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ABSTRACT

A novel triterpenoid, schinarisanlactone A (1), was isolated from the fruits of Schisandra arisanensis. Compound 1 possesses an unprecedented
skeleton having a 5/7/7/5/7/5/6/5-fused octacyclic ring system. The structure of 1 was determined by 2D NMR techniques (COSY, HMQC,
HMBC, and NOESY) and was confirmed by X-ray crystallographic analysis. Schinarisanlactone A (1) exhibited significant anti-HIV activity.

An important review regarding the triterpenoids from the
schisandraceae family was reported a couple years ago.1 Several
schisandraceaous triterpenoids of novel skeletons such as
kadlongilactone-type triterpenoids,2 kadsuphilactone A,3 schisa-
nartane-type nortriterpenoids,4 wuweiziartane-type nortriterpe-
noids,5 and preschisanartanes6 were published previously. Their
biological and pharmaceutical effects including anti-HIV,7 anti-

HBV,8 antitumor,9 cytotoxicity,10 and antiinflammatory11 ac-
tivities were also addressed. S. arisanensis is an endemic plant
only distributed in the mountainous area of Taiwan. Recently
a nortriterpenoid, designated as arisandilactone A, possessing

† School of Pharmacy, National Taiwan University.
§ Department of Clinical Laboratory Sciences and Medical Biotechnol-

ogy, National Taiwan University.
‡ Taiwan Forestry Research Institute.
(1) Xiao, W. L.; Li, R. T.; Huang, S. X.; Pu, J. X.; Sun, H. D. Nat.

Prod. Rep. 2008, 25, 871–891.
(2) Pu, J. X.; Xiao, W. L.; Lu, R.; Li, T.; Li, H. M.; Zhang, L.; Huang,

S. X.; Li, X.; Zhao, Q. S.; Zheng, Q. T.; Sun, H. D. Org. Lett. 2005, 7,
5079–5082.

(3) Shen, Y. C.; Lin, Y. H.; Chiang, M. Y.; Yeh, S. F.; Cheng, Y. B.;
Liao, C. C. Org. Lett. 2005, 8, 3307–3310.

(4) Lei, C.; Huang, S. X.; Xiao, W. L.; Li, X. N.; Pu, J. X.; Sun, H. D.
J. Nat. Prod. 2010, 73, 1337–1343.

(5) Huang, S. X.; Yang, J.; Huang, H.; Li, L. M.; Xiao, W. L.; Li, R. T.;
Sun, H. D. Org. Lett. 2007, 9, 4175–4178.

(6) Huang, S. X.; Li, R. T.; Liu, J. P.; Lu, Y.; Chang, Y.; Lei, C.; Xiao,
W. L.; Yang, L. B.; Zheng, Q. T.; Sun, H. D. Org. Lett. 2007, 9, 2079–
2082.

(7) Chen, D. F.; Zhang, S. X.; Wang, H. K.; Zhang, S. Y.; Sun, Q. Z.;
Cosentino, L. M.; Lee, K. H. J. Nat. Prod. 1999, 62, 94–97.

(8) Chen, H. C.; Chou, C. K.; Lee, S. D.; Wang, J. C.; Yeh, S. F.
AntiViral Res. 1995, 27, 99–109.

(9) Hausott, B.; Greger, H.; Marian, B. J. Cancer Res. Clin. Oncol. 2003,
129, 569–576.

(10) Yang, J. H.; Pu, J. X.; Wen, J.; Li, X. N.; He, F.; Xue, Y. B.;
Wang, Y. Y.; Li, Y.; Xiao, W. L.; Sun, H. D. J. Nat. Prod. 2010, 73, 12–
16.

(11) Cheng, Y. B.; Liao, T. C.; Lo, Y. W.; Chen, Y. C.; Kuo, Y. C.;
Chen, S. Y.; Chien, C. T.; Hwang, T. L.; Shen, Y. C. J. Nat. Prod. 2010,
73, 1228–1233.

ORGANIC
LETTERS

2011
Vol. 13, No. 3

446-449

10.1021/ol102772j  2011 American Chemical Society
Published on Web 12/22/2010



a 5/5/7/5/8/5-fused hexacyclic ring system has been isolated
and its structure determined.12 Herein, we report a novel
bisnortriterpenoid, named schinarisanlactone A (1), which has
an unprecedented 5/7/7/5/7/5/6/5-fused octacyclic ring system
with a rare oxygen bridge between C-1 and C-7.

