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Abstract—Nine novel triterpene dilactones with an unprecedented rearranged pentacyclic skeleton, longipedlactones A-I (1-9), have been
isolated from the leaves and stems of Kadsura longipedunculata Finet et Gagnep (Schisandraceae). Their structures were determined on the
basis of comprehensive spectroscopic analysis and single-crystal X-ray structure determination. A biogenetic pathway for longipedlactone A
(1) was also proposed. Compounds 1-3, 6, and 8 showed significant cytotoxicity against A549, with HT-29 and K562 cell lines having ICsq

values of 0.84-11.38 uM in vitro.
© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

The genus Kadsura belongs to the family Schisandraceae.
Some species of this genus have been reported to contain
dibenzocyclooctadienlignans, lanostane, and cycloartane
triterpenoids, including anti-HIV, antitumor, anti-HBeAg,
and anti-lipid peroxidative activities.'® Nowadays, some
novel triterpenoids and lignans with unprecedented new
skeletons, such as kadsuphilactone A and taiwankadsurins
A-C,%10 have been isolated from this genus. Therefore, in
the research field of phytochemistry, this genus is of interest
for the identification of new natural compounds with inter-
esting biological activities, and the investigation of natural
compounds that have potential as natural sources of inter-
mediates for the synthesis of high-added-value compounds.

Kadsura longipedunculata Finet et Gagnep is a climbing
plant widely distributed in the southern part of China. It
has been used in folk medicine for the treatment of theuma-
toid arthritis as well as gastric and duodenal ulcers.!!!? Pre-
viously, we reported the isolation and structure elucidations
of two novel triterpenoids, kadlongilactones A and B. These
have a unique skeleton and are extracted from the leaves and
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stems of K. longipedunculata.'® In the continuous search for
bioactive metabolites from this plant, nine novel triterpene
derivatives, longipedlactones A-1(1-9), were isolated, which
featured an unprecedented rearranged pentacyclic backbone
derived from cycloartane. The C and D rings of longiped-
lactones A—I were rearranged to 5/6 consecutive carbocycle
systems with an exocyclic double bond in the D ring, which
is different from the previously isolated 6/5 consecutive
carbocycles of lancilactones A and B.? In this paper, the
isolation, structure elucidation, and plausible hypotheses
on the biogenetic pathway are described. The biological
activity of these novel compounds is also reported.

2. Results and discussion

Longipedlactone A (1) was isolated as colorless crystals,
which gave a [M—H]™ ion at m/z 477.2630 in HR-ESIMS
consistent with a molecular formula C;gH3305 (caled
477.2640 for C39H3,05), requiring 12 sites of unsaturation.
The UV spectrum of 1 showed absorption maxima at 224,
254 and 280 nm, indicating the presence of conjugated sys-
tems. The IR spectrum showed the presence of hydroxyl
group (3464 cm™!) and two lactone groups (1655 and
1695 cm™!). The 'H NMR spectrum (Table 1) exhibited sig-
nals for one secondary methyl (oy 1.14, d, J=7.3 Hz), four
tertiary methyls (0 1.03, 1.48, 1.53, and 1.86), five olefinic
proton signals (oy 5.70, 5.74, 6.25, 6.66, and 6.72), and
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Table 1. 'H NMR spectroscopic data of compounds 1-5*

Proton 1 2 3 4 5

1 6.66 (d, 12.2) 6.70 (d, 12.4) 6.61 (d, 12.3) 5.89 (dd, 1.5, 12.5) 6.50 (d, 12.4)

2 5.70 (d, 12.2) 5.72 (d, 12.4) 6.04 (d, 12.3) 6.34 (d, 12.5) 5.90 (d, 12.4)

5 3.75 (br d, 9.8) 3.79 (br d, 9.4) 4.10 (br d, 9.3) 2.92 (overlap) 4.02 (br d, 9.4)
60 2.13 (overlap) 2.06 (overlap) 2.16 (overlap) 2.02-2.10 (m) 2.10 (overlap)

6P 1.15 (overlap) 1.69 (overlap) 1.69 (overlap) 1.24-1.30 (m) 1.03-1.14 (m)

Ta. 2.00 (overlap) 2.13 (overlap) 2.22-2.25 (m) 1.91 (overlap) 2.19-2.26 (m)

7B 1.73-1.75 (m) 1.70 (overlap) 1.32 (overlap) 1.54-1.57 (m) 1.64-1.69 (m)

8 1.39 (dd, 2.6, 12.4) 1.64 (overlap) 1.66 (overlap) 1.64 (overlap) 1.55 (dd, 1.7, 12.2)
11a 2.16 (overlap) 1.95 (overlap) 2.14 (overlap) 2.53 (dd, 8.0, 13.1) 245 (dd, 8.1, 13.3)
118 1.65 (overlap) 1.78-1.84 (m) 1.86 (overlap) 2.14 (overlap) 2.14 (overlap)

