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Chemical constituents from the ethyl acetate fraction of branches of Morus nigra
and their glucose uptake activities
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ABSTRACT: AIM To study the chemical constituents from the ethyl acetate fraction of the branches of Morus
nigra L. and their glucose uptake activities. METHODS The extract was isolated and purified by silica gel,
Sephadex LH-20 and semi-preparative HPLC, then the structures of obtained compounds were identified by
physicochemical properties and spectral data. 16 cells were used to evaluate glucose uptake activities.
RESULTS Sixteen compounds were isolated and identified as (R) -2- (3, 4-dihydroxyphenyl) -3, 5, 9-
trihydroxy-8, 8-dimethyl-9, 10-dihydropyranochromone (1), moracin C (2), nigranol C (3), nigragenon E
(4), 8-prenylquercetin (5), nigrasin I (6), sinopodophylline B (7), kuwanon C (8), gancaonin O (9),
albanin A (10), 6-O-methyl-moracin M (11), wittifuran W (12), 8-hydroxy-2, 2-dimethyl-2H, 5H-pyrano
[3, 2-c] chromen-5-one (13), norartocarpanone (14), norartocarpetin (15), nigrasin D (16). The glucose
uptake of compounds 4 and 13 was 1.97 times and 2.78 times that of the control group, respectively.
CONCLUSION Compounds 1 is a novel natural product, 5, 7, 9, 12, 13 and 15 are isolated from M. nigra for

the first time. Compounds 4 and 13 can significantly promote the glucose uptake in L6 cells, showing strong
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M2 Morus nigra L. RIRTHRBL, A%,
JE AR AR SR AP IR, RE A 16 Al
DN A2 L B S = 7% i 751 32 1 (O S 527 eS|
RN 2T T R IR Y SR b 0 8 s —— R [ M —
BRMRM R, W AR FE W EA 22
LY AR 22 AR5 SRR TR IR R s
FRBT SR . R m SR DO BRI Z —, H
— HAE BRI A 28F , R R, %
MEFT I 2. b, BEFRSED . LR 2 BT 5T
R, BEEIRRYEA MY | FiRARD
R EER ARSI B R AL B S
AR IBOE Y, LU gt — 20 JF kA I 28
HeAi
1w

DRX-500 MHz. DRX-600 MHz #% fif 3t #& {X
(f# [ Bruker /A7) ; Waters ACQUITY SQD MS &
FHBEIR HIAL . Waters 2535 >+ 1l % e RCHUAH (4 1%
1% (£ Waters A F] ) ; Silgreen C £ (250 mmx
10 mm, 5 pm, JEHTERH R RARA ) ;
CHIRALPAK IC F4E (250 mmx4. 6 mm, 5 wm,
HA Daicel 24F]) ; GF,q, W2 RERM . HZHTHERL
(300~ 400 H, 0 & VLA I KA R HD
Sephadex LH-20 % 2 B &E RS ( 32 [ Amersham 23
Al) 5 HP20 RALWF g (HA=Z2AF]) ; i
G (I A A A R A R ) 5 MX-S A =X
RN [ Rl sm g (dbst) ARAR ]
By g ey (Rl A A IR A )
R RO B O L (36 SCILOGEX A F]) 5 4
P BEPRAL (EEZEB RPN R o R4 1
H . BERRERZZ R (L[ HyClone A H]) ; —H &
WK (£ Sigma 23 F)) ; o-MEM FEREETFRIE |
HEHEME W (3EE Gibeo A F]) ; 2-NBDG i % H
O & (£ E Cayman A F), HEE, 2.
ECkE, RANEE (fAi5al, £E Tedia Aw]); H
(LR BRI s T2

BRKCT 2021 5 6 A A B4 /R AR IX
FHTT, ST 1R 24 2 B PE 5 W e 2 AR 4
ENRBHEY) B SR Morus nigra L. E@?’kﬁ%ﬁ%, 3
HERRAS (4075 SCO8T8) (%47 T vl R A 325
BErEYIBRAS %

2 EBRSHE

TR 31 ke, ByWELi, F 95% £ %
FEIREE 6 Ik, HIK 200 L, AFHEEUR, WEMK
BT, 1R 2. 68 kg, NNHIKAHUS KR
MO, IETEEAR, 153 4/ BRI 790
g, IETEERA 190 g, LR BEFFAL (790 g) 4
KALB BB AL 43 85, DL 10% ~ 100% & B A 35 ok it
(5 10% R 1 DESEE), 4 TLC KRG I, 153
Fr.1~Fr. 8,

