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Exploration of functional chemical compounds in Nagasaki forest resources
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'H-NMR : Proton nuclear magnetic resonance

"H-'H COSY : Proton—proton homonuclear correlated spectroscopy
BC-NMR : Carbon-13 nuclear magnetic resonance

FAB-MS : Fast atom bombardment mass spectrometry

Fr. @ Fraction

HMBC : Proton—detected heteronuclear multiple bond correlation

HPLC : High performance liquid chromatography

HR-FAB-MS : High resolution fast atom bombardment mass spectrometry

HSQC : Proton—-detected heteronuclear single quantum coherence

IR @ Infrared

MALDI-TOF-MS: Matrix—assisted laser desorption/ionization time—of-flight
mass spectrometry

NOE : Nuclear Overhauser effect

NOESY : Nuclear Overhauser enhancement spectroscopy

TFA : Trifluoroacetic acid

TLC : Thin—layer chromatography

tx © Retention time

UV : Ultraviolet
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W, HH o TNORKY 7 = ) — L ERIZD
Wk L7z (Fig. 2). MEAREBACBIC i L TH
%H&, 100mg/g LA EDOE AR LIZY 73 5
MG L. UL VETIE Y~ EBDM, Fb
K FBTIEANL N O, Y~EERTITY
~EEORE, ZAVIRTIE 7V OEOHEN
K&Eh-oTz.
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J 7V (Platycarya strobilacea, 7 v
IR X, EAERER (Wavva), B
B WV avva), BEF (avay), Lk
M (o= ay)hllsn, E<nbHED
DERWVWKESNTEE, RbHViske LT
%, ZEFRA 1678 EIC F & 1596 |2 - FE
It [RFEMB) I THEF) LT/ 7
RO ENRPFENATNWD O RNT 1709
FEICREE STz TRAIARE ] 12 TRT B
FE=RT] L Eh, BREC
Ao s FORB LR ZENFTENT
B0 1903 FEICHREE Stz TR B A s
KM i TEMIZZ 2T IEERE R
T5) LENTWS . F£7- 1985 £|0F
Lo bl THERABERB O <TiX, [EAR
ZRES L EREFET DO TILER OO M
bhol LmFHEshTns Y., Zokric/ s
W, B ZEITEVFVERTLHEFRE
LTI TE.
RIFEETH X, Z7viear s, 7
<X NIESBAELTRY, YA FEERD
FARELTFIHEATWA., LrL, /7
REVELAELTCHa T IRT RYXDN
MUAZTrFEEECHELTWDD, /70
OF IR, £72, BIfE, HEALLT
FESHHA STV,

JITNIOM (LLF, 2 Z7VIMIiE, &
DRV 7z ) —LOMIZT A AF—T A
DERZRTELTHLND VA AXF—F 7 |
VORRIKERLTCEY, TOGHRREETVA
AX—DE LTHOORTWS A — 7 &
DHITDDICE N ERRESR TS 2,
LavL, BULELL -8 DE&A KD DB FE
RN T ORI 2 v E THE
E TV, FIETHRR-LHIC 7
MR DIREVER Y DFER R S L, %

/{5‘%&5{/. .

NRFEREEELTWDAREELHD. £ 2
T, T antTs L bic /) I Ik%E
EHULES S HZ COR D ELIZ DWW TRET L
7-.

2 JULIHICEFhIBERERDDIRER
1) #i &

J T IVIMOEET >~ 7 2.0 kg % MeOH,
WNT 60%E KT M THIHLZ. S5
e 2EE DY CRMER, ~F ¥, BEER
T F LV CHNAR S B L, ~F 4 mEE &
WEfe = F VLRI 2 15 7o, ~F Y RIS
U B < b (nrhexane-AcOEt) T
Fr. H-1"H-7 {Z47@ L7z (Chart 2-1). &5
AR IR LB - FERILC, 4EobE%
HABE L 7=,

2) BEXEEHDEE

AN RS S EE L T2 A TEO(EE W)
»HH 1, 'HNR A7 ML E BT S
- A U/ D S S RO ))
7-hydroxy-3, 4- dihydrocadalin (1)2"22 & [A]
EL7e. ZoEm11E, A% aDiEME
Wb Heterotheca inuloides 75 BB
S, PUBILIER PR ESRIERICL D
BURIER 2 RHE STV,

7-hydroxy-3,4-dihydrocadalin (1)
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Dried wood (2.0 kg) of P. strobilacea

extraction with 1) MeOH (5 L x 3)
2) 60% acetone (5L x 2)

MeOH and ag. acetone extract
partitioned with n-hexane (x3)
AcOEt (x3)
hexane L.
(10.3 g) ‘ ‘
. AcOEt L. aqueous L.
silica gel (50.6 g)
hexane-AcOEt
CHClI;-MeOH
Fr. H1 Fr. H2 Fr. H3 Fr. H4 Fr. H5 Fr. H6 Fr. H7
(5.29) (826 mg) (2100 mg) (278 mg) (900 mg) (195mg) (98 mg)
. silica gel i7ati
silica gel crystalization
n-hexane-CHClj n-hexane-ACOEt (n-hexane-acetone)
CHCI3-MeOH
. 3 (193 mg)
silica gel
CHCl;-acetone-n-hexane 2 (426 mg)
Y

1 (43 mg)
4 (163 mg)

3) FBILEYOEERNT
(i) 8, 11-Dihydroxy-2, 4—cycloeudesmane (2)
bEW 2 1A & L TR, Eoff
HE EI-MS OfER L 0 757 Cil,0, THDHZ &
Doyhrode. BC-NMR TIEEE 16 ROl R 3 H
KO T FNABBESNIZZ LD (Table 3),
OB T AXT AR ThDH D LTS
, §69.2 & § 73.2 IZITKEEEDOFFIFHR & B
NDRFVBEINTZ. T2, AR A~T
JLCIE 3302 em T AKERFEEDOWIN 2R LTz, S BT
H-NMR A7 "L TiE, 42Dy T Ly M AF
N TF e 1 ODT IV a— L ORHTFHRO A F o
v hrmskoy 7w [§4.62 (H, q, F 3.0
Hz, H-8)] 2M@igzashi=. &51Z, §0.54 (1M, t,
F3.9Hz, H-3) £80.99 (1H, dd, = 3.9, 8.2
Hz, H-3) 2R AT LT a by 7
NEERSN, TOV2IF =BT TR

Chart 2-1 Extraction and fractionation

3.9Hz THDHZ L6 3 EBRMFETLHEEZD
7= 3 BEROIFIEIL IR A7 MUICEIT 5 3042
em !t ORI D & ZFFE Lz, H-H COSY A~
RNVTIX, Fig. 5 DX CRTERD OREIEN L
SNz, IZ, IMQC A7 RV LW KkFEEZFD

15

12
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FHFRDIRFD D72’ ZBH L E L.

E 512, HBC A7 kLTl Me-12, Me-13 7>
5 C-11, C-7T~OFEPRRO LN b R
0T A Y 7eEVERCTICRHEL TS Z L
WomoTz. £z, Me-14 75 C-1, 9, 10 ~DHH
BNEZ DMe-14 N C-10IZFEA L TWND Z & &R L
Me=15 775 C-3, 4, 5 ~OFHRIIX, Me-15 7% C-4
IAEA LTS Z 2R LTV ZHUC k- T,
ZOIEEY 2 23 eudesmane B OmEiAEEE & O
8, 11-dihydroxy—2, 4—cycloeudesmane T b = &
NREINT.

WIZ, SERREE A B 2MZT D72, NOESY A
A7 MVERE L. £ Me-14 & Me-15 D 2D
DA FIVFEORNZ NOE 3lgg &, £7=2, 5o
BEAA T KFEE 3 BEAT L KFEL DRI
NOE 2538 bz, 2T LD, ABRE Y ORLE T
Fig. 6 TR & 9 ZMExfilE & &2 bz, £z,
BEEA TV KkFEITe RaXi o V7 a e iEoft
JIRO TALATF L AKRFEMEAL TR, 6%
D THLDOKRFEIIKEEIFEDFHTRD 8 (LD A F 2K
FEMBEL T\, 8 fLoKFEIFH v TV I TE
BB hSWZENH 7T MY TABR LTS
ZEEHLNTHDHDOT, BEREIIL Fig 611
Lizk ol L 70 b, U EOKRETNG, Zofk
AW OAGECLE 1L Me—14, Me-15, A ¥ 7 m Lk
B 8 AkBEN VTN EL o B\ O
8, 11-dihydroxy—-2, 4-cycloeudesmane T 5 &k
E LT (Fig. 6). ZOLEMOMERIEIEIZDNT
3R 5.

Table 3 'H-(500 MHz), "“C-(125 MHz) NMR data

for compound 2 (4 in ppm, J in Hz)

2
Position 12 13¢b
0.86 (br dd, 3.4, 12.0) 45.7
1.84 (dd, 6.6, 12.0)
2 1.23(m) 26.3
3 054(t3.9) 336
0.99 (dd, 3.9, 8.2)
4 27.1
5 1.05(dd, 3.0,13.0) 56.8
6 2.06(dt 13.0,3.0) 19.3
2.16 (q, 13.0)
7 1.33(dt 13.0,3.0) 51.1
8  4.62(dt 3.0,3.0) 69.2
9 1.36(dd, 3.0,14.2) 452
2.06 (dd, 3.0, 14.2)
10 50.9
11 73.2
12 150(s) 29.1
13 162(s) 28.8
14 151(s) 217
15 1.22(s) 18.7

# Measured in CsDsN, ® measured in CDCl,.

HMBC (H—C)
'H-'H cosy

~~ A

Fig. 5 'H-'H COSY and HMBC correlations for 2
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Fig. 6 Important NOESY correlations for 2

(ii) 11-Hydroxy-2, 4-cycloeudesmane—-8—one (3)
L&Y 31T E T, ZDm 5 fFeE EI-MS Off
REVHRTRIRDOEY 2 L KFER 22D
2 Clly0, THDZ BTz, B IV
BO-NMR A<Z kL (Table 4) 13V FN LAY
2 LHRIL TR, BC-NR T 2 DA R L
TR SNE8MLDET3. 2D BT /La—LDy
T FIVIRGRO LAV VT § 215, 4 ([ZH LR
SIVIRFBED T T FIVBBIE SN, ZOHVHR=)v
DAFAEIE IR A2 kLoD 1688 cm' DI D &
RSNz, Lieid-> T, ZOLEMix 2 d 84ir
NEfbENTAbEm EHEE Sz, S 512 HBC
AR MVEFRHT UFig. TIORT K95 2B R
Iz, FRCH-6 BELOH-7T 205 C-8, S HITHT
M5 C-9 ~DOHBEANRH LN &G, TREEY
{bE¥) 3 DFEEIILAEY 2 D 8L b k7o
TWBHZ EDGHD, 11- hydroxy-2, 4-
cycloeudesmane—8-one ToH 5 & ftiam L 7.

~~ A

HMBC (H—C)

Fig. 7 HMBC correlations for 3

O

13

Fon

12

15
3
Table 4 'H-(500 MHz), '3C—(125 MHz) NMR data for
compound 3 (J in ppm, J in Hz)

3
Position 12 Bch
1 0.98(brd 4.0,12.7) 43.9
1.76 (dd, 6.8, 12.7)
1.20 (m) 26.8
0.44 (t, 4.4) 335
0.92 (dd, 4.4, 8.3)
26.0
1.52 (m) 54.0
2.13 (m) 252 °©
2.23 (m)
2.21 (m) 58.8
215.4
2.18 (d, 13.2) 54.8
2.25(d, 13.2)
10 54.3
11 719
12 1.25() 28.6
13 1.20(s) 252 ¢
14 0.88(s) 20.2
15 1.11(s) 18.9

3 Measured in CsDsN, ® measured in CDCl,,

¢ Assignments may be interchanged.
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(iii) 24-Cyclo-7(11)-eudesmen—8-one (4)

EEY 4 1 IIRE T, ~F T rERO' A
XTNRUCOHR TR ENE L, 2040 17AILE
SFERE EI-MS OFEED D, (LEW 3 L0 S 51Tk
SF VAP 720 CH,0 THDHZ LTz,
IR A7 MVIIKIBEE DO Z2 7R &4, 1673 em'!
\ZAVAR=)b, 1590 em 1T C=C —EFEA DI %
L, OV AR ML Cid 251 nm (23487 S oo
AR 2 T IR DBl STz,

E BT BC-NMR A~ kb (Table 5) Tix, 6
203.6 (23t b, §130.5 & §146. 3 12 G
BOVTFANRBEIN, ZOZEnbibi 4
BB 3 D C-11 OKEREEN A L TARR LT
b EBZ LTz, ZOMO NMR A7 R
IEEW2BLR30LOEEBLTEY, FUE
WELMEWTHDZ RNl Thbb
H-"H COSY A7 RV TIE, H-1 75 H-3 ~DD
RN & H-5 205 H-6 ~D D213 ) 3 3mno Tz,
72, H6 725 H-13 ~EHREERREN A 572D T
THBEAICHE L TWA ZENRERE. &b
Fig. 8 IT/RLT=& 972 C-8 205 H-6, H-9, BLW
H-12 ~® HMBC FHRABIZZ ST Z &b, b
W) 4 OREENL 2, 4—cyclo— 7(11)—eudesmen—8—one
EWRIE LT

k& 2, 3FBLN4 72 ED eudesmane & A
XTNRALT R FRIR EOBIARDRS & LT
HEtsha6EdH 0, A BRC>7aTa %
FoltfbaMmb o220, ZokoHic
2,4-cyclo BD¥ AT IR DBNHE -l
ABILH72< 2 AR TIEE LWMEAHm TH
5.

12

Table 5 'H-(500 MHz), “C-(125 MHz) NMR data

15 4 12

for compound 4 (& in ppm, J in Hz)

4
Position 12 13cb
1 0.95(brdd, 3.2,12.7) 44.6
1.82 (dd, 6.8, 12.7)
1.21 (dddd, 3.2, 4.0, 6.8, 8.3) 26.8
0.39 (t, 4.0) 33.4
0.91 (dd, 4.0, 8.3)
4 26.4
5  1.42(dd, 5.2, 14.2) 52.2
2.28 (dddd, 0.9, 2.1, 14.2, 15.1) 27.0
2.71(ddd, 0.7, 5.2, 15.1)
130.5
203.6
2.18 (br d, 15.9) 54.2
2.31 (d, 15.9)
10 52.1
11 146.3
12 1.83(d,0.9) 23.1
13 2.01(dd,0.7,2.1) 23.6
14 1.00(d,0.9) 20.6
15 1.17(s) 19.1
3 Measured in CsDsN, ® measured in CDCls.
HMBC (H—C) N
Long range *H-"H coupling .=~ =~

Fig. 8 HMBC correlations and long range 'H-'H coupling for 4



Ag

(1) {E&¥W2 3, 4 DEATEIZDINT
MERTBLE DWW TIE, (kB 2 ~DFT Mosher
B2 O E R AT, BELICRE WEREE
bLOT XU T NVKERE TH D72 MIPA
(a-Methoxy-o~ (Trifkuoromethyl) Phenylacetic
Acid) TATINAFHFET H 2 L BRI o T &
2T, CD AT RMLOKRFHI L W HEE L7z,
FP AW 4 D D A7 R UZEBNT 320 nm
IZE D Cotton, 243 nm IZ1ED Cotton BN BILL
ST, ZORBIL Fig. 91RT & 5 2 SERIE
% YD cisoid-enone 35D CD AT "D D L
—HLTBY ¥ ZoZEnb 40

15
el
N
[\

0 - —
L | -~ ¥
1.1 : o

o] N NN

i H |

200 250 300

nm

350 400

[Cisoid-enones: negative cotton at 330 nm

AcO
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cisoid-enone DR LIIFIATa—/VEHOH D &
R 10-SEEEHEE L=, L7z > T 4 Offaxt
FiEIT Fig. 91T XD :H%ﬁ?bf:

WIS, AEBW 2 129\ T KLr,0, 12 K B KR D
PRI 2T - TR, 8 LD /KEEEL D R L S,
a3 AR Uiz, E72,{6E# 31220\ T,
Pt T C ULLALOKEEEE D K ST B 4
DAER LT, 2BXO3NLAERKLTE 4 DM
FEIRRPOHEZ4D0bDE—FK L. Lo

ASEELNTALEY 2, 3 OfttEEIE, b
Ema LFRICTHDZ EBHLMNE T,

CgHi7

CgH17

Fig. 9 CD Spectrum (in EtOH, 9.72 %10 mol/L) and abusolute configuration of 4

(2) 7 TN IHOMEBFIZE T BIEHMERS

J TINS5 L HEFERT D0
AELTHAENTWE., 22T, ZOFERS
DOHFIALAE 1 ~ 4 BNEENDHNE I DRI L
. £, JIONIMERT LA A —T
TEAL, £ZUAEEZT AL —Z TS| L7z,
ICEENDTNE, A—T T AL —HD
MICERE L7 eu s/l b T vy Lz, 0
70 1 RV DRI OV T TLC 38 L OHPLC 454 &
TGS, LB ADFAELER, 1, 2, 3%
B TE o7z,

J IV MIZIX oak lactone precursor (5) 73

ERETHEAINTVDIZH D ﬁ)bEf FouBE!
% DM I BTz ~F Y A PEERICIL oak lactone
(B-methyl-y-octalactone) 1} i*ﬁu“j SNtz
—73, TLC 3t DFERIN G, LG 1 ~ 4 DIHE
ITHERR T & 7223, BVOBERT X 0 2L D58 4
DRENREL o T2, T, Bz k-
T3MPARISEEZEZ L, 4 BEK LD EE
ZHN5.

T RAFT INARUEIIAM DOFEYD  (woody note) &
T HZENBEFRE LTEHEN TS 923,
L&MW 4 DFY L AMEEHEOEFY THY, / 7v
IMOHEEHEOT LN THLEEZLLND.
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3 /TN EHORMERERDOESEL

1) IZL&IC

J USRS T L IC ko TEAL LRI
SNTET7. ) ITAIMORY 7 ) — LRSS
ONTETTITHRF SN TSR, BRI L 2
FRAZALIZ OV TR S TR, £ 2T
EVILERRT#% DR ZA LIS SV TRETT 5720, DU
TR R AT 7

2) OB

BVLERTORIH =% A1, #if 2.2 THEZLO
R L. BBUEZoOREHC Wi, £
J TN I M OFHEE S—F— TR, kL
boEMEHA L. TORE 2ke) % MeOH, W&
WT 0% KT o THIHL, =% 22 AbH

TR LS EAERE L, ~F, Hiit=F
JVCNERIAIEEL LT, A~ U alyaiids L OWE
g T )L R A AT

BVVERTH DK~ Z 7 2 3 & HPLC Tl L 7=
B2, < OZRPRD HAVZFEGET TV AlTEERIC
DWTC, FEHCHRFTT A2 L& L. o, B
B OB T /L RIS b T E RN T T U
TarTholz.

BSLERFTES L OBVLEE%  (Chart 2-2) OFfET
FIOLAERERIL, FHZF 4 Sephadex LH-20, MCI gel
CHP20P, Diaion HP20SS, Chromatorex ODS, silica
gel REDra~ T T 7 4 —%H0 IR L ToHHE
L, Hiffi2.2 THEZbDLAEDE, 2/OHHBIL
EWEET 19 mOlLEMZESBELT-.

Charred wood chip of P. strobilacea (2.12kg)
‘ extracted with MeOH X 3

MeOH.extract

residue
| extracted with 60% acetone X 3

hexane.L (13.7 g)

]

ACOELL (4829)  H,O.L

partitoned with hexane (3 L X 3)

partitoned with AcOEt (3 L X 3)

Sephadex LH-20(5.5% 60 cm)
100-80%EtOH-H,0 - acetone

CA1(5.049) CA2 (16.6 g)
Sephadex LH-20 Sepohadex LH-20
80%MeOH-H,O0 - acetone 100%EtOH
Silica gel
Hexane-acetone ‘ ‘ ‘

CA21 CA22 CA23
5 (329 mg) (4.99) (10.29) (0.69)

14 (47.3 ) MCI gel CHP20P

15 (71.2 mg) 0-100% MeOH

20 (27.7 mg) Sephadex LH-20

40-100% MeOH

6 (2.4 9)
22 (52.6 mg)

CA3 (6.5 g) CA4 (15.7 9)
Diai
filtration (H,0) o.lgb%zMeOH
Sephadex LH20

60-100%MeOH-

H,O - acetone

crystal filtrate

7089 8(2.19 g)

23 (116 mg)

MCI gel CHP20P
0-100%MeOH

6 (108 mg)
18 (355 mg)
19 (122 mg)
21 (295 mg)

Chart 2-2 Extraction and fractionation of charred wood constitutents



3) BHEEVMDREE

FERR =T LR O T X A O REL 72 17 HE
DA EEMIE, 'H-3 KO PC-NR A7 b Lz
e E IS & i 5 Z L IT kY, RO K
IITFE LTz,

ENEERT OFFRE = TV RIS B 1,
oak lactone precursor (5)%, gallic acid (6),
ellagic acid (7),
1,2, 3,4, 6-penta-0-galloyl-B-b-glucose (8) W
(10) 36) ,

eugeniin  (9)*® |  pedunculagin

galloyl

f_j%
OH

o OH 1
HOGA O,/ ~COM HO
oH 7
“9
8 5

Q. HO
o€ OH
HO CO,H

-19.

1(B)-0-galloyl (A1) |
casuariin (12), casuarinin (13)0%457-.

BALEE % o BERR = F L AL B s 6 0%
coniferylaldehyde (14), sinapylaldehyde (15),
quercetin 3—-C-rhamnoside (18) ,
3—-0-rhamnoside (19) , (-)-episyringaresinol
(200", B L p-digallic acid (21)* Z#457-.
F7z, vanillin (16) 3 KX O syringaldehyde (17)
I3 HPLC 2347 C UV UYL & PREFIRFFA] 2 A i & e L
THWRELT.

pedunculagin

myricetin

o)
HO O
o) o
O OH
o}
7
OH
HO
(L8 o
HO o
HO O&&O‘E OH
Srfarus
Oc=0 1 OH
HO o€ OH
oS
HO OH OH
OH
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OH
HO
(L
HO o
0
HO 5
g
o o o)
0
HO
b Lo

HO HO OH OH

O o O H

O]
brvo{ 9o

HO HO OH OH

o R
o O OH
HO g g*

10: R=H 12: R=H
11: R = B-galloyl 13: R = galloyl
H,CO H,CO
HO HO CHO
ij k@m) ;:
R R
14:-R=H 16:R=H
15: R = OCHgj; 17 : R = OCHj

4) FRICEVORERNT
(i) 6'—0- Digalloyl oak lactone precursor
(22)

bA1 22 D -8 L TOVEC-NMR A2 kL% oak
G B LY B LWV
p-digallic acid 21) DHLDOEFEEIL TR, KF
W Na—AET 7Y a0y 7 FTigs
A ERICALEICBIE S L7z (Table 6). LL,
HaA NVHEEROT 7T AN LEZ RO B,
—HFOHTaA N T FIVTHENI AR T T
Vo7 LTEY, FEEMILSTND Z Enmh
St IOl Fa—2D6pcEES L
HaA NIED 3D T = ) — )V KBEEC B -\ A
0 A NN AT IVFESG L TNDZ L ZRE LT

lactone precursor

OH
HO OH OH
HO OH
O/’C\O
rmji:L
HO

. & OH
- 0770
H
21

co, HO CO,H

Wz E T2, ESREE NS O R4y TR 663
THDHIENREN, ZOZEHIOHETE % ZFF
L7z, &bI, (LAY 22 ZEEFIKIR LT A
B (38, 45 -3-methyl- 4-hydroxyoctanoic acid
4-0-B-D- glucopyranoside & gallic acid (6) 723
BoNEZEND L ZOMENR RIS ?. 72
B, v~ T—mm L ThHeANVED AT
A NWIEEDREG U T2 BMEAROIFE &R S 7208,
TAUTHERET D KERE BT T LRI =
THARRLTZ B EHEE SN, LeR- T, 1k
AW 22136 ~0-p- and m-digalloyl-(3S,49) -
3-methyl-4-hydroxyoctanoic acid 4-0-p-D-
glucopyranoside T 5 & w7 7=.



Table 6 'H-(400 MHz), **C-(100 MHz) NMR data for

HO

m-digalloyl

HO HO

Y

HO o
O
HO HO
p-digalloyl
22

compound 22 (6 in ppm, J in Hz)

m -digalloyl isomer

p -galloyl isomer

position I e I Be
1 175.2 175.2
2 2.59 (dd, 12, 5) 37.3 2.59 (dd, 12, 5) 37.3
2.21-2.12 (m) 2.21-2.12 (m)

3 2.21-2.12 (m) 34.1 2.21-2.12 (m) 34.1
4 3.60 (m) 83.0 3.60 (m) 83.0
5 1.5-1.1 (m) 315 1.5-1.1 (m) 315
6 1.5-1.1 (m) 28.6 1.5-1.1 (m) 28.6
7 1.5-1.1 (m) 23.1 1.5-1.1 (m) 23.1
8 0.74 (t, 7) 14.3 0.74 (t, 7) 14.3
9 0.89(d, 7) 15.1 0.89(d, 7) 15.1

gle-1' 439 (d, 7) 103.9 4.39(d, 7) 103.9

gle-2' 3.22-3.18 (m) 74.7 3.22-3.18 (m) 747

gle-3 3.46-3.40 (m) 78.0 3.46-3.40 (m) 78.0

glc-4' 3.46-3.40 (m) 71.6 3.46-3.40 (m) 71.6

gle-5' 3.60 (m) 75.2 3.60 (m) 75.2

glc-6' 4.60 (dd, 10, 2) 65.0 4.60 (dd, 10, 2) 65.0

4.35(dd, 12, 7) 4.35(dd, 12, 7)

1" 120.7, 121.8 129.0
2" 7.48,7.37(d, 2) 117.4 7.25,7.21(s) 109.9
3" 143.5 151.3
4" 139.5, 139.8 132.4
5" 151.3 151.3
6" 7.48,7.37(d, 2) 114.6 7.25,7.21(s) 109.9
1 120.7 120.7, 121.8
2" 7.26 (s) 109.9, 110.6 7.25,7.21(s) 109.9, 110.6
3" 146.1, 146.2 146.1, 146.2
4" 139.5, 139.8 139.5, 139.8
5" 146.1, 146.2 146.1, 146.2
6" 7.26 (s) 109.9, 110.6 7.25,7.21(s) 109.9, 110.6

Measured in acetone-d ; meta -isomer: para -isomer = 1.00 : 0.38
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(ii) 3-0Methylellagic acid 4’
galloyl)-xylopyranoside (23)
b&Y 23 IXAEAERIEM AR TH Y, 0 'H-NMR
ARY ML, § T.0T D 2H 3D 7Ly D
TTFIIG, BEER LD 2 SOMFRKFE DT
TEDHI L, oA VEOHFEN RS-, F
72, 8 3.5 ~4.3 X4 DDAF L1 DDRAF
LU nb iR BRSO L 7B B, D
FEAEBED VTR REW (FT ~ 9Hz) Z &
236 xylose OIFELHA L. &HIT, 8§ 7.22
BELOS 7. 39 DM I BIEL S VD B EIIKFED

- -0

7 F i ellagic acid (7) DH O EFEELL Tr-.

—7J7, BC-NMR A7 hLTClE, £ET 25 &AM
T FIVRR SN, ﬁm%wﬁ®ﬂﬁﬁﬁ%
%Efék,m@@mﬁmbék%z6ht
oA VL xylose LIAMTIE, 2 oDIZ {ﬂﬂfcﬁﬁ
JVIR=JVERFE, 1 OO A MR AL, ZCL“C 12 fE# o
FEWRIRBRRD L=, 202D I VR =)ViRHE
MBHNHL_Mb%ﬂ T ATV E LIRS
WS N7 P L TWA, ZiUui=T 7o
FT7 R HNVR=LOHEOE LLLHEEILTEY,
o B, y, SAEIFITV b OFTEERL TV,

WIT, HSQC A7 hLnh, FARFEDOFEA LT
WD RBEEE LT-. HMBC 22~ k)L (Fig. 10)
TIE, H-5 & H-5'OFEBN G, KEEE, WL i=
NVIEDOALEZRE LTz, A b EDKFEIE, -3
ICHIREZ R L CTW2D T, A b33 3 (7o
ALTNDHEN) ZEHRETE, TrA i
D2 DDOKFEE, xylose D ANDKEN, & HiT
HuaA VIO VA= VI LRI 2R LTz Tz
W, HuaANVEEFn—2AD 4T 2T V4G
ALTWEEEZ LN, KIS, Fa—20D
1 fLOKFE, =T W=y FD 4RLDRFEIC
MBEZ R L TWEDT, e —R X ANITHES
LCWAEHRE L. KRIZ, 23 % tannase ([ZX -
ThHKSELT- & 25, gallic acid & BEE{LS
WD 3-0-methylellagic acid 4'-0-xyloside 235
SNz, XL —ADMSEEOREEX, FA
TINWINFA NFT ) O HERIEIZ LD ITo
7=, F9, 23 % 0.05 M H,S0,IZ%fE L, 100 °C
T 5 BEEALEE 7=, Amberlite TRA400 %% 0

L7ct%, A U CRIIRZBRV-. AURITRIERE,
L-cysteine methyl ester @ pyridine IRk Z Mz,
60 °C T1HEFRIMBELL 7=, X 51T, otolyl
isothocyanate @ pyridine Mgz, 60 °C T
1 RFRIINEAN U 72, BOGHRZ HPLC 40T L7oRE S,
D-xylose L& L7z (Chart 2-3).

