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Phenolic Compounds from Barks of Ulmus macrocarpa and Its
Antioxidative Activities.

Young Min Kwon, Jae Hee Lee, and Min Won Lee*
College of Pharmacy, Chung-Ang University, Seoul 156-756, Korea

Abstract — Phytochemical examination of Barks of Ulmus macrocarpa has led to the isolation and characterization of two fla-
vanonol, taxifolin 7-O-3-D-glucopyranoside (1), taxifolin 3'-O-B-D-glucopyranoside (2), two flavanone eriodictyol 7-O-3-D-
glucopyranoside (3), nalingenin 7-O-B-D-glucopyranoside (4), three flavan 3-ol, (+)-catechin (5), (—)-epicatechin (6), (+)-cat-
echin 7-O-B-D-glucopyranoside (7) and one proanthocyanidin, procyanidin B-1 (8). Antioxidative activity of these compounds
was determined by measuring the radical scavenging effect on 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals. (+)-Catechin (5),
(—)-epicatechin (6), (+)-catechin 7-O--D-glycopyranoside (7) and procyanidin B-1 (8) showed significant antioxidative activity.

Key words — Ulmus macrocarpa, Flavonoid, Condensed Tannin, Antioxidative Activities.
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side, isolariciresinol-9'-0-B-D-xylopyranoside, rel-trans-
dihydrodehydroconiferyl alcohol 4'-O-a-L-rhamnoside,
icariside E3%52] 6702] lignan & neolignans #2333
Kim”5-2 @315 2394 davidianone A, B, C, man-
sonone E, F, H, 1] sesquiterpene O-naphthoquinones &
ZJaant.
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VG70-VSEQ (England) FAB source : ionized by 35 keV
Glycerol, TLC : Adsorbent; Kie-
selgel 60 F,;, (Merck, Germany), Cellulose (Sigma, USA),
Solvent (v/v); CHCL, : MeOH : HO=6:4:1,70: 30
. 4 Detection ; Ethanolic-FeCl, solution, 10%-H,SO, in
H,O (heating), UV-lamp (254 nm), Chromatographic gels
: Sephadex LH-20 (25-100 um, Sigma, USA), MCI-gel
CHP-20P (75-150 ,m, Mitsubishi, Japan), YMC-gel ODS-
A(230/70, 4007230, 500/400 mesh, YMC Co, Japan), Low
Pressure Liquid Column Chromatography (pump : Gilson
minipuls 3, detector : Gilson 112 UV/VIS (254 nm), gel ;
YMC-gel ODS-A (500/400 mesh, YMC Co., Japan), data
system : Autochro-Win 3.0 plus (Young-lin Co., Korea))

DPPH (1,1-diphenyl-2-picrylhydrazyl), l-ascorbic acid<
Sigma®l A TYUBIAL, 99.5% ethanot> Merckoll A -4}
of ARgSIT. ZIERE = 19 AloRS AME-3H] A3
o §2 X Opron-3000PC UV/Vis spectrophotometer
(Hanson) & ARS8t 743130t

& H 22| - 373 AlE 2kgS Aksl] 80% aqueous
acetone® = H-2oM 33 FE3t st 1 FEY
= A 53 F HO A3kl o33 - Sephadex
LH-20 2 HAZn}E12}3] (gradient, H,O>MeOH)E A4
&t s7jel 88 ATk fr 32 MClgel CHP-20P H3
AxvtETE}Y (gradient, H,O—~MeOH) ¥ Low Pressure
AP 222y (gradient, H,0>MeOH)S HHE 214
sted 7 (400 mg), 1 (550 mg)S VATt T3, fr4S MCIL-
gel CHP-20P AHAZRE12}9] (gradient, H,0—>MeOH),
YMC ODS-gel AH A2 v}E12}+3] (gradient, H,0—
MeOH), Low Pressure A@AZv}E 123 (gradient, H,0—
MeOH)E ¥H5- 2 A8} compound 2 (80 mg), 3 (150 mg),
4 (80 mg)yS A%tk 28X Fr 5% MCl-gel CHP-20P 2%
Azl (gradient, 40%—80% MeOH), YMC ODS-
gel AP AR vE2}7 (gradient, H,0—MeOH), Low
Pressure AHAZWE 18} (gradient, H,0—>MeOH)& 2
Alste] Compound 5 (300 mg), 6 (300 mg), 8 (130 mg)=
Eelstant.

