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ABSTRACT: Four novel compounds (1—4) with an unprecedented skeleton that combines
a sesquiterpene lactone and a kaurane diterpene acid were isolated from Helianthus annuus L.
var. Arianna extract, which was obtained under supercritical conditions. The structures of 1—
4 were elucidated by NMR and MS analyses. The biosynthetic routes involve sesquiterpene
lactones and kauranic acid, both of which were previously isolated from this species.

We recently published a phytochemical study of a

supercritical fluid extract (SFE) of Helianthus annuus
L. var. Arianna obtained under conditions selected by
bioactivity and yield." The extract afforded 52 substances that
belonged to 10 different chemical classes, which were mainly
sesquiterpene lactones, diterpenes, and flavonoids. Four new
compounds were described for the first time. The SFE
technique proved to be a useful tool to obtain bioactive
extracts that contained a number of bioactive compounds from
this cultivar. Four additional compounds were subsequently
isolated, but their structures appear to be very different from
those previously identified.

We report here the isolation and structural elucidation of
compounds 1, 2, 3, and 4 from the leaves of H. annuus L. var.
Arianna collected in June 2009 during the third growth stage of
the plant.” SFE extraction was carried out in the same way as
the study outlined above, and the method is described in the
Supporting Information. The dried extract (7.0 g) obtained by
the fractionation process (SFE) was chromatographed to afford
compounds 1—4, all of which have an unprecedented skeleton
that combines a sesquiterpene lactone and a kaurane diterpene
acid (Figure 1). There are many recent reports where kaurane
diterpenes” and sesquiterpene lactones® are isolated from
sunflowers and their biological properties tested.

Compound 1 appeared to be a mixture of a sesquiterpene
lactone and a kaurane diterpene. After numerous attempts to
separate the two compounds, we decided to acquire a mass
spectrum, which contained a molecular ion peak at m/z
695.3793. This mass is consistent with the molecular formula
C4oHg,01 (caled for [M + HJ* 695.3795). Thus, compound 1
is not a mixture but a single compound with two well
differentiated halves.

The sesquiterpenoid half gave very similar 'H and *C NMR
spectra to those of helivypolide L," which was previously
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Figure 1. Structures of Helikaurolides A—D (1—4).

isolated from sunflower extracts. Together with differences in
the chemical shifts of the H-5 and H-6 signals, the main
difference was the absence of H-15 as a hydroxymethylene
group, which led us to consider that the union between the two
structures was at C-15. The HMBC spectrum allowed us to
assign H-15 at 8y 2.02 (Table 1). Differences between the *C
NMR spectra were also observed for chemical shifts
corresponding to C-4 and C-15 (5¢ 82.5 and 28.4, respectively)

Regarding the diterpenoid half, the spectroscopic data were
very similar to those of 16a-hydroxy-ent-kauran-19-oic acid,
except for the signal of C-17" (¢ 29.9 for 1 and &¢ 24.4 for
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Table 1. NMR Spectroscopic Data for Compounds 1—4

