. He then
investigated“the mycelial characteristics and sexuality
patterns of this culture and in the course of these inves-

tigations observed that a haploid culture of C. helenae

No. 1,500 exhibited antagonism to a bacterial contaminant.
Following up this accidental observation, he found that a

substance (or substances) produced by C. helenae affected

the growth of a number of unidentified as well as identi-

fied bacteria. Tests were then carrled out with other
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species of Cyathus: ' C. striatus, C. limbatus Tul. and

C. poeppigii Tul. showed similar bacteristatic activity,

whereas C. pallidus Berk. et Curt., C. bulleri Brodie,

C. berkleyanus (Tul.) Lloyd and C. stercoreus (Schw.) De

Toni did not. Olchowecki suggested the adoption of the
name "cyathin" to refer to the antibiotic substance or

substances produced by C. helenae, C. striatus and other

species of Cyathus.

In 1952 Wilkins4 had reported that C. striatus

prodﬁces antibacterial substances. However, these were
‘not further characterized.

Olchowecki carried out what might be considered
the first chemical experiment of cyathin: autoclaving for
10 minutes at 120°., After this treatment it retained its
biological activity, suggesting that its chemical constitu-
ents are heat stable.

5,6,7

Johri continued to investigate the anti-

biotic activity of C. helenae and recorded an antimicro-
bial spectfum using a large number of microorganisms
(actinomycetales, gram-positive and gram-negative bacteria
and fungi, including "dermatophytes"). Cyathin'was‘found‘
to be active against the majority of these;

The method devised by Johri to isolate the anti-
biotic substance(s) from liguid cultures is still in use
to date: the mycelium is removed by filtration and the

broth is subsequently extracted with an equal volume of
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ethyl acetate. The activity of cyathin is assayed by a .

paper-disc agar-plate method8 using Staphylococcus aureus

as the test organism. The diameter of the inhibition zone
is indicative of the antibiotic activity of the material
tested and thus can be guantitatively related to the con-
centration of the antibiotic in the particﬁlar solution.

At this point, it became desirable to charac;
terize cyathih‘chemically.' For this purpose large quanti-
tiés of active substances were needed. These were obtained

by growing the haploid strain No. 1,500-~102 of C. helenae

"in a number of 500-, 1,000- or 2,800-ml Fernbach flasks
(about 20 at a time), each being filléd with 200, 400 or
1,000 ml of liquid medium, respectively. Originally a
modified.Berie medium was uséd: dextrose, 20 g; yeést
extract, 2.0 é; asparagine, 0.2 g; peptone, 0.2.g; glycerol,
6 ml; KH,PO,, 0.5 g; Ca(NO3), ° 4H,0, 0.5 g; MgsSo, - 7H,0,
0.5 g; Fe,(S0,), trace; distilled water to make 1 liter.
Later a chemically defined medium was substituted: dex-
trose, 30 g; as?aragine,-l.s g; KH P04, 1.0 g; Ca(NO3)2 .

4H,0, 0.5 g; Mgso, - 7H,0, 0.5 g; ZnSO, °* 2H,0, 0.25 g;

2
thiamine hydrochloride, 0.15 g; distilled water to make 1
liter, |

It was soon realized that the yields of cyathin
both in terms of biological activity and weight of crude

extract varied from batch to: batch. Moreover, the compo-

‘sition of the extract was far from constant- some compon-
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ents present in early extracts were not observed in later
ones and new components we;é obsefved; The failure of
the fungus to produce the desired material consistently
has been attributed to changes in the chemical composi-
tion of the medium, and particularly to a phenomenon
called "sectoring", i.e. micro- and magroscopic morpholo-
gical variatidns of the mycelium, whose génetic basis has
not been determined. This phenomenon had been previou#ly

2,3

observed by Olchowecki on solid media.

Johri’’©

undertook an exhaustive study of the
-chemical and physical factors influencing the growth and
metabolism of the fungus, with the goal of optimizing and
stabilizing the yield of the antibiotic complex. Static
culture was compared with shake culture; the composition
of the medium, the hydrogen ion concentration and the
hours of light and darkness were changed systematically;
the influence of various micronutrients, vitamins, carbon.
and nitrogen sources was evaluated. The tests were car-
ried out in 125-ml Erlenmeyer flasks as culture veséels.
To date, the knowledge gained from these investigatioﬁs,

. however, has not been applied to large-scale produétion,

It seems that with time the yields have become less reli-

able.  2An undetermined factor such as genetic stability may

be responsible for the problem. It should also be mentioned

‘that a number of different peopie have been involved in
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the production of the cyathin complex at different times:
br. B. N. Johri of the Botany Department, University of
Alberta; Dr. A. D. Allbutt, M. Ouellet and P. Yao of this
Department; and Dr. C. Vezina of Ayerst Laboratories, |
Montreal. The changes in yield and composition might in
part be due to this.

Because of technical problems and our lack of
expertise in the area, it has not been possible as yet
to produce large amounts of crude cyathin, Partly for
this reason, our knowledge of the constituents of what
has been called "crude cyathin", "cyathin complex" or
“"antibiotic cyathin®" has advanced rather speradically.

The purpose of the work reported in this thesis
was to separate and characterlze the active constltuents
of the cyathin complex and to determine their structures.

Four examples of metabolites isolated from
fungal sources are listed in the Chart. Two of these are
well-known antibiotics: penicillin G (&)9, produced by

Penicillium notatum, biogenetically derived from amino

- acids, and griseofulvin (%)9, produced by P. griseofulvum,

‘derived from acetate units. The antibiotic LL-21271lc

(%)10' produced by an unidentified Acrostalagamus SPecies,

and diacetoxyscirpenol (é)ll, produced by Fusarium sambu-

cinum, have terpenoid structures.



CoHCHoCHN
0]

it is apparent from this brief list that fungi
produce a wide variety of metabolites. Therefore, we had
to be preparéd to encounter compounds belonging to any
class of hatural products when we first started to inves-

tigate cyathin.



1II. RESULTS AND DISCUSSION

Characterization of Crude Cyathin

A dark-brown ethyl acetate solution of cyathin
contalnlna some undlssolved material was received from
the Botany Department in May 1968. After removal of the
ihsoluble material by filtration, evaporatlon of the sol-
vent gave material whlch we shall call “crude extract",
weighing 3.68 gd. olublllty tests with small samples led
to the following results: the material was soluble in
'methanol,.ethanolhand acetone' partially soluble (as
judged by the fact that the solvent became colored) in
chloroform, methylene chloride and ether, 1nsoluble in Skelly-
solve B (a nixture of saturated hydrocarbons, bp 65°C)
and water. Considerable amounts of a sample were also
soluble in dilute sodium hydrox1de solution; however, it
‘seemed that the materlal decomposed in alkaline solution
since, with time, the solution toock on a number of dif-
ferent colors..

wpartially purlfled material® was.obtained by
borllng the crude extract w1th a large amount of .ether
(0.58 g/600 ml ether) in the presence of charcoal, remov-
ing the insoluble fraction by filtration, and then remov-=
ing the solvent by evaporation. Microanalysis of the
residue gave the following results: C 63.9%; H 7.2%;

N 0.5%; O 28.4% (by 1mp11catlon). The amount Of nitrogen
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appeared negligible; on the assumptidn that no elements.‘
other than carbén; hydrogen and bxygén are present, the
following gross molecular fo;mula results: (C$.3H7.201;8)x.
The low value for nitrogen excluded the possibility that =~
the antibiotic substance is composed of alkaloids or pep-
tides.

The "partially purified material” was subjected'
to routine spectral measurements. " Both the ir and nmr
spectra shéwed broad absorptidg bands, suggesfing that
the ﬁéterial was still impure.' Thekir, however, did show
hydroxyl and carbonyl absorption (3200 - 3500, 1720 em~ly.

The mass spectrum showed a base peak atvm/e 154.
The ulﬁraviolet; spectrum was very characteristic. 1In
neutral ethanol there were absorptiqn maxima at(24l,_2811
and 355 nm. These were shifted to. 256 and 358 nm in
dilute ethanolic éodium hydroxide. Such behavior is typi-
cal of phenols, a conclusion that was supported by the‘
fact that the material gave a pqSitive ferric dhloride'

test.

Isolétion and Structure of Chromocyathin

Although the subétahce which gave rise to the uv
absorption was not necessarily the biologically active
one, it was decided to first isolate this component, since
it.was easy (by uv) to locate it in individual fractions

during the separation procedure. It was latét found that
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monitoring of the fractions by physical methods was in
fact more useful than by biological methods, since a num-
ber of components in the extract gave positive biological
tests. These were, therefore, not useful guides to purity.
The substance poésessing the uv chromophore waé
called chromocyathin, Preliminary tests had indicated
that it was a phenol, and it.should thus be possible to
purify it by ordinary acid-basé éeparation.
_ Such treatment, however, gave rather poor‘results,
probably due to the material‘s-insﬁabiliﬁy in alkaline
solution. Pure chromocyathin’could not be obtained in
this way. | .
Separations of solids may be effected by selec-
- tive removal of a componént‘from a mixfure by crystalliza-
tion or preéipitation. Sﬁch methods are at beét‘oniy’semi—
systematic and were therefoie considered unsatisfaétory.
| $he more modern chromatographic techniques seemed
more appealing since attempts at seéaratibn caﬁ be pursued
more methodically. Gasidhfdﬁatbgraphy was studied briefly
but was soon abandoned because Of:thé'lack éf volatility
of the extract material.
: Liquid-solid chromatography, both colﬁmn (sol-
vent deéceﬁding) and thin-layer (solvent ascending), was
-explored next. Polyamide and alumina were not employed

as adsorbents since the uv spectrum of a methanol solu-
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tion of the crude extract changed drastically on contact
with these adsorbents. This indicated that chromocyathin
decomposed or was so polar that, after contact with these
adsorbents, it could not be eluted from them. When a
solution of the crude extract was stirred with silica gel,.
the. uv spectrum remained unchanged. This adsorbent there-
fore appeared well suited for chromatographlc separations
and has been used almost exclusively for all subsequent
work connected with the cyathin problem. A

. The crude extract was subjected to column chro-
.matography,on silica gel or silicic acid (the latter being
a silica preparation of smaller grain size than the former),
and the fractions eluted were monitored by uv spectrometry.
Tt was found that on silicic acid the solvent system
chloroform—hethanol (98:2) separated chromocyathin most
selectively. However, by employlng preparative thrn-layer
chromatography (ptch crystalllne chromocyathln could be
obtalned more conveniently, as was shown by Dr. A. D.
Allbutt of these laboratcries.

This material was further purified by recrystal-
lization from acetone-heptane. Chromocyathin proved to be
rather insoluble in -chloroform, and it was subsequently
found that rather pure chromocyathin could be obtained by
simple trituration of the total crude extract with chloro-

form.
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the analytical sample was prepared by sublima-

tion, followed by crystallization from.methan)l-chioroform,
to yield yellow crystals, mp 216-219°, dec. The pure"
material had essentlally the same uv spectrum as the crude
extract: A . (methanol) 241,282,350 nm. The peak at
m/e 154 in the mass spectrum of the crude extract proved
to be the parent peak of chromocyathin. Exact mass deter-
mination of the peak at m/e 153 showed that this ion had
the composition C7HSO4; consequently, chromocyathin nas
the molecular formula C,HO, ;
‘ The nmr spectrum, determined in hexadeuterioace-

tone, consisted of three sharp singlets at 6'6.42, 7.14
| and 9.75, the ratio of the 1ntegrated areas being 1: 1:1.
The two former peaks are characteristic of aromatlc and the
latter of aldehydic protons. Since the aromatic protons.-
show no coupling with each other, they mnst occupy}gggg‘
positions of a benzene ring. The remaining three protons
appear sometlmes as broad bands at ) 3 5 and 11.1; at other
times they could not be detected. This was taken as an
indication that they were present as hydroxyl protons.
It follows that chromocyathin must be 2,4,5-trihydroxy-
benzaldehyde (§), a compound first described by Gattermann

et allz.

HO - _CHO

HO OH
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Thisvassignment was confirmed by synthesis
~ according to Scheme I, which was accomplished without

difficulty since all reactions are well documented:

Scheme | |
o OAc Ref.
(CH,C0).0 OAc
—2
~ .OAc -
| . o .
AcO HO '
AcO oac H2S504 HO” " ~OH
7 | | 8 '
HO dzncN) HCl_ O CHO
. Py o> 12,
HO OH iiyH,0, HCI HO~ OH ig,
' 5

8
Use of the troublesome cyanide reagent was sub-

sequently avoided by following a procedure published by

H. Gross et al:

“OD\ IHCOE)s, AlCl; ”°:©:CHO
HO 7 ~0H “)HZO_’ HG HO OH T 17
8 5

‘Mass, ir, nmr and uv spectra of natural and
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synthetic‘samples were indistinguishable. Both samples.
also had the same melting point 216-219° (reported 223°12 17).
| however, since melting was accompanied by decomposition,
‘the melting behaVior was not considered an absolutely
reliable characteristic.' 2,4 S-Triacetoxybenzaldehyde was
therefore prepared as a derivative using standard proced-
ures, Recrystallized samples of the natural and synthetic
series both melted. at ll4-ll$° (reported 115°18). The .
- melting point of mixed-samples-was not. depressed
| Thus, the structure of chromocyathin is unequi-
- vocally established as g
Both natural and synthetic F] were found to pos-
sess some biological actiVity (Appendix 1). a proposed-
-biogenetic pathway to patulin (l%), a metabolite of

Penicillium patulum, is outlined in Scheme II 19

It is. conceivable that chromocyathin (é) consti-
- tutes a biogenetic intermediate between gentisaldehyde
(12) and the ring-opened compound lé It is therefore.
tentatively suggested that chromocyathin is derived bio-

synthetically from acetate building blocks via intermedi-

ates 9, 10, 1} and 32.
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Scheme |l

Acetate —> -—> -—>
COH coaH :

OH

= OH
CHO CHO CHO
_.’ _9OHC —
| Y com : "
_ OH 4
1 12 | 13
- -
OH OH COH |
N0 . AN\ FA o
HoHC . | e —
HOLC 0~ \OH
. : . -

{3a 14
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Chromatographic Separation of the Cyathin Constituents

Johri®’? has shown by a method called bio-
autography that chromocyathin was not the only active
. principle of the crude extract. ansequently,.we turned
our attention to the chloroformésoluble.portiéh of cya-
thin. Spectral_examination indicated that thislébftion
was heteroéeneous; thin-lé&ér chromatography bn silica
gel indicated that themixture was indeed»compléx.

Liquid-solid chromatography was chosen to bring
about separation of the complex mixture; we restriéted'
ourselves to the use of silica gel (or silicic acid) as
adsorbent; both thin-layer and column chromatography 
were employed. o

Initially, both methods were used to effect a
rough separation. Lateﬁ on, it became apparent that col-
umn'chromatography was more economiCal'and'léSS skilléA
demanding; it therefore bécéme thé preférred method to
achieve preliminary separation of the complex intq'crﬁde,
partially purified fractions. ‘ |

As mentioned earlier, the yield and compositioﬁ
‘of the cyathin extract varied from batch to bétch. Approxi-
mately 20 such batches were produced during the timé of
my association wiéh the problen. The-detgils of-the
separation of a few of these cultiVatiéns_are given in

the Experimental section.
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In order to obtain fractions consistent to at
least-some-deoree, they were grouped according to polarity
(1n the sense of chromatographic mobility). Cyathin Bj,
chromocyathln,and cyathin A, (terminology described below)
) were constituents of the crude extract'which did occur
with a high degree-of regularity and served as reference
compounds. Ordinarily, cyathin B3 was the least polar and
cyathin 4, the most polar (except for nonmoving material)
component; chromocyathin is of intermediate polarlty and
is readily detected by its distinctive uv spectrum (as
well as by other characteristics). ‘Components with a
polarlty similar to cyathin 33 ‘are placed in group I, those
w1th a polarlty similar to chromocyathln in group III, and
those with a polarlty similar to Cyathin A4 in group V.
Components w1th 1ntermed1ate polarltles constltute groups
11 and IV. Solvent systems such as benzene-acetone-acetic
acid (70:30:1) (B) , chloroform-methanol k90:10) (1), and
acetone-Skellysolve B (3:2) (N), when employed with silica
gel tlc plates.were found suitable for separation of the
cyathin components. These solvents were used to determine
the polarities»or Rf-valuesb(distance travelled by test
component/distance travelled by solvent front) of the
cyathln components.

Column chromatography was carried out on silica

gel (40 parts adsorbent :1l part cyathln). Chloroform
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(containing the amount of ethanol present in the>commercial.
product, 0.75%), chloroform-methanol (98:2) (G), and chloro-
form-methanol (95:5) (H) were used as eluents. The elu-
tion process was monitored by tlc.aﬁd the individual
fractions were assigned to one of the five polérity groups.
Constituents of groups I and II were eluted by chloroform,
those of groups III and Ivay solvent system G, and those
of group V by H. |

Ptlc on silica gel G impregnated with an inor-
ganic phosphor was employed as an'alternaﬁive method to
effect initial separation of the cyathin_complex.. Benzene~
dioxane-acetic acid (100:25:1) (a) and benéene-acetone—
acetic acid (75:25:1) (C) were used as deﬁeloping media.
Bands corresponding to the various constituents were
detected under short-wave uv-light (254 nm). An example
of both separation methods is given in the Detailed-
Experimental. As mentioned earlier, thé'crudé extract
is of variable éomposition, ahd,therefore;the separation
results differ from batch to batch. |

Fractions obtained from an initial sépatation
often constituted mixtures (groups II,:IIi and 1IV) or
were at least still impure (groups I and V). Ptlc Was
employed, sometimes repeatedly, to achieve further puri-
fication. A fraction was considered chromatographically

pure if it gave rise to only one spot on tlc. It should
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be noted that.chromatographic purity is-not'identicaln—
with absolute purity; material pureiaccording-to chroma-'
tography might still be heterogeneous by other crlterla.

