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Abstract

Study of the aerial parts of the two species of Ageratina: A. dictyoneura and A. illita afforded four new ent-labdane
diterpenoids (1-4). Two known labdanes: 2p,3a,15-trihydroxy-ent-labd-7-ene (5), and 2f,3a-trihydroxy-ent-labd-7-en-15-
oic acid (6); two sesquiterpene lactones: 8f3-hydroxy-f-cyclocostunolide (7) and eupatoriopicrin (8), one benzofuran, and six
flavonoids were also isolated. Their chemical structures were determined based on extensive spectroscopic study,
comparison with reported data and chemical transformations. The cytotoxicity of the new ent-labdane diterpenoids 1-3,
sesquiterpene lactone 7, and the flavonoid: quercetin 3,7-dimethylether were assessed against the human myeloid leukemia
U-937 cell line and found that compound 7 and quercetin 3,7-dimethylether were cytotoxic against this cell line.
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Introduction

The  Eupatorieae  tribe  (Asteraceae)  comprises
~2000-2500 species, 19 subtribes, and about 182 genera. It
is considered the richest tribe in terms of the number of
species. The tribe seems to be limited to the west hemi-
sphere, proposing a Neotropical origin with a small number
of native species in the old world (Chen et al. 2011; Rivera
et al. 2016). King and Robinson reclassified Eupatorieae
tribe into more natural groups relying on morphological
comparisons, geographic distribution, and chromosome
numbers (King and Robinson 1987), and also removing
many species from Eupatorium to other genera: for exam-
ple; Ageratina and Austroeupatorium (King and Robinson
1970).

Sesquiterpenes, diterpenes, and thymol derivatives are the
major chemically constituents in Ageratina genus, and play
a critical role in the biological effects of several Ageratina
species (Herz 2001; Liu et al. 2015; Ma et al. 2015).

As a part of our continuing search for novel, plant-
derived anticancer chemotherapeutic agents, and our sys-
tematic investigation of the composition of Asteraceae
plants (Castillo et al. 2016; Triana et al. 2016), we have
investigated the chemical constituents of the aerial parts of
two Ageratina species, endemic to Hispaniola Island:
Ageratina dictyoneura (Urban) R.M. King & H. Rob [syn.
Eupatorium dictyoneurum (Urban)] and Ageratina illita
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(Urban) R.M. King & H. Rob [syn. Eupatorium illitium
(Urban)] (Pruski and Clase 2012). The isolation, structural
elucidation, and the cytotoxic effects of the isolated com-
pounds against U-937 myeloid leukemia cells are described
herein.

Materials and methods
General experimental techniques

Optical rotations were recorded in a Perkin-Elmer model
343 polarimeter. IR spectra was recorded using a Bruker
model IFS-55 spectrophotometer. 'H and '>C NMR spectra
were obtained on a Bruker model AMX-500 NMR spec-
trometer with standard pulse sequences operating at 500 for
'H and 125MHz for '3C NMR, respectively. CDCl; was
used as solvent. EIMS was taken on a Micromass model
Autospec (70 eV) spectrometer. HRESIMS was performed
with a LCT Premier XE Micromass Waters spectrometer in
the positive-ionization mode (Waters Corporation). Column
chromatography (CC) was carried out on silica gel 60
(Merck 230-400 mesh), and preparative TLC on silica gel
60 PF,s4.366 plates (20x20cm, 1 mm thickness). The
developed TLC plates were visualized by ultraviolet light
(254; 366 nm) and then by spraying with staining system of
H,S04-H,0-CH3;COOH (1:4:20), followed by heating of
silica gel plates.

Plant material

A. dictyoneura (Urban) R.M. King & H. Rob [syn. E.
dictyoneurum (Urban)] was collected at Cordillera Cen-
tral, Province La Vega, (Constanza-Valle Nuevo),
Dominican Republic, in August 2010, and was identified
by botanist Mr. Teodoro Clase, at Dr. Rafael Ma. Mos-
coso National Botanic Garden, Santo Domingo, Domini-
can Republic. A voucher specimen (JBSD 121460) was
deposited in the National Botanic Garden, Dominican
Republic.

