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Flavonoids from roots of Ephedra sinica
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Abstract: Objective To study the flavonoids from the roots of Ephedra sinica in Ephedra Tourn. ex L. Methods The roots of E.
sinica were extracted with 90% ethanol, and isolated and purified by silica gel, Sephadex LH-20, and RP-18 gel column
chromatography. All the compounds were identified based on spectral analyses (including MS, '"H-NMR, and *C-NMR). Results
Thirteen flavonoids were isolated from the roots of E. sinica and were characterized as ephedrannin A (1), mahuannin A (2), mahuannin
B (3), mahuannin D (4), apigenin (5), kaempferol (6), quercetin (7), dihydroquercetin (8), 3', 4', 5, 7-tetrahydroxy flavanone (9),
(+)-catechin (10), (—)-epi-catechin (11), afzelechin (12), and (—)-epi-afzelechin (13), respectively. Conclusion Compounds 7—13 are
obtained from this plant for the first time.

Key words: the roots of Ephedra sinica Stapf; flavonoids; ephedrannin A; mahuannin A; mahuannin B

MR ED, FAEEN: KEMRE A
(ephedrannin A, 1). JK3T* A (mahuannin A, 2).

YRR Ephedra sinica Stapf JKSEK =
M, BRI T R AR ), Wl i Lo “ %

ORGSR, RS, RERINT, FAHVR, b
W T, BRIER, B U BRI LA TR
I, BATRI B Z D, RS AR .
B2 SCHRHGE R b 22 oy 2 )
B B, o LA A T R,
IAERAT MRS EMRSRAN 1 e AR Ha e %,
25 RS GEIR A JT ACM F 3 B T B o DA 1 7890 T
M) P P TR BRR SRR, A S X R B T 7
IPIEAT T ARG T, Ny 1R E] 13

Y HER: 2010-11-02
E®WE: EXRARFFESHFFEESEBINE (40706046)

W T B (mahuannin B, 3). BT D (mahuannin
D, 4). 73 % (apigenin, 5). L145%} (kaempferol,
6). M3 (quercetin, 7). —ZMitZ 2 (dihydro-
quercetin, 8). 3/, 4,5, 7-PUFEHL A Wil (3,4, 5,
7-tetrahydroxy flavanone, 9). JL4% % [(+)-catechin,
10]. RJILHKZFE [(-)-epi-catechin, 11]. PR LA
(afzelechin, 12). EFJK JLAKE[(—)-epi-afzelechin,
131, Hrr, &Y 7~13 255 IR ZFEY) o 2
£330,

1EHEN: FEE (1980—), J, Wim A, YHIG, 4, FBENFHRREERSWFT. E-mail: tachm929@yahoo.com.cn
«BWAEE  XKZE  Tel: (020)89023244 E-mail: yonghongliu@scsio.ac.cn



¢ ¥ % Chinese Traditional and Herbal Drugs 25 423 25 93] 2011 £ 9 A

*1679 «

1 XESHH

XRC—1 SIS AL C(DYNRZERLEALER) s
Bruker AC 500 # i 4£#%4%; Bruker Daltonics APEX
I1 47¢ Jiii % ; Sephadex LH-20 (25~100 pm,
Pharmacia Fine Chemical Co., Ltd.), Chromatorex
ODS (100~200 H, Fuji Silysia Chemical Co., Ltd.);
FERS H GRS ) ), 2 (00 F 1Ak e i
H (020~0.25 H, FHFFELT] D, #HRAi%RE
FEF R A bk - P B 7 - F K, AR 1%
AR SRR ER 10%61 R £ B PR €
R T35 8 R 2 AT, R ey
b 2% B 7 A B A2 5 T Tk RR B B R ) B RR B
Ephedra sinica Stapf H] T4
2 REFMSE

FIRRIEAR 5.0 kg ¥iESS, 90% S EEInFA R fe
W3 K, BRHR 2 h, W BESEIRAE BREE, KIS 4y
B A BERR WG, IE T AR, 194
TR 18 g BRI LBEH5r 100 gv 1E T REH 5>
153 go HESER ZERT 5 100 g, SATER)G, W
7E200 g (200~300 ) fEf L, WHHELA TG HE
PR FE 1% (200~300 H D, LLA-FEEC100 :
0—0 : 100) BAEEVEM, TLC RS Al ERs Sy, 3t
28 8 MY (Fr. 1~8). Wids Fr. 5 &5 i SHhER
F 618 . Sephadex LH-20- Cyg e A BAE (ALt 4lifL,
HEAEW 1 (103 mg). 2 (15.1 mg)- 3 (6.0 mg)-
4 (23.6 mg). 5 (44mg). 6 (2.5mg). 7 (3.7 mg).
8 (4.0 mg). 9 (3.0 mg). 10 (5.0 mg). 11 (6.5 mg)-
12 (3.0 mg). 13 (5.6 mg).
3 LT