Fr.3 (22.38 g) Z&HERH: (300~400 H) 4
B I bR (100 5 1~0: 100) BB
B, 2 TLC KR & F, 45 3] Fr.3-1 ~ Fr. 3-11,
Fr. 3-5 22°F % HPLC 7085, LAZE-7K (90 = 10~
55:45) BEWE, SREEY 13 (18.2 mg,
ty =21 min) ; Fr.3-9 £& Sephadex LH-20 7] A EEE
Hores, DI EEE, 2 TLC KR4 3, 53
Fr.3-9-1~ Fr. 3-9-11, Fr.3-9-6 &£l 4 HPLC %
B, LSk (70 2 30) WM, SEIfLEY) 14
(2.4 mg, t;=24 min) , 15 (2.9 mg, ;=25 min),

Fr.4 (32.9 g) ZREMCH (300~400 H) 41
B DL TE - EE (100 1~0 1) BEEEBEML,
2 TLC KiiRaF, 5% Fr.4-1~Fr. 4-8, Fr.4-4 4
Sephadex LH-20 i SR WHEE AT 43 B, DL H B VR,
2 TLC ¥R G I, 153 Fr. 4-4-1~Fr. 4-4-6, Fr. 4-
4-2 2P £ HPLC 4388, LLZRE-K (90 @ 10 ~
38 : 62) MEIEVEIE, 158 Fr.4-4-2-1 ~ Fr. 4-4-2-10,
Fr. 4-4-2-4 221414 HPLC 738, VIZE-/K (57 -
43) VEML, B ELEYW 16 (17.5 mg, t, = 34
min) ; Fr.4-4-3 22246 & HPLC 438, DL E-K
(80 : 20~58 : 42) HEWM, 152 Fr.4-4-3-1 ~
Fr.4-4-3-10, Fr.4-4-3-8 Z22F4i] % HPLC /3 &5, LA
ZHE-7K (90 : 10~42 : 58) HEEEVEML, 524G
Y6 (2.5 mg, t, =18 min); Fr.4-4-5 2} &
HPLC 4385, VAZWE-7K (55 : 45) VEME, 15501k
44 (20.9 mg, t,=17.5 min) . 3 (16.8 mg,
tx=19 min) ; Fr.4-4-6 Z20:4%5 HPLC 085, DL
K (52 :48) VR, MEMEEY 11 (2.6 mg,
tg=14 min) , 2 (33.4 mg, t;=19 min), Fr.4-5%
Sephadex LH-20 i SR WHEE AT 43 B, DL H B VR,
2 TLC Ko &I, 5% Fr. 4-5-1~Fr. 4-5-9, Fr. 4-
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5-5 £ 2F 4 HPLC 2085, LA E-ZK (90 : 10 ~
35:65) BREEVEM, BEMEEY 8 (11.1 mg, ¢, =
28 min) ; Fr.4-5-7 Z&F 44 HPLC 738, LIZE-
K (50 :50) Ve, BEMEEPT (10.1 mg, t,=
18 min); Fr.4-5-8 Z22F: 4 HPLC 7385, LLZNE-
K (90 : 10~48 : 52) BEEEVENL, BB EY 9
(2.3 mg, t,=14 min); Fr.4-5-9 £ TLC ¥R E
FEY S (1.9 mg), Fr.4-6 4 Sephadex LH-20
IR AE 4y B, DAH R, 735 Fr. 4-6-1~
Fr.4-4-6, Fr.4-6-5 222114 HPLC 738, DL M-
K (90 : 10~30 = 70) BEEEUEML, 1535 10
(3.6 mg, ty =16 min); Fr.4-6-6 £} 4 HPLC
Oy, LICHE-K (55 :45) VML, REkEY 12
(3.2mg, t;=12min), 1 (3.3 mg, ;=14 min),
il & HPLC AR B & 4 ml/min, A& 90 3 K
254 nm,
3 4HMETE

A1 FEBER, UV Non..: 235, 310,
350 nm; ZLANGIE BoR H 25/ R A7 7E 3 314 em™
(¥R EE) . 2963 em™ (FHHEE) | 1655 em™ (H
B SERRF (S5 0%, HR-ESI-MS %5 2y 5 F

