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Abstract: Mulberry root bark (Sang Bai Pi) was a kind of traditional Chinese medicine which showed hypotensive, antiviral bacteriostatic
and anti-inflammatory activities. In order-to explore the material basis of pharmacological activity of mulberry root bark, the chemical
constituents of the root bark from Morus atropurpurea was studied in this paper. Fifteen compounds were isolated fromthe root bark by silica
gel, Sephadex LH-20, ODS and PHPLC column chromatography. Their structures were identified by physicochemical properties and spectral
analysis as kuwanon A (1), kuwanon B (2), kuwanon C (3), kuwanon T (4), cyclomorusin (5), moracin M (6), moracin O (7), moracin P (8),
mulberrofuran L (9), albanin A (10) , australone A (11), 5'-(1",1"-dimethy lallyl)-8-(3",3"-dimethy lallyI)-2',4' 5,7-tetrahy droxy fla-vone (12),
5,7-dihydroxy.coumarin (13), oxyresceratrol (14) and B-daucosterol (15), respectively. Fifteen compounds contained eight preny Iflavonoids, four
2-ary Ibenzofuran,one coumarin, onestilbene and one sterol. Moreover, compounds 1-4 and 7-13 were firstly found from Morus atropurpurea.
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atropurpurea Roxb.) NREIREMEY), T EHfmfEE
FAHIIX, 0PRSS B BT RAROE R D ARUR RRZE N
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12 REFL &

TRRHIT AR 4.8 kg, FTE, 95%ZEEHEE
FEHL, SREORIE KRG, TR BIR ST K, AR
A B GERCHE 1E T BEAEHL  /rBl 580 ik
HRAL (0.8 @) LR ZEEHRAL (475 ) 1E T EEHR A7 (108
gD KiEBHL (300 9). MAMRLENRE 2009, LREAR
FEET, SAG- R RS 8 MR, W 248 KR
SRRk ENT . Sephadex LH-20 K12 HrAT i 45 =80k
A e 5, SEMLAY 1 (12 mg). 2 (8 mg). 3

(21mg@. 4 (9mg). 5 (5mg); 184 3 LI FhEfiE
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WEW 1. HEAEHAR (FED, HER-E58H
SO R, ESI-MS miz: 419 [M-H]» #8201
N 420, g5EENE . BREE BHEN TN CosHaaOs;
UV ik 5 R 7E 215, 231, 321 nm B ATRIIE, IR i
AW EA I (3422 cm®), BiKE (1649 cm®)
AL (1609, 1453 cm™), Frf Ll B BIoRiZiL
G R FZEAL A Y. 'TH-NMR Rl 1BC-NMR 1 /&
1R, H-NMR &, €% on7.08 (1H, J=8.0 Hz),
6.57 (1H, d, J=8.0 Hz) 4bME%5 Nl B A LI T,
LA AB A RS, 016.32 (1H, d, J=18 Ho),
6.25 (1H, d, J=18Hz) Z&El| AN LR FES, N
IR LA SRS . B 306 E SR E I 5 2001
BRI REN A E S, 61673 (1H, d, J=10.0
Hz), 571 (1H, d, J=10 Hz), 1.37 (6H, s), C¥f
3 47 B — 4 RS S, 0n5.11(1H, t, J=6.8 Hz),
3.09 (2H, d, J=6.8Hz), 1.57 (3H, s), 1.43 (3H,
$)o BC-NMR R T 25 MifE5, 3 a— Mkt
WA 5 oc 183.4, dc 153.0-166.0 AZEIL L EE 57 15
B9, —HRIMEEmES oc 1327, 1229, 258,
24.9, 17.7, —H5RIEEOSTTHIN R EES oc
1299, 117.8, 77.7, 28.2 (2). LA ¥ CHkBHR
1 I kuwanon A, B¥JAH{L, kuwanonA. BEZER)
ZHIAE B b 3B Fk ik 5 2 MR S oo
WIS 4RI N TOIR o AR SCR SR AM-T IOk
R Xy E SR, TEREY 1 REER P In
WA CEERY, I A RSN R, I
s T JEOR Y 318 nm £LF2 % 329 nm,  FLAR UACHE &
ANFBE, LAY BIE B 4-OH HIAF4E, Frbitk
1 B Wb IMMFIREHES 267 R ETE oS o
R, Bi{b&4 1 A kuwanon A, EARBEERERRATT .
UV (MeOH) nm: 2158, 231.2, 261.2, 321.8; IR
(KBr) cm: 3747, 3422, 1649, 1453, 1280. 'H-NMR
(MeOD, 400 MHz) §: 7.08 (1H, d, J=8.0 Hz,
H-6'), 6.73 (1H, d, J=10.0Hz, H-14), 6.57 (1H,
d, J=8.0Hz, H-5), 6.32 (1H, d, J=1.8Hz, H-8),
6.25 (1H, d, J=1.8 Hz, H-6), 5.71 (1H, d, J=10 Hz,
H-15), 511 (1H, t, J=6.8Hz, H-10), 3.09 (2H,
d, J=6.8Hz, H-9), 157 (3H, s, H-12), 1.43 (3H,
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s, H-13), 1.37 (6H, s, H-17,18). ®*C-NMR (MeOD,
100 MHz) §: 163.0 (C-2), 121.7 (C-3), 183.4 (C-4),
105.5 (C-4a), 163.0 (C-5), 99.7 (C-6), 166.0 (C-7),
94.5(C-8), 156.6 (C-8a), 24.9 (C-9), 122.9 (C-10),
132.7(C-1D), 25.8(C-12), 17.7(C-13), 117.8(C-14),
129.9 (C-15), 77.7 (C-16), 28.2(C-17), 28.2 (C-18),
114 (C-1"), 153.0 (C-2), 111.0 (C-3"), 159.9 (C-4),
108.5 (C-5", 131.3 (C-6"-
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Fig.1 'H-NMR and 3C-NMR spectrum of compound 1

