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Phenolic Compounds from Acer tegmentosum Bark™
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2o thste] Sephadex LH-20 ZyaentE 13 & dHE2 o2 £2803le] 5749 aﬂ%*g S-S Bkl
shgtEel FxE 'H-NMR, "C-NMR. 2D-NMR ¥ MS A#E@S EAste] (+)-catechin (1), (-)-epi-
catechin (2), (-)-epicatechin-3-O-gallate (3), gallic acid (4) % 6"~ alloylsahdros1de (5 oz =439
t} (-)-epicatechin-3-O-gallate (3), gallic acid (4), 6"-O-galloylsalidroside (5)% AHAGUS 3ol A A&

w2 H et

ABSTRACT

To investigate the chemical constituents of Acer tegmentosum, the bark were collected, air-dried
and extracted with 70% aqueous acetone. Then it was successively partitioned with r-hexane,
CH:Cl;, EtOAc and HzO. Repeated Sephadex LH-20 column chromatography on the EtOAc soluble
fraction gave five phenolic compounds. Their structures were elucidated as (+)-catechin (1), (-)-epi-
catechin (2), (-)-epicatechin-3-Ogallate (3), gallic acid (4) and 6" Ogalloylsalidroside (5) on the basis
of spectroscopic evidences using 'H-NMR, "C-NMR, 2D-NMR and MS spectroscopy. (-)>-epicatechin-
3-Ogallate (3), gallic acid (4), 6-Ogalloylsalidroside (5) have not been reported in this plant yet.
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.M 2

MAFUIT-(Acer tegmentosum Max.) &

T (Aceraceae) 2 - vbehe] At Hgy oA
th, SRl & DAY} vk offt 29} §-40g
A frede] AR AbAelnt BEdla gl g LaE
072 AHAFYT, FASFYR, BEojgtan 22
H RIZb A E AR S, AR G S A e
Folth. AAF U= i 600 m o]/ H&E a2 A
o] 7] gl FR7I 74]J Zhell vl =EA A}
= UEE, =) 10~15 m¥E A 9L 95y
SAH Wk EAle A o] M) gdste] 7)-
A, of7I A m AREE AL, FEE Ao R WAl Zol
dom, mjigd i AfrF HeEEo 9o A U4
o2k AMgSY), ko R A E Z (HRMM) o]
g} sto] AF 3 FEY A F AMEEa 9o
ol zhe, 7H4 s o) Bee g% o] v )
of WIzkoll A de] FEE L glon Fapdg sl
Qe Atekd 7)ol A3 Sl FElvh (R, 1996
Z 5. 2003)

AR e AR 2 AYgdel g A
%+ Shin 5(2006)°] #3 F&&°] 9, ¢, 7
of W gulobAE A& oA Eabsl gty B
Ko™, Park 5(2006)¢] flavonoid, guinone 2
coumarin & 10702 vjekst Hiz4 slgES &

sto] Ao ek MESdE Haghil 9l

W3k Hur 5(2006, 2007)2 methyl gallate 4-O-5-
B_
epifriedel-

D-glucopyranoside, salidroside, S -sitosterol,

il
=

sitosterol-3-O- 8-D-glucopyranoside
inol& FaollA Eelste] Hasked

B oAz rdg dot o) xEAE del
Ha 9ol ARelr 1 Malga A Gt7} 1)
WhEE #i dges ddameE
A8l 74e] A AL LAk MR S

2oty 77124 e

°]
s

i x a

9%
al d
2. Mz 3 gt

2.1. A=

& Aol AR F A TR FH = 20059 9Y
SfopHB7IE PR H B PHFAE B AT ol
A AT AU R E Hhste] He
oA 25 o]} 71N ¥ RV R EHete 2%
& A8E AbgakglTh
2.2. N & 717

POJ\:H%LE S

e F2E Yty 9l

A9 Bruker Avance DPX 400 MHz spec-
trometer (Germany) Ab&ate] 'H-(400 MHz),
13c—NMR (100 MHz)-& FAstglon, 4 &uj

= TMSE #7Igk CDs0DSF DMSO-dsZ ARE3FSITH
slgtEe] EAbars A7) (Micromass Autospec
M363, UK) & ©]&3ke] EI-MSi= ion source 250°C,
electron energy 70 eV Z:dA ¥-43lion FAB-
MS++ heater current 2.5 A. gun foucs 17 kV,

el

arnitro benzyl alcohol (NBA)Z matrix® A&}
o] positive ion modeol| A} B4 A A3l H T}
Column chromatography-% =254-8 lipophilic

