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ABSTRAC

The recently discovered fungus Cvathus hclenac
has been shown to produce a number of interesting metabo-
lJites including scven diterpenoids and a phenol, 2,4,5-

trihydroxybcnznldchych’5. We herecin report the charact-

. . . ' . 3
erization of a previously solated compound, cyathin B (5)

(C20”2803)’ and a new compound, which occurs with and cry-

) . s y . 3 s 3
stallizes with cyathin B, named cyathin C (6) (CZOHZGOS)'

HO

SH
5

o . 3 .
I'he structures of both cyathin B™ and cyathin C7 were con-

firmed through chemical transformations to the Kknown coq—

pounds, cyathin A methyl ketal (9), and allocyathin 833

methyl ketal (10}, respectively.

o




The absolute configuration of cyathin A? (1) has been deter-
mined previously by x-ray crystu]]ogruphy7}

Acctylation of the cyathin B3-C3 mixture gave a
mixturc of acctates (13) and (14), and the uncxpected de-

hydration products (16) and (18).

The «,f-unsaturated aldchyde grouping of cyathin
3 - - . . A
B —C3 was found to.be very rcactive toward nuclecophilic
Michcal-type reactions. Thus a methanol adduct (20) of

cyathin BY was prepared and characterized. Selective hydro-

genation of thc-1,2~ and 12,13- double bonds in cyathin B3—63
lcad to the C-12 g-epimer of 21 which isomerized to a
mixture of C-12 gepimers 0£> dihydrocyatinin BB,'on silica gel
plrres.
Also isolated and charactefizod in this work was

a compound identical with the f:tty acid, palmitic acid
(CIGHSZOZ)'

A new compound, cyathin AZ (CZOHSOOZ)’ was also
isolated and has been paréially characterized. Its dehydro

analogue, tentatively named cyathin B2 (C20H2802) also ap-

pears to be produced by the fungus.
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I. INTRODUCTION

In 1965, a new species of fuhgus, growing in
the Canadian Rockies, was discovered by H. J. Brodie1
He classified this new bird's nest fungus as belonging
to the class Basidiomycetes, subclasé Hohobasidiomycetes,
order Gasteromyteteé, family Nidulariaceae,_éenus Cyathus,

and named it Cyathus helenae. This fungus was given the

number 1500 and only cultures of this strain were used in
the work presented in this thesis. ]

Early work showed that this fungus could be
grown on 1iqﬁid culture and that.it showed anti-bacterial
antagonism to contaminateszq At this time the name
"cyathin" was given to the substance(s) responsible f9r
the antibacterial activity.

Johri3 found that a ethy. acetate extract of
the fungal broth.(grown on liqu. me .ia) retained the
antibacteriai activity. This method of extraction has
been used in all of the work conducted on this organism.

Previous wofk on the chemistry of the crude
cyathin has been carried out in this deparfhent, and had
led to the characteriiation of six diterpenoid components,
along with the phenol 2,4,5-trihydroxybenzaldehyde (also
called chromocyathin)4. Among the diterpenoid constitu-
ents isolated were cyathin B3 and cyathin A3. The cyathins
are named by a gimple method. The number of hydrogens in

the molecular formula gives the letter designation: 30

= A series, 28 = B series, etc. The number of oxygens is



s 2.

denpted by the superscript. Isomers of previously iso-
lated compounds are placed in the allo series, for ex- .

ample: cyathin B3 is C20H28O3 and allocyathin B> is also
“a

Co0M2503-

Later work Hy Hubert Taube of this depart-

ment led to the crystallization and structure elucidation
3

of cyathin A3 (1) and a new member, allocyathin B (1)5’6.

The stereochemistry depicted, including the absoluté con-

figuration has been confirmed by ﬁ—ray diffraction methods7

It was anticipated that the remaining Aiterpenoid con-

. stitUents would have the same carbon skeleton as in 1 and
2.

When the work preseﬁted in this thesié was
initiated, the objecti&e was to determine and prove ihe
structures of cyathin B3 and "other metabolites appearing
in the same region bﬁ thin-layer chromatograms (see the
General Experimental for thin—layef methods) . {

The fungal metabolites used in this work were

prepared'by the author. A stock culture of the fungus



was kept on agar petri plates and agar slant tubes. The
agar medium (Brodie medium) contained the following:
dextrose, 2.0 g; maltose, 5.0 g; yeast extract,JZ;O g3
aspafagine, 0.2 g; peptone, 0.2 g; glycerol, 6.0 ml;
KH,PO,, 0.5 g; Ca(N03)2-4H20, 0.5 g; MgSO4?10.24 g; .
FeZ(SOA)S’ trace; agar, 20 g; distilled water, 1 1.
After a good growth had appeared (2 - 3 weeks),
the agar plates were used to innoculate a number of 2 1
Fernbach flasks containing 500 ml of sterile defined med-
ium. This medium contained the following reagents per
liter of distilled water: dextrose, 30 g; asparégine,
1.5 g; KH2P04,
g; ZnSO4-7H20, 364 ug; th@amine-HCl, ISO’yg. Innoculation

1.0 g; Ca(NOg),-4H,0, 0.5 g; MgSO,, 0.24

was accomplished by the addition of 4 - 8 discs taken
from the agar plates.

In the latter part of this work, an innoculum
flask (500 ml), containing a 3 - 4 week‘growth of fungus
on defined medium was used to innoculate the Fernbach
flasks. This was accomplished by the us?~of a sterile
Waring blender to break up the mycelium small enough so
that a sterile pipet could be used for the transfer.

By using either innoculation method, the fungus
was allowed to grow for 25 - 30 days, at which time it was
harvested by either straining thé mycelium from the broth
with the aid of cheesecloth, or by simply pouring off the

broth and leaving the mycelium behind. This latter har-

vesting method allowed regeneration of growth by simply

£



adding fresh, sterile medium to the flasks.

The fungal broth was then extracted with an
equal volume of ethyl acetate (twice, with half volumes
each time). Drying and evaporation of the solvent under
reduced pressure gave a yellow-brown foam, called crude
cyathin. Chromatographic separations were then carried out

on this material as explained in the next chapter.



:
IT. RESULTS AND DISCUSSION

3

Isolation and Structure of Cyathin §3 and Cyathin C
1) Cyathin B3-C3 Mixture

Thin-layer chromatography (tlc) on silica gel
has proven very effective in identifying the cyathin
constituents. During previous work in these laborator-
ies a compound of Rf(A) 0.60 was characterized by high

-

resolution mass spectrometry as having the molecular
formula C20H2803‘and was given the name cyathin B> 4’5.
(See the General Expérimental, p7% for the method of re-
porting'Rf values and sol&ent systems.) When a small
amount of electronic phosphor is used with the adsorbant
and the developed and.air dried plate is viewed under uv
light (254 nm), the spot corresponding to éyathin B>
shows as a dark area on a gfeen background. This method
is useful when the compound-to be detected has a chromo-
phore absorbing around 250 nm (ref 8, p 20), and also
has the advantage of being non-@estructive. The spot
corresponding to cyathin B3 may\also be detected by spray-
ing the plate lightly with 30% HéSOé and subsequently
heating to 100°. This latter method produces a dark
purple spot affér a few minutes of heating, which gradu-
all; turns black.

Since preparative thin-layer chromatography
(ptlc) proved very laborious and expensive for large

scale preparations, column chromatography was used to

separate the cyathin compounds. Silicic acid (Mallinkrodt,



100 mesh) was found to be the best adsorbant; alumina
gave very poor results as previously reporteds. An ad-
sorbant to substrate ratio of 40 : 1 had previously been

4,5 When this

employed to separate the crude cyathin
was doubled to 80 : 1, better resolufion of the band
corresponding to cyathin B3 was obéerved. Using a quartz
column and with 1% electronic phosphor in the adsorbant,
the cyathin B> band could be detected and collected when
eluted from the column. In fact, using chloroform (0.75%
ethanol stabilizer) cyathin B; was the only major compohent
eluted from the column. The other cyathin compounds (AS, \
A4, chromocyathin, etc.) could be eluted from tﬁe column
by grading up to 5% methanol in the chloroform solvent.

On one occasion in the early part of this work
column chromatogf;phy of a cyathin B3 rich metabolite mix-
ture gave, much to our delight, crystalline material after
remov#l of the solvent. Recrystallization was accomplish- 1
ed wi%h ether-pentane (soluble ether, insoluble pentane). |
A sejknd recrystéllization produced cglorless needles,
m.p. /131 - 133°.

High resolution maSS'spectrometry indicated_the
molecular formula C20H2803-for the apparent parent peak

at/m/e 316, thus identifying this crystalline material as
3

e

cyathin B”. The mass spectrum (figure 1) also shows a peak
at m/e 314 of 11% intensity. At»this>point an analogy was
g;awn with the case of cyathin A3 - allocyathin B3 pre-

‘viously studied in these laboratories, in which both com-



} | . 7.
‘pounds occurred together on both column and'thin—layer
chromatography. It was therefore tentatively assuméd
that the peak at m/e 314 in the mass spe;trum of cyathin
B3 was dde to another compound, a dehydro analogue of
éyathin BS. This crystalline material will be referred‘
to as cyathin B3-C3 mixture. The following speétral data
will confirm this assumption and suggest structures for
both cyathin B3 and cyathin C3.

Further comparison of the cyathin B3-C> mass
spectrum with those of cyathin A3'and allocyathin B3
revealed a similarity in the presence of common peaks at
m/e 204, 2¢5 201, 189, 187, 175, 173, and 119; it was
therefor: thougnt possible that cyathin BS and cyathin C3

could have the same carbon skeleton as in cyathin AS.

3.
in car-

The infrarcd spectrum of cyathin BSFC
bon tetrachloride soiu“ion /figure 2) shows both free and

intermolecular hydrogen-bonded hydroxyl absorption at

3590 and 3360 cm . The banc - 2810 and 2710 cm’' are
very characteristiéAof the C 7! ““ing vibration in
‘aldehydes. Also the carbony. ¢ 1695 cm b would
suggest this aldehyde to be «,. . ~rated. Whe- the 1in-
frared spectrum of the material w. m? ~»d in : 70l
mull (figure 3), a drastic Jdiffer:i ¢ i.. “arbor
absorption is observéd. The frequenc .. ~:sovntici: .as
been lowered to 1657 cm_1 and the in ens:” s or v about

one-half of what it was in carbon tetrachlor.de sc¢ ‘ition.

This gan be rationalized by assuming there are¢ "wo car-



TOP: FIGURE 1
Mass spectrum of cyathin BS—C3

31

BOTTOM: FIGURE 2

Infrared spectrum (CC14) of cyathin BS—C3



108




FIGURE 3:

Infrared spectrum

cyathin BS—Cs.

(nujol mull) of

~
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12.
bonyl oxygens absorbing 1in the solution spectrum, but

that:in the crystalline state one is "masked', possibly
by hémiketal formation as in the case of cyathin AS,
so that there is only one carbonyl absorption. Also
noteworthy are the bands at 3070 and 1610 ;m-l, indicat-
ing carbon—c;rbon double bond absorption.

The nuclear magnetic resonance (ﬁmr) spectrum

(figure 4) of the crystalline cyathin‘BS-C3 mixture

¢
determined in carbon tetrachloride solution proved to
be quite complex. Especially confusing were the aldehydic
signals at §9.79, 9.56, and 9.42.. If two- compounds are
present-as indicated by mass spectrometfy, then only two
aldehyde peaks shouid be present in.the nm{f unless each
compound has two aldehydes and the four overlap in such
a way as to give rise to three signals. This latter inter-
pretation was ruled out when the specfrum was re-run 1in
the presence of a drop of trifluoroacetic acid (figure 5).
The aldehyde signals are now seen to Converge to only one
at §9.75.