UUEDZ Linbiba® 23 OREEIE Fig. 10 @
L oTHEm L.

3C-(100 MHz) NMR data
for compound 23 (J in ppm, J in Hz)

Table 7 'H-(400 MHz),

position H B¢
1 112.1
2 142.0
3 141.3
4 153.6
5 7.22 (1H, ) 112.8
6 113.7
7 160.1
OCH; 4.12 (3H, s) 62.0
1 115.7
2' 136.8
3 142.4
4 148.0
5 7.39 (1H, 5) 113.2
6 108.1
7 160.1
xyk1" 5.00 (1H, d, 7.3) 104.0
xyh-2" 3.69 (1H, dd, 9.0, 7.3) 74.6
xyk3" 3.92 (1H, t, 9.0) 74.4
xyk4" 5.03 (1H, m) 72.8
xyhk5" 4.24 (1H, dd, 11.0, 5.3) 64.0
3.62 (1H, dd, 11.0, 10.0)
G-1" 120.9
G-2",6" 7.07(2H,s) 110.3
G-3", 5™ 146.4
G-4" 140.0
G-7" 167.7

Measured in CD;0D
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Fig. 10 Important HMBC correlations for 23

5) RLERERDORSEILE

J TN IIMEBRST LI L > TEARELT
RSN s, B Z TS & & DSy
BARIZOWTHRET L7z, JBlIZiR 7= K S ie~F
VHTREICE ENTCWIZT L) A RIZHOWT,
{LEW A WNEOTIZEENTNDZ & EMER LTz,
ZITE, L ITENFERD - R TV REH
\ZDOWT, g EkEE L.

BLERT% DR OFER TV RITEIZ I, HPLC 4
HrofER, BVLERFTO & D & g LT D0
E—7 BWHICHBI L. (Fig. 11). #Hi-ic sl
L7z k&R —271%, 18.0 min & 20.3 min (232
OB, FLHIE B LW p-digallicacid (21)
DFBHE O T o7, 21 DEREREL, T aA
VIO T I VERAEDS, gallic acid (6) 23K L
CT_E&KfbL=bnEtEZOND. F12,
1,2, 3,4, 6-penta—0-galloylglucose (8) & D\ ik
6 % 200 CT 30 min MEAT 5 & 21 AT 5 Z
EERMER L. UL, BVUERTOMICE T
W2 21 OREDT AT APNKSET 5 Z & T

o._o acid hydrolysis
HO

Q
HO . o OoH
0 o
Qo
OH
oo ‘ OH

HS

SR
H,N~ ~CO,CH3 S

—0
— e MO
OH

2) S=C=N

% 21 DEMMRFTRETH S, HPLC 7' 7 7 A )LD
ZTOMDOERE, =7V =VED
pedunculagin (10),

1(p)-0-galloyl pedunculagin (11), casuariin
(12) B XL casuarinin (13) 23wl LT
DHETHD., BELL, ZOHRBI=TTH =
VHURT UANBILENRTNWEDTE EB X B
W 2 Z IR = D DA OWTIE
ARATH D7, ellagic acid (7) DE—7 Hf&EIL
HEINLTWRNWe, =7 0% = O5fRIZE
BLTWhnweHEsNnD.

I HIZEHNTIZA 720 D3, coniferylaldehyde
(14), sinapylaldehyde (15), vanillin (16),
syringaldehyde (17) B L
(=) —episyringaresinol (20) 3G Hi7z. ZiLhH
OILEMIL, V= ONRERMTHY,
vanillin O H W O FBVLEL L 728 DR 72
FYTHDH®. MZ T, quercetin 3—0O-rhamnoside
(18) B X W' myricetin 3-0-rhamnoside (19) HHL
HES N7z,

HPLC lysi:
anavss p.xylose

tg =20.1 min

< D-xylose : tg = 20.4 min )
L-xylose : tg =18.6 min

OH "N“"CO0,CH,

thiocarbamoyl-thiazolidine
derivative

Chart 2-3 Determination of absolute configuration of sugar moiety
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Fig. 11 Reversed—phase HPLC of the AcOEt soluble fraction of P strobilacea wood.
A: The AcOEt fraction of fresh wood, B: The AcOEt fraction of charred wood.
g: Unidentified galloyl glucoses.



4 INE

JTNVIRNE, BE Z Ko TEARE LTH]
AN TV, 22T/ 7N IM ORI
K OB 1 2 il BRI DWW TG LTz,

INETHEINLTWRW Y ZVIMIZEEN
DREERTER T DUV T o BE L7 fb 5, 3 BB
% > 3FED eudesmane DT AXT 127 4
DL, ZHBITHHbEm Th o7, UL
ROEZ N7 7 LTINHEARART AU Of
mox M L = ok OR®
2, 4—cyclo-7 (11) —eudesmen—8-one (4) 771} MSIELE
L7z, 7, /7 I7AIMITBETA AF—RUA
D J AR O RIBER T d 5 oak lactone
precursor (B) NEIBETEA INTWDHA,
WLVPRZ i LC % oak lactone AR L CUWNRo
72 ALEW 4 IO HRIZHEENTEY, KM
HOEVEETDHI 0D, JTNVIDOEFED ZFF
BOTFHLDOTHLEEZLND.

BOLER L T-MTIE, BERR VRIS i b
BTRGRD ST, EOFY ORGITY 7 =20
R ¥ < & % coniferylaldehyde (14) ,
sinapylaldehyde (15) , wvanillin (16) ,
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syringaldehyde (17)F X

(=) —episyringaresinol (20) THV, / 7/ Ik
ERENTZEZDOHWEIXIING LbEW 4 HE
LELTWadbotEZHND.

BB U7 2 7V M OFB = F VRIS
FNDHT = ) — LRSI DWW TIE, gallotannin
FHITHE, ellagitannin SR T2 2 &
MBI ER 7=, F7-, ellagic acid (7) 13
L TWRNDT, =TI PHX = ORfFERED
STWDHDTIERL, MONRERD~LZELL
THHDOLEZHND.

B LT ) 7V IMORGTIZOWTRRET LT
FER, MORIZEENDLT NN RR) 7z ) —
VDR EA, BBk e®m 22 L 23 LN 7
= U OREM DR BN I ot ) TR
IFEARE LTHRIHARETH Y, *EHRkiIcZ<A
T D2 Enn, BIROIEMICORIT THETZ.
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FaE

1 TXMIZ21VT

= 2 X A (Buscaphis _Jjaponica (THUNB.)
KANITZ) /X X > N X8 (Staphyleaceae) D
B NEART, AINOBIRLE, PUE, Jull, #HE
W2 LTV 5. RIRRNIZH BARSGMA L TERY,
FITEBIDWTHY D OWWEFTIZRZ T B
L. IAURALNL, AME L TORROEEIT D72
<, MBTHEEZREME L TRHIHALTWARET
Ho W,

W1 E TR L ST, TR A OELfIC
FEEORY 7 x ) — VOFERH SN E 72T
(Fig. 4. 2L, ZhETI A/ BILOIY
N XRHEM DR 7 = ) — VBT D8I
L. FIT, AAALDORY T = ) =)k
SO - SREEIT o T2

TJUXAIZEEND T/ —ILED ©

2 BICEFENEKRY) 7/ —ILES

1) ¥ &8

2007 4= 5 A \THAEE U7 HTEE 500 g % 80%73 7K
TR QL) EITHEL, AELTE. 0%
WIZ80WE /KT v (1L) &Mz, A@+5L
% 2 [ K LTz, AIRITA D TR L,
TR oEEELE 61, BERICEEND
a7 4 LM E Al L CTHELY R =5, K
TR % Diaion HP20SS /1 7 L7 v~ ML, Fr.
1~3 1Z243m L7z (Chart 3-1). FeCl, 3Kz LY
HEREOICEEG LT Fr. 213, Sephadex LH-20 4 5
Lrm~v ML THBEZ#YIRL, HERIC
Chromatorex ODS T A7 u~ NCTKRIL T, b
A1l L 24 1572

Fresh leaves of E. japonica (500 g)

filtrate

extract with 80% aq acetone (1.5 1x 3)

Diaion HP20SS
(10-100% MeOH)

Fr.1(3.29) Fr.2 (12.8 g)

Fr.3 (5.45q)

Sephadex LH-20
(MeOH-H,0-acetone)

Sephadex LH-20
(EtOH-H,O-acetone)

Chromatorex ODS
(5-40% MeOH)

11 (6.41 g)

24 (0.30 g)

Chart 3-1 Extraction and fractionation



2) BEREEMDORE
TXANPLNHELZARY 7= ) — L DOERK
3, 'H-3B X OV BC-NMR A7 L A& SCHRE
L+ o2 L2k, 1(B)-0galloyl
pedunculagin (11)*™*¥ L RE L7z, 11 13,
A-kinase @ B -regulatory subunit (28I} 5
BRI EEM: P & C-kinase O HC Y VR
LI EEME ® L v o ok — B EFME T
HEMESNTWDS., T XA DOEL, LG
W11 & HiEE RO 1. 28% & b TRl T F
ALTHEY, FhHRMEHERS L THIfFCTE

5.
OH

OH 0] (0]

HO HO OH OH

11

3) FHRILEMOEERN

fbE&W24 IR GEEREHRL L THLR,
[a],*40.5 (0.2, acetone-H,0, 1:1, v/v)
Zox L7z, FeCl, iREEIZ LV HE¥ 0T,
NaOH-AcOH FFE & DFURNIZ L K AICEEAT
L 0N bIVH = THDIEN
RS, NEF S U 1SV & e TLC 4y
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Frcix, Ib&% 11 LY Rf fER/IEL,
MALDI-TOF-MAS Cli% m/z 1893 |Z [M+Na] &' —
JERLIZZ END, (LAWY 24 =TV HF
VoV T BIRTHD I ENRHLNE T
FT2, TR DT RIL CeHs 05, & RTE
L7-. 'H-NMR 2~%2Z kL (Table 8) Ti%, k¥
kD 2507 ) ~—kFE [§ 6.16 (1H, d,
J=8.5 Hz, Gle-1), 6.06 (1H, d, J=8.7 Hz,
Gle-l" IR SNAH 7TV ERL, 5D
OFEOT e N TP uidEE Y 11 DL O
EHEILTWe. Thbb, O TR
WEHEO 6 3.0~4.5 XV H K& KBS O
5 3.7~6.2 OHFPHICBESND Z Enb,
TRTCOKBIENZ AT VLS TEBY, %
NODOREER (V1o Jog Joa BET 5
NI NT8.5~10Hz & KERETHDZ &,
b, 7 ) —RBEOKENTRTT v
NMNEETHDLZ ENmn5G. SHIT, HEHD
DG IZ OV TIX, 24 ZERINK R,
L-VATA LV AFALZATLVELINRN oo MV
WAV F AT 3 — b EERS SETTF A
HANWNREAN=FT Y VU FERICERL,
HPLC THEML & RFFRFIA 2 i 92 Z & IT &
D . D-glucose THDHZ L AR L. L
72N o T, 24 DREE L 72> TV D 2 DRI
W h D-glucose THB. AT KLDF
FRERIZIZ9 >y 7Ly b [§ 7.16,
6.66, 6.65, 6.51, 6.50, 6.47, 6.46, 6.33,
6.3V X OHENZH TV T LT T Ly

HO HO OH OH

HO HO OH OH
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N [§ 7.30, 6.84 (d, 1.9 Hz) ] 3%

INTe. THUDFEBRKFEITT T, HIBC A
AT RIVIZEBWT § 162 ~169 O #iPH (2822
X5 10D 3, 4, 5-trihydroxybenzoyl & ®
TAT)IVIRFEE OFBEZ R L. (Fig. 12).

B 10O XT)ViRFED H B 8L, 6
167~169 OFFHIZED NN, 2507
FIVET D EESED 6 162.4 & 165. 0 (2 H B
LTWiz., Zd5H, §165.0 DI NLKR=)L
7+ [dehydrodialloyl (DHDG) C-7]iZ,
— oI Nva—ADT ) ~—KkFHE[§ 6.16
Gle-D]EAZ DTV T LI KEFEHES T
Ly b 70 [§ 7.30, 6.84]DFF3>D

KFE 7L HMBCHEZ R L. S 9 —F
D § 162.4 O AT )ViRFEL 7 F v (DHDG
-7 )L, b oD NaA—ADT )~ —
KFE (O 6.06) & HFHEEAKFEL 7 F (6
7.16, s) & OMIZ HMBC FABI A R L7= (Fig.
12). Y D8 DD T AT I)IVIRFEIT /L a— R
D2NM ~6f/fDTa b BXW § 6.66~
6.33 D8 AKDIFHEMBARFZ Y 7TV EME %
AL, INODFFBET v o EHEE R
THEBERFZ S 7ML, O Iy
F2MEAEY 11 b0 L1FIE &KL TED,
hexahydroxydiphenoyl (HHDP) & IZIR)E S
7-.

Table 8 'H-(500 MHz), C-(125 MHz) NMR data for compound 24 (¢ in ppm, J in Hz)

Position H 3o
COO attached to Glc-3, 3' 169.2, 169.2
COO attached to Glc-4, 4' 168.5, 168.4
COO attached to Glc-6, 6' 167.9 (2C)
COO attached to Glc-2, 2' 167.8, 167.7
. 116.0, 115.9, 115.7 (2C), 114.9, 114.9,
HHDP-1, 1 114.2,114.1
HHDP-2, 2' 126.3 (4C), 125.9, 125.9, 125.8, 125.7
HHDP-3. 3' 6.66, 6.65, 6.51, 6.50, 6.47, 6.46, 6.33,  108.3, 108.2, 107.5 (2C), 107.3, 107.2,
' 6.33 (each 1H, s) 107.1 (2C)
. 145.2 (2C), 145.1 (2C), 145.1 (2C),
HHDP-4.6.4.6 145.0 (2C), 144.5 (6C), 144.4 (2C)
, 136.6 (2C), 136.5, 136.4 (2C), 136.3,
HHDP-5, 5 136.2, 136.1
DHDG-1 119.3
DHDG-2 6.84 (1H, d, 1.9) 108.1
DHDG-3 148.2
DHDG-4 141.1
DHDG-5 146.6
DHDG-6 7.30 (1H, d, 1.9) 112.2
DHDG-7 165.0
DHDG-1' 113.3
DHDG-2, 4' 141.1,137.7
DHDG-3' 141.6
DHDG-5' 143.4
DHDG-6' 7.16 (1H, s) 109.6
DHDG-7' 162.4
Gle-1 6.16 (1H, d, 8.5) 92.2
Gle-1' 6.06 (1H, d, 8.7) 91.9
Glc-2, 2! 5.13 (1H, dd, 8.5, 9.2) 75.8, 75.7
5.11 (1H, dd, 8.7, 9.2)
Glc-3,3' 5.41, 5.38 (each 1H, dd, 9.2, 10.0) 77.2,77.1
Glc-4, 4' 5.14, 5.13 (each 1H, t, 10.0) 69.0 (2C)
Glc-5,5' 4.45, 4.41 (each 1H, ddd, 1.4, 6.9, 9.9) 73.4,73.3
Glc-6, 6' 5.31, 5.29 (each 1H, dd, 6.9, 13.5) 63.0, 62.9

3.82,3.77 (each 1H, dd, 1.4, 13.5)

Measured in acetone-d g



H3CQ
H3CO C~0OCHgs
H3CO o)
H3CO_|(F OCH3
(@]
OCHj,

24a

TN ONWTIE, (B2 RGNS
THER L=, 7, mA%24%mMT%%wm
L, a7 v ) SOk iE LT, A
C7= VAR UL CHN, T A TV AT VT4
L , dimethyl pentamethyl dehydrodigallate
(24a) & dimethyl (94,4 ,55 ,6,6
-hexamethoxydiphenoate (24b) Z##7-. L&Y
2sb DET = = )VAEEOT b T BN SHELE T
b5 L, ERENADME ([al, -24.0) 7R
L7=Z & BRER LT, koo HMBC #H 1% DHDG
EDZODHINVER=Z VT AT VN ITOT ) ~—
KEEEEICHEA L TN D 2 E&2/RLTCWA. HIDP =
AT IVOFESALEIZLL T O X 2 IZRE LT, 2D
DTN T —RZAIRD & BV v 7L OREE TEE
DRENZ EDNG 'CEEE L >TND. =T VX
=T (S -HHDP EFEA T D v a— AN
IC B A & D OLE, HHDP HEA% 2, 3k 14, 6
MERET DHAICIETRETH D . £, 7
A=A GNP AFLLIKREN § b5.3fMEE §
3.8 fHEICRE T (A6 > 1.4) BIES
=z i, HHDP R 7 v a—AdD 4, 6 fLllh
ALTWHZEERLTVD [6 531, 5.29

OH H

(@]

HO

H

(@]

HO HO OH OH

O

HO HOO ‘)(’o
H /\v ‘_\Jst Q_k

ii@ :
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CHsO
O0=C C=0

chOOCHg

H3CO CH3O OCH3 OCHg

OCH3

24b

(each 1H, dd, J=6.9, 13.5 Hz, Glc—6a, 6a’ ),
3.82, 3.77 (each 11, dd, J=1.4, 13.5Hz, Glc—6b,
6b’ )17, = RFIONEE, (L& 24 ZEVK
T OE oK 4y iR L 2 L &I
2, 3,4, 6-bis—(S)-HHDP-D-glucose ® « & B DR
AW T D pedunculagin (10) AR L7722 &0
O FFE L.

T DO IFRE L OB P72 Rt OFE S
5, OB 24 OREIEL Fig. 12 1073 XD
REHDEPEL, euscaphinin &% L7Z. ZOD
H o= AHMEAEY 11 O a A VEO TR
WAy 7V I K0 AEKRT S EHEIND.
mDehydrodigalloyl B2 HIT AT oH =
TERIE, NTRTP, Fa oo, Koy
VXE W, AL TR D, AL LU 65D
DORE S 558E STV D E D38 5 73, HIDP
L DHDG FDBHEHER T NFELETHLDOT2O
D=y NOWGH B EED & DI LAY 24 7
WD TOFITHD ™.

IV L2413 T R A DEE T
DS AL, BRSOMIZITEEN W e o T

HO HO OH OH
H
O OH
OH
O OH
OK on

J8Hz

Fig. 12 Important HMBC correlations for 24
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3 BREIZEEFhD 7/ —ILES
1) #i &aHr

2007 4 5 A IZEREE L7 Hrfet 7ot 500 ¢ 27K 7
v hy (41, v/v, 1L) EZU—U T T L
H—THEEL, AL BEBEIEESHITkTE -
¥4, v/v, 1L) T2@EEH L. AlRIEED
W CRIERME L, NaaE A5 LTIk, Kiskz
Diaion HP20SS < A7 o< MZftL, Fr. 1~5
WZE L7, Fro 4 OB ELNZ0T, £
DFEFIZHONT H-B L OV EC-NVR A7 R L&
ELz.

2) BAILEYOFEE

Fr. 4 22872 HEOREMIE, MR A7 hL%
SCHRAE %0 & bbi LR R, 3, 3-di-O-methyl
ellagic acid (25) THBHZ EDBHL M E o T,

Fig. 13 12, T XA DELBEIZOWNTO
HPLC 71 7 7 A L& oRmd . FEDERNIT
1(B)-0-galloyl pedunculagin(1l) CT&H Y, #E
D EMSTIE 3, 3'-di-Omethyl ellagic acid (25)
Thor-.

o)

O  OCH,3
o= p—{_)on
HCO ©

o)

25

Leaf E

H OH o o
o LYo
HO HO OH OH
11
JL JLAT) 0. &0 0 [ninl
Bark = o

O  OCHs
o) S-on

H;CO O

5 [¢]
25
1000 B

Fig. 13 HPLC analysis for

4 INE

TUAXA DEDERSIT 1(B)-0galloyl
pedunculagin (11) TH Y, —JF, BEREO TS
1% 3, 3'-di—0O-methyl ellagic acid (25) T&H o 7~.
1(B)-0-galloyl pedunculagin (11) T 1%,
A-kinase @ B-regulatory subunit (Z31T 5 2R

leaf and bark on £ _japonica

FIPHEIRMERS C—kinase DE TV B LIHEIEME
LV lod F—BHEEERE AT D L ME ST
BV, TURLOFEF 11 FREZERL, 20
BRNEG THDHZ D, 11 OFEE LTHH
LEZLND.
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EH5E YINEDT/—ILES

1 PeNEIZDNT

Y~ ¥ (Rhus sylvestris Sieb. et Zucc.,
LR IE, AN - TUE - U35 B A
HRETHD. Y~ BORILH D> THEIZHEH
SN2 b, HEIZLY (h=UR), w5 (O

D) EMEIN, BRI EBE o Vbl TS,

D NE /% (B sccedanea L.)1%, HEMND
AWZEIL, A9 2L MEBND D, LI
HAET D v~ BEHEAMNAS L TOHRD. B
J X DOAMPDORESICHONTIE, TS E LT
TR DO—FETH D fustin ZEA L, Yl s
T oL fisetin T D Z EAHE SN TND
) )V BD Continus coggygria DL IT YLD,
WCFIHESNTEY, MDA L 7 — Al 6
fisetin, taxifolin, butein, sulfretin, fustin
IR ENHBEIS N HE LB D V. £, XVTR
DRI FEEDT O, TR LIEEZ 1T U6,
A U I VAN G - 223 ¥ A G AP I BN
L, Y~ EBOEFHIINCONWTIE Ding &
TN CERER R EICEAT oSS THD. £
ITC, AETRIEShTW RV ABOM DT
= ) VEGHCOW TR Lz, E£72, IT4E, Bt
FRALTEME ORI FEAE & L CTHWHH TV D ORAC
(Oxygen Radical Absorbance Capacity)i% % %
FANWTEBRBTNZOWTERHE L 7=,

2 YINEHDT =/ —ILES
1) HhH & B

Y BOLME BRI ET-F >~ 7 500 g
Z 80%E /K7 hrT3EH L. Eobnix
F 2 TE DO TRIERNE, KE# & L, Sephadex
LH-20 7 v~ MZfFL, 4@ L7z (Chart 4-1).
IDITHD R L EE - FRL T, 6 FEoBEMLE
W L O 2 FEOHHULEW & 15T

2) BAeEMnFE
TXANLOBE LT 6 EOBEELE WX, 'H-
B BC-NMR AT L2485 F 7= 1 SCRkE &

k#4252 L2 kv, fustin (26)™7,
eriodictyol 27)™™, 2,3 4 ,6-
tetrahydroxy—2-benzylcoumaranone (28
sulphuretin (29)™™  gallic acid (6),
polygalloyl- B -D-glucose (30)™ L[RIE L7~

Polygalloyl- B -D-glucose (30) [XEHK LD #
VEVEBBERIUWETHY, XATROMN A
LN DITABINOTTH S, Fiz, ULTF
D Rhus verniciflua DILMRFLS fustin (26)
B L sulphuretin (29) &AL THY, Hilgk
TEVE T, PR BFMETEE ™ 3 X OMUIEEEE
S STV D, 29 12D T, JNiin-<os ok
(2 &Ko TEEH SN D RARBEPE DL AR
T 47 ar hua—/;L® aminoguanidine XV 10
BRI LRGSR TN Y,

) 74)
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Heartwood of R. sylvestris (500 g)

extract with 80% aq acetone x 3

Sephadex LH-20
(H,O:MeOH, 0-100%)

6 (0.22 g) o 26 (7.79 9) 30 (2.65 Q)
Silica gel

(CHCI3:MeOH:H,0)

28 (0.99 g) DIAION HP20SS
(H,O:MeOH, 0-100%)

Chromatrex ODS Silica gel
(H,O:MeOH, 0-50%) (CHCI3:MeOH:H,0)
31 (0.09 g) 27 (10.0 mg)
32 (0.05 g) 29 (12.0mg)

Chart 4-1 Extraction and fractionation

OH
HO o) @
~ OH

OH OH O
O
fustin (26) eriodictyol (27)
OH
(o
HO o OH
O

2, 3, 4', 6-tetrahydroxy-2-benzylcoumaranone (28) sulphuretin (29)
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0
HO
HO Jil\ il%&m
gallic acid (6) en-0 o

3) FHILEYOEERNT
(i) 3-04Galloyl fustin (31)

{bE% 31 13, HR-FAB-MS (2R T [M+HH] 28 m/z
441, 0845 |[ZBIESNT=Z L 0D, 7 Culli0y
ThHHZ EPRENTZ. 'H-NMR A7 M LafIE
L7=fER, fustin ERIBED V7 it ang:
2, 0 7.03 [ZHuANEREDOY Ly by
TFABKHER, CE3IMDI 7T § 4.53
M5 § 5. 90 IR~ 7 F LT 22 &b,
CEIMITHuANERT AT LFES LTI E X
Sz, PC-NMR A7 RV OIERER NS B
fustth)i/ﬁfﬁ“/V %, & 165, 145, 139, 110

IHaANHEBEEO Y T FIANRED LN, &6
W2 X BIRGEZAT - T fER, fustin
(26) & gallic acid (6) ERLTZZ &b, 1k
AW 3113 3-0-galloyl fustin THDHERELT
(Fig. 14).

