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A new benzofuran lignan from rhizomes of Polygonatum sibiricum
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Abstract: Objective To isolate and identify the chemical constituents from the rhizomes of Polygonatum sibiricum. Methods The
compounds were isolated and purified by various modern chromatographies, and their structures were identified by physiochemical
properties and spectroscopic data. Results Five compounds were isolated from the EtOH extract of the rhizomes of P. sibiricum,
which were elucidated as polygonneolignanoside A (1), (+)-isolariciresinol-9'-O-B-D-glucopyranoside (2), trans-N-p-
coumaroyltramine (3), 3-(4-hydroxyphenyl)-N-[2-(4-hydroxyphenyl)-2-methoxyethyl]acrylamide (4), 3-(4-hydroxy-3-methoxyphenyl)-
N-[2-(4-hydroxyphenyl)-2-methoxyethyl]acrylamide (5). Conclusion Among them, compound 1 was a new benzofuran lignan, and
compounds 2—5 were isolated from this plant for the first time.
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PR 05 T B B E M2 AMED . R R
(RIA 7 B o3 BRI 7 32 A TR T 2 WA S AR 2,
156 - e 23 (TR R AR N 0L, gt — 2
BRI A T, SE R A R PR, A
V2 AE BT TR SR B, NGRS IR 2E 95% 2.1
TR oy A3 5 AMEEW, 55 N R
AHEZEE A (polygonneolignanoside A, 1). (+)-57F
7 W IR 25 -9'-O-B-D-Hi Z B [(+)-isolariciresinol-
3 -N-p-Fr 5 2
i (trans-N-p-coumaroyltramine, 3). 3-(4-F2FE0K
B )-N-[2-(4-F3 B R B )-2- F U 2 JE ] 1 0 T i
(3-(4-hydroxyphenyl)-N-[2-(4-hydroxyphenyl)-2-metho-
xyethyl] acrylamide, 4). 3-(4-F2%E-3-H R R)-
N-[2-(4-F2HE I8 5 )-2- AU 0 0] TR M ik (3-(4-
hydroxy-3-methoxyphenyl)-N-[2-(4-hydroxyphenyl)-2-
methoxyethyl] acrylamide, 5). HH{LE 1 A 1
ASE IR DIRIE R RE R, A N AR &=
A, WWEY 2~5 HEIRMNZED 5 5152
1 X5

Bruker AVANCEII 500 BUAZ i 3L4R 4% . Bruker
maxis HD B CATHS (A BiE% (4EE Bruker A F]);
Autopol IV & HBIEEA (EEEER LA D;
Chirascan q CD JGHEAY CHe[E B H G ELA F]D;
LC52 AYE il £ A i 4 (R 8 b BB,
A BRZAF], SP-5030 FL il 4 7 vy i Fan v, UV200
R AN 25, Easychrom Yol TAEVY; Gibf:
A YMC-Pack ODS-A, 250 mmX20 mm, 5 um);
HEOIERER GFysys AEEIERER (200~300 H,
H ST ); Sephadex LH-20 (Pharmacia
Biotech A #]); RP-Cig (40~60 pm, YMC A F]);
KILMJIE Diaion HP-20 (HAR=3540%); HIEE,
Al CORETH VU ARG AR i A PR A F]D s HoAt i)
BRI

BOAGT 2015 42 9 HIWEZIN T 258 i3, &0
B R 245 K 5 24 2 Bt PR B T 2R S5 8 N B B RO
JEAE W) ¥ K Polygonatum sibiricum Delar. ex Redoute
AR ZE . SEIEFE A (ID-20150912) £7 T re PR 2
K2 T
2 RBSSE

TR TR ZE 40 kg, 95% ZBEAIAHREL 2 1%,
JEIL, AIHRHGK, BEWRYE, HRE 3100 g, 7
BIAKRE, HIRHESRR OB IETREREL %
ISR, AFBEIR CBREBAL (168 gy 1T BE#iAL

9'-0-B-D-glucopyranoside, 2].

