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Two new 14,18-cycloapoeuphane triterpenoids, cumingianols G (1) and H (2), along with 12 known
compounds, cumingianol C (3), cumingianol A (4), cumingianol D (5), 3,3-ethylenedioxy-5a-cycloart-24-
en-23-one (6), 24,25(R,S)-24,25-epoxy-20(S)-hydroxydammar-3-one (7), (3B,7a)-stigmast-5-ene-3,7-
diol (8), 7a-hydroxystigmasterol (9), 7B-hydroxysitosterol (10), 7B-hydroxystigmasterol (11), ethylcholest-
5-en-3-hydroxy-7-one (12), coniferaldehyde (13) and 4-hydroxy-3,5-dimethoxy-benzaldehyde (14), have
been isolated from Dysoxylum cumingianum collected in Taiwan. The structures of these metabolites

were determined through mass spectrometry and 1D and 2D NMR analyses, combined with comparisons
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Accepted 22nd July 2025 o reference data. The cytotoxic effects of these isolates were evaluated against human oral squamous
cell carcinoma (SCC2095), human breast adenocarcinoma (MCF-7), and human gastric adenocarcinoma

DOI: 10.1035/d5ra03726¢ (SCM-1). Among them, compound 4 exhibited significant cytotoxicity against the SCC2095 and MCF-7
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Introduction

Cancer remains one of the most lethal diseases worldwide. In
2022, nearly 20 million new cancer cases and 9.7 million cancer-
related deaths were reported, according to the latest data from
the International Agency for Research on Cancer.! Current
estimates indicate that about one in five individuals will
develop cancer during their lifetime, while approximately one in
nine men and one in 12 women will die from it.* The most
frequently diagnosed cancers globally included breast cancer in
women, lung cancer, and prostate cancer, while the leading
causes of cancer-related deaths were lung, liver, and stomach
cancers.” In response to the growing global cancer burden,
botanical herbs and their derived compounds are receiving
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cell lines, with ICsg values of 6.3 uM and 6.1 uM, respectively.

increasing attention as complementary sources for cancer
therapy. Numerous clinical studies have demonstrated the
beneficial effects of herbal medicines on patient survival,
immune system modulation, and quality of life, particularly
when used in combination with conventional treatments.?
Among the diverse plant species explored for their medicinal
potential, the genus Dysoxylum, belonging to the Mahogany
family (Meliaceae), has been traditionally used in Southeast
Asia and India for treating various ailments.** These plants are
known to contain structurally diverse compounds with a broad
range of biological activities, including anticancer,*® antibac-
terial,” anti-inflammatory,”® and anti-leishmania properties."*
Natural compounds derived from the genus Dysoxylum
predominantly include sesquiterpenoids, diterpenoids, tri-
terpenoids, triterpenoid glycosides, limonoids, steroids, and
alkaloids.”*> Among these, triterpenoids and triterpenoid
glycosides are the most abundant. These compounds exhibit
a wide structural diversity, encompassing dammarane, ole-
anane, lupane, tirucallane, cyclolanostane, cycloartane, glabre-
tal, cycloapoeuphane, and nortriterpenoid types.”*> Among the
species in the genus Dysoxylum, D. cumingianum, found in the
Philippines, northern Borneo, and Taiwan,'*' is one such
species of interest. In addition to their remarkable structural
diversity, the secondary metabolites derived from D. cumingia-
num have demonstrated notable pharmaceutical potential,
particularly  exhibiting anti-cancer  activity.***  The
stigmastane-type sterol dycusin A and the triterpenes cumin-
gianols A, B, and D have demonstrated enhanced cytotoxicity

© 2025 The Author(s). Published by the Royal Society of Chemistry
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against multi-drug resistant KB-C2 cancer cells.*>*® Notably, the
triterpene glucoside cumingianoside P showed significant
cytotoxic effects against 37 human cancer cell lines, and most
sensitive to the renal cancer UO-31 cells which the EC;, value of
0.267 pM, while the cumingianoside Q displayed selective
cytotoxicity against non-small cell lung cancer NCI-H522 cells
which the ECs, value of 1.67 upM."™ Additionally,
cumingianoside M, a triterpene glucoside featuring a 14,18-
cycloapoeuphane skeleton, showed significant cytotoxic activity
against various cancer cells, especially leukemia and melanoma
cell lines.”” Furthermore, cumingianosides A and C also
demonstrated strong selective cytotoxic effects against the
human leukemia MOLT-4 cell line which the EDs, values of
<0.00625 and <0.0045 pg mL™ ", respectively.®

