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Abstract—The flavonoids afzelechin and epiafzelechin as well as their gallate esters were synthesized enantioselectively via Sharpless
hydroxylation followed by regioselective cyclization.
q 2004 Elsevier Ltd. All rights reserved.
1. Introduction

The flavonoids afzelechin (1) and epiafzelechin (2) have
been found in numerous plants. Some recent reports of
isolation of 1 and 2 include the following species: Typha
capensis (Rohrb.) N. E. Br, commonly referred to as bulrush
in South Africa;1 Artocarpus dadah, known as ‘Tampang’
in Indonesia;2 Celastrus orbiculatus Thunb. (Celastraceae),
a perennial shrub3 and Calophyllum apetalum from India.4

In addition, many plants contain also proanthocyanidins
which are oligomers formed by the condensation of 1 and 2
as well as similar flavonoids.5 Many of these compounds
and their derivatives show a range of biological activities.
Potent proliferative effects on MCF-7 and osteoblastic cells
have been found for a number of epiafzelechin (2)
derivatives.6 (K)-Epiafzelechin showed selective inhibitory
activities against cyclooxygenase-1 (COX-1) over COX-2.2

Condensed tannin derived from epiafzelechin and epi-
catechin (3), isolated from the Chinese herbal drug ‘Wen
Guan Mu’, showed inhibitory effects on HIV-1 protease.7

Selligueain A, a proanthocyanidin trimer composed of 1 and
2 units, isolated from the rhizomes of Selliguea feei, was
rated by a taste panel as being ca. 35 times sweeter than a
2% w/v aqueous sucrose solution.8 Because of our interest
in the potential of green tea catechins as cancer preventive
agents, we have embarked on a program in preparing
synthetic analogs of epigallocatechin-3-gallate (EGCG, 4).9

We have engaged in the enantioselective synthesis of 1 and
2 as well as their gallate esters. As far as we are aware, no de
novo syntheses of these compounds have been reported in
the literature.10
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2. Results and discussion

The synthesis of afzelechin (1) is outlined in Scheme 1.
Friedel–Craft alkylation of 3,5-dibenzyloxyphenol (5)11

with 6 under strictly controlled conditions gave the
alkylation product 7. Compound 7 was first protected as
the t-butyldimethylsilyl ether and then subject to Sharpless
hydroxylation with AD-mix a, followed by de-silylation to
give the (C)-(1S,2S)-diol 8. Direct hydroxylation of 7
without protection did not proceed well under the Sharpless
conditions. The assignment of the absolute configurations at
the two stereogenic centres in 8 was based on the
stereochemical outcome normally formulated according to
Sharpless hydroxylation of alkenes.12 Cyclization of 8 under
the orthoformate/acidic conditions followed by base
hydrolysis of the formate ester gave the protected flavan-
3-ol 9. The trans stereochemistry of 9 was evident from its
Tetrahedron 60 (2004) 8207–8211



Scheme 1. (a) H2SO4(SiO2)/CH2Cl2, rt; (b) TBSCl/imidazole/DMF, rt;

(c) AD-mix/CH3SO2NH2/H2O/t-BuOH/CH2Cl2, 0 8C; (d) TBAF/THF, rt;

(e) CH(OEt)3/PPTS/(CH2Cl)2, rt; (f) K2CO3/MeOH/DME, rt; (g) 3,4,5-

tris(benzyloxy)benzoyl chloride/DMAP/CH2Cl2, rt; (h) H2/Pd(OH)2 on

charcoal/MeOH/THF, rt.
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1H NMR spectrum.13 This is in agreement with a inversion
of stereochemistry at C-2 during cyclization, giving the
2R,3S product. Hydrogenolysis of 9 to remove the benzyl
protecting group gave (C)-1. The optical activity of the
synthetic (C)-1 was found to be the same as that reported
in the literature.15 Alternately, compound 9 was first
acylated with 3,4,5-tribenzyloxybenzoyl chloride to give
the corresponding ester 10, which on hydrogenolysis
gave (C)-(2R,3S)-afzelechin-3-gallate (11).

