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ABSTRACT

Sphenadilactone A (1) Sphenadilactone B (2)

Two novel nortriterpenoid compounds, sphenadilactones A (1) and B (2), have been isolated from the leaves and stems of Schisandra
sphenanthera . The structural elucidation of 1 and 2 was accomplished by extensive NMR analysis. The relative stereochemistry of 1 was
established by single-crystal X-ray crystallography. Both compounds were tested for their cytotoxicities against K562, A549, and HT-29, and
compound 1 was further tested for its anti-HIV-1 activity.

Since the discovery of a highly oxidized, rearranged cy-  With the aim of identifying more novel natural compounds
cloartane nortriterpenoid, micrandilactoné fpm Schisan- with biological activities from this genus, we investigated
dra micranthain 2003, our group has phytochemically the leaves and stems 8thisandra sphenanthefRehd et
studied several species $thisandragenus collected in the  Wils collected from the Sichuan Province of China. The fruits
Yunnan Province of China, and this led to the isolation of a , ,

. . . . . . . (2) Li, R. T.; Xiao, W. L.; Shen, Y. H.; Zhao, Q. S.; Sun, H. Ohem-—
series of nortriterpenoids with a diversity of highly oxygen- gy 3 2005.11, 2989-2996.

ated structure%,® some of which showed anti-HIV-1 (3)Li, R. T; Li, S. H.; Zhao, Q. S.; Lin, Z. W.; Sun, H. D.; Lu, Y.;
activitiest—? Wang, C.; Zheng, Q. TTetrahedron Lett2003,44, 3531—-3534.

' (4) Li, R. T.; Xiang, W.; Li, S. H.; Lin, Z. W.; Sun, H. DJ. Nat. Prod.
2004,67, 94-97.
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of which were previously reported to be used as anti-tussive showed absorptions at 3463 and 1776 &mevealing the
and tonic agents in traditional Chinese medicihend presence of hydroxyl ang-lactone group$? TheH NMR
lignans are considered to possess liver-protective, anti-of 1 displayed the presence of four methyl groups. Detailed
inflammatory, anti-oxidant, anti-tumor, and anti-HIV activi- analysis of théH and'3C NMR (Table 1) and HSQC spectra
ties11120ur present studies have led to the isolation of two

novel highly oxygenated nortriterpenoids, sphenadilactones||j N EIENEILRNE

A (1) and B @). Both comp(_)unds feature an unprecedented Table 1. H and*C NMR Assignments ofl and 22

rearranged backbone derived from cycloartane, and the
structure ofl was confirmed by X-ray diffraction analysis. 1 2

In addition, compoundsl and 2 were tested for their no. Ou (mult., J, Hz) dc Ou (mult., J, Hz) oc
cytotoxicities against human tumor cell lines of K562, A549,

X i 4.19(d, 5.5) 80.4d 4.15(d,5.2) 80.5d
and HT-29, and compountiwas further tested for its anti- o, 965 (4, 22.2) 356t 2.62(d, 22.7) 35.71
HIV-1 activity. Described herein are the isolation, structure 93 2.5 (dd, 5.5, 22.2) 2.73 (dd, 5.2, 22.7)
elucidation, and biological activities of the two compounds. 3 1748 s 174.6 s
4 87.7s 87.7s
5  272(brd, 14.2) 51.9d 259 (brd, 15.1) 51.7d
6a.  1.55 (m) 22.7t 1.48 (m) 23.1t
68  1.31(m) 1.24 (m)
70 1.86 (m) 189t 1.63 (m) 22.8t
78 1.99 (overlapped) 1.91 (m)
8  3.34(dd,7.9,15.7) 43.7d 3.30 (m) 46.9d
9 83.8s 80.9 s
10 96.8 s 97.1s
1lo. 2.22 (brd, 19.0) 332t 3.27(ABd, 14.4) 51.4t
115 2.00 (overlapped) 2.93 (AB d, 14.4)
12 4.35(brd, 5.5) 77.3d 206.6 s
The leaves and stems 8f sphenantheraere collected 13 53.3s 64.4s
in Maoxian county of Sichuan Province, People’s Republic 14  2.46 (d, 8.2) 39.3d 257(d,8.1) 46.9d
of China, in August 2004, and identified by Prof. Xi-wen 15 1006 s 100.8 s
Li. The air-dried and powdered stems and leaves (2.5 kQ) ig ;3?3: 1000663 251;3?;1
were extracted with 70% aqueous o (4 ><.5 L) at room 1.24 (3H, 5) 23.8q 1.38(3H, s) 20.3 q
temperature and concentrated in vacuo to give a crude extractig, 192 (4, 16.2) 416t 1.88(d, 16.2) 440t
(102 g), which was partitioned between® and EtOAc. 198 2.19(d, 16.2) 2.41(d, 16.2)
The EtOAc part (57.0 g) was chromatographed on silica gel 20 76.5 s 75.3 s
column, RP-18, and sephadex LH-20 (MeOH) repeatedly. 21  1.48 (3H,s) 25.8q 1.58(3H,s) 26.4q
Further purification with semipreparative HPLC (Agilent 22  2.98 (brd, 8.2) 414d 3.22(brd,8.1) 42.9d
1100 HPLC system, Germany; Zorbax SB-C-18, Agilent, 23 4.79 (brs) 73.8d 4.91(brs) 73.8d
) 25  3.15(m) 42.1d 3.09 (m) 42.4d
sphenadilactones A (1, 33 mg) and B 4 mg). 9% 178.9 5 1781 5
Sphenadilactones ALJ*® were obtained as colorless and 97 162 (3H, d, 7.2) 86q 1.56(3H,d,7.1) 8.6q
optically active crystals. Its molecular composition of 29 8.63(d, 11.7) 67.8t 3.57(d, 14.5) 67.7t
Ca9H36012 Was established from HRESIMS (found [M 3.75(d, 11.7) 3.71(d, 14.5)
Na]* 599.2118, calcd 599.2123) atC NMR spectroscopic 30  1.12(3H,s) 16.7q 1.12(3H,s) 16.8 q