WEY 2. WENEEHAR (FED, FhR-Ek
SN Z B TH-NMR F1 BC-NMR HiE 2 iz, ik
EMEEY L B EARIET AL, AR
1E B3 2R AR 2257, SR 5040 - AT WGk )
H, EAE 2 1) R IS Wak R B
ME G 2 (RN OB, AILE T o RAR
1k, B B3 0 4-OH A7, UEW B3F 1 30
T IRIERS A GRS TOH,  SEEY) 2 1k
SeE Ry kuwanon BB, BLRSETEERM R ESI-MS
m/z: 419 [M-H]"; UV (MeOH) nm: 216.4, 260.4,
280.0, 3186; IR (KBr) cm?: 3747, 3392, 1649,
1434, 1293. 'H-NMR (Pyridine-ds, 400 MHz) &:
7.07 (1H, d, J=8.0Hz, H-6'), 6.78 (1H, d, J=10.0
Hz, H-14), 6.41 (1H, d, J=8.0 Hz, H-5"), 6.28 (1H,
d, J=18Hz, H-8), 6.21 (1H, d, J=1.8Hz, H-6),
5.70 (1H, d, J=10.0 Hz, H-15), 5.11 (1H, t, J=6.8
Hz, H-10), 3.09 (2H, d, J=6.8 Hz, H-9), 1.56 (3H,

s, H-12), 143 (6H, s, H-17,18), 138 (3H, s,
H-13). C-NMR (Pyridine-ds, 100 MHz) J: 161.6
(C-2), 1215 (C-3), 1824 (C-4), 104.7 (C-da,
163 (C-5), 995 (C-6), 165.7 (C-7), 94.2 (C-8),
156.4 (C-8a), 24.6 (C-9), 122.2(C-10), 132.0(C-11),
25.7(C-12), 17.6 (C-13), 117.8(C-14), 129.4(C-15),
76.4 (C-16), 27.8 (C-17), 27.8 (C-18), 114.6 (C-1'),
1525 (C-2), 111.7(C-3), 158.9 (C-4"), 108.7 (C-5),
131.0 (C-6".
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Fig.2 'H-NMR and *C-NMR spectrum of compound 2

WEY 3: WEOMAK (FED, HR-Pk N 2
FHPE. ESI-MS m/z: 421[M-H] -, $#&R0F RN 422,
SEEENE . BOEE BHEN> 720N CosHsOs: UV i
EIRTE 216, 264, 317 nm AbARkE, DL ER
N E YRR E R AE . THNMR
BC-NMR Wi 3 fizn, *H-NMR /1, 64 12.97 & 5
REFAES, on981 N4, 7-OHfES, B EH1
= ABX R4iA 155 0n7.08 (1H, d, J=8.4 Hz), 6.43
(1H, d, J=2.2 Hz), 6.34 (1H, dd, J=84), &t
HL SR TSR R EEE S S, — 48 AXF 8 )
SIRIEFEES S 0n5.11 (1H, t, J=7.2 Hz,), 3.22 (2H,
d, J=7.2 Hz), 1.56 (3H, s), 152 (3H, s), H—4A
9 C ¥ 347 E R Il 2SS 5 0n5.03 (1H, t, J=7.0
Hz), 2.99 (2H, d, J=7.0 Hz), 154 (3H, s), 137
(3H, s). BC-NMR #l DEPT i Bon /7 F 25 4
s, A E—ARIER(E 5 dc 181.7 1 6 MNMER
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FFEEBES oc 154.9-161.6, ML IGERES dc
1309, 122.1, 254, 254, 17.4; 6c130.5, 121.7, 25.4,
21.0, 17.3. DL % 50 BRIPHRIE (1) kuwanon C — 2,
W& 3 %5E Ny kuwanon Co EARBAEHHE T -

ESI-MS m/z: 421 [M-H]"; UV (MeOH) nm: 216.2,
2642, 316.8. 'H-NMR (DMSO-ds, 400 MHz) o:

12.97 (1H, s, 5-OH), 9.81 (2H, brs, 4,7-OH),

7.08 (1H, d, J=8.4Hz, H-6'), 6.43 (1H, d, J=2.2
Hz, H-3), 6.34 (1H, dd, J=84, 2.2 Hz, H-5),

6.26 (1H, s, H-6), 511 (1H, t, J=7.2Hz, H-15),
3.22 (2H, d, J=7.2 Hz, H14), 5.03 (1H, t, J=7.0
Hz, H-10), 2.99 (2H, d, J=7.0 Hz, H-9), 1.56 (3H,
s, H17), 154 (3H, s, H-12), 1.52 (3H, s, H-18),
1.37 (3H, s, H-13). BC-NMR (DMSO-ds, 100 MHz)
§: 1613 (C-2), 119.3 (C-3), 1817 (C-4), 1033
(C-4a), 158.9 (C-5), 97.9 (C-6), 161.6 (C-7),

105.4 (C-8), 154.9 (C-8a), 254 (C-9), 122.1 (C-10),
130.9 (C-11), 25.4(C-12), 17.4 (C-13), 21.0 (C-14),
121.7(C-15), 130.5(C-16), 25.4(C-17), 17.3(C-18),
111.2 (C-1'), 156.4 (C-2'), 102.6 (C-3"), 160.3 (C-4),

A . )i (
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Fig.3 'H-NMR and *C-NMR spectrum of compound 3
E 4 EOAEH R (HFED, *H-NMR
BC-NMR W1 F 4 Fiw, *H-NMR i 2R, &6 4
B ERERESES, 0v6.88 (1H, d, J=84H2),
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6.43 (1H, d, J=8.4 Hz) N B¥f L [\AM BURESE 5,
0n6.26 (1H, d, J=1.2Hz), 6.17 (1H, d, J=1.2 Hz)
2 AR EEAEURESES . A 3AEEL, itk
W AEAE A R SR 5. *C-NMR Al DEPT i
BIRT A 25 AR BRI S A S
B BRAE 5 . LA 0 5 SR OHRGE 1) kuwanon T
—2, WA 4 %58 kuwanon T. HAREE EE
wWF: ESI-MS m/z: 423 [M+H]*; UV (MeOH) nm:
2156, 258.6, 297.0, 322.6; IR (KBr):cm®: 3435,
2934, 1616, 1080. H-NMR (CDs;OD, 400 MHz) 4:
6.88 (1H, d, J=8.4Hz, H6'), 6.43 (1H, d, J=8.4
Hz, H-5), 6.26 (1H, d, J=12 Hz; H-8), 6.17 (1H,
d, J=12Hz, H6); 524 (1H, t, J=7 Hz, H-10),
5.07 (1H, t, J=6.9 Hz, H-15), 3.37.(2H, d, J=7.3
Hz, H-9), 3.06 (2H, d, J=6.9 Hz, H-14), 1.77 (3H,
s, H-12), 1.66 (3H,’s, H-17), 1.56 (3H, s, H-13),
1.32 (3H, s, H-18).BC-NMR (CD;OD, 100 MHz)
5:-1636 (C-2), 1221 (C-3), 1838 (C-4), 106.3
(C-4a), 163.0 (C-5), 995 (C-6), 166.0 (C-7),

94.6/(C-8), 159.3 (C-8a), 24.8 (C-9), 122.6 (C-10),
131.9 (C-11), 26.0(C-12), 17.9 (C-13), 23.3(C-14),
124.0(C-15), 132.8 (C-16), 25.8(C-17), 17.6 (C-18),
113.9(C-1), 154.8 (C-2), 117.8 (C-3", 160.0 (C-4),
108.2 (C-5"), 128.8 (C-6).

g 7 6 5 4

ERESEEEYE B9 SAEHTE R RS R £
DEIEEHECCE gy dxrfn=d - A
SAAESAT T
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Fig.4 'H-NMR and *C-NMR spectrum of compound 4
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Fig.5 'H-NMR and 3C-NMR spectrum of compound 5
A 5. EEH (D, mp 246~248 C,
EER-BA RV, SRR AY N RS, ESI-MS
miz: 417 [M-H] &850+ 88 418, 456 S Ak
& SHE 77T 20N CasHz206 - 'H-NMR F1 BC-NMR 111
Kl 5 iR, 'H-NMR 2R, BIE —4 ABX REA
{55 0n7.64 (1H, d, J=8.2 Hz), 6.53 (1H, dd, J=8.2,
2.2Hz), 631 (1H, d, J=22Hz), — M IOIHEAS S
SRAK6 N MFT. A8 EHIRRIEEST
BRI N Te S, P A 5 0n6.82(1H,
d, J=10Hz), 571 (1H, ds J=10 Hz), 1.46 (6H,
), BIf 2 NS C IR 3ALIF RIGFEAE C-9 ATl
T ANTCREM ARG S 0u6.14 (1H, d, J=9.3Hz),
5.4 (1H,"d, J=9.3Hz), 1.93 (3H, s), 1.69 (3H,
$). 3C-NMR #1 DEPT iz T 25 MR T,
H A8 15 3B ps i b5 5, s —
AN BRI B S IR S R — AN R RO 1 57 D0 R (0 Bk 15
o PLEHE 5CHRBYRIE cyclomorusin — £, i1
YEAAY) 5 4 cyclomorusin.  BURBAE S T -«
UV (MeOH) nm: 2045, 221.0, 280.5, 380.5; IR
(KBr) cm?: 3178, 1653, 1477, 1112. 'H-NMR
(CD30OD, 400 MHz) 6: 7.64 (1H, d, J=8.2 Hz,
H-6'), 6.53 (1H, dd, J=8.2, 2.2 Hz, H-5), 6.31 (1H,
d, J=2.2Hz, H3"), 6.82 (1H, d, J=10Hz, H-14),
5.71 (1H, d, J=10Hz, H-15), 6.14 (1H, d, J=9.3
Hz, H-9), 5.4 (1H, d, J=9.3Hz, H-10), 6.13 (1H,