Sephadex LH-20 (Sigma, Sweden). TLC platet=
DC-Plastikfolien Cellulose F (Merck, Germany)<
ARgadvt. TLC A& w= TBA (i-butanol :
AcOH : H.0 (3 101 v/v/v)E 6% aqueous
AcOHE AHE-sFE T vanillin 414 (vanillin : HCI -
EtOH (4.8 : 12 480, w/v/v))et 1% FeCls (in
EtOH) & #F3she] TLCA whH&3h 42 #Asl9]
g 2 e Al k& AME

o]:o 01_1 1 E 1 }\]_1‘5
a3l

= mH

5 ke acetone-HyO (7 :
23] ] }04 oF 37k % 33 whkE

%3
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MAFUT 539 ey BT

BEEFE o83l 40

5% —ir%%ﬂg l"ir Zhuf 71 Aol A Ak (p-he-
(dichloromethane), °f&o}A
e) ¥ A0 &3 £83
3’1-0—‘11, zhzke] BREELS 52 Azxsle 2FEE
22.19 g, B2HE4 546 g UEZRZAREA 770 g,
o ool = &4 2358 ¢ % S84 114.08 g
Ao B Ao A o EolMH ) ELA 12,66
g?—f /‘]"cgfo]'/v\ o},

AT FH9] odolH Ol ESA F8 12.66
g2 MeOH-H:0 (5 1, v/v) L& gej8m=
AHE-3l Sephadex LH-20 ZrelagntEa#yE A
A&l 47}14 fractlon 2 7 0}04 ATBEZ #7)
slgor 5% & EAZY 42 ATBE-11.14 g,
ATBE-2 7.23 g. ATBE-3 1.19 g, ATBE-4 1.69 g&
At 2 F ATBE-2 fraction® MeOH- H:0 (1
3, 1: 7, 1:10, 1 20, v/v)= EtOH- Hexane (2
01,3 : 1, v/v)& Sephadex LH-20 Zr =2 &
U]'EJ-EH 1*2‘ A&Hoz AArste] ATBE- 2291(
ATBE-222 fractionol] A A% 3ol Axe 94
w3t 5% 244 d3E 10949 mg)S 4%
o ATBE-2222223 fractiondld F&E 2 (17

mg), ATBE-2212 fractionoll Al 313+ 4 (34 mg) 2
ATBE—22131} ATBE-2222222 fractionl|A] S}5H&
5(136 mg) =& } 3T}, 3 ATBE-3 fractions
MeOH-H:0 (1 ©1=1 4, v/v)& Sephadex LH-20
%@ﬁiu}ilaﬂﬁ]% A A 8ke] ATBE-32 fraction
A e 1 (21 mg) ¥} ATBE-36 fractionol| A 2}
5 3 (243 mg)& FEl&d

2.41. 8tg= 1 : (+)—catechin

Rr: 0.53 (TBA), 0.33 (6% AcOH). "H-NMR (400
MHz, &, CDsOD) : 2.50 (1H, dd, J = 8.1 Hz and
J = 16.1 Hz, H-4ax), 2.84 (1H, dd, J = 5.4 Hz
and J = 16.1 Hz, H4eq), 3.97 (1H, m, H-3), 4.57

(1H. d. J = 7.5 Hz, H-2), 5.86 (1H, d. J = 2.4
Hz, H-6), 5.93 (1H, d. J = 2.3 Hz, H8), 6.72
(1H, dd. J = 1.7 Hz and J = 8.1 Hz, H-6). 6.76
(1H, d J = 8.1Hz H5). 684 (1H d. J= 1.8
Hz, H-2). “C-NMR (100 MHz, &, CD:OD) :
98.55 (C-4), 68.84 (C-3), 82.88 (C-2), 95.53
(C-8), 96.32 (C-6), 100.85 (C-10), 115.28 (C- 2,
116.12 (C-5"), 120.08 (C-6), 132.24 (C-1),
146.26 (C-3"), 146.28 (C-4"), 156.95 (C-9), 157.61
(C-5), 157.86 (C-7).

