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Four new diterpenes, crossogumerins A–D (1–4) along with six known ones (5–10) were isolated from
the root bark of Crossopetalum gaumeri, an endemic medicinal plant from the Yucatan Peninsula. Their
structures were elucidated on the basis of 1D and 2D NMR techniques, including HMQC, HMBC, and
ROESY experiments. Compounds 1–5, 8–10 were evaluated for cytotoxicity against HeLa (carcinoma of
the cervix) and Hep-2 (lung carcinoma) human tumor cells lines and against normal Vero cells (African
green monkey kidney) in lag and log phase of growth. Podocarpane diterpenes, crossogumerin B (2) and
nimbiol (10), exhibited the highest activity against HeLa cells (IC50 values of 3.1 and 8.1 lM, respectively),
but also selectivity on Vero cells (SI 22.6 and 7.5, respectively). The preliminary SAR studies suggest that
an epoxy moiety in ring B and a hydrogen bond-donor group strategically positioned in the diterpene
core are important requirements for cytotoxicity and selectivity.

� 2014 Published by Elsevier Ltd.
Plants belonging to Celastraceae family have been studied for
many years due to the interesting kind of secondary metabolites
they produce with a wide range of biological activities.1 However,
despite these advantages, only a few of celastraceous genera have
been deeply explored searching for bioactive compounds.1 In fact,
only four species of the Crossopetalum genus have been studied for
that purposes.2–9

As part of our continuing search for new bioactive compounds
from medicinal plants, we have initiated the study of Celastraceae
species growing in the Mexican State of Yucatán, mainly of the
genus Crossopetalum. Crossopetalum gaumeri (Loes.) Lundell is an
endemic plant from the Yucatan Peninsula used in traditional
medicine for the treatment of dysentery and snake bites. Previous
phytochemical studies on reported the isolation of cytotoxic carde-
nolides and antibacterial terpenoids.4

In the present work, we report the isolation of four new diter-
penes (1–4), together with six known ones, which were identified
as salvadoriol (5),9 ferruginol (6),10 sugiol (7),11 demethylcryptoj-
aponol (8),12 cyrtophyllone B (9),13 and nimbiol (10)11 (Fig. 1) by
comparison of their spectral data with values reported in the liter-
ature. The cytotoxic activity of compounds was evaluated against
human tumor cells lines of the cervix (HeLa) and the larynx
(Hep-2), together with normal cells, Vero (African green monkey
kidney) searching for selectivity. Compounds for 6 and 7 were
not included in this study as their cytotoxicity has been previously
reported.14,15

Dried and powdered root bark of C. gaumeri16 (400 g) was
extracted with hexanes–Et2O (1:1) in a Soxhlet apparatus. The ex-
tract was concentrated under reduced pressure yielding 47 g of an
orange dark residue. The residue was subjected to fractionation in
a column chromatography packed with Sephadex LH-20 eluting
with hexanes–CHCl3–CH3OH (2:1:1). Forty fractions were col-
lected, monitored by TLC on silica gel, and combined to obtain five
major fractions (A–E). Fraction B was chromatographed on silica
gel 60 (63–210 lm), affording five new fractions (1–5). Fraction
B2 was rechromatographed on silica gel 60 (2–25 lm) using mix-
tures of hexanes–Et2O (from 95:5 to 50:50) to yield 22 eluates that
were combined into 10 fractions (a–j) according to their TLC pro-
files. Fraction B2a was dried under vacuum to afford compound
6. Fraction B2c was purified by TLC plate eluted with a mixture
of hexanes–Et2O (6:4) to give compounds 2 and 10. Fraction B3
was chromatographed on silica gel 60 (2–25 lm) eluted with a
mixture of hexanes–acetone of increasing polarity. Thirty eight
fractions were collected, analyzed by TLC, and combined in five
fractions (a–e). Fraction B3a was further purified by TLC plate using
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Figure 1. Diterpenes isolated from the roots of Crossopetalum gaumeri.
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a mixture of hexanes–EtOAc (7:3) affording compounds 4, 5 and 7.
Compound 1 was obtained from fraction B3c after purification by
TLC plate eluted with CH2Cl2–Et2O (9:1). Fraction B4 was separated
by column chromatography on silica gel 60 (2–25 lm) eluted with
mixtures of hexanes–EtOAc (from 95:5 to 65:35) obtaining 20
fractions (a–t). Fractions B4k and B4p were purified by TLC using
hexanes–acetone (90:10) and hexanes–Et2O (70:30) as eluents,
respectively. Fraction B4k afforded compounds 9 and 10, while
compound 3 was isolated from B4p.