1 2 3 4
no. Sy multi (J in Hz)“¢ B Sy multi (J in Hz)™* 5c° Sy multi (J in Hz)™* 57 Sy multi (J in Hz)™* e
1 624d(13.0) 1468 579 d (10.5) 1360 624 d (132) 1497 624 d (13.1) 146.8
2 6014 (13.1) 1264 554 d (10.5) 1260 584 d (132) 1268 584 d (13.1) 1267
3 202.3 207.7 202.3 202.3
4 82.5 778 293 ddd (72, 2.3) 559 2.88 dq (LS) 56.0
s 413d(98) 817 4214 (7.6) 764 405 dd (2.3, 9.7) 758 403 dd (L5, 7.8) 75.6
6  503dd (98, 9.7) 756 481dd (7.6, 10.5) 792 499 dd (9.7, 9.9) 764 496 dd (7.8, 9.4) 76.1
7 3.42dddd (97, 1.9, 3.0, 477 3.50 dddd (10.5,2.9,3.5, 460  3.40 dddd (9.9, 14, 3.1, 468 340 dddd (9.4, 1.9, 3.0, 47.1
3.5) 14) 33) 3.5)
8  576ddd (19, 2.8, 3.9) 654 567 ddd (2.8, 2.1, 1.4) 658 576 ddd (1.4, 2.7, 2.9) 654 576 ddd (1.9, 2.8, 3.9) 65.5
9 2114dd (153, 2.8) 461 207 dd (160, 2.8) 452 213 dd (154, 2.7) 469 212 4dd (153, 2.8) 469
231 dd (153, 3.9) 1.97 dd (160, 2.1) 234 dd (154, 2.9) 232 dd (153, 3.9)
10 80.9 74.6 80.9 80.9
11 133.7 135.6 134.5 134.4
12 168.2 169.6 168.5 168.4
13 5.64d(30) 1226 553d (3.5) 1204 5.62d(3.1) 1220  5.62d (3.0) 1224
6324d (3.3) 622 d (29) 630d (3.3) 630d (3.5)
14 141 s 32.8 131s 30.0 14S's 31.7 144 s 31.8
15 2.02 m 28.4 2.75 ddd (19.5, 3.5, 7.7) 33.0 1.97 m 28.6 1.89 m 264
2.60 ddd (19.5, 2.9, 8.4)
1" 166.1 166.3 166.2 166.2
2" 1259 127.0 126.4 126.5
3’ 612 qq (72, L.5) 1412 6.2 qq (6.9, 1.4) 1403 613 qq (7.3, 1.5) 140.6  6.12 qq (7.0, 1.6) 141.1
4 196 dq (1.5, 7.2) 159 199 dq (14, 6.9) 159 196 dq (15, 7.3) 154 194 dq (1.6, 7.0) 153
5" 179 dq (1.5, 1.5) 206 181 dq (1.4,14) 206 174 dq (1.5, 1.5) 204 176 dq (1.6,1.6) 20.5
1 0.78% m 39.6 0.77* m 40.6 0.80* m 40.6 0.84* m 40.7
1.84* m 1.82*% m 1.86* m 1.87* m
2 1.53% m 19.0 1.45% m 19.0 1.42% m 19.1 1.83* m
1.39% m 189
3 1.01* m 37.8 1.01% m 38.0 1.01*% m 37.9 1.01* m 37.9
2.15% m 2.16%* m 2.13% m 2.15% m
4 43.6 434 43.6 43.6
s’ 1.04* m 56.9 1.03* m 56.7 1.04* m 56.0 1.23% m 56.9
1.04* m
6 1.78% m 22.0 1.81* m 22.9 1.77% m 22.3 1.63* m 20.6
1.79*% m
7' 1.41* m 42.0 1.54* m 42.3 1.55% m 39.5 1.42*% m 35.7
1.61* m 1.39% m 1.51* m 1.74% m
8’ 44.6 44.4 49.0 432
9 0.96* m 55.9 0.95% m 55.9 0.99% m 47.9 1.14*¥ m 49.5
10’ 40.5 39.6 39.8 39.4
11" 1.55%* m 18.6 1.59%* m 18.3 2.03* m 20.8 1.50% m 18.4
12 1.63* m 26.2 1.51*% m 26.3 1.47% m 25.4 1.55% m 26.2
1.57*% m
13 1.93* m 47.1 2.18% m 45.6 2.39% m 43.6 221% m 36.9
14" 1.61* m 37.2 1.64* m 37.3 1.34%* m 43.8 1.04* m 31.9
1.91% m 1.89* m 2.03*% m 147* m
15" 146* m 56.1 1.53* m 53.5 S.13s 1356 272 m 66.9
1.58* m
16’ 81.3 84.5 145.6 64.1
17 170°m 299  2.34 ddd (16.0, 2.9, 7.7) 276  221%m 276 170%m 25.8
2.18 ddd (16.0, 3.5, 8.4) 2.12% m 2.06% m
18" 122 289 122s 28.8 124 s 289 122s 289
19’ 183.0 179.9 183.0 182.1
20" 09Ss 18.5 093 s 15.5 095 s 159 095 s 15.8

“Measured at 600 MHz in CDCl;. "Measured at 125 MHz in CDCl;. “* = Overlapped multiplets. Assignments supported by the HSQC and HMBC

spectra.

16a-hydroxy-ent-kauran-19-oic acid).” This finding could
indicate that C-15 of the lactone is bonded to C-17'. This

4731

hypothesis was confirmed by the HMBC spectrum, where
correlations between the signals from the lactone and the
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Figure 2. Key NOESY correlations for 1.

Scheme 1. Plausible Biosynthetic Pathway for 1 and 2

diterpene were observed. Thus, H-15 correlated with C-3, C-4,
and C-17’, whereas H-17’ correlated with C-16’, C-15', C-13,
and C-18.

A ROESY experiment was carried out in an effort to
determine the stereochemistry at C-4 of the lactone. H-15
showed correlations with H-5 and H-6. This observation is
consistent with a S-orientation of the hydroxyl group attached
to C-4, whereas an a-orientation would only correlate with H-6
(Figure 2). Moreover, H-17' from the diterpene showed an
effect with H-S from the lactone. Since a clear NOE was not
observed for H-17', the configuration of C-16" was assigned as
a-hydroxy due to the similarity between the spectrum and that
of 16a-hydroxy-ent-kauran-19-oic acid (see Figure 1). This
compound was named helikaurolide A (1).
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Scheme 2. Plausible Biosynthetic Pathway for 3 and 4

