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Two new sesquiterpene glycosides from the Lycii Cortex
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Abstract: Thirteen compounds were isolated from the Lycii Cortex by macroporous resin column chromatog-
raphy, gel column chromatography and semi-preparative high performance liquid chromatography. The structures
of the isolated compounds were identified by ultraviolet spectroscopy, infrared spectroscopy, nuclear magnetic
resonance spectroscopy and mass spectrometry as solavetivone A (1), solavetivone B (2), 9-hydroxy-3-methoxy-6H-
pyrido [1,2-a] pyrazin-6-one (3), 5,5'-di(2-ethyl-hexyloxy)-5,5'-bifuran (4), bis(2-ethylhexyl) phthalate (5), scopoletin
(6), periplogenin (7), 34,56-dihydroxy-14-en-card-20(22)-enolide (8), (7R,8S)-4-hydroxy-3,5'-dimethoxy-4',7-epoxy-
8,3"-neoligna-9,9’'-diol-4-0O- f-D-glucopyranosyl-(1—4)-f-D-glucopy-ranoside (9), 2-carbomethoxy 3-prenyl-1,4-
naphtho hydroquinone-1,4-di-O-f-glucoside (10), 4-hydroxy-3-methoxyphenyl-f-D-xylopyranosyl (1—6)-O-f-D-
glucopyranoside (11), syringic acid (12), vanillic acid (13). Compounds 1 and 2 were new sesquiterpene glycosides

with solavetivone skeleton. Compounds 4, 8—10 were isolated from Solanaceae for the first time. The bioactive
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screening results indicate that compounds 1 and 2 do not exhibit inhibitory effects on NO production; however,

they demonstrate weak inhibitory activity against a-glucosidase.

Key words: Lycii Cortex; chemical composition; sesquiterpene glycosides; Lycium chinense
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Figure 1 The structures of compounds 1-13
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'H NMR 1% &R fEARIA X AR AE 3 M FA5 5
d, 5.75 (1H, s), 5.15 (1H, brs), 5.02 (1H, brs); F3% X 17
TE W] e 5 2% SR 7 AHE W be 2 115 5 0, 4.41 (1H, d,
J=12.4 Hz), 4.15 (1H, d, J = 12.4 Hz); W X fEAE 24
FE R 15 %5 0, 2.01 (3H, d, J = 1.1 Hz), 1.00 (3H, d,
J = 6.7 Hz); BbAb, ik n] DL 52 21 2 AN B8 1) i 25 03 115
510,440 (1H, d,J=7.8 Hz), 431 (1H, d, J = 7.8 Hz).

BC NMR ¥ 4t 8o 27 M AE 5, Hob o, 202.2
NIRIERRAS 55 0. 170.7.149.1.125.8. 111.6 A gy X4
W15 55 0. 103.4.78.1.77.1.71.6.75.9.69.9 Jy— 4L /5T
WS 55 0. 104.9.78.1.75.1.75.1.71.1.62.8 [A# Ny —
HINTHEE S5 0, 16.1.21.2 N EEAS 55 6, 73.0 47/
RE5 IR T AHIE AR5 . R4 'H.PC.'H-"H COSY.
HSQC F1 HMBC # 15 &, 7] LA & P 1 IR EAE 5
BT AR (R D). BAEDD 1R 5 SO
18 [) melongenaterpene L F % G B4 i#E 47 L%, B —
I O, BEIER . Uk Ah, £ NOESY i b ]
% F|H,-14 5 H-20.H-30 55 H-4a - H-68 5 H-18/H-T8 17

FEARDR (B2), W B iZAG &P 7086 23 (144 2 5 melon-
genaterpene L AH A" [FEF, X4 &9 13047 71 — 8
HE (circular dichroism, CD) Ml i, ¥ 3 CD &3 (K& 3)
52 5L &%) (-)-solavetivone [ CD #4347 %} Hb, &
L — 3% B AL Cotton R, 3 — B 8\ T &
W1 T o A xR T

B R G 1 AT BROK AR, B AT AR
28 HPLC 43 #1355 b il L 8%, T e AL & 7 &
A D-HERE (LS50 897, 45 4 i 2k S 18 & 5L
(J=17.8 Hz f1J = 7.8 Hz) W #EWi 4k & 90 1 4544 th A7 7E
HIPIASREYI h B-D-Fi &Kk . LA, /£ HMBC 3 b ag DL
MEFIH-1" (6, 4.39) 5 C-6' (. 69.9) {EEITFEAH K, #2
IR B-D-7 % 5 1—6 AL AHEERE; & AT WL 53 H-17
(6,4.31) 5 C-13 (6, 73.0) fFAEILREAH K, B — PR
252w HF TS5 R 13 4755 B-D-1 %) B 1) I 2 B AH B2
MG LA EA5 S, i 2 LA 91 145 K428 solavetivone-
13-0-p-D-glucopyranosyl-(1—6)- f-D-glucopyranoside,
HN—A~ B A solavetivone 5 48 H. 5 P A %1 4l AH ZE (1)