(1350 g)o BER LEEEBAI A RERFE itk 73 55, IR
A EE-BERR 208 (102 1.5 :1.2:1.1:1.0:
1) M =&k HEE (5001, 3031, 20: 1, 10 :
1. 5010 101, 00 1D BREEVER, HErEREER
W, SRR EE 10 NS (Fr. 1~10). Fr. 7
(7.5 g) G RP-Cg A5/ 5, AR HI -
K (10%—>80% FHEE) BEEEBLML, 53] 5 NG
(Fr. 7-1~7-5). Fr. 7-3 (50% B EBAL, 0.82 g)
SRR A B, R & - EE (25 01,
1501, 10 2 1) i, IF4 Sephadex LH-20 #EfiAE
il E At (PED, [FEEY 3 (12.0 mg).
4 (5.8 mg) M5 (123 mg). IE T EEHALLE RKFLH
JI& Diaion HP-20 #4353 55, 4Kk ZBE-7K (0—~95%
CWE) BEEETRML, 182 6 M@y (Fr.A~E). Fr.C
(27.5 g, 30%CBE-KEEMLFRAL) 42 Sephadex LH-20
BB ARG (FED, BZLPRE RP-Cig HERES
B, R HEE-K (10%—80% FHEE) BA B,
53 5 N (Fr. C-1~C-5). Fr. C-2 (208 mg).
2147 HPLC #114% (30%HE-/K) BEIb&a 1
(12.4mg) 12 (30.7mg).
3 EWMI1 WERKEEBHNEE

&1 (2.0 mg) T 5 mL 2.0 mol/L EhfZ-
BRI, 90 CoKIETFEN 2 he K=Y
BAAWT )G, CABEIR L e A1 K 3EAT A0 . ZKAH LA
AgCO; FRIZ RIIER G, W4i TIRAFHELL 7, 709
I 1 mL EBE . 2 mg L-2F R R 06 Eh R £k, %
160 CHiFE 1h, SAJEIIAN 0.2 mL = FEAERERRIE,
A 60 CJEHEM#A 0.5 h, PLFCHAKEER., IE
O XY A S B M [ E Finnigan
TSQ7000 B S At 1E4%, FID #ll#%, DB-5 BN
K (30 mX0.25 mm, 0.25 pm) Jo 383 AR RE )
FTEEDREAT LU, MIKR =D RE 43 %5 € B-D-7i
EFE (1g=19.8 min) F o-L-FZ2=FH (1g=18.5 min),
el 11,
4 LT

WEY 1 IR ETTIM AR, BT HEE, [o])
—108.2° (¢ 0.2, MeOH). UV &AL &Y 1E i
WP B RS 228 275, 298 nm. IR JGiE G
NI (3400 cm™) FFLHIHIE (1710 cm ™)
I . HR-ESI-MS #4570 7 5 71§ m/z
691.220 8 [M+Na]™ (iFEAH A 691.220 9), #iEtl
EW 19T C31HuO16. H-NMR i H1(E 1),
KX ERE 1H124- =BT ERTES oo
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£1 &% 14 '"H-.NMR 1 BC-NMR iEE4E (500/125
MHz, CD;0D)

Table 1 'H-NMR and “C-NMR data of compound 1
(500/125 MHz, CD;0D)

