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Antibacterial Phenylethanoid Glycosides from Fruits of Forsythia suspensa
JIANG Xing, LU Limim, ZHANG Chunlei, WANG Xingyan, SUN Qi, WANG Jiatian, YUAN Guangjun”
(tamusi College, Heilongjiang University of Chinese Medicine, Jiamusi 154007, China)

[ Abstract ]

The plant materials were extracted with organic solvent. The exiract was extracted by different polarity organic solvents a-

Objective: To Study on the antibacterial phenylethanoids from the fruits of Forsythia suspensa. Methods :

gain. Compounds were obtained by comprehensive chromatography. The structures were identified by NMR. Results: Nine com-
pounds were isolated and identified from the fruits of F. suspensa, including 6'-0-(cis-1, 4-dihydroxycyclohexanacetyl ) -acte-
oside (1), 4-O-thamnosyl-7S, 8R-7', 8'-erythro-sisymbrifolin (2), trichosanthoside A (3), fucatoside B (4), poliumo-
side B (5), ligupurpuroside J (6), magnoloside F (7), echinacoside (8), and isocrassifolioside (9). Compounds 1, 6,
8 showed antibacterial activity against Staphylococcus aureus with MICs of 8.0, 16.0 and 4.0 pg - mL™", respectively.
Conclusion ; Eight phenylethanoide glycosides (1, 3-9) and a neolignan (2) were obtained from the plant firstly.

[ Keywords]  Forsythia suspensa; phenylethanoide glycosides; antibacterial activity
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w]); &5 Shim-pack PREP-ODS #4544 (250 mm x
25 mm, HABHAE); Br KR 8 @58 2l 5 73
Mradi,

LR A BRI ATCC 33591, ATCC 33591, X
A (ATCC 25922) , 7 ERE (ATCC 29212) ,
W T e [ B2 Bl B A M R DT ST T

FEALT 2013 4F 6 I Tl b as 2[5 25 0 S ik
Huly, GBI VL B2 24 K% 5 B U8R 5 e R R
BHEY) % 3 Forsythia suspensa ( Thunb. ) Vahl [
IR EE

2 R, 28

PR A A B RO AR R AT Il i 4 B2 41 (8 kg)
PRI RS e 8K, S8 JE R A i
LR CERFNIE T B AT AL I, 43 A% 20 4 7 1k 35 43
(300 g) . ZFROTEHRIT(500 g) . 1E T EEARM(350 g) o
Hep, ZRR OB 1E R W E R 100 pg - mL ™" Bt
BRI PUEEE; HIL, BEEEAE R G L
CEFRAT AT — 00 1, VR AER A =& -1
BV R GE (10051 ~ 1:1) , Atk py I 300 oy A A7 466 B2
Ve . 72 2 sk BRES AL I T, SRR T
10 4> (Fr. 1 ~Fr. 10) . Fr.3 #40(17.2 g), 4G5
SR FHRE A 0 3 30 R g 5B €8 353 (ROAHAE . Wi sh
R CIG-KIE RN R Ge) #4745y & 4l 7 A 204k
A1 (10 mg) F2 (5 mg), Fr.6 #5(15 ¢) fla
SR PR JS R g 0T A A 8 35 I 2R A7 o s 2ligk, 4l
BEMESY 3 (12 mg) . 4 (8 mg) . 5 (3 mg), Fr.7
53 (20 g) 5 e >R FH Ak e A e SSO AR A €338 1 A A 7
sressifh, sraREkA Y 6 (353 mg), 7 (206 mg)
18 (62 mg). Fr. 9 Ay (10 g) K v e 45 4 3 Al
FROB A G5 A AT e e aliAe, R E Y9
(8 mg)

3 SEMEE

k&% 1. 368K, ESIMS: m/z 779
[M-1]";'H-NMR (CD,0D, 500 MHz) &: acetylcy-
clohexyl; 1.80 (2H, m, H-2, 6), 1.54 (2H, m,
H2, 6), 1.68 (4H, m, H3, 5), 3.53 (1H, m,
H4), 2.49 (2H, s, H-7); glycosyl: 4.43 (1H,
d, J=8.3 Hz, H-1'), 3.44 (1H, m, H2'), 3.86
(1H, t, J=9.0 Hz, H3"), 5.03 (1H, t, J=9.5 Hz,
H4'), 3.77 (1H, m, H-5'), 4.24 (1H, dd, J=
11.7, 2.7 Hz, H6'a), 4.15 (1H, dd, J=11.7,