Table 1 'H (400 MHz) and "C (100 MHz) NMR data for compound 1 and compound 2 (CD,OD). “Overlapping signals do not specify

multiple numbers

No. Compound 1 Compound 2
oy (J, Hz) O oy (J, Hz) O
1 2.31(1H, dd,J=13.5, 7.1 Hz, H-a) 42.2 2.25(1H, dd, J=13.9, 7.2 Hz, H-a) 42.0
1.58 (1H, dd, J=12.8, 4.9 Hz, H-f) 1.41 (1H, dd, J=12.8, 4.9 Hz, H-p)
2 2.79 (1H, m) 43.8 1.94 (1H, m) 43.9
3 2.08 (1H, H-a)" 343 1.93 (1H, H-a)" 33.0
1.69 (1H, H-p)" 1.30 (1H, m, H-p)
4 2.04 (1H, H-a)" 35.4 1.94 (1H, H-a)" 35.2
1.70 (1H, H-B)" 1.66 (1H, m, H-p)
5 - 51.6 - 51.9
2.20 (1H, m) 40.4 2.19 (1H, m) 40.2
7 2.75 (1H, m, H-a) 439 2.75 (1H, m, H-a) 439
2.17 (1H, dd, J = 12.3, 4.1 Hz, H-p) 2.16 (1H, m, H-p)
8 - 202.2 - 202.4
9 5.75 (1H, s) 125.8 5.73 (1H, s) 125.7
10 - 170.7 - 170.3
11 - 149.1 1.68 (1H, m) 39.9
12 5.15 (1H, brs, H-a), 5.02 (1H, brs, H-b) 111.6 1.04 (3H, d, J=6.7 Hz) 16.2
13 441 (1H, d, J = 12.4 Hz, H-a) 73.0 3.44 (1H, H-a) 78.0
4.15 (1H, d, J = 12.4 Hz, H-b) 3.20 (1H, H-b)*
14 1.00 (3H, d, J=6.7 Hz) 16.1 0.98 (3H, d, J= 6.6 Hz, H-14) 16.4
15 2.01 (3H,d,/J=1.1 Hz) 21.2 2.00 (3H, d, J=1.2 Hz) 21.3
1 4.31(1H,d,J=7.8 Hz) 103.4 4.24 (1H, d,J="7.8 Hz) 104.9
2! 3.24 (1H)* 75.9 3.19 (1H)* 75.7
3 3.36 (1H)* 78.1 3.38 (1H)" 78.0
4! 3.35 (1H)* 71.6 3.34 (1H)" 71.6
5! 3.49 (1H)* 77.1 3.29 (1H)* 77.0
6 4.16 (1H, dd, J=11.6, 1.8 Hz, H-a) 69.9 4.15 (1H, dd, J=11.6, 1.9 Hz, H-a) 69.9
3.80 (1H, H-b)" 3.77 (1H, m, H-b)
1" 439 (1H,d,J=7.8 Hz) 104.9 438 (1H,d,J=7.8 Hz) 104.9
2" 3.30 (IH)* 75.1 3.21 (1H) 75.2
3" 3.28 (1H)* 78.1 3.66 (1H)" 78.0
4" 3.22 (1H)* 71.6 3.85 (1H)" 71.5
5" 3.20 (1H)* 75.1 3.36 (1H)" 75.1
6" 3.85 (1H, H-a)" 62.8 3.89 (1H, H-a)" 62.8

3.65 (1H, m, H-b)

3.69 (1H, H-b)*
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Figure 2 Key HMBC, 'H-'H COSY, and NOESY correlations of compound 1

4 2
318.5 nm 299.5 nm
0 0
[a]
5) o)
= z
S
= )
5
243.5 nm
8 . . X 4 244 nm
200 250 300 350 400 200 250 300 350 400
Wavelength / nm Wavelength / nm
1 2

Figure 3 CD spectra of compounds 1 and 2

FL &), v 4 N solavetivone A .

a2, WL ER R (HEE); 10% B R £ 1 2. 9%
R, BRAMERE IR HAE 207 nm A1 241 nm &b B K
. LEAMERE RN L (1652 em™) F2E (2928 cm™)
FREE (1376 em™) PIRFAER UL . HR-ESI-MS & 7R m/z
583.272 83 [M+Na]" (115 AH N 583.272 50), I H 7
T~ C,,H,,0,,, HHX} 73 F i & 560, NHLFIE N 6.

'H NMR i &R 7RG XA 1 AR 115 5
3, 5.73 (1H, s); fEm 7 XA 3N H R 715 5 5, 1.99
(3H, d, J = 1.2 Hz), 1.04 (3H, d, J = 6.7 Hz), 0.98 (3H,
d, J= 6.6 Hz); LAk, i W5 3 2 AN BB 1) i 2 o7 115 5
5, 438 (1H, d, J = 7.8 Hz), 424 (1H, d, J = 7.8 Hz).
BC NMR 35 I 27 M5 5, Hod 6. 202.4 9k
WAE 55 6. 170.3.125.7 7] Be A XUB AR 15 55 0. 104.9.
78.0.77.0.75.7.71.6.69.9 —HI/SHRHEE 55 6. 104.9.
78.0.75.2.75.1.71.5.62.8 N —H /N bE(E 55 . 21.3.
16.4.16.2 3 HIERRAE 55 6. 78.0 Al e & 5 2% Ji ¥
FE R RS S . 4 'H.C.'H-"H COSY.HSQC Al
HMBC 15 &, 7] A6 &9 2 (B S 5 147 42 8