Chromatographzcally pure substances were sub-
Ajected to hlgh resolution mass spectrometry (hrms). Their -
molecular formnlas were found by determlnlng the composz-
tion of the ion whlch gave rlse to what appeared to be
the parent-peak.. No attempt was made to confirm molecular
formulas by microanalysis since it was uncertain whether .
the‘samples would meet the stringent requirements of
purity, and since the amounts of sample-available'were’
often llmlted | |

Most of the components of cyathln turned out to

be of the comp051tlon C The follow;ng system of»

20 X y
trivial nomenclature has been . adopted.- Compounds where
x = 30 are called cyathin A, where x_=:2$,'c§athian,'and
where x = 26, cyathin-0; The value ofay appears as a sub-
script after the capital letter; e.g. cyathin Cg is
CZOHZGOS Isomers of the first isolated cyathlns are .
-placed in the allo series; e.g. both cyathln A.4 and. allo-
cyathin A, have the molecular formula C,pqHzoOp.

Table I lists the constituents which have been
isolated from the crude cyathin extract.

The mass and ir spectra of cyathin Bj, allo-

cyathin A,, cyathin C., cyathin B, and cyathin A, are
4 5 4 4
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reproduced in -Figures 1;10. . VSpe'ctraf of -cy‘athin cs’ and »
cyathin By were provided by the courtesy of Dr. A, b,
Allbutt. It should be understood that the samples were |
- not necessarily chemlcally pure. However, the - spectraA
”,mlght be useful for future reference. Cyathin A3 is not
| included here, slnce it wil; be'd1scussed in more detail
below. | | | »

Patulln (14) ., recognlzed by lts mass, ir, nmr
~and uﬁ spectra, was 1solated from two- batches grown by
the Ayerst Léboratorles. It is possible that its occur-
rence may be due to contamlnatlon of the’ fungal culture,
although this remalns to be proven. The fact that chromo—'
cyathin may be an 1ntermed1ate 1n the blosynthe51s of
patulln opens the p0551b111ty ‘that the .growth condltlons
used ‘by the Ayerst‘workers were sufflclently dlfferent to
cause transformatlon of chromocyathln into patulin. It

-should also be noted that no . chromocyathln was 1solated

‘from the two Ayerst,preparatlons.‘
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Figure 7. Mass spectrum of cyathin'B4 -
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.The.strnctnre.prCyathin.A3.and:Allocyathin.B3

1) “AjQMixture"
A substance similar in polarlty to chromocya-

thin was detected in most cultivations of Cyathus helenae.

When fraction III (group III) from the crude chromatogra-
phic separation was subjected to preparative thln-layer
Achromatography on silica gel, this substance was obtalned_'
in chromatographically'pure form (single spot on slllca
gel tlc). The mass spectrum had the parent peak>at'm/e
318, the exact mass correspondlng to the comp031tion
02033003. According to the convention outllned earller,
the substance was called "cyathln A3f. | |
Reactions such as acetylation, cataiytiC'hydro-
genation, and sodium borohydride reduction were7carried..‘
out with "cyathin A3“, resulting in the formatlon of the'
correspondlng acetylated, hydrogenated,and reduced pro- |
ducts. As was the case with “cyathln A3" 1tself, none
of the derlvatlves were crystalline except for small
amounts of one of the hydrogenolysis products obtéined
from acetylated “"cyathin Ag";' The absorption bands in
the ir spectra always appeared rather broad, and the mass.
spectra showed many peaks wﬁich were difficult to . inter-
pret (e.g., peak at Mf-Z). ‘The nmr spectra could be

analysed to some degree but usually showed some anomalies.
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Also, the spectra were not always reproducible;
in one particular case, the mass spectrum of the diacetyl
derivative of "cyathin A3" failed to show the previously
observed parent peak at m/e 402 (318 + 2 x 42), but gave
an apparent parent peak at 400. |

These facts suggested that "cyathin A3“ was not
homogeneous.

When the nmr spectrum of the diacetyl deriva-
tive was carefully reexamined, it was found that a complete
analysis of those signals which are well defined was pos-
sible, if it was assumed that "cyathiu A3" was a mixture
of two compounds: compound A ahd irs dehydro derivative,
compound B. The 220 MHz nmr spectrum is reproduced in
Figures 11 and 12. sSignals attributad to compound A are
analysed in the lower row, those attributed to B in the
upper ‘one. 1In this particular instance, the ratio of
amounts of compound A : compound B is approx;mately l1:1,
as estimated by the 1ntegratlon of the peaks. More often,
it was in the range of 2:1 to 4:1, the compound giving
rise to the two.additional~signa1s y and z being the minor
component. |

The mixture then became known as the “A3-mixture";
consisting of a major component A3 and a minor component
A3'. .

When analytical tlc experiments with "A,-mixture"
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were repeated, it was found that two spots of different
color could be obéerved,on the chromatogram if the detec-
tion method (spraying with 30% 32604,followed by heating)
was followed carefully.- (If not observed immediately, the,
original two spbts merged into one black, somewhat enlarged
spot.)A These overlapped so much that a useful separation
could not be accomplished. The more elaborate techniques
of multiple or two~dimensional development, as described
by Stahlzo, did ndt leéd to appreciable improvement.

In natural product chemistry, chromatography on
silica;gel.iﬁpregnated-with’silvgr*nitraté has been used
to éeparate compounds with iSoméri¢»double bondszl; Com-
pounds in which the double bond is more exposed (monosub-
stituted > disubstituted > trisubstituted > tetrasubsti-
tuted) are more strongly adsorbed by the argentated silica
gel due to rn-complex formation; the differing degree of
adsorption is exploited for separation. Similarly, an
unsaturatéd-compound is ﬁore strongly adsorbed than a saéu—
rated compound of the same series. Reference 22 gives an
examplé from the steroid field. 1In lipid chemistry, chro-
matography on argentated silica gei is a standard method -
for separating fatty acids of differing degrees of unsatu-
ration, or cis and trans isomers of fatty acids. Both

23 4

coLumh and thin-layer chrom.atpgraphy2 have been used.

These reports led us to anticipate that a .much
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improved separation of the "A3-mixture" would result from N
chromatography on argentated silica gel. Consequently,
the effectivenéss of analytical tic on silica'gei impreg-
nated with 1%, 2%, 5%, 10% and 25% silver nitrate waS-sys-;
tematically investigated. Separation of the two compounds
of the "A3-mixture" was improved in.this order; however,
the spots resulting from chromatography with silica gel
impregnated with 25% silver nitrate werelill.defined.
silica gel impregnated with 10% si;ver nitrate appeared
-to be the adsorbent which gave optimal results and has
been used for all subsequent chromatographic work,vboth
for analytical and preparative purposes, using eithet
column or thin-layer chromatography. o

The influence of a number of solvent systems on
the gquality of separation was also investigated. A chart
published by Neher25 was very helpful in correlating tﬁe
polarities of different solvent systemé,. Acetone -
skellysolve B (3:2) (solvent system G) appeared superior
to systems such as ethyl acetate - Skellysolve B (3:2),
or acetone - ether (3:7), when used in the tlc work.

Keeping in mind tﬁat theory predicts that the
less polar component would be the more saturated one, it
can be concluded that the component corresponding to the
spot with the higher Rf-valuevshould be the major compon-

.ent A3 , whereas the minor component A3' should have the
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lower Rf-value. .

Under optimal conditions, the Rf-value of ghe
major;component A3 was 0,60; that of the minor component
A3', 0.51,. Such a difference in the;gf-valug should,be_
sufficient to allow easy preparative separatibﬁxﬁy both
thin-layer and column chromatography.

For aﬁalytical purposes, the same detection
method (spraying:with 30% HZSO4) as for ordinary tlc was
used. The component with the higher.Rf—value takes
longer to develop a color. At first the spot is rpsé-réd,
then gradually turns black. The éiower—moving component
stains much nmore rapidlj and its color is much deeper, a
dark purpleéblue. The difference in intensity gives the
impression that the more polar material is the major com-
ponent; However, the fact that it chars more rapidly must
be due to the additional unsaturation.

Initially, no report of a  nondestructive detec-
tion method in cqnheétibn with tic on argentated silica
"gel could be found in the literature. Séparation by col-
umn chromatography was attempted. Using Skellysolve B =~
acetone'(3:lf (M) as a‘developing solvenb the Rf-value of
the two components was of the order of 0.05. This sélvent
should have the right elutropic power to effect separation.

.'When the experiment was actually carriéd’out, it

was found that solvént system M was still too polar and
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no senaration was achieved; when Skellysolve;B“- acetone
7:1 (K) was used instead, a number of fractions was
obtalned contalnlng the major component in excellent pur-
-ity, as ev1denced by tlc. To our delight, one of the
fractions crystalllzed spontaneously when left unattended -
overnight. However, the minor component could not be_'
obtained in such high purity, although the later fractions:
were highly enrlched in this material. .

Repeated application of this method could pro-
bably have achieved separation of the minor component in
high purity. ‘However, the process would have been labori-
~ous., It was elso anticipated that each purification step
would_result in some losses and that eventually the
desired component could have been isolated,but in very
poor yield.

. The literature was again searched for nondestruc-
tive detectlon methods in connection with argentatlon
'chromatography. One artlclezz reported the use of a 10%
aqueous solution of potassium bromide as a spray reagent.
Supposedly, the adsorbent layer becomes dark grey (due to
formation of elemental silver) on which the zones contain-
ing organic material stand out as white areas., However,.
when this method was used, no dark gray background was
formed and no spots could be detected.

26,27,28

Further literature search uncovered a
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method which proved successful: when argentated silica
“gel layers.are'sprayed-with a 0.2% solution of 2',7'-
dichlorofluorescein (or 2',7'-d1bromofluoresce1n) in
.ethanol, a plnk coloratlon of the layers occurs. This is
due to complex formation of the 81lver ions w1th 2',7'-
;dlchlorofluorgsceln. If organic materlal is present in
‘sufficient quantity, it is detected in the form of green=-
'.ish spots (zones) in ordinary daylight. The sensitivity
of the method isfincreased by observing the plates under
‘a uv 1smp (325 nm). Organic~compounds’then appéarvas light
spots (zones) on a dark~background; Ordiharily, Ehe quan-
tities separated were so small that detection could only
be achleved us1ng the v lamp.
| Chromatography-of the "A3-miXture“ under thess

~conditions led to a'géod-separation. The csmponents Were
eluted frdm—the adsorbent with ether, Inltlally, acetone ‘
- was . used for this _purpose, but proved to be unsatlsfactory
since thls solvent also eluted’ 2',7'-d1chlorofluoresce1n
- and traces of Sleer salts., The components obtained in
thisvway proved to be hgmogeneouS’on analytical tlc (si14
ver nitrate-silica gel)., The maﬁor compohent was shqwn
by hrmssto posséSs;the molecular formula C20H3003 and is
called cyathin;33. Tﬁe minor component has the molecular
formula CZOH28°3 and, since it was the second compdnent of
this composition 1solated from crude cyathln, it is named -

allocyathln B3
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2) ACyathin a,

¢yathin'A3 was further pufified:by crystalliza-
tion. Ifnfhe separation procedure outlined above was fol-
lowed, crystals of cyathin Ag were obtained qéné;steﬁtly.
Acetone and ether may be uséd for recryséallizétioﬁ
although cyathin Ay is fairly soluble in these solvents
and the recovéfy'is low. Cyathin 2, is much less soluble
in benzene and particularly benzene-cyclohexane mixtures.
These systems were found-more_suitable and were employed
to obtain‘large‘singie,crystals. .Single'crystals‘of
approximate size 0.1 k 0.1 x 0.1 mm, at anothér~tiﬁe
1.0 x 0.3 x 0.3 mm, were deposited from these.solvépts.
These crystals were suitable for X-ray crysﬁaliographic.
studies.

By determining the density and the dimensions of
the unit cells of these crystals, the molecular'weight of
- cyathin A5 was independently calculgted. A mixturé of
cycloﬁexane (@ = 0.78 g/cm3) and carbon tet:achloride (@
= 1.59'g/cm3) was adjusted so that the buoyancy of an
added cfystal was neutral. The density of the mixture
was measured in a pycﬁometer and found to be 4 = 1.157 g/
cm® (£0.002).

The crystallographic studies revealed that the
cyathin A3 crystéls belogged to the orthoroﬁbic systenm,

space group P2,2,2,. The unit cell had the dimensions
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= 18, 228, b = 15 105, e = 6 629 A (volume of unit cell
= 1825,1 a3 ). _
The molecular weight (mw) was - calculated accord-

ing to the formula.

= d x volume of unit cell x Avogadro number/number

of molecules per unit cell

Assumlng four molecules per unit cell, the molec-
ular welght calculated in thls way is 317. 85, confirming

- the mass spectrometrlc measurements.

The mass spectrum of cyathin A3 (Figure 13) has
_ an‘intense‘characteristic peak at m/e 191. The composi-
tion of the-corresponding ion is C14H23. This alioms the
tentative conclu51on that the cyathln A3 molecule is com—“
' posed of two: portlonSA va»large.C14H23 un1t contalnlng no
~oxygen atoms, and a small C6 fragment carrylng all three
oxygen atoms. However, 1t should be kept in mlnd that
hydrogen m;gratlon can’ occur, and, more serlously, that the
1arge fragment could ‘have 1ost small fragments (such as
H 0) durlng fragmentatlon, maklng 1t unsure that the three
oxygens are on the s;x-carbon unit. "
Peaks at m/e 303 (M - CHy), 300 (M - H,0), and
275 M - C ) indicated the presence of hydroxyl, methyl
and propyl groups in the cyathintA3 molecule.
| The ir spectrum of a chloroform solution of

cyathin A3 (Figure 14) displayed broad absorption bands.
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This was unexpected since the purity of the sample was
assured and, as a rule, pure sampies give rise to sharp
absorptlcn.bands. Absorptions at 3600 and 3400 cm -1 are
assigned'to free and hydrogen-bonded hydroxyl groups.
The broad band of medium intensity at.1650 em™t remained
unexpla_ned. c, C-Double‘bonds, particularly in the case
of enol ethers, and carbonyl groups of an a,B-unsaturated
ketone were considered as}poss1bllit1es.

Solid-phase ir spectrasof cyathin A were.
.obtained by employlng both the KBr-dlsc (not shown) and
'the nujol-mull technlques (Figure 15). vThe nujol spec-

“trum shows no absorption in the reglon 1600-1700.cm-l;

the KBr spectrum shows a broad absorptlon at 1650 cm 1
At ‘the tlme, this absorptlon ‘was attrlbuted to cyathln‘
Aé, but now_lt 1s;clear that‘lt'ls due to water present
in the KBr-disc.
A.Raman'spectrum,'obtained on a sample of
mlcrocrystalllne cyathln A3, shc;ed a rather sharp band

at 1653 cm~t with a shoulder at 1658 cm™ 1

, indicating the'
: presence of-twc C,C-double bonds.

"Hiﬁdsightsallows‘the.following interpretaticn'
-of the ir -and Raman spectra. in the solid state, cyathin
A3 has a masked carbonyl group which is partially unmasked
bln solutlon.. The pos;tlon of the carbonyl absorptlon,

below“1700,cm l, points to an_a,B-unsaturated carbonyl -
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‘group. The nnresolved‘absorption-bands of the Raman spec-
trum are attributed to two C,Cfdouble‘bonds;,-At the time
that the spectra were first determined, however,-it-was
not possible to reachftheseiconclusions and the spectra
caused considerable confusion.

The nmr spectrum (Figure 16) of cyathin Ay deter-
mined in deuteriochloroforniSoiutionpagain showed.rather .
broad absorptlons, unexpected for a pure substance. :Pheno-
mena such as conformational mobilzty, exchange of hydroxyl'
protons and tautomeric equilibratlon may be responsible
for these broad absorptlon bands. As the nmr - spectra of
cyathln A3 derlvatlves lend themselves more readlly to

terpretatlon, the spectra of the parent compound will

not be dlscussed further. .

Uv spectra of cyathln A3 (Flgure 17) were

recorded in both methanol and dloxane. No distinct absorp-

~<+1on_max1mum is detectable below 250 nm in elther solvent,

although there is an lnflectlon at 226 nm in. methanol
(e = 2 500),. suggestlng some +type of- conjugated system.
' | There is a deflnlte absorptlon max1mum above
300 nm: in methanol solutlon it appears at 315 nm w1th
€ = 51, It should be noted, however, that the max1mum is
" not well resolved from the absorptlon mentloned above,
»whlch is presumably due to the © - T* tran51tlon. In order

'to obtain thettrue.lmax and e-values for the transition
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Figure 16. 100 MHz nmr spectrum of cyathin A, (CDCl,);

“impurities at § 3.4 and 1.1
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Figure 17. Uv spectrum of cyathin A,;; A, B in methanol;

- C in'f'dioxane; A left scale; B, C right scale
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under consideratien;gthe apparentvvalues would haye to be
corrected }v |

In dloxane, the absorptlon bands due to the two
different transitions are better‘resolved. The maximum
of the long-wavelength band is fouﬁd at 324“nm wifh € =
42; due to the better resolution, these values should be
considered more significant than those in methanol. Boﬁh‘
the’position and extinction coefficient of this'ebsorptioh
maximum are characteristic of the‘ﬁ-ﬂ* transition of an
a,B-unsaturated carbonyl group of an aldehyde or ketonezg.

_The difference of the uv spectra in dioxane and
methanol is‘easily erplained. It is well established30
'that in polar solvents such as’ methanol, =¥ trans1tlons
are shlfted to higher, whereas n-m¥* tranSLtlons are shlfted
to lower wavelengths. . This results in diminished resolu-
ftion of the two bands. NOn-protic solvents such eS'diox—
,_ane glve rise to improved resolutlon and, therefore, should
preferentlally be used for uv Spectroscopy of a B-
unsaturated ketones.

fhe preSence'of an a,B-unsaturated ketone isAalso
evident from’optical,rotary:dispersion (orxd) and circular
*dichroism (cd)Astudies.' The spectra"were'again measured
:1n both methanol and dloxane (Figures 18 and 19). Cyathin

3 glves rise to a plaln negatlve ord curve on which there

»1s_super1mpesed a pos1t1ve Cotton effect centered at
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Figure 18. Chiroptical spectra of cyathin A5 in methanol;

A, ord spectrum (left scale); B, cd spectrum (right scale)
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Figure 19. Chiroptical spectra of cyathin A3 in dioxane;

A, ord spectrum (left scale); B, cd spectrum (right scale)
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approximately 320 nm. Positive Cotton effects are also
clearly visible in the cd curves. In methanol, there is a
positive maximum at 325 nm with a dichroie‘absorption'of-
Ae = 1,01 (average of threeAmeasurements);-this maximum
shifts to longer wavele#gths.in dioxane: .332 nm, Ae =
0.85. Such Cotton effects are expected for n-w* transi-
‘tions of a,B-unsaturated ketones31.

