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Chemical constituents of Nelumbinis Plumula
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Abstract: Objective To investigate the chemical constituents from the Seeds of Nelumbo nucifera. Methods The chemical
constituents were isolated by repeated silica gel chromatography, Sephadex LH-20 gel columns chromatography, medium pressure
column chromatography, and semi-preparative liquid chromatography, and their structures were elucidated by chemical properties and
spectroscopic analyses. Results Thirteen compounds were identified to be p-methoxyphenylacetic acid (1), quercetin-3-O-o-L-
arabinoside (2), apigenin-6-C-arabinoside-8-C-glucoside (3), naringenin (4), stigmast-4-en-3-one (5), quercetin-3-methyl ether (6),
vitexin (7), cosmoslin (8), quercetin (9), apigennin (10), luteolin (11), kaempferol (12), and astragalin (13). Conclusion Compounds
1—3, 5 and 6 are obtained from the plants of Nelumbo Adans for the first time, and compound 8 is obtained from Nelumbo plumula for
the first time.

Key words: Nelumbo Adans; Nelumbinis Plumula; p-methoxyphenylacetic acid; quercetin-3-O-a-L-arabinoside; apigenin-6-C-
arabinoside-8-C-glucoside; stigmast-4-en-3-one; quercetin-3-methyl ether
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2 (p-methoxyphenylacetic acid, 1)+ #flf35-3-O-0-L-
Rl H7AH B (quercetin-3-0-a-L-arabinoside, 2).
T2 22 -6-C-Fi FA(THE -8-C- 7 2 # HF (apigenin-6-C-
arabinoside-8-C-glucoside, 3). # 7 # (naringenin,
4), G5-4-475-3-li (stigmast-4-en-3-one, 5)- M7 %-
3-Ffik (quercetin-3-methyl ether, 6). 41:3f| 3 (vitexin,
v KW (cosmoslin, 8)+ #7358 (quercetin,
9). /% (apigennin, 10). AKJRHZE (luteolin,
11, 114 my (kaempferol, 12). & f&1F (astragaline,
13). HAEY) 1~3. 5 Fl 6 A IRMEB Y+
SRR, AW 8 N IR IE L 4 B
1 XEEFNfrAY

T i 75 R AN AR AL Al 8 1) )5 UNITY
INOVA 400 #HE3EARA (R FLR 2 A7, TMS W
PR & OB (454X (LC-20AT. SPD-20A,
HA R HATD; CsFfl#& ik (250 mmX 100
mm, 5 pm, F[E Kromsil A7 ); Sephadex LH-20
el (351 GE 4 7]); TOF-MS (FE[E Micromass
AH)); EL204 MR [MERFE)-FER 2 A0 (i)
HIR AW XTS5 S miile 3 AbatBMCe
a5 AR (Ordrall, srE AR R A FD;
ARG (BB [E Merck A F) D5 2 (0 3 Ak I AR
(HSGFass, MHE T Z B SSHERTIF RAE) D5 &b
FECO TS RIS A 7 S e A T e

HE T 2013 4 12 HERIE B2 8s, e
KEFL L7 Bt 2 SR B % 58 N Nelumbo nucifera
Gaertn. 1P SRR GEL).
2 RESE

HEF0 40 kg ZMHEG , 2810 5 Tk /A
B3 R4S h, A 3 BRI, 200 H ifUE
b, SIS, 19T 2.53 kg, MG
AWK B HL K AhlE . BER 4
iy IE T BEZ XA, &80 A OB A J s W4,
PO MTEAC Y 1587 g, BEIR LBEAIY) 70 g, 1F
TEEREH) 20 go AT IEAS U 20 0O A A (il
(60~100 FD, FERFEOHE (200~300 H), Arififk-
BERR TG (8 12+ 614, 416+ 2:8) Yilli; BHIR
CWRFNE T B2 A Rk A (038 (200~300 HD,
AHE-EE IR LTS (812, 614, 416, 2:8) FI
Pi-FEE (95 15, 90 110, 85115, 80 :20) Fhi¥
Ve, JE45 4 Sephadex LH-20 A (0% A 2=l 4 = 2%k
AR, i A O SR A 5 (12
mg), MR CEEAEEGRAL 70 A3 & 1 (5 mg).