A. illita (Urban) R.M. King & H. Rob [syn. E. illitium
(Urban)] was collected at Sierra de Bahoruco, Province
Pedernales, Dominican Republic, in June 2010, and was
identified by botanist Mr. Teodoro Clase, at Dr. Rafael Ma.
Moscoso National Botanic Garden, Santo Domingo,
Dominican Republic. A voucher specimen (JBSD 121457)
was deposited in the National Botanic Garden, Dominican
Republic.

Extraction and isolation

The aerial parts of the two Ageratina species were
exhaustively extracted with 95% EtOH in a Soxhlet

apparatus for 72 h. The solvents were concentrated under
reduced pressure, and the extracts were subsequently frac-
tionated by silica gel CC using hexane and ethyl acetate
(EtOAc) mixtures of increasing polarity.

The extraction of 4.57 kg of A. dictyoneura gave 420 g of
a viscous residue, which was subjected to CC on silica gel
affording five fractions. Fraction 1 [hexane-EtOAc (4:1)]
was purified using preparative TLC using hexane-EtOAc
(9:1) to yield dictyolabadan B (2) (85 mg), and dictyolabdan
C (3) (92 mg). Fraction 2 [hexane-EtOAc (3:2)] was sub-
mitted to a CC on silica gel [hexane-EtOAc (4:1)] and
preparative TLC [hexane-EtOAc (9:1)] to yield rhamnoci-
trin (135 mg), quercetin 3,7-dimethylether (92 mg), pino-
cembrin (103 mg), penduletin (63 mg), 4-hydroxybenzoic
acid (14 mg), and dictyolabdan D (4) (5.3 mg). Fraction 3
[hexane-EtOAc (1:1)] was subjected to a preparative TLC
and eluted with hexane-EtOAc (2:3) to afford dictyolabdan
A (1) (87mg), betuletol 3-methylether (23 mg), and
2B,3a,15-trihydroxy-ent-labd-7-ene (5) (10 mg). Fraction 4
[hexane-EtOAc (2:3)] purified using preparative TLC
[hexane-EtOAc (1:1)] gave quercetin 3-methylether
(125mg) and a mixture which, after acetylation with
acetic anhydride-pyridine and preparative TLC [hexane-
EtOAc (9:1)] yielded 2f,3a-diacetyloxy-ent-labd-7-en-15-
oic acid, the diacetyl compound 6 (4 mg).

Dictyolabdan A (1)

White amorphous solid, []*’p =-9.05 (¢ 0.760, CHCl;);
IR (film, NaCl) vy, 3401, 2969, 2917, 1682, 1647, 14438,
1259, 1243, 1190, 1094, 1052cm™'; HRESIMS m/z;
359.2187 [M + Na]" (calcd. for CyyH3,04Na, 359.2198);
'"H NMR and "*C NMR data, see Table 1.

Acetylation of compound 1

A solution of 1 (9.3 mg) in a mixture of acetic anhydride
(2ml) and pyridine (1 ml) was allowed to stand at room
temperature overnight. The reaction mixture was treated in
the usual way, and the product was purified by silica gel CC
with hexane-EtOAc (8:2) to afford the acetate 1a (10.6 mg).
Colorless oil, IR (film, NaCl) v, 2969, 2917, 1682, 1647,
1448, 1259, 1243, 1190, 1166, 1052 cm™'; HRESIMS m/z;
4432420 [M + Na]" (calcd. for C,4H3s0¢Na, 443.2410);
'H NMR and C NMR data, see Table 1.