Tcfr On dc  DEPT
1 1372 C
2 7.00 (1H, d,J=1.0 Hz) 110.8 CH
3 151.8 C
4 1474 C
5 7.11 (1H, d, J=8.5 Hz) 1179 CH
6 6.91 (1H, dd, J=28.5, 1.0 Hz) 1189 CH
7 5.69 (1H, d,J=6.0 Hz) 89.7 CH
8 3.56 (1H, overlapped) 548 CH
9 3.85 (2H, overlapped) 64.6 CH,
' 1247 C
2' 7.58 (1H, brs) 1152 CH
3 145.4
4 154.1
5 130.3
6’ 7.63 (1H, brs) 1206 CH
7 1685 C
1" 5.07 (1H,d,J=7.5 Hz) 1004 CH
2" 3.74 (1H, m) 783 CH
3" 3.60 (1H, m) 79.5 CH
4" 3.40 (1H, m) 71.5 CH
5" 3.38 (1H, m) 78.0 CH
6" 3.85 (1H, overlapped), 3.68 (1H, overlapped)  62.4  CH,
" 5.38 (1H, brs) 102.0 CH
2" 3.94 (1H, m) 723 CH
3 3.66 (1H, m) 722 CH
4" 3.39 (1H, m) 740 CH
5" 4.11 (1H, m) 700 CH
6" 1.22 (3H, d,J=6.0 Hz) 18.1 CH;
3-OCH; 3.83(3H,s) 564 CH,
3'-OCH; 3.93 (3H,s) 56.8 CH,
7-OCH; 3.89 (3H, s) 524 CH,

7.11 (1H, d, J = 8.5 Hz, H-5), 7.00 (1H, d, J = 1.0 Hz,
H-2), 6.91 (1H, dd, J = 8.5, 1.0 Hz, H-6)] Al 1 4
1,3,4,5- WA & L 7155 [du 7.63 (1H, brs,
H-6'), 7.58 (1H, brs, H-2")]. &#X Eox 1 MER K
HER 755 [on 5.69 (1H, d, J = 6.0 Hz, H-7)] I
2 AW TS5 [5.38 (1H, brs, H-1"), 5.07
(1H, d, J= 7.5 Hz, H-1")]. 4, EBXiEER 3 A4

AR 7155 [on 3.93 (3H, s), 3.89 (3H, s), 3.83
(3H, s)] AR 1 MHET 7S [0u 122 BH,d,J=
6.0 Hz)]. 73#1 C-NMR % DEPT i m %1, %ibé
YIAEAE 31 NIRRT, A% | DRI, 12 D&
By 2 NIRFEE . 2 MBS L, 3 ANFASERT 12
AP ERORRIE S . ¥ 2 DRERRY 'H-. PC-NMR
2B B RSCHR AT LG, e 53 0 B- Lk et e 225
KA o-nHE I BRI b S 1 HEAT IR K AN
FIEASAHERE T, WIESE &Y 1 i 2 Ak
TG D EIHEAT L- B A HE o 18 B3 s
BT EL AT, HEMAL A 1 FTRE N 1 AR 7Y
KRR EMPL,

£ HMBC &b (& 1), H-7 (0 5.69) 5 C-1,
C-2, C-6, C-9, C-4'f5 B X FEAHIE, H-8 (dy 3.56)
5 C-4, C-5HEfEMIE, H-9 (6n3.85) 5 C-5Him
FEAH, 454 'H-'"H COSY i H-7/H-8/H-9 1 H
RS, t— LRG| RGIRHAA 5 .
Ak, on 3.89 LRI EIES . H-2'. H-6'¥) 5%k
FeBk (0c 168.5) HILAEAHIE, T IZBRIE R A2 DL H
PRI A, HEERAE R DRI A 1600k b
TR 2 ANHEEES RS C-3 F C3HmFEAHR,
PR G 2 ANRIRE C-3 F1 3'4HiE . /£ HMBC
R, AL SR A H-1" (0n 5.07) 5 C4f
S AH G, U0 A S B A 2RI 4 Sk
UbAh, R A H-1"E Y o 78.3 Ab Ik