L, tannase

(ii) 3" (4" )-0=Galloyl fustin (32)

{b&¥ 32 1%, HR-FAB-MS T [M+H]" 441.0817
IR B, (AW 31 &R Uy 13K Cull 0, & 5
D EMbroT. Lz, TLC S CidMbEaw
Bl DRI LIT—EET, BROMEEZFT LT
LARBENT. bEY 32 1% TLC M Cldy v
TIWVAR Y bERLED, H-NR A7 vzl
FELFER @BEL-Y 7L (B 101D 2R
L= LB 32 D AB XU C Bk 1 b
VITFML 26 DHLOLE—EHLIELOD, B RO
H-2" , H-5" , H-6" HkD > 7 FnMERSIZ>
ZRLTEY, § 1.21 THaA VRO
Ty N FARRBO LN LG, BERD 3
NEEANITH A NVERT AT LFEE LTS &

polygalloyl B-D-glucose (30)
(tannic acid)

ZE 2 BIL-. Hed polygalloyl- B —D—glucose (30)
foﬁ EOXIITHBFR ETHEES 57 = 7 —LKkig

RS LTV D T R T UTIEIR N CR G TR
Lf¥@@ MEiedZERmbiiTnd. L
BoTLEY 32 1IXEITRT L 97 3 —galloyl
BLO4 —galloyl AT NVOVHREEM LB Z
bz . &5IZ, tannase (2 X AIKSEZELT
STFER, fustin (26) & gallic acid (6) (255
=2 Emb, bEM321%3 4 )-0-galloyl
fustin THDHEREL (Fig. 14).

3 ORAC iEIc& BVINESERS OHEILEY
O 5

IR, 'L, W, REMERB LYY
A g EOFRLTEME OB T Db L 5T
o TETWA., L, ZNETRARLMT
ECHE SNT-FMOEHRIZZEOE E T 5 2
ERHERI N E WS BN ER SN TE . 22
T, W OMOFIERD LT, BEOM{EME
SOEHIME AR E D NS ORAC 1EITHTRE LIE ST
DIEWHTILEE Shoob 5. TOFEMEL, —&
DOIEHEERFL A FE S, UK > THiREEN
5 E OE TR O A RRREICHIE T 5
HOT, USRI EE RN AT D & 20
HTREE D HEDPEIES H Z L 2R H L2 b D
THDH Y,
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(I OH
HO 0] < é
OH

OH OH
0
l OH
—ﬂ—< §>—0H
3-O-galloyl fustin (31) HO o @ oH
OH
0

3'(4")-O-galloyl fustin (32)

w
1. 0E+06

OH .

. 0E405- 3'0' a”O |fUStIn 31
] HO o} \( IOH OH g y ( )
‘ moTQOH

4. 05+05-| 5 5
OH

& 06+05-]

u
5. 08405 2

¢ 3’ (4')-O-galloyl fustin (32)

§. 0B+05
OH OH o OH

: I
vl HO o "‘\©io oH HO. 0 on oH
-—
OH oH OH
o 0

2. 0605

o
5.06+05-]

gallic acid (6) fustin (26) hydrolysis of 31
o " @[OH ith t for6h
o . with tannase for
e HOQCOOH g 5 HO\@;?; OH
= N OH
8- QE+05 HO J o)
o JuAT 2700 EEaT "¥—/—j\-""\—'wf"\ W00 7000 n
. ' hydrolysis of 32
g with tannase for 6 h

1.08+05-

2. 06405

N

P 4600

i 2000 o W W w00 [n

i ERT A @ W .00 [n:

AT 20,00 HAD R W w00 [nin

Fig. 14 Hydrolysis of 31 and 32 with tannase



YV NEDOEAHITHD gallic acid (6)™<
fustin (26)* 22OV TITHIMILIEIE DRI M T
BTV D23, ARIHEEL 2o 3FEDLAMIC
DUNT ORAC ¥% IV il fbid e 2 JIE L7z,

FOFER. gallic acid (6) DMIEE 8, 436 pmol
TE/g LHELLT, TSI TH D fustin (26) 1
23,806 umol TE/g, 2, 3" , 4,
6-tetrahydroxy—2-benzylcoumaranone (28) °
30,090 umol TE/g, HrHLEY 3-0-galloyl
fustin (31) A% 18,202 pmol TE/g,
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3 (4 )-0-galloyl fustin (32) 723 19,360 umol
TE/g LW T NbEWEEZ R L7 (Fig. 15). Db
SBD R verniciflualZB T, 26 BLN29
EEAT DB ES W TR ISR S TR Y
IsY - AEOFER L —F+ 5. R verniciflua
ITAEFREE LTHWLILTWS R, Y~ Bl
FIHZ T in, SEIOFER LY, v EBlX
FFIZ fustin (26) DERENL L, ERHE L TR
BTHDHZ END, fustin OREGEFENE LCHIA
THZEDRHIGTES.

35,000
30,000 [

ORAC (umol TE/g)

25,000
20,000
15,000 |
10,000
5,000 j
0
6 26

28 31 32

(n=4~5; range: SD)

Fig. 15 ORAC values (Trolox equivalent, pmol TE/g) of compounds 6, 26, 28, 31 and 32

4 INE

Y~ EBOLHM T, fustin (26) NEHKDTH
ST F iz, 26 1K A NVERFEA L 2 FO#HT
HULEW e Bt L, HEkELT.

TV R SOVT RO TIL, B e AR
DFHMiA Tt TW 5. ARl ORACTEIZL Y ¥~
B O RCGy D TRAGTEE & 3FM U 7256 2R,
gallic acid (6) & ik L €, fustin (26),

2,3 4, 6-tetrahydroxy—
2-benzylcoumaranone (28), LW
3-0-galloyl fustin BL)B LW
3 (4’ )-0-galloyl fustin (32) DUV A3
W L&A R LT,

Y~ BIIHET fustin (26) DEAENZEL,
HE LTEETHDZ LD, fustin ORLER
Bt LTHIRT 2 Z E0HIFFCE 5.
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E6E AXIXDREORESY

1 A XIFITDO2NT

A X~ (KHE, Podocarpus
macrophyllus) X, < X B O HFHER A TH
D, BRIV OARM, WE, JuN, i, B
75 & O g O R A L, BRI
TITRFICER IR BALTWS. #iT,
Mg 2358 < EFEHM & L TR STV 5
W FE, A X XOBERB LU, A&
HIEWEAT2ZRD I NI T AR T T
FAEREENTWD Z EBRHEINTND
SO RIE, BKICR D AL, READOR
e Blizkkta o2 4117 5. RfEiE, H<
B LB TE, REBERE~OFH L AT
BTHD Y. LirL, ZOREBLOETIC
BENDIHZITONTE, BbhEoT
. Z I TARIFETIEA XX OREL &
O B END T IOWCREM 22 B Ft &
1T-o7=.

2 I XTXDEREDOES

1) #hiH &
AXXRIEROCREBSB T b T =
VTCHBHZEETWMLT, BikEET T
o« DEEEAT o 72, BrEE7R RFE 500 ¢ &2 RV

\ BF BE
RE

T A a BRI E KT 2 b=k UL Thi
%, MCI gel CHP20P, Cosmosil 40C,; PREP T
SyBfE - KE® (Chart 5-1) 3252 &2k, 3
o7 7= (33 ~ 35) N EHAT.

Fresh fruit receptacles of
Podocarpus macrophyllus
(498.2 g)

extracted with 50% aq CH3CN containing 2% TFA (1.0 L)

MCI gel CHP20P
(4 x 25 cm; 0-30% aq CH3CN containing 1% TFA)

' ' '

Fr.1 Fr.2 Fr.3
(339.4 mg) (281.1 mg) (198.1 mg)

Cosmosil 40C,g-PREP
(2x 25 cm; H,O-CH3CN
containing 0.5% TFA)

34 (48.9 mg)
35 (7.6 mg)

Fr. 4
(218.8 mg)

34 (134.2 mg)

/ ' |

Fr.5 Fr. 6
(157.5 mg) (812.4 mg)
JCosmosil 40C,5-PREP

(2x 25 cm; H,O-CH3CN
containing 0.5% TFA)

(2x 25 cm; H,O0-CH3CN

Cosmosil 40C,g-PREP
containing 0.5% TFA)

33 (4.5 mg)
34 (23.8 mg)

Chart 5-1 Extraction and fractionation
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B, KA OWT, ZRENSHEL T L7 v
~ 7T T 40— ThHME - R LR (Chart
5-2), 4 FEOFHULAEWE L OV 11 OB LAY
DL

WIZ, FHZE ENDZ OO % B 5N
THZEEZHME LT, £ X<FDRIE 2.5 kg
% MeOH, YR\NT 50%E /K7 & b o Chhifthitg, =—
TNABLOEmE— T LV CHlL L, HEE—T LA

Fruit receptacles of
Podocarpus macrophylius
(2.5 kg)

extracted with 1) MeOH
2) 50% aq.acetone

ether L. EtOAc L. H,O L.
(3.16 g) (2.03 g)
Diaion HP-20 SS Diaion HP-20 SS
(4.5cmi.d. x 25cm) (6cm i.d. x 38cm)
H,0-MeOH H,0-MeOH
IRA1 IRA 2 IRA 3
IRW 1 IRW 2 IRW 3
(295 mg) (163 mg) (308 mg) (401 g) ©38mg) (7.37g)
Sephadex LH-20 sugars
H,0-MeOH
Chromatorex ODS Sephadex LH-20 MCI gel HP20P
H,0-MeOH (3.5cm i.d. x 28cm) 4cm i.d. x 26cm)
H,0-MeOH
44 (26.0 mg) H,0-MeOH 2
45 (21.0 mg)
IRW31 IRW32 IRW33 IRW34 IRW35
IRA 31 IRA 32 IRA 33 (672 mg) (842 mg) (2.60g) (681 mg) (351 mg)
(153 mg) (33.4 mg) (56.4 mg)
Sephadex LH-20
Chromatorex ODS Chromatorex ODS (3cm i.d. x 20cm)
H,0O-MeOH H,0O-MeOH Chromatorex ODS H,0-MeOH
MCI gel CHP20P MCI gel CHP20P H,0-MeOH
H,0-MeOH H,0-MeOH
proanthocyanidin
47 (23.4 mg) 50 (8.2 mg) 42 (27.1 mg) oligomer
43 (12.0 mg)
IRW 341 IRW 342 IRW 343 IRW 344 IRW 346
(124 mg) (66.0 mg) (83.1 mg) (43.4 mg) (75.5 mg)
Chromatorex ODS Chromatorex ODS Chromatorex ODS Chromatorex ODS Chromatorex ODS
H,0-MeOH H,0-MeOH H,0-MeOH H,0-MeOH H,0-MeOH
MCI gel CHP20P MCI gel CHP20P MCI gel CHP20P
H,0-MeOH H,0-MeOH H,0-MeOH
Cosmosil 40C1g PREP Sephadex LH-20
2-40%MeCN / 1%TFA H,0-MeOH
39 (4.4 mg) 38 (27.3 mg) 36 (2.6 mg) 41 (8.4 mg) 46 (10.2 mg)
40 (8.9 mg) 37 (3.2 mg) 42 (7.0 mg)
48 (23.6 mg) 50 (5.7 mg) 43 (5.7 mg)
49 (5.3 mg)

Chart 5-2 Extraction and fractionation
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2 BAEESYMDREE

RFEOHhH - BEC X > TR ST 14 FROBER
AL, H-38 L0V PC-NIR ALY L AAR 5
T3 SCHME & P95 Z &2 kb,
pelargonidin 3-0-p-D-glucoside (33)%,
cyanidin 3-0-p-D-glucoside (34)°%,
delphinidin 3-0-B-D-glucoside (35)*”, vitexin
(36", (38)",
2"-0-rhamnosyl scoparin (39)%, 2"-0-glucosyl
vitexin (40)% , quercetin (41),
3-0-glucoside (42)°7, myricetin 3-0-glucoside
(43)°7, (+)-catechin (44), (+)-gallocatechin
(45), (-)-epicatechin 3-0-gallate (46) & [FIE
L7z,

&4 37 1%, /72 NMR A7 B LAY S
AVIZSTERD 2o D, IFD L S IZikE LTz, fk
A 37 O H-NR A7 bW, (LAY 36 Db
DL TN, § 6.88 & 7.98 D37 {E L

2"-0-rhamnosyl vitexin

quercetin

TN =2

HO
HO

OH

pelargonidin 3-O-B-D-glucoside (33)

HO
HOOH

RUBUEBRO AR T FADb I, 1RO
ABX Bl 7 FupglEgEsni. Lizn->T, B

BRiIL 1, 3, BB THDZ ERbhotz.
F77, 83.931CA bFUIEHRD T T ILHEILR
INFZEMPLBEBROIMHIWVITALOWVTH
MINA NFIEICEB L2 DO TH D EHER L 7.
BALHINT, NOESY AALZ R UZRWT A b4
EBERSNL7E hr & ORICHBEN RN Z &
N, kAW 37 1X diosmetin 8-C-glucoside T
b5 ERE L.
heoibdix, T by T =3, 7T
Ry CEHERSTE, 7 TR ) — /B L OZ OfLHE
K 3FE, 7 T /3 -3-F—/L 3TRIT/VHET H 2 &M
TX5. REOEEZ6AFEMSIT cyanidin
3-0-B-D-glucoside (34) T, HAFIHKHILL T
DTV R T=0ThHY, K g ABEMEN
WEEINTNSE Y,

HO

delphinidin 3-O-B-D-glucoside (35)

cyanidin 3-O-B-D-glucoside (34)



7 IRy CHER

OH O OH O OH O
vitexin (36) diosmetin 8-C-glucoside (37)  2"-O-rhamnosyl vitexin (38)

OH O
2"-O-rhamnosyl scoparin (39) 2"-O-glucosyl vitexin (40)

T IR =B IO D OFekEAR

HO HO
OH O HoOH HoOH

quercetin (41) quercetin 3-O-glucoside (42)  myricetin 3-O-glucoside (43)

-39-
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7 I\ =3-F—)

(+)-catechin (44)

(+)-gallocatechin(45)

OH

OH
OH

(-)-epicatechin 3-O-gallate(46)

3 FRIESYOBERTT
(i) Podomacrin A (47)

L& 47 1%, BEESZER T Y, HR-FAB-MS
DFER (m/z 267.1222, [MH]) L v, oFXix
C HO; THDHERE LT, IR A MLZBWT,
3446, 2974, 2933 F LN 1761 em IR 5
Ni=Zemb, b Radifil 57 b UBRORF
ED RIS, B X O PR A7 kL
BT, 1oL AR=LH 5 180.2), 6{HD
spP AF M (8 57.9, 51.7, 69.2, 52.2, 85.9,
69.8), 2fHD sp’ MUikfRE (5 48.8, 38.2), 3
HDAFNLE (5 18.7, 16.2, 26.3), 1D sp
AF M (5 125.8) BEL N D sy UikiE (B

146.7) \ZHET HE—7 3@zt sz (Table
9). F£7=, 'H-'HCOSY B L OVHMBC A2 kL& f#
BrU7-fE 5%, Fig. 16 O X5 R FaETH D &
WE L.

podomacrin A (47)

Table 9 'H-(500 MHz) and C-(125 MHz) NMR data for 47 ( & in ppm, J in Hz)

Position H B¢ HMBC (H to C)
1 354(d, 4.2) 579 23,59, 10, 13
2 3.36 (dd, 6.2, 4.2) 51.7 1,3 4
3 437(d, 6.2 69.2 1,245, 14
4 48.8
5 2.04 (d, 6.6) 52.2 1, 4,9, 10, 13, 14, 15
6  4.60(dd, 6.6, 2.9) 859 7,10
7 4.45(m) 69.8
8 5.41 (m) 125.8 6, 10, 11
9 146.7

10 38.2

11 1.99 (3H, dd, 2.5, 1.6) 187 8,910
13 091 (3H,s) 162  1,5,9, 10
14 1.41 (3H, s) 26.3 3,4,5,15
15 180.2

Measured in CD;0D
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— 'H-'H cosy
"7 *H-'H long-range couplings
7\ Important HMBC correlations (H to C)

Fig. 16 Impotant HMBC correlations and long-range couplings for 47

SEAREE L, NOESY A~27 R UIZEBWT, 1Ard PLEDOWKFNC XY, 47 OREZRI~— VIR T
2PL, 1PLE 547, 2fLE 30L& 1447, 5L 6 LA I NEARTF AR EREL, ST
AL, SNLE 1447, 6L 1447, 7HLE 13 AZICHH DOYE T 7= T podomacrin A &g Lz,
BRI Z LB Fig 170X 9 ICHRE LT,

Fig. 17 NOESY correlations for 47
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(i) 277
vitexin (48)

-0-(6" * * —0-Acetyl glucosyl)

LaW) 48 13, sB B RE L TR L.

HR-FAB-MS D#55: (m/z 637.1798, [M+H]") LV,
71U Coglyp046 EIRTE L7, IR AT RV T,
b Refidt, DARSAE BEHEBOTEINR
e,

-8 L BC-NMR A7 hUZEBWT, {bEW

48 1%, L& 40 LIEFIT IS TBIL > 7 v
ZoR LTS, B2 H-NMR A7 R LZEBWT §
Loy 7y vy 7, BC-NMR A7 kv
BT §20.7 & §172. 9 IC ZFABRRBNI-
D, (LA 481 A0 1T B FIVENFEA L
TAbEMTH D Z LR E Lz (Table 10). F
72, 'H-B XV EC-NMR A2 FLTIE, 2FEED
B EMRE RO 7 FANBIER SN, Th
1% 40 LIFBRICT TR A B S ALICE#H L TV D
o=y M BEREDM CHEREENRH D7D L
EZHiD Y. 2FEHO VTV EER LRI
HET2HDTHDZ LI,
NOESY AR R JUZERBWTHR—7 1 b UFREICA
OMHEANR RSN Z END LR INTZ. S 5T,
BC-NMR A7 R WZEBWNT 48 D7 TR AER 6
71X 6 99.2 & 5 100.8 (2, ABRSALILS 105.2 &
8 103. 9 lZv 7L sEisR

RN

OH O
2"-0-(6"-O-acetyl glucosyl) vitexin (48)

SH, ABRSALICZ NV a—ANGES LTfbaw &
KL I vy 7 R LTZ % HIMBC A2 |k
NEOTEFAEDOT T hb 6LDRFE L D
MICARBE ()BT Z e T EF VI,
6"AICREA L TWDH Z EBH BN E o7z (Fig.
18).

PEDOMERIHEE I OWTIE, RIRETHDH. 1272
L, {b& 48 MEAM 40 LIAF L TVDH T &
5, AW 40 LA L pglucose THDHEEZH
ns.

Y EoREHc S &, 48 1% 2"-0- (6" 0-acetyl
glucosyl) vitexin GRELT-.

43) HMBC correlations

Fig. 18 Important HMBC correlations for 48
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(iii) 27" -0-(6" * * —-O0-Acetyl glucosyl)
scoparin (49)

EEY) 49 13, s R E L TR L.

HR-FAB-MS (m/z 667.1884, [M+H]") LV, 45+
1Z Colly, 0, TH D ERE LT,

'H-35 L OVEC-NMR A7 MU, BEREERD V7
FAERNTLEY 48 OHLO L X <HEELL T
72. BERDO Y 7T 48 13 AB, I TdH - 7= DIkt
LG 49D LDIXABXEITHY, ZFEHf B
THHZEZRLTWE., £-A MRV DTS
TR 4. 0L ITHTZ IO Z &, 77
HEET D LAY 49 1%, BERICKERILE A b
VHERO LRIz (Table 11).

Z DA FETIEIE, NOESY A7 R LIZENT 2
PLEMERZ R LT Z D, SNLIZERLTWD
ZEMBBME o7 (Fig. 19).

7 )b 32— A DHEREIEIZ OV TE, RIME

2"-0O-(6"-O-acetyl glucosyl) scoparin (49)

Th2r, EETLHEE B L FER,
pD-glucose TH D EHEHI &N A.

U EoREHo S, 49 1%
2’7 -0-(6" ' ' —0-acetyl glucosyl) scoparin
LIRE LT

7\ Important HMBC correlations
"7y Important NOESY correlations

Fig. 19 Important HMBC and NOESY correlations for 49



-45.

'28°0 : 00'T = Jawelol Joulw : Jawejos Jofew ‘@Ot ul painseay

6'2.T 62T (0=D) oV—-u9
(0=2) ov 102 (s'HE) €6'T v.°02 (S'HE)S6'T  ((HD) OV—u9
2 TS (s 'HE) 86°€ 195 (s'HE) TO'Y ®HOO-i¢
(0z'0ZT 'PP) LS°E (W) y2¢
WG W (0=2) ov T%9 (w) g6e 7’79 (Gv '6'TT 'PP) 08°E w9
w9 L'yl (W) €6'2 G 'S'v '8'6 ‘PPP) 20°E e
wG W€ 7'0L (6'8 ‘7’6 'PP) OT'E g0l (w)eee wl
Wb ' 9/ (6'8 ‘2’6 'PP) GT'E 8L (6826 'PP) 8T'E wE
w€ wl A (w) g6'2 9. (w) €62 wl
W 8'70T (8L'P) vy 2907 (8°2'Pp) 0EY wl
(w)gre (97 ‘02T 'PP) 28°E
€9 (W) v6°¢ 6'T9 (€2'02T 'PP) 68°E 9
€8 (w) sp'e L'Z8 ‘9% ‘96 'PPP) 2S'€ .S
2958 T2 (2696 'PP) T9°€ g0l (26 '9'6 'PP) ¥9°€ 7
W2 908 (W) vLe 8'6. (6'8'26'P)VLE uE
A 6L (8°2'T0T 'PP) TY'Y 8 (w) 66°¢ i
.£'.2'e8'8 ', 9¢L (T°0T 'P) €0°S G'GL (86 'p) €T'S T
¥'2e 6221 (T2'v8'PP) GL°L 8'T¢T (Tz've'p)syL 9
YT L'9TT ('8 'p) 96'9 L9TT (¥'8'P) €6'9 S
€'2ST 8'1GT N
9'6YT v'6yT £
9'v'eC 11T (Tz'p)sre 11T (T2'p)e9’L ¥4
7AN IR7A T
°'8GT z'.8T eg
1°50T 6°€0T 8
G'¥9T 2991 L
8'L'g'ey 266 (s) 229 8'00T (s)6T9 9
G'Z9T 1297 g
¥'50T 9'G0T ey
8T T¥8T 4
Ter'y'e €701 (s) 859 Zv0T (s) 659 €
G2'997 67'997 Z
g1 H, g1 H,
(0 01 H) o8INH Jawrejol Jouiw Jaweyol Jofew UoRISOd (zH

ur / ‘wdd ut

Q) 6% JI0F e1ep UAN (ZHN STT)-D¢ “(ZHN 00S)-H, TT °19el



-46-

(iv) Tricetin 4" -methyl ether 8-C-glucoside
(50)

{bE% 50 1L, M- LT “C-NVR A7 hLE
25 °C THELIZEZ A, W ODD T 7 F AN
7 u— RIZB, TR CEehote. 22T,
80 °C THIE Liz & Z AT T FIVHE Y v —
FIZHENT=Z L, 80 °C ITBITD MR AL
VAT L2 (Fig. 20, 21). 'H-B LW
BC-NMR A7 RV TCIE, BERDI®IFRR 1, 3, 4, 5-
WEHX B ThE 7 IR BLR1 20
BB ARE & LoBEICHRT 2 0 7A@ b
721Ehy, 1OD A M VIHEICHKTH V7T
P Bz (Table 12). HEIZOWTIE, 'H-NMR
AT RUZEBIT DG ERE LU "C-NR A~
J MDY T IR E— J ), T a—ATH
HEEZ LN, T a— AOREEMBIZHOWVWT
1%, H-NMR 227 RLIZBWT ABRICHET S
TFIVIN TR UDBIE SN o7 2 86 (6
6.26, s), ABRD 6 \LdHHNLBNMTHDHEEX
iz, 25 °CIZBIT 5 'H-FB LT BC-NMR A~~~
MUZEWT, Zha—RABLUNBEREKRO VS
F v

25°C

BaaunIre A

tricetin 4'-methyl ether 8-C-glucoside (50)

N7 a—RZBENTW=Z &%, Zra—2L B
BROMICREEREENHH Z L 2R LTREY, Z0
ZEMB TN =X, ABRD SALIHEAELTW
HEWRE L. A M UEOMBEIZOWTIE, UV
ANRY "MUIZERWT NalAe Iz A2 &2k y
331 nm OMRWLUGEE2S 356 nm ~> 7 ML, W
IWTREE DM N L2 2 & h, AALIZ A BT8R
EHLL TV ERE LT

LA EDOKFHZ XL Y, 50 1% tricetin 4™methyl
ether 8—-C-glucoside & HE L7-.

