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Abstract—Two new 9-epi-labdane diterpenes 2a,30,9f-trihydroxy-9-epi-labd-13(£)-ene-15-oic acid and
20, 3,9 B-trihydroxy-9-epi-labd-13(Z)-ene-15-oic acid and the known flavonoid 5,3’,4'-trihydroxy-3,7-
dimetoxy-quercetin were isolated from the aerial parts of Nolana rostrata var. rostrata. © 1997 Elsevier Science

Ltd. All rights reserved

INTRODUCTION

The genus Nolana has been reported to produce ses-
quiterpenes [1] and a series of highly oxygenated lab-
dane diterpenoids [2, 3]. Nolana rostrata var. rostrata,
a taxon of this genus, belonging to the Alona section,
which is characterized for having resinous specimens
[4], is an endemic shrub from the semidesertic zone of
Chile. This paper describes the isolation and structural
elucidation of two new 9-¢pi-labdane derivatives 1 and
2 from this species. Elucidation of the structures of
these compounds was achieved by one and two dimen-
sional NMR, with particular emphasis on hetero-
nuclear multiple quantum coherence (HMQC) [5] and
heteronuclear multiple bond coherence (HMBC) [6]
spectra.

RESULTS AND DISCUSSION

The aerial parts of Nolana rostrata var. rostrata
were extracted successively with petrol and methylene
chloride. After work up of the extracts by CC on silica
gel, using increasing proportions of ethyl acetate in
petrol as eluent, 2a,3e¢,98-trihydroxy-9-epi-labd-
13(E)-ene-15-oic acid (1) and 2a,3a,98-trihydroxy-9-
epi-labd-13(Z)-ene-15 oic acid (2) were obtained.

Compound 1 was studied as the methyl ester deriva-
tive 1a obtained after treatment of 1 with ethereal
diazomethane, and its acetyl derivative 1b after treat-
ment of la with acetic anhydride—pyridine. Com-
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pound 1a showed IR absorptions for an ester carbonyl
at 1710 cm !, hydroxyl absorption at 3300-3500 cm ™!
and a double bond absorption at 1650 cm ™!, Its 'H
NMR spectrum showed signals for a vinylic proton
at 4 5.68 (1H, bs, J = 1Hz, H-14), a vinylic methyl
group at ¢ 2.19; two methines at é 4.03 (1H, ddd,
J=3.7,6.5, 11.3 Hz) and 3.58 (1H, d, J = 3.7 Hz),
indicative of the existence of two secondary alcohols,
three quaternary methyl groups at 6 1.28, 1.09 and
0.72 and one tertiary methyl group at 6 0.79 (J = 5.7
Hz).

Comparison of the '"H NMR spectra of 1b and 1a
showed that one of the signals due to a hydrogen atom
geminal to one of the OH groups was shifted from
8 4.03 to 5.12, while the other remained practically
unshifted. This could be indicative of the vicinal nature
of both hydroxyl groups and was confirmed by a
COSY experiment, which clearly showed the coupling
between the two afore mentioned protons [7].

The molecular formula C,;H,,0, was deduced for
1b from a combined evaluation of the 'H and “C
NMR spectra, since in its mass spectrum, the highest
peak was observed at m/z 378 [M* — MeOH]. The loss
of MeOH is typical for the presence of an unsaturated
methyl ester [8]. The '*C NMR spectrum also provided
cogent evidence for the a,f-unsaturated ester, through
the presence of signals for the carboxyl group at ¢
167.3, a non protonated sp carbon at é 161.6 a sp’
CH group at 6 115.1 and for a methoxyl group at ¢
50.7. Furthermore, a vinylic methyl group was evi-
denced by a signal in the '"H NMR at 8 2.16 (6. 19.1)
which was long-range coupled (J = 1.6 Hz) to a broad
singlet for a vinylic proton at ¢ 5.63, both charac-
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teristic of an unsaturated side chain of a bicyclic diter-
penoid with the E-configuration for the olefinic bond
[9, 10]. The peak at m/z 223 [M*—-C,H,,0,—CH,
COOH] in its mass spectrum, confirmed this feature.
An ion at m/z 318 [M —MeOH — AcOH] along with
signals in the NMR spectra at § 2.07 (3H, s) and 6
170.0 and 21.2 confirmed the presence of only one
acetate group. The remaining 17 signals in the '*C
NMR spectrum corresponded to one OH and one
OAc bearing methines at 6 76.8 and 73.6, respectively,
a non-protonated oxygen bearing carbon, in the zone
of the CDClI, signals, two quaternary carbons at &
40.9 and 38.9, two methines at & 38.8 and 36.1, five
methylenes at ¢ 37.0, 34.7, 32.0, 26.5, 22.0 and five
methyls at  21.8, 19.1, 18.3, 17.1 and 15.9.