s, H-6), 1.93 (3H, s, H-12), 1.69 (3H, s, H-13),
1.46 (6H, s, H-17,18). BC-NMR (CDsOD, 100Hz)
0: 165.7 (C-2), 1104 (C-3), 179.1 (C-4), 106.3
(C-4a), 157.3 (C-5), 100.7 (C-6), 162.8 (C-7),
102.8 (C-8), 159.7 (C-8a), 70.7 (C-9), 122.4 (C-10),
140.0(C-11), 25.9(C-12), 18.7(C-13), 1155 (C-14),
129.0 (C-15), 79.2 (C-16), 28.4(C-17), 18.4 (C-18),
108.6 (C-1'), 152.5(C-2", 105.1(C-3), 160.3 (C-4),
111.3 (C-5"), 126.3 (C-6"

1%

— I
)

10 8 6 4 2 0

20} 150 [LLH i 1]
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Fig.6 'H-NMR and *C-NMR spectrum of compound 6
&) 6: AFBEkR (HEED, ESI-MS miz: 241
[M-H]-, &5 & 00 RRR O Kodls, B o RN
CiaH100s0 IR SR 7T HFESEHE (3429cm?) I
¥R (1609 cm™), *H-NMR F13C-NMR @1/ 6 fis,
H-NMR 1, 647.38 (1H, d, J=8.4Hz), 6.92 (1H,
d, J=20Hz), 6.74 (1H, dd, J=8.4, 2.0Hz), 7.06
(1H, s K 2, BRI ERES, BHA 3
MEAE AR SIS S, on6.67 (2H, d, J=3.2 Hz),
6.22 (1H, t, J=3.2 Hz). BC-NMR &R 7H A 14
MRIET, BIAFSEWRES. DL EEdES SGki2RkiE
] moracin M —£%, % N moracin M. H AR i
BHEUR: UV (MeOH) nm: 217.6, 283.6, 292.4,
316.2, 328.8. IR (KBr) cm®: 3429, 2361, 1609,
1360, 1113. 'H-NMR (DMSO-ds, 400 MHz) ¢: 7.38
(1H, d, J=84 Hz, H-4), 7.06 (1H, s, H-3), 6.92
(1H, d, J=2.0 Hz, H7), 6.74 (1H, dd, J=84,

223
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2.0Hz, H-5), 6.67 (2H, d, J=3.2Hz, H-2,6), 6.22
(1H, t, J=3.2 Hz, H-4). ®C-NMR (DMSO-ds,
100 MHz) ¢: 153.9(C-2), 101.5(C-3), 121.0 (C-3a),
120.7 (C-4), 112.4 (C-5), 155.8 (C-6), 97.4 (C-7),
1552 (C-7a), 131.6 (C-1), 102.3(C-2), 158.8 (C-3),
102.6 (C-4'), 158.8 (C-5", 102.3 (C-6".

237538

T

200 150 10 Al 4]