I m/z. 387.107 2 [M+H]* (31514 387.107 4),
Wi TN CyH O, AW AIE N 13, H-
NMR (500 MHz, DMSO-d,, # 1) "5 —4
ABX i {5 6. 3.77 (1H, m, H-10), 3.05
(1H, dd, J=16.5, 5.1 Hz, H9a), 2.74 (1H,
dd, J=16.5, 6.7 Hz, H-9b), 7ES: 6.15 (1H, s,
H-6) MW ZE 1 M HFFRFFS, 76 1.37
(3H, s, H-12), 1.26 (3H, s, H-13) AbWgL3] 2
MHEEFES, 5 2"-hydroxy-B-anhydroicaritin AH
7, IR TR 1 435 F A ABX R FRYS
8:7.73 (1H, d, J=2.2 Hz, H-2"), 7.60 (1H,
dd, J=8.5,2.2 Hz, H-6'), 6.91 (1H, d, J=8.5
Hz, H-5"), wJ#EM 2 AS4bA 9000 38 2 X 2 27-
hydroxy-B-anhydroicaritin [ C ¥ - 3"-H & 3L H 0 AR
H3, 4-FELEAL,® C-NMR (125 MHz, DMSO-
de, 1) THRA 20 MkfES, HoA 3 4B
B E R (55 [6: 176.0 (C=0), 146.7 (C-
2), 136.2 (C-3) ], %54 DEPT i Wonfy 1 A1
HEAES (6: 24.9) . S MIRHEES (8. 66.9,
98.3, 114.9, 115.7, 119.9) 12 MNHILES (6.
21.1, 25.2), #E—20UERH T _EaRHED

1 &% 1K' H-NMR,"C-NMR &
Tab.1 'H-NMR and “C-NMR data on compound 1

s 8y 8¢ HMBC (H—C)
2 — 146.7(C) —

3 — 136.2(C) —

4 — 176.0(C=0) —

4a — 103.8(C) —

5 — 158.2(C) —

6 6.15 (s) 98.3(CH) 5,7,8, 4a
7 — 158.5(C) —

8 — 98.9(C) —

8a — 153.3(C) —

9 3.05 (dd, J=16.5, 5.1 Hz) ,2.74 (dd, J=16.5, 6.7 Hz) 24.9(CH,) 7,8, 8a, 10, 11
10 3.77 (m) 66.9(CH) 8,12, 13
11 — 79.0(C) —

12 1.37 (s) 25.2(CHy) 10, 11, 13
13 1.26 (s) 21.1(CHy) 10, 11, 12
& — 122.2(C) —

2/ 7.73 (1H, d, J=2.2 Hz) 114.9(CH) 3,46
3 — 145.3(C) —

& _ 147.8(C) —

5 6.91 (1H, d, J=8.5 Hz) 115.7(CH) 1,3, 4
6 7.60 (1H, dd, J=8.5, 2.2 Hz) 119.9(CH) 2, 4
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m— COSY

-~ HMBC

B1 &% 1M%xE H-"H COSY #1 HMBC 3%
Fig.1 Key 'H-'"H COSY and HMBC correlations on compound 1

A3HT HSQC i, #E— e C-H ARG TS
HMBC Ei#% (K1) 86 3.05 (H-9a), 2.74
(H9b) 5 6. 66.9 (C-10), 79.0 (C-11), 98.9
(C-8), 153.3 (C-8a), 158.5 (C-7) fEAEiAEAH
X, 8. 3.77 (H-10) 5 6. 21.1 (C-13), 25.2
(C-12), 98.9 (C-8) FAAELFEAHX; §: 1.37 (H-
12), 1.26 (H-13) 58 66.9 (C-10), 79.0 (C-
11) FELEE A 5, ' H-"H COSY &3 iR 6.
3.05 (H-9a), 2.74 (H-9b) 5 8. 3.77 (H-10)
FELEAIG, $278-CH CH(0H> -C(0) -(CH,), 45
F BT AE , HMBC %A R 8: 6.15 (H-6)
568. 98.9 (C-8), 103.8 (C—4a), 158.2 (C-5),
158.5 (C-7) AR, 6. 7.73 (H2') 5
8: 119.9 (C-6'), 145.3 (C-3'), 147.8 (C-4")
FETEEFEAH G, 8. 7.60 (H-6') 56, 114.9 (C-
2'), 147.8 (C-4') fFPEIEAHE; 6. 6.91 (H-
5 5 6. 122.2 (C-1'), 145.3 (C-3'), 147.8
(C-4") fAfeimfte, H'H-'H COSY EligH B
8: 7.60 (H-5') 6. 6.91 (H-6') fFAEAHE, W]

HEEE 1 B—A C A 37, 4- R
BRI S .

