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Phenolic Glycosides with Antioxidant Activity from the Stem Bark of Populus daidiana
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Phytochemical study on the EtOAc-soluble fraction of the stem bafopiulus daidiana resulted in the isolation of

10 phenolic glycosidesl{-10), which were identified on the basis of physicochemical and spectroscopic analyses.
Among these, three new compounds, populosidesCA(1—-3), were determined to be 2-coumaroylmethyl-4-
hydroxyphenyls-p-glucopyranoside, 2-coumaroylmethylphemyb-glucopyranoside, and 2-feruoylmethylpheifyb-
glucopyranoside, respectively. CompourdslOwere tested for their radical scavenging activity against an azo radical,
ABTS'*. Of these, populosides-AC (1—3), populoside 4), grandidentatin§), salireposide), and coumaroyp-p-
glucoside (0) exhibited antioxidant activity in this assay.

The genu$opulusbelonging to the Salicaceae family comprises spectrum ofl showed AABB' spin system protons at; 6.80 (2H,
more than 100 species, which are distributed in temperature zoned, J = 8.4 Hz, H-13, 15) and 7.58 (2H, d,= 8.4 Hz, H-12, 16),
and subtropical regionisAmong thesePopulus daidiana Dode as well as twatrans-olefinic protons at) 6.48 (1H, d,J = 16.2
[P. tremela.L. var. davidiana (Dode) Schneid.] is distributed  Hz, H-9) and 7.66 (1H, dJ = 16.2 Hz, H-10). Thé3C NMR of 1
throughout Korea, Northern China, and Sibéridne plant has been  disclosed two pairs of overlapped carbon signaléz130.9 (C-
used traditionally for treatment of various diseases, including 12, 16) and 116.2 (C-13, 15), together with two quaternary carbons
diarrhea, paralysis, pulmonary disease, pox, and vatiSame atoc 125.6 (C-11) and 160.4 (C-14). These observations suggested
phenolic glycosides and flavonoids have been isolated from this the presence of a acylatgdcoumaric moiety forl,?2 which was
plant34 Previous phytochemical studies have also revealed the further confirmed by théH—'H COSY couplings between H-9/
presence of phenolic glycosides? flavanoids' and organic H-10, H-12/H-16, and H-13/H-15 and by the relev&@—H long-
acids$? in other species of the gent®opulus As a part of our range correlations observed in the HMBC spectrum. Linkage of the
ongoing search for bioactive compounds from natural sources, acylatedp-coumaric moiety with gentisyl alcohol was determined
phytochemical investigation of the EtOAc-soluble fraction of a on the basis of the HMBC correlation between oxygenated methyl-
MeOH extract ofP. davidianahas resulted in the isolation of three  ene protonsd 5.25 and 5.30) and the carbonyl carbon167.1).
new phenolic glycosides along with seven known ones. This paper Enzymatic hydrolysis ot yielded gentisyl alcohol, coumaric acid,
deals with the isolation, structure elucidation, and scavenging and -p-glucose. The configuration of the glycosidic linkage for
activity against the ABTS radical of these compounds. the glucopyranoside unit was determined tgflderm on the basis

Repeated chromatography of the EtOAc-soluble fraction of the Of the J, > value of the anomeric proton at 7.2 Hz 4.86). Thus,
MeOH extract on silica gel, YMC gel, Sephadex LH-20, ang C  the structure of compounti named populoside A, was assigned
columns led to the isolation of phenolic glycosidés-(0). Seven as 2-coumaroylmethyl-4-hydroxypheng{e-glucopyranoside.

of these were known compounds identified as populoijié3 (1> Compound2 was obtained as white needles. Its IR spectrum
tremulacin 6),1¢ tremuldin @), salicin (7),1”-*8grandidentating),” also revealed absorption bands at 3400, 1690, 1600, and 1520 cm
salireposide 9),1°2°and coumaroyj3-p-glucoside 10),2* by com- characteristic of hydroxyl, a ketone, and aromatic groups. Similar

parison of physicochemical (mpp) and spectroscopic (UV, IR,  to 1, theH NMR together with'3C NMR patterns o® disclosed