& 1. O JEE B A, HR-ESI-MS 45
m/z: 555.093 0 [M—H], WHAEWIIS T8
C3oH001;, AHIFIE K 21. "H-NMR (CD;0D, 500
MHz) A% Bos 2 6 1, 4-ZBURIIS R 5 5
5 8.54 (2H, d, J = 8.0 Hz), 6.95 (2H, d, J = 8.5 Hz,)
M1 67.55 (2H, d,J=8.7 Hz), 6.87 (2H, d, J = 8.7 Hz),
1 XRS5 IR T15 %5 65.96 (1H, d, J = 2.0
Hz), § 6.07 (1H, d, J=2.0 Hz), 1 ML HES o
6.32 f1 1 ™ C ¥ AB R4 1155 04.23 (1H, d, J =
3.1 Hz) #15.00 (1H, d, J=2.8 Hz). JikEds (% D
Hacikaios —8, MR A Y 1 BRI E A

AW 2: G4, ESI-MS m/z: 543 [M—H] &
'H-NMR (CD;0D, 500 MHz) #%47 &ox 2 X 1, 4-
THRITHATRFES 5 749 (2H, d, J = 8.5 Hz),

6.85 (2H, d, J = 8.7 Hz) H17.54 (2H, d, J = 8.5 Hz),
6.88 (2H, d, J= 8.5 Hz) 433l —HUAX 1) B FAF1 E 31
T VARSLITME 5 o 6.11 2 LA D 3151
1 % A BRI 6 5.92 (1H, d, J = 2.3 Hz, H-6) Fl
6.08 (1H, d, J = 2.3 Hz, H-8); Jy 5.10 (1H, s), 4.27
(1H, brs) }2.92 (2H, dd, J = 2.1, 17.0 Hz) } F &
ABX AR T. 7 1 X} AB HRRMIT oy 4.42
(1H, d, J = 3.5 Hz, H-3); dy 4.18 (1H, d, J = 3.5 Hz,
H-4) 4 C i1 Mol (& D S3cikikiE—
H, WA 2 NIRRT A

th &Y 3: ToE[E A, ESI-MS m/z: 543 [M—H] .
WS S5 A 2 EF ML, "H-NMR (CD;0D,
500 MHz) K 2or 2 %) 1, 4- BRI 95 3 5+
55 0743 (2H, d, J = 8.5 Hz), 6.80 (2H, d, J = 8.5
Hz) 16y 7.50 (2H, d, J = 8.5 Hz), 6.81 (2H, d, J =
8.5 Hz) 20514 BRI B XA E SR 1 MK
SLHFIMES on 6.08 4 LU D 5 1A A BR
[ A7 5§ oy 5.99 (1H, d, J = 2.0 Hz, H-6) #16.08
(1H, d, J=2.0 Hz, H-8); d;;4.97 (1H, s), 4.27 (1H, br
s) M 2.87 (2H, dd, J=2.5,16.8 Hz) } F ¥} ABX {&
R 51X AB ARIT oy 441 (1H, d, J =
3.8 Hz, H-3), 4.10 (1H, d, J = 3.8 Hz, H-4 )& C 3}
To WOEEGE (R D SormdrE 8™, ke
&) 3 KT B

th &Y 4: A A, ESI-MS m/z: 527 [M—H] .
'H-NMR (CD;OD, 500 MHz) 4% @or 2 % 1, 4-
TR ITH S 0u 7.48 (2H, d, J = 8.5 Hz),
6.85 (2H, d, J = 8.7 Hz) 1y 7.50 (2H, d, J = 8.6
Hz), 6.88 (2H, d, J = 8.6 Hz) 43| — B B FAA!
E i1 1 ML IME S 0y 6.16 24 TR D 3
Jif: 1 on 5.86 (1H, d, J=2.3 Hz, H-6) #16.01 (1H,
d,J=2.3 Hz, H-8) 27~k A ERIGEURIE 5
91 5.08 (1H, s), 4.25 (1H, br s) /% 2.88 (2H, dd, J = 4.2,
17.1 Hz) I F 3 ABX (AR T. 75 1 X AX KR
(KT oy 2.20 (2H, dd, J = 3.2, 13.2 Hz, H-3), 4.46
(1H,t,J=2.9 Hz, H-4) &y C JF i1 i didhs (& 1
5 ckapE 8, WA 4 AT D.