12 2.78 (dd, 8.5, 10.7) 2.57 (dd, 7.0, 13.0) 3.12 (dd, 6.8, 13.3) 3.08 (t, 8.6) 3.10 (dd, 8.1, 10.7)
150 1.60 (overlap) 0.99 (overlap) 1.44 (overlap) 1.81 (dd, 3.0, 16.4) 1.71 (overlap)
158 2.05 (overlap) 1.28-1.33 (m) 2.17 (overlap) 2.07 (overlap)
160 5.74 (d, 2.6) 1.51 (overlap) 2.08 (overlap) 5.85 (overlap) 5.97 (d, 3.0)

16 1.63 (overlap) 1.84 (overlap)

17 2.15 (overlap)

18a 4.96 (br s) 4.94 (d, 2.2) 5.58 (d, 2.3) 5.07 (br s) 5.25 (br s)

18b 4.84 (br s) 473 (d, 2.2) 5.27 (d, 2.3) 4.90 (br s) 4.96 (br s)

19 6.25 (s) 6.31 (s) 6.26 (s) 3.42 (s) 6.41 (s)

20 2.89-2.92 (m) 2.01 (overlap) 2.29-2.31 (m) 2.95 (overlap) 3.30-3.35 (m)

21 1.14 (d, 7.3) 0.96 (d, 7.2) 1.27 (d, 6.8) 1.12 (d, 7.0) 1.31 (d, 7.3)

22 4.44 (ddd, 4.3, 6.0, 11.1) 4.63 (ddd, 4.4, 8.3, 13.2) 5.09-5.13 (m) 4.49 (ddd, 5.0, 6.8, 11.6) 477 (dd, 4.1, 7.5)
230 2.27 (overlap) 2.24 (overlap) 2.79-2.84 (m) 2.20 (overlap) 4.70 (br s)

23B 2.36 (overlap) 2.34-2.42 (m) 2.49-2.57 (m) 2.15 (overlap)

24 6.72 (br d, 5.2) 6.75 (dd, 1.7, 6.6) 6.51 (br d, 6.3) 6.45 (br d, 6.1) 6.75 (d, 1.3)

27 1.86 (s) 1.86 (s) 1.95 (s) 1.86 (s) 1.90 (s)

28 1.03 (s) 0.92 (s) 1.12 (s) 1.21 (s) 1.27 (s)

29 1.48 (s) 1.48 (s) 1.42 (s) 1.36 (s) 1.40 (s)

30 1.53 (s) 1.54 (s) 1.46 (s) 1.62 (s) 1.42 (s)

9-OH 4.56 (s) 6.57 (s) 6.50 (s) 6.48 (s)

17-OH 5.96 (s)

23-OH 742 (d, 5.6)

# Data were recorded on a Bruker DRX-500 MHz spectrometer, chemical shift values 6 are in ppm, and the coupling constant J is in Hz (in parentheses). Data of
compounds 1 and 2 were recorded in CD;0D, and compounds 3, 4, and 5 were recorded in CsDsN.

a characteristic exocyclic methylene (0y 4.84 and 4.96, each
br s). Analysis of 13C NMR, DEPT, and HSQC data revealed
that 1 contains two a,B-unsaturated carbonyl carbons, seven
quaternary carbons (including four olefinic and one oxygen-
ated carbons), 10 methines (including five olefinic and one
oxygenated), six methylenes (including an exocyclic methyl-
ene), and five methyls (including one secondary methyl).
Apart from five double bonds and two carbonyl groups, the
remaining elements of unsaturation in 1 were assumed to
be a pentacyclic skeleton. These data were consistent with
the HRMS empirical formula and suggested that 1 was prob-
ably a pentacyclic triterpene. Since the NMR data of 1 were
quite distinctive from those of the known triterpene skeleton,
the possible structure of 1 was firstly established by a detailed
analysis of 2D-NMR data, and finally confirmed by single-
crystal X-ray analysis.

Extensive analysis of '"H-'H COSY, HMBC, and HSQC
spectral data led to the establishment of three substructures
la-1c (Fig. 1), which were deduced as follows. In the
HMBC spectrum (Fig. 2), the correlations of CH3-30 (0y

Figure 1. Substructures (1la-1c) of 1.

1.53, s) with C-4, C-5, and C-29, and of CH3-29 (6y 1.48,
s) with C-4 and C-30, required that CH3-30 and CH5-29
be attached to the same oxygenated quaternary carbon (0¢
82.5, s, C-4). In addition, the proton signal at 6y 5.70 (d,
J=12.2 Hz, H-2) showed HMBC correlations with C-3 and
C-10, and the proton signal at oy 3.75 (br d, J=9.8 Hz,
H-5) showed correlations with C-1, C-4, C-19, and C-29.
Other correlations were noted between H-19 (dy 6.25, s)
and C-8, C-9. These facts, along with two proton spin sys-
tems (a and b) deduced from 'H-'H COSY correlations
(Fig. 2), and the lack of any absorption band due to carbox-
ylic group in the IR spectrum, led to the establishment of
substructure 1a. HMBC correlations were observed from
CH5-28 (0y 1.03, s) to C-12, C-14, and C-15, from H,-18
(0yg 4.96-a, 4.84-b, each br s) to C-12, C-13, and C-17, and
from CHs-21 (64 1.14, d, J/=7.3 Hz) to C-17 and C-20.
The above evidence, in combination with two proton spin
systems (¢ and d), determined the existence of substructure
1b. Furthermore, HMBC correlations from CHs-27 (6y 1.86,
s) to C-24, C-25, and C-26, together with the critical MS