3 (10mg). 4 (6mg). 6 (7mg). 7 (11 mg). 8 (5
mg). 9 (18 mg), 10 (30 mg). 11 (15mg). 12 (17
mg). 13 (14 mg) M 14 (17 mg), IF J BEAHGHAT
AL E 2 (8 mg).
3 HMETE

WAEY 1 JEtafEik, mp 85 °C; 'H-NMR (400
MHz, CD;0D) &: 3.56 (1H, s, H-2), 6.76 (2H, dd, J =
8.5, 1.5 Hz, H-2', 6'), 7.13 (2H, dd, J = 8.5, 1.5 Hz, H-3',
5%, 3.70 (3H, s, OCH3); "*C-NMR (100 MHz, CD;0D)
51723 (C-1), 40.2 (C-2), 116.1 (C-1"), 130.4 (C-2', 6'),
116.1 (C-3',5'), 157.8 (C-4"), 51.5 (OCH3). LA 3%
P 5ok E A8, USRS o A,
HR R

& 2. wERAK (FEL, ESI-MS m/z: 433
[M—H] . 'H-NMR (400 MHz, Pyr-ds) 5: 13.24 (1H, s,
5-OH), 7.65 (1H, dd, J = 8.5, 2.0 Hz, H-6"), 6.83 (1H,
d, J = 8.5 Hz, H-5"), 7.50 (1H, d, J = 2.0 Hz, H-2),
6.39 (1H, d, J= 2.0 Hz, H-6), 6.19 (1H, d, J = 2.0 Hz,
H-8), 5.27 (1H, d, J = 4.8 Hz, Ara-H-1), 4.40~4.36
(4H, m, Ara-H); "C-NMR (100 MHz, Pyr-ds) J: 157.3
(C-2), 135.4 (C-3), 178.5 (C-4), 162.5 (C-5), 99.42
(C-6), 165.6 (C-7), 94.2 (C-8), 157.3 (C-9), 105.0
(C-10), 122.0 (C-1"), 116.0 (C-2"), 146.6 (C-3"), 150.2
(C-4"), 117.2 (C-5"), 122.3 (C-6'), 104.1 (C-1"), 72.4
(C-2") 73.7 (C-3"), 67.7 (C-4"), 66.0 (C-5"). LA Ly
TR 5 SRR A3, M e AL A N
Wi 2 25-3-0-a-L-Fil AT B 7

WA 3: B AR CHEE, '"H-NMR (400 MHz,
DMSO-ds) d: 13.65 (1H, s), 8.01 (2H, d, J = 8.4 Hz,
H-2', 6'), 6.89 (2H, d, J = 8.4 Hz, H-3', 5'), 6.79 (1H,
s, H-3), 4.75 (1H, d, J = 10.0 Hz, Ara-H-1), 4.70 (1H,
d, J = 9.5 Hz, Gle-H-1); "“C-NMR (100 MHz,
DMSO-dg) 5: 182.2 (C-4), 164.0 (C-2), 161.2 (C-7,
4", 158.2 (C-5), 155.0 (C-9), 129.0 (C-2, 6'), 121.5
(C-17), 115.8 (C-3', 5), 108.0 (C-6), 105.1 (C-8), 103.6
(C-10), 102.5 (C-3), 81.8 (Glc-C-5""), 78.8 (Glc-C-3"),
74.2 (Ara-C-1"), 74.1 (Ara-C-3"), 73.2 (Gle-C-1"), 70.8
(Gle-C-2"), 70.5 (Ara-C-5"), 70.1 (Gle-C-4"), 69.6
(Ara-C-2"), 68.4 (Ara-C-4"), 61.2 (Glc-C-6""). LA i3t
Kol 5 SCIRIREFEA B, e AN
F-6-C-Bil R BE-8-C- % 11 o

&) 4. HERAK (FEE, ESI-MS m/z: 271
[M—H] . mp 260~262 ‘C. 'H-NMR (400 MHz,
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DMSO-dg) 6: 2.70 (1H, dd, J = 17.0, 3.0 Hz, H-3a),
3.32 (1H, dd, J = 17.0, 12.4 Hz, H-3b), 5.46 (1H, dd,
J =124, 3.0 Hz, H-2), 5.87 (2H, s, H-6, 8), 6.80 (2H,
d, J= 8.0 Hz, H-3, 5'), 7.33 (2H, d, J = 8.0 Hz, H-2',
6'); C-NMR (100 MHz, DMSO-d) J: 42.6 (C-3),
79.0 (C-2), 94.8 (C-8), 95.8 (C-6), 101.8 (C-10), 115.1
(C-3',5"), 128.6 (C-2', 6'), 129.6 (C-1"), 157.8 (C-4"),
163.4 (C-9), 164.0 (C-5), 167.1 (C-7), 196.3 (C-4). LI
R SR IRE S A — S, MR A
4 Jyhh %