5.1 Hz, H-6'b); aglycone: 6.71 (1H, d, J =
2.4 Hz, H-2"), 6.70 (1H, d, J =83 Hz, H5"),
6.60 (1H, dd, J =8.3, 2.0 Hz, H-6"), 3.99
(IH, m, H-qa), 3.74 (1H, m, H-ab), 2.83
(2H, m, H-B); caffeoyl; 7.09 (1H, d, J=1.9 Hz,
H-2"), 6.81 (1H, d, J =8.3 Hz, H-5"), 6.99
(1H, dd, J=8.3, 1.9 Hz, H-6"), 6.31 (1H, d,
J=16.1Hz, H-a), 7.63 (1H, d, J=15.6 Hz, H-
B); thamnosyl: 5.21 (1H, d, J =1.5 Hz, H-1"),
3.94 (1H, m, H-2""), 3.59 (1H, m, H-3"),
3.32 (1H, m, H4™), 3.61 (1H, d, J=2.9 Hz,
H-5"), 1.13 (3H, d, J = 6.4 Hz, H-6");" C-
NMR (CD,OD, 125 MHz) §: acetylcyclohexyl: 70.6
(C-1), 36.1 (C-2, 6), 31.6 (C3, 5), 70.7 (C-
4), 48.5 (C7), 172.7 (C-8); glycosyl: 104.4
(C-1"), 76.3 (C=2"), 81.5 (C3"), 73.2 (C4"),
73.9 (C5"), 63.9 (C-6'); aglycone: 131.8 (C-
1"y, 117.4 (C-2"), 146.4 (C-3"), 145.1 (C4"),
116.6 (C-5"), 121.5 (C-6"), 37.0 (C-7"), 72.8
(C-8"); caffeoyl; 127.9 (C-1"), 115.6 (C-2"), 147.2
(C-3"), 150.3 (C4"), 116.8 (C-5"), 123.5 (C-
6”), 148.4 (C-7"), 114.9 (C-8"), 168.3 (CO),
103.4 (C-1"), 72.6(C-2"), 70.8 (C-3"), 74.1 (C-
4"), 72.3 (C-5"), 18.8 (C-6") . VU LEmEE S
SCERIRIE A—30, BTME A 1 %58 R 6'-0-(cis-
1, 4-dihydroxycyclohexanacetyl ) -acteoside, & B IX M
A R

a2 Ae@K K, ESI-MS: m/z 537 [ M-
1]~ ;'"H-NMR (CD,0D, 500 MHz) §: 7.05 (1H, d,
J=2.0 Hz, H2), 7.09 (1H, d, J=8.3 Hz, H-
5), 6.93 (1H, dd, J =8.3, 2.0, H6), 5.62
(1H, d, J=5.9 Hz, H-7), 3.49 (1H, m, H-3),
3.87 (1H, m, H9a), 3.79 (1H, m, H9b),
3.81 (3H, s, 3-OMe), 6.97 (1H, br s, H2"),
6.91 (1H, brs, H6'), 4.59 (1H, d, J=5.9 Hz,
H-7"), 3.69 (1H, m, H-8"), 3.55 (1H, dd, J=
11.5, 4.2 Hz, H9'a), 3.40 (1H, dd, J=11.2,
6.4 Hz, H9'b), 3.91 (3H, S, 3'-OMe), 5.36
(1H, d, J=1.5 Hz, H-1"), 4.08 (1H, dd, J =
3.2, 1.7 Hz, H2"), 3.87 (1H, m, H-3"), 3.49
(1H, m, H4"), 3.78 (1H, m, H-5"), 1.24
(3H, d, J=6.4 Hz, H-6");"C-NMR (CD,0D, 125
MHz) §: 138.9 (C-1), 111.6 (C-2), 152.4 (C-
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3), 146.7 (C4), 119.9 (C-5), 119.3 (C-6),
89.1 (C-7), 55.8 (C8), 65.3 (C-7), 56.8 (3-
OMe), 137.4 (C-1"), 112.9 (C-2"), 145.6 (C-
3"), 149.3 (C4'), 129.8 (C-5"), 116.9 (C-6"),
75.8 (C-7"), 77.7 (C-8"), 64.5 (C9"), 57.1 (3'-
OMe), 101.7 (C-1"), 72.3 (C2"), 72.5 (C-3"),
74.1 (C4"), 71.1 (C-5"), 18.3 (C-6"), LA F#AZHE
Bd 5 SCHk AR i — 300, BTLME A 2 %l 4-
O-rhamnosyl-7S, 8R-7', 8'-erythro-sisymbrifolin, >4
HRMZAEY) P e