1H and'*C NMR) data with published values.The molecular formula a sugar moiety that was deduced t@-a-glucopyranosy! unit, a

of 1 was deduced to bey&H,4,010, 0N the basis of the peak atz benzoyl moiety, and a coumaroyl moiety. Hence, this evidence
471.1263 [M+ Na]* (calcd for G,H»4010Na, 471.1267) in the suggested a skeleton similartoHowever, théH NMR presented
HRFABMS. The IR spectrum showed absorption bands at 3350, four protons signals at 7.16 (d,J = 8.4 Hz, H-6), 7.29 (td] =
1680, 1600, 1510, and 1460 cf characteristic of hydroxyl, a 7.8, 1.2 Hz, H-5), 7.03 (t) = 7.2 Hz, H-4), and 7.33 (br d]l =
ketone, and aromatic groups. ThE NMR spectrum revealed 7.8 Hz, H-3) (Table 1). These were indicative of the presence of
proton signals ab 6.71 (d,J = 3.0 Hz, H-3), 6.65 (ddJ = 3.0, an ortho-disubstituted aromatic ring i, instead of the 1,3,4-
8.4 Hz, H-5), and 7.0 (d] = 8.4 Hz, H-6), indicating the presence trisubstituted phenolic ring df, which was supported by correla-
of a 1,3,4-trisubstituted phenolic ring. In addition, a pair of oxygen- tions in thelH—H COSY. This observation was consistent with
ated methylene protons @.25 and 5.30 (each H, d=13.2 Hz, the molecular formula §€H,409, as established by the peak
H-7) were evident in théH NMR due to an oxygenated methylene 455.1313 [M + Na]* (calcd for GoH,.OgNa, 455.1318) from
group Oc 61.2) in the HMQC spectrum, which correlated with  HRFABMS. Furthermore, enzymatic hydrolysisay§ielded salicyl
aromatic carbonsd¢ 148.3) in HMBC. Furthermore, théd NMR alcohol, coumaric acid, armtglucose. Therefore, compoudvas
characterized as 2-coumaroylmethylphefiyd-glucopyranoside,
named populoside B.

* To whom correspondence should be addressed. ¥8R-42-821-5925.

Fax: +82-42-823-6566. E-mail: baekh@cnu.ac.kr. Compound3, named populoside C, was isolated as white needles.
lghtlhn%nag Natgsyagggg/:éﬂty- The IR and'H and 3C NMR spectra of3 were quite similar to
atholic Univer: .
§ Korea Research Institute of Bioscience and Biotechnology. those of2, except for the presence of a methoxy grodp 8.81,
U Chungbuk National University. dc 56.2). The HMBC spectrum d_emo_ns;ratc_ad that this methox_y
I'Kyungpook National University. group was located on a feruoyl moiety, indicating an acylated ferulic
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Table 1. '"H NMR Spectroscopic Data)] of Compoundsl—4
proton 12 22 3 4b
3 6.71d (3.0 7.33brd (7.8) 7.35brd (7.8) 7.34 brd (7.6)
4 7.031(7.2) 7.031(7.8) 7.041(7.6)
5 6.65 dd (3.0, 8.4) 7.291d (7.8, 1.2) 7.31td (7.8, 1.2) 7.281d (7.6, 1.5)
6 7.0d(8.4) 7.16d (8.4) 7.17d (7.8) 7.23d (7.6)
7 5.19d (13.2) 5.25d (13.2) 5.26 d (13.2) 5.29d (13.2)
5.22d(13.2) 5.30d (13.2) 5.31d(13.2) 5.41d (13.2)
9 6.45 d (15.6) 6.48 d (16.2) 6.56 d (15.6) 6.32d (16.0)
10 7.60d (15.6) 7.66 d (16.2) 7.62d (15.6) 7.59d (16.0)
12 7.56d (8.4) 7.58d (8.4) 7.35Dbrd (7.8) 7.36d (2.0)
13 6.80d (8.4) 6.80 d (8.4)
15 6.80d (8.4) 6.80d (8.4) 6.80d (7.8) 6.77 d (8.0)
16 7.58d (8.4) 7.58d (8.4) 7.13dd (1.2, 8.4) 6.95dd (2.0, 8.0)
1 4.63d(7.2) 4.86d(7.2) 4.87d(7.2) 4.93d(7.2)
2-5 3.17-3.33m 3.173.33m 3.183.34m 3.36-3.52m
6 3.71dd (3.6, 12.0) 3.71dd (3.6, 12.0) 3.71dd (3.6, 12.0) 3.87.dd (1.6, 12.0)
3.49m 3.49m 3.49m 3.68m
OCH; 38ls