To obtain epiafzelechin, compound 9 was first oxidized by
Dess–Martin periodinane14 to the corresponding ketone
12. Reduction of the carbonyl function with L-selectride at
K78 8C gave exclusively the cis-substituted compound 13.
The stereochemistry of 13 was also evident from its 1H
NMR where the coupling of H-2 and H-3 is distinctly
different from that of compound 9. Hydrogenolysis of 13
gave then (K)-(2R,3R)-2 (Scheme 2). The synthetic (K)-2
had an optical rotation, [a]DZK59 (cZ3, EtOH), similar to
the literature value for the natural compound, [a]DZK58.9
(cZ3, EtOH).15 Similarly, the 3-gallate ester 15 was
Scheme 2. (a) Dess-Martin periodinane/CH2Cl2, rt; (b) L-Selectride/THF,

K78 8C–rt; (c) 3,4,5-Tris(benzyloxy)benzoyl chloride/DMAP/CH2Cl2, rt;

(d) H2/Pd(OH)2 on charcoal/MeOH/THF, rt.
obtained after formation of the ester 14 followed by
hydrogenolysis.

In conclusion, the natural occurring flavonoids afzelechin
(1) and epiafzelechin (2) have been synthesized enantio-
selectively for the first time in 12 and 7% overall yield,
respectively. The biological studies of these synthetic
compounds will be reported elsewhere.
3. Experimental

3.1. General

The starting materials and reagents, purchased from
commercial suppliers, were used without further purifi-
cation. Anhydrous THF was distilled under nitrogen from
sodium benzophenone ketyl. Anhydrous methylene chloride
was distilled under nitrogen from CaH2. Anhydrous DMF
was distilled under vacuum from CaH2. Reaction flasks
were flame-dried under a stream of N2. All moisture-
sensitive reactions were conducted under a nitrogen
atmosphere. Flash chromatography was carried out using
silica-gel 60 (70–230 mesh). The melting points were
uncorrected. 1H NMR and 13C NMR (400 MHz) spectra
were measured with TMS as an internal standard when
CDCl3 and acetone-d6 were used as a solvent. High-
resolution (ESI) MS spectra were recorded using a QTOF-2
Micromass spectrometer.

3.1.1. (E)-3-[2,4-Bis(benzyloxy)-6-hydroxyphenyl]-1-(4-
benzyloxy)phenyl]propene (7). At rt under an N2 atmos-
phere, 25% H2SO4/SiO2 (1.6 g, 4 mmol) was added in one
batch to the stirred mixture of 3,5-bis(benzyloxy)phenol
(3.06 g, 10 mmol) and (E)-4-benzyloxycinnamyl alcohol
(2.40 g, 10 mmol) in dry CH2Cl2 (50 mL). The resulting
mixture was stirred at rt overnight. After filtration and
evaporation, the residue was purified by flash chromatog-
raphy on silica gel (benzene) to afford the desired compound
as white solid (2.0 g, 38% yield): mp 132–134 8C; 1H NMR
(CDCl3, 400 MHz) d 7.43–7.30 (m, 15H), 7.30 (A of AB,
JZ8.7 Hz, 2H), 6.89 (B of AB, JZ8.7 Hz, 2H), 6.43 (A of
AB, JZ15.8 Hz, 1H), 6.27 (d, JZ2.1 Hz, 1H), 6.17 (d, JZ
2.1 Hz, 1H), 6.20 (B of ABt, JZ15.8, 6.3 Hz, 1H), 5.04 (s,
2H), 5.02 (s, 2H), 4.99 (s, 2H), 3.57 (d, JZ6.3 Hz, 2H); 13C
NMR (CDCl3, 400 MHz): d 158.7, 158.0, 157.7, 155.7,
137.0, 136.9, 136.8, 130.2, 129.9, 128.6, 128.5, 128.4,
127.9, 127.8, 127.7, 127.5, 127.4, 127.2, 126.1, 114.8,
106.9, 95.0, 93.6, 77.2. 70.3, 70.0, 69.9, 26.4; HRMS (ESI)
calcd for C36H33O4 (MCH) 529.2379, found 529.2385.

