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DPPH Radical Scavenging Activity of Phenolic Compounds
Isolated from the Stem Wood of Acer tegmentosum™!
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AANA AdAF U] 2 %ﬁr@ ARl AT FI o FekEo] glon HFH] JEATE W nud
Aol gt} B AFE AAFUF SARZEE 2719 flavan 3-ol, 37H¢] phenolic acid/alcohol 2 27§2] cou-
marin 3HES WEEHPEJHME Ao AAsle] Eesirt. g 7= 'H-NMR, “C-
NMR, 2D-NMR % MS A~ E =S BA415}0] (+)-catechin (1), (-)-epicatechin (2), p-hydroxybenzaldehyde
(3), syringic alcohol (4), p-tyrosol (5), scopoletin (6) % cleomiscosin A (7)O§ Tst9e, 1 =+
p-hydroxybenzaldehyde (3), syringic alcohol (4), scopoletin (6) % cleomiscosin A (7)E AHAE Tl =
A& B85kt 3lgE2] DPPH o)z 2484 =4 A3} (+)-catechin (1)} (-) eplcatechm (2)& kA
=72 A3 BHARTE 98 3itksl €448 Uehilt

ABSTRACT

There have been few reports on the constituents and biological activity of stem bark of Acer
tegmentosum, and no phytochemical and biological studies have been reported for stem wood of
A. tegmentosum. Two flavan 3-ols (1 and 2), three phenolic acid/alcohols (3~5), and two coumarins
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Hl=A shE<] DPPH o)z 2AEA

(6 and 7) were isolated from the stem wood of A. tegmentosum by repeated column chro-
matography. The structure of isolated compounds were identified as (+)-catechin (1),
(->-epicatechin (2), p-hydroxybenzaldehyde (3), syringic alcohol (4), p-tyrosol (5), scopoletin (6),
and cleomiscosin A (7) on the basis of spectroscopic evidences such as 'H-NMR, "C-NMR, 2D-NMR
and MS spectrum. pHydroxybenzaldehyde (3), syringic alcohol (4), scopoletin (6), and
cleomiscosin A (7) have not been reported from this plant so far. (+)-Catechin (1) and
(-)-epicatechin (2) showed the higher 1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
activity than butylated hydroxyanisole (BHA) used as a positive control.

Keywords: Acer tegmentosum, stem wood, phenolic compounds, DPPH
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a1 PE dgcuEoR AAFUE, FAFUF
Folgballe Fa2n Wik s A s HuE R
2 dH A Qe FFolth AT B s Ntk
dAMe 3 HA, FE AL 9, e
T, Abtell e A= ZHgo] lon, 53] gl %
=& F1 ANEE e &5 3, olxnF
go] gl FFolu Ao ®E Amadst Avk
AL el ATH1.2]

1 /\g
Shin[3] & (2006)°] 3] F= .
T AHE A oA BaE Buson
5(2006)> 43 ZH-¥ flavonoid, quinone ¥ cou-
marin 5 10719 otk AsA S3tES EE8k
Azl gk MESAS Bagh vf vk, S
Hur[5.6] (2006, 2007)< isoprenoid®} phenolic
glycoside 5-9] 3ES G| A] 2|8}, Kwon
[7] 5(200M)2 3o A 6-0O-galloylsalidrosideZ
v &gk 570 9] A shES Baskd o Tungl8]
5(2008) flavonoid¢} phenylethyl glycoside <
15711¢] shghE-& oA #elste] Rastaivt. 4t
AFUe gk A &34 A7E FH e J
FEo] lom, AAEA FAF g At Bl

# Zo] gl

R G R i = R R B R s e
2 5ol 2 o] 8H L = AAFUE et &
A T AesteAdd At s3E Aol e 54
e oo ZyazvtEadve NMR 9 +
BFeHA 717184 E ol8ste] 9 HEAd shghEe
TEE TAsen, &2 stg=2 DPPH etz
a2ABAEE St A GAsARA 9 o] & 7F
TS Yot At sk