1 &Y 1 LMK 'H-'TH COSY. HMBC #X%
Fig. 1 Structure and key 'H-'H COSY and HMBC

correlations of compound 1
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ESHTMEMR, 454 HSQC. 'H-"H COSY iw]
Wl e e A R 2 R o T RS R 1) i
A H-1"" (64 5.38) SH#iEHE C-2" A ImfEAHG, ESE
MBS R R T e 12 13 2L S
Y1 WSS A4S BIRfIE . B H-7 5 H-8 Z (8]
BEFE (J=6.0 Hz), HiEWkmEIR 7,8 {0 FIAHXT 4
Ry R, CD i (B 2) 7 220~240 nm &R
11 Cotton M., £ 250~320 nm &7~ IF ] Cotton
MM, FW] 7.8 frfhgant kR 75, 8RN, x|
Frid, &Y 1 ERmE 1R, A NERETAR
fE & A (polygonneolignanoside A), A 1 ANHTIH
RDFRIF R IR R

200 240 280 320 360 400
Anm

2 L&YW/ CDEE
Fig.2 CD spectrum of compound 1

wEW2: AELEEMAR, BT HE, (o)
+53.8° (¢ 0.1, MeOH), ESI-MS m/z: 523 [M+H]+o
'H-NMR (500 MHz, CD;0D) ¢: 6.78 (1H, d, J=1.7
Hz, H-2"), 6.73 (1H, d, J = 8.0 Hz, H-5"), 6.64 (1H,
brs, H-6), 6.62 (1H, dd, J = 8.0, 1.7 Hz, H-6"), 6.17
(1H, brs, H-3), 4.11 (1H, d, J = 7.8 Hz, H-1"), 4.07
(1H, brd, J = 10.8 Hz, H-7"), 4.05 (1H, dd, J = 10.2,
2.4 Hz, H-9'b), 3.82 (1H, dd, /= 12.0, 2.4 Hz, H-6"D),
3.81 (3H, s, 6-OCHj3), 3.80 (3H, s, 3'-OCH3), 3.76
(1H, dd, J = 11.2, 4.0 Hz, H-9b), 3.71 (1H, dd, J =
11.2, 6.3 Hz, H-9a), 3.64 (1H, dd, J = 12.0, 5.4 Hz,
H-6"a), 3.35 (1H, m, H-3"), 3.26 (1H, m, H-4"), 3.23
(1H, m, H-9'a), 3.20~3.17 (2H, m, H-2", 5"), 2.82
(2H, m, H-7), 2.08 (1H, m, H-8), 1.08 (1H, t, /= 10.5
Hz, H-8'); C-NMR (125 MHz, CD;OD) J: 148.9
(C-3"), 147.2 (C-5), 145.9 (C-4"), 145.2 (C-4), 138.7
(C-1"), 134.4 (C-2), 129.2 (C-1), 123.1 (C-6"), 117.4

(C-3), 116.1 (C-5'), 114.4 (C-2'), 112.4 (C-6), 105.2
(C-1"), 78.1 (C-3"), 77.9 (C-5"), 75.2 (C-2"), 71.7
(C-4"), 69.5 (C-9'), 65.2 (C-9), 62.8 (C-6"), 56.5
(6-OCHs3), 56.4 (3'-OCH3), 47.9 (C-7'), 45.9 (C-8"),
39.6 (C-8), 33.9 (C-7). LA ¥ 5 ~cihfas — 85",
WS EWED) 2 N (H)-RIEM AR E-9-0--D-Hi
B