Cs* ion beam Matrix :

Compound 1

Brown amorphous powder, IR vKBr em™ @ 3400 (OH),
1650 cm ™' (C=0), 1570 cm ™', 1520 cm™ (aromatic C=C),
1050 cm ™" (glycosidic CO), Negative FAB MS : m/z 467
[M-HJ", '"H-NMR (300 MHz, CD,0OD) : 3.30-3.85 (SH
in total, m, glc-3,5,2,4,6), 4.56 (1H, d, J=11.7 Hz, H-3),
4.92 (1H, d, J=11.7Hz, H-2), 497 (1H, d, J=7.5 Hz, glc-
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1), 620 (1H, d, J=2.1 Hz, H-6), 6.23 (1H, d, J=2.1 Hz,
H-8), 6.98 (1H, d, J=8.1 Hz, H-5", 7.11 (1H, dd, J=8.1,
2.1 Hz, H-6), 7.39 (1H, d, J=2.1 Hz, H-2"), "C-NMR
(75 MHz, CD,OD) : Table 1.

Compound 2

Brown amorphous powder, IR vKBr cm ' : 3400 (OH),
1650 cm ! (C=0), 1570 cm™, 1520 cm™ (aromatic C=C),
1050 em™ (glycosidic CO), Negative FAB MS : m/z 467
[M-HT", '"H-NMR (300 MHz, CD,0D) : §3.20-3.60 (5SH
in total, m, glc-3,5.2.4,6), 4.46 (1H, d, J=11.7 Hz, H-3),
474 (1H, d, J=7.5 Hz, glc-1), 4.88 (1H, d, J=11.7 Hz, H-
2), 5.79 (1H, d, J=2.1 Hz, H-6), 5.81 (1H, d, J=2.1 Hz,
H-8), 6.79 (1H, d, J=8.1 Hz, H-5'), 7.00 (1H, dd, J=8.1,
2.1 Hz, H-6), 7.28 (1H, d, J=2.1 Hz, H-2"), "C-NMR
(75 MHz, CD,0D) : Table 1.

Compound 3

Brown amorphous powder, IR vKBr em™' ;3400 (OH),
1650 cm™* (C=0), 1570 cm™", 1520 cm™ (aromatic C=C),
1050 cm™ (glycosidic CO), Negative FAB MS : m/z 451
[M-H]™', '"H-NMR (300 MHz, DMSO-d,) : §3.16-3.69
(5H in total, m, glc-3,5,2,4,6), 495 (1H, d, J=72 Hz, glc-
1), 85.06 (1H, m, H-3), 5.35 (1H, m, H-3), 543 (1H, d,
J=12.6 Hz, H-2), 6.13 (1H, d, J=2.1 Hz, H-6), 6.14 (1H,
d, J=2.1 Hz, H-8), 667 (1H, d, J=8.1 Hz, H-5), 6.75 (1H,
dd, J=8.1, 2.1 Hz, H-6"), 6.88 (1H, d, J=2.1 Hz, H-2"),
“C-NMR (75 MHz, DMSO-d) : Table 1.