Compound 1,17 ½a�20
D +4.6�, was isolated as a colorless

amorphous solid. The HREIMS gave an ion peak at m/z 270.1664
corresponding to the molecular formula C18H22O2 (calcd
270.1619), which was in good agreement with 13C NMR and DEPT
data (Table 1). The IR spectrum of 1 exhibited a typical absorption
Table 1
1H NMR (400 MHz) and 13C NMR (100 MHz) data of 1, 3, 4 in CDCl3, and 2 in CD3COCD3 (

Position 1 2

dH dC dH dC

1a 1.62 m 37.9 t 1.87 m 34.7 t
1b 2.36 br d (14.0) 2.27 m
2a 1.74 m 18.8 t 1.81 m 19.3 t
2b 2.04 br d (4.4) 1.81 m
3a 1.44 m 40.4 t 1.56 br d (4.0) 39.5 t
3b 1.68 m 1.59 br d (4.0)
4 37.7 s 36.4 s
5 173.3 s 69.3 s
6a 6.45 s 124.6 d 3.53 m 58.5 d
6b
7a 185.3 s 195.4 s
7b
8 123.9 s 122.7 s
9 154.7 s 152.5 s
10 41.3 s 41.3 s
11 6.88 s 110.8 d 6.83 s 110.3 d
12 158.4 s 161.6 s
13 123.0 s 123.5 s
14 7.92 s 129.3 d 7.44 s 129.9 d
15 2.29 s 15.4 q 2.19 s 15.5 q
16a
16b
17
18 1.26 s 32.8 q 0.85 s 26.3 q
19 1.34 s 29.3 q 1.31 s 30.8 q
20 1.50 s 32.7 q 1.29 s 26.9 q

Assignments were based on 2D NMR including HSQC and HMBC. Well-resolved coupl
parentheses.
band for a cross-conjugated ketone at 1641 cm�1, as well as
absorption bands for hydroxyl (3272 cm�1) and aromatic
(2925 cm�1) groups. The 1H NMR spectrum revealed the presence
of three tertiary methyl sharp singlets (d 1.26, 1.34, 1.50), one
methyl attached to an aromatic ring (d 2.29), and two aromatic
protons in para position (d 6.88, 7.92), as well as, a vinyl proton sin-
glet at d 6.45 (dC 124.6). The last signal together with a carbonyl
and a vinyl quaternary carbon at dC 185.3 and 173.3, respectively,
confirmed the presence of an a,b-unsaturated ketone. On the basis
of the above data, and the 13C NMR spectrum and DEPT experi-
ments, which indicated the presence of 18 carbon atoms, com-
pound 1 was assumed to be a podocarpane type diterpene with
cross-conjugated ketone. Furthermore, a complete set of 2D NMR
spectra (COSY, ROESY, HSQC and HMBC) was acquired in order to
d in ppm)

3 4

dH dC dH dC

1.54 d (13.2) 38.1 t 1.45 m 37.1 t
2.31 d (12.8) 2.35 br d (11.9)

18.9 t 1.61 m 19.0 t
1.71 m

41.4 t 1.21 m 41.3 t
1.42 m

33.2 s 33.7 s
1.87 dd (13.6, 4.4) 49.7 d 1.20 m 50.6 d
2.71 dd (18.0, 4.4) 36.2 t 1.87 m 18.5 t
2.64 dd (18.0, 13.4)

199.2 s 2.90 dd (15.3, 8.1) 30.3 t
2.85 dd (17.4, 9.2)

