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Synopsis

Methanol extracts were prepared from 18 woody plants. These extracts were evaluated by a choice paper disk bioassay

for antifeedant activity by choice paper disk bioassay against subterranean termite workers, Reticulitermes speratus (Kolbe).

The methanol extract of resak showed the strongest antifeedant activity against the termites of in all tested extracts. This

extract was chromatographed by silica gel column chromatography. Bioassay-directed fractionation led to the isolation and

identification of bridged stilbenoid trimers-vaticanol A (1), vaticanol E (2), vaticanol G (4) and tetramer-vaticanol B (3). All of

the isolated compounds showed antifeedant activity against R. speratus. From a comparison of their molecular bases, their

insect antifeedant activity was similar to their monomer of them, resveratrol.
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Prunus sp. ONT#®, %2 F). Tilia kiusiana (¥
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Resak MeOH extract (2.0 g)

Silica gel C.C.
(BW-127ZH, CHCl;:MeOH 8:3)

[ | | |
Fr. 1 Fr.2 Fr.3 Fr. 4
(86.3 mg) (1063.2 mg)(489.8 mg) (325.3 mg)
(150 mg)
Silica gel C.C.
(BW-300ZH,

CHCl;:MeOH 10:2)

Fr.2-1 Fr.2-2 Fr.2-3 Fr.24
(4.5 mg) (352 mg) (66.5 mg)(37.5 mg)

Silica gel C.C.
(BW-300ZH, CHCl;:MeOH 10:2)

1 2

Fr. 3-1 Fr.3-2 Fr.3-3 Fr. 3-4
(60.8 mg) (131.1 mg) (210.2 mg) (46.3 mg)

3 a
Fig. 1. Fractionation and isolation procedure for
methanol extract from resak.

Fig. 2. Isolated vaticanols from resak.

Vaticanol A™ (1), ik ta <™ 5 —  mp. 244-245C |,
Rf=042 Chloroform:Methanol 8:3, 50% %% B 5
#t, [al 5=-9 (c=001, Ethanol), '"H NMR
(CD4sCOCDs) 6 (ppm) : 359 (1H, d, J=7.59 Hz,
H-7c), 412 (1H, br. s, H-8c) , 441 (1H, d, J=4.53
Hz, H-8a), 443 (1H, d, J=7.59 Hz, H-8b), 5.11
(1H, br. s, H-7b), 603 (1H, d, J=2.31 Hz, H-12a),
6.12 (1H, br. d, J=4.53 Hz, H-7a), 6.15 (1H, t,
J=214 Hz H-12¢), 617 (1H, s, H-12b), 621 (2H,
d, J=2.14 Hz, H-10c, 14c), 6.31 (2H, d, ]=858 Hz,
H-3c, 5¢), 642 (1H, d, J=2.31 Hz, H-14a), 6.48

(2H, d, J=858 Hz, H-2c, 6c), 654 (2H, d, J=858
Hz, H-3b, 5b), 677 (2H, d, ]=858 Hz, H-3a, 5a),
701 (2H, d, J=858 Hz, H-2b, 6b), 7.22 (2H, d,
J=858 Hz, H-2a, 6a), 7.33 (1H, br s, 11a-OH),
790 (1H, br s, 4c-OH), 797 (1H, br s, 13a-OH),
800 (I1H, br s, 13b-OH), 802 (1H, br s, 4b-OH),
8.09 (2H, br s, 1lc, 13c-OH), 8.46 (1H, br s,
4a2-OH); ®C NMR (CD;COCD;) 6 (ppm) : 36.6,
49.2, 50.9, 580, 64.9, 87.1, 95.9, 101.8, 101.9, 103.8,
107.2 (overlapped), 1155 (overlapped), 115.9
(overlapped), 116.6 (overlapped), 119.2, 119.8,
122.8, 1285 (overlapped), 129.8 (overlapped),
130.2 (overlapped), 134.9, 136.3, 139.2, 145.3,
1454, 148.1, 156.0, 156.3, 156.9, 157.0, 158.3, 1585,
159.8 (overlapped), 1604; ESI-MS [M+Nal™ ion
at m/z (relative intensity) 7032105 (100%).

