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From the resinous exudate of Heliotropium huascoense a new compound, rel-(8R,9R)-carrizaloic acid, (1)
{3-[rel-(8R,9R-9-hydroxy-9,13,13-trimethyl-12-oxo-10-cyclohexenyl)methyl]-4-methoxybenzoic acid}, and
three known flavonoids, [3-methylgalangin, 3,7-dimethylgalangin, and (-)-alpinone] have been isolated.
The structure of 1 was determined by spectral and chemical methods. Several plant defensive properties
of 1 (insecticidal and antifungal) have been evaluated.

The genus Heliotropium, a known source of pyrrolizidine
alkaloids, flavonoids, and geranyl aromatic derivatives, is
comprised of about 250 species distributed throughout both
hemispheres, with 24 species endemic to Chile.1-6 Species
of Heliotropium of the Cochranea section are endemic to
the coastal hills of northern and central Chile and southern
Peru. Like many of the plants of this geographic area, they
characteristically produce a resinous exudate that covers
the leaves and stem.7 These exudates have been associated
with a complex defense mechanism. There is experimental
evidence indicating that the resins are part of a protective
cover that prevents excessive water evaporation.8 These
resins have been proposed to play an extensive role against
phytophagous organisms and UV radiation in the range
180-320 nm.9,10 Herein we describe the isolation and
structural elucidation of rel-(8R,9R)-carrizaloic acid (1) {3-
[rel-(8R,9R-9-hydroxy-9,13,13-trimethyl-12-oxo-10-cyclo-
hexenyl)methyl]-4-methoxybenzoic acid}, a new compound,
and three known flavonoids from the resin exudates of
Heliotropium huascoense J.M. Johnston (Boraginaceae). We

have also studied the antifeedant, insecticidal, and anti-
fungal effects of 1 and its methyl derivative 2 against
several divergent phytophagous insects (the beetle Lepti-
notarsa decemlineata, the lepidopteran Spodoptera littora-
lis, and the aphid Myzus persicae) and plant pathogens
(Fusarium moniliforme and Aspergillus niger). The related
compound filifolinol (3), an aromatic geranyl derivative
isolated from H. filifolium,3 has been included in the
biological tests for comparison purposes.
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Results and Discussion

The resinous exudate obtained from the plant as de-
scribed in the Experimental Section was subjected to
successive column chromatography steps and preparative
TLC on Si gel to give 3-methylgalangin, 3,7-dimethylga-
langin, (-)-alpinone, and carrizaloic acid (1). The known
flavonoids 5,7-dihydroxy-3-methoxyflavone (3-methylga-
langin)11,12 and 5-hydroxy-3,7-dimethoxyflavone (3,7-di-
methylgalangin)13 were identified by spectral data com-
parison with authentic samples. 3-Methylgalangin has
been previously isolated from the resinous exudate of
Heliotropium sinuatum.14 (2S,3S)-3,5-Dihydroxy-7-meth-
oxyflavanone [(-)-alpinone] showed melting point and
spectral data identical to those reported for (2R,3R)-3,5-
dihydroxy-7-methoxyflavanone [(+)-alpinone].15 The only
difference was the negative specific rotation, which indi-
cated that this compound has the opposite configuration
and therefore was characterized as the (2S,3S)-isomer.16

rel-(8R,9R)-Carrizaloic acid (1) was isolated as an amor-
phous solid. Its IR spectrum showed bands at 3435 (OH,
br), 2975, 1679 (R,â-unsaturated ketone), and 1651 (sh)
cm-1. In the UV spectrum an absorption maximum was
observed at 288 nm. The HREIMS gave a molecular ion
peak at m/z 318.1443 corresponding to the molecular ion
C18H22O5 (calcd 318.1467). The 1H NMR spectrum of 1
showed signals at δH 1.12 (s, H-14), 1.16 (s, H-15), 1.50 (s,
H-16), 2.56 (t, J ) 6.5 Hz, H-8), 2.94 (dd, J ) 6.1, 14.5 Hz,
H-7a), and 3.02 (dd, J ) 6.5, 14.5 Hz, H-7b), which could
be attributed to three methyl groups, one methine signal,
and one methylene group, respectively. These protons were
correlated with the 13C NMR signals at δC 25.2 (q, C-14),
21.1 (q, C-15), 25.5 (q, C-16), 53.8 (d, C-8), and 28.4 (t, C-7)
in the HMQC experiment (Table 1). Additionally, two
vinylic protons were observed at δH 5.84 (d, J ) 10 Hz,
H-11) and 6.67 (d, J ) 10 Hz, H-10), in agreement with
the expected absorption of these protons in an R,â-unsatur-
ated ketone. Furthermore, the 1H NMR spectrum showed
aromatic protons at δH 6.89 (d, J ) 8.4 Hz, H-5), 7.94 (d, J
) 8.8 Hz, H-6), and 7.96 (br s, H-2). These signals were
shown to be coupled to each other by a COSY experiment
and were correlated with the carbon signals at δC 110.3
(d, C-5), 130.7 (d, C-6), and 132.7 (d, C-2) in the HMQC
spectrum.

