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Bark Extractives of Several Populus Trees*'

Yeon-Ho Ham** - Jin-Kyu Kim** - Sang-Keuk Lee** - Young-Soo Bae*?

2 o

ARAILHE 0] EALA], ofHiE| 25 B SHHUT FHE oMNE-B(T:3) 2 5 F w2sln gt 822
EE, dEolAHE ¥ 8402 B3 FAAZSAY. 4 2B g F4 D dekg-sa £
B-g A&t Sephadex LH-20 Z¥a2utE a2 33182 23 & TBA ¥ 6% 2oz Afse 4
2o x vaagne N2 @2 RE FAaG) G FFEY F2E 'H PC L 2D-NMR#} 2%
Aol odte] AU AMNUTRE 59 FE2HEL FZ flavonoid$} salicin FAAEE A H o) glon
A FF79 TFAA 25 15719 sgEel #HAt. SAAUFANAE (+)-catechin, naringenin, erio-
dictyol, sakuranetin, aromadendrin, taxifolin, sakuranetin- 5-O- 8-D-glucopyranoside, neosaturanin, p-
coumaric acid, salireposide®} aesculin®] ©el=¢] 713 B F59 IAES ¥gsln e olga 2 &
2ol A= (+)-catechin, salireposide, populoside®} salicortine), %&-& oA+ (+)-catechin, padmatin,
quercetin, salireposide. populoside$} salicortino]l &= it}

ABSTRACT

The bark of P. alba x glandulosa, P. euramericana and P. nigra x maximowiczii F\, several Populus
trees, were collected, extracted with acetone-HO(7:3, v/v), fractionated with hexane, chloroform and
ethylacetate, and freeze dried to give some dark brown powder. Each fraction of the powder was
chromatographed on a Sephadex LH-20 column using a series of aqueous methanol and ethanol-hexane
mixture as eluents and then identified by thin layer chromatography using TBA and 6% acetic acid as
developing solvents. The structures of the isolated compounds were characterized by 'H, *C and 2D-NMR .
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tools including mass spectrometry. Most of the compounds were flavonoids and salicin derivatives as
follows: (+)-catechin, taxifolin, aromadendrin, eriodictyol, naringenin, sakuranetin, sakuranetin-5-O- 8-D-
glucopyranoside, neosaturanin, salireposide, pcoumaric acid, and aesculin from P. alba x glandulosa,
(+)-catechin, salireposide, populoside and salicortin from P. euramericana and (+)<atechin, quercetin,
padmatin, salireposide, populoside and salicortin from P. nigra x maximowiczii F.

Keywords: Populus, P. albaxglandulosa, P. euramericana, P. nigrax maximowiczii F,, extractives,
chromatography, flavonoids, salicin derivatives
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AR Populus) & HBBoletns &b 3
o] 2% cottonwood % poplar2 B H":r" =
th7t F8 B¥Aolm ¢ 40%02 TAH A
(H, 1996: ©], 1985). @A}A] = 9P alba)
3} FAXMAGE(P. glandulosa) A+o]9) Qg wulE
o2 AARWFL 2AMUT(P. tomentiglan-
dulosa)etn HE0H(o], 1990). oleldEEH = 7
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o AARUFAME ddolAlEHolESA 27.8 g
T84 140.8 g, olHEE T 39.6 gF 149.0 g,
a2|a FEEUFAE 72 23.0 g7 1031 g&
TEE U
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7} AlR9] dEolHHeE E 844 EFozy
B FFES sty ¢t d¥azaEagas
AN ZHe] nAAo 2= Sephadex LH-20
£ AHgetgie gl i E deheiE4:1, 2:1,
1:1, 1:2, 1:3 5, v/VEHAT ofebg:d4k4:1,
31, 211 F, v/v) EFAE AREAY e
gl s A2 EaZntE g 9(TLC) 2
golslden #AALMEZEE  +-BuOH-HOAc-H:0
(3:1:1, TBA. Solvent A)S} 6% Z4HSolvent B)o
2 A UV HEE fpEEisn, SaAE
Vanillin-HCI-EtOH(60:0.15:6)& A}&3tit}.