Vaticanol E"(2), k%7 ' —  mp. 230-232C ,
Rf=0.42 Chloroform:Methanol 83, 50% it Bk % &
#, Lal §=+70 (c=001, Ethanol), 'H NMR
(CD;COCD3) 6 (ppm) : 354 (1H, d, J=10.54
Hz, H-8c) , 402 (1H, dd, J=1054, 890 Hz, H-7c),
424 (1H, dd, J=890, 296 Hz, H-8b), 477 (1H, 4,
J=296 Hz, H-7b), 530 (1H, d, J=9.24 Hz, H-8a),
561 (1H, d, J=9.24 Hz, H-7a), 602 (2H, d, ]=5.94
Hz H-2b, 6b), 603 (1H, s, H-12b), 6.056.17 (2H, m,
Hz, H-14a, 12¢), 620 (1H, d, J=2.10 Hz, H-12a),
623 (2H, 4, J=2.10 Hz, H-10c, 14¢c), 6.26 (2H, 4,
J=594 Hz, H-3b, 5b), 647 (1H, br s, 13b-OH),
6.58 (2H, d, J=8.58 Hz, H-3c, 5¢), 6.97 (2H, d,
J=853 Hz, H-3a, 5a), 7.15 (2H, d, J=858 Hz, H-2c,
6c), 751 (2H, d, J=853 Hz, H-2a, 6a), 7.87 (1H,
br s, 4b-OH), 792 (1H, br s, 11a-OH), 800 (3H,
br s, 13a, 11lc, 13¢c-OH), 824 (1H, br s, 4c-OH),
8.67 (1H, br s, 4a-OH);*C NMR (CD;COCD3)
6 (ppm) : 429, 51.7 (overlapped), 52.8, 58.6,
96.0, 96.7, 102.1, 102.5, 108.1 (overlapped), 1084,
114.2 (overlapped), 115.9 (overlapped), 1164,
117.0 (overlapped), 124.0, 124.2, 130.7, 131.1
(overlapped), 131.8 (overlapped), 133.3, 1334
(overlapped), 134.0, 140.9, 144.6, 148.6, 156.0,
156.4, 156.8 (overlapped), 158.3, 159.1, 159.8
(overlapped), 160.8; ESI-MS [M+Nal* ion at m/
z (relative intensity) 703.2259 (100%).
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Vaticanol B¥(3), /%7 & — , mp. 224-226T ,
Rf=0.18 Chloroform:Methanol 83, 50% HEsF & &
#H,[al §=-90 (=001, Ethanol), 'H NMR
(CD3sCOCD3) ¢ (ppm) : 3.06 (1H, dd, J=11.67,
363 Hz, H-8b), 4.02 (1H, dd, J=1167, 1059 Hz,
H-7c), 438 (1H, d, J=11.88 Hz, H-8a), 449 (1H, d,
J=1059 Hz, H-8c), 462 (1H, d, J=4.95 Hz, H-8d),
515 (1H, d, J=3.63 Hz, H-7b), 531 (1H, d, J=4.95
Hz, H-7d), 571 (1H, d, J=11.88 Hz, H-7a), 5.99
(1H, s, H-12b), 6.02-6.08 (2H, m, H-10d, 14d), 6.13
(1H, d, J=1.85 Hz, H-14a), 6.23 (1H, d, J=1.85
Hz, H-12c), 6.29-6.37 (2H, m, H-12a, 12d), 6.46
(2H, d, J=858 Hz, H-2c, 6¢), 648 (2H, d, J=858
Hz, H-3c, 5¢), 649 (1H, d, J=1.85 Hz, H-1l4c),
6.64 (2H, d, J=858 Hz, H-3b, 5b), 6.72 (2H, d,
J=858 Hz, H-3d, 5d), 6.73 (2H, d, ]=8.58 Hz,
H-3a, 5a), 7.10 (2H, d, J]=858 Hz, H-2b, 6b), 7.13
(2H, d, J=858 Hz, H-2d, 6d), 7.16 (2H, d, ]=858
Hz, H-2a, 6a), 745 (1H, br s, 13b-OH), 7.88 (1H,
br s, 4c-OH), 799 (2H, br s, 11d, 13d-OH), 802
(1H, br s, 13a), 814 (3H, br s, 11a, 4b, 13c-OH),
835 (1H, br s, 4d-OH), 848 (1H, br s, 4a-OH);
BC NMR (CD;COCD;) 6 (ppm) : 37.2, 49.0,
494, 534, 578 (overlapped), 90.6, 94.8, 95.8, 96.6,
101.8, 1024, 105.9, 107.2, 107.7 (overlapped), 115.7
(overlapped), 116.0, 116.1 (overlapped), 116.2
(overlapped), 116.3 (overlapped), 1224, 123.6,
124.7, 1284 (overlapped), 129.4 (overlapped),
130.4 (overlapped), 130.9 (overlapped), 1310,
131.6, 133.7, 134.9, 141.9, 142.2, 143.4, 148.2,
1551, 155.9, 156.1, 156.6, 157.0, 158.2, 158.8, 159.0
(overlapped), 1596, 160.0, 161.9; ESI-MS [M+H]*
ion at m/z (relative intensity) 907.3234 (100%).