a Spectra recorded at 600 MHz in DMSp-P Spectra recorded at 400 MHz in MeQl3- ¢ J values (in Hz) in parentheses.

group for3 instead of the coumaroyl group 2f This evidence led

to the conclusion thad was 2-feruoylmethylpheny$-b-glucopy-
ranoside. The structure was further supported by the molecular
formula GgaH,6010, determined by the molecular peak @iz
485.1419 [M+ Na]* in the HRFABMS, and the result obtained
from enzymatic hydrolysis of compour® To our knowledge, this

is the first isolation of these three compounds, populoside€A
from a natural source.

Compoundsl—10 were evaluated for their scavenging activity
against the ABTS radical. As the results presented in Table 3
indicate, all compounds possessing hydroxyl phenolic gratid,
and8—10, exhibited higher scavenging activities than that of BHT
used as a positive control. However, only compounshowed
higher quenching ability (TEAG= 2.07) than that of caffeic acid
(TEAC = 1.98). Compound5—7 had very weak activities, most
likely due to the lack of the phenolic groups.

Experimental Section

General Experimental ProceduresMelting points were determined
on a Kofler micro-hotstage. UV spectra were obtained with a Beckman
Du-650 UV-vis recording spectrophotometer. IR spectra were obtained
on a Jasco Report-100 type spectrometer from KBr disc. MS were
carried out with a JEOL JMS-HX/HX110A tandem mass spectrometer.
H NMR (300, 400, and 600 MHz) ant¥fC NMR (75, 100, and 150
MHz) were recorded on Bruker DRX300 and JEOL 400 spectrometers
(the chemical shifts were referenced dausing TMS as an internal
standard). Two-dimensional (2D) NMR experiments (HMBC, HMQC,
and COSY) were recorded on a Bruker Avance 500 spectrometer.

Plant Material. The stem bark ofPopulus daidiana Dode was
collected from Yangu, Kangwon, Korea, in August 2002, and identified
by one of authors, K.B. A voucher specimen (CNU 255) has been
deposited at the Herbarium in the College of Pharmacy, Chungnam
National University.
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Table 2. 13C NMR Spectroscopic Data)) of Compoundsl—4

carbon 12 22 32 4b

1 148.3 155.6 155.6 157.0
2 127.4 125.7 125.7 127.2
3 115.2 129.1 129.2 130.4
4 152.7 122.3 122.3 123.0
5 115.6 129.7 129.7 130.6
6 118.0 115.4 115.4 115.1
7 61.3 61.2 61.2 62.5
8 167.1 167.1 167.1 169.3
9 114.5 114.6 114.9 116.5
10 145.6 145.5 145.8 147.2
11 1255 125.6 126.1 127.7
12 130.9 130.9 111.7 115.0
13 116.3 116.2 149.9 149.6
14 160.3 160.4 148.4 146.7
15 116.3 116.2 116.0 116.6
16 130.9 130.9 123.8 1235
r 102.9 101.5 101.5 102.9
2 73.8 73.8 73.8 74.9
3 77.3 77.6 77.6 78.2
4 70.2 70.2 70.2 71.3
5 76.9 77.0 77.0 78.0
6' 61.1 61.2 61.2 62.6
OCH; 56.2

aSpectra obtained fol—3 at 150 MHz in DMSOes. ° Spectra
obtained for4 at 100 MHz in MeOHeé,.