EW 3. A AR, ESI-MS: m/z257 [M +
17" ;'"H-NMR (CD,0D, 500 MHz) §: aglycon: 6.72
(1H, d, J=2.0 Hz, H-2), 6.71 (1H, d, J=8.0 Hz,
H-5), 6.59 (1H, dd, J =8.0, 2.0 Hz, H-6),
4.07 (1H, m, H-ca), 3.74 (1H, m, H-ab),
2.82 (1H, m, H-B); glucosyl: 4.41 (1H, d, J=
7.9 Hz, H-1"), 3.43 (1H, dd, J=7.9, 9.1 Hz,
H-2"), 3.87 (1H, t, J =9.1 Hz, H3"), 4.95
(IH, t, J =9.5 Hz, H4'), 3.55 (1H, m, H-
5"), 3.70 (1H, H-6'a), 3.63 (1H, H-6'b); rh-
amnosyl: 5.27 (1H, d, J=1.7 Hz, H-1"), 3.96
(IH, dd, J=1.7, 3.2 Hz, H-2"), 3.79 (1H, dd,
J=3.2, 9.5 Hz, H3"), 3.48 (1H, t, J=9.5 Hz,
H4"), 3.66 (1H, H-5"), 1.18 (3H, d, J=6.2 Hz,
H-6") ; xylopentaose: 4.41 (1H, d, J=7.7 Hz, H-
1), 3.04 (1H, dd, J= 7.7, 9.0 Hz, H-=2"),
3.26 (1H, t, J=9.0 Hz, H-3"), 3.39 (1H, m,
H4"), 3.75(1H, H-5"a), 3.10 (1H, dd, J =
11.2, 10.4 Hz, H-5"b); caffeoyl: 7.09 (1H, d,
J=2.0 Hz, H2"), 6.82 (1H, d, J=8.3 Hz, H-
5"), 6.98 (1H, dd, J =8.3, 2.0 Hz, H-6"),
6.28 (1H, d, J=15.9 Hz, H-o'), 7.60 (1H, d,
J=15.9 Hz, H-8');"” C-NMR (CD,0D, 125 MHz)
8: aglycon: 131.42 (C-1), 117.09 (C-2), 146.10
(C-3), 144.64 (C4), 116.29 (C-5), 121.25 (C-
5), 72.20 (C-a), 36.54 (C-B8); glucosyl: 104.15
(C-1"), 76.31 (C-2"), 80.64 (C-3"), 70.43 (C-
4"y, 75.92 (C5"), 62.28 ( C-6"); rhamnosyl;
102.35 ( C-1"), 72.10 (C2"), 72.27 (C3"),
83.64 (C4"), 68.70 (C-5"), 18.41 (C-6"); xylo-
pentaose: 106.52 ( C-1"), 75.71 (C-2"), 78.03
(C-3"), 70.96 (C4"), 67.05 (C-5"); caffeoyl:
127.65 (C-1"), 115.36 (C-2""), 146.75 (C-3"),
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149.76 (C4™), 116.52 (C-5""), 123.37 (C-6") .
114.55 (C-a'), 148.20 (CB'), 168.14 (C =0),
AR RERR 5 SekaR s i — 8, BT e A 3
U 5E N trichosanthoside A, S IR M ZAE Y o 55
33,