Zt Mg B8 oigld A%HQ ZYazeiEa
I E HABIR o HAMLF- o dolAHo|E
44 H3oMe (+)-catechin(30 mg), naringenin
(123 mg), eriodictyol(20 mg), sakuranetin(287
mg), aromadendrin(207 mg), taxifolin(56 mg),
sakuranetin-5-O- 8 -D-gluco-pyranoside(194 mg).
neosaturanin(73 mg), p-coumaric acid(68 mg),
salireposide(1.85 g}¢} 22 10719 &L el
3t 84 B aesculin(35 mg) e &
gct. olglg] X Eejo e A dolMHolE4A B
3o gHE] (+)-catechin(545 mg), salireposide
(157 mg), populoside(242 mg)} salicortin(1.42 g)
< TEREAR FFEYTY ddolAEH o ELA
Al (+)-catechin(495 mg), padmatin(334 mg),
quercetin(53 mg), salireposide(615 mg). populoside
(336 mg)¢} salicortin(412 mg) ¥ #& FelH o)
= g A GAEY 674 sgtEo] gElEidh
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@2 3EE YAV EH(NMR)EFEA T 23

FH(MS) & &3t Age g8 729 EAF
< At

NMR 717} Z4dgtn 35484532 Bruker
AVANCE DPX 400 MHzE o] &35 on FA]gn)
= methanol-ds ¥ acetone-deE AHEEY 1 'H,
PC-NMR % COSY. HETCOR. NOES} #&
2D-NMR =9 Edg o] &8l 245y}

B2 £ 24t 35245 Micro-
mass Autospec M363 ZFTEH7|7|E A}L5Ho
FAB ol &sptsle] AR 4 Bt dlstgot.
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Padmatin(7), 9% $34 % TLC R 3
0.73(solvent A), 0.43(solvent B).

'H-NMR(400MHz, &. CD;OD): 3.79(3H. s.
-OCHs), 4.52(1H, d, J=11.5 Hz, H-3), 4.93 (1H,
d, J=11.6 Hz, H-2). 6.02(1H, d. J=2.1 Hz, H-6),
6.06(1H. d, J=2.3 Hz, H-8), 6.79(1H, d, J=8.1
Hz, H-5'). 6.84(1H, dd, J=1.9 Hz, 8.1 Hz, H-6"),
6.96(1H, d. J=1.9 Hz, H-2).

C-NMR(100 MHz, &, CDs;0D): 56.39(0OCHa),
73.75(C-3), 85.25(C-2), 95.07(C-8), 96.04(C-6),
102.61(C-10), 115.92(C-2") 116.11(C-5"), 120.95
(C-6), 129.75(C-1"), 146.35(C-3"), 147.20(C-4"),
164.36(C-9). 165.07(C-5). 169.85(C-7), 198.97
(C-4).

FAB-MS: m/z (M+H)" 319.

Neosaturanin(10), =34 B2 TLC R
0.54(solvent A)$} 0.07(solvent B).

'H-NMR(400 MHz, &, CD;0D): 3.39~3.58(4H,
m, H-2"3".4" 5, 3.71(1H, dd, J=5.8 Hz, 12.1
Hz, Ha-6"). 3.82(3H. s, -OCHs), 3.92(1H, dd.
J=1.9 Hz, 12.1Hz, Hy-6"), 5.18(1H, d, J=17.2 Hz,
H-1"), 6.15(1H, d. J=2.3 Hz, H-5), 6.34(1H. d,
J=2.3 Hz. H-3"), 6.83(2H, d. J=8.6 Hz., H-3,5),
7.61(2H, d, J=8.6 Hz, H-2.6), 7.69(1H, d, J=
15.5 Hz, H-8), 8.01(1H, d, J=15.5 Hz, H-a).