Extraction and Isolation. The dried and milled stem bark &f.
davidiana (4.8 kg) was extracted with hot MeOH three times{20
L). After filtration and evaporation of the solvent under reduced

Notes

Table 3. Scavenging Activities of Isolated{10) against
ABTS't Radical

compound

TEAEGP

2.07+0.02
1.134+0.02
1.55+0.01
1.67+0.03
0.12+0.01
0.24+0.01
0.21+0.01
1.27+0.02
1.01+0.02
0.78+0.01
1.98+0.03
0.80+0.01

OCO~NOUOAWNE

10
caffeic aci¢
BHT®

aThe values of scavenging activity against ABT®ere expressed
as Trolox equivalent antioxidant capactity (TEAC), which is the
concentration (mM) of Trolox having the same activity as 1 mM of
sample” Values are mean: SD of three experiment$.Reference
substances.

(1H, dd,J = 3.0, 8.4 Hz, H-5), 6.65 (1H, d] = 8.4 Hz, H-6)] and
coumaric acid [7 mg, gray-yellow powdéH NMR (400 MHz, MeOH-
ds) 6 6.35 (1H,J = 16.0 Hz, H-8), 6.74 (2H) = 8.0 Hz, H-2, 6), 7.37
(2H, J = 8.0 Hz, H-3, 5), 7.35 (1 HJ) = 16.0 Hz, H-7)].

The water layer was checked by silica gel TLC (EtGA¢eOH—
H,O—AcOH, 65:20:15:15), and the TLC plate was visualized using
anisaldehydeH,SO, reagent. The configuration of glucose was
determined by a GC method described previoé&hhe obtained sugar
derivative showed a retention time that was identical with that of

pressure, the combined crude methanolic extract (1.3 kg) was suspende@uthentico-glucose.
in H,0 and then successively partitioned with hexane and ethyl acetate ~ Populoside B (2):white crystal needles (MeO+H,0); mp 187

(EtOAC) to afford hexane-soluble (47 g) and EtOAc-soluble (770 g)

188°C; [a]%® —3.13 (€ 0.05 MeOH); UV (MeOH)Amax (I0g €) 205.0

fractions. The EtOAc-soluble fraction was subjected to silica gel column (4.23), 321.0 (4.22) nm; IR (KBrymax cmi-* 3400, 2910, 1690, 1600,

chromatography using CH&And MeOH mixtures of increasing polarity
(80:1 to 1:1) to yield seven fractions (EE7). Fraction E4 was
subjected to silica gel column chromatography using mixtures of @HCI

and acetone of increasing polarity (50:1 to 1:2) to give eight subfractions

(E4.1-E4.8). Subfraction E4.6 was subjected to a silica gel column
eluting with CHC,—MeOH—H,0 (80:20:1) to yield compounds(1.3

g) and6 (820 mg). Fraction E5 was applied to a silica gel column and
eluted with CHC{—MeOH—H,0 mixtures of increasing polarity (15:
1:0.1 to 1:2:0.1) to yield seven subfractions (E5EL.7). The sub-
fraction E5.4 was further chromatographed on a YMC column using
MeOH-H,O (1:9, 3:7, 1:1, and 1:0) as eluted solvent to give four
subfractions (E5.4:2E5.4.4). Subfraction E5.4.1 was purified by a
silica gel column with CHGH-MeOH (8:1) and then an {g column
using MeOH-H,0 (2:3) to give compound (260 mg). Fraction E5.4.2
was subjected to a silica gel column eluting with CgtceOH—
H,0O (12:1:0.1) to obtain compoun8g540 mg) and® (48 mg). Fraction
E5.4.3 was chromatographed on a silica gel column eluted with €HCI

MeOH (15:1), and then a collected subfraction was further chromato-

graphed on an f column eluted with MeOHH,O (1:1.5) to yield
compounds (268 mg) and3 (138 mg). Fraction E5.7 was chromato-
graphed on a silica gel column using CHEMeOH—-H,0 (6:1:0.1)

as eluted solvent system to give five subfractions (E5-E3.7.5).
Subfractions E5.7.1, E5.7.2, and E5.7.3 were further subjectedsto C
columns eluted with MeOHH,O (1:1) and finally crystallized from
MeOH—-H_0 (1:1) to yield crystal needles of compount§l32 mg),

4 (350 mg), andLO (235 mg), respectively.