Compound 4

Brown amorphous powder, IR vEBr em™' ;3400 (OH),
1650 cm™ (C=0), 1570 cm ™', 1520 cm™ (aromatic C=C),
1050 cm™ (glycosidic CO), Negative FAB MS : m/z 435
[M-HT, 'H-NMR (300 MHz, DMSO-d,) : 62.74 (IH, m,
H-3), §3.23 (1H, m, H-3), 8 3.19-3.66 (5H in total, m,
glc-3,5,2,4,6), 535 (1H, d, J=7.5Hz, glc-1), 5.51 (1H, d,
J=10.8 Hz, H-2), 6.14 (1H, d, J=2.4 Hz, H-6), 6.14 (1H,
d, J/=2.4 Hz, H-8), 6.79 (2H, d, J=8.1 Hz, H-3',5"), 7.33
(2H, d, J=8.4 Hz, H-2'6), "C-NMR (75 MHz, DMSO-dj)
. Table L

Compound 5 ,
Brown amorphous powder, IR vEEr em™' : 3400 (OH),
1570 cm ™', 1520 cm™' (aromatic C=C), Negative FAB M$S
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: m/z 289 [M-HI", 'H-NMR (300 MHz, DMSO-d+D,0) :
8235 (1H, dd, J=16.2, 8.1 Hz, H-4ax), 2.62 (1H, dd,
J=16.2, 5.1 Hz, H-4eq), 3.82 (1H, m, H-3), 4.48 (1H, 4,
J=15Hz, H-2), 5.69 (1H, d, J=2.1 Hz, H-6), 5.88 (1H, d,
J=2.1 Hz, H-8), 6.60 (1H, dd, J=8.1, 1.8 Hz, H-6'), 6.69
(1H, d, J=8.1, H-5), 6.72 (1H, d, J=1.8 Hz, H-2), “’C-
NMR (75 MHz, DMSO-d+D,0) : 279 (C-4), 664 (C-3),
81.1 (C-2), 94.0 (C-8), 95.3 (C-6), 99.2 (C-10), 114.7 (C-
59, 115.3 (C-2), 118.6 (C-6), 130.8 (C-1"), 145.1 (C-3'4"),
155.6 (C-7), 156.4 (C-5), 156.7 (C-9)

Compound 6

Brown amorphous powder, IR vKBr em™' ;3400 (OH),
1570 cm_l, 1520 cm™ (aromatic C=C), Negative FAB
MS : m/z 289 [M-H]", '"H-NMR (300 MHz, DMSO-
da+D,0) : §2.47 (1H, dd, J=16.2, 8.1 Hz, H-4ax), 2.68
(1H, dd, J=16.2, 5.1 Hz, H-4eq), 4.00 (1H, m, H-3),
473 (1H, s, H-2), 5.72 (1H, d, J=2.1 Hz, H-6), 5.89
(1H, d, J=2.1 Hz, H-8), 6.66 (1H, dd, J=8.1, 1.8 Hz, H-
6", 6.69 (1H, d, J=8.1, H-5), 6.89 (1H, d, J=1.8 Hz, H-
2, PC-NMR (75 MHz, DMSO0-d,+D,0) : 28.3 (C-4),
65.0 (C-3), 78.2 (C-2), 94.3 (C-8), 95.3 (C-6), 99.7 (C-
10), 115.0 (C-5", 115.1 (C-2'), 118.2 (C-6"), 130.9 (C-
1, 144.7 (C-3), 144.7 (C-4"), 156.0 (C-5), 156.5 (C-9),
156.8 (C-7)
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Compound 7

Brown amorphous powder, IR vXBr cm™ : 3400 (OH),
1570 cm™, 1520 cm™ (aromatic C=C), Negative FAB MS
. m/z 451 [M-HT, '"H-NMR (300 MHz, DMSO-d+D,0) :
82.61 (1H, dd, J=16.2, 8.4 Hz, H-4ax), 3.02 (1H, dd,
J=16.2, 5.1 Hz, H-4eq), $3.31-3.90 (5H in total, m, glc-
3,5,2,4,6), 400 (1H, m, H-3), 4.61 (1H, d, J=7.5 Hz, glc-
1), 4.65 (1H, d, J=6.6 Hz, H-2), 6.05 (1H, d, J=2.1 Hz,
H-6), 6.28 (1H, d, J=2.1 Hz, H-8), 6.72 (1H, dd, J=8.1,
1.8 Hz, H-6", 6.79 (1H, d, J=8.1, H-5"), 6.84 (1H, d,
J=1.8 Hz, H-2"), C-NMR (75 MHz, DMSO-d+D,0) :
28.3 (C-4), 62.6 (glc-6), 68.7 (C-3), 71.4 (glc-4), 74.9
(glc-2), 782 (glc-3), 78.2 (glc-5), 82.9 (C-2), 97.1 (C-8),
98.3 (C-6), 102.6 (glc-1), 103.6 (C-10), 115.5 (C-5"),
116.4 (C-2"), 120.2 (C-6'), 132.2 (C-1"), 146.4 (C-3"),
146.5 (C-4), 156.8 (C-5), 158.2 (C-9), 1582 (C-7)

