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New Oligostilbenes Having a Benzofuran from Vitis vinifera 'Kyohou'
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Abstract: Three new oligostilbenes having a benzofuran moiety,
viniferifuran, (+)-vitisifuran A and (-)-vitisifuran B, were isolated from Vifis
vinifera 'Kyohou'. The structures of these oligostilbenes including the
absolute configuration were elucidated by spectroscopic and chemical methods.
Furthermore, these were chemically transformed from (+)-e-viniferin, (+)-vitisin A
and (-)-vitisin B, respectively, whose absolute configurations are known. © 1999 Elsevier
Science Ltd. All rights reserved.
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INTRODUCTION

In previous papers, '* we reported the isolation and structures of oligostilbenes having dihydrobenzofuran
moieties isolated from the corks of Vitis vinifera'Kyohou' cultivated in Wakayama Prefecture. Continuous study
of the constituents of the above plant led to the isolation of three novel oligostilbenes, viniferifuran (1), (-
vitisifuran A (2) and (-)-vitisifuran B (3) having a benzofuran moiety, respectively. These compounds 1, 2 and 3
fluoresce a light-blue color when exposed to ultraviolet light The structures, including their absolute
configurations, were determined on the basis of the spectroscopic and chemical evidence. Furthermore,
viniferifuran (1), (+)-vitisifuran A (2) and (-)-vitisifuran B (3) were successfully transformed from (+)-e-
viniferin (4), (+)-vitisin A (§) and (-)-vitisin B (6), respectively.

RESULTS AND DISCUSSION

Structure of viniferifuran (1) Viniferifuran (1) showed a quasimolecular ion peak at m/z 453.1341
[MH"] (m/z 453.1338 caled. for C,gH,,O) in the high resolution FAB-MS. As shown in Tables 1 and 2, the ‘H-
and *C-NMR spectral data of viniferifuran (1) resembled very closely those of (+)-¢-viniferin (4)° except for the

olefinic signals (1; 8. 150.6 (C-7a), 117.4(C-8a), 4;3,,5.36 (d, J=6.6 Hz, H-7a), 4.34 (d, J=6.6 Hz, H-8a),
O 94.8 (C-7a), 58.3 (C-8a)). In the HMBC spectrum of 1, cross peaks between C-7a and H-2a (6a) and
between C-8a and H-10a (14a) were observed. These indicated viniferifuran (1) to be a dehydro-e-viniferin and
this was unambiguously substantiated by the following evidence. The methylation of 1 with methyl iodide and
potassium carbonate in acetone gave a pentamethyl ether (7) (m/z 523 [MH"]). The ether 7 was oxidized with
ozone followed by treatment with dimethyl sulfide to give three degradative products 8, 9 and 10 in 40.9, 39. 1
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and 9.7 % yields, respectively. The product 8 was identical with 4-methoxybenzaldehyde by comparison with an
authentic sample. The product 9 (m/z 419 [MH'], 8, 3.78 (3H, s, MeO-4a), 3.77 (6H, s, MeO-11a,13a), 3.90
(3H, s, MeO-13b), 9.75 (1H, s, H-8b), 8. 152.2 (C-7a), 114.9 (C-8a), 189.7 (C-8b)) was characterized as 2-(4-
methoxyphenyl)-3-(3, 5S-dimethoxyphenyl)-4-formyl-6-methoxybenzofuran. The product 10 (m/z 451 [MH'], &
3.82 (3H, s, MeO+4a), 3.71 (6H, s, MeO-11a,13a), 3.93 (3H, s, MeO-13b), 9.88 (1H, s, H-8b), d.163.7 (C-
7a), 193.5 (C-8a), 189.4 (C-8b)) was characterized as 2-(3,5-dimethoxybenzoyl)-3-(4-methoxybenzoyloxy)-5-
methoxybenzaldehyde, which was apparently produced by further oxidation of 9 with ozone. Thus, the structure
of viniferifuran is represented as 1. Finally, (+)-e-viniferin (4) was successfully converted into viniferifuran (1),
as follows. (+)-e-Viniferin (4) was acetylated with acetic anhydride and pyridine to give (+)-e-viniferin
pentaacetate (11) (m/z 665 [MH*], &, 92.7 (C-Ta), 56.6 (C-8a)). The acetate (11) was oxidized with 2,3-
dichloro-5,6-dicyano- 1,4-benzoquinone (DDQ) in toluene to give a dehydrogenated ester (12) (m/z 663 [MH'],
8 151.1 (C-7a), 116.0 (C-8a)). The ester (12) was treated with potassium hydroxide in methanol to give a
phenol, which was completely identical with natural viniferifuran (1).

Structure of (+)-vitisifuran A (2) (+)-Vitisifuran A (2), [a], +236.1° (¢ 0.44, MeOH), showed a
quasimolecular ion peak at m/z 905.2593 [MH"] (m/z 905.2598 calcd. for C,;H,,0,,) in the high resolution FAB-
MS. As shown in Tables 1 and 2, the 'H- and *C-NMR spectral data of (+)-vitisifuran A (2) resembled very
closely those of (+)-vitisin A (5)* except for the olefinic signals (2; 8, 150.5 (C-7a), 117.4 (C-8a), §; 8, 5.31
(d, J=6.3 Hz, H-7a), 4.26 (d, J=6.3 Hz, H-8a), 8, 94.7 (C-7a), 58.2 (C-8a)). Furthermore, the NMR data of
the partial structure corresponding to viniferifuran (1) in (+)-vitisifuran A (2) were very similar to those of 1. In
the HMBC spectrum of 2, cross peaks between C-7a and H-2a (6a), between C-8a and H-10a (14a), between C-
7d and H-2d (6d) and between C-8d and H-14d were observed. These indicated (+)-vitisifuran A (2) to be a
structure dehydrogenated between H-7a and H-8a of (+)-vitisin A (5). This was further supported by the
following chemical evidence. The methylation of 2 with methyl iodide and potassium carbonate in acetone gave a
decamethyl ether (13) (m/z 1045 {MH"]). The ether (13) was oxidized with ozone followed by treatment with
dimethyl sulfide to give three degradative products 9, 10 and 14 in 47.5, 15.1 and 53.2 % yields, respectively.
The product 14 was identical with an aldehyde derived from (+)-vitisin A (5),* including the sign of the optical
rotation. Finally, (+)-vitisifuran A (2) was successfully converted from (+)-vitisin A (5) as follows. (+)-Vitisin A
(5) was acetylated with acetic anhydride and pyridine to give decaacetyl (+)-vitisin A (15) (m/z 1327 [MH"],
92.6 (C-7a), 56.5 (C-8a)). The acetate (15) was oxidized with DDQ in toluene to give a dehydrogenated ester
(16) (m/z 1325 [MH"], &, 150.7 (C-7a), 116.0 (C-8a)). The ester (16) was treated with potassium hydroxide in
methanol to give a phenol, which was completely identical with natural (+)-vitisifuran A (2), including the sign
of the optical rotation. Thus, the absolute structure of (+)-vitisifuran A is represented as 2.

Structure of (-)-vitisifuran B (3) (-)-Vitisifuran B (3), [a], -133.7° (¢ 0.12, MeOH), showed a
quasimolecular ion peak at m/z 905.2618 [MH"*] (m/z 905.2598 caled. for CiH,,0,,) in the high resolution FAB-
MS. As shown in Tables 1 and 2, the 'H- and *C-NMR spectral data of (-)-vitisifuran B (3) resembled very
closely those of (-)-vitisin B (6)° except for the olefinic signals (3; 8. 150.6 (C-7a), 117.4 (C-8a), 6;8,,5.33 (d,
J=4.8 Hz, H-7a), 4.36 (d, J=4.8 Hz, H-8a), 3. 94.7 (C-7a), 57.9 (C-8a)). Furthermore, the NMR data of the
partial structure corresponding to viniferifuran (1) in (-)-vitisifuran B (3) were very similar to those of 3. In the
HMBC spectrum of 3, cross peaks between C-7a and H-2a (6a), between C-8a and H-10a (14a), between C-7d
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Table 1. 'H-NMR Dataof Some Oligostilbenes (1 - 6)

Viniferifuran (1) ¢-Viniferin (4) Vitisifuran A (2) Vitisin A (8) Vitisifuran B (3) Vitisin B (6)

la
2a 7.42(d,8.8) 7.13 (d,8.8) 7.38 (4,8.8) 7.07(d,8.5) 7.41 (d,8.8) 7.18 (d,84)
3a 6.69(d,838) 6.76 (d, 8.8) 6.68 (d,8.8) 6.77 (d,8.5) 6.69 (d,8.8) 6.82 (d,84)
4a
5% 6.69(d.88) 6.76 (d, 8.8) 6.68 (d, 8.8) 6.77 (d, 8.5) 6.69 (d, 8.8) 6.82 (d,84)
Ga 742(d,88) 7.13 (d, 8.8) 7.38 (d,8.8) 7.07 (d,8.5) 7.41 (d,8.8) 7.18 (d,84)
Ta 5.36 (d, 6.6) 531(d,6.3) 5.33(d, 4.8)
8a 4.34 (d, 6.6) 4.26 (d,6.3) 4.36 (d,4.8)
9a

10a 6.40(d,2.2) 6.15(d, 2.2) 6.36 (d,2.2) 6.10(d,2.2) 6.37 (d,2.2) 598 (d,2.2)

lia

122 647 (,2.2) 6.17 (t, 2.2) 6.46 (t, 2.2) 6.19 (t, 2.2) 6.42 (t,2.2) 6.06 (1, 2.2)

13a

4a 6.40(d,22) 6.15(, 2.2) 6.36 (d,2.2) 6.10(d,2.2) 6.37 (d,2.2) 598,22
1b

2b 6.98(d,88) 7.03 (d, 8.8) 5.85(d,1.8) 592(d,2.0) 6.66 (d, 2.2) 6.65 (d, 1.8)
3b 6.65(d,8.8) 6.64 (d,8.8)

4b

5b 6.65(d,88) 6.64 (d,8.8) 6.617 (d, 8.8) 6.60 (d,8.8) 6.68 (d,8.4) 6.68 (d,84)
6b 698(d,88) 7.03 (d, 8.8) 6.66 (dd,8.8, 1.8) 6.73 (dd,8.8,2.0) 691(dd,84,22) 6.98(dd, 84, 1.8)
o 694 (d, 16.3) 6.56 (d, 16.1) 6.75 (d, 16.1) 6.32 (d, 16.3) 6.90 (d, 16.5) 6.50 (d, 16.5)
8 6.85(d, 163) 6.81d, 16.1) 6.30 (d, 16.1) 6.27 (d, 16.3) 6.71 (4, 16.5) 6.68 (d, 16.5)
9b