Dictyolabdan B (2)

Yellow oil, [a]*p = —21.12. (¢ 0.113, CHCl3); IR (film,
NaCl) v 3442, 2972, 2.925, 1713, 1695, 1643, 1454,
1384, 1240, 1167, 1046 cm™'; HRESIMS m/z; 441.2606
[M + Na] " (caled. for Cp5H3305Na, 441.2617). 'H NMR
and 3C NMR data, see Table 1.
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Table 1 'H- NMR spectral data of compounds 1-4 (CDCl;, J values (Hz) in parentheses)

1 1a 2 3 4
1 1.11 dd (12.5Hz) 1.23 dd (12.4) 1.18 dd (12.5) 1.22 m 1.18 m
2.19 dd (4.5; 12.5 Hz) 2.16 (dd, 4.5; 12.4) 2.17 dd (4.2; 12.5) 2.17m 2.07 dd (4.3; 12.1)

2 3.62 ddd (4.0,9.5, 12.0)  5.04 ddd (4.4, 10.3, 12.4) 4.97 ddd (4.3, 10.0, 11.6) 5.10 ddd (4.4, 11.4, 15.5) 5.03 ddd (4.4, 10.5, 11.5)
3 2.93d (9.7) 4.68 d (10.3) 3.21 d (10.0) 4.80 dd (3.3, 10.4) 333 (d, 10.5)
4 — — — — —
5 1.27 dd (7.2, 9.5) 1.35 dd (6.5, 9.6) 1.24 dd (6.0, 10.7) 1.36 m° 1.73 dd (2.5, 13.1)
6 1.97 mP 1.91 mP 1.91 mP 1.91 mP 1.58 m
1.86 m
7 5.40 br s 5.33 brd (1.4) 5.35 br d (2.3) 535brdd (1.2, 11.7) 444t (2.9)
8 J— J— J— J— J—
1.73 m® 1.68 m® 1.66 m® 1.65 m® 2.16 dd (1.0, 9.8)
10 — — — —
11 1.38 mP 1.30 m° 1.32 mP 1.30 m° 1.54 m
1.64 mP 1.49 mP 1.50 m° 1.50 m° 1.63 m
12 2.72 dd br (7.8) 2.60 m® 2.59 ddd (5.3, 11.8, 17.0) 2.25 m® 3.03 ddd (5.5, 9.2, 9.1)
2.66 ddd (5.3, 11.8, 17.0) 2.62 m® 222m
13 — — — — —
14 5.64s 5.59d (1.4) 5.57 d (1.6) 5.62d (1.1) 5.74 (s)
15 — — — — —
16 1.93 br s 1.85 d (1.4) 1.84 d (1.3) 1.86 d (1.1) 1.89 d (1.1)
17 1.76 s 1.69 s 1.68 br s 1.64 br s 5.16 s
4.80 s
18 0.87 s 0.90 s 0.88 s 0.94 s 0.86 s
19 0.99 s 0.80 s 0.96 s 0.83 s 1.05 s
20 0.83s 0.82's 0.81s 0.84 s 0.80 s
2-OAc 1.99 s
3-OAc 1.94 s 2.10 (s)
OAng
H-3' 5.99 ddd (1.6, 7.2, 8.8) 5.99 (m) 6.07 ddd (1.5, 5.7, 8.7)
CH;-4/ 1.91 d (1.6) 1.90 dd (6.0, 1.2) 1.99 dd (1.5, 7.2)
CH;-5' 1.83 t (1.6) 1.80 d (1.2) 1.90 t (1.5)
COOMe
3CD;0D
bOverlapped

Acetylacion of compound 2

A solution of 2 (7.2 mg) in a mixture of acetic anhydride
(2ml) and pyridine (1 ml) was allowed to stand at room
temperature overnight. The reaction mixture was treated in
the usual way, and the product was purified by silica gel CC
with hexane-EtOAc (8:2) to afford the acetate 2a (8.3 mg)
whose spectroscopic data were totally coincident with those
of compound 3.

