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Abstract-Chemical analysis of Calea subcordata yielded three new guaianolides, 8-epi-isobutyrylrupicolin A, %epi- 
isobutyrylrupicolin B and subcordatolide A, which represent the first guaianolide-type sesquiterpene lactones reported 
m the genus Calea. The structures of the new compounds were established by chemical and spectroscopic methods. 

INTRODUCTION 

As part of our biochemical systematic study of the 
subtribe Galinsoginae, tribe Hehantheae [l] we have 
analysed Calea subcordata of section Calea from the State 
of Tachira, Venezuela for their sesquiterpene lactone 
constituents. Previous studies on the genus Calea have 
yielded germacrolides, heliangohdes and eudesmanohdes, 
but the presence of guamolides has not yet been reported 
in Calea species. This paper describes the isolation and 
structure determination of three new guaianolide type 
sesquiterpene lactones from Calea subcordata. 

RESULTS AND DISCUSSION 

8-epi-isobutyrylrupicolin (I), Cr 9 HZ4 O5 was a gum 
with an IR spectrum showing the presence of a tertiary 
hydroxyl group (3580 and 1150cm-i), a y-lactone 
(1765cm-‘), saturated ester(s) (1725cm-‘), and 
carbon+arbon unsaturation(s) (1665 cm-‘). The CL- 
methylene-y-lactone moiety was further corroborated by 
the ‘HNMR spectrum of 1 which exhibited two one- 
proton doublets at 66.30 (H-13a) and 5.54 (H-13b), and a 
multiplet at 63.38 (H-7). The ester substituent was as- 
signed to an isobutyrate group on the basis of diagnostic 
‘H NMR signals (a one-proton heptet at 62.47, and two 
three-proton doublets at 61.09 and 1.06), together with 
characteristic mass spectral peaks at m/z 71 (A’) and 43 
(A*). The CD spectrum showed a negative Cotton effect 
(CE) at 250 nm, suggesting a tram-fused 12,6a-lactone or 
a crs-fused 12,8j&lactone [2]. Further assignments of the 
basic skeleton were deduced from extensive double ir- 
radiation experiments m different solvents, the results 
being summarized in Table 1. 

Saturation of the multiplet at 63.38 (H-7) changed the 
doublet of doublets at 65.79 (H-8) to a doublet, simplified 
the doublet of doublets at 64.43 (H-6) to a doublet, and 
collapsed the two one-proton doublets at 66.30 (H-13a) 
and 5.54 (H-13b) to singlets. Irradiation of the doublet of 
doublets at 4.43 (H-6) changed the multiplet at 63.38 (H- 
7), and collapsed the broadened doublet at 62.78 (H-5) to a 
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singlet. Similarly, irradiation or the doublet of doublets at 
65.79 (H-8) collapsed the broadened doublet at 65.59 (H- 
9) to a singlet. On the basis of chemical shift arguments, 
the doublet of doublets at 64.43 was assigned to a proton 
on a &tonic carbon, and the doublet of doublets at 65.79 
to a proton on a carbon carrying the ester function. The 
‘H NMR spectrum suggested the presence of two olefinic 
methyl groups, which appeared as broadened three- 
proton singlets at 62.00 (C-lO-Me) and 1.98 (C-4-Me). 
Saturations of H-3 (65.54) and H-9 (65.59) sharpened the 
respective C-4-Me and C-lO-Me signals, indicatmg allyhc 
positions of H-3 and H-9 m relation to the C&Me and C- 
IO-Me, respectively. 

On the basis of the chemical shift of H-5 (62.78) and its 
multiplicity (doublet, J5,6 = 12.0 Hz), as well as the 
multiplicity of H-6, which appeared as a doublet of a 
doublet with large coupling constants (J,,, = 12.0 and 
.J6,, = 10.0 Hz), a guaianolide-type skeleton for the new 
compound can be postulated. Based on the above spectro- 
scopic evidence one can formulate this new lactone as a 
12,6a- trans-lactonized guaianolide with an rsobutyrate 
group at C-8 and a hydroxyl group at C-l. The CD data 
presented above support the presence of a 12,6a-trans 
lactone since Geasman’s rule [2] can be generally applied 
to gualanohdes [3]. 

