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ABSTRACT
Two new monoterpenoid indole alkaloids, (2R, 7 R, 16R, 20R,
21S)-12-hydroxypleiocarpine (1) and (2S, 7 R, 16S, 20R, 21S)-N-
methoxycarbonyl-11,12-methylenedioxy-D14,15-kopsinaline (2),
along with six known alkaloids were isolated from the methanol
extract of the kernels of Kopsia arborea. Their structures including
the absolute configurations were elucidated by HRESIMS, NMR
spectroscopy, and quantum computational methods. Their cyto-
toxicity against two human cancer cell lines were also evaluated.
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1. Introduction

Monoterpenoid indole alkaloids (MIAs) are characteristic components elaborated
mainly by plants of Apocynaceae, Rubiaceae, and Loganiaceae families, and a series of
new MIAs with structural complexity and promising biological activity have been iso-
lated and identified in recent years (Zhang et al. 2019; Yi et al. 2020; Huo et al. 2021).

Plants of the genus Kopsia (Apocynaceae) are widely distributed in tropical and sub-
tropical Asia, which are rich in monoterpene indole alkaloids and have been exten-
sively studied ( Tsiang and Li 1977; Awang et al. 1993; Kan et al. 1995; Yoganathan et
al. 1995; Kam and Yoganathan 1997; Kam and Subramaniam 1998; Kam et al. 1998).
Kopsia arborea Blume has been used to treat rheumatoid arthritis, tonsillitis, pharyn-
gitis, and edema as a traditional medicinal plant in southern China (Zeng et al. 2017).
The fruits and leaves of K. arborea can be used to reduce inflammation and relieve
pain (Zeng et al. 2017; Xie et al. 2020). In recent years, many novel MIAs with
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significant activity have been discovered through the study of the chemical constitu-
ents of K. arborea (Wang et al. 2019). The research on K. arborea mainly focused on
the part of the twigs, leaves and fruits. In our preliminary experiment, the alkaloid con-
stituents were mainly distributed in its kernels, and the chemical composition study of
its kernels has not been reported. As a part of an ongoing search for structurally
unique and bioactive MIAs (Li et al. 2018; Zhang et al. 2020; Zhu et al. 2020), two new
monoterpenoid indole alkaloids, (2 R, 7 R, 16 R, 20 R, 21S)-12-hydroxypleiocarpine (1)
and (2S, 7 R, 16S, 20 R, 21S)-N-methoxycarbonyl-11,12-methylenedioxy-D14,15-kopsina-
line (2), along with six known alkaloids, 12-methoxy-N-methoxycarbonylkopsinaline (3),
N-methoxycarbonyl-11,12-methylenedioxykopsinaline (4), chanofruticosinic acid (5), N-
decarbomethoxy-chanofruticosinate (6), (-)-kopsanone (7), and N-methylkopsanone (8)
were isolated from the kernels of K. arborea. Herein, the isolation, structural elucida-
tion, and activity of the new isolates were reported.

2. Results and discussion

(2R, 7 R, 16 R, 20 R, 21S)-12-hydroxypleiocarpine (1) was obtained as a white powdery
substance, m.p. 259-260.5 �C, [a]24D-98.5 (c 0.2, MeOH), and gave a positive reaction
with Dragendorff’s reagent. Its molecular formula was determined as C23H28N2O5 by
HR-ESI-MS at m/z: 413.2077 [MþH]þ (calcd. 413.2071) corresponding to 11 degrees of
unsaturation. The IR absorptions at 3445 and 1661 cm�1 implied the presence of
hydroxyl and carbonyl functions. The 1H and 13C NMR data (Table S1) showed that
compound 1 has 23 carbon signals, including two methyls, eight methylenes, five
methines and eight quaternary carbons. Analysis of its NMR data manifested that 1
was highly similar to 12-methoxypleiocarpine (Kam and Sim 1998), with the only dif-
ference being that the methoxy group was replaced by a hydroxyl group. HMBC corre-
lations of hydroxyl group (dH 10.40) to C-11 (dC 117.5), C-12 (dC 145.5) and C-13 (dC
125.7) indicated that the hydroxyl substitution was at C-12 (Figure S7). The planar
structure of alkaloid 1 was further confirmed by analyzing the 2D-NMR data (HSQC,
HMBC, and 1H-1H COSY) as shown in Figure 1.

