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Three new furan type compounds from the mycelium of
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Abstract: A total of seven furan natural products were isolated from the ethyl acetate extract of the fermenta-
tion product of the mycelium of Cordyceps militaris through a combination of chromatographic techniques, including
silica gel column chromatography and semi-preparative HPLC. Based on their physicochemical properties and
spectroscopic data, the structures of isolated compounds were identified as ethyl 5-[(3R)-hydroxybutyl]-2-furanace-
tate (1), 5-[(3R)-hydroxybutyl]-2-furancarboxylic acid (2), methyl 5-[(3R)-hydroxybutanoyl]-2-furanacetate (3),
5-[(3R)-hydroxybutyl]-2-furancarboxaldehyde (4), methyl 5-(2-hydroxyethyl)-2-furanacetate (5), 5-[(3R)-hydroxy-
butyl]-2-furanacetic acid (6), and methyl 5-[(3R)-hydroxybutyl]-2-furanacetate (7). Among them, compounds 1-3
were new compounds, compound 4 and 5 represents a new natural product, and compound 6 and 7 were isolated
from Cordyceps militaris for the first time. Compounds 1 and 3-7 exhibited anti-inflammatory activity in varying
degrees and significantly inhibited nitric oxide production in lipopolysaccharide-induced mouse mononuclear
macrophage RAW264.7 cell line. Compound 2 showed some cytotoxic activity against Spodoptera frugiperda
ovarian Sf9 cells with an IC,, value of 57.01 pmol-L™".
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Figure 1  Structure of compounds 1-7
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HESr T8 FUE m/z 227.128 5 [M+H] (C,H,,0,, i+ 5l

m/z 227.127 8), HEWr H 73708 C,H,,0,, AHFIE R
4. '"H NMR (600 MHz, CD,0OD) ¥ (% 1) /R 2 4N
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(2H, td, J = 7.7, 6.2 Hz, H-2")], M2 M H EE (55 [0,
1.25 (3H,t,J="7.1 Hz, H-4), 1.18 (3H, d, J = 6.2 Hz, H-
4")], “C NMR &7~ 1241 k{5 5 (K 1), 45 & DEPT-
135884 30k, BHE 1AM R [0, 171.6 (C-2)]
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Figure 2 Key 'H-'H COSY and HMBC (H—C) correlations for

compounds 1-3
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Table 1
NMR data of compound 3 (in CD,0D).

'H (600 MHz) and "*C (151 MHz) NMR data of compound 1 (in CD,0D) and 2 (in CDCL,), 'H (400 MHz) and C (101 MHz)

1 2 3
Ne- 5, (Jin Hz) 5. 5, (J in Hz) 5. 5, (J in Hz) 5.
2 1475 1433
3 5.96 (1H, d, /= 2.8 Hz) 109.5 7.15 (1H, d, /= 3.4 Hz) 1205 6.52(1H,d,J=3.5 Hz) 1123
4 6.09 (1H, d, /= 2.8 Hz) 106.7 6.14 (1H, d, /= 3.4 Hz) 1082 7.34(1H,d, =35 Hz) 121.1
5 156.7 161.6 153.7
1 3.64 (2H, ) 34.8 1632 3.87(2H,s) 345
2 1716 170.7
3 416 (2H, q,J= 7.1 Hz) 62.1 3.74 GH, 5) 52.9
& 125 (3H, ,J=7.1 Hz) 14.4
G 2.67 (2H, m) 253 2.80 (2H, m) 248 189.2
2 173 2H, td, /= 7.7, 6.2 Hz) 384 1.80 (2H, m) 371 3.02(1H,dd, /= 152,7.7 Hz, Hb) 483

2.85 (1H, dd, J = 15.2, 7.7 Hz, Ha)

3" 3.75 (1H, h, /= 6.2 Hz, H-3") 67.7 3.79 (1H, m) 672 431 (1H,m) 655
4" 118 (3H, d,J = 6.2 Hz) 234 122 (3H, d, J = 6.2 Hz) 236 125(3H,d,J=63Hz) 23.6