10b

11b

12b 6.80(d,2.0) 6.24 (d, 2.2) 6.73 (d,2.2) 6.19 (d,2.2) 6.80 (d, 2.2) 6.24 (d, 1.8)

13b

14b 6.99(d,2.0) 6.62 (d,2.2) 6.81(d,2.2) 6.44 (d,2.2) 6.95(d,2.2) 6.58 (d, 1.8)
Ic
p:J 7.00 d,7.7) 7.00 (d,8.8) 6.61 (d,8.4) 6.58 (d,8.8)
3 6.616 (d,7.7) 6.62 (d,8.8) 6.54 (d,84) 6.52 (d,8.8)
4c
5 6.616 (d,7.7) 6.62 (d4,8.8) 6.54 (d,84) 6.52 (d,8.8)
6¢ 7.00 d,7.7) 7.00 (d, 8.8) 6.61 (d,84) 6.58 (d,8.8)
Tc 5.26 (d,3.7) 525(,3.2) 541 (d,4.8) 542(d,5.1)
8 542 (d,3.7) 542(,3.2) 4.29 (d,4.8) 4.25(d,5.1)
2 4

10c

11c

12c 6.05 (s) 6.07 (d,2.0) 6.27 (d,2.2) 6.28(d,2.2)
13¢

l4c 6.05 (s) 6.05(d, 2.0) 6.09 (d,2.2) 6.09 (d.2.2)
1d
p.| 7.06 (d, 8.8) 7.07 (d4,8.8) 7.19 (d,84) 7.13 (d,84)
3d 6.70 (d,8.8) 6.71 (d,8.8) 6.82 (d,84) 6.76 (d,8.4)
' |
X 6.70 (d, 8.8) 6.71 (d, 8.8) 6.82 (d,84) 6.76 (d.8.4)
ad 7.06 (d, 8.8) 7.07 (d,8.8) 7.19 (d,84) 7.13 (d,84)
! 5.81(d, 11.9) 5.81 (d, 11.5) 534 (d,4.8) 5.36 (d,6.2)
& 413 (d, 11.49) 412, 11.5 4.41 (d,4.8) 4.33 (d4,6.2)
o

10d 6.00 (d, 2.2) 6.14 (d, 1.5)

1id

12d 597 (d,22) 596 (d,2.2) 6.05 (1, 2.2) 6.13 (1, 1.5)

13d

14d 6.13 (d,2.2) 6.13 (d,2.2) 6.00 (d,2.2) 6.14 (d, 1.5)




J. Ito et al. / Tetrahedron 55 (1999) 2529-2544 2533

Table2. '*C-NMR Data of Some Oligostiibenes (1 - 6)

Viniferifuran (1)  ¢-Viniferin(4)  Vitisifuran A (2) Vitisin A (§) Vitisifuran B 3) Vitisin B (6)

la 1238 s 1339 s 1239 s 1340 s 1238 s 1346 s
2a 1284 d 1282 d 1284 d 1282 d 1285 d 1278 d
3a 1162 d 1163 d 116.1 d 1163 d 1162 d 1165 d
4a 1584 s 1584 s 1584 s 1585 s 1584 s 1583 s
5 116.2 d 1163 d 116.1 d 1163 d 1162 d 116.5 d
6a 1284 d 1282 d 1284 d 1282 d 1285 d 1278 d
Ta 150.6 s 98 d 150.5 s 947 d 1506 s 947 d
8a 1174 s 583 d 1174 s 582 d 1174 s 579 d
% 1387 s 1474 s 138.7 s 1472 s 1386 s 1477 s
10a 1102 d 1075 d 1102 d 1074 d 1102 d 107.0 d
11a 1606 s 160.1 s 160.5 s 1599 s 160.6 s 160.1 s
12a 103.1 d 1022 d 1030 d 1022 d 1032 d 1025 d
13a 160.6 s 160.1 s 160.5 s 1599 s 1606 s 160.1 s
14a 1102 d 1075 d 1102 d 1074 d 1102 d 1070 d
1b 130.7 s 1304 s 129.5 s 1293 s 1332 s 132.7 s
2b 1288 d 1288 d 1336 d 1327 d 1257 d 1255 d
3b 1163 d 1164 d 132.7 s 1329 s 1326 s 1323 s
4b 1582 s 1585 s 1553 s 1556 s 1600 s 160.2 s
5b 1163 d 1164 d 1157 d 1156 d 1107 d 1107 d
6b 1288 d 1288 d 1230 d 1236 d 1266 d 126.8 d
Tb 1233 d 1237 d 121.8 d 1225 d 1239 d 1242 d
8b 1293 d 1304 d 1302 d 1313 d 1294 d 1305 d
9% 1333 s 1369 s 1335 s 1372 s 1327 s 136.8 s
10b 1225 s 120.1 s 1222 s 1194 s 1226 s 120.1 s
11b 1564 s 1628 s 15636 s 1627 s 156.4 s 1628 s
12b 973 d 969 d 97.0 d 9.6 d 974 d 9%.9 d
13b 156.5 s 1598 s 156.39 s 159.6 s 1563 s 159.6 s
14b 1074 d 1044 d 107.0 d 1044 d 1075 d 1046 d
1c 136.1 s 136.0 s 1328 s 132.7 s
2 1292 d 129.2 d 1279 d 1278 d
K 1156 d 1156 d 116.1 d 1160 d
4c 1559 s 1559 s 1580 s 158.0 s
5 1156 d 1156 d 116.1 d 116.0 d
6c 129.2 d 1292 d 1279 d 1278 d
Tc 412 d 411 d 23 d 22 d
8 417 d 417 d 527 d 530 d
9 1418 s 1417 s 1427 s 1425 s
10c 121.0 s 1210 s 120.1 s 1200 s
11c 1588 s 1584 s 162.8 s 1627 s
12 ’ 9.1 d 9.1 d 96.7 d 96.7 d
13c 1604 s 1603 s 160.5 s 160.5 s
14c 1105 d 1105 d 1075 d 1075 d
1d 131.1 s 131.1 s 1346 s 1339 s
p.| 1303 d 1303 d 1279 d 1282 d
3d 1162 d 1162 d 1165 d 1163 d
ad 1588 s 1588 s 1584 s 1585 s
k| 1162 d 1162 d 116.5 d 1163 d
(] 1303 d 1303 d 1279 d 1282 d
. 892 d 89.1 d 948 d 948 d
& 498 d 497 d 579 d 582 d
o 1426 s 1425 s 1477 s 1472 s
10d 1212 s 121.1 s 107.1 d 1075 d
11d 1586 s 1588 s 160.1 s 160.0 s
12d 101.0 d 101.0 d 1025 d 1023 d
13d 1569 s 1568 s 160.1 s 160.0 s
144 104.7 d 1047 d 107.1 d 107.5 d
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and H-2d (6d) and between C-8d and H-10d (14d) were observed. These indicated (-)-vitisifuran B (3) to be a
structure dehydrogenated between H-7a and H-8a of (-)-vitisin B (6).® This was further supported by the
following chemical evidence. The methylation of 3 with methyl iodide and potassium carbonate in acetone gave a
nonamethyl ether (17) (m/z 1031 [MH*]). The ether (17) was oxidized with ozone followed by treatment with
dimethyl sulfide to give three degradative products 9, 10 and 18 in 33.6 %, 22.9 % and 59.6 % yields,
respectively. The product 18 was identical with an aldehyde derived from (-)-vitisin B (6).° Finally, (-)-
vitisifuran B (3) was successfully converted from (-)-vitisin B (6) as follows. (-)-Vitisin B (6) was acetylated
with acetic anhydride and pyridine to give (-)-vitisin B nonaacetate (19) (m/z 1285 [MH"], 8. 92.59 (C-7a),
56.0, (C-8a), 90.7 (C-7¢), 52.1 (C-8c), 92.62 (C-7d), 56.6 (C-8d)). The nonaacetate (19) was oxidized with
DDQ in toluene to give three dehydrogenated esters 20 (m/z 1283 [MH"], 8, 92.6 (C-7a), 56.3 (C-8a), 150.4
(C-Tc), 114.2 (C-8c), 92.4 (C-7d), 56.0 (C-8d)), 21 (m/z 1283 [MH'], 8. 150.6 (C-7a), 116.1 (C-8a), 90.6
(C-Tc), 51.6 (C-8c), 92.6 (C-7d), 56.1 (C-8d)) and 22 (m/z 1281 [MH'], d. 150.6 (C-Ta), 116.1 (C-8a), 150.3
(C-7c), 114.3 (C-8¢), 92.4 (C-7d), 56.2 (C-8d)) in 8.4 %, 9.5 % and 1.5 % yields, respectively.

The first compound was assigned to a benzofuran (20) dehydrogenated between H-7c and H-8c of (-)-
vitisin B nonaacetate (19) on the basis of the HMBC spectral analysis.” The second compound was assigned to
a benzofuran (21) dehydrogenated between H-7a and H-8a of (-)-vitisin B nonaacetate (19) on the basis of the
HMBC spectral analysis.® Compound 21 was treated with potassium hydroxide in methanol to give a phenol,
which was completely identical with natural (-)-vitisifuran B (3), including the sign of the optical rotation. Thus,
the absolute structure of (-)-vitisifuran B is represented as 3. The third compound was assigned to a benzofuran
(22) further dehydrogenated between H-7a and H-8a of 20 and between H-7c and H-8c of 21 on the basis of the
spectral and chemical evidence.® Both compounds 20 and 21 were treated with DDQ in toluene to give the same
product 22, respectively.

EXPERIMENTAL

General procedure. IR spectra were recorded on JASCO FT/IR-5000 and FT/IR-410 infrared
spectrophotometers. UV spectra were recorded on a JASCO Ubest V-560 spectrophotometer (cell length 10 mm,
unless otherwise indicated). Optical rotations were determined on a JASCO P-1020 polarimeter (cell length 100
mm, unless otherwise indicated). CD spectra were taken on JASCO J-600 and J-720 spectropolarimeters (cell
length 10 mm, unless otherwise indicated). FABMS were measured with a JEOL HX-110 using m-nitrobenzyl
alcohol as a matrix unless otherwise indicated. 'H- and C-NMR spectra were recorded on a JEOL A-600
spectrometer.

