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METABOLITES OF CYATHUS HELENAE. CYATHIN A3 AND

ALLOCYATHIN B MEMBERS OF A NEW GROUP OF DITERPENOIDS.
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We have recently reported the isolation, separation, and preliminary charac-
terization of a mixture of antibiotic substances produced by the bird's
nest fungus Cyathus helenae Brodie (1). We now report evidence which allows

us to assign structure ;'td cyathin A3 and structure 4 to allocyathin B3+.
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TThe substance previously called cyathin A3 and assigned formula CpgH3(003

has now been shown to be a mixture of a major component, C20H3QO3 {cyathin
Aj), and a minor component, C,3H;g03 (allocyathin B3, not previously
reported), separable by chromatography over silver nitrate-silica gel.
Molecular formulas of all new compounds reported were determined by high
resolution mass spectrometry.
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Cyathin AJ’ m.p. 148-150°, [ot]D -160° (MeOH), exists in solution in

equilibrium between the tautomeric forms la and 1lb. The infrared spectra of

cyathin A3, both in solution (CHC13) and in the solid phase (KBr), show in the

carbonyl region only a weak, broad absorption band centered around 1650 cm—l.

However, acetylatior. (acetic anhydride-pyridine) gives the keto diacetyl deriva-
tive 2a, Yggi4 1750, 1685 cm_l, whereas treatment with methanol-HCl gives the

ketal 2b, which shows no carbonyl absorption. The acetyl compound 2a shows uv
absorption charactersitic of an o,R-unsaturated ketone (Amax 323 nm (¢ 7000),
Amax 323 nm (e 130) (isooctane)) whereas the ketal 2b shows only end absorption.
The n.m.r. spectrum of 2a and appropriate decoupling revealed all the protons of
the isolated system "CH=C(CH20AC)CH(OAC)—CHZ—EH-. The methine proton on the
starred carbon (C-5) appears to be in an allylic position (§ 2.80) as does the
methine proton of ar. isopropyl group (CE(CH3)2, § 2.81). Two quaternary methyls
were also apparent & 1.07, 1.00). The n.m.r. spectra of the methyl ketals show
that the primary hycroxyl is not involved in ketal formation.

3¢ M.P. 143-144°, [a]D ~250° (MeOH), is 1,2-dehydrocyathin

A3 (correlation described below) and exists in solution as the tautomeric pair

Allocyathin B

4a%4b. Diacetylallocyathin B3 (5a) shows a complex uv spectrum (Xmax 225 nm (¢
16000), Ash 250 nm & 9700)) containing a diene chromophore superimposed on the
a,B~unsaturated carbonyl chromophore. The methyl ketal 5b shows only the diene
chromophore, Amax 256 nm (e 4200) (isooctane). The n.m.r. spectrum of Sa (see
Figure) is similar to that of 2a but in addition shows an AB gquartet, J = 5 Hz,
corresponding to two olefinic protons (8 6.29 and 6.23). This double bond cannot
be conjugated to that of the o,B-unsaturated ketone system and thus, in order to
complete the diene system, allocyathin B3 must contain a fully substituted double
bond. By inference, cyathin A3 must also contain this tetrasubstituted double
bond, and if one attributes the low chemical shifts noted for isopropyl methine
and the C-5 proton to their being allylic to this double bond, partial structure

A results for diacetylcyathin A3++.

Piu
1‘A:Lternate part structures in which the isopropyl group is located on the other

end of the tetrasubstituted double bond cannot be excluded at this point.
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(C) The mass speétra of the ketals 2b
(€)| ()
(C) (C)\'§$ H ? and 4b are both dominated by an intense
| I !
(C)_$_CH2—CH2_$=C-_?—$_? ?==$ ﬁ— peak at m/e 141, shown to correspond to
(C) /C\H H H OAc CH,0Ac O
H3C CH3 the ion C7H903. This was taken as an
A indication that the carbonyl carbon in A

is linked directly to the starred carbon

in A, i.e., contained in a seven-membered ring. The genesis of the ion C7H903 is

then as shown in the Scheme, in which the partial structure (ketal form) has been

expanded to B to accomodate this feature.
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Part structure B (R = H) contains 22 carbons, twc of which must be
guaternary methyl groups, and two must be duplications. Since the campounds
must be tricarbocyclic, and since the disubstituted double bond in allocyathin
B3 appears to be in a five-membered ring (Jl,2 = 5 Hz (2), uv spectrum consistent
with a 1,2-disubstituted cyclopentadiene (3)), structures 1 and 4 follow as a
logical”™ solution to the structural problem. The complete analysis of the n.m.r.
spectrum of 5a is shown in the Figure.

Cyathin A3 and al ocyathin B, were correlated in the following manner,
When a methanol solution of cyathin A3 methyl ketal (2k) is stirred for 10 minutes
in a hydrogen atmosphere in the presence of 5% palladium-charcoal, it is in large
part isomerized (4) to the aldehyde 6, m.p. 115-117°, [a]D -30° (isooctane),
CC1l 1

Amax4 2710, 1725 cm —, § 9.64 (CHO, @, J = 2 Hz}. Treatment of allocyathin B3

§Structures containing a cyclopropane ring, for which there is no evidence, or
highly strained anti-Bredt double bonds, were ignored. This latter requirement
may only be met if the isopropyl group is located as in part structure A,
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methyl ketal (3b) uander these conditions causes this same isomerization to occur
concurrent with hydrogenation of the C-1, C-2 double bond, leading to aldehyde 6,
identical with that obtained from cyathin Aj.
The constitution of cyathin A3 (la¥lb) described herein has now been
independently confirmed by an x-ray crystallographic study (5), which shows that
crystalline cyathin A3 exists in the hemiketal form 1b. This latter study also
discloses the compl=ate relative stereochemistry of cyathin A3 as that shown in 7.
Since the reactions leading to aldehyde 6 should not affect any of the asymmetric
centers, this also zstablishes the stereochemistry of allocyathin Bs.
Geranylgeranyl pyrophosphate (8) is regarded as the natural precursor
of the diterpenocids (6). The carbon skeleton of the cyathins may be derived by
cyclization (dotted lines) and rearrangement (arrow) of 8. To the best of our

knowledge, this carbon skeleton has not been encountered previously.
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FIGURE. PMR Spectrum of Diacetylallocyathin B3 (6§ values, J in Hz, CDCl3 solutiony
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