Dictyolabdan C (3)

Yellow oil, [a]*’p=—35.92 (¢ 1.35, CHCly); IR (film,
NaCl) vpa 2971, 2921, 1729, 1714, 1643, 1454, 1371,

@ Springer

1243, 1157, 1086, 1042 cm™'; HRESIMS m/z; 483.2741
[M + Na]* (caled. for Cr;HyqOgNa, 483.2723); 'H NMR
and *C NMR data, see Table 1.

Dictyolabdan D (4)

Colorles oil, [a]*°p=—15.05 (¢ 0.21, CHCl3); IR (film,
NaCl) vmax IR viax 3445, 2972, 2925, 1710, 1695, 1643,
1454, 1384, 1240, 1240, 1167, 1046 cm™'; HRESIMS m/z;
433.2574 [M —H]~ (caled. for C,5H3,0g, 433.2590); 'H
NMR and 3C NMR data, see Table 1.

The extraction of 617 g of A. illita gave 91 g of a viscous
residue, which was subjected to CC on silica gel affording
five fractions. Fraction 1 [hexane-EtOAc (3:2)] was purified
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by preparative TLC [hexane-EtOAc (4:1)] to yield (8R)-8-
hydroxy-f-cyclocostunolide (7) (7.6 mg). Fraction 2 [hex-
ane-EtOAc (2:3)] was subjected to a preparative [TLC
hexane-EtOAc (1:1)] to furnish 7-hydroxytoxol (5 mg) and
eupatoriopicrin (33) (8.3 mg).

8B-Hydroxy-B-cyclocostunolide (7)

Colorless oil, [a]*p =+48.57 (¢ 0.35, CHCl;); IR Vpax
3469, 2929, 1756, 1650, 1611, 1441, 1411, 1252, 1228,
1176, 1124, 1055, 989 cm™'; HRESIMS m/z 271.1315 [M
+Na]* (caled. for C;sHyyO3Na, 271.1310); 'H NMR
(CDCls, 500 MHz): 6 1.09 (s, CH3-14), 1.35 (td, J=5.0,
12.9 Hz, H-1a), 1.50 (m, overlapped, H-1pB), 1.53 (dd, J =
2.9, 14.7Hz, H-9w), 1.60-1.67 (m, overlapped, H-2a and
2p), 1.89 (dd, J = 2.4, 14.7 Hz, H-9p), 1.99 (m, overlapped,
H-3a), 2.30 (d br, /= 11.0 Hz, H-5a), 2.35 (m, overlapped,
H-3b), 2.74 (ddd, J=2.9, 5.6, 8.6 Hz, H-7a), 4.54 (dd, J =
11.0 Hz, H-6p), 4.60 (dd, J=2.7, 5.4 Hz, H-8a), 4.86 (d, J
= 1.5Hz, H-15a), 4.95 (d, J= 1.5 Hz, H-15b); 5.50 (d, /=
3.1Hz, H-13a), 6.22 (d, J=3.1Hz, H-13b); *C NMR
(CDCl3, 125 MHz): 20.3 (C-14), 22.2 (C-2), 35.8 (C-3),
38.8 (C-10), 41.8 (C-1), 46.5 (C-9), 53.9 (C-7), 56.0 (C-5),
65.8 (C-8), 75.4 (C-6), 109.2 (C-15), 118.2 (C-13), 135.9
(C-11), 144.1 (C-4), 170.3 (C-12).

Cell culture and cytotoxicity assays
The human leukemia U-937 cells were obtained from the

German Collection of Microorganisms and Cell Cultures
(Braunschweig, Germany) and grown in RPMI 1640