7 LEY T SIEAERIE

Fig.7 'H-NMR and ¥ C-NMR spectrum of compound 7
WEWT: RAR & CREE), mp246-248 C,
ESI-MS 25 i) 57 B8 I 327[M)*, [HJRe 45 & Sk
Wi, #E G TN CroHisOs. *H-NMR Fi
BC-NMR 1 7 o, "H-NMR i {RigEas T =12
B EREIEE S 00 7.34 (AHy s), 7.06 (1H, s), 6.96
(1H, s); [FI 454 BC-NMR IRI%7E 5c150-160 A 5
NG S, iz 5308 2,5, 6 =AU AT FRR
45K, *H-NMRR3IZEA 3 N #34 L AL A 15
5, 0u6.67 (2H, d, J=2.0Hz), 6.20 (1H, t, J=2.0
Hz), UtHH B3AA 3, 5-FEHU. A 6 [
F5 5 A0y, y-— RIEGR LS S8 o, TR
TEMES, 64460 (IH, t, J=82 Hz), 3.23 (1H,
dg, J=16.2, 8.0 Hz), 3.13 (1H, dg, J=16.2, 8.0 Hz),
1.15 (3H, ), 111 (3H, s). LA E#dE 5 PR E
1) Moracin O [P dE —8, Wk zEmN
Moracin O. F A& ~: ESI-MS m/z: 327
[M+H]*; UV (MeOH) nm: 219.8, 29.0, 321.2,
335.4. 'H-NMR (DMSO-ds, 400 MHz) §: 9.12 (2H,
brs, 3, 5-OH), 7.34 (1H, s, H-4), 7.06 (1H, s,
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H-3), 6.9 (1H, s, H-7), 667 (2H, d, J=2.0Hz,
H-2', 6), 6.20 (1H, t, J=2.0 Hz, H-4"), 4.60 (1H,
t, J=8.2Hz, H-9), 3.23 (1H, dg, J=16.2, 8.0Hz,
H-8), 3.3 (1H, dg, J=162, 8.0Hz, H-8p), 115
(3H, s, H12), 111 (3H, s, H-11). BC-NMR
(DMSO-ds, 100 MHz) &: 154.2(C-2), 101.6 (C-3),
121.8 (C-3a), 116.0 (C-4), 124.2 (C-5), 158.3 (C-6),
92.1 (C-7), 154.2 (C-7a), 29.5 (C-8), 89.9 (C-9),
70.0 (C-10), 26.0 (C-11), 24.7 (C-12),7131.6 (C-1'),
102.1(C-2), 158.8(C-3"), 102.6 (C-4), 158.8 (C-5),
102.1 (C-6".

)

10 8 (\ 4 2 0

200 150 100 50 0

B 8 ka4 8BS LAY
Fig.8 *H-NMR and *C-NMR spectrum of compound 8

&Y 8: Athitdn (HEE). ESI-MS m/z: 325
[M-H]-, &5 & &0 A B 24, w0 X8
CigH1g0s. IR Sn 71 HFEERR S (3371em?) FlI
A (1614 cm™). 'H-NMR 13 C-NMR t & 8 s,
M H-NMR EATIESR] B 3 _E=MAAiE &5
5, 046.68 (2H, d, J=2Hz), 6.21 (1H, t, 2 Hz),
AR S ALy, y- —H BRI RS 6 7 (RN TT I,
HIH XA A R B A (S S, on 367 (1H, td,
J=5.5, 8Hz), 3.01 (1H, dd, J=5.5, 16 Hz), 271
(lH, dd, J8, 16Hz), 1.31 (3H, s), 1.18 (3H,
SNBSS, RN T7.27 (1H, s, H-4), 7.05
(IH, s, H-3), 6.92 (1H, s, H-7). BC-NMR A
DEPT i /nE 3t 19 MkfE5, K71 14 4k
HEWES, w5 ANNIENRGES. UL EdES
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SCHREHRAE B Moracin P —3L, %k a YN
Moracin P. HARWHELEMT TR : ESI-MS m/z: 325
[M-H]": UV (MeOH) nm: 219.8, 296.0, 3212,
335.4. IR (KBr) cm?: 3371, 1614, 1355, 1147,
886. 'H-NMR (DMSO-ds, 400 MHz) &: 9.47 (2H,
brs, 3, 5-OH), 7.27 (1H, s, H-4), 7.05 (IH, s,
H-3), 6.92 (1H, s, H-7), 6.68 (2H, d, J=2Hz,
H-2', 6°), 621 (1H, t, J=2Hz, H-4’), 516 (1H,
brs,, 2"-OH), 367 (1H, td, J=55, 8Hz, H-2"),
3.01 (1H, dd, J=5.5, 16 Hz, H-1"), 2.71 (1H, dd,
J=8 , 16Hz, H-1"), 1.31 (3H, s, H4"), 1.18 (3H,
s, H-5"). 3C NMR(DMSO-ds, 100Hz) d: 154.5(C-2),
101.1 (C-3), 122.0 (C-3a), 120.8 (C-4), 117.0 (C-5),
151.0 (C-6), 98.3 (C-7), 153.7 (C-7a), 1315 (C-1'),
102.4 (C-2), 158.8(C-3"), 102.8(C-4'), 158.8 (C-5),
102.4 (C-6), 31.2 (C-1"), 68.1 (C-2"), 77.2 (C-3"),
25.7 (C-4"), 203 (C-5").
&M 9: AT AR (HED, ESI-MS m/z:
77 [M-H]-, S5 SIS MBS EE, e o PN
C2aH2604. ' H-NMR 1 13C-NMR 1] 9 iR, tH-NMR
W IR, 6n7.20 (1H, d, J=8.0Hz), 6.77 (1H, d,
J=8Hz), 7.04 (1H, s) N2 6, 7-=HURIFKI I
5%, B¥A 3IMEAMEAINESE S, 6n6.68 (2H, d;
J=2.1 Hz), 621 (1H, t, J=21 Hz), =iz —Elk
4 )L HEESES 0n5.34 (1H, t, J=7.2Hz), 3.50 (2H,
d, J=7.2 Hz), 5.00 (1H, t, J=7.2 Hz), 1.93~1.99
(4H, m), 1.84 (3H, s), 1.53(3H, s), 1.47 (3H,
$). 1®C-NMR F DEPT &7 T A 24 MR T
HA A 14 MAFERE S, 515 10 A
) LIEIRAE 5 - DA 2 5 3C kPR E 1 mulberrofuran L
FA—F, HEEEY) 9 N mulberrofuran L. FAA
WREHER A0 . ESI-MS m/z: 377 [M-H] . UV (MeOH)
nm: 219.6, 255.2, 317.4, 331.0. *H-NMR (DMSO-ds,
400 MHz) 6:.9.52 (3H, brs, 3, 5, 6-OH), 7.20
(1H, d, J=8.0 Hz, H-4), 7.04 (1H, s, H-3), 6.77
(1H, d, J=8Hz, H-5), 6.68 (2H, d, J=2.1Hz,
H-2'6), 6.21 (1H, t J=21Hz, H4"), 534 (1H,
t, J=7.2Hz, H-9), 500 (1H, t, J=7.2Hz, H-14),
3.50 (2H, d, J=7.2 Hz, H-8), 1.93-1.99 (4H, m,
H-12,13), 1.84 (3H, s, H-16), 153 (3H, s, H-17),
1.47 (3H, s, H-11). BC-NMR (DMSO-ds, 100 MHz)
5: 1539 (C-2), 1017 (C-3), 120.6 (C-3a), 118.0
(C-4), 112.2 (C-5), 153.8 (C-6), 110.6 (C-7),
152.6 (C-7a), 22.5(C-8), 121.9 (C-9), 131.8 (C-10),
16.0(C-11), 40.4 (C-12), 26.1 (C-13), 124.0 (C-14),

