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Introduction

Immunosuppressants are imperative both for organ recipi-
ents, and for patients suffering from immune-associated dis-
eases, such as arthritis and asthma.[1] However, most of the
immunosuppressive drugs currently available, including glu-
cocorticoids, cyclophosphamide, and even cyclosporine A,
have been reported to inevitably possess severe side effects
primarily owing to poor selectivity.[2] Therefore, there is an
urgent need for new potent immunosuppressive agents with
negligible or acceptable toxicity. Recently, some substantial-
ly immunosuppressive and less-toxic polyphenols have re-
ceived increasing chemical and biological attention. (�)-Epi-
gallocatechin-3-O-gallate, an anti-inflammatory and immu-
nomodulatory phytochemical rich in green tea, has been a
common research topic of many groups.[3] In our state key

laboratory, astilbin was characterized from the Smilax
glabra rhizome as an immunosuppressive flavonoid unique
in its selective inhibition on activated T lymphocytes,[4] and
dalesconols A and B were identified as novel immunosup-
pressive polyphenols with higher selectivity.[5] Those findings
encouraged us to search for promising immunosuppressants
from the Hopea species of the Dipterocarpaceae family,
which were shown to be abundant in bioactive polyphe-
nols.[6] We hereby wish to report the structure determination
and immunosuppressive activity of the three resveratrol
aneuploids from stem barks of Hopea chinensis endemic to
the Hainan Island (China).

Results and Discussion

Hopeachinol A (1), an orange amorphous powder, the
HRESIMS spectrum of which gave a protonated molecular-
ion peak at 587.1338, which indicated that the molecular for-
mula was C35H23O9 (calcd to be 587.1339). The IR spectrum
of 1 suggested the coexistence of hydroxyl (3230 cm�1),
ketone (1612 cm�1), and aromatic (1585 and 1453 cm�1)
groups. The 1H NMR and COSY sprectra of 1 displayed two
coupled aliphatic protons and fourteen aromatic protons in-
cluding two sets of ortho-coupled protons ascrible to two
1,4-disubstituted phenyl rings (dH-2a(6a) =7.81 (2 H, d, J=

8.5 Hz), dH-3a(5a) =7.10 (2H, d, J= 8.5 Hz), dH-2b(6b) = 7.24
(2 H, d, J=8.5 Hz), and dH-3b(5b) = 6.82 ppm (2H, d, J=

8.5 Hz)), one 1,3,5-trisubstituted phenyl ring (dH-10b(14b) = 6.20
(2 H, br s), dH-12b = 6.19 ppm (1 H, br s)), a 1,2,3,5-tetrasubsti-
tuted phenyl ring (dH-10a =7.20 (br s) and dH-12a = 6.30 ppm
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(br s)), and a pentasubstited aromatic ring (dH-5c = 7.48 ppm
(1 H, s)), as well as an intramolecular hydrogen bond with a
proton signal at d= 13.98 ppm. These motifs, together with
the elemental composition C35H22O9, suggested that com-
pound 1 may be a sester-resveratrol. The comparison of the
13C NMR spectrum of 1 with that of diptoindonesin G (3)
indicated that it possessed a substructure sharing the same
skeleton with diptoindonesin G (3),[7] whereas the remaining
motif was a stilbene unit as determined after scrutizing the
HMBC correlations between H-8b/C-10b and H-7b/C-
2b(5b) (Figure 1, Table 1). The two partial structures were
connected by an ether linkage between C-7b/C-4c and a C�
C bond between C-8b/C-3c, as evidenced from the distinct

HMBC correlations between H-7b/C-4c, H-8b/C-2c, and H-
8b/C-4c. Therefore, the planar structure of 1 was constructed
as a sester-resveratrol.

The relative configuration of the two chiral carbon atoms
(7b/8b) could be unambiguously determined as trans by
NOE correlations between H-7b/H-10b and H-8b/H-2b(6b)
(Figure 1, Table 1).