AW HEEEN [a]V=-55.6° (¢=0.5,
CH,OH), FllE CD Eig (&l 2), KA ECD

Bt — L AN H A Sybyl-X 1. 1.0
i/ MMFF94S J1 i AL RAATH R 04T,
H Gaussian 09 {4 7E B3LYP/6-31G (d, p) 7KF
XA MR AT Rz RS (DFT) 4k, g+
Boltzmann-opulation # i 1% A9 G K #E 4T ECD it
B, SRJETE B3LYP/6-311G (d, p) K Efii &
P4 PR ECEE (TD-DFT) IR 4, 1¢
FHIR] DFT 7KF I f# ] SCRE/PCM ¥ 3FAl MeOH i
WSRO, Bl it SpecDis 1 B4 A= BB R
2% V-1 ECD Jtilk, J8d A S ot ik Ak e

ECD St i, #iEfk&® 18 (R) 2- (3, 4-
dihydroxyphenyl) -3, 5, 9-trihydroxy-8, 8-dimethyl-
9, 10-dihydropyranochromone,

807 —— Caled ECD of R

—— Caled.ECD of §
Exptl.ECD of compound 1

404

=

S

- N

S | 1V VA Y Ve

> \/

w

<

40

-80 T T T 1
200 250 300 350 400

P /nm

B2 &% 1MXR, T8 ECD LiEE
Fig. 2 Experimental and calculated ECD

spectra of compound 1

k&Y 2. A@BEK, ESI-MS m/z: 311.12
[M+H]*_'H-NMR (500 MHz, Acetone-d,) &: 7.37
(1H, d, J=8.4 Hz, H-4), 6.95 (1H, d, J=2.1
Hz, H-7), 6.91 (2H, s, H-2', 6'), 6.90 (1H, d,
J=0.8 Hz, H-3), 6.80 (1H, dd, J=8.4, 2.1 Hz,
H-5), 5.31 (1H, brt, J=8.7 Hz, H-9), 3.38
(2H, d, J=7.2 Hz, H-8), 1.77 (3H, brs, H-11),
1.64 (3H, brs, H-12);" C-NMR ( 125 MHz,
Acetone-d,) 6: 157.2 (C-3’, 5"), 156.6 (C-6),
156.5 (C-7a), 155.8 (C-2), 130.9 (C-3"), 129.8
(C-1"), 124.0 (C-2"), 122.6 (C-3a), 121.8 (C-
4), 116.2 (C-4"), 113.0 (C-5), 103.7 (C-2', C-
6'), 101.4 (C-3),98.3 (C-7), 25.9 (C-1"), 23.1
(C-5"), 17.9 (C-4"), Vb5 CHk [8] il
FEAR—FL, B%EE N moracin C,

k&Y 3. BHAAK K, ESI-MS m/z: 451.14
[M-H] ,'"H-NMR (500 MHz, Methanol-d,) &: 7.48
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(1H, d, J=8.6 Hz, H-6"), 6.80 (1H, d, J=8.6
Hz, H-5"), 6.31 (1H, d, J=1.6 Hz, H-8), 6.09
(1H, d, J=1.6 Hz, H-6), 3.86 (1H, d, J=3.0
Hz, H-18), 3.07 (1H, dd, J=12.0, 3.2 Hz, H-
9), 1.96 (1H, m, H-14a), 1.88 (1H, m, H-10),
1.76 (1H, m, H-15a), 1.60 (1H, m, H-15b),
1.55 (3H, s, H-17), 1.45 (1H, m, H-14b), 1.42
(3H, s, H-13), 1.21 (3H, s, H-12);"” C-NMR
(125 MHz, Methanol-d,) 8: 177.1 (C-4), 165.5
(C-7), 163.0 (C-5), 158.2 (C-8a), 155.3 (C-
2), 150.5 (C-4"), 144.0 (C-3"), 142.1 (C-3),
134.7 (C-2'), 123.4 (C-6"), 119.1 (C-1"), 115.1
(C-5"), 105.6 (C-4a), 99.6 (C-6), 94.8 (C-8),
91.7 (C-18), 83.0 (C-11), 70.6 (C-16), 46.3
(C-10), 40.6 (C-9), 32.9 (C-15), 29.7 (C-12),
28.5 (C-17), 25.2 (C-13), 22.8 (C-14), VI F%
P SCHR [9] MEREA -, BMEEHN
nigranol C,

a4, EEAMRY), ESI-MS m/z: 369. 10
[M-H] ,'H-NMR (500 MHz, Methanol-d,) 8: 7.24
(1H, d, J=8.2 Hz, H-6'), 6.45 (1H, dd, J=8.2,
2.1Hz, H-5"), 6.33 (1H, d, J=2.1 Hz, H-3"),
5.84 (1H, d, J=2.1 Hz, H-6), 5.73 (1H, d, J=
2.1 Hz, H-8), 5.19 (1H, t, J=7.0 Hz, H-10),
3.07 (1H, dd, J=14.6, 9.0 Hz, H-9a), 2.72
(1H, dd, J=14.6, 6.3 Hz, H9b), 1.61 (3H, s,
H-13), 1.51 (3H, s, H-12); "C-NMR (125 MHz,
Methanol-d, ) 8: 188.9 (C-4), 169.7 (C-7), 166.0
(C-5), 164.2 (C-8a), 161.6 (C-2"), 161.5 (C-
4"y, 137.2 (C-11), 125.6 (C-6"), 121.5 (C-1"),
118.9 (C-10), 109.9 (C-5"), 102.9 (C-3), 100.6
(C-4a), 99.6 (C-3"), 96.8 (C-6), 95.8 (C-8),
92.5 (C-2), 32.5(C-9), 26.0 (C-12), 18.1 (C-
13) . VL EEdESSCHk [10] HRGEFEA—2, fE
%E M nigragenon E