&M 5. Fk R, "H-NMR (DMSO-dg, 500
MHz) 6: 7.92 (2H, d, J = 8.5 Hz, H-2', 6'), 6.93 (2H, d,
J=8.5Hz, H-3', 5, 6.18 (1H, d, J= 2.0 Hz, H-6), 6.49
(1H, d, J= 2.0 Hz, H-8), 6.76 (1H, s, H-3); “C-NMR
(DMSO-ds, 125 MHz) &: 163.7 (C-2), 102.6 (C-3),
181.7 (C-4), 161.1 (C-5), 98.8 (C-6), 164.2(C-7), 94.0
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=1 L& 1~4 1 'TH-NMR #1 *C-NMR #{iE
Table 1 'H-NMR and *C-NMR data for compounds 1—4 in CD;0D

1 2 3 4
TRIR Bedor
Sc S Sc S dc S Sc Su
C 2 1010 100.6 100.3 99.9
3 677 423(d,J=3.1Hz) 67.1 4.42(d,J=3.5 Hz) 67.1 441(d,J=38Hz)  35. 221(dq, /=32, 132Hz)
4 296 5.00(d,/~2.8Hz) 294 4.18(d,/=3.5Hz) 293 4.10(d,/=3.8Hz)  21.8 446t J=2.9 Hz)
A 5 1583 156.7 156.9 155.3
6 975 596(d,J~1.8Hz) 98.0 5.92(d,J=2.3 Hz) 98.1 5.99(d,J=20Hz)  97.7 5.86(d,/=2.3 Hz)
7 1584 156.8 156.7 158.2
8 959 6.07d(d,J=1.8Hz) 96.6 6.08(d, =2.3 Hz) 96.5 6.08(d,J=20Hz)  96.7 6.01(d, /=23 Hz)
9 1542 158.4 158.5 154.7
10 102.9 104.1 104.3 107.4
B 1' 1312 131.8 132.0 134.5
2’ 1294 7.55(d,J=8.7Hz) 129.6 7.49(d,.J=8.5 Hz) 129.5 743(d,/=8.5Hz)  128.1 7.48(d,=8.5 Hz)
3 1157 687(d,J=8.7Hz) 1162 6.85(d,.J=8.5 Hz) 1160 6.80(d,/=8.5Hz) 1159 6.85(d,/=8.5 Hz)
4 1592 1522 152.5 158.9
5 1157 6.87(d,J=8.7Hz) 1162 6.85(d,J=8.5 Hz) 1160 6.80(d,/=8.5Hz) 1159 6.85(d, /=8.5 Hz)
6 1294 7.55(d,J=8.7Hz) 129.6 7.49(d,.J=8.5 Hz) 129.5 743(d,/=8.5Hz) 128.1 7.48(d,/=8.5 Hz)
F 2 1489 81.0 5.10(s) 81.9 4.97(s) 81.0 5.08(s)
3 1374 67.8 4.27 (brs) 67.9 427 (brs) 67.2 425 (brs)
4 1765 29.6 2.92(dd,J=2.1,17.0Hz) 30.1 2.87 (dd, J=2.5, 29.6 291 (ddd,J=2.1,4.2,
16.8 Hz) 16.8 Hz)
D 5 160.6 154.2 154.4 156.4
6 99.1 632(s) 96.0 6.1 (s) 96.5 6.08 (s) 97.0 6.16(s)
7 1597 159.0 159.2 152.7
8 107.8 102.0 102.5 107.5
9 153.1 151.4 1524 151.4
10 105.9 107.0 107.3 101.8
E 1 1241 130.8 130.9 130.8
2’ 1316 826(d,J=8.0Hz) 129.3 7.54(d,J=8.5 Hz) 1298 7.50 (d,/=8.5Hz) 1293 7.50 (d, J=8.6 Hz)
3 1162 6.95(d,J=8.6Hz) 115.6 6.88(d,.J=8.5 Hz) 1158 6.81(d,/=85Hz) 116.1 6.88 (d, J=8.6 Hz)
4" 160.6 158.2 158.4 158.5
5 1162 6.95(d,J=8.6Hz) 115.6 6.88 (d, J=8.5 Hz) 1158 6.81(d,/=85Hz) 116.1 6.88 (d, J=8.6 Hz)
6 131.6 826(d,J=8.0Hz) 129.3 7.54(d,J=8.5 Hz) 1298 7.50(d,/=8.5Hz) 1293 7.50 (d, J=8.6 Hz)

