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Abstract
The proanthocyanidins are known as condensed tannins and/or oligomeric flavonoids, and their 

many biological activities, powerful antioxidant activity, free-radical-scavenging activity and an 
anti-tumor-promoting activities. Proanthocyanidins have been obtained from many kinds of plants, but 
because they are usually obtained as a complex mixture of structurally related compounds, it is very 
difficult to isolate them in a pure form. Consequently, we have developed efficient synthetic methods 
leading to proantocyanidins with a high level of purity and stereoselectivity for biological assay.  

 We reported here the synthesis of procyanidin-B3 analogues using TBDMS protected 
nucleophile derived from (+)-catechin. Condensation of (2R,3S,4S)-5,7,3’,4’-tetra-tert-butyldimethyl- 
silyloxyflavan with (2R,3S,4S)-3-acetoxy-5,7,3’,4’-tetrabenzyloxy-4-(2”-ethoxyethoxy)flavan in the 
presence of TMSOTf at -40°C afforded procyanidin-B3 analogues as a single isomer. 
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Figure 1. Structure of proanthocyanidins 
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Figure 2. Structure of procyanidin-B series 

Scheme 1. Stereoselective synthesis of procyanidin oligomers 
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Figure 3. Stereoselective condensation process 
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Table 1.  Condensation studies of 9 and 10

Bn 3,4-trans
-78°C 96%d.e.

-78°C TBDMS
10 3 9 TMSOTf

-78°C 9 10
TLC 2 2 TLC

1D-NMR
2D-NMR Figure 4 2D-NMR (COSY)

2D-NMR 2
C3 5.90 ppm 6.04 ppm 2 2

2 0.52 : 0.48
2-3 3-4 9.5 Hz 2-3 3-4

Entry Temp. °C Coupling 
Yield, % 

1 -78 38 
2 -40 71 
3 -20 53 

Scheme 2. Condensation studies of electrophile 9 and TBDMS protected

nucleophile 10 in the presence of TMSOTf 
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Table 1 -78°C
38 3,4-trans

-40°C -20°C -40°C 71%
3,4-trans 11 -20°C

51
Bn -78°C 96%d.e.

3,4-cis TBDMS -40°C
TBDMS

1H- Varian Inova 500 NMR Spectrometer (500 MHz)
CDCl3 TMS (tetramethylsilane)

(ppm) J s = singlet d = doublet t = triplet, m = 
multiplet Silica Gel 60 N (spherical, neutral, 

       minor isomer C3 major isomer C3 

Figure 4. COSY NMR spectrum of the

catechin dimer 11
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63-210 m) flash TLC PLC Silica Gel 60 F254 (0.5 
mm, 20 x 20 cm)

[4,8]-2,3-trans-3,4-trans-2”,3”-trans-5,7,3’,4’-tetra-O-benzyl-5”,7”,3’’’,4’’’-tetra-O-TBDMS-(+)-catec

hin-(-)-epicatechin (11)
9 (0.052 g, 0.067 mmol) 10 (0.20 g, 0.27 mmol) 

 (20 mL)  -40°C TMSOTf (0.16 mL, 0.080 mmol) 
5 CHCl3

 (n-hexane : EtOAc = 10 : 1  8 : 1  7 : 1 6 : 1  5 : 1  4 : 1  3 : 1  2 : 1 
1 : 1  1 : 2) 11 (0.068 g, 0.047 mmol, 71%) 

1 H-NMR (500 MHz, CDCl3, 0.52: 0.48 mixture of rotational isomers) major: 7.50-7.25 (13.0H, m) 
6.66 (0.52H, dd, J = 2.5, 8.5 Hz), 6.21 (0.52H, d, J = 2.5 Hz), 6.19 (0.52H, d, J = 2.5 Hz), 5.96 (0.52H, 
s), 5.90 (0.52H, t, J = 9.5 Hz), 5.19-4.85 (3.12H, m), 4.78 (0.52H, d, J = 10.0 Hz), 4.76 (0.52H, d, J = 
9.5 Hz), 4.65 (0.52H, d, J = 10.5 Hz), 4.50 (0.52H, d, J = 10.5 Hz), 3.56 (0.52H, dddd, J = 2.5, 6.0, 9.0, 
10.0 Hz), 3.22 (0.52H, d, J = 9.0 Hz), 2.86 (0.52H, dd, J = 6.0, 15.5 Hz), 2.20 (0.52H, dd, J = 10.0, 
15.5 Hz), 2.07 (1.56H, s), 1.35 (0.52H, d, J = 2.5 Hz), 1.02-0.87 (18.72H, m), 0.25-0.00 (12.48H, m); 
minor isomer: 7.50-7.25 (11.52H, m), 6.63 (0.48 H, d, J = 2.5 Hz), 6.36 (0.48 H, d, J = 8.5 Hz), 6.15 
(0.48 H, d, J = 2.5 Hz), 6.10 (0.48 H, d, J = 2.5 Hz), 6.04 (0.48 H, t, J = 9.5 Hz), 5.95 (0.48 H, dd, J = 
2.5, 8.5 Hz), 5.80 (0.48H, s), 5.19-4.85 (3.84 H, m), 4.82 (0.48 H, d, J = 9.5 Hz), 4.72 (0.48 H, d, J = 
9.5 Hz), 4.10-3.98 (0.48H, m), 2.72-2.57 (0.96H, m), 2.07 (1.44H, s), 1.32-1.26 (0.48H, m), 1.02-0.87 
(17.28H, m), 0.25-0.00 (11.52H, m). 
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