/™ HMBC
— 'H-"H cosy

Figure 2. Key "H-'"H COSY and HMBC correlations of 1.
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Figure 3. Key ROESY correlations and relative configurations assigned
for 1.

fragment at m/z 111 [C¢H,0,]~, indicated the presence of
a six-membered o-methyl-o,B-unsaturated lactone ring
(1c).? In the HMBC spectrum, the proton signal H-11B (0
1.65, overlap) showed correlations with C-9 and C-19, and
CHj5-28 showed correlation with C-8 requiring the connec-
tion of 1la and 1b. In addition, HMBC correlation from
CH;-21 to C-22, in conjunction with proton spin system
(e) (Fig. 2), determined the direct combination of 1b and
lc. Accordingly, the planar structure of 1 could be estab-
lished. Its relative stereochemistry was determined by
ROESY (Fig. 3) experiment and X-ray crystallographic
analysis (Fig. 4). Thus, the structure of 1 was established
as shown in Scheme 1.

Longipedlactone B (2) was obtained as an amorphous
powder. Its molecular formula, C39H40Os, was determined
by the [M—1]" ion peak in the negative HR-ESIMS at m/z
479.2794 (calcd 479.2797). The 'H and '*C NMR spectra
of 2 showed close resemblance to that of 1, the obvious dif-
ferences were the absence of a double bond between C-16
and C-17 (6¢ 126.7, d and 141.7, s) in 1, and the presence
of a methylene (6¢ 25.9, t) and a methine (6¢c 44.5, d) in 2,
which indicated that a double bond in 1 was reduced.

ciey  Co

M Q= OM

Figure 4. X-ray crystal structure of 1.

HMBC and 'H-'H COSY spectra confirmed the above
deduction. On the basis of these observations, the structure
of 2 was proposed as shown in Scheme 1 and its relative
stereochemistry was determined to be the same as that of 1
by the analysis of ROESY data.

Longipedlactone C (3) was obtained as an amorphous
powder with the empirical formula C3yH4(Og, in agreement
with the HR-ESIMS (m/z 495.2748 [M—1]", calcd for
C30H3006, 495.2746) and 'C NMR spectral data. The
NMR data of 3 were strikingly similar to those of 2, except
for the lack of a methine at d¢c 44.5 (C-17), the appearance
of a new oxygenated quaternary carbon (6¢c 75.3, s) and a
hydroxyl group (6y 5.96, s) in 3. HMBC (Fig. 5) correlations
observed from the proton signal of OH to C-13, C-17, and
C-20 indicated this hydroxyl group to be located at C-17.
In the ROESY (Fig. 5) spectrum, OH-17 had ROE correla-
tions with H-168 and H-21B, indicating OH-17 to be in
B-orientation. Thus, the structure of 3 was determined to
be 17B-hydroxyl-longipedlactone B.

HR-ESIMS analysis of longipedlactone D (4) demonstrated
that it has the molecular formula C3yH330, differing from 1
by the addition of an oxygen atom. Detailed comparison of
'H and '>C NMR data of 4 with those of 1 was analogous.
The only significant differences include the appearance of
a trisubstituted epoxide (0¢c 62.4, s and 67.1, d; oy 3.42, s)
in 4 and the disappearance of a double bond (6¢ 146.5 and
149.1; oy 6.25, s) in 1. The HMBC (Fig. 5) correlations of
H-2 and H-5 with C-10, of H-1 with C-19, and of H-19
with C-9, C-10, and C-11 verified that the epoxide group was
positioned between C-10 and C-19. This assignment was in
accord with the observed downfield chemical shifts for the
C-1 and C-2 signals from 6c 146.8 and 118.5 in 1 to ¢
145.1 and 126.1 in 4, respectively. In the ROESY (Fig. 5)
experiment, H-19 showed correlations with H-1, H-88, and
H-118, indicating an o-orientation of the epoxy ring.

HR-ESIMS of longipedlactone E (5) gave a quasi-mole-
cular ion at m/z 517.2558 [M+Na]*, corresponding to the
molecular formula C3¢H33Og, indicating 16 mass units more
than compound 1. The signals in its '"H and '3C NMR
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Scheme 1. Structures of longipedlactones A-I (1-9).

spectra strikingly matched those of 1 (Tables 1 and 3). The
only significant differences included the obvious presence
of a new hydroxyl group (0y 7.42, d, J=5.6 Hz), and the
lack of a H,-23 signal in the 'H NMR spectrum, implying
that this new hydroxyl group is present at C-23. This was
further confirmed by the HMBC (Fig. 5) correlations of
H-22 and H-20 with C-23 (0c 63.3, d). The ROESY
(Fig. 5) experiment of 5 showed correlations between

H-23/H-20a, H-23/H-11pB, and H-220/H-20c.. This, along
with the smaller value of cis-coupling constants of H-22
in the 'H NMR spectrum, confirmed OH-23 to be in
B-orientation.

