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Chemical constituents from inflorescences of 7ilia amurensis
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Abstract: Objective To study the chemical constituents from the inflorescences of Tilia amurensis. Methods The chemical
constituents were separated and purified by silica gel, Sephadex LH-20, ODS column chromatographies, and preparative HPLC. Their
structures were determined by physicochemical properties and spectral data. Results Fourteen compounds were isolated from the
ethyl acetate fraction of 70% ethanol extract in the inflorescences of T. amurensis, and identified as linarin (1), soquercitrin (2),
quercetin (3), astragalin (4), tiliroside (5), 5, 7, 4'-trihydroxy-3'-methoxy isoflavone (6), orobol (7), quercetin-3-O-o-L-
arabinopyranoside (8), friedelin (9), B-sitosterol (10), protocatechuic acid (11), theophylline (12), caffeine (13), and palm alcohol (14).
Conclusion Compounds 1—5, 7, 8, and 10—12 are isolated from this plant for the first time, and compound 7 is found in the plants of
Tilia Linn. for the first time.
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(friedelin, 9). B-ZF{MF (B-sitosterol, 10D, JiJL
#XM% (protocatechuic acid, 11). %% (theophylline,
12). WHEK (caffeine, 13). FRAHEE (palm alcohol,
14). Hotb & 1~5. 7. 8. 10~12 A E R Mi%
P BR8], A EW T R IR @ A
NS ECI
1 XE5H

2535—2489 |4 %4 HPLC (£ [H Waters A7),
Bruker—400 i S M PRE 1A (Bruker A A]);
Acquity Ultra Performance LC-TM 5 H €4 1154 5
Agilent 1200LC 43472 HPLC, G1315D DAD #ill
# Cfie A, EED; WMREARSEER R
WTAHRARD; MO 58tk T) o
J 705 e 2 AR R TI RIAT BT (X 3 PR A
A]); ODS CHH & IE ¥ L AR I A1 B A 7D
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i, S RE-FEE (100 0 0—0 © 100) B VL,
HIEEE 10 MBS (Fr. 1~10), Fr.2 (1.8 g) £
S ILIEIRAE 3, 1 Tk -TSR £ 1R (50 2 0—0 50
B VeI 246 &) 14 (200 mg). Fr.3 (129 g)
2 SRR A, S e-EE (100 0 13 ¢
100) £ B 9L LA 24659 9 (1 mg) . Fr. 3.1 (3.1 @)
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GRS (A%, & T hE-HEE (50 @ 0—~0 : 50)
B VRS B A9 11 (56 mg)+ 6 (5 mg); Fr. 3.3
2 ODS S AHFE {0 3% Sz i) %% HPLC 73 B 2001340 &
Y13 (2mg). Fr. 4 (4.6 g) Ltk RA: (A% & ODS
OB ELAEY 3 (10 mg); LRERKED
ik K il %% HPLC 4r 513 214654 7 (5 mg). 12 (1
mg); Fr. 5 (16.4 g) LEERA: (M, — & k-
g (150 0—~0 © 15) BREEBEMA 254 4 (400
mg). 5 (400 mg). Fr.5.1 (1g). Fr.5.2 (1.8 g);

Fr. 5.1 % HPLC 7r 4324654 8 (10 mg):
Fr. 5.2 4 ODS Jx [\ #E (7% & Sephadex LH-20 4325
BEME 10 (132 mg); Fr. 6 (26 g) SHERAE
T S - VA R R SRR VRIS B A 1
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wEY 1. Ak (R, 4 7RHh
C1sH3,0140 ESI-MS m/z: 593 [M+H]". "H-NMR (500
MHz, CsDsN) &: 6.87 (1H, s, H-3), 6.83 (1H, brs,
H-6), 7.02 (1H, brs, H-8), 7.99 (2H, d, J = 9.0 Hz,
H-2', 6'), 7.51 (2H, d, J = 9.0 Hz, H-3', 5'), 3.70 (3H,
s, -OCH3), 5.72 (1H, d, J = 7.5 Hz, Glc-H-1"), 4.10~
4.70 (6H, m, Glc-H-2"~6"), 5.50 (1H, s, Rha-H-1"),
4.70~5.30 (6H, m, Rha-H-2""~5""), 1.58 (3H, d, J =
6.0 Hz, Rha-H-6""); "*C-NMR (150 MHz, CsDsN) 6:
182.8 (C-4), 164.6 (C-2), 164.2 (C-9), 163.1 (C-5),
157.9 (C-7), 106.7 (C-10), 100.9 (C-6), 95.3 (C-8),
104.8 (C-3), 162.6 (C-4), 128.8 (C-2', 6'), 123.1
(C-1"), 115.1 (C-3', 5"), 102.5 (C-1"), 78.4 (C-5"), 77.7
(C-3"), 74.7 (C-2"), 71.4 (C-4"), 67.6 (C-6"), 102.1
(C-1""), 74.1 (C-4"), 72.9 (C-3"), 72.1 (C-2""), 69.9
(C-5""), 18.6 (C-6""), 55.5 (-OCH3). LA % 5 ik
Wit — 8, WA 1 AT .