Particularly informative was the high field 'H NMR
spectrum of 1b, which showed the five methyl signals
of a labdane molecule [9-12], as a vinyl methyl singlet
4 2.16, a secondary methyl & 0.78 (J = 5.7 Hz) and
three tertiary methyl groups at 8 0.72, 1.09 and 1.27.

The two-dimensional COSY 'H NMR spectrum
showed that the signal of the vinyl proton at § 5.63
was coupled with the vinyl methyl signal at 6 2.16 as
well as the secondary methyl signal at 4 0.78 (J = 5.7
Hz) which was coupled to a high field methine signal
at 6 1.45. Other informative couplings were those
between the signals at 6 3.61 (1H, 4, J = 3.5 Hz) and
5.12(1H,ddd, J = 3.5, 6.8, 11.5 Hz). Furthermore, the
signal at 6 5.12 was coupled to those of the methylene
group at & 1.7. These couplings were indicative of
a -CH,-CH(OAC)-CH(OH)-C- arrangement, in which
the proton vicinal to the methylene group is axial and
the other methine proton is equatorial [13].

Further determination of the structure was per-
formed through the analysis of its HMQC and HMBC
spectra, which confirmed the previous findings and
permitted us to observe, respectively, all the expected
one-bond H—C correlations and a great number of
the possible two- and three-bond H—C connectivities
of the molecule. These NMR experiments served not
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only to confirm the molecular constitution of 1b, as
that of a polyfunctionalised labdane derivative, but
also to assign all 'H and "C signals unequivocally,
with the exception of that corresponding to C-9, which
should be coincident with the signal of another carbon
or with the solvent signals. Attempts to induce a selec-
tive shift of that signal by using different solvents were
unsuccessful but, finally, a SEFT experiment [14, 15]
permitted the location of the absorption for the non-
protonated C-9 at the same frequency as for the
hydroxylated methine C-3. The assigment of the sig-
nals corresponding to positions C-18 and C-19 was
based on the positive NOE observed for the methyl
signal at 6 1.09 (H-19) on irradiation of the proton
signal corresponding to the angular methyl group (H-
20) at 6 0.72 and reciprocally.

The configuration of the C-17 methyl group on C-
8 would be equatorial as reflected by the coupling
constant of the doublet (/ = 5.7 Hz), because an axial
methyl group should have a larger value [16]. To try
to decide the relative configurations at C-8 and C-9,
several 'H NMR spectra in CDCl; were made with
increasing quantities of pyridine-d. In the spectrum
with pyridine-d, (100%), one could observe that the
angular methyl group had surpassed the doublet of
17-Me (3 Me-20 0.82, 6,; Me-17 0.78). This result
could only be interpreted if the OH group at C-9 was
cis-oriented with respect to the angular methyl group
on C-10 [17]. Therefore, compound 1b must be
methyl-2x-acetoxy-3a,98-dihydroxy-9-epi-labd-13( E-
en-15-oate.

Compound 2 was characterized as its methyl ester
derivative 2a obtained after treatment of 2 with eth-
ereal diazomethane which had the molecular formula
C,,H;,0;. Comparison of the 'H NMR spectrum of
2a with that of 1a showed only minor differences for
the skeletal proton signals and differed only in the
signals due to the side chain. Clearly 2a differed from
1a in the geometry of the A"™'*-double bond. As it
could be deduced from the 'H NMR spectrum, 2a was
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a labdane with the Z-configuration of the side-chain
double bond (64 1.97, 6 25.30, Me-16) [18, 19]. Com-
pound 2a was treated with aceticanhydride—pyridine
giving the monoacetate 2b. The *C NMR spectrum
of 2b confirmed this point; the C-12, C-13, C-14, C-15
and C-16 carbon atom resonances of 2b were almost
identical to those of the corresponding carbon atom
reported for labdanes with the Z-configuration of the
double bond [18, 19]. The other carbon resonances
remained almost unshifted compared with those of
1b, leading to the assignment of the structure of 2b as
methyl-2a-acetoxy-3a,98-dihydroxy-9-epi-labd-13
(Z)-en-15-oate.

It should be noted that the relative stereochemistry
is assigned as shown in the figure but unfortunately,
the absolute configurations of compounds 1 and 2
could not be determined because of the small quantity
of material isolated.