2.4.2 382 2:

Rr: 0.37 (TBA), 0.31 (6% AcOH). 'H-NMR (400
MHz, 8, CD;OD) : 2.73 (1H, dd. J = 2.8 Hz and
J = 16.8 Hz, H-4ax), 2.86 (1H, dd. J = 4.5 Hz
and J = 16.8 Hz, H+4eq), 4.17 (1H, m, H-3), 4.81
(1H, s, H-2), 5,91 (1H, d. J = 2.3 Hz, H-6), 5.94
(1H. d. J = 2.3 Hz, H-8), 6.75 (1H, d. J = 8.1
Hz, H-5"), 6.80 (1H, dd, J = 1.8 Hz and J = 8.3
Hz. H-6)., 6.97 (1H d J = 1.7 Hz, H2).
BC-NMR (100 MHz, 8, CDsOD) : 29.31 (C-4),
67.54 (C-3), 79.92 (C-2), 95.93 (C-8), 96.43 (C-
6). 100.11 (C-10), 115.37 (C-2"), 115.93 (C-5"),
119.44 (C-6). 132.34 (C-1"). 145.83 (C-3").

(—)—epicatechin

14599 (C-4"), 157.42 (C-9), 157.73 (C-5),
158.05 (C-1).
2.4.3. 31gtg 3 : (~)—epicatechin~3—(O~gallate

Rs 0 0.47 (TBA), 0.35 (6% AcOH). FAB-MS :
Calculated for CpHisOyn 442, Found m/z 443
(M+H)". '"H-NMR (400 MHz, &, CD;OD) : 2.84
(IH, dd. J = 2.2 Hz and J = 17.4 Hz, H4ax),
299 (1H, dd, J = 4.5 Hz and J = 17.4 Hz.
H-4eq), 5.02 (1H, s, H-3), 5.52 (1H, 5, H-2). 5.95
(2H, s, H-6.8), 6.89 (1H, d. J = 8.2 Hz, H-5"),
6.80 (1H, dd. J = 1.9 Hz and J = 8.2 Hz, H-6"),
6.92 (1H, d, J = 1.9 Hz. H-2"). 6.94 (2H, 5, H-2",
6"). “C-NMR (100 MHz, &, CD;OD) : 25.47 (C-4),
68.58 (C-3). 77.23 (C-2). 94.50 (C-8), 95.15 (C-
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2.4.5. 3tgf

Rrt 0.52 (TBA),
Calculated for CoHouOn 452, Found m/z 453
(M+H)*
(2H, m, H-7),
(4H. m H-2'. 3. 4. 5). 433 (1H. d. J =

-17), 444 (OH, dd. J =

HO.

Gallic acid (4)

6). 105.50 (C-10), 108.82 (C-2", 6), 113.71 (C-2"),
114.61 (C-5"), 117.99 (C-6), 120.08 (C-1"), 130.06

(C-1"), 138.39 (C-4"), 144.54 (C-3"), 144.91 (C-3",
. 145.28 (C-4"), 155.83 (C-9), 155.88 (C-5),
156.45 (C-7), 166.21 (C-77).
2.4.4. 3tgtE 4 : gallic acid

r 2 0.54 (TBA), 0.42 (6% AcOH). EI-MS : Ca-

lculated for CrHsOs 170, Found m/z 170 (M.
'H-NMR (400 MHz,
H-2, 6). C-NMR (100 MHz, 8. CD;OD) :
(C-2, 6).

8. CDsOD) : 7.06 (2H. s,
109.35
120.94 (C-1), 145.38 (C-

. 169.45 (C-1).

137.92 (C-4),

= 5 : 6" =0—galloylsalidroside

0.53 (6% AcOH). FAB-MS :
. '"H-NMR (400 MHz, 8, CDsOD) : 2.79
3.70 (2H, m. H-8"). 3.22~3.93
7.8 Hz,
55 Hz and J = 11.8

(-)-epicatechin (2)

\E/ !
.
Ty

OH

(-)-epicatechin~3-O-gallate (3)

>

8
0 on
HO g oH
o
PN !
HO™ - oH
OH (o)

6"~ 0-galloylsalidroside (5)

Fig. 1. Chemical structures of the isolated compounds.