130.3 s 133.1 s
149.0 s 140.1 s
37.7 s 39.1 s

7.12 s 123.4 d 137.7 s
153.0 s 139.0 s
137.8 s 125.1 s

7.48 s 114.0 d 6.63 s 116.8 d
3.33 sext (6.9) 37.5 d 3.95 c (7.6) 41.6 d
3.92 dd (9.6, 4.0) 68.4 t 178.0 s
3.79 dd (9.6, 7.4)
1.33 d (7.0) 15.7 q 1.70 d (7.4) 20.1 q
0.92 s 32.5 q 0.93 s 33.3 q
0.98 s 21.2 q 0.93 s 21.6 q
1.21 s 23.5 q 1.24 s 22.4 q

ings are expressed with coupling pattern and coupling constants in Herzt (Hz) in
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corroborate the structure of 1. Thus, correlations observed in the
HMBC experiment between the aromatic methine resonance at
dH 7.92 (dC 129.3) and two aromatic quaternary carbon signals at
dC 154.7 (C-9) and 158.4 (C-12), the methyl resonance at d 15.4
(C-15), and the carbonyl signal at d 185.3 (C-7) indicated that this
methine must be H-14; while assignment of H-11 was substanti-
ated by the long-range couplings of the resonance at dH 6.88 with
the aromatic quaternary carbon resonance at d 123.9 (C-8) and the
aliphatic quaternary carbon signal at d 41.3 (C-10). The vinylic pro-
ton was located at C-6 in a to the carbonyl group based on the
chemical shift at dH 6.45 (dC 124.6) and the long-range couplings
with two aliphatic quaternary carbons (C-4, C-10) and the aromatic
carbon signal at dC 123.9 (C-8). The gem-dimethyl signals were
assigned based on the HMBC cross-link coupling of the methyl sig-
nals at dH 1.26 and 1.34 (H-18 and H-19, respectively) with the
methylene signal at dC 40.4 (C-3), the quaternary carbon resonance
at d 37.7, and the olefinic quaternary resonance at dC 173.3 (C-5).
Additionally, the interaction between the methyl singlet at dH

1.50 and the vinylic quaternary carbon confirmed the assignments
of C-5 and the methyl group at C-10. Therefore, compound 1 was
identified as 12-hydroxy-13-methyl-5,8,11,13-podocarpatetraen-
7-one, which we named crossogumerin A (1).

Compound 218 showed an IR spectrum similar to that of 1, indi-
cating the presence of a hydroxyl group (3382 cm�1) and an aryl
ketone (1696 cm�1). The HREIMS gave a molecular ion peak at
m/z 286.1560 corresponding to the molecular formula C18H22O3

(calcd 286.1568). The 1H NMR spectrum was analogous to that of
1 (Table 1), except for the presence of an oxymethine proton at d
3.53 (s) instead of the vinyl proton signal. The 13C NMR spectrum
and DEPT experiments indicated the presence of one oxymethine
carbon and one oxygenated quaternary carbon with resonances
at d 58.5 and 69.3, suggesting an epoxy moiety. The structure of
2 was confirmed by detailed analysis of 2D NMR experiments
(HSQC and HMBC). Thus, the signal at d 3.53 was assigned to H-6
by couplings with the carbonyl group signal (d 195.4), two quater-
nary sp3 carbon signals (d 36.4 and 69.3) and a quaternary aro-
matic carbon resonance at d 122.7 in the HMBC experiment. The
relative configuration of the 5,6-epoxide ring of 2 was established
from the NOE effects observed in a ROESY experiment together
with the analysis of the optimized structure.19 Thus, the dihedral
angles corresponding to C6–C5–C4–C18 and C6–C5–C4–C19 were
measured on the minimized conformers of either a or b epoxides.
The calculated values (36� and 84�, and 7� and 125� for a and b
epoxides, respectively) suggested a b-pseudoaxial orientation for
H-6, and therefore, an a-orientation of the epoxy group (Fig. 2)
as in such configuration the methyl groups at C-4 (Me-18 and
Me-19) are closer to H-6, allowing NOE interactions. Cross-peak
between H-6 signal at dH 3.53, and gem-methyl signals at d 0.85
(H-19) and 1.31 (H-18) in the ROESY experiment supported the
above assumption, which is in accordance with a stereoselective
epoxidation of the double bond in crossogumerin A (1). Thus,
Figure 2. Fully optimized conformers of compou
compound 2 was deduced to be 5a,6a-epoxy-12-hydroxy-13-
methyl-8,11,13-podocarpatrien-7-one (crossogumerin B).