In an effort to identify antitumor compounds from plants
native to Taiwan, we aimed to develop botanical drugs for
cancer treatment. In this study, we discovered two new 14,18-
cycloapoeuphane-type triterpenoids, cumingianols G (1) and H
(2), along with 12 known compounds, including cumingianol C
(3),"* cumingianol A (4),” cumingianol D (5),* 3,3-ethylene-
dioxy-5a-cycloart-24-en-23-one  (6),**  24,25(R,S)-24,25-epoxy-
20(S)-hydroxydammar-3-one (7),** (3B,7a)-stigmast-5-ene-3,7-
diol (8),” 7a-hydroxystigmasterol (9),** 7p-hydroxysitosterol
(10),>*  7B-hydroxystigmasterol (11),> ethylcholest-5-en-3-
hydroxy-7-one (12),>* coniferaldehyde (13),** and 4-hydroxy-3,5-
dimethoxybenzaldehyde (14)* (Fig. 1). These compounds were
isolated from the methanol and acetone extracts of the stems of
D. cumingianum collected in Taiwan. The structures of
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compounds 1-14 were elucidated through detailed analyses of
their MS, IR, and NMR spectra. The cytotoxic activity of the
isolated compounds was evaluated against three human cancer
cell lines: oral squamous cell carcinoma (SCC2095), breast
adenocarcinoma (MCF-7), and gastric adenocarcinoma (SCM-
1). Among them, compound 4 exhibited significant cytotox-
icity against the SCC2095 and MCF-7 cell lines, with ICs, values
of 6.3 uM and 6.1 pM, respectively.

Results and discussion

Compound 1 was isolated as an amorphous powder with the
molecular formula C3sHsgO¢ (seven degrees of unsaturation),
established based on an ESIMS peak at m/z 597, and further
confirmed by a HRESIMS peak at m/z 597.4125 [M + Na]" (caled.
for C35H;5306Na, 597.4126). The IR spectrum of 1 indicated the
presence of hydroxy and ester moieties, corresponding to
absorption bands at v, 3477 and 1713 ecm™ , respectively. The
C NMR data of 1, in combination with DEPT spectrum,
showed resonances of 35 carbons, including one ester carbonyl
(6c 170.4, OAc-7), one ketal carbon (6 108.4, acetonide ketal
carbon), five sp* oxygenated carbons (¢ 87.8, C-24; 77.6, C-23;
76.3, C-7; 76.0, C-3; 69.8, C-5), five sp’ quaternary carbons,
four sp® methine carbons, nine sp® methylene carbons, and ten
methyl carbons (Table 1). The "H NMR data of 1, in combina-
tion with the HSQC spectrum, revealed the presence of a cyclo-
propyl methylene group (6 0.37, 1H, d,J = 5.4 Hz and 0.66, 1H,
d, J = 5.4 Hz/d¢ 16.2, CH,-18), four sp’ oxygenated methine

8: R = a-OH; 23,24-saturated
9: R = a-OH; 4234

10: R = B-OH; 23,24-saturated
11: R = B-OH; A3
122.R=0

Fig. 1 The structures of compounds 1-14.

© 2025 The Author(s). Published by the Royal Society of Chemistry

2: Ry = p-OH; R, = a-OH
3: Ry = 0-OH; R, = 0-OH
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Table1 H (600 MHz, CDCls) and *C (150 MHz, CDCls) NMR data for
1

Position 0y (J in Hz) é¢c, Mult.”
1 1.30 m; 1.38 m 33.3, CH,
2 1.56 m; 1.95 m 25.1, CH,
3 3.41t (2.4) 76.0, CH
4 37.0,C
5 1.81m 41.2, CH
6 1.54 m; 1.63 m 23.3, CH,
7 4.93 dd (3.6, 1.8) 76.3, CH
8 34.8,C
9 1.32 m 45.5, CH
10 37.2,C
11 1.27 m 16.8, CH,
12 1.68 m; 1.83 m 27.6, CH,
13 27.6, C
14 38.2, C
15 1.33m; 1.75 m 26.4, CH,
16 0.80 m; 1.50 m 24.4, CH,
17 1.80 m 52.2, CH
18 0.37 d (5.4); 0.66 d (5.4) 16.2, CH,
19 0.89 s 15.9, CH,
20 1.74 m 34.6, CH
21 1.02 d (7.2) 20.1, CH;
22 1.28 m; 1.81 m 38.8, CH,
23 3.94 ddd (9.0, 7.2, 2.4) 77.6, CH
24 3.48d (7.2) 87.8, CH
25 69.8, C
26 1.16 s 24.6, CH,
27 1.25 s 28.0, CH,
28 0.85 s 28.0, CH,
29 0.81's 21.9, CH,
30 1.08 s 19.6, CH,
OAc-7 2.03 s 21.6, CH,
170.4, C
Acetonide 1.39 s 27.2, CH;
1.38 s 27.5, CH,
108.4, C

