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Study on Flavonoids of Penthorum chinense
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Abstract: Objective To study the chemical constituents of Penthorum chinense. Methods The compounds were isolated and
repeatedly purified by column chromatography over macroperous resin, polyamide, silica gel, and Sephadex LH-20, preparative TLC,
and preparative RP-HPLC. Their structures were elucidated by physicochemical properties and spectral analyses. Results Nine
flavonoids were isolated and identified as 6'-hydroxy-2’-methoxy-dihydrochalcone-4'-O-B-D-glucopyranoside (1), kaempferol (2),
gercetin (3), quercitrin (4), avicularin (5), afzelin (6), helicin (7), pinocembrin-7-O-[4",6"-(S)-hexahydroxydiphenoyl]-B-D- glucoside
(8), and pinocembrin-7-O-[3"-O-galloyl-4",6"-(S)-hexahydroxydiphenoyl]-B-D-glucoside (9). Conclusion Compound 1 is a new
dihydrochalcone and named penchinoside. Compounds 5—7 are isolated from genus Penthorum Gronov. ex L.for the first time.
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Ak B0 TLNE IR QIR R IG 7y 34T 7> B Al 3R1G T
9 ANSEERAC G, 73 B E N 6'-F k-2 A —
A A H §l -4-0-8-D- Wt W R 4 B 6-
hydroxy-2'-methoxy-dihydrochalcone-4'-O-B-D-gluco
pyranoside, 1) LIZM) (kaempferol, 2). #fit} %
(qercetin, 3). 4 (quercitrin, 4). J A4+
(avicularin, 5). FI#ES 1T Cafzelin, 6). FLs 1T
(helicin, 7). FFAAER-7-0-[4",6"~(S)-7S FEHE IR —
Wk HL 1-B-D- % % B ( pinocembrin-7-0-[4",6"-(S)-
hexahydroxydiphenoyl]-B-D-glucoside, 8). FFiA%-
7-0-[3"-0- & 1T F T = -47,6"-(S)- 7~ F4 J e 2K Tt
H1-B-D-F % B H (pinocembrin-7-O-[3"-O-galloyl-
4".6"-(S)-hexahydroxydiphenoyl]-p-D-glucoside, 9).
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Y1 5~7 hE RN ZIEEY oy B2
1 XFE5HH

Bruker-600 . Bruker-500 1% fi 3£ #% i i 1%
(Bruker A 7] ); Waters Synapt G2 57 H¥ )i 1AL
(Waters A7) ); Agilent 1220 7 5 8500AH (4,354
(Agilent 2] ); D101 KL FRA R 4 A i A e
WA A BB (60~90 HD AL KF
e THB A 4E5; Buchi Gradient Former B-687
b VA €6 354 (Rp Cigr 40~60 pm, Welch 23 ) );
Sephadex LH-20 A %fi #ft Amershan Pharmacia /A 7] 4=
775 FECRERERS (200~300 H D 2 (035 GFasy
B0 B ) 2B GFasy R 2 B
TG VAR TT AT IR A vl A7 B R A
R TEL

ALE T 2012 4F 7 HSRAM)I i, 20k
HHh B 2 KA AR S N R B RHIE AR S
FEYIHEMSE Penthorum chinense Pursh. FT-J5 I
4y, FRAS (SGHC-20120725) A7 T ekl p s 2y
REF P 2 BHR RGN IU S TT M ] 48 3L g [H K
R S A A
2 RBESE

HUEES R 16 kg, F 130 L /KA 3 Wk, &HK 1h,
HIF 3 UEW, JREZER, WATTTEE 1.8 kg. F
WATITAFIR B 2 LK&TF, 8 AR IR
CPEAL, IR CERAH) 470 g WeFffAE D101
RALIE BB AT L IR 30%. 50%- 75%- 95%
LPE-IKPEWE, RRR 15 L, [RICEAITE 4 ASEIBEES
5y A~D. B (120 g) ZRBEA G, Kk
H 20%. 40%- 60%. 70%. 95%ZEEHENL, 60%Z