Compound 8

Brown amorphous powder, IR vXEr cm™! : 3400 (OH),
1570 cm™, 1520 cm™ (aromatic C=C) Negative FAB MS :
m/z 579 [M-HJ", '"H-NMR (300 MHz, Me,CO-dg+D,0) :
62.60 (1H, m, H-4t), 2.80 (1H, m, H-4t), 3.98 (1H, m,
H-3t), 4.12 (1H, s, H-3u), 4.66 (1H, s, H-4u), 4.80 (1H,
d, J=8.0 Hz, H-2t), 5.10 (1H, s, H-2u), 5.99-6.04 (3H, in
total, H-8u, 6u, 6t), 6.71-7.01 (6H, in total, H-2', 5', ¢’

Barks of Ulmus marcrocarpa (2kg)

80% Acetone, room temp.

Fr.1 Fr.2 Fr.3

M-1

e

7
(400mg) (550mg)

(80mg) (150mg)(80mg) S

Fr.4 Fr.§
M-1 M-3
0-1
LC-1
0-1 ’ S-1 LC-2
M-1 LC-2
LC-1
6 8
2 3 4 (300mg)  (130mg)

(300mg)

Chromato. Gel
S : Sephadex LH 20
M : MCI-gel CHP 20P
O : YMC ODS gel(500-400mesh)

LC : Low Pressure Liquid Chromatography.

Solvent system
1: H,0-MeOH
2 : 10%-50% MeOH
3 : 40%-80% MeOH

Extraction and isolation procedure
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Structures of Compounds 1~8.

ut), "C-NMR (75 MHz, Me,CO-d+D,0) : 27.5 (C-4t),
36.7 (C-4u), 67.7 (C-3t), 72.5 (C-3u), 76.9 (C-2u), 81.9
(C-2t), 95.5 (C-8u), 96.1 (C-6u), 96.9 (C-6t), 101.0 (C-
10u,t), 107.7 (C-8t), 114.8-115.9 (C-2',5'u,t), 119.3-1194
(C-6'u,t), 132.1-132.4 (C-1'u,0), 145.2—145.6 (C-3'4'u,0),
155.4—157.7 (C-9,7,5 w,t)

Clz AHERe M — Hatano er al.o] BV o
st AEE 7t 3= ZE 24 €94 100w (control :
99.5% ethanol)ll 0.1 mM DPPH £ (99.5% ethanol) 1.9
miE 7HIRTh 7+ AlEe 7] w52 2AEI T vortex
mixer® 107} &3 3 37°ColA] 308 521 incubation
AlZ1 3 spectrophotometerS ©}-&314] 515 nmeol|A] 3=
£ A3k o tReE 2= ascorbic acid® A ¥
T2 ZAIE] SAEAE 24 AR sk IC,, A
(DPPH U2 AL 50%2 AAsh= o 2R3 niss)
2 JeRAT.

#u 9 DE

Compound 1= ZMELEA FeClLol 4/g¢)L IR 29
EFol| A 3400 cm A OH7), 1650 cm™ ol A C=071,

1570 cm™", 1520 cm™ ol A aromatic C=C, 1050 cm™' ol 4|
glycosidic CO2] F7F e} flavonoid BIBA Y-S &
AATH.