Hz, H-6a"), 452 (1H, dd, J = 2.2 Hz and J =
11.9 Hz, H-6b"), 6.65 (2H. d. J = 8.5 Hz, H-2,
6').6.98 (2H, d. J = 85 Hz, H-3', 5), 7.10 (2H
s, H-2. 6). "C-NMR (100 MHz, 4. CD:;OD) :
36.48 (C-77), 64.81 (C-6"). 71.80 (C-8"). 72.31
(C-4"), 75.12 (C-2"), 75.50 (C-5"). 78.00 (C-3"),
104.55 (C-17), 110.23 (C-2. 6), 116.18 (C-3". 5).
121.49 (C-1), 130.66 (C-17), 130.93 (C-2'. 6,
139.90 (C-4), 146.57 (C-3, 5), 156.71 (C-4),
168.41 (C-T).
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WAFLR

3.1. (+)—catechin (1) and (=)—epi—
catechin (2)

= 1H—NMR 2#HEY A flavan 3-0l¢] hetero-
cyclic C-ring®l 533 signalol & 2.50, 2.84,
3.97, 4.57°141 YEI}H | catechol B-ring®] signal
°] & 6.72, 6.76, 684914 WyEhctch PC-NMR 2%
EfdA -2, 3, 49 signale] ¢ 82.88, 68.84,
28,5504 Yele Ao Hol FFE 12 (+)-
catechln&i A stH tH(Agrawal. 1989).

e 2¢ ZAAEEE R 0.37 (TBA)YF 0.31
(6% AcOH)oIR 2™, vanillin S Ao 723 &
Aow wEsdnt dFE 17 +x27F 54
C-ringd] A F27} cis Feo| 2 & 13(H\H\/IR
Edo A 6 79.92 (C-2), & 67.54 (C-3),

-4)oll A signalo]l WERULE Zlo] & Hoolal
2 g3tE 2% (-)-epicatechin® @ %Xéﬁ}‘ii
(Harbone and Mabry, 1982).

W

}

ol

LIH“J&L

>

3.2. (—)—epicatechin—3—O—gallate (3)

3loHE 3& ZAAETR RA 0.47 (TBA)Z 0.35
(6% AcOH)ol9 o™, vanillin & Ao HeMo g
Hh8-5Fth. Positive FAB-MS 2~ E @A &2}
ion peaki= m/z 433(M+H) "ol A Uetutch sgE

2 (-)-epicatechin®] C-3¢l gallic acid?} ether 2
J% st 9l PR 'H-NMR 2 EZ oA H-2"
I H-6"0] A2 tFdel F22 § 69494 F9
44 signalol singlet o2 YEE O, § 5959 4]
phloroglucinol A-ring®] H-63} H-8¢] signale] A
HAM 1 singleto® TEREYCH Catechol B-
ring® ABX spin system +4AE9 signale] §
6.89, ¢ 6.80, ¢ 6.92¢14 #Z=M Cring?
£ (-)-epicatechin¥} 8] e o oF § 0.1~0.8 &
% downfield=le] ¢ 2.84 (1H. dd. J = 2.2, 174

T3] Asd e

Hz, H-4ax), 6 2.99 (1H, dd. J = 4.5, 17.4 Hz, H-
4eq), 6 5.02 (1H, s, H-3), 8 5.52 (1H, s, H-2)l
A] signale] B = Ao 2 Hol C-39 gallic acid
7V A4S 3 UES A5 7 AN An et al,
1992). “C-NMR ~#E# A gallic acid®] -3,
5'7} C-27, 670 ¢ 144.923 & 108.829 4] &}r}el
signal®€ YERYM, carbonyl group signale] &
166.21 (C-T)oA 2= At (-)-epicateching]
4 gignaldh Bl - A9} B-ring®l signal
EUst} Cring?] C-29F C4%= 242 5 269, 6
3.84 upfield¥]o] & 77.233 & 25.4791A4 signalo]
wEE™ C-32 § 1.04 downfield¥lo] & 68.58¢
A signal®] YEt= A2 Kol C-39 gallic acid
7} A% oL Y-S & T AU o] A=
Davis 5(1996) % = 5(1993)°} w225 B35
3}5HE 9] NMR datas} & =|&ko] 3185 3& #3124
CaHi1g010%1 (-)-epicatechin-3-O-gallate® &4 &}
v}, (-)-epicatechin-3-0-gallate (ECG) %} (-)-
epigallocatechin-3-O-gallate (EGCG) ©3 z&
polyphenol-& ¥4} ol Tt} gH-5lo] glu o)
B2, deE e g4 FHAHE 24 38
Awol, BHIV & thekat AEsty &
A ayg JMAE Aew ¥y s 9o Chang et
al., 1994; Jung and Yokozawa, 1995).