1 /14 15, OH

HO

HO"
’z//H

5,R= CH,OH
6, R= COOH

containing 2 mM L-glutamine supplemented with 10% (v/v)
heat-inactivated fetal bovine serum, 100 ug/ml streptomy-
cin, and 100 U/ml penicillin. The cytotoxicity of the tested
compounds was analyzed using colorimetric 3-(4,5-dime-
thyl-2-thiazolyl-)-2,5-diphenyl-2 H-tetrazolium bromide
(MTT) assay as previously described (Estévez-Sarmiento
et al. 2017). Briefly, cells were cultured in the presence of
increasing concentrations of compounds for 72h and the
IC5y values were determined graphically for each experi-
ment by a nonlinear regression using the curve-fitting rou-
tine of the computer software Prism™ 4.0 (GraphPad) and
the equation derived by DeLean et al. (1978). Values are
means + SE from at least three independent experiments,
each performed in triplicate. Compounds were dissolved in
DMSO and kept under dark conditions at 25 °C. Before
each experiment, compounds were dissolved in culture
medium at 37 °C and the final concentration of DMSO did
not exceed 0.2% (v/v).

Results and discussion

Phytochemical study of the ethanol extract of the aerial part
of A. dictyoneura led to the isolation of four new ent-lab-
dane diterpenes: dictyolabdans A-D (1-4) (Fig. 1). Along
with two known labdane derivatives: 2p,3a,15-trihydroxy-
ent-labd-7-ene (5) and 2B,3a-trihydroxy-ent-labd-7-en-15-
oic acid (6) (Zdero et al. 1990), and six known flavonoids:
rhamnocitrin (Scio et al. 2003), quercetin 3,7-dimethylether
(Yang et al. 1990), pinocembrin (Aboushoer et al. 2010),
quercetin 3-methylether (Wang et al. 2010), penduletin (Sy

OH

Fig. 1 Labdane diterpenoids 1-6 and sesquiterpene lactones 7, 8 isolated from Ageratina dictyoneura and A. illita

@ Springer
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and Brown 1998), and betuletol 3-methylether (Horie et al.
1998). The structures of the known compounds were
identified by comparison of their spectroscopic data with
those reported in the literature.

Compound 1 was obtained as a white amorphous solid.
The IR spectrum revealed the presence of a hydroxyl group
(3401 cm’l), a carboxylic group (2969 cm’l), and olefinic
functions (1647 cm™"). Its molecular formula was assigned
as CyoH3,04, based on its HRESIMS (m/z 359.2175 [M +
Na]™, calcd. 359.2198). The '"H NMR spectrum of 1 (Table 1)
showed the presence of five methyls at quaternary carbons
at oy 0.83, 0.87, 0.99, 1.76, 1.93 p.p.m; two oxygenated
methines at 8y 2.93 (d, J=9.7 Hz, H-3) and 3.62 (ddd, J =
4.0, 9.5, 12.0 Hz, H-2), and two olefinic methines at oy 5.40
(br s, H-7) and 5.64 (s, H-14). The '*C NMR (Table 2) and
DEPT spectra of 1 indicated the presence of five methyl
groups, four methylene carbons, six methine carbons, two

Table 2 '3C- NMR spectral data of (CDCls, 500 MHz) compounds 1-4

1? la 2 3 4

1 46.9 42.5 42.5 429 42.1
2 69.1 69.5 72.4 69.5 73.2
3 84.1 80.6 80.9 80.0 80.7
4 40.3 39.1 39.7 39.3 39.6
5 51.6 49.3 49.4 494 46.8
6 24.6 233 234 235 30.1
7 123.1 121.9 1222 122.6 73.8
8 136.1 134.8 134.7 134.3 147.6
9 56.4 54.8 54.8 54.3 49.4
10 39.0 379 38.1 37.0 40.4
11 27.0 25.6 25.6 25.4 21.3
12 36.6 35.7 35.6 35.7 30.8
13 161.5 162.8 163.0 162.9 162.5
14 1174 115.6 115.7 115.3 116.7
15 169.6 170.4 171.2 170.7 169.5
16 25.4 25.6 25.5 25.4 25.3
17 22.3 21.8 219 22.1 111.2
18 16.8 17.1 16.3 17.5 16.5
19 29.0 28.1 28.2 28.2 28.4
20 14.9 14.3 14.3 14.5 14.5
2-OAc 21.2