Fig. 20 'H-NMR (400 MHz) spectra of 50 measured at various temperature (in DMSO-dj)



25°C

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Fig. 21 “C-NMR (100 MHz) spectra of 50 measured at 25 °C and 80 °C (in DMSO-dj)

Table 12 'H-(400 MHz), “C-(100 MHz) NMR data for 50 (§ in ppm, J in Hz)

Position ' 3¢
2,7 163.4,162.8
3 6.53 (1H, s) 103.5
4 181.7
4a, 8 104.2,103.8
5 160.3
6 6.26 (1H, s) 98.6
8a 156.6
1 125.8
2'6' 7.05 (2H) 106.2
3,5 150.7 (2C)
4 139
1" 4.78 (1H, d, 9.6) 73.7
2" 3.84 (1H, dd, 9.6, 8.8) 70.9,70.4
3" 3.1-3.4 (covered with H,0) 78.6
4" 3.42 (1H,t,9.0) 70.9,70.4
5" 3.1-3.4 (covered with H,0) 81.3
6" 3.79 (1H, br d, 11.7) 61.3

3.65 (1H, dd, 11.7, 5.4)
OCH;  3.80 (3H, s) 59.6

Measured in DMSO-d 4
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3 1 XIXDEFORES

1) & B

FFCEENDR T EHONCT LI L2 ED
LLT, A XvXFET 1. 48 kg % MeOH 35 L1V 50%
BT b THIE, ——T LB JOWHRT T

JVTHBL L, =— TV RITEER & K RIEERIZ DUV T,
KFEH T hra~ NI T 7 ¢ — ol - BRI
fEHR (Chart 5-3), 2FEOFHULEDEETe 20
RO EMD G LT,

Seeds of P. macrophylius (1480 g)

extracted with 1) MeOH
2) 50% aq.acetone

ether L. EtOAc L. H,O L.
(28.1 ) (3.89 g)
MCI gel CHP20P
silica gel (4cmi.d. x 25cm)
CHCl3-MeOH-H,0 H,0-MeOH
56 (5.5 mg) IGW1  IGW2 IGW 3
44 (38.4 mg) (755g) (106 g) (6.18 g)
lipids sugars Sephadex LH-20
(4cmi.d. x 25cm)
H,0-MeOH
Sephadex LH-20
‘ (4.5cmi.d. x 27cm)
H,0-MeOH
IGW 21 IGW 22 IGW 23 IGW 24
(617 mg) (618 mg) (1.54 g) (4.46 g)
Chromatorex ODS Chromatorex ODS Chromatorex ODS
H,0-MeOH H,0-MeOH H,0-MeOH L
MCI gel CHP20P MCI gel CHP20P MCI gel CHP20P proanthocyanidin
H,0-MeOH H,0-MeOH H,O-MeOH oligomer
Sephadex LH-20 Sephadex LH-20 ‘
H,O-MeOH H,O-MeOH
57 (10.5 mg) 58 (80.1 mg) 65 (28.1 mg) IGW 31 IGW 32
45 (11.5 mg) 59 (27.3 mg) (0.27 g) (482 mg)
61 (7.7 mg) 60 (205 mg) Chromatorex ODS silica gel
62 (19.1 mg) (3.5cm i.d. x 25cm) CHCl3-MeOH-H,0
63 (26.3 mg) H,0-MeOH Chromatorex ODS
64 (5.4 mg) H,0-MeOH
38 (19.8 mg)
IGW 311 IGW 312 IGW 313 51 (35.5 mg)
(442 mg) (978 mg) (578 mg)
MCI gel CHP20P silica gel silica gel

H,0-MeOH

Chromatorex ODS

H,0-MeOH

53 (24.8 mg)

CHCI3-MeOH-H,0
MCI gel CHP20P

H,O-MeOH
Chromatorex ODS

H,0-MeOH

52 (27.9 mg)
53 (11.6 mg)
54 (6.4 mg)

55 (22.9 mg)
67 (85.5 mg)

CHCl3-MeOH-H,0
MCl-gel CHP20P
H,0-MeOH

66 (31.8 mg)

Chart 5-3 Extraction and fractionation of seed



2) BRAEEVDREE

18 OREFMLAWIE, 7 7 R U EbEk 2 FE, 7
7 N LK, 7T N3 A— 0V ARE, e T v
N T =D T BIRTHE, o7 b 7=vr
—EIR1fE, ZofibE SIS ND. 2
NOEBEEEEMIE, H-B XUV C-NR A< b
N S el e TN [ el = o 0 S BNl N
2"-0-rhamnosyl vitexin (38),
2"—0-rhamnosyl orientin (51)%,

3- (4-hydroxy—-3-methoxyphenyl) propyl-p-D-

glucopyranoside (52)',

4~ (3-hydroxypropyl) —2-methoxypheny1-p-D-gluc

AR NN

OH O

2"-O-rhamnosy!l vitexin (38)
Z Ot E

OMe
OH
HO%VO
HO OH

3-(4-hydroxy-3-methoxyphenyl)propyl-
B-D-glucopyranoside (52)

icariside B5 (54)

-49.

opyranoside (53)'"Y, icariside B5 (54)'"!'",
nagilactone C (55) %1% (-)-epicatechin (56),
(+)—catechin (44), (-)-epigallocatechin (57),
(+)-gallocatechin (45), gallocatechin—
(40—8) —catechin (58)'"", prodelphinidin B4
(59)?, prodelphinidin B-3 (60) "',
procyanidin B-1 (61)'"?,
epigallocatechin-(4p—8)-catechin (62)'” ,
prodelphinidin B-1 (63)'Y, prodelphinidin A-1
(64) 112)

gallocatechin—(40—8) —gallocatechin— (40—8)

- gallocatechin (65)'"* "W CHiHLEIELI-.

’

2"-O-rhamnosyl orientin (51)

HO o OMe
HO%VO
HO—#"\ oH

4-(3-hydroxypropyl)-2-methoxyphenyl-
B-D-glucopyranoside (53)

77 b

nagilactone C (55)
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T TN =3F )b Fury v T =Yy Bk

OH
OH
HO Ol oH
OH OH : 1
HO o) [ I
m OH HO. A_ _O @[
R, j@/\l
OH R
OH
Ri_ R R, R
56 H -OH — 2 Ri_ R
44 H ~—=OH 58 H —OH 61 H H
57 OH “"OH 59 OH "OH 62 OH H
4501 —OH 60 OH —OH 63 OH OH
Faryy T =V =8IR
OR
OH OR
OH
RO O
. OR
oR OR
: OR
OR :
RO _A_ _O_
. OR
. OR T OR
RO_ _A_ O «
8 OR
OR 65 R=H
OR 65a R=Ac

3 FRIESYOBERNT
(i) Nagilactone A 1-0- B -D—glucopyranoside
(66)

{b-&% 66 1%, HR-FAB-MS DfE R (m/2511. 2191,
MHH]D) &0, UL Cell 0, LiE s, F
72 IR AT R JUIZEWT 1767 em WIS L 5
NZZ L y-77 FBg, 1699, 1627 BI W
1544 em IR ONTZZ XD o e VB
DIFET D Z &Rtz 2O Z L%, “C-NMR
A7 RLTS 1816 BLTNS 164. 3 I NTHh
B 7 ~ (=77 hv) BXO@EESY 7 b
(a, B, y, S-FfIfF1Z 7 b)) LI AR =)viRk
BT TARRDOENTZZ LG b IFFENT.

H- NMR A2 R JUZEWT § 5. 04 [THET / ~
—1fKFOX T Ly 7 F v (1.8Hz), §4.0
~b5.0 IZHEHBRDKFZE Y 7 F AN b (Table
13), ZNHDOFEETEREDPRKE N L0 5 Z ORI
D-glucose THDH I ENIRIBINZ. TV ayw
EAMNTONTIE, BC-NMR A7 R LIZEBWT 19
RKOVITFNRRDOOLNTZZ LD, JAVTTIV
T Mo ThHDEBZ LN

IV TN T 7 N ERSE, THEH COSY
B L HMBC A7 ML MMt LToRER (Fig. 22),
nagilactone A & [F U EEfEIE CTH D Ll L
7=, F17, ZOZWIENR A7 S VORI X
STHEX, INVa—ATHDZ ENIFENTZ.

\\\\\



nagilactone A
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d¢c / ppm (in pyridine-ds)

Fig. 22 Important 'H-'H COSY
and HMBC correlations for 66

Table 13 'H-(500 MHz) and "C-(125 MHz) NMR data for 66 ( & in ppm, .J in Hz)

L. 66 nagilactone A
Position 1 " 13
H (J, H2) C C

1 4.32 (dd, 3.3,6.8) 76.9 71.0
20, 2.22 (m) 25.9 28.0
2B 2.00 (m)
3a 2.40 (m) 26.7 29.8
3B 1.50 (m)
4 43.3 43.2
5 1.70 (d, 6.4) 49.3 50.1
6 5.10 (dd, 6.4,8.5) 74.8 74.9
7 5.58 (d, 8.5) 60.0 60.5
8 111.9 111.9
9 165.3 169.5
10 40.4 41.6
11 8.12 (s) 108.9 108.0
12 164.3 162.7
14 169.2 166.0
15 3.42 (sept, 6.9) 29.5 29.6
16,17 1.23 (3H,d, 6.9) 20.6 20.2

1.20 (3H,d, 6.9) 20.2 20.7
18 1.31 (3H,5s) 23.8 24.6
19 181.6 181.2
20 1.82 (3H,5s) 17.6 16.1
1 5.04 (d,7.8) 102.6
2 4.00 (dd, 8.8,7.8) 74.7
3 4.22 (dd, 9.0,8.8) 78.3
4 4.12 (dd, 9.4,9.0) 71.5
5 4.01 (m) 78.6
6'a 4.65 (dd, 2.4,12.1) 63.3
6'B 4.44 (dd, 6.0,12.1)

Measured in pyridine-d g
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TV a—ZXAOFEENETL, nagilactone A @ 1
AL (B 71.0) @ BC-NMR 7 FLaMEA4) 66 Tl
Eteds (§76.9) 12, EHIZ 2B LN I0AIH3 R
Wz 7 RL T2 b, 1 (i ThHhoHEE
Zb, ZTOZ L, FTNVa—ADT AV v
7 kb =R & ORIZ HMBCAHBE 2332
LN &b bR S .

WAZFARSTAREL E 2OV Tk, NOESY A7 h
NVERRNT L CRE LT, (k& 66 0T 7Y 2
WO3E, Fig. 23 Ok 9 'Lk 147, 1ALE 5
fir, 5L & 1847, 5ALL 6L, 18L& 6L, 6L
ETNL, THLE 1647, BEUV20 (7L 11 AZIZFHRY
MRONTZZ & D35, nagilactone A & [&] UFENS
VAEE Th D Z Lot (Fig. 23). #axt
B DWW Tk 3 5.

Fig. 23 NOESY correlations for 66

(ii ) Nagilactone C 7-0-B -D-apiofuranoside
(67)

{b-&% 67 1%, HRFAB-MS D#ERE (m/2511.2191)
X0, 5T G0, e s, IR A
R EVAEEY 66 LRIFEIC -5 7 b BB L O
o~ B0 CBRODIFENHEE Sz,

H-38 L "C-NR A7 hVIBER{EA Y
nagilactone C (655) D LD EEELILTEY, Mz
T8 5.58 (27 /~—/KFE, §4.0~5.0 ([ZHEHK
DY TFNANRRSNT-Z D, 67 1355 OiLHE
BThHHZ EnmRE sz (Table 14). 7z,

FAB-MS (28T m/z 363 IZ7 T/ A hE—7
DO HIL, ZOE—7 1HIM-CHO+ H] 72 & HER
SN2 D, FEDITIREEE B2 b

'H-"H COSY 35 L ONHMBC A2 V& fifhT L4k
., nagilactone C &0 h—ZADIEENESHT
b, I =R FTEA—ATHDHI L
DB L o7 (Fig. 24). TEA—ADMEE
ALELE, 55 D 7LD “C-NMR ¥ 7 F iM% 67
TIHEREIHZ, S BIT6NALE 8 miEsHIc Y~
FLTWBZENL T THDE EBx BN, 2
DZLlE, T€A—RADT ) A Yy 7Fu k&
TRET—R > & ORI HMBC ABREZNERS Bz Z &
NHLIEENE. TEF—2DT ) ~—EEIC
DNTIE, "C-NR T FARATFIL BT AT
FOHLOLEELHEBPLTWEIENEPTHD L
RE L.

{CBW 6T DI NIT NPT LA,
1frE 24, 1firk 547, 20L& 347, 3frd 18
P, 50L& 647, 5Ar& 1847, 64L& 1847, 647
ETNL, THLE 160, BERTALE Lo 7 | K
CIZZEIEIUNOESY FHEAN A b 2 & D,
A% 67 @ nagilactone C &[G UFE%I STARELE
BEEOZ LN hoT- (Fig. 24).

HO OH

nagilactone C 7-O-B-D-apiofuranoside (67)



Table 14 'H- (500 MHz) and “*C-(125 MHz) NMR data

for 67
. 67 nagilactone C
Position 1 " s
H (J,Hz) C C
1 3.65 (d,4.3) 58.5 58.1
20 3.54 (dd,4.16.0) 51.6 515
2
30 4.66 (d,6.0) 67.7 67.9
3p
4 49.7 50.1
5 2.01 (d,6.9) 51.0 51.2
6 5.14 (dd,6.9,8.7) 725 3.7
7 5.69 (d,8.9) 63.9 60.1
8 108.3 111.7
9 165.0 1703
10 38.0 38.1
11 6.66 108.4 107.2
12 161.6 162.0
14 170.9 165.1
15 3.47-3.53 (m) 29.6 29.6
16,17 1.25 (d,6.6) 21.0 20.1
112 (d,6.6) 20.2 20.7
18 142 26.1 26.2
19 1774 177.7
20 1.89 18.4 19.2
ih 5.58 (d,2.3) 107.6
2 461 (d,22) 78.0
3 80.7
4o, 473 (d,9.4) 76.0
S'a 419 (d, 11.4) 65.5

Measured in pyridine-d 5

WIT, ALEH 66 & 67 DHsHEIEIC SV TGt
EAToT2. 66 & 67 OFEE > OMERHEEIZ DU T
X, ENENEBIKGEE, LV AT A AT
NTZATNLVELIWYN oo MU VA VY F AT F— |k
CINER S SETTF A INNEAN—F TS
FRERICZE A L, HPLC CHESL & AR ERRRE A s
THZEICEVIRE L (Chart 5-4)%. LAY
66 BRI 73— ADFHERIL, = 18.7 min
W &4, pglucose(f= 18.7 min), BL O
L-glucose (17. 2 min) DIR5L B AL L 775 8K
L Lh#Z U C p—glucose THDH ERE LT, F77,
L&Y 67 NHEB-T B —2A0FHERIT, ¢
31.3min IZHIHH &N, -7 B A —ADFHER (4=
31.0 min), BEOW -7 EA—2DFEE (4=
16.8 min) ® #fE L HEGL T -7 EA—ATH D
EWRE LT

-53-

8¢ / ppm (in pyridine-ds)
= TH-'H cosYy
777N HMBC

'H-'H COSY, HMBC

correlations and configuration for 67

Fig. 24 Important

Wiz, 770 a OB RET D720, 1t
A 55, 66 33 L TN67 D CD A7 hLEJIE L.
66 LW 67 [TV Tie, BEabamThH D
nagilactone C (65) & L<fl7lz= v MR ZR
L7=Z&Mb (Fig. 25), 77U a5yl 55
&R CHxiEiECTh D L hkim L7z,

LLEDOHEHZ LY, 66 35 KT 67 Offikitiit %
e LTz,

PR, A X~F LRIL~F R~ BT X050,
&9 66 & [F U4t 2 85D nagilactoside B
PHBES AL, Xu HIZE 5T 1993 FFlciti ST
W5 LavL, O NR A7 hLiL 66 Db
D ET—F L7 o7, Nagilactoside B 10z
53fiE, 'H-NMR 35 O 'H-"H COSY DfiRHT DI HAf
ERESINTWDZ &M D, nagilactoside B D
HEEIIFENTH D Z L VR S L.



8
OH
" MO _on
° 9 b M orees ) v :
HO acid hydrolysis  HO o~ co,om, "N L wpLC anayss  D-dlucose
) ) HO&&M N~ “CO,CH, _
> "OHO -~ oH—————————> s —» tg=18.7min
2) S=C=N HN ( p-glucose : tg = 18.7 min)
L-glucose : tg = 17.2 min
thiocarbamoyl-thiazolidine
o derivative
66

HS
D j\H HOlon S _ani
acid hydrolysis HO o L CO,CH; Nlco . HPLC analysis D-apiose
—_— 2 3
————————> HO OH
STHN

—— > tg=31.3min
HO OH  2) s=c=N < p-apiose : tg = 31.0 min)
L-apiose : tg = 16.8 min

thiocarbamoyl-thiazolidine
HO OH derivative

67

Chart 5-4 Determination of absolute configuration of sugar moiety (66 and 67)

100

-50 [nm]
200 240 280 320 360

Fig. 25 CD spectra for 55, 66 and 67



4 BRICTEFENZTAT UL OTFOUEDE
R

FHl = % A DKATEEEH N B b Fr.
IGW24 OAYEIZT e T v by T =Yt ) dw—

-55-

ThV, INEGMOWEIZATHRZ )T
Z&Mn (Chart 5-3), ZDALFHEEORAT 21T

-7z,

dil. HCI
70°C, 12 h

OH
HO o il
o™
OH

OH S\/\OH

‘ OH
OH

+

proanthocyanidin oligomer
0.3% from fresh seeds
0.1% from fresh fruit receptacles

HS
" 0H
dil. HCI
70°C, 12 h
OH
OH
HO O
: OH
“'OH OH

OH
HO OAK:I
T;I%j OH

H
O S\/\OH
(-)-epicatechin 4-thioether

OH
oo X

“OH
OH
(-)-epicatechin (56)

OH S

" oH
(+)-gallocatechin 4-thioether

OH
OH
HO o .»
: OH

OH

OH
(+)-gallocatechin (45)

HOEO
OH

OH

Chart 5-5 Thiol degradation of proanthocyanidin oligomers

Tary v T =L, USRI, 4
— VL TMET D &, 7T 30 3-A— LD
= MWk 252 3 TE 5 (Chart
5-5) 119,

FIT, BT ueT TV A —
AGW2D IZDNWT, ANH T v X ) —) % T
FA—NVIRE LT AER, e h TRy, R
HTHXBLORINGDOTF AT —T IVNER LT

(Fig. 26). %7z, fF7T a7y b 7= FY
d=— (IGW24) D BC-NMR A2 kL ZIE LR
WLIERR, vraz— Al Yo — 18l
BTXRHEDO T FARED e (Fig. 27).
PlEDZ g, fEr7ur7 sy b7 =vr A
) d<w— (IGW24) 1%, =¥ hTFo & hTualTF
VERERER L=y FE LTSI Enbhotz.
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HAl Mo

o IGW24 before thiol degradation

7. QB+

§. QB+

proanthocyanidin

4. 0B+05 r \
o g ' g3 3 BRI
@ e H BEARAREREE

! 1000 T T 47,00 5000 &3.00  [nin]

udl) [

+)- in 4-thi 2 5 . .
el 1) gallocatec;hln 4-thioether £ IGW24 after thiol degradation
o~ . \ (-)-epicatechin (56)

«

1.0E+05+

(+)-gallocatechin (45)

. 06+05 /
| ]

§.QE+05

28857

14387
26000

(-)-epicatechin 4-thioether

g

4. QB+

19.867

21.m3
22427

. 0E+5

1000 2000 w0 4000 5000 71.00  [nin]

Fig. 26 HPLC analysis of thiol degradation products of seed proanthocyanidin oligomers

proanthocyanidin oligomer of seed catechol ”y“gﬁ”"‘ [
o o e OH ok OH
¢ OH
OH ... n
206
X
5,7,8a 1,14 .
] 256 4a,6,8
2 3 3 4
proanthocyanidin oligomer of fruit receptacle suger
35,34
i
HOHO OH
1 2 1
206 .
256 7! (cis)
57,8a P 5 ,
42,68  (trans) 4
PPM
15‘0 12‘5 IAO 7‘5 5‘0

Fig. 27 C-NMR spectra for proanthocyanidin oligomers of seed and fruit receptacle
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whl

1. 4E+05+

1. BE+05H

1. 0E+0E

3. 0E+05

§. 0B+

4. DB+ 5

proanthocyanidin

[

IRW33 before thiol degradation

. DB+

4.0 FIAT) AT

" (+)-gallocatechin 4-thioether

1. 4E+05+

23.320

7467

1. ZE+05

1. DE+E

8. 0B+

18840

6. 0E+05+

4. 0E+07

. 0B+

Q. 0B

<«— ()-epicatechin (56)

/ (+)-gallocatechin (45)

EUAT) BT §0.00  [nin)

Hioew.

IRW33 after thiol degradation

0.0 T EiNT

ELAT) 00 gd.00  [nin]

Fig. 28 HPLC analysis of thiol degradation products of proanthocyanidin oligomers

obtained from fruit receptacle

EbL, Rz AL B 77 by
T=UrF ) Iv— (Fr. IRI3)IZHONTS, [A
RRICHRGET L7-fESR, TRkl e 7o &
HahTx ok TRk =y heLTWnWHZ &
Nbhotz (Fig. 28). L»L, BEFu7 v b
T =AY dw—0 BC-NMR AT R LInG
1T, TR THECHETD EE X
bb v A RElEsh: (Fig. 27). ZDZ
Lix, BT T o b T =Y 04 e —0—

RBFIJOFU R TFTZUOUA Y I —

o, Eo ko kTG LTV D ONIEAH
THHN, FEIEE LI2=y FRGFELTWD
ZEERBLTND.

Wiz, BrBIORLETeT7 v b7 =V A
Y 2= —0@ MALDI-TOF-MS Z~2Z R LOliE %1T
Stz FORER, Er7Fu7r b T =AY
Tw— (IGW24) 11T 7 T3 —3-F—/L 4 B
b UBKRETHEENTNDZ ENDhoT-.

o a1
o 7-mer

© 4-mer 6-mer 8-mer

: 5-mer 9-mer

z 10-mer

» 11-mer 12-mer er

o 14-mer

i 7y = e e

R s s N

RBRIJOT7UNLTZOUA YO — .
©

©

©

w©

w©

©

©

»

900 1720 2540 3360 4180 5000

Fig. 29 MALDI-TOF-MS spectra for proanthocanidin oligomers

of seed and fruit receptacle
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—F, BRTSuar o T2V v —
(IRW33) IZ 2\ T, 4 BEMN D 8 BRICHY T 5
v —7 sz (Fig. 29).

R

R=H or OH

proanthocyanidin of seed

Fig. 30 Proposed structure of seed

5 IME
AXXRELY, 3EOT T =V, 3
EOHFHULAEW G STD 7 TR CHEKEA,
VDT TR —)v, 2HD T FR ) —/VELFEE,
3D T F N =3-F— VB L O 1 FEOH L
JIVEAXFTNRUCERBEL. £, Zoffic
SLEOFENGEN TV KBEL<EERTH
-7 b T =T D cyanidin
3-0-B-D-glucoside 1%, ITHFHEA ZRIEMEIZ-DOUVNT
WE SN TVWOHREEMEGERETH .

Lola], BAED RN OV TSR L7 fb 5, ML,
70 HBES T DR 3R Y LT T L
N7 7 MR ST, B ICHEEL
I NEAZAFT AR ATONT b EHRES RO
0. 0009% & FfsE Th > 7-. TN ETREITAERD
EPRFE R LML, R LTRHASHh
TWeZ b, AFFETEZ < OWREMNERY 7 =
)= NVOFERH LN /o2 2 L 5FEXT,
LSHILICEHERE L COREBENSIFcE 5.
INET, EHRSPHLNE I TR
7oA X XHADDIE, 2O 7 =17y
A REFER, 1FED A HATF 7~ EoHEA, 3
D7 F R CEFER, 1D VTNV T

P bEomEHc Ly, rBlORED 7T a7 v
M7=V ) d<=—DaE L Fig. 30Dk
WCHEE S uT=.

R=H or OH

proanthocyanidin of fruit receptacle

and fruit receptacle proanthocyanidins

7 R BIXO2HEOH LW VT AT TS
N CEHE RS BTz,
BEICEEN T ET BT Y MU T =V Uy
IZOWTERIZR R AT o TofE A, A X~ fl 1
KV, 4AFEDO T TN -3-A—/)VF, SFEOTaT
VRUT =V UVEMEON. £, A X~ X
FTBEBLIOREICEENDI T T =0
U a=—it, B TFa—AHBLOreia—
NTITF U MORER ST D Z & R3binoT-.
a7y v 7= A) Ae—l3hTF
VA EEND 14 BEETH RETe T T
=V A d=—IZid 4 BiE D 8 BRI
ALELOREENTNDZ ENHLNE T
A X=XORFEITIE, 4 X~FOM, kX
O HHEESHTWD I VDT IR T 7
MUDBHBEE AT, BESARERAETHD
cyanidin 3-0-p-D-glucoside # %< & Z & H3HH
HERYD, SBROFIANYGTE 5. £z,
FAZHRWMIRE A BT 5 VTR T T
M ARG ENTND Z E 2D THLMNZ L.
FEHIAEREE VDR TWER, ZhENZDFA
WMETHDHEZZDND.



B7E

1 A 35DEERBIE E eritadenine IZTDLVT
A &4 (Lentinula edodes) 1L, THIKILE:
(Chart 6-1) 12 & Y FEAPEN ATREIZ R D, HRFR
BIZDOIEDX /) aThd. RIGFROEKRS A 27
AEREITIRE6NTHY, HoOI@MERL LT
HETHD. I, ERBIFHCHWDLI A OTF >
TNZHONWT, AFEROHININK X UM Co s
BT LD, R 2R U AT OREEE R B
TWa. BIE, BEREIFICHW D ARIZONTE
I OEREZIEHT L2 & bRFT S TR,
KR 72 O & & OFRARIZ OV TGS
NTWLEZATHD. L, VA2 rofFd
DIEREMEMVEIZ DWW T ED K D 2B b’ 5 i
BatEncunwiewn, A 270, a2 n
— VIR TYER 2 & % eritadenine (68) [2(A),
3(R) —dihydroxy—-4-(9-adenyl) butyric acid] %
GHTHZ ENMBNTNG 0 T2 68 D
EHBEDZVEKORK I TON Y, £, His
REOIRE SR L 0 S ENET 5 Z & nwE

-59-

AL B HIEEBEDE LD eritadenine SHEEDE(L

éﬁ”b’(b‘é 122>‘ E XK 123)«‘@7?‘3/)( o 124)
e MO X ) B TITE Y & EH RIS O
THRETSILTWD D, A 27 AREHT W 2 15
L 68 DEFEDOBRIZ OV TIEHET ST
WRWY, BT, AETIEIA Z NS
F v T DR HIBE RO LERE T 5720,
F T DFENE A X EEID eritadenine
(68) G EIZOVTHR L.
NH,
NN
“\ P N\
N° N OH
—~COOH
HO
eritadenine (68)

AR AR
ARAROR
R AF J

ARAGAR
HSHEA300
| 2 Il

BE

Chart 6-1 A Z 4 OEFHkEE >
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2 Eritadenine M HEij#
Eritadenine (68) DOIEMIFHRFTEINTE LT,
B AVERR T A2 0IIE A 7D 68 ZH
HETAMENDH D, 2T, 68 OFEAEN ZFHFES
1) D JiiE A — R ZE L TAyBfE L7 (Char 6-2).
OBl - FERNEA R T 5T 68 DEEEIK
MAEAER HILIC) 7 v~ MAKTHLT I /7
o L b U 7L (Chromatorex NH) 3B %N T
HAHZ L EYDTHLNI L., BT~ 68 I
TLC, UV W&UX (260nm) 2”36 L OV 'H-NMR A2 kL
% SCHRE 280 L el 5 Z LI XV [RIE LT,

68 ™ HPLC /o#ricix, RV 7Y — ke U 7
FNTd 5 Cosmosil HILIC 1 7 AWNER T D 2
EERML, REBRTOMTISH L.

F7, A ZTmRN BRI L2 L
% Cosmosil HILIC 15 % VT HPLC S04 I2 it
L7-fER, 68 IV A X T OERET THD
guanosine monophosphate (7 7 =/ L{2) <MDk
& DRGSR Y, B ChRtT 52 &0
Tx72 (Fig. 31). ZDIZ &b A X rOEUK
Ttz ATt atEd 7=

Dry fruit body of L. edodes (110 g)

extracted with 80% aq MeOH (2.5L) x 3

ethanol precipitation (3.0 L) 24h in freezer

sup.

‘ partition with ether x 2

aq.L

]

Fr. 11 Fr.12

Et,0.L

Dowex 50Wx8 (0.3N HCI 1000ml and 1N HCI 800ml)

Dowex 1x8 (0.03N HCOOH 1000ml)

Fr. 21 Fr. 22

Chromatorex NH
[acetonitrile : H,O, 80—45% (5% stepwise gradient)])

Fr. 31 Fr. 32

68 (69.4mg)

Chart 6-2 Extraction and fractionation
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1]

% UV:260nm
Y I
tN/ N  OH
\—@COOH
. aEL0E . -Hd
eritadenine (68)
§ (@]
HN N
4 GELGE )\\)t\>
£ H,NT N7 N
- & — on
B = 0-P-0— 4
(o]
— guanosine ffonopAbisphate
o )\JLLL,, MM AN -
10 20 30 (min)

Fig. 31 Separation of eritadenine by HPLC

3 RUSBBEOFYITEHEELEZDA1450D
eritadenine 88
1) oA 2 rEEOEYE
FoTOFERNIIX, TIhY, 7XF, AXY
A, BT X%, =T A, B T7BIONaFx
ENENET v/8—2a by X —T4mIThH#EL
=D& W,
PR, R BIRTICH D (7)) T
NZBWT, B 600 5 OfERE & HWTITo 72,
A B EOEEEE R ORAEBEIZ OV T, i
TEiThL Tyl L, 3 HEBUKE, HHR
FE 7 vy ZICEIE LTz, 120 °C TR, s
%, FFABREL, 90 HMEE%, BELZLO
AERELT.