(C,H,;0,, 11514 185.080 8), Wi H 7» 1 X~ C,H,,0,,
AHIFIE N 4. "H NMR (600 MHz, CDCL,) i (% 1)
BoR2ANE B R T [, 7.15 (1H, d, J = 3.4 Hz, H-3),
6.14 (1H, d, J = 3.4 Hz, H-4)], 1 A 55 50H1 7% i o 2
A [0, 3.79 (1H, m, H-3")], 2 M H 3£ AL [0, 2.80 (2H,
m, H-1"), 1.80 (2H, m, H-2")] 1 1 ™ H H A5 5 [0,
1.22 (3H, d, J = 6.2 Hz, H-4")]. “C NMR .71 9 M {5
T (% 1), 454 DEPT-135 527~ 3 1M F 0k, (45 1 MR
FEAZ S [0, 163.2 (C-1")] A2 AN b5k [0, 161.6 (C-5),
143.3 (C-2)]; 3 /MR HH AL, A0 46 2 MM ik [0 120.5 (C-
3), 108.2 (C-4)] F1 1 A~ & AH 3% 1) UKk [6. 67.2 (C-
3")]; 2 NI H 3 [0, 37.1 (C-2"), 24.8 (C-1")] Al 1A~ H
% [6.23.6 (C-4")]. XL 545 1AL, 2t
&Py C-2 B B 52 5 R 4 [0, 163.2 (C-11)] #HI%E.
HE— 538 i '"H-"H COSY M HMBC #t 47 % 3F (& 2).
'H-'H COSY {i7R C-3-C-4 Al C-1"-C-2"-C-3"-C-4" [ T
BT . HMBC $#/8 H-3 5 C-2.C-5#%, H-4 5
C-5HHG, #7% 2,5- HUARIBR I R 25 #); H-1"5 C-4.C-5
FHO, B 3-F 2 T L0 4 5 1K g 34 v 1 C-5 A H2
DR, A5 2 IO S5 K 1 1) W, 22 SciFinder 408 e 4G 2R
TN E Y . i3k — 0 R F e G AE LB 77 i e
WGP L f B, FE L e el 5 R M & 7 450k,
FEN 5 H 8, #iE C-3" N R, & L a)
Wi 48 S-[(BR)-FA 25 T 3 ]-2- PR IR R I -

W&V 3 NE AR Y, 5 T Wl &b,
[a]® 7.0 (¢ 0.2, MeOH). ¥ &4 # i1 (HR-ESI-
MS) [IE 5> 7 B 7% m/z 227.091 7 [M+H] (C, H,.0,,
TH5AE 227.091 4), 4 i 153 1 008 C, H,0,, AHLA
JZ4'5, 'HNMR (400 MHz, CD,0OD) i (% 1) &R
2AMEIER T [0, 7.34 (1H, d, J = 3.5 Hz, H-4), 6.52 (1H,
d,J=3.5 Hz, H-3)], | M 5EMENRFREEES [0,