130.6 (C-15), 17.4 (C-16), 25.3 (C-17), 134.4 (C-1),
102.2 (C-2'), 158.8(C-3"), 102.5(C-4"), 158.8 (C-5),
102.2 (C-6"

lu.l_u JJUW ‘\_l

‘|:|' (TN R 0

i I

1() b 6

RS v l/

W NW

200 150 100 50 0

9 L&Y 9 RIEMBIL
Flg 9 H-NMR and *C-NMR spectrum of compound 9

12 10 8 6 Rl 2 0

200 150 1040 k1l 1]

E 10 L&Y 10 SIERRRIL
Fig.10 'H-NMR and 3C-NMR spectrum of compound 10
A 10 A, TH-NMR AT BC-NMR i
WoR, ZMEWEEY) 3 SHEFEMLL, RE AR
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8 N o5t I HEIAR, 24k A B 5 SRR
JE 1 albanin A —£L, #MAkEY) 10 %5 A4 albanin A,

'H-NMR 1 8C-NMR 1 10 Fow, EAEdEanT:

ESI-MS m/z: 353[M-H]"; UV (MeOH) nm: 215.8,
230.2, 258.2, 298.4, 322.6; IR (KBr) cm®: 3357,
1656, 1615, 1169, 824 .*H-NMR(DMSO-ds, 400 MHz)
5: 1313 (1H, brs, 5-OH), 7.18 (1H, d, J=8.4 Hz,
H-6'), 656 (1H, d, J=2.4 Hz, H-3'), 6.51 (1H,

dd, J=84, 2.4Hz, H5), 631 (1H, d, J=3.2Hz,
H-8), 6.23 (1H, d, J=3.2Hz, H-6), 511 (1H, t,
J=5.6 Hz, H-10), 3.1 (2H, d, J=6.8Hz, H-9), 1.56
(3H, s, H-13), 142 (3H, s, H-12). BC-NMR
(DMSO-ds, 100 MHz) J: 161.5 (C-2), 121.6 (C-3),
182.9 (C-4), 105.0 (C-4a), 163.3 (C-5), 99.4 (C-6),
165.3 (C-7), 94.3 (C-8), 159.3 (C-8a), 24.6 (C-9),
122.7(C-10), 132.0(C-11), 25.8(C-12), 17.6 (C-13),
113.0(C-1", 157.2 (C-2'), 103.9(C-3), 162.3 (C-4),
108.1 (C-5", 132.2 (C-6').