J& (R D)o KEY 2 MR 516671347 %)
b, R FEX A —EY 2 a1 17—
B ES 5, 8 T 1AL R EE T, HE
WA 51 2 Tl 5 11 RUBE &5 R Ak R A 2R

7 HMBC 3% 7 7] W ¢ 3 H-13a (6, 3.44) 5 C-2
(6. 43.9).C-12 (8, 16.2) FEAEIEFEAH %, 7 'H-"H COSY
Wb, WL 82 E H-2 (6, 1.94)>H-11 (6, 1.68)«>H-12
(5, 1.04) M BIRME G AR, HE—PUEME 2 ML E
PS5k C-11.C-12 A WL i . /£ NOSEY i
W, A 52 %) H-20 5 H,-14/H,-12, H-11 5 H-1p, H-68 5
H-7T8 A AEAH O, W] 7€ 14K & 40 (1) REDORE A+ 28 2 ] 4 e
o BAN, 12 F Gaussian 09 314, K FH & I 25 B vz o B
1 (time-dependent density functional theory, TDDFT)
TS ATHE T — X 22 1] A AR [A(11S*) F1B(11R*)]
fEE & GIAO NMR Jif il i %5, T4 #18 °C NMR fiz
% 2373 5 S ) NMIR $4is LA, ik — P T A
219458 . R, XML& 2 3547 T CD ISR, KL
AWy 2 A1 B A Cotton RN (B 3), BRI L A 22 1L
EY2 ARSI Y 2R,58,6R, 118

FAGE Y 2 AT IR KB, BEES 73 AT A4k J5 4 HPLC
I3 M IF 5 bR AR LT (O SIS A3, I 4 A ik
(A8 & 5 B (J = 7.8 Hz 1 J = 7.8 Hz), W HiEAL &4
2HEEWAB-D-HIEBE. WL, EEE, s
W) 2 1 45 ¥4 24 11-methyl-solavetivone-13-O-B-D-gluco-
pyranosyl- (1—6) - f -D-glucopyranoside, N — 1 & &
solavetivone ‘& 42 H. 15 P /> i %) § AHE (15T 4b &40, A
% N solavetivone B.

T8 T W AR G S SRR LG, B e AR 11 A

— H-'HCOSY

~\ HMBC »77"\ NOESY

Figure 4 Key HMBC, 'H-'H COSY, and NOESY correlations of compound 2
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1k & W 4y 93 A 9-hydroxy-3-methoxy-6H-pyrido[ 1, 2-a]
pyrazin-6-one (3).5,5'-di(2-ethyl-hexyloxy)-5,5'-bifuran
(4)~ bis(2-ethylhexyl) phthalate (5). % B 75 I fig (6)-
periplogenin (7). 3, 5p -dihydroxy-14-en-card-20(22) -
enolide (8). (7R, 8S) -4-hydroxy-3, 5’-dimethoxy-4', 7-
epoxy-8, 3'-neoligna-9, 9'-diol-4-O- S -D-glucopyranosyl-
(1—4) - p -D-glucopy-ranoside (9). 2-carbomethoxy-3-
prenyl-1, 4-naphthohydroquinone-1, 4-di-O- f -glucoside
(10). 4-hydroxy-3-methoxyphenyl- S -D-xylopyranosyl
(1—6)-0-p-D-glucopyranoside (11). ] & (12). F &L
2 (13), AAkgitg WK 1.
2 EYEMETEN

A A E ) 1R 2 0 Hi iE 2 BE (lipopolysaccha-
rides, LPS) 5 3 1) /) B FL A% B R 40 1l (RAW264.7)
JEUNO B E ST HEAT 1 I, W10 DA e s P &5
R, ALEW 1R 2 AN NO L. RN, A3k
XS R EWIBEAT 1 o 0 B A ) FEVEAS I, 1B 3R 2R
RO A A1 A1 75 B S SRR A D B PR R 25, 2 B
24 50 5 YRR E VR B A 100 wmol - L B, X6 -] %67 4 7 i
[P 254 99.8%, T A& 4 1 112 7E 100 pmol- L™ B,
X or- ] 4 I A U0 1) R LA, 209900 8.1% A1 8.3%.

LI I

HP380-Pro LCD %45 14 Hi i #44% . DrsgonLab il &
it (K 2% B sE IR A 2% A B A 7]); 13KQ-500DE
0K R DRI e A (Bl TR R AR A PR A F);
SHB-IIA ¥ 7K X 2 FH 32 25 52 G K IR T 56 R
4y #)); Sartorious BT 25 S M+ 75 43 2 — HL-F 43 M1 R T
(A6 3 28 2 R i A4 PR A 7]); ZF-20D B % 4F 205 4k
AT (BT W BUR HE G 28 ) ); BioTek Epoch 4%
WK AR A (3 B BioTek 2 #]); THZ 18 I8 1% 77 #% K
(b g — 18 B} 22 4 48 A B A 7]); UHPLC-Q Exactive
Orbitrap MS (ESI & ¥, X Calibur 4.2 T {F ¥k, 3%
Thermo Scientific 23 7 ); Bruke 400 M. 600 M #% i 3 iz
P 1 A (18 [E Bruke A 7); Agilent Technologies 1260
infinity 11 /& X0BAH 354X (1260 Qual pump, 1260 DAD
WR, 1260 Vialsampier) fll Agilent-1260 % 7= 2% i AH {4
WAL (G1311C VY T2 R G G1315D W/ [ 5 46
#%) (£ Agilent A F]); XBridge” C,, (250 mm x 4.6 mm,
5 um) 4> BT A% (35 [ Waters 23 #)); YMC-Pack ODS-A
(250 mm x 10 mm, 5 pm) -l &4 (HA YMC #R A 2>
#); H 1% B ODS (50 pm, YMC 77 5, db 5t 4 1 B R}
i KA R 2 7143 %), Sephadex LH-20 (Pharmacia =
fh, A6 G RROW AR R A PR 7 4 %), K3 F
JiZ (60~80 F1200~300 H, # HifFrEfL T ).