“ Multiplicity deduced by DEPT and HSQC spectra.

groups (8 4.93, 1H, t, ] = 2.4 Hz/0¢ 76.3, CH-7; 6y 3.94, 1H, ddd,
J=9.0, 7.2, 2.4 Hz/6¢ 77.6, CH-23; 6, 3.48, 1H, d, J = 7.2 Hz/é¢
87.8, CH-24; 0y 3.41, 1H, t, ] = 2.4 Hz/d¢ 76.0, CH-3), one acetoxy
substituent (6y 2.03, 3H, s/dc 21.6, acetate methyl; dc 170.4,
acetate carbonyl), one doublet methyl, and eight singlet methyls
(Table 1). These data indicated that the structure of 1 is
consistent with a 14,18-cycloapotirucallane-type triterpenoid."
Interpretation of 'H-'H correlations observed in the COSY
spectra enabled the establishment of four continuous spin
systems H,-1/H,-2/H-3, H-5/H,-6/H-7, H-9/H,-11/H,-12, H,-15/
H,-16/H-17/H-20/H,-22/H-23/H-24, and H-20/H,;-21 (Fig. 2).
Correlations between protons and non-protonated carbons
were observed in the HBMC spectrum, such as H-3, H-5, H;-28,
H;-29/C-4; H-7, H-9, H,-18, H;-30/C-8; H,-1, H-5, H-9, H;-19/C-
10; H,-12, H-17, H,-18/C-13; H-7, H,-15, H,-18, H;-30/C-14;
and H-23, H-24, H;3-26, H3-27/C-25 (Fig. 2). These COSY and
HMBC analyses confirmed the 14,18-cycloapotirucallane-type
triterpenoid skeleton of 1. The position of the acetoxy substit-
uent at C-7 was confirmed by the HMBC correlation from H-7
(6 4.93) to the acetoxy carbonyl at 6c 170.4 (Fig. 2). The
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Fig. 2 Key COSY and HMBC correlations of 1.

acetonide moiety was indicated by the presence of a ketal
carbon (i 108.4, C) and two singlet methyls (6y 1.39, 3H, s/d¢
27.2, CHs; 0y 1.38, 3H, s/d¢ 27.5, CH3),? both of which showed
correlation with the ketal carbon in the HMBC spectrum. This
finding was consistent with the seven degrees of unsaturation in
1. In the HMBC spectrum, H-23 (6y 3.94) showed a correlation
with the acetonide ketal carbon, while H-24 (i 3.48) did not.
Therefore, the acetonide moiety should be positioned between
C-23 and C-25 (¢ 69.8, oxygenated tertiary carbon) forming
a six-membered acetonide moiety (Fig. 2). Based on the chem-
ical shifts of CH-3 (6y; 3.41/0¢ 76.0) and CH-24 (6y; 3.48/6¢ 87.8),
the remaining two hydroxy groups are placed at C-3 and C-24.
The planar structure of 1 was thus fully established.

The relative stereochemistry of 1 was established by inter-
preting the NOESY correlations in combination with
a computer-generated structural model. In the NOESY spectrum
(Fig. 3), H3-19 showed correlations with H3-29 and H;-30, while
H-5 correlated with H-9 and H;-28, indicating that the Me-19
and Me-30 are B-oriented, and H-5 and H-9 are a-oriented. H-
3 exhibited NOE correlations with both protons of CH,-2 (0
1.56 and 1.95) as well as with H;-28 and H3-29. H-7 exhibited
NOE correlations with H;-30 and both protons of CH,-6 (6y 1.54
and 1.63). Based on the structural model, H-3 and H-7 are
oriented to the a-face, while OH-3 and OAc-7 are oriented to the
B-face. One proton of CH,-18 (dy; 0.66) correlated with H-9, and

Fig. 3 Key NOESY correlations of 1.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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the other proton (6 0.37) correlated with H-17 (65 1.80), sug-
gesting that CH,-18 and H-17 are a-oriented, the same as H-9.
H;-21 showed NOE correlations with both protons of H,-12
(6 1.68 and 1.83) and with H-23. Considering the model
structure, H;-21 should be positioned in the B-orientation at C-
20. H-23 correlated with H3-21, while H-24 correlated with H-23
as well as H3-26 and H;-27. Additionally, H-23 coupled with H-
24 with a *J coupling constant of J = 7.2 Hz, based on the Kar-
plus equation,® the dihedral angle between H-23 and H-24 was
approximately 50°. In combination with the structural model,
these two protons are oriented in the B-orientation. Therefore,
the relative stereochemistry of 1 was established as
3R* 5R*,7R* 8R* 9R* 10S* 13R*,145* 17R*208*%,23R*24S*. To
determine whether isolate 1 was a natural or an artifactual
compound, the original MeOH extract was re-examined by LC-
MS. The LC-MS profile showed that the MeOH extract con-
tained 1, which indicated by an pseudo-molecular ion peak at
m/z 575 [M +1]" (Fig. S57). The isolate 1 was thus identified as
a new compound and named cumingianol G.