No.clearly defined Cottoh effect ascribable to the
corresponding n-m* trensition can be discerned below 250
nm. It appears that in this region several chromophores
give overlapping effects. '

' The spectral evidence discussed thus far suggests
that the foliowing funcﬁibnal groups are preseﬁt in the
cyathin A, molecule:~n

1) an a,B-uneatu:ated ketone group ("partially
masked“),'

2) one or two hydrexyl groups,

3) probably ‘an isolated C,C-double bond.

If there are three double bonds in a molecule of
the comp051tlon CZOH30°3' it follows that the molecule
must be tricyclic.

Cyathin Ag has been subjected to approximately
twenty aceeylation experiments (including experiments.with )

the."A3-mixture")'under somewhat varying conditions:
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1) pyridine as a solvent; epproximate 25 fold excees'
of acetic anhydride; 16 hours at room temperature,

2) ‘Same as under 1) except reaction time shortened.
to two hours, | |

3)» methylene chloride, containing a catalytlc amount
of pyridine,as solvent; threefold excess of
aceticeahhydride; one hour at room temrerature,
followed by ten hours at 30-40°.

There are indications from the mass spectra that
‘complications occur under conditions 1). It was later
found'that conditions 2)'are»sufficient to bring about .
complete aeetjlation, and most of the reactions carried out
in this fashion have given-satiefactory results.

However, under condltlons 3), the reaction may
be controlled even more carefully, since it is possible
to monitor the course of the reaction by analytical tlc.

It appears thatvin the first hour at room temperature only
a monoacetylated'product is formed; a further ten hours
at a slightly elevated temperature are necessary for com-
plete aeetylation. The Rf-values of the resulting com~-
pounds using acetone: Skellysolve B (1:3) (M) are 0.3

for the first product and 0.4 for the second. This is

in line with the prediction that each consecutive acetyla-
tion decreases the polarity of the product, leading to

higher Rf-values, as an acetoxyl groué is usually less
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strongly adsorbed than a hydroxyl group.
| In order to prove. that no. rearrangement had
occurred during acetylation, it was desirable to show that
the original cyathln A3 couId be recovered upon hydrolysis--
of the acetylated materlal Initially,.the Zemplén methan-
olys1s procedure32 (sodium methoxide'in methanol' 16 hours;
room temperature) -was used; agaln,the susp1c1on that cya= -
thin Aq might not be very stable in the presence of alka11
-was confirmed, in that only decompositlon products were
‘recovered. When much milder hydroly51s conditlons (potas~
51um carbonate in 80% aqueous methanol‘ system flushed
with nltrogen, one half'hour, room temperature) were used,
product was obtained whose- tlc characterlstlcs, ir and
mass spectrum were ldentlcal with authentlc cyathln A3
Even milder conditions effect deacetylatlon ‘of the acetyl
derivative of cyathin A3, as was later discovered. acciden-
tally: after a sample of the acetyl derlvatlve had been
left standlng in methanol solution for a week, the ir
spectrum_lacked absorption characterlstlc of acetyl groups,
tlc confirmed that the sample had undergone complete.
methanolysis. |
The facile deacetylation procedure might be
used to advantage for the purification of other cyathin
components. A»chromatographically pure cyathin component

may be converted into its acetyl derivative, chromato-
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.'grapﬁed’again and then deacetylated under the mildest pos-

: ~sib1e conditlons.' Under favorable circumStances, contam-

, inants still present in the- original sample might either
‘not form acetylation products at all, or form such pro-
ducts’with’different tlc characteristics, and would, there-
ffore, be removed during the double purlflcation process.

- In fact, crystalline allocyathln B3 has been
obtained only once, after the’ material had been acety-
lated and methanolysed (acc1dentally), accordlng to this
-procedure. 4

| e That acetylated cyathin'n3.is,-in fact, a diac;
etyl derlvatlve was confirmed by 1ts ‘mass spectrum (and
’~other spectral characterlstlcs) (Flgure 20). the parent
peak 1s found at m/e 402 and the- correspondlng ion has
‘the comp051tlon C24 3405+ Peaks at. m/e 342 and 282- are
acharacterlstlc of a O O-dlacetyl compound losing one and -
 two molecules of acetic acid. (mw 60) from the parent
molecules

o, O-Dlacetylcyathln A3 could not be induced to
crystalllze, but was always obtained as colorless glassy
materlal. -Further purlflcatlon was attempted by sublima-
tion (see Experimental) at 105-119°/0.02-0.2 mm; however,
it,isvnot obvious that the quality of the material was
improved by this process, since no change could be detec-

tedﬁin the ir spectrum,
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Figure 22. ; 220 MHz nmr spectrum of 0,0-diacetylcyathin A3 (CDC13)
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The ir spectrum’ofi0,0-diacetylcyathin Ay
(Figure 21), taken in carbon tetrachloride solutioq again
displays broad absorption bands~ the fingerprint region
(1300 - 909 cm ), in particular, is ill-defined. Tenta-
tively, this might be attributed to conformational mobil-
ity. The spectrum reveals that the material was fully
acetylated since no hydroxyl absorption remains; the
very-strong absorption at 1750 cm -1 iS'assigned.to.acetyl
groups. The band which has a maximm at 1690 cm™® and a

“1 is better defined than the 1650 cm™t

sshoulder‘at 1670 cm
band of cyathin A3 Undoubtably, the absorption is due
to the same a,B~unsaturated ketone grouping for which |
there is evidernce from other spectra. Still, the band is
. not as distinct as'night‘be expected. | | |
| 'Nﬁr spectroscopydproved to be the most valuable
v‘source of 1nformation about the structure of O O-diacetyl-'
3 The spectra'l
were measured at both 100 and 220 MHz. In most cases,:
'deuteriochloroform was used as solvent, but benzene has
~'also been used Often solvent changes cause a change in
chemical shift (solvent Shlft) of certain signals and,.
in the present case, brought about the resolution of
some.ofithe overlapping peaks.

‘Nuclear_magnetic_double resonance (nmdr)34

spectroscopy was used extensively to determine the inter-
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actions between the various nuclei and thus to obtain
'informatlon about the spatial relation of the various .
protons. -
| Some of the spectra are reproduced in Flgures
j22 t23,'and 24, Most signals were analyzed accordlng to
: flrst-order theory , although second—order analysis was’
applled to szmple two-spin (AB) systems. The analyzed'
‘data are compiled in Table II. The signals u and v at
§ 2,04 and 2 12 are readily assignable to the methyls of
V two O-acetyl groups (8-values will refer to values measured

in deuterlochloroform unless otherw1se.stated). uSince _
:'cyathln A3 does not show these 51gnals, the derlvatlve
must be o O-dlacetylcyathln A3, conflrmlng the mass spec-
tral data.

Slgnal a (6 6 13) has a chemlcal shift charac-
teristic ofvan oleflnlo proton; small (v1Hz), llkely
'ﬂallylic; couplings with signals.b, c and a are‘ohserved{

Signals ¢ and d (5 4.75 and 4.63) form an aB.
~quartet with J = l4Hz,indicating_a geminal relationship
of the corresponding prOtons.' The remaining couplings
are small; thus no‘vioinal protons are indicated. The
' corresponding signals in oyathin A3 appear at § v4.2; a
shift difference of 0.5 ppm is-thuS'experienced. Signals
of'the carbinyl protons of a -CHZOH group typically under--

go'such shifts upon acetylation. The rather low §-value
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Figure 23. Low-fleld portlon of 100 MHz nmr spectrum of
| (o] O—dlacetylcyathln A3 (CDCl3)
botton rows undecoupled
middle row: signal a irradiated

top row: signal b irradiated
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Figure 24. High—fiela.portioniof 100 MHz nmr spectrum of
J»O,O-diacetylcyathin Aq (C6D6)7 A, normal spectrum;
B, -amplified spectrum; c, signal b irradiated;.

D, sigﬁals e and f.irradiated.
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npmayfbe attributed to the'fact.that-the_protons'are both
‘allylic and gemlnal to an oxygen atom.

Signal b (8§ 5.36) usually has. the appearance of
a broad trlplet' however, in one of the spectra (Flgure
23), ‘the broad llnes of the triplet are further resolved.
. Besides typlcal v1c1nal coupllngs (6 and 7Hz) W1th signals
g and 3, long-range coupllngs with 51gnals a, ¢ and d are
detected,_ This signal (vS 4 3 in cyathln A, ) has also :
undergone-aushift of 1.1 ppm upon_acetylation,-thus indi-
-cating that the correSponding proton'is vicinal to a sece
: ondary acetoxyl. In order to:account for the low S-value,-'
the proton must also be allyllc.f ‘.

Slgnal g (6 2. 64) has a gemlnal coupllng of-14 Hz
(by : impl:.-cat:l.on,w:.th j), a typical wvicinal coupling of 6 Hz
with b (already mentioned), and a'third‘coupling'of 2.5 Hz
with' f (whlch, eventually, was also 1dent1f1ed as v1c1nal).»

Slgnal f is badly overlapped w1th signal e, but
~careful lnspectlon of the spectra shows that 1t is coupled
to s;gnals g and Je. A coupllng of 10 Hz w1th j suggests
an ax1al-ax1al relation of the two protons and, conse-
_quently, the smaller coupllng of 2 5 Hz with g is ass;gned
to an. ax1al-equator1al relatlon.

Data. for 51gnal 3 are obtained only by 1mp11ca—‘
tlon,51nce it is hldden under the acetyl signals in

deuterlochloroform and overlaps w1th 51gnal (h,i) in ben-
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- zene, Proton j has a geminal coupling of 14 #z with g,
a vlcinal coupling of 7 Hz with b, and another, probably
axial-axial, coupling of 10 Hz with £.

| Analysis of the 51gnals a, b, Cs f, g and j thus

1eads to partial structure J3 in which (C) SLgnlfles a

carbon atom to which no proton is attached.

. ?Ac

Tq HbHd—C— H, Hq

I
C Cc C C (o)
||

c) OAc

15

He
o
(C)— C
|

—

It should be noted that part structﬁre,&g con-
stitutes an isolated spin syatem.in'the sense that there
is no interaction with a coupling constant J > 0.5 Hz
with anyrof the remainiﬁgaprorons.- Long-range .coupling
"with J < 0.5 Hz is thus-not»éxcluded and, actually, is
likelyefor proton f since the iines“of its signal are
rather broad. |

| Signal e (¢§ 2 85) can be recognlzed as a septet
which has typlcal vicinal couplings of J = 7 Hz (the
. outer llnes -of the signal are. observed only in certain

clrcumstances).  Nmdr experlmentsrprove that this signal
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is coupled with two doublets, s and t, at § 1.00'and'0;99;
Only part structure 1§, an isopropyl group, can~give

rise to such arcoupling pattern., Aas no further couplings ”
are QESerVed for this group, it constitutes anothef iso-
lated spin system. More systematlcally, signal e should

. be called a quadruplet of quadruplets (qq) as the two

methyl groups which it is coupled to are not.eqﬁivalent;

© -
T © ©
(Hz),C — C — ClHy) - |
| CHy),  ClHd,
He

16 17 18

Signals q and ¥ (s 1.15 and 1.06) appear at posi-
iiqns<typical of tertiary.methyl‘groups (methyl groﬁps
atiaehed to‘a'quarternary cerbon atom) and do not show
1nteractlon with any of the other signals. Part struc-
'tures AZ and 18 emerge from these cons;deratlons. |

"At 220 MHz a signal corresponding to two protons,
h and i, appears at approximately § 2.3 in the form of a
broad_triplet. However, at 100 MHz a complex fine struc-
.ture is revealed which indicates interaction with some of
the remaining protons. The appearance of this signal at
a rather low field suggests that the correspoeding protons

are allylic, but no further aésignments can be made at
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this stage.

The analysis has thus far accounted for 22 of.
the 28 skeletal hydrégensl(protons of the two hydroxyl

groups are not counted). The remaining six protons'give :
. risé té an unresolved group of signals (k, 1, m, n, o andv
p) between 6 1.2 and 1.8. The location suggests that they
are attached to saturated carbon atoms, and the patterﬁ
suggests that they are located on endocyclic atoms, since
fhere are no couplings with any terminal groups (such as
methyl R ethyl, methylene, etc.).

The nmr. data show that the carbon skeleton of
cyathin A3 is made up_of at least six exocyclic carbon
éﬁdms (isopropyl, two methyls‘and one hydroxymethyl).

- That this is the_éxact,nuﬁber cannot be.proven-rigorously
at this stage, but it is most pﬁobable if a diterpénoid
structureyi§ anticipated. Consequently, it can be
‘éséumed that the number of endocyclic (ring) .carbon atoms
‘w1ll be 14. ' |

Before contlnulng with the dlSCUSSlon it should
’>be noted that signals e, £ and (h,i) appearing below § 2.0
are a551gned to protons attached to carbon atoms & to
either a C,C- or a C,0-double bond.

. Uv spectra were again recorded in both'a-polar
and nonpolar solvent (Figure 25). This time, isooctane,

‘less polar than dioxane, was used as nonpolar solvent,
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since the acetyl derivative of cyathin A3 is soluble in

this solvent, whereas cyathin A5 itself is not.

20,000

200

10,000

1 1 -
250 300 350  am .

1
200
Figﬁre 25. Uv spectra of 0,0-diacetylcyathin 33;
A, D in methanol; B, C in isooctane

A, B left scale; C, D right scale

In methanol, a shoulder is observed at A = 230
'nm'with € = 6,300. ‘An absorption band of lower intensity
has a maximum at A = 311 nm with € = 180. Neither absorp-
tion band, presumably due to 7-71* and n-n* £ransitions of
an o,pB-unsaturated keto grouping, is well resolved. In
isooctane, the resolution of the band due to the n-m*

transition is improved (A = 323 nm with € = 130); the

max
w-n* transition is again observed as a shoulder at A =
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225 nm with € = 8,700. If the extinction values of the n-T*
transition are compared with those of cyathin 2, it is
found that they are approximately two to three times as
large. The absorption duebto the T-7* transition is not
suitable for comparison as it overlaps other chromophores,
as yet unaccounted for. This is further indication that
the carbonyl group in cyathin 24 itself is partially
masked, but is unmasked in the'aceﬁyl derivative.
The ord and cd curves of 0,0-diacetylcyathin A4

‘are very similar to those of the parent compcund. How-~
ever, the observed Cotton effects are enhanced; in‘particf
ular, the positive maximum at A = 330 nm in isooctane has
a dichroic abscrbtion of Ae = +2.73. The comparable value
for cyathiﬁ A5 was Ae = +0.81 (dicxane)._ Thus the same
unmasking effect is observed.

‘ According to Djeraséi36, the extent of ketal
' formation under standard coﬁditions (addition of a small
amount of hydrochloric acid to é methanolic solution of
the sample) indicates the size of the ring in which a
keto group is 1océted. The.following rules were estab-
lishéd§ a cycloheptanone‘will foim the ketal to the
egtent of 21%; a cyclohexanone, to‘93%; and a cyclopenta-
none;'to 24%., In chrassi's work, ord mecsurements of
‘the Cotton effect due to the n-n* transition permitted

,determination of the extent of ketalization.



58.

Uv or cd measurements (or, in general, anf spec-
troscopic method which permits measurement of carbonyl
absorptlon in methanol solutlon, and in which addltion of
the ‘acidic reagent does not interfere with the measurement)
should likewisé’allow the detection of ketal formation.

Thé n-m* transition of the keto group in cyathin A3 gives
rise to a well-defined cd maximum at 325 nm in methanol.
In the uv and ord curves, this feature is less well
.defined. The cd method was therefore chosen to follow
the extent of ketalization. However, the expériment_was
undertaken Wlth reservatlon smnce Djerassi also reported
that «, B-unsaturated ketones in the few cases 1nvestlgated
did not form ketals. The results ob;alped thus came as a
pleasant surpiise; When a small drop of methanol saturated
with hfdrogen'éhloride was added to 1 ml of a 0.2% solu-
tion of cyathin"Aé iﬁ methanol, the positive Cotton effect
at 325 nm disaépeared very rapidly. As the reaction courée
was continuously monitored by cd meééuréments, the follow-
'ihg conversion tiﬁes could be cbﬁ?uted:

t5og = 2 Win

tgge = & min

tgg% = 18 min

After complete ketalization the observed oxd
curve is plain negative (at least down to 250 nm); the

uy spectrum, likewise, shows no maximum above 300 nm.
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Uv or cd measurements (or, in general, any spéc-
troscopic method which permits measurement of carbényl
absorption in methanol solution, and in which addition of
the acidic reagent does not interfere with the measurement)
should likewise.allow the detection of ketal formation.

Thé n-t* transition of the keto group in cyatﬁin A3 gives
rise to a well-defined cd maximum at 325 nm in methanol.