/NE RAW264.7 5 4% EL 40 i (A6 52 B A0 40 A 5%
JiH0y); DMEM s bl 85 77 5 (32 [ Gibeo A H]); — H
F I (DMSO, KEFUE A=A BRA 7); BER 2% v
% (PBS, % [H Corning 2 #]); BEMEEE (MTT, 477 18 5
BN30793) fil LPS (4 7= 1% *5: BN32880) (b 5 H Hii b)
EVRH B R A ) 0.22 um 40 it JE % (4 E Merck
Millipore 24 &, 4 7= 1% 5 : SLGP033RB); fifi 2 I3 (LA
4,31 Biological Industries 2> &]); NO 57 & (¥ M i
AR A IR |, BEER — AR IR A — 4 (b
3w FURE AHA 22 IR A R, JoKBRER 4 (P8 22 4k 2%k
T o~ %0 B B (4277 5751 S10050) 5] D 3£ 3
(PEF= 575 B27001) Bl R bE (477 075 : B20003) Al
XF firg ik 2R Jk - o-D- ML PR ] AT BE T (PNPG, B2 17 5
S10137, g AMA R A ).

B Hz 48 A6 5T T R 24K 5 W B 3R AR 48 R
IS B AE ) T B #MIAT (Lycium barbarum L.) W J5AR
B2, Zibt B FE 100.0 g fRAT7 T A6 5t HH 22 25 K 2 Hh 2 2 Bt
B419 525G = .

1 ERSS

P PR R ZH A BUAS B LR SR (84.8 g)
oK o5, EREE AL % pH 2, S W R HL, BR/K N
K9 pH 10, F Z & b2 0L, 15 31 = & b A
(5.9 g); A FBEIAL (5.9 g) Sk FERE S 5, A1 i
fik— B (100:0—0:100) o J5 e it , 283k 3 )2 03 3t
ITHR, & IFE1F 30 21 AR5 (A1~A21).
A8 (325.0 mg) LU AL O (A - HEE, 1:1) &
&L, EERIRA A E 3N (A8a~AS8c). A8a
(28.6 mg) & -1l &AH (FHEE-IK, 35:65) il %153 1k
43 (8.4 mg, 23 min). Al4-A15 (759.7 mg) 4 &t K
MR (AW -, 1) 05, EERIREG S
B3 MFT (Al4-15a~A14-15¢). Al4-15¢ (182.6 mg)
G WA (R EE-7K, 95:5) Hl % B2 EWS
(20.6 mg, 17 min) 14 (40.5 mg, 27 min).

1E T EEERAL (235.7 @) MK 7 #, 3B B2 1k 2 pH
N2, ZEF AR, BRKJE INE KN pH 10, & H
BEREEL, 19 3 & BEERAL (6.8 g); i F KA IE T %
RHAS F IE T BEHAL (140.0 g)o

TEFREE AL (6.8 g) LBk AL (FEE YRR
oy, Gt 2 R TR IR A IR B 14 A E AR P
17> (B1~B14). B4 (863.1 mg) £k i # o il (H
BEYEM) 70 8, HERR & IR 13 3] 5 MR 4> (B4a~
Bde). Bde (223.8 mg) & L1l & WAH (HEE-/K, 55:45)
H &S B A& T (12.7 mg, 22.5 min) ML &9 8
(22.9 mg, 61 min). B6 (247.0 mg) £ ODS F & i /)
B, FEE /K (30:70—100:0) £ 5 P, R RS
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J5 15 E 4 AN 4y (B6a~B6d). B6a (129.3 mg) 4 - il
HWAH (I BE-7K, 15:85) il %5 15 246 5413 (2.4 mg,
58.5 min). B8-9 (250.0 mg) £kt A (il (FEEVE /)
38, WRKORG I 193] 3 N4 (B8-9a~B8-9¢).
B8-9b (191.2 mg) £ -1l & AH (FFEE-7K, 20:80) il %
B E4L A9 12 (13.1 mg, 34 min) FILEW 6 (26.6 mg,
80 min),

