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Fig. 1. Chemical structures of (±)-rubioncolin D (1).
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A pair of novel enantiomeric naphthohydroquinone dimers with an unprecedented spiro[4.5] carbon
core, (±)-rubioncolin D (1), were isolated from Rubia oncotricha. The racemic mixture of 1 was separated
by chiral column chromatography. Their structures and stereochemistry were elucidated by extensive
spectroscopic analysis and electronic circular dichroism calculation. Both compounds (+)-1 and (�)-1
exhibit weak cytotoxicities against A549, SGC-7901 or HeLa cancer cell lines.

� 2017 Elsevier Ltd. All rights reserved.
Introduction

Rubia oncotricha Hand.-Mazz. (Rubiaceae), an endemic species
in Southwest China, has been morphologically distinguished from
other Rubia plants for the densely hispidulous stems and leaves.
The roots and rhizomes of the plant have been used as a sub-
stituent of the traditional Chinese medicine R. cordifolia recorded
in Chinese Pharmacopoeia (2015 Version) in Yunnan province.
Phytochemical investigations on R. oncotricha have led to the isola-
tion of quinones1,2 and triterpenoids,3 and obtained three novel
naphthohydroquinone dimers named rubioncolins A-C.4 To date,
only ten naphthohydroquinone dimers have been reported from
the Rubia plants,1,4–7 and some of them have been synthesized by
synthetic chemists.8–11 In our previous research, we performed
phytochemical investigations on seven Rubia plants, and obtained
two novel naphthohydroquinone dimers and described their cyto-
toxicities and inhibitory effect on NF-jB signaling pathway.7 In the
current study, (±)-rubioncolin D (1), a pair of unprecedented enan-
tiomeric naphthohydroquinone dimers with an spiro[4.5] carbon
core, were isolated from the roots and rhizomes of R. oncotricha
(Fig. 1). Herein, their isolation, structural elucidation, and cytotox-
icities were described.
Results and discussion

Rubioncolin D (1)12 was obtained as light yellow powder. Its
molecular formula was determined by HRESIMS ([M+Na]+,
463.1142, calcd 463.1158) as C27H20O6, which was in accordance
with the 1H and 13C NMR spectroscopic data (Table 1). The IR spec-
trum showed the absorptions at 3440, 1665, 1285 cm�1, indicating
the existence of hydroxyl, carbonyl, and phenyl groups. The 1H
NMR spectrum showed two pairs of AA0BB0 type aromatic protons
at dH 8.18 (1H, dd, J = 7.6, 1.1 Hz), 8.06 (1H, dd, J = 7.6, 1.1 Hz), 7.95
(1H, overlap), 7.77 (1H, td, J = 7.6, 1.1 Hz), and 8.09 (1H, dd, J = 7.5,
1.4 Hz), 7.93 (1H, overlap), 7.88 (1H, td, J = 7.5, 1.4 Hz), 7.83 (1H, td,
J = 7.5, 1.4 Hz); two olefinic protons at dH 4.89 (s) and 4.91 (s); one
methine group at dH 4.09 (1H, t, J = 8.8 Hz); one methylene group at
dH 2.60 (1H, dd, J = 13.5, 8.8 Hz), 2.28 (1H, dd, J = 13.5, 8.8 Hz); one

http://crossmark.crossref.org/dialog/?doi=10.1016/j.tetlet.2017.06.063&domain=pdf
http://dx.doi.org/10.1016/j.tetlet.2017.06.063
mailto:nhtan@cpu.edu.cn
http://dx.doi.org/10.1016/j.tetlet.2017.06.063
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


Table 1
NMR spectroscopic data of rubioncolin D (1) in acetone-d6.

Position 1

dH (600 MHz) dC (150 MHz)

1 162.1 (s)
2 104.2 (s)
3 60.8 (s)
4 195.5 (s)
5 8.06 (1H, dd, 7.6, 1.1) 128.4 (d)
6 7.77 (1H, td, 7.6, 1.1) 133.0 (d)
7 7.95 (1H, overlap) 136.2 (d)
8 8.18 (1H, dd, 7.6, 1.1) 125.9 (d)
9 134.4 (s)
10 130.7 (s)
11 2.60 (1H, dd, 13.5, 8.8) 43.1 (t)

2.28 (1H, dd, 13.5, 8.8)
12 4.09 (1H, t, 8.8) 50.9 (d)
13 145.9 (s)
14 4.89 (1H, s) 113.3 (t)

4.91 (1H, s)
15 1.81 (3H, s) 20.5 (q)
16 172.7 (s)
17 3.70 (3H, s) 52.7 (q)
10 183.7 (s)a

20 152.3 (s)b

30 154.0 (s)b

40 184.2 (s)a

50 8.09 (1H, dd, 7.5, 1.4)f 127.0 (d)c

60 7.88 (1H, td, 7.5, 1.4)g 135.0 (d)d

70 7.83 (1H, td, 7.5, 1.4)g 134.7 (d)d

80 7.93 (1H, overlap)f 126.8 (d)c

90 133.6 (s)e

100 134.1 (s)e

a, b, c, d, e, f, g Could be changeable.