data, indicating 12 degrees of unsaturation. The IR spectrum  apata were recorded indDsN on Bruker AM-400 MHz tH, 3C) and
Bruker DRX-500 MHz spectrometers (HSQC, COSY, HMBC, and
; . . s o . ROESY); chemical shiftsd) were expressed in parts per million with
D '(g)hélnao,;/\l.TL..\,NZahnu, |_I|2 \:q ,SLTJer; YW|;n L"(:R'Z-L"erl]"' SQgr St’:t't H. reference to the most downfield signal offEN (6 8.71 ppm) forlH, and
2(')’05 7 3’145'_'2’148 9 RS RU Y 9, & 9. QL1 ’ to the center peak of the most downfield signal @DeN (6 149.9 ppm)
i v . . . . for 13C, respectively.
(9) Xiao, W. L.; Yang, L. M.; Gong, N. B.; Wu, L.; Wang, R. R.; Pu,
J. X,; Li, X. L.; Huang, S. X.; Zheng, Y. T.; Li, R. T,; Lu, Y.; Zheng, Q.
T.; Sun, H. D.Org. Lett.2006, in press.
(10) Pharmacopoeia Commission of the Ministry of Public Health of .
PRC, Pharmacopoeia of the People’s Republic of China (Part 1), Beijing, revealed thatl contained two ester groups, one carbonyl

China, 2000, p 197. _ group, four methyls, six methylenes (including oxygenated

15%1—1%%9”' Y. G.;Qin, G. W.; Xie, Y. YJ. Wuhan Bot. Re2001,19, one), nine methines (including four oxygenated ones), and
(12) Qin, G. W.; Chen, Y. CTraditional Chinese Medicine Research ~ S€ven quaternary carbons (including six oxygenated ones).

& Development-Reviews by Biotechnology Research Institute Visiting These suggested that Compothas a h|gh|y oxygenated

Scholars (19971999) Chineseersion Scientific & Technological Publish- it id. | tantly. the lack of lefini ieti

ers: Beijing, 2000; pp 286318. nortriterpenoid. Importantly, the lack of any olefinic moieties
(13) Sphenadilactone ALJ: colorless crystals, mp 23@11°; [o]p*” required the presence of nine rings to satisfy the degrees of

= +118.6 (c0.116, CHOH); UV (CH30H) Amax (log €): 211 (3.32) nm;

IR (KBI) vma 3463, 2049, 2917, 1776, 1750, 1643, 1381, 1257, 1188, 1057, Unsaturation.

598 cnT!; NMR can be found in Table 1; positive ESIMSn/z(rel int.)

