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ABSTRACT

HOOC
1R =R-CH;
2R = S-CH,

A pair of new triterpenoid epimers, kadcoccitones A (1) and B (2), together with a new biogenetically related compound kadcoccitone C (3), were
isolated from Kadsura coccinea. The epimers featured an unprecedented carbon skeleton with a 6/6/5/5-fused tetracyclic ring system unitand a Cq
side chain. Their structures were determined by spectroscopic data, ECD calculation, and single-crystal X-ray diffraction. Compounds 1 and 3
showed anti-HIV-1 activity with an ECs, value of 47.91 and 32.66 n.g/mL, respectively.

The Schisandraceae family consists of the genera Schi-
sandra and Kadsura. In traditional chinese medicine, some
plants of this family are used for the treatment of cough,
premature ejaculation, chronic dysentery, and insomnia.’
In the past 15 years, the Schisandraceae family has been the
focus of great attention due to the findings of more than 15
kinds of novel skeleton triterpenoids from over 10 species of
this family.'® These triterpenoids characterized by compli-
cated polycyclic rings have aroused herculean challenges
and ambitious targets for organic synthesis endeavors.’
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Kadsura coccinea (Lem.) A. C. Smith is widely distrib-
uted throughout southwest China and has been used in
Chinese folk medicine for the treatment of cancer and
dermatosis and as an anodyne to relieve pain.* In this
study, kadcoccitones A (1) and B (2), possessing an unpre-
cedented skeleton featuring a 6/6/5/5-fused tetracyclic ring
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system and a Cy side chain, as well as kadcoccitone C (3),
were isolated and identified from the stems of K. coccinea.
The new compounds were tested for their cytotoxicity
against human tumor and inhibitory activity against
the HIV virus in vitro. Here, we present the isolation,
structural elucidation, and biological evaluation of these
compounds.

Kadcoccitone A (1) was obtained as a colorless solid.
The molecular formula of 1 was assigned as C3gH440¢ by
HREIMS (m/z 500.3070 [M]", caled 500.3138). The IR
absorptions at 3441 and 1703 cm ™" indicated the presence
of hydroxyl and carbonyl groups, respectively. The 'H
NMR spectrum of 1 exhibited resonances for one secondary
methyl, six tertiary methyls, and two olefinic protons
(Table 1). The >C NMR spectrum with the aid of the
DEPT technique resolved 30 carbon signals includ-
ing seven methyls, seven methylenes, six methines (two
olefinic), and ten quaternary carbons (three carbonyl and
two olefinic ones). Apart from five degrees of unsaturation
occupied by two ketone carbonyls, one carboxyl, and two
trisubstituted double bonds, a tetracyclic structure was
required for 1 to fulfill the unsaturation requirement.

Two six-membered carbon rings A and B (Figure 1) were
assigned by the HMBC correlations of both H3-29 and
H5-30 with C-3, C-4, and C-5; of both H-1 and H-2 with
C-3 and C-10; of H3-19 with C-1, C-5, C-9, and C-10; and
of H-8 to C-9, coupling with the COSY correlations
between H-1/H-2 and H-5/H-6/H-7/H-8.

By the HMBC correlations (Figure 1) from H3-28 to
C-8, C-12, C-14, and C-15; from H5-18 to C-12, C-13, and
C-16; and from H-11 to C-8, C-9, C-12, C-13, and C-14,
combined with the 'H—"H COSY correlation of H-15/H-16,
allowed the establishment of carbon rings C and D.
In addition, there were two hydroxyls in accordance with
the molecular formula. They were assigned to the two
oxygenated quaternary carbons C-12 and C-13, which
were confirmed by the HMBC (recorded in DMSO)
correlations from OH-12 (6 4.30) to C-11, C-12, C-13,
and C-14 and from OH-13 (dy 4.19) to C-12, C-13, and
C-16.
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Figure 1. Key '"H—'H COSY (red —), HMBC (blue —), and
ROESY (blue < - —) correlations of 1.

The HMBC correlations of Hz-21 to C-17, C-20, and
C-22; of H3-27 to C-24, C-25, and C-26; and of H-24 to
C-22 and C-23, together with the 'H—"H COSY correla-
tions of Hs-21/H-20/H-22/H-23/H-24, enabled the carbon
connection of the side chain of 1 (Figure 1). The D ring and
side chain connected through the C-16/C-17 bond could be
deduced by the HMBC correlations from H-16 to C-17.
Thus, the planar structure of 1 was established.