The freeze-dried fruits of S. arisanensis (3.1 kg) collected
from Nantou county, Taiwan were extracted with ethanol at
room temperature, and the crude extract was partitioned between
equal volumes of ethyl acetate and water. The EtOAc-soluble
portion was further partitioned in n-hexane/MeOH/H2O (4:3:
1) to give an aqueous layer. The aqueous residue was chro-
matographed on a Sephadex LH-20 and eluted with MeOH to
yield four fractions (sh-1-4). The second fraction (sh-2, 52 g)
was subjected to a Si gel column (n-hexane/EtOAc 1:0 to 0:1)
to give eight subfractions (sh-2-1-sh-2-8). The fraction sh-2-8
was further purified by a normal-phase HPLC column (n-
hexane/CH2Cl2/MeOH, 30:65:5) and then a reversed-phase
HPLC column (MeOH/H2O, 1:1) to afford 1 (2 mg).

Schinarisanlactone A (1),13 [R] +8 (MeOH), was obtained
as colorless needles. The molecular formula C28H36O9 was
deduced from ESI-HRMS at m/z 539.2257 ([M+Na]+), indicat-
ing 11 degrees of unsaturation. The IR spectrum showed intense
absorption bands at 3457 and 1770 cm-1, suggesting the
presence of hydroxyl and ester functionalities. From analysis
of DEPT spectra, a total of 28 carbon signals were found and
classified into nine quaternary carbons (including two ketone
carbonyl, one ester carbonyl, five oxygenated carbons), nine
methines (including three oxygenated carbons), four aliphatic
methylenes, and six methyl groups. Thus compound 1 contains
an octacyclic ring system after deduction of three double bonds.
The presence of four tertiary methyl singlets (δH 1.03, 1.31,
1.33, 1.44) and two secondary methyl doublets (δH 1.20, J )
7.2 Hz; 1.26, J ) 6.4 Hz) in the 1H NMR spectrum revealed
that compound 1 is a unique bisnortriterpenoid different from
nortriterpenoids of the schisanartane type.14,15

Analysis of 1H-1H COSY correlations of 1 established
three segments of C-5/C-6/C-7/C-8, C-11/C-12, and C-16/
C-22/C-23/C-24/C-25/C-27 in addition to C-21/C-20/C-22
(I-III in Figure 1). In the HMBC spectrum, the correlations
of H-16, Me-18, H-20, and Me-21 with C-17 (δC 219.6),
correlations of H-20 with C-13 (δC 49.9) and C-16 (δC 44.5),
and corrlations of H-24 and Me-27 with C-26 (δC 176.6)
along with segment III revealed the presense of a cyclo-
pentaone (ring F) and a γ-lactone (ring H). Thus, the presence
of an octa-ring (C-8 to C-16) and a ketone group located at
C-14 was assigned by HMBC correlations of H-11R with
C-8 (δC 59.3) and C-9 (δC 81.1), and of H-12R with C-13
(δC 49.9) and C-16 (δC 44.5), and correlations of H-8, H-16,
and H-22 with C-15 (δC 98.4), as well as of H-16 with the
C-14 carbonyl carbon (δC 208.9) together with segment II.
At this stage we concluded that 1 possessed the same oxygen
bridge between C-9 and C-15 (ring D and E) and between
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Table 1. 1H and 13C NMR Data for Schinarisanlactone A (1)

no. δΗ(mult, J in Hz)a δc(mult)b HMBC (HfC)

1 108.2 s Me-2, H-7, H-19
2 1.33 (s) 18.6 q
4 80.5 s H-5, Me-29, Me-30
5 2.14 (overlapped) 47.4 d H-7, H-19, Me-29, Me-30
6R 2.47 (m) 25.0 t H-5, H-8
6� 2.18 (overlapped)
7 4.18 (d, 9.2) 67.9 d H-5, H-8
8 2.68 (overlapped) 59.3 d H-6, H-11, H-19
9 81.1 s H-7, H-11, H-19
10 79.3 s Me-2, H-5, H-6, H-19
11R 2.00 (m) 42.2 t H-8, H-12, H-19
11� 1.46 (overlapped)
12R 1.92 (m) 30.4 t Me-18
12� 1.35 (overlapped)
13 49.9 s H-12, Me-18, H-20
14 208.9 s H-16
15 98.4 s H-8, H-16, H-22
16 2.48 (d, 6.0) 44.5 d H-12, Me-18, H-20, H-23
17 219.6 s H-16, Me-18, H-20, Me-21
18 1.03 (s) 26.3 q H-12
19R 2.15 (d, 16.4) 44.5 t H-11
19� 2.58 (d, 16.4)
20 2.47 (m) 44.6 d H-16, Me-21, H-22, H-23
21 1.26 (d, 6.4) 14.6 q H-20, H-22
22 2.68 (m) 40.0 d H-16, H-20, Me-21
23 4.37 (br s) 74.3 d H-16, H-20, H-22, H-24
24 4.52 (br s) 68.0 d H-22, H-23
25 2.82 (m) 41.7 d
26 176.6 s H-24, H-25, Me-27
27 1.20(d, 7.2) 7.8 q H-25
29 1.31 (s) 28.4 q Me-30
30 1.44 (s) 30.1 q H-5, Me-29