EY5: Atk R (WEE, ESI-MS m/z: 411
[M—H], 'H-NMR (400 MHz, Pyr-ds) 6: 0.68 (3H, s,
H-18), 0.81 (3H, d, J= 6.6 Hz, H-26), 0.84 (3H, d, J =
6.9 Hz, H-27), 0.86 (3H, t, J = 7.2 Hz, H-29), 0.92
(3H, d, J = 6.6 Hz, H-21), 1.01 (3H, s, H-19), 5.72
(1H, brs, H-4); "*C-NMR (100 MHz, Pyr-ds) 6: 199.4
(C-3), 171.8 (C-5), 125.3 (C-4), 57.5 (C-14), 57.2
(C-17), 55.1 (C-9), 47.3 (C-24), 43.8 (C-13), 41.1
(C-12), 39.9 (C-10), 37.6 (C-20), 37.1 (C-1), 36.8
(C-8), 35.6 (C-22), 354 (C-7), 34.0 (C-6), 33.5
(C-23), 30.7 (C-2), 29.7 (C-25), 27.7 (C-16), 25.6
(C-15), 24.6 (C-28), 22.4 (C-11), 21.2 (C-27), 20.4
(C-19), 20.1 (C-21), 18.4 (C-26), 13.4 (C-18), 13.3
(C-29). LA FJ i Hodie 5 Seprdos SeA —87, s
EAY 5 K TS -4-45-3- 0

WL 6: FOK AR CFEE), 'TH-NMR (400 MHz,
DMSO-dg) d: 7.44 (1H, s, H-2'), 7.42 (1H, d, J = 8.5
Hz, H-6'), 6.88 (1H, d, J = 8.5 Hz, H-5'), 6.84 (1H, s,
H-8), 6.67 (1H, s, H-6), 3.89 (3H, s, OCH;); "C-NMR
(100 MHz, DMSO-ds) J: 182.8 (C-4), 164.6 (C-7),
162.0 (C-5), 157.3 (C-9), 157.0 (C-2), 148.8 (C-4"),
146.4 (C-3"), 138.5 (C-3), 122.0 (C-1"), 121.4 (C-6"),
115.6 (C-5"), 115.0 (C-2'), 104.8 (C-10), 99.2 (C-6),
93.7 (C-8), 58.9 (OCH;). LA Lyl 404 5 Sk
A, SRS 6 ot 2-3- T k.

A 7 SEOK AR CHEE), 'TH-NMR (400 MHz,
DMSO-dg) 6: 13.17 (1H, s, 5-OH), 10.85 (1H, s,
7-OH), 10.36 (1H, s, 4-OH), 8.03 (2H, d, J = 8.7 Hz,
H-2', 6"), 6.89 (2H, d, J = 8.8 Hz, H-3', 5'), 6.79 (1H,
s, H-3), 6.27 (1H, s, H-6), 4.68 (1H, d, J = 9.9 Hz,
Gle-H-1"); “C-NMR (100 MHz, DMSO-dq) 6: 182.1
(C-4), 163.9 (C-2), 162.5 (C-7), 161.1 (C-4'), 160.4
(C-5), 155.9 (C-9), 1289 (C-2', 6'), 121.5 (C-1"),

115.7 (C-3', 5'), 104.5 (C-8), 104.0 (C-10), 102.4
(C-3), 98.1 (C-6), 81.8 (Glc-C-5"), 78.6 (Gle-C-1"), 73.3
(Gle-C-2"), 70.8 (Gle-C-3"), 70.5 (Glc-C-4"), 61.2 (Gle-
C-6")o LA R HOE S ok S A — 3, e
e/ NSLIR F

&) 8: B URLIR 45 (Eﬁ@?), mp 178~
179 °C. ESI-MS m/z: 431 [M—H]", "H-NMR (400
MHz, DMSO-dq) d: 5.07 (1H, d, J = 6.0 Hz, H-1"),
6.44 (1H, d, J= 2.5 Hz, H-6), 6.83 (1H, d, J= 2.5 Hz,
H-8), 6.85 (1H, s, H-3), 6.94 (2H, dd, J = 8.5, 2.1 Hz,
H-3', 5"), 7.96 (2H, dd, J = 8.5, 2.1 Hz, H-2, 6), 10.37
(1H, brs, 4-OH), 12.95 (1H, brs, 5-OH): "“C-NMR
(100 MHz, DMSO-dg) 6: 163.8 (C-2), 103.9 (C-3),
182.8 (C-4), 157.8 (C-5), 100.5 (C-6), 165.1 (C-7),
95.7 (C-8), 162.3 (C-9), 106.2 (C-10), 121.8 (C-1"),
129.4 (C-2', 6'), 116.8 (C-3', 5"), 161.9 (C-4'), 100.8
(Gle-C-17), 73.9 (Gle-C-2"), 77.3 (Gle-C-3"), 70.4
(Glc C-4"), 78.0 (Glc-C-5"), 61.4 (Gle-C-6"). LAl

