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Antioxidant Activity of Diterpenes and Polyphenols from
Ophryosporus heptanthus
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The antioxidant activity of 14 compounds (1—14) isolated from the ether and butanolic extracts of
the aerial parts of Ophryosporus heptanthus has been assayed using a 5-carotene bleaching method
and the DPPH technique. Compounds 1 and 13 showed the most potent antioxidant activity. Their
structures have been established by spectroscopic techniques (mainly NMR). Compounds 7 and 12
are new natural products, and their structures have been confirmed by chemical synthesis.
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INTRODUCTION MATERIALS AND METHODS

Today, numerous diseases are associated with the formation Chemical Analysis. Optical rotations were measured on a 141
of reactive oxygen and the induction of lipid peroxidation. Perkin-Elmer polarimeter. IR spectra were recorded on a Mattson
Reactive oxygen species constitute a mechanism of tissue injurySatellite FTIR spectrometer. High-resolution MS were determined on
and are significant in processes of inflammation and aging, and an Autospec-Q VG-Analytical (FISONS) mass spectrometer. NMR
in cardiovascular and neurovegetative disorders, among othersSPectra were recorded on Bruker AMX 300 spectrometerdlues
The discovery and development of antioxidant compounds is 91Ven in ppm refative to internal TMS anilvalues in Hz). Column
an effective method for the prevention and treatment of these chromatography (50 cm long 1 cm inside diameter, 1 m long 3

conditions. Antioxidants are also of interest as industrial cm inside diameter, and 1 m 5 cm inside diameter) was carried out
I : 10XI : Industri using silica gel SDS 60 (3570 um), eluting with mixtures of hexane/

additives. Essentially, they are used to preserve foods, plastics g,ome,-BuOMe/EtOAC, and EtOAC/MeOH of increasing polarity.
rubber, cosmetics, and 9"5- F0”0W'n_9 the screening of @f‘fgrent Analytical TLC was performed on layers of silica gel Merck 60G 0.25
extracts of South American plants in a search for antioxidant mm thick, using a 7% phosphomolybdic acid solution (EtOH) to
activity, Ophryosporus heptanthugl), a plant found from visualize the spots.
southeastern Peru to the central region of Bolivia, has been All solvents used were purchased from Scharlab, S. L. (Barcelona,
selected. The genu®phryosporus(Fam. Asteraceae, tribe Spain). Chemicals were products of Fluka or Aldrich (Sigma-Aldrich
Eupatorieae) comprise some 40 species growing in South Quimica, S. A. Madrid, Spain), except 22zobis(2-amidinopropane)
America. The chemistry of several of them has been studied; dlhydrochl_orlde (ABAP),3-carotene, and butylfa\ted hydroxyamsole
their common metabolites include acetophenones, chromones(BHA), which were purchased from Wako Chemicals (Richmond, VA),
fl p BHD Chemicals, Ltd. (Poole, U.K.), and E. Merck (Darmstadt,
avones, and flavanone2+<{4) together withent-labdane-type :
. - Germany), respectively.
diterpenes (5—8). One of ther®phryosporus axilliflorus, has

N . . Plant Material. O. heptanthugSchultz-Bip. Ex Wedd.) King &
shown anti-inflammatory properties (9). Earlier works On Rob. was collected in Carrasco (Cochabamba, Bolivia) in June 2000.

heptanthusdescribe the isolation of differenent-labdanes A youcher specimen (MM 1821) was identified and deposited at the
diterpenoids, tremetone, and chromene derivatives and fla-nerbarium of the National Flora Reserve “MartCadenas’ in

vonoids (6), and study the essential oil from its aerial parts Cochabamba.

the major component being santolinatried®)( In the present Extraction, Isolation, and Identification of Compounds. Dried
study, we have isolated and identified 14 compouridsl@) and finely powdered aerial parts ©f heptanthug2 kg) were macerated
from different extracts ofD. heptanthusaerial parts. Two of  with t-BuOMe (10 L) for 5 days at room temperature and subsequently
these compounds/ (and 12) were new natural products. The With MeOH (10 L) for 45 days, obtaining 166 g (8.3% with respect to
remaining ones were identified in previous studies&(5.1— the weight of aerial parts) dfBuOMe extract (extract A) and 225 g

