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Four eudesmane-type sesquiterpenes, costic acid (1), 12-carboxyeudesman-3,11(13)-diene (2), viscic acid (3), 3-oxo-g-costic acid 
(4) and two rearranged eudesmane derivatives, 3a-hydroxyisoiphion-11(13)-en-12-oic acid (5) and 5b-hydroxy-4-oxo-11(13)-
dehydroiphionan-12-oic acid (6), in addition to (-)-epicatechin, have been isolated from the trunk bark of Nectandra cissiflora. This 
is the first reported occurrence in the Lauraceae of 3-6. The structures of the isolated compounds have been established on the basis 
of 1D and 2D NMR spectroscopic techniques. The 13C NMR assignments of 3, 5 and 6 are given here for the first time, as well as 
some corrections to the previously reported chemical shift assignments of 4.
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INTRODUCTION

Nectandra Rol. ex Rottb. is the second largest genus of the Laura-
ceae in the New World, being restricted to the tropical and subtropical 
Americas, where most of the species occurs between the tropics of 
Cancer and Capricorn.1 Forty-three species of this genus can be found in 
Brazil, mostly in the Atlantic Forest and Amazonia.2 On the other hand, 
Nectandra cissiflora Nees is a tree widely distributed in Brazil, where it 
is popularly known as “canela-fedida”. To date, no phytochemical studies 
on Nectandra cissiflora have been reported, although this genus has been 
the subject of several chemical investigations, being mostly characterized 
by the presence of neolignans, lignans and aporphine alkaloids and also 
by terpenoids found in essential oils.3-5 Addingly, phenylpropanoids, 
sesquiterpenes and butanolides have also been shown to occur as non-
volatile constituents in a few members of Nectandra.4,6,7 Thus, as part of 
our ongoing study of Brazilian Lauraceae representatives growing in the 
“Cerrado” of the central-western region of Brazil, we have investigated 
the chemical composition of the trunk bark of N. cissiflora. Herein we 
report the isolation of four eudesmane- and two rearranged eudesmane-
type sesquiterpene acids from this plant, in addition to (-)-epicatechin.

EXPERIMENTAL 

General experimental procedures

1H and 13C 1D and 2D NMR spectra were recorded at 300 MHz 
(1H) and 75 MHz (13C) on a Bruker DPX-300 spectrometer. Standard 
pulse sequences were used for homo - and heteronuclear correlation 
experiments. Column chromatography procedures were performed on 
silica gel 70-230 and 230-400 mesh, RP-18 silica gel 230-400 mesh 
and Sephadex LH-20. Reversed phase semi-preparative HPLC sepa-
rations were performed with a Shimadzu LC-6AD pump, using RP-
18 and RP-8, 21.6 x 250 mm, 5 mm particle size, Phenomenex Luna 
column, with a flow rate of 10 mL min-1 and monitoring at 210 nm.

Plant material

The trunk bark of N. cissiflora was collected in Campo Grande, 
Mato Grosso do Sul, Brazil in August 2005 and identified by MSc. 

F. M. Alves (Departamento de Biologia, Universidade Federal de 
Mato Grosso do Sul, MS, Brazil). A voucher specimen (No. 11260) 
has been deposited at CGMS Herbarium (Universidade Federal de 
Mato Grosso do Sul, Campo Grande, MS, Brazil).

Extraction and isolation of chemical constituents

The air-dried and powdered trunk bark (1.5 kg) of N. cissiflora 
was exhaustively extracted with ethanol at room temperature and the 
combined extracts were concentrated in vacuo. The residue (115.0 
g) was fractionated by CC on silica gel 70-230 mesh eluted succes-
sively with stepwise gradients of hexane, CH

2
Cl

2
, EtOAc and MeOH 

to yield 14 fractions (A→O). Fraction C (8.46 g, hexane-CH
2
Cl

2
 1:1) 

was again separated by CC on silica gel 70-230 mesh using a step 
gradient of increasing polarity: hexane- CH

2
Cl

2
-EtOAc-MeOH to 

give a mixture (104.0 mg) of costic acid (1),8 and eudesma-3,11(13)-
dien-12-oic acid (2, minor component, also known as 3-isocostic 
acid).9 Compound 1 (13.2 mg) was again obtained from fraction 
D (1.1 g, hexane-CH