431 (1H, m, H-3")], 2N HEEE S [5, 3.87 QH, s,
H-1), 3.02 (1H, dd, J = 15.2, 7.7 Hz, H-2", Hb), 2.85
(1H, dd, J=15.2, 7.7 Hz, H-2", Ha)], 12 M A5 S
[8, 3.74 (3H, s, H-3"), 1.25 (3H, d, J = 6.3 Hz, H-4")].
"C NMR 7R 11 MifE 5 (3R 1), 454 DEPT-135 $2 7R
HANFwx, B | DMEEHEE S [6. 170.7 (C-29)] 1AM
PRIL(E S [6, 189.2 (C-1")] 12 ME K [5,. 155.3 (C-2),
153.7 (C-5)1; 34X H &, Q46 2 AN i S, 112.3 (C-3),
121.1 (C-4)] A1 152 AHIE RS [, 65.5 (C-3")]; 21
M H 3 [6,. 48.3 (C-2"), 34.5 (C-1)]; FI2ANHI%E [5.52.9
(C-3),23.6 (C-4")]o XELHHR 5 5-((3R)-3-F2 0k T 2k)-
2-WRI T2 Tl (P& 7) wh B8 4R 5 A AU, 32
BLIX HIAE C-1"457 H B B 5 C-17 (8. 189.2) HUAR . Lt
J3E it 'H-"H COSY A HMBC 7 15 5| 56 41F Hik B2 fr B
(K2). 'H-'H COSY &7~ C-3-C-4 Al C-2"-C-3"-C-4" ]
WREEE P . HMBCH#/mH-3 5 C-5M5, H4 5
C-2.C-5 FHK, $7R 2,5- HUAR R R 5 44); H-3'55 C-2/
FHOG, BN R EE ) 4544 9 )& H-1'5 C-2'.C-2.C-3
IR, WY LR WY ) B 5 IR I A 1 C-2 MHE; H,-2" S
C-1".C-3".C-4"H 5%, 7 3-F2 L T Ik 22 1 ) 25 440
BRI, A0 50 3 1P T 465 K 48 1) B, 28 SciFinder $0405 P2
KRB AR EY . 3E—0 R TG E A 7%
eGP 4t F 8Y, F iR e 5 R E 7 7
iR, FPERLS H—5, e C-3" A R AN, R4,k
GG A 44 5-[(3R)-FRFE T It ik ]-2- PR IR 2182 G
&Y 4 e EHCIRY), 5T . &k
[a]y =11.76 (c 0.17, MeOH). R4 i 73 #F it i (HR-
ESI-MS) #1556 m/z 169.086 3 [M+H]" (CH,,0,,
TH51H 169.085 9), HEWKT H 731 8 C,H,,0,, AAIEE
N4, "HNMR (600 MHz, CD,0OD) i (% 2) & 14
W 3L R T [0, 9.45 (1H, s, H-1")], 2 M &R T [0, 7.36
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(1H, d, J = 3.5 Hz, H-3), 6.40 (1H, d, J = 3.5 Hz, H-4)],
1SR I I IR B EU(E 5 [0, 3.76 (1H, m, H-3")],
2N HEE(E S [6,2.85 (2H, m, H-1"), 1.81 (2H, m,
H-2")] f 1 AR EAES [6, 1.20 BH, d, J = 6.3 Hz,
H-4")]. "C NMR &R 9 Mk A5 5 (3% 2), 45 & DEPT-
135 3878 F 2 DN 2Rk [, 165.4 (C-5), 153.4 (C-2)]; 44
R AL T ANBEEE [6. 178.8 (C-11)], 2 ANk [,
126.0 (C-3), 110.1 (C-4)] F1 1 A~ 5 S AHE 1B [6,
67.6 (C-3")]; 2 NI H 3 [, 25.6 (C-1"), 37.7 (C-2")] F
1A [5,23.5 (C-4")]o IXEEHE 51049 2 5K
WA AL, RE2 7T — AR TE 5 [5, 945
(1H, s, H-1")], H BbHEM 4k 59 4w C-147 2 8 B 1T F
A, 'H-'H COSY i (3) &~ C-3-C4 1 C-1"-C-2"-
C-3"-C-4" i BE T« HMBC 3 (K 3) $#278 H-3
5 C-2.C-5 2%, H-4 5 C-5 #15%, $27 2,5- HUAR IR
IG5 H-1'5 C-2 4056, FRIE L C-1" 5 BRI I 1) C-2
L H-1"5 C-4.C-5.C-3"M %, H-2" 5 C-5.C-4"
AHOG, W) 3-F2 0 T LM 55 PRI 2R C-5 A i 2 .
Uk, 109 4 R 25/ Bt 18] B, 48 SciFinder 204 FE G 2R N
WRIRT W) o 3 — R I EGAE LU ) 7 2 e e &
VI 4t i A, H L IEOUE 5 R AME & 7 Bk, Tt
N5 H—8 i C-3" A RN B2, G Wbt
%N 5-[(3R)-3-FR 4T HE]-2- K g H ik

OH
Nyl TS —~_0 OH
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Figure 3 Key 'H-'H COSY and HMBC (H—C) correlations for

compounds 4 and 5

Table 2 'H (600 MHz) and “C (151 MHz) NMR data of
compound 4 (in CD,0D) and 5 (in CDCl,)