In the uv'and ord curves, this feature is less well
defined. The cd method was therefore chosen to follow

the extent of ketalization. However, the expérimentvwas
undertaken with reservation since Djerassi also reported
that a,B-unéaturatéd ﬁétoﬁés in the few cases investigated
did not form ketals. The results obia;ned thus came as a
_pleasant surpfise; When a small drop of methanol saturated
with hydrogen'chIOride was added to 1 ml of a 0.2% solu-
tion 6fvcyathin"A3 in methanol, the éositive Cotton effect
at 325 nm‘disaépeared very rapidly. As the reaction course
was continuously monitored by cd meééuréments, the follow-
 ihg conversion times could be coﬁputed:

t5og = 2 Win

tgog = & min

tgg% = 18 min

After complete ketalization the observed ord
curve is plain negative (at least down to 250 nm); the

uy spectrum, likewise, shows no maximum above 300 nm.
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‘When the small amount (v2 mg) of materiai used was iso-
lated and its ir spectrum measured in carbon tetrachlor-
ide solution, the absorption at 1650'cm-1 had also disap-
peared, the fingerprint region was surprisingly‘shatp,ﬂ
and the 1ntens1ty of the hydroxyl absorption appeared
diminished ‘when compared with that of the startlng
material. Obviously, cyathin aq had been dramatlcally
affected.
The molecular weight and formula were also

.determined on this small sampleeby hrms. The mw was 332
(an increase of 14 mass units when compared with the mw
of»cyathln A3), and the comp051tlon‘was C21 3203 (+CH ).
Thus, the net reaction was one of methylation, and cor-
responded to-the'transformatibn of a hemiketal to a half
methyl ketal. |

It was now abunGantly clear that the "masking"
effect mentloned in so many previous instances could ke
explained in terms of hemiketal formatlon. In solutlon,
cyethin A3 exists in two forms: a hydrozyketone 19 and
a hemiketal 2Q, the two forms being inkdynamie equilib-
rium. In methanolic hydrochloric acid, a ketal Rl is

formed irreversibly*
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| | MeoH, | n
-C= Ho-?- g-f—oé?— ga—e -?—o—?-
A OH | OMe

te 20 2l

The ketalization'experiment was repeated on an
enlarged scale’(zo ng of cyathin A3). After work-up,the
product appeared to be homogeneous (accordlng to tle)

.and was used without further purlflcation.

Under aqueous conditions, ketals are susceptible
to hydrolysis. In order to confirm the ketal nature of
the materlal, to test 1ts sensitivity to aqueous acid,
and in order to recover cyathin A3 (and thus show that
no rearrangement had occurred), hydrolysis experiments
were carried‘out in the system acetone-water-hydrochloric
, acld (20:2: l).' freliminary'tests showed that complete
hydrolyszs could be effected under elther of the follow-
ing conditions- two hours at N50°, or 16 hours at 32°..
:When a 40-mg sample was subjected to the latter condltlons:
a mixture of products was obtalned After chromatographlc
‘purlf;cat;on, 11 mg of_cyathln A3 was recovered and iden-
tified by its crystallinity, tlc characteristics and ir
spectrum. |

- Considering the moreiuigorous reaction condi-

tions and the low yield (&25%), the hydrolysis is clearly
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- not as smooth as the ketal £ormation. This suggests that

the ketal form of cyathin Aq is more stable to acid than
the keto form.

No speclal effort was made to crystallize the

material and the ketal was handled as a gum.
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Figure 26. Mass spectrum of cyathin A3 methyl ketal
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'Figgge 27. 7Ir spectrum of cyathin A3 methyl ketal (CC14)
The mass spectrum (Flgure 26), briefly men-

' tioned above, had a very intense base peak at m/e 141 as

its most remarkable feeture. All other mass peaks have
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-fan'intensity ofvless~thanf15%~of the*base'peak - The cor-
*responding ion had the composition C7H903." For the first'
“ntime in any of the ‘mass - spectra in the cyathin series,

;ia fragment of: mass less than 200 containing oxygen was

' jobserved

Assuming that no rearrangement had taken place,
_'it can be concluded that the three oxygen atoms of cyathin
VA3 are located on three: of seven adJacent carbon atoms.
giwo oxygens are accounted for in part- structure lé and

vthe third oxygen is incorporated in an a,s-unsaturated :

‘.'ketone. The only logical way to place the third oxygen_

“is in the form of a keto group attached to. the carbon .

carryvﬂg proton a. Part structure lé can thus be expanded

’,toag%:

o "OFI
He  Hg- H‘b"'ﬁ?ﬁc-H@ H, =b=
C—C—C—C—C=C—C=0
| R
. 2121

I£ %%4is incorporated in a six- or seven-
‘membered ring, the double bond must have a cis configura-

" tion. For-geometric reasons, the ketone cannot form a.
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hemiketal with the primary but only with the secondary

hydroxyl group. Hence, part structﬁre R3 represents the
hemiketal form of cyathin A3:

23

.vAs_ﬁgntioned above, the only functional group
 indicated (in the ketal) by'the ir spectrum»(Figuie_27)
is a hydroxyl group (3610 em~l). It should be noted,
however} that the methy1 keta1, in contrast with the |
diacetyl'derivative or cyathin A3 itself, exhibits well-
defined'bandé in the fingerprint region; a sign that the
conformationvof this derivative is more rigid.

| 100: MHz nmr'spedtra of the-ketal (Figures 28 and
29) Were'thained'in deutériochloroforﬁ and benzene solu-
tion. ‘Compari.éon of Figure 28 ,wif;h'lFigure 29 very clearly
vshows-how'the;reédlution‘of"thevsighals improves when the
- spectrum is tékén in benzene. Agaiﬁ a number of double
itiadiation‘experiments were carried out to determine the
ré;ationship of the various signals. |

The nmr data are listed in Table III. The sig-
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A, undecoupled; B, signal j irradiated;

C, signal g irradiated; D, signal b irradiated
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'nals are 1abelled,where possible,with the same letter used«a
in the nmr analysis of O O-diacetylcyathrn A3 Chemlcal -
.vshift, couplrng pattern and, to ‘a lesser extent, intensxtyi
of the srgnals served as characterlstlcs for 1dent1f1ca—
tion. No attempt was made to dlstlngulsh between the B _
methyl s1gnals ot and r or between s and t; these s1gnals
are merely listed in the order of descendlng 6-va1ues. |
More serious dlfflcultles were encountered in the assrgn-
ments of srgnals f, g, and j.' One of the three is burled
‘in the signal heap between § 1. 2-1 8, while the two others'
u;overlap each other and srgnal (h,l). Tentatlvely, the :
follow1ng asslgnments are made. the srgnal at 6 2. 25
show1ng a coupllng pattern of J = 12, 12, 3 Hz lS ascrlbed
to’ proton j, since this- pattern is remlnlscent of srgnal
J 'in O o—dlacetylcyathln A3 (J~—_l4 lO 7 Hz),,the broad ‘
doublet at ¢ 2 42, a shlft typlcal of an allyllc proton, -
is labelled £, since proton £ is further removed from the
centre of change and 1ts SLgnal would - not be expected to ‘
alter drastlcally, by default, the hldden 51gnal at 6 l 4’
is assrgned to. proton g. (The 6—values refer to thev
tspectra measured in deuterlochloroform solutlon).

| The oleflnlc protons, the methylene protons of

: the prlmary alcohol, and the 1sopropyl and tertlary methyl

e protons undergo llttle change and thelr 51gnals are recog-

C r;nlzed w1thout dlffrculty.
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~ signals b, g, and j are most affected by ketal
formation. Signal b is a relatively narrow band;(ﬁidth
at half-height 6 Hz, as comparedﬁwith 14 Hz in the case
of O, O—dlacetylcyathln A3) showing unanalyzable flne '
structure. der experiments, however, show that the .
coupling of b with jJ is 3 Hz and with g 1ess than l Hz.
If the above analysis is correct, signal J undergoes a
‘small downfield shift of ~0.2 ppm and signal g a more
substantial upfield shift of ~1.1 ppm. (The shift values
' were obtalned from the spectra determined in deuterlo-
chloroform solutlon.) S;gnal £ also experiences an up-
field shift of ~0.4 ppm but its coupling cannottbe“fully
analyzed. v |
fhe nmr data confirm that it is the secondary
hydroxyl group that participates in the ketalizationé 'The‘
changes in coupling pattern experienced by signalS'b,_g,'
~and j are in full agreement with the proposal that ketal-
ization creates a brldged system in which proton b is |
attached to a brldgehead carbon. The coupllng constants
are qulte similar to those observed in model compound %g,
37

in which J b,x = 435 and Jb,n

between bridgehead proton and endo and exo protons are

0 Hz. Slmllar coupllngs

observed in the norbornene series (ref 35a, p 289).
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Hy Hy
24

According to this model, proton j is in a quasi-
exo and proton g in a quasi—gggg_configurationl

The acetyl deriVafive of cyathin‘AénmethyI'keﬁal L
was prepared in order to.obtain further evidence that_the
secondary hydroxyl group was involved in ketal’formatiOn. 
Again,very mild-conditiqns were used for acetylatiOn: a
dilute methylehétéhlqride solution of the ketaL,éoﬁtain4
ing a small amount'bf:pyﬁidine;was treated with aﬁ_approxi-
mately sixfold excess of acetic anhydride, first at 26°
for 1.25 hours and then at 40° for one hour. By monitor-
'ingvthe coqr§e~of-£hé reaction by tlc, it wasrobsgr§ed.
that most of the stérting material was consumed after one
hour at'26°. The extremely mild conditions are the first
indication that the‘hydroxyl group undergoing acetylation
is primary. After work-up the product was used directly
for spectral determination.since tlc indicated a high
Idegree of puriﬁy.

The mass -spectrum (Figure 30) indicated that a

monoacetyl derivative had formed. The molecular weight
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_.Figure 30. Mass spectrum of O-acetylcyathin A, methyl ketal
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Figure 31. Computed uv difference spectrum between 0,0-
diacetylcyathin A3 and O-acetylcyathin A, methyl ketal

~ (isooctane)
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had increased to 374 (+42, when compared with the ketal),
and the composition was c22334o4 (+C2H20). ASs expeeted,
the base peak had also shifted from m/e 141 to 183.

The ir spectrum now lacked absorption in the
hydroxyl reglon, but an absorptlon band characeerlstlc
of an acetoxyl group appeared at 1745 cm ;;

The nmr spectrum (again measured 'in both deuterlo-
chloroform and benzene, but values cited refer to deuterio-
chlbroform)’remained unchanged (Table III), except thet
‘the signal for the hydroxyl proton at § 1.98 had disap-
peared,,a typical three-protcn signal for an ecetyl group
appeaﬁed at'G 2.11, and the'signelrfor the.methylene pro-
tons of the primary alcohol-grodp underwent a downfield
shift of 0.4 ppm, a typical nacylation shift" for primary
alcohols. Thus, structure gg is further confirmed. |

| The uv, ord and ed curves remain essenﬁially
.unchanged.  The uv spectrum of O-acetylcyathin A3 ﬁethyl
ketal, however, -was more closely investigated and compared
with that of 0,0-diacetylcyathin A3 in order to obtain a
difference spectrum, i.e. a spectrum in which the differ-
ences of the extinction coefficients of the two compounds
is plotted versus wavelength kFigure 3l).

This‘difference spectrum suggests that the
absorption band of the w-m¥ transition of the enone chro-

mophore of O,O-diacetylcyathin‘A3 has its maximum at 228
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nm with € = 4,400, According to the Fieser rules (ref 35b,
p 160) a B,B-disubstituted cyclohexenone should have an
absorption maximum at 239 nm (base value of six-membered
cycllc enone (215) + 2 B—substltuents (2 x 12)), which is'
reduced to 228 nm after approprlate ‘solvent correctlon.
Thus part structure 22 could be contained in the six-
membered ring of part structuie R5. However, the low
egtinction value mitigates against this (gmax usually
10,000-20,000) 38

V‘ The mass spectral data also would not support
part structures 23 for the ketone or g@ for the kéta;,
since genesis of 27, suggested for the m/e 141 fragment
(see below), would involve a highly iﬁprbbablé carbene-

forming cleavage.

o) : OCH,

(C) (C) N Al
| . : HZCﬁOCHa
“CH,OH CH,OH -

. - CHpOH
25 . 26 27

On the other hand, one would expect that RS would undergo
a retro DielsﬁAlder fragmentaﬁion and give rise to the
presumably stable fragment 28 (m/e 128, C6 3) which

- should constitute the base peak.
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o4 .
20N~ OCH, OCH,
r |
ChoH CH,OH
28 » 29

Since this peak has ah intensity of only 10%,
a sevén—membered‘structure such as 239 is more probable,
although rings of even larger size cannot be ‘excluded at
this stage. Fragmentatlon of a molecule in whlch 22 is
incorporated as a part structure can be rationalized

according to Scheme III.

Scheme |
R S .
©) OCHy
—
| CH,OH |
29




- 3) - Allocyathin B, S
The investigation of allocyathin By was modelled
after?thatcf cyathin Aj. Skills learned in the handling |
of cyathln A3 resulted in fewer experlmental mlshaps,
experiments were carried out on allocyathln B3 only after
apalogous experiments with cyathin Ag had been-thoroughly
studied; interpretation of the spectra of allocyathin'B3.-
was facilitated by virtue of the fact that the corresﬁénd-

.ing spectra of cyathin A had been previously analyzed,

'mwzuand it was assumad that the compounds were closely related.

. The experimental work with allocyathln‘B3
preved more laborious, however,’since less haterial was
'avallable and it appears to be less stable. The increased
sen51t1v1ty is presumably attributable to the addltlonal
functlonal site, a_c,c-double bond. Conversely, the addi-
-_tional functionality yieldsinew information useful for
the strﬁeture’determinetion of both cyathin CQmpeundsy
since cyathin A, is anticipated to be dihydroallocyathin -
'B3.

As mentioned before, allocyathin B3AWas-obteined:
in crystal form on only one occasion.” In numerous recrys-
tallization attempts on this one crop, crystals could'notv

be induced to grow to sizes of the order of 1 mms;

they
were always microscopically small. The melting point of

: afrecrystallized sample was 143-144°, Most of the work,



74.
hoﬁever, was carried out with noncrystalline'material.

The molecular formula, CZOHZSO3 (mw 316L_wa5'deterF
mined by mass spectrometry (Figure 32). The fragmentation
pattern is similar to that of cyathln A3, except that all
m/e values are reduced by 2. Thls 1nd1cates that the
additional double bond is located in that part of the
moiecule remote from the oxygen atoms. -

The ir'spectrum (Figure 33) taken in chloroform
solution differs from that of cyathin A5 only in the fol-
lowing respects: the "carbonyl absorption" at 1650 c:m"l
appears as a slightly sharper band: very weak bands between
3000 and 3100 cm © (much better defined in the allecya-
thin By derivatites)‘are attributed to the stretching
vibration of protons situated on a C,C-double bond.

The solid-phase spectrum (Figure 34) differs
’more_drastically; the predominant feature is the strong,
sharp carboayl absorption band at 1650 cm~1, indicating
that allocyathin B, crystallizes in the ketoAform. The
differences in crystalliaation behavior mentioned above
are'perhaps attributable to this fact. It might also
be conclﬁded that the ketal is the more stable form of
cyathin As but the less stable one of allocyathin 33, or

this may be simply a question of solubility. ' |

The nmr spectrum again was poorly defined and

.. will not be discussed here, since the spectra of the deri-
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vatives yield more information.

- The uv,spectrum,taken-in:methanol,displays a
welledefined'maximum'at 2;5 nm with € = 5,000; no shoul-.
ders or weak maxima are detected.‘ At first 51ght, thls
seems to indicate the presence of a 51ngle chromophore,
possibly a conjugated diene or enone. However, close
inspection of the spectrum reveals ‘that this band is of
non-Gaussian shape, that there is considerable absorption
in the ‘region 260-280 nm (sé75 m = 1,600 compared with -

€576 nm 130 in the case of cjathin A ),‘and,since the
observed extinction coeff1c1ent is 100-at 325 nm, that a
band of low intensity might be hldden above 300 ‘nm., These‘
facts suggest the presence of more than one chromophore: f
by chance, the overlapping bands produce only one.ﬁaximum;

Above 250.nm, the ord curve displays a positive

Cotton effect superlmposed upon a plaln negative curve. -
In the cd curve, the same Cotton ‘effect is undisturbed by
_ other chromophores and is observed as a posxt;ve max1mum
at 327 nm with a dlchr01c absorption of Ae = +1.6. These
are clear indications of the n-n* tran51tlon of an o, B-
unsaturated ketone; the corresponding_absorptlon remalned
undetectable in the uv spectrum. The increase'in-diohroic
absorption (as compared with cyarhin A3,where Ae = +1.0) .
again points to a predominance of the keto form in the

tautomeric equilibrium.
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The acetyl derivative}uas prepared in severai-
',sepafate‘exuefiﬁents using each time a‘large-exCess of .
‘ acetic . anhydrlde-pyrldlne reagent at room temperature for .
two hours.u A total of 24 mg of pure product (accordlng
.to tlc on argentated Slllca gel) was. obtalned from 50 mg=?7
of chromatographlcally pure allocyathln'B3; The rather
poor yield (38%) from such a simple reaction indicates
:that either the starting material was still impure,or
that the reactlon condltlons lead. to a considerable num-
. ber of side reactions.
| *:Mass and ir spectra of this.dexivative_are not

availaﬁ;e at present, since the‘sample whieh was desig-
natedsfdr these measurements was allowed'te.stand‘for‘too
,1eng a time“in,methanol. This tesulted iu-deacetylatiou
as mentioned above. ‘

Chiroptical and uv measu:ements-were»carried
out'in methanolt As the rate ef methanolysis is unknown,
it is'pOSSible"that‘at least partial deacetylation :
’chur:ed; 'Consequently,these spectra must be interpreted
with'eautioh.» Measurement in-nbh-hydrokylic solvents
would c1rcumvent ‘this problenm, ‘but because of the limited
amount of material available this has not been done.

The same nmr measurements and evaluations as
" described for O,Ofdiacetylcyathin‘A3 were undertaken for

0,0-diacetylallocyathin B, (Figures 35, 36; Table v).
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Pigure 35.. 220 MHz nmr spectrum of 0,0-diacetylallocyathin
B3 (CDCLy) '
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Figure 36: Portxons of 100 MHz nmr spectra of O,0-diacetyl-
"allocyathln B3
A, undecoupled. (CDC13); B, signals s and t irradi-
 ated (see Fig. 35); C, undecoupled (CGDG)' D,
sighal b irradiated.
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The same labelling system has again been used:so;that N
structurally related protons of both derivativeS‘afe
assigned identical lettets; |

Sn.gnals a, b, o d, e, g, ¥r, s, and t are
readily recognized by thelr chemical shift and coupllng i
pattern, and are assigned in the same manner as outlined
.for 0,0-diacetylcyathin Ag.

Signals y and z which form an isoiated AB quar-
tet at & 6.34 and 6. 31 (§-values again refer to spectra
measured in deuteriochloroform) are characteristic of the
allocyathin By series. The observed coupllng‘constant of
5.5 Bz is typical of olefinic coupling in a fiveqmembered
ring39. The observed chemical shifts indicated'the ptes--
ence of a cyclopentadlene rather than a cyclopentene |
moiety (ref 35b, p 188: & 6.42 and § 5. 60).

