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Chemical Constituents of Domestic Quercus spp. Barks™!
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(ellagic acid, 0.03 g), 4 ((+)-catechin, 4.59 g), 6 (taxifolin, 3.35 g) 2 7 (glucodlstyhn 20.52 g)&
Lo M= 3FEE 1 (gallic acid, 0.18 g), 4 ((+)-catechin, 8.52 g), 5 ((+)-gallocatechin, 0.09 g), 6 (taxifolin,
0.54 g) 2 7 (glucodistylin, 3.28 g)= YZUFo| A= 3}3HE 1 (gallic acid, 0.38 g), 2 (ellagic acid, 0.11 g)
4 ((+)-catechin, 2.01 g), 5 ((+)-gallocatechin, 0.12 g) 2 7 (glucodistylin, 0 39 g) S M E 2
(ellagic acid, 1.51 g), 4 (+)-catechin, 21.91 g) 2 7 (glucodistylin, 3.91 g)= 3ol A& 2 (ellagic
acid, 0.84 g), 4 ((+)-catechin, 0.82 g), 6 (taxifolin, 4.02 g) ¥ 7 (glucodistylin, 21 50 )& EFF oAM=
1 (gallic acid, 0.24 g), 3 (caffeic acid, 0.05 g), 4 ((+)-catechin, 0.32 g) 2 7 (glucodistylin, 0.65 g)=
wEste] FERE ST U S 6 E] S E EE +)-catechin) ¢} 7 (glucodistylin)
o] FFHoR FYHYoH F AR F THFo] FHHoR 2o glucodlstyhn~ FER 7o AxgE
o2 o]gd & g Folr}

ABSTRACT

This study was carried out to investigate the chemotaxonomical correlation and chemical
constituents of domestic Quercus spp. barks. The barks of Q. mongolica, Q. aliena, Q. serrata, Q.
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acutissima, Q. dentata, and Q. variabilis were collected in the experimental forest of Kangwon
National University. The combined extracts were successively fractionated with #n-hexane,
methylene chloride and ethyl acetate using a separation funnel. A portion of the ethyl acetate
and H;O soluble materials of each species were chromatographed on a Sephadex LH-20 column
using various aqueous MeOH and EtOH-hexane as washing solvents. Spectrometric analysis such
as NMR and MS, including TLC, were performed to characterize the structures of the isolated
compounds. Ellagic acid (0.03 g), (+)-catechin (459 g), taxifolin (335 g), and glucodistylin (2052 g)
were isolated from Q. mongolica bark. Gallic acid (018 g), (+)-catechin (852 g), (+)-gallocatechin
(009 g), taxifolin (054 g), and glucodistylin (328 g) were characterized from Q. acutissima bark.
Gallic acid (038 g), ellagic acid (011 g), (+)-catechin (201 g), (+)-gallocatechin (012 g), and
glucodistylin (039 g) were identified from Q. dentata bark. Ellagic acid (151 g), (+)-catechin (21.91
g), and glucodistylin (391 g) were purified from Q. aliena bark. Ellagic acid (084 g), (+)-catechin
(082 g), taxifolin (402 g), and glucodistylin (21.50) were isolated from Q. serrata bark. Gallic acid
(024 g), caffeic acid (005 g), (+)-catechin (032 g), and glucodistylin (0.65 g) were purified from
Q. variabilis bark. (+)-Catechin and glucodistylin were isolated from all the barks. Glucodistylin

can be a taxonomic index on Quercus spp.

Keywords: Quercus spp, glucodistylin, chemotaxonomy, Sephadex LH-20, extracts
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EtOAc soluble fr.
(SKE 4500 )

MeOH : H:O (3: D

* precipitate

SKE 2 SKE 3 SKE 4
| 2843 g 450 g
7 MeOH: H O (1: 1
1715 ¢
SKE 33* Fr. 31 Fr. 32 Fr. 33 Fr. 34 Fr. 35
132g  323g  388g 657 g
i |
459 6
8 335 g

Water soluble fT.
(SKH, 2500 @)

MeOH: HO (1: 1D

SKE 4*

SKH 1
315¢g

SKH 2
397 g

|

SKH 3
450 g

SKH 4

-
312 g

Fig. 1. Column chromatographic fractionation of ethyl acetate and water soluble fractions extracted
from Q. mongolica bark.
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0.15 : 6, v/v/v), 1% FeCls

NZLIR(Q. mongolica)
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FtOAc soluble fr.
(SSE, 37.00 g

MeOH : H O (5: 1D

SSE 1 SSE 2 SSE 3
475 g 2297 g 677 g

FtOH : Hexane (4 : 1)

! | |

EtOH : Hexane (4 : 1)

Fr. 21 Fr. 22 Fr. 23 Fr. 24 Fr.2s | | | |
| |4 Fr. 311 Fr. 312 Fr. 313 Fr. 314
;
274 g 832 g | | |
1 4 5
FEtOH : Hexane 3 : 1) 006 g 017 g 009 mg

Fr. 221 Fr. 222 Fr. 223 MeOH : HO (1: 3)

MeOH : HO 2 2) Fr. 3140 Fr.3142  Fr.3143  Fr 31444 Fr 3145

1 4 6
Fr. 2221  Fr. 2222 Fr. 2223 012 g 003 g 026 g
6
04 g

Fig. 2. Column chromatographic fractionation of ethyl acetate soluble fraction extracted from Q.
acutissima bark.