AAFRE 2007 108 Q1A WEjatel A

Aetol AT ARG o0 BAlsta71E o) g3
12 % %4

of g &k & Aol A 27 o] 7]

7= sl 258 Amm Agatdt

e 72 & 7r¥aly] f1g NMR717]1& %44
istnl F52 45339 Bruker Avance DPX 400
7} 600 MHz spectrometer (Germany)E A}-8-3}¢]
"H-NMR (400, 600 MHz), “C-NMR (100, 125 MHz)
< AR e, MLm= E CDsOD, (CDs)2CO
9 (CD3)2S0F AHESFSATE EAbge ARHEAY]
(Micromass Autospec M363, UK)E ©]-§-3}¢] EI-MS
= ion source 250°C, electron energy 70 eV Z=719l
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EtOA.

Soluble Fraction
©0 9

Sephadex LH-20
MeOH-H:0 (3 :1)

Fr. 1 Fr. 2 Fr. 3
(B59 (12 g (500 mg)
C-18 Sephadex LH-20
MeOH-H;0 (1:5—1:1) MeOH-H,0 (1:1)
[ { \ { \ { { \
Fr.11 Fr. 12 Fr. 13 Fr. 14 Fr. 15 Fr.21 Fr.22 Fr.23 Fr.24
Silica gel —
EtOAc-Hexane Sephadex LH-20
(10:1—=15:1 MeOH-H,0 (1:1)
\ \ X X \ { [ \
Fr.141 Fr. 142 Fr. 143  C7 Fr. 145 Fr.21 Fr. 22 Gl Fr. 24
18 mg) (270 mg)
Silica gel
CHCl3MeOH (50 : 1 — 1:10) Sephadex LH-20_
Prep TLC MeOH-H;0 (1:5)
By CHClMeOH (10 : 1) | \ \
Silica gel ‘ ‘ ‘
Hexane-EtOAc Fr. 221 G2 Fr. 223
(10:0 — 0 :10) Co6 Fr. 122 Fr. 123 (05 mg)
Sephadex LH-20 13 mg) (30 mg)
MeOH-H;0 (1:1)
\ \ \ \ |
Fr. 111 G4 P13 Fr14 G5
(17 mg) (250 mg)
Silica gel

CHCIEtOAc-MeOH (12 : 8 : 1)
Sephadex LH-20
MeOH-H;0 (1:5)

C3
(13 mg)

Fr. 1131

Fig. 1. Column chromatographic procedure on the EtOAc soluble fraction of the stem wood of A.

tegmentosum.

A 23819 0 FAB- MS+ mrnitro benzyl alco-
hol (NBA)S matrix® A3} positive ion mode
ol BAE A tE. MPLC (medium pressure
liquid chromatography)+ Combiflash Retrieve
(ISCO, USA)E A1-8-3}o] silica gel¥} C-18 column
(200~400 mesh)& AH&39 2™, Column chro-

matography® S EZS  Sephadex LH-20
(Sigma, Sweden)s AFE3l¥th. TLC plates

)
=

DC-Plastikfolien Cellulose F (Merck, Germany)
preparative TLC (Silica gel 60 Foss glass plates, 1
mm, 20 x 20 cm, Merck, Germany)< AF&3}S]Th.
TLC Z7§&vll= TBA (t-butanol : HOAc @ H:O (3
©1 01, v/v/v) St 6% aqueous HOAc & AHE3F 1
WA A = vanilling 1% FeClsE AH&-3F Tl 8l

W e Aloke At W B AR AHEET

H =X
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Table 1. "H (400 MHz) and "*C-NMR (100 MHz) chemical shifts (&, ppm) of compounds 1 and 2

'H [mult, J (Hz)] Bc

Position - : ;