2) Eritadenine OH#HEHD®RE

A BICEEND eritadenine ZhiH LE R
TOEE, HEFC L > THERNEZR DM EH
DRREE L 72

YT MFR LW TR R LT b D%
R L7z, Ml &tFiL, Feaomik, 7o
EREBIODET S H0 OFED 35&4HcH>NT

AT O AE DI (Table 15) DWW THRRTL,
100 °C, 30 min TEUKHHH L7z, i1 47
VFOAT, 4 KO/ KL IR AT 7.
HIRIE, A%, HPLC 2t L, &R (Fig. 32)
ZHOCCEAREEZHH L QRERE : 0.9991).
HIEfE% eritadenine A& (mg/ml) [ZHAE L
Tl T BT 24T o o kbR, fliHHSRRIT
Lo TEEMBITA BT/ > 7= (Table 16: P
> 0.05; Fig. 33). ZOFEENE, SHOHHTT
I%, 200 mg / 8 ml DMLY, EEEITHZ
L.

Table 15 Eritadenine (68) D g

A2 HO

ESEs BUSE (mg) (mi) A&
I -74’%’101.;‘4’ TV 100 4 4
I 74%’10/.;4 TV 200 4 4
- 74%,;(0/.;4 T 00 44
v v%*?gozl;% TV 200 8 4
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=
o
3

v §

/ )
y = 0.00000008 X
R® = 0.99911554
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=
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=
=

=
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o

content of eritadenine <mg/ml )

=
=

0

0 100,000 200,000 300,000 400,000 500,000 600,000 700,000 800,000

HPLC peakarea

Fig. 32 Standard curve of eritadenine (68)

content of eritadenine (mg/g)

0.7

0.6

0.5

0.4

v
(Range: SD)

Fig. 33 B/ 2 HH1HC X 5 eritadenine (68)
DFHRDL

Table 16 #7252 L % eritadenine (68) EEHSH

AR A 75 @) H i E vk BRESnhmowkt PE FEUVE
7 — 7 0.002018042 3 0.00067268 0.428316242 0.7364025 3.49029482
T N—7H 0.018846281 12 0.00157052
&t 0.020864324 15

3) BUZRIEEHTTO eritadenine SHED
B

BHEKT 2 v 7 DDA TFROAEL 200 mg
Z 8ml @ H,0 T 30 min BUKHh L7z, fliHKI,
Cosmosil HILIC %1 7 % VN HPLC /3 #ricfit L,

EREHWTERREZRH L.

B AREE A CTD eriradenine A EZ HE L 72
FER, rBUTHTICRW TRITERIIC Z R T H i
7z (Table 17; P<0.01). MM COFEEL K
ET B2, Holland—Copenhaver 0D J7iE 182139
IZ KD DO ZEDRE ZAT o 245 R (Table
18), 7 v X Z WG G ITARICER &EBRD )
o7, £, 27 ) X E WS, eritadenine
GHENEL RAHEANAD bz (Fig. 34).

SEIOFERN G, EHTL2F v 7L oT
eritadenine (68) DEHENRRD I LIVRIEX
iz, ARIOFEBRTOIA X /r DR L 68 O
GAHREIZONVWTIE, 68 DEFENEL I -T-2T )
XITA Z T OIRER L LT3, —F7, 68D
GRHENDIRN ST 0 X TIINEE L D72 o
7= AT 7T RO O TH D, BN
IR TR D~ 7 /33 A 7 ST & HUlE IR &
U TIEH FIREZRBITEMEE T 5. A%, A 47
R Lo BFREOREAED D Z & L EDhE T,
BEREMEME O 5 B M LA G % 0D 5
LT, THETUA X T AREFITMER Leh o 7ol
WEROIERIC SRR b0 LB &SN 5.

Table 17 FBIFEDTF v 7 THEEG LT=2 A # 77D eritadenine &H EDLTEMT

AL A Eh H H B Sy HR BN Syt PE F 52Ul
7 — 7 0.0037279 6 0.0006213 7.0745214 0.0003182  2.5727116
7 —FN 0.0018443 21 0.0000878
&t 0.0055722 27




Table 18 Eritadenine & D FEIEDZEDKE
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W T J 2% x4 | 57 x | ~FAvq | $u3 Jm%
T T — 1.000 1.000 0.997 0.906 1.000 0.019
7 XX — 1.000 0.872 1.000 1.000 0.369
AL A — 0.852 1.000 1.000 0.035
VA — 0.595 0.980 0.062
~T NN — 0.997 0.021
Vv — 0.039
s a% * * « « -

n=4, * . 5% &
1.0
S 09 I
= |
2 o8 .
~ T
- T L
£ 06 T
g 05 {—
S 04 T
Y—
S 03 + -
c
S 02 +— -
<
S 01 + =
0.0 T T T T T T
g A H 2 N #
A A AR S LA
A kij r A

Fig. 34 LA X 7B WZBIFER] O eritadenine &4 &

4 IME

A BT FERIIBIARDAKE D FE EE S A
Fets L KEBIELCF v 7 LTHOW SRR
BERdD. T, REPBEOEREZITH) Z LT
AR ATRE R RIS M X CETRY, 20
T2 DI D AT 7 KGRI LT
TEBRRDENTWD., D, EDXkH7
KT AT 2 OHNTHONTIE, BEtoN
BERSH 5. A, VA X7 OEEDE TH D
eritadenine (68) 22\ TC, EpRABEDOT ~ 7
Z WA OV TR L 7-.

*9°, eritadenine (68) DEEAZTTH 7=, Hili

HIEFR L O HPLC AT ic W TERMRE L,
HILIC &— R%#fH L7=#i7=7¢ eritadenine & &
EaBFE LT,

A BT REE ORI T D EFHIEAIT WD
AMF > 7, eritadenine FAHEIZE(LE KIF
FINE D DIWET LT R, SEEER L7c 7 Bt
FCIE, #7 X EFERALESAICEEEN KD
2L, 7ax e LG A IR b DR ot

Etl, A B REHMENT 2 BRI OV T,
A BRI DIRAERITTRL, BREMEMEICX D
FEOMIAE & &b TR 2 2 & C, ER~DER
WHIFRFCTE 5.
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EEE

AWFFETIE, RIFFROFHRERO 7 HEERENE
WEERFRT D120, MR 7= ) —LERBDFT
iZ17, ZOREEZ S LI, FEROFETHS
INVIED ) TV O, A4 FE THRZIZ OV T
SN TOWRNWI YR YXRO T XA DIER
KM, Hex eV EME D s S TV D oL
URANTIROFTT = ) — VRS OV TCRER
IRRETS SN TWVRWN T = B ORI OV TS
ARAE L. I, FAHIICES BAEL, —5
BHELTRHHESNTVAESEIROA XvF DR

FELHFIC OV T HERREMEWE DA AT LTz,

R&%IC, RIFROTHEED THDLIA X rneah
T AHEREM M eritadenine D& A EAESH AL
WCHWOBFEEZEX TG EED X HITET 5D
DR L7z

F2ETIE, BHERICEENDIRY 72/ —
VB BEATHE L. ZARZRBRERICHE LRk RO
FARIIL, 61 F) 268 FEOMEM ML L TV D23,
ZOHRTEPRE UCTEE L Bbirs 26 £ 35 )& 46
FaAERSRE Lz, RY) 7= ) —VEEBNE)H-
T2 T AZDO W T TLC R L OHPLC 0T 21T - 72
R, YTV L afToOKIETeT Y Ry
TPt o VR =, RV FOMITH
nX =, YYETEOBKIEI e T R T
=V ET IR —NAENHE, TV OBEITT
FGOR =, N EOMII e =T
TR A FEEFICELZ RN T2,
FF—FETH-Th, MOE, B SRS
WX > CERRGI N R D, 22T, R~
= ) —IVEBEZMBRENL S S LR, 2
VAL TIIMOERERENDRL, v~ EE T
FIZEEDORY) 7= ) —NVEEHL, TXFT
MR LD EICRY 72 ) =V EELEAT
AV

ZDEHZ, RIGRIZAETT 5% < DM
WTC, PURREIER e & OABEM S IR S DR
U7z ) —NVOEEEREEEL T 2L T
Sk, HUBEROIERICERRIERE 2D b DL
HrEELS.
F3ETIE, BEK ZE TERERL, »OTk
FEOPDYIHEH I TN TV OMIZEE

i
] {7y

LD FEFRMER Y 36 L OBMLER AT 1% DR 3 2 ITD
WTRRT L7z, 7, Bl1ECHRSNE 7L
S OMORGEEMERE AT DWW THET LI-RER, BEA
IbLEW 1L 2, 4—cycloeudesmane ‘B#%2H 35

STEOHT- 2B AXT IR 2 ~ 4 %157, /
T OIS 5 L BERE KT D10, INEL
LTeHRE DMz 58T LIZHRER, BEAXT N 40
FAEZ R LTz,

WIS, /T X O 2 BYLEL L7ZHT#% TEA R
SYINED X TET DRt LTz, EORER,
17 FOPEEEAY 5 ~ 21 B LU 2 FOHHL
W 22, 23 5. BB 5L T, =TV
B = ERNRL, Aa s = TR e
o 7= . F 7=, coniferylaldehyde (14) ,
sinapylaldehyde (15) , wvanillin (16) ,
syringaldehyde (17) ,
(20), m B L p-digallicacid (21) IZELIH|Z
K OFTIAER LTALEM TH D, BEWTZREDFE
DIZIE, 16 DHWED DIED, FLXRDHITFED
HREINTZ 4G L TND B2 bk,

J TN NTEARE LTHRIAFRETH O, < HE
BUZIRS BAET 52 &b, BROERIZ 72T
TW&ETZ.

BATETIE, BB TEPHUIARY 7=/ —
NESBIZEATEY, ZIVE THRTIZOWV TR
FrEh TN XA IOV THRF Lz, T
XA O HEDERKDIE, 1(8)-0galloyl
pedunculagin (11) TH Y, FFEED 1. 28% & ik
DTEWERRThH-T-. £, FibEmE L
TN O-BAKTHLILEY 24 21572, Fiz, #
B OERMSIE, 3,3 —di-Omethyl ellagic acid
(25)ThY, ELITRELRD G THST.

AU AL DEDERS THDH 11 121, FF—
PIHEEEAHRE S TRY, 2 X1 OFEF 11
EREIZEA L, DORBUNES THLZ b,
N Ok E LTAERLEEZONS.

HEHETIE, BRI 7z /) —VEENREL, 4
F TR SN TORWY v B ORI DU TR
L7z, HEOY~< NEDLHM T, fustin (26)
BERMITTHY, 26 lICH A NVERFEEG LIz 25
DOHFHRALEY 3-0-galloyl fustin BL) B LW

(-)—episyringaresinol



3 (4 )-0-galloyl fustin (32) ZHiEEL, A&
PRIE LT

ULV RLSOVT RO TIE, Hix e AABNEE
OFHMBEA T TN D, T8, SRR LIEMEO M
FyEE LTERLENSOH B ORAC JEICL Y T
~ NE DS DFIEA IR 2 30 L 7oRE R,
gallic acid (6) &L C, 26, 2, 3 , 4
6-tetrahydroxy—2-benzylcoumaranone (28), 31
BLORZ2OWT s AmEmnaiEgkiE A~ Lz,
Y~ BT 26 OEHENEL, B L LT
BETHLZ LD, 26 DFEHE LCRIHARET
H5.

6w TIE, FIAHIRICEZ BAT DA X~vF
DRFE L FAITOWTIRGET L7z, SRIEIT R FTRE
ThoHN, MridaHEE SN TS, LirL, £
LRI T, ZhE ClRoICBET 285X
20,

A XX HHELY, 3FDOT T =2, 3
FEOFHLAEY 48 ~ 50 B L OBEALAY) 55
DT TRy CHEBHR, 1FEO7 TR/ —), 2
D7 R —/NVBFER, 3T 7 T /3 -3-F—/L
BB IO 1THEOH LW L AT T
podomacrin A (47) Z#HEEL7=. F£7=, ZoOfhic
ZEOHENG TN T\, AE, BB LU
ICEENDLMBAFEEDOIRN ) VTN YT S
N BITRFE IR ST, BT IR L 72
AT [ZHOWT B FHE 7R FHED 0. 0009% & K& T dH
Sz IHNETRITITAROIFNEER R &12m
T, EHELTRHHEATW=Z &b, K
FECTE < OMEEVER Y 7 = ) — VOTFENI S
Wl o -2 b 5F 2T, A% ILICRHAER
ELCORBMPEIFRFTX 5.

W, AL SNDHA XFEFIZOVTHRE
L, 2MO7 z=7a/]) A REFHE, 18D

AHAF T~ VEOHER, 3TED 7 TR CREPHA

1FED I NV TF NP5 7 v 55 BLON2FE
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DFHLW I VI F NP5 7 kN RibER 66,
67 HFHa7z. 55 (TR il EE A AT 5 2 &
nh, MIDNEHEHEDNDRNWE CHD &5
ZbHiD.

BEICEEN W T BTy b T =Ygy
WZOWTHEIZR IR 21T o TR R, A X~ FHE 1
BIORFIZEENL T 0T v b T =AY
Iv—lE, EHTa— BBl ie—1
BB T X IR SN TND Z ENbinoT-.
T, Er7uTr by T =YY Av—IZiX
AT X A EKNS 14 BIRETH, FFETm T
M7 =UrAd ) dv—2id 4 BEN D 8 BIED
HOIHENES LD OOFENHAL N E o T,

B TETIE, B, BEHATTREE R o To A
S DHEFRFECBN T, ZOMREMME TH 5
eritadenine (68) 723, HE7pAMBEDOTF »~ 7 % W
e A ED L D ITEAT DOV TR LTz,

7, 68 ODEREITH 2, HHEMFL LW
HPLC r#ric > W TR MEmF L, i
eritadenine ZyBfER L OVERIEEBR LZ. &
(2, A X T REEORMZIB T DEHIHERIZ
BAMF 7, eritadenine SHEICELE K
ETE D DRFLTRER, AEIER L7 7 #ifE
DOHRTIE, #7752 LIEGRICEA®EN K
H %<, 7 axEEH LIESEAICR L DR T.

St A B RERITAE T 2 BRI OV T,
A B OIERETT T, WREMMEIZL D
FHEIMIE & & TRFHT 5 2 & T, ER~OHR
NHIFRFCTX 5.

UEEIT, RIGROFKAERTT MW 5
BEREMEME 2 RRT DI e 21T o7, BIE, kA
PREFCIBREM ORFEIC L VR S el 2eo T
FRERZTERA LWL 2o, BEFOFRI AL
72Tl <, BEReMEME 25 L7287 e H&EH
HHEMELEEZ TD. RIFGRNOBRWEIRN A
INTIEREND L5 H% BRI L TE .
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o0 IZHEA, AWFFEOESZIBY, KIAHZE
BT HEFEE L IHHEREZ 15 Y £ LT RIS
FE PRI SERE T D) 4B EIRICR O K
0 BILEB L T ET.

PFET, AWFZEORHE, FER, BETTROIME
BB IO E 2 W& E LERIERFERE
BelE S e mrseRt B [ ZuRITDBIK
W LET

F70, KEAOEFIZHT-D, ZRBEEEZ
W2 & F L RBRBFHANMRR )R Pr &
A, FRHHEE BE, IWON R IR AR B 7
2 — JLEHIENS ® o % —FrE, AMET 2k
WFFEEP &, 1 ED IR R OBIERIR B I EH O - L
E3c

BT, AR TE L ODEH W& L
Te AR W HER A WIIERE L BEsE Hedz, I

&!I

53

NIARFERSE SR OIIER BN B, &K
PRI OE RIS L E 7. £z,
SAZTOY T NNEREL T TEE o7 (F)
FHANTD FFNEE K, CDAXY MLVORIE
BB 2 W e DWW e R R K i A A 2e R
HHIE— #d%, NI A7 bL, B
BT AT MV R OTEHR T 2 ]IE L CTIHW
AEEIL R TEAS T o & — et R 2e S i
O FRHEBE K, LOERE K, EEET KI2
BWELET. Fo, ERO—EEHY LTS
ST REEAET EL, A, BETARRSE, &
e, B KOV AL G E L
E3c
RBICIEDVTEE L CSNTEFE, £< 08
WEEIZ 72 o 7o 7 2 IR B T2 LE T
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SEERDE

H-8B L BC-NMR A7 kUi Varian Unity
plus 500 spectrometer ("H: 500 MHz, C: 125 MHz),
JEOL JNM-AL400 spectrometer ('H: 400 MHz, C:
100 MHz) THIE L7z, & I b7 MEEE e —
7 (acetone-d;: Jy 2.04, J. 29.8; CD,OD: J,
3.30, 6.49.0; DMSO- dy &, 2.49, 6.39.7) %
HEUELT D 0l (ppm) THEL, MHETEE ST Hz
TRLEE., V7T NAORFITROME TR LT
(s: singlet, d: doublet, t: triplet, q: quartet,
dd: double doublet, m: multiplet, br: broad).

FAB-MS % JOEL JMS-700N mass spectrometer T
HELZ. = VU v 27 & glycerol F 721X
mnirobenzyl alcohol % U 7~.

MALDI-TOF-MS [ Applied
Voyager-DE PRO THIZE L, ~ bV v 7 R X
2, 5—dihydroxybenzoic acid ¥ 7= %

a —cyano—4-hydroxycinnamic acid (10 mg/ml in

Biosystems

50% acetone containing 0.05% trifluoroacetic
acid) Z 7=,

HR EST-TOF MS I, JOEL JMS-T100TD ClJE L 7=.

TEZMTIE Perkin—Elmer 2400 II analyzer %
FWTHIE L7z, IR A7 hVIE JASCO FT/IR-410
spectrophotometer, UV A7 k/LiZ JASCO V-560
spectrophotometer , K€ Y& B 1L JASCO P-120
digital polarimeter, CD A-X7Z kLl JASCO
J-725 THE LT,

BT Ay v~ h7F 74— FDiaion HP-20 K Y
MCI gel CHP 20P (Mitsubishi Chemical Co.),
Sephadex LH-20 (75-150 pm, Pharmacia Fine
Chemical Co.), Chromatorex ODS (100-200 mesh,
Fuji Silysia Chemical Ltd., Japan), Silica gel
60 (Merck) =AW\ TITo7-.

TLC 1% Silica gel 60 Fn, 7L — b (0.2 mm,
Merck) [ J& B & I
formate-formic acid (1:7:1), CHC1,~MeOH-H,0
(9:1:0.1 or 7:3:0.5), mhexane—acetone (4:1 or
2:1), mhexane-AcOEt (2:1 or 1:1)], K O}
Cellulose Fpq "L — K (0.1 mm, Merck) [/
VI 2% AcOH] Z W=, Bt v 7 7 RO
1% FeC1,~EtOH 53K & 7213 5% H,S0, i3 CI 1> 72,

HPLC {2 K 2 31, HFICRE# LR WER Y
Cosmosil BCg=AR IT 7 Z A (250 X 4.6 mm,

toluene—ethyl

Nacalai Tesque Inc., Japan) Z VY, T AEE
1% 35 ° C, ¥IEIE CH,ON-50 mM H,PO, T, 39 43
T 4-30% CH,ON, & 51 15 43T 30-75% CH,CN
7Ty FCIRH Lz I 1T 0. 8 ml /min,
AR 713 JASCO Intelligent HPLC Pump PU-2080,
FH X JASCO photodiode array detecter MD-910
AW TITo 7=,

FE2EICHT HER

RN O HEAE L7 26 B 35 )& 46 FE D
BE R - MICOW T, HIRTUTIRR:, RBHE
D 5~15 {580 T0%EtOH 2N %, I FT1H
R L72. SR OBRER ) 7 = 7 — IV EEIT
DOWNWTIE, 74—V rF A I MEIZED
MAXline Microplate Readers (Emax™; Molecular
Devices Corporation) Z AVVCHIE L7=. &l
WRIE, H0 ZHWT 1 FICAIRL, 11 AR TR
FTEIY T ONTUL 121 fFICAIR L CRE
BE Uiz, AR L723RBRAR 10 1 1 ITFSHIK 70
wl, 7=/ — a3 (BRIEY) 30 ul ZMZ,
3oy IR E RS, 10% Na,CO, %8 100 ul 2Nz,
FRNCHEE L7z, 1 RFREER, 690 nm TOWOL
FEEELEZ. 77070, Rk oRb I
70% EtOH Z VM=, FERRIY, HEhnlZ gallic acid
(32, 160, 800, 4000 uM)ZMHWTIERRL7-. HI
EEIZDOWTIE, 3B g 2 1 ml @ 70% EtOH T
I L7-Rro B & mg IHE L7z b O&fiH L
7=.

EIEICHT HEER
FE 28T 5K

RIFES BT CERE L= P strobilacea DAES
(2.0kg) WL, Fv7 (KX 0.5-1.0cm, &
X 0.2-0.5cm) & L72HD% MeOH (3 L) T 31H],
RUWNTE DI A 60% 77K acetone (3 L) T 3[H
i L7z, b= A TRMEZ G O TKE
weL, ~FHhr (1L T2EEESRL, =56
(ZF% > T KA DV Ol =T (1.3 L) T
A EVABEEL L, ~FY Al (10,3 ) B RO
W= F L AIES (50,6 g) 1572,

A RIEEENE, U S0 (0-100% EtOAc
in mhexane, 10% stepwise) T 6 -DIZ43H L 7=
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(Fr. H1: 5.2 g; Fr. H2: 826 mg; Fr. H3: 2.1 g;
Fr. H4: 278 mg; Fr. H5: 900 mg; Fr. H6: 195 mg;
Fr. H7: 98 mg). Fr. H1i%, EIZUV v 7 AB LW
NV ZU&T4 RKTHY, SBIZTI DTN
(10-100% CHCl, in n-hexane, 10% stepwise, X
UNT 2-10% MeOH in CHCl, ) 12XV 7-DI243m L
7=. Fr. HI-5 BXOVHI-6 ixZ2nEn VU B 7 0
(-hexane-CHCl,~acetone, 90:9:1-80:18:2) T
7B L, Fr. HI-572°5 1 (43 mg), Fr. HI-6 7~ 5
4 (163 mg) ZHEEL/-. Fr. 3 2.1 9 1%, &5
WAV T A7 a< h (rhexane— EtOAc,
9:1-8:2) IZfFL, 3 (193 mg) Z Hiff L 7=. Fr. H5
X, HTHH L7ofsi e AL, 2 (426 mg) #1597,

% SEICRET 5EER

INEAFIT# DRSSy A OW TR 5728, Ik
D XN BB EEAT o 7. BVLERRT OFER = T
JURIESERIL, RN 2.2 DB DML, Sephadex
LH20 o A7 v~ T 57— (0-40% aq
EtOH; 60% aq acetone) T 9 DIZ4yH L7~ (Fr. Al:
3.6 g; Fr. A2: 6.9 g; Fr. A3: 5.4 g; Fr. A4: 3.3
g; Fr. Ab: 2.8 g; Fr. A6: 3.7 g; Fr. A7: 3.4 g;
Fr. A8: 8.8 ¢g; Fr. A9: 1.5¢g). Fr. A2 |, Sephadex
LH-20 (60% aq MeOH) 33 JL TN MCI-gel CHP20P (0-70%
MeOH, 10% stepwise) 7 L7~ KJT77 1 —
THEIL, 5 (1.3 g) & 6 (78 mg) &437=. Fr. A4
TIE, 7 B=IET (90% EtOH) CEE A D FRRHS
(691 mg) & L TARK L7=. Fr. A8 (%, Diaion HP20SS
B L Chromatorex ODS (0-60% aq MeOH, 10%
stepwise) T LV~ I T 7 0 —IZffL, 8
(286 mg), 9 (374 mg), 10 (222 mg), 12 (22 mg)
FLUV13 (225 mg) ZHABEL 72, Fr. A9 (3, 8 (1.5
g) Th-oi-.

BUBLO LT ) 7V X OM OFK & S—F—
THEX, TNl CFvFE L. TDOF v
72 kg % MeOH, R\NT60% &/KT & ko Chilh
L7z, 2 b a5 Tl L 7oK 2 ~F 1
VCERIEASTE L, & BITKAIEEIC OV T HiE T
FIVTERIESEL LTz, 5O HER— )L I
DS B EFNIR) - T 7280, HElE =T /LRI %,
Sephadex LH-20 (100% EtOH-H,0, 80% EtOH, 50% aq
acetone) {ZfT L, Fr.CAl (5.00 g), Fr.CA2 (16.6
g), Fr.CA3 (6.5¢g), Fr.CA4 (15.7 g) 1247 L7=.
Fr. CAl IX, Sephadex LH20 (80% aq MeOH, 50%

acetone), Diaion HP20SS (20-50% aq MeOH, 10%
stepwise) , (CHC1,~MeOH-H,0,
90:10:1-70:30:5), silica gel (;-hexane—acetone,
L) DA T Lru< b7 7 4—I2&V, 5
(329mg), 14 (47.3mg), 15 (71.2mg), 20 (27.7
mg) & BB L7=. Fr. CAl % HPLC Z#T L7-#E 8,
RS & LT 16 B RN 17 OfFHEA IR LT-.
Fr. CA2 1%, Sephadex LH20 (100% EtOH), MCIgel
CHP20P (0-100% MeOH, 10% stepwise), Sephadex
LH-20 (40-100% aq MeOH, 10% stepwise) DEHIC
LohTLrm~  TTT7 4 —=ITfFL, 6(2.4¢)
BEU22 (52.6 mg) ZHEELIZ. Fr. CA3 3 90%
EtOH " CREMAHTHI L7 TABL, #dhiE 7
(0.8 g) T o7z AURIZOWTILMCIgel CHP20P
(0-100% MeOH, 10% stepwise) ¥ 7 A7 m< K J7' 5
T 4=k, 4-oZ4E L7z (Fr. CA3-1: 295
mg; Fr. CA3-2: 493 mg; Fr. CA3-3: 355 mg; Fr.
CA3-4: 70.2 mg). Fr. CA3-1 1% 6 (108 mg)F &
21 (295 mg) TH Y, Fr. CA3-3 1% 18 (355 mg)
T&-o7=. Fr. CA3-2 I, Chromatorex ODS (0—-100%
MeOH, 5% stepwise) # 7 A7 m—~ MLV, 19
(122 mg) # Hifff L7=. Fr. CA4 (X, Diaion HP20SS
(0-100% aq MeOH, 10% stepwise), Sephadex LH-20
[(60-100% aq MeOH, 10% stepwise), 50% aq
acetone] D7 A7~ MNMZXV, 8 (2.19 g
F Y23 (116 mg) % HiffE L 7-.

silica gel

7-Hydroxy—3, 4—dihydrocadalin (1)

Colorless needles (hexane). 'H-NMR (400 MHz,
CDC1l,) 6 :6.83 (1H, s, H-5), 6.66 (1H, s, H-8),
5.66 (1H, br s, H-2), 2.29 (3H, m, H-3,4), 2.21
(3H, s, H-15), 1.95 ( 3H, d, 6.8 Hz, H-11),
1.82 (1H, dd, J=6.9, 20.0 Hz, H-12), 0.85 (3H,
d, 6.8 Hz, H-13), 0.65 (3H, d, 6.8 Hz,
H-14) ; “C-NMR (100 MHz, CDCl,) & : 152.0 (C-2),
134.6 (C-8), 131.4 (C-9), 131.2 (C-10), 131.0
(C-4), 123.8 (C-3), 120.8 (C-7), 109.8 (C-1),
43.5 (C-5), 32.6 "~ 30.4 (C-6, —12), 25.8 (C-15),
20.3 (C-13), 19.0 (C-14), 15.5 (C-11)

8, 11-Dihydroxy—2, 4—cycloeudesmane (2)
Colorless needles (hexane). [ o ],5+0.1 (c=0. 3,
EtOH). HR EI-MS m/z: 238.1914.