Isolation of viniferifuran and (-)-vitisifuran B. The newly prepared ethyl acetate soluble fraction (414
mg) corresponding to the third fraction of the acetone extract of the cork of the plant Vitis vinifera ‘Kyohouw’
described previously® was subjected to reversed-phase MPCC (Nomura Chemical Co. Lid., Develosil Lop C8-
458 (¢4.5 x 45 cm, methanol - water (6 : 4), flow rate: 2 ml/min)) to give 10 fractions (9 mg, 61 mg, 61 mg, 177
mg, 59 mg, 9 mg, 4 mg, 2mg, 9 mg and 15 mg, respectively). The fifth fraction (59 mg) was mainly composed
of (-)-vitisin B. The sixth fraction (9 mg) was further subjected to preparative TLC [Merck, 1.05715 (0.25 mm,
20 x 20 cm), chloroform - methanol (5 : 1)] to give viniferifuran (1) and (-)-vitisifuran B (3) in yields of 1.3 mg
and 1.9 mg, respectively.
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Isolation of (+)-vitisifuran A and (-)-vitisifuran B. The eluting fraction (580 mg) after (+)-vitisin C
and (-)-vitisin B from the ethyl acetate soluble fraction of the methanol extract of the cork of the plant Vitis
vinifera ‘Kyohou’ described previously' was subjected to reversed phase MPCC (Nomura Chemical Co. Ltd.,
Develosil Lop C8-45S (¢4.5 x 45 cm, methanol - water (6 : 4), flow rate: 3 ml/min)) to give 5 fractions (442 mg,
20 mg, Smg, 3 mg and 11 mg, respectively). The first fraction (442 mg) was mainly composed of (-)-vitisin B.
The second fraction (20 mg) was further subjected to preparative TLC [Merck, 1.05715 (0.25 mm, 20 x 20 c¢m),
chloroform - methanol (4 : 1)] to give (-)-vitisifuran B (3) and (+)-vitisifuran A (2) in yields of 14 mg and 0.3
mg, respectively.

Physical properties of viniferifuran.
1: A colorless amorphous powder; Rf 0.31 [TLC (Merck, 1.05715 (0.25 mm)), chloroform - methanol (4 : 1)];
UV (MeOH) A, nm (log &): 209 (4.79), 227 sh (4.62), 258 (4.33), 289 sh (4.44), 308 (4.53), 317 (4.54), 337
(4.53), 350 sh (4.52); IR v, (KBr) cm™: 3400 br, 1605; HR-FABMS m/z: 453.1341 (MH*; C,.H,,0;), calcd.
453.1338; 'H-NMR (CD,OD) given in Table 1; *C-NMR (CD,0OD) given in Table 2.

Physical properties of (+)-vitisifuran A.
2: A colorless amorphous powder; Rf 0.11 [TLC (Merck, 1.05715 (0.25 mm)), chloroform - methanol (4 : 1)];
[a]p +236.1°(c 0.44, MeOH); UV (MeOH) A, nm (log €); 208 (5.07), 232 sh (4.82), 286 (4.41), 313 (4.39),
322 (4.39), 340 sh (4.45), 356 (4.50); CD (MeOH) A¢ (nm); +19 (292), +75 (237), +70 (209); IR v,_,. (KBr)
cm™: 3300 br, 1610; HR-FABMS m/z: 905.2593 (MH*; C,;H,,0,,), caled. 905.2598; '"H-NMR (CD,0D) given
in Table 1; ">*C-NMR (CD,0OD) given in Table 2.

Physical properties of (-)-vitisifuran B.
3: A colorless amorphous powder; Rf 0.30 [TLC (Merck, 1.05715 (0.25 mm)), chloroform - methanol (4 : 1)];
[al, -133.7°(c 0.12, MeOH); UV (MeOH) A__, nm (log €); 204 (4.99), 228 sh (4.75), 287 (4.29), 297 (4.28),
324 (4.31), 357 sh (4.25); CD (MeOH) Ae (nm); +1.3 (367), -5.0 (304), +7.3 (252), +6.0 (237), -16.0 (220),
+13.3 (208); IR v, (KBr) cm™: 3400 br, 1615; HR-FABMS m/z: 905.2618 (MH*; C,H,.0,,), calced.
905.2598; 'H-NMR (CD,OD) given in Table 1; '*C-NMR (CD,OD) given in Table 2.

Methylation of viniferifuran. A mixture of viniferifuran (1) (3.0 mg, 6.6 pmol), methyl iodide (96 mg)
and potassium carbonate (94 mg) in acetone (1 ml) was stirred under nitrogen atmosphere at room temperature for
2 days. The reaction mixture was diluted by ethyl acetate (20 ml), washed with brine and then dried over sodium
sulfate. After evaporation of the solvent, the residue was subjected to preparative TLC [Merck, 1.05715 (0.25
mm, 20 x 20 cm), hexane - acetone (2 : 1)] to give a pentamethyl derivative (7) in a yield of 2.4 mg (69.3 %).

7: HR-FABMS mi/z: 523.2124 (MH*; C,,H,,0,), caled. 523.2121; IR v, (film) cm™: 3020, 1605; 'H-NMR
(CDCL,) 6,4 7.52 (2H, d, J=9.2 Hz, H-2a,6a), 6.81 (2H, d, J=9.2 Hz, H-3a,5a), 6.65 (2H, d, /=2.2 Hz, H-
10a,14a), 6.62 (1H, t, J=2.2 Hz, H-12a), 7.01 (2H, d, J=8.8 Hz, H-2b,6b), 6.77 (2H, d, /=8.8 Hz, H-3b,5b),
6.87 (1H, d, J=16.1 Hz, H-7b), 6.84 (1H, d, J=16.1 Hz, H-8b), 6.99 (1H, d, J=2.2 Hz, H-12b), 7.09 (1H, d,
J=2.2 Hz, H-14b), 3.78 (3H, s, MeO-4a), 3.73 (6H, s, MeO-11a,13a), 3.79 (3H, s, MeO-4b), 3.90 (3H, s,
MeO-13b); PC-NMR (CDCL,) 8. 123.5 (s, C-1a), 127.5 (d, C-2a,6a), 113.9 (d, C-3a,5a), 159.2 (s, C-4a),
149.7 (s, C-7a), 116.3 (s, C-8a), 136.9 (s, C-9a), 108.5 (d, C-10a,14a), 161.4 (s, C-11a,13a), 100.4 (d, C-
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12a), 130.1 (s, C-1b), 127.6 (s, C-2b,6b), 113.8 (d, C-3b,5b), 159.1 (s, C-4b), 123.1 (d, C-7b), 128.5(d, C-
8b), 132.0 (s, C-9b), 122.0 (s, C-10b), 154.9 (s, C-11b), 94.8 (d, C-12b), 158.0 (s, C-13b), 106.6 (d, C-14b),
55.2 (g, MeO-4a), 55.4 (q, MeO-11a,13a), 55.3 (q, MeO-4b), 55.8 (q, MeO-13b)."°

Ozonolysis of pentamethyl viniferifuran. A solution of pentamethy! viniferifuran (7) (30 mg, 57.5
umol) in ethyl acetate (30 ml) was cooled at -78 °C, treated with ozone for 2 min, and then worked up with
dimethy! sulfide (0.5 ml) to give a resulting mixture. The mixture was separated by preparative TLC (Merck
1.05744 (0.5 mm, 20 x 20 cm), hexane - acetone (2 : 1)) to give three compounds (8, 9 and 10) in yields of 3.2
mg (40.9 %), 9.4 mg (39.1 %) and 2.5 mg (9.7 %), respectively.

8: FABMS m/z: 137 (MH*, C;H,O,, using glycerin as a matrix); IR v, (film) cm™: 3020, 1700, 1685, 1600;
'H-NMR (CDCL,) 8,,7.82 (2H, d, J=8.8 Hz, H-2b,6b), 6.99 (2H, d, J=8.8 Hz, H-3b,5b), 9.87 (1H, s, H-7b),
3.87 (3H, s, MeO-4b). The IR and "H-NMR spectral data of 8 were identical with those of an authentic sample of
p-methoxybenzaldehyde.

9: HR-FABMS m/z: 419.1506 (MH*; C,;H,,0,), caled. 419.1495; IR v_,, (film) cm™: 3020, 1680, 1610; 'H-
NMR (CDCL,) &, 7.51 (2H, d, J=8.8 Hz, H-2a,6a), 6.81 (2H, d, J=8.8 Hz, H-3a,5a), 6.59 (2H, d, J=1.8 Hz,
H-10a,14a), 6.54 (1H, t, J=1.8 Hz, H-12a), 9.75 (1H, s, H-8b), 7.31 (1H, d, J=1.8 Hz, H-12b), 7.44 (1H, d,
J=1.8 Hz, H-14b), 3.78 (3H, s, MeO-4a), 3.77 (6H, s, MeO-11a,13a), 3.90 (3H, s, MeO-13b); *C-NMR
(CDCL) &, 122.6 (s, C-1a), 127.9 (d, C-2a,6a), 114.0 (d, C-3a,5a), 159.9 (s, C-4a), 152.2 (s, C-7a), 114.9
(s, C-8a), 136.4 (s, C-9a), 107.8 (d, C-10a,14a), 161.9 (s, C-11a,13a), 100.6 (d, C-12a), 189.7 (d, C-8b),
129.3 (s, C-9b), 126.8 (s, C-10b), 155.2 (s, C-11b), 103.1 (d, C-12b), 157.4 (s, C-13b), 107.4 (d, C-14b),
55.3 (g, MeO-4a), 55.4 (q, MeO-11a,13a), 56.1 (q, MeO-13b).

