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WOODFRUTICOSIN, AN INHIBITOR OF DNA TOPQISOMERASE II FROM WOODFORDIA FRUTICOSA KURZ
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Summary: Woodfruticosin (1), a new dimeric tannin having an inhibitory activity against
DNA topoisomerase II,was isolated from the methanol extract of Woodfordia fruticosa Kurz
(Lythraceae) and its structure was determined by the use of 2D NMR spectroscopy including
HMQC and HMBC techniques.

As a gart of our studies on biologically significant substances from medicinal plants
in Nepa],] we have isolated a new dimeric hydrolysable tannin, named woodfruticosin (1),
from the leaves of Woodfordia fruticosa Kurz (Lythraceae)z) and found that it has an in-
hibitory activity against DNA topoisomerase II.3 This paper describes the isolation and
structure elucidation of this new tannin,

The methanol extract of dried leaves (590 g) of W. fruticosa, collected in Nepal,
was extracted with chloroform and then with ethyl acetate. The insoluble residue was
roughly separated by Iatrobeads column chromatography with 25% MeOH/CHC13, 50% MeOH/CHC]a,
and MeOH. The MeOH eluate was further separated by a combination of chromatographies over
Diaion HP-20 and Sephadex LH-20 to give woodfruticosin {(1)(750 mg).

Woodfruticosin (1), a Tight brown powder, C75H52048,4) [a133 +114.5° (acetone), showed
UV absorptions (MeOH) at 219 and 271 nm (log €: 5.07 and 4.77) and IR absorptions (KBr)
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at 3300 (OH), 1715 (ester carbonyl), and 1610 cm'](pheny1). The negative ion FAB-mass spec-
trum of 1 exhibited the (M-H)™ peak at m/z 1719 and the 'H-(400 MHz) and 'SC-NMR (100 MHz)
spectra, analyzed with the aid of ]H ]H COSY and HMQC, 5) indicated the presence of nine
carbonyls, twelve aromatic methines, and two glucose units (see Table I). 6)

Methylation of 1 with dimethyl su]fate and potassium carbonate in dry acetone afforded
a hexacosa-0-methylated compound (2), [a]D +191.0° (acetone), whose positive ion FAB-mass
spectrum exhibited the (M+H) peak at m/z 2085. Methanolysis of 2 afforded methyl tri-
0-methylgallate, MS m/z: 226 ((:”H]4 5 Found 226.0829, Calcd 226.0841) and trimethyl (S)-
octa-0-methylvaloneate, 7) [a]D -15.4° (acetone), MS m/z: 660 (C32 36 ]5' Found 660.2039,
Calcd 660.2054), along with glucose and methyl B-glucoside, which were identified by GC
comparison with authentic samples after trimethylsilylation. The above result suggested
that 1 may be a dimeric tannin having three galloyl and two valoneoyl groups and two
D-glucose cores.
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Fig. 1. HMBC Spectrum of Woodfruticosin (1) in Acetone d6 (60 mg, 38°C, 64 h run, Jey = 10 Hz)

Dotted circles indicate the expected correlation peaks, which were not observed
in this spectrum, but were observed in the spectrum measured with JCH=4.5 Hz.



395

Next, we measured the HMBC spectrums) to determine the total structure of ]. As shown
in Fig. 1, the 'SC-signals at & 165.42 (C-1-7), 166.68 (C-3'-7), and 168.16 (C-3-7)8)
showed long range correlations with the 1H—signa'ls at 6 7.20 (1-2-H and 1-6-H) and 7,27
(1-H), at 6 5.49 (3'-H) and 7.31 (3'-2-H and 3'-6-H), and at & 6.21 (3-H) and 7.03 (3-2-H
and 3-6-H), respectively, indicating the location of the galloyl groups at the C-1, C-3,
C-3' positions of glucose cores. On the other hand, the carbonyl ]3C-signa1s at § 167.20
(C-2'-7), 6 168.35 (C-6-7), and & 168.61 (C-4-7) were correlated with the ]H-signals at
8 5.19 (2'-H) and 6.71 (2'-6-H), at & 6.32 (6-6-H), 3.72, and 5.33 (6-H2), and at § 5.81
(4-H) and 6.53 (4-6-H), respectively, while the '3C-signals at & 168.16 (C-2-7),8) s 168.11
(C-4'-7), and 6 170.24 (C-6'-7) were correlated with the 1H-signa1s at § 6.22 (2-H) and
6.48 (2-6-H), at & 4.91 (4'-H) and 7.09 (4'-6-H), and at & 3.88, 5.04 (6'-H2), and 6.68
(6'-6-H), respectively. These two sets of ]3C-signals could be ascribed to the carbonyl
carbons of the valoneoyl groups by detailed analysis of the HMBC spectrum, in which long
range correlations between the aromatic protons and carbons were observed as indicated by
arrows in the formula in Fig. 1. Thus the valoneoyl groups should be linked to glucose
cores at the C-4, C-6, and C-2' and at the C-4', C-6', and C-2 positions, respectively,
to form a cyclic dimeric tannin (1). The orientation of the valoneoyl groups9 was deduced
by comparing the chemical shift values of the para carbons in the diphenyl moieties: viz.,
the phenoxy-bearing carbons (C-6-5 and C-4'-5) were expected to resonate at lower field
than the hydroxy-bearing carbons (C-4-5 and C-6'-5),]0) respectively (Table I).