No. 4 5
6, (/in Hz) O 6, (Jin Hz) 28

2 153.4 146.7
3 736(1H,d,J=3.5Hz) 1260 6.14(1H,d,J=3.1Hz) 109.0
4 640(1H,d,J=3.5Hz) 110.1 6.06(1H,d,/J=3.1Hz) 107.7
5 165.4 152.6
1" 9.45(1H,s) 178.8  3.66 (2H, s) 34.1
2 170.2
3 3.72 (3H, s) 52.4
1”7 2.85(2H, m) 25.6 2.87(2H,t,J=6.2 Hz) 31.8
2" 1.81 (2H, m) 37.7 3.86 (2H,t,J=6.2 Hz) 61.2
3" 3.76 (1H, m) 67.6

4" 120(3H,d,J=63Hz) 235

B S s iRy, 5 T B S B
i o MRA4EF R 2 HE B (HR-ESI-MS) A7 4 T 8

U4 m/z 185.081 2 [M+H]" (C,H,,0,, it 5 1& 185.080 8),
e W 5 4 7 X8 CH,,0,, N N 4. 'H NMR
(600 MHz, CDCL,) i (£ 2) o & 7m 2 M i 1[4,
6.14 (1H, d, J = 3.1 Hz, H-3), 6.06 (1H, d, J = 3.1 Hz,
H-4)], 3 4 H &S (55 [0, 3.86 2H, t, J = 6.2 Hz,
H-2"), 3.66 (2H, s, H-1"), 2.87 (2H, t, J = 6.2 Hz, H-1")]
AN S5EMENHFREAGES [6,3.72 3H, s, H-3)].
BC NMR 78 9N A 5 (3R 2), 45 A DEPT-135 $i& R
B 3INERK, G 1 ADEEREE S [6. 170.2 (C-2)] Al
2R [0, 152.6 (C-5), 146.7 (C-2)]; 3 MK H 3, 10
5 2 MR [0, 109.0 (C-3), 107.7 (C-4)] F1 1 4~ %M
R [0, 61.4 (C-2")]; 24N 3 [0, 34.1 (C-17),
31.8 (C-1")] Al 1A 5 5 A& 1) 2 [0, 52.4 (C-3")].
DL ESOE S B e &9 7 A E D T AR
I HEE S, 2 7 — M 5EMEN TR EEGES [0,
3.86 (2H, t, J = 6.2 Hz, H-2")], HHEM AL &4 5 Hpik
W 3R () C-5 M4 >y 2-¥2 38 2.0k . 3k — 25 'H-"H COSY
W (B 3) BoR C-3-C4 1 C-1"-C-2" ) B ik 7 F IRUF .
HMBC i (4 3) #278 H-3 5 C-2.C-5 /1%, H-4 5 C-5
FHOG, $E78 2,5- Z HUAR MR IR 31 25 1) H-3'5 C-2'4H 2K,
H-1"5 C-2'.C-2.C-3 M 5%, & B LR W i I B 55 Wk e
I C-2 67 4% H-1"5 C-4.C-5 1%, $Rn 2-F8 4k 2
B SRR ) C-S AR R, (A S P T 45
4k 1 B, 28 SciFinder 48 B2 & 2 1 I\ BT R AR 7=
W), Wit 4 5-2-FR 3 2. 58)-2-PR I TR F R

2 EWTEMER

2.1 MEFEMMR N T ISP RAEH, K
T g Z B (LPS) ¥ 3 1/ IR 5 1% B I 41 il RAW
264.7 41 7 NO A= A Y, st 4 1 (K 4) Borib &
W0 1.3~7 BEIBE MM L H ] NO IR, R B H R
PRI R BCR . N T HEBRGH M 25 VAR i 7E T3
%, f#i H Alamar Blue Il & VA VPAY T F 22804k &9 b 22
) RAW 264.7 40 Jf () 7735 %o B 1.3~TER
1515 100 pmol-L™ i 40 f A7 15 2 3K F 90%, RIILA
YI1.3~7 % NO AE s g4 il /8 Bl E R e T4 i is 712
WHTE. WAL A% 2 76 10 pmol- L /5% RAW264.7 4H
Jil 2 LA B S A 4R B, HEBR R B2 TR 25 54
Bl 4.