e 4. AR, ESI-MS; m/z 741 [ M-
1] ;' H-NMR (CD, OD, 500 MHz) §: aglycone:
6.74 (1H, d, J=1.7 Hz, H2), 6.72 (1H, d,
J=7.9 Hz, H5), 6.62 (1H, dd, J=7.9, 1.7 Hz,
H6), 4.09 (1H, m, H-qa), 3.75 (1H, m, H-
ab), 2.83 (2H, m, H-B8); glucosyl: 4.55 (1H,
d, J=7.6 Hz, H-1'), 3.68 (1H, dd, J =7.6.,
9.4 Hz, H2'), 3.93 (1H, t, J=9.4 Hz, H-3"),
4.94 (1H, t, J=9.4 Hz, H4'), 3.60 (1H, m,
H-5"), 3.61 (1H, dd, J=12.0, 5.0 Hz, H-6'a),
3.75 (1H, dd, J=12.0, 3.8 Hz, H-6'b); xylo-
pentaose: 4.64 (1H, d, J=7.4 Hz, H-1"), 3.26
(1H, dd, J=7.4, 8.9 Hz, H2"), 3.37 (1H, dd,
J=8.9, 89 Hz, H3"), 3.58 (1H, m, H4"),
3.20 (1H, dd, J=11.0, 2.5 Hz, H-5"a), 3.91
(1H, dd, J = 11.0, 5.0 Hz, H-3"b); apiosyl:
5.34 (1H, d, J=3.2 Hz, H-1"), 3.99 (1H, d,
J=3.2 Hz, H2"), 3.77 (1H, d, J=9.8 Hz, H-
4"a), 4.14 (1H, d, J=9.8 Hz, H4"b), 3.53
(2H, br s, H-5"); caffeoyl; 7.08 (1H, d, J =
2.0 Hz, H2"), 6.82 (1H, d, J= 8.2 Hz, H-
5"), 6.98 (1H, dd, J =8.2, 2.0 Hz, H-6"),
6.31 (1H, d, J=15.9 Hz, H-o"), 7.63 (1H, d,
J=15.9 Hz, H-8"); “C-NMR(CD,0D, 125 MHz)
§: aglycone: 132.9 (C-1), 117.5 (C-2), 147.5
(C-3), 145.8 (C4), 117.2 (C-5), 122.1 (C-6),
72.3 (C-a), 36.2 (C-B); glucosyl: 103.5 (C-1"),
82.7 (C-2"), 83.6 (C-3"), 71.3 (C4"), 76.0 (C-
5"), 62.8 (C-6"); xylopentaose: 105.9 ( C-1"),
76.2 (C2"), 77.9 (C-3"), 71.5 (C4"). 67.5 (C-
57): apiosyl; 112.3 (C-1"), 78.8 (C-2"), 81.8
(C3"), 75.2 (C4"), 65.6 (C=5"); caffeoyl:
124.1 (C-1"), 115.6 (C2"), 149.9 ( C3™),
147.6 (C4™), 117.1 (C5™), 123.2 ( C6™),
116.1 (C-a"), 148.5 (C-8"), 169.2 (C=0), VA
RS SRR IGE R — 3, BT A Y 4 %
7E K fucatoside B, i g R MAZAEY) 43 51551