Longipedlactone F (6) was obtained as colorless crystals.
Its molecular formula C;oH330¢ was determined by the
[M+Na]* ion peak at m/z 517.2576 (calcd for C3yH3306Na,

Figure 5. Key HMBC (—) and ROESY (<« ) correlations and relative configurations assigned for 3-5.
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Figure 6. X-ray crystal structure of 6 showing relative configuration.

517.2566) in the HR-ESIMS. The NMR spectra of 6 were
quite similar to those of 1, suggesting that they had the
same basic structure with the difference as observed between
2 and 3. Thus, 6 was considered to have a new hydroxyl group
located at C-6 (0c 65.4, d), which was confirmed by the
HMBC correlations observed from H-19, H-5 and H-8 to
C-6. Furthermore, 6 was obtained as colorless crystals after
several recrystallizations in methanol solvent. The analysis
of the single-crystal X-ray diffraction (Fig. 6) confirmed
the relative configuration of 6 as proposed in Scheme 1,
which showed a B-orientation for OH-6.

Table 2. '"H NMR spectroscopic data of compounds 6-9°

Longipedlactone G (7) was obtained as an amorphous
powder. The [M—H]~ ion peak at m/z 509.2550 (calcd for
C;3oH37,07, 509.2539) in the HR-ESIMS determined its
molecular formula to be C3pH330;. Side-by-side compari-
son of the 'H and '3C NMR data (Tables 2 and 3) between
7 and 6 indicated that these two compounds were almost
identical, except for the presence of a trisubstituted epoxide
(0c 60.8, s and 68.1, d; 0y 3.39, s) in 7 and the disappearance
of a double bond (6c 141.9 and 147.1; 6y 6.60, s) in 6. The
epoxide group was positioned between C-10 and C-19 on the
basis of HMBC correlations, which was same as that ob-
served in 4. The ROESY spectrum indicated the epoxide
group was in an oa-orientation similar to that of 4. Thus, 7
had the structure shown in Scheme 1.

The structures of longipedlactones H (8) and I (9) were
determined to be as shown in Scheme 1 on the basis of
spectral data comparisons in an analogous manner to
the structure elucidation of 3, 4, and 6. The locations of
hydroxyl group and epoxide group were assigned by the
observed HMBC and '"H-'H COSY (Figs. 7 and 8) correla-
tions. ROESY correlations observed between H-6/H-5a,
H-6/H-7a. and OH-17/H-16p, OH-17/H-18a were consis-
tent with a B-orientation of OH-6 and OH-17 in 8 and
9, respectively. Furthermore, ROEs between H-19/H-1,
H-19/H-8B, and H-19/H-11B indicated that the epoxy
ring of 9 was in an o-orientation like that of 4 and 7.
Therefore, the structures of 8 and 9 were determined to be
6B-hydroxy-longipedlactone C and 9,19a-epoxy-longiped-
lactone H, and were named as longipedlactones H and I,
respectively.

Proton 6 7 8 9

1 6.80 (d, 12.2) 591 (d, 12.2) 6.84 (d, 12.4) 5.95 (dd, 1.5, 12.5)
2 6.00 (d, 12.2) 6.35 (d, 12.2) 6.05 (d, 12.4) 6.42 (d, 12.5)
5 4.37 (br s) 3.03 (overlap) 4.40 (br s) 3.07 (br s)

60 4.89 (br s) 4.80 (d, 4.4) 4.89 (br s) 4.85 (br s)

To 2.43-2.46 (m) 2.07 (overlap) 2.47 (overlap) 2.14-2.20 (m)
7B 2.06 (overlap) 1.86 (overlap) 2.02 (overlap) 1.92-1.96 (m)
8 2.32-2.36 (m) 2.56 (d, 11.3) 2.56 (overlap) 2.75 (overlap)
11a 2.51-2.54 (m) 2.61 (dd, 7.9, 13.5) 2.19 (overlap) 2.24 (dd, 7.0, 12.5)
118 1.81 (overlap) 2.18 (overlap) 1.93 (overlap) 2.03 (overlap)
12 3.12 (t, 8.8) 3.05 (overlap) 3.13 (dd, 6.0, 12.9) 3.19 (dd, 7.0, 13.6)
150, 1.67 (d, 15.6) 1.87 (overlap) 1.40-1.41 (m) 1.54-1.62 (m)
158 2.16 (overlap) 2.22 (overlap) 1.46-1.50 (m)
160, 5.61 (d, 4.0) 5.71 (br s) 1.89 (overlap) 2.07-2.10 (m)
168 1.65-1.68 (m) 1.72-1.75 (m)
18a 5.09 (br s) 5.19 (br s) 5.56 (d, 2.0) 5.58 (d, 2.6)
18b 4.94 (br s) 4.97 (br s) 5.29 (d, 2.0) 5.30 (d, 2.6)
19 6.60 (s) 3.39 (s) 6.50 (overlap) 3.37 (s)

