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The total synthesis of natural flavan racemates (l) 1, (l) 2 and natural flavones 3, 4 had thus been
achieved. A straightforward synthetic procedure of flavans via the Pd-C catalyzed hydrogena-
tion/hydrogenolysis of corresponding flavones was developed. Furthermore, the antiprolifera-
tive activities of racemic flavans (l) 1, (l) 2, flavones 3, 4, and five synthetic intermediates toward
human SGC-7901, BEL-7402, HeLa, and HL-60 cell lines in vitro were evaluated by MTT assay, and
the racemic flavans (l) 1 were found to have significant antiproliferative activity against all four
cell lines.
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Introduction

Flavans are a set of naturally occurring flavonoids pos-
sessing a 2-phenylchroman nucleus; they are widely dis-
tributed in the plant kingdom and many exhibit interest-
ing and useful biological activities [1, 2, 3, 4]. Because of
their widespread occurrence and valuable properties,
numerous syntheses for the construction of flavans have
been developed, including inter- and intramolecular Mit-
sunobu reaction [5], acid-catalyzed cyclization [6], reduc-
tion of flavanones [7, 8] or flav-2-enes [9], etc. However, to

the best of our knowledge, the straightforward approach
to flavans from flavones, a large family of flavonoids, has
never been documented.

Two flavans, 2(S)-7,8,39,49,59-pentamethoxyflavan 1 and
2(S)-59-hydroxy-7,8,39,49- tertramethoxyflavan 2, along
with flavones 7,8,39,49,59-pentamethoxyflavone 3 and 59-
hydroxy-7,8,39,49-tertramethoxyflavone 4, had been iso-
lated from the roots of Muntingia calabura L. by N. Kaneda
and co-workers (Fig. 1) [10]. These natural flavonoids dem-
onstrate significant cytotoxic activity against human
colon carcinoma Co12 and murine lymphocytic leuke-
mia P-388 cell lines, but the total synthesis of these natu-
ral flavonoids has not been reported yet.

Our continued interest in searching for new antitumor
agents and understanding their structure-activity rela-
tionships prompted us to develop a general synthetic
route to racemic flavans (l) 1, (l) 2 and flavones 3, 4. The
key step for the synthesis of flavans (l) 1 and (l) 2 is the Pd-
C-catalyzed hydrogenation/hydrogenolysis of corre-
sponding flavones. Furthermore, the antiproliferative
activities against human SGC-7901, BEL-7402, HeLa, and
HL-60 cell lines in vitro of racemic flavans (l) 1, (l) 2, fla-
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vones 3, 4, and some synthetic intermediates were pre-
liminarily evaluated by MTT assay.

Results and discussion

Retro-synthetic analysis of (l) 1 and (l) 2 led to benzene-
1,2,3-triol 5 and methyl 3,4,5-trimethoxybenzoate 6a or
methyl 3-benzyloxy-4,5-dimethoxybenzoate 6b, while the
general approach to the synthesis of (l) 1, (l) 2 and 3, 4
was described in Scheme 1.

Our synthesis commenced with the commercially
available benzene-1,2,3-triol 5 which was acetylated with
Ac2O in the presence of traces of concentrated H2SO4 to
afford ketone 7 [11]. Selective dimethylation of 7 with
(CH3O)2SO2 under basic condition gave intermediate 8 in
79.8% yield. After hydrolysation of benzoates 6a and 6b,
being prepared from methyl 3,4,5-trihydroxybenzoate as
described in the literature [12, 13], benzoic acids 9a and
9b were converted to corresponding benzoic chlorides
10a and 10b by treating with SOCl2. These benzoic chlor-