13)5}o] SKH4 fractionoll A &&= T (glucodistylin, 233} SSE-24 fraction®ll Al 832 7 (glucodistylin,
3.12 @& A3l 3.28 g0 3135 4 ((+)-catechin, 8.32 g5 A
v}, w3l SSE-22 fractions EtOH-hexane (3 : 1,

2.4.2. &xelH(Q. acutissima) v/v)# MeOH-H,0 (1 : 2, v/v) 2 AZFETH IS

Fig. 29} o] EtOAc 7184 BEE 37.00 g& S333lo] SSE-22220114 3+gHE 6 (taxifolin, 0.54 g)
MeOH-H,O (5 : 1, v/v)& ZHaAZrlEIYIE Z A}k, =3, SSE-3 fractiond EtOH-hexane (4
Fa)5te] 3709 fraction (SSE-1~3)o.2 £33 & Sl /R ZEaRntE e S £8ste] SSE-311
&4 Azxsle] SSE-14.75 g, SSE-2 22.97 g, SSE-3 fraction®ll 4] 3}3+E 1 (gallic acid, 0.06 g), SSE-312
6.77 g& 27} AT}, SSE-2 fractions EtOH-hex- fractionol A a}H&E 4 ((+ )—catechln, 0.17 g), SSE-
ane (4 : 1, v/v)& AREIHYE 535} SSE- 313 fraction®lA] &5H& 5 ((+)-gallocatechin, 0.09 g)
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EtOAc soluble fr.
(DKE, 4100 g)

MeOH : H:O (3: D

DKE 1 DKE 2 DKE 3
224 g 173 g 3560 g
.. MeOH : H;O (1: 2)
DKE 2 : precipitate
2
oll g | | |
Fr. 31 Fr. 32 Fr. 33 Fr. 34 Fr. 35
7
MeOH : HO (1:1
C 20 ( ) 039 g
Fr. 321 Fr. 322 Fr. 323 Fr. 324 Fr. 325
1 4
033 g 182 g
Water soluble fr.
(DKH, 5500 g)
MeOH : H O 2: 1
DKH 1 DKH 2 DKH. 3 DKH 4 DKH 5
1595 ¢ 330 g 473 g 1205 ¢g 1339 g
MeOH : HLO (1: 1) |
Fr. 41 Fr. 42 Fr. 43 Fr. 44 Fr. 45
1 6
005 g 019 g 012 g

Fig. 3. Column chromatographic fractionation of ethyl acetae and water soluble fractions extracted

from Q. dentata bark.
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(1:3 v/ver Zaaznealas F3std
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= 1(0.115g), 4 (0.03g) 2 6 (0.26 g)& 717} &7
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2.4.3. HZLIR(Q. dentata)
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FEtOAc soluble fr.
(KCE, 2600 g)

KCE : precipitate
251 g

MeOH : H;O (8 : 1)

KCE 2 KCE 3
KCE 1 151 g 406 g
4

B7lg

Water soluble fr.

(KCW;, 5230 g)

MeOH : H,O (1: 1)
KCW 1 KCW 2 KCW 3 KCW 4
3213 g | | 1577 g
4 7
820 g 391 g

Fig. 4. Column chromatographic fractionation of ethyl acetate and water soluble fractions extracted

from Q. aliena bark.

DKE- 3 35.60 g*°” AT}, T3 EtOACEA
58 Bl A seHE 2 (ellagic acid, 0.11 )&
Aoz AUt DKE-3S MeOH-H,0 (1 : 2, 1:1,
v/v) 2 WHEAQl ARvE I3 & F3Pste] DKE-33
ol A 348 7 (glucodistylin, 0.39 g), DKE-323¢l
3}3HE 1 (gallic acid, 0.33 g)=, DKE-324°1 4] 3}35F
& 4 ((+)-catechin, 1.82 )& At} =3+ H,0 &
& 55.00 g& MeOH-H:0 (2:1, v/v)2 Za =20}
E:LEHu]% T35t 4719 fraction (DKH-1~4)2
8319t DKH-45 MeOH-H,0 (1:1, v/v)&
%%EEU}EZEHA F8)3to] DKH-42014 315
5 1 (gallic acid, 0.05 g)=, DKH-43°14 3}3tH= 4
-catechin, 0.19 g)Z, DKH-4°lM 3}¢= 6
gallocatechin, 0.12 g)& 4}

=
+)
+)-
2.4.4. ZELR(Q. aliena)