Populoside A (1):white crystal needles (MeOH); mp 16263°C;
[0]2® —2.67 € 0.05 MeOH); UV (MeOH)Amax (log €) 229. 0 (4.29),
316 (4.42) nm; IR (KBr)vmax cm* 3350, 1680, 1600, 1510, 1460,
1200, 1080, 980, 870, 820; FABM&z471.0 [M+ Na]*; *H and*3C
NMR data, see Tables 1 and 2, respectively; HRFABM3471.1263
[M + NaJ* (calcd for G;H24010Na, 471.1267).

Enzymatic Hydrolysis of 1. Glucosidase (200 mg, from almond)
was added to a suspensionlof50 mg) in 50 mM phosphate buffer,

1520, 1240, 1080, 760H and13C NMR data, see Tables 1 and 2,
respectively; FABMSnz 455.0 [M+ NaJ*; HRFABMS nvz 455.1313
[M + Na]* (calcd for G;H2409Na, 455.1318).

Enzymatic Hydrolysis of 2. Glucosidase (200 mg, from almond)
was added to a suspension{50 mg) in 50 mM phosphate buffer
adjusted to pH 7.0 with NaOH, and the mixture was stirred at@G7
for 48 h. Workup as above (preparative TLC, Ckt&MeOH, 8:1) gave
salicyl alcohol [8 mg, white needle®;] NMR (400 MHz, MeOHél,)

0 4.60 (2H, br s, H-7), 6.72 (1H, dl = 8.0 Hz, H-6), 7. 03 (1H, td,
J=7.7, 1.8 Hz, H-5), 6.75 (1H, td] = 7.3, 1.1 Hz, H-4), 7.21 (1H,
brd,J= 7.7 Hz, H-3)] and coumaric acid [12 mg, gray-yellow powder,
'H NMR (400 MHz, MeOHél,) 6 6.25 (1H,J = 16.0 Hz, H-8), 6.66
(2H, J = 8.0 Hz, H-2, 6), 7.27 (2H) = 8.0 Hz, H-3, 5), 7.25 (1H)

= 16.0 Hz, H-7)].

Populoside C (3):white crystal needles (MeOHH,0); mp 109~
111 °C; [a]% —1.80 € 0.05 MeOH); UV (MeOH)Amax (log €) 219
(4.29), 328.0 (4.30) nm; IR (KBrymax cm* 3380, 1690, 1620, 1590,
1520, 1450, 1285, 1240, 1180, 1080, 980, #Dand'*C NMR data,
see Tables 1 and 2, respectively; FABM$z 485.0 [M + NaJ';
HRFABMS m/z 485.1419 [M + Na]* (calcd for GsH26010Na,
485.1424).

Enzymatic Hydrolysis of 3. Glucosidase (200 mg, from almond)
was added to a suspension®{50 mg) in 50 mM phosphate buffer
adjusted to pH 7.0 with NaOH, and the mixture was stirred at@7
for 48 h. Workup as above (preparative TLC, CktMeOH, 8:1) gave
salicyl alcohol [6 mg, white needle¥ NMR (400 MHz, MeOHél)

0 4.60 (2H, br s, H-7), 6.72 (1H, d, = 8.0 Hz, H-6), 7.03 (1H, td)
=7.7, 1.8 Hz, H-5), 6.75 (1H, td] = 7.3, 1.1 Hz, H-4), 7.21 (1H, br
d, J = 7.7 Hz, H-3)] and ferulic acid [9 mg, white needlésl NMR
(400 MHz, MeOHél,) ¢ 6.34 (1H, dJ = 16.0 Hz, H-8), 6.97 (1H, dd,
J= 4.0, 8.0 Hz, H-2), 6.76 (1H, d] = 8.0 Hz, H-3), 7.11 (1H, dJ
= 4.0 Hz, H-6), 7.32 (1H, dJ = 16.0 Hz, H-7), 3.87 (3H, s, OCGH].