'H-NMRoI| A B ring®] H-2, 5, 62 ABX type®] zZ+zt
07.39 (14, d, J=2.1 Hz), 6.98 (1H, d, J=8.1 Hz), 7.11
(1H, dd, J=8.1, 2.1 Hz)°lA] Y}El%t3 meta coupling 3=
H-837 H-6°] 7zt §6.23 (1H, d, J=2.1 Hz), 6.20 (1H, d,
J=2.1 HzeX YTt C ring®l H-29F H-30] 742} §4.92
(1H, d, J=11.7 Hz), 4.56 (1H, d, J=11.7 Hz)%lA Yepsto
o, 54979014 glucose2] anomeric proton®] doublet (J=
7.5 Hz)2 & YeRh} 5, 7, 3', 4-tetrahydroxyflavanonol (taxi-
folin)®] glucoside® A=At C-NMRIA taxifolin®]
C-70] 16758 ZAZ shift3k3l C-6, C-8°] Zt7} 98.5%
9722 AR shiftdled C-7 Y1X2] OHOll glucose”} A$H
wo] 3= taxifolin 7-O-B-D-glucopyranoside® 131 th
(Table 1 &)+

Compound 2& ZHELEA FeClol| /0]l IR &%
E9 A 3400 cm ™' A OH7], 1650 cm™ o)A C=071,
1570 cm™, 1520 cm™ 91 A aromatic C=C, 1050 cm™ ol A
glycosidic CO2] &7} VR flavonoid BB YS & +
ARt
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Table I. *C-NMR spectra of Compound 1, 1a, 2, 2a, 3, 3a, 3b, 4, 4a and 4b

Carbon 1% la** k% 2a* 3% 3a* 3b* 4% 4a%* 4b*
number

C-2 854 84.7 85.1 84.6 78.8 78.9 78.3 78.7 78.7 78.4
C3 739 73.2 73.6 733 422 42.4 422 422 42.0 42.0
C-4 199.6 1979 198.7 198.1 197.5 196.9 196.2 197.5 197.2 196.2
C-5 165.6 164.7 165.0 165.2 163.1 162.7 163.4 163.2 162.9 163.6
C-6 98.5 97.0 97.6 97.3 96.5 95.6 95.7 96.6 96.5 95.9
C-7 167.5 168.1 169.1 168.4 165.5 165.1 166.6 165.5 165.2 166.7
C-8 97.2 95.6 96.5 96.2 95.5 96.6 94.8 95.5 954 95.0
C-9 164.5 164.0 164.7 164.4 163.0 162.5 162.8 163.0 162.8 162.9
C-10 101.4 101.3 102.0 101.3 103.4 103.3 101.7 103.4 103.3 101.8
C-1 129.9 129.3 130.3 129.8 1294 129.2 1294 128.8 128.8 1289
C-2' 116.4 115.6 118.5 118.0 114.6 114.5 114.2 128.6 128.5 128.2
Cc-3 146.5 145.8 146.8 146.3 146.0 145.1 145.1 1153 115.2 115.2
c-4' 1474 146.5 149.3 149.1 1454 145.7 145.6 158.0 157.8 157.8
C-5 116.1 115.6 117.1 116.1 115.5 1154 115.3 115.3 115.2 115.2
c-6' 121.3 1204 1249 124.6 118.2 118.2 117.8 128.6 128.5 128.2

1" 103.7 104.2 103.7 99.7 99.6 99.7 99.5

2" 74.7 75.0 74.7 73.1 732 73.1 73.1

3" 77.8 77.8 77.4 76.4 77.2 76.4 76.3

4" 71.2 71.6 71.3 69.6 69.7 69.5 69.5

5" 78.3 78.5 78.0 77.1 76.4 77.1 77.1

6" 62.3 62.6 62.4 60.6 60.7 60.6 60.6

Solvent : *DMSO-d,; **CD,0D

1a : taxifolin, 2a : taxifolin 3'-O--D-glucopyranoside, 3a : eriodictyol 7-O-B-D-glucopyranoside, 3b : eriodictyol, 4a : nalingenin 7-O--