This phenomena, along with the ir spectra, may

be explained in terms of an equilibrium between hemiketal.

(3) and hydroxyketone (4) forms as depicted in Scheme 1.

SCHEME 1



TOP: FIGURE 4 .

Nuclear magnetic resonance spectrum‘(CC14)

of cyathin B>-C°

BOTTOM: FIGURE 5

Nuclear magnetic resonance spectrum

3

(CCl4 + trace CF

3COOH) of cyathin BS-C



14.

—_——— s i

!

|

Uote oo o oo

1
P

.
i
l

i

FEURSAN T

R S

i i
ftge - e

e oo .TJ |L|.9

Voo

343

i

ol

f-§-2—$-12l

.
b

Q
o
R4




15.
In the crystalline state, the two compounds in cyathin
B3-C3 exist predominantly iﬁ the closed hemiketal form.
In sclution the two forms are present in more equal
amounts. By the addition of acid, the equilibrium is
shifted to the hemiketal form. Thus the nmr spectrum in
carbon tetrachloride solution is actually the spectrum

of four compounds: cyathin Bs, cyathin CS, cyathin B3

. hemiketal, and cyathin c> hemiketal.

o noteworthy in the nmr spectra is the
eight—kfngjéinal at §6.14 (without added acid), and the
| quartet signal at §6.16 (with added acid). These are
attributed to an isolated AB system in the dehydro com-
pound, cyathiﬁ C3. The eighé—line signal is attributed
to two overlapping.AB quartets from cyathin C3 and cyathin
" h. ' +al. The addition of acid causes the hemiketal
.. oredominate, leading to only one AB quartet. The
coupling constan. observed (5;5 Hz) suggests the double
'boqd is in a five-memberégjringg. Also, the chemical
shifts,of the two protons suggest a double bond in a-cyclo-
pentaéiene system rather tﬂan in a cyclopentene system
(ref iQ, p 138: &§5.60).

The signal at $6.89 (with added acid) corrés—‘
ponds to the g proton of an ogp-unsaturéted aldehyde (ref
10, .p 139: 86.90). This siénal is seen as slightly - .
Hroadened, possibly by a small coupling with the aldehyde
proton or another protoﬁi :

The signal at §4.90 (with added acid) is a



16.
multiplet which corresponds to the C-11 proton in cyathin

EA3>(ref 5, p 52: S54.3). The difference of 0.6 ppm is
attributed to "extra'" unsaturation from the aldehyde car-
bonyl.

Absorption at S2.80 (either spectra) gives rise
to a septet (J = 7 Hz), characteristic of an isopropyl
hydrogen. The region §2.6 - 1.1 is very complex and not
readil; analyzable.

The methyl region in the spectrum determined
without added acid is also very complex. When acid is
added, the methyl region becomes somewhat better resolved,
even though cyathin C3 is still presenf. Centeréd at §0.94
and 0.86 are two doublets coupled with the isopropyl hydro-
gen by 7 Hz. Two'singlets at $0.98 and 0.88 are also évi—
dent.

The nmr spectra also allows the e;timation of
~the ratio of cyathin B3 to cyafhin C3 in the crystalline
material. This ratio is approximately 5 : 1.

The uv spectrum (dioxane) of cyathin BS—C3 mix-
ture showed a maxima at 233_nm (¢ = 6800) and a shouldé;
at 350 nm (¢ = 75). This also suggests-thg presence of
an'ogp-unsaturated ketone or aldehyde.

The evidence presented thus far suggests a

. !
close structural similarity between cyathin BS—CS

and
cyathin A3. ‘Since cyathin B3-C3 contains an aldehyde
funetion and cyathin A3 contains a primary alcohol group -

not present in cyathin B3-C3, it seemed very possible that

v
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the two series differed only in this way. Thus, structure

5 follows for cyathin B® and 6 for cyathih c.

Argentated silica gel thin-layer chrbmatography
has been found u;eful in separating cbmﬂ%unds differing only
by the position of a double bondll. In cyathin A3 - allo-
cyathin ’B;3 chemistry, this was the method used for their
separations. The silver ions complex with the m-electrons
of double bonds, and depending upon the number of double
bonds and their freedom from steric hindrance, the compounds
will be adsorbed to varing degrees. It was thefefore hoped
that the ﬁse of argentated tlc would greatly aid in the sep-
aration of cyathin B3 from cyathin CS.

When analytical tlc was carried out, indeed two
spots did appear, thus'helping to establish that actually
two ;omﬁounds were present in the crystalline material.

When this type of chromatography.was used on a preparativeA
scale, two ill-defined bands were removéd in three fractions
as explained in the Experimental section. Ordinary tlc of
these fractions showed other spots and streaks bresent at

both higher and lower Rf. A preparative purification of the



18.
two cyathin B3 rich fractions on ordinary plates gave cry-

stalline material corresponding to partially purified cyathin
B3, but still contaminated by cyathin C3. The loss of mater-
ial during this process was extensive.

éince cyathin BS-CS contains an aldehyde function,
it is conceivable that the silver ions could have oxidized
part of the material during the spotting of the plates, “evel-
opement, drying, scraping off of the fractions, and elution

of the material from the adsorbant -- all of which requires

about four hours. Thus argentated tlc on the parent cyathin

3 .3

B°-C” mixture was abandoned and another approach was sought

to separate the two compounds.
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2) Separation of Cyathin BS-C? via their Methyl Ketals

At this point it became desirable to chemically
prove the structures of cyathin B3 and cyathin C3. From
previous work in the cyathin A3 series, it was known that
the hydroxyketone would form an internal methyl ketal when
treated with methanol and anhydrous hydrogen chlorides.

It was anticipated that cyathin B3 and cyathin C3 would
behavéksimilarly and that perhaps the two methyl ketals
céﬁld be_separated effectively without extensive loss of
material. ‘Reduction of the aldehyde function in each of
these éhould then lead to the known cyathin A:,> and allo-

cyathin B3 methyl ketals, (9) and (10). Scheme 2 shows

this sequence.

SCHEME 2

5 .

D HCI/MeOH
+ /
6 2) Chromat,
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Indeed, when a sample of cyathin BS—C3 was treated
with a saturated solution of anhydrous hydrogen chloride in |
methanol, analytical tlc showed only one spot at a higher Rf
than the starting material. This material could not be in-
duced to crystallize: but was chromatographically pure of
contaminates and.therefore used for spectral measurements as
it was. All the spectral data (mass; ir, nmr, uv) ‘agree
with the methyl ketal structures'for the mixture of cyathin
B:’> and cyathin C3, (7) and (8). | /

High resolution mass spectrometry gave C21H3003
for the apparent parént peak at m/e 330, which corresponds
to fhe addition of the required unit CH2 to cyathin B3. 
The starting material used for this experiment was richer
in cyathin C3 than cyafhin B3, therefore the m/e 328 peak

(C 0,) has a greater intensity than the m/e 330 peak
3 : P

211128
(see Experimental). A further discussion of the mass spectra
of the sebérated éyathin B> and cyathin c3 methyl ketais is
presented in a later section.

The infrared spectrumrin carbon tetrachloride
solution shows no hydroxyl absorption, one carbonyl band at
1695 cm™ ! of normal intensity, and bands at 2820 and 2720
cm™! characteristic of the aldehyde moiety. Also, there
are weak bands at 1625, 3060, and 3100 cm_l, indicating
double bond unsaturation; especially characteristic are the
3060 and 3100 cm ' bands which are indicative of the cyclo-

penfadiene moiety as in allocyathin B3 chemistrys

The nuclear magnetic resonance spectrum of this
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mixture of methyl ketals shows singlets at §9.91 and 9.88,

and also two methoxyl singlets at §3.27 and 3.25 (ref 10,

p 137: §3.20 for methoxyl protons). The remaining data for
the nmr spectrum is given in the Experimental.

: At this point it was hoped that the two methyl
ketals could be separated by chromatography. Ordinary tlc
showed only one spof on silica gel (solvent system G).
When an analytical plate coated with 10% silver nitrate on
silica gel was developed, two spots were‘detected by view-
ing under uv light. The difference in Rf values of the two
spots (Rf(AgNOS, G) 0.62 and 0.55) lead to the anticipatipn
that a preparative separation could be achieved; as long as
‘decomposition did not occur as had happened with the parent
cyathin BS—C3 material.

When the preparative work was carried out, the
contact time of the material on the plates was kept to a min-
imum (about'l.S hr). After development, gwo nicely separ-
ated bands were removed and immediately eluted from the ad-
sorbant with ether. Analyticél argentated tlc subsequently
‘run on the two fractions indicated good separation aﬁd the
absence of impurities. Numerous attempts were made to cry-
stallize the two methyl ketals, but none were successful.

Thebmass spectrum of cyathin B3 methyl ketal (7),
Rf(AgNOS, G) 0.62, is shown in figure 6. High resolution |
measurehents on the parent peak (m/e 330) gave C21H3003 as

the molecular formula. The base peak at m/e 189 has the

compositién C14H21 analogous to cyathin A3 mass spectra
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(ref S, p 35). The most probable structure of this ion is

11..
—

11

The mass spectrum of cyathin A3 methyl ketal is dominated
by a peak at m/e 141, which has pr viously been assigned

structure 125.

In cyathin B3 methyl ketal, the electron/withdrawing formyl

group must drastically destabilize fon of the type

12, since the peak at m/e 139 in tlhe mass spectrum of cya-

thin B3 methyl ketal has only an intensity of 6%. Instead,
the charge remains with the hydrocarbon portién and gives
Tise to 11. | )

The infrared spectrum of cyathin B3 methyl ketal
(figure 7) shows absorption expected for the proposed struc:

ture: no hydroxyl absorption, aldehyde C-H stretch .at 2810

1

and 2720 cm-l, carbonyl absorption at 1693 cm ~, and a

,sharp fingerprint region.

The nuclear magnetic resonance spectrum of this



TOP: FIGURE 6

Mass spectrum of cyathin B3 methyl ketal

BOTTOM: FIGURE 7

Infrared spectrum (CC14) of cyathin B3

methyl ketal
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material determined in carbon tetrachloride solution (table
I) also shows absorption c¢onsistent with the proposed struc-
ture. Especially characteristic is the singlet at §3.27,
representing the methoxyl absorption. Also the methyl re-
gion is more distinct than in previous nmr $pectra, and four
methyl groups can be analyzed. At §0.90 and 0.94 are two
singlets and at 0.88 and 0.99 are a pair of doublets with
a coupling constant of 7 Hz each (coupled to the septet sié—
nal at SZ.QO,AiSOprcpyl hydrogen) . , '

’The uv epectrum of cyathin B? methyl ketal shows
the expected «,f-unsaturgted carbonyl absorptlon at 233 nm
(e = 5300). The chromophore of the unsaturated system 1is
also evident in the circular dichroism spectrum, which shows
negative absorption peaks at 346 nm (Ae = -0.97, n—>ﬂ} tran-
sition) and 235 nm (o€ = -2 78, ﬁ—+ﬂ' transition).

The second component separated by ptlc, Rf(AgNos,
G) 0.55, was cyathin C3 methyl ketal (8). High resolution
mass spectrometry gave the molecular formula C21H2803 for
the parent peak at m/e 328. The mass spectrum tfigure 8)
shows a base peak at m/e 187, corresponding to the 1,2-
dehydro analogue of 11.
A The remaining spectra of cyathln C3 methyl ketal
are very similar to thoSe:of»cyathln B3 methyl ketal, ex-
cept for those features due to the cyclopentadiene moiety
present in cyathin C3 methyl ketal.