The signal pattern in the reglon 63 0—2 0 is
simplified by the absencevof signal (h, i). S;gnal j. is
no longer hidden_under_the'acetyltpeaks;u_aag v and an
eight—line pattera,with;large couplings.is readily analyz-
able, Likewise, the cOupling cOnstants of signals £ and
g are obtained W1thout dlfflculty.

Absorptlon in the region & 1 9-1. 1 1ntegrated
for ‘four protons, two less than in the case of O, O-dlacetyl-
cyathin A3. Slnce all other protons 1nteract only among

themselves and since the s;gnal pattern in the region
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§ 1.9-1.1 is very complex (no singlets and no'AB qnartets),
it can be concluded that the pattern constitutes an iso-
iated ABCD-system. The large geninal and/or vicinal
coupllngszndlcate that the correspondlng protons are
attached to adjacent carbon atoms.

The essentlal dlfference between the cyathln A3
and'allocyathin By serles is that. protons h, i, k and 1
have been replaced by protons y and z, ji.e. a -CH2 - CHZ-
replaced by a -CH=CH- grouping. The nmr data suggest the
'presence of a cyclopentadlene structure. The double bond.
revealed by the 51gnals Yy and z must therefore be conju-
gated to another double bond. As these signals show no.
coupllng other than with themselves the second double bond
must be tetrasubstltuted. leew15e, the saturated carbon
of the cyclopentadiene must be fully'substituted. ‘This
leads to part structure 32 for allocyathln B3~and conse-
quently to ég for cyathin A3 The Shlft of protons h and
i agrees closely with that of the allylic protons in

cyclOpentene:f s 2.3 versus 2.28 (ref 35b, p 188).

. : o _ '
- : : c..
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The uv spectrum (in.methanel)'of the}acetvli
. derivative is more structured than that of the parent
;'compound. It has a maxlmum at 229 nm (e = 16,000) and-a
shoulder at 255 nm (e =9, 100). The observed'curve abovef
'300 nm is plaln, but a hldden absorptlon band is possxble
1n this region, since the extlnctlon coefficient at 320 nm,
for example, is 170. The observed curve can be inter-
preted in terms of two overlapplng chromophores. an a,B-
unsaturated ketone and a cyclopentadlene. Upon ketaliza-
.tion, the ketone chromophore should ‘be removed and the
dlene chromophore should glve rise to an undlsturbed
absorptlon.

Ketallzatlon of allbeyatﬁin B, was carried out.M
under the same condltlons used in the ketalization of
| cyathin A3 »Agaln, the reaction. was followed by monitor-
- ing the dichroic absorptlon at 326 nm. In two experiments

the follow1ng reactlon rates were - observed-

"‘sp% t90s
run 1 4 min 120 min
run 2 8 min . 40 min

The initial rates-arevsimilar to those observed
for cyathin»A3; however, it takes much longer for the

reactien to go'to completion. The crude product requires
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chromatographic purification, and even then some impuri-
ties‘seem to persist. It thus aﬁpears that some further
reaction(s) occurs after initial ketalization. In a third
experiment the reaction time was reduced to'30‘min;»which'
seemed to 1mprove the 51tuatlon, although the nmr spec-
trum (see below) Stlll showed the presence of some 1mpur1-
‘ties in the apparently (by tlc)‘pure ketal, Epimerization
at the carbon bound to proton b or acid catalyzed isomer-
1zation of the cyclopentadiene molety mlght be responsible
.for the.s1de reactlons. Alternatively, 1mpure starting

N mater1a1 may be respons1b1e for the dlfflcultles, as non-
-crystalllne allocyathln B3 was used.

The molecular welght and compos;tlon of allo-
~cyath1n B3 methyl ketal were determlned by mass spectro~
'vmetry (Flgure 37). mw 330 C21 30 3 . The hase peak ;s
‘agaln at m/e 141, due to a fragment C.Hy O3. .In»cenerai,

the mass spectrum is 51m11ar to that of the ketal of

cyathln A3,‘except that the peaks are shlfted by two mass

'-unlts to lower mass.

The ir spectrum (Flgure 38) shows some remaln-,

: 1ng hydroxyl absorptlon and the absence of carbonyl absorp-

‘tion. Two barely perceptible bands at 1650 and 1620 cm '

- indicate C,C-double bonds. Two weak but sharp bands at

3100 and 3050 cm ' (olefinic C-H stretching) most clearly
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‘distinguish this ketal from that of cyathin Al
The nmr spectrum (Figure 39) indicates ‘the

presence of: some 1mpurities._ Nevertheless, the. spectrum
can still be analyzed Without.difficulty (Table V).v Theb;
_Signal pattern is by now familiari SLgnals f and 3 (unob;
‘structed by Signal (h, i) and slightly more separated
.than the corresponding Signals 1n the ketal of cyathin A3)
- are ‘now easy to interpret. Signal g is again 1ost in the
signal heap between § 1. 8-1 1. It should be kept in mind
however, that the ‘assignments for £ and g are tentative and -
“that they might have to be reversed. |

C The uv spectrum drastically changed by ketaliza-,-
tion- in isooctane, a maximum is observed at 256 nm with
e = 4,200; the extinction at 320 nm has dropped to € = 20.
| According to the Woodward-Fieser rules for conjugated
"polyenes, neither a heteroannular nor a homoannular diene
- would have an absorption max1mum at 256 nm, 1f the realis—
:tic assumption is made that the diene is tetrasubstituted
(214 + 20 = 234 nm and 253 + 20 = 273 nm being the respec-
~ tive calculated values). However, it must not be forgot-'
ten that the rules were established for double bonds |
-'1ncorporated in six-membered rings. &As can be seen from
Table VI, the rules do not apply at all to cyclopentadi-

_enes. The uv data for the ketal agree quite well with

v those of the tetrasubstituted compounds listed in Table VI.
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Thus the part structure 3R which was arrived at from nmr
data is" strongly supported by the uv spectrum.

The conjugated diene chromophore is also reveeled
by the chlroptlcal methods.’ A negatlve Cotton effect

centered at 256 nm‘ls superrmposed on a plain negatlve
ord curve; the cd curve has a negatlve minimum at 251 nm
with a dichroic absorption of Ae = -3.6., The Cotton effect
in both cases is undrsturbed by other chromophores.

The ketal was acetylated under very mild condi-

-tions (dilute methylene chloride solution, small amount of
-pyridlne, 51xfold excess of acetlc anhydride, 1 hour at
30°, 1/2 hour at 40°). Since impure ketal was used as
starting material, impure product was- obtained, which was
then purified'by ptlc. The chromatographically pure
sample still contained some minoxr impurities according to
nmr Spectroscopy.

‘Mass spectroscopy (Figure 40) established that
a.ﬁonoacetate hed'formed,since the molecular weight was
372tand the molecular formula C32H3204. Acetylation
cauSed‘the base peak to shift from m/e 141 to 183.

The ir spectrum displayed the weak bands at
3100 and 3050 cﬁf;} hydroxyl absorption at 3620 and 3470
cmf; had vanished; carbonyl absorption appeared at 1745

em L.
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Figure 40. Mass spectrum of O-acetylallocyathin B3 methyl

ketal
The nmr data are compiled in Table V. A single
. peak at 6§ 1.59 (in CGDG) confirms monoacetylation; the
methylene protons ¢ and 4@ of the primary hydroxyl group
have undergone a downfield shift of 0.49 ppm, typical for
acetylation. No other pertinent changes occurred.
The optical and chiroptical properties remained
wnaffected as would be expected.
L | The various part structures revealed by spec-
troscopic investigations are listed below. Part struc-

ture RR is likely not contained in a six-membered ring.

e




)
| (C) (C)
(Hg)’c — C — C(Hg)'
C(Hy),~  ClHJ),
He |
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H¢ Hg HbHd—C-H H -C-
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.
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32

- The low chemical shifts of protons e and £ suggest that
the corresponding carbon atoms are attached to the cyclo-
. pentadiene moiety 32. This leads to the alternative part

structures éé and ,é,é.

| |
s T
He— -C - _ | —-C %:-'—H :
Hie” CHg M, %,H‘ CHs

34 38
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- fwenty-four of the 28 protons. and 17 of theizo_carbon_
atoms are accounted for in these.part strucfures.' At
least two of the temainipg four protons are strongly
coupled with each other.‘ Since the numbér of ‘double
bonds is £our and the unsaturation nuﬁbé£ is séven, the
molecuie'is tricyclic. |

‘The remaining three-cafbop part]structﬁre must
be attached to the éarbonyl‘carbon,.£o théfcérbpn béaring
proton £, and, possibly, to the C-Siof the:cyclopentadiene.
The only ways in which this can be achieved are depicted

in structures 36, 37, 3§ and 39.
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Structures of type 3§ are :uled out since they
contradict Bredt's rule, i.e. they are extremely strained.
Structure 3{ (or its double bond isomer) can likewise be
diéregarded_because the nmr spectra laék signals in the
region typical of cyclopﬁbpyi protons, i.e. below § 1.0
(upfield from § 1.0). Moreover,’é structure such as R4
could not account for the ion c14321 at m/e 189, formed
as the main fragment on electron impact. Structure 38
can be excluded for the same reasons.

| Structure 39¢ has a methylene group in the a-
-position of a keto group. The-correéponding'protons
should give riée to signals above § 2.0 (i;e. downfield
from § 2.0). Since this is not observed, this structure
can also be rﬁlea.out.

The same reasoning applies to structure .
Moreover, it contains two isolated méthylene groups which
should give rise t§ two discerniblé AB quartets. Again
this is;not'obServed. |
- Finally, thén;.ég (=398) remains as the unique
structﬁreIfor;allocyathin'B3 which accomodates all of the 

evidence.
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Some relative stereochemical-assignments, again
based on nmr data,are included in structure gg Proton £
is arbitrarily selected to be on the B-face. The 1arge
coupllng constant between proton f and proton 3 suggests
that these. two have a trans d;axlal relatlonshlp. The
coupl;ng pattern observed for the ketal derivatives reveals
a "psendo-ggg?'configuration for proton j. It follows then
that proton b is Egans_related to proton j. Consequently,
the ether bridge in the hemiketal form 4] is located on the
a-side. -

It follows from cons:deratlon of models that if
ring B (see structure A4 for 1etter1ng) is in a chair con-
formation, then the two angular methyl groups must be Egggg
to one another, as in structure 42 (cis B/C ring juncture)
~or 43 (Ergng-B/c'ring juncture).
| On the basis of the evidence presented it is not

possible to decide which represents the stereochemistry,
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42 - 43

ot indeed, since we canhot rule out the possibility that
ring B.is in the twistfconformaﬁion, to draw any further~,‘
vflrm stereochemlcal concluszons. L
' Slnce the many spectroscoplc measufemeﬁts sﬁg— v
A gest that cyathln A3,1s dlhydroallocyathln B3,,structures
44 ‘and 45 are proposed for the. ketone and hemiketal form
.of cyathln A3,respect1vely. The numbering of the carbon,
atoms and the lettering of the: rings adopted for further

N discusSions_is:indidated in struq;g;e_gg.
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The constitution'of’cyathin a, has been'confirmed‘
by an X-ray crystallographic investigation, carried out by
”;Drs. M J. Bennett and R.M, Tuggle48 The x-ray analysis
(see Appendix 2) confirms: that cyathin A ,crystallizes in
:the hemiketal form and also reveals the complete relative.
stereochemistry. The conformation in the solid state can
be approx1mated by structure 4@, in which both six-membered&

rings assume chair forms.

46

The -absolute sterebchemistry'remains to be deter-
nmined. | |

Up to this .point the assumptlon has been made
that allocyathln B3'is l,z-dehydrocyathin A5, and eVidence :
from both series has'been usedjto solve'the structural
problem‘, It was. now necessary to justify this assumption‘

by correlating the two series,
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t4)~ Correlation of Cyathin A, and Allocyathin B3

o Hydrogenation of cyathin A3 or’ dehydrogenation
ofdallocyathin B3 should be the simplest . reactions to cor-
,relate the two compounds. A controlled dehydrogenation
 would probably reguire a multi-step procedure (e.g. oxi-

 dation or halogenation at C-2, followedwby dehydrationwor”.

"idehydrohalogenation) and has not been attempted. It was

.anticipated that hydrogenation would also be accompanied A
”e by difficulties,as allocyathin B3 has four .sites - of unsat-
uration which could become involved in a hydrogenation
‘1reaction" reduction of the carbonyl group could, poten-A
l‘tially, 1ead to one. pair of epimers, saturation of the

isubstituted double bond- to another pair, and saturation'
of the tetrasubstituted double bond to another two pairs.
ConSidering further that side reactions such as ‘isomeriza-
"tion and hydrogenolyses could occur, the number of‘poten-
tial products- becomes large. ;

A smoother hydrogenation reaction might result
by u51ng the methyl ketal as starting material: one of
the unsaturated s1tes, the carbonyl group, is masked; the
chances for stereospecific " hydrogenation are increased,

- since the ketal has a more rigid conformation; in general,
the’ketal appears,to be more stable and, therefore, should
1ead to fewer 51de products. |

Hydrogen tion of conjugated dienes is believed
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to follow predominantly a. 1 2-addition mechanism??. ’Tetra-
substituted double bbonds require more drastic reaction
conditions*than less substituted’double‘bonds in

Jorder to undergo hydrogenatlon. It therefore appeared

pOSSlble to saturate the disubstituted double bond of the

cyclopentadiene mOiety selectively by carrying out the

reaction at atmospheric pressure and room temperature._-

However, it was felt that the Alz doubie.bond

Fmight also be affected under hydrogenation conditions. It

4was, therefore, decided to carry out the reaction first

with cyathin A methyl ketal. 1In a few exploratory experi-

3

~__ments it was soon seen that a number of products are

-fbrmed. fhe principal products appeared to be %Z gg, ég

and 50.
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ccmpcunds 47 and 48 and the epimers 49 and 59
wgiﬁe rise to well-separated spots and can be‘isclated'
Qithcutfdifficulty by ptlc. The polarity,(Rf-value) of "
‘the compounds~decreases (increases) as expected‘ in the
order alcohol, aldehyde, "hydrocarbon". It is possible
ﬂthat the materials assigned structures 47 and 48 each con-
-sist of a'mlrture of C-lg eplmers, since both were charac-
terized by_ir and*mass spectrometry-only:(QZ: mw 334,1
c21334o3,'hydroxyl absorption;r‘%,g:.-mwals,_céln“ozf no
_hydroxyl absorptlon). )

| cOmpound ég readlly crystallized. crystals_

were dep051ted from both ether and carbon tetrachlorlde'
solutlons when the solvent was allowed,to evapprate@
kHydrocarbcn.solvents such aslisooctane or SkellyscIVe B
appeared to- ‘be the most sultable for recrystalllzatlon.
aThe meltlng ‘behavior as observed on a hot-stage meltlng-‘
v:p01nt apparatus appears anomalouss: . the crystals transform_.'
into a slush at 113-115° and- do not give a clear melt even:
-at.135°. Molecular weight and comp051tlon were determlnedd
by mass spectrometry (Figure 41): 332, C21H3203 Compound
50 is an isomer of the starting material. The fact that
Athe peak at m/e 141 is no longer of great intensity, how-:
ever, leaves no doﬁbt that 39 is different from the start-

1ng material.

The ‘solid-phase ir spectrum (Flgure 42) reveals
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A, undecoupled; B, signal at § 4.45 irradiated;
C, signal at § 9.64 irradiated
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absorption characteristic of an aldehyde,at 2710 and 1725
cmfl. The hydroxyl absorption must be: due to water, since
it isjabsent in the solution spectrum (Figure 44).

The nmr spectrum (Figure 43) snows a character-
istic aldehyde signal at 8 9.64 with le’is = 2 Hz. Proton
le gives rise to a complex signal at § 2.53., Its coupling
pattern can be detected only by double irradiation: le,l3a
=9, 312,13b = 4, 312'15 = 2 Hz. .The nmdr experiment also
shows clearly that there is, at most, a very small coupling
(J<0.5 Hz) of le_with'Hll. Consequently, le occupies the
'endo p051t10n (i.e. it is trans to the oxygen bridge) and
the aldehyde function the exXo p051tlon5°.

Compound AD is slightly more polar than 39. 1
allowed to stand in methanol contalnlng sodium carbonate,

it isomerizes to ég. The reaction can be followed by tlc
and the identity was established by tlc and ir spectroscopy.
. As C-12 is the only epimerizable center, it follows that

42 is the C-12 epimer of 5.

_ The product distribution depends on the type of
catalyst and the pH of the solutlon used for hydrogenation.
'(Other factors such as solvent, addition of promoters and
lnhlbltors, and temperature were not investigated.) Plati-
num and rhodium catalysts seemed to favor production of
" the alcohol(s). Much hydrogenoly515 occurred under acidic

conditions, whereas in a strongly basic medium, hydrogena-
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tion seemed to be inhibited altogether; It appeared that
the best results were obtained in neutral or slightly
alkaline solution. Neutral conditions led to aldehyde

4&, and slightly basic conditions to aldehyde 30, as well
as to other products.

Some of the above observations were actually
made using allocyathin B, methyl ketal, but have been
included here in order to provide a more conciSe.deScrip-
tion. - | ,

Since aldehydé'ég':eadily‘cryStallized aﬁd its
spectra displayed several dis#inctive features, it was
decided to correlate'cyathin‘A3 and allocyathin B, via
this compound. When allocyathin B, methyl ketal was-éub-
jected to hydrogenétion;‘using ﬁéutral conditions, alde-
hyde 49 was obtained.' Whén 49 ﬁas-ihen-subjected&tb équi-
libration in methanol containing sodium carbonate, 59 was
produced, as shown by tlc and ir spectroscopy (Figure 44).
Despite the fact that the aldehyde from allocyathin B,
could not be obtained crystalline (the experiménts wefe :
conducted on a very small scalé), the close identity of
thé ir spéctrandoes support the vélidity of the correla-
tion. | |

The hYdi¢genation experiments finaliy confirm
earlier chemical gndbspectroscopic evidence that qyathin

Ay has structure A4. Since the relative stereochemistry of
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. Figure 44. Comparison of the ir Spectxa of aldehyde 59

‘ obtained from cyathin A, methyl ketal (B) and

allocyathin B3'methy1 ketalf(A)(CC14)

cyathin A, was revealed by X-ray analysis, these same
experiments also establish the steréochemistfy of allo-
»cyathin B3, as shown in é}. 'None of the asymmetric ceﬁters
c-5, C-6, C-9 and C-11 should be affected during hydrogena-

tion.