2
Cl

2
 1:1), after CC on silica gel 230-400 mesh 

eluted with hexane to pure EtOAc, followed by RP-8 semiprepara-
tive HPLC (CH

3
CN-H

2
O 8:2). Fraction G (7.04 g, CH

2
Cl

2
-EtOAc 

8:2) was fractionated on a RP-18 silica gel 230-400 mesh column 
eluted successively with stepwise gradients of H

2
O-MeOH (8:2, 6:4, 

4:6, 2:8, 1:9, 0.5:9.5) and MeOH to yield seven fractions (G1→G7). 
Fraction G3 (1.37 g) was rechromatographed on a RP-18 silica gel 
230-400 mesh column with a gradient elution of CH

3
CN-H

2
O 3:7 

to pure CH
3
CN to furnish ten fractions (G3-1→G3-10). Fraction 

G3-5 (116.2 mg) afforded an inseparable mixture (13.7 mg) of 
5b-hydroxy-4-oxo-11(13)-dehydroiphionan-12-oic acid (5, major 
compound)10 and 3a-hydroxyisoiphion-11(13)-en-12-oic acid (6)11 
after CC on silica gel 230-400 mesh using a gradient system of 
hexane→EtOAc→MeOH as eluents, followed by CC on Sephadex 
LH-20 (MeOH). Viscic acid (3, 15.0 mg)12 and a mixture (25.0 mg) 
of 3 and 3-oxo-g-costic acid (4, major component)13 were obtained 
from fraction G3-10 (95.9 mg) after RP-8 semipreparative HPLC 
(CH

3
CN-H

2
O-AcOH 3.5:6.45:0.05). (-)-Epicatechin (7, 8.3 mg) was 

isolated from fraction N after CC on Sephadex LH-20 (MeOH) fol-
lowed by CC on silica gel 230-400 mesh eluted with hexane, EtOAc 
and MeOH by gradually increasing the polarity gradient.

Viscic acid (3): Oil. [a]
D
23= - 5.04 (c 0.54, CHCl

3
).

 
1H NMR (300 

MHz, CDCl
3
) d

H
: 6.29 (s, H-13a), 5.65 (s, H-13b), 4.92 (br s, H-
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15a), 4.54 (br s, H-15b), 4.29 (br s, H-3), 2.55 (m, H-7), 2.41 (br d, 
J = 11.7, H-5), 1.77 (m, H-2), 1.73 (m, H-1a), 1.63 (m, H-8a), 1.62 
(m, H-6a), 1.51 (m, H-9a), 1.45 (m, H-8b), 1.39 (m, H-9b), 1.24 (m, 
H-6b), 1.23 (m, H-1b), 0.70 (s, H-14). 13C NMR (75 MHz, CDCl

3
): 

d
C
 172.0 (C-12), 151.5 (C-4), 145.1 (C-11), 124.7 (C-13), 109.2 (C-

15), 73.5 (C-3), 43.7 (C-5), 40.6 (C-9), 39.3 (C-7), 35.8 (C-10), 35.6 
(C-1), 29.6 (C-2, C-6), 27.1 (C-8), 15.5 (C-14). 

 3-Oxo-g-costic acid (4): 1H NMR (300 MHz, CDCl
3
) d

H
: 6.36 

(s, H-13a), 5.71 (s, H-13b), 2.83 (br d, J = 13.5 Hz, H- 6a), 2.55 (m, 
H-7), 2.48 (m, H-2), 2.02 (br t, J = 13.5, H-6b), 1.74 (s, H-15), 1.73 
(m, H-9a), 1.70 (m, H-1), 1.68 (m, H-8a), 1.66 (m, H-9b), 1.45 (m, 
H-8b), 1.21 (s, H-14). 13C NMR (75 MHz, CDCl

3
): d

C
 199.4 (C-3), 

171.4 (C-12), 161.4 (C-5), 143.9 (C-11), 129.1 (C-4), 125.4 (C-13), 
41.7 (C-9), 39.7 (C-7), 37.3 (C-1), 35.8 (C-10), 33.7 (C-2), 33.3 (C-
6), 27.1 (C-8), 22.4 (C-14), 10.9 (C-15). 