\

The infrared spectrum (flgure 9) shows weak bands

at 3100 and 3050 cm 1, along with an intense band at 700 cm 1.

1



26.

&

[
S ¢fz1'¢t
é
(¢fgfs1)
A
LL
(s ¢%¢)

S3UBISUOD
guttdnon

£ P 02°9 _ —
z p 60°9 —
— s 26°6 88° 6
— s 62°¢ 92" ¢
3 p €0°T 68°0
° P 601 860
— -s LL*O 06°0
— s : 880 ¥6°0
;i n AR VAR 1°1-9°1
é n — I°T-9°1
q‘3°3 PPP 0v°z 1°2-¢°2
i n — 1°2-¢°2
(a°3°0) (ppp) (AR EVAR H.H-owvw,
3L pp 227 ) 1'2-¢°2
1¢s bb 567 €67
(€3) n v0°S L6 Y
— S €0 L 00°L d
yItm A151T (8) V10D ut TRy TAWIeW’  (3) YIoo ur o303 I4U3en
patdnoy  -driyny ¢ utulIed) 30 %wﬁsm. g utyledd 3o 2131yg

Y
Teis) TAYylsw ¢O UTulek) pue Teiay T4yzap ¢8 UTYIBAD 1037 BIBQ WAN

I

© O O Y44 b

Teudrg

‘I ®Iqel



//'i

TOP: FIGURE 8

Mass spectrum of cyathin o methyl ketal

\

BOTTOM: FIGURE 9
Infrared spectrum (CC14) of cyathin C3

methyl ketal
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FIGURE 10: Proton designations for cyathin B3 and

cyathin C3 méthyl ketals



In cyathin C3 series replace h,i with

y and k,1 with z.

30.
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As mentioned before, these bands are regarded as character-
istic of the cyclopentadiene moiety.

The puclear magnetic resonance spectrum (table
I) was analyzed in detail on one occasion since the spec-
trum showed sharp absorption lines and was devoid of impur-
ities. Double resonance (decoupling) experiments wére used
to verify the coupling patterns.

Iéradiation of the signal in the §6.15 region
left the remainder of:fhg”éééttrum unchanged, thus ~-rify-
ing ihe isolated AB quartet nature of the y,z protons (see
figure 10 for proton designations).

Irradiation of the narrow multiplet at §5.04
(proton b) transformed the signal at §2.19 (proton j) to a
doublet of doublets (J = 12, 13 Hz), thus showing protonAb
and proton j to be coupled by 3.5 Hz. Also, the multiplet
between §1.2 - 1.6 was sharpened up, showing the presence
of proton g by revealing its small coupling with proton b.
The complexity of the §1.2 - 1.6 region made. further anal-
ysis very difficult in this region.

Irradiation of the signal due to the protons f
and j (82.31) caused a dréstic change 1in the pattern of the
multiplet betweed &1.2 - 1.6, but again the coﬁplexity did
not allow these to be analyzed. On the other hand, when
this region ($§1.53) was irradiated, the pattern for proton
j was reduced to a doubier”of doublets (J = 12, 3.5 Hz)"
showing the coupling of 13 Hz between the two geminal pro-

tons, g and j. Also, the signal for proton f was reduced to

/
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a doublet (J = 12 Hz), verifying the coupling of 3 Hz be-
tween protons f and g. '

When the septet at 82.95 (proton e) was irrad-
jated the two doublets at §1.09 and 1.03 (J = 7 Hz) col-
lapsed to two singlets, thus verifying the presence of the
isopropyl group.

The uv spectrum of cyathin C3'methy1 ketal deter-

mined in iso-octane solution showed an absorption maxima at

236 nm (¢ = 7400), analogous to that of cyathin B3 methyl
ketal, due to the «,g-unsaturated aldehyde. The only differ-
ence between the two spectra is the presence of a shoulder

at 257 nm (éi= 4300) in the spectrum of cyathin C3 methyl
ketal, which is attributed to the cyclopentadiene chromo-
phore. (Allocyathin B3 methyl ketal shows Amax 256 nm (€ =

4200) in iso-octane solution, ref 5, p 85.)
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3) Correlation of Cyathin B> Methyl Kctal and Cyathin o
Methyl Ketal with Cyathin A3 Methyl Ketal and Allocya-
thin B3 Methyl Ketal

Reduction of &,g- unsaturated aldehydes with sodium
borohydride is known to lead in most cases to the corres-
ponding allylic alcohol (cinnamaldehyde —» cinnamyl alcohol,
ref 12, p 21). With a more active reducing agent such as
1ithium aluminum hydride, 1,4-addition often predominates to
give the dihydro alcohol. Sodium borohydride seemed to be
the first reagent of choice, although other complications
could arise. Since the cyathin ¢ompounds including cyathin
BB-C3 are known to be sensitive to basic conditionslS, the
slightly alkaline sodium borohydride solution was considered
with caution. It was anticipated however that reduction
would be much faster than other nucleophilic reactions which
are promoted by basic conditions. d

When cyathin Bs'methyl ketal was treated with a
solution of sodium borohydride in 95% ethanol, complete re-
duction was evident (tlc) after fifteen minutes. A spot at
lower Rf was visualized by the HZSO4 charring method, but
Acould not be detected by the uv method (in agreement with
the loss ofhthe chrom0phore) Also, the Rf value of this
spot Rf(G) 0.31 is in good agreement with that reported for
cyathin A3 methyl ketal, Rf(G) 0.29. The sample was purified
by preparative tlc. The following spectral data confirm
"‘that the product is cyathin Asvmethyl ketal (9).

High resolution mass spectrometry gave the molecu-

lar formula C21H3203 for the apparent parent peak at m/e
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332. The mass spectrum (figure 11) of this material is dom-
inated by the peak at m/e 141, which has been previously
mentioned and assigned to the ion 12 in the cyathin A3 methyl
ketal mass spectrum. The mass spectrum of this material on
the wholc corresponds very well with the published spectrum
of cyathin A3 methyl ketals.

The infrared spectra of both .the reducéd material
and authentic cyathin'A3 méthyl ketal are givenxin figure 12.
As anticipated, there has been loss of the carbonyl absorp-
tion and a gain of hydroxyl absorption at 3600 and 3490 cm_1
(weak). The fingerprint rggions of the two compounds are in
excellent correspondance with each other.

The nuclear magnetic resonance spectrum of the
reduced material is also in very good agreement with that
of the published spectrum of cyathin A3 methyl ketal (see
table I1I for .the comparison). The two methylene protons of
the primary hydroxyl are designated as protons c and d.

As expected, theluv sﬁectrum of the reduced mater-

ial shows only end absorption, since the reduction has re-

moved the‘x,ﬁ—unsaturated aldehyde chromophore.
The absolute configuration of cyathin A3 methyl
7

’

ketal is known from X—rgy/&iffraction studies The
specific rotation of the reduced material 1is in excelient
agreement with that for cyathin A3 methyl ketal (-158° vs
-154°), which confirms that they have/the same absolute

configuration.

When cyathin C3 methyl ketal was reduced with



TOP: FIGURE 11
Mass spectrum of reduced cyathin'B3 methyl
ketal
~
\\;
BOTTOM: FIGURE 12
Infrared spectrum (CC14) of reduced
cyathin B3 methyl ketal (upper) and
compared to published cyathin A3 methyl

ketal infrared spectrum (lower)
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sodium borohydride, a spot at lower Rf than starting mater-
ial was noted within fifteen minutes. This material could
be visualized both by the HZSO4 charring and uv methods, and
appeared as one spot on tlc, Rf(G) 0.38 (Rf(G) 0.39 reported
for allocyathin B3 methyl ketal). The following spectral
data confirm that this material is identical with allocyathin
B> methyl ketal (10).

High resolution mass spectrbmetry indicatedhthe
molecular formula C21113003 for the parent peak at m/e 330.
The mass spectrum of this material is shown in figure 13.
All the major peaks are in good agreement with those in
the mass spectrum of allocyathin B> methyl ketal (ref 5, p
84). Here again the peak at m/e 141 dominates the spectra.

The infrared spectra of both authentic allo-
cyathin 83 methyl ketal and the material bbtained by reduc-
tion of cyathin C3 méthyl ketal are given in figLre 14. The
spectra are very similar to that of éyathin A3 methyl ketal,
except for the bands at 3100, 3050, and 700 cm_l, attrib-
utable to the cyclopentadiene moiety.

The nuclear magnetic resonance spectra of known
allocyathin B3 méthyl ketal and’the material obtained by
reduction are compared in table III, and are in good agree-
ment with each other.

The uv spectrum of the reduced material in iso-

octane solution shows a maxima at 255 nm (€ = 3500) due ..
-the cyclopentadiene chromophore (reported spectrum of alin

cyathin B3 methyl ketal: 256 nm (€ = 4200)). Also the cir-



TOP: FIGURE 13

Mass spectrum of reduced cyathin C3 methyl

ketal

BOTTOM:

FIGURE 14

Infrared spectrum (CC14) of reduced
cyathin c3 methyl ketal (upper) and
compared to pHublished allocyathin B3

methyl ketal infrared spectrum (lower)
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culaf dicﬁroism spectra are in good agreement: reduced
material vs known, 4€253 -3.46 vs 66252 -3.6, respectively.

The specific rotation values at 589 nm are in
only fair agreement (reduced material vs known, -179° Vs
-2300,‘resgective1y). This lack of agreement may be par-
tially explained by the fact that the small quantities used,
number of transfers, cell -changes, etc., give rise to seve;al
opportunities for errors. This error has been estimated to
be up to 50% when quantities of 2 mg are used. The agree-
ment of the sign of rotation and the cd spectrum insures the
absolute configuration.

Thus the structures of cyathin B3 and cyathin C3

are proven to be 3 and 4, respectively.
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Further Ci «vacterization of Cyathin Ei and Cyathin gi

1) Initial acetylation experiments

At one time it was anticipated that simple
acetylation of the alcohol moieties of cyathin‘B3-¢3
mixture would aid in their separation and further
characterization. When the acetylation was actually
conducted (see Experimental), four new spots of higher
Rf than starting material were noted on analytical tlc.
Acetylat1on was ant1c1pated to give only two spots:

‘the acetylated derlvatlves of cyathin B3 and cyathin C3
‘A preparative separation yielded four overlapping
bands whi¢h were removed in the usual manner.

The least polar compound showed no hydroxyl
or acetate &d}bonyl absorption in the infrared. Mass
spectrometrx~showed an apparent parent peak at ﬂVe 298.
The only loglcal assumption to make was that the
aCbtylatlon procedure had led to dehydratlon, this
material will be discussed in detail in the next section.

5 The two'bands of intermediate polarity
were shown to consist mainly of a matefial consistent
in properties with O-acetyleyathin B3 (13). Oniy
infrared and mass spectrometry were used to character.-
ize this compound. The infrafed spectrum showed no
hydfoxyl absorption, but a band at 1745 cm°1-(acetate),

nd the usual aldehyde absorption bands at 2810,

2710, and 1710 cm -1 were present. "ne band at 1680

cm 1 was attributed to- the ketone carbonyl in 13,



since an u,B—unsaLurgted ketone would be expected to
be of lower frequency than an a,8-unsaturated aldehyde
(ref. 10, pp. 87-88). The mass spectrum of'this‘mater—
ial showed a‘barent peak at m/e 358, consistent with
fhe addition of the unit CZHZO to cyathin BS.