599 (100, [M+ NaJ*); HR-ESIMS, found 599.2118; calcd for§H36012- (14) Chen, G. F.; Li, Z. L.; Pan, D. J.; Tang, C. M.; He, X.; Xu, G. Y.;
Na 599.2123. Chen. K.; Lee, K. HJ. Nat. Prod.1993,56, 1114—1122.
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The three characteristic resonances appearing as an AB
spin system ad 4.19 (d,J = 5.5 Hz), 2.65 (dJ = 22.2
Hz), and 2.85 (dd) = 5.5, 22.2 Hz) were assigned to H-1,
H-20, and H-2, respectively*:® In addition, HMBC spectrum
displayed the following correlations: the methyl signabat
1.12 (H-30) with C-4, C-5, and C-29; the methine doublet
at 6 4.19 (H-1) with C-2, C-3, C-5, C-10, and C-19; the
methine proton ab 2.72 (H-5) with C-6 and C-7; the proton
signal ato 3.34 (H-8) with C-9 and C-19. The above

evidence, along with two proton spin systems observed from

the'H—H COSY spectrum, H-1/H-2, and H-5/H-6/H-7/H-
8, strongly suggested that compoubhpossessed AC rings
similar to those of lancifodilactone &which led to the
establishment of partial structuiea (Figure 1).

Figure 1. Fragments and key COSY (—) and HMBC (—)
correlations ofl.

Analysis of the HMBC spectrum df also showed obvious
correlations from Cht18 (6 1.24) to C-12, C-13, C-14, and
C-17, from CH-21 to C-17, C-20, and C-22, from G227
to C-24, C-25, and C-26, from H-24 to C-15, C-22, C-23,
C-25, and C-26, from H-23 to C-26, from H-22 to C-15,
from H-14 to C-15 and C-16, and from H-12 to C-16. The
above observed HMBC correlations, coupled with two proton
spin systems, H-11/H-12 and H-14/H-22/H-23/H-24/H-25/
H-27, established byH—'H COSY correlations, gave rise
to another partial structuréb (Figure 1).

Further HMBC correlations of H-19 to C-11 and H-8 to
C-15 and C-16 established the direct linkages of C-9 with
C-11 and C-8 with C-16, which permitted fragmefitsand
1b to be joined to get the third partial structuds.

Since C-9, C-15, C-16, and C-20 were fully substituted
carbons and the 2D NMR spectra did not provide sufficient
information to elucidate the pattern of connection of these
carbons, further solid evidence, such as X-ray diffraction,
was necessary. Fortunately, after many attempts with dif-
ferent solvents, a single crystal of compouhdas finally
obtained from MeCO—MeOH (1:2) solvent, and an X-ray
crystallographic analysis was realized (Figuret®2yvhich
clarified the still uncertain structural details.
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Figure 2. X-ray structure ofl showing relative configuration.

The relative stereochemistry tfwas also determined by
X-ray analysis, together with ROESY correlations. Bio-
genetically, C-29 wasx-oriented, while CH30 was in
p-orientation. The cross-peaks observed between-8H
H-1, H-29/H-5, and H-5/H-8 in the ROESY spectrum
demonstrated that H-1 wasoriented, while H-5 and H-8
possessed-orientation, respectively. In addition, according
to the IUPAC sequence rulé,based on the chiral center
with the lowest locant, the relative stereochemistry of the
four quaternary carbons C-9, C-10, C-15, and C-16 was
deduced as$*, R*, S*, andS* configuration, respectively.

Sphenadilactone BJ'” was isolated as colorless crystals,
and the molecular formula of gH3¢01> Was established by
HRESIMS (found [M+ NaJ* 599.2105, calcd 599.2104)
and®3C NMR spectroscopy, which was the same as that of
1. The IR spectrum showed that hydroxyl (3453 ¢én
carbonyl (1747 cmt), andy-lactone (1778 cm') function-
alities were present i. The'H NMR spectrum of (Table
1) exhibited signals due to three tertiary methyls and a
secondary methyl. Th&C NMR spectrum showed signals
for 29 carbons, and the DEPT NMR spectrum indicated the
presence of two ester groups, two carbonyl groups, four
methyls, six methylenes (including oxygenated one), nine

(15) Crystallographic data fdt: CygHz6012, M = 576.60, monoclinic,
space groufP2;, a = 8.255 (1) A,b = 18.920 (1) A,c = 9.657 (1) AV
=1508.3 (5) B, Z= 2,d = 1.389 g/cr, crystal dimensions 0.1& 0.20
x 0.30 mm was used for measurements on a MAC DIP-2030K diffracto-
meter with a graphite monochromator (w-88ans, 2fax = 50.0°), Mo
Ko radiation. The total number of independent reflections measured was
2942, of which 2941 were observedF?2 > 20|F[?). Final indices: R; =
0.0582,wR, = 0.1591,S = 1.215, (A/0}ax = 0.009, (Appin = — 0.274
e/A3, (Ap)max= 0.353 e/R. The crystal structure df was solved by direct
method SHELXS-97 (Sheldrich, G. M. University of Gottingen: Gottingen,
Germany, 1997) and expanded using difference Fourier techniques, refined
by the program SHELXL-97 (Sheldrich, G. M. University of Gottingen:
Gottingen, Germany, 1997) and the full-matrix least-squares calculations.
Crystallographic data for the structure dfhave been deposited in the
Cambridge Crystallographic Data Centre (deposition number: CCDC
294053). Copies of these data can be obtained free of charge via
www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystal-
lographic Data Centre, 12, Union Road, Cambridge CB21EZ, UK.; fax:
(+44) 1223—336—033; or deposit@ ccdc.cam.ac.uk).