ides could be used directly in the next step without fur-
ther purification. The esterfication of 8 with 10a or 10b
was carried out in dry pyridine at 110oC for one hour to
give 11a or 11b in 91.7% and 83.0% yield, respectively.
Baker-Venkataraman rearrangement of 11a and 11b in
the presence of NaOH in pyridine could be completed at
room temperature in four hours to form 1,3-diketones
12a and 12b in 75.4% and 73.1% yield, respectively [14].
Treatment of 12a with acetic acid by refluxing for six
hours gave natural flavone 3 in 72.4% yield. In a similar
way, compound 13 was obtained in 72.6% yield. Carrying
out the deprotection of 13 via Pd-C-catalyzed hydrogenol-
ysis in EtOAc at atmospheric pressure and room temper-
ature for 12 hours, we obtained the desired natural fla-
vone 4 in 81.5% yield, meanwhile separated a hydropho-
bic by-product in about 5% yield. The ESI-MS and 1H-NMR
spectrum in CDCl3 solution of the by-product indicated
that this compound was the racemic flavan (l) 2. This
result demonstrated that flavones could be converted to
corresponding flavans directly via the Pd-C-catalyzed
hydrogenation / hydrogenolysis.

In order to optimize the synthetic procedure, we exam-
ined the influence of solvent, reaction time, and amount
of catalyst Pd0 on the yield of flavan (l) 2. The results were
summarized in Table 1. The influence of solvent could be
seen from entries 1–6 of Table 1, and MeOH was con-
firmed to be the preferred solvent. From entries 6-9, with
the amount of catalyst Pd0 increasing from 0.10 to 0.67
equiv, reaction time was extended from 12 to 24 hours
while the isolation yields rose from 15.6% to 82.6%. Com-
paring entries 10 with 9, it could be found that increas-
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Figure 1. Molecular structures of natural flavans 1, 2 and fla-
vones 3, 4.

Reagents and conditions: (a) (CH3CO)2O, H2SO4, reflux, 1 h; (b) (CH3O)2SO2, K2CO3, CH3COCH3, reflux, 12 h; (c) 10% NaOH, 8 h; (d) SOCl2, 4 h; (e) dry pyridine, 1108C, 1 h;
(f) pyridine, NaOH, rt, 4 h; (g) CH3COOH, 6 h; (h) H2, Pd-C, CH3COOC2H5, rt, 12 h; (i) H2, Pd-C, CH3OH, rt, 24 h.

Scheme 1. Synthesis of presented compounds.
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ing the time from 24 to 48 hours did not affect the yields
of flavan (l) 2. Hence, the best result was obtained when
the substrate 13 was reacted in MeOH under H2 at atmos-
pheric pressure and room temperature in the presence of
Pd-C (0.67 equiv) for 24 hours.

Following the procedure described above, racemic fla-
vans (l) 1 was prepared in 81.9% yield by using flavone 3
as the substrate.

The antiproliferative activity of racemic flavans (l) 1
and (l) 2, flavone 3 and 4, and synthetic intermediates
11a–13 was assessed in vitro against four human cancer
cell lines, SGC-7901 gastric carcinoma, BEL-7402 hepatic
carcinoma, HeLa cervical carcinoma, and HL-60 acute
promyelocytic leukemia, by colorimetric MTT assay
using cisplatin as positive control and expressed as IC50

values. IC50 is the concentration (lM) required to inhibit
tumor cell proliferation by 50% after 72 hours of expo-
sure of the cells to a tested compound. The measured IC50

values for all compounds are summarized in Table 2.
As could be seen from the presented data, the natural

flavan racemate (l) 1 was found to have significant anti-
proliferative activity, which was 1.6- to 5.7-fold more
potent than cisplatin. The other natural flavan racemate,
(l) 2, showed moderate activity against all four cell lines.
By comparing the result obtained above, it could be con-
firmed that conversion of the 5-OMe to a hydrophilic 59-
OH group in these racemic flavans caused a 3.1- to 16.5-
fold decrease in inhibition of the growth of these cell
lines. In our hands, the natural flavone 3 and 4 were
found to have no activity to all against the four cell lines.
Within the synthetic intermediates, the 1,3-dione 12a
exhibited weak to moderate activity against SGC-7901,
HeLa, and HL-60. Removal of the m-OMe group on 3,4,5-
trimethoxy phenyl moiety of 12a and replacement with a

bulky benzyloxy group, to afford its analogue 12b,
resulted in a marked decrease in the activity against GC-
7901, HeLa, and HL-60. Moreover, it was noted that activ-
ity of the natural flavan racemates (l) 1 and (l) 2 against
the leukemia HL-60 cell line are generally higher than
that against the solid tumour SGC-7901, BEL-7402, and
HeLa cell lines.