10: HR-FABMS m/z: 451.1397 (MH*; C,;H,,0,), caled. 451.1393; IR v,,, (film) ecm™: 3020, 1735, 1700,
1680, 1605; '"H-NMR (CDCl,) 8, 7.73 (2H, d, J=8.8 Hz, H-2a,6a), 6.80 (2H, d, J=8.8 Hz, H-3a,5a), 6.87
(2H, d, J=2.2 Hz, H-10a,14a), 6.50 (1H, t, J=2.2 Hz, H-12a), 9.88 (1H, s, H-8b), 7.14 (1H, d, J=2.6 Hz, H-
12b), 7.42 (1H, d, J=2.6 Hz, H-14b), 3.82 (3H, s, MeO4a), 3.71 (6H, s, MeO-11a,13a), 3.93 (3H, s, MeO-
13b); *C-NMR (CDCL) 8., 120.4 (s, C-1a), 132.2 (d, C-2a,6a), 113.7 (d, C-3a,5a), 164.1 (s, C-4a), 163.7 (s,
C-Ta), 193.5 (s, C-8a), 139.8 (s, C-9a), 106.8 (d, C-10a,14a), 160.8 (s, C-11a,13a), 106.3 (d, C-12a), 189.4
(d, C-8b), 137.1 (s, C-9b), 127.0 (s, C-10b), 149.9 (s, C-11b), 114.8 (d, C-12b), 161.2 (s, C-13b), 112.3 (d,
C-14b), 55.49 (q, MeO-4a), 55.53 (q, MeO-11a,13a), 56.0 (g, MeO-13b).

Acetyldation of (+)-&-viniferin. A solution of (+)-e-viniferin (4) (64.0 mg, 141 pmol) in acetic
anhydride (1.5 ml) and pyridine (1.5 ml) was stirred overnight at room temperature. After the concentration of the
reaction mixture under reduced pressure, the residue was subjected to column chromatography over silica gel
(Fuji silysia Chemical Co. Lud., BW-820MH, 1.0 g) using chloroform - acetone (20 : 1) to give an acetate (11) in
a yield of 92 mg ( 98.5%).

11: HR-FABMS m/z: 665.2017 (MH"; C,H,,0,,), caled. 665.2023; IR v,,, (film) cm™: 3020, 1765, 1610; 'H-
NMR (CDCL,) 8, 7.32 (2H, d, J=8.8 Hz, H-2a,6a), 7.08 (2H, d, J=8.8 Hz, H-3a,5a), 5.59 (1H, d, J=6.6 Hz,
H-7a), 4.58 (1H, d, J=6.6 Hz, H-8a), 6.84 (2H, d, J=1.8 Hz, H-10a,14a), 6.88 (1H, t, /=1.8 Hz, H-12a),
7.16 (2H, d, J=8.4 Hz, H-2b,6b), 6.96 (2H, d, J=8.4 Hz, H-3b,5b), 6.52 (1H, d, J=16.1 Hz, H-7b), 6.86
(1H, d, J=16.1 Hz, H-8b), 6.63 (1H, d, J=1.8 Hz, H-12b), 6.93 (1H, d, J=1.8 Hz, H-14b), 2.31 (3H, s), 2.27
(3H, s), 2.25 (3H, s), 2.24 (6H, s); *C-NMR (CDCL,) 8. 138.0 (s, C-1a), 126.7 (d, C-2a,6a), 121.9 (d,
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C-3a,5a), 150.6 (s, C-4a), 92.7 (d, C-7a), 56.6 (d, C-8a), 144.3 (s, C-9a), 118.5 (d, C-10a,14a), 151.6 (s, C-
11a,13a), 114.8 (d, C-12a), 134.4 (s, C-1b), 127.7 (d, C-2b,6b), 121.7 (d, C-3b,5b), 150.3 (s, C-4b), 124.0
(d, C-7b), 130.3 (d, C-8b), 135.3 (s, C-9b), 123.8 (s, C-10b), 160.7 (s, C-11b), 102.8 (d, C-12b), 152.0 (s,
C-13b), 110.6 (d, C-14b), 169.40 (s), 169.36 (s), 169.33 (s), 168.7 (s), 168.7 (s), 21.2 (g), 21.1 (q), 21.1
(9), 21.0(q), 21.0 (q).

Oxidation of (+)-¢-viniferin pentaacetate. A mixture of (+)-e-viniferin pentaacetate (11) (92 mg, 139

pumol) and DDQ (50 mg, 220 umol, 1.6 eq) in toluene (30 ml) was stirred under reflux. Each 50 mg of DDQ
(totally 250 mg, 1101 pmol, 7.9 eq) was added into the reaction mixture every 15 hr. After 90 hr, the reaction
mixture was subjected to column chromatography &ver silica gel (Fuji silysia Chemical Co. Ltd., BW-820MH,
0.5 g) using benzene - acetone (20 : 1), to preparative TLC (Merck, 13895 (1.0 mm, 20 x 20 cm), chloroform -
acetone (20 : 1)) and then to preparative HPLC (YMC Co. Lid., YMC-Pack C8 (¢20 x 250 mm), acetonitrile -
water (9 : 1), flow rate: 3.0 ml/min) to give a dehydro product (12) and the starting material (11) in yields of
31.4 mg (34.2 %) and 45.0 mg (48.8 %), respectively.
12: HR-FABMS m/z: 663.1868 (MH*; C,.H,,0,,), caled. 663.1866; IR v__ (film) cm™: 3020, 1770, 1610; 'H-
NMR (CDCL,) &, 7.55 (2H, d, J/=8.8 Hz, H-2a,6a), 7.03 (2H, d, /=8.8 Hz, H-3a,5a), 7.09 (2H, d, /=2.2 Hz,
H-10a,14a), 7.18 (1H, t, /2.2 Hz, H-12a), 7.10 (2H, d, J=8.4 Hz, H-2b,6b), 6.98 (2H, d, J/=8.4 Hz, H-
3b,5b), 6.86 (1H, d, J=16.5 Hz, H-7b), 6.95 (1H, d, J=16.5 Hz, H-8b), 7.22 (1H, d, J=1.8 Hz, H-12b), 7.23
(1H, d, J=1.8 Hz, H-14b), 2.35 (3H, s), 2.267 (3H, s), 2.265 (3H, s), 2.23 (6H, s); *C-NMR (CDCL,) &,
127.5 (s, C-1a), 127.6 (d, C-2a,6a), 121.8 (d, C-3a,5a), 150.7 (s, C4a), 151.1 (s, C-7a), 116.0 (s, C-8a),
136.0 (s, C-9a), 121.0 (d, C-10a,14a), 151.7 (s, C-11a,13a), 115.7 (d, C-12a), 134.5 (s, C-1b), 127.6 (d, C-
2b,6b), 121.7 (d, C-3b,5b), 150.2 (s, C-4b), 123.8 (d, C-7b), 129.6 (d, C-8b), 132.2 (s, C-9b), 125.4 (s, C-
10b), 153.9 (s, C-11b), 103.9 (d, C-12b), 148.4 (s, C-13b), 113.2 (d, C-14b) , 169.7 (s), 169.4 (s), 169.2 (s),
168.6 (s), 168.6 (s), 21.13 (qg), 21.10 (q), 21.07 (q), 21.01 (q), 21.01 (q).

Deacetylation of the dehydro product. A solution of the dehydro product (12) (11.4 mg, 17.2 pumol)
and potassium hydroxide (119 mg, 2.12 mmol) in methanol (15 ml) was stirred at room temperature. After 1 hr,
the solution was diluted with cooled water (15 ml) and then neutralized with 1 % hydrochloric acid. The solution
was extracted with ethyl acetate (each 20 ml, 3 times). The extract was washed with brine and then dried over
sodium sulfate. After evaporation of the solvent, the residue was subjected to preparative TLC (Merck, 1.05715
(0.25 mm, 20 x 20 cm), chloroform - methanol (4 : 1)) to give a product (1) in a yield of 6.1 mg (51.5 %). The
'H- and "*C-NMR spectral data of the product were completely identical with those of natural viniferifuran (1).

Methylation of (+)-vitisifuran A. A mixture of (+)-vitisifuran A (2) (5.0 mg, 5.5 umol), methyl iodide
(164 mg, 1.1 mmol) and potassium carbonate (160 mg, 1.1 mmol) in acetone (2 ml) was stirred under nitrogen
atmosphere at room temperature. Each 250 mg of methyl iodide (totally 750 mg, 5.3 mmol) and 250 mg of
potassium carbonate (totally 750 mg, 5.4 mmol) were added into the reaction mixture every one day. After 5
days, the reaction mixture was diluted by ethyl acetate (20 ml), washed with brine and then dried over sodium
sulfate. After evaporation of the solvent, the residue was subjected to preparative TLC [Merck, 1.05715 (0.25
mm, 20 x 20 cm), hexane - acetone (2 : 1)} to give a decamethyl derivative (13) in a yield of 3.1 mg (53.7 %).
13: HR-FABMS m/z: 1045.4167 (MH*; CiH,,0,,), caled. 1045.4163; IR v, (film) cm™: 3020, 1605; 'H-
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NMR (CDCL) &, 7.50 (2H, d, J=8.8 Hz, H-2a,6a), 6.79 (2H, d, J=8.8 Hz, H-3a,5a), 6.60 (2H, s, H-
10a, 14a), 6.60 (1H, s, H-12a), 5.85 (1H, d, J=1.5 Hz, H-2b), 6.68 (1H, d, J=8.8 Hz, H-5b), 6.65 (1H, dd,
J=8.8, 1.5 Hz, H-6b), 6.62 (1H, d, J=16.1 Hz, H-7b), 6.33 (1H, d, J/=16.1 Hz, H-8b), 6.93 (1H, d, J=2.2
Hz, H-12b), 6.92 (1H, d, J=2.2 Hz, H-14b), 7.06 (2H, d, /=8.8 Hz, H-2¢,6¢), 6.71 (2H, d, J=8.8 Hz, H-
3c,5¢), 5.34 (1H, d, J=3.7 Hz, H-7¢), 5.46 (1H, d, J=3.7 Hz, H-8¢), 6.26 (1H, d, J=2.2 Hz, H-12¢), 6.16
(1H, d, J=2.2 Hz, H-14c¢), 7.18 (2H, d, J=8.8 Hz, H-2d,6d), 6.82 (2H, d, J=8.8 Hz, H-3d,5d), 5.96 (1H, d,
J=11.7 Hz, H-7d), 4.22 (1H, d, J=11.7 Hz, H-8d), 6.01 (1H, d, /=2.2 Hz, H-12d), 6.24 (1H, d, /=2.2 Hz,
H-14d), 3.92 (3H, s), 3.87 (3H, s), 3.78 (3H, s), 3.76 (3H, s), 3.74 (3H, s), 3.72 (6H, s), 3.68 (3H, s), 3.59
(3H, s), 3.14 (3H, s); *C-NMR (CDCL,) 8, 123.5 (s, C-1a), 127.5(d, C-2a,6a), 113.8 (d, C-3a,5a), 159.2 (s,
C-4a), 149.6 (s, C-7a), 116.3 (s, C-8a), 137.0 (s, C-9a),#08.4 (d, C-10a,14a), 161.3 (s, C-11a,13a), 100.7
(d, C-12a), 129.0 (s, C-1b), 131.8 (d, C-2b), 132.2 (d, C-3b), 156.3 (s, C-4b), 109.4 (d, C-5b), 121.9(d, C-
6b), 121.8 (d, C-7b), 129.5 (d, C-8b), 132.9 (s, C-9b), 121.7 (s, C-10b), 154.9 (s, C-11b), 94.7 (d, C-12b),
158.0 (s, C-13b), 106.6 (d, C-14b), 135.2 (s, C-1¢), 128.0 (d, C-2¢,6¢), 113.4 (d, C-3¢,5¢), 157.4 (s, C-4c),
39.8(d, C-7c), 40.7 (d, C-8c), 139.2 (s, C-9c), 120.7 (s, C-10c), 159.4 (s, C-11¢), 94.5 (d, C-12¢), 160.5 (s,
C-13c), 108.1 (d, C-14c), 130.4 (s, C-1d), 129.1 (d, C-2d,6d), 114.1 (d, C-3d,5d), 159.9 (s, C-4d), 87.7 (d,
C-7d), 48.5 (d, C-8d), 140.6 (s, C-9d), 122.6 (s, C-10d), 158.8 (s, C-11d), 95.8 (d, C-12d), 159.1 (s, C-13d),
103.2 (d, C-14d), 55.9 (q), 55.72 (q), 55.68 (q), 55.5 (q), 55.5 (q), 55.35 (q), 55.32 (q), 55.28 (q), 55.23
@, 55.1 (Q).