3.1.2. (C)-(1S,2S)-3-[2,4-Bis(benzyloxy)-6-hydroxy-
phenyl]-1-(4-benzyloxyphenyl)propane-1,2-diol ((C)-8).
The propene 7 (2.3 g, 4.4 mmol) was dissolved in dry DMF
(30 mL), and to this solution imidazole (0.9 g, 13.2 mmol)
and TBSCl (1.3 g) were added successively. The resulting
mixture was stirred at rt overnight, and then saturated
Na2CO3 solution was added to quench the reaction. The
mixture was extracted with EtOAc. The organic layers were
combined, dried (MgSO4), and evaporated. The residue was
purified by flash chromatograph on silica gel (n-hexane and
EtOAcZ9:1 v/v) to afford [3,5-bis(benzyloxy)-2-[3-(4-
benzyloxyphenyl)allyl]phenoxy]-tert-butyldimethylsilane.
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This material was used in next step without further
purification.

AD-mixa (11.4 g) and methanesulfonamide (0.76 g) were
dissolved in a solvent mixture of t-BuOH (50 mL) and H2O
(50 mL). The resulting mixture was stirred at rt for 5 min,
then the mixture was cooled to 0 8C and a solution of the
above [3,5-bis(benzyloxy)-2-[3-(4-benzyloxyphenyl)allyl-
phenoxy]-tert-butyldimethylsilane in dichloromethane
(50 mL) was added. After the mixture had been stirred
overnight, a total of four batches of AD-mixa (5.7 g each)
and methanesulfonamide (0.38 g each) were added in 24 h
intervals. After another 24 h of stirring at 0 8C, TLC showed
that the reaction was completed. Then a 10% Na2S2O3

solution was added to quench the reaction. The mixture was
extracted with EtOAc. The organic phases were combined,
dried (MgSO4) and evaporated. The residue was redissolved
in THF (30 mL), and TBAF (10 mL, 1 M in THF) was
added. The resulting mixture was stirred at rt for 4 h, and the
saturated NaHCO3 solution was added. The mixture was
extracted with EtOAc, and the organic layers were
combined, dried (MgSO4) and evaporated. The residue
was purified by flash chromatography on silica gel (5%
EtOAc in CH3Cl) and then recrystallized in EtOAc to give a
white solid (1.3 g, 53% yield): mp 150–152 8C; [a]DZC
2.1 (cZ0.9, CHCl3); 1H NMR (CDCl3, 400 MHz) d 7.40–
7.19 (m, 15H), 7.10 (A of AB, JZ8.6 Hz, 2H), 6.84 (B of
AB, JZ8.6 Hz, 2H), 6.27 (d, JZ2.2 Hz, 1H), 6.19 (d, JZ
2.2 Hz, 1H), 4.98 (s, 2H), 4.94 (s, 2H), 4.85 (AB, JZ
11.7 Hz, 2H), 4.48 (d, JZ7.4 Hz, 1H), 4.03–3.98 (m, 1H),
2.93 (A of ABt, JZ14.7, 3.1 Hz, 1H), 2.74 (B of ABt, JZ
14.7, 8.4 Hz, 1H); 13C NMR (CDCl3, 400 MHz) d 159.0,
158.7, 157.7, 157.5, 136.9, 136.8, 136.7, 132.5, 128.6,
128.5, 128.4, 128.2, 128.0, 127.9, 127.6, 127.4, 126.8,
114.8, 106.1, 95.9, 93.3, 77.2, 70.0, 69.9, 69.8, 26.3; HRMS
(ESI) calcd for C36H34O6Na (MCNa) 585.2253, found
585.2246.
3.1.3. (C)-(2R,3S)-trans-5,7-Bis(benzyloxy)-2-(4-benzyl-
oxyphenyl)chroman-3-ol ((C)-9). To a suspension of
(1S,2S)-3-[2,4-bis(benzyloxy)-6-hydroxyphenyl]-1-(4-ben-
zyloxy-phenyl)propane-1,2-diol (1.3 g, 2.3 mmol) in 1,2-
dichloro-ethane (30 mL) was added triethyl orthoformate
(1 mL), followed by PPTS (340 mg, 1.4 mmol). The
mixture was stirred at rt for 20 min and the solid dissolved,
then heated the mixture to 60 8C for 5 h until TLC showed
the reaction had been completed. After evaporation of the
solvent, the residue was redissolved in DME (20 mL) and
MeOH (20 mL), K2CO3 (400 mg) was added, and the
mixture was stirred at rt overnight. The solvent was
evaporated, and the residue was purified by flash chroma-
tography on silica gel (EtOAc/hexaneZ1:3 v/v) to afford
the desired product as white solid (0.95 g, 75% yield): mp
134–136 8C; [a]DZC5.8 (cZ2.1, CH2Cl2); 1H NMR
(CDCl3, 400 MHz) d 7.43–7.32 (m, 17H), 7.01 (d, JZ
8.5 Hz, 2H), 6.26 (s, 1H), 6.21 (s, 1H), 5.06 (s, 2H), 5.01 (s,
2H), 4.97 (s, 2H), 4.69 (d, JZ8.2 Hz, 1H), 4.08 (m, 1H),
3.15 (A of ABt, JZ16.3, 5.6 Hz, 1H), 2.69 (B of ABt, JZ
16.3, 8.9 Hz, 1H); 13C NMR (CDCl3, 400 MHz) d 159.0,
158.7, 157.7, 155.3, 136.9, 136.8, 136.7, 130.1, 128.6,
128.5, 128.4, 128.0, 127.9, 127.8, 127.5, 127.4, 127.0,
115.1, 102.2, 94.3, 93.7, 81.4, 70.0, 69.9, 69.8, 68.1, 27.9;
HRMS (ESI) calcd for C36H33O5 (MCH) 545.2328, found
545.2319.