A second compound, helikaurolide B (2), was isolated in a
smaller amount (3.1 mg). The HRESI TOF MS of 2 showed a
similar molecular formula C,0Hs,04 (m/z 677.3701, calcd. for
[M + H]* 677.3690), and this is consistent with the loss of a
water molecule from 1. The 'H NMR spectrum was very
similar to that of 1, but some signals appeared to be shielded,
especially those assigned to H-1 (AS = —0.45), H-2 (A5 =
—0.47), and H-6 (A5 = —0.22). Nevertheless, the clearest
differences were observed for the signals assigned to H-15 and
H-17’, which were well differentiated and clearly defined.
Additionally, COSY and NOESY correlations could be
observed between these signals. These data indicated that 2
should be structurally very similar to 1, but with an oxolane ring
constituted by C-4 and C-15 from the lactone half and C-16’
and C-17" from the diterpene one. This structure was
corroborated by the '*C NMR spectrum, which contained
analogous signals to 1, except for those assigned to C-4 (5¢
77.8; A = —4.7), C-15 (8¢ 33.0; SA = 4.6), C-16' (5 84.5;
SA =32), and C-17' (8 27.6; SA = —2.3).

The stereochemistry of 2 was identical to that of compound
1, since an NOE was observed between H-S and protons H-15
and H-17' in the NOESY experiment.

Helikaurolide C (3) (5.4 mg) was isolated as a gum, and its
molecular formula was determined to be C, Hs,Og by HRESI
TOF MS on the [M + H]* (m/z 661.3732, calcd. 661.3740).
The NMR spectrum contained signals due to a sesquiterpene
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lactone and a kaurane diterpene. The 'H NMR signals were
very similar to those of helivypolide F (7),° except for H-15 (8
1.97 for 3 and &y 4.0S for 7). Furthermore, the signal assigned
to C-15 in the >C NMR spectrum appeared in the aliphatic
carbon region (8¢ 28.6) with no heteroatom attached.

The diterpenoid substructure signals were almost identical to
those reported for ent-kaur-15-en-19-oic acid and its methyl
ester.”® The main differences were related to the signals
corresponding to C-17’ (8¢ 27.6 for 3 and 6 15.5 for ent-kaur-
15-en-19-oic acid). The union between the two substructures
seems to be between C-15 and C-17'. This situation was
corroborated by an HMBC experiment, where correlations
were observed between H-17" and C-15, C-16/, and C-15’. The
stereochemistry assigned at C-4 was that shown in Figure 1
since an NOE between H-4 and H-S5 was observed in the
NOESY experiment.

A small amount (4.5 mg) of helikaurolide D (4) was isolated
as a colorless gum. The positive ion mode HRESI TOF MS
contained a molecular ion peak at m/z 677.3697 [M + H]",
which is consistent with the molecular formula C,,H¢,O, (calcd
for [M + HJ]*, 677.3690). The 'H NMR spectrum was
essentially the same as that described for compound 3 (Figure
1), but with slight differences in some of the chemical shifts.
The main differences are due to the deshielding suffered by H-
15 (6 2.72; 6A = —2.41) in the '"H NMR and C-15’ (5. 66.9;
SA = —68.7), C-16’ (5 64.1; SA = —81.5) in the '*C NMR and
the shielding observed for the signal corresponding with C-17’
at ¢ 25.8. These findings indicate a modification of the double
bond at C-15 and C-16 with respect to that in compound 3,
namely as an oxirane ring. This structure was confirmed by
comparison with the spectrum of ent-154,16f-epoxykauran-19-
oic acid,” which was previously isolated from H. annuus." The
union of the two substructures between carbons C-15 and C-
17’ was confirmed by the correlations between H-17" and C-
16" and C-15 in HMBC spectrum.

The stereochemistry assigned to C-4 is that shown in Figure
1, since the NOE between H-4 and protons H-5 and H-15, as
well as with H-17', were observed in the NOESY experiment.

Helikaurolides A—D (1—4) represent the first examples of
compounds that consist of two substructures: a diterpene and a
sesquiterpene lactone. Plausible pathways for this skeleton are
shown in Schemes 1 and 2, and they involve starting materials
(helivypolides K (5) and F (7), ent-kaur-16-en-19-oic acid (6),
and grandifloric acid (8)) that have previously been isolated
from extracts of H. annuus."”® There is a great deal of literature
concerning reactions in supercritical fluids that do not usually
occur under more conventional conditions.'”"" To ensure that
compounds 1—4 were not formed during the extraction
process, we subjected helivypolides K (5) and F (7), as well
as ent-kaur-16-en-19-oic acid (6), to the same supercritical
extraction conditions. After a similar time (3 h), compound 1,
2, or 3 could not be detected. This indicates that helikaurolides
A-D belong to a family with a new skeleton and they are
natural products that are not formed during the extraction
procedure.
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