WEWS: A K, ESI-MS: m/z 925 [M +
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Na]*;' H-NMR (CD, OD, 500 MHz) §&: caffeoyl:
7.06 (1H, s, H2), 6.79 (1H, d, J=8.1 Hz, H-
5), 6.96 (1H, dd, J=8.1, 1.2 Hz, H-6), 7.65
(IH, d, J=15.7 Hz, H-7), 6.29 (1H, d, J =
15.7 Hz, H-8); phenylethylalcohol: 6.72 (1H, s,
H-2), 6.68 (1H, d, J =8.0 Hz, H-5), 6.58
(1H, dd, J=1.2, 8.0 Hz, H6), 3.99 (1H, m,
H-ea), 3.75 (1H, m, H-ab), 2.81 (2H, m, H-
B): glycosyl: 4.39 (1H, d, J =7.9 Hz, H-1"),
3.39 (1H, H-2"), 3.77 (1H, H-3"), 5.01 (1H,
t, J=9.9 Hz, H4'), 3.70 (1H, m, H-5"), 3.49
(1H, dd, J=11.4, 5.6 Hz, H-6'a), 3.77 (1H,
H-6'b) ; rhamnosyl 1. 4.63 (1H, d, J=1.4 Hz, H-
1”), 3.85 (1H, H-2"), 3.69 (1H, H-3"), 3.37
(1H, H4"), 3.61 (1H, H-5"), 1.22 (3H, d,
J=6.1 Hz, H-6"); rhamnosyl II; 5.49 (1H, d,
J=1.4 Hz, H-1"), 3.96 (1H, dd, J=1.4, 3.2 Hz,
H-2"), 3.66 ( 1H, H-3"), 3.29 (1H, t, J=
8.6 Hz, H4”), 3.55 (1H, H-5"), 1.08 (3H, d,
J=6.1 Hz, H-6"); arabinosyl: 4.31 (1H, d, J=
7.3 Hz, H-1"), 3.60 (1H, H-2""), 3.51 (1H, H-
3™y, 3.79 (1H, H4"™), 3.55 (1H, H-5"a),
3.87 (1H, H-5""b);"” C-NMR (CD,0D, 125 MHz)
§: caffeoyl: 127.7 (C-1), 115.1 (C-2), 147.2 (C-
3), 150.1 (C4), 116.4 (C-5), 123.1 (C-6),
147.9 (C-7), 114.5 (C-8), 167.7 (C-9); phenyle-
thylalcohol : 131.3 (C-1), 117.0 (C-2), 147.1 (C-
3), 144.9 (C4), 116.3 (C-5), 121.1 (C-6),
72.8 (C-a), 36.5 (C-B); glycosyl: 104.2 (C-1"),
75.9 (C-2"), 82.2 (C3"), 70.1 (C4"), 74.5 (C-
5"), 67.4 (C-6"); rhamnosyl 1. 102.0 ( C-1"),
71.8 (C-2"), 71.9 (C-3"), 73.9 (C4"), 69.9 (C-
5"y, 17.9 (C-6"); rhamnosyl II. 101.8 ( C-1"),
82.8 (C-2"), 72.1 (C3"), 73.9 (C4"), 70.3
(C-5"), 18.5 (C-6"), arabinosyl 107.3 (C-1"),
72.6 (C-2"), 74.2 (C-3"), 69.8 (C4"), 67.3
(C-5") o LA EAZRERAE 5 S0k aE i — 8, Brd
WEY) 5 %25E 00 poliumoside B, o UM A H
SrEE,

EY 6. Ao A, ESI-MS: m/z 793 [M +
Na]*;'H-NMR (MeOD, 500 MHz) §: 6.68 (1H,
d, J=2.0 Hz, H-2), 6.63 (1H, d, J=8.0 Hz,
H-5), 6.55 (1H, dd, J =8.0, 2.0 Hz, H-6),

2.79 (2H, t, J=7.4 Hz, H7), 3.96 (1H, m, H-
8a), 3.74 (1H, m, H-=8b), 4.34 (1H, d, J=8.0 Hz,
H-1'), 3.32 (1H, m, H2"), 3.51 (1H, m, H-
3'),3.42 (1H, m, J=9.9 Hz, H4'), 3.55 (1H,
m, H-5'), 4.50 (1H, dd, J=11.9, 1.7 Hz, H-6'a),
4.34 (1H, J=11.9, 6.2 Hz, H-6'b), 5.19 (1H,
s, H-1"), 3.98 (1H, m, H-2"), 3.87 (1H, m,
H3"), 3.53 (1H, m, H4"), 4.12 (1H, dd, J=
9.5, 6.2 Hz, H-5"), 1.25 (3H, d, J=6.2 Hz,
H6"), 5.19 (1H, s, H-1"), 3.88 (1H, m, H-
2"y, 3.59 (1H, m, H3"), 3.41 (1H, m, H-
47y, 3.72 (1H, m, H5"), 1.29 (3H, d, J =
6.2 Hz, H6"), 7.04 (1H, d, J = 1.9 Hz, H-
2"y, 6.79 (1H, d, J= 8.3 Hz, HS5"), 6.89
(1H, dd, J=8.3, 1.9 Hz, H-6"), 7.57 (1H, d,
J=15.9 Hz, H7"), 6.29 (1H, d, J=15.9 Hz, H-
8"); "C-NMR(MeOD, 125 MHz) &: 131.4 (C-1),
117.3 (C2), 144.7 (C3), 146.4 (C4), 116.7
(C5), 121.3 (C6), 36.8 (C-7), 72.6 (C8),
104.7 (C-1'), 75.9 (C2'), 83.6 (C3'), 70.6
(C4'), 75.5 (C5'), 64.9 (C-6"), 103.3 (C-1"),
72.6 (C2"), 73.1 (C-3"), 81.3 (C4"), 68.5 (C-
57, 18.8 (C-6"), 102.5 (C-1"), 73.2 (C=2"),
72.5 (C-3"), 73.9 (C4"), 70.6 (C-5"), 17.9
(C-6"), 127.9 (C-1"), 115.4 (C2"), 146.9 (C-
3™), 149.8 (C4"), 116.4 (C-5"), 123.5 (C-
6"), 147.4 (C-7"), 115.0 (C-83"), 169.3 (C-
9") o LA - AZREEHE S ScikARaE mg—8C, Bk
A1 6 % 5E A ligupurpuroside J, A YN IZAE By o
e El,