The configurations at C-5, C-6 and C-8 could be derived 
from the ‘HNMR coupling constants which were cor- 
related with dihedral angles obtained from stereomodels. 
The large couplings Js,, = 12.0 Hz and J6,7 = 10.0 Hz 
clearly indicated antiperrplanar arrangements of H-5, H-6 
and H-7. Assuming an a-orientation of H-7 as in all 
sesqutterpene lactones from higher plants [3], we con- 
cluded that H-5 1s a and H-6 /3. The small coupling 
constant J,,, = 3.0 Hz was in accord with a-orientation 
of H-8, that IS, a p-oriented isobutyrate group at C-8. 

The configuratton at C-l was determined by in srtu 
acylatron of the hydroxyl group wtth trichloroacetyl 
isocyanate [4]. The ‘H NMR spectrum of the trichloro- 
acetylcarbamate derivative (4) of 1 showed one NH signal 
at 68.32, providing further evidences for the presence of a 
hydroxyl group in compound 1. The paramagnetic acy- 
lation shafts of H-5 from 62.38 in 1 to 63.19 in 4 (A6 
= 0.81. C&D,) clearlv demonstrated a relative cis- 
configuration of H-5 and the hydroxyl group at C-l [4]. 
Further corroboration for a C-la-hydroxyl was provided 
by the downfield shift of H-7 from 62.76 in compound 1 to 
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63.86 in the derivative 4 (A6 = 1.10, C,D6). With H-5 and 
H-7 having an a-orientation, as outlined before, it can be 
concluded from the paramagnetic acylation shifts of these 
two protons that the hydroxyl group at C-l must also be 
a-oriented. 

8-Epi-isobutyrylrupicolin B (2), Ci9Hz405, is a gum 
which exhibited in the ‘H NMR snectrum two one-nroton 
doublets at 66.28 (H-13a) ad 5.52 (H-13b), *and a 
multiplet at 63.40 (H-7) which are characteristic of an a- 
methylene-y-lactone. This was corroborated by an IR 
absorption at 1765 cm- ‘. A one-proton heptet at 62.46 
and two three-proton doublets at 61.12 and 1.09, together 
with strong mass spectral peaks at m/z 71 (A’) and 43 (A2) 
indicated the presence of an isobutyrate side chain. 
Furthermore, IR absorptions at 3470 and 1150,172S and 
1660 cm- ’ suggested the presence of tertiary hydroxyl(s), 
ester(s) and carbon-carbon double bond(s). 

Compounds 1 and 2 showed very similar ‘H NMR 
signals for H-3, H-5, H-6, H-7, H-13 and H-15 suggesting 
a gualanohde skeleton for 2. However, instead the C-10 
methyl singlet at 6 1.98 in 1, in 2 two broadened one- 
proton singlets at 65.18 (H-14a) and 4.96 (H-14b) ap- 
peared, suggesting an exocyclic methylene group at C-10. 
In addition, two H-9 protons were indicated by two one- 
proton doublets of doublets at 63.08 and 2.37 with a large 
geminal couplmg ( J9a,9b = 15.0 Hz) and a small coupling 
to H-8 (J,, = Jsgb = 2.5 Hz). 

Follow&g the sime arguments as for guaianolide 1, the 
large coupling constant J5,6 = 11.0 Hz and J6,, = 9.8 Hz 
m compound 2, were in accord with a trans-pseudoaxial 
disposition of these protons, allowing the stereochemical 
assignments H-5a and H-6/I with reference to H-7a. The 
small coupling constant J7,8 = 2.5 Hz indicated a /3- 
orientation of the iso-butyrate side-chain at C-8. The CD 
spectrum of compound 2 exhlbited a negative Cotton 
effect at 260 nm, which according to Geissman’s rule [2] 
supported the presence of a trans-fused 12,6a-lactone. 

The stereochemistry at C-l was established as in 
compound 1 by in situ acylation with trichloroacetyl 
lsocyanate [4]. The ‘H NMR spectrum of the trichloro- 
acetylcarbamate derivative (5) of compound 2 showed one 
NH signal at 68.55, and paramagnetic acylation shifts for 
H-5 (As = 0.65, C6D6) and for H-7 (A6 = 0.48, &De), 
which indicated an a-orientation for the tertiary hydroxyl 
group at C-l. 