D-glucopyranoside, 4b : nalingenin in the reference

'H-NMRI 4] B ring®] H-2, 5, 6'¢] ABX type©] z}z}
87.28 (IH, d, J=2.1Hz), 6.79 (1H, d, J=8.1 Hz), 7.00 (1H,
dd, J=8.1, 2.1 Hz)*l|X] YERISL meta coupling 3= H-87}
H-6°] ztz} §5.81 (1H, d, J=2.1 Hz), 5.79 (1H, d, J=2.1
Hz)lA Vel C ring2] H-29+ H-39] zH2t §4.88 (1H,
d, J=11.7 Hz), 446 (1H, d, J=11.7 Hz)°l A Vet on
34.74%04 glucose®] anomeric proton®] doublet (J=7.5 Hz)
o2 veht 2 9A] taxifolin®] glucoside® FA=c). PC-
NMROIA taxifolin®] C-37} 146,82 A& shiftsha C-2,
CA4X 717} 118.59 149.8% A A& shiftsle] vielyho
HAEH o ] vnE 58 28 taxifolin 3-0-B-D-
glucopyranoside® ¢S4 815 tHTable 1 Zx), !4

Compound 32 ZHELEX FeClLel /g IR 2%
EZ)A 3400 cm ' o)A OH7), 1650 cm™ o)A C=07],
1570 cm™, 1520 cm ™' A] aromatic C=C, 1050 cm ™ o A}
glycosidic CO®] &7} UER} flavonoid BIBAY-S & 4=
AT}

'H-NMROIA B ring®] H-2' 5, 69 47} 7H7} §6.88
(1H, d, J=2.1 Hz), 6.67 (1H, d, J=8.1 Hz), 6.75 (1H, dd,

J=8.1, 2.1 Hz)*lA} YEFSA. meta coupling 3= H-83 H-
6°| Z}7} $6.14 (1H, d, J=2.1 Hz), 6.13 (1H, d, J=2.1 Hz),
oflA] Yeldtt. C ring?] H-29F H-30] 22} §5.43 (1H, d,
J=12.6 Hz), 506 (1H, m) 2 535 (1H, mpelr velgton,
84.95914 glucose®] anomeric proton®] doublet (/=7.2 Hz)
o2 Jeh} 32 5, 7, 3, 4-tetrahydroxy flavanone (eriodi-
ctyol?] glucosidedS & 5= Y. PC-NMReIA eriodict-
yol®] C-7°] §165.52 LA shiftdtal C-6, C-89] zHz}
896.59F 9552 A& shiftsle] C-791x12] OHOll glucose
7t A= IS EIBH L HEHOZ F3Fe] vl
£ &3l 32 eriodictyol 7-O-B-D-glucopyranoside® &<1%
8 Th(Table 1 &),

Compound 4& ZHIEEFEA] FeClLell /g0l IR &9
E 4] 3400 cm o)A OH7, 1650 cm™' o)A C=07],
1570 cm™, 1520 cm ™' o A aromatic C=C, 1050 cm™" o] A
glycosidic CO9| 577} YERY flavonoid BIBA LS &
AR}

'H-NMRAA thAstE H-2, 69+ H-3, 57} 2+t §7.33
(CH, d, J=8.4 Hz), 6.79 (2H, d, J=8.1 Hz)ol A et
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meta couplingsl= H-83 H-60] 74zt §6.14 (1H, d, J=24
Hz), 6.14 (1H, d, J=2.4 Hz)o|A] UERst). C ring®] H-29}
H-3°] 217} §5.51 (1H, d, J=10.8 Hz, H-2), 2.74 (1H, m),
8323 (14, melA Ve e ™ §53594 glucose®! ano-
meric proton®| doublet (J=7.5 Hz)2. = UERL 4= 5, 7, 4"
trihydroxy flavanone (nalingenin)®] glucoside¥S & 5 U
A PC-NMROIA nalingenin®] C-7°0] §165.5% A%
shiftd}al C-6, C-80] 22t 896.69F 95.5% A=A shiftdhe
C-7 91219] OH®l glucose”t A¥= o] UF-S FRIs L
HFH oz FHH) HlwE F3) 45 nalingenin 7-O-B-D-
glucopyranoside® 2H91%54 519 THTable 1 %),