20 3.05 (t, 12.3) 3.08-3.10 (m) 2.21 (overlap) 2.31-2.33 (m)
21 1.07 (d, 7.0) 1.09 (d, 6.9) 1.26 (d, 6.9) 1.23 (d, 7.0)
22 4.47 (ddd, 4.0, 9.1, 10.1) 4.47 (ddd, 4.4, 9.3, 12.2) 4.82-4.84 (m) 4.95 (overlap)
230 2.01 (overlap) 2.21 (overlap) 2.75-2.79 (m) 2.78 (overlap)
23B 2.11 (overlap) 2.11 (overlap) 2.52 (overlap) 2.46-2.53 (m)
24 6.48 (dd, 1.8, 4.0) 6.51 (br d, 5.9) 6.50 (overlap) 6.48 (br d, 6.7)
27 1.85 (s) 1.87 (s) 2.01 (s) 1.98 (s)

28 1.30 (s) 1.23 (s) 1.15 (s) 1.11 (s)

29 1.50 (s) 1.43 (s) 1.50 (s) 1.44 (s)

30 1.52 (s) 1.74 (s) 1.54 (s) 1.77 (s)

6-OH 6.31 (s) 6.68 (d, 4.4)

9-OH 6.56 (s) 6.41 (s) 6.57 (s) 6.36 (s)

17-OH 5.86 (s) 5.87 (s)

# Data were recorded on a Bruker DRX-500 MHz spectrometer, chemical shift values ¢ are in ppm, and the coupling constant J is in Hz (in parentheses). Data of

compounds 6-9 were recorded in CsDsN.
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Carbon 1 2 3 4 5 6 7 8 9

1 146.8 (d) 146.6 (d) 144.2 (d) 145.1 (d) 144.2 (d) 146.3 (d) 146.6 (d) 146.3 (d) 146.7 (d)
2 118.5 (d) 118.6 (d) 119.3 (d) 126.1 (d) 119.1 (d) 119.7 (d) 126.7 (d) 120.0 (d) 126.8 (d)
3 169.5 (s) 169.5 (s) 166.6 (s) 165.6 (s) 166.5 (s) 166.9 (s) 166.6 (s) 166.7 (s) 166.6 (s)
4 825 (s) 82.4 (s) 80.3 (s) 81.5 (s) 79.8 (s) 80.0 (s) 81.1 (s) 80.0 (s) 81.0 (s)
5 49.5 (d) 49.4 (d) 48.7 (d) 49.7 (d) 48.8 (d) 52.8 (d) 53.3 (d) 53.1 (d) 53.5 (d)
6 29.5 (1) 28.7 (1) 28.1 (1) 26.4 (1) 283 (1) 65.4 (d) 65.8 (d) 65.9 (d) 66.1 (d)
7 282 (1) 29.4 (t) 28.6 (t) 24.9 (f) 27.5 () 363 (1) 34.4 (1) 36.9 (t) 34.9 (f)
8 57.4 (d) 55.0 (d) 54.5 (d) 56.3 (d) 56.2 (d) 49.3 (d) 47.4 (d) 46.9 (d) 47.3 (d)
9 80.8 (s) 80.9 (s) 79.7 (s) 77.9 (s) 79.8 (s) 79.5 (s) 77.6 (s) 79.8 (s) 78.3 (s)
10 146.5 (s) 146.9 (s) 145.8 (s) 62.4 (s) 144.6 (s) 141.9 (s) 60.8 (s) 142.1 (s) 61.0 (s)
11 517 () 48.5 (1) 48.3 (1) 51.0 (t) 51.0 (t) 517 () 511 () 48.5 (1) 48.2 (1)
12 54.1 (d) 54.5 (d) 53.7 (d) 53.5 (d) 53.5 (d) 53.4 (d) 52.9 (d) 53.9 (d) 54.8 (d)
13 149.7 (s) 149.2 (s) 153.4 (s) 148.5 (s) 148.6 (s) 148.3 (s) 147.6 (s) 153.5 (s) 153.3 (s)
14 44.9 (s) 45.1 (s) 44.9 (s) 43.4 (s) 44.2 (s) 43.7 (s) 42.3 (s) 44.3 (s) 43.4 (s)
15 38.1 () 36.0 (t) 342 () 373 (1) 37.5 (1) 372 (1) 36.8 (1) 33.7 () 34.6 ()
16 126.7 (d) 25.9 (t) 35.1 (t) 125.4 (d) 127.0 (d) 126.2 (d) 125.7 (d) 35.1 () 35.6 (t)
17 141.7 (s) 445 (d) 75.3 (s) 140.2 (s) 140.4 (s) 139.8 (s) 138.7 (s) 753 (s) 753 (s)
18 108.2 (1) 115.6 (1) 115.6 (1) 108.2 (1) 108.1 (1) 108.2 () 109.3 () 115.9 () 115.5 ()
19 149.1 (d) 148.5 (d) 147.3 (d) 67.1 (d) 148.0 (d) 147.1 (d) 68.1 (d) 146.5 (d) 66.7 (d)
20 41.1 d) 422 (d) 443 (d) 40.1 (d) 38.6 (d) 39.8 (d) 38.9 (d) 453 (d) 434 (d)
21 15.8 (q) 137 (q) 9.5 (q) 16.3 (q) 16.6 (q) 14.0 (q) 14.5 (q) 9.4 (q) 9.5 (q)
22 82.5 (d) 81.2 (d) 79.7 (d) 81.1 (d) 86.2 (d) 80.2 (d) 80.3 (d) 79.6 (d) 79.5 (d)
23 27.5 () 24.7 () 27.1 () 27.1 (1) 63.3 (d) 25.7 () 25.8 (t) 27.1 () 27.1 ()
24 141.6 (d) 142.1 (d) 141.4 (d) 139.7 (d) 144.6 (d) 139.9 (d) 140.4 (d) 141.3 (d) 141.3 (d)
25 128.9 (s) 128.7 (s) 127.6 (s) 128.1 (s) 127.4 (s) 128.1 (s) 127.7 (s) 127.8 (s) 127.7 (s)
26 168.2 (s) 168.6 (s) 166.6 (s) 166.0 (s) 164.8 (s) 166.0 (s) 166.1 (s) 166.9 (s) 166.5 (s)
27 16.9 (q) 16.9 (q) 17.1 (q) 17.1 (q) 17.0 (q) 17.1 (q) 17.1 (q) 17.2 (q) 17.1 (q)
28 27.4 (q) 263 (q) 259 (q) 27.0 (q) 275 (q) 275 (q) 26.1 (q) 263 (q) 25.8 (q)
29 293 (q) 29.5 (q) 29.4 (q) 29.2 (q) 29.4 (q) 30.0 (q) 30.0 (q) 30.0 (q) 29.9 (q)
30 26.0 (q) 25.9 (q) 25.9 (q) 25.0 (q) 26.3 (q) 26.7 (q) 26.2 (q) 26.8 (q) 26.0 (q)