13,15,16). The antioxidant activity of the extracts studied and (11.3% with respect to the weight of aerial parts) of MeOH extract.
the'- isélated compounds was examined The MeOH extract was evaporated at reduced pressure and partitioned

betweert-BuOMe—-MeOH—-H,0 (10:2:8) (2 L), and the hydroalcoholic
N - ) _ phase was partitioned with EtOAc (500 mt 3) andn-BuOH (500
e_mgfr;‘?ggﬁg%rb%fgsthor' Phone, 34 958243318; fax, 34 958243318, 1, . 3) vielding 71.7 g (3.6% with respect to the weight of aerial
t Universidad de Granada. parts) oft-BuOMe extract (extract B), 10.5 g (0.5% with respect to
*Universidad Simon Bolivar. the weight of aerial parts) of EtOAc extract (extract C), and 31.2 g
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(1.6% with respect to the weight of aerial parts)mBuOH extract
(extract D). A 25 g portion of thé-BuOMe extract was subjected to
column chromatography over silica gel (230 g), which stepwise-eluted
with hexane/t-BuOMe in a ratio of 100:0 (1000 mL), 99:1 (900 mL),
95:5 (1500 mL), 90:10 (700 mL), 85:15 (750 mL), 80:20 (2850 mL),
70:30 (850 mL), 50:50 (1150 mL), and 0:100 (2100 mL), and with
t-BuOMe/EtOAcC in a ratio of 90:10 (300 mL) (50 mL per fraction).
Eleven main fractions were collected (FE11). The least polar fraction
(F1, 1732 mg) was mainly constituted by esters of fatty acids. F2 (625
mg, hexane/BuOMe 85:15) was rechromatographed to isolate 176 mg
of precocene Il (1) and 216 mg of 3,5-bis(3-methyl-2-butenyl)-4-
hydroxyacetofenone2j. The four following fractions were eluted with
hexaneABuOMe 80:20. F3 (600 mg) was rechromatographed to obtain
57 mg of1 and 200 mg of 5,6-dimethoxytremetor®).(F4 (225 mg)
and F5 (620 mg) were not studied. F6 (32 mg) contained 32 mg of
15-acetoxy-B-hydroxy-entlabda-7,1&-diene @). F7 (500 mg, hexane/
t-BuOMe 70:30) was rechromatographed to yield 18 mg of 4,5-
dimethoxysalicylaldehyde (5) and 320 mg of a mixture of sakuranetin
(6) and 15-acetoxy-@-hydroxy-entlabda-8(17),1B-diene {). F8 (1423

mg, hexane/t-BuOMe 50:50) consisted of 1423 mg of 15-acet@xy-2
hydroxy-entlabda-7,1&-diene B). The last fractions were eluted with
t-BuOMe. F9 was composed of 2520 mg of 15-acetog)3B-
dihydroxy-entlabda-7,1&-diene 0). F10 (210 mg) was constituted of

a mixture of9, 15,2a-dihydroxy-ent-labda-8(17),13E-diene (10), and
15,24-dihydroxy-ent-labda-7,13E-diene (11). F11 (180 mg) was re-
chromatographed to isolate 4 mg&f20 mg of9, 40 mg ofl1, and

164 mg of 15-acetoxy{233,7f-trihydroxy-entlabda-7,1&-diene (2).

The composition of the extract B was similar to that of the extract
A (seen by!H NMR and TLC).

The extract C was subjected to column chromatography over silica

gel (180 g), which stepwise-eluted with hexar@iOMe in a ratio of
50:50 (1050 mL) and 0:100 (1500 mL); withBuOMe/EtOAc in a
ratio of 95:5 (500 mL), 90:10 (700 mL), 70:30 (700 mL), 30:70 (900
mL), and 0:100 (600 mL); and with EtOAc/MeOH in a ratio of 90:10
(900 mL) and 70:30 (1000 mL) (50 mL per fraction). Three main
fractions were collected (P1P3). P1 (500 mg, hexarteBuOMe 50:
50) was not studied. P2 (1750 mg¢BuOMe/EtOAc 95:5) was
chromatographed repeatedly to afford 620 mg of 3,®-diaffeoylquinic
acid (13). P3 (1240 mg, EtOAc/MeOH 70:30) was rechromatographed
to isolate 195 mg of acacetin@-o-L-rhamnopyronosyl (1"'—6")-f3-
D-glucopyranoside (14).

Compounds 1, 4, 6, 8, 9, and 11They have been identified by
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1236, 1114, 1024, 859 criy *H NMR (CDCls, 300 MHz)6 0.64 (3H,

s, H-20), 0.77 (1H, m, H-11), 0.78 (3H, s, H-19), 0.95 (3H, m, H-18),
1.39 (1H, m, H-1), 1.49 (1H, m, H-6), 1.65 (3H, m, H-1, H-6, H-11),
1.63 (3H, bs, H-16), 1.83 (1H, m, H-12), 1.93 (1H, dd= 2.7, 13.3
Hz, H-5), 2.04 (1H, m, H-12), 2.00 (3H, s, CO@H2.11 (1H, t,J =
11.0 Hz, H-9), 3.39 (1H, dJ = 2.5 Hz, H-3a), 3.93 (1H, m, H-2a),
4.31 (1H, t,J = 2.8 Hz, H-70), 4.51 (2H, m, H-15a, H-15b), 4.61
(1H, bs, H-17a), 5.02 (1H, bs, H-17b), 5.21 (1H,bt 6.5 Hz, H-14);