Fig. 4%} Zo] EtOAc 7H&A #3% 26.00 g=

MeOH-H,O (8:1, v/v)& AAE] 3709 fraction
(KCE-1~3) o= 283 & SAA% a1tk 3 WA
fraction (KCE-1)= NMR ¥ MSZ A 3}o] 315&
4 ((+)-catechin, 13.71 g) & FH3FA ). EtOAc 7}
BAE wE, AAEY] flste] mEhE 78R &3
= AANA B AAES AAHE AA8t

slate 2 (ellagic acid, 1.51 g)& Ao, &3
84 B-3E(KCW) 52.30 g& MeOH-H0 (1 : 1, v/v)
A ARntE 19 & F8ste] 7+ HA (KCW-2)
o} Al WA fraction (KCW-3)ollA 2+ 3}gtE 4
((+)-catechin, 8.20 g)¢} 3= 7
3.91 g _o_ I:)\}\ }

mlr

o g e

(glucodistylin,

2.4.5. BELIR(Q. serrata)

Fig. 59} #Zo] EtOAc 7F&4 #3E 60.50 g=
MeOH-H,0 (3 : 1, v/v) & ZHagntE g9 & 5
3)ske] 4719 fraction (JOE-1~4) 2.2 28519
EtOAcE FF3te FAolA e A4A= 3
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EtOAc soluble fr. JCE : precipitate

(CE, 6050 ) 2084 g
MeOH: HO 3: 1)
JCE 1 JCE 2 JéE 3 JCE 4
114 g 303 g 280¢g 239 g
MeOH: HH O (1: 1
Fr. 31 Fr. 32 Fr. 33 Fr. 34 Fr. 35
EtOH : Hexane (2 : l)‘ |
Fr. 331 Fr. 332 Fr. 333 Fr. 334 Fr. 335 Fr. 336
7
175 g L1
MeOH : HO (1 : 2) MeOH : O A : D
| | | Fr. 4 Fr 42 Fr. 43 Fr. 44
Fr. 3331 Fr. 3332 Fr. 3333
| MeOH : H:O (1: 2)
Y |
006
( & Fr. 431 Fr. 432 Fr. 433 Fr. 434 Fr. 435
MeOH : HO (1: 2) 4 4 6
006 g 015¢ 402 g
Fr. 341 Fr. 342 Fr. 343 Fr. 344 Fr. 345 Fr. 346 Fr. 347
|
4
059 g
Water soluble fr.
(JCW, 5040 @)
MeOH : H,O (1: 1)
JCW-1 JCW-2 JCW3 JCiX/—Zi JC%(/-S
1595 g 330 g 473 g 1205 g 1339 g

MeOH : H:O (1:2) ‘

Fr. 31
614 mg

Fr. 32

)

3% g

Fig. 5. Column chromatographic fractionation of ethyl acetate and water soluble fractions extracted

from Q. serrata bark.

— 366 —



Ul g

Ipr
o

ﬂ}-)\

FE 599 F3

EtOAc soluble fr.

=73

i

(COE, 2800 g)
MeOH : H O (3: 1)
COE 1 COE 2 COE 3 COE 4 COE 5
016 g 998 g 532 g 1&g 1070 g
MeOH : H,O (1: 2) MeOH: HO 2: 1)
Fr. 31 Fr. 32 Fr. 41 Fr. 42
EtOH : Hexane (4 : 1)‘
[ | EtOH : Hexane (3: 1)
Fr.321 Fr.322 Fr.323  Fr.324 Fr 325 | | | |
EtOH : Hexane (3 : 1) Fr. 421 Fr. 422 Fr. 423 Fr. TZZ} Fr. 425
4
Fr. 3231 Fr. 3232 032¢g
MeOH : HO (1: 2) MeOH : HO (1: 2)
Fr. 32322 Fr. 32322 Fr. 32323 Fr. 32324 Fr. 32325 Fr. 32326 Fr. 4232 Fr. 4232 Fr. 4233
‘MCOH :HO (1:3) l L
| | | 024 g 006 g
Fr. 323241 Fr. 323242 Fr. 323242
7
065 g

Fig. 6. Column chromatographic fractionation of ethyl acetate soluble fraction extracted from Q.

variabilis bark.

32 2 (ellagic acid, 0.84 g)& LU}, &3+ JCE-3

73 = tiEe 2 Fe]w 315E 7 (glucodistylin,

3} JCE-4 fractionS MeOH-H,O (1 : 1,1 : 2, v/v) 3.95 )& ATt

9} EtOH-hexane (2 : 1, v/v)& &g, AA3sld]

JCE-3322F JCE-3331914 3HeH2 7 (glucodistylin, 2.4.6. ZHUT(Q. variabills)

17.55 )= oqoi ., JCE-343, JCE-432 ¥ JCE-433 Fig. 637 o] EtOAc 7184 E8E& 28.00 g&
ol A 3}gH= 4 ((+)-catechin, 0.86 )=, JCE 435114 MeOH-HoO (3 : 1, v/v) & ZHARZMEIHY IS &

3l3E 6 (tax1f0hn 4.02 g5 @3}
T3k =84 (JCW) 50.40 g& MeOH-H-O (1 : 1,
102, v/v)E 23 2etEad0E $83te] EtOAc
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3ste] 571 9] fraction (COE-1~5) o2 E3slo] &
AAZ &tk COE-35 MeOH-H:0 (1
v/v)¥ EtOH-hexane (4