* Data were recorded on a Bruker DRX-500 MHz spectrometer, chemical shift values 6 are in ppm, assignments were confirmed by 'H-'H COSY, HSQC, and

HMBC.

/N HMBC

— 'H-"H cosy

Figure 7. Key 'H-"H COSY and HMBC correlations of 8.

The cytotoxicity of compounds 1-4 and 6-8 was tested
against A549, HT-29 and K562 cell lines in vitro. Com-
pounds 1-3, 6, and 8 showed promising cytotoxicity against
all three cell lines at the level of ICsy values of 0.84-
11.38 uM, and no cytotoxicity was observed for compounds
4 and 7 (Table 4). Comparing the structures of these
compounds, it was noticeable that the formation of a
double bond between C-10 and C-19 conjugated with an
o, B-unsaturated lactone in 1-3, 6, and 8 made them have
a significant ICs( values. In contrast, for 4 and 7, the epoxy
ring is displaced by the double bond, which destroys the con-

/N HMBC
— 'H-"H cosy

Figure 8. Key 'H-'H COSY and HMBC correlations of 9.

jugated system, resulting in no cytotoxicity. From the above
observation, it was reasonable to presume that the big conju-
gated system (o, B,Yy,d-unsaturated lactone) was probably of
crucial importance in its antitumor activity. Further investi-
gation on the bioactivity of this series of triterpenoids will
be of emphasis in our future research. Due to the small quan-
tity of compounds 5 and 9, their cytotoxicity was not
determined.

A plausible biogenetic pathway for longipedlactone A (1)
was proposed on the basis of kadsudilactone'* isolated
from the same plant, K. longipedunculata, Scheme 2.
After ring expansion, oxidation and dehydrogenation of
kadsudilactone result in intermediate A, this is followed by
hydroxylation on C-13 to afford intermediate B, which
then undergoes a Wagner—Meerwein rearrangement and
hydroxylation at C-9 (c—e) to give E.'> Finally, hydroxy-
lation at C-17 and dehydration at C-16 and C-17 yielded
longilactone A (1).

Table 4. Cytotoxic activities of compounds 1-4 and 6-8 against tumor cell
lines

Compd ICso (UM)

A 549 HT-29 K562
1 1.82 1.64 2.96
2 2.47 1.81 2.72
3 0.24 1.01 1.49
4 >100 >100 >100
6 5.56 2.24 3.55
7 >100 >100 >100
8 11.38 5.63 7.58
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a

Kadsudilactone

1.-H*

e

Scheme 2. Plausible biogenetic pathway for longipedlactone A (1).

3. Experimental
3.1. General

Melting points were measured on an XRC-1 micro melting
point apparatus and were uncorrected. Optical rotations
were measured on a JASCO DIP-370 digital polarimeter.
IR spectra were obtained on a Bio-Rad FtS-135 spectro-
photometer with KBr pellets, whereas UV spectral data
were obtained using a UV-210A spectrometer. MS were
recorded on a VG Auto Spec-3000 spectrometer. 1D- and
2D-NMR spectra were obtained on the Bruker DRX-500
instruments with TMS as an internal standard.

3.2. Plant material

The leaves and stems of K. longipedunculata were collected
in Erlang mountain region of Sichuan Province, China, in
August 2004, and identified by Prof. Xi-Wen Li, Kunming
Institute of Botany. A voucher specimen has been deposited
in the Herbarium of the Kunming Institute of Botany,
Chinese Academy of Sciences.