P20 5> LA T o ) 2% 2 Bl 2 I A3 Uk
A2 (14 mg). 3 (20 mg) A4 (20 mg); 40%Z
WE-7K 21 o 0 B B A CEL s 1) 25 7 J2 € i R S
M EAEME A 1 (15 mg). 5 (10 mg). 6
(12 mg) A7 (13 mg). C#4r (65 g) LhkfkE:
By B, A R-HEE (1D 0—~0 0 1) BREEVER,
23] 11 NS F1~FI11, F7 4R A 3%
Sephadex LH-20 A3 (2 i35 F1 Y- il 25 W AR (0 i s 5253 15
itk A 8 (14mg) A9 (20 mg).
3 HMETE

& 1. kA HR-ESI-MS 45 iV 1
218 miz: 457.147 5 [M+Na]™ (CyHys00Na, it
HAH N 457.147 5), HEMILSr 1A CpHysOgs AN
IR 10, "TH-NMR % (600 MHz, CD;0D) &7
1 NMRHRERIA R 55 6 7.26 (2H, t, J = 7.2 Hz,
H-3, 5), 7.21 (2H, d, J = 7.2 Hz, H-2, 6), 7.16 (1H, t,
J=17.2Hz, H-4); 1 /™ 1,2.4,6-WHEARIEA T 755 0
6.27 (1H, d, J = 2.4 Hz, H-5), 6.21 (1H, d, J = 2.4 Hz,
H-3"); 1 M EHARES 6 3.88 BH, s, OMe); 1
A BRI B SR RS 6 4.98 (1H, d, J = 7.2
Hz, H-1"), VAR ZANIEA W IR EES (6
3.35~3.50) (£ 1), PC-NMR [ 7245 5 ik g
T (A 5 46, B Eos 1 ANERIEE S oc
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I IAETALA Y 1 ) NMR 2 1 AN 955 4
A5, H C2mEBMNE Ad 4.0, #Entbad1
g R 2'-OMe KW, ZHERAFE] T 2D-NMR 52
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FEERAE C-h (B D Rk, thaW 1 g%
SN 6'-FRBE-2 - A I A A Hli-4"-O-B-D- L IR ]
EIWET, RFEY), A da o R,

&Y 2. EEKA; ESI-MS m/z: 309.0 [M+
Na]®, 7R 4 CisH006: 'H-NMR (500 MHz,
CD;0D) 6: 8.09 (2H, d, J = 8.5 Hz, H-2', 6'), 6.91 (2H,
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#*1 k&% 15 "H-NMR 1 BC-NMR #42 (600/150 MHz, CD;0D)
Table 1 'H-NMR and *C-NMR data for compound 1 (600/150 MHz, CD;0D)
/DA O e A on dc
c=0 — 206.4 5 6.27 (1H, d, J = 2.4 Hz) 98.0
a 2.95 (2H, t,J = 7.8 Hz) 472 6’ — 164.4
B 3.31 (overlapped) 31.9 1" 498 (1H,d,/J=7.2 Hz) 101.4
— 142.9 2" 3.44~3.50 (1H, m) 74.7
2,6 7.21 (1H, d, J=7.2 Hz) 129.4 3" 3.44~3.50 (1H, m) 77.9
3,5 7.26 (1H, t,J = 7.2 Hz) 129.4 4" 3.37 (1H, t,J = 9.0 Hz) 71.3
4 7.16 (1H, 1, J = 7.2 Hz) 127.0 5" 3.44~3.50 (1H, m) 78.5
i — 107.7 6" 3.91 (1H, dd, J=12.0, 2.4 Hz) 62.5
2/ — 167.6 3.68 (1H, dd, J=12.0, 6.0 Hz)
3/ 6.21 (1H, d, J = 2.4 Hz) 92.9
4 — 165.3 2OMe  3.88 (3H,s) 56.4
HOL_¢ . +1Jc/a\ff% 4: FOBK: ESI-MS m/z: 471.1 [M+
Ho X Nal]", 7+ 7R K CyHy0p: 'H-NMR (500 MHz,
HO— CD;0D) §: 7.35 (1H, d, J = 2.0 Hz, H-2"), 7.32 (1H,
dd, J = 8.5, 2.0 Hz, H-6), 6.92 (1H, d, J = 8.5 Hz,
H-5"), 6.36 (1H, s, H-8), 6.18 (1H, s, H-6), 5.34 (1H,
— H-'THCOSY ™\ HMBC
brs, H-1"), 4.20 (1H, brs, H-2"), 3.34 (1H, m, H-3"),
1 &&Y1 WEHREER "H-"H COSY 71 HMBC 18 3.32 2H, m, H-4", 5"), 0.94 (3H, d, J = 6.5 Hz,

