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ABSTRACT

Two novel triterpene dilactones with an unprecedented rearranged hexacyclic skeleton, kadlongilactones A (1) and B (2), have been isolated
from the leaves and stems of Kadsura longipedunculata Finet et Gagnep (Schisandraceae). Their structures were established by comprehensive
1D and 2D NMR spectroscopic analysis, coupled with single-crystal X-ray crystallographic diffraction. Compounds 1 and 2 exerted significant
inhibitory effects against human tumor K562 cells with IC 50 ) 1.40 and 1.71 µg/mL, respectively.

The family Schisandraceae consists of the generaSchisandra
and Kadsura. Several species of both genera have been
reported to contain dibenzocyclooctadienlignans, lanostane
triterpenoid acids, and lactones, which have been found to
possess some beneficial pharmacological effects, including
antihepatitis, antitumor, and anti-HIV activities.1-6

In our recent phytochemical research on some species of
the genusSchisandra, we reported the isolation and structure
elucidation of several highly oxygenated nortriterpenoids
with new skeletons, including micrandilactones A-G, lan-
cifodilactones A-G, and henridilactones A-D. Some of the
nortriterpenes exhibited significant anti-HIV activities.7-14
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Aimed at finding potentially bioactive and novel secon-
dary metabolites from another genus (Kadsura), we inves-
tigated the leaves and stems ofKadsura longipedun-
culata Finet et Gagnep. From this plant two novel triter-
pene derivatives, kadlongilactones A (1) and B (2), were
isolated and identified to have an unprecedented rearranged
hexacyclic backbone derived from cycloartane. The two
compounds were also tested for their cytotoxicities against
K562 cells. In this paper, we present the isolation, structural
elucidation, and biological evaluation of the two novel
compounds.

The leaves and stems ofK. longipedunculatawere
collected in the Erlang mountain region of Sichuan Pro-
vince, China, in August 2004 and identified by Prof.
Xi-Wen Li. The air-dried and powdered stems and
leaves (11 kg) were extracted with 70% aqueous Me2CO
(4 × 30 L) at room temperature to yield an extract, which
was successively extracted with petroleum ether and Et-
OAc. The EtOAc extract (300 g) was chromatographed
on a silica gel column (1.5 kg) eluting with gradient
CHCl3 in Me2CO to yield six fractions (Ι-VI). Fraction
II was subjected to further separation on a silica gel col-
umn chromatography and semipreparative HPLC (Agilent
1100 HPLC system, Zorbax SB-C-18, Agilent, 9.4 mm×
25 cm, MeOH-H2O 70:30) to yield1 (20.3 mg) and2 (10.6
mg).

The molecular composition of kadlongilactone A (1),15

C30H38O6, was established from HR-ESIMS ([M+ Na]+,m/
z 517.2569) and13C NMR spectroscopic data, indicating12
degrees of unsaturation. The IR spectrum showed the
presence of hydroxyl groups (3446 cm-1) and carbonyl
groups (1615 and 1694 cm-1). Analysis of the1H and 13C
NMR (Table 1) and HSQC spectra revealed that1 contains

two R,â-unsaturated carbonyl carbons, seven quaternary
carbons (including four olefinic carbons and two oxygenated
carbons), eleven methines (four olefinic and two oxygenated
ones), five methylenes, and five methyls. Apart from four
double bonds and two lactones, the remaining elements of
the unsaturation in1 were assumed to be a hexacyclic
skeleton.
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(15) Kadlongilactones A (1): colorless crystals, mp 212-214°C; [R]26.1
D

-155.3 (c 0.39, C5H5N); positive ESIMSm/z 517 [M + Na]+; positive
HR-ESIMS found 517.2569, calcd for C30H38O6Na 517.2566. UV (MeOH)
λmax (log ε): 365 (2.94), 279 (4.65), 212 (4.48) nm. IR (KBr)Vmax 3446,
2940, 2907, 1694, 1615, 1143, 1132 cm-1. NMR data can be found in Table
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Table 1. 1H and13C NMR Assignments of Kadlongilactones A
(1) and B (2)a

position
1 δH

(mult, J, Hz)
1 δC

(mult)
2 δH

(mult, J, Hz)
2 δC

(mult)