CHy
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5) Blogenetic Considerations

The molecular formulas of the cyathins and the
number of c—methyl_groups_present in them suggest that they
' are diterpenoids. The carbon skeleton 52 established for .-
the cyathins is not among those listed in the "Handbook of
Naturally Occurrinngom.pou_nds"51 and to the best of our

knowledge has not been reported elsewhere.

52 |
Geranylgeranyl pyrophosphate (33) is regarded

'as the natural precursor of the diterpenoidssz. - The

carbon skeleton of the cyathins may be derived according
-to the hypothetical Scheme IV outlined below. Oxldatlon
and reduction at the various centers to the appropriate

levels. at some stage of the biosynthesis will lead to.

the various individual cyathin components.

- Scheme. lV

53 54 55
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f1f. GENERAL EXPERIMENTAL

Purity of Solvents and Adsorbents

Commonly used solvents (reagent grade) were -
checked for purity. The following'amounts of residue were:

obtained after‘distillaﬁion at atmospheric pressure.

Solvent Residue [mg/11
acetone | 15
benzene 10
chloroform 10
ethyl acetate 30

méthanol ' 7

The residues seemed to consist mainly of rust and silicone
grease. However, acetone and ethyl acetate contained
impurities that had Rf—values similar to those of cyathin
censtituents. For many purposes the amount of contamlna-
tion was intolerable; the solvents were therefore dlst;lled
prior to use.

The purity of adsorbents was checked in the
following way: 20 g adsorbent wae stirred in 200 ml solvent,
the adsorbent removed by careful filtration, the solvent

evaporated under reduced pressure and the residue welghed.
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| Adsorbent Solvent Residue [mg/20 gl
silicic acid chloroform 1.1
(Mallinckrodt, 100 mesh)

silica gel G acetone 2.6

(E. Merxrck) '

No convenient method was found to remove the contaminants

and the adsorbents were used directly.

Thin-Layexr Chromatograghz

1) Preparation of Thin-Layer Plates
‘ Thin-layer plates were prepared according to
the method described in Stahl's.handbook ,_p 27, using
DESAGA equlpment. _

The two principal adsorbents used were- silica
~gel G (E. Merck) containing 1% electronic phosphor (ZnSi04,
GenerallElectric) referred to as ordinary silica'gel;.and
silica gel G impregnated.with 10% silver nitrate (argen-—
tated silica gei). In order to obtain an adsorbent layer
of 0.05 x 20 x 100 cm, slurries made of 50 g silica gel
~and 110 ml H20 or of 45 g silica gel and 100 ml of an
- agueous solutlon contalnlng 5g AgNO3, were prepared. The
- adsorbent 1ayers were activated at 120° for 2 hr. In the
case of argentated silica gel, particular care was taken :
to use clean materlals and equipment and a dust-free oven}
otherwise dlscolored layers resulted that made subsequent

detection difficult or imp0551ble. Layers were protected
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from light as much as possihle and preferably were used
the same day. The tlc spreader was cleaned»immediatelj
after use, since the argentated adsorbent is very corrosive.

The dimensions of the plates used for prepara=

tive work were 20 x 100 or 20 x 20 cm; for analytical
vwork, 20 x 20, 20 x 10 or 20 x 5 cm. The thicknesspof
the layer for preparatlve work was 0.5 - 0.7 mm, for
analytical work, «3 - 0.5 mm. For certain purposes
(following the course of a reaction or the. progress of a
chromatographic separation), microslides 1 x 3 in. and 2 x
'3 in.)' coated with ordinary silica gel were used. These
were prepared by dipping the slides into a suspensxon of '

the adsorbent in chloroform.

2) Appllcatlon "of Samples

In analytlcal work, the sample was applied with
the aid of a capillary. A manual appllcation method was
also used for preparative work. The sample.was dissolved
in an amount of solvent such that the viscosity of the
solution was low enough to allow free flow through the
orlflce of a micropipet (200 mg/l ml was satlsfactory in
most cases). The least polar solvent poss;ble (and- pre-
ferably with a boillng point of 50-80°) was chosen for
dissolving the sample. skellysolve B (a hydrocarbon
mixture with a boiling point'of'¢65°) was the ideal

_ choice, but because of solubility problems carbon tetra-
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chloride,;chloroform or acetone frequently.were substituted.

1+ was necessary to filter the solution ‘through a plug of
n'cotton wool’tO‘remove lint, etc. Micropipets ‘tholding

a volume of ~0.5 ml and'baving an orifice of <0.1 mm

were manufactured from ordinary glass tubing (internal
diameter . 4 mm) , and fitted with a soft rubber bulb. The
pipets were tested before use wrth pure solvent and only
those Whldh gave a very £ine, uninterrupted jet of solvent
were used to apply the 'solution to the tlc plate. a- |
300-mg- sample in 1 ml solvent could be applied in a stralgnt'
‘line by mov;ng the- plpet approxrmately five_tlmes across

a 20 x 100 cm plate.' The technlque requlred'a‘lot of‘
practlce at flrst (partlcularly w1th regard to “straignt
11ne. and “unlnterrupted jet" ) but subsequently was used
very eff;crently.

For initial, rouéh;separations 200 - 300 mg of

subStance‘were_uSedfon_a'ZO r 100_cmplate;ffor finerxr

separations, 100-*,200 mg were used.

" 3) Detection of Spots or Bands |

"~ In analytical work with ordlnary 5111ca gel,
spots were v15uallzed by spraylnthhe,plates with 30%
H2304_and subsequent heatlng them to_&llod (or vice versa) s
or were detected,by v1ewrng under short—wave uv-light ‘
(254 nm) . Thellatter method is very sen51t1ve for com-

pounds contalnlng chromophores that absorb in the 250 nm
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region, e.g. conjugated enones and dienes.

| phe uv method was also used extensively for
preparative purposes. Alternatively, particularly in cases
of nonabsorbin§ compounds, chronatography.on an analytical
tlc plate Was'carried out first. The spots were detected
by the H SO4—method and the results extrapolated to
preparatlve separatlons. | _

The H. so4-method was also applicable for analy- -

tical purposes ‘on argentated silica gel. A non—destructlve
detection method involved spraying the plates with a 0.2%
solution of 2',7'-d1chlorof1uoresein in ethanol followed

by viewing under long-wave uv-light (325 nm).

4)1 Recovery of Materlal After Chromatographlc ‘Separation.
B Zones containing organic materlal were marked with

‘atpointed'glass rod The corresponding absorbent was
removed from the glass plate with the aid of a microslide.
(Mlcroslldes proved superlor to any other device.) The
materlal was then placed in a chromatographlc column of

- such dlmen51ons that an adsorbent layer of about 10 cm

) helght resulted. The organlc materlal was slowly eluted .
'w1th ether. (Acetone was used in the earller part of this
'work, but later on ether proved polar enough to allow

' efficient elution of all compounds encountered in this

work.)
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, S)flgeoording~of‘k =Values

' _ Rf—values are recorded in the form R; (X)n. The

- letter X refers to the solvent system used for developing;
the- number n is obtalned by dividing the distance travelled
~‘by_the partlcular component by the distance travelled by
“the solvent front. 1In cases in which argentated 5111ca

gel was used,the expres51on "AgNO " is added within the

' parenthes is.

It should be noted that the tlc experlments were

- not carried out under standardized'conditions, i.e. age

of plates, tank saturation, etc., varied. Consequently,

the Rf-values are not strlctly reproduclble ‘and it is

estlmated that they mlght vary by 0.1 - 0.2 units.

-Abbrev1atlons for Solvent 5ystems

The follow1ng abbrev;atlons for solvent systems
have been used throughout thls thesis:
| -A: benzene—dloxane-acetlc acid 100:25:1
- B: lbenzeneeacetone-acetlc acid 70:30:1
C: . benéene-acetonefacetic acid 75:25:1
D3 -henzeneeacetone?aoetic'acid, 80:20:1
'E:‘?alcohol‘free chloroform
F: chloroform (0.75% ethanol) |
 G: chloroform-methanol ~ e8:2
'H: - chloroform-methanol - 95:5

I: chloroform-methanol  90:10
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J: Skellysolve B-aceﬁone 9:1

K: Skellysolve B-acetone - 721

' L,s+ Skellysolve B-acetone 5:1

M:  Skellysolve B-acetone 3:1

N Skellysolve,B-acetone ' 2:3
Sublimation

The term u"gyblimation® has been loosely used.

~It includes evaporation and condensation under reduced

’pressure (oil pump) of gum-like substances. The terms:

*molecular distillation", "evaporative distillatlon

"substlllatlon" have been used elsewhere for the same

process.

'Acetylatlon Procedures -

Procedure l)
Procedure 2)

Procedure 3)

A.mlxture of 20 mg substrate, 1 ml pyrldlne
and 0.5 ml acetlc anhydrlde was allowed to
stand at room temperature overnight.

A mixture of 20 ﬁg'substrate, 1 ml pyridine
and 0.5 ml acetic anhydride was allowed to -
stand at room tempereture for 2 hr.

A mixture of 20 mg substrate, 0.16 ml pyri-
dine, 0.08 ml acetic anhydride and 1l ml
methylene chloride was ellowed to stand at
room temperature for-1l hr and then at slightly
elevated temperature (¢40°)'until the reaction

was cemplete (as indicated by tlc).
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The reaction mixture (after.using,any-of the
procedures) was taken up in bennene (»5 ml) andrevaporated'..
 under reduced pressure to remove the’bulkiof the reagents;'
The residue was taken up in benzene (&2 ml) and washed
th one drop of water. The benzene layer was removed
‘and evaporated to afford the crude acetyl derivative.
_ Alternatively, the bulk of the reagent was
removed by evaporation (30°/l - 2 mm), the residue taken
up»in ether (20 ml), washed with small amounts of water,

dried-(MgSO4)_and evaporated to afford the crude acetyl

derivative.

'Measurement and Recording of. Spectra

'All mass spectra reported in this thesis werxe
measured on an A.E.I. model MS-9 mass spectrometer and
are recorded as a percentage of the most intense peak
. (base peak). High resolution mass spectrometry (hrms)
was used in most cases to determine molecular formulas.
The measurements were carried out by u51ng a direct probe

(70 - 200°) at an ionizatlon energy of 70 eV.
Infrared (ir) spectra were recorded on.a Perkin-
Elmer model 421 dual grating or a Unicam SP 1000 infrared .
»spectrOphotometer.
The Raman spectrum of solid cyathin A, was
recorded on a Laser—Raman instrument manufactured by

Spex Industries Inc.



The 220 MHZ nuclear -magnetic resonance (nmr)

spectra were measured on the 220 MHz Proton Nuclear
'Magnetic Resonance 8pectrometer at the Ontario Research
Foundation, Sheridan Park, Ontario. The other~nmrfspectra
were measured on a Varian'Associates moael A—60-or HRQlOO
spectrometer. Nuclear magnetic double resonance (nmdr).
experiments were also performed with the. latter instrument.
Tetramethylsilane (tms) was used as an 1nternal
standard for samples measured on the 60 and 220 ‘MHz
instruments. Tms also provided;the internal-lock'slgnal
£Orimost of the experiments carried out with the HR‘lQO
instrument. In some inStances,chloroform'or benZenerwas
V_usedvfor this purpose and tms was then added to produce
the reference signal. Howeﬁer, in some experiments in
'mhich benzene-d6 was used as solvent and benzene-h, as
the lock signal, the addition of tms was omitted; in
these cases the tms signal was assumed to be at 7.20 ppm |
upfield from the lock signal. The &§-scale has been used
'throughOut this thesis to express chemical shift wvalues.
It is estimated that the é-values might have an absolute
error of *0.1 ppm. (Differences of this order were regu-
larly encountered when the measurément of a particularasample
was repeated.) However, the relative.error (important

for shift separations and coupling constants) should be
‘much less (v+0.005). The pattern of signals is denoted

by: s = singlet, d = doublet, t = triplet, q = quadruplet,
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'm.=funresolved multip;et,,b'=»broad, u = unresolved band.
~ Most of the ultraviolet (uv)'spectré were*rec¢rded‘
‘on a Cary Recoraing-Spectrdphotometer, model 14M. Optical |
rotatory dispersion (ord), éircular dichroism,(cd), soﬁe ,
uv spectrabahd optical'rotations ([a]b),were déﬁermined
‘on a Durrum-Jasco Recording Spectroéolarimetéri The deter-
‘mination of the wa#elengths of the maxima is probably verﬁ
‘accurate (error less than 1 nm); however, it is estimated
that the values of the exﬁinction coefficient (e), ﬁolecu-
lar rotation ([¢]), and dichroic absorption (Ae) could
.have an error of as much as 50% since quantitles of the
vqrderiof 2 mg were measured on a balance,that had an esti-

mated accuracy of #0.5 mg.

. Sample Preparatibnifof Spectroscopic Measurements
| It was difficult to obtain solvent-free samples
'in the case of gum-like substances. Even after prolonged
drying at vl mm some traces of solvent were ﬁsually still
presént. -
| When the spectrum of a substance was to be mea-
sﬁred in solution, purglng w1th the- approprlate solvent
éroved very effective in overcoming this difficulty. The
'sample.was dissélved inia small‘amount of thé solvent to
be used and the so1vent was subsequently removed by evapo—
| ration under reduced-pressure: this process was then.

' repeated twice. All volatile contaminants could be removed
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in this fashion.- Insoluble impurities were then removed
by filtration through a plug of cotton wool.. . ‘
Samples were submitted to the varioﬁs Spectro- .-
scopic Services of this Department for the measurémeht.of
mass, ir énd nmr spectra (except 220 MHz nmr'specﬁra);" |
some of thé ir and most of the uv, ord and.cd spectra

were measured by the author.

Melting-point Apparatus

In the few instances that cryséalline'cqmpounds
were obtained, the melting points were determined on a
Leitz-Wetzlar hot-stage melting=-point apéaratﬁs fitted\with
a microscope. Alternatively, a Fisher-Johns méiting-point
apparatus was used to determine the melting éoint_of

chromocyathin and its derivatives.

Microanalyses : .

Microanalyses of chromocyathin and its deriva-
tives were performed by the Microénalytical Laboratory of

this Department.
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IV DETAILED EXPERIMENTAL

Production and Isolation of Crude Cyathin

(Taken from B, N, Johri, Ph.D. tHesis, P9 )

*Transfers of mycelium of the fungus Cza us
helenae were grown throughout as tstill-Surface'
cultures. Brodie medium, without agar and con-
taining 2% dextrose (but no maltose), was used
during the earlier part of the work. A quantity
of 200 ml or 400 ml of this medium wasfdispensed
into a 500 ml or 1,000 ml Erlenmeyer flask and
autoclaved. The medium was inoculated with three:
or four 8.0 mm discs of mycelium of Cyathus helenae(
taken from a 16 to 18-day old colony growing on
Brodie solid medium. During the summer of 1968,
as much as 45‘liters of broth were extracted.
Tﬁéﬂmycelium was removed by passing the broth
from cultures (25-day-old) thtough a thick layer
of cheese cloth. = The broth was then extracted
using an equal volume of ethyi acetate. The yel-
lowish ethyl acetate extract, along with some

‘aqueous dark-colored impurities, was again passad
through a thick layer of cheese cloth. The result-
ing yellow liquid was reduced to dryness under
vacuum at 35°C. This operation produced a reddish-
brown powder, highly soluble in acetone or ethyl
acetate.," |

See Introduction for the composition of Brodie

medium. From 1 l. was obtained 0.2 - 1.0 g crude cyathin.

Isolation of Chromocyathin

Crude cyathiﬁ complex (1.7 g:; part of October,
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1969 crop) was triturated with chloroform (15 ml). The
undissolved material (0.59 g) was obtained as a micro-
cr&stalline yellowish-brown solid after filtration. Sub-
Yimation (140-170°/0.3 mm) followed by recrystallizatién
from chloroform-methanol (9:1) gave yelloy cr&stals‘of
chromocyathin, mp 216-219° (dec); uv (MeOH): A 241

(e 14,000), 282 (e 11,000) 350 nm (e 8,000); ir (nujol):
3380, 3160, 1630, 1610, 1590 cm '; nmr (acetone-d):

§ 9.75 (1H, s, CHO), 7.13 (1H, s, aromatic H) 6.43 (1H,
s, aromatic H); mass spectrometry: calcd mw for C HG 4t
154, found: 154; hrms of m/e 153, caled for C. Hs 4t
153.0188, found: 153.0187.

Synthesis of 2,4,5-Trihydroxybenzaldehyde
13, 14

1) 1,2,4-Triacetoxybenzene

A mixture of benzoquinone (48 g, 0.44 mole),
acetic anhydride (144 g, 1.41 mole) and conc H SO4 (5 ml)
was kept at 50° for 2 hr. The resulting paste was sus-
pended in water and the pﬁecipitate was collected by fil-
B tratibn. The filter cake was recrystallized from 50%
ethanol (200 ml). vield 2100 g (90%). Characterized by
hmr'only (CDCl3):v § 7.1 (3H, m, 3 aromatic H), 2.23 (°H,
s, 3 x OchH3).

- 2) 1,2,4-Trihydroxybenzene12' 13

A mixture of 1;2,4-triacetoxybenzene (100 g),
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methanol (200 ml) and conc H,S0, (10 ml) was heated ﬁndéf
reflux for 1 hr. The reaction mixture was neutralized
with Na,CO, (20 g), taken up in ether and washed with

saturated NaCl solution. The ethereal phase was dried
with Ca012 and the ether wés evaporated under reduced
pressure. The residue solidified on étanding in an evacu-
ated desiccator; mp %130°; The yield was not determined.
Characterized by nmr only (acetone-d6)= § 7.5 (2H,-broad,
2 x OH), 6.65 (g, 4, J = 8 Hz, aromatic H), 6.40 (1H, 4,
J = 3 Hz, aromatic H), 6.18 (1H, 44, J = 8, 3 Hz, arcmatic
‘H), 3.4 (1H, broad, OH).