Compound 2 was obtained as an amorphous powder. Its
HRESIMS spectrum showed an ion peak at m/z 539.3709 [M +
Na]" (caled. for C3,Hs5,05Na, 539.3707), indicating a molecular

View Article Online

RSC Advances

formula C3,H;,05 (seven degrees of unsaturation). The pres-
ence of hydroxy, ester carbonyl, and olefinic functional groups
was confirmed by IR absorption bands at v, 3518, 1731, and
1652 cm ', respectively. Analysis of 'H, '*C, DEPT, and HSQC
NMR data of 2, revealed the presence of an acetoxy substituent,
an exocyclic olefin, a cyclopropyl methylene moiety, four
oxygenated methines, one doublet methyl, and five other singlet
methyls (Table 2). The planar structure of 2, including the
positions of OAc-7, OH-3, OH-23, and OH-24, was fully deter-
mined by interpreting the correlations observed in the COSY
and HMBC spectra (Fig. 4). It was found that the planar struc-
ture of 2 is identical to that of cumingianol C (3). However,
comparison of the NMR data between 2 and cumingianol C (3)
revealed marked differences in their '"H and ">C chemical shifts
(Table 2). A closer analysis of the NMR data for CH-23 (6y 3.85,
dd, J = 13.6, 8.0 Hz; 6¢ 78.1), CH-24 (6y; 3.95, d, J = 8.0 Hz; i
86.4), C-25 (8¢ 142.1), CH,-26 (0 4.98, br s; 5.05 br s/d¢ 115.2),
and CH3-27 (04 1.79, s; 6¢ 17.5) of 2 with those of 3 (6y 3.71, dd, J
=12.0, 4.8 Hz/d; 71.3, CH-23; 0y 3.87, d, J = 4.8 Hz/6; 77.8, CH-
24; 6. 145.0, C-25; 8,4 4.99 br s, 5.05 br s/6¢ 113.0, CH,-26; 65y
1.76, s/6¢c 18.7, CH;-27), suggested differences in the configu-
rations at positions CH-23 and CH-24. Further analysis of

Table 2 H (400 MHz, CDCls) and *C (100 MHz, CDCls) NMR data for 2 and *H (600 MHz, CDCls) and ¥*C (150 MHz, CDCls) NMR data for 3

2 3
Position 0y (J in Hz) Oc, Mult.” oy (J in Hz) dc, Mult.”
1 1.32 m; 1.40 m 33.4, CH, 1.29 m; 1.38 m 33.2, CH,
2 1.56 m; 1.96 m 25.3, CH, 1.56 m; 1.95 m 25.1, CH,
3 3.42brs 76.2, CH 3.41t (3.0) 76.0, CH
4 37.2,C 37.0,C
5 1.84 m 41.3, CH 1.82 m 41.2, CH
6 1.56 m; 1.62 m 23.5, CH, 1.54 m; 1.64 m 23.3, CH,
7 5.00 br s 76.5, CH 4.98 br s 76.3, CH
8 38.3,C 38.2,C
9 1.33 m 45.7, CH 1.33 m 45.5, CH
10 37.4,C 37.2,C
11 1.28 m 17.0, CH, 1.27 m 16.8, CH,
12 1.69 m; 1.81 m 27.7, CH, 1.70 m; 1.82 m 27.6, CH,
13 27.6, C 27.5,C
14 35.0, C 34.9,C
15 1.34m; 1.75 m 26.6, CH, 1.34 m; 1.76 m 26.4, CH,
16 0.81 m; 1.48 m 24.1, CH, 0.84 m; 1.50 m 24.4, CH,
17 1.78 m 52.5, CH 1.81 m 52.3, CH
18 0.37 d (4.8); 0.65 d (4.8) 16.5, CH, 0.38 d (5.4); 0.66 d (5.4) 16.2, CH,
19 0.89 s 16.1, CH; 0.89 s 15.9, CH;
20 1.70 m 33.0, CH 1.71 m 32.8, CH
21 0.95 d (6.4) 20.1, CH, 0.99 d (6.6) 19.9, CH;
22 1.35m; 1.72 m 36.2, CH, 1.19 m; 1.76 m 36.5, CH,
23 3.85 dd (13.6, 8.0) 78.1, CH 3.71 dd (12.0, 4.8) 71.3, CH
24 3.95 d (8.0) 86.4, CH 3.87 d (4.8) 77.8, CH
25 142.1, C 145.0, C
26 4.98 br s; 5.05 br s 115.2, CH, 4.99 br s; 5.05 br s 113.0, CH,
27 1.79 s 17.5, CH; 1.76 s 18.7, CH;
28 0.85 s 28.2, CH, 0.85 s 28.0, CH,
29 0.81s 22.1, CH; 0.81s 21.9, CH;
30 1.08 s 19.8, CH, 1.08 s 19.6, CH,
OAc-7 2.04 s 21.8, CH; 2.03 s 21.6, C
170.6, C 170.4, C