EW T AW K, ESI-MS: m/z 785 [ M-
1] ;'"H-NMR (CD,0D, 500 MHz) 8: 7.31 (1H, d,
J=1.8 Hz, H2), 7.21 (1H, overlap, H=5), 6.82
(1H, dd, J=7.8, 1.2 Hz, H-6), 3.06 (2H, t,
J=7.2 Hz, HB), 439 (1H, m, H-aa), 3.82
(1H, dt, J=9.6, 7.8 Hz, H-ab), 5.46 (1H, d,
J=7.8 Hz, H-1"), 4.20 (1H, dd, J=7.8, 2.4 Hz,
H2'), 5.19 (1H, t, J=2.4 Hz, H3'), 5.51 (1H,
dd, J =9.6, 2.4 Hz, H4'), 4.86 (1H, ddd, J =
9.6, 5.4, 1.8 Hz, H-5"), 4.59 (1H, overlap, H-6'a),
412 (1H, dd, J =11.4, 5.4 Hz, H6'b); glu-
cosyl: 4.98 (1H, d, J =7.8 Hz, H-1"), 4.06
(1H, dd, J=8.4, 7.8 Hz, H-2"), 4.25 (1H, dd,
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J=9.6, 8.4 Hz, H3"), 4.27 (1H, dd, J=9.6,
9.0 Hz, H4"), 3.94 (1H, m, H-5"), 4.53 (1H,
dd, J=11.4, 1.8 Hz, H-6"a), 4.38 (1H, overlap,
H-6"b) ; rhamnosyl; 5.68 (1H, br s, H-1"), 4.57
(1H, overlap, H-2"), 4.69 (1H, dd, J =9.6,
3.0 Hz, H-3"), 4.33 (1H, t, J=9.6 Hz, H4")
4.78 (1H, m, H-5"), 1.70 (3H, d, J=6.0 Hz,
H6"), 7.54 (1H, d, J = 1.2 Hz, H2"™), 7.21
(1H, overlap, H-5"), 7.11 (1H, dd, J= 8.4,
1.2 Hz, H6"), 7.97 (1H, d, J=15.6 Hz, H7"),
6.58 (1H, d, J=15.6 Hz, H-8"");"”C-NMR (CD,
OD, 125 MHz) 6. 130.9 (C-1), 117.8 (C-=2),
147.8 (C3), 145.9 (C4), 116.8 (C-5), 120.8
(C-6), 36.6 (C-B), 71.8 (C-a); glucosyl: 100.5
(C-1"), 74.1 (C2"), 65.6 (C-3"), 70.9 (C4"),
72.1 (C5'), 69.6 (C-6"), 105.8 (C-1"), 75.4
(C2"), 78.4 (C3"), 71.7 (C4"), 78.6 (C-5").
62.9 (C-6"); thamnosyl: 97.8 (C-1"), 72.6 (C-
2"y, 72.8 (C3"), 74.3 (C4"), 69.9 (C5"),
18.8 (C-6"), 126.9 (C-1"), 116.1 (C2"), 147.0
(C-3"), 150.8 (€C4"), 116.8 (C-5"), 122.3 (C-
6"), 146.7 (C-7"), 114.8 (C-8"), 166.9 (C-
9") o VA ARG SR S SCiRARE I — 3", Bk
YT WA E N magnoloside F, Oy B U Z A H
e El,