Podocarpane diterpenes are rare in the Celastraceae species,
and only one example, celaphanol A isolated from Celastrus orbicul-
atus, and two dimeric podocarpane type trinorditerpenes, have
been reported.20 To the best of our knowledge, this is the second
report on the presence of podocarpane diterpenes in a celastra-
ceous species, and the first in genus Crossopetalum.

Crossogumerin C21 (3) was obtained as a white amorphous
solid, with the molecular formula C20H28O3 (HREIMS). As crosso-
gumerins A and B, compound 3 displayed in the aromatic region
of the spectrum two one-proton singlets at d 7.12 and 7.48, which
may be assigned to H-11 and H-14 in the aromatic ring C of a diter-
pene skeleton. Comparison of the 1H and 13C NMR spectra with
those of compounds 1 and 2 showed differences which make
evident the presence of an abietane-type skeleton instead of a
podocarpane one. Thus, the 13C NMR spectrum and DEPT experi-
ments showed 20-carbon signals, which account for four methyls,
five methylenes, three methines and eight quaternary carbons. The
1H NMR spectrum also exhibited two double of doublets at d 3.79
(J = 9.6, 7.4 Hz) and 3.92 (J = 9.6, 4.0 Hz) according with the pres-
ence of a hydroxymethylene (dC 68.4), which together with a
methyl doublet at d 1.33 (J = 7.0 Hz) and a sextuplet signal at d
3.33 (J = 6.9 Hz), suggested the presence of an abietane skeleton
with an oxygenated methylene group. The HMBC long-range cou-
plings between the aromatic quaternary carbon at d 137.8 (H-
13), the hydroxymethylene protons (d 3.79 and 3.92) and the
methyl protons at d 1.33, which in turn correlates with the methine
carbon at d 37.5 and the carbon at d 68.4, confirmed the presence of
the hydroxy-isopropyl group of an abietane skeleton. In addition,
the carbonyl group signal (dC 199.2) showed cross-peaks with the
methine signal at d 1.87 (dd, J = 13.6, 4.4 Hz), the methylene signals
at d 2.64 and 2.71 and the aromatic methine singlet at d 7.48,
indicating that the keto group must be at C-7, and allowed the
assignment of carbon signals at positions 5, 6 and 14. All the above
data (Table 1) established the structure of compound 3 as 12,16-
dihydroxy-8,11,13-abietatriene-7-one.

Compound 4 (crossogumerin D)22 was isolated as a colorless
glassy material. The high-resolution mass spectrum indicated the
molecular formula C20H26O3 (m/z 314.1898, calcd for C20H26O3

314.1881). Its IR spectrum showed absorption bands for hydroxyl
(3390 cm�1), and c-lactonic carbonyl (1800 cm�1) groups. The
13C NMR spectrum and DEPT experiments revealed the presence
of 20 carbon signals (Table 1) accounting for four methyl groups,
five methylenes, three methines, and eight quaternary carbons.
The signal at d 178.0 confirms the presence of the lactonic moiety.
The 1H NMR spectrum showed two singlets due to three tertiary
methyl groups at d 0.93 (6H) and 1.24 (3H), and a secondary
methyl doublet resonance at d 1.70 (J = 7.4 Hz) coupled with a
quartet signal at d 3.95 (J = 7.6 Hz, dC 41.6). In the aromatic region
only one aromatic proton signal (dH 6.63, dC 116.8) was observed,
nd 2. (a) 5a,6a-Epoxide. (b) 5b,6b-Epoxide.



Table 2
Cytotoxicity of compounds 1–5 and 8–10 against HeLa, Hep-2 and Vero cells

Compounds Cell lines IC50 lM (SI)a CLogP

HeLa Hep-2 Vero

Ab Bc A B A B

1 45.6 (>1.5) 39.6 (>1.8) >70 >70 >70 >70 5.55
2 5.9 (>11.9) 3.1 (>22.6) >70 23.5 (>3.0) >70 >70 4.73
3 42.1 (0.9) 40.8 (1.2) 43.0 (0.9) 53.2 (0.9) 37.0 48.1 4.33
4 39.2 (1.2) 38.5 (0.6) 41.4 (1.2) 38.2 (0.7) 48.7 24.8 5.94
5 36.1 (1.1) 35.4 (1.4) 46.4 (0.9) 39.1 (1.2) 40.7 47.7 5.33
8 39.6 (1.2) 41.1 (1.2) 49.4 (1.0) 46.2 (1.0) 47.5 47.5 5.73
9 >70 >70 >70 >70 >70 >70 3.89