EY 2. HEKBK (B, 278
C21H30012, ESI-MS m/z: 465 [M+H]". 'H-NMR (500
MHz, CD;0D) 6: 6.33 (1H, d, J = 2.0 Hz, H-8), 6.14
(1H, d, J = 2.0 Hz, H-6), 7.65 (1H, d, J = 2.0 Hz,
H-2'), 7.53 (1H, dd, J = 8.5, 2.0 Hz, H-6"), 6.82 (1H, d,
J=18.5Hz, H-5"), 5.20 (1H, d, J = 7.5 Hz, Glc-H-1"),
3.10~3.80 (6H, m, Glc-H-2"~6"); "“C-NMR (125
MHz, CD;0OD) ¢: 156.2 (C-2), 1332 (C-3), 177.3
(C-4), 161.1 (C-5), 100.7 (C-6), 164.0 (C-7), 93.4
(C-8), 156.0 (C-9), 103.8 (C-10), 120.9 (C-1"), 115.1
(C-2), 144.7 (C-3'), 148.3 (C-4'), 115.8 (C-5"), 121.5
(C-6"), 104.4 (C-1"), 75.7 (C-2"), 78.4 (C-3"), 71.2
(C-4"), 78.1 (C-5"), 62.6 (C-6"). LA - HHfi 5 SCiik4H
W, SRS 2 ST

&) 3: W R AR CFEE), ESI-MS m/z: 303
[M+H]". 413k CisH1007. "H-NMR (500 MHz,
CD;0D) 8: 6.11 (1H, d, J = 2.0 Hz, H-8), 6.32 (1H, d,
J=12.0 Hz, H-6), 7.67 (1H, d, J = 2.0 Hz, H-2'), 7.58
(1H, dd, J = 8.5, 2.0 Hz, H-6'), 6.82 (1H, d, J = 8.5
Hz, H-5'); “C-NMR (125 MHz, CD;OD) J: 158.3
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(C-2), 137.2 (C-3), 177.3 (C-4), 148.8 (C-5), 99.2
(C-6), 165.6 (C-7), 94.4 (C-8), 162.5 (C-9), 104.5
(C-10), 124.2 (C-1'), 116.0 (C-2"), 146.2 (C-3"), 148.0
(C-4"), 116.2 (C-5"), 121.7 (C-6"). LA_F Xl 5 kiR
B8, WA 3 i &

&) 4. wmEEE (FED, ESI-MS m/z: 449
[M+H]", 4> T34 C3H01. 'H-NMR (500 MHz,
CD;0D) 6: 6.34 (1H, d, J = 2.0 Hz, H-8), 6.15 (1H, d,
J =2.0 Hz, H-6), 8.01 (1H, d, J = 9.0 Hz, H-2', ¢),
6.85 (1H, d, J = 9.0 Hz, H-3, 5'), 5.20 (1H, d, J=7.0
Hz, Gle-H-1"), 3.10~3.60 (6H, m, Glc-H-2"~6");
BC-NMR (125 MHz, CD;0D) &: 159.1 (C-2), 135.5
(C-3), 179.6 (C-4), 163.1 (C-5), 99.9 (C-6), 166.1
(C-7), 94.8 (C-8), 158.6 (C-9), 105.7 (C-10), 6 122.8
(C-1"), 132.3 (C-2', 6'), 116.1 (C-3', 5'), 161.6 (C-4),
HIZTRE LI 6 MRIS S 6 104.1 (C-17), 75.8 (C-2"),
78.1 (C-3"), 71.4 (C-4"), 78.4 (C-5"), 62.7 (C-6"). LA
RS SRR E S, WA 4 NE S
Lt