%55
Fig. 1 Structure, key 'H-'"H COSY, and HMBC correlations
of compound 1
d, J=8.0 Hz, H-3', 5"), 6.38 (1H, d, J = 1.5 Hz, H-8),
6.17 (1H, d, J = 1.5 Hz, H-6); "“C-NMR (125 MHz,
CD;0D) &: 175.6 (C-4), 164.4 (C-7), 161.7 (C-5),
159.5 (C-4'), 156.4 (C-9), 146.3 (C-2), 136.0 (C-3),
129.9 (C-2', 6'), 122.7 (C-1"), 115.8 (C-3', 5'), 103.8
(C-10), 98.8 (C-6), 94.0 (C-8). LA ¥ 55 SCik4K
WU 8, M A 2 LA

th & 3: FEOHA; ESI-MS m/z: 325.0 [M—+
Na]", 2+ 7N CisHi007: 'H-NMR (500 MHz,
CD;0D) ¢: 7.73 (1H, d, J = 2.0 Hz, H-2'), 7.64 (1H,
dd, J = 8.5, 2.0 Hz, H-6'), 6.88 (1H, d, J = 8.5 Hz,
H-5), 6.38 (1H, d, J = 2.0 Hz, H-8), 6.18 (1H, d, J =
2.0 Hz, H-6); "*C-NMR (125 MHz, CD;OD) ¢: 176.0
(C-4), 164.1 (C-7), 160.9 (C-5), 156.3 (C-9), 147.9
(C-4"), 147.0 (C-2), 145.2 (C-3"), 135.9 (C-3), 122.1
(C-1"), 120.1 (C-6"), 116.4 (C-5"), 115.8 (C-2'), 103.2
(C-10), 98.2 (C-6), 93.5 (C-8). LA %4l 15 k4K
B, WA 3 i &

H-6"); "“C-NMR (125 MHz, CD;0D) ¢: 180.3 (C-4),
166.5 (C-7), 162.1 (C-5), 159.2 (C-2), 158.5 (C-9),
149.8 (C-4'), 146.4 (C-3'), 136.1 (C-3), 122.9 (C-6),
122.8 (C-1"), 116.9 (C-2'), 116.4 (C-5"), 105.7 (C-10),
103.4 (C-1"), 99.7 (C-6), 94.9 (C-8), 73.0 (C-4"), 72.1
(C-3"), 70.0 (C-2"), 71.9 (C-5"), 17.7 (C-6"). L\ ¥
ksl A, e A 4 M

