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Phenolic constituents from twigs of Acer rubrum and their anti-oxidation
and anti-a-glucosidase activities
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Abstract: Objective To isolate and identify the phenolic constituents with anti-oxidant and anti-a-glucosidase activities from the
methanol extract in the twigs of Acer rubrum. Methods The twigs of A. rubrum were extracted by methanol then partitioned by
system solvents with different polarity. The ethyl acetate extract was separated on silica gel, Sephadex LH-20, ODS columns, and by
semi-preparative HPLC. The isolated compounds were identified by physicochemical properties and spectral analyses. The DPPH free
radical scavenging and anti-a-glucosidase activities of the compounds were also evaluated. Results Ten phenolic compounds were
isolated and purified from the twigs of 4. rubrum and were identified as catechin (1), epicatechin (2), epicatechin-3-O-gallate (3),
quercetin-3-0-a-L-rhamnoside (4), quercetin-3-0-3"-galloyl-rhamnoside (5), quercetin-3-0-2"-galloyl-rhamnoside (6), phloridzin (7),
ginnalin A (8), ginnalin B (9), and ginnalin C (10). Conclusion Compounds 3 and 5—7 are isolated from the twigs of 4. rubrum for
the first time. Compound 7 is the only one chalcone isolated from the plants in Aceraceae for the first time. All of the compounds show
the good anti-oxidant activities. Compounds 3 and 8 show the strong anti-a-glucosidase activities.
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B8 2 TN LT ARB (B A 2 B R T B4 £
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%% (catechin, 1), FJL# % (epicatechin, 2).
FKILAKZ-3-0- BTN (epicatechin-3-O-gallate,
3. Wi R -3-0-0-L- AT (quercetin-3-0-a-L-
rhamnoside, 4). M5 %-3-0-3"- B & T Wi IE)-NE IR
B Z=BEEF (quercetin-3-0-3"-galloyl-thamnoside, 5)-
Wi B & -3-0-2"- & & 1 Bt AR )- Wk g L 24E B
(quercetin-3-0-2"-galloyl-thamnoside, 6). R & 1F
(phloridzin, 7). &M % (ginnalin A, 8). 4%
AWk, (ginnalin B, 9) FIZ&AHRNZ (ginnalin C,
100, 1B 3. 5~7 A ERNLIFEY) 5> 5515
2, Hr AW 7 2 IR EHEY) 5> 215200
1 M EHER ST
1 UE5HH

Varian 500 MHz B2 4RI CGEEFLH %28
), HE-ESI-MS 1 Q-Star Elite (3&[H W {44 %
Geon ) JFOREAGIAE , 73 A 02 46 v AR £ 1
°A Hitachi Elite LaChrom (H37%), RZ:E45 L2130
A, L—2200 HBJHEAEA. L—2455 “HRE RS
M #5F1 Phenomenex Luna Cig 4 (250 mm X 10
mm, 5 pm), DLC-10/11 H R 3 &£ 4¢ (3£ [H D-Star
1XEEAT]D, TR (230~400 H ), Sephadex LH-20
AT GF254 2 il opR (36 B 223 pa i
FD)s BT AT aiEs R kol R S G R L A
o- TIPS (FERE, EC 3.2.1.20) 4-filf32K-a-D-
WL 2B T (pNPGD BRIk 1, 1-diphenyl-2-
picrylhydrazyl (DPPH) Fl4i’E 2 C W H Sigma-
Aldrich (3E[H Sigma A ]).

LIRS T 2009 4R 2R A INEE L IE 5T
HH 56 [ D 5y K22 2522 R0 T ). Peter Morgan
Y8 NELW Acer rubrum L., $EiFFRA (JPMCS2)
el QR DN E AT ) A NS AR S 52 5)
L S5 H
2 Ik
21 REESNE