To assign the absolute stereochemistry of 1, the electronic
circular dichroism (ECD) spectra affordable through quan-
tum-chemical calculations were used.[8] The optimized geo-
metric information for (7bR,8bR)-1 are listed in Table S1
(Supporting Information). The calculated ECD spectra of
(7bR,8bR)-1 and its enantiomer (7bS,8bS)-1 after a UV cor-
rection of 16 nm (see Figure S1 in the Supporting Informa-
tion), were depicted in Figure 2. The ECD spectrum gener-

Figure 1. Key HMBC and NOE correlations of 1. The optimized structur-
al information for 1 within the PCM model (acetone solvent: dielectric
constant e= 20.70) at the B3LYP/6-31G(d) level.

Figure 2. Allocation of the absolute configuration of 1 as 7bR,8bR by
comparison between its experimental (c) and calculated (c, for
both enantiomers) ECD spectra.
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ated for (7bR,8bR)-1 showing the positive (208 and 264 nm)
and negative (223 and 244 nm) Cotton effects (CE) was in
good agreement with the exper-
imental data of 1, whereas the
calculated ECD spectrum for
(7bS,8bS)-1 was almost oppo-
site to the experimental curve.
The excitations from p-type
molecular orbitals (MO) to p*-
type MO of aromatic rings
played a dominant role in the
absorbed bands (see Figure 3
and Table S2 in the Supporting
Information). The electronic
transitions of MO150!MO157
(pC=C!p*

C¼C) and MO144!
MO153 (pC=C!p*C¼O) contribut-
ed to the positive rotatory
strengths at 208 and 264 nm, re-
spectively. They were associated
with the experimental CE at
210 and 253 nm (see Table S1
and Figure S2 in the Supporting
Information). The calculated
negative CE at 223 and 244 nm

could be assigned to the broad band at about 227 nm in the
experimental ECD spectrum, representing the excitations of

Table 1. NMR spectroscopic data of compounds 1 and 2.[a]

No.
Hopeachinol A (1) Hopeachinol B (2)

dC
[b] dH (mult. , J)[b] HMBC (H!C) NOESY[c] dC

[b] dH (mult. , J)[b] HMBC (H!C) NOESY[c]

1a 122.5 131.8
2a/6a 131.6 7.81 (d, 8.2) 4a, 7a, 6a/2a 3a/5a, 10a 128.6 7.16 (d, 8.5) 4a, 7a, 6a/2a 3a/5a, 7a, 8a
3a/5a 117.0 7.10 (d, 8.2) 1a, 5a/3a, 4a 2a/6a 116.0 6.78 (d, 8.5) 1a, 5a/3a, 4a 2a/6a
4a 160.6 158.5
7a 157.6 90.6 5.88 (d, 8.0) 1a, 2a/6a, 9a, 13b, 14b 2a/6a, 10a> 8a
8a 109.7 51.2 4.81 (d, 8.0) 1a, 10a, 14a, 9b,13b, 14b, 7a, 9a 2a/6a> 7a
9a 135.6 143.7
10a 103.6 7.20 (s) 8a, 12a, 14a 2a/6a 105.8 6.63 (d, 1.7) 8a, 12a, 14a, 11a 7a
11a 164.6 162.9
12a 103.1 6.30 (s) 10a, 14a, 11a, 13a 102.8 6.33 (d, 1.7) 10a, 14a, 11a, 13a
13a 167.9 14.0 (brs, -OH) 12a, 13a, 14a 160.6 10.6 (br s, -OH)
14a 112.4 119.2
1b 133.8 132.1
2b/6b 127.7 7.24 (d, 8.2) 4b, 7b, 6b/2b 3b/5b, 7b, 8b 128.4 7.07 (d, 8.5) 4b, 7b, 6b/2b 3b/5b, 7b, 8b
3b/5b 116.3 6.82 (d, 8.2) 1b, 5b/3b, 4b 2b/6b 116.1 6.71 (d, 8.5) 1b, 5b/3b, 4b 2b/6b
4b 158.4 158.3
7b 94.9 5.68 (d, 2.8) 2b/6b, 4c, 9b 2b/6b, 10b/14b> 8b 89.0 6.05 (s) 1b, 2b/6b, 9b, 6c, 7c 2b/6b, 8b, 10b
8b 56.7 4.98 (d, 2.8) 1b, 10b/14b, 4c, 9b, 3c 2b/6b, 10b/14b> 7b 48.3 4.16 (s) 1b, 10b, 14b, 2c, 6c 2b/6b, 7b, 10b
9b 147.2 139.5
10b 106.8 6.20 (s) 8b, 12b, 11b/13b 7b, 8b 106.6 6.68 (d, 1.1) 8b, 12b, 14b, 11b 7b, 8b
11b 159.5 159.9
12b 102.0 6.19 (s) 10b/14b, 11b/13b 97.2 6.27 (d, 1.1) 10b, 14b, 11b, 13b
13b 159.5 161.3
14b 106.8 6.20 (s) 8b, 12b, 11b/13b 7b, 8b 121.7
1c 187.5 197.7
2c 126.3 139.4
3c 126.7 107.1 6.85 (d, 1.7) 1c, 5c, 7c, 4c
4c 161.6 159.8
5c 99.3 7.48 (s) 3c, 4c, 6c 102.9 6.51 (d, 1.7) 3c, 7c, 4c, 6c
6c 153.8 160.6
7c 121.7 121.3