3) 2,4,5-Trihydroxybenzaldehyde: Cyanide Method;'z'ls'l6
1,2;4-Tiihydroxybenzéne (6.3 g, 0.05 molej was
dissolved in ether (100 ml) and potassium chloride (0.1 g)
and zinc cyanide (11.7 g, 0.1 moie) added. The suspensibn
was cooled in ice and vigorously stirred while a rapid
séream of dry hydrogen chloride was passed through fhe“
mixture for 1 hr. The ether was then decanted and ice
(50 g) was added to the residue. The resulting mixture
was heated on the steam bath and the reddish precipitate
(3.0 g, 39%) removed by filtration, _Sublimation of a
portion of this:material followed by crystallization from
chloroform-methanol gave 2,4,5-trihydroxybenzaldehyde,
mpA216;219° (dec) , repofted 223°12.' This material had

the same spectral'characteristics as chromocyathin (natu-
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ral material).

4) 2,4,5-Trihydroxybenzaldehyde: Orthoformate Methodl7
1,2,4-Trihydroxybenzene (12.5 g, 0.1 mole),
triethyl orthoformate (100 ml, excess) and ether (300 ml)
were placed in a l-liter three-necked flask fitted with
condensef and mechanical sfifrer. The mixture was cooled
in ice and aluminum chloride (10 g, 0.15 mole) was added
over a period of 5 min. The mixture was stirred at rt
for 0.5 hr and subsequently poured into 5% hydrochloric
acid (500 ml). The product was extracted with ether (a
total of 1 1.), the extract washed with NaHCO, solution
until neutral, dried (Mgso4) and the ether evaporated
under reduced pressure. Recrysﬁallization,of the residue
from chloroform-methanol gave brown crystals of slightly
impure 2,4,5-trihydroxybenzaldehyde (6.9 g, 45%). The
low yields are likely due to the fact that the product
decomposes, particularly when exposed to air in alkaline
solution. In order to remove the brown impurities, the
material was sublimed (150-170°/0.1 mm). The spectra
were identical with those of the other preparations. 2
microanalysis was also performed.} Anal. calcd for C7H 04:

6
c' 54.55; H', 3.92; found: C' 54.35; H' 4.170

Preparation of 2,4,5-Triacetoxybenzaldehyde

2,4,5-Trihydroxybenzaldehyde (1.15 g, 0.0075
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mole) was dissolved in pyridine (12 ml) and cooled in ice.:
Acetic anhydride (6 ml, 0,06 mble) wés added gradually.
The mixtufe was allowed to stand at rt for 10 min, then
poured into cold water'(loo ml), stirred and filtered.
Recrystallization from 98% ethanol yielded 2,4,5-triace-
toxybenzaldehyde'(l.l39 g, 58%), mp 114-115°, repo:ted
115°%8; ir (cnc13)£ no hydroxyl, 1760,_1690 cm-l;.nmr |
(CDC13): $ 10.13 (1H, s, CHO), 7.72 (1H, s, aromatic H),
7.20 (1H, s, aromatic H), 2.35'(3H, S, 02CCH3), 2.28'(63,
s, 2 x 02CCH3); hrms: calcd for.C13H1207:.-;§0.0583;
found: 280.0584; mass spectrum: m/e 280 (0.3), 238 (10),

196 (60), 154 (100), 153 (10). Anal. calcd for €, H ,0,:
c, 55.72; H, 4.32; found: C, 55.98; H, 4.21.

On standing in ethanol the material reverts to
2,4,5-trihydroxybenzaldehyde and decomposes further.

Chromocyathin ("natural material", 0.23 g) was
treated in an ahalogous way to afford thé acetyl deriva-
tive (0.11l g), mp 114-115°, undepreésed on admixture of
“syntheticf 2,4,5-triac§toxybenzaldehyde. Ir and nmr

spectra were identical with those of synthetic material.

Initial Separation of Crude Cyathin Extract: ‘Column

Chromatography

1) .General Procedure:
After stirring the crude extract with a small

volume of chloroform (1 ml per 100 mg), remove insoluble
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chfomocyathin (C7HGO4) by filtration.,
| Subject the filtrate'(after evaporation) to
colump chrométography on silicic a;id (Mallinckrodt).
The ratio of adsorbent to substrate should be-40zl.. Sel-
ect a column in such a way that the adsorbent bed has a
height of 100 mm.
Use three solvent systems as eluents:
F) chlbrdform
G) chloroform-methanol (98:2)
H) chloroform-méthanol (95:5)
System F will elute group I and group II; systeﬁ'G,,grOup
III; and system H, group IV and grbﬁp A2 consﬁituents.
(See Chapter II, p 16, for the group classifications.)
Monitor the eluate frequentiy by tlc in order to change
the solvent systems at the right time and to assign the |

various fractions to groups I-V.

2) Example: ‘ '

On January 7, 1970, 2.82 g chfomocyathin-free
extract (a portion of the material obtained frbm the
Ocﬁobef '69 growth) was chromatographed on 82>g of silicic
acid. The adsorbent colﬁmn'had a height of 90 and a diam—
eter of 55 mm. The substrate was eluted with 2.2 1. of
system F (group i and II eluted), 1l.1 1l of G (group II,
III, and IV) and 1.0 1L of H (group IV and V).

After evaporation of the solvent, 0.086 g group I,
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0.105 g group II, 0.385 g group III, 0.176 g group IV,
and 0.683 g group V components were obtained.
In-group I, cyathin B3, (Rf-(B) 0.6; R (H) 0.6)
was the major compohent. It was further purified by col-
umn chromatography on silicic acid and by sublimation

20728
found 316.2038). Mass and ir spectra of cyathin B; are

(100-110°/0.05 mm) ; hrms: C,, H,504 (calod 316.2039,
reproduced in Chapter II.

Group II contained at least two components. 'dne'
.of the fractions partlally-crystallized. A few of the
‘crystals‘(allocyathin a,) were oollected, mp 85-90°, Re
~(B) 0.5, hrms: c20330 4 (calcd: 334 2144; found:
334.2139). Mass and ir spectra of allocyathln A4 are
reproduced in Chapter I1I.

Group III contained chromocyathin, as indicated
by the yellow color of the solutlon and tlc characterls-
tlcs, £ (B) 0. 43, and at least two other component5°
one of these_was_cyathln Ag, Rf (B) 0.31, and the other
possibly cyathin B4,'Rf (B) 0.39.

Groop IV contained at least two components, as
yet unidentified, Re (B) 0.18 and 0.15.

The major component in group V was cyathin 2,,
Re (B) 0.09, hrms: C,,H 30%2 (calcd 334.2144; found
' '334.2146). Mass and ir spectra of cyathin Ay are repro-

duced in Chapter II.
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Initial Separation of Crude ggathinﬂnxtractﬁi'ThinbLaygr

Chromatograghx _ ,
Two examples will be given to illustrate the

method.
1) Separation of 2pril '69 crop in May '69

This batch had been produced by using a culture
medium that contalned maltose (60 g/l) as the sugar source.
It is kpown as batch VI. The broth (4 l) was extracted |
with ethyl acetate (4 1). After drying and evaporation,
3.03 g of crude extract was'obtained., Extraction with 5%~
NaHCO, solution removed some of the ohromocYathin. .When :
the residue from this process was stirred in ether, more.
_ohromocyathin could be remOved~bY'fiitration; ‘The residue
(2.01 g) now contalned only minor amounts of chromocyathln,
as. judged by tlc. _ _ _ 1

ThlS materlal was applled manually to six 20 X
100 cm tlc Plates (silica gel G containing electronic
phosphor,_O.S mm thick). Solvent system C was used for
-developing. Several bandsfwere detected under short-wave
uv-light. The layers were divided into five zones, scraped
off,and the organic material was eluted from the adsorbent
wit£ acetcne.

Group Rf (C) range emount [mg]

I 0.7 - 0.8 68
IT 0.6 - 0.7 133
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Group Ry (C) range amount [mg]
11X 0.4 - 0.6 583
iv 0.15- 0.4 383
v 0.05- 0.15 373

The major component in group V was cyathin a, (tlec).

Group IV contained a mixture (tlc) and was not
further investigated.

Group II contained several unidentified compon-
ents,

The major component of Group I was.cyathih B3,
idenﬁical with the component mentioned above (tlc).

Group III contained chromocyathin which was
: remoﬁedAbf'stifripg with chloroform and subsequent filtra-.
tion. No cyathin A34was found.in the filtrate, but aAnew
compound , cyathin'B4, Re (C) 0.5, was detected. This
: mateiial was further purified by ptlc. Attempts at crys-
tallization and sublimation were unsuccessful. The molecu-
lar fbrmula‘was determined by hrms:' C,0H28% (calcd
v332.1988; found 332.1985). Masé and ir spectra of cfathin
'B4 ére reproduced in Chapter II.

‘The preparation of derivativés of cyathin B,

such as the acetate and acetonide was unsuccessful.

2) Separation of July '69 crop in August '69
This batch was considered somewhat irregular -

since part of the fungal mycelium had submerged during
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'_ cultivation.
After extraction with 11 1, of ethyl acetate, 11 1
» of broth yielded 2.71 g of crude extract; 2.31 g of the
_ crude extract was etherasoluble.

The .ether soluble extract (1.96 g) ‘was subjected
to ptlc on flve 20 x 100 cm plates, as described above.
- After developlng and eluting, as also descrlbed above, the
‘follow1ng fractions were obtalned:._comblned-grouPS‘I-and
II, 384 mg; III, 620 mg; IV, 270 mg; and V, 504-mg.

| According to tle,all groups’ consisted of several

bcomponents, except possibly group V, in which cyathln A4
: appeared to predominate. Combined groups I and group II
probably contained some cyathln B3,but ‘were not 1nvest1-
gated further at this stage. Constituents of group IV |
were not investigated.

.Group IITI again contained chromocyathinpwhicu
was removed by stirring with chloroform and filtration‘
The filtrate, which contalned cyathln A3 as a major comr
ponent (tlc), was further purlfled by ac1d—base separatlon.
(It was found later that cyathln A3 deterlorates if allowedr
to stand in alkaline solution). In one instance, 465 mg;
of the group III constituents gave 373 mg chloroform
soluble; 102 mg chloroform soluble gave 41 mg neutral
material. This isolation procedure was probably quite
wasteful., Material thus obtained appeared rather pure,

Rf (C) 0.36, hrms: Cé0H3003f The last purification step |
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was sublimation (170°/0.05 mm); the "sublimate" was a
colorless glass that "melted" at 40-45°, At the time,this
was considered very pure cyathin Ag, but actually proved
to be what is called "a, mixture" in Chapter II. Spectra
were recorded and derivativés prepared; however, they will
not be discussed here,since this material was a mixture
of what is now known as cyathin A, and allbcyéthin Ba.

Isolation of Patulin

Report received from Ayerst Laboratories (March
1971) : A : -
“12Q FernLach flasks containing 300 ml of
the medium were inoculated with 8 mm discs of 16
days' growth on agar of Cyathus Helenae F-638.
The flasks were incubated at 22°C for 29 days.

At the end of incubation period, 32 litrxes of
the filtrate were recovered by filtration. The

filtrate was extracted twice with one v/v of
ethyl-acetéte, the ethyl acetate extracts were _
combined, dehydrated over sodium sulfate and eva=
porated to dryness to yield about 12 grams of

dry residue. This residue has m.i.c. against
Staph. aureus of 6.5 ug/ml." '

Patulin was found in both of the two Ayerst pre-
fparatibns of crude cyathin. It was a group III constituent
and was separated by column chromatography followed by

thinélayer chromatography according to the general methods
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outlined on the preceeding pages; Its'tlevcﬁaraetefistics
(high sensitivity to the uv—detection method, but insensi-
tivity to the H SO4-detection method) distinguished it from
the terpenoid cyathin components. _The crude patulin was
not -purified to the extent that it would crYstallize; How-
ever, the speetral deta identify the-material'as_patulin53;
hrms: caled for C H 04. 154,0264, found* '154 0265- ir
(CHCl3). 3680 (weak), 3580 (sharp), 3500 (broad) , 2950,

- 2860 (weak C-H), 1780 (very strong), 1750, 1675,'1595 cm 1;4
amr (CDCly): & 5.8-6.1 (s(1 H) + m(2 H)), 4.64 (1 H, 44,
Ji#'l7.3), 4,35 (L H, ad, J = i7.4): uv (Mepﬁyéjsz76 12,500
(max) ; nmr of O-aeetylpétulin (obteinedlpy-folicwing acetyl-
ation procedufek3),‘but substitutipg'bensehe”for mefhylene
chloride) (CCl,): & 6.90 (1 H, s), 6.01 (1°'H, ad, J = 2.5,
1.5), 5.90 (1 H,‘ddd, J=4,5, 2.5, 2.5), 4.68 (1 H, ddd,

J = 17.5, 2.5, 1.5), 4.43 (1 H, dd, J = 17.5, 4.5), 2.07

(3 H, s, 'oc0cn'3)';

Separation-of-“Aj-Mixture“ by ChrOmatdgtaphy-on Silver

Nitrate-Silica Gel

1) ColumnAChromatography

The adsdrbent,rloi silVer nitrate-silica gel,
was - prepared by dry mixing of 25% 511ver nitrate-5111ca
gel (AdsorbOSil, 60/100 mesh, Applied Science Laboratories,

Inc.) and ordinary silica gel (Fisher, 28/200 mesh, grade
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12) in thé ratio_2:3 with the aid of a rotary evaporator.‘

Chromaﬁographically pure (by ordinary tlc) “A3-
mixture" (266 mg) was chromatographed on 20 g of 10% silver
nitrate-silica gel using a 100-ml buret as a column
(adgngentJbed.lﬁAcm higp). 600 ml ofvso&ventﬁsystem_xw '
and 300 ml of L Werebused as eluents. | |

The first 150 ml eluate contained no material.
The next 300 ml contained 95 mg of rather pure cyathin A3,
Rf (AgNQ3, N) 0.60. One of the 50-ml fractions crystal-
lized spontaneously on evaporation of the solvent, and two
others were induced to crystallize. The remaining 450 ml
contained mixtures (altogether 58 mg) of cyathin A3 and
allocyathin B3, Rf (AgNO3, N) 0.51.

This experiment was carried out six times: in none
of the cases could pure allocyathin B3 be obtained. Nmr
spectroscopy provided useful criteria to estimate tkte
composition of the mixtures: protons a of the two cja-
thins appear at slightly different chemical shifts (8 5.99
in cyathin A3 and § 6.02 in allocyathin B3). The ratio of
the integrated signals reflects the ratio of the two com-

ponents.

2) Thin-Layer Chromatography
a) General Procedure

Apply approximately 120 mg "A,-mixture" (pure
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according to ordinary tlc) to a 0.05 x 20 x 100 cm thin-
layer of 10% silver nitrate-silica gel. Develop in sol-
vent system N until the solvént front has almost resched
the top of the plate. Allow for a short drying period
under atmospheric conditions and spray the plate very
sparsely with a 0.2% solution of 2',7!'-dichlorofluores-
cein in ethanol. Locate the separated cyathin A; and
allocyathin B, bands at Rg 0.5-0.7 by viewing under lohg-
wave uv-light (325 nm), mark and scrape off. Place each
scraping in a chromatographzc column of such dlmens1°ns
that an adsorbent layer of ca. 10 cm results ‘and elute
each slowly (1 drop/sec) with 150 ml ether. Evaporate
the ether and obtain cyathin A3 and'ailocyaihin B3. - Upon
trituration with acetone, cyathin A3 should crystallize.
Further purification steps are necessary to obtain crystal-

line allocyathin Bj.

b) E#ampie
The above proceduﬁe was followed on March 23,
1971. Ca. 120 mg:"A3-mixture" was applied to each of two
plates. After development and detection, the cyathin A3
and allocyathin By fractions were combined; each fraction_
was eluted with 250 ml ether. After evaporation, 117 mg
cya#pin A3>and 79 mg allocyathin By were obtained. Cya-

thin A, crystallized after the addition of a few drops of
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acetone.