Figure 1. Molecular structures of 1–8 isolated from Kopsia arborea.
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The relative configuration of compound 1 was deduced from the analysis of its
ROESY spectra combined with the molecular modeling studies (Figure S7). The ROESY
correlation of H-5a and H-17a revealed that bridges C-2-C-16-C-17-C-20 took b-config-
uration, whereas H-21, CH2-18, and CH2-19 took a-orientation. Furthermore, ROESY cor-
relation of H-16 with H-18a and H-19a indicated that H-16 was a-oriented. Therefore,
the relative configuration of compound 1 was determined as shown in Figure S7.

The absolute configuration of 1 was finally determined by time-dependent density
functional theory (TDDFT) ECD calculations. The results demonstrated that the calcu-
lated ECD curve for (2 R, 7 R, 16 R, 20 R, 21S)-1 matched well with its experimental ECD
spectrum (Figure S11), which finally established the absolute configuration of 1 as
showed in Figure 1.

(2S, 7 R, 16S, 20 R, 21S)-N-methoxycarbonyl-11,12-methylenedioxy-D14,15-kopsinaline
(2) was obtained as a white powdery substance with m.p. 268-272 �C and
[a]24D¼ 18.7 (c 0.1, MeOH), it’s molecular formula was determined as C24H26N2O7 by
HR-ESI-MS at m/z: 455.1823 [MþH]þ (calcd. 455.1813) corresponding to 13 degrees of
unsaturation. IR absorption bands at 3440 and 1681 cm�1 suggested the presence of
hydroxyl and carbonyl functions. The 1H and 13C NMR data (Table S1) comprised 24
carbon signals, including two methyls, seven methylenes, five methines and ten qua-
ternary carbons. Detailed analysis of its NMR data indicated that 2 might be dehydro-
genated derivative of 4 (Kam et al. 1999). The 1H-1H COSY correlations of H-3a (dH
3.40)-H-14 (dH 5.69)-H-15 (dH 5.52) and HMBC correlations of H-3a to C-15 (dC 132.6),
and of H-14 to C-20 (dC 36.5) confirmed the double bond was located at C-14,15
(Figure S18). The other partial structures were identical with 4, which was confirmed
by further 2D NMR (HSQC, HMBC, and 1H-1H COSY) experiments.

The relative configuration of compound 2 was identical with those of 1, as estab-
lished by analyzing their similar ROESY spectrum (Figure S18). However, the relative
configuration of 16-OH was unassigned since the absence of ROESY correlation of 16-
OH with any protons. Hence, alkaloids 2 has two possible isomers, namely, (2 R�,
7 R�,16S�,20R�, 21S�)-2 or (2 R�, 7 R�, 16 R�, 20 R�, 21S�)-2. To confirm the above eluci-
dation, the 13C NMR data were computed by using DFT studies at the B3LYP/
6–311þG(2d, p) level for the two isomers (Forsyth and Sebag 1997). The observed
experimental 13C NMR data matched up to the calculated data for the isomer (2 R�,
7 R�, 16S�, 20 R�, 21S�)-2, thus indicating a 16S� configuration (Table S2). Furthermore,
by comparing the similar ECD spectrum of 1 with 2, the absolute configuration of 2
could be unambiguously defined as 2 R, 7 R, 16S, 20 R, 21S.

Six known alkaloids were identified as 12-methoxy-N-methoxycarbonylkopsinaline
(3) (Kam and Sim 1998), N-methoxycarbonyl-11,12-methylenedioxykopsinaline (4) (Kam
et al. 1999), chanofruticosinic acid (5) (Zeng et al. 2017), N-decarbomethoxy-chanofruti-
cosinate (6) (Chen et al. 1981), (-)-kopsanone (7) (Jones et al. 2011), N-methylkopsa-
none (8) (Kuehne and Seaton 1985) by comparing their spectral data with those
reported in the literatures.

The two new alkaloids were evaluated for their cytotoxicities against two human
cancer cell lines HepG-2 (hepatocellular carcinoma) and CNE-2 (nasopharyngeal carcin-
oma) using MTT method (Stockert et al. 2012). However, both of them were
inactive (IC50>40lM).
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3. Experimental