& 5: PERAR; ESI-MS m/z: 457.1 [M—+
Na]*, 4 7K CyHis01: 'H-NMR (500 MHz,
CD;OD) 6: 7.52 (1H, d, J = 1.5 Hz, H-2"), 7.49 (1H,
dd, J = 8.5, 1.5 Hz, H-6), 6.90 (1H, d, J = 8.5 Hz,
H-5'), 6.37 (1H, d, J = 2.0 Hz, H-8), 6.19 (1H, d, J =
2.0 Hz, H-6), 431 (1H, d, J = 2.0 Hz, H-1"); “C-
NMR (125 MHz, CD;0D) §: 177.9 (C-4), 164.4 (C-7),
161.4 (C-5), 157.0 (C-9), 156.4 (C-2), 148.6 (C-4"),
145.2 (C-3), 133.6 (C-3), 121.8 (C-6'), 121.2 (C-1'),
115.7 (C-5"), 115.3 (C-2"), 108.1 (C-1"), 104.2 (C-10),
98.7 (C-6), 93.5 (C-8), 86.1 (C-4"), 82.3 (C-2"), 77.3
(C-3"), 60.9 (C-5"). LA_E%s 5 Scikps! A —
2, WEEEY S ) AT

&) 6: K AR; ESI-MS m/z: 455.1 [M+
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Nal]", 2 73N CyHy00; 'H-NMR (500 MHz,
CD;OD) d: 7.77 (2H, d, J = 8.5 Hz, H-2), 6'), 6.94
(2H, d, J = 8.5 Hz, H-3', 5), 6.37 (1H, s, H-8), 6.19
(1H, s, H-6), 5.37 (1H, s, H-1"), 0.92 (3H, d, J = 5.0
Hz, H-6"); “C-NMR (125 MHz, CD;OD) &: 177.9
(C-4), 164.6 (C-7), 161.5 (C-5), 160.2 (C-4'), 157.2
(C-9), 156.9 (C-2), 134.4 (C-3), 130.9 (C-2', 6'), 120.7
(C-1"), 115.6 (C-3', 5'), 104.3 (C-10), 101.8 (C-1"),
99.0 (C-6), 93.9 (C-8), 70.9 (C-3"), 70.5 (C-2"), 71.3
(C-4"), 70.3 (C-5"), 17.7 (C-6"). LA L i it 5 3¢
RGBSR — B, MO A Y 6 MR T AT
& 7: WEKAR; ESI-MS m/z: 487.1 [M+
Nal]", 7+ 7R A CyHy0p: 'H-NMR (500 MHz,
CD;0D) 8: 7.77 (1H, s, H-2'), 7.72 (1H, d, J = 8.5 Hz,
H-6"), 7.30 (1H, d, J = 8.5 Hz, H-5"), 6.38 (1H, s,
H-8), 6.15 (1H, s, H-6), 491 (1H, d, J = 7.5 Hz,
H-1"), 3.41~3.94 (6H, m, H-2", 6"); '*C-NMR (125
MHz, CD;0D) 6: 176.2 (C-4), 164.4 (C-7), 161.0
(C-5), 156.9 (C-9), 146.8 (C-3'), 146.4 (C-4'), 145.8
(C-2), 136.7 (C-3), 126.2 (C-1'), 120.2 (C-6"), 116.3
(C-2"), 115.3 (C-5"), 103.4 (C-10), 101.9 (C-1"), 98.2
(C-6), 93.5 (C-8), 77.0 (C-3"), 762 (C-5"), 73.5
(C-2"), 70.1 (C-4"), 61.0 (C-6"). LAyl ¥t 553
BRIREU A5, WA T NS .
e 8: FaEk; ESI-MS m/z: 721.1 [M+
HI", 2 73RN CysHpsO17: 'H-NMR (500 MHz,
CD;0D) d: 7.50 (2H, m, H-2, 6'), 7.41 (3H, m, H-3,
4, 5", 6.69 (1H, s, H-3""), 6.56 (1H, s, H-3""), 6.24
(1H, d, J=2.0 Hz, H-8), 6.22 (1H, d, J = 2.0 Hz, H-6),
5.47 (1H, dd, J = 12.5, 3.0 Hz, H-2), 5.24 (1H, dd, J =
13.0, 6.0 Hz, H-6"a), 5.02 (1H, d, J = 7.5 Hz, H-1"),
4.84 (1H, t, J = 9.0 Hz, H-4"), 4.05 (1H, dd, J = 9.0,
6.0 Hz, H-5"), 3.80 (1H, brd, J = 13.0 Hz, H-6"b),
3.70 (1H, t, J = 9.0 Hz, H-3"), 3.56 (1H, m, H-2"),
3.15 (1H, dd, J = 17.0, 12.5 Hz, H-3a), 2.82 (1H, dd,
J = 170, 3.0 Hz, H-3b);: “C-NMR (125 MHz,
CD;0D) 6: 198.2 (C-4), 169.7 (C-7""), 169.5 (C-7""),
166.7 (C-7), 165.2 (C-5), 164.5 (C-9), 145.7 (C-4"",
4", 145.1 (C-6"", 6""), 140.2 (C-1'), 137.5 (C-5",
5", 129.8 (C-3', 4', 5"), 127.5 (C-2', 6'), 126.5 (C-2"",
2", 116.8 (C-1""), 116.9 (C-1"), 108.7 (C-3"),
108.5 (C-3""), 105.1 (C-10), 101.6 (C-1"), 98.1 (C-6),
96.8 (C-8), 80.8 (C-2), 75.6 (C-4"), 75.3 (C-2"), 73.0