In summary, the first total synthesis of natural flavan
racemates (l) 1, (l) 2, and natural flavones 3, 4 had thus
been achieved in 26.1%, 23.1%, 31.9%, and 24.0% overall
yield, respectively. The 1H-NMR, 13C-NMR, MS data of all
synthetic compounds were identical with that of the nat-
ural products. In addition, a straightforward synthetic
procedure of flavans via the Pd-C-catalyzed hydrogena-
tion / hydrogenolysis of corresponding flavones, which
was simple and economical compared with the multistep
methods, was developed and applied in the synthesis of
natural flavan racemates. Furthermore, the antiprolifera-
tive activities of racemic flavans (l) 1, (l) 2, flavones 3, 4,
and five synthetic intermediates toward human SGC-
7901, BEL-7402, HeLa, and HL-60 cell lines in vitro were
evaluated by MTT assay, and the racemic flavans (l) 1 was
found to have significant antiproliferative activity
against all four cell lines.

The authors have declared no conflict of interest.

Experimental

Melting points for the compounds were determined using a hot-
stage microscope and are uncorrected. 1H- and 13C-NMR spectra
were taken in CDCl3 solution on Bruker ARX-300 spectrometers
with TMS as the internal reference (Bruker BioSciences, USA). MS
spectra were obtained using Micromass Quattro microTM API
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Table 1. The synthesis of flavan (l) 2 under different conditions.

Entry Solvent Reaction
time (h)

Amount of cata-
lyst Pd0 (equiv)

Isolated
yield (%)

1 EtOAc 12 0.03 5.2a)

2 EtOAc 12 0.10 7.7a)

3 THF 12 0.10 Traceb)

4 HOAc 12 0.10 Traceb)

5 EtOH 12 0.10 9.3a)

6 MeOH 12 0.10 15.6a)

7 MeOH 24 0.10 25.8a)

8 MeOH 24 0.33 46.7a)

9 MeOH 24 0.67 82.6a)

10 MeOH 48 0.67 80.3a)

a) The desired product flavan (l) 2 was isolated by column chro-
matography on silica gel (EtOAc/hexane = 1 : 10, v/v) as the
first fraction.

b) Only a small quantity of flavan (l) 2 could be found on TLC
under this condition.

Table 2. In-vitro antiproliferative activity of racemic flavans (l) 1
and (l) 2, flavone 3 and 4, and synthetic intermediates 11a–13
against four human cancer cell lines.

Compounds IC50 (lM)

SGC-7901 BEL-7402 HeLa HL-60

11a A100 A100 A100 A100
11b A100 A100 A100 A100
12a 72.7 A100 63.7 28.9
12b A100 A100 A100 A100
13 A100 A100 A100 A100
3 A100 A100 A100 A100
4 A100 A100 A100 A100
(l) 1 4.1 12.0 5.3 1.8
(l) 2 50.5 38.1 58.8 29.7
Cisplatin 9.6 20.1 8.7 10.2

Data are expressed as means l SE from the dose –response
curves of at least three independent experiments.
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mass spectrometer (Waters Corp, Milford, MA, USA). Elemental
analyses (C and H) were performed by Jilin University (Chang-
chun, China). Column chromatography was run on silica gel
(200–300 mesh) from Qingdao Ocean Chemicals (Qingdao,
China). Unless otherwise noted, all the materials were obtained
from commercially available sources and were used without fur-
ther purification.

Chemistry
1-(2,3,4-Trihydroxyphenyl)ethanone 7
Pyrogallol (50.10 g, 400 mmol) and Ac2O (38.0 mL, 410 mmol)
were refluxed with 1 mL of concentrated H2SO4 for 1 h. The con-
tents were cooled and poured into 200 mL of H2O containing
40 mL EtOH. Then, 2 mL concentrated HCl was added and the
solution was refluxed for 45 min to decompose excess Ac2O. The
reaction mixture, on concentration under reduced pressure,
yielded a brown solid, which on crystallization from saturated
NaHSO3 aqueous solution gave compound 7 (53.25 g, 79.7%) as a
yellow solid: mp. 171 –1738C (lit [15] mp 1738C).