2.2 FHFBEMMRK O8N TIPSR s, R
F Alamar Blue 72 5 7 A~ PR I 254k & W 6 3 55 1
i UF SR YR SO AL M AN AR B E A . SRIR 45 1 (R 3)
BN AP 1.3~T7 X S9 41 AT R 1 1C, 5 KT
100 umol-L™, 38 B 1% 6 b A 955 S19 41 g Jc B & 1)
UM EEE . LA 2 6 SO 40 i FL— 5E I 41 i 25 1,
IC, {4 57.01 umol-L".
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Figure 4 Effects of compounds 1-7 on LPS-induced NO release in RAW264.7 cells. NO: Nitric oxide; LPS: Lipopolysaccharide
(1 pg-mL™); HC: Hydrocortisone (1 pmol-L™, positive control); n =3, x +s. P <0.001 vs the LPS group

Table 3 Cytotoxic activity of compounds 1-7 against Sf9 cells

Compound 1C D/pmol-L'] Compound ICSO/um01~L'I
1 > 100 5 > 100
2 57.01 6 > 100
3 > 100 7 > 100
4 > 100
3 it

AR 5 R B R 22 A4 R PR ) LR S BRI A3
AR TR S . METEAEMRZERE
B 2R SRS W, AR P E T
RS 2R, I TR TR TR 22 AR TE A2 30 B B/
O AR A T T ). SRR, iR A
YL 2,5- —HURIR IR Y BRI, 28 (3R)-F2 Ak T 2
F 10 B, 250 25 S R BEAR T TR IR B C-2 A AR AR
AR TS VPN S5 SRR, AW 1.3~T X IR 2 hE
753 1 RAW264.7 41 g — 4840 B A= R A AN R R Y
e, AN A A 4 2 38 B H X b 9 73 B B 41
Pt SE9 4 254, 318 C-2 A7 il B BRI I B A R T
F2 E 0 M e TG R R R S AR U S A e R B
RIEE, VIR TR & Y451 5 R i
Z AR . ARSI T BT 2 AR TE T FR G0 DL i
e 25 K4 i 0L FR) K R S B 2, I (RD I I B LBt R 4
BEVE 1, S 0 R R 24 FH O R B AR AR A T ) R
FUHEAE T OB P I R A AR A AT AR AR — SR PR,
URTE P AL o R B B . 45 b, iSRRI A A I TE DT A
ZIWIIE R e R IR A NS S A S ) R I 5 TR R T
TE LR E, BT Ji5 SR 25 e A AR FEATL ) e R % % U
Zr6 R R BRI 5T 1]

SLIGER S

Bruker AVANCE III 400 %4 #% #if 3£ 4% 1% 1 Bruker

AVANCE NEO 600 24 # # St ) 4% (1% [F Bruker 2 #));

Anton Paar MCP5500 fig Y6 1 (% i F] Anton Paar 23
7]); IRAffinity-1S 7 BLIH- 27 4 6 3 A (H A B A
#)); Agilent 6545 Q-TOF &1 43 ¥ i i {X F1 1260 Infinity
IT 284 2 i 28 YA 154X (32 B Agilent A 7]); Shimadzu
Prominence /& 20 AR (15X (H A B A 7], Bl % PDA
I HL AR BRI ARS  #%); Sepa Bean R I AL (M
= Z B4 A Fl); Spark £ Uy RE B AR X Y 5N (Hi &
Tecan 2\ 7)); Agilent SB-C18 (250 mm x 4.6 mm, 5 um)
4y M ; Agilent SB-C18 PrePHT (250 mm x 21.2 mm,
7 um) 1 % FE; YMC-Pack ODS-A column (250 mm x
10 mm, 5 pm) il &4 A ERERE R (200~300 H, -
WG ZRIH BB A A 7)), — S BRI TR & 20
(LPS, KIE T K7 AF i 055:B5, Lifg 3 = KAV R
JBe AR A B \]); 71 R 8 (3£ 1 Sigma-Aldrich 2 7]);
B il afi ) | o A AR S0 T e B R R
PRAH .

U R B A E I AR A R R A 9 R S
4w 5 (bio-57563), & ITS I 7 % %€ N Cordyceps
militaris
1 EHNEZESER

V7 g ERUR B R B P T B 4 PDA 53R b (it
5200 g, % FE 20 g, MgSO,-7H,0 1.5 g, K,HPO, 3.0 g,
HE4E K B1 10 mg, Bk 20 g, IKERE 1 L), 725 °C
(3G FRAE P RE TR 7~ 10 KBATIEA o KT A0 11 B0 B 1R
2R B R PDA REFREE (F5 % 152200 g, Hi & HE 20 g,
MgSO,-7H,0 1.5 g, K,HPO, 3.0 g, 4= % B1 10 mg, Jil
KFEZEZE 1 L), £E25 °C, 150 r-min” FIHE K PR % 15 5%
14K, RIS R B Fp 7R R0 BFp TR 2
A 1 LR PDA B FRIE 2 L = MR, KB40,
7£25 °C+ 150 rmin” PR R IR G TR 14 K.