PRI I 2T B 2 4% 500 g, B s LA 1L H

B SR 3 K, BHR 7d, BIFIERRE RS, 153
BRE 38 go WEBMT 500 mL ZWEAKH, KK
PSRRI IE Oty BERR OB 1F T RES> MIAEE 3
O RIOE RIS IE Cpeiiiar (1.1 @) BER SRR 7
(18 g) MIE THEMy (14 g). BEMR LEEHSr (18 g)
SN IR AT % o3 15, G40 - TR BE DR (20 13 ¢
1, TLC HIFAHEGSY, 1331 3 NS Al~A3.
A2 (361 mg) ZPHlA AR 2, HORE- /KB 5 Uk
Bt (10%—>90%F ¥, 30 min), FRLAH 1 (23.2
mg) M2 (25.5mg). A3 (8g) £ Sephadex LH-20
ATl oy 25, FREEi, 193] 7 MAsr (Bl~
B7).B4 £ Cyg 1 (i 43 125, A - /KRR FE DR C 1
9—7:3), 133 14 Miisr (C1~Cl14). C3 &l
FWAH T B, 25% PSR REVE AT 2 54 9 (18
mg) A 10 (9.2 mg). C9 & HI% WA >, 25%
S 25 Ve IR A 2L A0 8 (10 mg). C12 424
FWARIY B, 41% PRSI B G 7 (1.6
mg). CI3 Pl Al /3 B, 55% M BEAE FE Ui it
HEUMEY 4 (32mg)e B6 4 Cig HIEMI%I 5,
FEE- KR FEVERE (2 0 8—7 1 3), 93] 10 MR
(D1~D10). D5 & -5l &AH > 25, 26% H BE S
Vel R & 3 (7.7 mg). D10 L1454
2, 50% RS REE AT 2459 5 (1.8 mg) 1 6
(2.6 mg).
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YErE 2R C O PHMEXS I, I AR RARFR A I Ry 2%
HX . [B 30 min 5, SZEPT 515 nm AN
SELOLE (4D 1, THEIHR,

%= (Co—C1) / Cy
Co IIMNEEFMCEFE S 5 DPPH [ 30 min J& 145 (A0
W AA{E, C AIMANERFE S S DPPH Y. 30 min 51 A i
23 o-FEMEEEBINHIE RN E

SISCHR I TES, 5T 96 LB 50
uL AN AR S % T DMSO B4R S, 50 pL BiERR
ERGE AN 100 pl 1 U/mL ) o= 2608 B VAL
FEAFERL 3 AN AL, 37 CHEIEIFE 10 min 5 HIA
5 mmol/L pNPG ¥4 50 uL, 37BlF 405 nm KT
ME I 415 (Sp)» [N 5 min Jo #H A9 K 46 1F il
FEHL A A (Ss), MIAAHFRMAFR I Z2 B A b 5 0]
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& 1. AEBmA, UV (am): 279;
HR-ESI-MS m/z: 291.093 2 [M+H]" (515 K
291.086 9), 414 T3 A CsH1406. 'H-NMR (500
MHz, CD;OD) 8: 6.61 (1H, dd, J= 8.2, 1.9 Hz, H-6'),
6.66 (1H, d, J=8.2 Hz, H-5"), 6.73 (1H, d, J= 1.9 Hz,
H-2'), 5.75 (1H, brs, H-6), 5.82 (1H, brs, H-8), 2.40
(1H, dd, J = 16.2, 8.2 Hz, H-4b), 2.74 (1H, dd, J =
16.1, 5.4 Hz, H-4a), 3.87 (1H, m, H-3), 4.46 (1H, d,
J =17.5 Hz, H-2); "C-NMR (125 MHz, CD;0D) §:
27.1 (C-4), 674 (C-3), 81.4 (C-2), 94.1 (C-8), 94.9
(C-6), 113.8 (C-2), 114.7 (C-5'), 118.6 (C-6"), 99.4
(C-10), 130.8 (C-1"), 144.8 (C-3', 4'), 155.5 (C-9), 156.1
(C-5), 156.4 (C-7). LA ¥t 5 Sk — s,
e acr /R ISPIR S

& 2. AEHAK, UVAS (nm): 279;
HR-ESI-MS m/z: 291.093 4 [M+H]" GiF5E K
291.086 9), W14 TR A CisH1406. 'H-NMR (500
MHz, CD;OD) §: 6.76 (1H, d, J = 8.2 Hz, H-5'), 6.81
(1H, dd, J = 8.2, 1.9 Hz, H-6'), 6.97 (1H, d, J = 1.9
Hz, H-2'), 5.91 (1H, brs, H-6), 5.94 (1H, brs, H-8),
2.72 (1H, dd, J = 16.7, 2.4 Hz, H-4b), 2.86 (1H, dd,
J=16.8, 4.7 Hz, H-4a), 4.17 (1H, m, H-3), 4.83 (1H,
s, H-2); "C-NMR (125 MHz, CD;0D) §: 27.8 (C-4),
66.1 (C-3), 78.5 (C-2), 94.5 (C-8), 95.0 (C-6), 113.9
(C-2), 114.5 (C-5), 118.0 (C-6"), 98.6 (C-10), 130.9
(C-1"), 144.4 (C-3"), 144.5 (C-4"), 155.9 (C-9), 156.2
(C-5), 156.5 (C-7) LA ¥ 5 Scikian —s5''2,
W EA T 2 NI E.