7 7 »
2 457 (d. 75) 480 (br s) 82.88 7887
3 398 (m) 416 (m) 6884 6649
¢ RDewm  man 2z
5 - - 15761 15665
6 586 (d, 23) 592 (d, 23) 9632 9544
7 - - 157.86 157.00
8 593 (d, 23) 594 (d, 23) B33 9494
9 - - 15695 15638
10 10085 9912
1 - - 13224 13130
2/ 697 (d. 19) 697 (d. 18) 11528 11434
3 - - 146.26 144.77
4/ - - 14628 14494
5/ 676 (d, 81 675 (d, 8D 11612 11494
6 675 (dd, 19, 81) 679 (dd, 18, 81) 12008 11845

* Recorded in CD;OD.

g

chloromethane), o€ olAlH o] E (ethyl acetate) 2
TEAHoRE FA wgstgen, Ao EYES F
A Axs Z2FEE 16.6 g, A 2olMH o ELA
75g T84 539¢g 2 1 69.7 g& d%loH
B Ao M= o HolAHo|ESA 6.0 g& AMES

st

b4

Fig. 13} #Zo] AAFUF 525 o DopAH o] &
44 9 6.0 g2 MeOH-H,0 (3 : 1, v/v) = &2]&

]2 A}-8-3 Sephadex LH-20 Z-# 3 ZwnlE 18]
2 AAske] 3709 fractiono & E&]atiTh. Fraction
13} 25 MeOH-H.O (1 : 5, 1 : 1, v/v)& C-18%}
Sephadex LH-20 ZHAZvlEavE HA5HY
vz} 570 (Fr. 11~15)<F 470 (Fr. 21~24)¢] fraction
o2 #8902, Fraction 11 Sephadex LH-20
3} silica gel ZHAZvETH I E HHEH 02 AA|
3le] 35S 3 (13 mg), 4 (17 mg), 5 (250 mg) S
218k, Fraction 125 CHCl3-MeOH (50 : 1 —1
010, v/v) EL A0 2 gilica gel AHARVETD
& AAS & preparative TLC (CHCls-MeOH
(10 = 1, v/v) & A5t 83E 5 (30 mg), 6 (10
mg)S H2]3t9 2™, Fraction 145 EtOAc-hexane
(10:1—15: 1, v/v)= silica gel ZHAZVIED
A E AAste A 2 SFEE T (18 m) <
23}tk Fraction 2235 MeOH-H:0 (1 : 1, 1: 5,
v/v) E89 07 Sephadex LH-20 ZHARME
a2 E wEdste] s 1 (270 mg), 2 (36
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Table 2. 'H (400 MHz) and "*C-NMR (100 MHz) chemical shifts (&, ppm) of compounds 3-5

‘ 'H [mult, J (H2)] e
Position
321 4b 5c 3:1 4b Sc
1 - - - 12680 13296 13001
2 762 (d, 86) 657 () 703 (d, 85) 13157 10434 129.89
3 7.02 (d, 86) 670 (d 85) 11690 14814 11513
4 - - 16136 13447 15575
5 702 (d, 86) - 670 (d 85) 11690 14814 1513
6 762 (d. 86) 657 (s) 703 (d, 85) 13157 10434 12989
7 965 (s) 438 (9 271 (1 72) 19390 0333 3841
8 - 368 (£ 72) - 6360
3-OCHs 373 (9) 5621
5-OCH; 373 (9 - 5621
* Recorded in (CD3),CO,  Recorded in (CDs),S0; € Recorded in CD;OD.
mg)S el sttt 2.4.6. 3l2+= 6 (Scopoletin)
Rr: 0.67 (TBA), 0.38 (6% HOAc). EI-MS m/z :
2.4.1. =2 1 ((+)-Catechin) 192 [M]*. 'H (400 MHz) and "C-NMR (100 MHz)

Rr 1 0.53 (TBA), 0.33 (6% HOAc). EI-MS m/z :

290 [M]*. 'H and "C-NMR : Table 1.

242 352
Rr
290 IM]*. 'H and C-NMR : Table 1.

2 ((=)—Epicatechin)

2.4.3. 2ietE

Rr: 0.80 (TBA
122 [MI". 'H and ®C-NMR : Table 2.