“ Multiplicity deduced by DEPT and HSQC spectra.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 Key COSY and HMBC correlations of 2.

correlations observed in the NOESY spectrum (Fig. 5), revealed
that H-3 showed correlations with both protons of CH,-2 and
with H;3-28 and H;-29; H-7 exhibited correlations with H;-30 and
both protons of CH,-6, indicating that the hydroxyl at C-3 and
the acetoxy group at C-7 are a-positioned. Additionally, H-17
correlated with H;-30 and Hj;-21, suggesting that H-17 and
CH;-21 are B-oriented, consistent with the orientation of CH;-
30. A literature review indicated that J value for cis protons are
approximately 6.0 Hz, while those for trans protons fall within
the range of 7.3 to 8.4 Hz.*'** The J,3 »4 of 2 was 8.0 Hz, which is
more consistent with a ¢rans configuration, whereas the corre-
sponding value in 3 (J,; »4 = 4.8 Hz) supports a cis configuration.
Furthermore, H-23 showed correlations with H-20, H;-21, and
H;-27; H-24 correlated with one of the H,-22 protons (dy 1.72)
and with H,-26. Considering the structural model, OH-23 and
OH-24 are positioned on the 8- and a-faces, respectively, instead
of a- and a-faces as those of cumingianol C (3). Thus, the rela-
tive  stereochemistry of 2 was  established as
3R* 5R* 7R* 8R* OR*10S*13R*14S*175*205* 235* 24R*.
Compound 2 was therefore identified as a new compound and
named cumingianol H.

The known compounds 3-14 were identified as cumingianol
C (3),” cumingianol A (4),"* cumingianol D (5)," 3,3-ethylene-
dioxy-5a-cycloart-24-en-23-one  (6),*  24,25(R,S)-24,25-epoxy-
20(S)-hydroxydammar-3-one (7),>* (3B,7a)-stigmast-5-ene-3,7-

Fig. 5 Key NOESY correlations of 2.
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Table 3 Cytotoxicity of the compounds 1-14 against cancer cell lines

ICso (UM)
Compound  SCC2095  MCF-7¢ SCM-1¢ Fibroblasts
1 9.6 + 0.6° 7.6 £1.6 11.7 £ 1.5 184 + 1.1
2 >10 >10 >10 —
3 >10 >10 >10 —
4 6.3 £ 1.0 6.1 £ 0.9 20.0 £ 4.9 >30
5 18.3 £ 1.9 13.3 £ 1.8 15.6 &+ 3.6 >30
6 >30 >30 >30 —
7 >30 >30 >30 —
8 >30 >30 >30 —
9 >30 >30 >30 —
10 >30 >30 >30 —
11 239+ 1.4 >30 >30 —
12 >30 >30 >30 —
13 >30 >30 >30 —
14 >10 >10 >10 —
Etoposide 2.5+0.2 — — —
Tamoxifen — 7.0 £ 0.6 — —
Paclitaxel — — 0.07 £ 0.002 —

% S8CC2095: human oral squamous cell carcinoma; MCF-7: human
breast adenocarcinoma; SCM-1: human gastric adenocarcinoma,
fibroblasts. ? Data are presented as mean + S.E.M. (n = 3). Tamoxifen
or etoposide or paclitaxel was used as a positive control.

diol (8),*> 7a-hydroxystigmasterol (9),>* 7p-hydroxysitosterol
(10),>*  7B-hydroxystigmasterol  (11),> ethylcholest-5-en-3-
hydroxy-7-one (12),* coniferaldehyde (13),%° and 4-hydroxy-3,5-
dimethoxybenzaldehyde (14),%” respectively, by comparing
their spectroscopic data with those data reported in previous
publications.