The band of highest polarity showed charac-
teristics consistent with U -acetylcyathin C3 (14).
Again only infrared and mass spectrometry were used
to characterize the materiél. .Thé infrared épectrum
showed peaks similar to those of O-acetylcyathin Bs,
and ﬁhe mass spectrum showed a parent“peak at m/e 356,

consistent with the addition of the unit CZHZO to

'
S

cyathin CS. ~

s
S

Ac “HO

o
13 - -
* | 14

The reason 1at ... ‘ ur compounds visual-,
" iZzed by analytical tlc were nc all isolated is because
of the difficult preparative separation due to the

similar Rf values of sevefal of the spots. It 1is

£ o 5
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~assumed that the fourth compound would be the anhydro
analégue of cyathin C3 and that this compound, probably
in small amounts, was '"lost'" in the O-acetylcyathin B

band during the preparative scparation.
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2) Anhydrocyathin BY and Anhydrocyathin c?

A subsequent acetylation experiment was
undertaken to explore the unexpected dehydration of

3. A 10° higher temperaturec was used,

cyathin B3—C
and the acetylation was allowed to procec: until the
four initial products as judged by tlc, converged

into only thc two of highest Rf value (see Experiment-
al for the procedure). Work-up and preparative tlc
separation of the two components gave two fractions,
each chromatographically pure.

The compound of lowest polarity corres-
ponded to the material isolated as the top fraction
in the previous acetylation experiment, and was
tentatively assigned structure 15 for anhydrocyathin
B3.‘ This material gave the molegular formula CZOHZGOZ
by high resolution mass spectrometry. Its mass spec-
trum (figure 15) also shows m/e 283 to be the base
peak ( M'- Cil). '

The infrared spectrum (figure 16) shows
aldehydic absorption at 2800, 2700, and 1720 cm_l,
ketonic carbonyl absorption at 1693 cm_l, and carbon-
carbon double bond absorption at 1623 and strongly at

1

1583 cm—l. The band near 1770 cm - is attributed to

acetate impurity.
The nuclear magnetic rescnance spectrum
of the dehydrated material was very informative

(Table IV). Only two olefinic protons are present,



>~

TOP: FIGURE 15
Mass spectrum of anhydrocyathin B3

N

BOTTOM: FIGURE 16
Infrared spectrum £CC14) of anhydro-

¢} cyathin B3
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and this immediately rules out structure 15. It was

therefore speculated that double bond migration had

occurred during the dehydration to give a more conjug-

ated system, such as lﬁ'

15

The two methylene protons (Ha, Ha')_ilgkf to
the ketonic carbonyl appear at §3.09 and 3.69. One is
a doublct coupled only to its geminal partner (J=11 Hz),
while the other is a doublet of doublets (J=" .1.5 Hz)
showing a longer range coupling along with the geminal
coupling. When a model” of structure 16 was constructed,
it was seen that either Ha or Ha' could be in a ”Wh
coupling path with proton b for allylic coupling, de-
pending upon the orientation of the seven-membered
riﬁg. This being so makes the assignmenﬁ of Ha and Ha'

as beta and alpha to the plane of the molecule arbitrary.

When the signal at 56.81 (proton b) was irradiated and
the spectrum rerun, the signal due to Ha was seen to

collapse to a simple doublet (J=11 Hz), thus showing



51.
the small allylic coupling betwecen protons a and b.

The two olefinic protons show absorption at
66.81 and 5.98. The signal at §6.81 appears as a doub-
let of doublets (J=6,1.5 HZ), and is assigned as proton
b. The signal at §5.98 appears as a doublet (J=6 Hz),
and corresponds to proton j. The chemical shift of
proton j 1s in good agrecment with the SEEE& proton of
an a ,f,v, é6-unsaturated carbonyl system (ref. 10, p.139;
$6.05). Irradiation of the signal at 66.81 reduced the
signal for proton j (85.98) to a singlet, verifying the
olefinic coupling of 6 Hz.

The remainder of the spectrum, including the
methyl region and the aldehydic proton are in good
agreement with the structure 16 for anhydrocyathin BS.

At this point the infrared‘spectrum,(figure
10) should be re-evaluated. An absorption band at
1420 cm_1 is apparent, and this is very characteristic
of the scissoring vibration of a methylene group alpha
to a carbonyl (ref. 10, p. 107), which is present in
structure 16, Also, the carbonyl Bands should have
the opposite designations from those given previously.
The unconjugated ketone would be expected to absorb
near 1720 cm_l, while the heavily conjugated aldehyde
would be expected\iﬁ;be at the lower frequency, 1693 cm_1

The uv spectrum in iso-octane 5olution
showed two absorption maxima: 325 nm (€=12,100) and

259 nm (€=6,900). Although not a perfect hodel,



cis-B-ionylidencacetaldehyde 17 shows a similar spec-
trum]4 (cyctohexane solution): 309 nm (e=11,700) and

264 nm (€=10,300).

17

Since anhydrocyathin B3 has one more substituent on
the cbnjugatcd system than does the model compound
(five as compared to four), the addition of ~18 units
according to Woodward's rulcsl5 would give 327 nm for
the maxiﬁa of the modecl compound; close agrcement
with the observed 325 nm.

The other compound isolated from the
acetylation-dehydration experiment showed slightly
greater polarity on tlc. This compound crystallized
after being allowed to stand in the fridge for
approximately one week. Recrystallization was
effected with ether-pentane to give light yellow
needles, m.p. 105.5 - 107°. All of tﬁe spectral data
suggest that this compound is anhydrocyathin C3 (18).

High resolution mass spectrometry gave
C

H,,0, for the parent peak at m/e 296, which also

20124 2
is the base peak (figure 17):

52.



The infrared spectrum (figure 18) is verv

similar to that of anhydrocyathin B37 The extended

conjugation has lowered the frequency of the olefinic

C-H stretch bands due to the cyclopentadiene moiety

so that they fall in the aliphatic C-H stretch region

although the characteristic 700 cm™} band is still
present.

The nuclear magnetic resonance spectrum
(Table IV) was a close replica of that of anhydro-
cyathin BS, except for those portions due to the
cyclopentadiene moiety. Thus the y,z protons show
as a broadened singlet at 86.33 and the complex re-
gion from $2.2-1.2 integrates to four less protons.

The uv spectrum showed a more extended
chromophore thah in anhydrocyathin B3, absorbing at
345 nm (e=10,400) and 264 nm (¢ =6, 000), accountlng

i

for the yellow color of the compound

53.



TOP: FIGURE 17

Mass spectrum 6f anhydrocyathin C:’>

BOTTOM: FIGURE 18
Infrared spectrum (nujol mull) of

anhydrocyathin C3
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3) Methanol Adduct of Cyathin B3
It was known previously that the cyatﬁjn
compounds were sensitive to alkaline conditions. A

methanol addition promoted by base catalysis has bcecen
rcportcd for cyathin A3 in which the a,fB-unsaturated

Ketone moiety is attacked in Michael fashion to give

19 (both cpimers)ls. It was therefore interesting to

see whether and how tbe‘agdition would occur to the

cross-conjugated ketb—aldéhydc system of cyathin B3.

After some experimenting, a method was

" found which led to a clean reaction of cyathin BS—C3

in alkaline 'methanol Solution. Appfoximatcly 0;1%
potassium*éélbonate in methanol was sufficient to give
complete coﬁversion to a.compound whose Rf value on
tlc was slightly higher than cyathin B3—C3, and ygiéh_'
could not be detected by the uv method. All of these
reactions were carried out’underuan atmosphere of

nitrogcn, since in the presence of ‘air a very impure

product was obtained as revealed by tlc (probably due



o
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to peroxide formations by the addition of oxygen).

The cyathin C3 adduct in the reaction mixture was then

converted to cyathin B3 adduct by selective hydrogen-

-

ation of the 1,2-double bond.

Also noteworthy &s the fast f;te of the meth-
anol addition reaction. Withinﬁien minutes the réaction
had gone to-completion as‘judged by tlc, wheregs in the
case of cyathin A3, seventeen hours were needed, under
much more basic conditions (2% KOH/methanol). Ep:. ric
mixtures were not obtained in the case of cyathin B‘—‘C3
as judged by“tlci

| The spectral data to be subsequently described

support stru.turc 20 for the addition product of methan-

ol to cyathinvbs.

= High reéqlution mass spectrometry gave the
expected moletuléfffofmula C21H3204 for the parent

'peak%at,m/e 3487 The mass spectrum is reproduced in

-

e

figure 19.
. The infraféd'spectrum (figure 20) shows . a B

s -
o .

o
P

: p"’v 7} D o s . . Y]
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TOP: FIGURE 19 B
Mass &spectrum of methanol addUct‘of
, ;
/ cyathin B3
BOTTOM: . FIGURE 20
Infrared spectrum (CC14) of mgthéhol
adduct of cyathinlB3
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sharp band at 3518 cm_l, indicative of ‘an intramolec-

ular hydrogen bonded hydroxyl. As a model, Cis—cyclo-

pentane-1,2-diol shows a sharp band in the infrared at

1

.

3572 cm - due to an intramolecular hydnogen bonded O-H
stretching vibration (ref. 16, p. 183). Aldehydid
absorption at 2715 and 1730 em L indicates a saturated
;idehyde. The normal intenéity ard presence of only
one carbonyl band suggest that ‘the molecule is in the
hemi-ketal form.

The uv spectrum also supports the saturated
aldehyde, with oﬁly a shduider at 282 nm (€=137) be-
ing present.

The nuclear magnetic resonance spectrum

(Table V) of the material was very informative. The

“methoxyl singlet at 83.36 varifies the addition of

methanol. Since the hemi-ketal hydrgxyl is hydrogen
bonded as indicated by the ir spectrum, the Michael
addition must have taken place to the a«,f-unsaturated
aldehyde at C-13.: |

The couplings between protons a, u, and b
also confirm the steredchemistry dépicted in structure

AN

20. Proton a (84.12) appears as a_doublet'(J=4 Hz), -

~and **s.fow field chemical shift suggests that ar oxy-

gen occurs on the same carbon atom. Proton u (63.00)
appears as a doublet of doublets (J=8,4 Hz). When the

signal at 64.12 was irradiéted,’the signal for proton

’

u was observed to collaﬁsg;to a doublet (J=8~Hz).
o

R

sty
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Proton b (84.59) appears as an eight line
signal (doublet of doublet of doublets) with coupling
constants of 8, 4, and 2.5 Hz. The coupling of 8 Hz
with proton u was verified when the signal for proton
u (83.00) was irradiated, causing proton b to collapse
to a doublet of doublets (J=4, 2.5 Hz). These.eoup-
1iﬁgs of 4 and 2.5 Hz in the proton b signal are be-
lieved to be due to protons g and j absorbing in the
complex region 62.3-2.0.

When a model was constructed of structure 20,
the dihedral angle between C13 and C12 }u was found
to be approximately 120°. Angiz>ng to the Karplus
rulesl7,Athis dihedral angle should give a Vicina g§eup—

. v ‘t@ .
ling constant of about 4 Hz between the two protons,

which is observed in the spectrum ?f the methanol adduct.

Also, the dihedral angle befWeen Clz—Hu and Cll-Hbfis
approximately 15°. The coupling constant for these two
protons is calculated to be about 7.5 Hz, agreeing Qery
well with the observed 8 Hz. The coupling constant be-
tween the aldehydic proton and frotoh u must be very
small, since it 1is. not observable. | |

.If methanol had added to C-12 as in the case
efzzyathin A3 the nmr spectrum would be expected to
have been quite different. The rest of the gpectrum is
consistent with the remainder of structure 20 for the
methanol adduct. Attempts to crystallize the compound

were unsuccessful.

3

N



63.

Thus it has been shown that the a,B-unsatur-
ated aldehyde of cyathin B3 is very reactive toward
Michael-type additions, and that its rgactivity can be
controlled by using the proper conditions.