[a] Data were recorded in [D6]acetone at 500 MHz for 1H and 2D NMR, and 125 MHz for 13C NMR spectra. [b] d in ppm, J in Hz. [c] The sign > differ-
entiates strong and weak correlations.

Figure 3. The most important orbitals of the optimized conformer of compound (7bR,8bR)-1. The optimized
conformation is obtained at the B3LYP/6-31G(d) level in the PCM (MeOH solvent: dielectric constant e =

32.63) model.
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MO147!MO154 (pC=C!p*
C¼O) and MO152!MO155 (pC=C

!p*
C¼C).

Hopeachinol B (2) was isolated as a yellowish amorphous
powder, the HRESIMS spectrum of which gave a protonat-
ed molecular-ion peak at m/z : 589.1496, which indicated
that the molecular formula was C35H24O9 ([M+H]+ calcd for
589.1493) with 24 degrees of unsaturation. The IR spectrum
of 2 also suggested the presence of hydroxyl (3263 cm�1),
ketone (1613 cm�1), and aromatic (1594 and 1437 cm�1)
functionalities. These all indicated that hopeachinol B could
be another sester-resveratrol. The 1H NMR and COSY spec-
tra of 2 acquired in [D6]acetone displayed two sets of cou-
pled aliphatic protons (dH-8a =4.81 (1 H, d, J=8.0 Hz) and
dH-7a =5.88 ppm (1 H, d, J=8.0 Hz); dH-8b = 4.16 (1 H, br s)
and dH-7b =6.05 ppm (1H, br s)), ten aromatic protons in-
cluding two sets of ortho-coupled protons assignable to a
1,4-disubstituted phenyl ring (dH-3a(5a) =6.78 (2 H, d, J=

8.5 Hz) and dH-2a(6a) =7.16 ppm (2 H, d, J=8.5 Hz); d=

6.71H-3a(5a) (2 H, d, J=8.5 Hz) and dH-2a(6a) = 7.07 ppm (2 H, d,
J=8.5 Hz)), three sets of meta-coupled protons on three
1,2,3,5-tetrasubstituted phenyl rings (dH-12b = 6.27 (1 H, d, J=

1.1 Hz) and dH-10b = 6.68 ppm (1 H, d, J=1.1 Hz); dH-12a =

6.33 (1H, d, J=1.7 Hz) and dH-10a =6.63 ppm (1 H, d, J=

1.7 Hz); dH-3c =6.85 (1H, d, J= 1.7 Hz) and dH-5c = 6.51 ppm
(1 H, d, J= 1.7 Hz)), and an intramolecular hydrogen bond
with a proton signal at d=10.55 ppm. The HMBC correla-
tions of H-2a(6a)/C-7a, H-8a/C-1a, H-7a/C-9a, and H-10a/C-
8a (Figure 4, Table 1) suggested a substructure of a stilbene
skeleton (ring A1–C-7a–C-8a—ring A2). The HMBC correla-
tions of H-2b(6b)/C-7b, H-8b/C-1b, H-7b/C-9b, and H-10b/
C-8b indicated another stilbene skeleton (ring B1–C-7b–C-
8b—ring B2). The HMBC correlations H-3c/C-1c indicated
the presence of an acetophenonyl moiety. Subtracting 21 de-
grees of unsaturation (five phenyl rings and a carbonyl),
compound 2 had three more rings. Two oxygenated carbon
atoms C-7a and C-7b resonated at d=90.6 and 89.0 ppm in