1-(2-Hydroxy-3,4-dimethoxyphenyl)ethanone 8
A mixture of 7 (10.0 g, 59.6 mmol) and anhydrous K2CO3 (18.0 g,
130.7 mmol) in dry acetone was stirred well at room tempera-
ture for 1 h, then (MeO)2SO2 (5.5 mL, 57.6 mmol) was added. The
mixture was refluxed for 12 h. After filtration, the filtrate on
evaporation afforded a solid, which after column chromatogra-
phy over silica gel (n-hexane : EtOAc = 10 : 1) gave compound 8
(9.31 g, 79.8%) as a light-yellow solid: mp. 62–648C (lit [11] mp.
62 –648C). 1H-NMR (300 MHz, CDCl3) d: 2.58 (3H, s), 3.92 (3H, s),
3.98 (3H, s), 6.50 (1H, d, J = 9.0 Hz), 7.50 (1H, d, J = 9.0 Hz), 12.98
(1H, s). MS (ESI) m/z: 197 [M+H]+.

3,4,5-Trimethoxybenzoic acid 9a
The suspension of methyl 3,4,5-trimethoxybenzoate (10.1 g,
44.6 mmol, 99.8%) in 10% NaOH (50 mL) was stirred at room tem-
perature for about 8 h until the solid disappeared then the mix-
ture was adjusted to pH 1 –2 with concentrated HCl. The solid
obtained was filtered, washed with water to give 9a (9.20 g,
97.3%) as a white solid: mp. 167 –1698C (lit [16] 168 –1718C),
which was used in the next step without further purification.

3-Benzyloxy-4,5-dimethoxybenzoic acid 9b
The suspension of methyl 3-benzyloxy-4,5-dimethoxybenzoate
(4.21 g, 13.9 mmol, 99.8%) in 10% NaOH (20 mL) was stirred at
room temperature for about 8 h until the solid disappeared
then the mixture was adjusted to pH 1–2 with concentrated
HCl. The solid obtained was filtered, washed with water to give
9b (3.47 g, 86.4%) as a yellow solid: mp. 171 –1728C (lit [17] 170 –
1728C), which was used in the next step without further purifica-
tion.

6-Acetyl-2,3-dimethoxyphenyl-3,4,5-trimethoxybenzoate
11a
The solution of 3,4,5-trimethoxybenzoic acid (2.38 g, 11.2 mmol)
in SOCl2 (8 mL) was refluxed for 4 h then the solvent was
removed by evaporation to give compound 10a as a yellow solid.
Then, 1-(2-hydroxy-3,4-dimethoxyphenyl)ethanone 7 (2.00 g,
10.2 mmol) and dry pyridine (5 mL) were added. The resulting
mixture was heated for 1 h at 1058C and poured with vigorous
stirring onto 10 mL of a concentrated HCl / ice mixture. The

product was collected by filtration after standing overnight. The
crude product was purified by column chromatography over
silica gel (n-hexane : EtOAc = 10 : 1) to give 11a (3.65 g, 91.7%) as a
white solid: mp. 141 –1438C. 1H-NMR (300 MHz, CDCl3) d: 2.51
(3H2 s), 3.83 (3H, s), 3.95 (9H, s), 3.97 (3H, s), 6.91 (1H, d, J = 9.0 Hz),
7.49 (2H, s), 7.69 (1H, d, J = 9.0 Hz). MS (ESI) m/z: 413 [M+Na]+.
Anal. Calcd. for C20H22O8: C, 61.53; H, 5.68. Found: C, 61.46; H,
5.61.