2,103,

01,301, v/v)E AAE
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COE-32326°11A4 832 1 (gallic acid, 0.24 g)&
COE-323243° 4] 8}3& 7 (glucodistylin, 0.65 g)&
AASG Y. 3k, COE-4E MeOH-H.0 (2:1, 1:2,
v/v)¥} EtOH-hexane (3 : 1, v/v) E&9E £
|2 ALR-3le] COE-4249114 PF‘L” ((+)-catechin,
0.32 g)& COE-4231°14 &}3t& 3 (caffeic acid,

w8, AAE e F2E FEE] Hsto
NMR (Bruker DPX 400 MHz) spectrometerE ©]-&
sl AL, 418 ul= DMSO-ds¢F MeOH-di & A1-8-3)
 EE 7 3] 'TH-NMR PC-NMR 29
EYow Tx= BAMglglon oK §ELS COSY.
HETCOR ¥ HMBC %S¢ 2D-NMR< #23s}9th.
FHE 33HE2 FAB-MS 2 EI-MSZ #4138 =
st Z47he] A o5 2
FAB-MS®] matrixi= mrnitro benzyl alcohol (NBA)
S AF83F92H heater currenti™ 2.5 A, anode

voltage:= 26 kV, gun focus:= 17 kVvgith. EI-MSE=
=g

Ep

EXIES

250°C, electron energy+= 70 eV,
trap current™= 500 uA, ¥W9+E= 50~500 m/zA Tt
Hej® 7 3lgE9 Ry NMR 2 MS datat: th3-3}
k=

ion source

2.5.1. 3}&+2 1 (gallic acid)

Rr0.54 (solvent A), 0.42 (solvent B). FAB-MS m/z
(M+H)" 171. "H-NMR (400 MHz, & , MeOH-d,) : 7.01
(2H, s, H-2, 6). "C-NMR (100 MHz, &, MeOH-dy) :
108.48 (C-2, 6), 123.61 (C-1), 137.83 (C-4), 144.11
(C-3, 5), 171.90 (C=0).

2.5.2. 3lgt2 2 (ellagic acid)

Rr: 0.12 (solvent A), 0.02 (solvent B). FAB-MS
m/z (M+H)" 303. 'H-NMR (400 MHz, &, DMSO-ds)
© 7.47 (2H, s, H-5, 5'). C-NMR (100 MHz, &,
DMSO-dy) : 107.53 (C-1,1), 110.11 (C-5,5"), 112.22
(C-6.6"), 136.26 (C-2,2"), 139.48 (C-3.3"), 148.00

it - 953

=
S o

o)

e - wg

(C-4,4"), 159.05 (C-1,7").

2.5.3. 3&& 3 (caffeic acid)

Rr ¢ 0.73 (solvent A), 0.15 (solvent B). EI-MS
m/z M) 180. "H-NMR (400 MHz, 6. (Me)oCO-dp) -
6.27 (1H, d, J = 16.0 Hz, H-8), 6.87 (1H, d. J =
8.1 Hz, H-5), 7.03 (1H, dd, J = 1.9, 8.1 Hz H-6),
7.17 (1H, d, J = 1.9 Hz, H-2), 7.54 (1H, d, J =
16.0 Hz, H-7). ®C-NMR (100 MHz, & . (Me)sCO-dp) :
115.42 (C-2), 116.15 (C-8), 116.71 (C-5), 122.87
(C-6), 127.97 (C-1), 146.36 (C-7), 146.74 (C-3),
149.16 (C-4), 168.86 (acid C=0).

2.5.4. 3= 4 ((4+)—catechin)

Rr: 0.52 (solvent A), 0.40 (solvent B). FAB-MS m/z
(M+H)" 291. '"H-NMR (400 MHz, &, MeOH-d,) :
2.50 (1H, dd, J = 8.1, 16.1 Hz, H-4.,), 2.84 (1H, dd,
J = 5.4, 16.1 Hz, H-4.), 3.97 (1H, m, H-3), 4.56
(1H, d. J = 7.5 Hz, H-2), 5.85 (1H, d, J = 2.2 Hz,
H-6), 5.92 (1H, d, J = 2.2 Hz, H-8), 6.76 (3H, m,
H-2', 5", 6'). "C-NMR (100 MHz, 6. MeOH-d,) :
28.43 (C-4), 68.70 (C-3), 82.76 (C-2), 95.59 (C-8),
96.39 (C-6), 100.93 (C-10), 115.32 (C-2'), 116.22
(C-5'), 120.14 (C-6"), 132.15 (C-1'), 146.11 (C-3"),
146.15 (C-4'), 156.83 (C-9), 157.43 (C-5), 157.64
(C-7).