3.3. Extraction and isolation
The air-dried and powdered stems and leaves (11 kg) of

K. longipedunculata were extracted with 70% aqueous
Me,CO (4x30 L) at room temperature to yield an extract,

ring expansion
—_— —
oxidation, dehydration

—_—
2. hydroxylation

hydroxylation
E——
b

1,2-migration
T e
d

1. hydroxylation
P —
2.-H,0

f

which was successively extracted with petroleum ether and
EtOAc. The EtOAc extract (300 g) was subjected to column
chromatography over silica gel (1.5 kg, 200-300 mesh) elut-
ing with a CHCl3/Me,CO gradient system (9:1, 8:2, 7:3, 6:4,
5:5) to give fractions 1-5. Compounds 1 (40 mg), 2 (8 mg),
3 (16 mg), 4 (4 mg), and 7 (12 mg) were obtained from
fraction 1, and compounds 5 (1 mg), 6 (11 mg), 8 (84 mg),
and 9 (1 mg) were obtained from fraction 2 after repeated
silica gel column chromatographic separations (CHCl;/iso-
propanol), followed by semipreparative HPLC separation
(Agilent 1100 HPLC system, U.S.A; Zorbax SB-C-18,
Agilent, 9.4 mmx25 cm, U.S.A., MeOH/H,0).

3.3.1. Longipedlactone A (1). Colorless crystals; mp 166—
167 °C; [a]5® —278.9 (¢ 0.62, CsHsN); UV (MeOH):
Amax (log €)=352 (1.20), 280 (4.62), 254 (4.25), 224 nm
(4.58); IR (KBr): vin.x=3464 (br), 2951, 2924, 2882, 2837,
1710, 1695, 1655, 1131 cm™"; 'H and '3C NMR data, see
Tables 1 and 3; Negative FABMS: m/z (%): 569 (98)
[M+Gly—H]~, 477 (100) [M—H], 325 (17), 111 (8); Nega-
tive HR-ESIMS: found: 477.2630, calcd 477.2640 for
C30H37,05 [M—H] ™.

3.3.2. Longipedlactone B (2). White powder; [a]3"* —70.5
(c0.42, CsHsN); UV (MeOH): A« (log £)=279 (4.58), 248
(3.76), 208 nm (4.44); IR (KBr): vpax=3441 (br), 2933,
2867, 1716, 1694, 1126 cm™"; 'H and '3C NMR data, see
Tables 1 and 3; Negative FABMS: m/z (%): 571 (91)
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[M+Gly—H]~, 479 (100) [M—H]~, 325 (23), 139 (25);
Negative HR-ESIMS: found: 479.2794, calcd 479.2797
for C30H3905 [M-H]i

3.3.3. Longipedlactone C (3). White powder; [a]5© —233.7
(c 0.11, CsH5N); UV (MeOH): Apax (log €)=279 nm (4.81);
IR (KBr): vp.«=3446 (br), 2941, 2867, 1697, 1673,
1129 cm™"; 'H and '>C NMR data, see Tables 1 and 3;
Negative FABMS: m/z (%): 587 (8) [M+Gly—H]~, 495
(45) [M—H]~, 478 (5) [M—H,0], 139 (100), 111 (5), 99
(25); Negative HR-ESIMS: found: 495.2748, calcd
495.2746 for C30H3906 [M-H]i

3.3.4. Longipedlactone D (4). White powder; [o]3"° —138.9
(c 0.43, CsHsN); UV (MeOH): A, (log £)=260 (3.17), 225
(4.59), 199 nm (4.37); IR (KBr): vpax=3436 (br), 2980,
2955, 2920, 2879, 2864, 1710, 1692, 1131 cm™!'; 'H and
13C NMR data, see Tables 1 and 3; Negative FABMS: m/z
(%): 585 (31) [M+Gly—H] ™, 494 (100) [M], 477 (22);
Negative HR-ESIMS: found: 493.2576, calcd 493.2590
f()r C30H3706 [M-H]i

3.3.5. Longipedlactone E (5). White powder; [o]F+ —206.2
(c 0.58, CsHsN); UV (MeOH): A, (log £)=378 (1.77), 279
(4.87),229 (4.79), 201 nm (4.86); IR (KBr): v;,,x=3398 (br),
2955, 2925, 2854, 1718, 1670, 1643, 1130 cm™'; 'H and '3C
NMR data, see Tables 1 and 3; Negative FABMS: m/z (%):
585 (4) [M+Gly—H]~, 493 (37) [M—H]~, 476 (9), 125
(23), 112 (12), 97 (100); Positive HR-ESIMS: found:
517.2558, caled 517.2566 for C3oH3306Na [M+Na]™.

3.3.6. Longipedlactone F (6). Colorless crystals; mp 139—
141 °C; [a]®> —283.5 (¢ 0.97, CsHsN); UV (MeOH):
Amax (log €)=347 (2.69), 278 (4.56), 225 nm (4.49); IR
(KBr1): vinax=3613, 3525, 3442, 2982, 2948, 2926, 2834,
1717, 1666, 1636, 1614, 1125 cm™'; 'H and '3C NMR data,
see Tables 2 and 3; Negative FABMS: m/z (%): 585 (10)
[M+Gly—H]~, 493 (100) [M—H]~, 476 (27) [M—H,0],
341 (20), 139 (16); Positive HR-ESIMS: found: 517.2576,
calcd 517.2566 for C30H330¢Na [M+Na]*.