3C NMR (CDCk, 75 MHz) 6 171.6 (s,COCHs), 148.9 (s, C-8), 142.2
(s, C-13),118.9 (d, C-14), 110.6 (t, C-17), 79.1 (d, C-3), 73.8 (d, C-7),
66.9 (d, C-2), 61.6 (t, C-15), 49.4 (d, C-9), 40.5 (s, C-10), 40.3 (d,
C-5), 40.3 (t, C-1), 38.2 (s, C-4), 30.3 (t, C-6), 28.6 (q, C-18), 21.6 (q,
C-19), 21.2 (g, COC4), 20.9 (t, C-11), 16.5 (g, C-16), 14.5 (q, C-20);
FAB HRMS (m/z), [M" + Na] calcd for G,H3s0sNa, 403.246044;
found 403.245761.

Compound 13.1t has been identified by spectroscopic data. These
data were consistent with those previously reported (15).

Compound 14.1t has been identified by spectroscopic data. These
data were consistent with those previously reported (16).

Oxidation of 8 with PDC: Preparation of 15. Pyridinium
dichromate (PDC) (1.23 g, 3.24 mmol) was added to a solutio® of
(556 mg, 1.6 mmol) in dryN,N-dimethylformamide (DMF) (4 mL)
under an argon atmosphere af©, and the mixture was stirred at
room temperature for 9 h. The solution was diluted witfOH250
mL) and extracted with-BuOMe (100 mLx 3). The organic layer
was washed with brine (100 mk 3) and then dried over anhydrous
Na,SQ, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (H/E, 60:40) to gi¥/g (334 mg, 60%)
as colorless oil. [ofo + 1.5°(c 1, CHC}); IR (film) vmax2962, 2905,
2854, 1738, 1712, 1666, 1441, 1367, 1286, 1232, 1117, 1024;cm
IH NMR (CDCls, 300 MHz)6 0.75 (3H, s, H-20), 0.87 (3H, s, H-19),
1.01 (3H, s, H-18), 1.36 (2H, m, H-11), 1.67 (3H, bs, H-16), 1.69 (3H,
bs, H-17), 1.74 (1H, dd) = 4.9, 11.8 Hz, H-5), 1.92 (3H, m, Heb
H-9, H-12a), 2.02 (3H, s, COGJ} 2.09 (3H, m, H-B, H-3a, H-6p3),
2.23 (1H, m, H-12b), 2.35 (1H, d,= 12.4 Hz, H-3p), 2.42 (1H, dd,
J=1.7,12.6 Hz, H-&), 4.54 (2H, d J = 7 Hz, H-15), 5.30 (1H, bt,

J = 7.0 Hz, H-14), 5.41 (1H, bs, H-7}3C NMR (CDCk, 75 MHz) 6
211.6 (s, C-2), 171.0 (§OCHs), 141.9 (s, C-13), 134.9 (s, C-8), 122.1
(d, C-7), 119.0 (d, C-14), 61.2 (t, C-15), 56.4 (t, C-3), 54.1 (d, C-9),
53.8 (t, C-1), 49.8 (d, C-5), 43.0 (s, C-10), 41.5 (t, C-12), 39.2 (s,
C-4), 32.5 (g, C-18), 25.3 (t, C-11), 24.0 (t, C-6), 22.5 (g, C-19), 21.9
(g, C-17), 21.0 (g, CGHg), 16.5 (g, C-16), 14.4 (g, C-20); FAB HRMS

spectroscopic data. These data were consistent with those previouslymz), [M* + Na] calcd for G;Hz,0sNa, 369.240565; found 369.240882.

reported (6).

Compound 2. It has been identified by spectroscopic data. These
data were consistent with those previously reported (11).

Compound 3. It has been identified by spectroscopic data. These
data were consistent with those previously reported (12).

Compound 5. It has been identified by spectroscopic data. These
data were consistent with those previously reported (13).