its 13C NMR spectra, respectively, together with HMBC cor-
relations of H-7a/C-13b, H-8a/C-9b, H-7b/C-6c, and H-8b/C-
2c, which revealed the presence of two dihydrofuran rings.
The presence of an intramolecular hydrogen bond formed
by the carbonyl at C-1c and hydroxyl at C-14a revealed that
C-1b and C-14a were linked directly to form the last re-
quired big rings. Thus, the planar structure of hopeachinol B
(2) was determined (see graphic).

The relative configuration of hopeachinol B was deter-
mined unambiguously by NOESY correlations (Figure 4,
Table 1). The NOEs for H-7a/H-10a, H-8a/H-2a(6a), H-7b/
H-10b, and H-8b/H-2b(6b) indicated trans configurations for
H-7a/H-8a and H-7b/H-8b. However, no NOE correlation
was detected for H-8a/H-8b, which suggested a trans config-
uration for H-8a/H-8b.[9] Thus, the relative configuration of
2 was established.

A comparison was also made between the experimental
CD and calculated ECD spectra for (7aR,8aR,7bS,8bS)-2
and (7aS,8aS,7bR,8bR)-2 after a UV correction of 16 nm
(Figure 5 and Figure S2 in the Supporting Information). The
coordinate information of (7aR,8aR,7bS,8bS)-2 was given in
Table S3 (Supporting Information). As shown in Figure 5,
the calculated ECD curve for (7aR,8aR,7bS,8bS)-2 agreed
well with the experimental ECD spectrum, which was oppo-
site to that calculated for (7aS,8aS,7bR,8bR)-2. The calculat-
ed negative Cotton effects at 224 and 284 nm could be as-
signed to the bands at 225 and 279 nm in the experimental
ECD spectrum. As shown in Figure 6 and Table S4 (Sup-
porting Information), the transitions from p-type (filled C=

C orbital) and n-type (lone pair orbital on oxygen) to p*-
type (antibonding C=C and C=O orbitals) molecular orbi-
tals (MO), MO 142!154 and MO 153!155, contributed to
these absorption bands. In the experimental ECD spectrum,
two positive bands were observed at 211 and 242 nm, which
were well reproduced by the calculations (204 and 237 nm,
respectively). The p!p* and n!p* excitations (MO 145!
160, MO 149!161, and MO 151!162) played a dominant
role. In addition, a positive Cotton effect at 302 nm, arising
from pC=C! p*

C¼C excitation (MO 148!154), is produced by
our calculations.

Compound 3 was isolated as a red amorphous powder. Its
structure was identified as diptoindonesin G by comparing
its MS and NMR spectroscopic data with literature.[7]

The resveratrol aneuploids 1–3 were tested for immuno-
suppresive activity by using a Con A induced proliferation
of mouse splenic lymphocytes (T cells) assay. Resveratrol
and a clinically prescribed immunosuppressant cyclospori-
n A were used as controls. Compound 3 was found to be sig-
nificantly active with an IC50 value of 10.8 mm, approximate-
ly 16-fold higher inhibitory activity than resveratrol (IC50 =

170.6 mm), whereas hopeachinols A (1) and B (2) exhibited
weak and moderate activity with IC50 values of >100 and
50.1 mm, respectively. As shown in Figure 7B, compound 3
suppressed Con A induced cell proliferation by 60 % at
15 mm at which the survival of normal splenic cells was
slightly influenced (Figure 7A), which suggested that the in-
hibition of compound 3 is not from the aspect of cytotoxity.