EXPERIMENTAL

Mps uncorr; NMR spectra (‘H 200, 360, 400 MHz;
BC at 50, 90 and 100 MHz) were recorded for CDCl,,
with TMS as int. standard. IR were measured for
CHC, sols. EIMS /CG-MS at 70 eV.

Plant material and isolation. Nolana rostrata var.
rostrata was collected near Vallenar, IV Region, Chile,
in September 1993. A voucher specimen was deposited
at the herbarium at Universidad Técnica Federico
Santa Maria. The air dried aerial parts (2 kg) of the
plant were extracted at room temp with petrol and
CH,Cl, successively for 48 hr each, affording 40 g of
a syrup. A portion of this syrup (20 g) was chro-
matographed on a silica gel column (400 g) eluting
with mixtures of petrol and EtOAc of increasing
polarity. Frs of 100 ml were taken and combined
based upon TLC and '"H NMR monitoring. The com-
bined frs were purified by repeated CC on silica gel or
by treatment with ethereal diazomethane and/or Ac,O
in pyridine.

Methyl-20,30,98-trihydroxy-9-epi-labd- 13(E)-en-
15-0ate (1a). IR vSH ecm~': 35003300, 29502850,
1710, 1650, 1450, 1390, 1235, 1150, 1050. '"H NMR: §
5.68 (1H, bs,J = 1.0Hz,H-14); 4.03 (1H, ddd, J = 3.7,
6.5, 11.3 Hz, H-2); 3.7 (3H, s, OMe); 3.62 (1H, 4,
J =3.7Hz,H-3); 2.19(3H, d, J = |1 Hz, Me-16); 1.28,
1.09, 0.72 (3H each, s, Me-18, Me-19 and Me-20,
respectively); 0.79 (3H, d, J = 5.7 Hz, Me-17). °C
NMR see Table 1. MS m/z (rel. int.): 368 [M,
CyHy04); 350 [M* —H,0] (2); 336 [M* —CH,OH]
(4); 318 [M*—CH,0H—-H,0] (5); 275 (8); 241
[M* ~C;H,,0,] (3); 223 [350—C,H,,0;] (6); 205
[241—2H,0] (9); 191 (11); 167 (32); 137 (23); 123 (52);
114 (33); 107 (25); 95 (62); 83 (40); 81 (42); 79 (23); 69
(45); 67 (37); 55 (51), 43 (100).

Methyl-2a-acetoxy-30,98-dihydroxy-9-epi-labd-
13(E)-en-15-oate (1b): IR: vSHE: cm~'. 3220, 2980
2760, 1680, 1430-1310, 1250, 1160, 1030, 990. 'H
NMR (400 MHz), (CDCl,): é 5.70 (1H, bs, H-14);
5.14 (1H, ddd, J = 3.5, 6.8, 11.5 Hz, H-2); 3.66 (3H,
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Table 1. >C NMR spectral data of compounds 1a-2b; CDCl,
with TMS as internal standard, chemical shifts in § values

(ppm)
C la 1b 1c 2a 2b
1 25.8 22.0 228 25.8 22.0
2 69.4 73.6 70.8 69.8 73.7
3 78.3 76.8 75.8 78.6 76.8
4 40.7 40.9 41.2 41.0 40.9
5 38.7 38.8 38.8 389 38.7
6 32.1 320 31.5 324 31.9
7 26.5 26.5 26.5 26.8 26.5
8 36.2 36.1 36.0 36.3 36.0
9 77.1% 768 76.7 77.3 77.0%
10 38.6 389 38.8 39.0 39.0
11 36.6 37.0 36.8 37.0 36.8
12 34.7 34.7 34.5 27.6 27.5
13 161.4  161.6 161.2 161.3 161.8
14 1150 1151 115.1 115.7 115.2
15 167.3  167.3 167.3 166.9 166.6
16 19.2 19.1 19.1 25.2 25.3
17 15.9 15.9 15.9 16.1 15.9
18 220 21.8 21.3 21.3 21.6
19 17.1 17.1 17.1 17.2 17.1
20 18.4 18.3 18.3 18.3 18.2
OMe 50.8 50.7 50.7 50.8 50.7
COCH, 170.0 170.4 169.8
COCH, 21.1 21.1 21.3

All the signals for compound 1b were assigned with the
aid of HMQC and HMBC spectra.

* Signals overlapped with the signals of CDCl,.