Compound 7. Colorless oil. ¢]?% + 8.6°(c 1, CHCE); IR (film)
vmax 3299, 3080, 2955, 2933, 2868, 1733, 1670, 1647, 1456, 1419,
1232, 1026, 772 cnt; 'H NMR (CDCl;, 300 MHz) § 0.83 (6H, s,
H-18, H-20), 0.90 (3H, s, H-19), 1.05 (1H, m, H-5), 1.21 (1H, m, H-3a),
1.36 (1H, dt,J = 4.0, 13.5 Hz, H-6), 1.42 (1H, m, H-1a), 1.46 (1H,
m, H-9), 1.54 (2H, m, H-3b, H-11a), 1.61 (3H, bs, H-16), 1.65 (3H,
m, H-1b, H-63, H-11b), 1.77 (1H, m, H-12a), 1.88 (1H, m, b7
1.96 (3H, s, COCH), 2.12 (1H, m, H-12b), 2.30 (1H, ddd,= 2.5,
4.1, 12.7 Hz, H-7p), 4.08 (1H, quind,= 3.7 Hz, H-2p), 4.44 (1H, bs,
H-17a), 4.49 (2H, dJ = 7.1 Hz, H-15), 4.77 (1H, dJ = 1.3 Hz,
H-17b), 5.24 (1H, m, H-14)}3C NMR (CDCk, 75 MHz) § 147.9 (s,
C-8), 142.9 (s, C-13), 118.2 (d, C-14), 107.1 (t, C-17), 67.9 (d, C-2),
61.4 (t, C-15), 56.9 (d, C-9), 53.3 (d, C-5), 46.7 (t, C-3), 45.9 (t, C-1),
39.7 (s, C-10), 38.6 (t, C-12), 38.2 (t, C-7), 33.4 (q, C-18), 33.1 (s,
C-4), 24.7 (g, C-19), 24.6 (t, C-6), 22.3 (t, C-11), 21.1 (g, CQEH
17.4 (g, C-20), 16.6 (q, C-16); FAB HRMS3n(z), [M" + Na] calcd
for C;HzeOsNa, 371.256215; found 371.256199.

Compound 10.It has been identified by spectroscopic data. These
data were consistent with those previously reported (5).

Compound 12.Colorless oil. [af% — 7.7°(c 1, CHCE); IR (film)
vmax 3440, 3089, 2958, 2905, 2862, 1735, 1672, 1653, 1457, 1420,

Rearrangement of 9: Preparation of 15. Triphenylphosphine
(PhsP) (1.45 g, 5.5 mmol) and diethyl azodicarboxylate (DEAD) (974
mg, 5.6 mmol) were added to a solution®{200 mg, 0.55 mmol) in
toluene (53 mL) under an argon atmosphere at room temperature, and
the mixture was refluxed for 24 h. The solvent was removed in vacuo
to give a crude residue, which was purified by silica gel CC (H/E,
70:30) yielding 23 mg of a (1:1) mixture df5 and18 (14), and 101.3
mg of 15.

Reduction of 15 with Sodium Borohydride (NaBH,): Preparation
of 16.NaBH, (18 mg, 0.47 mmol) was added to a solutionl&f(130
mg, 0.37 mmol) in MeOH (3 mL). The reaction mixture was stirried
at room temperature for 1 h. The solvent was removed, and the crude
residue was dissolved itBuOMe (50 mL) and washed with brine
(30 mL x 3). The organic phase was dried over anhydrousSia
and evaporated to dryness to afford 119 mg (91%}1&f Colorless
oil; [0] 2% + 6.9°(c 1, CHCY); IR (film) vmax 3447, 3018, 2957, 2907,
2867, 1739, 1718, 1670, 1457, 1364, 1232, 1050, 1024, 773 &rh-
NMR (CDCl;, 300 MHz) 6 0.89 (3H, s, H-18), 1.01 (3H, s, H-20),
1.27 (3H, s, H-19), 1.28 (3H, m, H81H-5, H-6at), 1.45 (1H, m, H-8),

1.60 (3H, m, H-B, H-64, H-9), 1.70 (3H, bs, H-17), 1.73 (3H, bs,
H-16), 2.00 (4H, m, H-&, H-11a, H-11b, H-12a), 2.06 (3H, s, COgH
2.26 (1H, dddJ = 4.7, 11.5, 14.8 Hz, H-12b), 4.21 (1H, quidt=

3.8 Hz, H-2), 4.59 (2H, dJ = 7.1 Hz, H-15), 5.37 (1H, tqJ = 1.2,

7.1 Hz, H-14), 5.43 (1H, bs, H-7)C NMR (CDCk, 75 MHz) 6 171.1
(s,COCH), 142.6 (s, C-13), 134.9 (s, C-8), 122.6 (d, C-7), 118.6 (d,
C-14), 68.2 (d, C-2), 61.4 (t, C-15), 54.9 (d, C-9), 49.4 (d, C-5), 47.2
(t, C-3), 44.8 (t, C-1), 41.9 (t, C-12), 36.3 (s, C-10), 33.9 (q, C-18),
32.3 (s, C-4), 25.7 (t, C-6), 24.5 (q, C-19), 23.8 (t, C-11), 22.1 (q,



O. heptanthus Antioxidant Activity of Diterpenes and Polyphenols

Table 1. Antioxidant Activity of Extracts and Pure Components of O.
heptanthus

compound ICso (ug/mL)? % inhibition?
Extract A —C 2247
Extract C 9.74 41.65
Extract D 17.6 26.66
1 - 4571
2 - 6.13
3 - 0

4 - 0

5 >100 0.06
6+7 >100 0

8 >100 11.05
9 41.91 13.05
10+ 11 >100 19.70
12 - 321
13 0.0003 56.90
14 >100 0.99

aDPPH technique. ? 3-Carotene bleaching method. The results are expressed
as % activity relative to the standard BHA solution. ¢ No activity detected. All results
are statistically significant at p < 0.05. All experiments were carried out in triplicate.

