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Two novel indole alkaloids having unusual skeletons were isolated from the aerial part of Yunnan Kopsia
arborea. Kopsiyunnanine A (1) is a new class of bisindole alkaloid composed of vallesiachotamine (modi-
fied Corynanthe-type) and Aspidospermatan-type alkaloids. Kopsiyunnanine B (2) is a new Corynanthe-
type oxindole alkaloid rearranged by D ring rotation.

© 2008 Elsevier Ltd. All rights reserved.

The genus Kopsia consists of 23 species of evergreen trees and
shrubs that are widely distributed over Southeast Asia.! Four spe-
cies are found in China.? However, only Kopsia officinalis Tsiang et
P. T. Li (it was altered to synonym of Kopsia arborea in the light of
Dr. Midddleton’s latest revision!), growing in Yunnan Province,
Southwestern China, has been reported for its use in the treatment
of rheumatoid arthritis, dropsy, and tonsillitis.> The chemical
investigation of Kopsia has yielded many alkaloids with unusual
or intriguing carbon skeletons and interesting biological activities.*

As part of serial investigations on novel and bioactive indole
alkaloids,” phytochemical research on Yunnan K. arborea (K. offici-
nalis) was carried out. Here we describe the isolation and structure
elucidation of two novel indole alkaloids. Kopsiyunnanine A (1) is a
new class of bisindole alkaloid composed of vallesiachotamine
(modified Corynanthe-type) and Aspidospermatan-type alkaloids.
Kopsiyunnanine B (2) is a new Corynanthe-type oxindole alkaloid
rearranged by D ring rotation.
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Kopsiyunnanine A (1)° was obtained as a yellowish amorphous
solid. Its molecular formula was determined to be C41H44N405
based on HRFABMS (m/z 673.3359 [M+H]*, calcd for 673.3390),
which is indicative of a dimeric molecule composed of two mono-
terpenoid indole alkaloids. Characteristic absorptions at Amax 224.5
and 291.5 nm in the UV spectrum, which are due to the p-N-acry-
late chromophore, reminded us of the well-known alkaloid valle-
siachotamine (3)” that coexists in the same plant. In addition,
absorptions at Amax 224.5, 291.5, and 330.0 nm suggested the pres-
ence of an anilinoacrylate chromophore in the dimer. In fact, indole
alkaloids possessing the same chromophore, such as Aspidosper-
matan-type alkaloids, including tubotaiwine (5)® and condylo-
carpine,® were also isolated in our present research.

Careful comparison of the '"H NMR and '>C NMR spectra of 1
(Table 1) with those of vallesiachotamine (3) and Aspidosper-
matan-type alkaloids showed high resemblance, as anticipated.
Besides the signals assigned to the four aromatic protons on A ring
of the indole nucleus, the '"H NMR and '*C NMR spectra contained
signals obviously attributed to vallesiachotamine (Unit A) with an
indolic NH group (éy 9.00, br s), a C-3 methine group (dy 4.40, doc
47.7), a C-17 olefinic group (Jy 7.60, 6c 146.5), and a carbonyl ester
group (dy 3.62, éc 50.7, 6c 168.7), but no signals due to aldehyde
proton and ethylidene side chain were present in 3. Other signals
also gave significant information implying the presence of an Asp-
idospermatan-type alkaloid (Unit B). The two downfield quater-
nary carbon signals at dc 96.2 and J¢ 168.8 were typical of C-16’
and C-2/, respectively. A three-proton singlet for the ester methyl
group appeared at éy 3.77, while methine signals at 6y 3.94 and
dc 62.1 could be assigned to C-21'. The partial structures of Unit
A and Unit B were further confirmed by 'H-'H COSY and HMBC,
as shown in Figure 1.
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Table 1

'H and '*C NMR data for 1 (in CDCl5)