5b-hydroxy-4-oxo-11(13)-dehydroiphionan-12-oic acid (5): 1H 
NMR (300 MHz, CD

3
OD) d

H
: 5.85 (s, H-13a), 5.28 (s, H-13b), 3.58 

(dd, J = 9.8, 7.7, H-3), 2.81 (br t, J = 12.0, H-7), 2.23 (s, H-15), 
2.20 (m, H-2a), 1.90 (m, H-2b), 1.85 (m, H-6a), 1.65 (m, H-8a), 
1.45 (m, H-6b), 1.40 (m, H-8b), 0.98 (s, H-14). 13C NMR (75 MHz, 
CD

3
OD): d

C
 213.5 (C-4), 175.1 (C-12), 151.8 (C-11), 117.6 (C-13), 

84.8 (C-5), 57.3 (C-3), 47.6 (C-10), 38.6* (C-1), 38.4* (C-9), 38.0 
(C-7), 37.4 (C-6), 31.6 (C-15), 28.6 (C-8), 23.3 (C-2), 19.1 (C-14); 
*interchangeable signals.

3a-hydroxyisoiphion-11(13)-en-12-oic acid (6): 1H NMR (300 
MHz, CD

3
OD) d

H
: 5.82 (s, H-13a), 5.31 (s, H-13b), 4.36 (dd, J = 

8.4, 4.3, H-3), 3.20 (m, H-7), 2.25 (m, H-6a), 2.15 (s, H-15), 2.15 
(m, H-2a), 1.90 (m, H-2b), 1.75 (m, H-6b), 1.60 (m, H-8a), 1.50 (m, 
H-8b), 0.98 (s, H-14). 13C NMR (75 MHz, CD

3
OD): d

C
 217.0 (C-4), 

175.1 (C-12), 153.1 (C-11), 117.6 (C-13), 80.1 (C-3), 65.9 (C-5), 
44.6 (C-10), 38.7* (C-9), 38.3* (C-1), 37.3 (C-7), 33.9 (C-6), 33.0 
(C-2), 30.2 (C-15), 27.7 (C-8), 23.0 (C-14); *interchangeable signals.

RESULTS AND DISCUSSION

The 1H and 13C NMR spectroscopic data of compound 1, [a]
D
23= + 

13.0 (c 0.30, CHCl
3
), were in good agreement with those reported for 

costic acid, a eudesmane sesquiterpene which was previously isolated 
from a few members of the Lauraceae, as well as from other plant 
families .4,7,8,14 The 1H NMR spectrum of 1 was characterized by the 
presence of the C-14 methyl singlet at d 0.76, two singlets assigned to 
the hydrogens of the double bond conjugated to the carboxyl group at 
C-11 (13) and another two singlets attributed to the exocyclic olefinic 
hydrogens at C-15. In the 13C NMR spectrum, resonances for C-14, 
C-11, C-13, C-4 and C-15 were observed at d 16.4, 145.4, 124.6, 
150.6 and 105.5, respectively. Sesquiterpene 1 was also obtained in 
the present work as an inseparable mixture with compound 2. In the 
1H and 13C NMR spectra of this mixture, the signals corresponding to 
compound 1 were readily discernible and the remaining ones, which 
were attributed to compound 2, indicated that their structures only 
differed in the position of the non-conjugated double bond, which was 
located at C-3 in the skeleton of the latter. This assumption could be 
inferred by the presence of a vinyl methyl singlet at d

H
 1.59/d

C
 21.1 

and a signal ascribed to an olefinic hydrogen at d 5.31, together with 
the carbon resonances of a trisubstituted double bond at d 121.0 (CH) 
and d 134.7 (C). The spectral data of 2 were in complete agreement 
with those reported for eudesma-3,11(13)-dien-12-oic acid isolated 
from Dittrichia graveolens (Asteraceae).9

Comparison of NMR data of 3 with those of 1 revealed that they 
are closely related. The only difference refers to the presence of a 
hydroxyl function, on the basis of a broad singlet at d 4.29 in the 1H 
NMR spectrum of 3, attributable to the carbinolic hydrogen which 
correlated in the HSQC spectrum with a signal at d 73.5. The location 

of the hydroxyl group at C-3 in 3 was supported by the long-range 
correlations observed in the HMBC spectrum between H-3 and the 
carbons at d 35.6  (C-1,3J ), 43.7 (C-5, 3J), 109.1 (C-15, 3J) and 151.4 
(C-4, 2J). The appearance of H-3 as a broad singlet determined its 
equatorial position and the resulting a-orientation for the hydroxyl 
group. Further evidence for this assumption was provided by the 
upfield shifted C-1 and C-5 resonances in 3 (d 35.6 and 43.7) as com-
pared to the chemical shift values of the corresponding carbons in 1 (d 
41.8 and 49.9, respectively), due to the g-effect of the hydroxyl at C-3. 
Thus, the structure of 3 was assigned as shown and its 1H NMR data 
were in good accordance with those reported for 3-a hydroxycostic 
acid, also known as viscic acid, a sesquiterpene obtained from Dit-
trichia viscosa (Asteraceae).12 Unambiguous assignment of 13C NMR 
data for 3 and not yet published is here presented for the first time.