2.5.5. 3}&t2 5 ((+)—gallocatechin)

Rr: 0.36 (solvent A), 0.34 (solvent B). FAB-MS
m/z (M+H)" 307. "H-NMR (400 MHz, & , MeOH-d,)
©2.50 (1H, dd, J = 7.7, 16.1 Hz, H-4,,), 2.80 (1H,
dd, J = 5.2, 16.1 Hz, H-4.), 3.96 (1H, m, H-3),
453 (1H, d, J = 7.1 Hz, H-2), 5.86 (1H, d, J =
2.0 Hz, H-6), 5.92 (1H, d. J = 2.0 Hz, H-8), 6.40
(1H. s, H-2', 6'). "C-NMR (100 MHz, 6 . MeOH-d,)
© 2811 (C-4), 68.78 (C-3), 82.87 (C-2), 95.54
(C-8), 96.29 (C-6), 100.74 (C-10), 107.21 (C-2", 6'),
131.58 (C-17), 134.02 (C-4), 146.87 (C-3', 57,
156.85 (C-9), 157.61 (C-5), 157.83 (C-7).
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R = OH, (+)-Gallocatechin (5)

Fig. 7. Chemical structures of compounds isolated from Quercus spp. barks.

2.5.6. 3}&=E 6 (taxifolin)

Rr: 0.44 (solvent A), 0.25 (solvent B). FAB-MS
m/z (M+H)" 304. "H-NMR (400 MHz, &, MeOH-d,)
451 (1H, d, J = 11.5 Hz, H-3), 491 (1H, d, J
= 11.5 Hz, H-2), 5.88 (1H, d, J = 2.1 Hz, H-6),
592 (1H, d, J = 2.1 Hz, H-8), 6.80 (1H, d, J =
8.1 Hz H-6"), 6.85 (1H, dd, J = 1.9, 8.1 Hz, H-5"),
6.97 (1H, d, J = 1.9 Hz, H-2"). C-NMR (100 MHz,
8. MeOH-dy) : 73.68 (C-3), 85.12 (C-2), 96.31
(C-8), 97.35 (C-6), 101.85 (C-10), 115.90 (C-2),
116.12 (C-5), 120.96 (C-6"), 129.87 (C-1), 146.32
(C-3'), 147.15 (C-4"), 164.52 (C-9), 165.31 (C-5),
168.74 (C-7), 198.43 (C-4).

2.5.7. 3= 7 (glucodistylin)

Rr: 0.62 (Solvent A), 0.56 (Solvent B). FAB-MS m/z
(M+H)" 467. "H-NMR (400 MHz, 6 . MeOH-d,) :
3.10~3.28 (4H, m, H-2".3".4".5"), 3.61 (1H, dd. J
= 5.8, 12.0 Hz, H.-6"), 3.78 (1H, dd, J = 2.2, 12.0
Hz, H6"), 3.87 (1H, d, J = 7.6 Hz, H-1"), 4.93
(1H, d. J = 9.7 Hz, H-3), 5.24 (1H, d. J = 9.7 Hz,
H-2), 5.90 (1H, d, J = 1.9 Hz, H-6), 5.91 (1H, d,

R = H, Taxifolin (6)
R = pB-Dglucose, Glucodistylin (7)

J=2.2Hz H-8), 6.78 (1H, d. J = 8.2 Hz, H-5'),
6,84 (1H, dd, J = 2.0, 8.2 Hz, H-6), 6.97 (1H, 4,
J = 2.0 Hz, H-2). ®C-NMR (100 MHz, 6,
MeOH-d)) : 61.59 (C-6"), 70.20 (C-4"), 73.54 (C-2),
76.15 (C-3), 76.52 (C-3"), 77.08 (C-5"), 82.55
(C-2), 96.55 (C-8), 96.56 (C-6), 101.60 (C-17),
103.83 (C-10), 115.15 (C-2), 115.39 (C-5),
120.38 (C-6"), 128.08 (C-1), 145.27 (C-3"), 146.28
(C-4), 163.12 (C-9), 164.32 (C-5), 167.90 (C-7),
195.06 (C-4).

&l vaiA FEo] vektt EtOAc
M AT 2.8%% 7V =
ok (2003) Sol 70% EtOH=
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Table 1. Extraction yields of Quercus spp. barks unit: g
Sample trees iirerilgllﬁ frz-clég)riar(l(;)) fracCtIi{ozr? 1é%) frafttigr? C(%) frac\z(i/g;e r(%) Precipitate - Total (%)
Q mongolica 5000 124 (002) 546 (0D 14001 (28) 13094 (26) 5086 (09) 32911 (66)
Q aliena 5000 371 (0.07) 2682 (05) 1367 2D 7596 (14) 21016 (42)
Q serrata 5000 240 (005) 6559 (13) 17492 (35) 7642 (15) 31934 (64)
Q acutissima 5000 707 (0D 510 (0. 4767 (10) 19215 (38) 4592 (09) 29791 (60)
Q dentata 5000 1727 (03) 6559 (13) 17120 (13) 17613 (30) 40543 (81)
Q variabilis 5000 848 (02) 2913 (06) 4735 (09) 10717 (20) 18684 (37)
- @ trace amount.
Table 2. Compounds isolated from Quercus spp. bark.
Compounds Species Q mongolica Q acutissima Q dentata Q aliena Q serrata  Q variabilis
Gallic acid (1) T+ T+ -
Ellagic acid (2) + + -+ +H+
Caffeic acid (3) +
(+)-Catechin (4) +H ++ ++ - -+ ++
(+)-Gallocatechin (5) ++
Taxifolin (6) HH ++ ++ +
Glucodistylin (7) - - ++ -+ H+ H