Acetate carbons at 4 170.0, 21.3.

s, OMe); 3.66 (1H, overlapped signal); 2.16 (3H, bs,
Me-16); 2.07 (3H, s, OCOCH3,), 1.27, 1.09, 0.72 (3H
each, s, Me-18, Me-19 and Me-20, respectively); 0.78
(3H, d, J = 5.7 Hz, Me-17). ®C NMR see Table 1.
MS m/z (rel. int.): 378 [M* — CH,OH] (6); 350 (1); 318
[M* —CH,0H—HCOOCHS,] (25); 300 (2); 275 (8),
223 (48); 205 (27); 149 (17); 191 (15); 163 (14); 137
(32); 123 (100); 95 (50); 82 (25); 67 (15); 43 (35).
Methyl-20.3a-diacetoxy-9f-hydroxylabd-13(E)-en-
15-0ate (1c): [«]3® 0° (CHCL;, ¢ 1.2); IR v&i%% cm ',
3510-3400, 29802930, 1720, 1630, 1450, 1380, 1280-
1230, 1150, 1030, 990. '"H NMR (300 MHz), (CDCl,):
85.70 (1H, bs, H-14); 5.22 (1H, ddd, J = 3.7,5.4, 11 4
Hz, H-2); 5.08 (I1H, d, J = 3.7 Hz, H-3); 3.68 (3H, s,
OMe); 2.18 (3H, bs, Me-16); 2.10, 1.98 (3H each, s,
OCOCH,); 1.15, 1.08, 0.75 (3H each, s, Me-18, Me-
19 and Me-20, respectively); 0.82 3H, d, J = 5.5 Hz,
Me-17). *C NMR see Table 1. MS m/z (rel. int.):
452 M, C,sH, 0,1, 378 [M+—74] (4); 318 [378—
CH.COOH] (3); 275 [318—43] (5); 258 [M* —2CH,
COOH] (2); 205 [M™ —2CH,COOH —C;H,,0,] (12);
233 (15), 191 (5); 163 (7); 149 (8), 137 (12); 127 (10);
123 (25); 95 (30); 82 (15); 69 (20) 55 (32); 43 (100).
Methyl-20,3a,98-trihydroxy-9-epi-labd-13(Z)-en-
15-0ate (2a): IR: v§i< cm~': 35003300, 2980-2930,
1690, 1650, 1450, 1380, 1280, 1250, 1200, 1150, 1095,
1035, 980. '"H NMR (400 MHz), (CDCL,): é 5.64 (1H,
bs, H-14); 415 (1H, ddd, J = 3.7, 4.3, 9 Hz, H-2); 3.68
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(3H, 5, OMe); 3.62 (1H. d, J = 3.7 Hz, H-3); 1.90 (3H,
bs, Me-16); 1.30, 1.10, 0.74 (3H each, s, Me-18, Me-
19 and Me-20, respectively); 0.84 (3H, 4, / = 5.8 Hz,
Me-17). “C NMR see Table 1.
Methyl-2a-acetoxy-3a,9f-dihydroxy-9-epi-labd-
13(Z)-en-15-oate (2b): [«)5° +27.88 (CHCL;, ¢ 1.2); IR:
vEHCh em—1: 3400-3100, 29202840, 1720-1680, 1620,
1440-1420, 1350, 1240, 1180, 1140, 1050, 1020, 980.
"H NMR (300 MHz), (CDCl): é 5.62 (1H, bs, H-14);
5.20 (1H, ddd, J = 3.0, 4.5, 11.2 Hz, H-2); 3.70 (1H,
d, J = 3.0 Hz, H-3); 3.65 (3H, 5, OMe); 2.76 (1H, dt,
J=4.5,11.2 Hz, H-12); 2.29 (IH, dt, J = 4.5, 11.2
Hz, H-127); 2.08 (3H, s OAc); 1.91 (3H, bs, Me-16);
1.28, 1.10, 0.72 (3H each, s, Me-18, Me-19 and Me-
20, respectively); 0.84 (3H, d, J = 5.7 Hz, Me-17). 1°C
NMR see Table 1. MS m/z (rel. int.):392 [M ™ — H,0]
(1); 378 (M* —-CH,0H] (3); 350 [M*—CH,COOH]
(14); 318 [378 — CH,COOH] (8); 300 [318 —H,0} (7);
285 [300—Me] (5). 276 [392—CeH,(0,] (56). 223
[350—C,H,,0,] (32); 205 (45); 191 (25); 163 (27); 149
(26); 137 (57); 135 (35); 127 (58); 125 (35); 123 (100);
122 (33); 119 (24); 114 (43); 109 (48); 107 (47); 105
(26); 97 (35); 95 (76); 83 (52); 81 (57); 79 (29); 69 (55).
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