Vaticanol G (4), #f/% ¥ —  mp. 219-220C,
Rf=0.13 Chloroform:Metanol 83, 50% WiEE 5 75
., lal 8=+90° (c=001, Ethanol), '"H NMR
(CD,COCDs3) 6 (ppm) : 352 (1H, d, J=7.25 Hz,
H-7c), 384 (1H, dd, J=7.25, 2.31 Hz, H-8b), 4.08
(1H, s, H-8¢), 453 (1H, d, J=3.36 Hz, H-7a), 461
(1H, d, J=3.36 Hz, H-8a), 488 (1H, d, ]=264 Hz
H-14a), 565 (1H, br s, H-2¢), 565 (1H, d, J=2.31
Hz, H-7b), 554 (1H, dd, J=849, 2.59 Hz H-5b),
595 (1H, br s, H-3c), 595 (2H, d, J=2.23 Hz,
H-10c, 14c), 597 (1H, d, J=849 Hz, H-6b), 6.01

(1H, d, J=259 Hz, H-3b), 605 (1H, t, J]=2.23 Hz,
H-12¢), 6.18 (1H, d, J=264 Hz, H-12a), 643 (2H,
br s, H-2a, 6a), 6.45 (2H, br s, H-3a, 5a), 6.68
(1H, s, H-12b), 7.06 (1H, br s, H-5¢), 7.46 (1H,
br s, H-6c), 764 (1H, br s, 4b-OH), 791 (2H, br
s, 13a, 13b-OH), 801 (2H, br s, 4a, 4c-OH), 8.06
(2H, br s, 11c, 13¢-OH), 808 (1H, br s, 11a-OH),
854 (1H, br s, 11b-OH); *C NMR (CD;COCD3)
6 (ppm) : 433, 50.9, 54.5, 57.6, 57.8, 63.6, 101.6
102.3, 102.6, 107.0 (overlapped), 112.0, 1134
(overlapped), 115.2, 115.3 (overlapped), 118.2,
1200, 1225, 1266, 1298 (overlapped), 130.7, 130.8
(overlapped), 135.6, 137.7, 140.6, 142.4, 142.5,
1476, 148.3, 1536, 153.8, 155.5, 155.6, 156.2, 156.5,
157.2, 159.7 (overlapped); ESI-MS [M+H]" ion
at m/z (relative intensity) 681.2615 (100%).
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AfEFII VAT a07 YR (Rhinotermitidae)
WEL, bilEE» ST CHAEEICARY
Lo aUu—DOEAEEIZ1I~3FEEL EY
L, ERMEICZL, BHKREESREN
VW7, ElBo T2 ARKMHPTEET S, H
ARTOEMMERBIAEOMIZ, f =207 Y
(Coptotermes formosanus Shiraki). %4 2 7 ¥
0 7 1) (Cryptotermes domesticus Haviland) T
Hb, KEFFETHWZY< a7 )i ik
Ly 1R B 7T 3 s BT AR 4B g e AR AR IS TEREX L .
265COFAERET, £a0=—TLIZTIFTAT v
7 BEBRICAN, e LRS- ERRLAR
RANEAT LY,