ey 8. Bk, ESI-MS: m/z 785 [ M-
1] ;' H-NMR (CD, OD, 500 MHz) §: aglycone:
6.73 (1H, d, J=2.1 Hz, H2), 6.69 (1H, d,
J=8.0 Hz, H-5), 6.58 (1H, dd, J=8.0, 2.0 Hz,
H-6), 2.81 (2H, t, J=7.4 Hz, H7), 4. 04(1H,
m, H-8a), 3.75 (1H, m, H-8b); glucosyl (glc):
4.40 (1H, d, J=7.9 Hz, H-1'), 3.41 (1H, dd,
J=7.9, 9.2 Hz, H-2'), 3.83 (1H, t, J=9.2 Hz,
H3'), 5.01 (1H, dd, J=9.9, 9.3 Hz, H4'),
3.78 (1H, m, H-5'), 3.92 (1H, dd, J = 11.5,
2.5 Hz, H6'a), 3.66 (1H, m, H-6'b); rhamno-
syl: 5.19 (1H, d, J=1.8 Hz, H-1"), 3.93 (1H,
dd, J=3.3, 1.8 Hz, H-2"), 3.57 (1H, dd, J=
9.6, 3.3 Hz, H-3"), 3.30 (1H, m, H4"), 3.57
(1H, m, H-5"), 1.09 (3H, d, J = 6.2 Hz, H-
6"); caffeoyl: 6.28 (1H, d, J=15.9 Hz, H-o"),
7.61 (1H, d, J=15.9 Hz, H-B"), 7.07 (1H, d,
J=2.1Hz, H2"), 6.79 (1H, d, J=8.2 Hz, H-

- 646 -

5"), 6.98 (1H, dd, J=8.3, 2.1 Hz, H6"); 6'-
O-gle; 4.34 (1H, d, J =7.7 Hz, H-1"), 3.26
(1H, dd, J =9.0, 7.8 Hz, H2"), 3.48 (1H,
m, H-3"), 3.55 (1H, m, H4"™), 3.34 (1H, m,
H-5""), 3.84 (2H, m, H-6"); 4°°-0-6"-O-glc:
4.37 (1H, d, J=7.9 Hz, H-1""), 3.23 (1H, dd,
J=8.9, 7.9 Hz, H2"'), 3.38 (1H, m, H-3""),
3.35 (1H, m, H4™'), 3.34 (1H, m, H-5""),
3.86 (1H, m, H-6""a), 3.68 (1H, m, H6"'b);
“C-NMR ( CD, OD, 125 MHz) §&: aglycone; 131.8
(C-1), 117.5 (C2), 146.4 (C-3), 144.9 (C4),
116.7 (C-5), 121.6 (C-6), 36.9 (C-7), 72.7 (C-
8); glucosyl: 104.5 (C-1"), 76.4 (C-2"), 81.9
(C-3"), 71.1 (C4"), 75.0 (C-5"), 69.8 (C-6");
rhamnosyl: 103.3 (C-1"), 72.6 (C-2"), 72.3 (C-
3"), 74.1 (C4"), 70.7 (C-5"), 18.6 (C-6"); caf-
feoyl: 114.9 (C-o), 148.5 (CB"), 168.8 (C =
0), 127.9 (C-1"), 115.7 (C2"), 147.1 (C-3"),
150.2 (C4"), 116.9 (C-5"), 123.5 (C-6"); 6'-
0-Gle; 104.6 (C-1"), 75.2 (C=2"), 76.4 ( C-
3"y, 80.7 (C4"), 76.8 (C-5"), 62.1 (C-6");
49°.0-6'-0-Glc: 104.8 (C-1""), 75.1 (C2""),
78.1 (C-3""), 71.5 (C4""), 78.4 (C-5""), 62.6
(C6"") o VAR mEH 5 Skl i —2 ™, iy
DMLY 8 848 5E hy echinacoside, i I MIZAH )
iR,