#

ey

Ay ).
A Al A A AT
8 6 - 2 ]
ppm
B 3 SECENE BIGFRMESIEEE B sasmcisgRdsnomEs
@ W Gl SRS
- w LI | |||| .
El.l'll.l IZI’-U Ilfl)l] E*I.'I I;P

E 11 a1 SR
Fig.11 'H-NMR and *C-NMR spectrum of compound 11

A 11: E kR, *H-NMR F1 1*C-NMR 1
Kl 11 s, *H-NMR i 5oR, (K3 —4H ABX i &
A4, HCH FMRFE(ES, 647.85(1H, d, J=8.8
Hz), 6.62 (IH, d, J=1.7Hz), 6.55 (1H, dd, J=8.8,
1.7Hz), A ERHMEA(ES 6.46 (1H, s), 611
etk LS 7 R ERIEAE C-11 RS SN TE3E, &
W —HE I E(E S 0u6.71 (1H, d, J=10Hz), 5.71
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(1H, d, J=10 Hz), 5.13 (1H, t, J=7.2Hz), 2.1-2.2
(1H, m), 1.6-1.8 (1H, m), 164 (3H, s), 157
(3H, s), 145 (3H, s). ®C-NMR 1 DEPT &/~
AW 2545 S, oc 183.4 NIRFIEIR(5S, oc
156.9-163.0 NEE S EWAE S . UL 5 SCHERE)
RIE Y australone A — 3, #Hibk&W 11 &N
australone A. EfAPGEEHE T : ESI-MS m/z: 419
[M-H]™; *H-NMR ( Acetone-ds, 400 MHz) §: 7.85 (1H,
d, J=8.8Hz, H-6"), 6.62 (IH, dy J=1.7Hz, H-3"),
6.55 (1H, dd, J=8.8, 1.7Hz, H-5Y, 6.71 (1H, d,
J=10 Hz, H9), 571 (1H;"d, J=10 Hz, H-10), 6.46
(1H, s, H-8), 513 (1H, t, J=7.2 Hz, H-15), 2.1-2.2
(1H, m, H-14), 1:6-1.8 (1H, m, H-13), 1.64 (3H,
s, H-12), 157 (3H, s, H-17),"1.45(3H, s, H-18).
BC.NMR (Acetone-ds, 100 MHz) 6:-162.6 (C-2),
108.5 (C-3), 183.4(C-4), 105.6 (C-4a), 156.9 (C-5),
105.7 (C-6), 159.6(C-7), 95.3 (C-8), 158.0 (C-8a),
116.4 (C-9), 128.0 (C-10), 81.1 (C-11), 27.0 (C-12),
42.2(C-13), 23.7(C-14),124.8(C-15), 132.2(C-16),
18.0(C-17), 25.7 (C-18), 110.6 (C-1), 160.3 (C-2),
104.3 (C-3), 163.0(C-4", 109.0(C-5), 130.9 (C-6).
& 12: wtkghih (RED, HhER-Ba8 )M 2
FEtE; ESI-MS m/z: 421 [M-H]-, $&RoT 88422,
SEEENE . BHE BAEI T 0N CosHasOs: UV 1
SIRAE 219, 270, 341 nmAAWRIIE, IR Btk
AV EA R (3150 cm™). BriE (1652 cm?) FIZE
F (1609, 1557 cm®), P LLH(E BNz Ed)
Al eI EZRAL A Y. TH-NMR A1 BC-NMR f/&d 12
s, HNMR B8R, A— 45 EEEES, ov
5.25 (1H, t, J=6.8Hz), 3.41 (2H, d, J=6.8 Hz),
1.71 (3H, s), 1.61 (3H, &), —H a, o ~FHIEHHH
HEEES on6.20 (1H, dd, J=16, 10Hz, H-15),
4.94 (1H, d, J=10, 1.8 Hz, H-16), 4.91 (1H, s,
H-16), 1.42 (6H, s, H-17, 18). 3C-NMR A1 DEPT
R NZE YA 25 MRIES, dc 182.0 NHkELAK(E
5, dc 154.5-164.0 A& A Ek(E 5. LA EEHES S
BRARIE I — 3 A E 12 BEN 5- I,
1"-dimethylallyl ) -8- (3", 3"-dimethylallyl) -2, 4', 5,
7-tetrahydroxyflavone. FARIEHHRMIT: ESI-MS m/
z: 421 [M-H]". UV (MeOH) nm: 2186, 270.4,
3412, 362.4; IR (KBr) cm?: 3150, 1652, 1609,
1557, 997, 862. 'H-NMR (DMSO-ds, 400 MHz) §:
12.98 (1H, s, 5-OH), 10.62 (2H, brs, 4', 7-OH),
10.18 (1H, s, 3-OH), 7.76 (1H, s, H-6"), 6.99 (1H,
s, H3), 656 (1H, s, H-3), 6.25 (IH, s, H-6),
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6.20 (1H, dd, J=16, 10Hz, H-15), 4.94 (1H, d,
J=10, 1.8 Hz, H-16), 491 (1H, s, H-16), 5.25 (1H,
t, J=6.8 Hz, H-10), 3.41 (2H, d, J=6.8 Hz, H-9),
1.71 (3H, s, H-13), 1.61 (3H, s, H-12), 1.42 (6H,
s, H-17, 18). BC-NMR (DMSO-ds, 100Hz) 4:
164.0 (C-2), 106.0 (C-3), 182.0 (C-4), 103.3 (C-4a),
160.5 (C-5), 97.9 (C-6), 161.6 (C-7), 107 (C-8),
1545(C-8a), 21.5(C-9), 122.5(C-10), 131.5(C-11),
25.4(C-12), 17.4 (C-13), 40.0 (C-14), 1475 (C-15),
110 (C-16), 26.8 (C-17), 26.8 (C-18), 107.5 (C-1),
157 (C-2"), 104.6 (C-3), 158.8 (C-4), 126.6 (C-5),
126.0 (C-6"-