Furthermore, the;adduct was subjected to the
normal acetylafion procedure (acetic anhydride: pyridine,
1:2; at room temperature), but tlc indicated only.Start—
ing material aftar a prolonged reactioh time. When the
" reaction was carried out in refluxing pyridine‘énd acet-

ic anhydride, decomp051tion was observed by tlc and ir

spectroscopy. Thus it seems that the a}cohol group 1s
quite inert. to acetylation, attributed to the hydrogen—

bonding with the methoxyl and the hemi-ketal formation.

I 3



N

-

64.
4) Hydrogenation of Cyathin B3<C3 Mixture

An experiment that was deemed useful was the
catalytic hydrogenation of the cyathin B3—C3 mixture to
one compound - d@hydrocyathin B3. From previous exper-
ience 1in these laboratories with allocyathin B3 R it
was known that both the 1,2- and the 12,13-double bonds
hydrogenated, while the tetrasubstituted 3,41doub1e bond
remained unreactive. When the actual experiment- was
carried out, tlc indicated that hydrogenation had taken
place since a spot of lower Rf than the starting mater-
jal was present, and this compound Qould not be detected
by the uv method (loss of the chromophore) Purific-
ation by preparative tlc lead to the formation of two

spots when a subsequent analytical plate was rtun.

Mass spectrometry gave the correct parent peak at m/e

318 and exact mass measurements of this peak revealed the

formula C?OHSOOS | .
Infrared spectroscopy showed typical hydroxyl

absorption at 3600 and 3400 em 1, along with character-
istic aldehydic C-H stretch at 2800 and 2700 cm ',
Carbbnyl bands attributed to the aldehyde at 1728 em_l

“and the ketene at 1705 cm_1 were present. This latter

band at 1705 cm ! had only one-half the intensity of
the 1728 cm_1 band, indicating that the ketone was 1in
equilibrium with its closed,‘hemi-kctal form,

- The nmr spectrum was very complex, and broad.

Aldehyde absorptlon was shown by two signals at §9.75

4\1
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and 9.66. No olefinic absorption was observed.
" The hydrogenated material is thus assigned

to be a mixture of C-12 epimers of dihydrocyathin B3

The hydrogenatibn is assumed to have given
the B epime&%at C-12 since this would be the one pre-
dicted by steric arguments. When the material was
chromatographed over silica gel, epimerization occured
at C-12 to give a mixture of a and B epimers of dihydro-
»E?athin B;. Also the products seem to be in equili-
brium with their hemi-ketal forms, as in the.case of
the starting material. Further production of dihydro-
cyathin B3 and separation of the epimers was not att-

empted.



66.

Isolation and Characterization of Palmitic Acid

On one occasion a material was isolated from
a column chromatographic s?pafation of crude cyathin .
which was eluted from the column before the cyathin
B3-c3 band. This material crystallized after solvent
removal and was found to be very soluble in hydro-
carbon solvents, but only slightly soluble in 95%
ethanol.. Recrystallizétion from 95% ethanol gave
colorless waxy-like crystals, m.p. 56-57°. Subsequent
analytical tlc of this material showed it to be quite‘
difficult to detect by the normal detection methods,
but wﬁen a Ce(SO

/H,S0 spray reagent was used,

) 4)2 4
with subsequent'heating, a brown spot was produced,
Rf(A) 0.65. |

# Exact mass measurements of the parent peak
at m/e 256 in the mass spectrum (figurs 21) gave

v

CT6H3202 for the molecular formula.

The infrared spectrum (figurp ..2) shows
broad abso;btion between 2500-3400 cmll, and a car-
"bonyl band at 1720 cm L, indicative of a carboxylic
acid. , A

At this point a structure can be suggested for
this material. Since the molecular formula shows only

one unsaturation, aad thiégzy\in the form of a carboxyl

group, then the compound must be a sixteen carbon fatty

4

f%‘“* g

acid. % ' .

The nuclear magnetic resonance spectrum



TOP: FIGURE«21

[}

Mass spectrum of isolated palmitic acid

i,
%:
N

BOTTOM: FIGURE 22
Infrared spectrum (CC14) of isolated

o

" palmitic acid
- b

S5
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showed clearly this material to be the straight-chain
sixteen carbon carboxylic. acid - palmitic acid.. Only
one methyl group appears in the spectrum (60.88), as

a triplet distorted by virtual coupling (see Experiment-
al for remainder of the nmr spectrum).

When the melting point of af authentic sample
of pelmitic acid was determinéd, and compared with the
isolated material, the following was found: m.p. 55-57°,
m.m.p. 55-57°.

All of the spectral and physical data con-
firm that the material isélated is palmitic acid.

| The%@hpound was further characterized as
its methyl estef, prepared by adding a solution of

diazomethane in ether to the acid in ether solution.

4 .
)

Mass-spectral data confirmed the presence of the ester
wifh the ap;earance\of the parent peak at m/e 270.

In the infrarea spectrum, the broad hydroxyl was lost,
aﬁd the carbonyl band shifted to 1750 cm"l, confirm-
ing that esteffication had occur£;d.

At this point there was speculation that the
palmitic acid was an artifact and not truly a fungal
metabolite. The only source of palhitic acid if it
was an artifact would have Been the media used to
grow the fungus. Thereforé, one liter of the media

was subjected to the normal extraction procedure. A

small amount of material (24 mg) was obtained? but

, -
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tlc and mass spsctrometry showed palmitic acid was not'
esent. The majority of the material was grease and

plasticizers, as judged by mass spectrometry.
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Isolation of Cyathin Az

v

“ < During the carlier part of this work, crude

metabolites obtained from a "normal" growth were sub-

jected. to yreparative tlc separation. A.band at R
Jeg prey I I -

~ ol

N

. N ’ - 3 oy h . - : N
higher ;than cyathin B"-C" was noted, and this band

wags removed, eluted, -and subjected to the usual spec-

R

‘troscopic examination.
High gresolution mass spectrometry indicated

“the molecular formula C70H3002 for the parent pcak at

m/& 302 (figure 23). According to the namfng schenie
v ‘3 .

L da ; .
I e .
T o ; . o
v The "infr¥ed spectrunm (figure 24) shows bréad .
absorptidn between 2500 - 3400 cm © and*u strong carboiiyl -

-

K ‘ -~ - AN e :
~band at 1710 c¢m l, indicative of_u“?ﬁi%%xyIJCjatld.“ ’

. oA
Ny
. - A

71.

of cyathins, this new material was dcsignagcd as cyathihn

Also, thesuv spectrum showed a maximg at 213 nm (e=7000)

indicating the possibiliity that the acid could be

>
-

th-unsaturatod. s g

. . - . : . 9
-~ The. nuclear magnetic resonance -spectrum

(figure 25) proves to be quite complex, but the broad

signal at 610.92 supports the carboxylic acid proposa}l.

s pd

\- . ‘Z € B K . . ‘ .
Cyathin A“ was further characterized tq be:
. : L . 6 . L
a carboxylic acid by cstcrﬂficn%ion.With diazomethane
in cther to produce a new compourd of lower polarity
. M \J .

on tlc.  The mass . spectral data (m/e 316) corresponded
. . . ‘:‘ :

to C7]H;q07, and the infrared spectrum (nc brdad

hydroxyd, 17350 cm?))-SUggcsLs %h%t an ester haid been
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- produced.

Thé peak at » 300 in the massdsp,ﬁ%ff

cyathin Az, along wi: ne complexity of the f
trum suggested that Lvo coipounds were present, one the

dehydro analogue of the othér, possibly analogous to
. L] .

cyathin‘BS—‘3 chemistryﬂ When the cyathin A2 material

was’ éubJected to argentated 5111ca gel tlc, indced two
spots were detected. Thus it seems that the cyathln A

materjalt was actually a mixture containing cyathindAz e
and its,dehydro analogﬁé, given the tentativ% hdméﬂé
: o

5 cyathln B2 ) ‘

5 : ‘ ‘

" 5 !

- ?ﬁ?&5 Cyathln A has. been 1solated on one other :

occ351on, but only in Smdll quantlty Identlflcatlon

‘was estab115hcd b} tlc and mass spectrometry. Due to

the small quantltxe> of cyathin A% material availagge,u@“

further wolk in this area has not been attempted.
o
' n{ - -
< - N

B1olog1cal Act1v1ty of Cyathln B3-C34Mixture

' : Recentf& it has.been shown th&» the mlxed

crysta?s of cyathln BS- cyathln Csushow Slgnlflcant

antleotwc and espec1a11xgant1funga1 act1v1ty The = -

esults of these tests carrled oqt by the Smith,

Klyne and French Laboratories in Ph1ladelphla are

.

given in the Appendlxu
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I11. GENERAL EXPERIMENTAL P \\

‘Solvents

The commonly used solvents (reagent grade)

were found to contain sflicbne grease and phthalate *
plasticizers.(by IR Spg@iroscopy). The small scale

of the expeﬁﬁments‘made these contaminates fnanerable.
Therefore, erhyl acetate, chloroform, methanol, acetone,
pentane, Skelly B methylene Chlor;de, benzcne, and.

pyridiﬁe were.; Aiqﬁ111ed prior to use. _p—Diofﬁhc Was g
: / A}Q" H 4 '»‘ . ’
refluxed with™ ftcsh sodlum metal and sdbgequently dis-
.33‘-,r

- tilled. Reagent dieﬁhyr ether and 'so octane were used
B o P

# directly as obtained. = . B

e
]

4

Thin-Layer Chromatography (tlc). ! - ~e;; <

1. Preparation of thin-layer pla{eé
\'»\
Tth—dayer plates were prepared accordlng to

.~

the method descrlbed in Stahl's_ hanﬁbook (ref 18, p. 27),

u51ng°DESAGA equlpment (West\Germany) D

~ Y. Two adsorbents were used throughout this work:

5111ca gef G- (E Merck) containing 1% electfonlc phosphor
e (Zn810 General El‘;:ctr‘,}c,,),I referred to as ordlnary 'sil-

7¥1C3 gel and silica gel G Jmpregnated W1th 10%€;;fver nit-
rate (also containing 1% electronic phosphor), referred
to as argentated siliea gei., For an adsorbant layer of

0.05 x 20 x 100 cm, slurries were made of 50 g silica

‘gel G and 100 ml HZO (ordinary plates), or 45 g silica
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gel G and 100 ml of -5% aquecous AgNO3 (argentated Sil%FA
plates). After spreading with the DESAGA equiphcnt,;the
plates were allowed to air-dry for aﬁéﬁoximately lhr. "~ The
plates were then activated at 110-120° for 1.5 - 2.0 hr,

fékeh”from the oven, and allowed to cool for at least 3

hr before use. 'In the case of argentated plates, care-was

PN
i

taken to protect‘fhem from light since the resuiting.

darkened plates made detectloniof Spots or baﬂé@ dlfflcult
The dlmen51ogs of th% plates used f’f prepar-

‘atlve work (ptlc) were either 20 x 100, 20 x 20, or 20 x

10 cm for analytlcal workg 20 "x ZO,QZOMX lO or- 20 x S'

RN

cm. The thlckness qf the adsorbaht?

ers were ap on—
‘ vlmately 0. S mm. In order to follow the _course é?gf.reae—
flon or a column chromatographlc separatlon + croslides
(25 x 75 or 50 x 75 mm) coated with ordinary silica gel

G were used These were prepared by sprgading 60 at a

LI

fime on ‘templates to give an .adsorbant thickness of approx-
imately 0.2.mm. * ' - P |
‘-é, Apolication of sample

In aﬁalytical work; the samBle was applied: ’
}With the aid-of‘a capilléry tube. In preparative work,
the sample was appliéd. manually w1th a mlcroplpet' '
Tfltted with- a rubbeftbuib} manufactured fornr@%@@osable

‘pipets. The sample was dissolved in an amount of solvent

such that the v1sc051tytngthe solution was low enough
'A"

to permit free flow when medium pressure was applied to

the bulb, but high enough viscosity so that the solution

»
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tank conta

‘vthe R £ VaiUCS .o

77.

would stay .in the. plpet when no pressure ‘was applled to

"the bulb After a 11ttle practzce ‘the sample could be
& ;

applied in a thin, stralght llne across ‘the botto% of the

adsorbant. Approx1mately 200 mg of a sample was applled

to a 20 x 100 cm plqmo _ ‘
3} Elution of the plates and detectlon of the
spots oy bands : , )

i
-

After the solvent had evaporated from the

( - L

. appllﬁd spot or band, the plate was placcd in a closed

\ J
d@&eloplng solventxsystem : Iorty—

& . ,. .

five~to< \tes-were needed for the elutlon ElO

m1n for mlcroslldes), after whlch the plate was removed

S a

and the SOlVL”L allowed to evaporatc : In _some cases ‘a4
double development method was used 1n-wh1ch the- plate

‘ N
was dried. after the first elution, then SubJected again

to anothel‘elution. VThese instances are 1nd1cated wiﬁh

b
*

: ) . '
= In analytical work the spots were visualized
‘L . .