C-17), 21.0 (g, C@Hs), 16.6 (g, C-16), 15.9 (g, C-20); FAB HRMS
(M/2), [M* + Na] caled for G;H3s0sNa, 371.256215; found 371.256216.
Preparation of 7. Phenyl selenium chloride (PhSeCl) (4.5 mg, 0.002
mmol) was dissolved in dry Ci€l, (1.5 mL), producing an orange
solution. To this solution16 (80 mg, 0.23 mmol) was added. The
addition of 16 resulted in an immediate color change from orange to
pale yellow.N-chlorosuccinimide (NCS) (34 mg, 0.25 mmol) was then
added to the reaction. After 3 h, the reaction was completed. This
solution was concentrated, anBuOMe (20 mL) was added. The
solution was washed with @ and brine. The ether layer was dried
over anhydrous N&O, and concentrated to give a crude residue which
was dissolved in tetrahydrofuran (THF) (1 mL). To this solution was
added AcOH (1 mL) and dust Zn (105 mg). The reaction mixture was
stirred at room temperature for 15 h. The resulting mixture was diluted
with t-BuOMe (10 mL). The ether layer was decanted from the solid,
washed with saturated sodium bicarbonate untib@@lution ceased
and brine (30 mLx 3), and dried over anhydrous p&O:. The solvent

J. Agric. Food Chem., Vol. 54, No. 7, 2006 2539

Photooxidation of 9: Preparation of 12.To a solution of9 (550
mg, 1.51 mmol) ini-PrOH (60 mL), Rose Bengal (5 mg) was added,
and the solution was exposed to sunshine for 10 h. The solvent was
removed, yielding a syrup, which was dissolved in dimethyl sulfide
(Me2S) (20 mL). The solution was kept at room temperature for 12 h.
The MeS excess was removed in vacuo to give a crude residue, which
was suspended in& (50 mL) and extracted witkBuOMe (25 mL
x 3). The organic phase was dried over anhydrousS®aand removed
to give a crude residue which after chromatogragrguOMe) yielded
12 (400 mg, 70%).

Antioxidant Activity Tests. -Carotene Bleaching Methoell 1
(spectroscopic reference cell, 100% T) contained 2406f a solution
of 100 mg of Tween 20 in 50 mL water. All the other cells were filled
with 1990uL of the S-carotene emulsioriL{). A period of 6 min was
needed until thermal equilibrium was attained at 32.0.1°C. ABAP
solution [(10uL), 54.2 mg of ABAP in 500uL of argon-saturated
purified water] was then added to cells 2 and 17 to initiate the linoleic
acid oxidation; each cell was stirred for 20 s, and absorbance
measurements were taken at 460 nm every 2 min for 10 min. After
this time, 10QuL of the BHA solution (24.6 mg of BHA in 100 mL of
dimethyl sulfoxide (DMSO)) was added to the cell 2, and the same
volumes of the solutions of the materials (24.6 mg of material in 100
mL of DMSO) to be evaluated were added to celtsl®, respectively.
DMSO (101uL) was added to cell 17 (control, no antioxidant added).
Cells 2—17 were shaken in a vortex for 20 s. Readings were
automatically taken every 2 min for 90 min.

For each extract or compound, the control and the reference
antioxidant (BHA) were evaluated simultaneously in every experiment
to obtain good reproducibility. Water used throughout this work was
deionized and triple-distilled, with conductivity less tharu8/cm;
otherwise, the emulsion would not be homogeneous, nor would the
kinetic data be reproducible.

DPPH (2,2-Diphenyl-1-picrylhydrazyl) Techniqueell 1 (reference
cell, 100% T) contained 225@_ of the solvent (2:1 MeOH/LD). Cell
2 (Aoppr) contained 150(L of the DPPH solution (2 mg of DPPH in
100 mL of MeOH) and 70@L of water. Cell 3 Qyjany) cOntained 1500

was removed in vacuo, and the crude residue after chromatographyuL of solvent and 75Q:L of the sample solution1@). Cells 4—17

(H/E, 70:30) yielded7 (61.6 mg, 77%).