The cytotoxicity of isolates 1-14 against SCC2095, MCF-7, and
SCM-1 cancer cell lines was evaluated using the MTT assay. The
results showed that compounds 1, 4, 5, and 11 inhibited the
proliferation of SCC2095, MCF-7, and SCM-1 cell lines (Table 3).
Notably, compound 4 exhibited significant cytotoxicity against
the SCC2095 and MCF-7 cell lines with ICs, values of 6.3 + 1.0
and 6.1 £ 0.9 puM, respectively. To verify the selectivity of these
compounds toward cancer cells, compounds 1, 4, and 5 were
evaluated for their cytotoxicity against fibroblast cells. The
results showed that compound 1 exhibited mild cytotoxicity, with
an ICs, value of 18.4 uM, while compounds 4 and 5 were non-
cytotoxic to this cell line (Table 3), supporting their selective
cytotoxicity toward cancer cells. Compound 4 has also been re-
ported to be cytotoxic to human epidermoid carcinoma KB and
colchicine resistant KB-C2 cell lines.” Compounds 4 and 5 share
the same number, type, and position of functional groups. The
only structural difference is that compound 4 features a 14,18-
cycloapoeuphanyl structure at the C-14 position, whereas
compound 5 contains a 14,15 double bond. This 14,18-cyclo-
apoeuphanyl structure in compound 4 may account for its
enhanced cytotoxic activity against cancer cells.

Conclusions

Two new 14,18-cycloapotirucallane-type triterpenoids, cumin-
gianols G (1) and H (2), along with 12 known compounds,

© 2025 The Author(s). Published by the Royal Society of Chemistry
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including cumingianol C (3), cumingianol A (4), cumingianol D
(5), 3,3-ethylenedioxy-5a-cycloart-24-en-23-one (6), 24,25(R,S)-
24,25-epoxy-20(S)-hydroxydammar-3-one (7), (3B,7a)-stigmast-5-
ene-3,7-diol  (8), 7a-hydroxystigmasterol (9), 7p-hydrox-
ysitosterol (10), 7B-hydroxystigmasterol (11), ethylcholest-5-en-
3-hydroxy-7-one (12), coniferaldehyde (13) and 4-hydroxy-3,5-
dimethoxybenzaldehyde (14), were isolated and characterized
from the Taiwan D. cumingianum. Among these secondary
metabolites, compound 4 demonstrated superior biological
activity in inhibiting the growth of these three cancer cell lines,
possibly due to its 14,18-cycloapoeuphanyl structure. This
finding aligns with previous literature reports, indicating that
compound 4 holds potential for anti-cancer medical
applications.

Experimental
General procedures

NMR spectra were recorded using a Varian VNMRS-400 or
a JEOL ECZ-600R NMR spectrometers. Optical rotation
measurements were performed with a Jasco P-2000 polarimeter.
IR spectra were obtained using a Jasco FTIR-4X spectropho-
tometer. ESI-MS and HR-ESI-MS analyses were conducted on
a Bruker APEX-II mass spectrometer. Column chromatography
was carried out using silica gel (40-63 pm, Merck) and spherical
C18 100 A reversed-phase silica gel (40-63 pm, LiChroprep).
Thin-layer chromatography (TLC) was performed on silica gel
60 F,54 plates (100 pm, Merck). Medium-pressure liquid chro-
matography (MPLC) was conducted using an EYELA ceramic
pump VSP-3050. Reverse-phase HPLC (RP-HPLC) was per-
formed using a Hitachi L-5430 HPLC detector and a Hitachi
model L-5110 pump, equipped with a Supelco RP column (250
X 10 mm, 5 pm).

Plant material

The whole plant of D. cumingianum was collected in July 2016
from Taitung County, Taiwan. The scientific identification of
the specimen was confirmed by Dr Chang-Yih Duh, and
a voucher specimen (2016) was deposited in the Department of
Marine Biotechnology and Resources, National Sun Yat-sen
University, Kaohsiung, Taiwan.

Extraction and isolation

The stems of D. cumingianum (dry weight 8.6 kg) were extracted
at room temperature with methanol (MeOH, 40 L x 3) and
acetone (40 L x 3), yielding the Dc-MeOH extract (89.8 g) and
Dc-Acetone extract (77.3 g), respectively. The Dc-MeOH extract
was partitioned between ethyl acetate (EtOAc) and H,O to yield
the Dc-MeOH-EtOAc layer (25.2 g), which was further parti-
tioned between MeOH and n-hexane to obtain the MeOH layer
Dc-M (19.0 g). Dc-M was subjected to silica gel column chro-
matography using a stepwise gradient of n-hexane/acetone
(100% to 0%) followed by acetone/MeOH (100% to 0%),
affording seven fractions (Dc-M-A to Dc-M-G). Dc-M-B (4.62 g)
was chromatographed on a silica gel column with n-hexane/
EtOAc (1:1) to yield eight fractions (Dc-M-B-1 to Dc-M-B-8).