Ozonolysis of decamethyl (+)-vitisifuran A. A solution of decamethyl-(+)-vitisifuran A (13) (20 mg,
19.2 umol) in ethyl acetate (15 ml) was cooled at -78 °C, treated with ozone for 1 min, and then worked up with
dimethyl sulfide (0.5 ml) to give a resulting mixture. The mixture was separated by preparative TLC (Merck
1.05715 (0.25 mm, 20 x 20 cm), hexane - acetone (2 : 1)) to give three compounds (9, 10 and 14) in yields of
3.8mg (47.5 %), 1.3 mg (15.1 %) and 6.7 mg (53.2 %), respectively. 9 and 10 were completely identical with
the above products derived from viniferifuran (1), respectively.
14: [a], +247.5°(c 0.5, CHCL); FABMS m/z: 659 (MH*; C,,H,,0,); IR v, (film) cm™: 1690, 1600; '"H-NMR
(CDCL) 6, 6.52 (1H, d, J=2.2 Hz, H-2b), 6.95 (1H, d, J=8.8 Hz, H-5b), 7.64 (1H, dd, J=8.8, 2.2 Hz, H-6b),
9.37(1H, s, H-7b), 7.06 (2H, d, J/=8.1 Hz, H-2c,6¢), 6.72 (2H, d, J=8.1 Hz, H-3¢,5¢), 5.38 (1H, d, /=4.4
Hz, H-7¢), 5.50 (1H, d, /=4.4 Hz, H-8¢), 6.27 (1H, d, J=2.2 Hz, H-12¢), 6.16 (1H, d, J/=2.2 Hz, H-14c),
7.17 2H, d, J=8.8 Hz, H-2d,6d), 6.82 (2H, d, J=8.8 Hz, H-3d,5d), 5.94 (1H, d, J=11.7 Hz, H-7d), 4.23
(1H, d, J=11.7 Hz, H-8d), 5.98 (1H, d, J=2.2 Hz, H-12d), 6.23 (1H, d, J=2.2 Hz, H-14d), 4.00 (3H, s,
MeO-4b) , 3.75 (3H, s, MeO-4c), 3.68 (3H, s, MeO-13c), 3.76 (3H, s, MeO-4d), 3.18 (3H, s, MeO-11d), 3.61
(3H, s, Me0O-13d); *C-NMR (CDCL,) 8. 128.9 (s, C-1b), 133.9 (d, C-2b), 133.9 (s, C-3b), 161.5 (s, C-4b),
109.3 (d, C-5b), 128.0 (d, C-6b), 191.1 (d, C-7b), 134.6 (s, C-1c), 127.9 (d, C-2c,6¢), 113.5 (d, C-3¢,5¢),
157.5(s, C4c), 39.4 (d, C-7c), 40.9 (d, C-8c), 138.4 (s, C-9c), 120.7 (s, C-10c), 159.3 (s, C-11c), 94.7 (d,
C-12¢), 160.6 (s, C-13c), 108.0 (d, C-14c), 130.2 (s, C-1d), 129.1 (d, C-2d,6d), 114.1 (d, C-3d,5d), 159.9
(s, C-4d), 87.8 (d, C-7d), 48.5 (d, C-8d), 140.6 (s, C-9d), 121.9 (s, C-10d), 159.0 (s, C-11d), 95.3 (d, C-
12d), 158.9 (s, C-13d), 103.1 (d, C-14d), 55.9 (q, MeO-4b) , 55.30 (q, MeO-4c), 55.27 (g, MeO-13c¢), 55.33
(q, MeO-4d), 55.4 (q, MeO-11d), 55.1 (q, MeO-13d).

Acetylation of (+)-vitisin A. A solution of (+)-vitisin A (§) (73.1 mg, 80.7 pmol) in acetic anhydride
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(1.0 ml) and pyridine (1.0 ml) was stirred overnight at room temperature. After the concentration of the reaction
mixture under reduced pressure, the residue was subjected to column chromatography over silica gel (Fuji silysia
Chemical Co. Liwd., BW-820MH, 0.3 g) using chloroform to give an acetate (15) in a yield of 103.5 mg
(96.7 %).

15: HR-FABMS m/z: 1327.3812 (MH"; C,H,;0,,), caled. 1327.3811; IR v, (film) cm™: 3020, 1765, 1615;
'H-NMR (CDCL,) 8, 7.29 (2H, d, J=8.8 Hz, H-2a,6a), 7.07 (2H, d, J=8.8 Hz, H-3a,5a), 5.52 (1H, d, J=6.6
Hz, H-7a), 4.55 (1H, d, J=6.6 Hz, H-8a), 6.78 (2H, d, J=2.2 Hz, H-10a,14a), 6.85 (1H, t, /=2.2 Hz, H-
12a), 5.82 (1H, d, J=2.2 Hz, H-2b), 6.90 (1H, d, J=8.8 Hz, H-5b), 7.00 (1H, dd, J=8.8, 2.2 Hz, H-6b),
6.313 (1H, d, J=16.1 Hz, H-7b), 6.40 (1H, d, J=16.1 Hz, H-8b), 6.57 (1H, d, J=1.9 Hz, H-12b), 6.87 (1H,
d, J=1.9 Hz, H-14b), 7.13 (2H, d, J=8.8 Hz, H-2c,6¢), 6.89 (2H, d, /=8.8 Hz, H-3c,5c¢), 4.86 (1H, d, J=3.7
Hz, H-7c), 5.14 (1H, d, J=3.7 Hz, H-8c), 6.46 (1H, d, J=1.8 Hz, H-12c), 6.309 (1H, d, J=1.8 Hz, H-14c),
7.19 (2H, d, J=8.4 Hz, H-2d,6d), 7.05 (2H, d, J=8.4 Hz, H-3d,5d), 6.06 (1H, d, J=11.4 Hz, H-7d), 4.20
(1H, d, J=11.4 Hz, H-8d), 6.61 (1H, d, J=2.2 Hz, H-12d), 6.78 (1H, d, J/=2.2 Hz, H-14d), 2.300 (3H, s),
2.296 (3H, s), 2.28 (3H, s), 2.264 (3H, s), 2.256 (3H, s), 2.24 (6H, s), 2.172 (3H, s), 2.169 (3H, s), 2.00
(3H, s5); *C-NMR (CDCL,) 8. 138.1 (s, C-1a), 126.7 (d, C-2a,6a), 121.8 (d, C-3a,5a), 150.6 (s, C-4a), 92.6
(d, C-7a), 56.5 (d, C-8a), 144.4 (s, C-9a), 118.4 (d, C-10a,14a), 151.5 (s, C-11a,13a), 114.6 (d, C-12a),
134.6 (s, C-1b), 131.4 (d, C-2b), 137.2 (s, C-3b), 147.6 (s, C-4b), 122.0 (d, C-5b), 123.4 (d, C-6b), 123.9
(d, C-7b), 130.2 (d, C-8b), 135.3 (s, C-9b), 123.6 (s, C-10b), 160.7 (s, C-11b), 102.6 (d, C-12b), 152.0 (s,
C-13b), 110.8 (d, C-14b), 138.2 (s, C-1c), 127.7 (d, C-2¢,6¢), 121.9 (d, C-3¢,5¢), 149.2 (s, C-4c), 42.7 (d,
C-Tc), 40.4 (d, C-8c), 134.9 (s, C-9c), 124.4 (s, C-10c), 158.7 (s, C-11¢), 102.5(d, C-12¢), 151.4 (s, C-13c),
116.0(d, C-14c), 135.0 (s, C-1d), 128.6 (d, C-2d,6d), 122.0 (d, C-3d,5d), 151.0 (s, C-4d), 86.7 (d, C-7d),
48.5 (d, C-8d), 140.6 (s, C-9d), 129.4 (s, C-10d), 150.6 (s, C-11d), 114.2 (d, C-12d), 149.5 (s, C-13d),
116.1 (d, C-14d), 169.6 (s), 169.44 (s), 169.37 (s), 169.32 (s), 169.2 (s), 169.1 (s), 168.7 (s), 168.7 (s),
168.5 (s), 168.5 (s), 21.14 (q), 21.10 (q), 21.10 (q), 21.07 (q), 21.07 (q), 21.05 (q), 21.05 (q), 21.05 (q),
21.02 (q), 20.4 (q).