Position 5y (600 MHz) ¢ (150 MHz)
NH 9.00 (1H, br s) /
2 / 133.1
3 440 (1H, d, 11.8) 47.7
5 3.55 (2H, overlapped) 51.0
6 2.91 (1H, overlapped) 22.2
2.78 (1H, d, 11.2)
7 / 108.4
8 / 126.9
9 7.47 (1H, d, 7.9) 118.0
10 7.11 (1H, overlapped) 119.5
11 7.13 (1H, overlapped) 121.8
12 7.34 (1H, d, 7.9) 111.1
13 / 136.5
14 2.12 (1H, d, 12.6) 319
1.54 (1H, overlapped)
15 3.35 (1H, d, 4.4) 31.1
16 / 946
17 7.60 (1H, s) 146.5
18 0.62 (3H, d, 6.6) 19.2
19 2.24 (1H, m) 248
20 / 120.6
21 5.89 (1H, s) 139.6
CO,Me 3.62 (3H, s) 50.7
CO,Me / 168.7
NH 8.85 (1H, br s) /
2 / 168.8
3 2.94 (1H, overlapped) 45.4
248 (1H, ddd, 124, 124, 4.4)
5 3.09 (1H, m) 53.6
2.87 (1H, m)
6/ 1.89 (1H, dd, 13.2, 6.6) 442
2.94 (1H, overlapped)
7' / 54.6
8 / 135.2
9 7.12 (1H, overlapped) 120.0
10’ 6.89 (1H, dd, 8.0, 8.0) 121.2
11 7.13 (1H, overlapped) 127.8
12/ 6.79 (1H. d, 8.0) 110.2
13’ / 1441
14 1.78 (1H, br d, 13.5) 27.8
1.58 (1H, overlapped)
15’ 3.39 (1H, s) 27.9
16’ / 96.2
18 1.54 (2H, overlapped) 32.7
19 3.19 (1H, ddd, 10.2, 7.4, 3.0) 68.0
20 2.31 (1H, d, 10.2) 42.9
21/ 3.94 (1H, br s) 62.1
CO,Me' 3.77 (3H, s) 51.4
CO,Me’ / 168.4

X HMBC

¥\ selected NOEs

Figure 1. Selected HMBCs, COSYs, and NOEs of 1.
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In addition to Units A and B, a methylene group (éy 1.54, ¢
32.7), an oxygenated methine group (dy 3.19, é¢c 68.0), and two ole-
finic carbons (5¢c 120.6, ¢ 139.6) as revealed by 'H NMR and '3C
NMR spectra comprised Unit C (dihydropyran ring). This is also
well supported by HMBC 3J-long range correlations of H-21/C-
19, H-21/C-19, H-18'/C-20, and H-19/C-19'. The remaining methyl
protons (dy 0.62) that appeared as a doublet in the "H NMR spec-
trum were associated to C-19.

Thus, the three units depicted above were assembled according
to HMBC and COSY correlations. C-20 of Unit C is linked to C-15 of
monomeric Unit A, as identified by HMBC correlations from H-14
to C-20, H-15 to C-19, and H-21 to C-15, as well as NOE between
Me-19 and H-15. The COSY spectrum suggested a direct linkage
from Unit B to Unit C via C-20' and C-19'. This was supported by
the HMBC correlation of H-19’' to C-20'.

After assigning the constitution of the whole planar structure
of new dimer 1, we turned our attention to its stereochemistry.
The relative configurations of the eight stereogenic centers were
elucidated on the basis of observed NOE, as shown in Figure 1.
The NOE observed between Me-19 and H-19’ in Unit C indicated
that they were in axial orientation and cis relationship. To the
best of our knowledge, except for Kopsiyunnanine A (1), the
dimeric indole alkaloids family possessing a dihydropyran moiety
has not been reported to date. We proposed a biosynthetic
hypothesis for its formation from two monomeric indole alkaloids
by the hetero Diels-Alder reaction (Scheme 1). Considering 1 as
an exo product of this cycloaddition, we speculated that (E)-valle-
siachotamine (3) and 18,19-dehydrotubotaiwine (4) [may be pro-
duced by the oxidation of tubotaiwine (5)] are the biogenetic
precursors of the new dimer. The CD spectrum of 1 (Fig. 2)
showed a curve that matched the sum of the CD spectra of (E)-
vallesiachotamine (3) and tubotaiwine (5), implying that Unit A
(35,15S) and Unit B (7'S,15'S,21'R) share the same absolute config-
urations as their biogenetic precursors, respectively. In addition,
the configurations of C-19, C-19’ in Unit C, and C-20’ in Unit B
could be deduced from the NOE between Me-19 and H-9 and
Me-19 and H-10/, as well as between H-19' and H-9', and the
large 'H-'H coupling constant (J=10.2 Hz) between H-20' and
H-19'