6-Acetyl-2,3-dimethoxyphenyl 3-(benzyloxy)-4,5-
dimethoxybenzoate 11b
The solution of 3-benzyloxy-4,5-dimethoxybenzoic acid (3.23 g,
11.2 mmol) in SOCl2 (10 mL) was refluxed for 4 h, then the sol-
vent was removed by evaporation to give compound 10b as a yel-
low solid. Then, 1-(2-hydroxy-3,4-dimethoxyphenyl)ethanone
(2.00 g, 10.2 mmol) and dry pyridine (10 mL) were added. The
resulting mixture was heated for 1 h at 1058C and poured onto
50 mL of a concentrated HCl / ice mixture with vigorous stirring.
The product was collected by filtration after standing overnight.
The crude product was purified by column chromatography
over silica gel (n-hexane : EtOAc = 10 : 1) to give 11b (3.95 g,
83.0%) as a light yellow solid: mp. 108 –1108C. 1H-NMR (300 MHz,
CDCl3) d: 2.46 (3H, s), 3.79 (3H, s), 3.94 (3H, s), 3.96 (3H, s), 3.97
(3H, s), 5.21 (2H, s), 6.90 (1H, d, J = 9.0 Hz), 7.33 –7.47 (5H, m), 7.48
(1H, d, J = 1.8 Hz), 7.55 (1H, d, J = 1.8 Hz), 7.69 (1H, d, J = 9.0 Hz).
MS (ESI) m/z: 467 [M+H]+. Anal. Calcd. for C26H26O8: C, 66.94; H,
5.62. Found: C, 66.86; H, 5.59.

1-(2-Hydroxy-3,4-dimethoxyphenyl)-3-(3,4,5-
trimethoxyphenyl)propane-1,3-dione 12a
Compound 11a (3.41 g, 8.74 mmol) and powdered sodium
hydroxide (2.62 g, 65.6 mmol) were shaken for 4 h in pyridine
(10 mL) at room temperature. The reaction mixture was poured
into an excess of concentrated HCl / ice to yield a light-yellow
precipitate. Pure 12a was obtained by column chromatography
over silica gel (n-hexane : EtOAc = 7 : 1) as a yellow solid (2.57 g,
75.4%): mp. 122 –1248C. 1H-NMR (300 MHz, CDCl3) d: 3.91–3.95
(15H, m), 4.54 (2H, s), 6.54 (1H, d, J = 9.0 Hz), 6.65 (2H, s), 7.56 (1H,
d, J = 9.0 Hz), 12.21 (1H, s). The characteristic signals for the enol
isomer were found: 6.65 (1H, s), 12.28 (1H, s) and 15.84 (1H, s).
The ratio of the two forms is about 1 : 3 in CDCl3. MS (ESI) m/z:
391 [M+H]+. Anal. Calcd. for C20H22O8: C, 61.53; H, 5.68. Found: C,
61.48; H, 5.69.

1-(3-(Benzyloxy)-4,5-dimethoxyphenyl)-3-(2-hydroxy-
3,4-dimethoxyphenyl)propane-1,3-dione 12b
Compound 11b (3.05 g, 6.50 mmol) and powdered sodium
hydroxide (1.96 g, 49.0 mmol) were shaken for 4 h in pyridine
(10 mL) at room temperature. The reaction mixture was poured
into an excess of concentrated HCl / ice to yield a brown precipi-
tate. Purification by column chromatography over silica gel (n-
hexane : EtOAc = 7 : 1) yielded 12b (2.23 g, 73.1%) as a yellow
solid: mp. 158 –1618C. 1H-NMR (300 MHz, CDCl3) d: 3.90 –3.95
(12H, m), 4.47 (2H, s), 5.21 (2H, s), 6.54 (1H, d, J = 7.2 Hz), 7.15 (1H,
d, J = 1.8 Hz), 7.34 (6H, m), 7.52 (1H, d, J = 7.2 Hz), 15.49 (1H, s).
Also the characteristic signals for the enol isomer were found:
6.54 (1H, s), 12.66 (1H, s) and 15.48 (1H, s). The ratio of the two
forms is about 1 : 2 in CDCl3. MS (ESI) m/z: 489 [M+Na]+. Anal.
Calcd. for C26H26O8: C, 66.94; H, 5.62. Found: C, 66.87; H, 5.61.
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7,8,39,49,59-Pentamethoxyflavone 3
Compound 12a (2.20 g, 5.64 mmol) was refluxed for 6 h in 10 mL
of acetic acid. The mixture then was poured onto 120 mL of ice
water to precipitate the flavone. After purification by column
chromatography over silica gel (n-hexane : EtOAc = 5 : 1), the nat-
ural flavone 3 was obtained (1.52 g, 72.4%) as a white solid: mp.
205 –2068C (lit [10] mp 2068C). 1H-NMR (300 MHz, CDCl3) d: 3.94
(3H, s), 3.97 (6H, s), 4.02 (3H, s), 4.05 (3H, s), 6.80 (1H, s), 7.07 (1H,
d, J = 9.0 Hz), 7.21 (2H, s), 7.97 (1H, d, J = 9.0 Hz). 13C-NMR (CDCl3)
d: 56.1, 56.2, 56.3, 60.7, 61.5, 103.5, 106.1, 109.9, 118.1, 120.5,
126.7, 136.7, 141.3, 150.5, 153.5, 156.7, 162.6, 177.5. MS (ESI) m/z:
395 [M+Na]+. Anal. Calcd. for C20H20O7: C, 64.51; H, 5.41. Found: C,
64.49; H, 5.38.