(0, requires 238. 1934). TR v cm: 3302,




3042, 2947, 1454, 1378.; 'H- and *C-NMR spectra,
see Table 2.

11-Hydroxy—2, 4-cycloeudesmane-8-one (3)

Colorless syrup. [« ], -34.2 (c=0.3, EtOH). HR
EIMS  m/z:  236.1754.  (Cyglly0,
238.1772). IR v em': 3509, 2951, 1688,

max

1455. ; 'H- and “C-NMR spectra, see Table 3.

requires

2, 4-Cyclo-7(11) —eudesmen—8-one (4)

Colorless syrup. [« ], -86.5 (c=0.3, EtOH). HR
EI-MS m/7: 218. 1665 (C,:H,,0 requires 218. 1672).
IR v, cm': 2941, 1673, 1590, 1454. UV lmax nm
(log e): 251 (3.73); 'H- and “C-NMR spectra,
see Table 4.

8, 11-Dihydroxy—2, 4—cycloeudesmane (2) @ Haxt
s

fE&# 2 (20.2 mg) % CH,CO0H (0.3 ml) BL W
K,Cr,0, (50 mg) ¥RHEHIZINZ, 80 ° C T 40 43
LU 7-. =S F C isopropyl alcohol (1.5
ml) ANz, 3WEMFHE L7z, TR 2 WIERMEE,
nhexane TIRIEECE 3TV, G5 ~FH
VRESEIC OV T TLC b 21T o 124658, k&
3 & 4 LA U RFMEDILEW RS LTz, ~FH
TIYAES & BaRE%, MeOH (3. 0 ml) 2% L, TFA (0.3
ml) 20Nz, 12 REMEER TICEE Lz, SOSikE
EME L, silica gel (shexane-EtOAc, 9:1)IZfF
L, ft&% (10.3 mg) 2457, Fon b
[a],)-74.7 (c=0.4, EtOH) TH Y, 'H-NMR OfE
k& a &—E Lz {kEWm2 #fbL, KK
IS LTI a4 TH-T-DT, {bi 2
Ol E I e 4 LRICTh D LS 7-.

11-Hydroxy—2, 4-cycloeudesmane—8-one (3) D #f
S

&% 3 (10.2 mg) & MeOH 1 ml (Z¥AEML, TFA
100 pl Zhnz, 12 REREIEEEAAE L. OGKRE
silica gel (z-hexane-EtOAc, 9:1)IZfFL, 47Ef
BERAT o T2, TLC oWTOFER, 4 & [AHED RE i
BEO W WA R LT27 T2 a » &RERN
L, b&¥ (6.4mg) 157-. ZDILAEWD e
X, [«l,)°-86.6 (¢=0.2, EtOH) TH Y, 'H-NMR
Dt 4 & —F L=, L&YW 3 ZRKIE LT-4E
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M EY 4 Th-T-DT, (LAY 3 Offtxthd
EHILEW 4 LRERTH D LT 7.

J TN IMEBIEE L FERTOT V) A RO
fifead

BRI LT ) TV DTF v TH AT LA
TR F—T7 2 T200° CT3055MMELT-.
ZDLEIRETLHERET AL L—ZTHSIL,
=T ETAE L —HZOMIZIX CHCl, D A -T2
B REEE L CT A/ A4 & 7 v LT

Oak lactone precursor (5)

White amorphous powder. 'H-NMR (400 MHz, CD,0D )
§:4.33 (1H, d, ~8Hz, H-1" ), 3.86 (1H, dd,
3, 12 Hz, H-6" ), 3.69 (1H, dd, J=5, 12 Hz,
H-6" ), 3.63 (1H, m, H-4), 3.36 (1M, t, J=9 Hz,
H-3" ), 3.34 (1H, t, J=9 Hz, H-4" ), 3.22 (1H,
ddd, 3, 5, 9 Hz, H-5" ), 3.17 (1H, dd, =8,
9 Hz, H-2" ), 2.59 (1H, dd, =8, 15 Hz, H-2),
2.26 (1H, m, H-3), 2.12 (1H, dd, J=8, 15 Hz,
H-5" ), 1.27-1.63 (6H, m, H-5, -6, =7), 0.95 (3H,
d, F7 Hz, H-9), 0.92 (3H, t, 7 Hz, H-8).

Gallic acid (6)
White amorphous powder.
acetone—d;) 6 : 7.00 (s)

'H-NMR (400 MHz,

Ellagic acid (7)
White amorphous powder.
acetone—d;) 6 : 7.28 (s)

'H-NMR (400 MHz,

1,2, 3,4, 6-Penta—0-galloyl- 3 D-glucose (8)
'H-NMR (400 MHz,
acetone—d;) §: 7.06 (15H, s, H-galloyl), 6.32
(14, d, S8 Hz, H-1), 6.01 (1H, t, /=9 Hz, H-3),
5.63 (2H, m, H-2, -4), 4.55 (2H, m, H-5), 4.37
(1H, dd, =4 Hz, H-6)

Brown amorphous powder.

1,2, 3,4, 6-Penta—0-galloyl- 8 -D-glucose (8) D
B

&% 8 (400 mg) % A T ARASA T UM (20
ml) (ZAFL, 200 ° C T 30 3[R L7z, ALsish
D IEWIE, MCI-gel CHP20P (0-100% aq MeOH)
IZFFL, 6 (53.8mg), 21 (10.5mg), 8 (66.0 mg)
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BIOESLZEAEY (46.8 mg) #57=. L&YW
6 ZFREDO S TRUR L, HPLC AT L7-fs 5, 4
D 21 AR LTV,

Eugeniin (9)

Brown amorphous powder. 'H-NMR (400 MHz,
acetone—d;) 0:7.13 " 6.95 (H-galloyl), 6.63,
6.48 (H-HHDP), 5.85 (t, /=9 Hz, H-3), 5.59 (4,
J8 Hz, H-2), 5.42 (t, /10 Hz, H-4), 5.38 (dd,
J=6, 14 Hz, H-6), 4.53 (dd, =6, 10 Hz, H-5),
6.21 (d, /8 Hz, H-1), 3.38 (d, J14 Hz, H-6).

Pedunculagin (10)

Brown amorphous powder. 'H-NMR (400 MHz,
acetone—d;) & : 6.68, 6.60, 6.53, 6.50, 6.34
(4H, s, H-HHDP), 5.71-3.64 (7H, m, H-1, -2, -3,
-4, -5, —6).

1(B8)-0-Galloyl pedunculagin (11)

White amorphous powder. ‘H-NMR (400 Mz,
acetone— d;) & : 7.17 (2H, s, H-galloyl), 6.67,
6.53, 6.45, 6.35 (s, H-HHDP), 6.21 (d, 8.3 Hz,
H-1), 5.44 (t, /9.3, 10.3 Hz, H-3), 5.35 (dd,
J=6.3, 6.8 Hz, H-6), 5.17 (dd, 8.8, 8.9 Hz,
H-2), 5.16 (dd, /=10.3Hz, H-4), 4.49 (dd, J=6. 3,
9.8 Hz, H-5), 3.87 (d, F12.7 Hz, H-6).

Casuariin (12)

Brown amorphous powder. ‘H-NMR (400 Mz,
acetone-d;) §: 6.80, 6.60, 6.45, (1H, d, J5
Hz, H-HHDP), 5.65 (1H, D, /=2 Hz, H-1), 5.40 (1H,
t, /=3 Hz, H-3), 5.03 (1H, dd, /3, 9 Hz, H-4),
4.73 (14, dd, =3, 5Hz, H-2), 4.62 (1H, dd, 3,
13 Hz, H-6), 4.13 (1H, dd, /=3, 9Hz, H-5), 3.81
(14, d, J=13 Hz, H-6).

Casuarinin (13)

Brown amorphous powder. 'H-NMR (400 MHz,
acetone—dy) &: 7.10 (2H, s, H-HHDP), 6.91,
6.62, 6.53 (31, s, H-HHDP), 5.60 (1H, d, /=5 Hz,
H-1), 5.36 (3H, br, H-3, —4, —-2), 4.65 (1H, dd,
J=2, 5 Hz, H-6), 4.16 (1H, dd, /=3, 13 Hz, H-5),
4.03 (1H, d, 13 Hz, H-6).

Coniferylaldehyde (14)

Brown syrup. 'H-NMR (400 MHz, CD,0D) & : 9.56
(1H, d, 7.8 Hz, H-1), 7.57 (IH, d, =16 Hz,
H-3), 7.24 (14, d, /2.0 Hz, H-2" ), 7.15 (1H,
dd, 8.0, 2.0 Hz, H-6" ), 6.84 (1H, d, /=8.0
Hz, H-5" ), 6.64 (11, dd, <16, 7.8 Hz, H-2),
3.89 (3H, s, H-3" ).

Sinapylaldehyde (15)

Brown syrup. 'H-NMR (400 MHz, CD,0D) & : 9.56
(1H, d, 7.8 Hz, H-1), 7.56 (I1H, d, J=16 Hz,
H-3), 6.97 (2H, s, H-2" , 6’ ), 6.66 (1H, dd,
16, 7.8 Hz, H-2), 3.88 (6H, s, H-3' , 5" ).

Vanillin (16)
HPLC Z3#Tic kv, i (4= 28.1 min) & Hig
L, REL.

Syringaldehyde (17)
HPLC Z3#ric kv,
L, REL.

L (4= 30.3 min) & HOER

Quercetin 3-(O-rhamnoside (18)

Brown amorphous powder. 'H-NMR (400 MHz, CD.OD)
§:7.32 (14, d, ~2.0Hz, H-2" ), 7.30 (1H, dd,
J8.3, 2.4 Hz, H-6" ), 6.90 (1H, d, 8.3 Hz,
H-5" ), 6.35 (1H, d, J=2.0 Hz, H-8), 6.18 (1H,
d, 2.0 Hz, H-6), 5.34 (I1H, d, 1.5 Hz,
H-1" 77 ), 4.21 (14, d, FL.5Hz, H-2" " " ),
3.74 (I1H, dd, 9.3, 3.4 Hz, H-3 7~ ),
3.38-3.45 (1H, m, H-5" " 7 ), 3.31-3.29 (1H, m,
H-4" 77 ), 0.93 (3H, d, J&5.9Hz, H-6" ~ ' ).

Myricetin 3-0-rhamnoside (19)

Yellow amorphous powder. 'H-NMR (400 MHz,
acetone—d;) 6 :12.72 (1H, s, OH-5" ), 7.09 (2H,
s, i-2" , -4 ), 6.45 (1H, d, 2.0 Hz, H-6),
6.24 (1H, d, 2.0 Hz, H-8), 5.47 (IH, brs,
H-17 7 ), 4.21 (4, s, H=2" 7 7 ), 3.76 (1H,
dd, 9.3, 2.9 Hz, =3’ 7 7 ), 3.48-3.55 (1H,
m H5 77 ), 3.3 (H t, 9.3 Hz,
H-4" "), 0.93 (3H, d, F5.9Hz, H-6" ~ ' ).

(-)—Episyringaresinol (20)




Brown amorphous powder. 'H-NMR (400 MHz, CD,OD)
0 :6.64 (4H, s, H-arom protons), 4.84 (1H, d,
J=5.0 Hz, H-2), 4.24 (1H, d, J=7.0 Hz, H-6),
3.84 (12H, s, H-OCH,), 3.30 (2H, m, H-5), 2.90
(1H, m, H-1).

m and pDigallic acid (21)
Brown amorphous powder. 'H-NMR (400 MHz, CD.0D)
§:7.40, 7.25 (2H, d, /2.0Hz, mH-4 , 6" ),
7.23 2H, s, pH-2, -6), 7.21 (2H, s, m-H-2, -6),
7.11 (H, s, p-H-3" , -5 ).

6’ —0- Digalloyl oak lactone precursor (22)

Brown amorphous powder. [« ], —-19.05 (c=0. 1,

MeOH). HR ESI-TOF MS m/z: 663.1907 [M+Na]*
(Cyys0,6Na requires 663.1901). IR v, cm:
3391, 1699, 1327, 1211, 1036. UV A2 _ nm (log
€): 276 (4.35); 'H- and C-NMR spectra, see

Table 6.

6/ —0- Digalloyl oak lactone precursor (22)
DA fif

fb&9 22 (10 mg) Z¥EH L7 /KIIKIZ tannase
ZNA, SEIRT 10 Kifdl#E L 7o, 155 I sUsy)
1%, Sephadex LH-20 (0-40% ag MeOH) 38 X (X silica
gel (CHC1,-MeOH-H,0, 40:10:1 XN 14:6:1) T
Sy - KLU, 5 (2.4 mg) 215

3-0-Methylellagic acid

4 -0-(4 ' -0-galloyl)—xylopyranoside (23)

Brown amorphous powder. [a],?* +0.87 (c=0.1,
MeOH). HR FAB MS m/z: 601.0823 [M+H]* (CyH,,06
requires 601.0828). IR v, cm': 3409, 1716,

1608, 1348. UV ﬂ,max nm (log ¢): 361 (4.02), 250
(4.69). 'H- and "C-NMR spectra, see Table 7.

3-0O-Methylellagic acid
4 -0-(4’ ’ -0-galloyl)-xylopyranoside (23)
DI Gy fifFS O 55 Offet A

1tE¥ 23 (10 mg) % 20% MeOH | Z¥&fi# L, tannase
ZNA, T 10 R FfE L 7o, BOSHEZ #HE L
TAHEL, o7k (1.5mg) 2157, Z D4R
WIS T — 4 ¥ 3-0-methyl ellagic
acid 4 -0O-xylopyranoside &[RIE L7=. xvlose

-71.

DO E 2 R E IR D L 91T 7. (LE 23
(4 mg) % 0. 05M H,S0, (0.2 ml)IZ¥AMEL, 100 ° C
T 5 IFHAEE L7-. Amberlite IRA400 (OH form)
wMxH L%, AU TEIEZRE, Az
R X H 7. Bl L-cysteine methyl ester (5
mg) @ pyridine (0.5 ml) IWHRIZEEME L, 60 ° C
T o1 WKMo B L & S b2,
o—torylisothiocyanate (5 mg) ® pyridine (0.5
mD) VAN %, 60 © C C1RFRIEA L7, BI&
%% HPLC 4347 [Cosmosil 5CeAR 115 25% CH,CN in
water containing 50mM H,PO,; flow rate, 0.8
ml/min; detection, 250 nm] L7-#5E8E, #AE 20. 1
min ® B — 7 %, D-xylose @ thiocarbamoyl
thiazolidine #FE(ATH 7= Y.

FA4EICEHT HEER

R IR LT O L 72 20 XA OFEREES
K OWIEZ 241241 500 g & 80% KT & o (1.5
L) CEIR T 3 EHhH L2, fiHiRiase T 7 b
VHEEL, LR AIE S, EiEE S HIR
e L7z,

FEOTX A, Diaion HP20SS (10-100% MeOH,
10% stepwise) IZff L, Fr. 1 (3.2¢), Fr. 2 (12.8
g), Fr. 3 (6.45 g)IZy@iL7z. Fr. 3 137 &k
YT SIS 7 mn T 4 Vg EORKEIES T
Ho7=. TLC ZMT [silica gel 60 F,y, "L— |,
FEBHAIE . toluene—ethyl formate—formic acid
(1:5:2) JOFER, Fr. 1 (IHET AR Y hDE
ST, Fr. 21Z@0 bz, £ZTFr. 212
“DUVT Sephadex LH-20 [(60-100% aq MeOH, 20%
stepwise), MeOH-H,0-acetone (90:5:5, 80:10:10,
60:20:20, 0:50:50)]JIZ XY 4-Di1Z5rE L7z, Fr.
22 @ 'H-NMR ZE U7, SOkl & bl LT
11 (6.41 g) TH D LFE L. Fr. 24 1%, &5
|Z Sephadex LH-20 [EtOH-H,0-acetone (100:0:0,
90:10:0, 80:20:0, 60:40:0, 54:36:10, 48:32:20,
36:24:30, 0:1:1) 3 & O Chromatorex ODS (5-50%
aq MeOH, 5% stepwise) 7 @~ b CHEEEAEZITV,
24 (0.30 g) 457z,

BEEZ D =% 21, Diaion HP20SS (0-100% aq MeOH,
10% stepwise) H 7 L7 < MIfFL, Fr. 1 (16.6
g), Fr. 2 (2.17 g), Fr. 3 (0.10 g), Fr. 4 (86.4
mg), Fr. 5 (0.02 @) \Z43H L7=. Fr. 1I13/K7Z0
TR SNy ©, BCHE &, Pr. 5 137
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T b TR SN DM T2 ST, Fr. 4 13
60% MeOH H1 CHEFBOHT HIDHERR S 4L, Z DfEfmIC
DUNT H-3 L OVEC-NMR A7 R L& JIE LT hk
F, 25) (26.4 mg) & RE LT

Euscaphinin (24)

White amorphous powder. [a ], +40.5 (c=0.2,
acetone-H,0, 1:1, v/v). UV 4 .. (log &): 261
(4.35). TR v, cm': 3445, 1733, 1615, 1515,
1446. MALDI-TOF-MS m/z: 1893 [M+Nal". Anal.
Caled for ColeOsy B5HO: C, 50.22; H, 3.29.
Found: C, 50.11; H, 3.21. 'H- and “C-NMR spectra,

see Table 8.

Euscaphinin (24) DA F/ALB LA FZ 2 U X
24 (50 mg) Z MeOH (3 ml) {Z¥&7>L, CHN, Z N
Z, 4° CC 15 RFIFHE L7z, SOGHE 2 JHUE e
L7=H DIz 5% aq NaOH-MeOH (1:2, v/v) &hz,
80 ° C T 1MFMHILIE L7z, MeOH ZBRU=%, K
IR 2 M HCL Z2MA BEMEL L, —=—7 /L ChHfid
L7z, =—T L A[EERIE NayS0, % Nz C Rz,
CHN, DA 57T —F L EMAT, 4° C T 15
R L7c. JUERM%, FRE% silica gel
(toluene—acetone, 98:2 ~ 92:8) IZ f+ L,
dimethyl pentamethyl dehydrodigallate (24a;
7.8 mg) & dimethyl
(9-4,4 ,5,5 ,6,6 -hexamethoxydiphenoate
(24b; 29.9 mg) Z#1%7=. 24b D7 = = )LfEED
7 b TR SRETH D 2 &I3, IOLENA
O ([aly 24.0) 2R L2 EBRERLT-.

Euscaphinin (24) ®EBDINIK 5 i

24 (2 mg) % HO0 (1.0 ml)IZ¥&EAL, 100 ° C
T2 IHNEN L 72, BUS#E 22 HPLC 204 L 722,
13.26 min BEON17.11 min I —727 ZHER L,
2,3, 4, 6-bis—(S)-HHDP-D-glucose ® « & B DR
EM T 5 pedunculagin (10) AR LT-.

Euscaphinin (24) O Oftoc s

24 (5mg) (Z1MHCL (0.2ml)%&fN%T100° C
T 10 FEMALEE L CEEINK 53R, Amberlite
IRA400 (OH form) Z/ A HAn L7ztk, St L Chef
fEERE, AIRERESIETZ. FElX L-cysteine
methyl ester (2mg) ® pyridine (0.2 ml)I&KIC

BEL, 60 ° C TI1RFRIMBALTZ. E56IT, o
torylisothiocyanate (2 mg) ® pyridine (0.2 ml)
Wiz, 60° CT1RRMIMEL L7z, FUSH %
HPLC 3#T L7285, t= 17.48 min [ZHH S,
D-glucose TH A Z & ZHER LT-.

3,3 —Di—Omethylellagic acid (25)

White amorphous powder. 'H-NMR (400 Miz,
DMSO-dy) 7.57 (1H, s, H-5, -5" ), 4.13, 4.11,
4.10 (1H, s, H-0CH,) ; “C-NMR (100 MHz, DMSO-d)
159.15 (C-7, =7 ), 153.29 (C-4, -4’ ), 141.76
(C-2, 2" ), 141.04 (C-3, -3’ ), 112.94 (C-6,
-6’ ), 112.42 (C-1, -1" ), 112.16 (C-5, -5 ),
61.20 (C- OCH,).

ES5EICHT HEER

Y BOOHM i) OAEGID L, AR
B2 F 7 500 ¢ & 80%E KT by (1.5
L) C3EHhH L7z, B bicmF X 3EtE, K
Wik L L, Sephadex LH-20 [(20-100% aq MeOH,
20%stepwise), 100%acetone] 7 2~ MIffL, 5
D243 L7z (Chart 4-1). & 5612, silica gel
[CHC1,-MeOH-H,0, (100:0:0, 90:10:1, 85:15:1,
80:20:2) ], DIAION HP20SS (0-100% aq MeOH, 10%
stepwise), Chromatorex ODS (10-50% aq MeOH, 5%
stepwise) (&0, MV IKLUHE - BRL T, 6
(0.22g), 26 (7.79 g), 27 (10.0mg), 28 (0.99
g, 29 (12.0 mg), 30 (2.65 g), 31 (0.09 g
BIO32 (0.05 g) 157,

Fustin (26)

Colorless needles (H,0-MeOH). 'H-NMR (400 MHz,
acetone—d;) 6 : 7.71 (d, 8.9 Hz, H-5), 7.08
(d, F2.0Hz, H-2" ), 6.92 (dd, /2.0, 8.3 Hz,
H-6" ), 6.84 (d, 7.8 Hz, H-5' ), 6.61 (dd,
J=2.4, 8.5 Hz, H-6), 6.39 (d, /2.4 Hz, H-8),
4.98 (d, F12.2 Hz, H-2), 4.53 (d, J~11.7 Hz,
H-3); “C-NMR (100 MHz, acetone*a{;) 0: 193.2
(C-4), 165.8 (C-7), 164.5 (C-8a), 146.5 (C-4" ),
145.7 (C-3" ), 130.0 (C-1" ), 129.7 (C-5),
120.8 (C-6" ), 115.9 (C-5" ), 115.7 (C-2" ),
113.0 (C-4a), 111.7 (C-6), 103.6 (C-8), 84.9
(C-2), 73.9 (C-3).



Eriodictyol (27)

Yellow amorphous powder. 'H-NMR (400 MHz,
acetone-d;) §: 6.92 (m, H-2" , -3 , 6" ),
5.92 (m, H-6, -8), 5.34 (dd, 3.4, 12.9 Hz,
H-2), 3.11 (dd, J~12.7, 17.1 Hz), 2.68 (dd,
3.0, 17.1 Hz, H-3).

2, 3 , 4 , 6-Tetrahydroxy—2-benzyl
coumaranone (28)

Red syrup. 'H-NMR (400 MHz, acetone—d;) § : 7.28
(d, J=8.3 Hz,H-4), 6.69 (d, J/=2.0 Hz, H-6" ),
6.58 (d, /8.3 Hz, H-3" ), 6.51 (dd, /2.0, 7.8
Hz, H-2" ), 6.48 (dd, J=2.0, 8.3 Hz, H-5), 6.32
(d, 2.0 Hz, H-7), 3.07 (d, Fl4.1 Hz,
H-a-CH), 3.02 (d, F13.7 Hz, H-a—CH);
BC-NMR (100 MHz, acetone—d;) 6 : 173.6 (C-3),
167.9 (C-6), 145.2 (C-4" ), 144.7 (C-4, —Ta),
126.5 (2", -6 ), 122.8 (C-1" ), 118.4
(C-3" ), 113.3 (C-5" ), 111.8 (C-3a), 106.8
(€C-2), 98.8 (C-5, -7), 41.9 (C-a—=CH,).

Sulphuretin (29)

Yellow amorphous powder. 'H-NMR (400 MHz,
acetone—d;) 6§ : 7.60 (d, /8.3 Hz, H-4), 7.52
(d, 2.0 Hz, H-6"), 7.30 (dd, J=2.0, 8.3 Hz,
H-2"), 6.91 (d, /8.3 Hz, H-3"), 6.79 (d, /1.5
Hz, H-7), 6.74 (dd, /2.0, 8.3 Hz, H-5), 6.63
(s, H-C=CH).

Polygalloyl- 8 -D—glucose (30)
'H-NMR (400 MHz,
acetone—d;) & : 7.06 (15H, s, H-galloyl), 6.32
(1H, d, 8.3 Hz, H-1), 6.01 (1H, t, J=9.5 Hz,
H-3), 5.63 (2H, m, H-2, —4), 4.55 (2H, m, H-5),
4.37 (1H, dd, 4.4 Hz, H-6).

Brown amorphous powder.

3—-0-Galloyl fustin (31)

Yellow amorphous powder. [a ], —15.0 (c=0.5,
50% aq acetone). FAB-MS m/z: 463 [M+Na]l'.
HR-FAB-MS m/7: 441.0845 (CoH,0, requires
441.0821). m.p. 174-178° C. IR v, cm': 3396,
1684, 1615, 1521, 1464, 1344, 1221. UV lmx nm
(log &)t 279 (4.38). 'H-NMR (400 MHz,
acetone—dy) §:7.12 (d, /=2.0Hz, H-6" ), 7.04
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(s, H-galloyl), 6.95 (dd, ~2.0, 8.3 Hz, H-5" ),
6.81 (d, 7.8 Hz, H-2" ), 6.64 (d, /=2.0, 2.4,
8.5 Hz, H-6), 6.45 (d, J=2.4 Hz, H-8), 5.90 (d,
F12.1Hz, H-3), 5.51 (d, F12.2Hz, H-2), 5.23
(d, 8.3 Hz, H-5); "“C-NMR (100 MHz,
acetone—d,) & : 187.6 (C-4), 165.8 (C-7), 165.8
(C-G), 164.0 (C-8a), 146.8 (C4" ), 145.9
(C-galloyl), 145.9 (C-3" ), 139.1 (C-galloyl),
129.9 (C-1" ), 128.8 (C-5), 120.8 (C-6" ),
120.6 (C-galloyl), 115.8 (C-5" ), 115.4
(c-2" ), 113.7 (C4a), 112.0 (C-6), 110.1
(C-galloyl), 103.7 (C-8), 82.6 (C-2), 74.5
(C-3).