Oxidation of (+)-vitisin A decaacetate. A mixture of (+)-vitisin A decaacetate (15) (103.5 mg, 78.2
pmol) and DDQ (22 mg, 97 pmol, 1.2 eq) in toluene (70 ml) was stirred under reflux. Each 22 mg of DDQ
(totally 350 mg, 1.54 mmol, 19.7 eq) was added into the reaction mixture every 14 hr. After 10 days, the reaction
mixture was subjected to column chromatography over silica gel (Fuji silysia Chemical Co. Ltd., BW-820MH,
3.5 g) using benzene - acetone (10 : 1)), to preparative TLC (Merck, 13895 (1.0 mm, 20 x 20 cm), hexane -
acetone (1 : 1)) and then to preparative HPLC (YMC Co. Lid., YMC-Pack C8 (¢20 x 250 mm), acetonitrile -
water (9 : 1), flow rate: 3.0 ml/min) to give a dehydro product (16) and the starting material (15) in yields of
32.3 mg (31.3%) and 32.9 mg (31.8 %), respectively.

16: HR-FABMS m/z: 1325.3654 (MH*; C,H,,0,,), caled. 1325.3654; IR v__ (film) cm™: 3020, 1765, 1605;
'H-NMR (CDCL,) &, 7.51 (2H, d, J=8.8 Hz, H-2a,6a), 7.01 (2H, d, J=8.8 Hz, H-3a,5a), 7.06 (2H, d, J=2.2
Hz, H-10a,14a), 7.19 (1H, t, J=2.2 Hz, H-12a), 5.83 (1H, d, J=2.2 Hz, H-2b), 6.94 (1H, d, J=8.4 Hz, H-5b),
6.81 (1H, dd, J=8.4, 2.2 Hz, H-6b), 6.72 (1H, d, J=16.1 Hz, H-7b), 6.44 (1H, d, J=16.1 Hz, H-8b), 7.16
(1H, d, J=2.2 Hz, H-12b), 7.214 (1H, d, J=2.2 Hz, H-14b), 7.15 (2H, d, J=8.8 Hz, H-2¢,6c), 6.90 (2H, d,
J=8.8 Hz, H-3¢c,5¢), 4.85 (1H, d, J=3.7 Hz, H-7¢), 5.16 (1H, d, J=3.7 Hz, H-8¢), 6.46 (1H, d, J=1.8 Hz, H-
12¢), 6.35 (1H, d, /=1.8 Hz, H-14c), 7.209 (2H, d, J=8.8 Hz, H-2d,6d), 7.05 (2H, d, J=8.8 Hz, H-3d,5d),
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6.10 (1H, d, J=11.4 Hz, H-7d), 4.23 (1H, d, J/=11.4 Hz, H-8d), 6.62 (1H, d, J=2.2 Hz, H-12d), 6.79 (1H, d,
J=2.2 Hz, H-14d), 2.34 (3H, s), 2.32 3H, s), 2.27 3H, s), 2.262 (3H, s), 2.262 (3H, s), 2.260 (3H, s),
2.260 (3H, s), 2.20 (3H, ), 2.17 3H, s5), 2.03 (3H, s); *C-NMR (CDCl,) 8, 127.5 (s, C-1a), 127.6 (d, C-
2a,6a), 121.78 (d, C-3a,5a), 150.6 (s, C-4a), 150.7 (s, C-7a), 116.0 (s, C-8a), 136.2 (s, C-9a), 121.0 (d, C-
10a, 14a), 151.6 (s, C-11a,13a), 115.7 (d, C-12a), 134.7 (s, C-1b), 131.5(d, C-2b), 134.8 (s, C-3b), 147.5 (s,
C-4b), 122.2 (d, C-5b), 123.6 (d, C-6b), 123.2 (d, C-7b), 129.7 (d, C-8b), 132.1 (s, C-9b), 125.2 (s, C-10b),
153.8 (s, C-11b), 103.8 (d, C-12b), 148.5 (s, C-13b), 113.4 (d, C-14b), 138.2 (s, C-1c), 127.7 (d, C-2c,6¢),
121.83 (d, C-3c,5¢), 149.2 (s, C-4c), 40.44 (d, C-7c), 40.39 (d, C-8), 137.3 (s, C-9¢), 124.5 (s, C-10c),
158.8 (s, C-11c), 102.5 (d, C-12¢), 151.0 (s, C-13c), 115.8 (d, C-14c), 135.0 (s, C-1d), 128.8 (d, C-2d,6d),
122.0(d, C-3d,5d), 151.0 (s, C-4d), 86.7 (d, C-7d), 48.5 (d, C-8d), 140.6 (s, C-9d), 129.6 (s, C-10d), 151.0
(s, C-11d), 114.3 (d, C-12d), 149.6 (s, C-13d), 116.0 (d, C-14d), 169.7 (s), 169.5 (s), 169.23 (s), 169.18 (s),
169.08 (s), 168.72 (s), 168.66 (s), 168.55 (s), 168.55 (s), 168.51 (s), 21.14 (q), 21.14 (q), 21.11 (g), 21.11
(g), 21.07 (), 21.07 (g), 21.07 (g), 21.07 (g), 21.00 (q), 20.4 (q).

Deacetylation of the dehydro product. A solution of the dehydro product (16) (15.2 mg, 11.5 pumol) and
potassium hydroxide (109 mg, 1.6 mmol) in methanol (15 ml) was stirred at room temperature. After 1.5 hr, the
solution was diluted with cooled water (15 ml) and then neutralized with 1 % cooled hydrochloric acid. The
solution was extracted with ethyl acetate (each 20 ml, 3 times). The extract was washed with brine and then dried
over sodium sulfate. After evaporation of the solvent, the residue was subjected to preparative TLC (Merck,
1.05715 (0.25 mm, 20 x 20 cm), chloroform - methanol (4 : 1)) to give a product (2) in a yield of 6.2 mg
(59.7 %). The product was completely identified with natural (+)-vitisifuran A (2) by comparison with the optical
rotation as well as the 'H-NMR spectral data.

Methylation of (-)-vitisifuran B. A mixture of (-)-vitisifuran B (3) (14.8 mg, 16.4 pmol), methyl iodide
(480 mg, 3.4 mmol) and potassium carbonate (470 mg, 3.4 mmol) in acetone (10 ml) was stirred under nitrogen
atmosphere at room temperature. After 22 hr, the reaction mixture was diluted by ethyl acetate (50 ml), washed
with brine and then dried over sodium sulfate. After evaporation of the solvent, the residue was subjected to
preparative TLC [Merck, 1.05715 (0.25 mm, 20 x 20 cm), chloroform] to give a nonamethyl derivative (17) in a
yield of 13.8 mg (81.8 %).
17: HR-FABMS m/z: 1031.4003 (MH"; C,H,,0,,), caled. 1031.4007; IR v, (film) cm™: 3020, 1610; 'H-
NMR (CDCL,) 8, 7.50 (2H, d, J/=8.4 Hz, H-2a,6a), 6.80 (2H, d, J=8.4 Hz, H-3a,5a), 6.58 (2H, d, J=1.1 Hz,
H-10a,14a), 6.49 (1H, t, J=1.1 Hz, H-12a), 6.59 (1H, d, J=1.8 Hz, H-2b), 6.675 (1H, d, /=8.1 Hz, H-5b),
6.81 (1H, dd, J=8.1, 1.8 Hz, H-6b), 6.682 (1H, d, J=17.2 Hz, H-7b), 6.72 (1H, d, J=17.2 Hz, H-8b), 6.96
(1H, brs, H-12b), 7.00 (1H, brs, H-14b), 6.74 (2H, d, J=8.4 Hz, H-2¢,6¢), 6.61 (2H, d, J=8.4 Hz, H-3c,5¢),
5.43 (1H, d, J=5.1 Hz, H-7¢), 4.32 (1H, d, J=5.1 Hz, H-8¢), 6.46 (1H, d, J/=1.8 Hz, H-12¢), 6.23 (1H, d,
J=1.8 Hz, H-14¢), 7.22 (2H, d, J=8.4 Hz, H-2d,6d), 6.87 (2H, d, J=8.4 Hz, H-3d,5d), 5.43 (1H, d, J=5.1
Hz, H-7d), 4.43 (1H, d, J=5.1 Hz, H-8d), 6.08 (2H, s, H-10d,14d), 6.08 (1H, s, H-12d), 3.89 (3H, s), 3.78
(3H, s), 3.76 (3H, s), 3.743 (3H, s), 3.735 (3H, s), 3.60(3H, s), 3.60 (3H, s), 3.60 (3H, s), 3.60 (3H, s);
B3C-NMR (CDCl,) &, 123.5 (s, C-1a), 127.5 (d, C-2a,6a), 113.9 (d, C-3a,5a), 159.2 (s, C-4a), 149.7 (s, C-
7a), 116.4 (s, C-8a), 136.7 (s, C-9a), 108.4 (d, C-10a,14a), 161.3 (s, C-11a,13a), 100.6 (d, C-12a), 131.0 (s,
C-1b), 123.8 (d, C-2b), 130.8 (s, C-3b), 158.7 (s, C-4b), 109.8 (d, C-5b), 126.3 (d, C-6b), 123.0 (d, C-7b),
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129.0 (d, C-8b), 132.2 (s, C-9b), 121.9 (s, C-10b), 154.9 (s, C-11b), 94.8 (d, C-12b), 158.0 (s, C-13b),
106.7 (d, C-14b), 132.4 (s, C-1c), 126.8 (d, C-2c,6¢), 113.6 (d, C-3¢,5¢), 159.2 (s, C-4¢), 91.2 (d, C-Tc),
51.8(d, C-8c), 140.7 (s, C-9¢), 120.0 (s, C-10c), 161.3 (s, C-11c), 94.4 (d, C-12¢), 161.7 (s, C-13c), 106.2
(d, C-140), 133.9 (s, C-1d), 126.6 (d, C-2d,6d), 114.1 (d, C-3d,5d), 159.6 (s, C-4d), 93.1 (d, C-7d), 56.7 (d,
C-8d), 146.0 (s, C-9d), 105.4 (d, C-10d,14d), 161.0 (s, C-11d,13d), 98.8 (d, C-12d), 55.8(q), 55.4 (q), 55.3
(@), 553 (q), 55.2 (q), 55.2 (q), 55.1 (q), 55.0 (g), 55.0 (q).