1 6.53 (d, 12.2) 144.2 (d) 6.63 (d, 12.2) 143.8 (d)
2 5.96 (d, 12.2) 119.2 (d) 6.01 (d, 12.2) 119.6 (d)
3 166.5 (s) 166.4 (s)
4 80.3 (s) 80.2 (s)
5 4.09 (d, 9.3) 48.5 (d) 4.06 (d, 9.8) 48.5 (d)
6R 2.16 (m) 28.4 (t) 2.21 (overlap) 28.3 (t)
6â 1.25 (m) 1.21 (overlap)
7R 2.31 (overlap) 27.8 (t) 2.16 (overlap) 27.8 (t)
7â 1.78 (m) 1.64 (m)
8 1.63 (dd, 2.0, 12.7) 56.0 (d) 1.59 (m) 57.8 (d)
9 79.1 (s) 79.5 (s)
10 145.6 (s) 146.1 (s)
11R 2.47 (dd, 7.4, 13.2) 49.2 (t) 2.28 (overlap) 45.2 (t)
11â 1.37 (overlap) 1.54 (m)
12 2.70 (m) 51.0 (d) 2.87 (m) 50.9 (d)
13 133.2 (s) 151.1 (s)
14 40.9 (s) 43.7 (s)
15R 1.93 (overlap) 45.7 (t) 2.46 (d, 13.4) 52.0 (t)
15â 1.93 (overlap) 2.60 (d, 13.4)
16 4.64 (brs) 64.1 (d) 200.5 (s)
17 131.3 (s) 132.2 (s)
18R 1.98 (overlap) 32.1 (t) 2.09 (overlap) 31.6 (t)
18â 2.06 (m) 2.09 (overlap)
19 6.22 (s) 148.2 (d) 6.31 (s) 146.5 (d)
20 3.23 (m) 34.4 (d) 3.17 (brs) 32.9 (d)
21 1.57 (d, 7.3) 14.7 (q) 1.47 (d, 7.4) 14.0 (q)
22 4.48 (dd, 2.0, 4.4) 80.1 (d) 4.51 (dd, 1.8, 4.9) 78.8 (d)
23 2.26 (overlap) 33.3 (d) 2.25 (overlap) 32.8 (d)
24 6.71 (dd, 1.5, 6.4) 146.1(d) 6.71 (dd, 1.2, 6.1) 145.0 (d)
25 127.9 (s) 128.5 (s)
26 166.7 (s) 166.3 (s)
27 1.95 (s) 17.2 (q) 1.96 (s) 17.1 (q)
28 1.54 (s) 27.4 (q) 1.18 (s) 24.8 (q)
29 1.41 (s) 29.4 (q) 1.42 (s) 29.4 (q)
30 1.43 (s) 25.8 (q) 1.43 (s) 25.8 (q)
9-OH 6.53 (s) 6.74 (s)

a Data were recorded in C5D5N on Bruker DRX (1H 500 MHz) and DRX

(13C 125 MHz); chemical shifts (δ) are expressed in ppm with reference to

the most downfield signal of C5D5N (δ 8.71 ppm) for1H and to the center

peak of the most downfield signal of C5D5N (δ 149.9 ppm) for13C,

respectively.
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Interpretation of 1H-1H COSY, HMBC, and HSQC
spectral data provided substructures1a-c as described as
follows (Figure 1). In HMBC spectrum (Figure 2), the

correlations of Me-30 (δH 1.43, s) with C-4, C-5, and C-29,
and of Me-29 (δH 1.41, s) with C-4 and C-30, required that

both methyls be attached to the same oxygenated quaternary
carbon (δC 80.3, s, C-4). In addition, the signal atδH 5.96
(d, J ) 12.2 Hz, H-2) showed HMBC correlations with C-3
and C-10, H-5 (δH 4.09, d,J ) 9.3 Hz) with C-1, C-4, C-6,
and C-19, and 9-OH (δH 6.53, s) with C-8 and C-9. These
facts, along with two proton spin systems (H-1-H-2 and
H-5-H-8) deduced from the1H-1H COSY (Figure 2)
correlations, the IR spectral carbonyl group absorption at
1694 cm-1, and lack of absorption bands due to carboxylic
acid groups, led to the establishment of substructure1a.
HMBC cross-peaks from Me-28 (δH 1.54) to C-12, C-14,
and C-15, from H-12 (δH 2.70) to C-11, C-13, C-14, C-15,
C-17, and C-28, and from Me-21 (δH 1.57, d,J ) 7.3 Hz)
to C-17 and C-20 determined the existence of partial structure
1b. Likewise, the third fragment,1c, was assigned by a
continuous sequence from C-22 to Me-27 as deduced from
COSY, HMBC, and IR spectra. Moreover, HMBC cross-
peaks of H-11â (δH 1.37, overlap) with C-9 and C-19 and
of Me-28 (δH 1.54, s) with C-8 required the combination of
1a and1b. In addition, HMBC correlations from H-23 (δH

2.26, overlap) to C-18 and from H-22 (δH 4.48, dd,J ) 2.0,
4.4 Hz) to C-18, C-20, and C-17, in conjunction with1H-