e s, REEOKA, ESI-MS m/z: 369. 10
[M-H] ,'"H-NMR (600 MHz, Acetone-d,) &: 7.87
(1H, d, J=2.1Hz, H-6"), 7.73 (1H, dd, J=8.5,
2.1 Hz, H-5"), 7.01 (1H, d, J=8.5 Hz, H-2"),
6.36 (1H, s, H-6), 5.28 (1H, brt, J=7.1 Hz, H-
2"y, 3.56 (2H, d, J=7.0 Hz, H-1"), 1.82 (3H,
brs, H-5"), 1.66 (3H, brs, H-4") ;" C-NMR ( 150
MHz, Acetone-d,) 6;: 176.7 (C-4), 162.0 (C-7),
159.6 (C-5), 155.0 (C-8a), 148.2 (C-2), 146.8
3320

(C-4"), 145.8 (C-3"), 136.5 (C-3), 132.2 (C-
3"), 124.1 (C-2"), 123.4 (C-1"), 121.4 (C-6"),
116.1 (C-5"), 115.8 (C-2"), 107.2 (C-4a),
104.1 (C-8), 98.6 (C-6), 25.9 (C-5"), 22.2 (C-
17), 18.1 (C-4"), VI b¥ds 5 3cimk [11] i
AR—FL, HSEE A 8-prenylquercetin

EW 6. B MK, ESI-MS m/z; 445.16
[M+Na]",'"H-NMR (500 MHz, Methanol-d,) §:
7.05 (1H, d, J=8.2 Hz, H-6'), 6.40 (1H, d, J=
2.2 Hz, H-3"), 6.38 (1H, dd, J=8.2, 2.2 Hz, H-
5'),6.20 (1H, s, H-6), 6.18 (1H, dd, J=10.6,
17.4 Hz, H-15), 5.09 (1H, brt, J=7.0 Hz, H-
10), 4.74 (1H, dd, J=17.4, 1.3 Hz, H-16a),
4.66 (1H, dd, J=10.6, 1.3 Hz, H-16b), 3.06
(2H, brd, J=7.0 Hz, H-9), 1.58 (3H, s, H-13),
1.52 (6H, s, H-17, 18), 1.39 (3H, s, H-12) ;C-
NMR (125 MHz, Methanol-d,) 6. 184.2 (C-4),
164.1 (C-6'), 163.4 (C-7), 161.7 (C-2), 160.9
(C-5), 157.8 (C-8a), 157.7 (C-2'), 151.1 (C-
15), 132.6 (C-6"), 132.5 (C-11), 122.9 (C-10),
121.2 (C-3), 113.2 (C-1"), 112.4 (C-8), 108.4
(C-16), 107.7 (C-5"), 105.9 (C-4a), 103.6 (C-
3'), 100.4 (C-6), 41.9 (C-14), 29.7 (C-17),
29.7 (C-18), 25.9 (C-13), 24.6 (C-9), 17.6 (C-
12), LRSS SCR [12] fROERA -, i
%€ A nigrasin I,

K& 7. HETLEIE K, ESI-MS m/z.
385.13 [M+H]*,'"H-NMR (500 MHz, DMSO-d,) &
7.57 (1H, d, J=2.2 Hz, H-6"), 7.44 (1H, dd,
J=8.4,2.2 Hz, H-5'), 6.90 (1H, d, J=8.4 Hz,
H-2'), 6.28 (1H, s, H-6), 5.15 (1H, t, J=7.0
Hz, H-2"), 3.77 (3H, s, 3-OCH,), 3.40 (2H, d,
J=7.0 Hz, H-1"), 1.72 (3H, s, H-4"), 1.62
(3H, s, H-5") ;”C-NMR (125 MHz, DMSO-d,) §:
178.1 (C-4), 161.8 (C-7), 158.9 (C-5), 155.5
(C-2), 153.6 (C-9), 148.7 (C-4'), 145.4 (C-
3'), 137.5 (C-3), 131.1 (C-3"), 122.5 (C-2"),
121.2 (C-1"), 120.5 (C-6'), 115.7 (C-5"), 115.5
(C-2'), 105.9 (C-8), 104.1 (C-10), 98.2 (C-6),
59.7 (CH,0), 25.5 (C-5"), 21.3 (C-1"), 17.9
(C-4"), VA LB 5 30Hk [13] il A — 3,
B XE A sinopodophylline B,