&Y 5: EEE (FED. ESI-MS m/z: 595
[M+H]", 4> 73 A C30H013. 'H-NMR (500 MHz,
CD;0D) d: 6.07 (1H, d, J = 2.0 Hz, H-6), 6.23 (1H, d,
J =2.0 Hz, H-8), 7.93 (1H, d, J = 7.0 Hz, H-2', 6"),
6.76 (1H, d, J = 7.0 Hz, H-3", '), 5.19 (1H, d, J= 7.5
Hz, Glc-H-1"), 3.35~3.24 (4H, m, Glc-H-2"~5"),
426 (1H, dd, J = 11.5, 2.0 Hz, Glc-H-6"a), 4.15 (1H,
dd, J=11.5, 6.5 Hz, Glc-H-6"b), H%i¥H C-6 BUftHE:
(FHWEIL) 6: 7.24 (1H, d, J = 9.0 Hz, H-2", 6"),
6.76 (1H, d, J = 9.0 Hz, H-3"", 5""), 7.45 (1H, d, J =
16.0 Hz, H-7""), 6.02 (1H, d, J = 16.0 Hz, H-8"");
BC-NMR (125 MHz, CD;0D) &: 159.3 (C-2), 135.2
(C-3), 179.4 (C-4), 162.9 (C-5), 100.0 (C-6), 165.9
(C-7), 94.8 (C-8), 158.4 (C-9), 105.6 (C-10), 122.7
(C-1"), 132.2 (C-2', 6'), 116.0 (C-3', 5'), 161.1 (C-4"),
104.0 (C-1"), 75.8 (C-2"), 78.0 (C-3"), 71.7 (C-4"),
75.7 (C-5"), 64.3 (C-6"), 146.5 (C-7""), 114.8 (C-8"");
5 127.1 (C-1"), 131.2 (C-2", 6'"), 116.8 (C-3"", 2'""),
161.5 (C-4""), 168.8 (C-9"). LA L% 5 SCHikiiE —
HO, WA E ) 5 AT

& 6: Htk AR (E4i). ESI-MS m/z: 301
[M+H]". 4T3 K CieH1206. 'H-NMR (500 MHz,
CDCls) 6: 7.99 (1H, s, OH-2), 6.30 (1H, d, J= 2.0 Hz,
H-8), 6.37 (1H, d, J = 2.5 Hz, H-6), 7.13 (1H, d, J =

1.5 Hz, H-2'), 6.96 (1H, d, J = 8.0 Hz, H-5'), 6.99 (1H,
d, J = 8.0 Hz, H-6"), 3.94 (3H, s, -OCH3); {F HMQC
b, SERTTAES 63.94 5 6 146.1 A5 5%,
AR BE AR ZE 347 . PC-NMR (125 MHz,
CDCly) 6: 152.8 (C-2), 122.6 (C-3), 180.8 (C-4), 161.8
(C-5), 99.5 (C-6), 163.1 (C-7), 94.0 (C-8), 158.0
(C-9), 106.5 (C-10), 123.9 (C-1'), 114.5 (C-2'), 146.1
(C-3), 146.4 (C-4"), 111.8 (C-5"), 121.8 (C-6'), 56.0
(OCH3)o LL - %cHi 5 scmrdion —5", s e th sy
Y16 45,7, 4-— 3 HE-3- FAR L 5 ol o

a7 e ER K CFEE . ESI-MS m/z: 287
[M+H]", 22 73RN C1sH006. 'H-NMR (400 MHz,
DMSO-dg) §: 8.28 (1H, brs, 2-OH), 4i&H UV £
262 nm A S KIRIBCUE, ST AL S0 A S B I 2R
th&Y: 6.99 (1H, d, J = 1.6 Hz), 6.81 (1H, dd, J =
8.0, 1.6 Hz), 6.77 (1H, d, J = 8.0 Hz) & AMX #& %
4, i B A5 37, 4-HUfR, 6.21 (1H, d, J= 2.0 Hz),
6.37 (1H, d, J=2.5 Hz) i AX ¥4, Uil A 384 5,
7-Hft. C-NMR (100 MHz, DMSO-ds) &: 153.9
(C-2), 122.39 (C-3), 180.2 (C-4), 161.8 (C-5), 99.09
(C-6), 162.0 (C-7), 93.69 (C-8), 157.6 (C-9), 104.4
(C-10), 121.6 (C-1'), 116.5 (C-2'), 145.5 (C-3"), 144.9
(C-4"), 115.4 (C-5"), 119.9 (C-6"). LA X 5 SCilikai
E-g, M E Y T NE G

&) 8: i Uk R (HE) . ESI-MS m/z: 435
[M+H]", 48724 CyHis01, 'H-NMR (600 MHz,
DMSO-d) 6: 6.33 (1H, d, J = 1.8 Hz, H-8), 6.14 (1H,
d, J = 1.8 Hz, H-6), 7.51 (1H, d, J = 2.4 Hz, H-2"),
7.67 (1H, dd, J = 8.4, 1.8 Hz, H-6"), 6.85 (1H, d, J =
9.0 Hz, H-5"), 5.28 (1H, d, J = 4.8 Hz, Arb-H-1"),
3.20~3.80 (5H, m, Arb-H-2"~5"); "*C-NMR (150
MHz, DMSO-ds) 6: 156.2 (C-2), 133.7 (C-3), 177.5
(C-4), 161.5 (C-5), 98.7 (C-6), 164.2 (C-7), 93.5
(C-8), 156.2 (C-9), 103.9 (C-10), 120.9 (C-1"), 115.3
(C-2), 144.9 (C-3"), 148.6 (C-4"), 115.7 (C-5"), 122.1
(C-6'), 101.4 (C-1"), 71.6 (C-2"), 70.7 (C-3"), 66.1
(C-4"), 64.3 (C-5"), LA_EHodh 5 Scikapon —5™,
UL 8 gt B 25-3-0-0-L-MH IR BT R AF B A