3.1.4. (C)-Afzelechin ((C)-1). Under an H2 atmosphere,
Pd(OH)2/C (20%, 200 mg) was added to a solution of (C)-9
(300 mg, 0.55 mmol) in a sovent mixture of THF/MeOH
(1:1 v/v, 30 mL). The resulting reaction mixture was stirred
at rt under H2 for 6 h, TLC showed that the reaction was
completed. The reaction mixture was filtered to remove the
catalyst. The filtrate was evaporated, and the residue was
rapidly purified by flash chromatograph on silica gel (20%
MeOH in CH2Cl2) to afford (C)-afzelechin (44 mg, 81%
yield): mp 252–254 8C (decompose); [a]DZC20 (cZ4,
Me2CO); lit. [a]DZC20.6 (cZ5, Me2CO);15 1H NMR
(acetone-d6/D2O, 3:1, v/v, 400 MHz): d 7.34 (A of AB, JZ
8.5 Hz, 2H), 6.95 (B of AB, JZ8.5 Hz, 2H), 6.14 (d, JZ
2.2 Hz, 1H), 5.97 (d, JZ2.2 Hz, 1H), 4.73 (d, JZ8.0 Hz,
1H), 4.14 (dd, JZ8.0, 2.8 Hz, 1H), 3.01 (A of ABt, JZ16.1,
5.5 Hz, 1H), 2.66 (B of ABt, JZ16.1, 8.5 Hz, 1H); 13C
NMR (acetone-d6/D2O, 3:1, v/v, 400 MHz) d 151.7, 151.3,
151.0, 150.5, 124.9, 123.6, 109.8, 94.6, 90.2, 89.3, 76.2,
62.1, 22.7; HRMS (ESI) calcd for C15H15O5 (MCH)
275.0919, found 275.0910.