1H COSY correlations of H-18/H-23 and H-22/H-20, deter-
mined the direct connections of1b and1c. The final X-ray
crystallographic diffraction analysis (Figure 3) of1 revealed

its structure and relative stereochemistry and directly sup-
ported the structural assignment of kadlongilactone A.16

HR-ESIMS analysis of kadlongilactone B (2)17 indicated
that it has the molecular formula C30H36O6 (13 unsaturations),
differing from 1 by the loss of two hydrogen atoms. The1H
and 13C NMR spectra of2 (Table 1) were similar to those
of 1, except for the presence of a carbonyl group atδC 200.5
and the absence of an oxygenated methine assigned to C-16
(δC 64.1) of2, indicating that C-16 of1 was replaced by a
R,â-unsaturated ketone in2. This assignment was in accord
with the observation of remarkable downfield shifts of the
C-13, C-14, and C-15 signals fromδC 133.2, 45.7, and 40.9
in 1 to δC 151.1, 52.0, and 43.7 in2, respectively. This was
further confirmed by the HMBC correlations observed
between H2-15 and C-16. The relative stereochemistry of2
was in agreement with that of1 due to the similar ROESY

(16) Crystallographic data for1: C30H38O6, M ) 494.60, monoclinic,
space groupP1, a ) 6.824(1) Å,b ) 7.733(1) Å,c ) 14.387(3) Å,R )
77.63(3)°, â ) 84.79(3)°, γ ) 64.36(3)°, V ) 668.6 (2) Å3, Z ) 1, crystal
dimensions 0.50× 0.50× 0.50 mm3 was used for measurements on a MAC
DIP-2030K diffractometer with a graphite monochromator (ω cans, 2θmax
) 50.0°), Mo KR radiation. The total number of independent reflections
measured was 1752, of which 1751 were observed (|F|2 g 2σ|F|2). Final
indices: Rf ) 0.0478,wR2 ) 0.1299,S ) 1.155, (∆/σ)max ) 0.000, (∆/
F)min ) -0.154 e/Å3, (∆/F)max ) 0.219 e/Å3. The crystal structure (1) was
solved by the direct method SHELX-86 (Sheldrich, G. M. University of
Gottingen: Gottingen, Germany, 1985) and expanded using difference
Fourier techniques, refined by the program and method NOMCSDP (Lu,Y.;
Wu, B. M. Chin. Chem. Lett. 1992,3, 637-640) and the full-matrix least-
squares calculations. Crystallographic data for the structure of1 has been
deposited in the Cambridge Crystallographic Data Centre (deposition
number: CCDC 278406). Copies of these data can be obtained free of
charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cam-
bridge Crystallographic Data Centre, 12, Union Road, Cambridge CB21EZ,
UK; fax: (+44) 1223-336-033; or deposit@ccdc.cam.ac.uk)

(17) Kadlongilactone B (2): colorless crystals, mp 236-238°C; [R]25.1
D

-227.6 (c 0.52, C5H5N); negative FABMSm/z 583[M + Gly - 1]-, 491-
[M - 1]-, 474[M - H2O]-; negative HR-ESIMS [M- 1]- (found
491.2431, calcd for C30H36O6 491.2433). UV (MeOH) λmax (log ε): 278-
(4.63), 255 (4.41), 248 (4.37), 215(4.40)nm. IR (KBr)Vmax 3471, 2940,
2865, 1714, 1655, 1625, 1130, 1121 cm-1. NMR data can be found in Table
1.

Figure 3. X-ray crystal structure of1 showing relative configu-
ration.

Figure 1. Structure and substructures (1a-c) of 1.

Figure 2. Key COSY (s), and HMBC (f) correlations of1.
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correlations and by the comparison of NMR data with both
compounds.

Compounds1 and2 were tested for cytotoxicity against
human tumor K562 cells by MTT method as previously
reported, andcis-platin was used as the positive control.18

Both compounds showed significant inhibitory activity
against K562 cells with IC50 values of 1.40 and 1.71µg/
mL, respectively (Table 2), which were nearly comparable
to the activity ofcis-platin. Further biological evaluation of
1 and2 is in progress.
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Table 2. Inhibitory Effects of1 and2 against Human Tumor
K562 Cells

K562

compound
IC50

(µg/mL)
95% creditable

zone
respondence
coefficient (r)

cis-platin 0.90 0.19-4.15 0.92
1 1.40 0.45-4.34 0.88
2 1.71 0.55-5.30 0.89

a Minimal cytotoxicity against K562 cells when IC50 > 10 (µg/mL).
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