170.8
3-OAc 20.9 19.3

170.6 170.6
OAng
Iy 168.8 167.7 168.8
2 128.0 128.1 128.1
3 138.0 138.0 138.3
4 15.8 15.8 16.0
5 20.6 20.8 20.8
iCD;0D

@ Springer

quaternary carbons, two disubstituted olefinic carbons, and
a carbonyl carbon. Four olefinic signals were detected at d¢
117.4 (C-14), 123.1 (C-7), and 136.1 (C-8), 161.5 (C-13),
thus suggesting two trisubstituted double bonds. Both 'H
and '*C NMR spectral data of compound 1 were close to the
labdane-type diterpene: 2,18-dihydroxylabda-7,13(E)-dien-
15-oic acid (Wabo et al. 2012). NMR assignments were
carried out based on two-dimensional (2D) NMR data.
Thus, COSY experiment disclosed three partial structures:
CH,CH(O)CH(O), CHCH,CH, and CHCH,CH,, corre-
sponding to the C-1, C-2, C-3; C-5, C-6, C-7; and C-9, C-
11, C-12 fragments, respectively. HMBC experiment (Fig.
2) showed a cross peak between proton at oy 2.93 (d, J=
9.7 Hz, H-3) and the gem dimethyl carbons at ¢ 16.8 (C-
18) and 22.3 (C-19), as well as, signals at 5¢c 46.9 (C-1) and
51.6 (C-5), confirmed the location of hydroxyl groups on C-
2 and C-3 carbons. The coupling constant between the
protons H-3 (d, /J=9.7Hz) and H-2 (ddd, J=4.0, 9.5,
12.0 Hz) suggested the trans disposition of the hydroxyl
groups, as reported in ent-labdanes by Zdero et al. (1990).
The presence of two secondary OH groups was confirmed
by acetylation of 1 with acetic anhydride and pyridine,
yielding the diacetyl derivative 1la (Tables 1 and 2). The
relative stereochemistry of the vicinal hydroxyls was
determined based on the NOESY experiment of 1a; corre-
lation between the signals of the protons at dy 1.35 (dd, J =
6.5, 9.6 Hz, H-5) and 6y 4.68 (d, /= 10.3 Hz, H-3), clearly
indicated that these protons are on the same face, having a f
configuration. This implies an a configuration for the proton
at H-2, supporting the correlation of 6y 5.04 (ddd, J =4.4,
10.3, 12.4 Hz, H-2) and the protons for CH3-18 (6g 0.90, s)
and CH3-20 (6 0.82, s). Pertinent cross peak correlations
observed between CHj3-20 (6y 0.82, s) and CH,-11 (dy
1.49 m; 1.30 m), suggested the B-orientation of the proton at
C-9. The double bond at C-13 was determined as Z based
on the observed correlation between the CH3-16 (6 1.85, d,
J = 1.4 Hz) and the proton H-14 (6y4 5.59, d, /= 1.4 Hz) in
the NOESY experiment. The absolute configuration of the
ent labdane series was deduced from comparison between
the negative sign of specific rotation of 1 [a]*’p = —9.0
(CHCI;) with the value for 2p,3a,15-trihydroxy-ent-labd-7-
ene [0(]24]3 = —29.0 (CHCly), isolated from Baccharis pin-
graea (Zdero et al. 1990). The above results confirmed the
structure of 1 as (2 §,3 §,132)-2,3-dihydroxy-ent-labd-7,13-
dien-15-oic acid, which we first named this series as dic-
tyolabdan A.