Populoside (4):white crystal needles (MeOHH,0); mp 169-170

°C; [a]® —3.27 € 0.05 MeOH); UV (MeOH)Amax (log €) 220.0

which was adjusted to pH 7.0 with NaOH, and the mixture was stirred (4.23), 333 (4.21) nm; IR (KBrymax cm™* 3400, 1700, 1600, 1370,

at 37°C for 48 h. The reaction mixture was extracted with EtOAc (20

1280, 1160, 1100, 1050, 7604 and*3C NMR data, see Tables 1 and

mL x 3), and the organic layer was evaporated to dryness. The residue2, respectively.

was chromatographed using preparative TLC with CHG1eOH (8:
1), giving gentisyl alcohol [10 mg, white needl¢] NMR (400 MHz,
MeOH-dy) 8 4.67 (2H, br s, H-7), 6.72 (1H, d,= 3.0 Hz, H-3), 6.58

ABTS*" Radical Scavenging AssayTo analyze the antioxidant
activity, a common stable radical chromogen,’-32inobis(3-ethyl-
benzthiazoline-6-sulfonic acid) (ABTS was used. ABTS radical
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cation was produced by reacting ABTS with potassium persuifate. (4) Wang, X.; Wang, Q.; Wang, KChin. Trad. Herb. Drug200Q 31,

In brief, ABTS was dissolvedtaa 7 mM concentration in 10 mL of 891-892. _ _
H,O and ABTS radical cation was produced by adding 4Qf 60 (5) Erickson, R. L.; Pearl, I. A; Darling, S. Fappi197Q 53, 240~
mM K,S40; (final concentration 2.45 mM). The mixture was stored in 244.

(6) Pearl, I. A.; Darling, S. FPhytochemistryl968 7, 821—-824.

(7) Jossang, A.; Jossang, P.; Bodo,Mytochemistryl994 35, 547—
549.

(8) Picard, S.; Chenault, J. Nat. Prod.1994 63, 1417-1419.

the dark at room temperature for 16 h. For the study of antioxidant
compounds, the ABTS solution was diluted with kD to give an
absorbance of 0.70& 0.020 at 734 nm. For the scavenging assay,

990 uL of diluted ABTS™ solution was added to 1@L of test (9) Mattes, B. R.: Clausen, T. P.; Reichardt, PPRytochemistry.987,
compounds or Trolox standards (final concentration20 M) in 26, 1361—1366. R ' ’ '
MeOH, and the absorbance was read at ambient temperature exactly 6 (10) aAsakawa, Y.; Takemoto, T.. Wollenweber, E.; Aratani, Phy-
min after the initial mixing. Stock solutions of the compounds were tochemistryl977, 16, 1791-1795.

prepared so that they produced-18D% inhibition of the blank (11) Pearl, I. A.; Darling, S. FPhytochemistryl97Q 9, 1277-1281.

absorbance. Appropriate solvent blanks were run in each assay. The (12) Pearl, I. A.; Estes, T. KTappi 1965 48, 532—535.

percentage decrease of the absorbance at 734 nm was calculated and13) Erickson, R. L.; Pearl, I. A.; Darling, S. Phytochemistry197Q 9,
plotted as a function of the concentration of the antioxidants and of 857-863.

Trolox for the standard reference data. To calculate the Trolox (14) Pearl, I. A.; Darling, S. FPhytochemistryL969 8, 2393-2396.
equivalent antioxidant coefficient (TEAC), the slope of the plot of the  (15) Pearl, I. A; Darling, S. FCan. J. Chem1971, 49, 49-55.
percentage inhibition of absorbance versus concentration for the (16) Ishikawa, T.; Nishigaya, K.; Takami, K.; Uchikoshi, H.; Chen, I. S.;

antioxidant was divided by the slope of the plot of Trolox. All Tsai, I. L. J. Nat. Prod.2004 67, 659-663. _

determinations were carried out in triplicate (17) Dommisse, R. A.; Hoof, L. V.; Vlietinck, A. Phytochemistry. 986
' 25, 1201-1204. _ _ _ _
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