Yield of isolated compounds : + : < 0001 % ++ : 0001~001%; +++ : 001~01%; ++++ : 01~03% +++++ : > 03%

AAYE Fu7) 7 28 FE54ES YERI A), 0.42 (solvent B)& A= o1 1% FeClsol =
o] AUSEF FIE FAY SRR F2 Aoz WS35kl o vanillin-HCI-EtOH 224 A]
4315 mhaxane & #IES A AU T3 A= g Ao ukg-shgit.
o FEHUTG 'H-NMReI A H-29} H-60] A= B =el 7z
AU 9 5-9] EtOAcst & ¥ & dis] 2y 8 101914 T Fart dd Faz Yepgon
ARvEI9E skl Fig. 73 2o] 7 %52 9 npA7kA 2 PC-NMRAIA = -3, C-59)F €2, C-6°]
=4 eSS wEssnh. elE sEE-S Table 144.11 ppm¥} 108.48 ppmoll A @ |2 = vpelyt
29} o] T2 $£FEHE 2 AT FEAHE ©°m 171.90 ppm®] 3 AellA carbonyl group®]
o] 2L vuA dEsiflon FEARE] giE HAHA o)) At Rug Fd9 Aveln
o] IEXA Bldo g2 FAEoe] 9L AEZO A A =)59 tH(Park 5, 1993). FAB-MS 23 E &l o A
TLCAIA tif-we F58 A7 E#Ho=2 Yehd (M+H)" m/z 171%/‘1 2 1702 LA sk ), uf

3.1. Gallic Acid (1)

e v (214 mg),
‘41'?‘(243 g)°l 34

3 slaAMo g Ra= AE

re

A, 3= 18 3,4,5-trihydorxy benzoic acid =

gallic acid= -TL = 438

ol SR

Qof|A] B sto] Bargh vk Aok vl 2006).

ToAM S H A, setE 12

Q2= TLCeI 0.54 (solvent o] FPEL T2 F
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W2 (491 mg) D w3 3.2. Ellagic Acid (2)

Sl Hgo ke g



SO

P
b

o2 &A= AN B AHES AZA
0}04 Ao ALl A 28 mg, 47‘%‘%—‘? o A
114 mg, 2ol A 151 g, 3ol A 844
%‘?iﬂqff*? ]% A&t E}—E——’Ff ]*1 —Er*ErE]
H A}, o]

FeClzoll F 542

ol o
s F4Y

RA= 0.12 (solvent A) 2 0.02 (solvent B)Z =43
el = Ao AMEA ekrh 'H-NMR 2
EdoA wEE 3ot 47 YEhves 6 7.47
o A H-59F H-5"¢] 27¢] 47t &l 932 el
o1 "C-NMR 29| E& A hydroxyl groupe] A3
Hol = C4, 4’9 C-3, 39 carbonel Z+7; ¢
148.03} & 139.48¢l A catechol FE] ++x= e}
ok w3k 6 159.0590 4 ester 23S sta 9=
C-1. 79 signale] YEl 2™ positive FAB-MS 2=
HEHA (M+H] 7} 3032 o33 B2+ 302
oF dX]3+ 3 Do Khac 5(1990)°] Diplopanax sta-
chyanthus®] Z71¢} s34 EE|8te] Hirgh 813}
Eo] tlo]E e} FYsaitt. o] sEE-2 gallic acid
o] TEA=A A} ol = hexahydroxydiphenylic
acid AE 2 ZA3ch7) 7FeRs] 2 v lactone3}7}
Ho] AAdE Aolth($-, 1999). o]l AnE o] 3}

=2 gallic ac1d T 227 AgE FE 9 ellagic

ECTEY

o]
acid2 +x&

3.3. Caffeic Acid (3)

Mol LA AHOo 7 1% FeCloll A ukS-
S Yep o w3 S ATk 17 mgs
sttt R AE29 2~ TLCO 0.54 (solvent A),

0.42 (solvent B)= A= At}

'H-NMR 2= E& A 6 7.54¢F 6 6.279] F7)<]
doublet> H-73} H-8¢] o]5 A% e AYPAQ gJa=
coupling constant (J)7} 16.0 HzZ trans¥ olefinic
proton Y2 cinnamic acid & 3}3FEZ oS3}
Ath(Silverstein®} Webster, 1998). & 6.86°14¢]
doublet (J = 8.1 Hz)2 H-59] signal= H-6%} ortho

couplings 3la 1om™ § 7.039 double doublete

P
T

o

¥ 9]

=73

™

1) 32
J =199 8.1 Hz=&A H-6°] H-59} H-2 F+ a9
Z}7} meta, ortho couplinge 3t = A&l cat-
echol FE|] 53 %<l chemical shiftE Jeh1 9