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Dc-M-B-4 (410.0 mg) was further chromatographed using di-
chloromethane (DCM)/EtOAc (9:1) to yield nine subfractions
(Dc-M-B-4-1 to Dc-M-B-4-9). Dc-M-B-4-6 (19.0 mg) was purified
by silica gel MPLC using n-hexane/EtOAc (7:1) to obtain
compound 2 (7.8 mg). Dc-M-B-7 was chromatographed on silica
gel using chloroform/MeOH (8: 1) to give five subfractions (Dc-
M-B-7-1 to Dc-M-B-7-5). Dc-M-B-7-3 was purified by silica gel
MPLC with n-hexane/acetone (1 : 1), followed by RP-HPLC with
acetonitrile (ACN)/H,O (75%), yielding compound 1 (18.5 mg).

The Dc-Acetone extract was partitioned between EtOAc and
water to yield the EtOAc-soluble layer (Dc-A, 64.1 g). This was
subjected to silica gel column chromatography using a gradient
of n-hexane/acetone (0% to 100%) followed by acetone/MeOH
(0% to 100%), affording seven fractions (Dc-A-1 to Dc-A-7). Dc-
A2 (3.75 g) was chromatographed on silica gel using n-
hexane/EtOAc (7: 1) to produce eight subfractions (Dc-A-2-1 to
Dc-A-2-8). Dc-A-2-4 (530 mg) was chromatographed with n-
hexane/EtOAc (9: 1), yielding three subfractions (Dc-A-2-4-1 to
Dc-A-2-4-3). Dc-A-2-4-2 (10.3 mg) was purified via silica gel
MPLC using n-hexane/EtOAc (1:1) to afford compound 6 (7.8
mg). Dc-A-2-7 (832.6 mg) was separated by silica gel chroma-
tography with n-hexane/acetone (4 : 1) to give seven subfractions
(Dc-A-2-7-1 to Dc-A-2-7-7). De-A-2-7-5 (77.0 mg) was purified by
silica gel MPLC using n-hexane/EtOAc (3:1) to give six sub-
fractions (Dc-A-2-7-5-1 to Dc-A-2-7-5-6). Dc-A-2-7-5-2 (4.7 mg)
was further purified with n-hexane/acetone (4:1) to yield
compound 12 (2.9 mg). Dc-A-2-7-5-4 (6.1 mg) was purified by RP-
HPLC with MeOH/H,O (24 : 1) to obtain compounds 10 (2.6 mg)
and 11 (0.9 mg). Dc-A-2-7-5-5 (6.2 mg) was purified using RP-
HPLC with MeOH/H,O (24:1) to yield compounds 8 (3.3 mg)
and 9 (1.0 mg). Dc-A-3 (7.0 g) was chromatographed over silica
gel using a stepwise gradient of n-hexane/acetone (0% to 100%)
to give four fractions (Dc-A-3-1 to Dc-A-3-4). Dc-A-3-2 (1.3 g) was
re-chromatographed with n-hexane/DCM (1:1) to yield four
subfractions (Dc-A-3-2-1 to Dc-A-3-2-4). Dc-A-3-2-4 (300.0 mg)
was further purified on a silica gel column with n-hexane/EtOAc
(4:1) to obtain four subfractions (Dc-A-3-2-4-1 to Dc-A-3-2-4-4).
Dc-A-3-2-4-2 (27.5 mg) was purified using silica gel MPLC with
n-hexane/acetone (14 : 1), followed by RP-HPLC with MeOH/H,0O
(19:1), to yield compound 7 (15.9 mg). Dc-A-6 (1.6 g) was
chromatographed over silica gel with n-hexane/acetone (2: 1) to
produce four fractions (Dc-A-6-1 to Dc-A-6-4). Dc-A-6-2 (748.5
mg) was re-chromatographed using n-hexane/EtOAc (6:1) to
give four subfractions (Dc-A-6-2-1 to Dc-A-6-2-4). Dc-A-6-2-1
(283.4 mg) was isolated using DCM/acetone (9: 1), producing
five subfractions (Dc-A-6-2-1-1 to Dc-A-6-2-1-5). Dc-A-6-2-1-2
(55.1 mg) was purified using reversed-phase open column
chromatography with MeOH/H,O (7 : 3), followed by RP-HPLC
with ACN/H,0 (2 : 3), yielding compounds 13 (30.0 mg) and 14
(7.4 mg). Dc-A-6-2-1-5 (72.6 mg) was purified by RP-HPLC with
MeOH/H,O (83:17) to obtain compound 3 (63.8 mg). Finally,
Dc-A-6-2-4 (383.7 mg) was subjected to reversed-phase open
column chromatography with MeOH/H,O (92: 8) to yield six
subfractions (Dc-A-6-2-4-1 to Dc-A-6-2-4-6). Dc-A-6-2-4-2 (40.3
mg) was purified using silica gel MPLC with n-hexane/acetone
(5:1), followed by RP-HPLC with ACN/H,O (3:1), to yield
compound 5 (27.0 mg). Dc-A-6-2-4-6 (149.3 mg) was purified by
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silica gel MPLC with n-hexane/acetone (4:1), followed by RP-
HPLC with ACN/H,0 (7 : 3), affording compound 4 (100.0 mg).