3.1.5. (C)-(2R,3S)-trans-5,7-Bis(benzyloxy)-2-(4-benzyl-
oxyphenyl)chroman-3-yl 3,4,5-tris(benzyloxy)benzoate
((C)-10). Under an N2 atmosphere, a solution of 3,4,5-
tris(benzyloxy)benzoic acid (200 mg, 0.45 mmol) was
refluxed with (COCl)2 (1 mL) in dry CH2Cl2 (10 mL) and
one drop of DMF for 3 h. The excess of (COCl)2 and the
solvent were removed by distillation and the residue was
dried under vacuum for 3 h and dissolved in CH2Cl2 (5 mL).
This solution was added dropwise to a solution of (C)-9
(120 mg, 0.3 mmol) and DMAP (75 mg, 0.22 mmol) in
CH2Cl2 (15 mL) at 0 8C. The mixture was stirred at rt
overnight, then saturated NaHCO3 aqueous solution was
added, the organic layer was separated, and the aqueous
layer was extracted with CH2Cl2. The organic phases were
combined, dried (MgSO4) and evaporated. The residue was
purified by flash chromatography on silica gel (5% EtOAc/
benzene) to afford the desired compound (170 mg, 80%).
Recrystallization from CHCl3 and ether gave a white
powder: mp 131–132 8C; [a]DZC5.1 (cZ2.0, CH3Cl);
1H NMR (CDCl3, 400 MHz) d 7.47–7.19 (m, 34H), 6.92 (d,
JZ8.6 Hz, 2H), 6.29 (s, 2H), 5.50 (bs, 1H), 5.12 (d, JZ
7.0 Hz, 1H), 5.08 (s, 2H), 5.03 (s, 4H), 5.00 (s, 2H), 4.99 (s,
4H), 3.15 (A of ABt, JZ16.7, 5.1 Hz, 1H), 2.87 (B of ABt,
JZ16.7, 7.0 Hz, 1H); 13C NMR (CDCl3, 400 MHz) d 165.0,
158.9, 158.7, 157.6, 155.0, 152.3, 142.3, 137.3, 136.7,
136.5, 130.1, 128.5, 128.4, 128.1, 128.0, 127.9, 127.8,
127.6, 127.5, 127.4, 127.2, 124.9, 114.8, 108.9, 101.4, 94.3,
93.7, 78.4, 77.2, 75.0, 71.0, 70.1, 69.9, 24.5; HRMS (ESI)
calcd for C64H55O9 (MCH) 967.3846, found 967.3854.

3.1.6. (C)-Afzelechin gallate ((C)-11). Under an H2

atmosphere, Pd(OH)2/C (20%, 200 mg) was added to a
solution of (C)-10 (360 mg, 0.24 mmol) in a sovent mixture
of THF/MeOH (1:1 v/v, 30 mL). The resulting reaction
mixture was stirred at rt under H2 for 6 h. TLC showed that
the reaction was completed. The reaction mixture was
filtered to remove the catalyst. The filtrate was evaporated,
and the residue was rapidly purified by flash chromatograph
on silica gel (20% MeOH in CH2Cl2) to afford
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(C)-afzelechin gallate (130 mg, 82% yield): mp 257–
259 8C (decompose); [a]DZ45.5 (cZ0.5, Me2CO); 1H
NMR (acetone-d6/D2O, 3:1, v/v, 400 MHz): d 7.39 (A of
AB, JZ7.3 Hz, 2H), 7.12 (s, 2H), 6.92 (B of AB, JZ7.3 Hz,
2H), 6.17 (s, 1H), 6.06 (s, 1H), 5.45 (bs, 1H), 5.20 (d, JZ
6.8 Hz, 1H), 3.08 (A of ABt, JZ16.4, 4.9 Hz, 1H), 2.84 (B
of ABt, JZ16.4, 6.8 Hz, 1H); 13C NMR (acetone-d6/D2O,
3:1, v/v, 400 MHz): d 160.0, 151.2, 151.0, 150.6, 150.5,
149.5, 139.3, 132.7, 123.4, 122.3, 114.3, 109.4, 103.3, 92.6,
89.9, 88.7, 18.5; HRMS (ESI) calcd for C22H19O9 (MCH)
427.1029, found 427.1024.