Figure 4. Key HMBC and NOE correlations of 2. The optimized structur-
al information for 2 within the PCM model (acetone solvent: dielectric
constant e= 20.70) at the B3LYP/6-31G(d) level.
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Interestingly, compound 3 contained an 8-hydroxynaphtha-
len-1(4H)one scaffold, which happens to be well comparable
to 5-hydroxychroman-4-one and 8-hydroxy-3,4-dihydronaph-
thalen-1(2H)one moieties structured in other immunosup-
pressive natural products astilbin[4] and dalesconols,[5] re-
spectively, with their bioactivity being all recognized by the
activated T-lymphocyte assay in our state key laboratory.
However, it was noteworthy that compound 1, though con-
taining a 5-hydroxychroman-4-one moiety, possessed negligi-
ble immunosuppressive activity presumably because the

scaffold could have been “masked” by the phenyl group in
its neighbourhood.

Furthermore, the effects of compound 3 on the apoptosis
of Con A activated T cells were investigated by PI and an-
nexin V double staining. The percentage of apoptotic acti-
vated T cells was increased dose-dependently by compound
3, 15 mm of which displayed comparable activity to 50 mm

quercetin, a positive control (Figure 8A). When the apoptot-
ic signaling pathway was examined by western blotting,
cleaved caspase-3, 7, 9, and PARP were observed to appear
more intensively in 3-treated activated T cells (Figure 8B).
Therefore, the immunosuppressive activity of compound 3 is
possibly due to its induction of apoptosis in activated T
cells.

Conclusion

To the best of our knowledge, only very few natural resvera-
trol aneuploids have been characterized previously.[7,10]

Herein, two structurally unusual and one biologically prom-
ising resvertrol aneuploid were isolated from a tropical Dip-
terocarpaceae plant Hopea chinensis. The structures were
determined by comprehensive spectroscopic data coupled
with the computational quantum-chemical method. The
ECD spectrum supplied a valid method for determining the
absolute configurations for oligostilbenoids, most of which
were still obscure.[6,10] The difference in the bioactivity of
the resveratrol aneuploids highlighted that a readily accessi-
ble 8-hydroxynaphthalen-1(4H)one moiety and its isostere-
alike residues 5-hydroxychroman-4-one seemed to be essen-
tial for some immunosuppressive natural products.[4,5] Final-
ly, the unique architecture, potent immunosuppresive activi-
ty, and lower toxicity of compound 3 suggested collectively
that it could be a favorable starting molecule for the immu-
nosuppressive drug discovery.

Experimental Section

General reagents and instrumentation : Optical rotations were recorded
on a Rudolph Research Analytical Autopol III automatic polarimeter.
The UV spectrum was recorded on a Hitachi U-3000 spectrophotometer.
CD spectra were obtained on a JASCO J-810 spectrometer, and the IR
spectrum was measured on a Nexus 870 FTIR spectrometer. HRESIMS
spectra were recorded on an Agilent 6210 TOF LCMS equipped with an
electrospray ionization (ESI) probe operating in positive-ion mode with
direct infusion; NMR spectroscopic data were acquired in [D6]acetone
on a Bruker DRX500 NMR spectrometer with tetramethylsilane (TMS)
and solvent signals as internal references. Silica gel (200–300 mesh) for
column chromatography was produced by Qingdao Marine Chemical
Factory, Qingdao (China). Sephadex LH-20 was purchased from Pharma-
cia Biotech (Sweden). HPLC analysis was performed by using a 250 �
10 mm, 5 mm, Hypersil ODS column (Thermo Fisher Scientific, USA) on
a Hitachi HPLC system consisting of a l-7110 pump (Hitachi) and a l-
7400 UV/Vis Detector (Hitachi). [D6]acetone used for NMR spectroscop-
ic measurements was purchased from Merck. All chemicals used in the
study were of analytical grade.

Plant material : The stems and twigs of Hopea chinensis were collected in
August 2008 from the Botanical Garden at Jianfeng Town, Ledong

Figure 5. Assignment of the absolute configuration of 2 as
7aR,8aR,7bS,8bS by comparison between its experimental (c) and cal-
culated (c, for both enantiomers) ECD spectra.
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County, Hainan Island (China). A voucher specimen (no. IFB-20080820)
was preserved at the Institute of Functional Biomolecules, Nanjing Uni-
versity. The specimen was identified by Prof. X. J. Tian (Nanjing Univer-
sity, Nanjing, China).