Scheme 1. Synthesis of Compound 7

HO

HO

HO

‘/\K\OAC

(Asampid contained 150QcL of the DPPH solution and 750L of the

%OAC

+

+ H
18

Reagents and conditions: (i) DEAD, PhsP, toluene, reflux, 24 h. (i) NaBH,, EtOH, room temperature, 1 h. (iii) PhSeCl, NCS, CH,Cl,, room temperature, 3 h.
(iv) Zn dust, ACOH/THF (1:1), room temperature, 19 h. (v) PDC, DMF, room temperature, 9 h.
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CHO
Mwm 1 T -
MeO o] MeO o MeO
1 3 OMe
5
o)
= AN

18 {g
4 R{=BOH Ry=H Ry=Ac 7 Ry=H Ry=0aOH Rs=H Rs=Ac
8 R;=H R,=pOH Ry =Ac 10 Ry=H Ry=aOH Rz=H R, =H
9 Ry{=BOH Ry =pOH R3=Ac 12 R; = BOH R, =POH R;=BOH R = Ac

11 Ry=H R,=BOH Ry=H

OH
o
HO
HaC
HOOC, OH
o o
HOWO, O)K/\CEOH
HO o OH
13 14

Figure 1. Structures of compounds 1-14.

respective sample solution at room temperature. After 5 min, when absorption bans in the IR spectrum at 1733 and 3299'cm
the equilibrium was reached, the absorbance was measured at 531 nnjespectively. Thé3C NMR spectrum showed, among others,
(19). . ) signals for an acetate group and two double bonds; therefore,

The'percentage activity for the DPPH technique was calculated the compound contains only two rings. The signals of the
according to NMR spectrum a® 0.83 (6H, s), 0.90 (3H, s) and 1.61 (3H,
bs) due to four methyl groups, one on a trisubstituted double
bond and the remaining ones linked to (at) quaternary carbons,

. together with those due to an exocyclic double bond 4t44

We expressed the DPPH re_sults as the concentration, of extract Or(lH bs) and 4.77 (1H, dl = 1.3 Hz) and a trisubstituted one
compound, necessary to inhit 50% of the free radical oxidation ’ : ’ T .
promoting effect of DPPH (E&) in ug/mL. Concentrations are O 9-24 (1H, m) are characteristics of a labda-8(17),13-diene

% DPPH=[1 — (Asample_ Apiand] x 100/Ayppy,

expressed img/mL. skeleton (20). The remaining signals in thé NMR and3C
NMR spectra (see Materials and Methods) are in accordance
RESULTS AND DISCUSSION with this labdane skeleton. The hydroxyl group was located at

L L . . position 2, with axial orientation, based on the pattern of
The antioxidant activity of the extracts was examined using C . !
multiplicity and the coupling constant value of H-2 (quintuplet,

the fi-carotene bleaching method7), with BHA as standart, J= 3.7 Hz). The acetate group was located on C-15, based on

and the DPPH techniquéT). From the results (shown irable ; . L

1), extracts A and C were selected for the study. These extractsthe ch dem|_cal shift ancri] the patte;]n Of. mult|pllﬁ|ty dOf ';l'lg (4649
were subjected to column chromatography over silica gel to ppm, ‘] =71 HZ)' The stereochemistyfor the double bond
afford 14 compounds114) Figure 1). The structures of of the side chain on C-9 was deduced from the chemical shift

compounds1—6, 8—11, 13, and 14 were determined by ©f the C-16 methyl group'ti NMR, 1.61 ppm;**C NMR, 16.6
comparison of their spectroscopic data with those reported in PP™M)-

the literature %, 6, 11—13,15, 16). The remaining compounds The structure of7 was confirmed by semisynthesis frogn
(7 and12) are new natural products. or 9 (Scheme 1), isolated frord. heptanthug6), which also
Compound? presented the molecular formula 8303 enabled establishing aent-configuration for the labdane

deduced from its HRMS. The oxygenated functions can be skeleton. First, the acetoxy-ketohBwas obtained by treatment
attributed to an acetate and hydroxyl groups due to the of the diol 9 under Mitsunobu conditions (DEAD/RR) with
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toluene reflux, originating the rearrangement, in neutral medium,

of 1,2-diols to carbonyls21). This yielded a 10:1 mixture of
the acetoxy-ketoned5 and 18. The separation ol5 was

performed using silica gel column chromatography. The ace-

toxy-ketonel5 could also be obtained by the oxidation &f
with PDC in DMF. Stereoselective reduction of the ketone group
of 15with NaBH, in EtOH, by the more accessible face, led to
the acetoxy-alcohal6. The isomerization of the double bond
7,8 toward 8(17) position was carried out in two steps, first by
allyl chlorination of 16 with PhSeCI/NCS (22) followed by
chemoselective reduction of thgs-Cl group of 17 with Zn/
AcOH (23). Thus, we have obtained the compounith four
steps from8 or 9 with an overall yield of 42.3% or 41.6%,
respectively.