3.1. General experimental procedures

The UV data were measured using a Shimadzu UV-2410A spectrophotometer. The 1D
and 2D NMR spectra were performed on Bruker 500MHz spectrometers with TMS as
the internal standard. Optical rotations were recorded on a JASCO P-1020 digital polar-
imeter, and the ECD spectral data were performed on the optical physical chirascan
spectrometer. The values of melting points were determined by the UTM-300 micro-
melting point apparatus. IR spectra data were done with a Bio-Rad FTS-135 spectrom-
eter from KBr pellets. Column chromatography was performed on silica gel H (10-
40 lm, Qingdao Marine Chemical Inc., China) and silica gel (60-80, 200-300 and 300-
400 mesh, Qingdao Marine Chemical Inc., China), MCI gel 20 P (75-150 lm, Mitsubishi
Chemical Corporation, Tokyo, Japan), and Sephadex LH-20 (40-70 lm, Amersham
Pharmacia Biotech AB). Semi-preparative HPLC was performed on a Waters X-bridge
(5 lm; 10mm � 150mm), C18 reversed-phase column. The visualizing reagent was
potassium bismuth iodide.

3.2. Plant material

The dried kernels of K. arborea were collected in campus of Sun Yat-sen University,
Guangdong Province, China in December 2017 and were identified by Dr. Gui-Hua
Tang. The voucher specimen (ZY20171212) is preserved in the Key Laboratory of
Western Phytochemistry and Plant Resources, Kunming Institute of Botany, Chinese
Academy of Sciences (CAS).

3.3. Extraction and isolation

The dried powdered kernels of K. arborea (1.2 kg) were extracted 3 times (4, 3 and 3 h
each time) with methanol and then distill under reduced pressure to recover the
methanol to obtain the extract. The extract was diluted with water and the pH was
adjusted to 2-3 with 10% hydrochloric acid solution, and then extracted 3 times with
petroleum ether. The aqueous phase was basified to 10-11 with 10% NaOH, and then
extracted with dichloromethane to obtain 154 g of crude alkaloid. The crude alkaloid
(154 g) was separated on silica gel column chromatography (300-400 mesh), and
eluted with a petroleum ether/acetone (1:0!0:1) gradient, and then dichloromethane/
methanol (40:1!1: 1) gradient elution, to obtain 5 main fractions (Fr. A-Fr. E). Fr. E
(46.7 g) was separated on a reversed-phase C18 column and eluted with MeOH/H2O
(20:80 ! 100:0, v/v) to obtain the subfraction (Fr. EI- Fr. EIV). The subfraction EIII
(7.8 g) was further separated on a RP-C18 column and eluted with MeOH/H2O (30:70
! 100:0, v/v), followed by semi-preparative HPLC using a YMC-C18 column with
CH3CN/H2O (68:32) to give compounds 5 (2.9mg, tR¼ 34.5min), 6 (2.0mg, tR¼
36.0min), 7 (4.3mg, tR¼ 28.5min) and 8 (10.8mg, tR¼ 15.0min). The subfraction EIV
(2.9 g) was further separated by Sephadex LH-20(methanol), and then subjected to sil-
ica gel column chromatography, using petroleum ether/acetone (20: 1-1:1, v/v) elution,
followed by semi-preparative HPLC using a Waters X-Bridge C18 (10� 250mm, 5 lm)
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column with CH3CN/H2O (42:58, 0.1% v/v diethylamine) to give compounds 1 (4.2mg,
tR¼ 15.0min), 2 (11.3mg, tR¼ 18.0min), 3 (35.3mg, tR¼ 22.0min) and 4 (40.0mg,
tR¼ 26.5min).

3.4. Activity

The two new alkaloids were evaluated for their cytotoxicities against two human can-
cer cell lines HepG-2 (hepatocellular carcinoma) and CNE-2 (nasopharyngeal carcin-
oma) using MTT method, with an IC50>40 lM, respectively.

4. Conclusions

In this study, two new monoterpenoid indole alkaloids, (2 R, 7 R, 16 R, 20 R, 21S)-12-
hydroxypleiocarpine (1) and (2S, 7 R, 16S, 20 R, 21S)-N-methoxycarbonyl-11,12-methyle-
nedioxy-D14,15-kopsinaline (2), along with six known alkaloids, 12-methoxy-N-methoxy-
carbonylkopsinaline (3), N-methoxycarbonyl-11,12-methylenedioxykopsinaline (4),
chanofruticosinic acid (5), N-decarbomethoxy-chanofruticosinate (6), (-)-kopsanone (7),
N-methylkopsanone (8), were isolated from the methanol extract of the kernels of K.
arborea. Their structures including absolute configurations were elucidated by a com-
bination of MS, NMR, and quantum computational methods (ECD and 13C NMR calcu-
lation). Their cytotoxicity was also evaluated, and both of them were inactive. The
diversity of chemical components provides a basis for understanding the phytochem-
ical taxonomy.
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