Compound 4 was isolated as the main component of an unresolv-
able mixture with 3. Comparison of the 1H and 13C NMR signals 
attributed to 4 with those of 3 showed that the differences in their 
proton and carbon resonances could be accounted for by the absence 
of the hydroxyl group, which was replaced by a carbonyl function in 
4 and the presence of a C

4
-C

5
 double bond in 4 instead of the C

4
-C

15
 

exocyclic double bond in 3. This proposal was based on the signals 
attributed to a ketone carbonyl at d 199.4 and a tetrasubstituted con-
jugated double bond at d

C
 129.1 and 161.4, in addition to a signal 

ascribed to a vinylic methyl at d
H
 1.74/d

C
10.9. The connectivities 

observed in the HMBC spectrum between the methyl hydrogens 
H

3
-15 (d 1.74) and the carbonyl carbon (d 199.4) and between H

3
-

15/ H
3
-14 (d 1.21) and the olefinic carbon assigned to C-4 (d 161.4) 

confirmed the location of the tetrasubstituted double bond between 
C-4 and C-5. In the 13C NMR spectrum, the chemical shift of C-15 
(d 10.9) as compared to that of C-15 in compound 2 (d 21.1) might 
be due to the g-effect of the carbonyl at C-3 in 4. The unequivocal 
assignments of the remaining carbon resonances of 4 were based on 
the correlations observed in the HSQC and HMBC spectra. Therefore, 
compound 4 was identified as 3-oxo-4,11(13)-eudesmadien-12-oic 
acid, also known as 3-oxo-g-costic acid, which was previously char-
acterized in Varthemia iphionoides13 and also in other members of 
the Asteraceae. However, the previous chemical shift assignments 
reported for the carbon resonances C-1, C-8, C-9, C-14 and C-1513 
and C-1, C-2, C-6 and C-815 of 3-oxo-g-costic acid should be corrected 
and have thus been reassigned in the present work.   

Compounds 5 and 6 were isolated as an unresolved mixture, in 
which the first was found to be the major component. The signals 
observed in the 1H and 13C NMR spectra of the mixture were similar 
to those of the sesquiterpenes 1-4, particularly the ones attributed to 
the hydrogens and carbons of the ring B and the side chain at C-7. 
Accordingly, the singlets at d

H
 5.28 and 5.85 were ascribed to the 

olefinic hydrogens H-13 of 5, whose olefinic carbons C-11 and C-13 
and the carboxyl group at C-12 resonated at d 151.8, 117.6 and 175.1, 
respectively, in the 13C NMR spectrum. These spectra also showed 

Figure 1. Chemical structures of sesquiterpenes isolated from the trunk bark 
of N. cissiflora
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characteristic signals of an acetyl moiety in the skeleton of 5, namely 
one methyl singlet at d

H 
2.23 and a carbonyl carbon signal at d

C
 213.5. 

Accordingly, in the HSQC and HMBC spectra the aforementioned 
methyl singlet showed cross-correlation peaks with the signals at d

C 

31.6 and 213.5, respectively.  Other signals ascribed to 5 in the 1H 
and 13C NMR spectra of the mixture were those corresponding to 
another methyl singlet at d

H
 0.98/d

C
 19.1 and a quaternary oxygenated 

carbon at d
C
 84.8. This information, together with those provided by 

the DEPT spectrum, suggested the molecular formula C
15

H
22

O
4
 for 

compound 5, thus indicating a bicarbocyclic skeleton for this ses-
quiterpene bearing a five-membered A ring. The acetyl residue was 
shown to be linked at C-3, on the basis of connectivities observed in 
the HSQC and HMBC spectra and so the structure of 5 was related to 
an iphionane-type sesquiterpene. Thus, the double doublet ascribed 
to H-3 at d 3.58 (J = 9.8 and 7.7 Hz), which was shown to be linked 
to the carbon at d 57.3 in the HSQC spectrum, showed connectivi-
ties in the HMBC spectrum with the signals ascribed to the carbonyl 
carbon at d