Cumingianol G (1). Amorphous powder; [o.]y = —18 (¢ 0.02,
CHCl3); IR (neat) vpma 3477 and 1713 cm ™ '; 'H (600 MHz,
CDCl;) and **C (150 MHz, CDCl;) NMR data, see Table 1; ESIMS
m/z 597 [M + Na]'; HRESIMS m/z 597.4125 [M + Na]" (calced. for
C35Hs506Na, 597.4126).

Cumingianol H (2). Amorphous powder; [o]5” = —48 (¢ 0.47,
CHCly); IR (neat) vpay 3518, 1731, and 1652 cm ™ *; 'H (400 MHz,
CDCl;) and "*C (100 MHz, CDCl;) NMR data, see Table 2; ESIMS
m/z 539 [M + Na]"; HRESIMS m/z 539.3709 [M + Na]" (caled. for
C3,H;,05Na, 539.3707).

Cumingianol C (3). Amorphous powder; 'H and *C NMR
data (Fig. S21-523) were found to be in agreement with previous
study;'® ESIMS m/z 539 [M + Na]".

Cumingianol A (4). Amorphous powder; 'H and **C NMR
data (Fig. S24-526) were found to be in agreement with previous
study;'® ESIMS m/z 557 [M + Na]'".

Cumingianol D (5). Amorphous powder; '"H and *C NMR
data (Fig. S27-529) were found to be in agreement with previous
study;"® ESIMS m/z 557 [M + Na]".

3,3-Ethylenedioxy-5a-cycloart-24-en-23-one (6). Amorphous
powder; 'H and *C NMR data (Fig. $30-S32) were found to be in
agreement with previous study;*® ESIMS m/z 439 [M + H]".

24,25(R,S)-24,25-Epoxy-20(S)-hydroxydammar-3-one (7)-
Amorphous powder; 'H and "*C NMR data (Fig. S33-S35) were
found to be in agreement with previous study;*' ESIMS m/z 481
[M + Na]".

(3B,7a)-Stigmast-5-ene-3,7-diol (8). Amorphous powder; 'H
and >C NMR data (Fig. S36-S38) were found to be in agreement
with previous study;** ESIMS m/z 453 [M + Na]'.

7a-Hydroxystigmasterol (9). Amorphous powder; 'H and *C
NMR data (Fig. S39-S41) were found to be in agreement with
previous study;* ESIMS m/z 451 [M + Na]'.

7B-Hydroxysitosterol (10). Amorphous powder; 'H and “C
NMR data (Fig. S42-S44) were found to be in agreement with
previous study;>* ESIMS m/z 453 [M + Na]".

7B-Hydroxystigmasterol (11). Amorphous powder; 'H and
3C NMR data (Fig. S45-547) were found to be in agreement with
previous study;** ESIMS m/z 451 [M + Na]".

Ethylcholest-5-en-3-hydroxy-7-one (12). Amorphous powder;
'H and ’C NMR data (Fig. S48-S50) were found to be in
agreement with previous study;* ESIMS m/z 429 [M + H]".

Coniferaldehyde (13). Amorphous powder; 'H and *C NMR
data (Fig. S51-S53) were found to be in agreement with previous
study;*® ESIMS m/z 201 [M + Na]".

4-Hydroxy-3,5-dimethoxy-benzaldehyde (14). Amorphous
powder; 'H and "*C NMR data (Fig. S54-S56) were found to be in
agreement with previous study;”” ESIMS m/z 205 [M + Na]'.

In vitro cytotoxicity assay

The in vitro cytotoxic effects of compounds 1-14 against human
oral squamous cell carcinoma (SCC2095), human breast
adenocarcinoma (MCF-7), human gastric adenocarcinoma
(SCM-1), and fibroblasts were evaluated using MTT assays,
following the method described in our previous study.”®
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Tamoxifen, etoposide, and paclitaxel were obtained from
Sigma-Aldrich (USA).
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