The second new natural compound2) presented the
molecular formula @H3zs05 (HRMS). Its IR spectrum showed
absorption bands of hydroxyl (3440 ci) and acetate (1735
cm™1) groups and of double bonds (3089, 1672, and 1653'cm
TheH NMR and’3C NMR data (see Materials and Methods)
indicated a labdane skeleton similar to that ffthe main

differences being the presence of signals due to two new
secondary hydroxyl groups. One of them was located on C-7

(*H NMR, 4.31 ppm, t}3C NMR, 73.8 ppm), while the other
one on C-31H NMR, 3.39 ppm, d13C NMR, 79.1 ppm). The

J. Agric. Food Chem., Vol. 54, No. 7, 2006 2541

(2) Sigstad, E.; Catam C. A. N.; Daz, J. G.; Herz, W. Sesquiterpene
lactones, chromans and other constituentsOghryosporus
piquerioides.J. Nat. Prod.1992,55, 1155—1156.

(3) Sigstad, E.; Catal C. A. N.; Daz, J. G.; Herz, W. Diprenylated
derivatives ofp-hydroxyacetophenone fro@phryosporus mac-
rodon. Phytochemistry1 993,33, 165—169.

(4) Sigstad, E.; Catatg C. A. N.; Daz, J. G.; Herz, W. Chro-
manones, benzofurans and other constituents @phryosporus
lorentzii. Phytochemistry1 996,42, 1443—1445.

(5) Bohlmann, F.; Wallmeyer, M.; King, R. M.; Robinson, H. 2-Oxo-
labda-8(17),13-dien-15-ol fro@phryosporus chilcaPhytochem-
istry 1984,23, 1513—-1514.

(6) Ferracini, V. L.; Roewer, |.; Gao, F.; Mabry, T.Hnt-labdane
diterpenoids, tremetone and chromene derivatives and flavonoids
from Ophryosporus heptanthuBhytochemistrt 989 28, 1463~
1465.

(7) Zedero, C.; Bohlmann, F.; Niemeyer, H. M. Seco-labdanes and
other constituents fro®phryosporus floribundus$?hytochem-
istry 1990, 29, 3247—3253.

(8) Favier, L. S.; Nieto, M.; Giordano, O. S.; Tonn, C. E. Diterpen-
oids and flavonoids fror®phryosporus charrugPhytochemistry
1997,45, 1469—1474.

(9) Favier, L. S.; Tonn, C.; Guerreiro, E.; Rotelli, A.; Pelzer, L.
Anti-inflammatory activity of acetophenones fra@phryosporus
axilliflorus. Planta Med.1998,64, 657—659.

S-orientation of the hydroxyl group on C-7 was assigned based (10) Arze, J. B. L; Collin, G.; Garneau, F.-X.; Jean, F.-I.; Gagnon,

on the H-7 coupling constant value & 2.8 Hz), while the

H. Essential oils from Bolivia Il.Asteraceae:Ophryosporus
heptanthugWedd.) H. Rob. et KingJ. Essent. Oil Re2004,

configuration of carbons C-2 and C-3 was determined on the
basis of the chemical shift and the coupling constants values
measured for H-2 and H-3, which were in agreement with those
published for9 (6). The3C NMR spectrum (see Materials and

16, 374—376.

(11) Bohlmann, F.; Zdero, C.; Franke, Hber die inhaltsstoffe der
gattung GerberaChem Ber1973,106, 382—387.

(12) Bohlmann, F.; Knoll, K.-H. Ein neues norsesquiterpen und andere

Methods) is in accordance with the structurd.2f The structural
correlation betweef and12 was confirmed by oxidation &

by singlet oxygen ini-PrOH. This oxidation afforded the
corresponding hydroperoxide, which by reduction with dimethyl
sulfide yielded12.

All the isolated compoundsl{-14) were subjected to the
antioxidant activity testslable 1). 3,5-Di-O-caffeoylquinic acid
13 was the most active compound in both assgsdrotene
bleaching method. 56.9% inhibition; and DPPH techniqueg IC
= 0.0003ug/mL), presenting a highly interesting antioxidant

potency, and was considered responsible for the antioxidant

nature of extract C. The use df3 in cosmetics has been
described previously24), as has its antitumora2$), antihy-
pertensiveZ6), collagenase-inhibitor2{) activity, and so forth.
Extract A showed moderate antioxidant activity in flrearotene
bleaching method (22.47% inhibition), and was inactive in the
DPPH technigue, and compouridwas responsible for the
activity (S-carotene bleaching method, 45.71% inhibition).
Finally, compound8—12and14 showed no activity, or much
less than that of compoundsand13.

These results indicate that this plant can be a source of polar

extracts and that the polyphenol 3,5@keaffeoylquinic acid
(13) is responsible for its high activity.