C
 213.5, the oxygenated quaternary carbon at d

C
 84.8 and 

a methylene carbon at d
C
 23.3. These data were in accordance with 

the linkage of the acetyl group at C-3 and also with the presence of a 
hydroxyl function at C-5. This assumption was proved to be correct 
by the long-range correlation between the methyl hydrogens of the 
acetyl group and the methylene carbon at d

C
 23.3, which was thus 

ascribed to C-2, as well as by the connectivity between the methyl-14 
hydrogens at d

H
 0.98 and C-5 (d

C
 84.8). Therefore, the structure of 

5 was shown to be identical to the iphionane-type sesquiterpene 
5b-hydroxy-4-oxo-11(13)-dehydroiphionan-12-oic acid, previously 
isolated from a species of Asteraceae (Jasonia candicans), but nev-
ertheless with no information available on its NMR spectroscopic 
data.10 However, the 1H NMR data of 5 were in agreement with those 
of its corresponding methyl ester derivative, which was obtained 
from another member of the Asteraceae (Ursinia eckloniana)16 and 
thus allowed us to confirm the structure of 5 as shown. The 13C NMR 
data of 5, which were unequivocally assigned in the present work, 
are being reported for the first time.

The remaining signals in the 1H and 13C NMR of the mixture 
were assigned to its minor component 6, which was also shown to 
have a rearranged-type sesquiterpene skeleton. Comparison of NMR 
data of 6 with those of 5 revealed that the only difference was that 
the hydroxyl group at C-5 and the acetyl moiety at C-3 in 5 changed 
places with each other in 6. This could be inferred by the presence of 
a double doublet at d 4.36 (J = 8.4 and 4.3 Hz), which showed cor-
relation with the signal of a carbinolic carbon at d 80.1 in the HSQC 
spectrum and was assigned to H-3. In addition, the quaternary carbon 
resonance at d 65.9 was attributed to C-5 on the basis of the correlation 
observed in the HMBC spectrum between this carbon and the methyl 
hydrogens H-14 at d 0.98, which in turn showed correlation to C-10 
(d 44.6).  Cross-peak correlations were also observed between the 
acetyl methyl (d 2.15) and C-5 and C-4 carbonyl (d 217.0). The 1H 
NMR data of 6 were in accordance with those previously described 
for 3a-hydroxyisoiphion-11(13)-en-12-oic acid, which was isolated 
as its methyl ester derivative from Dittrichia viscosa (Asteraceae).11 
Its 13C-NMR assignments were not reported in the literature and so 
are provided in the present work.

 The co-occurrence in N. cissiflora of the iphionane- and isoiph-
ionane-type sesquiterpenes 5 and 6 and eudesmanes 1-4 reinforces 
the suggested biogenetic inter-relationship between those relatively 
small group of naturally occurring rearranged sesquiterpenes and 
eudesmanes.17 Thus, compound 5, which might have been formed 
by oxidative cleavage of C-4/C-5 bond of an eudesmane-type ses-
quiterpene precursor [eudesma-4,11(13)-diene-12-oic acid] leading 
to a 4,6-diketo derivative, followed by aldol condensation between 
C-3 and C-5, is thus being reported for the first time in the Lauraceae. 

Compound 6, which is also being reported for the first time in the 
Lauraceae, might have been originated, in a similar fashion as 5, by 
oxidative cleavage of C3/C-4 bond of 2, followed by aldol condensa-
tion between C-3 and C-5 of the dicarbonyl derivative.

CONCLUSION

Although sesquiterpenes have been found in several species of 
the Lauraceae, mainly as components of leaf essential oils, only three 
representatives of this class of compounds have been described so 
far as non-volatile constituents in members of the genus Nectandra, 
namely 3-isocostic acid and ilicic acid in N. membranacea4 and costic 
acid in N. grandiflora and N. membranacea,4,7 and so the chemotaxo-
nomic importance of the sesquiterpenoids obtained from N. cissiflora 
in the present work deserves consideration. Noteworthy is the first 
reported occurrence in the Lauraceae of 3-6, sesquiterpenes which 
were previously found as constituents of species of the Asteraceae. 
Also worthy of mentioning is that sesquiterpene acids bearing rear-
ranged eudesmane skeletons of the iphionane- and isoiphionane-types 
like those depicted by 5 and 6, respectively, are scarcely distributed 
in plants. On the other hand, aporphine alkaloids, neolignans and 
lignans, which represent the major classes of secondary metabolites 
isolated from members of Nectandra, have not been detected in the 
specimen of N. cissiflora investigated in the present work.     