The relative stereochemistry of 1 was confirmed by a
ROESY experiment (Figure 1). The methyl group at C-9

gave a positive NOE with signals corresponding to H-7b
and H-15. Similarly, the signal at δH 2.56 (1 H, t, H-8R)
corresponded to the Me-14R protons and the signal at δH

6.67 (1H, d, H-10) with the H-11 proton. This experiment
also showed NOEs between the proton methyl groups
H-14R and H-15â and the δH 2.94 (dd, H-7a) and 3.02 (dd,
H-7b) signals. One additional interaction and conclusive
evidence of the stereochemical conformation was provided
by an alternative of the 1D version of the NOESY experi-
ment, the so-called GOESY 1D experiment, with pulsed
gradients (PFG).17 A selective excitation at δH 2.56 (t, H-8)
gave a clean 1D spectrum, with only one of the methyl
protons at δ 1.12 (s, H-14R). An HMBC experiment also
confirmed the chemical shifts of the remaining protons
(Table 1). Treatment of 1 with diazomethane furnished a
methyl ester 2, for which the 1H NMR spectrum exhibited
a carbomethoxy singlet at δH 3.88. Accordingly the struc-
ture of 1 was assigned as {3-[rel-(8R,9R-9-hydroxy-9,13,-
13-trimethyl-12-oxo-10-cyclohexenyl)methyl]-4-methoxy-
benzoic acid}, to which the trivial name rel-(8R,9R)-
carrizaloic acid has been accorded.

rel-(8R,9R)-Carrizaloic acid (1) can be considered to be
biogenetically derived from the cyclization of the side chain
of an aromatic geranyl compound.3 The chemical composi-
tion of H. huascoense resin exudate falls within the
chemical pattern found for other Chilean Heliotropium
species. Several flavonoids have been isolated from the
resinous exudates of H. stenophyllum, H. chenopodiaceum,
and H. filifolium, and aromatic geranyl derivatives were
obtained from the exudates of H. stenophyllum and H.
filifolium.3,16,18,19

The major resin component 1, its methyl derivative 2,
and the biogenetically related filifolinol (3) did not exhibit
antifeedant activity against the polyphagous aphid Myzus
persicae. Table 2 shows the antifeedant and toxic effects

Table 1. 1H, 13C, COSY, HMQC, and HMBC NMR Data of rel-(8R,9R)-Carrizaloic Acid (1)a

correlated carbon

proton δ (JH-H in Hz) COSY carbon HMQC HMBC

C-1 121.7 (s)
2 7.96 br,s C-2 132.7 (d) C-3, C-4, C-6, C-7, COOH

C-3 130.5 (s)
C-4 161.5 (s)

5 6.89 d (8.4) H-6 C-5 110.3 (d) C-1, C-6
6 7.94 d (8.8) H-5 C-6 130.7 (d) C-2, C-4, COOH
7a 2.94 dd (6.1, 14.5) H-7b, H-8 C-7 28.4 (t) C-2, C-3, C-4, C-8, C-9, C-13
7b 3.02 dd (6.5, 14.5) H-7a, H-8
8R 2.56 t (6.5) H-7a, H-7b C-8 53.8 (d) C-3, C-7, C-9, C-16, C-13, C-14, C-15

C-9 72.1 (s)
10 6.67 d (10) H-11 C-10 155.0 (d) C-8, C-12
11 5.84 d (10) H-10 C-11 124.9 (d) C-9, C-13

C-12 203.8 (s)
C-13 46.0 (s)

14R 1.12 s C-14 25.2 (q) C-8, C-12, C-15
15â 1.16 s C-15 21.1 (q) C-8, C-12, C-13, C-14
16â 1.5 s C-16 25.5 (q) C-8, C-9, C-10

COOH 170.2 (s)
OMe 3.91 s 55.7 (q) C-4

a Coupling constants (Hz) are shown in parentheses.