IE T EERRAL (140.0 g) & RFLW REFE (1S5 25, &
M — 7K 2 Ge b6 B e (02100100 0) 5 31 7K B i &5 43
(12.5 2)~10% BB ER 53 (24.3 2)~30% £ B ¥ It 68
55 (17.1 2)50% BB WL 70 (6.2 2)~70% £ B e it
T (1.5 g) F195% LEEVEWE 7 (0.3 g)o 30% LEEVE
W (17.1 g) ZERAE B (FBE-/K, 3:7) 0,
ERRAIE, 153 74N (30A~30G). 30B (3.863 6 g)
GBI (B3 (FRE—K, 3:7) 208, HEK NG 53
34MA4S (30Ba~30Bc). 30Bb (0.124 g) £ % A
(ZHE-7K, 10:90) il %3 24k &4 11 (3.2 mg, 54 min).
30F (1.005 g) & il (HEE-/K, 3:7) 701, W2
KR A 15 2 4 N4 (30Fa~30Fd). 30Fc (0.41 g)
28 A (2B -0K, 10:90) H & B 21L& 9
(6.8 mg, 29 min). 30G (0.701 g) £ ¥k A (it (F s -
K, 307 o, HE KR A IRE R 3 N4 (30Ga~
30Gc). 30Gb (0.341 g) -l & A (L E-7K, 10:90)
Bl %15 2L A 10 (5.1 mg, 117 min). 50% £ 36 i
(6.2 g) ZEIEAE A (FRE-K, 101) 705, HZEK
WEIHE, B3 6 N (50A~50F). 50C (0.235 6 g) &
B (3l (PR -IK, 101) 20 &, ARG IF, 193]
5N 4 (50Ca~50Ce). 50Cc (63.6 mg) £ il % 7
A (R BE-7K, 1:1) $il &5 24E 1 (5.2 mg, 17 min)
AL A2 (3.4 mg, 28 min).
2 ERIKAER

FME mgtb &1tk &2 BT KRS,
JEA 1 mL HCI (2 mol-L™") ¥ fi#, 80 °C/K¥# 2 h, 'K+,
N T mLK o8, LR ZFEAEE 3 Ik, WK )2, 133
FRE . PRI 1 mL JC/KEBE A . N 1 mg L-2
it 2 R AR 82, 7K 60 °CIN#A 1 h, Jn A 50 pL 46 H

BERETRES, AN h, RN CABERT AR, B

RO AR M RE S o WA G 20 B M 2 (A)-
0.1% F R 7K (B), 25:75; HEFEARFL: 10 pL; 46 3
250 nm; JitiE: 1.0 mL-min”'. L& 1R 2 kERT A9
{4 B4 R TE] A 13.497 min, 55 D-%8 & R AT AE W0 1O AR B
(] AR — 3, Wit 2 AL A 1 R0 2 TR 350 D7 %6
3 RIEHE RS

£ Sybyl-X 2.0 £ H1, K H MMFF94s 7137 % 1k
BT %48 %, K H Gaussian 09 #44, 7E B3LYP/

6-31G(d) /KF- EXT BT A SRR I R4t . 1EH CD,0D
NV 7 ¥ IEFPCM ¥4 71 BB, 4 ] GIAO NMR #% R,
7E/B3LYP/6-31+G(d) /K ¥ it 5 °C NMR Jif ific # %%,
YBT3 I EE L PC NMR A RS 5 Sl 1) °C NMR £8E i
1T HEL, B e B VI 45

4 HHEE

WEML RO EKR (FE); (¢ = - 25.03 (¢
0.105, MeOH); UV(MeOH) 4__ (log ) 204 nm (0.701),
241 nm (0.517); IR (KBr) v, 2 928, 1 650, 1 376,
1073 cm™; HR-ESI-MS: m/z 581.256 53 [M+Na]" (it 5
8 C,H,0,,Na, 581.256 85). 'H NMR #1"”°C NMR #§
TR,

a2 REER K (FE); [a]y =-14.02 (c
0.082, MeOH); UV(MeOH) Z___ (log &) 207 nm (1.758),
241 nm (1.178); IR (KBr) v, : 2 928, 1 652, 1 376,
1 077 cm’'; HR-ESI-MS: m/z 583.272 83 [M+Na]" (it 4
{8 C,,H,,0,,Na, 583.272 50); 'H NMR A1 °C NMR % ¥
W1,

a3 R ok R, U R A
'H NMR (400 MHz, CD,0OD) §,, 7.85 (1H, d, J = 9.3 Hz,
H-8), 7.10 (1H, s, H-5), 6.76 (1H, s, H-2), 6.19 (1H,
d, J = 9.3 Hz, H-7), 3.90 (3H, s, 3-OCH,); “C NMR
(100 MHz, CD,0D) §,. 164.1 (C-6)-153.2 (C-10).151.5
(C-9). 147.2 (C-3). 146.2 (C-8). 112.5 (C-7). 109.9 (C-
5).104.0 (C-2)56.8 (-OCH,); X} 73 7 i & 9 192, 7>
TN CHON, o LA H s 5 Sk e s 5
A — 5, W% E G P 3 4 9-hydroxy-3-methoxy-6H-
pyrido[1,2-a]pyrazin-6-one.