3.1.7. (C)-(2R)-5,7-Bis(benzyloxy)-2-(4-benzyloxy-
phenyl)-chroman-3-one ((C)-12). Dess-Martin periodi-
nane (6.3 mL, 15% g/mL in CH2Cl2, 2.2 mmol) was added
in one batch to a stirred solution of (C)-9 (600 mg,
1.1 mmol) in CH2Cl2 (30 mL) under an N2 atmosphere. The
mixture was stirred at rt for about 2 h till TLC showed the
absence of starting material. Subsequently, saturated
NaHCO3 solution (15 mL) and 10% Na2S2O3 aqueous
solution (15 mL) were added to quench the reaction. The
organic layer was separated, and the aqueous layer was
extracted with CH2Cl2. The combined organic phases were
dried (MgSO4) and evaporated. The residue was purified by
flash chromatography on silica gel (benzene) and then
recrystallized in CHCl3 and ether to afford the desired
compound (448 mg, 75%): mp 141–143 8C, [a]DZC46
(cZ1.1, CHCl3); 1H NMR (CDCl3, 400 MHz) d 7.41–7.30
(m, 15H), 7.27 (A of AB, JZ8.7 Hz, 2H), 6.95 (B of AB,
JZ8.7 Hz, 2H), 6.37 (d, JZ2.1 Hz, 1H), 6.34 (d, JZ
2.1 Hz, 1H), 5.26 (s, 1H), 5.03 (s, 2H), 5.01 (s, 2H), 4.99 (s,
2H), 3.68 (AB, JZ21.5 Hz, 2H); 13C NMR (CDCl3,
400 MHz) d 205.3, 159.3, 158.9, 156.9, 154.6, 136.7,
136.5, 136.4, 128.6, 128.5, 128.1, 128.0, 127.9, 127.5,
127.3, 127.1, 114.9, 102.0, 95.7, 95.0, 83.1, 70.1, 70.0, 69.9,
33.8; HRMS (ESI) calcd for C36H31O5 (MCH) 543.2171,
found 543.2190.

3.1.8. (K)-(2R,3R)-cis-5,7-Bis(benzyloxy)-2-(4-benzyloxy-
phenyl)-chroman-3-ol ((K)-13). Under an N2 atmosphere,
the ketone ((C)-12) (280 mg, 0.51 mmol) was dissolved in
dry THF (10 mL), and the solution was cooled to K78 8C.
Then L-selectride (1 mL, 1 M solution in THF, 1 mmol)
was added dropwise. The resulting solution was stirred at
K78 8C overnight. When TLC showed the reaction was
completed, saturated NaHCO3 aqueous solution (10 mL)
was added to quench the reaction. The organic layer was
separated and the aqueous layer was extracted with EtOAc.
The combined organic phases were dried (MgSO4) and
evaporated. The residue was purified by flash chromato-
graph on silca gel (5% EtOAC/benzene) and then
recrystallized with ethanol and EtOAC to afford the desired
product (200 mg, 71%) as a white solid: mp 110–111 8C,
[a]DZK5.7 (cZ1.0, CHCl3); 1H NMR (CDCl3, 400 MHz)
d 7.35–7.22 (m, 17H), 6.93 (d, JZ8.7 Hz, 2H), 6.18 (s, 2H),
4.98 (s, 2H), 4.92 (s, 2H), 4.90 (s, 2H), 4.87 (d, JZ4.4 Hz,
1H), 4.16 (bs, 1H), 2.95 (A of ABt, JZ17.4, 1.8 Hz, 1H),
2.87 (B of ABt, JZ17.4, 4.4 Hz, 1H); 13C NMR (CDCl3,
400 MHz) d 158.7, 158.5, 158.2, 155.3, 136.9, 136.8, 130.5,
128.5, 128.4, 127.9, 127.8, 127.6, 127.5, 127.4, 127.1,
114.8, 100.9, 94.6, 93.9, 78.3, 70.0, 69.9, 69.8, 66.2, 28.3;
HRMS (ESI) calcd for C36H33O5 (MCH) 545.2328, found
545.2320.
3.1.9. (K)-epiAfzelechin ((K)-2). The compound was
prepared following the synthetic method of (C)-afzelechin
with (K)-13 as the starting marterial. The yield was 82%;
mp 196–198 8C; [a]DZK59 (cZ3, Me2CO); lit. [a]DZ
K58.9 (cZ3, EtOH);15 1H NMR (CDCl3, 400 MHz) d 7.41
(A of AB, JZ8.6 Hz, 2H), 6.91 (B of AB, JZ8.6 Hz, 2H),
6.12 (d, JZ2.3 Hz, 1H), 6.02 (d, JZ2.3 Hz, 1H), 5.00 (bs,
1H), 4.32 (bs, 1H), 2.95 (A of ABt, JZ16.6, 4.5 Hz, 1H),
2.77 (B of ABt, JZ16.6, 3.6 Hz, 1H); 13C NMR (CDCl3,
400 MHz) d 150.4, 150.2, 150.0, 124.2, 122.8, 122.3, 108.8,
106.3, 93.2, 93.1, 89.5, 88.8, 72.4, 59.8, 21.7; HRMS (ESI)
calcd for C15H15O5 (MCH) 275.0919, found 275.0932.