" by epraxing with 30% HZSO4 and subsequent heating to,

a4

"~ ~110° and/or by viewing the plate under short wave v
(254 nm) uvilight. CompOUnds with chromophores absorhi;

in the 250 nm region were found to be very’ sen51t1ve tok
this-latter method.

In preparative work, the,uv nethod‘was used .
\extensivelv.‘ When a compound was‘enoountered which had
only a weak chromophore "an analytlcal plate was first

developed, the @pot detected by the HZSO4 method, and

-]

¥ Cow
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AN 1e§u]t9 cxtlapolatcd to the preparative plate.
\ﬁ\
HZSO4 methods” proved satisfactory. In the-casc of pdﬁﬁ

mitic acid,. both the uv andﬂIZSO4 methods were found to

Inhp51pg algcnpated platcs, both the uv and

be very poor, but spraying with a 5% solution of CC(SO4)2

in 30% aq. !,80, produced a dark spot, after heating to
2774 x
N : : :
~110°. ¥ | : “
4. -Recovery of matcerial ‘after preparative tlc
Bands‘containing the organic material as

dct01m1ned by- the VlSUdllalng mc‘hodgimere outlined with
¢ ' &'\',J'_ , '4,1‘
S a: pOJntcd glas% rod.. These bands }¢qgalatcly scraped

off with the ald of a microslidc; pfﬁg';:ln small glaxs
% \tolumns and cluted with ether. Ether proVed to be the

\\

most sultqb] since it was both polar cnough and casily
remqycd. LV&pOIdthH of the so]vcnt on a Buchi rotovapor

Y yielded the sopuratod componcnt.,
-~

5. Recording Rf values and solvent“ﬁﬁﬁtcms

Rflva]ues arc rccorded in the- form R (X)n{ ]

" The letter X dcnote\ the Solvent system uxﬂd for dcvc]—

P

-
gpment the lettor n reférs to the dlstanco the spot

*

moved/ the dlstance thc aolvent movcd - #

¢

&
When argcntatcd‘glatc% were used (tho G\plc<s1on ”AgNOS
i
is added withim- the parcnthcsls

: o s
Since the plates used were not standardized,

- ! ’ i - . ' . .

the age of the plates, tank saturation, humidity, ectc.,

" could vausc irreproducibility 1in Rf values (by as much

ds 0.05 units). . Whenever possible a known sampleswas
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developed alongside of the sample being investigated to

.
a

reduce the possibility of error.

The following solvent systems were use@»in

this work:

A: benzene-acetone-acetic acid

B: benzene-acetone-acetic acid

C: chloroform (0.75% ethanol)

D: chloroform-methanol

ﬁ: chloroform-methanol

F: Skellysolve
o G: - Skellysolve
<~ H=, Skellysolve

. Skellysolve

Column Chromatograpgx

1. »Preparatlon

-, Quartz columns (45 or %0 mm i.d.) were used

in this work.

\

containdng 1% eldttronlc phosphor .whs used for the ad-

sorbant,

80:1, to give a coli .

The ¢ lumn was fitted’'with,a glass wool plug
and a 1 cm 1ayef £ .1 ied sea sand was applied."

slurry of the adsorbantzin bHClg was then carefﬁlly

poured into the colurn

1cal p051t10n and tapped 11ghtly to remove any air

bubbles.

B-acetone

B-acetone

‘B-acetone

B-acetone

of the column

Silicic acid (Malllnkrodt

?1'

‘height of 20-25 cm.

. 98:

95:

A

N

:25:

:10:

100 mesh)

»

1

1

the/ratlo to sample welght belng %pprox1mately

The column was kept in a vert-

A 1000 ml reservoir was attached and CHCl3
T ¥ -

79.

e



B

A
.

. g ‘X I
was allowed rhW§ﬁ% through the column to aid in the

bsettling of the adSorbant. , The column was allowed to

stand overnighf”bcforo use.

2. Application of sample

In gencral the sample was made up as in the
Cése-of ptlc saﬁbles, exceﬁt that the solvent was ex-
clusively CHCIS, Filtration wds sometimes necessary
to remove insoluble particles (i.e., chromocyathin).
The reservoir was removed from the column and the sol-
vent level was allowed to come just to the adsorbant’
WTovel . Thcn with the aid of a . pipet, tm@ sample wgl
carefully drlppcd onto the surface of thcggg&wrbant %ﬂd

L

.allowed to- 'soak in. Once all of the sampl#‘ﬂﬁd been.
S

applied, more CHC1; was added, along with another 1 cm

layer of sea sand. The reservoir was attach#td, filled,

and elution begun.

M

3. Band detectlon and fractlon collectlng

4\9 NS

Bands were detected by sh1n1ng uv light .

‘ {
(254 nm) upon the column (room ligH%s off). For this
¥

gl
o4

. >~ . / . -
detection systemy the use of quartz-columns is necessary.

h Fractions were collected at 125 ml intervals,

v

except whcre #’detected band warr&ﬁted a dlsruptlon of

this procedure. Evap%ratlon of the solvent in each
‘ : v _
fraction, weighing and analytical tlc gave an exccllent

indication of the progress of the separation.

-



Measg@éﬂent and Recording of Spectra

, Mass spectra reported in this thesis were
measured on an A.E.I. model MS-9 mass spectrometer and \\
are recorded ai>a percentage of the base peak. . lligh
resolution massd~pectrometry (hrms) was nsed‘to determine
all molecular formulas, since the small amounts of sam-

ples.gvailable in this work made combustion analysis im-

practical. Eventual correlation with known -compounds .
validates this approach. A direct probe (70-200°) at e
an ionization potential of 70 eV was used. Y

Infrared (ir) spectra were recorded on a

or a gnicam SP1000 infrared spectrophotometer.»

\ A‘; lﬁ

were. measuied on a Varian Assoolates HR-100 spectrometer: éﬁ

" Nuclear magnetic resonance (nmr) spectra

Tetramethylsilane (TMS) was used as reference and 1ock
signal, except when samples were run in_benzene-d6 in d
which TMS was the reference signal éﬁz beﬂzene—d6 th%. j

. .
1ocK,61gnal The 5 scale has been used thrdyghout-this \

; : - =3
.ﬁmtﬁ3514 tor e&press c%emlcal shlft values. Thefcquplrng /7; A

pattern of'51gnals is denoted by: 's 51ng1et d=doublet,

I
n_

,@trlp%e;,\q=quartet; m=unresolved multlplet b=broéd,
and u=uhresolved signal. |
e J Ultraviolet -(uv) spectrarwererrecorded on a.
Cary*Recordiﬁg Spectrophotometer, model 15.
Circular dichroism (cd), end optical rot-

‘

ations ([a]D) were determined on a Durrum-Jasco Re-



—

-
e

~—

y

NS

cording Spectropolarimeter. The small amounts of
samples used could bring about an error of as much’
as 50% in the extinction coefficient (e¢), dichroic

absorption (4¢), and optical rotation ( [g]D ).

3

X

§3@p1e Preparation for Spectroscopic Measurements

82.

To effectively remove traces of solvents,

;gie sample was "purged" with the appropriate solvent.

ﬂ%his was accomplished by dissolving the saﬁple in

.»a small volume of the solvent being used. for the

il

B
—~—

measurement, evaporationg under reduced pressureg,
and repeating this procedure several times. High®

‘vacuumsdrying used along witﬁ‘ghe‘purging method
.proved very effective. ' :
' )

Y

Samples were submitted to the Vafious

2 o
4 B v

"Spectroscopic Services of this department for >the

measurement of mass, nmr, and some 1r spectra.

Most ir, and all uv, cd, and.[a]ngeasurementq were

carried.cut by the author. - ,
DT C —,

¢ —~—

3 ' ) ‘ ' ‘ - I 2.
- Melting =nt Appatratus .~ . : =

te Melring. pgint deteTminations were carried
out on a Fisher-Johns melting‘pointf%pparafué.
' (’ 5‘& Ti{]

'0- . <
R S

-



" media (see Introductlon for this cdhp051t10n also) » o
: ;.

N
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IV. DETAILED EXPERIMENTAYL

Production and Isolation of Crude Cyathin

Chltures of the fungus Cyathus helenae

Were growh‘by_e~”§ti11:$urface” method in all oflthe
work presented in this thbsis. This method involved
the uge of a number of 2 11ter Fernbach‘.tﬂsks
(10-44), whrch weie f111ed‘w1th 500 ml of dcflncd |
11qu1d medld (see-lntroductlon for comp051t10n) |
After the fl&;}S‘Were autoclaved at 120° -18 p51 for
30 minutes, and allowed to cool, to. room temperatUre,

they werc innoculat 4 1th a fresh“cultune of the

fuhgus”; In the earzm © part of thIS work;'lnnoculatioh
was accompllshed by addnng four 8 mm dlSC%»@f the
. T o~

fungal nyce11um taken from* growths on BIO&AC s 5011d

o

\

.. B e ﬁa 3 ) A
deyi%: 'g-jkch a preV1oqs 5t111‘surface culture

""v! B

groW1ng in a 500 mil Erlenmeyer flask on 300 ml of
deflned media was broken up w}th the ald of a sterlle

4

Warihg bleﬁder and plpeted 1nt0 the fia$k “to be

'{;

1nnocu1ated by means of a ster11e pipet.

e

After 25-30 days of growth the fungal - e

o

broth was_”harvested” b» stralnlﬁg the cqntents of

: ?*

the flasks through cheesecloth or “in the 1atter part

of thlS work (51nce Feb. ‘Z%T'by 51mp1y pQUrlng off {Qr

the liquid and leaVLng “the mycellum behlnd in the
"

- . '\ ‘ /’

"‘part of this. work a 51mp1er method was /‘ﬁwﬁ

iC2)

74



flasks. This latter method allowed.
ofwgrowth by Simply'adding‘fresh st

flagks (thlS could be ‘repeated 2-3 m
4 Ve

- amount of mycellum became too greaﬂ

The brownish-colored bro;

with an equaiuvolume of ethyl .acetat
With half volumes of the solvent).
was then dried (MgSO ),-frlteregbfan

dryness to yield a-yellow- browngrogm

~broth Lhere was obtalned 0.2- 0{% g o

»

Isolation of Cyathin'BSQV(I3 Mixture:

<

easy regeneration

erile'medid to the

ore times untll the

h was then extracped
e‘(ertracted twice
The yellowish extract
d evaporated to

From 1 liter of

f crude cyathln

e Kt

Column ChromatOpraphy'

84.