The S-configuration of the valoneoyl groups in ] was evidenced by a positive Cotton
effect at 239 "mlgge]MeOH +1.6 xlos) and a negative one at 261 nm ([e]MeOH -5.1x 104) in
the CD spectrum.

These findings led us to conclude }
that the structure of woodfruticosin abcdef g hi jk i mn opqrs tuv
should be represented by the formula ].

An inhibitory effect of woodfru- )
12

ticosin (1) against topoisomerase II
is shown in Fig. 2. It is noteworthy
that 1 shows dose-dependently a strong
inhibitory activity, comparable with
those of etoposide and adriamycin
which are known as inhibitors of this

13)

enzyme. Although several other com- Fig. 2. Inhibition of Kineplast DNA Decatenation
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Table I. 'H- and "“C-NMR Data for Woodfruticosin (1)(Acetone-d6, 38°C)
Position]| & H?) ¢ Position | & H s ¢ Position | & H 5 C
1 7.27d  91.81d 11 122.01 s
(3) 12 7.20s  110.83 d
- 146.51 s
2 6.22m  73.45d L L SHE
3 6.21m  71.86 d 18 146.51 s
-6 7.20s  110.83 d
4 ?ig; brt 70,18 d 13 li8 d
2-1 121.18 s 2'-1 —_— 18.93 s
5 4.67dd  72.85 d 22 — 143.40 s 2'-2 — 14414 s
(10,7) 2-3 ——  140.4¢% 23 | ——  145.30%s
6 1 62t 2-4 — 13845 2'-4 —  134.23 s
o) 2-5 138.54%) 25 139.33 s
tia) 2.6 6.48 br s 109.32 ? 2'-6 6.71s 109.58 d
. 2-7 168.16%s 2'-7 167.20 s
! fé§° d %.18d 341 121.95 s 31 121195 s
. 3.2 7.03s  110.95 d 32 7.31s 111,43 d
2 |519dd 75224 3-3 145.87 s 33 146.01 s
(9.5.8) 34 139.57 5 3-8 139.33 s
- .87 s -5 146.01 s
3 féfg)t 73.64 d 3-6 7.03s  110.95 ? 3.6 7.31s  111.43 d
37 168.16%7s 3'-7 166.68 s
4 ?ig; t 74374 4 — 2673 re| — 126.81 s
' 4-2 —  N.02s 42 — 12148 s
N A R —  1ss.08%s 43 | —— 1.0V
»5. 4-4 136.98 s 4.3 141.40 s
6 |3.88d 6590t 4-5 145.80 s 4.5 14712 s
(13) 4-6 6.53s  108.53 d 36 7.09s 115.15 d
5.04 dd 4-7 168.61 s 8.7 168,11 s
(13,5.5) 6-1 127.46 s 6'-1 125.85 s
6-2 —_— N7 6'-2 ——  116.38 s
6-3 —  1as.mbs 6'-3 — u6.07%
6-4 135.87 s 6'-4 137.28 5
6-5 148.26 s 6'-5 145.96 s
6-6 6.32s  106.44 d 6'-6 6.68s 108.34 d
6-7 168.35 s 6'-7 170.24 s

a) Coupling constants (Hz) in parenthesis. b) Assignments may be interchanged. c) The ]BC-signals
of C-2-7 and C-3-7 in 2 (in acetone-dg) were observed at § 167.41 and 167.49, respectively. These
signals were correlated with the 1H-signals of 2-H and 2-6-H (5 5.88 and 6.36) and of 3-H, 3-2-H,
and 3-6-H (& 6.17, 7.34, and 7.34), respectively, in the HMBC spectrum.
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