SUPPLEMENTARY MATERIAL

1H NMR, 13C NMR, HSQC and HMBC spectra of compounds 
1-6 are available free of charge at http://quimicanova.sbq.org.br as 
a PDF file.
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figure 1s. 1H NMR (300 MHz, CDCl
3
) of compound 1 (costic acid)
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figure 2s. 13C NMR (75 MHz, CDCl
3
) of compound 1 (costic acid)

figure 3s.  DEPT 135o (75 MHz, CDCl
3
) of compound 1 (costic acid)
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figure 4s. 1H NMR (300 MHz, CDCl
3
) of compounds 1 + 2 [costic acid and eudesma-3,11 (13)-dien-12-oic acid]

figure 5s. 13C NMR (75 MHz, CDCl
3
) of compounds 1 + 2 [costic acid and eudesma-3,11 (13)-dien-12-oic acid]
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figure 6s, DEPT 135o (75 MHz, CDCl
3
) of compounds 1 + 2 [costic acid and eudesma-3,11 (13)-dien-12-oic acid]

figure 7s. 1H NMR (300 MHz, CDCl
3
) of compound 3 (viscic acid)
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figure 8s. 13C NMR (75 MHz, CDCl
3
) of compound 3 (viscic acid)

figure 9s. DEPT 135o (75 MHz, CDCl
3
) of compound 3 (viscic acid)
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figure 10s. HSQC (300/75 MHz, CDCl
3
) of compound 3 (viscic acid)

figure 11s. HMBC (300/75 MHz, CDCl
3
) of compound 3 (viscic acid)
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figure 12s. HMBC (300/75 MHz, CDCl
3
) of compound 3 (viscic acid)

figure 13s. HMBC (300/75 MHz, CDCl
3
) of compound 3 (viscic acid)
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figure 14s. 1H NMR (300 MHz, CDCl
3
) of compounds 3 + 4 (3-oxo-g-costic acid)

figure 15s. 13C NMR (75 MHz, CDCl
3
) of compounds 3 + 4 (3-oxo-g-costic acid)
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figure 16s. DEPT 135o (75 MHz, CDCl
3
) of compounds 3 + 4 (3-oxo-g-costic acid)

figure 17s. HSQC (300/75 MHz, CDCl
3
) of compounds 3 + 4 (3-oxo-g-costic acid)
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figure 18s. HMBC (300/75 MHz, CDCl
3
) of compounds 3 + 4 (3-oxo-g-costic acid)

figure 19s. HMBC (300/75 MHz, CDCl
3
) of compounds 3 + 4 (3-oxo-g-costic acid)
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figure 20s. 1H NMR (300 MHz, CD
3
OD) of compounds 5 (5b-hydroxy-4-oxo-11(13)-dehydroiphionan-12-oic acid) + 6 (3a-hydroxyisoiphion-11(13)-en-12-

oic acid)

figure 21s. 13C NMR (75 MHz, CD
3
OD) of compounds 5 (5b-hydroxy-4-oxo-11(13)-dehydroiphionan-12-oic acid) + 6 (3a-hydroxyisoiphion-11(13)-en-12-

oic acid)
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figure 22s. DEPT 135o (75 MHz, CD
3
OD) of compounds 5 (5b-hydroxy-4-oxo-11(13)-dehydroiphionan-12-oic acid) + 6 (3a-hydroxyisoiphion-11(13)-en-

12-oic acid)

figure 23s. HSQC (300/75 MHz, CD
3
OD) of compounds 5 (5b-hydroxy-4-oxo-11(13)-dehydroiphionan-12-oic acid) + 6 (3a-hydroxyisoiphion-11(13)-en-

12-oic acid)
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figure 24s. HMBC (300/75 MHz, CD
3
OD) of compounds 5 (5b-hydroxy-4-oxo-11(13)-dehydroiphionan-12-oic acid) + 6 (3a-hydroxyisoiphion-11(13)-en-

12-oic acid)

figure 25s. HMBC (300/75 MHz, CD
3
OD) of compounds 5 (5b-hydroxy-4-oxo-11(13)-dehydroiphionan-12-oic acid) + 6 (3a-hydroxyisoiphion-11(13)-en-

12-oic acid