oy

ox
"
°
2,
Ch
o

3.3. Gallic acid (4)

rlr

e 4= FZAMELE RAE (054 (TBA)Y
0.42 (6% AcOH)ol o™ 1% FeCly a0l 9kA
o whstginh. 'H-NMR A#Edex H-29)
H62 A2 gz § 7.06004 819 singlet
signal YEb}T], PC-NMR 2HEHME -2, 6
(-3, 5] & 109.357} & 145.3890 4] ZzFz} #H 2 A
e 2 signalO] &= carbonyl ©A7F 8
169.45 (C-T)ol A signale] Vel EI-MS 29 E
& of A —@X} ion peak: m/z 170(M)" ol 4] v}elL}
3132 4% gallic acid2 %A 31 tHKim and Bae,
2006).
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3.4. 6= O—galloylsalidroside (5)

= AR

L

3}eHE T2 R 0.52 (TBA)S 0.53
(6% AcOH) ] om 1% FeCl; SAA e F oz
HH-3-5t9ch. Positive FAB-MS A" ER oA B3}
m/z 453(M+H)"olA e H-
NMR ~#E=dA § 7.10 (2H, s)olA] aromatic
ring®] H-2¢t H-69] t# signale]l WElgon
H-2", 6’9} H-3', 5= M= 32! phenol ring2.&
8 6.659 8 6.98914 doublet (J = 8.5 Hz) signal
2 Uehn | ethyl alcohol®] #4E°] & 2.79 (2H,
m, H-7)¢ & 3.70 (2H, m, H-8)lA] Fzter},
8 4.33¢] signal glucose®] anomeric proton&=
Jgro] 7.8 Hzl Ao 2 Hol B-D-glucosed S &
& 9lon H-6"9 F /el Fate] Hur 5(2006)

o] ¥.131%F salidroside glucose?] H-6X.tF downfield
= 3l

ion peak:

Ho] 8 4,449 & 4.52014 signalo] HEE|

2 RBol (6] 24%S &3 J&& A= 5 A
t}. BCo-NMR AFE A glucose anomeric car-

bone] & 104.55, C-6"% C-5"7} salidroside®.t} 7+
7 ¢k § 2 downfield®t 2F & 3 upfield=o] d 64.81
# 8 75.5090 A signale] UElUE Ao E Kol gl-
ucose?] 1M} 69 Bart A§HE &ha &S 4
& o UM glucose ¥AEL 8 78.00
(C-37), 75.12 (C-2"), 72.31 (C-4") el A] signalo] #
ey, w3k, Aromatic ring® A %i%g]
signale] & 110.23 (C-2, 6). & 146.57 (C-3, 5),
116.18 (C-3". 57), & 130.93 (C-2", 6l A 1/}"/]’4
", ethyl alcohol®] B4E0] § 30.72 (C-T)% o
36.48 (C-8), carbonyl ¥t47} & 168.419 4] signal
o] #z¥= Ao Hol p-hydroxy phenylethyl
alcohol i gallic acid7}t glucoseol A&-S dhar &
S o 5 9t HMBC 2 EH A H-6"°] car-
ol C-7# glucose 1 F491 H-1"¢]
-8’3} cross peakE BEee] AGAAE Felst
A}, olAte] A#= Nonaka 5(1982)¢] Quercus
stenophylla®l A #2138 83-E 2] NMR datash &
Aete] shgHE 5= FAH CuHuOnl 6-0-gal-
loylsalidroside (p-hydroxyphenylethyl alcohol 1-

bonyl ®24

O B-D-(6"-0-galloyl)-glucopyranoside) = 5743}
Atk

=
[

AAFUE FIE 0% obE S0 F25
3, 2B AN tZFE e ddolAHolE
2 FgAor gak Bt o] F "ol
o|ELA B2 A4S E Sephadex LH-200. = uh
Baol AyazgvtEady dAsd 579 sz
4 g gES Beletant e 2= NMR 3
MS 2~HEZ & FAEko] (+)-catechin (1293 mg)

(1), (-)-epicatechin (17 mg) (2). (-)-epicatechin-
3-O-gallate (243 mg) (3), gallic acid (34 mg) (4)
1 §"-O-galloylsalidroside (136 mg) (5)°0.% &3

o]
stglem o (-)-epicatechin-3-O-gallate (3),

=

&
gallic acid (4), 6~O-galloylsalidroside (5)3= 47
T Sl M e Ao 2ol

& 2
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