Ozonolysis of nonamethyl (-)-vitisifuran B. A solution of nonamethyl-(-)-vitisifuran B (17) (11.0 mg,
10.7 umol) in ethyl acetate (7 ml) was cooled at -78 °C, treated with ozone for 1 min, and then worked up with
dimethyl sulfide (0.5 ml) to give a resulting mixture. The mixture was separated by preparative TLC (Merck
1.05715(0.25 mm, 20 x 20 cm), hexane - acetone (2 : 1)) to give three compounds (9, 10 and 18) in yields of
1.5mg (33.6 %), 1.1 mg (22.9 %) and 4.1 mg (59.6 %), respectively. 9 and 10 were completely identical with
the above products derived from viniferifuran (1), respectively. 18 was also identified with an authentic sample
derived from (-)-vitisin B (6) including the sign of the optical rotation.®

Acetylation of (-)-vitisin B. A solution of (-)-vitisin B (6) (121.3 mg, 133.9 pumol) in acetic anhydride
(1.5 ml) and pyridine (1.5 ml) was stirred overnight at room temperature. After the concentration of the reaction
mixture under reduced pressure, the residue was subjected to column chromatography over silica gel (Fuji silysia
Chemical Co. Ltd., BW-820MH, 2 g) using chloroform - methanol (10 : 1) to give an acetate (19) in a yield of
171.2 mg ( 99.6 %).
19: HR-FABMS m/z: 1285.3710 (MH*; C, H, 0,)), calcd. 1285.3705; IR v,,, (film) em™: 3020, 1765, 1615;
'H-NMR (CDCL,) &, 7.30 (2H, d, J=8.8 Hz, H-2a,6a), 7.06 (2H, d, J=8.8 Hz, H-3a,5a), 5.51 (1H, d, J=5.1
Hz, H-7a), 4.51 (1H, d, J=5.1 Hz, H-8a), 6.58 (2H, d, J/=1.5 Hz, H-10a,14a), 6.78 (1H, t, J=1.5 Hz, H-12a),
6.62 (1H, brs, H-2b), 6.73 (1H, d, J=8.4 Hz, H-5b), 6.99 (1H, brd, J=8.4 Hz, H-6b), 6.33 (1H, d, J=16.1
Hz, H-7b), 6.69 (1H, d, J/=16.1 Hz, H-8b), 6.58 (1H, d, J=1.8 Hz, H-12b), 6.83 (1H, d, /=1.8 Hz, H-14b),
6.75(2H, d, J=8.8 Hz, H-2c,6¢), 6.82 (2H, d, J=8.8 Hz, H-3¢,5c¢), 5.36 (1H, d, /=4.8 Hz, H-7c), 4.22 (1H,
d, J=4.8 Hz, H-8¢), 6.68 (1H, d, J=2.2 Hz, H-12c), 6.35(1H, d, /=2.2 Hz, H-14c), 7.28 (2H, d, J=8.4 Hz,
H-2d,6d), 7.08 (2H, d, J=8.4 Hz, H-3d,5d), 5.55 (1H, d, J=6.6 Hz, H-7d), 4.53 (1H, d, J=6.6 Hz, H-8d),
6.80 (2H, s, H-10d, 14d), 6.80 (1H, s, H-12d), 2.30 (3H, s), 2.284 (3H, s), 2.276 (3H, s), 2.24 (3H, s), 2.22
(3H, s), 2.203 (3H, s), 2.203 (3H, s), 2.199 (3H, §), 2.199 (3H, s); *C-NMR (CDCL,) b, 138.4 (s, C-la),
126.5 (d, C-2a,6a), 121.9 (d, C-3a,5a), 150.61 (s, C-4a), 92.59 (d, C-7a), 56.0 (d, C-8a), 144.9 (s, C-9a),
117.6 (d, C-10a,14a), 151.6 (s, C-11a,13a), 114.7 (d, C-12a), 130.5 (s, C-1b), 124.8 (d, C-2b), 130.0 (s, C-
3b), 159.0 (s, C-4b), 110.3 (d, C-5b), 127.0 (d, C-6b), 121.8 (d, C-7b), 131.2 (d, C-8b), 135.9 (s, C-9b),
123.3 (s, C-10b), 160.6 (s, C-11b), 102.3 (d, C-12b), 152.0 (s, C-13b), 110.6 (d, C-14b), 137.7 (s, C-1c),
126.7 (d, C-2¢,6¢), 121.5 (d, C-3¢,5¢), 150.3 (s, C-4c), 90.7 (d, C-Tc), 52.1(d, C-8¢), 141.3 (s, C-9¢), 123.7
(s, C-10c), 160.8 (s, C-11c), 102.8 (d, C-12¢), 152.5 (s, C-13c), 113.8 (d, C-14c), 138.1 (s, C-1d), 126.2 (d,
C-2d,6d), 122.0 (d, C-3d,5d), 150.59 (s, C-4d), 92.62 (d, C-7d), 56.6 (d, C-8d), 144.4 (s, C-9d), 118.6 (d,
C-10d,14d), 151.5 (s, C-11d,13d), 114.6 (d, C-12d), 169.3 (s), 169.3 (s), 169.3 (s), 169.0 (s), 169.0 (s),
168.7 (s), 168.7 (s), 168.5 (s), 168.5 (s), 21.17 (q), 21.15(q), 21.14 (g), 21.11 (q), 21.09 (q), 21.08 (q),
21.08 (q), 21.01 (q), 21.01 (q).
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Oxidation of (-)-vitisin B nonaacetate. A mixture of (-)-vitisin B nonaacetate (19) (171.2 mg, 133.3
pmol) and DDQ (31 mg, 133.3 umol, 1.0 eq) in tluene (30 ml) was stirred under reflux. Furthermore, each 21
mg of DDQ (totally 63 mg, 267 pmol, 2.1 eq) was added into the reaction mixture every 14 hr. After 69 hr, the
reaction mixture was subjected to column chromatography over silica gel (Fuji silysia Chemical Co. Ltd., BW-
820MH, 1.8 g) using benzene - acetone (20 : 1)), to preparative TLC (Merck, 13895 (1.0 mm, 20 x 20 cm),
hexane - acetone (1 : 1)) and then to preparative HPLC (YMC Co. Ltd., YMC-Pack C8 (420 x 250 mm),
acetonitrile - water (8 : 2), flow rate: 3.0 ml/min) to give three dehydrogenated products (20, 21, 22) and the
starling material (19) in yields of 14.1 mg (8.4 %), 16.2 mg (9.5 %), 2.6 mg (1.5 %), and 80.8 mg (47.2 %),
respectively.

20: HR-FABMS m/z: 1283.3546 (MH*; C,,H,,0,,), caled. 1283.3549; IR v, (film) cm™: 3020, 1765, 1615;
'H-NMR (CDCL,) &, 7.34 (2H, d, J=8.8 Hz, H-2a,6a), 7.09 (2H, d, J/=8.8 Hz, H-3a,5a), 5.60 (1H, d, J=5.9
Hz, H-7a), 4.66 (1H, d, J=5.9 Hz, H-8a), 6.86 (2H, d, J=2.2 Hz, H-10a,14a), 6.85 (1H, t, J=2.2 Hz, H-12a),
7.05(1H, d, J=2.2 Hz, H-2b), 7.20 (1H, d, J/=8.8 Hz, H-5b), 7.08 (1H, dd, J=8.8, 2.2 Hz, H-6b), 6.58 (1H,
d, J=16.1 Hz, H-7b), 6.94 (1H, d, J=16.1 Hz, H-8b), 6.63 (1H, d, J=2.2 Hz, H-12b), 6.96 (1H, d, J=2.2 Hz,
H-14b), 7.42 (2H, d, J=8.8 Hz, H-2¢,6¢), 6.97 (2H, d, J=8.8 Hz, H-3c,5¢), 6.81 (1H, d, /=2.2 Hz, H-12c*),
6.82 (1H, d, J=2.2 Hz, H-14c*), 7.10 (2H, d, /=8.8 Hz, H-2d,6d), 7.01 (2H, d, /=8.8 Hz, H-3d,5d), 5.41
(1H, d, J=7.0 Hz, H-7d), 3.79 (1H, d, J/=7.0 Hz, H-8d), 6.15 (2H, d, J=2.2 Hz, H-10d,14d), 6.40 (1H, ¢,
J=2.2 Hz, H-12d), 2.32 (3H, s), 2.29 (3H, s), 2.29 (3H, s), 2.29 (3H, s), 2.27 (3H, s), 2.22 (3H, 5), 2.22
(3H, s), 1.96 (3H, s), 1.96 (3H, s); ’C-NMR (CDC},) 8. 138.3 (s, C-1a), 126.6 (d, C-2a,6a), 122.0 (d, C-
3a,5a), 150.6 (s, C-4a), 92.6 (d, C-7a), 56.3 (d, C-8a), 144.8 (s, C-9a), 118.4 (d, C-10a, 14a), 151.6 (s, C-
11a,13a), 114.7 (d, C-12a), 131.7 (s, C-1b), 118.9 (d, C-2b), 129.5(s, C-3b), 153.6 (s, C-4b), 111.3 (d, C-
5b), 122.6 (d, C-6b), 122.3 (d, C-7b), 131.6 (d, C-8b), 135.5 (s, C-9b), 123.7 (s, C-10b), 160.9 (s, C-11b),
102.5(d, C-12b), 152.1 (s, C-13b), 110.4 (d, C-14b), 127.8 (s, C-1c), 127.2 (d, C-2¢,6¢), 121.9(d, C-3¢,5¢),
150.9 (s, C-4c), 150.4 (s, C-7c), 114.2 (s, C-8¢), 130.5 (s, C-9¢), 125.7 (s, C-10c), 161.0 (s, C-11¢), 103.8
(d, C-12¢), 152.2 (s, C-13c), 116.4 (d, C-14c), 137.1 (s, C-1d), 127.0 (d, C-2d,6d), 121.9 (d, C-3d,5d),
150.6 (s, C-4d), 92.4 (d, C-7d), 56.0(d, C-8d), 142.1 (s, C-9d), 117.4 (d, C-10d,14d), 150.5 (s, C-11d,13d),
113.6(d, C-12d), 169.3 (s), 169.3 (s), 169.2 (s), 169.1 (s), 168.9 (s), 168.7 (s), 168.7 (s), 168.3 (s), 168.3
(s), 21.20 (q), 21.17 (q), 21.14 (q), 21.11 (g), 21.11 (q), 21.0 (q), 21.0 (g), 20.9 (q), 20.9 (q). * The
assignments may be interchangeable.