&4 ToE MR, 10% B IR £ B 5% %
i ; '"H NMR (400 MHz, CD,0OD) 6, 7.72~7.70 (2H,
H-3,3"), 7.62~7.60 (2H, H-4,4"), 421 (4H, H-6,6"), 1.67
(2H, H-7,7"), 1.35~1.41 (16H, H-8,8',9,9',10,10',12,
12"), 0.95 (6H, t, J = 7.5 Hz, H-13,13"), 0.90 (6H, t,
J = 7.5 Hz, H-11,11"); "C NMR (100 MHz, CD,0D)
J. 169.3x2 (C-5,5").133.6x2 (C-2,2').132.4x2 (C-4,4").
129.9x2 (C-3,3"). 69.1x2 (C-6,6")- 40.2x2 (C-7,7' )~
31.6%2 (C-8,8').30.1x2 (C-9,9').24.9x2 (C-12,12').
24.0%2 (C-10,10").14.4x2 (C-11,11"). 11.4x2 (C-13,13");
FHX 3 i &4 390, 43§ 20N €L, H,,0,. BL B BE %L
5 SCHROHROE i B AR — 2, M e & 48 5,5'-di
(2-ethyl-hexyloxy)-5,5'-bifuran, %t & %N B X M 6
BHED 7 B3 2

WEYS B ORI AR, 10% B BR £ Y 4%
4; '"H NMR (400 MHz, CDCL,) 8, 7.52 (2H, dd, J= 5.7,
3.3 Hz, H-4",5"),7.70 (2H, dd, J= 5.7, 3.3 Hz, H-3",6"),

max



- 258 - %% % Acta Pharmaceutica Sinica 2026, 61(1): 252-260

4.27~4.17 (4H, H-1,1"), 1.68 (2H, q, J= 6.1 Hz, H-2,2"),
1.24~1.42 (16H, H-3,3,4,4',5,5',7,7"), 0.93 (6H, d, J=
7.5 Hz, H-8,8"), 0.89 (6H, H-6,6"); "C NMR (100 MHz,
CDCL,) 8. 167.9x2 (C=0x2)132.6x2 (C-1",2").131.0x
2 (C-4",5").129.0%2 (C-3",6")68.3x2 (C-1,1").38.9x2
(C-2,2')230.5%2 (C-3,3').29.1x2 (C-4,4").23.9x2 (C-7,
7).23.1x2 (C-5,5").14.2x2 (C-8,8"). 11.1x2 (C-6,6");
X535t &R 390, 7 1 XN C,H, 0, LA b3k ik Ei s
B SCHERV O TE K s R AR — B, MU E A 5 A bis(2-
ethylhexyl) phthalate.

a6 kEEK K, 10% 5k £ B 5%
'H NMR (400 MHz, CD,0D) §,, 7.85 (1H, d, J = 9.3 Hz,
H-4), 7.10 (1H, s, H-5), 6.76 (1H, s, H-8), 6.20 (1H, d, J =
9.3 Hz, H-3), 3.91 (3H, s, 6-OCH,); "C NMR (100 MHz,
CD,0D) J. 164.1 (C-2)-153.0 (C-7)~151.4 (C-9)-147.1
(C-6).146.1 (C-4)112.5 (C-3).112.5 (C-10)~109.9 (C-
5).104.0 (C-8).56.8 (6-OCH,); #H %} 7> F i & N 192,
7T AN CHO,. LA B 5 Sk R 2
FER—F, S EY 6 NAREFNEE.

EWT RO K, 10% 5 1R £ B 4
'H NMR (400 MHz, CD,0OD) 6, 5.91 (1H, s, H-22), 5.02
(1H, d, J = 1.8 Hz, H-21a), 495 (1H, d, J = 1.8 Hz,
H-21p), 4.14 (1H, t, J = 2.9 Hz, H-3), 2.86 (1H, m,
H-17), 0.95 (3H, s, H-19), 0.90 (3H, s, H-18); "C NMR
(100 MHz, CD,OD) 6, 178.3 (C-20)-177.2 (C-23).117.8
(C-22).86.3 (C-14).76.2 (C-21).75.3 (C-5)~69.0 (C-3)-
51.9 (C-17).50.9 (C-13).41.9 (C-10).41.7 (C-8)- 40.9
(C-12).40.1 (C-9)-37.8 (C-6)-35.9 (C-4).33.3 (C-15).
28.5 (C-16).28.0 (C-2)-26.1 (C-1).24.8 (C-7).22.7 (C-
11).17.3 (C-19).16.3 (C-18); #H X 4> T Jii & 4 390, 7
TN C,,H,,0 0 DL 3 1 H 4 15 Skl 1 i i £ s
A3, W% E AW 7 4 periplogenin..

EY8 REEK K, 10% MR L fE R4 6,
'H NMR (400 MHz, CD,0D) d,, 5.96 (1H, q, J = 1.7 Hz,
H-22), 5.31 (1H, H-15), 4.94 (1H, d, J = 1.8 Hz, H-21a),
4.88 (1H, d, J = 1.8 Hz, H-21p), 4.12 (1H, t, J = 2.9 Hz,
H-3), 2.89 (1H, m, H-17), 0.96 (3H, s, H-19), 0.84 (3H,
s, H-18); "C NMR (100 MHz, CD,0OD) &, 176.8 (C-23).
174.1 (C-20).155.1 (C-14).118.2 (C-15).116.5 (C-22)-
76.2 (C-5).75.4 (C-21).69.0 (C-3).53.8 (C-17).49.6 (C-
13). 44.5 (C-12). 42.2 (C-16). 41.9 (C-8).37.7 (C-1)-
35.7 (C-10)-35.5 (C-9)-34.5 (C-4).28.6 (C-2).27.3 (C-
6).26.1 (C-11).23.4 (C-7).18.5 (C-19).17.1 (C-18); #H
X5y F &N 372, 43 F O8N C,,H,,0,. BL Rk ds
5 SCHRU R T H o B AR — B WO A 8 3B,