Extraction and isolation procedures : The air-dried and powdered stem
woods of Hopea chinensis (16.5 kg) were extracted with EtOH (3 � 20 L)
at room temperature and concentrated in vacuo to give a crude extract
(121.9 g), which was subsequently diluted with H2O (500 mL) to give an
aqueous suspension. After defatting by partitioning with petroleum ether
(3 � 500 mL), the suspension was extracted with EtOAc (3 � 500 mL). The
EtOAc extract (82 g) was chromatographed on a silica-gel column eluted
with mixtures of CHCl3/MeOH (100:0, 100:5, 100:10, 100:15, 100:20,
100:30, 100:40, 100:60, and 0:100, v/v, each 3.5 L) to give a total of 33
fractions. Fractions of similar compositions, as determined by TLC, were
pooled, resulting in eight fractions (A–H). Fraction C (3.5 g) was subject-
ed to passage over a second silica-gel column, eluting with CHCl3/MeOH
increasing in polarity (100:5–100:20), to give six subfractions (C1-C6).
Fraction C1 (98 mg) was purified by using Sephadex LH-20 eluted with
CHCl3/MeOH (1:1) to afford compound 1 (8 mg) and a mixture, which
was further purified by a silica-gel column eluting with CHCl3/MeOH
(100:10) to give compound 3 (4 mg). Fraction D (6.0 g) was chromato-
graphed on a Sephadex LH-20 column by elution with MeOH to give 13
subfractions (D1–D13). Fraction D9 was purified by HPLC (MeOH/H2O
53:47) to give compound 2 (8 mg, tR =10.6 min).

Computational details : The theoretical calculation of the ECD spectrum
was performed with the Gaussian 03 program.[8a] Firstly, the geometric
optimizations of the studied systems in CH3OH solvent are carried out
by using density-functional theory (DFT) at the B3LYP/6-31G(d) level.
The effects of solvent on the electronic structures of the solutes were si-
mulated with the self-consistent reaction field (SCRF) method within the
framework of polarizable continuum model (PCM). The dielectric con-
stant, e, with value of 32.63 for CH3OH is employed. Then, on the basis
of the optimized geometries, the excited-state calculations were per-

formed. The spin-allowed excitation
energies and rotatory strengths of the
lowest 120 excited states have been
calculated by a combination of time-
dependent DFT with the PCM model
(TD-DFT/PCM) with the 6-31G(d)
basis set. The final ECD spectra were
produced according to Equation (1), in
which Den is the peak intensity in the
unit of Lmol�1 cm�1, ln is the wave-
length of the nth transition, and Dln is
the half-width at 1/e of the peak maxi-
mum, and Equation (2) in which the
half-width Dln =l2

nDñ with Dñ=

1200 cm�1 and Rn is the rotatory
strength given in 10�40 cgs:[11]

DeðlÞ ¼ S
n

Denexp
�
�
�

l�ln

Dln

�2�
ð1Þ

Den ¼
lnRn

22:94
ffiffiffiffiffiffiffiffiffiffiffi
pDln

p � 1040 ð2Þ

The UV correction, comparison of the
predicted overall UV spectrum with
the experimentally measured one, is
important to assign the absolute con-
figuration from ECD calculations. The
systematic errors in the prediction of
the wavelength and excited-state ener-

Figure 6. The most important orbitals of the optimized conformer of com-
pound (7aR,8aR,7bS,8bS)-2. The optimized conformation is obtained at the
B3LYP/6-31G(d) level in the PCM (MeOH solvent: dielectric constant e=

32.63) model.