B9 HEK¥ A, ESI-MS: m/z 769 [ M-
1] ;' H-NMR ( CD, OD, 500 MHz) §: aglycone:
6.69 (1H, d, J=1.9, H2), 6.64 (1H, d, J =
8.1 Hz, H-5), 6.55 (1H, dd, J=8.1, 1.9 Hz,
H6), 2.81 (2H, m, H-7), 3.96 (1H, m, H-
8a), 3.73 (1H, m, H-8b); caffeoyl: 7.04 (1H,
d, J=1.9 Hz, H2'), 6.79 (1H, d, J=8.2 Hz,
H-5'), 6.88 (1H, dd, J =8.2, 1.9 Hz, H6"),
7.58 (1H, d, J=15.9 Hz, H-7"), 6.29 (1H, d,
J=15.9 Hz, H-8"); glucosyl: 4.46 (1H, d, J =
7.7 Hz, H-1"), 3.47 (1H, dd, J=8.9, 7.7 Hz,
H2"), 3.62 (1H, dd, J =8.9, 8.9 Hz, H-3"),
3.46 (1H, H4"), 3.54 (1H, H-5"), 4.52 (1H,
dd, J=11.7, 1.7 Hz, H6"a), 4.36 (1H, dd,
J=11.7, 5.9 Hz, H-6"b); rhamnosyl-I; 4.95 (1H,
brs, H-1”), 3.91 (1H, H=2"), 3.73 (1H, H-
3"y, 3.43 (1H, H4"), 3.99 (1H, H-5"), 1.21
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(3H, d, J =6.0 Hz, H-6"); rhamnosyl-II. 4.99
(1H, brs, H-1"), 3.91 (1H, H2"), 3.74 (1H,
H3"), 3.44 (1H, H4™), 3.99 (1H, H-5"),
1.24 (3H, d, J =6.0 Hz, H-6"); “C-NMR ( CD,
OD, 125 MHz) §: aglycone: 131.3 (C-1), 117.3
(C-2), 146.2 (C-3), 144.9 (C4), 116.8 (C-5),
121.5 (C-6), 36.8 (C-7), 72.6 (C-8); caffeoyl:
127.8 (C-1"), 115.4 (C2'), 146.9 (C-3'), 149.7
(C4"), 116.8 (C-5"), 123.4 (C-6"), 147.5 (C-
7'y, 115.1 (C-8"), 169.3 (C-9"); glucosyl: 102.9
(C-17), 80.3 (C-2"), 87.4 (C3"), 70.8 (C4"),
75.4 (C-5"), 64.7 (C-6"); rhamnosyl-I. 103.9 (C-
1), 72.6 (C2"), 72.5 (C-3"), T4.1 (C4"),
70.9 (C-5"), 18.0 (C-6"); rhamnosyl-II. 103.1
(C-1"), 72.6 (C2"™), 72.4 (C-3"), 73.7 (C-
4™y, 70.3 (C-5""), 18.2 (C-6"), LI i EHE
SOOI E I — 5, BTk A 9 WK E N
isocrassifolioside , IR MIZAE Y B 158

4 EMENE

K AR B CHE o T AE b 49 0 I R 64
32,16.0, 4.0, 2.0 pg -mL™") X4 BB 10165
A% S HE AT 4 ¥ 0 7 A Bk B ATCC 33591, ATCC
33591, KB 3 75 B ( ATCC 25922), 2% W% BR B
(ATCC 29212) M 1& PRI, S5 RFWIGY 1,
6. 8 %G e (A A BRI (ATCC 33591 ) 4= K HA 4%
SROBE D VR A, MIC fH 4y i A 8.0, 16.0,
4.0 p,g-mL_lo

5 itig

AT T i TR S B E T 9 Mk
G, ¥IhE R MZAE Y B AR, I R B
1) 3 4k A B A 1 4 800 4 4G 3k i (ATCC
335901) AR IIME . R BA W AR IR, B
22T UL HE SUE FEAE N I 2 B35 o AR ST 5T
Rt — LW T RE R AR L, iz
[k — 2P F R B T LA
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