Compound 5% ZMELZ A FeClL 9 anisaldehyde
sulfuric acidol] 9FA4do]37 IR Z=H EFol|A 3400 cm™ ol A
OH”], 1570 cm’, 1520 cm 'Ol A} aromatic C=C&] &<F7}
yUeht flavan 3-ol 3FEHESS & & ASch

'H-NMRoIA] B ring®] H-2, 5, 6] $47t 27+ §6.72
(1H, d, J=1.8 Hz), 6.69 (1H, d, J=8.1 Hz), 6.60 (1H, dd,
J=8.1, 1.8 Hz) Y}EFE3L meta coupling 3H= H-854 H-6°]
717} §5.88 (1H, d, J=2.1 Hz), 5.69 (1H, d, J=2.1 Hz)°l|X]
Yeltom C ring?| H-37 H-4ax, deqe] 27+ §3.82 (1H,
m), 2.35 (1H, dd, J=16.2, 8.1 Hz), 2.62 (1H, dd, J=16.2,
5.1 Hz)ollA vEbstt). 53] H-2% §4.489141 doublet (J=
7.5H2) 22 YEIY (+)-catechind & & F Ao £
2 EFAe] ¥ B3 52 (+)-catechin &8 FAE}
911:}.16)

Compound 62 ZHAE L2 A FeCl, 9} anisaldehyde
sulfuric acidel] &¥F30) 3L IR 2= E o4 3400 cm™ ol A
OH7], 1570 cm ', 1520 cm 'l A aromatic C=C¢] &<=7}
ERY flavan 3-ol SIEU-S & 5 AT

'H-NMReIA B ring®] H-2, 5, 69 27} 247+ §6.89
(1H, d, J=1.8 Hz), 6.69 (1H, d, J=8.1 Hz), 6.66 (1H, dd,
J=8.1, 1.8 Hz)ollX] YEV:ES. meta coupling 3= H-8% H-
6°] Z+7} §5.89 (1H, d, J=2.1 Hz), 572 (1H, d, J=2.1 Hz)
ol A vERko™ C ring®] H-33 H4ax, deq®] 212}t §4.00
(1H, m), 247 (1H, dd, J=15.0, 8.1 Hz), 2.68 (1H, dd, J=
162, 5.1 Hz)ollAl Vet 53] H-2% §4.73904 singlet
22 Yeht (-)-epicateching & & 4~ A oH T3 %
EEFE] VIS B3 62 (-)-epicatechin® 2 21573}
9\:}\ .17)

Compound 7 ZA G2 A FeCl,; ¢t anisaldehyde
sulfuric acidol] 9FAJo] 3 IR 2% E oA 3400 cm "ol A1
OH~1, 1570 cm™, 1520 e "ol 4] aromatic C=C2] &7}
YER} flavan 3-ol BFTEUS & o AN

'H-NMReIA] B ring®l H-2, 5, 69 27} 242t §6.84
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(IH, d, J=1.8 Hz), 6.79 (IH, d, J=8.1 Hz), 6.72 (IH, dd,
J=8.1, 1.8 Hz)*I* Y EPZI. meta coupling 3= H-8%} H-
6°] Z+7+ §6.28 (1H, d, /=2.1 Hz), 6.05 (1H, d, J=2.1 Hz)
oA} VEREO™ C ring®] H-37 Hdax, 4eqe] 212+ §4.00
(1H, m), 2.61 (1H, dd, J=16.5, 8.4 Hz), 3.02 (1H, dd,
J=16.2, 5.1 Hz)olA YEstet. H8 H-2= §4.65914 dou-
blet (J=6.6 Hz).& WEson T3, §4.6114 glucose?]
anomeric proton®] doublet (J=7.5 H)2.2 WelY 72 (+)-
catechin®] glucosideddS & F AUTH "C-NMReIA 23
A9l (+)-catechin® glucoside peakE H AT 3 2
EEFe] uwE F8] 72 (+)-catechin 7-O-f-D-glucopyra-
noside® 54T