Dictyolabdan B (2) was isolated as a yellow oil, with
[a]*’p = —35.9 (CHCl;). The molecular formula was
determined as C,5H3505 by HRESIMS analysis (m/z
4412606 [M+Na]', caled. 441.2617). The *C NMR
(Table 2) and DEPT spectra indicated the presence of seven
methyl groups, four methylene groups, seven methine
groups, two quaternary carbons, three di-substituted olefinic
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Fig. 2 Selected HMBC (H to C)
correlations of compound 1 and
NOESY correlations of
compound la

Fig. 3 Selected HMBC (H to C)
and NOESY correlations of
compound 4

carbons, and two carbonyl carbons. The '"H NMR (Table 1)
showed the presence of two additional methyls at 6y 1.91
(dd, J=1.6, 7.1 Hz, CH3-4") and 1.83 (t, J= 1.6 Hz, CHs-
5"), together with the signal at g 5.99 (ddd, J=1.6, 7.2,
8.8 Hz, CH-3’) suggested the presence of angeloyloxy
group. Both the 'H and '3C NMR (Tables 1 and 2) spectral
data of compound 2 were very similar to those of 1 and
revealed that the two compounds are closely related in
structure. The major difference is that 2 contains an addi-
tional angeloyl ester. The position of the angeloyl group
was defined according to the low-field shift of the proton at
oy 4.97 (ddd, J=4.3, 10.0, 11.6 Hz, H-2) and the HMBC
correlation between the signal at 6y 4.97 and the signal at 6¢
168.8, corresponding to the carbonyl C-1'. Correlations in
the NOESY experiment of 2 suggested the same relative
stereochemistry as compound 1, leading to the conclusion
that compound 2 is (2 S,3 §,13Z)-2-angeloyloxy-3-hydroxy-
ent-labd-7(8),13(14)-dien-15-oic acid.

Compound 3 was isolated as a yellow oil whose IR
absorption bands at 1730 and 1714 cm™ indicated the pre-
sence of carbonyl groups. The molecular formula of 3 was
determined as Cy7H49Og, with an additional acetyl group
compared to compound 2, on the basis of its HRESIMS
positive data (m/z 483.2741 [M 4 Na]™). Both the 'H and
13C NMR (Tables 1 and 2) spectral data of compound 3
were close to those of 2, the differences were evident
between these compounds since the the proton at C-3 was

low-field shift to oy 4.80 (dd, J=3.3, 10.4 Hz, H-3), sug-
gesting the presence of an acetyloxy group attached to C-3.
Thus, treatment of 2 with Ac,O-pyridine gave a monoacetyl
derivative whose physical and spectroscopic constants were
identical with those of 3 and was determined as (25,3
S,13Z7)-2-angeloyloxy-3-acetyloxy-ent-labd-7(8),13(14)-
dien-15-oic acid, named as dictyolabdan C.

Dictyolabdan D (4) was obtained as a yellow oil and
showed a molecular formula C,sH330¢ assigned by HRE-
SIMS (m/z 433.2574 [M-H] ", calcd. 433.2590). The IR
spectrum of 4 showed absoption bands at 3434 cm™!
(hydroxyl group), and 1721 cm™' (carbonyl group). The 'H
NMR spectrum of 4 (Table 1) showed the presence of six
methyl groups at oy 1.99 (dd, J=1.5, 7.2 Hz), 1.90 (t, /=
1.5Hz), 1.89 (d, /= 1.1 Hz), 1.05 (s), 0.86 (s), and 0.80 (s).
The '3C NMR (Table 2) and DEPT experiments showed the
presence of six methyls, five methylene carbons (including
four aliphatic and one exomethylene), seven methine car-
bons (three oxygenated and one olefinic), and seven singlet
carbons. The 'H and '*C NMR data were similar to those of
compound 2. Significant differences between both com-
pounds were the presence of a hydroxymethine at 6c 73.8
(C-7) and exocyclic methylene at 6c 111.2 (C-17) in 4,
instead of the trisubstituted double bond for 2. HMBC
correlations (Fig. 3) between the carbon at §c 111.2 (C-17)
and the proton at 6y 4.44 (t, J =2.9 Hz, H-7), and between
the carbon at §c 147.6 (C-8) and the protons at 6y 2.16
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(H-9), 1.86 (H-6p), and 1.58 (H-6), confirmed the presence
of a —-CH,CH(OH)C(CH,)CH- partial structure. The reso-
nance assigned to H-7 (t, J7.,¢ = 2.9 Hz) indicated approxi-
mately equal coupling values for the protons at C-6. Their
values are in particular agreement with the average con-
formation of 55° dihedral angle, calculated from a mole-
cular model for those three nuclei. Comparison of the
coupling constants and the chemical shift of 4, with those
reported for ent-labdanes isolated from Andrographis
paniculata (Chen et al. 2008). Along with, the lack of
correlation in the NOESY experiment (Fig. 3) between the
proton at H-7 and the methyls at CH3-18, CH3-20, as well
as the protons at H-5 and H-9 suggested a p-orientation for
the hydroxyl group. The relative configuration of compound
4 was assigned with reference to the NOESY spectrum (Fig.
3) by analogy with the compounds 1 and 2. From this data,
the new compound 4 was deduced to be (2 5,3 S,7 S,132)-2-
angeloyloxy-3,7-dihydroxy-ent-labd-13(14)-en-15-oic acid.