&Y 3. BEEEERAK, ST HE,
ESI-MS m/z: 284 [M+H] . 'H-NMR (500 MHz,
CD;0D) ¢: 7.43 (1H, d, J = 15.7 Hz, H-7), 7.38 (2H,
d, J = 8.6 Hz, H-2, 6), 7.04 (2H, d, J = 8.5 Hz, H-2',
6'), 6.78 (2H, d, J = 8.6 Hz, H-3, 5), 6.71 (2H, d, J =
8.5 Hz, H-3', 5'), 6.37 (1H, d, J = 15.7 Hz, H-8), 3.45
(2H, t, J = 7.4 Hz, H-8'), 2.74 2H, t, J = 7.4 Hz,
H-7"); "“C-NMR (125 MHz, CD;0D) §: 169.2 (C-9),
160.5 (C-4), 156.9 (C-4"), 141.8 (C-7), 131.3 (C-1"),
130.7 (C-2', 6"), 130.6 (C-2, 6), 127.7 (C-1), 118.4
(C-8), 116.7 (C-3',5"), 116.3 (C-3, 5), 42.6 (C-8), 35.8
(C-7") LA %t 5 scmkiE — s, etk &
3 N E-N-p-7 S RIS L .

hEw 4: AOTEHIMAK, HETHE, o]y
—7.3° (¢ 0.1, MeOH), ESI-MS m/z: 314 [M+H]".
'H-NMR (500 MHz, CD;0D) 6: 7.42 (1H, d, J = 15.7
Hz, H-3), 7.39 (2H, d, J = 8.5 Hz, H-5, 9), 6.77 (4H, d,
J =185 Hz, H-6, 8, 5, 7'), 6.44 (1H, d, J = 15.7 Hz,
H-2), 423 (1H, dd, J = 8.4, 4.5 Hz, H-2"), 3.49 (1H,
dd, J = 13.7, 4.6 Hz, H-1"a), 3.38 (1H, dd, J = 13.7,
8.3 Hz, H-1'b), 3.20 (3H, s, 2'-OCH3); "“C-NMR (125
MHz, CD;OD) d: 169.3 (C-1), 160.6 (C-6'), 158.6
(C-7), 142.0 (C-3), 131.5 (C-3"), 130.6 (C-5, 9), 129.2
(C-4', 8'), 127.7 (C-4), 118.3 (C-2), 116.7 (C-6, 8),
116.3 (C-5', 7'), 83.3 (C-2), 56.8 (2'-OCH3), 47.1
(C-1"). VA EXt 5 Scikafis — ), s s s
4 N 3-(A-FREEEI)-N-[2-(4-FRHE R 2-HEHE 2
B IR .

WEY) S: IR ETT M AR, BT HEE, [o])
—12.8° (¢ 0.1, MeOH), ESI-MS m/z: 344 [M+H] .
'H-NMR (500 MHz, CD;0D) 6: 7.42 (1H, d, J = 15.7
Hz, H-3), 7.16 (2H, d, J = 8.5 Hz, H-4', 8'), 7.12 (1H,
d, J = 1.6 Hz, H-5), 7.02 (1H, dd, J = 8.5, 1.6 Hz,
H-9), 6.78 (2H, d, J = 8.5 Hz, H-5', 7'), 6.78 (1H, d,
J=18.5Hz, H-8), 6.49 (1H, d, J = 15.7 Hz, H-2), 4.24
(1H, dd, J = 8.4, 4.6 Hz, H-2"), 3.88 (3H, s, 6-OCH3),
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3.50 (1H, dd, J = 13.8, 4.6 Hz, H-1'a), 3.40 (1H, dd,
J = 13.8, 8.4 Hz, H-1'b), 3.21 (3H, s, 2'-OCH3);
BC-NMR (125 MHz, CD;0D) 6: 169.2 (C-1), 158.6
(C-6'), 149.9 (C-7), 149.3 (C-6), 142.2 (C-3), 131.5
(C-3"), 129.2 (C-4', 8", 128.3 (C-4), 123.3 (C-9),
118.7 (C-2), 116.5 (C-8), 116.3 (C-5, 7'), 111.5 (C-5),
83.3 (C-2), 56.8 (2-OCH;), 56.4 (6-OCH;), 47.1
(C-1)e LA E3ods 5 scikapoE — 5", s et &
5 N 3-(4-FRFE-3-H A LR IR )-N-[2-(4-F2 HE R )-2-
FARJE 28] TRREERZ .
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