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Abstract-The
aerial parts of Nardophyllum Innntum, collected in northern Chile, gave in addition to a seco-diterpene
isolated from an Argentinian
collection two new cis-clerodanes
and an acid derived from geranyl geraniol. The
structures were elucidated by high field NMR techniques and by partial synthesis.

INTRODUCTION
Nardophyllum is a small genus which occurs south of the
tropics in South America. It is placed in the tribe Astereae, subtribe Solidagininae. The shrubs are characterized
by homogmous heads as in Chrysocoma [ 11. One species
from a collection in Argentina gave some unusual diterpenes [2]. We have now studied a sample from northern
Chile.

RESULTS AND DISCUSSION
The extract of the aerial parts of N. lanaturn (Meyen)
Cabr. gave in addition to dammadienylacetate,
caryophyllenepoxide, lup2O-ene-3/?,16/&diol(5), 1 [2] and, as the
main constituent, the clerodane 2. In addition the diterpenes 3 and 6 as well as the known Alo E/Z-isomeric
17hydroxygutiesolbriolides
7 and 8 [3] were present.
The molecular formula of 2 was &H,,O,
and the
‘H NMR spectrum (Table 1) indicated the presence of a
diterpene with a /&substituted furan ring (66.36,7.43 and
7.44 br s), two tertiary methyl groups and one secondary
methyl group. A pair of double doublets at 6 3.47 and 2.49
indicated the presence of a methylene group adjacent to a
keto group and a doublet at 63.10 was attributed to an
epoxide proton. The methyl doublet was coupled with a
proton which exhibited a broadened
quartet at 62.55.
Accordingly, a furanoclerodane
with a 7-keto group was
present. This was supported
by comparison
of the
‘H NMR spectrum with that of similar clerodanes which
further indicated the presence of a 20,12-olide. In deuteriobenzene
all signals could be assigned
by spin
decoupling.
In particular a W-coupling between H-6cr
and H-19 as well as between H-68 and H-10 were
observed. Inspection of models showed that these couplings required a cis-clerodane.
This and the stereochemistry were established by the observed NOES (H-19 with
H-6/3 (4%), H-8 (ll%), H-18 (6%) and H-10 (6%), H-18
with H-3 (7%), H-6b (5%) and H-19 (So/), H-10 with H11’(4%), H-17 with H-14(3%), H-2fi with H-3 (4%), H-12
with H-14 (2%) and H-16 (4%) as well as H-8 with H-19
(5%) and H-11 (3%). These effects and the observed

couplings required the presence of a cis-clerodane
with
ring B in a boat conformation.
This was further supported by the geminal coupling of H-6 which is always
smaller in cyclohexanones
in a boat form. The presence of
a cis-clerodane with a 3a,4a-epoxide group explained the
downfield shift of H-6~. The 13C NMR data (see Experimental), which were assigned by a hetero COSY spectrum, also supported the structure. The observed positive
Cotton-effect
agreed with the proposed
absolute configuration.
The ‘H NMR spectrum of 3 in deuteriobenzene
(Table
1) again could be fully assigned by spin decoupling. The
resulting sequences indicated the presence of a 38-hydroxy-cis-clerodane
closely related to 2. This was established by the observed NOES [H-17 with H-11’ (4%), H18 with H-2fl(3%), H-19 with H-11 (8%) and H-68(5%),
H-6c( with H-3 (4%), H-8 with H-6p (2%) and H-12 with
H-16 (2%) and H-11 (5%)]. These effects also led to the
complete stereochemistry.
Accordingly,
lactone 3 was
derived from 2 by hydrolytic attack at C-3 from the /?face. Reaction of 2 in dioxane with acid afforded a 3 : 2
mixture of 3 and 4. While compound 3 was identical with
the isolated dial the ‘HNMR
spectrum of 4 (Table 1)
indicated that a 3c(,4p-diol was formed. As the latter could
not be detected in the extract the dio13 was probably not
an artifact.
The ‘H NMR spectrum of 6 and of its methyl ester 6a
(Table 2) was in part similar to that of 17-hydroxygutiesolbriolide
(7) [3]. The presence of an additional
acetoxy group followed from the replacement
of one
olefinic methyl signal by that of an acetate methyl and a
broadened singlet at 64.58. In deuteriobenzene
all signals
in the spectrum
of 6a could be assigned
by spin
decoupling. This also indicated the relative position of the
three oxygen functions. Irradiation of H-2 sharpened the
broadened triplet at 6 1.60 which itself was coupled with
the broadened quartet at 61.88. As irradiation at 65.08
sharpened the singlet at 64.55 and collapsed the signal at
61.88 to a triplet the position of the acetoxy group was
settled as the relative chemical shift of H-19 and H-17
defined the assignment. Irradiation of H-6 also sharpened
the triplet at 62.17 which itself was coupled with the
broadened quartet at 62.66. The latter was also coupled
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