(C-8), 157.2 (C-9), 103.8 (C-10), 121.4 (C-1'), 128.4 125 MHz) ¢: 148.1 (C-2), 137.2 (C-3), 177.4 (C-4),

(C-2', 6", 116.7 (C-3', 5), 161.5 (C-4")o LA LWEEL  162.6 (C-5), 99.3 (C-6), 165.7 (C-7), 94.5 (C-8), 158.3

P 5 ScikdE — 8, ME e 5 T, (C-9), 104.6 (C-10), 123.8 (C-1), 130.7 (C-2', 6"),
& 6: kA, 'H-NMR (CD;OD, 500  116.3 (C-3',5'), 160.7 (C-4"). UL b3tk #5415 S0k

MHz) §: 6.18 (1H, d, J= 1.8 Hz, H-6), 6.39 (1H, d, &8, ML @aY 6 JliZsm.

J = 1.8 Hz, H-8), 6.91 (2H, d, J = 8.6 Hz, H-3', 5"), &Y 7. #BR, 'TH-NMR (CD;0OD, 500

8.07 (2H, d, J=8.6 Hz, H-2', 6'); “C-NMR (CD;OD,  MHz) d: 6.20 (1H, d, J = 2.0 Hz, H-6), 6.41 (1H, d,
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J=2.0 Hz, H-8), 7.75 (1H, d, J = 2.0 Hz, H-2"), 6.90
(1H, d, J = 8.5 Hz, H-5"), 7.65 (1H, dd, J = 2.0, 8.5
Hz, H-6'); C-NMR (CD;OD, 125 MHz) J: 147.7
(C-2), 137.3 (C-3), 177.4 (C-4), 158.3 (C-5), 99.3
(C-6), 165.6 (C-7), 94.5 (C-8), 162.6 (C-9), 104.6
(C-10), 124.2 (C-1"), 116.1 (C-2), 146.3 (C-3"), 148.7

(C-4), 1163 (C-5), 121.7 (C-6'). 'H-NMR #I
PC-NMR $od 5 Scikaiis— 80", et am 7

WY 8: Mk, "H-NMR (CD;0D, 500
MHz) d: 4.90 (1H, d, J = 11.8 Hz, H-2), 4.51 (1H, d,
J=11.8 Hz, H-3), 5.88 (1H, d, J = 1.9 Hz, H-6), 5.92
(1H, d, J = 1.9 Hz, H-8), 7.00 (1H, br s, H-2"), 6.82
(1H, d, J = 8.2 Hz, H-5"), 6.98 (1H, d, J = 8.2 Hz,
H-6'); “C-NMR (CD;OD, 125 MHz) J: 84.8 (C-2),
73.6 (C-3), 1982 (C-4), 165.2 (C-5), 97.3 (C-6), 168.7
(C-7), 96.4 (C-8), 164.5 (C-9), 101.3 (C-10), 129.6 (C-1"),
115.8 (C-2), 146.1 (C-3"), 146.6 (C-4"), 116.1 (C-5"),
121.0 (C-6'). LA F3 et 5 Scmrdios— 2™,
St 8 ﬂfﬂ&%%o

&Y 9: a4, H-NMR (CD;0OD, 500
MHz) &: 5.88 (1H, d, J = 2.0 Hz, H-6), 5.89 (1H, d,
J=2.0 Hz, H-8), 6.91 (1H, br s, H-2"), 6.78 (1H, br s,
H-5"), 6.79 (1H, br s, H-6'), 5.25 (1H, dd, J = 12.8, 3.0
Hz, H-2), 3.08 (1H, dd, J = 17.1, 12.8 Hz, H-3B), 2.68
(1H, dd, J = 17.1, 3.0 Hz, H-30); "“C-NMR (CDOD,
125 MHz) &: 79.2 (C-2), 42.6 (C-3), 196.2 (C-4),
163.8 (C-5), 95.3 (C-6), 166.8 (C-7), 94.5 (C-8), 163.3
(C-9), 101.8 (C-10), 130.3 (C-1'), 113.3 (C-2"), 145.1
(C-3"), 145.5 (C-4"), 114.7 (C-5"), 117.7 (C-6"). LA L 3%
TR A SRR S, s e A 9 3, 4,
5, 7-PUFE I — A F i .