(16) IUPAC Nomenclature of Organic ChemistBergamon: New York,
1979, Sections AH. Recommendation for section A, Spiro hydrocarbons.

(17) Sphenadilactone BY: colorless crystals, mp 19200°C; [o]p!5-3
= +106.7 (c0.146, CHOH); UV (CH3OH) Amax (log €): 214 (3.57) nm;

IR (KBr) vmax3453, 2951, 2947, 1778, 1747 1653, 1389, 1244, 1177, 1056,
578 cnt!; NMR can be found in Table 1; positive ESIMS3n/z (rel int.)

599 (100, [M+ NaJ*); HR-ESIMS, found 599.2105; calcd forgH36012-

Na 599.2104.
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relations of H-1/CH-30, H-5/H-8, H-16/ CH-18, CH:-18/
CHs-21, H-14/ CH-21, H-22/H-25, and H-24/ CH27
suggested that other chiral centers2ofvere the same as
those ofl (Figure 3).

In addition, a computer-generated 3D structure was
obtained by CHEM 3D ULTRA V 8.0, with MM2 force-
field calculations for energy minimization (Figure 3). The
calculated interatomic distances between H-16/id-(227
A), H-1/CHs-30 (2.50 A), H-5/H-8 (2.74 A), H-16/CH18
(2.26 A), CH-18/CH:-21 (2.67 A), H-14/ CH-21 (2.90 A),
H-22/H-25 (2.46 A), and H-24/ CH27 (2.50 A) are all less
than 4.00 A; this further supported the well-defined ROESY
correlations observed for each of these proton pairs.

Compoundd and2 were evaluated for their cytotoxicities
toward three human tumor cell lines, viz. K562, A549, and
HT-29, using the same bioassay method as previously
described? and both compounds showed no obvious inhibi-
tory activities with 1G, values greater than 1Q@y/mL. In
addition, compoundl was tested for cytotoxicity assay
. ] ) ] against C8166 cells (Gg) and anti-HIV-1 activity evaluated
methines (including four oxygenated ones), and six quater-py the inhibition assay for the cytopathic effects of HIV-
nary carbons (including five oxygenated ones). The above 1us (ECso), using AZT as a positive control (E§= 0.0034
analysis suggesfced that compouBdwas al_so a highly ug/mL and CGo > 200 ug/mL)2 It showed anti-HIV-1
oxygenated nortriterpene, and gross comparison of th_e NMRactivity with EGs of 137.0 ug/mL and exerted minimal
spectra ofl. and2 suggested that they are structurally similar cytotoxicity against C8166 cells (GE > 200 ug/mL).

(Table 1). The structure elucidation ®fvas mainly restricted Compound2 was not tested for further bioactivities due to
to the differences with respect 1cand analysis of 2D NMR ;< |imited mass.

spectral data. Detailed analysis of extensive 2D NMR spectra,

including HSQC, 'H—'H COSY, HMBC, and ROESY Acknowledgment. This project was supported by grants

spectra, showed the presence of rings A, B, C, F, G, and H.from the Natural Science Foundation of Yunnan Province
The major differences were the oxygenated methine at C-12(No. 2005XY04), Key Scientific and Technological projects

Figure 3. Key ROESY correlations o and corresponding
interatomic distance (A), and some protons hidden for concision
of the picture.

and the ketal carbon at C-16 ithreplaced by a carbonyl

of China (2004BA719A14), and the National Natural Science

group and an oxygenated methine, respectively. This wasFoundation of China (No. 20402016).

confirmed by HMBC correlations of CHL8 (6 1.38) with
the signal at) 206.6 (C-12) and H-14%(2.57) with the signal
ato 80.2 (C-16), in conjunction with th#H—H COSY spin

system of H-8/H-16. These differences led to the disappear-
ance of the oxygen bridge between C-12 and C-16. Accord-

ingly, the planar structure was established as shown.

The relative stereochemistry @fwas construed from the
ROESY spectrum, together with 1D NMR data comparison
with those ofl (Table 1). The configuration of the hydroxyl
group at C-16 was deduced to leeoriented from the
ROESY correlation of H-16/H-1d. Further ROESY cor-
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