BC-NMR(100 MHz, &, CD:OD): 56.18(4'-OCHs),
62.45(C-6"), 71.28(C-4"), 75.08(C-2"), 178.52
(C-3"), 78.61(C-5"), 95.05(C-3"), 96.56(C~5),
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101.97(C-17), 108.32(C-1"), 116.94(C-3.5), 125.78
(C-a), 128.44(C-1), 131.92(C-2.6), 144.64(C-A).
161.23(C-2"), 161.41(C-4), 167.21(C-6"), 167.64
(C-4'), 194.75(C-8").

FAB-MS: m/z (M+H]" 449.

Populoside(13), 9% 3z 2% TLC R 3
0.79(solvent A)$} 0.44(solvent B)

'H-NMR(400 MHz, &, CDsOD): 3.3~3.5(4H,
br m, H-2'.3".4".5), 3.70(1H. dd. J=5.1 Hz, 12.0
Hz, H,6"), 3.89(1H. dd. J=1.8% 1.7 Hz. 12.1
Hz, Hy6). 4.93(1H. d. J=7.3 Hz, H-1"), 5.30
(1H, d, J=12.7 Hz, H-7), 5.42(1H. d, J=12.8
Hz, Hv7). 6.30(1H, d, J=159 Hz, H-§"),
6.77(1H. d. J=8.3 Hz, H-5"), 6.94(1H. dd, J=2.1
Hz. 8.2 Hz. H-6"), 7.04(2H, m. H-4, H-2".
7.23(1H, br d. J=7.8 Hz, H-6). 7.29(1H, td.
J=1.6 Hz, 8.1Hz. 7.81 Hz H-5), 7.36(1H. dd.
J=1.29} 0.9Hz, 7.4 Hz, H-3), 7.58(1H. 4, J=15.9
Hz, H-7").

BC-NMR(100 MHz, 8. CDsOD): 62.55(C-6").
62.62(C-7), 71.34(C-4"), 74.99(C-2"), 78.04(C-3"),
78.24(C-5"). 102.92(C-1"), 115.06(C-8"), 115.18
(C-2), 116.52(C-5"), 116.71(C-6). 123.08(C-6"),
123.54(C-4), 127.22(C-1"). 127.74(C-2). 130.41
(C-5), 130.68(C-3), 146.83(C-3"), 147.26(C-7").
149.66(C-47). 157.01(C-1), 169.31(C-9").

FAB-MS: m/z (M+Na)® 471, (M+H)" 449.

Salicortin(14), 324 &%, TLC R @
0.68(solvent A)$} 0.44(solvent B).

'H-NMR(400 MHz, &, CDsOD): 2.45-2.25(2H,
m, H.-4", Ho5"), 2.61-2.70(1H, m, Hy-4"), 2.84-
2.92(1H, m Hy5"), 3.35-3.50(4H, m, H-2,
345, 3.69(1H, dd. J=5.03%} 5.2 Hz, 12.0 Hz,
H.6"), 3.88(1H, dd, J=1.8% 1.9 Hz, 12.1 Hz,
Hy-6"), 4.92(1H, d. J=7.6 Hz, rotational peak
J=2.8 Hz, H-1"), 5.26(1H, d. J=12.4 Hz, H.T).
5.37(1H, d. J=12.4 Hz. Hy7). 5.75(1H, dt,
J=163 1.8 Hz, 1.7 Hz, 9.7 Hz, H-2"). 6.14(1H,

dt, J= 4.1% 3.4Hz, 3.9Hz, 9.8Hz, H-3"),
7.01(1H, t. J=7.4 Hz, 7.4 Hz, H-4), 7.20(1H. d,
J=8.1 Hz, H-6), 7.31(2H, m, H-3, H-5).
BO-NMR(100 MHz, &. CDsOD): 27.28(C-4"),
36.91(C-5"), 62.56(C-6"), 64.44(C-7), 71.37
(C-4"), 74.98(C-2"), T78.06(C-3"), 78.24(C-5),
79.24(C-17), 102.52(C-1). 116.67(C-6), 123.46
(C-4), 126.16(C-2), 129.38(C-3"), 130.69(C-5),
131.10(C-3), 133.38(C-2"), 157.01(C-1). 171.58
(C-7"), 207.45(C-6").