59- Benzyloxy-7,8,39,49-tertramethoxyflavone 13
Compound 12b (1.20 g, 2.58 mmol) was refluxed for 6 h in acetic
acid (50 mL). The mixture then was poured onto 120 mL of ice
water and 10% NaOH was used to adjusted the pH 6–7. Then,
the mixture was extracted with EtOAc (3650 mL). The organic
layer was washed by brine (2630 mL) and dried over anhydrous
Na2SO4. After filtration, the liquid was concentrated and the resi-
due could be purified by column chromatography over silica gel
(n-hexane : EtOAc = 5 : 1) to give 13 (0.84 g, 72.6%) as a yellow
solid: mp. 155 –157 C. 1H-NMR (300 MHz, CDCl3) d: 3.96 (6H, s),
3.99 (3H, s), 4.01 (3H, s), 5.24 (2H, s), 6.69 (1H, s), 7.06 (1H, d, J =
9.0 Hz), 7.19 (1H, d, J = 1.8 Hz), 7.24 (1H, d, J = 1.8 Hz), 7.33–7.49
(5H, m), 7.95 (1H, d, J = 9.0 Hz ). MS (ESI) m/z: 471 [M+Na]+. Anal.
Calcd. for C26H24O7: C, 69.63; H, 5.39. Found: C, 69.51; H, 5.34.

59-Hydroxy-7,8,39,49-tertramethoxyflavone 4
A solution of 13 (0.26 g, 0.58 mmol) in EtOAc (10.0 mL) was
stirred in the presence of 10% Pd-C (0.02 g) under a hydrogen
atmosphere at room temperature for 10 h. The catalyst was fil-
trated and washed with EtOAc. The filtrate was concentrated in
vacuo and purified by column chromatography silica gel (n-hex-
ane : EtOAc = 5 : 1) to give the natural flavone 4 (0.19 g, 85.5%) as
a light yellow solid: mp. 211 –2138C (lit [10] mp. 212 –2138C). 1H-
NMR (300 MHz, CDCl3) d: 3.94 (3H, s), 3.97 (3H, s), 4.01 (3H, s),
4.05 (3H, s), 4.72 (1H, s), 6.70 (1H, s), 7.09 (1H, d, J = 9.0 Hz), 7.12
(1H, d, J = 1.8 Hz), 7.24 (1H, d, J = 1.8 Hz), 7.94 (1H, d, J = 9.0 Hz).
13C-NMR (CDCl3) d: 55.7, 56.2, 60.5, 61.3, 101.6, 105.6, 107.1,
109.8, 117.5, 120.6, 126.5, 136.7, 139.4, 150.3, 150.5, 153.1,
156.7, 163.2, 178.8. MS (ESI) m/z: 359 [M+H]+. Anal. Calcd. for
C19H18O7: C, 63.68; H, 5.06. Found: C, 63.61; H, 5.04.