3.1.10. (K)-(2R,3R)-cis-5,7-Bis(benzyloxy)-2-(4-benzyloxy-
phenyl)-chroman-3-yl 3,4,5-tris(benzyloxy)benzoate
((K)-14)). Following the preparation procedure for (C)-
10, compound (K)-14 was synthesized with (K)-13 as
starting material. The yield was 82%; mp 134–135 8C;
[a]DZK51.3 (cZ1.0, CH3Cl); 1H NMR (CDCl3,
400 MHz) d 7.39–7.25 (m, 32H), 6.85 (d, JZ8.7 Hz, 2H),
6.37 (d, JZ2.2 Hz, 1H), 6.30 (d, JZ2.2 Hz, 1H), 5.5 (bs,
1H), 5.10 (d, JZ4.9 Hz, 1H), 5.08 (s, 2H), 5.03 (s, 2H), 5.02
(s, 2H), 5.01 (s, 2H), 4.99 (s, 2H), 4.97 (s, 2H), 3.08 (bs,
2H); 13C NMR (CDCl3, 400 MHz) d 165.1, 158.7, 158.4,
157.9, 155.6, 152.1, 142.1, 137.8, 136.8, 136.7, 136.5,
128.5, 128.4, 128.1, 128.0, 127.9, 127.8, 127.7, 127.4,
127.3, 127.1, 124.9, 114.5, 108.9, 100.8, 94.5, 93.7, 77.3,
75.0, 70.8, 70.0, 69.8, 68.7, 25.9; HRMS (ESI) calcd for
C64H55O9 (MCH) 967.3846, found 967.3862.

3.1.11. (K)-epiAfzelechin gallate ((K)-15). The com-
pound was prepared following the synthetic method of
(C)-afzelechin gallate with (K)-14 as the starting material.
The yield was 80%; mp 242–244 8C (decompose); [a]DZ
K177 (cZ0.9, Me2CO); lit. K181.9 (cZ0.9, Me2CO);15

1H NMR (acetone-d6/D2O, 3:1, v/v, 400 MHz): d 7.49 (A of
AB, JZ8.6 Hz, 2H), 7.13 (s, 2H), 6.92 (B of AB, JZ8.6 Hz,
2H), 6.16 (d, JZ2.2 Hz, 1H), 6.12 (d, JZ2.2 Hz, 1H), 5.56
(bs, 1H), 5.25 (bs, 1H), 3.16 (A of ABt, JZ17.4, 4.5 Hz,
1H), 3.02 (B of AB, JZ17.4 Hz, 1H); 13C NMR (acetone-
d6/D2O, 3:1, v/v, 400 MHz): d 160.3, 151.0, 150.7, 150.2,
139.3, 132.6, 123.6, 122.3, 114.5, 109.1, 103.4, 92.2, 89.9,
89.0, 71.4, 63.3, 19.9; HRMS (ESI) calcd for C22H19O9

(MCH) 427.1029, found 427.1045.
Acknowledgements

This work was supported by the Areas of Excellence
Scheme established under the University Grants Committee
of the Hong Kong Special Administrative Region, China
(Project No. AoE/P-10/01). We thank the Hong Kong
Polytechnic University for financial support. T. H. C.
acknowledges the support of McGill University for the
granting of a leave.
References and notes

1. Shode, F. O.; Mahomed, A. S.; Rogers, C. B. Phytochemistry

2002, 61, 955–5.



S. B. Wan, T. H. Chan / Tetrahedron 60 (2004) 8207–8211 8211
2. Su, B.-N.; Cuendet, M.; Hawthorne, M. E.; Kardono, L. B. S.;

Riswan, S.; Fong, H. H. S.; Mehta, R. G.; Pezzuto, J. M.; Kinghorn,

A. D. J. Nat. Prod. 2002, 65, 163–9.

3. Hwang, B. Y.; Kim, H. S.; Lee, J. H.; Hong, Y. S.; Ro, J. S.; Lee,

K. S.; Lee, J. J. Nat. Prod. 2001, 64, 82–4.

4. Iinuma, M.; Ito, T.; Tosa, H.; Tanaka, T.; Miyake, R.;

Chelladurai, V. Phytochemistry 1997, 46, 1423–9.