The column was prepared a

'~11ed in Qpe manner mentloned earlier

s

'sime)as'prev1ously described

imental). 1he procednre for COlumn
45'

;Example}

On September 13, 1972 2.

cyathln (from March, '70 growth) was

.on 220 g 5111c1c aC1d contalnlng 1%

-

’phor u51ng a 50 mm dlameter @uartz C

form . as eluent ' The l"th 2% ml fra

~uv active band) crystulllzed after <

: and was found to correspond to L/dth

There wasvobtained 326"mg of ;rqde c
Re(A) 0.60. The other ¢yathin const
30 \ ‘ . N

u\'\ :

nd the sample app o .
(see Gencral prer—

70 & of crudekp
chrd‘atograpned
electronlc phos—
olumn w1th\ch1cro- .
ctlon (a strong‘y
olvent removal

in B3 C3 mgxture.;
yathln'Bs-C3 ,

ituents were

-

o
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i
obtaincd by continuing the elution procedure " (grading

into 2%, then 5% methanol in the chloroform).

Crystallization and Characterization of Cyathin B-c?

Mixturé" '

Cyathin B3—C3 mixture (326 mg) obtained as
previocusly described, waS"recrystallizéd from ether-
_pen;ahe. This was accomplisheéd by first dissolving
the sample in ether (~2 ml)\in a 5 ml Erlénmcyer flask,
filtering«;p remove solid particles (lint, siliqa,'etc.),
reducing ghe'volume to ~1 ml, and adding pentane until
the éolution became cloudy. The addition of another
drop of ether effected solution and the:flask was
allowed to stand at room température‘ovefnight. The
Crystals observed the next day were quite large.

OJOLS x 0.5 X 2.0 mm). After another recrystallization

colorless needles (130 mg) were obtained; m.p. 131-

133°; hrms: calcd for C,. 1", .: 316.2038, found:
. 20 2+ 73
316.2037; uv (p-dioxane) 6253 6800, 6350 75 (shoulder).

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

. Attempted AgNO._-tlc Sepafation of Cyathin BS-CS Mixture

Crystalline c¢yathin 83-63 mixture}(IOO mg)
was applied to.four 10 x 20 cm plates coated with 1n°
‘AgNOS/silicargel G. Development with solvént system
F_géve twonslightly 6ver1apping bands as detected by

uv, R (AgNO;,F) 0.38 and 0.34. Three fractions were

-
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removed (material between the two bands made up .ne sccond
fraction). ELElution wiph cther of the three fro
‘evaporation of the solvent, and subsequent’analy\7rﬂ‘

tlc showed that impurities at both higher and lower Rf's
were present in all three of the fractions. The main
constituent of both fraction #1 (Rf 0.38) and fraction

¥2 was cvathin BS (83 mg) and fraction #3 (kf 0.34)
containcd,mosfly cyathin C3 (19.mg). Comparison of the
m/c 316 and 314 peaks in the mass.spectra lead to these
assignments. - A subsequent ptlc of the combined fractions
,#l.and #2 (on ordinary silica plates) produced crystals

of cyathin B3 (47 mg, m.p. 131-134°), still contaminaged
by cyathin C3 (as determined by mass spcctfometry, m/e 316

(68) and 314 (6) ). The nmr épectrum also showed ‘this

material to still contain cyathin CS.
N .
K .lization of Cyathin B3-C> Mixture )

\

Cyathin B3~-,C3 (77 mg) was dissolved in anhydr-

ous methanol (2 ml) and a saturated solution of hydrogen
chloride in methanol (1.5 ml) was added at room tempera-

ture. After 48 hr, tlc indicated complete reaction and

e ;
_the solvent was removed under reduced pre -ure. A non-

crystalline mixture of cyathin BS-CS‘methyl ketals (75 mg)

was obtained R (G) 0.64, R (AgNO;,G) 0.62 and 0.55;

hrms: calcd for CZlHSOOS: 330;2195, found: 330.2184;

Mass spectrum: 330(12), 328(30), 315(16), 313(8), 299(14),

295(10), 253(16), 225(11), 202(31), 189(53), 187(100),
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175(14), 17-.. ', 161(20), 159(24), 145(30), 173(24),
131(18), 119.29), 105(26), 91(24), 55(26). 41(20); ir
(CC14,'cm'1): 3060 (w), 2820, 2720, 1695(s), 1625(w);
nmr (CC14): 6 9.91(s,-CHO), 9.88(5,-C£O), 7.03(S,HL13),
6.97(s,1-13), 6.13(2d,li-1 and H-2, J=5.5,5.5), 5.03
(m, H-11),3.27 (s,-OCH;), 3.25 (s,-0Clg), 2.92 (m,li-18),
2 1-2.5 (m), 1.7-1.3 (m), (1.10, 1.04, 0.97, 0.91, 0.86,

- 0.75 methyl region'complcx).

>
v

Argentéted Silica Gel Ptlc of Cyathin B3—C3 Methyl Ketal

Mixture o .

Cyathin BS—C3 methyl ketal mixture (75 mg) was
apPlied to four 10 x 20 cm plates coatcu with 10% AgNOS/
silicé éel G. Development Qith solvent system G gave two
bands.. These were worked up in the usual manner. Cyathin
B3 methyl ketal.(23 mg) gave the following properties:
Rf(AgNOS,G)_O.GZ; [o.]D -105° (c, 0.1, iso-octane); hrms:
calcd for C,,H,.O,: 330.2195, found 330.2184; uv (iso-octane):

21°°3073"

. ; - VA - A - .
€533 5300; cd (¢, 0.1, iso-octane): €216 0.97, €535 -2.78;

Mass, 1ir, ?nd nmr spectra or data are reproduced in Chapter
IT. A£tempts to‘crystallize this materiai were unsuccessful.

Cyathin C3 methyl ketal (16 mg) gave the follow-
ing properties: Rf(AgNos,G) 0.55} [a]D -89° (c,0.043, 1iso-
octane); hrms: calcd for C21H2803: 328.2039, found: 328.2042Z;
uv (iso-octane); €536 7400, €)c7 4300(sh); cd (c, 0.0453,

iso-octane): 66356-1.25, A6258—4.31; Af235-9.23; mass, ir,

and nmy spectra or data are reproduced in Chapter II.
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Attempts to crystallize this material also met with failure.

Reduction of Cyathin 83 Mecthyl Ketal

Cyathin B> methyl ketal (14 mg) was dissdivcd in
95% ethanol (t.5 ml), and 0.5 ml of a solution of sodium
~ borohydride in ~thanol (1 mg/ml) was added. .After 15 min
tlc indicated complete reduction. The solvent was removed
under reduced p;essure, water added, and the solution ext-
racted with carbon tetrachloride. Drying of the Ca%bog
tetrachloride layer, followed by evapdgifion gave a material
(10 mg) which was slightly impure as indicated by tlc.
Purification b -tlc gave an oil (4 mg) identical with
cyathin A3 methyl ketal: Rf(G) 0.31 (not uv dcteétable);
Ea]D -158° (c, 0.06, iso-octane) ; hrms: calcd for C21H3203:
332.2352, found:332.2346; uv(iso-octane) end absorption only;
cd (¢, 0.06, iso-octane): 56300 0.0 ; mass, ir, and nmr
spectra or data ére reproduced in Chapter II.

[

Reduction of Cyathin c3 Methyl Ketal

Cyafhin C3 methyl ketal (22 mg)_yas dissolved in
95% ethanol (0.5 ml) and 0.5 ml of a solﬁtidn of sodium
borohydride in ethanol (1 mg/ml) was added. After 15 min
tlc indicated complete reduction; the solvent was re-
moved under reduced pressure, water added, and the sol-
ution extracted with carbon tetrachloride. There was
_obtained a material (20 mg) whose properties were Consis-

tent with those of allocyathin B3 methyl ketal: Rf(G) 0.38;
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[oc]D -179° (c, 0.067, iso-octane); hrms: calcd for

C21H3003: 330.2195, found: 330.2194; uv (iso-octane):

3500; cd (c, 0.067, iso-octane): &€ -3.46; mass

©55 253

_ir, and hmr spectra or data are réproduccd.in"Chapter 1T1.

Acetylation of Cyathin B3-C> Mixture

Cyathin B3-C3 mixture (20 mg) was acectylated

for 8 hrs at 40° in methylene chloride (1 ml) containing
pyridine (0.16 ml) and acetic anhydride (0.08 ml). The
solution was then evapofated and‘purgéd twicehwith benzene,
tyashed with HZO, dried,‘and the benzene evaporated. The
crude product (21 mg) was chromatographed by ptlc (solvent
system H, double clution), yielding 4 overlapping bands,
The least polar compound (5 mg), R (H dodble elution) 0 65
showed no acetate or hydroxyl absorption in the infrared ”
and an apparent molecular ion at m/e 298 in the mass spec-
trum (éase peaK at m/e 283): This compound is described
in the next section. A

N The two intermediate bands (7 mg), Rf(H, double
elution) 0:56-0.60, éhowed pfopcrties_cbnsistent with those
expecfed for O-acetylcyathin BS: masg spectrum: m/e 358(9.5),
343(10), 316(19), 298(18), 283(28), 255(26), 222(22),
189(29), 199(29), 105(38), 91(43), 55(47), 43(100), 41(62);
ir (CC14): no'hydroxylf 2810, 2710, 1745, 1710, 10680 cm_l.
The compound with the highest polarity (2 mg),

R} (H, double elution) 0.55, appeared to consist of main-

ly O-acetylcyathin C3, along with some O-acetylcyathin B3
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mass spectrum: m/e [358(5)], 356(11), 343(5), 341(2),
315(4), 314(3), 298(3.5), 296(3.5), 2B3(4.5), 281(3.5),
253(9.5), 225(7.5), 201(10.5) 187(10), 119(21), 105(22),

91(31),}55(40), 43(100), 41(56); ir(CC14): no hydroxyl,

2720, 1750, 1705, 1690 cm >, )

-

Dehydration of Cyathin B3-C® Mixture via Acetylation

, Cyathin BS—C3 (168 mg) was dissolved in meth-

ylene chloride (8 ml) containing acetic anhydride (0.8 ml)

and pyridine (1.6 ml1). After 71/2 hr at 50°, tlc indi-

cated only two components. After work-up in the u;ual

manner, the ;}ude prdduct was subjected to ptle (solvent

system I, double elution). | |
The compound of lowest polarity (él mg )

showed properties consiSteﬁt with anhydrocyathin B3:

Rf(I, double elution) 0.54; [«], +158° (c,0.021, iso-

D et
octane); hrms: calcd for-C20H2602: 298.1933, found:

€ € .
scg 6900, € 12,100;

. o e ) .
cd (c, 0.021, iso-octane): A.373 1.40, A€324+12.1,

298.1937; uv (iso-octane):

A

-4.75,4€ +6.05, a€ 5. ,+0.43; mass, ir, and nmr

G258 238 214
spectra or data are reproduced in Chapter II. Anhydro-
cyathin,BS.was obtaincd as a light yellow oil and has
not yielded to crystallization attempts.