FAB-MS: m/z (M+Na)* 447, (M+H)" 425.
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HARA YT A= vl st 538 e
FEEEo] U™ flavanone® flavanonol
9 glucose?t A3E WA 3}§HE 28] 2 chalcone
vl A 3382 neosaturanin® @]t} Table
1914 B 8o} 7ho] 35F HFO|A flavonoide]
(+)-catechin®} salicin FAE<! salireposide’} &
5oz gdysflen, oldgxEeis dFA YT
A= salicin =42 populoside®} salicortin®] &
208 delgo] Fe] FA44E AE 5 U
E A E o DE3EE F salire-
poside”} 1.85 g2 & 71§ Wol| T E A an o]z
2 E#dME  salicortin(1.42 g), (+4)-catechin
(545 mg) el wolAx, YFAUIF- A= salireposide
(615 mg), (+)-catechin(495 mg)#} salicortin (412
mg)ol Bl e 4o deEHo] o] £FEY F
88 FEAHAROE AZHE,

(+)-catechin, naringenin, eriodictyol, aroma-
dendrin, taxifolin, sakuranetin-5-O-8-D-gluco-
pyranoside, p-coumaric acid, salireposide %
aesculetin® o] wjdte] Huaom(Ham#
Bae, 1995: #li¢} &, 2000: Wi 5. 2000) & A&
ME olE SFE Y Mo HEE HEE FHe
2 nFsch



A ANURES 53 Sle) 2E4E

Table 1. The compounds isolated from bark of Populus trees.

Species P alba x , P nigra x
Compounds i Glandulosa F euramericana maxinfowiczii
(+)-catechin + +++ ++
Naringenin +
Eriodictyol +
Sakuranetin ++
Aromadendrin ++
Taxifolin +
Padmatin T+
Sakuranetin-5-O- 8- D-glucopyranocside +
Quercetin +
Neosaturanin +
pcoumaric acid +
Salireposide A+ + -+
Populoside ++ ++
Salicortin 4+ ++
Aesculin +

Amount of isolated compounds, +: < 02 g, ++ 02~05g, +++ 05~10g, ++++ > 10 g

HO 7 O
OH
g ’ 1: (+)-catechin

OH
OR, O
21 Ri=H, R:=H, Rs=0H, Rs=H, naringenin A ‘ ' '
3: Ri=H, R.=H, Rs=OH, Re=OH, eriodictyol 117 p-coumaric acid
4: Ri=H, Re=H. R3=0Me, R4=H, sakuranetin
5: Ri=0H, Rz=H, R3=0H, R4=H, aromadendrin OH
6: Ri=0H, R:=H, Rs=0H, R4=0H, taxifolin o
7: Ri=0OH, R:=H, R3=0Me, R4=0H, padmatin 4
8: Ri=H, Re=F-D-glucopyranose, Rs=OMe, Rs=H, , 12: salireposide
sakuranetin-5-O- 8-D-glucopyranoside " 2T, HO
(P e
7 HO
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g HO _
13: populoside
¢ 0 HO
1 7 . .
o HO 14: salicortin

OH
HO OH 2 :
! 15: aesculetin
HO o” o

Padmatin, 3°.4°,5-trihydroxy-7-methoxyfla-
vanonol(7)

8518 7& 'H-NMR ~#HE#HA -OCH:® T4
E& 8379904 HEFo] 32 ehgen “C-
NMR &#EHA g4 §56.3994 a8 B
oFa et