ACKNOWLEDGMENT

Thanks go to our colleague Dr. J. Trout for revising our English
text.

LITERATURE CITED

(1) (a)Nuevas Fuentes de Antioxidantes NaturaRssas Romero,
A., Ed.; CYTED Program: Caracas, Venezuela, 2004. (b)
CYTED Program, Proyect 1V.11, Subprogram IV: Biomasa
como fuente de productos quimicos y enargi

inhaltsstoffe aus Ligularia-ArteRhytochemistryt979 18, 877—
878.

(13) Sinhababu, A. K.; Borchardt, R. T. Aromatic hydroxylation.

Hydroxybenzaldehydes from bromobenzaldehydes via reaction
of in situ generated, lithiated-morpholinobenzyl alkoxides with
nitrobenzenelJ. Org. Chem1983,48, 1941—-1944.

(14) Urones, J. G.; Marcos, I. S.; Oliva, I. M.; Garrido, N. M.; Hagget,

J.; Humphreys, V. M. Labdane diterpenes fradalimium
viscosum Phytochemistry1 995,38, 663—666.

(15) Peng, L.-Y.; Mei, S.-X.; Jiang, B.; Zhou, H.; Sun, H.-D.

Constituents fronb.onicera japonicaFitoterapia2000,71, 713~
715.

(16) Liao, Y.-H.; Houghton, P. J.; Hoult, J. R. S. Novel and known

constituents fromBuddleja species and their activity against
leukocyte eicosanoid generatiah.Nat. Prod.1999,62, 1241—
1245.

(17) Rosas-Romero, A.; Saavedra, G. Screening Bolivian plants for

antioxidant activity.Pharm. Biol.2005,43, 79-86.

(18) Methanol solutions of the extracts and compounds were prepared

at 300ug/mL and from those dilution were made to obtain the
following concentrations: 100, 50, 10, 5, and 1 mg/L.

(19) Brand-Williams, W.; Cuvelier, M. E.; Berset, C. Use of free

radical method to evaluate antioxidant activitgbensm.-Wiss.
Technol.1995,28, 25-30.

(20) zdero, C.; Bohlmann, F. Macrolide diterpenes and otrer

labdanes fromCorymbiumvillosum. Phytochemistry1 988,27,
227-231.

(21) Barrero, A. F.; Alvarez-Manzaneda, E. J.; Chahboun, R.

Convenient preparation of carbonyl compounds from 1,2-diols
utilizing Mitsunobu conditions.Tetrahedron Lett.2000, 41,
1959-1962.

(22) Tunge, J. A.; Mellegaard, S. R. Selective selenocatalytic allylic

chlorination.Org. Lett.2004,6, 1205—1207.

(23) Nishizawa, M.; Nishide, H.; Hayashi, Y. Selective total synthesis

of (+)-a- andy-polypodatetraenel. Chem. Soc., Chem. Com-
mun.1984, 467—468.



2542 J. Agric. Food Chem., Vol. 54, No. 7, 2006 Barrero et al.

(24) Midorikawa, S.; Kadota, S.; Matsushige, K. Natural product- (27) Teramichi, F.; Koyano, T.; Kowithayakorn, T.; Hayashi, M.;

derived active oxygen scavengers containmgoumaric acid, Komiyama, K.; Ishibashi, M. Collagenase inhibitory quinic acid
etc., and foods and cosmetics containing the scavengers. Japan esters fromlpomoea pes-caprad. Nat. Prod.2005,68, 794—
patent, 2005200360, 2004. 796.

(25) Baek, T.-W.; Lee, K.-A.; Ahn, M.-J.; Joo, H.-K.; Cho, M.-C;

Kang, J.-W.; Kim, H.-S.; Shim, J.-H.; Lee, H.-G.; Oh, H.-C.. " poceived for review November 7, 2005. Revised manuscript received
Ahn, J.-S.; Cho, Y.-K.; Myung, P.-K.; Yoon, D.-Y. Effects of February 10, 2006. Accepted February 12, 2006. This research was
3,5-§1|-Ocaffeoquum|c agd fromArtemisia Scoparl’c_WaIdstem supported by the Spanish Ministry of Science and Technology (Project
et Kitamura on the function of HPV 16 oncoproteiSaengyak BQU 2002—03211), by Program CYTED (Projects IV.11 and IV.12),

Hakhoechi,2004,35, 368—374. . . . and by Decanato de Investigaciones y Desarrollo de la Universidad
(26) Oh, H.; Kang, D.-G.; Lee, S; Lee, H.-S. Angiotensin converting  gjan Bolivar (Venezuela).

enzyme inhibitors fromCuscuta japonicaChoisy. J. Ethno-
pharmacol.2002,83, 105—108. JF0527549