5p-dihydroxy-14-en-card-20(22)-enolide, N B X A B
EE7/ R ebi g R R

WEM9 WE R K, 10% iR £ B 28
'H NMR (400 MHz, CD,OD) §,, 7.13 (1H, d, J = 8.4 Hz,
H-5), 7.04 (1H, s, H-2), 6.94 (1H, d, J = 8.4 Hz, H-6),
6.74 (1H, s, H-2"), 6.72 (1H, s, H-6'), 5.56 (1H, d, J =
5.8 Hz, H-7),4.94 (1H, d, J= 7.4 Hz, H-1"), 4.45 (1H, d,
J=7.8 Hz, H-1"), 3.89 (1H, H-9b), 3.87 (3H, s, 5'-OCH,),
3.84 (3H, s, 3-OCH,), 3.74 (1H, H-9a), 3.55 (1H, H-8),
3.69~3.53 (6H, H-2",3",4",5",6"),3.77~3.26 (6H, H-2",
3",4".5".6™), 3.45 (2H, m, H-9), 2.64 (2H, m, H-7"),
1.82 (2H, m, H-8"); "C NMR (100 MHz, CD,OD) §,.
151.0 (C-3). 147.5 (C-4"). 147.5 (C-4). 145.2 (C-5").
138.5 (C-1). 137.1 (C-1"). 129.6 (C-3"). 119.3 (C-6).
118.1 (C-2").117.9 (C-5).114.2 (C-6").111.2 (C-2).56.8
(3-OCH,)- 56.7 (5'-OCH,)- 88.5 (C-7). 65.1 (C-9).62.2
(C-9).55.7 (C-8).35.8 (C-8")~32.9 (C-7").102.5 (C-1")~
80.1 (C-4").74.6 (C-2").76.7 (C-5").76.2 (C-3").61.6
(C-6").104.6 (C-1").78.1 (C-5").77.9 (C-3").74.9 (C-
2" 71.4 (C-4").62.4 (C-6"); FH X} 7 T Jii &N 684, 7
TN CLH,0 0 BL RIS B 15 SRt i A 2
A — 5, W € L& 9 N (TR, 8S)-4-hydroxy-3,5'-
dimethoxy-4', 7-epoxy-8, 3'-neoligna-9, 9'-diol-4-O- § -D-
glucopyranosyl-(1—4)-B-D-glucopy-ranoside, 1%t & ¥
NE RN AEHE Y 7 452

EY10 RE O R, 10% MR O 2 5% 0
'H NMR (400 MHz, CD,0OD) 6, 8.56 (1H, H-5), 8.56
(1H, H-8), 7.58 (1H, H-7), 7.54 (1H, H-6), 5.16 (1H, m,
H-10), 4.85 (1H, d, J = 7.7 Hz, H-1"), 4.66 (1H, d, J =
7.8 Hz, H-1"), 3.86 (3H, s, -OCH,), 3.83 (1H, H-6a),
3.79 (1H, H-6"a), 3.73 (2H, H-9), 3.65 (1H, H-6'b), 3.65
(1H, H-6"b), 3.55~3.13 (4H, H-2',3",4',5"), 3.61~3.09
(4H, H-2",3",4",5"), 1.74 (3H, s, H-12), 1.69 (3H, s,
H-13); "C NMR (100 MHz, CD,0D) 6. 171.1 (C=0).
148.3 (C-1). 148.0 (C-4). 133.0 (C-8a). 131.1 (C-11),
130.7 (C-8).128.7 (C-6).128.5 (C-5).127.9 (C-2).127.3
(C-3).124.7 (C-7). 124.5 (C-4a). 124.5 (C-10).27.5 (C-
9).25.9 (C-12).18.4 (C-13).53.0 (-OCH,)~ 106.5 (C-1).
78.1 (C-3').78.0 (C-5").75.8 (C-2').72.0 (C-4").63.3 (C-
6').106.3 (C-1").78.0 (C-5").77.8 (C-3").75.6 (C-2")~
71.6 (C-4")+62.6 (C-6"); T4 F i = N 610, 7 F X
A CoH,O, e AL MR 5 SRR i M 3 A —
., W% b & ) 10 N 2-carbomethoxy-3-prenyl-1,4-
naphthohydroquinone-1,4-di-O--glucoside, ZAt & YN
HIRM AR > AR E
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EM I AERER, 10% 68 B 5% K 6
'H NMR (400 MHz, DMSO) 4, 6.66 (1H, d, J = 8.6 Hz,
H-5), 6.63 (1H, d, J = 2.6 Hz, H-2), 6.50 (1H, dd, J =
8.6, 2.6 Hz, H-6), 4.65 (1H, d, J = 7.4 Hz, H-1'), 3.27~
3.17 (4H, H-2",3',4',5"), 3.94 (1H, brd, J = 10.3 Hz, H-
6'a), 3.67 (1H, dd, J = 11.3, 5.3 Hz, H-6'b), 4.17 (1H, d,
J =174 Hz, H-1"), 3.27~3.17 (3H, H-2",3",4"), 3.57
(1H, dd, J = 11.3, 6.6 Hz, H-5"a), 3.46 (1H, m, H-5"b),
3.73 (3H, s, 3-OCH,); *C NMR (100 MHz, DMSO) 4.
150.6 (C-1).147.7 (C-3).141.3 (C-4).115.4 (C-5)~107.9
(C-6)102.3 (C-2)~101.6 (C-1').76.6 (C-5').76.5 (C-3")-
73.4 (C-2").69.8 (C-4').68.6 (C-6')~104.2 (C-1").75.7
(C-3")273.2 (C-2") 69.6 (C-4").65.7 (C-5")~55.5 (3-
OCH,); H %t 53 7 Jii & 3 434, 5 7 A C,(H,0,,- LA
e U R 5 SR R R AR — B, W e G
¥ 11 °~ 4-hydroxy-3-methoxyphenyl-f-D-xylopyranosyl
(1—6)-0O-f-D-glucopyranoside »