& 3. AEBA, UVAEM (am): 279;
HR-ESI-MS m/z: 465.055 7 [M+Na]™ GiF-&A4H K
465.079 8), T 414> T3 A CyoH 5010 'H-NMR (500
MHz, CD;OD) 8: 6.93 (1H, d, J = 1.8 Hz, H-2'), 6.81
(1H, dd, J = 1.8, 7.8 Hz, H-6'), 6.69 (1H, d, J = 7.8
Hz, H-5"), 5.97 (2H, m, H-6, 8), 5.53 (1H, brs, H-3),
5.03 (1H, s, H-2), 3.01 (1H, dd, J = 4.6, 17.4 Hz,
H-4a), 2.86 (1H, dd, J = 2.0, 17.4 Hz, H-4b);">*C-NMR

(125 MHz, CD;0OD) §: 166.2 (C-7"), 156.4 (C-7),
155.9 (C-5, 9), 144.9 (C-3", 5"), 144.5 (C-3', 4"),
138.4 (C-4"), 130.0 (C-1"), 120.0 (C-1"), 118.0 (C-6"),
114.6 (C-5"), 113.7 (C-2), 108.8 (C-2", 6"), 98.0
(C-10), 95.1 (C-8), 94.5 (C-6), 77.2 (C-2), 68.6 (C-3),
25.5 (C-4). Lh_E¥ds 55 scmkapoE — 80, e
WA 3 KUK E-3-0-B & TR

& 4 BEEKHA, UV (am): 256,
354; HR-ESI-MS m/z: 471.064 7 [M+Na]™ (i+544
9 471.090 3), FAI5 T3 CyHyO1re 'H-NMR
(500 MHz, CD;0D) : 6.91 (1H, d, J = 8.2 Hz, H-5"),
7.31 (1H, d, J = 8.2 Hz, H-6'), 7.33 (1H, s, H-2"), 6.21
(1H, s, H-6), 6.38 (1H, s, H-8), 5.32 (1H, s, H-1"),
0.91 (3H, d, J = 6.0 Hz, 6"-CHs); “C-NMR (125
MHz, CD;OD) &: 162 (C-6"), 70.5 (C-5"), 70.6
(C-2"), 70.7 (C-3"), 71.8 (C-4"), 102.1 (C-1"), 93.3
(C-8), 98.4 (C-6), 104.5 (C-10), 114.9 (C-2"), 115.5
(C-5"), 121.4 (C-6), 121.5 (C-1"), 134.8 (C-3), 145.0
(C-3'), 148.4 (C-4'), 157.1 (C-2), 157.9 (C-9), 161.8
(C-5), 164.4 (C-7), 178.2 (C-4) . VL %l 55 2% ¢
kAR I — 3, e S 4 i 2-3-0-0-L-
BT o

&Y 5 HEEKBA, UVAL (nm): 263,
352; HR-ESI-MS m/z: 623.067 2 [M+Na]™ ({1514
9 623.101 3), WA T30 A CogHOrs0 'H-NMR
(500 MHz, CD;0D) §: 7.38 (1H, dd, J = 8.1, 2.2 Hz,
H-6'), 7.36 (1H, d, J = 2.2 Hz, H-2'), 6.93 (1H, d, J =
8.1 Hz, H-5"), 6.38 (1H, brs, H-8), 6.20 (1H, brs, H-6),
7.15 (2H, s, H-2"", 6""), 5.37 (1H, brs, H-1"), 0.98
(3H, d, J = 6.1 Hz, H-6"), 5.21 (1H, dd, J = 9.6, 3.0
Hz, H-3"), 4.46 (1H, brs, H-2"), 3.66 (1H, t, J = 9.6
Hz, H-4"), 3.57 (1H, m, H-5"), LA bE%¥s 5 SCkiiiE
AU, WE S 5 i E-3-0-(3"-
T BEIE)-nE i R A