(3}, 2000). =3t o] sH3HE C-39] 9149l methoxyl
groupe] 24 ferulic acid2t= vh$- 413 FEj2
335 RojFal v (Andray?t Winternits, 1982).
PC-NMR == E&ol| 4] olefin7]¢] C-73} C-82 z}z}
146.36 ppm¥} 116.15 ppmol A A& 22l cinnamic
acid®] 93 E HolFa low AT HE
U 3] 9] EtOAcEA 8ol A @l p-couma-
ric acid® data$}t vi-§- FAME B AE YERY I 9]
th(&, 2000). 5=3F, 168.86 ppm<] signal-> carboxyl
group®| C-9¢] ¥ & YEpiith, o]de] A= o] 3}
&2 3,4-dihydroxycinnamic acid 5, caffeic acid
2 F2E skt BIMS ~HER (M7
m/z 18002 FA}3Fo] A&ttt 53], o] sgE
< Futolel s, dAts B gy 5 ool
Hojd Aoz LA 3l 1989).

=

o

(Beecher et al.,

3.4. (+)—Catechin (4)
BE oA BEHAoH AdFolA] 4.59 g,

U 196 mg, WAV 2.01 g, 25 21.91 ¢,
3 822 mg, =AU 321 mgS dAY. R
0.52 (solvent A), 0.40 (solvent B)$12™ flavan-
3-0l¢] 23 =2 'H-NMR ~FEH A §
5917} 6 5.94914 F 711€] doublet H-63} H-8&
YERH = signal24 A2 meta coupling (J = 2.2
Hz) 2.2 ©]Z-2 phloroglucinol AZHe] A3 =91 |
ol § 2.5001A41 YEF= double doublet signal-
H-49] axial $42A] vicinal $4% H-39] ]34
8.1 Hz9] J3t¥} geminal 4% H-49] equatorial
2ol 93] 16.1 Hzo] Jgks zteth 8 2.849] dou-
ble doublet ¥ == H-49] equatorial TAZA] A
vicinal 4291 H-3°ll <&~ 5.4 Hze] Jt3} gemi-
nal 491 H-49] axial 4l &Js)A] 16.1 Hz2] J
e YR 9k 8 3.97¢] 3 e o H-239
H-4¢] ¥ 4ol 9l8] multipletS Holi ¢)
PC-NMR 2= E o)A 28.43 ppmE &2 <1 ﬂa—
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van-3-0l2] C-42] methylene signalZ4] carbonyl”]
7} Ao A S & 5 e 68.70 ppmT}
82.76 ppme| ¥ A+ ZHzE C-33} C-200] == A
© 2 A flavan-3-0l¢] C29] signals YERH L Q)

(8}, 2000). B&H2] 2= catechol] FEIZA 146.21
ppm¥} 146.23 ppmol A hydorxyl groupe] Z3+e
C-3'3% 4'9] signale] YElaL Qo™ hydroxyl
groupe] ZA3sA ¢ C-2', C-5 81 6’2
aromatic field®l 115.32 ppm, 116.22 ppm, 120.14
ppmell A 242t Ve glvt =8 C-67 C-82 7
7} 96.39 ppm, 95.59 ppmell A YA 9tk FAB-MS
Z::’“E‘jjoﬂ/ﬂ M+H + m/z2 29124 Ex1=F 290
A3k +(2003)2 FUH 6 =%
Y%Hi‘%*é Al A 2T Qo] 74
el e FA4F SR (+)-cateching

H gk up 9l

(o)

_E‘

h=]
=
d

ot

S
£ o to

'h’

T FE
o 3t
=
H
&=

=
[e)
=

3.5. (+)—Gallocatechin (5)

e urol ARk 384 mge] ] E Yo FEE
4¢F0] A%} C3H2 TY3s F2E 2k 9lon BElo|
catechol & H| 7} o}d C-5"¢ll hydroxyl group®] sjut
H X35 o] 2 pyrogallol FENS 3kar glok. whebA
'"H-NMR 2= E=10)4 § 6.40914 H-2',6'°] &}1}e]
signal® YEPU™ AE 5% F Y s 1JrE]r
o] Bk C-3', 4', 5l hydroxyl group®]
pyrogallol +29< & 5 ek PC-NMR =2 E
oA 107.21 ppm3¥} 146.87 ppmelA] C-2',
C-3, 57F A E tiAQd 25 2t glo] 747 ud
ya2 yepgl o]#g A= Foo %(1997)0]
Lotus pedunculatus®] 1o ZYE a]e 335 9]
pyrogallol B&H¢] 'H-NMR % "C-NMR ¥ E 83}
A5k o FAB-MSOlM (M+H)™ m/z 307=
A x|t

3.6. Taxifolin (6)

Aol AU A gk gElskg e R
0.44 (solvent A), 0.26 (solvent B)o]3lx
E]l,

HCI-EtOH9] wHaiA|o A= A Moo=

==

=
S o

e - wg

'H NMR 2= E 3l H-63} H-82 77} 6 5.889}
& 5.9201 4 meta coupling (J = 2.1 Hz) ¥°] dou-
bleto 2 YElom o33k 732 phloroglucinol
A% AF AR A2 Yol 6 4513 ¢ 4.910
A H-3%} H-29] 932 M trans (J = 11.5 H2) &
el 7xZ zn gtk PC-NMR AFEA
85.12 ppm, 73.68 ppm¥} 198.43 ppm¢] I == het-
erocyclic C8ho.2 747} C-2, C-33 C-4¢ ya=z
flavanonol C%¢] 574& Ve oL §)