5. See for examples: (a)Achenbach, H.; Benirschke, G. Phyto-

chemistry 1997, 45, 149–57. (b) Malan, E.; Swinny, E.;

Ferreira, D.; Steynberg, P. Phytochemistry 1996, 41, 1209–13.

(c) Rawat, M. S. M.; Prasad, D.; Joshi, R. K.; Pant, G.

Phytochemistry 1999, 50, 321–4. (d) Prasad, D.; Joshi, R. K.;

Pant, G.; Rawat, M. S. M.; Inoue, K.; Shingu, T.; He, Z. D.

J. Nat. Prod. 1998, 61, 1123–5. (e) Kolodziej, H.; Sakar, M. K.;

Burger, J. F. W.; Engelshowe, R.; Ferreira, D. Phytochemistry

1991, 30, 2041–7. (f) Drewes, S. E.; Taylor, C. W.;

Cunningham, A. B.; Ferreira, D.; Steenkamp, J. A.; Mouton,

C. H. Phytochemistry 1992, 31, 2491–4. (g) Baek, N.;

Kennelly, E. J.; Kardono, L. B. S.; Tsauri, S.; Padmawinata,

K.; Soejarto, D. D.; Kinghorn, A. D. Phytochemistry 1994, 36,

513–8. (h) Drewes, S. E.; Taylor, C. W. Phytochemistry 1994,

37, 551–5.

6. Chang, E. J.; Lee, W. J.; Cho, S. H.; Choi, S. W. Arch. Pharm.

Res. 2003, 26, 620–30.

7. Ma, C.; Nakamura, N.; Hattori, M.; Kakuda, H.; Qiao, J.; Yu,

H. J. Nat. Prod. 2000, 63, 238–42.
8. Baek, N.-I.; Chung, M.-S.; Shamon, L.; Kardono, L. B. S.;

Tsauri, S.; Padmawinata, K.; Pezzuto, J. M.; Soejarto, D. D.;

Kinghorn, A. D. J. Nat. Prod. 1993, 56, 1532–8.

9. Smith, D.; Wang, Z. G.; Kazi, A.; Li, L. H.; Chan, T. H.; Dou,

D. P. Mol. Med. 2002, 8, 382–92.

10. For recent examples of enantioselective syntheses of 3 and 4,

see (a)Jew, S.; Lim, D.; Bae, S.; Kim, H.; Kim, J.; Lee, J.; Park,

H. Tetrahedron: Asymmetry 2002, 13, 715–20. (b) Nay, B.;

Monti, J.-P.; Nuhrich, A.; Deffieux, G.; Merillon, J.-M.;

Vercauteren, J. Tetrahedron Lett. 2000, 41, 9049–51.

(c) Reinier Nel, J. J.; Rensburg, H.; Heerden, P. S.; Ferreira,

D. J. Chem. Res. (S) 1999, 606–7. (d) Li, L.; Chan, T. H. Org.

Lett. 2001, 3, 739–41.

11. Chow, H. F.; Wang, Z. Y.; Law, Y. F. Tetrahedron 1998, 54,

13813–24.

12. Kolb, H. C.; VanNieuwenhze, M. S.; Sharpless, K. B. Chem.

Rev. 1994, 94, 2483–547.

13. Davis, A. L.; Cai, Y.; Davies, A. P.; Lewis, J. R. Mag. Res.

Chem. 1996, 34, 887–90.

14. The sequence Dess-Martin oxidation/L-Selectride reduction

has previously been applied to the stereochemical inversion at

C-3 of 5,7,3 0,4 0-tetra-O-benzylcatechin: Tuckmantel, W.;

Kozikowski, A. P.; Romanczyk, L. J. J. Am. Chem. Soc.

1999, 121, 12073–81.

15. Buckingham, J., Dictionary of Natural Products, Vol. 4.

Chapman & Hall: London; 1994, 4509.


	Enantioselective synthesis of afzelechin and epiafzelechin
	Introduction
	Results and discussion
	Experimental
	General

	Acknowledgements
	References and notes