EMI12 RO, 10% MR O iE %6,
'H NMR (400 MHz, CD,0OD) 6, 7.32 (2H, s, H-3,7),
3.87 (6H, s, 2xOCH,); "C NMR (100 MHz, CD,0D) 6.
170.4 (C-1)- 148.8x2 (C-4,6).141.5 (C-5).122.6 (C-2)-
108.3x2 (C-3,7)+ 56.8x2 (2xOCH,); Hl %t 4> T i & N
198, 731 3 A C,H, 0,0 LA L 3 3 B0 48 5 SO 4k 08
HARIEAR—3, M ENEM12 AT HIRK.

&M 13 ok g, WE B3 4 'H NMR
(400 MHz, CD,0D) 6, 7.56 (1H, H-3), 7.54 (1H, H-7),
6.82 (1H, d, J = 8.8 Hz, H-6), 3.89 (3H, s, 3-OCH,);
“C NMR (100 MHz, CD,0D) 6. 170.0 (C-1).152.7 (C-
4).148.7 (C-5). 125.3 (C-7). 123.1 (C-2)- 115.7 (C-6)-
113.8 (C-3).56.4 (3-OCH,); AHX} 73 B &4 168, 77 1
N CHO,o P LU IEHE 55 SCHRU R Hdfs Fe A —
H, MEEHEMI3NEERR.
5 FEMEM
51 AW 2ENOERIBIFENE Hx kK
RS R 4T 9 RAW264.7 41 i 422 Fh 2] 96 FLAR T (4%
FL 100 pL), 7F 37 °C 5% CO, 21 F 55 3% 24 h i HL NG
BE, BEG, 2B 3.125.6.25.12.5.25 1150 umol L
BIARE DAY B ), (5] BT 15 B 0k R 2 | A 28 2 o ek 245 26
(100 pL), FFHANE L. FFE —ER G, BLmA
100 pL ¥ MTT 57 4k 2205 & 4 he W3E BIEW, B4L
BIN 150 uL DMSO ¥ fi# H B 45 é, 7E 490 nm P4 N
SEWR IR (OD)HE, F14% 2 4l A7 3% 2 (%) = (OD %4
254 - OD = 1) / (OD Xf Hi 4 - OD %5 1) x 100% 1t
A TE

FE NO 1] S 58 v, 4 it B2 i J 25 25 77 A F

9 TALFE 1 h )5, N LPS fill 3 24 /N . B S0 uL
TE W 287 96 ALK, MBI 50 pL Griess Reagent
LA, #2 R R % 10 min Ji5 W 5€ 540 nm 4L OD fE . FI H
NaNO, # #E i 28 TH 5 NO W B, & A X% =1 -
NO #fil| % ,
52 EMIM2WN-EEREEEMGIEE RN
17.907 g MR & 4N F17.800 5 g BR8N, 7 il 52
25 % 500 mL, JC il B fif AW . X 168 mL 3 R & — 40
VRN 32 mL B R — AN VA R A, E A 200 mL,
£30.1 mol-L"' PBS A -

B o~ % HEE RS (100 U, 3.1 mg) ¥ T PBS, Bt
B 10 U-mL™ fig %V, (6 N #iRE 22 0.2 UmL" TAEW -
5L 117.98 mg X i J2 7 35 - o-D- M IR ] 28 W, VAT
PBS Fi % 10 mmol- L™ % ¥ . FFFREL 1.063 1 g i TR 5,
% PBS Bt /i 0.1 mol- L™ & 11

AR A PR ZH S SCHRY 7323, 96 FLAR FH AR N
60 uL PBS.80 pL 0.2 U-mL" -7 %] FEE BE AT 10 puL £
AL (100 pmol-L™), 37 °CHR ¥ [ B 10 min. Bl J5 il
A 50 uL 10 mmol- L™ 5% fiff i 24 I - o-D- Wk A 7 %5 0% 1
TR, Ak 22 5N 30 min, B JE TN 30 L B B 4 2% 1)
bR M. TE405 nm Rl E ODAH . 256 ¥ B 2% b
FE L B P T B o B R S R R L, R 4
HAL, EHE 3. MHIE (%) = (OD gy — OD iy /
OD 5y < 100%

1B STk 75 B 7 S S BRI 1 L S R E ;s X
SR A AR SRS JURERG MR R AR S H 4
P 4 58 B 7 T AR B 00 AR B 388l L R H &
50 STE SE 4 A XK 5RO VR B 7 52 it S A 4R

HEER.
FIERMBE: fr A R #  HATEE R 25 v 9 .
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