The relative configuration of 1 was fixed by the 600 MHz
ROESY spectrum in DMSO. The ROESY correlations
of H-5/H-7a, H-70/H3-28, and H3-28/OH-12 showed
that they were cofacial and were arbitrarily assigned as
o-oriented. In consequence, the ROESY correlations
of H3-29/H3-19, H;3-19/H-6§5, H3-19/H-8, H-8/H-15p4,
H-156/H-16, and H-16/H5-18 indicated that they were
on the same side with a S-orientation. In addition, the
double bond between C-24 and C-25 of 2 was deduced as
a Z-configuration by the clear presence of the ROESY
correlation of H-24 with H5-27 (Figure 1). Considering
the free rotation of the single bond between C-17 and
C-20, the relative stereochemistry of C-20 of 1 could not
be determined by the ROESY data. Thereby, the relative
configuration of 1 was elucidated as shown with C-20
remaining to be determined.

Kadcoccitone B (2) had the same molecular formula as
that of kadcoccitone A (1). Side-by-side comparison of
their NMR data indicated that 1 and 2 were a pair of C-20
epimers.

The absolute configuration of 1 and 2 was elucidated
by quantum chemial calculation. The theoretical calcula-
tion method of the electronic circular dichroism (ECD)
spectra was adopted as a complementary approach using
the time dependent DFT (TDDFT) method with the
B3LYP-SCRF/6-314+G(d,p)//B3LYP/6-31G(d) level. The
overall predicted ECD spectra of 1 and 2 were subse-
quently compared with the experimental ones (Figure 2).
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Table 1. >°C NMR Assignments of Kadcoccitones A—C (1—3)
(6 in ppm, J in Hz)

position 1¢ 1° 2¢ 3¢
1 352t 35.1t 35.2t 30.3t
2 345¢ 34.3¢ 34.5¢ 339t
3 216.3 s 215.1s 216.3 s 216.1s
4 47.8s 472 s 478 s 478 s
5 53.1d 53.2d 53.2d 50.7d
6 22.7t 22.3t 22.7t 22.5¢
7 313t 30.8t 31.3t 244t
8 55.9d 549d 55.9d 38.3d
9 161.6 s 159.5s 161.6s 74.1s
10 375s 37.0s 375s 35.7s
11 118.0d 118.9d 118.0d 65.3d
12 94.7s 94.0s 94.6 s 81.0s
13 81.1s 81.0s 81.1s 1259 s
14 49.2s 475 s 49.1s 41.0s
15 46.3t 43.6t 46.5t 30.2t
16 53.1d 56.3 d 53.6d 199t
17 219.8 s 214.2s 219.8 s 140.1s
18 22.2 q 22.9 q 22.2 q 13.8q
19 19.7q 19.1q 19.6 q 18.8q
20 46.9d 44.3d 46.7d 35.4d
21 16.4 q 15.6 q 159q 18.6 q
22 314t 329t 32.3¢t 340t
23 276t 26.7t 274t 285t
24 145.0d 140.6 d 144.7d 146.4d
25 1270 s 128.0 s 127.2 s 126.2 s
26 172.7 s 1689 s 172.6 s 173.0 s
27 20.5q 20.6 q 20.5q 20.6 q
28 19.4 q 19.7q 19.4q 22.5q
29 21.7q 21.3q 21.7q 21.6q
30 25.9q 25.7q 25.8q 25.2q

@Recorded in CDCl; at 100 MHz. ® Recorded in DMSO 125 MHz,
and the assignments were based on DEPT, HSQC, COSY, HMBC, and
ROESY experiments.
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Figure 2. Calculated and experimental ECD spectra of 1 and 2.