Figure 7. Cytotoxic (A) and immunosuppressive (B) effects of compounds
1–3 on mouse splenic cells.
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gies are eliminated by adjusting the calculated overall ECD spectrum by
the same shift.[12]

Measurement of cell proliferation : Spleen cells isolated from Balb/c mice
were seeded in 96 well-plates at a density of 3� 105 cells per well and ac-
tivated by Con A (5 mgmL�1) in the presence or absence of various con-
centrations of compounds for 72 h. 20 mL of MTT (Sigma, MO;
4 mg mL�1 in PBS) were added per well 4 h before the end of the incuba-
tion. MTT formazan production was dissolved by dimethyl sulfoxide re-
placing the medium. The optical density at 540 nm (OD540) was measured
by a microplate reader. The IC50 value was calculated from the correla-
tion curve between the compound concentration and the OD540.

Measurement of apoptotic activated T cells : Lymph node cells isolated
from Balb/c mice were activated by Con A (5 mgmL�1) for 24 h, which
were indicated as activated cells. The cells were further incubated in the
presence or absence of various concentrations of compounds at a density
of 5 � 105 cells per well for 24 h. Then the cells were measured by flow cy-
tometry after addition of PI and FITC-conjugated annexin V (Bender,
Germany), as preciously described.[13] Samples were analyzed by flow cy-
tometry on a FACScan (Becton Dickinson).

Western blot analysis : In brief, cells were washed with phosphate-buf-
fered saline and lysed in the lysis buffer containing 50 mm TrisCl, 150 mm

NaCl, 1% NP40, 100 mg mL�1 PMSF. After 10,000 � g centrifugation for
10 min, the protein content of the supernatant was determined by a BCA

protein assay Kit (Pierce, Rochford,
IL). The protein lysates were separat-
ed by 10% SDS-PAGE and subse-
quently electrotransferred onto a poly-
vinylidene difluoride membrane (Mil-
lipore Corp., Bedford, MA). The
membrane was blocked with 5%
nonfat milk for 2 h at room tempera-
ture. The blocked membrane was incu-
bated with the indicated antibodies.
Primary antibodies used were against
cleaved caspase-3, 7, 9, PARP (Cell
Signaling Technology, Beverly, MA)
and tubulin (Santa Cruz Biotechnolo-
gies, Santa Cruz, CA), and the secon-
dary antibodies were horseradish per-
oxidise, conjugated goat antimouse, or
antirabbit immunoglobulin (Gaithers-
burg, MD). Protein bands were visual-
ized by using a Western blotting detec-
tion system according to the manufac-
turer�s instructions (Cell Signaling
Technology).

Hopeachinol A (1): Orange amor-
phous powder; m.p. carbonized over
250 8C; [a]24

D =�22.4 (c =0.107 in
MeOH); for 1D and 2D NMR data,
see Table 1 and the Supporting Infor-
mation; IR (KBr): ñ=3230, 2918,
2850, 1612, 1585, 1512, 1453, 1407,
1336, 1270, 1244, 1221, 1170, 1112,
1063, 1042, 998, 834 cm�1; UV/Vis
(MeOH): lmax (log e)= 208 (4.9), 255
(4.5), 364 (4.2), 458 nm (4.1); CD (c=

5.5� 10�6 gmL�1, MeOH): lmax (De)=

211 (+10.5), 230 (�7.7), 252 (+11.7),
339 nm (�1.1); HRESIMS (positive):
m/z : calcd: 587.1337 [C35H23O9]

+ ;
found: 587.1339 [M+H]+ .

Hopeachinol B (2): Yellowish amor-
phous powder; m.p. 232–233 8C;
[a]22

D =++37.5 (c=0.063 in MeOH); for
1D and 2D NMR data, see Table 1
and the Supporting Information; IR
(KBr): ñ= 3263, 2958, 2926, 1613,
1594, 1515, 1437, 1362, 1336, 1215,

1171, 1113, 1000, 832 cm�1; UV/Vis (MeOH): lmax (log e)=205 (5.9), 281
(5.1), 330 nm (4.7); CD (c=1 � 10�5 g mL�1, MeOH): lmax (De) =211ACHTUNGTRENNUNG(+5.1), 224 (�3.8), 242 (+21.8), 286 nm (�2.2); HRESIMS (positive):
m/z : calcd: 611.1316 [C35H24Na O9]

+ , 589.1493 [C35H25O9]
+; found:

611.1313 [M+Na]+ , 589.1496 [M+H]+ .
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