The éompound of slightly greater polarity
(42 mg) crystallized in the absence of solvent after

being allowed to stand in the fridge for a week. Re-

crystallization was effected with ether-pentane; light
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yellow needles, m.p. 105.5-107?. The following proper-
ties are consistent with anhjdrocyéthin C3: Rf(I, double

elution) 0.48; [«], -33° (c, 0.014, iso-octane); hrms:

calcd for C20H2402: 296.1776, found: 296.1774; uv (iso-oct-

. € ' . - .
ane): 264 6000, 6345 10,400; cd (¢, 0.014, iso-octane):

371+S 7 A€286 1.3,A€270+1 0, A€263+0'60f

-9.9; mass, ir, and nmr spectra or data

€ - €
8€.,.-0.63, 5

A€241+3.O, A€,

are reproduced in Chapter II.

Methanol Adduct of Cyathin B3-C> Mixture

Cyathin Bs—CS (20 mg) was dissolved in methan-

0l (20 mls) and stirred under N2 for 15 min to remove

the oxygen dissolved in the solvent. Potassium carbohaté
~2 mg) was added, and the sblution stirred under N2 for
10 min. Then 2 drops of 10% HCl were added to neutr
Tﬂe base, 5% palladium on charcoal (40 mg) was added, and

z""’\

the solution hydrogenagéd under a H2 atmOSpherF forkizﬂ .
min at room temperature. The catalyst was flltered off,
solvent evaporated, the resﬂphé\dlssolved in ether, fil-
tered again, and the ether evapofﬁted. A clear oil was
obtained (20 ng) which gave the following properties:

Rf(G) 0.38 (not uv detectable); [O<]D -62° (¢, 0.16, meth-

anol)! hrms: calcd for C,,H,,0,» 348.2301, found 348.23009;

21°°327°4"
uv (MeOH): € 137 (shoulder); cd (c, 0.16, methanol):
282
A€296"0'047"5€255+0-0453 mass, ir, and nmr spectra or

data are reproduced in Chapter- II.

Attempts to acetylate -this compoﬁnd at room

~ i
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temperature in acetic anhydride/pyridine, 1:2, gave back
starting material after 1 day. Acetylation with reflux-
ing acetic anhydride/pyridine, 1:2, led to decomposition

after 20 hrs as indicated by tlc and ir spectroscopy .

Hydrogenation of Cyathin BS—C3 Mixturc

-Cyathin BS—C3

(11 mg) dissolved in mecthanol
(20 m1) was stirred under an atmosphere of HZ for(17 min
in the presence of 5% palladium on charcoal (22 mg) . |
Filtration and ecvaporation of the solvent gave a clear
0il (11 mg) which showed one major spot on tlc, Rf(G)
Q.SO, along wifh some minor imburities. This material
could not be detected by‘the uv method on tlc plates.
Infrared spcctrpm: 3580 and 3400 cm—1 (broad, hydroxyl),
2690 and 2790 cm ' (aldehyde C-11), 1725 cm ' (aldehyde
C=0), and 1703 cm 1 (ketone C=0, partidlly masked).

Ptlc purification of this material (together
with that of a subseduent hydrogenation, total 61 mg)
yielded a material (38 mg) which now appcared as two
spots on tlc, Rf(G) 0.33 and 0.41; hrms: calcd for

C 0.: 318.2195, found 318.2208; mass épectrum: m/e

2013093

318(62), 303(93), 300(25), 285(37), 275(16), 261(26),
257(22), 201(15), 190(100), 189(26), 175(60), 147(24),
119(24), 91(35), 69(31), 55(55), 41(78); ir (CCl,):
3600 and 3400 (hydroxyl), 2800 and 2700 (aldehyde C-H),
1728,(aldehyde C=0), and 1705 (ketone C=O,;partially

masked); nmr (CC14): §9.75 and 9.66 (s, aldehyde

92.
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protons), no olefinic protons, the remainder of the spec-

trum was complex and broad.

Nt
PR
o ~.

. L LT )
Isolation, Crystallization, and Characterfzatipn of
. ‘/. J' 'é/: .
Palmitic Acid _ /k

Palmitic acid (Q—C15H31COOH) was 1isolated
from the fungal broth .only once.. On Dec. 11, 1972, 3.0g
[

of crude cyathin (from a '"nmormal'" growth during July,

1972) was subjected to column chromatography. The 4th— v

th 125 ml fractions contained a new component which

crystallized after solvent removal'(cyathin'Bs—C3 was

7

also obtained, fractions 8, 9, and 10). This material
(150 mg) was recrystallizédAfrom 95% ethanol to give
colorless, waxy-like crystals, m.p./56—57°, whigh showed
the following properties: Rf(A) C.65 (difficult to de-
tect bv both uv-and H,SO - .

2”74

C16H3202: 256.2402, found: 256.2402; uv (B—d%oxane):

"end absorption only; nmr (CDC13): §2.34 (t, methylene

methods); hrms: calcd for

to carbonyl), 1.63 (broad t, methylene 8 to carbonyl),
1.29 (5,724 hydrogens), 0.88 (broad t,’ﬁethyl), carbpxyi
~proton not detected.' Mass, aﬁd ir spectra are reproduced
Jin Chabter IT.
An_authentic sample of palmitic acid gave

m.p. 55-57°%; ﬁ.m.p. with the material isolated: 55-57°.

\ The isolated material was further characterized
as\&ts methyl ester (prepared by adding a S ml solution

.~ of diazomethane in ether to a solution of 20 mg substrate
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in ether): mass spectrum: 270(55), 239(9) 227(105 \\\

143(16), 87(88), 74(100), 69(23), 55(37), 43(47)) 41(40),
. r\ \\)
ir (CC1,): no broad O, 1750 ™ T

In order to show that palmiticiacid was . a

fungal metabolie, and not an ﬁrtifacf fromlthe media, 1
liter of defined media was extracted with ethyl acctate

in the normal manner. A brown oil (24 mg) was obtained,
which on tlc éhowed no spét corresponding to palmitic

acid (detected by spraying with Ce(SO4)2/HZSO4 and heat-
ing, with which palmitic acid gives a dark spot). The

mass spectrum of this 'extract" showed the phthalate peaks

(m/e 149, 279) to be predominant and m/e 256 to be very

‘small.

Isolation.of Cyathin AZ

Cyathin A% has been isolated only on ‘two
occasions, both close to the beginning of this work. On
Feb. 10, 1972, a crude eitract (0.67 g), from a growth
the previous month, was subjected to ptlc. Five fractions
were removed, and the first (least polar, Rf(A) 0.85)
proved to be phthalate impurity by ir spectroscopy. The
second was a new compodnd (106 mg), which is now called
cyafhin A2 and gave the following p£0perties: R%(A) 0.75;
hrms: calcd for C..H,.0,: 302.2246, found 302.2233;

2030°2°

uv(cyclohexane): 6213 7000; mass, ir, and nmr spectra

are reproduced in Chapter II. The remaining three bands

from the ptlc separation contained the other known
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4, etc.).

cyathins (AS,A

Since the spectral data of.cyathin A% showed
it to be a carboxylic acid, possibly an d,ﬁ—unsaturatqd
acid, a small amount (15 mg) 1in éther was treated with a
solution of diazomethune in’ether (s mls). After alloQ—
ing thé solution to stand overnight in the fridge, the
ether was evaporated to give a material consistent with
the methyl ester of cyathin AZ: hrms: calcd for C21H3202:
316.2402(nearest), found: 316.%996; ir (CHClS): no broad
OH, 1730 cm-l(ester); nmr (CDC1;): sam; as cyathin AZ,
except no signal at 511.0 and a new. signal at 3.64 (s,
‘methyl ester). |

Since the mass spectrum of cyathin A2 shows
a prominent peak at m/e 300 and sinc¢e the nmr spectrum
was so complex, 1t seemed'\ha there were two cémpounds,
differing only by two mas. units present in the cyathin
Az material. This was Vefified when cyathin A2 was sub-
jected to an argentated tlc plate. Two spots were ob-
‘served (by spraying with 0.1% 2',7‘-dichlorof1uoresceine
in EtOH and viewing ﬁnder long wave uv light): Rf(A)O.70

and 0.64; Lack of material has precluded any further

work on cyathin Az.
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APPENDIX . July 29, 1974
MEMO TO: Dr, J, Weisbach - cc: Dr., Actor
: Dr. Elander
Dr. Lourie
Dr. Misher

R&D Documents
Dr., Cramer
FROM: J. Uri/J. Guarini/M. Knight

SUBJICT: In-Vitro Antimicrobial Spectrum of SKF 74227 (Cyathin B; -
I
Tyathin C; Mixed Crystals).

Summarz

: This mixture of crystals, obtained from Dr. Ayer - University of Alberta,

was found to have significant in-vitro activity against the Trichophyton
mentagrophytes strain (BC-1258) and also good activity against the gram-positive
Cocci in the assay. Activity against the test gram-negative bacilla and
Candida albicans is negligible or non-existant,

Methods and Materials

The~‘tonventional agar dilution method was used throughout the experiment.
Dilutions (two-fold levels from 1000-0.5 pg/ml) of the compound mixture under
test (SKF 74227) were mixed into the melted and cooled to 50°C Penassay Seed
Agar, buffered to pH 7.0 by the addition of 1056 McIivain's citric acid-

. phosphate buffer. After the agar had hardened and dried in the petri dishes,
appropriately diluted suspensions of the test microorganisms were applied to

its surface using the Steers' multiple inpcula replicating device, After —
overnight incubation at 379C for bacterinm and Candida albicans, and an additional
3-day incubation at 30°C for Trichophyfbn mentagrophytes, the individual median
inhibitory concentration (MIC) values were read and recorded,




The distribution of the 15 test microorganisms was as follows: (a)
gram-positive cocci (Nos. 1-3); (b) apathogenic mycobacterium (No., U);
(¢) gram-negative bacilli (Nos. 5-13); (d) the yeast-like Candida albicans
(Ns; 14) and (e¢) the dermatophyte, Trichophyton mentagrophytes (No. 15). !

.In addition to the compound (SKF 74227 or cyathin By - cyathin Cy , mixed
crystals) under test, three known antibiotics (gentamicin, erythromycin and
amphotericin B) werec included as controls. Their concentrations used in this
experiment were from 200 to 0.1 pg/ml, also in two-fold dilutions.

Results and Discussion

SKF No. 74227 (Cyathin By - Cyathin C;, mixed crystals) when assayed in
an in-vitro system showed interesting effect against the filamentous dermato-
phy?E, Trichophyton mentagrophytes BC-1258 with an activity comparable to_that
of amphotericin B, but not againsf the yeast-like Candida albicans. (Both
fungus strains are pathogenic to man, )

The test material also has appreciable but not great MIC values against
both the penicillin-(No. 1) and erythromycin-(No., 2) resistant Staphylococcus
aureus strains as well as the Streptococcus faecalis (Enterococcus) strain (No. 3)
Activities against the gram-negative bacilli are insignificant,

The in-vitro activity of the mixture against the Trichophyton mentagro-
phytes strain should be considered interesting; therefore, it would be important
o examine the activity of the mixture and the individual components agaipst
other d atophyte strains, particularly -against T, rubrun strains, which
are not nsitive to tolnaftate (Tinactin), If SKF 74227 or either of its
individual components proves to be active against these recently more and more
frequently occurring pathogenic dermatdphytes and is without tissue irritation,
it may be a useful “topical agent. In addition to this proposed in-vitro anti-
dermatophyte expanded spectrum assay, its general and local toxicity data can
supply information about its further and broader usefulness, For proposed
further study additional supply (at least 1 gram) would be needed initially.

Cow

+

Notebodk Ref.: 7726, p. 163
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In-Vitro Activitics of SKF 74227 and Three Control Antibiotics

Table 1:

PENASSAY SEED AGAR (pH 7.0)

~ MIC (ug/ml)
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