Reinvestigation (Castillo et al. 2015) of non-polar frac-
tions of the ethanolic extract of A. illita led us to the iso-
lation of two sesquiterpene lactones compound 7, and
eupatoriopicrin 8 (Drozdz et al. 1972), as well as 7-
hydroxytoxol (Zhou et al. 2013).

Compound 7, a colorless oil, showed a molecular for-
mula C;5H,¢03, assigned by HRESIMS (m/z 271.1310] [M
+Na]t, caled. 248.1412). The IR spectrum showed
absorption bands at 3469 cm ™' (OH group), 1756 cm™' (y-
lactone), and 1650, 1612 cm ™! (olefinic functions). The 'H
NMR of 7 showed the presence of four olefinic methylene
protons at 6y 4.86 (d, J=1.5Hz, H-15a), 495 (d, J=
1.5Hz, H-15b), 5.50 (d, J=3.1Hz, H-13a), 6.22 (d, J=
3.1 Hz, H-13b), and two oxygenated methines at oy 5.54
(dd, J=11.0 Hz, H-6), and 4.60 (dd, J = 2.7, 5.4 Hz, H-8).
The '*C NMR and DEPT data indicated the presence of one
methyl carbon, six methylene groups (including two exo-
methylene double bonds), four methine carbons, one qua-
ternary carbon, two di-substituted olefinic carbons, and one
carbonyl group corresponding to a y-lactone. The con-
nectivities were established by analysis of its COSY
experiment. Careful study of the 2D NMR and comparison
with the partially reported "H NMR data for 8p-hydroxy-f-
cyclocostunolide (Jakupovic et al. 1988) led us to the
conclusion that compound 7 could be identified as (8R)-8-
hydroxy-B-cyclocostunolide. Complete 'H and '°C spec-
troscopic data of 7 is reported for the first time.

We were also interested in determining whether some of
the isolated compounds displayed cytotoxic properties
against U-937 cells. This cell line is a useful model to study
the cell growth inhibition of leukemia cells by chemical,
physical, and physiological agents. Antiproliferative studies
in the U-937 cells of the new labdane diterpenoids 1-3 as
well as, the known sesquiterpene lactone 7 and the flavo-
noid quercetin 3,7-dimethylether were assessed and it was

@ Springer

observed that the latter compounds were the most cytotoxic
compounds. Treatment with both compounds resulted in a
dose-dependent inhibition of cellular proliferation. The ICs,
values (the concentration that induces a 50% inhibition of
cell growth) against U-937 cells were 6.0 +0.7 uM and 7.0
+0.5 uM for 8p-hydroxy-f-cyclocostunolide 7 and querce-
tin 3,7-dimethylether, respectively. However, the naturally
occurring labdane diterpenoids 1-3 did not display any
potent cytotoxic properties (ICs, >10 uM). The antitumor
agent etoposide was used as a positive control (IC5o= 1.5+
0.2 uM).
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