3 (p—hydroxybenzaldehyde)

2.4.4. 3t&+= 4 (Syringic alcohol)

Rr 1 0.86 (TBA), 0.56 (6% HOAc). EI-MS m/z :

184 [M]*. 'H and C-NMR : Table 2.

2.4.5 3&=
Rr
138 [MI". 'H and “C-NMR : Table 2.

5 (p—tyrosol)

:0.37 (TBA), 0.31 (6% HOAc). EI-MS m/z :

), 0.35 (6% HOAc). EI-MS m/z :

2 0.76 (TBA), 0.71 (6% HOAc). EI-MS m/z :

© Table 3.

2.4.7. 3= 7 (Cleomiscosin A)

R : 0.83 (TBA), 0.71 (6% HOAc). FAB-MS m/z
: 387 IM+HI". 'H (600 MHz) and “C-NMR (125
MHz) : Table 3.

2.5. DPPH 2iC|Zt AHE
Mstety

doil 2| gt

oo

AAFUE 2%

S FEER MeOHol 384
mM DPPH (Sigma, USA)
plateel] E3ate] Ao Y& Apehsfar 307 3F ¥
S-A171 & microplate reader (Tecan, Italy)E AF&
sle] 517 nmelld FFEES =AUt Positive
control<= BHT, BHA ¥ «a-tocopherols AH&-3}1

32 POE U B H3E
gk 89 100 w9t 0.15
g

100 02 96-well
Hlo

o}, #as B FHEIF 50% wad o veht
= A2 BYZ 275 (1C05)S 33] e =3}
teh et
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Table 3. 'H and "®C-NMR chemical shifts (8, ppm) of compounds 6 and 7

N 'H [mult, J (Hz)] 5C

Position

6' 7 6' 7

2 - - 16415 160.00
3 620 (d, 949 635 (d, 95) 11247 11318
4 789 (d, 94) 797 (d, 95) 146220 144.80
5 711 () 692 (s 10988 10081
6 - - 14721 14526
7 - 15327 13707
8 676 () 104.00 13165
9 - 15152 13802
10 11247 1122
1 - - 12667
2/ - 7.06 () 11204
3/ - - 14761
4/ - - 147.25
5 - 683 (d, 80) 11537
6’ - 688 (d, 80) 12078
7' - 499 (d, 79) 7622
8’ - 433 (m) 7781
9’ - 367 (d 122) - 59.83

6-OCHs 390 () 378 (s) 5091 5583

3tOCH; - 379 () - 3573

* Recorded in CDsOD; ” Recorded in (CDs),SO.

3. 21+ 3 &
AAFUHFE ZHRE 70% acetone FE3 § &1
o] S wet F8S AASt T4 Hdxss)
1 % EtOAc ¥8 <] th3F Sephadex LH-20, silica
gel 2 C-18 column chromatographyS WHE-2 o &2
At 79 e FES Eysta NMRE
ol-43t9 1 +2& 9 (Fig. 2)3+a DPPH izt
2AZE SAs

3.1. (+)—Catechin (1)Z} (—)—epica—
techin (2)

5}& 17} 2+ flavan 3-ol SHE<] dx4<l 3}
SHE 2 heterocyclic ring®] YJA %7} tFE isomer
szl 3% 18 'H-NMR =¥ Eglo) A het-

erocyclic ring (H-2, 3, 4)2] 5439l signale] &
2.51, 6 2.85, § 3.98, & 4.57°141 YElIH 855 2
= 62.73, 6§ 2.86, § 4.16, & 4.80°1 4 signal®] “}+E}
U= 2ol 2 wolt} PC-NMR 2 E# A -2, 3,
49] signal> sI3HE 19 %9 6§ 82.88, § 68.84, §
2855014 YEhb= RbE shekE 2= 6 78.87, 6
66.49, & 28.2801 4 YElHTE, o]de] An= 3w
13} 2& (+)-catechin[9]Z} (-)-epicatechin[10]S.=
TEE 7&@ O}}v\