10 8.1 (1.8) 8.1 (7.5) 57.4 (0.3) 16.2 (3.7) 14.1 60.3 5.44
Controld 1.1 � 10�3 (65.5) 1.6 � 10�3 (6.3) 1.7 � 10�1 (0.4) 6.2 � 10�3 (1.6) 7.2 � 10�2 1.0 � 10�2 nd

All experiments were repeated at least three times, and the variations were less than 10%.
nd: not determined

a Selectivity Index are given in parenthesis.
b Lag phase. The compounds were incorporated at beginning of the bioassay and incubated for 48 h.
c Log phase. The compounds were incorporated when the cells were at division phase and incubated for 48 h.
d Actinomycin D was used as positive control.
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suggesting a pentasubstituted aromatic ring. Moreover, compound
4 exhibited a double of doublets at d 2.87 (2H, H-7) characteristic
of a methylene attached to an aromatic ring, and to another meth-
ylene.23 Analysis of these data suggest an abietatriene diterpene
skeleton for compound 4. The HMBC experiment showed correla-
tions of the aromatic proton (d 6.63) with the methylene at d
30.3 (C-7) and two quaternary aromatic carbons at d 140.1, and
139.0 (C-9 and C-12, respectively), indicating that the aromatic
proton corresponds to H-14. Couplings between the quartet at d
3.95 (H-15, dC 41.6), the methyl group resonance at d 20.1 (C-17),
the aromatic carbons at d 139.0 (C-12) and 125.1 (C-13), and the
carbonyl group signal at d 178.0, indicated that a CH3CHCO system
was attached to C-13. Additionally, a cross-peak was observed be-
tween H-15 and the oxygen bearing aromatic carbon (d 139.0),
indicating the lactone ring is located at C-12 and C-16. Therefore,
crossogumerin D was identified as 11-hydroxy-8,11,13-abietri-
ene-16,12-olide. The well-established biogenetic A/B ring trans
junction of abietane-type diterpenoids (i.e., the a-orientation of
H-5)24 was confirmed based on ROESY interactions between in
H-5 (d 1.20)/H-18 (d 0.98) in compound 3 and H-5 (d 1.20)/H-7 a
(d 2.90) and H-18 (d 0.93) in compound 4.

The cytotoxic activity of compounds 1–5, 8–10 were evaluated
against HeLa, Hep-2, and Vero cell lines in lag and log phase of
growth as previously reported.15 As shown in Table 2, crossogum-
erin B (2) and nimbiol (10) exhibited the highest activity against
HeLa cells (IC50 values of 3.1 and 8.1 lM, respectively). It is impor-
tant emphasize that both compounds, in particular 2, shown selec-
tive cytotoxicity as demonstrated by their higher IC50 values
against the non-tumoral mammalian Vero cells. Moreover, their
activities was increased remarkably, more than three times, when
they were incorporated at Hep-2 cell culture in log phase of growth
after 48 h of exposure, indicating that the mechanism of action
must be related to the disruption of key processes during cell divi-
sion. The lipophilicity of the evaluated compounds (expressed as
C logP)25 were calculated to correlate their values with the cyto-
toxic activity. However, the results obtained indicated that the
in vitro biological activity of the compounds does not correlate
with the calculated C logP values.

The SAR analysis of the compounds assayed suggested that
compounds containing a podocarpane skeleton have higher
potency than those with an abietatriene one. Consistent with this
observation, 2 and 10 are the most active compounds from this
series. The influence of substituents on the B ring was evident
when we compared the activity displayed by 1 with those of 2
and 10, as modification of the double bond at C-5(6) produced a
considerable increase in the activity, being the most striking result
the substantial increase of selectivity (2 vs 10). Moreover, the
overall oxidation level of the molecule is an important trend of this
series, due to the presence of three hydroxyl groups result in the
loss of the bioactivity. The preliminary SAR studies allowed to con-
clude that an epoxy moiety in ring B and a hydrogen bond-donor
group (HBD) strategically positioned in the molecule are important
requirements for the cytotoxic activity.
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