&Y 6: HEEKHA, UVAS (nm): 263,
352; HR-ESI-MS m/z: 623.067 7 [M+Na]™ (1544
#623.101 3), W41 TR A CygHpuOrs. 'H-NMR
(500 MHz, CD;0D) 6: 7.36 (1H, dd, J = 8.1, 2.2 Hz,
H-6'), 7.34 (1H, d, J = 2.2 Hz, H-2"), 6.93 (1H, d, J =
8.1 Hz, H-5"), 6.37 (1H, brs, H-8), 6.20 (1H, brs, H-6),
7.06 (2H, s, H-2"", 6""), 5.62 (1H, dd, J = 3.4, 1.7 Hz,
H-2"), 5.50 (1H, d, J = 1.7 Hz, H-1"), 4.01 (1H, m,
H-3"), 3.46 (2H, m, H-5", 4"), 1.02 (3H, d, J = 4.2 Hz,
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H-6"); “C-NMR (125 MHz, CD;0D) 6: 16.4 (C-6"),
69.3 (C-3"), 70.8 (C-5"), 72.1 (C-2"), 72.4 (C-4"),
93.3 (C-8), 98.4 (C-1"), 99.1 (C-6), 104.7 (C-10),
108.9 (C-2, 6), 115.0 (C-2, 5'), 119.9 (C-1""),
121.4 (C-1', 6'), 1342 (C-3), 138.5 (C-4""), 145.0
(C-3"), 145.1 (C-3", 5", 148.5 (C-4"), 157.1 (C-2),
157.8 (C-9), 161.8 (C-5), 164.4 (C-7""), 166.0 (C-7),
178.0 (C-4). M4 LA - NMR %8, L5 6 Ak
T AN R 32-3-O- BT, Wt ISR I e 4
P E T 4E NMR e, R4 HSQC i )H 8 5 4L
FREMEA C 155, HMBC i s, H-2" (64 5.62)
5 C-7" (6c 164.4) A1, ULEHB B 1 WEIEHAT 4=
Wi c-2 7 b, B ScEkaE!", SEam e N
Wit B 3-3-0-(2"- ¥ B L L )-NL MR B =0 1

AP T AERA, UV (nm): 283;
HR-ESI-MS m/z: 459.103 7 [M+Na]" GiF-&48 K
459.126 7), AIAULAY 7 5 F Uk CyHpyO1. 'H-
NMR (500 MHz, CD;0D) 6: 6.59 (2H, d, J = 7.0 Hz,
H-3', 5"), 6.96 (2H, d, J = 7.0 Hz, H-2', ¢'), 5.86 (1H,
brs, H-8), 6.08 (1H, brs, H-6), 2.78 (2H, t, J= 7.6 Hz,
H-2), 3.30 (1H, brd, J = 7.9 Hz, H-4"), 3.36 (5H, m,
H-3, H-2", 3", 5"), 3.62 (1H, dd, J = 12.0, 5.4 Hz,
H-6"), 3.80 (1H, d, J = 12.0 Hz, H-6"), 4.93 (1H, d,
J =62 Hz, H-1"); "C-NMR (125 MHz, CD;0D) §:
29.4 (C-2), 45.6 (C-3), 61.0 (C-6"), 69.6 (C-4"), 73.32
(C-2"), 77.0 (C-5"), 77.1 (C-3"), 100.6 (C-1"), 114.6
(C-3, 5", 129.0 (C-2', 6'), 132.4 (C-1"), 154.9 (C-4"),
94.0 (C-6), 96.9 (C-8), 105.3 (C-10), 160.9 (C-5),
164.5 (C-7), 166.0 (C-9), 205.1 (C-4). LL_¥¥is L5
mkiRE 8, M T R

A 8: FIEHAR, UV (nm): 276, 216;
HR-ESI-MS m/z: 467.284 5 [M—H] it AE K
467.082 6), A &1%> §- 20 h CaoHpoO13. 'H-NMR (500
MHz, CD;0D) §: 7.08 (2H, s, H-2' 6), 7.09 (2H, s,
H-2" 6"), 3.35 (1H, t, J= 11.0 Hz, H-1ax), 4.10 (1H,
dd, J=10.9, 5.4 Hz, H-leq), 4.90 (1H, m, H-2), 3.70
(1H, t, J = 8.4 Hz, H-3) 3.51 (1H, overlapped, H-4),
3.52 (1H, overlapped, H-5), 4.54 (1H, brd, J = 12.0
Hz, H-6a), 4.38 (1H, dd, J = 11.8, 5.5 Hz, H-6b);
BC.NMR (125 MHz, CD;OD) d: 66.6 (C-1), 71.8
(C-2), 73.5 (C-3), 71.1 (C-4), 76.8 (C-5), 62.7 (C-6),
119.7 (C-1'), 108.7 (C-2', 6'), 145.1 (C-3, 5', 3", 5"),
138.4 (C-4'), 166.4 (C-7"), 120.0 (C-1"), 108.9 (C-2",

6"), 138.6 (C-4"), 167.0 (C-7"). J T #ffi 52 S £ 1Bk 1)
B E, 4H73L 'H-"H COSY. HSQC #1 HMBC
i, H-2 (54 4.90) 5 C-7' (dc 166.4), H-6 (0y 4.54,
4.38) 5 C-7" (6c 167.0) &, Uil 2 N E T
43 WIERELE 1, 5-anhydro-D-glucitol ff] C-2 F11 C-6 fir..
X CIRIRE, SR EY 8 WS .