H-63 H-8¢ ¥3+ AEZ meta coupling® ]
doublet(J=2.1 Hz®} J=2.3 Hz) 2.8 Z}2Z} §6.029}
6.06°04 E93g Ho|x glon taxifolinBrhs
Ztz} 0.1 ppm AEHN MG ZoF olFHIL
C-8% C-6& 695.077 96.04% Z+Z+ 1.5 ppm A=
4 12 Ho2 o)FdYrh “C-NMR £HEYd]
A C-9¢9 C-5+ 242+ 8164.36%) 165.07= taxifolin
&) #pol7t glon C-78 §169.8524 methoxyl
719 Aol 913l & 1 ppm A= AAFEZOR o
393 C-4= 5198.678 C-52 OHS} C-4 Alo]
o] £2A%e] FAHL UASE ¢ F AUtk

'"H-NMR#} “C-NMR 2#E# Aol qe] Ba3} C
gl 9=AH%-2 Ham3} Bae(1995), 22|32 Harbone
3} Mabry(1982)7 A&l taxifolin? A& F%
3}, Agrawal(1989)°] A& § padmatin(7-metho-
xytaxifolin) 3 A&t oA SFgE TS
taxifolin® C-7°] methoxyl7|7} Z%¥ padmatin
oz Fx& AAFAT

Neosaturanin, 4,6"-dihydroxy-4’-methoxy-
chalcone-2"-0- £ -D-glucopyranoside(10)

'H-NMR 2#E#A §8.012 7.699] doublet
2 H-a ¢ H-82 Jgto) 15.5Hz2M trans® ¢ o]
FAYTEYE vehlin C-e C-8€ A 5
125.78% 144.64% keton®} ZHH o|FAH] 72
2 o)FolH A& Tat T4 Atole] AdBgE
ER S COSY(Correlation Spectroscopy) ~HE
H3 C-H COSYehux® 39 i) AFE 59t
9 daAE vehlE= HETCOR(Heteronuclear
Correlation Spectroscopy) =HEZ (3 5, 1995;
T 5, 1998)& B3t o 5 gl

AZe] F23= H-33 H-57} 56.83¢14 H-2¢
H-62 & 7.61°1A4 ortho coupling® doublet(J=8.6
Hz)eg uJvebhgoern, C-33 C-5& 6 116.94004
C-29} C-62 6131.92, 18]35 C-4& 8 161.41904
Frag 2Yo2H A7 A" C4E T4
o2 diFe F&2E olF1 UL ¢ F Ao
Seeram 5(1996)¢] ¥.18 chalcone] A% E)s}
gt

B#te] H-5'% H-3"& Z}Zt 4 6.169} 6.3494
et Jgkol 2.3Hz2 A4 A& meta coupling HUS
< ¢ < it} Isosalipurposide(3t, 2000)<} v w s}
o & o H-5'% H-3'9 &5die 2+ 0.15% 0.1
ppm¥ Moz o)F o] Yerdth 1Ea C-2',
C-4'7 C-6'2 72} 5161.23, 167.64%F 167.21014
el glen isosalipurposide B C-2'2 1.2
ppm AE ZAZZEo R (C-4'L 0.5 ppm A& A}
AZog 181 (-6 1.4 ppm AE IAF £SO
2 olFHo] yERgtt. o)A isosalipurposide®]
C-4"°1 methoxyl7]7} AE= o] dZoll U&= H-5'2
H-3', z28]3 C-2'5} C-6'ol st Ao 5YUd o
e F3 Y-S on|sict. BE FA)ol X
methoxyl 719} glucose®] &3 X & stetatr] 9
3t NOE ~¥WEHE EA39h Methoxyl7]<]
4 w3 e ZAHEE) S NOE ~HEH
M §6.159) 6.349] F 9lAF] EF FrMleH
glucose?] H-1"0)) tha}ed FALS NOE L E | A
T §6.349] Flavte] FAAREE & F AU ©l
AL C-2'9 glucose?t AE=o] H-1"0] H-3'¢ &
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az2g 33HE 102 chalcone WlFA 3FE<
neosaturanin(4,6"-dihydroxy-4'-methoxychalcone-
2'-0- B -D-glucopyranoside) 2 72 & AA 39t