3 (4 )-0-Galloyl fustin (32)

Yellow amorphous powder. [« ],* +0.86 (c=0.1,
50% aq acetone). FAB-MS m/z: 463 [M+Na]".
HR-FAB-MS m/z: 441.0817 (C,H.0,, requires
441.0821). m.p. 132-134° C. IR v, cm': 3368,
2718, 1700, 1684, 1619, 1521, 1467, 1353, 1262,
1217 WV A nm (log &): 278 (4.46). 'H-NVR
(400 MHz, acetone-dy) 6 : 7.73 (d, 8.3 Hz,
H-5), 7.72 (d, J=8.8 Hz, H-5), 7.38 (d, J=2.0
Hz, H-2' ), 7.35 (dd, 2.4, 8.3 Hz, H6' ),
7.27 (H-galloyl), 7.26 (d, J~1.5 Hz, H-2' ),
7.17 (d, J=7.8Hz, H-5 ), 7.13 (dd, J=2.0, 8.3
Hz, H-6" ), 7.05 (d, /=8.3Hz, H-5" ), 6.63 (dd,
J72.0, 5.4, 6.6 Hz, H-6), 6.61 (dd, /2.0, 2.4,
6.6 Hz, H-6), 6.44 (d, J=2.4 Hz, H-8), 6.41 (d,
2.0 Hz, H-8), 5.12 (d, 5.9 Hz, H-2), 5.09
(d, 5.9 Hz, H-2), 4.60 (d, J12.2 Hz, H-3),
4.56 (d, J11.7 Hz, H-3); SBC-NMR (100 MHz,
acetone—d,) §:193.0 (C-4), 192.8 (C-4), 165.9
(C-c00), 165.0 (C-7), 164.3 (C-8a), 150.6
(C-3" ), 149.8 (C-3" ), 146.1 (C-C3, -C5),
140.3 (C4" ), 139.7 (C4 ), 139.3 (C-4),
130.0 (C-5), 129.7 (C-1" ), 124.0(C-1), 123.9
(C-1), 120.8 (C-6" ), 120.1 (C-5" ), 117.5
(c-2" ), 117.4 (c-2" ), 113.0 (C4a), 111.9
(c-6), 111.8 (C-6), 110.5 (C-2, -6), 103.6
(C-8), 84.4 (C-2), 84.3 (C-2), 74.0 (C-3), 73.8
(C-3).

3-0-Galloyl fustin BL) B LW
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3’ (4 )-0-Galloyl fustin (32) DIKLHE
EA% 31 BLO 32 (1 mg) ThEn% 10 (1
ml) IZ¥ED L, tannase ZM1Z, =R T 10 FeElEH
& L7z, 15007 ez HPLC Zo#r L7, 1
ih & el U C gallic acid (6) 38 L O fustin (26)
IZHfRENTND Z L 2 HER LT,

ORAC {EIZ K 2 Hf{kiE P DRI E

ORAC DI7EIZ Prior & D715 28428 L TRD
EoAT o BELESITRB O L—FNT
DOEEZ SRR 2 KEE LR Th D, £7,
A OB &2 AWA ¥ W (acetone—H,0-CH,COOH,
70:29.5:0.5) T 1mg/ml DOLREIIAME LI-#%, 75
mM U e U o AREER (pH 7.4) T4 B
(X100, X200, X400, X800)(ZAB L, HIEIZ
it L7z, Trolox ¥&i (6.25, 12.5, 25, 50 uM/75
mM U e U SREER pH 7.4) & 96 X~ A
7a 7 L—MZ20 ul A, 62704 LA
VIR (944 nM/T5 oM U U ER A U T A REETIR
pH 7.4) % 200 1 %, 37 ° CIffg-7-807
L— R =& =%\, 7 Lt A Ot
FEAERE L=, £ D%, AAPHIEE (31,7 mM/75 mM
U el U MR pH 7.4) %275 nl1nz<T
L O BiEREL, IR 0 43722 6 2 43[HIRE C 90 43 fH]
HOLTRE ORI AL 2 E L. e,
PerkinElmer 2030 Multilabel Reader ARVO X2 {2
K OWPE LT, 7 — 2 fHTIE WorkOut 2. 5 (Dazdag
Solutions Ltd. ) ZfFH L, H0GHREE 2 REFHIICE
kL7227 7 7 Ol FEfE A xFEHL, 77
7D ANC EZLGIWZE (net AUC) Z 3R 7=,
Trolox FEMEFRIR DR 2 KEHHZ, %O net AUC &
fehz & 0 IRl L 7oA L, IR LT
B ORACHE % Trolox FHY4 & (TE) & LCHEH L
7. RBOFRRITI RO L 51T 7228, MEH
HPHNIZ A S 7 WGA T B A IR A2 2858 L T
EZARY IR LTz,

FEO6EICHTSIEER
ElGEHBETHICTERE LA X~FDOREB L
O+ L7-.

F2HICEHT 58
HIE500g & 2% KU 7 Ao FiEEEYE 50% &
K7 h=FVU /L THiH%, MCI-gel CHP20P,

Cosmosil 40C, PREP C/oyf - FHl4 2 Z L2 kv,
33 (4.5 mg), 34 (206.9 mg) BL 35 (7.6 mg)
fFH7- (Chart 5-1). ZDOMOESTIZOWNT
1%, A X<vFRE2.5 kg ZFNEHMeOH 5 L
50% & KT & ko THItH#, =—7 VR OWEE =T
VTR L, HEETF L AIYAES, K ATAERIZ DU
T, KHEH T Lo 0~ 7T 7 4 —THHE - K5
L7-fEH (Chart 5-2),36 (2.6 mg), 37 (3.2 mg),
38 (27.3mg), 39 (4.4mg), 40 (8.9mg), 41 (8.4
mg), 42 (7.0mg), 43 (6.7 mg), 44 (26.0 mg),
45 (21.0 mg), 46 (10.2 mg), 47 (23.4 mg), 48
(23.6 mg), 49 (5.3 mg), 50 (13.9 mg) I L
proanthocyanidin oligomer (Fr. IRW33: 2.60 g)
YRSV Wil

Pelargonidin 3-0- 8 -D—glucoside (33)

Red amorphous powder. 'H-NMR  (400MHz,
CD,0D/TFA-d (19:1)) & : 9.05 (s, H-4), 8.57 (d,
JF1.8Hz, 12" , -6’ ), 7.03 (d, /8.9 Hz, H-3" ,
-5 ), 6.89 (s, H-8), 6.65 (s, H6), 5.25 (s,
H-1" "), 3.94, 3.86 (s, H-6" /" a, =6’ " b),
3.74-3.42 -2 7, 3, 4, -5 )
BC-NMR (100 MHz, CD,OD/TFA-d (9:1)) 6 : 171.2
(C-7), 166.6 (C-4" ), 164.7 (C-2), 158.2 (C-5),
158.2 (C-9), 145.8 (C-3), 137.8 (C-4), 136.1
c2", -6 ), 121.7 (1" ), 117.9 (C3
-5 ), 114.2 (C-10), 103.9 (C-1" " ), 103.5
(c-6), 95.2 (c-8), 78.8 (C5 7 ), 78.1
(c-3 7 ), 148 (C20 "), 7.1 (C4 ),
62.4 (C6" ).

Cyanidin 3-0- 8 -D-glucoside (34)

Red amorphous powder. 'H-NMR (400 MHz,
CD,0D/TFA-d (19:1)) & : 8.97 (s, H-4), 8.20 (dd,
2.4, 8.9Hz, H-6" ), 7.99 (d, F2.4Hz, H-2" ),
6.97 (d, 8.9 Hz, H-5' ), 6.84 (d, 2.0 Hz,
H-8), 6.62 (d, /~2.0Hz, H-6), 5.27 (s, H-1" 7 ),
3.94-3.20 -2, %, 4, -5,
-6’ 7 ); “C-NMR (100 MHz, CD,0D/TFA-d (19:1))
§: 170.5 (C-7), 164.1 (C-2), 159.3 (C-5),
157.7 (C-9), 155.8 (C-4" ), 147.4 (C-3 ),
145.6 (C-3), 136.8 (C-4), 128.2 (C-6" ), 121.2
(C-1" ), 118.4 (C-2" ), 117.5 (C-5" ), 113.3
(C-10), 103.7 (C-6), 103.3 (C-1" " ), 95.1




(C-8), 78.8 (C5" "), 78.1 (C-3" "), 74.8
(c2" 7)), 7.1 (4 "), 62.4 (C-6 " ).

Delphinidin 3-0- 8 -D—glucoside (35)

Red amorphous 'H-NMR (400 MHz,
CD,0D/TFA-d (19:1)) 6 : 8.92 (s, H-4), 7.73 (s,
H-2" , 6" ), 6.82 (s, H-8), 6.62 (s, H-6), 5.30
(s, H=1" 7 ), 3.92, 3.90 (m, H-6" " a, 6" ' D),
3.74-3.43 M-2" 7, 3/, 4, 5 );
BC-NMR (100 MHz, CD.,OD/TFA-d (19:1)) & : 170.3
(C-7), 164.1 (C-2), 159.6 (C-5), 159.1 (C-9),
147.5 (C-3' , -5 ), 145.8 (C-3), 144.8 (C-4" ),
136.2 (C-4), 120.0 (C-1" ), 113.3 (C-10), 112.6
(c-2", 6" ), 103.6 (C-6, C-1" " ), 97.2 (C-8),
78.8 (C-5" /), 78.0 (C-3" ' ), 714.7 (C2" ' ),
71.0 (¢4 7 ), 62.3 (C6" 7 ).

powder.

Vitexin (36)

Yellow amorphous powder. 'H-NMR (400 MHz,
DMSO-dy) 6 : 7.98 (d, 8.5 Hz, H-2" , -6 ),
6.88 (d, J~8.8MHz, H-3" , -5 ), 6.72 (s, H-3),
6.18 (s, H-6), 4.69 (d, 10.2 Hz, H-1" /),
3.8-3.2 W2 ', -3’ , -« ', -5,
-6 ).

Diosmetin 8-C-glucoside (37)

Yellow amorphous powder. MALDI-TOF-MS m/z: 463
[M+H]"; 'H-NMR (400 MHz, CD,0D) & : 7.62 (d,
J8.8Hz, H-6" ), 7.54 (s, H-2" ), 6.57 (s, H-3),
6.30 (s, H-6), 4.97 (d, 9.8 Hz, H-1" /),
4.60-3.69 (-2, %/, 4", -5,
-6’ "), 3.93 (s, H-OCH,).

2"/ —0-Rhamnosyl vitexin (38)

Yellow amorphous powder. MALDI-TOF-MS m/z: 601
[M+Na]® ; 'H-NMR (400 MHz, CD,0D) & : 7.84 (d,
J8.8Mz, H-2" , 6" ), 6.94 (H-3" , -5 ), 6.6
(H-3), 6.27 (H-6), 518 MH-1" "7~ ), 502
H-1 "), 4.27-3.69 1-2" 7 , -3~ , 4 ',
5,6/, 2 7, =3 ), 311 (4,
F9.5Hz, H-4" 7 7 ), 2.44 (dd, J=6.3, 9.3 Hz,
H-5"""7), 0.64 (d, 6.3 Hz, H-6" "' );
BC-NMR (100 MHz, CD,0D): & : 184.18, 183.99
(C-4), 166.99, 166.91 (C-3" , -5 ), 166.74,
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166.53 (C-2), 164.44, 164.04 (C-7), 162.81,
162.56 (C-5, -4’ ), 157.98, 157.77 (C-9),
130.15, 129.99 (C2" , -6’ ), 123.58, 123.42
(C-1" ), 105.95, 105.89 (C-10), 105.74, 105.52
(C-8), 103.62, 103.53 (C-3), 102.56, 102.37
(c-1" 77 ), 99.87, 99.81 (C-6), 82.89, 82.68
(c-5" 7 ), 81.63, 81.48 (c-3 ' ), 78.13,
78.04 (C-2" 7 ), 73.72, 73.59 (C-1" /), 73.53,
73.43 (C-4" 7 7 ), 72.43, 72.37 (c-2" " ),
72.23, 72,12 (4 7)), 7193, 71.84
(-3 77 ), 69.97, 69.84, (C-5" 7 7 ), 63.02,
63.01 (C-6" 7 ), 18.05, 17.97 (C-6" " ' ).

2’ / —0-Rhamnosyl scoparin (39)

Yellow amorphous powder. 'H-NMR (400 MHz,
DMSO-d): 6 : 7.55 (d, J=2.0 Hz, H-2" ), 7.73
(dd, 2.0, 8.0Hz, H-6" ), 6.92 (s, H-3), 6.89
(d, 9.0 Hz, H-5 ), 6.25 (s, H-6), 4.96 (s,
H-1" 77 ), 4.75 (d, J~8.0 Hz, H-1" ~ ), 3.87
(s, H-OCH), 4.63-3.60 (H-2" ', -3 ',
e R I A G
-4, =577 ), 0.46 (d, 8.0 Hz,
H-6" 7 7 ); BC-NMR (100 MHz, DMSO-d): 6 :
182.2 (C-4), 164.1 (C-2), 162.4 (C-7), 160.7
(C-5), 156 (C-9), 151 (C-3" ), 148.2 (C4" ),
122 (c-1" ), 121.3 (C-6" ), 115.6 (C-5 ),
110.7 (C-2 ), 104.5 (C-10), 104.3 (C-8), 103.1
(C-3), 100.5 (c-1" " "), 98.3 (C-6), 81.9
(c-5" "), 19.9 (¢3 7 ), 75.3 (C2 ),
71.6  (C-1" 7 ), 70.8 (4 77 ), 70.6
(c4" 7 ),70.6 (C2° "~ ), 70.6(C3 " "),
68.3 (c5 77 ), 615 (C6 "), 56.4
(C-OCHy), 17.8 (C-6" " 7 ).

2"/ —0-Glucosyl vitexin (40)

Yellow amorphous powder. 'H-NMR (400 MHz, CD,0D)
§:6.59 (s, H-3), 6.24 (s, H-6), 7.97, 7.84 (d,
J8.8Hz, 12" , -6’ ), 6.93 (d, F8.8Hz, H-3" ,
-5 ), 5.10 (d, F~10.2 Hz, H-1" 7 ), 5.18 (d,
JF9.5Hz, H-1" 7 ), 4.37-2.76 (H-2" / , -3 /|
e s A s
, 4 5 e ),
PC-NMR (100 MHz, CD;0D) 6 : 184.1, 184.2 (C-4),
166.5, 166.3 (C-2), 164.6, 164.9 (C-7), 162.9,

VA
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162.8, 162.7, 162.6 (C-5, -4 ), 158.3, 157.7
(C-9), 130.1, 129.7 (C-2" , -6" ), 123.7, 123.7
(c-1 ), 117.0, 117.1 (¢-3 , -5 ), 105.8,
106.1 (C-1” “ 7 ), 105.8, 105.6, 105.1, 104.4
(C-8, -10), 103.8, 104.0 (C-3), 99.5, 100.8
(C-6), 82.9, 82.9 (5 '), 817, 82.4
(c-2" "), 80.2, 79.8 (C-3 "), 771.7, 71.9
(c3 77, 171, 71.5 (C5 "), 75.8,
76.1 (C-2" 7 7 ), 73.6, 74.9 (C-1" 7 ), 72.1,
71.3 (C-4" 7 ), 71.1, 71.3 (¢4 7 ' ), 62.9,
62.6 (C6" ' ), 62.3, 62.5 (C-6" "/ ).

Quercetin (41)

Brown amorphous powder. 'H-NMR (400 MHz,
acetone—d;) 6 : 12.26 (1H, s, OH-5), 7.81 (1H,
d, F2.0Hz, H-2" ), 7.69 (1H, dd, J=2.0, 8.0
Hz, H-6" ), 6.98 (1H, d, /8.0 Hz, H-5" ), 6.51
(1H, d, 2.0 Hz, H-8), 6.25 (1H, d, J=2.0 Hz,
H-6).

Quercetin 3-0-glucoside (42)

Brown amorphous powder. 'H-NMR (400 MHz, CD,OD)
§:7.70 (d, /2.0Hz, H-2" ), 7.58 (dd, 2.0,
8.0Hz, H-6" ), 6.86 (d, /8.0 Hz, H-5' ), 6.38
(d, J=8.0 Hz, H-8), 6.19 (d, 2.0 Hz, H-2),
5.25 (d, /=8.3Hz, H-1" /), 3.39-3.93 (H-2" ’ ,
=37, 6" ), 3.30 (m H-4" "), 3.23 (m
H-5" 7 ); “C-NMR (100 MHz, CD,OD) & : 179.5
(C-4), 166.3 (C-7), 163.1 (C-5), 159.0 (C-9),
158.5 (C-2), 149.9 (C-3' ), 145.9 (C-4" ),
135.6 (C-3), 123.2 (C-1" ), 123.1 (C-6" ),
117.5 (C-5" ), 116.0 (C-2" ), 105.6 (C-10),
104.3 (C-1" 7 ), 100.0 (C-6), 94.8 (C-8), 78.4
(c-5 "), 781 (C3 "), 75.7 (C2 ),
71.2 (¢4 7 ), 62.5 (C-6" " ).

Myricetin 3-0-glucoside (43)

Brown amorphous powder. MALDI-TOF-MS m/z: 503
[M+Na]®; 'H-NMR (400 MHz, CD,0D) 6 : 7.29 (s,
H-2" , -6' ), 6.38 (d, /2.0Hz, H-8), 6.20 (d,
2.0 Hz, H-6), 5.25 (d, F~7.8 Hz, H-1" /),
3.87-3.34 -2/, %', 4, 5",
-6/ a, -6 / b); “C-NMR (100 MHz, CD,0D) § :
179.4 (C-4), 166.0 (C-7), 163.0 (C-5), 158.5

(C-2, -9), 146.4 (C-3’ , -5’ ), 138.1 (C-4" ),
135.8 (C-3), 122.0 (C-1" ), 110.0 (C-2" , -6’ ),
104.5 (C-1" 7 ), 99.9 (C-6), 94.7 (C-8), 78.4
(c-3 7)), 18.2 (C5 7)), 7.7 (2 '),
7.1 (¢4 "), 62.4 (C6 7 ).

(+) —Catechin (44)

Redbrown amorphous powder. 'H-NMR (400 Mz,
CD,0D) §: 2.48 (1H, dd, 8.3, 16.1 Hz, H-4),
2.84 (1H, dd, 5.4, 16.1 Hz, H-4), 3.95 (1H,
ddd, 5.4, 7.8, 8.3 Hz, H-3), 4.55 (I1H, d,
7.8 Hz, H-2), 5.84 (1H, d, /2.2 Hz, H-8),
5.91 (1H, d, /2. 2Hz, H-6), 6.71 (1H, dd, J=8.3,
2.0 Hz, H-6" ), 6.75 (1H, d, 8.3 Hz, H-5" ),
6.82 (1H, d, 2.0 Hz, H-2" ).

(+) Gallocatechin (45)

Redbrown amorphous powder. 'H-NMR (400 MHz,
acetone—d;tD,0) & : 2.48 (1H, dd, 8.6, 16.1
Hz, H-4), 2.85 (1H, dd, 5.7, 16.1 Hz, H-4),
3.92 (1H, ddd, /5.7, 8.0, 8.6 Hz, H-3), 4.43
(1H, d, 8.0 Hz, H-2), 5.82 (1H, d, J=2.4 Hz,
H-8), 5.98 (1M, d, 2.4 Hz, H-6), 6.43 (2H, s,
2", 6 ).

(=) -Epicatechin 3-0-gallate (46)

Redbrown amorphous powder. 'H-NMR (400 MHz,
CD,OD) &:6.94 (s, H2 7, =6 7 ), 6.92 (d,
6.8 Hz, H-2" ). 6.79 (dd, 2.0, 9.3 Hz,
H-6" ), 6.68 (d, F7.8Hz, H-5" ), 5.95 (s, H-6,
-8), 5.51 (m, H-3), 5.02 (s, H-2), 2.96 (dd,
JF4.6, 17.3 Hz, H-4a), 2.84 (F2.2, 17.2 Hz,
H-4b) .

Podomacrin A (47)

Yellow amorphous powder. [ o ]%, +123.9 (c=0. 1,
MeOH). FAB-MS m/z: 267 [M+H]*, 289 [M + Nal+,
533 [2M+H]'. HRFAB-MS m/z: 267.1222 [M+H]"
(Caled for CH,0.; 267.1232). TR v cm': 3446,
2974, 2933, 1761. 'H- and “C-NMR spectra, see
Table 9.

2" -0-(6' ' ' —C-acetyl glucosyl) vitexin
(48)




Yellowish brown amorphous powder. [ a 1%, -9.2
(c=0.1, MeOH). FAB-MS m/z: 637 [M+H]', 659
[M+Na]". HRFAB-MS m/z: 637.1798 [M+H]" (Calcd
for CyHy,0,5 637. 1769). TR v cm': 3365, 2919,
1718, 1653, 1609, 1576, 1508, 1436, 1360. UV
A mm (log &)1 215 (4.53), 270 (4.29), 330
(4.30). M- and “C-NMR spectra, see Table 10.

2" -0-(6’ ' ’ —O-acetyl glucosyl) scoparin
49)

Yellow brown amorphous powder. [a 1%, - 18.7
(c=0.1, MeOH). FAB-MS m/z: 667 [M+H]*, 689
[M+Na]*. HRFAB-MS m/z: 667.1884 [M+H]* (Calcd
for CyH,s0,;5 667.1874). IR v, cm™: 3399, 2928,
1723, 1661, 1616, 1581, 1514, 1435, 1361. UV
A.nom (log e): 207 (4.48), 250 (4.08), 270
(4.08), 344 (4.16). 'H- and ®C-NMR spectra, see
Table 11.

Tricetin 4 -methyl ether 8-C-glucoside (50)
[a]? -16.8
(c=0.1, DMSO). FAB-MS m/z: 479 [M+H]*, 501
[M+Na]®. HRFAB-MS m/z: 479.1196 (Calcd for
Coll0pt 479.1190). WV A mm (log &)1 211
(4.15), 270 (3.78), 331 (3.73). IR v, cm':
3445, 2972, 2935, 1761, 1710, 1626, 1544, 1457.
'H- and “C-NMR spectra, see Table 12.

Pale yellow amorphous powder.

% 3HICEEY 5K

A X< FF T 1. 5 kg & MeOH 8 LTV 50% &K T
t b CTHIHE, =—T VRO F L THRD
L7z, FT X0 ELNKIETRICOWT, £
T Lhra~v NTTT7 0 —ThBfE - R L
(Chart 5-3) f& 5, 38 (19.8 mg), 51 (35.5 mg),
52 (27.9mg), 53 (36.4mg), 54 (6.4mg), 55 (22.9
mg), 56 (5.5 mg), 44 (38.4 mg), 57 (10.5 mg),
45 (11.5 mg), 58 (80.1 mg), 59 (27.3 mg), 60
(205 mg), 61 (7.7 mg), 62 (19.1 mg), 63 (26.3
mg), 64 (5.4 mg), 65 (28.1 mg), 66 (31.8 mg)
BL67 (85.5 mg) B GEHT-.

2" / —(0-Rhamnosyl orientin (51)
Yellow amorphous powder. MALDI-TOF-MS m/z: 631
[M+Na]*; 'H-NMR (400 MHz, CD,0D) 6 : 7.75 (dd,
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2.0, 8.0Hz, H-6" ), 7.47 (d, F2.0Hz, H-2" ),
6.93 (d, /8.0 Hz, H-5" ), 6.64 (s, H-3), 6.25
(s, H-6), 5.10 (s, H-1" 7 ), 5.01 (d, 9.8
Hz, =1 7 ), 4.31-3.00 (2"~ , 3" /" /|
-4 77,57 7)), 3.96 (s, H-0CH,), 0.63 (d,
J=6.3 Hz, H-6" 7 7 ); “C-NMR (100 MHz, CD,0D)
§: 184.2 (C-4), 166.7 (C-2), 164.5 (C-7),
162.8 (C-5), 158.1 (C-9), 152.3 (C-3" ), 149.5
(C-4" ), 124.1 (C-1" ), 123.0 (C-6" ), 116.7
(C-5" ), 111.2 (C-2" ), 105.7 (C-10), 104.2
(C-8), 102.6 (C-3), 101.1 (c-1” " " ), 99.9
(C-6), 82.9 (-5 7 ), 81.5 (C3 "), 78.2
(c2 "), 7141-11.1 (v, A7,
c2 77, =, A ), 69T
(c-5" 77 ), 63.1 (C6 "), 57.2 (C-OCH,),
17.8 (C-6" 7 7 ).

3-(4-Hydroxy—-3—-methoxyphenyl) propyl—- 3 —D—gl

ucopyranoside (52)

Yellow amorphous powder. MALDI-TOF-MS m/z: 367
[M+Nal*; 'H-NMR (400 MHz, CD,0D) & : 6.74 (d,
F1.8 Hz, H-5), 6.64 (d, F8.1 Hz, H-2), 6.59
(dd, 1.8, 8.1 Hz, H-6), 4.20 (d, 7.8 Hz,
H-1" ), 3.77 (s, H-OCH), 3.2-3.4 (m, H-T),
3.1-3.9 -2/ , -3, 4 , -5 , -6 ), 2.59
(t, F7.6 Hz, H-9), 1.7-1.9 (m, H-8); “C-NMR
(100 MHz, CD,0D) & : 148.8 (C-3), 145.5 (C-4),
134.9 (C-1), 121.9 (C-6), 116.1 (C-5), 113.3
(C-2), 104.5 (C-1" ), 78.1 (C-5" ), 78 (C-3" ),
75.1 (C2" ), 71.7 (C-7), 70 (C-4" ), 62.7
(C-6" ), 56.4 (C-OCH,), 32.9 (C-8), 32.7 (C-9).

4-(3-Hydroxypropyl) —2—-methoxypheny1l- 3 -D-gl

ucopyranoside (53)

White amorphous powder. 'H-NMR (400 MHz,
DMSO-dy) & : 6.95 (d, 8.3 Hz, H-5), 6.78 (d,
2.0 Hz, H-2), 6.65 (dd, J=2.0, 8.3 Hz, H-6),
5.14-3.13 W-2" , -3 , 4 , -5 , 6" ), 4.80
(d, FT7.0Hz, H-1" ), 3.72 (s, H-OCH,), 3.23 (t,
J6.6 1z, H-v), 2.49 (t, F7.3Hz, H-a), 1.67
(m, H-B); “C-NMR (100 MHz, DMSO-d,) & : 148.8
(C-3 ), 144.6 (C4 ), 136.1 (C-1" ), 120.2
(c-6" ), 113.3 (C-2/ , -5 ), 100.4 (C-1" ),
77.0 (C-5" ), 76.9 (C-3" ), 73.7 (C-2" ), 70.2
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(c-4" ), 60.8 (C-9, 60.2 (C6 ), 557
(C-0CH,), 34.5 (C-8), 31.3 (C-7).

Tcariside B5 (54)

White amorphous powder. MALDI-TOF-MS m/z: 411
[M+Na]*; 'H-NMR (400 MHz, CD,0D) & : 5.82 (m,
H-2), 4.3 (d, £7.8 Hz, H-1" 7 ), 3.83 (m,
H-3 ), 3.10-3.90 (m, H-2" , -3’ , -4’ , -5,
-6), 2.61 (d, F11.0Hz, H-6a), 2.13 (dd, /0.9,
18.0 Hz, H-6b), 2.03 (d, 1.5 Hz, H-CHy),
1.98-2.08 (m, H-1" a), 1.82 (m, H-1" b), 1.78
(m, H2 a), 1.48 (m, H-2" b), 1.17 (s,
H-3" —CH), 1.09 (s, H-5-CHa), 1.01 (s,
H-5-CH;b) 5 “C-NMR (100 MHz, pyridine-dy) o :
197.7 (C-1), 168.6 (C-3), 126.3 (C-2), 102.3
(c-1"7 ), 78.6 (C-4), 78.3 (C5" "), 78.0
(-3 "), 75.2 (C-3" ), 749 (C2" 7 ), 72.0
(c-4 "), 63.0 (c6 "), 50.7 (C6 ~),
42.2 (C-5" 7 ), 34.7, 33.2 (CH,), 24.7, 24.1,
21.6, 20.2 (CH,).