6. BIRMN—IN—F 1 2B 7

A CHEFEEM Nol) #EZET7 mm O/3 >y T
TTFA4AAZRIZPYYIKRER=NN—F 1 A7 L L
720 M—=IN—=FT 4 A7, TN 2 F v
7B LT, HEROHRA L ER S Y
2o FXY )T —HBHTHLT LN VEIEATESR
WEEL LR, BHEN—3IF 254 (e
aY) FEE5mmBEICELIICARLE
FS5cm vy — LHIC, AR EMEL 2R—
N—F A A2 O—)VOZ2MEXAL
AT FICEEL, MLao=— X IR
Lz r>u7 VBE20LERL, % LT
HRHICEBRESS,, 20O v— L% 265C, B4



MEM LY ZIZE&TNDLY < b T 7Y Reticulitermes speratus (Kolbe) 1233 5B AEMEYE 35

HTFT2HEBRE L. LD 4 HIC—
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VT —F K L. BEENT Y 7 b Scion Image
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TeDIZEAEDNR——F 1 A7 %R L, [FLE
THEL, AKX, BUEXZhENOREEEY
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Table 1. Antifeedant activity against R. speratus of bark methanol extracts
Plant name AFI SD FI (%)  CDC (%)
Resak (red, exodermis) 12.2 6.5 755 100.0

(red, endodermis) 234 95 532 79.3

(white, exodermis) 169 6.9 66.3 840
e (white, endodermis) 143 129 714 1000
Thujopsis dolabrata 265 95 471 8738
Acer japonicum 321 75 358 739
Paulownia tomentosa 255 103 491 67.0
Zetkova serrata inactive 487
Prunus sp. inactive 100.0
Tila kiusiana inactive 227
Betula grossa inactive 470
Pinus densiflora 376 3.6 64.9 89.7
Abies sachalinensis 26.7 48 46.6 817
Pinus radiate 296 10.2 572 409
Cryptomeria japonica 175 145 65.0 96.6
Chamaecyparis obtus 400 32 20.1 973
Podocarpus macrophyllus inactive 584
Sciadopitys verticillata 249 42 50.3 83.1
Artocarpus heterophyllus 35.0 73 30.0 63.5
Pterocarpus macrocarpus 188 74 62.3 67.0

Data show the mean of 2-3 replicates, AFI; AntiFeedant Index, FI; Feeding Inhibitory rate, CDC; Control Disk
Consumption, Applied dose is 100 pg/disk, respectively (7 mm diameter) , Inactive; AFI value > 50.

Table 2. Antifeedant activity against R. speratus of Fr. 1 ~ Fr. 4 from resak

methanol extract

Fraction AFI SD FI (%) CDC (%)
Fr. 1 365 16 269 1000
Fr. 2 41 13 91.8 100.0
Fr. 3 106 33 789 100.0
Fr. 4 240 23 519 617

Data show the mean of 2-3 replicates, AFI; AntiFeedant Index, FI; Feeding Inhibitory rate, CDC;
Control Disk Consumption, Applied dose is 100 pg/disk, respectively (7 mm diameter).

Table 3. Antifeedant activity against R. speratus of tested compounds from resak methanol extract

Dose AFI SD FI (%) CDC (%)
Compound (ng/disk)
1 100 49 20 90.3 1000
50 99 05 80.3 100.0
10 345 29 31.0 100.0
2 100 70 07 86.0 100.0
50 101 29 798 100.0
10 369 34 26.1 100.0
3 100 54 30 89.2 100.0
50 221 23 559 100.0
10 383 25 233 1000
4 100 114 17 773 1000
50 256 32 488 1000
_______________________________ 10 328 30 287 1000
resveratrol 50 1.1 05 978 75.7
(+) catechin® 100 422 23 156 80.2
50 4622 34 74 834

*Negative control for termite antifeedant test, Data show the mean of 2-3 replicates, AFI: AntiFeedant Index, FI:
Feeding Inhibitory rate, CDC: Control Disk Consumption, Disk: 7 mm diameter.
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