3.2. p—Hydroxybenzaldehyde (3), syringic
alcohol (4) & p—tyrosol (5)

313t 3, 4, e v AmA SEER 1% FeCls
s B g Hoz et e 39
'H-NMR 2=#1E 3o 4] phenol ring?] $4S0] A
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= OH, R; = H : (+)-Catechin (1)
= H, R; = OH : (-)-Epicatechin (2)

p-Tyrosol (5)

pHydroxybenzaldehyde (3)

Scopoletin (6)

Syringic alcohol (4)

OCHj;

OCH,

Cleomiscosin A (7)

Fig. 2. Chemical structure of compounds 1~7 isolated from A. tegmentosum stem wood.

296 17.02 (H-2, 6)¢F 6§ 7.62 (H-3, 5)°ll A e},
aldehyde 4427} dwonfield=lo] § 9.65914 534
¢l yebdt}, “C-NMR =3 E# ol 4] phenol ring®]
A &4E0] 6§ 116.90 (C-3, 5)<F 6§ 131,57 (C-2,
6), aldehyde B-2~7F § 193.90914 el HAo=
Ho} p-hydroxybenzaldehyde[11]12 F+x&
At

e 49 'H-NMR 2==E#o A F 79 me-
thoxyl group =45 °] § 3.73914 A A signal®]
YEY ™ methylene 4E°] § 4.38 (H-7)°A
signalel ##E ATk PC-NMR 2#|E#] A phe-
nol ring®l methoxyl groupe] Zgsta &= ©H27}
& 148.14 (C-3, 5), methine 47} 6 104.34 (C-2,
6)ll Al signale] YERATE. Methylene ©H4~%} me-
thoxyl group ¥4+ 8§ 63.53% § 56.2191 4 signal®]
#2AE = 207 Kol gyringic alcohol[12]2 +FE
AT

@r@”’ 59] 'H-NMR 2= E& | A methylene 3
28-S 62.71 (H-T)2 6 3.68 (H-8)°llA triplet sig-
nalZ YER}H | phenol ring?] 452 A2 A
©2 §17.03 (H-2, 6)3 6 6.70 (H-3, 5)° 4 signal

2 vEhdth PO-NMR 2=#EGA Az g9l
C-2, 63 C-3, 5% A= HAA 39 signalZ §
115.137} 6 129.899 A1 YEF™ | methylene 491
C-7% § 38.41, C-8& 6 63.609 A signale] &&=

o}, olite]l Axz 3}eHE 5 ptyrosol[13]& T-%
£ 24359

3.3. Scopoletin (6)2} cleomiscosin A (7)

313HE 63 72 coumarin SFHEZ WA FAY
Bz Bagolon 19 FeCl, S Ao 4] % Ao
= wgakdnt. 3HE 69 'H-NMR 22 Ed ol A]
5 709] olefinic 447} & 6.20 (H-3)=} § 7.82 (H-4)
of| A signal®] VEFT Jgko] 9.4 HzQl AL Ho}
coumarin 33HELS & 5 At PC-NMR 23]
E-A carbonyl © 47} § 164.15 (C-2), olefinic

2E0] §112.47 (C-3)3} § 146.20 (C-4) oAl sig-
nal YEFH, methoxyl group B4 signale] &
56.91001 4 HZE AL oo AnE JFE 62
scopoletin[14]0.2 T+%2Z AA AT}

s 79 'H-NMR ~¥EH

O
O

Aol A coumarin®]
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AT SARAM 23 ey 9= DPPH ez 42784

Table 4. DPPH radical scavenging activities and ICsq values of the isolated compounds from A. teg-

mentosum stem wood

DPPH radical scavenging activity (%) 1Cso!
Samples 0
Sug/mt 10 pg/m¢ 20 pg/mt 40 pg/mé 80 pg/m LMg/mb)
BHT 222 367 580 790 906 1725 + 029
Positive  pyp 568 798 917 946 949 444 + 010
Controls

a-tocopherol 196 344 619 942 943 1664 + 088
(+)-catechin (1) 616 937 94.8 949 94.7 409 + 023
(-)-epicatechin (2) 672 943 943 945 94.4 373 + 017
phydroxybenzaldehyde (3) 40 91 150 298 494 18670 + 458
Compounds syringic alcohol (4) 169 296 528 799 928 1997 + 458
ptyrosol (5) 31 35 40 64 113 47976 + 509
scopoletin (6) 149 314 494 003 639 2160 + 150
cleomiscosin A (7) 96 158 269 467 814 4743 + 290