Figure 1. NOE interactions observed for compound 1.
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of compounds 1-3 on L. decemlineata adults. Only the
derivative 2 had significant antifeedant effects on this
insect in no-choice tests, with a potency (EC50 values) 10
times lower than the positive control silphinene, a model
CPB antifeedant.20 None of these compounds significantly
increased beetle mortality at the dose tested. Mendel et
al.21 found that citrus limonoids were more potent CPB
deterrents in no-choice tests, suggesting that such com-
pounds act primarily as post-ingestive toxins acting on the
centers that control feeding. Therefore, this could be the
case for compound 2.

Table 3 shows the antifeedant and nutritional effects of
the test compounds on S. littoralis larvae. Among them, 2
had significant antifeedant effects on this insect in choice
tests. An ANOVA analysis of food consumption and bio-
mass gains of orally injected larvae showed that both
parameters significantly decreased with 2 (p < 0.003 for
consumption and p < 0.001 for biomass gains, Table 4).
An ANCOVA analysis performed on larval biomass gains
with food consumption as covariate showed that the
treatment effect disappeared following covariance adjust-
ment (ANCOVA p > 0.05, Table 4), indicating that much
of the original variation in biomass gains was due to
differences in consumption rates.22,23 Similar post-ingestive
antifeedant effects have been observed for azadirachtin and
neoclerodane diterpenes on S. littoralis and have been
attributed to a direct action on the centers that control
feeding and metabolism,24,25 in agreement with the no-
choice effects of 2 on CPB.

Among the compounds tested, filifolinol (3) had a sig-
nificant inhibitory effect when tested against Fusarium
moniliforme and moderate activity against Aspergillus
niger (61% and 36% mycelial growth inhibition at 0.5 mg/
mL, respectively), while 1 gave negative results against
these fungal species.

Prenylated benzoic acid-type derivatives have a wide
range of activities including antibacterial, antifungal,
antiinflammatory, molluscicidal, and plant-growth inhibi-
tory effects,26-31as well as toxic effects on mosquito larvae.

However, this is the first report on antifeedant and post-
ingestive effects for this class of compounds.

As a general trend, the methylated derivative 2 was more
active than the parent acid 1. A senecionate derivative of
filifolinol (3) had increased antimicrobial activity,32 and the
antifungal activity of several prenylated benzoic acid-type
compounds was higher for the methylated derivatives,27

suggesting that esterification of the carboxylic acid moiety
in the benzene acid plays a key role in the antifeedant and
antimicrobial/antifungal activity of these compounds.

Resin exudates are proposed to play a defensive role in
Heliotropium species. However, carrizaloic acid (1), the
major component of H. huascoense resin, did not have
significant biological effects. Further research is needed in
order to understand the possible defensive role that stress-
related plant esterases may play in the biotransformation
of 1.

Experimental Section

General Experimental Procedures. Optical rotations
were measured on a Perkin-Elmer 137 polarimeter. IR spectra
were obtained on KBr disks on a Bruker IFS66V, and UV
spectra were recorded in CH2Cl2 using a Varian Carey 1E
spectrometer. NMR spectra were obtained in CDCl3 on a
Bruker AMX2 500 MHz spectrometer with a pulsed field
gradient. The programs used for DEPT, 1H COSY, HMQC,
HMBC (J ) 7 Hz), and GOESY (mixing time, ιm ) 600 ms)
experiments were those furnished with the manufacturer’s
software. Exact mass measurements and EIMS were recorded
on an Autospect instrument at 70 eV. Separations were
performed by flash column chromatography Si gel (63-200
mesh, Merck). Fractions obtained from column chromatogra-
phy were monitored by TLC (Si gel 60 HF254). Preparative TLC
was carried out on Merck Si gel GF254 plates (20 × 20 mm,
0.5 mm thickness).