Subcordatolide A (3), C19H2406, was a gum with an 
‘HNMR spectrum showing signals typical for an a- 
methylene-y-lactone moiety [two one-proton doublets at 
6 6.24 (H-13b) and 5.56 (H-13a), and a multiplet at 6 3.50 
(H-7)]. The IR spectrum also exhlblted a characteristic y- 
lactone absorption at 1760cm-‘. Other IR bands m- 
dlcated the presence of hydroxyl groups (3580 and 
3440 cm- ‘), ester(s) (1725 cm- ‘) and carbon-carbon 
unsaturation(s) (1640 cm- ‘). The ester side-chain was 
identified as an iso-butyrate group on the basis of 
dlagnostlc ‘H NMR signals (a one-proton heptet at 62.44, 
and two three-proton doublets at 61.07 and 1.04), together 
with typical mass spectral peaks at m/z 71 (A’) and 43 (A2). 
Assignments of the ‘H NMR signals were derived from 
detailed spin decoupling experiments, the results of which 
are summarized in Table 1. 

A distinct feature of the ‘H NMR spectrum of com- 
pound 3 was the appearance of two one-proton doublets 
at 65.93 (H-3) and 5.57 (H-2)coupled only with each other, 
as shown by double irradiation. The magnitude of this 
coupling ( J2.3 = 5.5 Hz) suggested a double bond in a five 

Table 2. 13C NMR spectral data* for compound 3 

Carbon 6, multlphclty Carbon S, multlpliclty 

C-l 85.7 sI( c-11 144.0s 
c-2 140.2dt c-12 176.0 s 
c-3 134.6dt c-13 122.1 1 
c-4 82 Odll c-14 11681 
C-5 66.5 d$ c-15 2394 

C-6 67.3 d$ C-l’ 1697s 
c-7 46.2 d c-2 34.0 d 
C-8 76.8 d c-3 19.oqg 
c-9 35.8 I c-4 18.8qs 
c-10 1350s 

*The spectrum was obtamed m CDCI, at amblent 
temperature at 50.32 MHz. Chemical shifts are given m 
ppm relative to TMS as determmed by proton noise 
de-couplmg. Peak multlphclty was obtamed by off- 
resonance decouphng (2.5 ppm above TMS), and are 
designated as usual: s = smglet, d = doublet, I = trlplet 
and q = quartet 

‘I$ §IIAsslgnments Interchangeable 

membered ring. This feature together with the multi- 
plicities of H-5, H-6, H-7 and H-8 suggested a guaianolide 
type skeleton represented by structures 3. 

This structural arrangement was further supported by 
the presence of two exocyclic methylene groups, and a 
tertiary methyl group as indicated by ‘HNMR signals 
(Table 1). The chemical shift of the methyl group (61.33) 
was in agreement with a carbon bearing an oxygen at C-4 
or C-10. Comparison of the ‘H NMR spectra of 3 with 2, 
and the multiplicities of H-2 (doublets) suggested that 
hydroxyl groups had to be present at C-l and C-4. 

The ’ % NMR spectral data (Table 2) corroborated the 
‘H NMR assignments for compound 3. The analysis of 
the spectrum showed three primary, three secondary, 
seven tertiary and six quaternary carbons, accounting for 
19 carbon atoms in the molecule. Moreover, the presence 
of two singlets at 685.7 (C-l) and 82.0 (C-4), which 
correspond to quaternary carbon atoms bearing hydroxyl 
group, provided further confirmation of the presence of 
two tertiary hydroxyl groups m subcordatolide A. 

Acetylation of compound 3 with acetic anhydride/ 
4-dlmethylaminopyridine [5] gave the dlacetate 6, 
C23H3,,0s, which lacked the hydroxyl absorptions in the 
IR spectrum, but instead gave an additional broad 
carbonyl band at 1730 cm- ’ (saturated ester groups). The 
‘H NMR spectrum of 6 showed two three-proton singlets 
at 62.10 and 2.04 indicating the presence of two acetate 
groups in the molecule. The paramagnetlc acetylatlon 
shifts of H-5 from 62.44 in compound 3 to 3.06 in 6, and 
the C-4-Me from 61.33 in 3 to 1.61 m the diacetate 
provided not only further evidence for the presence of 
hydroxyl groups at C-l and C-4, but also arguments for 
proposing probable configurations for these centers. 

The stereochemistry at C-5, C-6 and C-8 was deduced 
from the observed coupling constants in the ‘HNMR 
spectrum of 3. Assuming on biogenetic grounds that H-7 is 
a-oriented [3], the observed value for J5,6 = 11.2Hz 
necessitated an a-orientation for H-5 and a B-orientation 
for H-6. Similarly, from the small coupling J,,8 an a- 
orientation for H-8 was concluded, and therefore a p- 
configuration for isobutyrate side-chain at C-8. 