a Measured at 400 MHz (1H) and 100 MHz (13C) in CDCl3. b s ) C, d
) CH, t ) CH2, q ) CH3.
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C-15 and C-24 (ring G) after detailed analysis of 1D and
2D NMR data and comparison with schindilactone D.15

HMBC correlations of H-19 with C-1 (δC 108.2), C-5 (δC

47.4), C-8 (δC 59.3), C-9 (δC 81.1), and C-10 (δC 79.3) and
correlations of H-5 with two oxygenated quaternary carbons
C-4 (δC 80.5) and C-10, and combined with segment I,
revealed the presence of ring B. Furthermore, the HMBC
correlations of both Me-29 and Me-30 with C-4 and C-5
indicated that two geminal methyl groups are attached at C-4.
Moreover, the HMBC correlations of H-7/C-1 and Me-2/
C-1 and C-10 suggested that an oxepane ring is located
between C-1 and C-7 (ring C) and a methyl group (Me-2) is
attached at C-1. Therefore, the planar structure of schinar-
isanlactone A was assigned as 1, which belongs to an
unprecedented 5/7/7/5/7/5/6/5-fused octacyclic ring system
with loss of C-3 and has an additional oxygen bridge between
C-1 and C-7.

The relative configuration of schinarisanlactone A (1) was
determined by the analysis of NOESY correlations (Figure 2).

Assuming that the Me-18 of 1 was in a �-orientation similar to
the schisanartane-type nortriterperpenoids,14,15 the NOESY
correlations of Me-18/H-12�, H-16, Me-21, H-22, H-16/Me-
27, and H-12�/H-8 indicated that they are on the �-face. On
the other hand, the NOESY correlations of H-20/H-23/H-
24/H-25 suggested that H-20, H-23, H-24, and H-25 are
R-oriented.

There are two possible arrangements of 7-oxabicyclo[3.2.2]-
nonane (rings B and C) in 1. One is the �-orientation and the

other one is the R-orientation (Figure 3) of the oxgen bridge
between C-1 and C-7. However, the latter was eliminated by

the key NOESY correlations of H-8/Me-2/H-19. Although no
NOESY correlation between Me-2 and H-7 was found, they
were both on the same R-face. The geminal methyl groups (Me-
29 and Me-30) could be distinguished by the observation of
correlation between Me-30 and H-5. The final relative configuration
was confirmed by a single-crystal X-ray diffraction analysis, and
a perspective drawing of structure 1 is provided in Figure 4. On

the basis of the above findings, compound 1 was elucidated and a
name schinarisanlactone A was given.

A plausible biogenetic pathway for schinarisanlactone
A (1) is illustrated in Scheme 1. It might be generated

Figure 1. Key 1H-1H COSY and HMBC correlations of 1.

Figure 2. Selected NOESY correlations of 1.

Figure 3. Computer-generated perspective models of 1 with �- (left)
and R-oriented (right) oxygen bridge between C-1 and C-7 using
MM2 force field calculation.

Figure 4. Perspective drawing of the X-ray structure of 1.

Scheme 1. Plausible Biogenetic Pathway for 1
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from a schisanartane precursor such as schindilactone D.15

These steps involve hydrolysis of lactone, dehydration
with a seven-membered ring formation, and decarboxy-
lation to produce compound 1.

Schinarisanlactone A (1) was tested for in vitro inhibitory
activity against the HIV virus. AZT was used as a positive
control. It showed significant inhibition (11.8% survival rate)
against the HIV virus at 10 µM.
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