v i

T N e
Nl A A m A g

l
12 10 s 6 2 0

o

TS TN 170 1l LS00 10 D00 120 LT 10080 B0 7 6l 50 400 500200 10
Py
12 (k&4 12 =& F0 DEPT-135 &
Fig.12 'H-NMR and DEPT-135 spectrum of compound 12
AW 13: kR (FFEE), ESI-MS m/z: 177
[M-H]=; "H-NMR F 3C-NMR #1813 il 7~ , *H-NMR
(DMSO-ds, 400MHz) é: 7.95 (1H, d, J=9.5Hz,
H-4), 6:15 (IH, d, J=1.8Hz, H-8), 6.02 (1H, d,
J=1.8 Hz, H-6), 5.90(1H, d, J=9.5 Hz, H-3). BC-NMR
((DMSO-ds, 100 MHz) 6: 162.5(C-2), 109.0(C-3),
140.0 (C-4), 102.1 (C-4a), 156.7 (C-5), 98.6 (C-6),
156.7 (C-7), 94.4 (C-8), 1612 (C-8a). VL L%
5 RS HRIE ) 5, 7-dihydroxycoumarin — £, k&
Y% 5E N 5, 7-dihydroxycoumarin .
WA 14 AEEREE (FFEZ), mp199~200 C,
ESI-MS m/z: 245 [M+H]*; UV (MeOH) nm: 219.2,
238.6, 292.4, 328.0. 'H-NMR #1 3C-NMR K 14

Fizn, *H-NMR (DMSO-ds, 400 MHz) §: 9.55 (1H,
s, 40H), 9.37(1H, s, 2-0H), 9.13(2H, s, 3', 5-OH),
7.33 (1H, d, J=8.4Hz, H-6), 7.14 (1H, d, J=16.4
Hz, H-7), 6.76 (IH, d, J=16.4 Hz, H-8), 6.34 (2H,
d, J=2.1Hz, H-2’,6"), 6.32 (1H, d, J=2.4 Hz, H-3),
6.24 (1H, dd, J=2.4, 84 Hz, H-5), 6.07 (1H, t,
J=2.1Hz, H4). BC-NMR (DMSO-ds, 100Hz) :
156.0 (C-2), 102.6 (C-3), 158.0 (C-4), 106.3 (C-4a),
107.2 (C-5), 127.0 (C-6), 123.2(C-7), 124.6 (C-8),
140.0 (C-1"), 104.0(C-2"), 158.5(C-3), 101.4 (C-4),
1585 (C-5, 104.0 (C-69. L)L%&?E SR ISHR T

;;;;;;; -.-.-.-

G HER

IS0 160 140 120 100 80 6l 40 20

13 L& 13 RIEFIfkiL
Fig.13 'H-NMR and *C-NMR spectrum of compound 13
WA 15: FERAR, mp>300 °C, AT HIEE.
A5, MBE T, RER-FEREEA. 5
B-daucosterol JLi# ZZHT, Rf{H5 5 G MH#H—F,
4 5 N B-daucosterol.,

3 g

3.1 ASCEIEERAEZE . BRAEZE . ODS )2
TR R R R S v, AT ARRAR R ) S
F 15 Fib &y, G458 NEEHZM G, 4 2-05 5
RIMRIERUAEY), LNEETRIMNEY, LKL
IERAL G LA S BERAL AP

3.2 HWAMNTZ EFH N BB T R
BRI, RIHFESEE, IR R

227



M EmBHL

Modern Food Science and Technology

2014, Vol.30, No.6

MRSy, T XS oo L 2 i 2 B —
MR, IR A A RIRGEDUR, it
TEHELOPR R AL SAH SR BRS8N o, Bl
P SREIREE S S A ) LR, R ReaH 5
AV EREE KR o, BOXEE) KA
& N, % Diels-Alder BUIN&Y), Xy N8
T FIRFENE By, AR BINGEY) 1-12 #E A
— RS PSRRI, KRB
TEPEASE oy B PRI FE . PR IRE . BUvR
PURTFSE AN, DXy G sk sl 2l o8 SR
BEO IR H— L2 WIFI O i, BBl S AT 1 Ak
IR G| T VR 22 B R AN TR AT AT 0
FMR R LR AL T FEAI R TS 1 BIEFT
RIRAZIBAL & SR BT R B 1A G AL,
BB XA 2 B AR S I PR R
P S A s PR — BRI 7S, DU RERE ik He 24 2
TETESRIG B, 2GR T R TR S
W, ASHIE TR S BRI ISR SR AT KR HBE
BEIR LA

EEr

AN

Y71

{ |
150 106D il ] L]

14 (L&Y 14 BEILRRIL
Fig.14 'H-NMR and 3C-NMR spectrum of compound 14
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