This comparsion revealed good agreement between the
calculated and the experimental ECD curves. Furthermore,
the calculated spectra for the 20R- and 20S-diastereomers
were nearly identical with the experimental ones of 1 and 2
over the whole range of wavelengths under investiga-
tion, respectively. Thus, the absolute configurations of
C-20in 1 and 2 were assigned as R and S, respectively.
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Molecular orbital (MO) analysis used conformer 1t as
an example to provide comprehension of the experi-
mental ECD curve (Figures 3 and S40). The weak negative
Cotton effect (CE) at 292 nm could be assigned to the
experimental negative CE at 307 nm, which was caused by
the electronic transitions from MO134 to MO138 involving
an n— sr* transition in the carbonyl group of the side chain.
In addtion, the next negative CE at 207 nm could be
ascribed to the experimental negative CE at 197 nm, which
resulted from the electronic transitions from MO136 to
MOI141 involving a 77— z* transition in the double bond of
ring C.

MO141

Figure 3. The most important orbitals involved in the key
transitions of the conformer 1t at the B3LYP/6-31+G(d,p) level
in MeOH with the PCM model.

The molecular formula of kadcoccitone C (3) was
determined to be C30H4405 by its positive HREIMS m/z
484.3189 (IM]", calcd 484.3189), requiring 8 degrees of
unsaturation. Extensive analysis of the 1D and 2D NMR
spectra (Supporting Information (SI)), particularly HMBC,
revealed that 3 had a 14(13—12)-abeo-Lanostane triterpe-
noid skeleton with a 6/6/5/6-fused tetracyclic ring system, in
which the D ring remained as a six-membered ring, while the
side chain still had eight cabons. But the 2D NMR spectra in
CDCI; (SI) could not provide sufficient information to
elucidate the assignment of the epoxide and hydroxyl group,
since the key hydroxyl signals in the '"H NMR spectrum
did not exist. Fortunately, an X-ray diffraction experiment
with suitable crystals was conducted by Cu Ka radiation
with a Flack parameter of 0.24 (18) and a Hooft parameter
of 0.10 (7) for 1661 Bijvoet pairs (CCDC 910835). Thus, the
structure and absolute stereochemistry of 3 were established
(Figure 4).

Generally, most of the discovered Schisandra triterpe-
noids were supposed to derive from cycloartane'* and only
a few were deduced from lanostane.' Besides, a large
part of the novel Schisandra triterpenoids, especially

Org. Lett,, Vol. 14, No. 24, 2012



Figure 4. Single-crystal X-ray structure of 3.

schinortriterpenoids (Schisandra nortriterpenoids), were
highly oxygenated and endowed different complicated
polycyclic rings. To the best of our knowledge, kadcocci-
tones A (1) and B (2), representing the first examples of
triterpenoids with a unique 6/6/5/5-fused tetracyclic ring
system with a Cy side chain, were intriguingly possibly
derived from 14(13—12)-abeo-lanostane.

The previous studies on K. coccinea have discovered
several structurally interesting triterpenoids.’ But they are
quite distinct from those described here for this plant
collected from Ziyuan prefecture of Guangxi province,
China. This might be caused by either environmental or
genetic differences leading to the differences in cyclization
and producing these metabolites.

The biogenetic routes of 1 and 2 (Scheme 1) could be
plausibly traced back to kadcoccitone C (3), since 3 may be
an intermediate initially transformed from lanostane® and
the structure of 1 and 2 are very similar to that of 3, i.e.
rings A, B, and C and the side chain, which was also
isolated from the same plant in a large amount. The key
biochemical reactions we deduced would be a C-13/C-17
C-bond opening and then a reconstruction of a five-
membered D ring intermediate (II) through an aldo-
reation. Finally, 2 was produced from 1 through an enol
intermediate.”

Compounds 1 and 3 were tested for cytotoxicity against
HL-60, SMMC-7721, A-549, MCF-7, and SW- 480
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Scheme 1. Hypothetical Biogenetic Pathway of 1 and 2
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enol intermediate

human cancer cell lines by using the MTT method.®
However, none of them showed obvious inhibitory activity
against those cells with ICsy > 40 ug/mL. Additionally, the
anti-HIV-1 activities of 1 and 3 were tested by microtiter
syncytium formation infectivity assay, using the method pre-
viously described, with AZT as a positive control.” Com-
pound 1 demonstrated anti-HIV-1 activity with an ECs
value of 47.91 ug/mL (AZT: EC5y = 0.00534 ug/mL).
Compound 3 showed weak anti-HIV-1 activity with ECs
values of 32.66 ug/mL.
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