Plant Material. Heliotropium huascoense J.M. Johnston
was collected during the flowering season in October 1995, in
Carrizal Bajo, Chile (III Region 29° 57′ S, 71° W) and identified
by Dr. Sebastian Teiller from the Museo de Historia Natural
de Santiago de Chile. A voucher specimen is deposited in the
Herbarium of this Museum (number ST 2570).

Chemicals. Filifolinol (3) has been previously isolated from
Heliotropium filifolium3 and silphinene from Senecio palmen-
sis.34

Insect Bioassays. Leptinotarsa decemlineata, Spodoptera
littoralis, and Myzus persicae colonies were reared on potato
foliage, artificial diet,34 and bell pepper (Capsicum annuum)
plants, respectively, and maintained at 22 + 1 °C, >70%
relative humidity, with a photoperiod of 16:8 h (L:D) in a
growth chamber.

Table 2. Antifeedant (%FI ) [1-(T/C)] × 100, Where T ) Consumption of Treated Disks and C ) Consumption of Control Disks at 50
µg/cm2) and Toxic (% mortality at 72 h) Effects of the Test Compounds on L. decemlineata Adults. Represented Are Mean Values (
Standard Error

compound %FI choice EC50
a %FI no-choice EC50

a (CL)b % mortalityc

1 37.0 ( 16.8 >50 56.1 ( 9.5 ∼50 0
2 55.4 ( 16.5 ∼50 81.82 ( 10.4 24.19 (16.9, 34.6) 0
3 16.82 ( 13.0 >50 42.4 ( 9.5 >50 20

silphinened 0.27 2.7 24
a EC50 ) concentration needed to produce 50% feeding inhibition (µg/cm2). b95% confidence limits of estimation (lower, upper). cCorrected

according to Abbott.29 dFrom González-Coloma et al.30

Table 3. Antifeedant (%FI and EC50) and Nutritional Effects (Oral Administration of 20 µg/Insect) of the Test Compounds on S.
littoralis L6 Larvae Performance

compound %FIa (50 µg/cm2) EC50
a (µg/cm2) weight gain (% control) consumption (% control)

1 0.0 ( 0.0 >100 126.2 ( 3.8 113.1 ( 17.1
2 71.8 ( 7.6 17.4 (10.3, 29.8) 66.1 ( 4.5c 75.9 ( 19.8c

3b 34.6 ( 16.5 >100 120.9 ( 4.0 120.2 ( 17.6
a As in Table 2. bTested at 100 µg/cm2. cSignificant difference from the control, p < 0.05, LSD test.

Table 4. Analysis of Variance and Covariance (Consumption
as the Covariate) Summarizing the Effects of Compound 2 on
Consumption (I) and Biomass Gain (B-gain) of S. littoralis
Larvae (Df, degrees of freedom; p, Probability Level)

compound source Df p

2 I (mg) (ANOVA) Trtm 1 0.003
B-gain (ANOVA) Trtm 1 0.01
B-gain (ANCOVA) covariate 1 <0.001

Trtm 1 0.89
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Choice Feeding Assays. These experiments were con-
ducted with adult L. decemlineata, newly emerged fifth-instar
S. littoralis larvae, and M. persicae apterous adults. Percent
feeding inhibition (%FI) and percent settling inhibition (%SI)
were calculated as described in ref 35. Compounds with an
FR/SI > 50% were tested in a dose-response experiment to
calculate their relative potency (EC50 values, the effective dose
for 50% feeding reduction), which was determined from linear
regression analysis (%FR or %SI on log dose).

Oral Cannulation. This experiment was performed with
preweighed newly molted S. littoralis L6-larvae as previously
described.35 The possible effect of variations in initial larval
weight was analyzed by an analysis of covariance (ANCOVA)
performed on biomass gains with initial biomass as covariate.
The covariate effect was not significant (p > 0.05), showing
that changes in insect biomass were similar among all treat-
ments. A second ANCOVA analysis was performed on biomass
gains with food consumption as covariate to test for post-
ingestive effects.22,23

Hemolymph Injection. DMSO solutions of the test com-
pounds (10 µg/insect) were injected into 20 adult L. decemlin-
eata beetles as described in ref 35. Beetle mortality was
recorded up to 3 days after injection. Percent mortality was
analyzed with contingency tables and corrected according to
Abbott.33

Antifungal Activity Assays. The antifungal activity of the
substances was tested at a single dose (0.5 mg/mL) against
the plant pathogens Fusarium moniliforme and Aspergillus
niger and estimated as mycelial growth inhibition.4

Extraction and Isolation. The resinous exudates of H.
huascoense were obtained by dipping 200 g of each fresh plant
in cold CH2Cl2 for 15 to 20 s. The extracts were concentrated
to afford 18.2 g of a residue.