TR SRR E A S, M iz AN

PN 2 E R

WA 9: B A 5 CFEE) . 'H-NMR (400 MHz,
Pyr-ds) 0: 8.62 (1H, s, H-2"), 8.13 (1H, d, J = 8.3 Hz,
H-6'), 7.40 (1H, d, J = 8.4 Hz, H-5"), 6.78 (1H, s, H-6),
6.74 (1H, s, H-8); "“C-NMR (100 MHz, Pyr-ds) &: 94.6
(C-8), 99.6 (C-6), 104.8 (C-10), 117.0 (C-5"), 117.1
(C-2)), 121.4 (C-6'), 123.4 (C-1"), 1382 (C-3), 146.4
(C-2), 1474 (C-3'), 148.1 (C-2), 157.8 (C-5), 162.8
(C-9), 165.9 (C-7), 177.6 (C-4)o LA_F-ipl it 40ds 55 ik
PoERA Y, WSS 9 i .

&Y 10: PR (FEE), mp 349 C,
'H-NMR (400 MHz, Pyr-ds) J: 13.78 (1H, s, 5-OH),
10.86 (1H, s, 7-OH), 10.40 (1H, brs, 4-OH), 7.94 (2H,
d, J = 8.6 Hz, H-2', 6), 6.93 (2H, d, J = 8.6 Hz, H-3',
5), 6.84 (1H, s, H-3), 6.50 (1H, d, J = 1.6 Hz, H-8),
6.19 (1H, d, J = 1.6 Hz, H-6); "*C-NMR (100 MHz,
Pyr-ds) 6: 166.5 (C-2), 104.6 (C-3), 183.4 (C-4), 159.2
(C-5), 100.7 (C-6), 1652 (C-7), 95.5 (C-8), 163.8
(C-9), 105.6 (C-10), 123.0 (C-1), 129.5 (C-2', 6'),
117.5 (C-3",5"), 163.3 (C-4"). LA_Ly5 it Bt 5 SRk
ERA—B, et &Y 10 AR,

th&9 11 kA (FEE), mp328 C,
-5 R N B . "H-NMR (400 MHz, Pyr-ds) o
7.92 (1H, d, J = 1.8 Hz, H-2"), 7.56 (2H, dd, J = 8.4,
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1.7 Hz, H-6'), 7.30 (1H, d, J = 8.3 Hz, H-5'), 6.94 (1H, s,
H-3), 6.75 (2H, s, H-6, 8); ">C-NMR (100 MHz, Pyr-ds)
5. 165.5 (C-2), 104.7 (C-3), 183.4 (C-4), 159.2 (C-5),
100.6 (C-6), 166.4 (C-7), 95.4 (C-8), 163.8 (C-9), 105.7
(C-10), 123.5 (C-1'), 115.3 (C-2), 148.4 (C-3'), 1523
(C-4"), 117.5 (C-5"), 120.2 (C-6")o A3 it %t 55 Sk
oA -8, Mt A 10 AR,

G 12: Sk R (FEE), mp 276~277 C,
Rk BN S BH P, Molish Sz ¥ 52 B . "H-NMR
(400 MHz, Pyr-ds) 6: 8.12 (2H, d, J = 8.6 Hz, H-2',
6), 6.95 (2H, d, J = 8.6 Hz, H-3', 5'), 6.43 (1H, d, J =
1.2 Hz, H-8), 6.23 (1H, d, J= 1.2 Hz, H-6); "*C-NMR
(100 MHz, Pyr-ds) : 177.9 (C-4), 166.1 (C-7), 163.0
(C-5), 161.3 (C-9), 158.0 (C-4'), 148.1 (C-2), 138.4
(C-3), 131.1 (C-2', 6'), 124.0 (C-1"), 116.9 (C-3', 5"),
105.0 (C-10), 99.8 (C-6), 94.9 (C-8). LA L3k it ¥ii 5
SCERAREREA Y, e A 12 LA

&Y 13: E‘-&éﬂfﬁﬂi (FE), "H-NMR (400
MHz, Pyr-ds) &: 8.46 (2H, d, J = 8.6 Hz, H-2', 6'), 7.21
(1H, s, H-8), 6.73 (2H, s, H-3', 5), 6.32 (1H, d, J= 5.9
Hz, H-6), 4.44~4.02 (6H, m, sugar-H); “C-NMR
(100 MHz, Pyr-ds) : 158.2 (C-2), 135.2 (C-3), 179.4
(C-4), 157.5 (C-5), 100.5 (C-6), 166.6 (C-7), 95.3
(C-8), 163.5 (C-9), 105.9 (C-10), 122.6 (C-1'), 132.5
(C-2', 6), 116.7 (C-3', 5"), 162.3 (C-4'), 104.7 (C-1"),
79.7 (C-5"), 79.2 (C-3"), 76.7 (C-2"), 72.1 (C-4"),
63.3 (C-6")o LA bl ¥iedis 15 ki s A — 54,
WS e A 13 N IETT .
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