2(R,S)-7,8,39,49,59-Pentamethoxyflavan (l) 1
Compound 3 (0.81 g, 2.17 mmol) was stirred in MeOH (5 mL) in
the presence of 10% Pd-C (1.55 g, 1.45 mmol Pd0) under a hydro-
gen atmosphere at room temperature for 12 h. Pd/C was filtrated
and washed with EtOAc. After removing the solvent, the oil was
purified by column chromatography silica gel (n-hexane : EtOAc
= 10 : 1). The natural flavan racemate (l) 1, was obtained (0.64 g,
81.9%) as a oil. 1H-NMR (300 MHz, CDCl3) d: 2.05 (1H, m), 2.19 (1H,
m), 2.71 (1H, m), 2.89 (1H, m), 3.85 (3H, s), 3.86 (9H, s), 3.89 (3H, s),
5.07 (1H, dd, J1 = 2.4 Hz, J2 = 9.9 Hz), 6.51 (1H, d, J = 8.5 Hz), 6.78
(1H, d, J = 8.5 Hz), 6.67 (2H, s). 13C-NMR (CDCl3) d: 24.3, 30.0, 55.9,
56.1, 60.5, 60.7, 77.5, 102.8,104.1, 115.8, 123.4, 137.2, 137.3,
148.5, 151.7, 153.1. MS (ESI) m/z: 383 [M+Na]+. Anal. Calcd. for
C20H24O6: C, 66.65; H, 6.71. Found: C, 66.61; H, 6.69.

2(R,S)-59-Hydroxy-7,8,39,49-tertramethoxyflavan (l) 2
Compound 13 (0.50 g, 1.12 mmol) was stirred in MeOH (5 mL) in
the presence of 10% Pd-C (0.80 g, 0.75 mmol Pd0) under a hydro-
gen atmosphere at room temperature for 12 h. The catalyst was
filtrated and washed with EtOAc. The filtrate was concentrated
in vacuo and purified by column chromatography silica gel to
give The natural flavan racemate (l) 2 (0.32 g, 82.6%) as a oil. 1H-
NMR (300 MHz, CDCl3) d: 2.01 (1H, m), 2.18 (1H, m), 2.74 (1H, m),
2.88 (1H, m), 3.85 (6H, m), 3.88 (6H, s), 5.02 (1H, dd, J1 = 2.5 Hz, J2 =
9.6 Hz), 5.80 (1H, s), 6.49 (1H, d, J = 8.5 Hz), 6.76 (1H, d, J = 8.5 Hz),
6.59 (1H, d, J = 1.7 Hz), 6.65 (1H, d, J = 1.8 Hz). 13C-NMR (CDCl3) d:
24.1, 29.4, 55.4, 55.8, 60.3, 60.5, 77.1, 101.4, 104.2, 105.3, 115.1,
123.0, 134.6, 136.8, 137.5, 148.3, 148.7, 151.2, 152.2. MS (ESI) m/z:
347 [M+H]+. Anal. Calcd. for C19H22O6: C, 65.88; H, 6.40. Found: C,
65.81; H, 6.37.

Cytotoxicity assays
SGC-7901, BEL-7402, HeLa, and HL-60 cell lines were obtained
from Chinese Academy of Medical Sciences (Beijing, China). Cells
were cultured in RPMI-1640 medium (Sigma, USA) supple-
mented with 10% heat-inactivated fetal calf serum (HyClone,
USA), 2 mmol/L glutamin (GIBCO, USA), 100 KU/L penicillin and
100 g/L streptomycin (GIBCO, USA) at 378C in 5% CO2. SGC-7901,
BEL-7402, HeLa, and HL-60 cells were plated at 56103 cells per
96-well cell culture plate, and incubated for 24 h at 378C. The
various concentrations of series of the test compounds were
then added to growth medium. As a control group, DMSO (end-
concentration of 0.1%) was added to growth medium. After 72 h
treatment, cell viability was determined by MTT assay [18]. The
percentage of cell growth inhibition was calculated as follows:

Inhibition (%) = [A570(control) – A570(drug)]/A570(control)6100
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