. Crystallization and Characterization of Cyathin A,

. Cyathin A, (purified by ptlc on AgNO3-silica
gel, partially crystalline, apprdximatéiy 15»mg) was .
placed in a 2 ml Erlenmeyer flask and dissolved in hot
benzene (v0.5 ml). Cyclohexane was added dropwise -until
the solution became cloudy. A few drops of benzene were
added to dissolve the precipitate. The solution was then
allowed to cool to room temperature and to stand undis-
turbed overnight. When observed the next morning, érys-
tals had appeared, but they wefe too small for X-ray
crystallographic studies. The solution was warmed until.
the crystals dissolved, a few more drops of benzene were
added and the solution wasvéllOWed to stand for a day.
Again, the crystals were toofsmall and the proceduré was
repeated several times; After a week's experimentation
a concentration was_obtainedlﬁhich éllowed sufficiently
slow crystal growth. The largest crystals‘thus obtained
were of the size 1.0 x 0.3 x 0.3 mm;Amp 148-150°; hrms:
calcd for C, H,;505: 318.2195, found: 318.2195; [al,
-155° (C, 0.26, methanol). Mass, ir, nmr, uv, ord and

cd spectra are reproduced in Chapter II.
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Crystallization and Characterization of Allocyathiané

All analogous crystallization attempts with
'allocyathin B3 (purified'by ptlc on-AgN03-silica gel,
noncrystalline) were unsuccessful. |

_Crystala of_allogyathin B3,however,were obtained
accidentally in the unplanned methanolysis experiment men-
tioned below. o

Other pfeparations of allocyathiﬂ B3 could now be
crystallized from,benzene-skellysolve B by using these
crystals as seeds; Still, crystallization did'not proceed
‘as smoothly as in the case of cyathin Ag the solutions had
to be fairly‘concentrated beforejcrystallization occurred
and the resulting crystals were always microscopically
small; mp 143-144°, h:ms: caled for C,gH,o05: 316.2039,
found: 316.2031. The mass and ir spectra are reproduced |
_in Chaptér‘II._ The following. characteristic data wére
obtained from noncrystalline allocyathin B;: [a]D -250°
(C, 0.26, methanol); nmr (CDCl,): & 6.30 and 6.23 (28,

AB quartet, J = 5 Hz, CH = CH), 6.02 (1H, m, C = CH),
rémainder of spectrum ill—defined; uv (methanol): A 235

max

nm (¢ 5,l00); ord (C, 0.26, methanol): -16,000°,

[¢1300
RLZPYY ~24,000° (trougb); (C, 0.07): [¢]l,5¢4 —15,000°
(peak), [¢1,,5 -15,000 (trough), [¢],,5 +2,400 (peak);

cd (¢, 0.26, methanol): Aeyy, +1.6 (pos max).
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Acetylation of Cyathin A3

| c;ystalline cyathin A3;(2° ng, 0.063_mmoie) wés:
subjected to acetylationzproqedure 3). Monoacetylation
regquired 30 min at 26°; diacetylation, 10 h: at 35?; mono-
acetate: be(M) 0.3; diacetate: R¢ (M) 0.4, R (AgN03, M)
0.4. Work-up after 10 hr yielded crude 0,0-diacetylcyathin
A, (20 mg), a nearly colorless gum containing traces of
impurity. The material was subjected.to ptlc }19'mg) and
sublimation at 105-120°/0.02-0.2 mm (15 mg recovered).
The fingerprint region of the ir spectrum remained poorly
defined and it is doubtful whether much further purifica-
tion was effected. Characteristic data: hrms: calcd for
C,, Hq,05t 402.2406, found: 402.2404; [el, -64° (c, 0.13,
isooctane); uv (isooctane): €530 7,300 (sh), €589 73 (min),

€355 126 (max); ord (C, 0.13, isooctane): [¢]538 -280°
(trough) , [¢]363.+2,700° (peak), [¢]300 -12,300 (inflection),
[¢],4, —22,500 (trough), [¢1,35 -13,200 (peak); cd (C, 0.13,
isooctane): Ag34, +2.7§ (pos max), A€,y -3.3 (neg min}.f

Mass, ir and nmr spectra are reproduced in Chapter II.

Hydrolysis of 0,0-Diacetylcyathin A3

1) 0,0-Diacetylcyathin A3 (23 mg, contaminated with 0,0-
diacetylallocyathin B3) was treated under nitrogen with
2% potassium carbonate in 80% aqueous methanol (1.5 ml)

for 0.5 hr. The reaction mixture was diluted with
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water (2 ml), extracted ﬁith ether (25 ml) and washed
with water until neutral. Evaporation of the dried
(Mgso4) ether extract yielded crude product (16‘mg),;'
which was identical with cyathin Ag (contaminated with.
allocfathin B3) according to tlc, mass-and ir spectra.
2) O, O-Dlacetylcyathin Aq (14 mg, uncontaminated by O, o-
diacetylallocyathin B ) was allowed to stand in methanol
(10 ml) for a week. Evaporation yielded a residue that
lacked ir absorption at 1745 cm~! and whose tlc charac-
teristics wére similar to those of éyathin A, Tritu-
ration with acetone yielded crystals whose ir spectrum

was identicai with that of authentic cyathin 2,.

Ketalizationcof Cyathin A4

Crystalline cyathin A3>(20 mg» dissolved in
methanol (10 ml); was treated with'g saturated solution of
hydrogen chloride in methahol (10-drops) for 0.5 hr. The
mlxture was then neutralized with solid sodium‘carbonate
. (120 mg) . The methanol was evaporated, the resxdue taken
up in ether, the suspenszon flltered and the ether evapo- .
rated to yield cyathin A3 methyl ketal (22 ng) , Re (M) 0.29.
'This.material was used to obtain spectral data without
further purification; hrms: calcd for C21H3203: 332.2352,
found: 332.2356; lalp -154° (C, 0.24, methanol);

uv (methanol): end absorption only; ord (C, 0.24,
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~methanol): [¢] g9 -510°, [¢1,44 -1,290°, [41,5, -7,900°;
ed (C, 0.24, methanol): _Aa325 0.0. Mass, ir and nmr spec-

tra are :reproduced in Chapter II.

Hydrolysis of Cyéthin A, Methyl Ketal

| Cyathin A3 methyl ketal (40 mg, obtained from
impure cyathin A,, but itself'puréaacéording to nmr and
t tle) was allowed tostand in acetone-water-conc hydrochloric .-
acid (20:2:1) for 18 hr at-32°. The mixture was heutral-
ized withvsolid.sodium carbonate, filtered and most of the
acefpne’évaporated under reduced,pfesgﬁfe. ?he resulting
_aqueous suspension.was'extracted»with ethéf, dried (Mgso4),
filtered and evaporatéd fo givé crude product (36 mg).
Purification by ptlc (siliéa gel, 0,05 x 20 x 20 cm, sol-
vent system I) gave cyathin A3 (11 mg) which crystallized
upon trituration with acetone. Identity was established

by tlc and ir spectrum (KBr-pellet).

Acetylation of Cyathin A, Methyl Ketal

cjathin A3 methyl ketal (20 mg, obtained from
crystalline cyathin a,) was subjected o acetylation pro-
- cedure 3) (1.25 hr at 26° and 1 hr at 40°). Work-up
yielded non-crystalline O-acetylcyathin A3 methyl_kétal
 (20 mg')",‘Rf (M) 0.57, which contained traces of impurities

. (tlc). This material was used for spectral characteriza-



134._»f

tion without further purification; hrms: calCd.forf¢2333464:_
174.2457, found: 374.2450; ir (CCl,): no hydroxyl, 1740 cnt
(ester carbonyl); uv (isooctane); end absorption only: ord
(c, 0.18, isococtane): [¢]300 -1,250°,‘[§]250 -4,800°, [¢]230‘

—ll 900° (trough); cd (C, 0. 18, 1sooctane)- Ae 0.0.

325
The mass-spectrum is reproduced in Chapter II; the nmr data

are listed in Table III.

Acetylation of Allocyathin 33

In two experiments, noncrystalline allocyathin
B3 (50 mg) was subjected to acetylatlon procedure 2). The
crude product (51 mg) was purlfled by ptlc on 10% AgNO3-
silica gel (developed w1th system M) to give O O-dlacetyl—
allocyathin B, (24 mg), Rg (M) 0.4, Rf,(Agﬁo3, M) 0.4, which

could not be crystallized; uv (methanol): € 14,000

215
(min), €,,5 16,000 (max); €359 9,700 (inglection), €300 2607
ord (C, 0.26, methanol): [¢]365 -1,200° (peak):; (C, 0.13):
[¢1320 -9,200° (inflection), [¢]300 -15(000° (inflection),
[¢]272 -22,000° (trough), [¢]250 —18,000° (Shoulder),'[¢]222
+2,500° (peak); cd (C, 0. 26 methanol) Ae325 +1.6 (pos max).
(These data should be considered with caution, since the
sample had undergone methanoiysis to an unknown extent.)

Mass and ir spectra were not secured; the nmr spectrum

is reproduced in Chapter II.
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Methanolysis of 0,0-Diacetylallocyathin B,

0,0-Diacetylallocyathin B, (13 mg, purified at
this stage by ptlc on AgN03-silica gel) was allowed to

stand in methanol (10 m1) for a week. Evaporation yielded

-1

a residue that lacked ir absorptlon at 1745 cm and whose

tlc characterlstlcs were similar to those of allocyathin
B3. | . | |

After storage for five months in the refrigera-
tor, the residue had partially crystallized.

Ketalization of Allocyathin B3

Noncrystalline allocyathin B, (31 mg), dissolved
in methanol (20 ml), was treated with a saturated solution
of hydrogen chlorlde in methanol (1 ml) for O. 5 hr. Freshly
ground sodium carbonate (0.8 g) was added and StlIIEd until
4the solution was neutral. Undissolved material was £il-
tered bff and the solvent removed by evaporation under
. reduced pressure. The residue was taken up in ether, fil-
tered and evaporated to give crude allocyathin Bg methyl
ketal (28 mg),which was purified by ptlc (developed with
sys#em M). The purified-material (20 mg) , Rf (M) 0.39,
could not be crystallized; hrms: calcd for C2133003:
330.2195, found: 330.2190; [u.]D - 230° (C, 0.18, isooc-—

' tane); uv (iscoctane): €559 1,900 (min), €556 4,200 (max) ,



136.

€30 05 oxd (C, 0.18, isooctane): [¢1ggq =750°, 41,4,

+ #1300 (41573 -14,400°
(trough), [¢]256 -7,300° (inflection),-[¢]24o -180° (peak);

-2,100°; (C, 0.07): - 6,200°,
cd (C, 0.07, isooctane)é Aezs2 -3.6 (neg min). Mass, ir -

and nmr spectra are reproduced in Chapter II.

Acetylation of Allocyathin B, Methyl Ketal

3

Impure cyathin B, methyl ketal (20 mg; not thé
material mentioned above) was subjected to acetylation pro-
. cedure 3) (1 hr at 30°, O.S.hr at 40°). Acetylation was
essentially complete after 1 hr (ﬁlc).. The crude product
(18 mg) was purifiea by ptle (developed_with system M) to
give O-acetylallécyathinAB3.m¢thylAkepél (6 mg, yield‘much‘
reduced due'to spill‘agé),"Rf (M) 0;55,vwhich could noﬁ be |
crystallized; hrms: calcd for C,,H,,0,: 372.2301, found:
‘372.2305; [a]D -230° (C, 0.1, isooctané); ir (CC14): no

1

hydroxyl, 1740 cm ~ (ester carbonyl); uv (isooctane):

€509 2,900 (min), €555 5,600 (max); ord (C, 0.1, isooctang):

-750°, -1,400°, -4,600°,

[¢1340 [¢1593

(61,50 ~4,600° (inelection), [#13; ~90°

(peak); cd (C, 0.1, isooctane): Aez43 -2.2 (neg min).

(01580 141400
-10,000 (trough),

The mass spectrum is reproduced in Chapter II; the nmr data

are listed in Tabie V.

. Hydrogenation of Cyathin'A3 Methyl Ketal

Crystalline cyathin 2, (30 mg) , dissolved in
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methanol (60 ml), was treated with a saturated solution of
hydrogen chloride in methanol (1 ml) for 0.5 hr. Dty,
freshlyvgronnd sodium carbonate (1 g) was added, and the
mixture stirred until the solution was neuttal, and then the
insoluble material was filtered off. Paliadium-charcoal
(5%, 50 mg) was added to the filtrate and the mixture
stirred in an atmosphere of hydrogen for 0.5 hr at room
temperature. The catalfst was removed by filtration and .
the solvent evaporated under reduced pressure.  The resi-
‘due was taken up in ether, filtered, and the solvent evap-
orated undef reduced pressure. The crude product (28 mg)
'con51sted mainly of two components, alcohol 41' £ (M)
0.37, and aldehyde ég, £ (M)_O.55, along with trace amounts
d.offég, Rg (M) 0.70 (idéntified by'tic). The aldehyde (12‘
mg) and the alcohol (7 mg) were separated by ptlc (devel-"
‘oped with system M). No attempt was made to isolate 48.
Alcohol‘%Z failed to crystalllze; hrms calcd

for 021H3403: 334.2508, found: 334.2503; ir (CCl4):

3630 cm

(hydroxyl); mass spectrum: m/e 334 (2.1), 319
(2.6), 190 (100), 175 (40), 147 (7.0). (Peaks at m/e 220
and 205 are omltted as they are attributed to a frequently
encountered 1mpur1ty)

Aldehyde 29 crystallized spontaneously after

evaporation of the solvent from the appropriate chromato-

graphic fraction and was recrystallized from Skellysolve B.
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The crystals formed a slush at 113-115°C, which did not
give a transparent melt even at 135°; hrms: calecd for
c2133203:' 332.2352, found: 332 2343, [el, -39° (C, O 22,
isooctane); uwv (isooctane)" €995 124 (max) , €582 122
(max), 4 shoulders between 290 -340 nm; ord (C, 0.22, iso-
octane) : [¢]700 -72°, [¢]589 -96°, [¢]340 -126° (trough),
[¢] 323 +1,370° (Peak‘) , [9] 318 +1,240° '(trough) ) [¢]312 |
+1,600 (peak), [9],9 —4,200° (trough); cd (C, 0.22, iso-
octane) : Aeng +1.2 (pos max with,fine-structure). Mass,

ir and nmr spectra are reproduced in Chapter II.

‘Hydrogenation of Allocyathin B3_Methyl Ketal“

Allocyethin B, methyl ketal (purified by ptlc,
10 mg), diSsolved in methanol (20 ml), was hydrogenated
over~pa11adium-charcoal (5%, 20 mg) at atmospheric pres-
sure and room temperature for 17 min. The cataljst was
f11tered off and the solvent evaporated under reduced pres-
sure.v The. crude product (9 mg) consisted of three com-
~ ponents, Rf (M) 0.34, 0.51 and 0.68. The components were
vseuarated by~ptlc (deVeloped with system M) and were found
(see-below)vto'be 47 (1 mg), 49 (1 mg) and 43 (3 mg), re-
' pectlvely.

Compound 47 47 had- the same ir spectrum and Rf
Value;as the one mentioned above, The mass spectrum dif-

fered only slightly: m/e 334 (2.6), 3.19 (2.6), 190 (100},
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174 (42), 147 (8.2).

COmpound 4& had the same-tlec characteristics as
the one mentloned above; caled for 02133402: 318.2559,
found: 318.2550; ir (CCl )._ no hydroxyl, no carbonyi
absorption; mass spectrum 318 (3 1), 316 (2.1), 303 (3. 1),
190 (100), 175 (43), 147 (11.9).
' Compound ,ég, whose ir spectrum displayed alde-
hyde ahsorption,was'slightly'more‘polar_than aldehyde 39
(Rf (M) 0.51 gg; 0.54). Aadehyae'gg_ﬁas converted to 50
by being allowed to stand in a saturated solution of,sod-
ium carbonate in methanol (l'ml)'for.28 hr at room temper-
-ature. The solvent was then evaporated under reduced pres-—
sure, the residue taken up- Ain- ether, flltered and evapo-
rated under reduced pressure.i The'1r~spectrum and tlc“
characterlstlcs of the re51due ‘were 1nd1st1ngulshab1e from
those of aldehyde 30 obtalned from cyathin Aj. The small
-amount (&0.5 mg) , however, precluded attempts at crystal-
lization; | | |

The dlfferent product distribution has been
attrlbuted to the fact that the hydrogenatlons were car-
ried out at different pH values; The medium was slightly
alkaline in the case of cyathin A; and neutral in the case

of allocyathin B, methyl ketal.
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APPENDIX 1
Results of Microbiological Tests of Chromocyathin

and “1k3f4ﬂiatt11rfa"

AYE kST _LABGRATORICS |

PRELISINARY SCREENIRG RESULTS AUGUST 1971

AY<NUNCER S

AY=2371% FURMULAS C7ri6Ce Mabe - 154012
CHEMICAL NAMES 244 +5=TRIHYCRCXYLENZALDEHYDE (CHRONOCYATHINDG CA (KNGwit3 o
cPeReNwhieks: . SUpMITTEL EYS MeAeDAVIS/nMe ATER
wlSaESSER MOTATIONS  _ __VHK_BG DO £0 :
TESTS ORIGINALLY REGUESTES: ANTIAICRCBIAL.LD&O . _
AY=  ORi= TEST DAt PROTOCOL ANI= NMOA  TYPE OF TEST RESUL1S AND OBSERVATIONS ()
NUMBER _GIN - iOe MO_YK _ HUnBcRk _KAL . NO.o
NO BICLOGICAL RESULTS CURRERTLY AVAILAGLE
NO BICCHEMICAL RESULTS CURRENTLY AVAILAELE
NG _BIGCHEMICAL =PHARMACGLOGICAL RESULTS CURRENTLY AVAILABLE
MICROBIOLOGICAL RESULTS - '
3715 MAD __ 91A 03 ° 71 STAPHPYUGENES S MIC 100HCG/NL . NEV
23715  #AD  9ib 08 71 STAFHePYCGENES K QXE‘;‘Ldan.e/hL Ncb
23715 AD 91D uB 71. STREPT. .FECALIS &1C > 100MCO/ML NES
23715 @ab  SIN 08 71 EoGGLL. 198 AlC > LOVRCG/NL NEv
23715 MAD 910 08 71 A.AERUGENES . KIC > 100MCG/ial KEY
23715 _ MAp__ GiP 08 71 "5 e PULLORUM —RiC->. LOORUO/T L NEY
23715 MAD 91403 71 PSe ACRUGINGSA - K1C > LOOMCO/NL NEV
23715  RAD  91R 08 71L. PreMIRAGILIS  R®IC > IUORCG/ML NEv
23715 @AD 915 08 71 PRVULGARIS HIC > 1OUMCG/ML® NEY
23715 nmAG 91T 08 71 KL ePNEUNONIAE MIC > 100RCG/NL RE?
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APPENDIX 2

. Crystal and Molecular Structure of Cyathin A,

(COndensed version of a commnniéation by M.J. Bennett

and R.M. Tuggle48).

, “Cyathin'As crystallizes as colorless prisms
in the orthqrhombic space grqu;leglzl, a = 18.228
(1), b = 15.105 (1), ¢ ='6.629 (1) A, z = 4., 1515
significant (I/c(i)>3) independent intensities were

_measured on a Picker four circle diffractometer
by the coupled w/20 scan method using CuKa radia-
tion. . The structure was solved by direct methods
and has been refined to a present conventional R
factor of 0.037. All hydrogen atoms have been’
located. | _ ’

Soiﬁtion of the structure has revealed that
cyathin A, crystallizes in the hemiketal form.
The relative structure and pertinent bond dis- v
tances are given in the figure. A prominent struc-
tural feature of the molecule is that both six-

" membered rings assume chair conformations. Both
five-membered rings show significant deviations
from planarity. When bond shortening effects:
due to thermal motion are taken into considera-

~ tion all bond distances within the ﬁdleculg_com-
pare reasonably with expected values."
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Molecular geometry of cyathin Aj.

Numbers in parentheses are the estimated

standard deviations in the last figure quoted.

"“Hydtbgen atoms have been omitted for clarity.