E 9. FEERIR i (EA). ESI-MS m/z:
427 [M+H]", TN CyHs0. 'H-NMR (500
MHz, CDCls) B3 rhn] WA 7 X H B 22 /> 3
g, gh4 PCNMR B S48 960.0 LT,
AT AL SR S =i . 6 0.73 (3H, s, H-24),
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0.87 (3H, s, H-25), 0.89 (3H, s, H-23), 0.95 (3H, s,
H-26), 1.00 (3H, s, H-27), 1.01 (3H, s, H-29), 1.05
(3H, s, H-30), 1.18 (3H, s, H-28); “C-NMR (125
MHz, CDCl;) d: 22.3 (C-1), 41.5 (C-2), 213.2 (C-3),
58.2 (C-4), 42.2 (C-5), 41.3 (C-6), 18.2 (C-7), 53.1
(C-8), 37.5 (C-9), 59.5 (C-10), 35.6 (C-11), 30.5
(C-12), 39.7 (C-13), 38.3 (C-14), 32.8 (C-15), 36.0
(C-16), 30.0 (C-17), 42.8 (C-18), 35.4 (C-19), 28.2
(C-20), 32.4 (C-21), 39.3 (C-22), 6.8 (C-23), 14.7
(C-24), 17.9 (C-25), 20.3 (C-26), 18.7 (C-27), 32.1
(C-28), 31.8 (C-29), 35.0 (C-30). & 213.2 AI Hlr 2 {7
APPSR, ILABRAE T30 T misn X, B
i 5 ScakabaE 8, SRS 9 AR .

&Y 10: FEEHRE S (S5, 4 HPLC
R b5 B-75 (5§ BEpm o it — 350, SO @A 10 4 B-
A

EY 11: JTLEEHIRES & CHEE o ESI-MS m/z:
155 [M+H]", 2 73X 4 C;Hs04. 'H-NMR (500 MHz,
CD;0D) 6: 7.38 (1H, d, J = 2.5 Hz, H-2), 6.74 (1H, d,
J = 8.0 Hz, H-5), 7.36 (1H, d, J = 2.0 Hz, H-6);
BC-NMR (125 MHz, CD;0D) ¢: 123.2 (C-1), 117.7
(C-2), 146.0 (C-3), 151.5 (C-4), 115.8 (C-5), 123.9
(C-6), 170.3 (C=0). L X 15 soikdi iz — a5,
MU S 11 R LR .

&Y 12: g CFED . ESI-MS m/z: 181
[M+H]", 473l CHgN4O,. "H-NMR (400 MHz,
DMSO-ds) J: 3.24 (3H, s, 1-CHs3), 3.46 (3H, s,
1-CH;), 8.01 (1H, s, H-8), 13.54 (1H, s, 7-NH);
BC-NMR (100 MHz, DMSO-d¢) &: 27.7 (C-1), 29.7
(C-3) MhAE b 2 MRS S, o 154.5 (C-2, 6),
151.2 (C-4, 5), 140.5 (C-8) 437 WARFLIA LK) 5 4
BeA S o DRSS ockapaE 80, sty
Y12 R A5

&Y 13: Al (HEE . ESI-MS m/z: 195
[M+H]", 2> T30 CgH N4O,. 'H-NMR (400 MHz,
DMSO-dg) d: 3.23 (3H, s, 1-CH3), 3.42 (3H, s,
3-CHs), 3.89 (3H, s, 7-CH3); "“C-NMR (100 MHz,
DMSO-dg) d: 27.5 (C-1), 29.4 (C-3), 33.1 (C-7) JH
B3 AHERES, 0 151.1 (C-2), 1482 (C-4),
137.6 (C-5), 154.6 (C-6), 142.8 (C-8) 435l A hs IR
Ff 5 eSS . AR S Sk — 5, i
WEALE) 13 yumEE

A 14: FERARE A (EAG), mp 49~
50°C, ESI-MS m/z: 243 [M+H]", &% 55k KiE 5
SCpkRaE ST, RS 14 I RERRE

S Ak
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