(C-3", 5"), 64.4 (C-6"), 44.3 (C-3). VL LyiE¥dE S
SCHRARE PO A — 8, WA 8 W E-
7-O-[4", 6"-(S)-/NFEIEI oK i 5L ]-B-D-HI AT b 17 -
5 9. FtalEfgk; ESI-MS m/z: 873.2 [M+
H]", 7+ 74 CpHpOs: 'H-NMR (500 MHz,
CD;0D) ¢: 7.50 (2H, m, H-2', 6'), 7.40 (3H, m, H-3',
4, 5%, 7.02 (2H, s, H-2""", 6"""), 6.58 (1H, s, H-3"""),
6.47 (1H, s, H-3""), 6.26 (1H, d, J = 2.0 Hz, H-8), 6.24
(1H, d, J = 2.0 Hz, H-6), 5.48 (1H, dd, J = 13.0, 3.0
Hz, H-2), 5.40 (1H, t, J= 9.5 Hz, H-3"), 5.31 (1H, dd,
J =13.0, 6.0 Hz, H-6"a), 5.18 (1H, d, J = 7.5 Hz,
H-1"), 5.05 (1H, t,J = 9.5 Hz, H-4"), 4.23 (1H, dd, J =
9.5, 6.0 Hz, H-5"), 3.86 (1H, brd, J = 13.0 Hz, H-6"b),
3.84 (1H, m, H-2"), 3.14 (1H, dd, J = 17.0, 13.0 Hz,
H-3a), 2.81 (1H, dd, J = 17.0, 3.0 Hz, H-3b); “C-
NMR (125 MHz, CD;OD) J: 198.2 (C-4), 169.6
(C-7"), 169.3 (C-7""), 168.1 (C-7""), 166.6 (C-7),
165.2 (C-5), 164.5 (C-9), 146.4 (C-3"", 5""), 145.8
(C-4"", 4", 144.8 (C-6", 6""), 140.2 (C-1'), 139.9
(C-4"""), 137.6 (C-5"", 5"), 129.8 (C-3', 4', 5"), 127.5
(C-2/,6"), 126.3 (C-2""), 126.0 (C-2""), 121.2 (C-1"""),
116.7 (C-1""), 116.5 (C-1""), 110.7 (C-2"", 6",
108.7 (C-3""), 108.4 (C-3"), 1052 (C-10), 101.6
(C-1"), 98.2 (C-6), 96.9 (C-8), 80.9 (C-2), 76.0 (C-3"),
73.3 (C-2"), 73.0 (C-5"), 71.4 (C-4"), 64.1 (C-6"),
44.3 (C-3). LA L3l 5 SCmraiia P s A — 5,
WS EWEY 9 NIIAF-T-0-[3"-0-1% T 5 -
47.6"-(S)-/NFRHEIR AR W KL ]-B-D- 1 4 BH 1 o
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