This is the first example of a dimeric indole alkaloid composed
of vallesiachotamine (modified Corynanthe-type) and Aspidosper-
matan-type alkaloids. Kopsiyunnanine A (1) was evaluated for
cytotoxic activity against two tumor cell lines. As a result, 1
showed a moderate cytotoxity to A-549 human lung adenocarci-
noma cell line (ICsq=3.09 x 10~ uM) and HT-29 human colon
adenocarcinoma grade II cell line (ICso=2.05x 107> uM) com-
pared to the positive control (docetaxel, ICso=4.95 x 10”7 uM to
A-549 and ICsq = 3.34 x 107 uM to HT-29).

Kopsiyunnanine B (2)'° was obtained as a light yellowish amor-
phous solid. It displayed a molecular ion peak at m/z 370.1879 [M"]
(calcd for 370.1892) in the HREIMS spectrum, which corresponded
to the molecular formula C,;H»gN,04 requiring 10 degrees of
unsaturation. The UV spectrum showed absorption maxima at
284.5, 251.0, and 207.0 nm, suggesting a typical oxindole chromo-
phore.!’ The '"H NMR spectrum of 2 (Table 2) showed signals
assignable to an indolic NH (dy 7.55, br s) and four aromatic pro-
tons (dy 7.40, d, H-9; 6y 7.04, ddd, H-10; oy 7.20, ddd, H-11; 6y
6.87, d, H-12), and the '*C NMR spectrum showed a carbonyl car-
bon signal at 6c 181.7. Together, these data indicate the presence of
an unsubstituted A ring of the oxindole system. '"H NMR and '3C
NMR spectra also confirmed the presence of a methyl ester group
(0y 3.66, é¢c 51.7, 6c 173.8), a methyl group (éy 0.75, 6c 16.6), an
aminomethine group (éy 2.97, dc 68.0), two aminomethylene
groups (dy 3.23, oy 2.59, d¢c 54.0 and 6y 2.99, 6y 2.41, 6c 47.4), an
oxygenated methine group (dy 3.22, é¢c 69.0), and an oxygenated
methylene group (éy 3.71, 6y 3.58, ¢ 61.1).
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Scheme 1. Hetero Diels-Alder cycloaddition of Unit C of 1 in hypothetical biogenesis.
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Figure 2. Circular dichroism (CD) spectra (MeOH, 18 °C) of 1.

Table 2
'H and '3C NMR data for 2 (in CDCl5)

Position du (500 MHz) dc (125 MHz)
NH 7.55 (1H, br s) /
2 / 181.7
3 2.99 (1H, m) 474
241 (1H, m)
5 3.23 (1H, m) 54.0
2.59 (1H, ddd, 8.5, 8.5, 8.5)
6 2.33 (1H, ddd, 13.0, 8.5, 2.0) 373
2.00 (1H, ddd, 13.0, 9.0, 8.5)
7 / 56.6
8 / 133.2
9 7.40 (1H, d, 7.5) 125.3
10 7.04 (1H, ddd, 7.5, 7.5, 1.0) 122.5
11 7.20 (1H, ddd, 7.5, 7.5, 1.0) 127.8
12 6.87 (1H, d, 7.5) 109.4
13 / 139.9
14 1.78 (1H, ddd, 14.0, 14.0, 4.5) 28.2
1.57 (1H, dd, 14.0, 2.0)
15 2.38 (1H, m) 29.2
16 3.06 (1H, ddd, 11.5, 11.5, 5.0) 40.9
17 3.71 (1H, dd, 11.5, 5.5) 61.1
3.58 (1H, dd, 11.5, 11.5)
18 0.75 (3H, d, 7.0) 16.6
19 3.22 (1H, m) 69.0
20 1.48 (1H, dd, 11.5, 4.5) 40.1
21 2.97 (1H, d, 11.0) 68.0
CO,Me / 173.8
CO,Me 3.66 (3H, s) 51.7