&Y 8. FEikY), ESI-MS m/z: 422.12
[M+H]*,'"H-NMR (600 MHz, Acetone-d,) &: 7.22
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(1H, d, J=8.4 Hz, H-3'), 6.58 (1H, d, J=2.2
Hz, H-5'), 6.52 (1H, dd, J=8.4, 2.2 Hz, H-6')
6.33 (1H, s, H-8), 5.20 (1H, m, H-17), 5.13
(1H, m, H-12), 3.36 (2H, d, J=7.2 Hz, H-16),
3.12 (2H, d, J=7.2 Hz, H-11), 1.58 (6H, brs,
H-19, 20), 1.56 (3H, brs, H-14) , 1.43 (3H, brs,
H-15) ;" C-NMR (150 MHz, Acetone-d,) &: 183.3
(C-4), 162.3 (C-2), 161.7 (C-7), 161.3 (C-4')
160.6 (C-5), 157.2 (C-9), 156.5 (C-2"), 132.3
(C-6'), 132.0 (C-13), 131.6 (C-18), 123.1 (C-
12), 122.8 (C-17), 121.2 (C-3), 113.0 (C-1"),
107.9 (C-5"), 106.7 (C-8), 105.2 (C-10), 103.7
(C-3"),98.6 (C-6), 25.9 (C-15), 25.8 (C-19),
24.6 (C-11), 22.1 (C-16), 17.7 (C-14), 17.7
(C-20) . DA L-%ds 530k [14] i A —2,
X5 SN kuwanon C,

E 9. wETERK AR, ESIMS m/z:
353.13 [M+H]*,'"H-NMR (600 MHz, Acetone-d, )
5. 7.56 (1H, d, J=1.8 Hz, H-2'), 7.51 (1H,
dd, j=8.4, 1.8 Hz, H-6"), 7.03 (1H, d, /=8.4
Hz, H-5'), 6.60 (1H, s, H-3), 6.35 (1H, s, H-
8),5.31 (1H, brt, J=6.8 Hz, H-10) , 3.57 (2H,
brd, J=6.9 Hz, H,-9), 1.84 (3H, d, J=1.5 Hz,
H-12), 1.67 (3H, brs, H-13);"” C-NMR ( 150
MHz, Acetone-d,) 6: 183.3 (C-4), 165.1 (C-2),
162.1 (C-7), 160.7 (C-5), 156.0 (C-8a), 150.0
(C-4'), 146.5 (C-3'), 132.2 (C-11), 124.1 (C-
1), 123.5 (C-10), 120.1 (C-6'), 116.6 (C-5'),
114.1 (C-2"), 112.1 (C-6), 105.3 (C-4a), 104.0
(C-3), 99.2 (C-8), 25.9 (C-13), 22.4 (C-9),
18.1 (C-12) . DL EAR53CHk [15] Rl HEA—
H, WM gancaonin O,

&% 10: ¥k & 68 R, ESI-MS m/z:
353.10 [M+H]*,'"H-NMR (600 MHz, Acetone-d,)
5. 7.20 (1H, d, J=8.4 Hz, H-3'), 6.56 (1H, d,
J=2.1Hz, H-5'), 6.51 (1H, dd, J=8.4, 2.1 Hz,
H-2'), 6.32 (1H, d, J=2.1 Hz, H-6), 6.24 (1H,
d, J=2.1Hz, H-8), 5. 11 (1H, bit, J=7.1 Hz, H-
10), 3.09 (2H, d, J=7.1 Hz, H-9), 1.56 (3H,
brs, H-13), 1.42 (3H, brs, H-12) ;" C-NMR (150
MHz, Acetone-dy) 6: 182.9 (C-4), 164.7 (C-7),
163.1 (C-4'), 162.3 (C-5), 161.4 (C-2'), 159.3
(C-2), 157.1 (C-8a), 132.3 (C-6"), 132.1 (C-
11), 122.6 (C-10), 121.7 (C-3), 112.9 (C-1"),