Nagilactone C (55)

White amorphous powder. MALDI-TOF-MS m/z: 385
[M+Nal®; CD (MeOH) A ¢ (nm): 0 (203), +88.9
(215), 0 (231), —19.4 (240), 0 (270), +10.7
(299). 'H-NMR (400 MHz, pyridine-d,) 6§ : 6.70
(s, H-11), 5.65 (d, 8.5 Hz, H-7), 5.06 (dd,
F1.1, 8.5 Hz, H-6), 4.71 (d, J6.0 Hz, H-3),
3.71 (m, H-1), 3.54-3.59 (m, H-2), 3.47 (m,
H-15), 2. 11 (s, H-20), 2.10 (d, J7.1Hz, H-5),
1.49 (s, H-18), 1.31, 1.24 (d, J=6.9 Hz, H-16,
-17); “C-NMR (100 MHz, pyridine-d,) & : 177.7
(C-19), 170.4 (C-9), 165.2 (C-14), 162.1 (C-12),
111.8 (C-8), 107.3 (C-11), 73.7 (C-6), 67.9
(C-3), 60.2 (C-7), 58.2 (C-1), 51.5 (C-2), 51.3
(C-5), 50.2 (C-4), 38.1 (C-10), 29.7 (C-15),
26.2 (C-18), 20.7 (C-17), 20.1 (C-16), 19.3
(C-20).

(=) -Epicatechin (56)

White amorphous powder. 'H-NMR (400 MHz, CD.OD)
5 :6.95 (1H, d, ~2.0Hz, H-2" ), 6.82 (1H, dd,
J=2.0, 8.0 Hz, H-6" ), 6.75 (1H, d, J=8.0 Hz,
H-5" ), 5.92 (1M, d, J=2.2 Hz, H-6), 5.90 (1H,

d, F2.2Hz, H-8), 4.80 (1H, s, H-2), 4.16 (1H,
brs, H-3), 2.84 (1H, dd, 4.4, 16.8 Hz, H-4),
2.72 (1H, dd, J~16.8, 2.9 Hz, H-4).

(-)-Epigallocatechin (57)

White amorphous powder.

'H-NMR (400 MHz,
acetone—d;tD,0) §: 6.53 (2H, s, H2" , 6 ),
5.98 (1H, d, J=2.4 Hz, H-6), 5.87 (1H, d, Jj=2.4
Hz, H-8), 4.74 (1H, brs, H-2), 4.14 (1H, brs,
H-3), 2.78 (1M, dd, /4.3, 16.6 Hz, H-4), 2.66
(1H, dd, J=3.4, 16.6 Hz, H-4).

Gallocatechin—(4 @« —8)—-catechin (58)

Brown amorphous powder. 'H-NMR (400 MHz,
acetone—dytD,0) §: 6.99 (1H, brs, H-2" E),
6.82 (IH, d, 8.0 Hz, H-5" E), 6.74 (1H, d,
J8.0Hz, -6’ E), 6.37 (21, s, 12" B, 6’ B),
5.91 (1H, d, £2.4Hz, H-6A), 5.72 (1H, d, J=2.4
Hz, H-8A), 4.75 (1H, d, J=6.3 Hz, H-2F), 4.64
(1H, d, J=7.5Hz, H-2C), 4.50 (1H, d, J=9.5 Hz,
H-4C), 4.42 (1H, m, H-3F), 4.20 (1H, dd, 7.5,
9.5 Hz, H-3C), 2.85 (I1H, dd, 5.8, 16.1 Hz,
H-4F), 2.53 (1M, dd, 10.7, 16.1 Hz, H-4F);
BC-NMR (100 MHz, acetone—ditD,0) & : 114.5
(C-2" E), 145.5 (2¢, C-3 B, 5 B), 144.2
(C-4' E), 144.1 (C-3 E), 133.2 (C-4 B),
131.0 (C-1" E), 130.7 (C-1" B), 119.0 (C-6" E),
108.1 (2C, C-2B, 6B), 106.6 (C-8D), 95.7, 96. 1,
96.7 (C-6A, 8A, 6D), 82.9 (C-2C), 80.2 (C-2F),
72.7 (C-3C), 67.1 (C-3F), 37.3 (C-40).

Prodelphinidin B-4 (59)

Brown amorphous powder. H-NMR

(400  MHz,
acetone—d;tD,0) §:6.66 (21, s, 12" E, 6’ E),
6.55 (2H, s, H-2" B, 6" B), 6.01 (1H, s, H-6D),
5.79, 5.82 (2H, m, H-6A, 8A), 4.85 (1H, s, H-2F),
4.62 (1H, d, =7.8 Hz, H-4C), 4.52 (1H, dd,
F7.8, 9.5 Hz, H-3C), 4.31 (1H, d, 9.5 Hz,
H-2C), 4.22 (1H, brs, H-3F), 2.86 (1H, m, H-4F),
2.82 (IH, m, H-4F); “C-NMR (100 MHz,
acetone—d;tD,0) 6 : 158.0 (C-8aA), 156.9 (C-5A),
155.6 (C-7D), 155.0 (C-5D), 154.4 (C-8aD),
145.8, 145.9 (C-3’ B, 5’ B, 3’ E, 5 E), 133.3
(C-4 ), 132.5 (C-4 B), 131.3 (C-1" B),



131.1 (C-1" B), 107.9 (2C, ¢-2" B, 6’ B), 107.4
(C-8D), 106.2 (2C, C-2" E, 6/ E), 106.1 (C-4aA),
98.8 (C—4aD), 97.1 (C-6D), 97.0 (C-8A), 95.8
(C-64), 83.2 (C-2C), 79.3 (C-2F), 73.0 (C-30),
66.6 (C-3F), 37.8 (C-4C).

Prodelphinidin B-3 (60)

Redbrown amorphous powder. 'H-NMR (400 Mz,
acetone—d;tD,0) & : 6.56 (2H, s, H-2" B, 6’ B),
6.53 (2H, s, H-2" E, 6/ E), 6.02 (1H, s, H-6D),
5.89 (1H, d, 2. 2Hz, H-6A), 5.74 (1H, d, /2.2
Hz, H-8A), 4.57 (IH, d, J=7.8 Hz, H-2F), 4.51
(1H, d, J=8.3 Hz, H-20), 4.26 (1H, d, 9.3 Hz,
H-4C), 3.95 (1H, m, H-3C), 3.85 (I1H, m, H-3F),
2.93 (1M, dd, 5.9, 16.1 Hz, H-4F), 2.57 (1H,
dd, 8.9, 16.1 Hz, H-4F); "“C-NMR (100 MHz,
acetone—d#D,0) 6 : 145.5, 145.6, 145.9, 146.0
(c-3 B, 5 B, 3 E 5 E), 131.3, 131.4
(C-4" B, 4 E), 130.8, 130.9 (C-1" B, 1" E),
107.5 (C-8D), 107.0, 107.9 (C-2" B, 6’ B, 2 E,
6’ E), 97.0, 97.1 (C—6A, 6D), 96.6 (C-8A), 83.7
(C-20), 82.8 (C-2F), 72.8 (C-3C), 68.1 (C-3F),
37.7 (C-40).

Procyanidin B-1 (61)

Brown amorphous powder. 'H-NMR (400 MHz,
acetone—d;tD,0) §: 6.94 (2H, d, /2.0 Hz,
H-6’ B, 6 E), 6.71 (2H, d, J=8.3 Hz, H-3’ B,
3 E), 6.66 (2H, dd, ~=2.0, 8.3 Hz, H-2" B,
2’ E), 5.95 (31, br.d, H-6A, 6F, 8A), 5.03 (1H,
brs, H-2C), 4.57 (1H, brs, H-4C), 3.97 (1H, brs,
H-3F), 3.89 (1H, brs, H-3C), 2.78 (1H, dd, J=5.4,
16.1 Hz, H-4F), 2.52 (1H, dd, 7.3, 16.1 Hz,
H-4F); “C-NMR (100 MHz, acetone-d;tD,0) § :
155.0, 155.6, 157.3, 158.0 (C-5A, 7A, 8aA, 5D,
7D, 8aD), 145.0, 145.1, 145.9 (C-3' B, 4’ B,
3 E, 4 E), 131.2, 132.1 (C-1” B, 1” E), 119.1
(ec, c-6' B, 6/ E), 115.1, 115.3 (C-2" B, 5’ B,
2/ E, 5 E), 106.9 (C-8D), 96.6 (C-8A), 95.3,
95.9 (C-6A, C-6D), 82.0 (C-2F), 76.6 (C-2C),
72.4 (C-3C), 67.7 (C-3F), 36.5 (C-40).

Epigallocatechin—(4 § —8)—catechin (62)
H-NMR (400  MHz,

Brown amorphous powder.
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acetone—d;tD,0) §: 6.83 (IH, brs, H-2" B),
6.71 (1H, d, 9.3 Hz, H-6" E), 6.69 (IH, d,
9.3 Hz, H-5' E), 6.46 (2H, s, H-2' B, 6’ B),
5.94, 5.98 (2H and 1H, respectively, each brs,
H-6A, 8A, 6D), 4.98 (1H, brs, H-2C), 4.88 (1H,
brs, H-2F), 4.61 (11, brs, H-4C), 4. 09 (1H, brs,
H-3F), 3.91 (1H, brs, H-3C), 2.69 (1H, m, H-4F),
2.57 (1H, m, H-4F); YC-NMR (100 MHz,
acetone—d#D,0) & : 155.1, 155.6, 157.3, 158.2
(C-5A, 7A, 8aA, 5D, 7D, 8aD), 145.1, 145.3,
145.9 (-3’ B, 4 B, 3 E, 4 E), 131.4, 131.8
(c-1” B, 1" F), 119.2 (2¢, ¢-6' B, 6/ E), 115.6
(c-2" B, 22 E), 114.5 (C-5" E), 106.7(C-8D),
96.6 (C-8A), 95.3, 95.9 (C-6A, 6D), 81.6 (C-2F),
76.6 (C-2C), 72.3 (C-3C), 67.6 (C-3F), 36.5
(C-40).

Prodelphinidin B-1 (63)

Brown amorphous powder. 'H-NMR (400 MHz,
acetone—d;tD,0) & : 6.39, 6.50 (4H, m, H-2" B,
6 B, 22 E, 6 E), 5.92, 6.00 (3H, m, H-6A, 8A,
6D), 4.96 (1H, brs H-2C), 4.70 (1H, m, H-2F),
4.60 (1H, brs, H-4C), 4.01 (1H, brs, H-3F ),
3.90 (1H, brs, H-3C), 2.80 (1H, dd, J=5.4, 16.3
H-4F), 2.55 (1H, dd, J/=7.8, 16.3 Hz, H-4F).

Prodelphinidin A-1 (64)

Brown amorphous powder. 'H-NMR (400 MHz,
acetone—d;+D,0) §:6.71 (21, s, -2’ B, 6’ B),
6.57 (2H, s, H-2" E, 6/ E), 6.11 (11, s, H-6D),
5.98, 6.03 (1H, d, /2.4 Hz, H-6A, 8A), 4.51 (1H,
d, J=8.8MHz, H-2F), 4.16 (1H, d, J=3.4Hz, H-3C),
4.08 (1H, d, J3.4Hz, H-4C), 4.08 (1H, m, H-3F),
3.01 (1H, dd, 5.8, 15.8 Hz, H-4F), 2.53 (1H,
dd, 9.3, 15.8 Hz, H-4F); “C-NMR (100 MHz,
acetone—d;#D,0) § : 151.0, 151.7, 153.7, 155. 4,
156.0, 157.6 (C-5A, 7A, 8aA, 5D, 7D, 8aD), 129. 1,
131.2 (C-1" B, 6 B), 106.2 (C-8A), 103.6
(C-2C), 97.6 (C-8D), 96.3 (C-6A), 84.6 (C-2F),
66.9, 67.3 (2C, C-3C, 3F), 28.5 (2C, C-4C, 4F).

Gallocatechin- (4 @« —8)—gallocatechin— (4 o —8
)—gallocatechin (65)
{tE%) 65 I gallocatechin D =&AL TH Y,
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'H-NMR A7 huild7 e— R sniz. Zn
1%, FEHEEEICL A LD EHEINDDT, KIZ
AT TT BT L EITY, S8R L. 10
mg & IEKEEER/ B CHULERH, silica gel
(CHC1,:MeOH 100:0 ~95:5) THE#L4- 222121V
65a (4.9 mg) 457=. Z? 65a (ZOW\ T, H-B LW
PC-NMR A7 S L% SCHRE & el 325 Z L IT &
D FEIE LTz,

White amorphous powder. 'H-NMR (400 MHz, CDCI,)
§:6.93 (2H, s, H-2" and H-6’ E), 6.65 (1H,
s, H-6G), 6.62 (41, s, H-2" and -6’ BandH),
6.55 (1H, s, H-6D), 6.52 (1H, d, /2.2 Hz, H-8A),
6.32 (1H, d, ~2.2Hz, H-6A), 5.54 (1H, t, J=9.3,
9.6 Hz, H-3C), 5.35 (1H, dd, 8.6, 10.0 Hz,
H-3F), 5.21 (1H, brs, H-21), 5.16 (1H, m, H-31),
4.75 (1H, d, 10.0 Hz, H-2F), 4.65 (I1H, d,
J9.6 Hz, H-20), 4.54 (1H, d, /8.6 Hz, H-4F),
4.17 (14, d, 9.3 Hz, H-4C), 2.53-2.58 (2H, m,
H-41), 1.23-2.33 (s, 3Xaliphatic and
15X phenolic OAc); “C-NMR (100 MHz, CDCl,) & :
156.3 (C-8aA), 151.0 (C-8aG), 150.0 (C-7A),
149. 3 (C-5G), 147.3 (C-5D), 147.2 (C-7D), 143.1
(2, ¢-3’ and C-5" E), 143.0 (4C, C-3' and
C-5" BandH), 136.7 (C-1" H), 134.9 (C-1" ),
134.8 (2C, C-1" Band C-4" H), 134.7 (C-4" E),
134.3 (C-4" B), 124.5 (C-6' E), 119.4 (C-2" BE),
119.1 (4C, 2" and C-6/ B and H), 118.4
(C-8D), 117.1(C-4aD), 117.0 (C-4ah), 116.5
(C-8G), 110.6 (C-6D), 109.7 (C-6A, C—4aC),
108.4 (C-6G), 108.1 (C-8A), 79.4 (C-2F), 78.6
(C-20), 72.9 (C-3F), 70.6 (C-3C), 66.2 (C-31),
36.9 (C-4C), 36.7 (C-4F), 29.3 (C-4I).

Nagilactone A 1-0- B -D-glucopyranoside (66)

White amorphous powder. [« ]*!, +32.0 (c=0.1,
MeOH). FAB-MS m/z: 511 [M+H]% 349 [M-Glc+H]™
HR-FAB-MS m/z: 511.2191 (Caled for C,H,.0,:
511.2179). WV A nm (log &): 204 (3.87), 255
(3.28), 298 (3.46). CD (MeOH) A & (nm): 0 (202),
+55.4 (215), 0 (231), —12.0 (240), 0 (262),
+5.46 (292). IR v, cm':1767, 1699, 1627, 1544.
'H- and "C-NMR spectra, see Table 13.

Nagilactone C 7-0-  -D-apiofuranoside (67)

White amorphous powder. [ ]*, «50.1 (c=0. 11,
MeOH). FAB-MS m/z: 495 [M+H]" 363 [M-Api-H]".
HRFAB-MS my/z: 495. 1880 (Caled for C,H,0,,:
495.1866). UV A nm (log ¢): 203 (4.18), 296
(3.71). IR v, cm':1761, 1710, 1626, 1544. CD
(MeOH) A ¢ (nm): 0 (204), +71.0 (211), 0 (230),
-14.9 (244), 0 (263), +14.4 (297). 'H- and
BC-NMR spectra, see Table 14.

Nagilactone A 1-0- 3 -D—glucopyranoside (66)
¥ X Wnagilactone C 7-0- B -D— apiofuranoside
(67) D53 ORI

66 & 67 DOFEY OMEKEIEIZ OV TIE, 66
& 67 FnEi (5 mg) (20.1 MHCL (1 ml) &N
AT 100 ° C T 5 RpfALER L CRENIVK iR,
Amberlite IRA400 (OH form) % filx Hfn L7=#%,
Al LTI A RE, AiREigESEe. gl
L—cysteine methyl ester (5 mg) & & HIZ
pyridine (0.5 ml)(ZIEAEL, 60 ° C T 1 KN
7=, X5I1Z, o torylisothiocyanate (5 mg)
% pyridine (0.5 mDIZIENLT=HDEMZ,
60 ° C T 1IFEMENL 72, BU&GHE A HPLC 5347
[Cosmosil 5C,AR IT; 25% CH,CN in water
containing 50 mM H;P0,; flow rate, 0.8 ml/min;
detection, 250 nm] L7=#55%, LA 66 HhH45
7= glucose MFEURIL, £,=18. Tmin IZHH &,
D- glucose (= 18.7 min), B LN L-glucose
(17. 2 min) DR D AR L7CFHEE & Hi LT
D- glucose THD EWRE L=, F£i=, L&Y 67
M H57- apiose OFFEIRIY, 4= 31.3 min (T
H&EH, D- apiose DFFEIK (4= 31.0 min), ¥
L OVL- apiose DFFEAR (= 16.8 min) D fAE
L Ll LU C D- apiose TH D EPE LT,

T T =V A ) Ae—DF F— ViR

FirBlOREOTe T by T2 A
~—7% 60% EtOH (25 mg/ml) \ZVEfEL, DK
(300 uDIZANHIT hxk ) —)VikdE [(AA
7 b = % J — )b -EtOH- v & B -1,0,
2.5:27.5:4:16), 1.2 ml]&Nx, 75 ° C TT7H
FAEL L 7=, SiRECmE Lk, sk (10
p 1) % HPLC S3#Ticfi L7z,
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Eritadenine (68) DAEHESILFHED (1975) D
FiiE%E—MZE L1572 (Chart 6-2). &M@ L7z
A B4 (110 @) % 80% &7k MeOH (2.5 1) T 3]
L, =% 2%285bW, BULRMEE, KSKR:
L7z, DK EtOH 201 %, 80%EtOH & L,
—4 ° C T 24 FEMRS LT, IhE % A L ChR
EL, Az —7)1 (1.01) T2 [EABSELL,
IKIEIR & 15T, & DO/KIEWR % Dowex 50WX 8 (0. 3N
HC1, 1 NHC1), ¥\ T Dowex 1X8 (0.03 N HCOOH)
THEELT-. 15517~ Fr. 22 %, Choromatorex NH
(Fuji Silysia Chemical LTD.) 7 A2 u—< K
(2 cm i.d. X25 cm; 80-45% aq CH.CN, 5%
stepwise) \IZfT L 68 (69. 4 mg) Z157-. 68 % TLC
L OVHPLC @ UV WU (260 nm) CHEFE L, 'H-NMR
ARG NV SCERE & Heie 5 2 &1 Lo TRE
L7-.

A B BRI O & U Ol L7
X, 790, V7XF, AXTUA, X7 /%,
7 TNRNUA, YU T, raxThYy, Fu—v
2 Ly =T 4 m )i Lo b D% V.
FREENL, () T HATEBWT, dEHF 600
BOMEHE AW TITo72. VA X rEO#E RO
FAEFEIZOWTE, BEZ L IThHLTZTF v
% 3 HHHOKE, ERBIEN 7 v v 7 12 Lz,
120 ° C T, Kunte, FEZHEML, 90 HIH
Refktk, WELIZLOEEHLE LT (Chart 6-1).

BHEKT T v 7 DO FRZIROAE 200 mg % 8
ml @ H,0 T 30 min BUKHEH U7z, RIS, £
VT T T 4 VH—T A%, Cosmosil HILIC 71
Z X5 (250 X 4.6 mm, Nacalai Tesque Inc.,

-81.

Japan) & VT HPLC IZfiE L, 7 7 MREEIX 35° C,
PRI CH,CN-50 mM H,PO, 2 AV, 21 min C 90-76%
CH,ON, & 512 4 min T 76-50% CH,ON D275 P~
v TP L7z, 681X 4= 16.7 min, guanosine
monophosphate % #= 20.0 min THRH I 7=. 68
DR EMRIT, AFEORE (0.00625, 0.0125,
0.0025, 0.05 mg/ml) % 2 SKAEHIE L, HPLC OF
— 7 EfE & DEYFF GRERE:0.9991) Z R H L
TYER L 7.

BH U7z eritadenine G HEIZOWTIE, —IT
BB BT 21T 72, B CHEER S -1
BlE, BEHOFEHEICHOWTSLELKRETH D
Holland & Copenhaver O F{EIZ L O kE LT-.

Eritadenine (68)

Colorless amorphous powder. 'H-NMR (400 MHz,
CDCl,) § : 8.10 (1H, s, H-aromatic), 8.03 (1H,
s, H-aromatic), 7.14 (2H, br, H—Eg), 4.38-3.70
(44, m, H-CH, —CH,).
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Exploration of functional chemical compounds in Nagasaki forest resources

Hajime MAEDA

SUMMARY

The Nagasaki Prefectural Office is promoting studies on agricultural resources which
contribute to revitalization of local economy. In recent years, our efforts are focused on
utilization of prefectural resources as the functional materials. This is also a global trend
in the fields of agriculture, forestry and fisheries.

“Forest” has been attracting attention as one of the resources having the functional
materials. The functional materials in Nagasaki are include wood of Sugi (Cryptomeria
Japonica) and Hinoki (Chamaecyparis obtusa), mushrooms, such as Siitake mushroom (Lentinula
edodes), and high—grade Camellia (Camellia japonica) seed oil mainly produced in Goto Islands.
When the materials are used as construction materials or foods, visual characteristics such
as shape and hue are criteria of the commercial value; however, the plant materials contains
many promising natural chemical compounds having various functions, such as health benefits
or antibacterial activities. Thus, we investigated chemical constituents of selected plant
resources collected in Nagasaki area to accumulate fundamental chemical information that
contribute to develop new applications of the natural products in the plant resources in

Nagasaki prefecture

Plants examined in this study, such as trees and mushrooms, were collected in Nagasaki
prefecture, and the constituents were extracted and separated in the Laboratory of Natural
Product Chemistry, Graduate School of Biomedical Sciences, Nagasaki University.

The first chapter is introduction and describes back ground of the study as mentioned above
and brief introduction of the plants examined in this study.

In the chapter 2, polyphenols in the plant samples (including leaves, bark, sapwood and
heartwood) of 46 species belonging 35 genus and 26 families were compared by Folin-Ciocalteu
method for total polyphenol content and HPLC analysis. The results indicated that total
polyphenols of the plants belonging Anacardiaceae, Elaeocarpaceae, Myricaceae, and
Juglandaceae were higher than those of other families. In addition, some plants exhibited
different polyphenol compositions in the leaves, bark, sapwood and heartwood.

Chapter 3 describes the chemical composition of the wood of Platycarya strobilacea (PSW),
which is a fragrant tree and has been used as a substitute for expensive agarwood (Aquilaria
agallocha). PSW was burned when it is used as fragrant tree, and the aim of our study is
characterization of the aroma substance and chemical change of the constituents during the
heating. Previously, we reported that PSW contains 3-hydroxy— a —calacorene, oak lactone (syn
whisky lactone) precursor, gallotannins, such as pentagalloyl—pf-D-glucose, and
ellagitannins, such as pedunculagin, casuariin, casuarinin, eugeniin,
1(B)-0-galloylpedunculagin. First we demonstrated presence of three new eudesman-type
sesquiterpenoids, and the structures were elucidated by spectroscopic methods. These
terpenoids are detected in the smoke when the PSW was toasted. As for degradation of other

phenolic compounds on toasting, ellagitannins are completely disappeared, whereas the
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gallotannins and oak lactone precursor remained unchanged. Gallic acid and ellagic acid
increased, and mdigallate, sinapylaldehyde, coniferylaldehyde, vanillin, and
3’ —O-methylellagic acid 4-0-(4’ —0-galloyl)—xyloside were newly generated on toasting

Chapter 4 describes a new ellagitannin dimer named euscaphinin isolated from the leaves
of Euscaphis Jjaponica (THUNB.) KaNITZ. The structure was determined on the basis of
spectroscopic and chemical evidence. The dimer was produced by intermolecular C-0 oxidative
coupling between the galloyl groups of two molecules of 1(8)—-0-galloyl pedunculagin, which
is the major ellagitannin of the leaves and known to be a selective inhibitor of the
B —regulatory subunit of A-kinase. The ellagitannins are not detected in the bark and wood
of the plant. This is the first example of isolation of ellagitannins from Staphyleaceaeous
plants.

In chapter 5, the wood of FKhus sylvestris Sieb. Et Zucc. was analyzed in detail. The
characteristic yellow pigment in the heartwood was identified as sulphuretin. In addition,
the main constituents of the heartwood were characterized to be fustin,
polygalloyl-f -D-glucoses, and two new compounds, which were determined to be 3-0O-galloyl
fustin and 3’ ,4” —0-galloyl fustin. Antioxidant activity of heartwood constituents was
compared by ORAC, the values of fustin, 2,3" ,4’ ,6-tetrahydroxy—2-benzylcoumaranone
3-0-galloyl fustin, 3’ (4’ )-0-galloyl fustin were higher than that of gallic acid.

In chapter 6, fruit of Podecarpus macrophyllus was examined. The fruits were composed of
seed and fruit receptacles, and it is known that seeds were toxic and fruit receptacles were
edible. The constituents of the fruit had not been analyzed so far. The main components of
fruit receptacles were polysaccharide and minor constituents were characterized to be 3
anthocyanins, 5 flavone C—glycosides, and 4 new compounds, which were composed of three
flavonoid C—glycosides and a nor-sesquiterpen. The edible fruit receptacles did not contain
nor—diterpenoid dilactones. The nor—-diterpenoid dilactones were obtained from the seed. The
seed was contained 3 flavone C-glycosides, 2 nor—-diterpenoid dilactone glycoside
Proanthocyanidins were obtained from fruit receptacles and seed, and the structural subunits
were determined to be catechol and pyrogallol-type catechins.

In chapter 7, eritadenine content of Lentinula edodes (Shiitake mushroom) cultivated with
various woodchip were compared. In this study, I developed a new facile method to determine
eritadenine concentration by application of HILIC-mode HPLC using aminopropylsilyl silica
gels. The mushroom cultivated with Machilus thunbergii woodchip showed the highest

concentration of eritadenine among the samples cultivated with 7 different woodchips.

The forest resources, such as wood, leaves and fruits, are promising source of functional
materials. The present study demonstrated presence of various natural products including
terpenoids and polyphenols. Especially, polyphenols are shown to have many health benefits,
such as antioxidative activity and inhibition of some digestive enzymes concerning to diabetes
and hyperlipidemia. Furthermore, it is known that polyphenols and some terpenoids have
antibacterial activities. Therefore, the results suggested the possibility of utilization

of forest resources as the source of these functional natural compounds.