A portion of the resinous exudate of H. huascoense (9.7 g)
was fractioned by flash column chromatography on Si gel,
using CH2Cl2 with increasing amounts of MeOH to obtain 133
fractions, each of 100 mL. The fractions were monitored by
TLC on Si gel, using the systems n-hexanes-EtOAc (3:1), CH2-
Cl2-MeOH (9:1), and CH2Cl2-MeOH (8:2). Visualization was
effected with H2SO4 (25% v/v) and heat. The eluate obtained
with CH2Cl2-MeOH (3:1) gave a mixture of flavonoids.
Further purification using preparative TLC over Si gel eluted
with CHCl3-MeOH (8:2) gave 3-O-methylgalangin (12 mg),
3,7-O-dimethylgalangin (15 mg), and (-)-alpinone (14 mg). The
eluate obtained with CH2Cl2-MeOH (3:2) gave carrizaloic acid
1 (200 mg).

rel-(8R,9R)-Carrizaloic acid (1): amorphous solid; [R]D

+19.4° (c 0.072, CH2Cl2); UV (CH2Cl2) 288 λmax (log ε) 288 (3.6)
nm; IR (KBr) νmax 3435, 2975, 1679, 1651 (sh) cm-1; 1H and
13C NMR data, see Table 1; EIMS m/z [M]+ 318 (19), 300 (8),
285 (15), 257 (18), 221 (85), 203 (32), 177 (21), 165 (64), 135
(11), 98 (100), 57 (27), 55 (26); HREIMS m/z [M]+ 318.1443,
calcd for C18H22O5 318.1467, [M - H2O]+ 300.1353, calcd for
C18H20O4 300.1361, [M - CH5O]+ 285.1114, calcd for C17H17O4

285.1126, [M-C2H5O2]+ 257.1252, calcd for C16H17O3 257.1177,
[M - C5H5O2]+ 221.1218, calcd for C13H17O3 221.1177, [M -
C7H9O3]+ 177.0977, calcd for C11H13O2 177.0915, [M - C9H13O2]+

165.0578, calcd for C9H9O3 165.0551.
Methylation of Compound 1. To a solution of 1 (5 mg) in

diethyl ether (2 mL), was added ethereal CH2N2 at 0 °C. After
2 days the solvent was removed to afford a crude residue that
was purified on a Si gel column. Similar fractions were
combined to give 3.8 mg of pure methylated compound (73%):
1H NMR (CDCl3, 500 MHz) δ 7.93 (H, s, H-2), 7.91 (H, d, J )
8.9 Hz, H-6), 6.88 (H, d, J ) 8.8 Hz, H-5), 6.77 (H, d, J ) 10.0
Hz, H-10), 5.84 (H, d, J ) 10.1 Hz, H-11), 3.91 (3H, s, OMe),
3.88 (3H, s, COOMe), 3.05 (H, dd, J ) 6.5, 14.5 Hz, H-7b) 2.92
(H, dd, J ) 5.6, 14.0 Hz, H-7a), 2.57 (H, t, J ) 6.0 Hz, H-8,

1.50 (3H, s, H-16â), 1.17 (3H, s, H-15â), 1.13 (3H, s, H-14R);
EIMS m/z 332 (9), 304 (7), 301 (7), 257 (7), 235 (60), 105 (100),
98 (53), 55 (45); HREIMS m/z [M]+ 332.1573, calcd for C19H24O6

332.1622; [M - C3H7O3]+ 257.1119, calcd for C16H17O3 257.1177;
[M - C5H5O3]+ 235.1318, calcd for C14H19O3 235.1334.
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C. J. Chem. Ecol. 1995, 21, 1255-1270.
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