Compound 8-> Z-A R ZA FeCl, H anisaldehyde
sulfuric acidoll ¥g0]Z IR 2= E A 3400 cm o]
OH7], 1570 cm™, 1520 cm 94 aromatic C=C, 1050 cm’
oA glycosidic CO2l &7 WERSE &1, negative FAB
MSIA m/z 579 [M-HI™ peak7t YERE 2324-2] flavan 3-
ol 83}Eo] =88 proanthocyanidin SHHEE FA =AUt
'H-NMR spectrumoilA] H-4t2] 5 712] proton signal®] ZH}
§2.60 (1H, m), 2.80 (1H, mex] JEREST H4u®] signate
§4.66 (1H, )4 vebstth, =3, H-2 2 3 u,t®] signal©
Z¥zF §3.98 (1H, m), 4.12 (1H, s), 4.80 (1H, d, /=8.0 Hz),
5.10 (1H, s)olA vehdth w3 J9eld= H-6ut, Sud]
signal®] 85.99-6.04 (3H in totah) oAl VFEFRESL H2, 5,
6'ute] 2719 ABX typed §6.71-7.01 (6H)ol A =345+
signalPfE1 0.5 LR} 8& dimeric procyanidin® 22X 1%
(u)©] epicatechin®] 3 ©}21 & (1) catechin$! procyanidin
B-12.2 A9t} PC-NMR spectrumel A= epicatechin
3} catechin®] &%l E-7+3}h carbon signal SE o] LEbst
om B8 2 gEae] vl F3) 82 procyanidin B-1°-.
= 39, e

ol5 g71A] #3tEd thste] DPPHE o]&-3t $4tst &

Table II. Antioxidative Activity of Compounds 1~8

Compounds 1C,,(ng/ml)
1 12.45
2 2297
3 None
4 None
5 542
6 9.25
7 7.93
8 7.60
Ascorbic acid 6.42
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A& &3 A3 flavanonol JE) FNAE taxifolin®] Hl
A2 1 (IC,=12.45 pg/mi 2 (IC,,=22.97 pg/miyite) o
gk 848 YeMIY S, flavanone FEol = BF (3, 4)
EHE JeRfR] g9ttt 3HH flavan 3-01%] 55 A diE
1 ascorbic acid (IC5=6.42 ug/mhE ) 23 3Hils) &
3 (ICs=5.42 pg/mh g JEPAAL 6, 7= IC, X7+ 22t
9.25 pg/mi, 7.93 ug/mlS2 7}E 3 sl S e
t}. B3}, proanthocyanidin?] 8= IC X7} 7.60 pug/mie] -
T3 s 24 S JERIUTHTable T 3x).

4 B

B [ R HE 229 flavanonol, 22€] flavanone,
3%9] flavan 3-ol 2 15¢] proanthocyanidin®] 313HE-2 &
At o159 ksl S48 HIKS F3} (+)-catechin
(5y°l FAHNZFTQ] ascorbic acidR.th Y53 FAik3}l S84
< HAFES 1 99| (-)-epicatechin (6), (+)-catechin 7-
O-B-D-glucopyranoside (7) 2 procyanidin B-1 (8)= %]
v 3 248 B Qo

ol el AFE FF4 £ v F=F = 5 st
24 24& et o s RS NdvFsAaS

B F}
Al Al

o] =82 20028Pd = SN s&ad7H| Xl 2
F Aol olof] ZAL=EFHUT)

O
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