108.0 (C-5'), 105.1 (C-4a), 103.7 (C-3"), 99.1
(C-6), 94.2 (C-8), 25.8 (C-12), 24.6 (C-9),
17.6 (C-13), VI L% 53CHk [16] il EA—
ﬁ[, Y 5E N albanin A,

fb&W 11: BEEH A, ESI-MS m/z: 257.08
[M+H]*_,'"H-NMR (500 MHz, Acetone-d,) §: 7.48
(1H, brd, J=8.4 Hz, H-4), 7.13 (1H, d, J=2.2
Hz, H-7), 7.07 (1H, d, J=0.6 Hz, H-3), 6.87
(2H, d, J=2.2 Hz, H-2", 6'), 6.87 (1H, dd, J=
8.4,2.2Hz, H-5), 6.38 (1H, t, J=2.2 Hz, H-
4'y, 3.86 (3H, s, H-8);"” C-NMR (125 MHz,
Acetone-dg) 6: 159.8 (C-3', 5'), 159.3 (C-6),
156.6 (C-8), 156.0 (C-2), 133.2 (C-1"), 123.3
(C-8),122.0 (C-4), 112.9 (C-5), 103.7 (C-2',
6'), 103.5 (C-4"), 102.2 (C-7), 96.4 (C-3),
56.0 (C-8). DL E##E 53CHk [17] il seA—
., WU E N 6-0-methyl-moracin M,

& 12, FREATEIE A, ESIMS m/z:
327.10 [M+H]",'"H-NMR (500 MHz, Acetone-d,)
8: 7.39 (1H, d, J=8.4 Hz, H-4), 7.01 (1H, s,
H-3), 6.97 (1H, d, J=2.0 Hz, H-7), 6.92 (1H,
brs, H-2"), 6.80 (1H, dd, J=8.4, 2.0 Hz, H-5),
6.78 (1H, brs, H-6'), 3.80 (1H, dd, J=8.1, 5.7
Hz, H-8'),2.96 (1H, dd, J= 17.2, 5.7 Hz, H-7'
a), 2.57 (1H, dd, J=17.2, 8.1 Hz, H-7'b),
1.37 (3H, s, H-10"), 1.25 (3H, s, H-11");"C-
NMR (125 MHz, Acetone-d,) &: 156.8 (C-13),
156.7 (C-1), 156.5 (C-3), 155.6 (C-8), 155.4
(C-11), 130.6 (C-9), 122.6 (C-6), 121.9 (C-
5), 113.1 (C-4), 109.4 (C-12), 105.2 (C-14),
103.0 (C-10), 101.8 (C-7), 98.3 (C-2), 77.7
(C-3"), 69.7 (C-2"), 27.3 (C-1"), 26.1 (C-4"),
20.4 (C-5"), LAE#EIESCER [18] il A —
B, W% R wittifuran W

tbE&W 13, BEOH A, ESI-MS m/z; 243.07
[M-H] ,'H-NMR (500 MHz, DMSO-d,) &: 7.65
(1H, d, J=8.6 Hz, H-5), 6.86 (1H, d, J=10.0
Hz, H-11), 6.80 (1H, dd, /=8.6, 2.4 Hz, H-6),
6.72 (1H, d, J=2.4 Hz, H-8), 6.15 (1H, d, J=
10.0 Hz, H-12), 1.42 (6H, s, H-14, 15); “C-
NMR (125 MHz, DMSO-d,) &: 158.7 (C-7),
156.6 (C-2), 150.9 (C-9), 136.5 (C-12),
132.4 (C-4), 123.9 (C-5), 122.3 (C-3), 115.8
(C-11), 113.2 (C-6), 108.8 (C-1), 102.5 (C-
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8), 77.2 (C-13), 26.8 (C-14), 26.8 (C-15),
PLEECE 530k [19] RIEHA —H, #EE
8-hydroxy-2, 2-dimethyl-2H, S5H-pyrano [ 3, 2-c ]
chromen-5-one

L&Y 14: R W 0k K, ESIMS m/z:
311.04 [M+Na]*,'H-NMR (600 MHz, Acetone-d)
6: 7.31 (1H, d, J=8.4 Hz, H-6"), 6.48 (1H, d,
J=2.3 Hz, H-3"), 6.43 (1H, dd, J=8.4, 2.3 Hz,
H-5"), 5.97 (1H, d, J=2.1 Hz, H-8), 5.95 (1H,
d, J=2.1Hz, H-6), 5.70 (1H, dd, J=13.2, 3.1
Hz, H-2), 3.18 (1H, dd, J=17.1, 13.2 Hz, H-
3a), 2.71 (1H, dd, J=17.1, 3.1 Hz, H-3b) ;"C-
NMR ( 150 MHz, Acetone-d,) 6: 197.7 (C-4),

167.3 (C-7), 165.1 (C-8a), 164.9 (C-5),
159.5 (C-4"), 156.3 (C=2"), 129.0 (C-6'),
117.3 (C-1'), 107.8 ( C-5"), 103.3 (C-3"),