! The concentration in ug/mt required for 50% reduction of DPPH radical.

olefinic 47} § 6.35 (H-3)¢} & 7.97 (H-4)°lA
signal®] YEF} ™ ABX spin system 5459 sig-
nale] 6§ 7.06 (H-2"), 6 6.83 (H-5") % & 6.88 (H-6")
oA/l X4 o & L}ehdt}, Aliphatic oxymethine 9
AEL §4.99 (H-7)3 6 4.33 (H-8")°1 A signale]
#aE =y H-7'9 Jgkol 7.9 Hzl Aoz Hop
trans T29S < 5 IA. PC-NMR 2 E# |
A 20709] signale] VeSS DEPT ~HE O
= methine ¥4 871, methylene 2 171, quater-
nary ©2 97§ % methoxyl 824 17H7} EA¢e &
4 Ut} Lignan moietye] ©AES § 76.22
(C-7"), 6§ T7.81 (C-8') 4 6 59.83 (C-9")°| A signal
E4 - o= tpehdt} HMBC (heteronuclear multi-
ple-bond correlation) 2~ E 7oA methoxyl group
F25S 747 C-6 (6 145.26), C-3" (6 147.61)%}
cross peak’} T ow H-7" (6 4.99)2 C-1 (6
126.67), C-2 (6 112.04) 2 C-6" (6 120.78) ¥} cross
peak’} UERE Ao 2 Hol C-7'o 3'-methoxyl-
4-hydrophenyl moiety7} Z3tslal S & 5 9l
ATk, 3k positive FAB-MS 2~ZE g oA 2} jon
peak= m/z 387 [M+H]' 2 3}§+& 79| #4% 386
7 ATt oo A#RE 3E TS coumar-
inolignan 3}H&<l cleomiscosin A[15,16]2 F32&

2R,

3.4. DPPH 2tz A&

AT FARA L’ Y] HleA s
=°f thsto] DPPHE |83 &itsl 245 543

Z3} (Table 4) flavan 3-ol & E}e] (+)-catechin (1)
3} (-)-epicatechin (2)¢] ICs #+S 4.09¢}F 3.73 pg/
neE P27 BHA (ICs = 4.44 pg/me) Rt} -
et ksl GAS JERATE. Syringic alcohol
(4) (ICs = 19.97 ug/m) 3} scopoletin (6) (ICs =
1.60 pg/m) & 45 HY o} AT R) o
A& vetlen 7|e =52 it 24
njm g Ao 7 ekt

DO

O o

4_ Z4 %

AT BARE 10% acetone 807 F5
sto] Guje] SAo] whet 8Tt 28E 5 ol
golAE| o] E 8o tjgt Sephadex LH-20, C-18
59 column chromatographyE A5l 7712 ¥
=4 3eHEe 2eeiint. satee] 2 'H-NMR,
PC-NMR, 2D-NMR % MS A3 EHE E4s}o],
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AEF - A7 - G5

(+)-catechin (1), (-)-epicatechin (2), p-hydrox-
ybenzaldehyde (3), syringic alcohol (4), p-tyrosol
(5), scopoletin (6) 2 cleomiscosin A ()& 2=
ARtk o] T p-hydroxybenzaldehyde (3), sy-
ringic alcohol (4), scopoletin (6) % cleomiscosin A
(1< AAF A A el Eo] Hishs Aol
1, (+)-catechin (1)¥} (-)-epicatechin (2)7} 71§
473 DPPH oz 2AZA4 S YeR ST
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