21: HR-FABMS m/z: 1283.3549 (MH*; C,,H,,0,,), caled. 1283.3549; IR v, (film) cm™: 3020, 1765, 1605;
'H-NMR (CDCL,) &, 7.53 (2H, d, J=8.8 Hz, H-2a,6a), 7.02 (2H, d, J=8.8 Hz, H-3a,5a), 7.03 (2H, brs, H-
10a, 14a), 7.00 (1H, brs, H-12a), 6.62 (1H, brs, H-2b), 6.74 (1H, d, J=8.8 Hz, H-5b), 6.90 (1H, brd, J=8.8
Hz, H-6b), 6.63 (1H, d, J=16.1 Hz, H-7b), 6.73 (1H, d, J=16.1 Hz, H-8b), 7.17 (1H, brs, H-12b), 7.14 (1H,
brs, H-14b), 6.80 (2H, d, /=8.4 Hz, H-2¢,6c¢), 6.84 (2H, d, J/=8.4 Hz, H-3¢,5¢), 5.37 (1H, d, J=4.4 Hz, H-
7c), 4.31 (1H, d, J=4.4 Hz, H-8¢), 6.71 (1H, brs, H-12c), 6.38 (1H, brs, H-14¢c), 7.29 (2H, d, /=8.4 Hz, H-
2d,6d), 7.07 (2H, d, J=8.4 Hz, H-3d,5d), 5.54 (1H, d, J=4.8 Hz, H-7d), 4.55 (1H, d, J=4.8 Hz, H-8d), 6.62
(2H, brs, H-10d,14d), 6.77 (1H, brs, H-12d), 2.34 (3H, s), 2.26 (3H, s), 2.25 (3H, s), 2.25 (3H, s), 2.24
(3H, s), 2.21 (3H, s), 2.21 (3H, s), 2.15 (3H, s), 2.15 (3H, s); *C-NMR (CDCl,) ., 127.6 (s, C-1a), 127.6
(d, C-2a,6a), 121.5 (d, C-3a,5a), 150.9 (s, C-4a), 150.6 (s, C-7a), 116.1 (s, C-8a), 136.0 (s, C-9a), 121.1 (d,
C-10a,14a), 151.51 (s, C-11a,13a), 115.6 (d, C-12a), 130.6 (s, C-1b), 124.2 (d, C-2b), 130.0 (s, C-3b), 158.8
(s, C-4b), 110.3 (d, C-5b), 127.2 (d, C-6b), 121.9 (d, C-7b), 130.6 (d, C-8b), 132.8 (s, C-9b), 125.0 (s, C-
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10b), 153.9 (s, C-11b), 103.4 (d, C-12b), 148.5 (s, C-13b), 113.1 (d, C-14b), 137.7 (s, C-1¢), 126.6 (d, C-
2¢,6¢), 121.8 (d, C-3c,5¢), 150.3 (s, C-4c), 90.6 (d, C-7c), 51.6 (d, C-8), 141.3 (s, C-9c), 123.9(s, C-100),
160.6 (s, C-11¢), 102.8 (d, C-12c), 152.5 (s, C-13c), 113.7 (d, C-14c), 138.4 (s, C-1d), 126.2 (d, C-2d,6d),
122.1 (d, C-3d,5d), 150.6 (s, C-4d), 92.6 (d, C-7d), 56.1 (d, C-8d), 144.9 (s, C-9d), 117.6 (d, C-
10d,14d), 151.54 (s, C-11d,13d), 114.5 (d, C-12d), 169.7 (s), 169.3 (s), 169.2 (s), 169.0 (s), 169.0 (s),
168.6 (s), 168.5 (s), 168.5 (s), 168.5 (s), 21.14 (q), 21.14 (g), 21.14 (q), 21.08 (q), 21.08 (), 21.08 (q),
21.08 (q), 20.9 (q), 20.9 (q).

22: HR-FABMS m/z: 1281.3392 (MH"; C,,H,;0,,), calcd. 1281.3392; IR v_,_ (film) cm™: 3020, 1765, 1610;
'H-NMR (CDCL) &, 7.55 (2H, d, J=8.8 Hz, H-2a,6a), 7.03 (2H, d, J=8.8 Hz, H-3a,5a), 7.109 (2H, d, J/=2.2
Hz, H-10a,14a), 7.17 (1H, t, J=2.2 Hz, H-12a), 6.92 (1H, d, J=1.8 Hz, H-2b), 7.207 (1H, d, J=8.4 Hz, H-
5b), 6.94 (1H, dd, J=8.4, 1.8 Hz, H-6b), 6.83 (1H, d, J=17.6 Hz, H-7b), 6.98 (1H, d, J=17.6 Hz, H-8b),
7.206 (1H, d, J=1.8 Hz, H-12b), 7.26 (1H, d, J=1.8 Hz, H-14b), 7.42 (2H, d, J=8.8 Hz, H-2c,6c), 6.99 (2H,
d, J=8.8 Hz, H-3¢,5¢), 6.86 (1H, d, J=2.2 Hz, H-12¢), 6.82 (1H, d, J=2.2 Hz, H-14c), 7.110 (2H, d, J=8.8
Hz, H-2d,6d), 7.00 (2H, d, J=8.8 Hz, H-3d,5d), 5.44 (1H, d, J=7.7 Hz, H-7d), 3.81 (1H, d, J=7.7 Hz, H-
8d), 6.20 (2H, d, J=2.2 Hz, H-10d,14d), 6.40 (1H, t, J=2.2 Hz, H-12d), 2.359 (3H, s), 2.357 (3H, s), 2.30
(3H, s), 2.272 (3H, s), 2.272 (3H, s), 2.266 (3H, s), 2.266 (3H, s), 2.02 (3H, s), 2.02 (3H, s); *C-NMR
(CDCL,) &, 127.56 (s, C-1a), 127.61 (d, C-2a,6a), 121.8 (d, C-3a,5a), 151.1 (s, C-4a), 150.6 (s, C-7a), 116.1
(s, C-8a), 136.0 (s, C-9a), 121.2 (d, C-10a,14a), 151.8 (s, C-11a,13a), 115.7 (d, C-12a), 131.9 (s, C-1b),
119.1(d, C-2b), 129.4 (s, C-3b), 153.5(s, C-4b), 111.3 (d, C-5b), 122.5(d, C-6b), 122.0 (d, C-7b), 131.4
(d, C-8b), 132.6 (s, C-9b), 125.2 (s, C-10b), 154.0 (s, C-11b), 103.6 (d, C-12b), 148.5 (s, C-13b), 113.4 (d,
C-14b), 127.9 (s, C-1¢), 127.12 (d, C-2¢,6¢), 121.8 (d, C-3¢,5¢), 150.8 (s, C-4c), 150.3 (s, C-7c), 114.3 (s,
C-8¢), 130.7 (s, C-9¢), 126.2 (s, C-10c), 160.9 (s, C-11c), 103.9 (d, C-12¢), 152.2 (s, C-13c), 116.2 (d, C-
14c), 137.0 (s, C-1d), 127.09 (d, C-2d,6d), 121.9 (d, C-3d,5d), 150.7 (s, C-4d), 92.4 (d, C-7d), 56.2 (d, C-
8d), 141.9 (s, C-9d), 117.5 (d, C-10d,14d), 150.5 (s, C-11d,13d), 113.5 (d, C-12d), 169.7 (s), 169.2 (5),
169.1 (s), 169.1 (s), 168.5 (s), 168.5 (s), 168.3 (s), 168.3 (s), 168.3 (s), 21.18 (q), 21.18 (g), 21.14 (q),
21.14 (q), 21.13 (q), 21.04 (q), 21.00 (q), 20.97 (g), 20.97 (q).

Deacetylation of compound 21. A solution of compound 21 (6.2 mg, 4.8 pumol) and potassium
hydroxide (112 mg, 1.7 mmol) in methanol (10 ml) was stirred at room temperature. After 1.5 hr, the solution
was diluted with cooled water (10 ml) and then neutralized with 1 % cooled hydrochloric acid. The solution was
extracted with ethyl acetate (each 20 ml, 3 times). The extract was washed with brine and then dried over sodium
sulfate. After evaporation of the solvent, the residue was subjected to preparative TLC (Merck, 1.05715 (0.25
mm, 20 x 20 cm), chloroform - methanol (4 : 1)) to give a product (3) in a yield of 2.8 mg (64.0 %). The product
was completely identified with natural (-)-vitisifuran B (3) by comparison with the optical rotation as well as the
'H-NMR spectral data.

Oxidation of compound 20. A mixture of compound 20 (5.0 mg, 3.9 pumol) and DDQ (1.5 mg) in
toluene (5 ml) was stirred under reflux in a nitrogen atomosphere. Furthermore, each 1.5 mg of DDQ (totally 9.1
mg, 40.1 pmol, 10.3 eq) was added into the reaction mixtre every 10 hr. After 62 hr, the reaction mixture was
subjected to column chromatography over silica gel (Fuji silysia Chemical Co. Ltd., BW-820MH, 1.5 g) using
benzene - acetone (20 : 1)) and then to preparative HPLC (YMC Co. Lud., YMC-Pack C8 (¢20 x 250 mm),
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acetonitrile - water (8 : 2), flow rate: 3.0 ml/min) to give a dehydrogenated products (0.7 mg) with the recovered
starting material (20, 3.0 mg). The product was completely identified with compound 22 by comparison with
the IR and 'H-NMR spectral data.

Oxidation of compound 21. A mixture of compound 21 (5.0 mg, 3.9 pmol) and DDQ (1.5 mg) in
toluene (5 ml) was stirred under reflux in a nitrogen atomosphere. Furthermore, each 1.5 mg of DDQ (totally 9.2
mg, 40.5 pmol, 10.4 eq) was added into the reaction mixture every 10 hr. After 62 hr, the reaction mixture was
subjected to column chromatography over silica gel (Fuji silysia Chemical Co. Ltd., BW-820MH, 1.5 g) using
benzene - acetone (20 : 1) and then to preparative HPLC (YMC Co. Ltd., YMC-Pack C8 ($20 x 250 mm),
acetonitrile - water (8 : 2), flow rate: 3.0 mi/min) to give a dehydrogenated products (0.3 mg) with the recovered
starting material (21, 3.3 mg). The product was completely identified with compound 22 by comparison with
the IR and 'H-NMR spectral data.
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