3.3.7. Longipedlactone G (7). White powder; [a]&> —148.9
(c 0.62, CsHsN); UV (MeOH): Apax (loge)=271 (2.74),
225 nm (4.58); IR (KBr): vy,.x=3520 (br), 2972, 2926,
2884, 2839, 1697, 1642, 1133cm™'; 'H and '3C NMR
data, see Tables 2 and 3; Negative FABMS: m/z (%): 601
(3) IM+Gly—H]~, 509 (100) [M—H]~, 493 (23) [M—H,0—
H]~, 339 (19), 325 (28), 297 (18), 167 (21), 138 (27), 123
(52); Negative HR-ESIMS: found: 509.2550, calcd
509.2539 for C30H3707 [M-H]i

3.3.8. Longipedlactone H (8). White powder; [a]53 —21.1
(¢ 0.85, CaHsN): UV (MeOH): Anae (log £)=278 (4.50),
202 nm (4.54); IR (KBr): v=3444 (br), 2927, 2855, 1697,
1130 cm™'; 'H and '*C NMR data, see Tables 2 and 3; Neg-
ative FABMS: m/z (%): 603 (6) [M+Gly—H]", 511 (68)
[M—H]~, 494 (8) [M—H,O]~, 217 (7), 171 (10), 139
(100), 123 (14), 111 (10); Negative HR-ESIMS: found:
511.2695, caled 511.2695 for CsgHso07 [M—H]~.

3.3.9. Longipedlactone I (9). White powder; [a]3** —30.5
(¢ 0.40, CsHsN): UV (MeOH): Ana, (log £)=355 (2.57),
202 nm (4.66); IR (KBr): v=3445 (br), 2926, 2851, 1699,

1639, 1131 cm™!; 'H and '3C NMR data, see Tables 2 and
3; Negative FABMS: m/z (%): 620 (29) [M+Gly—H]~, 528
(80) [M]~, 486 (55), 362 (22), 348 (83), 340 (100), 325
(31), 228 (24), 166 (12); Negative HR-ESIMS: found:
527.2622, caled 527.2644 for C5yH3005 [M—H] .

3.4. Cytotoxicity bioassays

Cytotoxicity of compounds against suspended tumor cells
was determined by trypan blue exclusion method. Cyto-
toxicity against adherent cells was determined by sulfor-
hodamine B (SRB) assay. Cells were plated in 96-well
plate 24 h before treatment and continuously exposed to
different concentrations of compounds for 72 h. After
compound treatment, cells were counted (suspended cells)
or fixed and stained with SRB (adherent cells) as described
in Monks et al.'®

3.5. X-ray crystallographic studies of 1 and 6

3.5.1. Longipedlactone A (1). C;oH;3305-CH5;0H,
M=510.63, orthorhombic system, space group P2,2,2,,
a=12.420 (3), b=14.407 (3), c=16.290 (3) A, V=2914.9
(10) A3, Z=4, crystal dimensions 0.10x0.20x0.80 mm
was used for measurements on a MAC DIP-2030K dif-
fractometer with a graphite monochromator (w scans,
20 max=50.0°), Mo Ka radiation. The total number of inde-
pendent reflections measured was 3440, of which 2477
were observed (|F|>>2¢ |F|?). Final indices: R;=0.0751,
wR,=0.1150,  §=0.494,  (A/0)nax=0.005,  (A/p)min=
—0.463 e/A3, (A/p)max=0.433 e/A3.

3.5.2. Longipedlactone F (6). C5;0H3304-CH3;0H, M=
526.65, orthorhombic system, space group P2,2,2y,
a=12.275 (3), b=14.606 (3), c=16.360 (3) A, V=2933.2
(10) A3, Z=4, crystal dimensions 0.50x0.50x0.50 mm
was used for measurements on a MAC DIP-2030K dif-
fractometer with a graphite monochromator (w scans,
20 max=50.0°), Mo Ka radiation. The total number of inde-
pendent reflections measured was 3609, of which 3606
were observed (|F|>>2¢ |F|?). Final indices: R;=0.0798,
wR,=0.1247,  §=1.090, (A/0)nax=0.000,  (A/p)min=
—0.270 e/A3, (A/p)max=0.254 e/A3. The crystal structures
(1 and 6) were solved by the direct method SHELX-86
(Sheldrich, G.M., University of Gottingen, Gottingen, Ger-
many, 1985) and expanded using difference Fourier tech-
niques, refined by the program and method NOMCSDP
and the full-matrix least-squares calculations.!” Crystallo-
graphic data for the structures of 1 and 6 have been deposited
in the Cambridge Crystallographic Data Centre (deposition
number: CCDC 292926 of 1, and 292927 of 6). Copies of
these data can be obtained free of charge via www.ccdc.
cam.ac.uk/conts/retrieving.html (or from the Cambridge
Crystallographic Data Centre, 12, Union Road, Cambridge
CB21EZ, UK; fax: +44 1223 336 033; or deposit@ccdc.
cam.ac.uk).
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