WA 10: LEL, "H-.NMR (CD;0D, 500
MHz) d: 6.86 (1H, d, J = 1.8 Hz, H-2'), 6.78 (1H, d,
J = 8.0 Hz, H-5'), 6.74 (1H, d, J = 8.0, 1.8 Hz, H-6"),
5.87 (1H, d, J = 2.2 Hz, H-6), 5.95 (1H, d, J = 2.2 Hz,
H-8), 4.57 (1H, d, J= 7.5 Hz, H-2), 4.00 (1H, br s, H-3),
2.88, 2.52 (2H, dd, J = 5.5, 16.0 Hz, H-4); “C-NMR
(CD;OD, 125 MHz) &: 82.9 (C-2), 68.9 (C-3), 28.6
(C-4), 156.9 (C-5), 96.4 (C-6), 157.0 (C-7), 95.5 (C-8),
157.6 (C-9), 100.9 (C-10), 132.3 (C-1'), 115.3 (C-2",
146.3 (C-3'), 146.3 (C-4'), 116.2 (C-5"), 120.1 (C-6").
DL b3 i s 5 Scmkai i — 80, Mo a 10

ML E,

& 11 g i, "H-NMR (CD;0D, 500
MHz) 6: 6.99 (1H, br s, H-2"), 6.78 (1H, d, J = 8.0 Hz,
H-5"), 6.82 (1H, d, J = 8.0 Hz, H-6'), 5.94 (1H, br s,
H-6), 5.96 (1H, br s, H-8), 4.84 (1H, br s, H-2), 4.20
(1H, br s, H-3), 2.89, 2.75 (2H, dd, J = 4.5, 17.0 Hz,
H-4); *C-NMR (CD;OD, 125 MHz) J: 80.0 (C-2), 67.6
(C-3), 29.3 (C-4), 157.4 (C-5), 96.5 (C-6), 157.4 (C-7),
96.0 (C-8), 157.7 (C-9), 100.2 (C-10), 132.4 (C-1"),
115.3 (C-2'), 145.9 (C-3'), 146.0 (C-4"), 116.0 (C-5"),
119.5 (C-6"). LA_E3% Kot 15 scpkapis — 5, i
YEALGY 11 R,

&M 12: a4, "TH-NMR (CD;0D, 500
MHz) 6: 5.88 (1H, d, J = 2.1 Hz, H-6), 5.96 (1H, d,
J=2.1Hz, H-8), 6.79 (2H, d, J = 8.5 Hz, H-3', 5'), 7.22
(2H, d, J = 8.5 Hz, H-2', 6), 4.61 (1H, d, J = 7.7 Hz,
H-2), 4.01 (1H, m, H-3), 2.88, 2.54 (2H, dd, J = 5.6,
16.1 Hz, H-4); "*C-NMR (CD;0D, 125 MHz) 6: 82.8
(C-2), 68.8 (C-3), 28.8 (C-4), 157.0 (C-5), 96.4 (C-6),
157.5 (C-7), 95.6 (C-8), 157.7 (C-9), 101.0 (C-10),
131.6 (C-17), 129.1 (C-2', C-6"), 116.1 (C-3', C-5'),
158.2 (C-4'). Lh_b3 il Hodi 5 semkdaE — 850,
YE A 12 jjlﬁﬂi)lﬁ*ﬁo

& 13: L4, "H-NMR (CD;0D, 500
MHz) 6: 5.94 (1H, d, J = 2.3 Hz, H-6), 5.97 (1H, d,
J =23 Hz, H-8), 6.80 (2H, d, J = 8.5 Hz, H-3', 5'),
7.33 (2H, d, J = 8.5 Hz, H-2', 6'), 4.89 (1H, br s, H-2),
420 (1H, br s, H-3), 2.88, 2.74 (2H, dd, J = 5.5, 16.8
Hz, H-4); “C-NMR (CD;OD, 125 MHz) &: 80.0
(C-2), 67.5 (C-3), 29.4 (C-4), 157.5 (C-5), 96.6 (C-6),
157.8 (C-7), 96.0 (C-8), 157.9 (C-9), 100.2 (C-10),
131.7 (C-1"), 129.2 (C-2, 6"), 115.9 (C-3', 5'), 158.0
(C-4'yo LA_F3l i it 5 Sk — 2, iz fh
HW 13 R KRBT R ILZHRE .
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