TH-'H COSY analysis led to determination of the partial struc-
tures, which were then connected by HMBC correlations to give
the gross structure of 2 (Fig. 3). HMBC correlations from H-5 to
C-21 and C-7, and from H-6 to C-2 and C-8 allowed us to recognize
the C(21)-N(4)-C(5)-C(6) moiety that is attached to the oxindole
chromophore at C-7. The correlations from H-3 to C-21 and C-5

¥\ key NOEs

Figure 3. Selected HMBCs, COSYs, and NOEs of 2.

supported the direct linkage of the C(21)-N(4)-C(3)-C(14) moiety.
Attachment of -CHCH3 fragment to methine carbon C-20 was pro-
ven by the correlations from methyl protons H3-18 to C-20 and
from H-19 to C-21 and C-15. Furthermore, the correlations from
H-17 to C-15 and C-19, and from H-20 to methine carbon (C-16)
to which CO,Me is attached established the partial formation of
E ring that fused to D ring via C(20)-C(15) bridge. The remaining
one degree of unsaturation required an oxygen to be embedded
to complete E ring, according to the low-field chemical shifts of
C-17 and C-19 at §c 61.1 and ¢ 69.0, respectively. Other correla-
tions in the HMBC spectrum were in complete accordance with
the proposed structure.

The relative configurations of compound 2 at different stereo-
genic centers were determined by analysis of 'H-'H coupling con-
stants and NOE, as discussed below (Fig. 3). Because of the rigid
structure, the configuration of C-20 as well as C-7 could be deter-
mined on the basis of the observed NOE between axial H-20 and
aromatic H-9. The large coupling constant with H-20 and H-21
(J=11.0Hz) is characteristic of a trans-diaxial relationship. NOE
of H-20/H-15 as well as Me-19/H-15 further suggested that D/E
ring junction was cis, and both H-15 and Me-19 were axially
oriented in E ring. The signal of H-16 appeared as ddd with two
trans-diaxial (J; =J> =11.5Hz) disposition and a small coupling
constant (J3 = 5.0 Hz), depicting that H-16 was in axial relationship
with H-15 and H-17B. This is also supported by the observed NOE
of H-16/H-21, H-16/H-174, and H-16/H-3a. The CD spectrum of 2
showed similar sign and magnitude of the Cotton effects to those of
C/D trans Heteroyohimbine-type alkaloids with spiro-center C-7
(S) stereochemistry,!! which gave a strong negative Cotton effect
at around 280 nm. Therefore, according to the relative configura-
tion established above, the absolute configurations at different chi-
ral centers C-7, C-15, C-19, C-20, and C-21 of new alkaloid 2 were
deduced to be all S, while that of C-16 was assigned R.

We proposed a possible biogenetic pathway to 2 (Scheme 2).
Tetrahydroalstonine (6),!? which was isolated from the same plant
in our work, might be considered as the possible biogenetic origin.
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CO,Me 2

Scheme 2. Possible biogenetic pathway of 2.

Following cleavage of the C-2/C-3 bond of 6, a rotation of the N-4/
C-5 bond and subsequent isomerization of iminium function lead
to a formation of a new bond between C-21 and C-2. After enzy-
matic oxidation, followed by reduction of double bond, the rear-
ranged oxindole 2 would be afforded. The first example of an
indole alkaloid with such a rotated ring D has been recently repor-
ted.*® Kopsiyunnanine B (2) appears to give the first instance of a
Corynanthe-type oxindole alkaloid rearranged by a similar bio-
genetic pathway.
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