Populoside, salicin-7-O-caffeoylate(13)

'H-NMR 2#E#A 55303 5429 doublet
Ha2se Jgke Ztzb 127 Hzeb 12.8 HzEM
methylol®] ¥ 2% vehfs], "C-NMR ~#E"
AXME §62.6204 C-79] A7} i 9o
salicin®] C-7¢] A¥t=o] U&E LA Fu A
. gurE o2 salicing A$- C-7& §58.29014 1t
el H-79 F 45 §3.2~3.34 73 g3
£ veEpdtH(Pouchert®t Behnke, 1993).

'H-NMR ¥ E"o|A §7.04, 7.23, 7.299 7.36
9] signal&2 Z+7} salicin®] H-4, H-6, H-5 2 H-3
o] 47 F4AE=2ZM ortho ¥ meta coupling®l &
triple doublet® double doublet®] Fel& el

. FAaEAOlY] BAE COSY ~HEHE BA3)
W 87.04(H-4)2 A=+ §7.23(H-6), 7.29(H-5)
9} 7.36(H-3)9) 2E H3EH coupling®l] 23 A
HE MR e §7.29¢ HaE 9A) UnA 3
A9 signal?t J#-E 7HA2 AN} 67.237 7.36
9] WAL M2 dAde] At Salicin F£9]
NMR 2#HEH E2 Itoh 5(1993)0] Hud
7-O-methylsalicin®  7-0(2,6-dihydroxybenzoyl)-
salicin, 22| 1 fi#(1992)°] B33k tremuloidin®}
o) - FARSHAl WERRTE

'H-NMR 2 E#A §7.58% 6.309] doublet
WA= Jgkol 15.9Hz2 M trans B9 o|F Aol 3
S5 & ey C-7'H C-8'2 §147.267F 115.06
o2 AYAH caffeoyl?] o|F2E FHE Yebd
t}, =& 'H-NMR 2#EZdA §6.77¢] doublet,
66.942] double doublet®} §7.049] FF9za ¥
UC-NMR 2#E#dA §115.18, 116.52, 123.08,
127.22, 146.83 2 149.669 HAEL HAYH<
catechol®] Hel& epATE

webr 8% 132 Erickson $(1970)9] ¢J8t
P. grandidentata= ¥ @|HANem™, salicin®
C-79 caffeoyl”|7} ester AFH populoside® F2

5% F39) FE4E

g 27383

Salicortin, salicin-7-O-(1-hydroxy-6-oxo-2-
cyclohexene)-1-carboxylate(14)

BC-NMR 2 'H-NMR 2#E%dA salicin ¥
o HaE9 = populosidest BU3HA VeR:
orf §2.45~2.929 533 multipletE-2 alipha-
tic methylene® #4332 58 A H-4"9 H-5"¢] 474
o] el o3t A7) FrFPIEo|vh. EF 65.75
9t 6.149149] double triplet HIAEL o|FAFL
2 o]FoA gl H-2'7 H-3"& Vel 65.759)
B3 Jgho] 1% H-3'o 98ke] 9.7 Hz, H-4"¢
FA2Ed o3 27 1,79 1.6 Hz& Yebdr} §
6.149] double triplet H-3"¢] ¥azM Jgt
H-2"9) ¢]3le] 9.8Hz, H-4"2] F 440 2|5te] 3.9
Hz9} 3.8 Hz® viebytel

1-hydroxy-6-oxo-2-cyclohexene®] 4% 4&#
AE COSY 2HEZGOR s on], §2.45~
2.259] multiplet2 §2.61~2.709] multiplets} &
2.84~2.929] multiplet, 28l3L & 5.75%F 6.1490A]
9] double triplet HAEH AT AEE 711 ¢}
o §5284~2.929 multiplet2 §2.45~2.259]
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