AZol| A hydroxyl groupel ZAgte C- 5 C-1= 74
Z} 165.31 ppm¥} 168.74 ppmoll Al YERE oW C-63}
C-8<2 97.35 ppm¥} 96.31 ppmoll Al VEFSTE, LRES
©2 (-5 hydroxyl groupe] X2k flavanonol®]
C4= 2452 9o 4~6 ppm A% down-
field=]o] 196~198 ppme] FFthollA] ERYH
(Agrawal, 1989) ©] 3}FEE o|¢} 22 gh& JER
Art.

T3k 129.87 ppmell Al C-1"¢] 115.90 ppm¥} 116.12
ppmol| A 2}z C-2'3} C-5'9] T =7} VEbt o hy-
droxyl groupe| 2%4¥ C-3'% C-4'+= downfield ¢
146.32 ppm¥} 147.15 ppmol|A] catechol HENS] dA5
vehfa gle}, ojale]l AxbE= Harborne®} Mabry
(1982)7} R a1y d taxifolin 2 =2 vl g 25}8]"3 ¥
FrAFeFg oW FAB-MS =¥ Ede A (M+H]" m/z
305= Aol ARGt wEkA o] FEFES
taxifolin® 2 +%=2 743k},

3.7. Glucodistylin (7)
gy AT
Lol A 23.52 g,
me, 2R 391 g,

6 & BolA dElE At Al
& a‘%—‘jr 3.28 g, WA T 391
3o A= EtOAC €439
"1 17.56 g &4 ]/‘1 3.95 g, =3l E
651 mgs ©elatdit. o] sRtES A 3R
74 EAA e getE 2 suky e AE2 9 2~ TLC
Al Re= 0.62 (solvent A), 0.56 (solvent B)elxL
vanillin-HCI-EtOH Aol &= w-&-3}=] eFoko
1% FeCliol M $Adw-s-o 2 Yelyttt, 33E 63}
NMR dataZ ®]wshd Ay} BEHE {413 v=9
HE HolFa 9o glucose’t Z23E (3ho] B
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2po)E YR 1L itk THNMR 2= EZS M 6 3.10~
3.789141¢] glucose®] 9] =7} vpERLom § 3.879
doublet2 glucose®] H-1"9] ¥|=2&2 J =73 Hz& B
A3 sta o H-29F H-32 6 5.249F 6 4.93
of| A o] -3l J=20] 4o 7 doublet O LFEE O
J = 9.7 Hz& 5 proton< trans 73% F3ska ot
Glucose 2% @Fo = s13HE 63 vl uws)A H-2
+ 0.33 ppm, H-32> 0.42 ppm downfield =%
PC-NMR == EZ o4 C-32 76.15 ppmol| A 1}E}
wrom 31eE 61T} 2.47 ppm downfield AT}, ©]
5(2001) 0] Atg Lol A E2J3le] B 313 taxifolin
o] C-2, 3, 49] chemical shift7} z+z} 85.11 ppm,
73.66 ppm, 198.37 ppmelSloy 3}gHE 72 27t
83.55 ppm (C-2), 77.44 ppm (C-3), 195.90 ppm
(C-4)2.% C-2, 4+ 1.56 ppm#} 2.47 ppm upfield &
o C-32 2.0 ppm downfield S}, webA] Fe]
A= 3o dF & 5 o™ glucosest
H| 523} chemical shiftE zte C-39] 32+ HETCOR
2HEHo| A H-37} C-39] A#AAAE Elstd
76.15 ppm®] ¥ A= ALS1A 8T gk, COSY
2HAEHE o]83t glucosed] YA F4HE9] 9]
A5 skt A71e] A= $(2000)0] C-3°l
glucose”} ether 23l C-32 ¢F 3.5 ppm down-
field =¥ C-4¢} C-2%&= 1.5~5.0 ppm A% upfield
Hvta Bugk Ayel gt de] HEe A%
$1*+= HMBC 2=#E= A glucose H-1"0] C-33}
M2 ABAAE HERo] Fo] C-30 AfE ]
&% 391 alint. FAB-MSolA (M+H)" m/z 467%
153 729} EAFo] dAET ek e
T2 glucodlstyhn (taxifolin-3-O- 8 -D-glucopyranoside)
o8 Fx5 st
A T 6 A EEE T F] AR Sl
A1 53], (+)-catechin (4)2} glucodistylin (taxifolin-
3-0- 8 -D-glucopyranoside) (7)< 6 & EFolA
=t AduFel ST A= glucodis-
tylin (7)o] 20 g o] o= @ o] &&= AUt w
E}H 3}3HE T (glucodistylin) <34
T3] 74 fﬂ“”“o] AREHRE A
2 (ellagic acid)= AauF, Sy &
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