Fig. 2. Key 2D NMR correlations of (±)-rubioncolin D (1).
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methoxyl group at dH 3.70 (3H, s); and one methyl group at dH 1.81
(3H, s). The 13C NMR spectrum displayed three unsaturated ketonic
carbonyl groups at dC 195.5 (s), 184.2 (s), and 183.7 (s); one car-
bonyl group at dC 172.7 (s); 12 aromatic carbons at dC 136.2 (d),
134.4 (s), 133.0 (d), 130.7 (s), 128.4 (d), 125.9 (d) and 135.0 (d),
134.7 (d), 134.1 (s), 133.6 (s), 127.0 (d), 126.8 (d); six olefinic car-
bons at dC 162.1 (s), 154.0 (s), 152.3 (s), 145.9 (s), 113.3 (t), and
104.2 (s); one methine group at dC 50.9 (d); one methylene group
at dC 43.1 (t); one methoxyl group at dC 52.7 (q); one methyl group
at dC 20.5 (q); as well as one quaternary carbon at dC 60.8 (s). On
Fig. 3. Chiral analysis o
the basis of these data, 1 was presumed to be a naphthohydro-
quinone dimer.

The structure was elucidated by detailed interpretation of 2D
NMR correlations (Fig. 2). The HMBC correlations from dH 8.18
(H-8) to dC 162.1 (C-1) and dC 130.7 (C-10); from dH 8.06 (H-5) to
dC 195.5 (C-4) and dC 134.4 (C-9); together with the 1H-1H COSY
correlations of H-5/H-6/H-7/H-8 gave a naphthohydroquinone
moiety. Similarly, the HMBC correlations from dH 7.93 (H-80) to
dC 183.7 (C-10) and 134.1 (C-100); from dH 8.09 (H-50) to dC 184.2
(C-40); together with the 1H-1H COSY correlations of H-50/H-60/H-
70/H-80 built another naphthoquinone moiety. The HMBC correla-
tions from dH 4.90 (H-14) to dC 20.5 (C-15); from dH 4.90 (H-14)
and dH 1.81 (H-15) to dC 50.9 (C-12) and dC 145.9 (C-13); from dH
4.09 (H-12) to dC 43.1 (C-11); from dH 2.28 (H-11) to dC 60.8 (C-
3), dC 104.2 (C-2), and dC 195.5 (C-4); together with the 1H-1H COSY
correlations of H-11/H-12 suggested an isopentene segment at C-3
position. The HMBC correlations from dH 4.09 (H-12) to dC 154.0 (C-
30) and dC 152.3 (C-20); from dH 2.60 (H-11) to dC 154.0 (C-30) and dC
152.3 (C-20) indicated the C-3/C-20 and C-12/C-30 linkages. Thus, 1
was determined as a naphthohydroquinone dimer with an
unprecedented spiro[4.5] carbon core. Since no obvious absorption
of electronic circular dichroism, 1 was proposed to be a racemate
mixture. Further Chiralpak IC column chromatography allowed
the isolation of the enantiomers, (+)-1 and (�)-1 (Fig. 3).

The absolute configurations of the enantiomers, (+)-1 and (�)-1,
were then determined by comparing the experimental
electronic circular dichroism (ECD) to the calculated ECD using
f rubioncolin D (1).



Fig. 4. (a) Four possible stereochemical structures of 1; (b) Experimental ECD
spectra of compounds (+)-1/(�)-1 and calculated ECD spectra of (3R, 12S)/(3S, 12R)
of 1.

Table 2
Cytotoxicities of (+)-1 and (�)-1 (IC50, lM, Mean ± SD).

A549 SGC-7901 HeLa

(+)-1 21.46 ± 0.22 22.67 ± 2.99 30.78 ± 2.71
(�)-1 33.89 ± 3.77 33.12 ± 6.11 30.19 ± 2.68
cisplatin 5.10 ± 0.07 3.83 ± 0.07 3.43 ± 0.09
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the time-dependent density functional theory (TD-DFT) of the
Gaussian 09 program package.13 The conformational analysis was
performed using Confab at MMFF94 force field. The conformers
with Boltzmann population of over 1% were chosen for ECD calcu-
lations. The geometry was initially optimized at PM6 using semi-
empirical theory method, and then optimized at the B3LYP/6-
311G⁄⁄ level in methanol using the CPCM polarizable conductor
calculation model. The ECD spectra for (3R, 12S)-1, (3R, 12R)-1,
(3S, 12S)-1, and (3S, 12R)-1 were calculated at the same theory
level (for details of the calculate ECD, see the Supplementary Infor-
mation). The experimental ECD spectra of (+)-1 and (�)-1 resem-
bled the calculated spectra of (3R, 12S)-1 and (3S, 12R)-1,
respectively (Fig. 4). Accordingly, the absolute configurations of
(+)-1 and (�)-1 were then determined as (+)-(3R, 12S)-114 and
(�)-(3S, 12R)-1.15

Compounds (+)-1 and (�)-1 were evaluated for their cytotoxic-
ities against three human cancer cell lines (A549, SGC-7901, and
HeLa) using the SRB method (Table 2);16 cisplatin was used as
the positive control. The results showed that both (+)-1 and (�)-
1 exhibit weak cytotoxicities against these cell lines with the IC50

values of 21.46–33.89 lM and (+)-1 was active.

Conclusions

This work reported the isolation and structure elucidation of
(±)-rubioncolin D, a pair of cytotoxic naphthohydroquinone dimers
with an unprecedented spiro[4.5] carbon core from the roots and
rhizomes of R. oncotricha. Rubioncolin D represented a new type
of naphthohydroquinone dimers with the novel spiro-carbon
skeleton from Rubia species. And together with the other naphtho-
hydroquinone dimers which were almost isolated as racemates
from the Rubia plants, the discovery of rubioncolin D suggested
the possible non-enzymatic biogenetic pathways of Rubia naph-
thohydroquinone dimers. The chiral isolation of the enantiomeric
naphthohydroquinone dimers, (+)-rubioncolin D/(�)-rubioncolin
D, permitted the determination of the absolute configurations by
the computation of ECD spectra, which provides new findings for
the absolute configuration studies of this kind of compounds.
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