103.1 (C-4a), 96.6 (C-6), 95.8 (C-8), 75.3
(C-2), 42.7 (C-3), VI LGS SCHk [20] iR
%Z'K*QI y ﬁﬁl%@ﬁijﬂ norartocarpanone

& 15, EAK K, ESI-MS m/z. 287.01
[M+H]*,"H-NMR (600 MHz, DMSO-d,) &: 7.75
(1H, d, J=8.8 Hz, H-3"), 7.00 (1H, s, H-3),
6.48 (1H, d, J=2.4 Hz, H-6"), 6.42 (1H, d,
J=8.8,2.4 Hz, H-5"), 6.42 (1H, d, J=2.4 Hz,
H-8), 6.15 (1H, d, J=2.1 Hz, H-6);"” C-NMR
(150 MHz, DMSO-d) 6; 181.8 (C-4), 164.3 (C-
7),161.8 (C-4"), 161.8 (C-2), 161.4 (C-8a),
159.1 (C-5), 157.3 (C-2"), 129.7 (C-6'),
108.5 (C-1"), 107.9 (C-5"), 106.6 (C-3),
103.4 (C-4a), 103.2 (C-3"), 98.6 (C-6), 93.8
(C-8), VI LB 530k [21] MIEHEA—F, ik
B BN norartocarpetin ,

&Y 16. B @l R B, ESI-MS m/z:
445.16 [M+Na]*,"H-NMR (500 MHz, Methanol-
d,) 6: 7.23 (1H, d, J=8.2 Hz, H-6'), 6.44
(1H, dd, J=8.2, 2.2 Hz, H-5"), 6.32 (1H, d,
J=2.2 Hz, H-3"), 5.80 (1H, s, H-8), 5.21 (1H,
brt, J=7.9 Hz, H-10), 4.73 (1H, dd, J=7.6, 9.5
Hz, H-15), 3.06 (1H, brdd, J=14.8, 8.8 Hz, H-
9a), 3.01 (2H, m, H-14), 2.73 (1H, brdd, J=
14.8, 6.4 Hz, H9b), 1.60 (3H, brs, H-13),
1.53 (3H, brs, H-12), 1.24 (3H, s, H-17), 1.19
(3H, s, H-18); "C-NMR (125 MHz, Methanol-d,)
6: 189.3 (C-4), 171.6 (C-7), 164.8 (C-8a),
3322

161.6 (C-4"), 161.5 (C-2'), 159.8 (C-5), 137.1
(C-11), 125.7 (C-6'), 121.4 (C-1'), 118.9 (C-
10), 109.9 (C-5"), 106.9 (C-6), 103.0 (C-3),
101.4 (C-4a), 99.5 (C-3"), 93.3 (C-15), 92.7
(C-2), 91.0 (C-8), 72.3 (C-16), 32.5 (C-9),
26.9 (C-14), 26.0 (C-13), 25.2 (C-17), 25.2
(C-18), 18.1 (C-12), VA L&l 5 ek [22] #
EFEAR 3, HCEEE M nigrasin D,
4 BEEVEBEEE

LT L6 20 A i i ) A A R BSR4 B )
2~4 7,8, 13, 16 XF L6 158 LA M PN 7 %5 1 5%
Bepysgm, DARR S 2 FHPEXT IR B2 X IR
Fscgm e, Z5R WA 3, M al A, 7E 50 pe/mL
FEE T DIRG9 5 22 01 7 28 R HR A K
H2.65 1%, a4, 135300k 1.97, 2.78 £,
M2, 3.7, 8, 167E0.88~1.18 {52 [a], BI{E4
BRI PR |

4+

=5 2

ﬁ k%

A

& o 29

@

@

&

gl—m . ﬂ mﬂ

0 T T H T T T T T m
KB INS 2 3 4 7 8 13 16

T KB RZE 4L, INS JPHMEX AL, Ha gk, * P<
0.05, ™ P<0.01,
B3 EHoULEawst Lo AIBIFEE BRI (xzs,
n=3)
Fig.3 Effects of some compounds on glucose uptake
by L6 cells (x+s, n=3)
5 #it
AT R S AL 95% £ B4R B Y £ TR . Tig
AL B AR T 16 ME S, A e a1 ok
EW, 5.7, 9, 12, 13, 15 FEHRMNERRET
OYESAFE], XFE R T 10 mg WU A W HEAT
L6 4 fe 7 28 B SE OS5, R BLAL S 4, 13 7]
WFEE Lo 200X A 45 WE B0 B, AT B Y %
MBERETE, EIRSERAE TR TR, I
AR BT R BABI T e sy . Bl
R B 25 ) B AL 1 BESARTE
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