B 9: A, UVAL (nmy): 276, 216;
HR-ESI-MS m/z: 315.073 3 [M—H] & AEN
315.071 6), A4 T4 Ci3Hi000 'H-NMR (500
MHz, CD;0D) ¢: 7.08 (2H, s, H-2', 6'), 4.53 (1H, dd,
J=11.0, 5.6 Hz, H-6a), 3.92 (1H, dd, J=11.0, 5.6 Hz,
H-leq), 4.32 (1H, dd, J = 11.9, 5.6 Hz, H-6b), 3.50
(1H, m, H-5), 3.45 (1H, m, H-4), 3.38 (1H, m, H-2),
3.32 (1H, m, H-3), 3.21 (1H, t, J = 13.4 Hz, H-1ax);
BC-NMR (125 MHz, CD;0OD) &: 71.2 (C-1), 71.9
(C-2), 79.9 (C-3), 71.5 (C-4), 80.2 (C-5), 65.3 (C-6);
121.5 (C-17), 110.3 (C-2', 6'), 146.6 (C-3', 5'), 140.0
(C-4"), 168.5 (C-7"), Z3#rH: 'H-"H COSY. HSQC #
HMBC i, H-6 (6 4.32,4.53) 5 C-7' (6c 168.5) #H
K, UEIE B T BEEHAE 1, 5-anhydro-D-glucitol [f]
C-6 (L. ZHICIRIEDY, Seth a9 ik

AW 10: FEHR, UV AL (nm): 276, 216;
HR-ESI-MS m/z: 315.076 3 [M—H] G5 1E N
315.0716), W15 T30 A CisH 6000 "H-NMR (500
MHz, CDs0OD) J: 7.11 (2H, s, H-2', 6'), 4.85 (1H,
overlapped, H-2), 4.10 (1H, dd, J = 11.0, 5.6 Hz,
H-leq), 3.87 (1H, dd, J = 11.0, 5.6 Hz, H-6a), 3.70
(1H, m, H-3), 3.67 (1H, dd, J = 11.9, 5.6 Hz, H-6b),
3.40 (1H, d, J = 9.6 Hz, H-4), 3.32 (1H, m, H-5), 3.28
(1H, overlapped, H-1ax); *C-NMR (125 MHz, CD;0D)
5: 68.0 (C-1), 73.4 (C-2), 77.3 (C-3), 72.2 (C-4), 82.7
(C-5), 63.1 (C-6), 120.8 (C-1"), 110.4 (C-2', 6), 146.6
(C-3', 5'), 140.1 (C-4"), 168.0 (C-7"). N T &1
WS, 43HTH "H-"H COSY. HSQC #1 HMBC
i, H-2 (0y 4.85) 5 C-7" (0c 168.0) #15%, PiHI¥
TR REAE 1, 5-anhydro-D-glucitol ] C-2 £
B % CEIREPY, %S 10 AT
3.2 ;5F% DPPH HHEEM

59 1~10 DPPH H IR FRig 1 45 2R WLk
1, it BT — e Mbrein e, L 1Cs
HAE 7.7~77.5 pmol/L. k% 3-BE25tb &4 (1~3)
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F1 OHEMRZBELEY 1~10 75 DPPH B HEMINE o- B EHEEIEEE
Table 1 Anti-oxidant and anti-a-glucosidase activities of compounds 1—10 from twigs of A. rubrum
e ICso / (umol~L71)A o ICso / (umol-Lfl)A

DPPH o= 2 B Y DPPH o H TR I
1 27.93+1.03 — 6 10.82+0.34 -
2 28.51+1.39 - 7 AR AAL
3 7.6710.28 48.10%=1.13 8 17.74£0.21 95.38+11.65
4 77.53+11.03 200.42£6.82 9 30.40£90.80 -
5 20.11+0.42 - 10 32.70£0.48 -
YerExR C 71.02£1.61 AA el - b ARAG 161.384+5.50

B FIATEY (8~10) ha 2 MMEIL, &
JLRHE-3-0-B AT TIRIE (3) TPk, W5 20
PR AR PUE G, X5 SOk IE A — 2L,
LMRUEYPEATEE SRS H G 5.
BT 20T (5 R0 6) i bEmasR, KA ILm
FRILHCH BN, R B T IBERL IR B n] S S
Pra st B —e s, (R — PR,
WA T BT 53 B4 30 1 LR i A H e
33 i o-BEHEEEE R

AT 1~ 10 A1 o= 78 254 1 BT 1 25 2R DL
1. LAY 3 F1 8 RILHARSR VI o255 1T
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