2 RESSE
RIBER G, ARSI B RS . K



JEXUETAS 0 U 22 o = AN g S &4 -+ 2623 -

BEIN N SRR R SRR 3 IR, BRI 4 FH P It 75 4
B3R & R IR ZE B 5 T A B 28 ok T Ak 4
ARSI . S SEH N 800 mL /K 43 B, MK IR FH 4
AR MK L LR O & AR S 6 4K, IR IR 4515 B A
MEER AR OBEE . LR OHBRZE (6.5 g) & IEAHRER
FEEE > B, R & e D T (100:0~1:1) B
Ve, 153 14 N4L4) Fr.l~Fr.14. Fr.6 4414 & 2%
VAR (3 (R K 190 A11254 nm, ZfiF-7K, 30170~
100:0, 15 mL-min") Nl %, 2G5 1 (273 mg,
t, = 15.8 min) 1L &% 7 (140.0 mg, ¢, = 13.3 min),
PL K 3 AN 4143 Fr.6.1~Fr.6.3. Fr.6.1 £ % %%
TR B3 (R I 9% 4K 190 F1254 nm, Zf§-7K, 15185,
5mL'min") 4ifk, 1324k 542 (4.6 mg, t, = 24.7 min);
Fr.6.2 28 -] 2% = RO €l (R 190 #1254 nm,
ZJE-7K, 20:80, 3 mL-min™) 435, 2L A3 (2.1 mg,
t, = 16.3 min)~4 (7.3 mg, ¢, = 15.2 min) 1 6 (80.7 mg,
ty = 19.8 min); Fr.6.3 £ 2 8 /& SOBUMH 1l (s I
K 190 #1254 nm, Z.ffE-7K, 20280, 3 mL-min™") # 4%,
BEML A5 (7.4 mg, t, = 15.3 min).

3 SFHLE

a1 FOHPIRY; [a]5 -9.45 (¢ 0.31, MeOH);
UV (MeOH) 4_: 219 nm; IR (CH,CL) v, 3 447, 2 928,
1738, 1369, 1225,1028, 1015 cm™; HR-ESI-MS m/z
227.128 5 [M+H]" (C,H ,0,, 71515 227.127 8); '"H NMR
F1°C NMR £ W& 1.

a2 \EEWMRY; (o -11.18 (¢ 0.2,
MeOH); UV (MeOH) 2_: 203, 265 nm; IR (CH,Cl,)
v, 3 418, 2 968, 2 930, 1 709, 1 524, 1 290, 1 205,
1018 cm™; HR-ESI-MS m/z 185.080 9 [M+H]", (C,H,,0,,
TH514 185.080 8); 'TH NMR A1 °C NMR %4 W% 1.

&3 EERY; [a]5 -7.0 (¢ 0.2, MeOH);
UV (MeOH) 2, : 224, 284 nm; IR (CH,CL,) v, 3 395,
2963,2924,1740,1665,1616,1516, 1217 cm™; HR-
ESI-MS m/z 227.091 7 [M+H]* (C,H,0,, it & {4
227.091 4); '"H NMR 1 °C NMR 45 3£ 1.

&4 WEMRY; [«]y -11.76 (c 0.17,
MeOH); UV (MeOH) 2_: 226, 292 nm; IR (CH,Cl,)
v, 3 443, 2967, 2 926, 1 672, 1 518, 1 398, 1 126,
1 024 cm™'; HR-ESI-MS m/z 169.086 3 [M+H]" (C,H,,0,,
58 169.085 9); "H NMR A1 °C NMR %4 WL % 2.

EWS FHEHRY; UV (MeOH) 4,,.: 217 nm;
IR (CH,CL) v, 3393,2920,2 851, 1740, 1 520, 1 435,
1 223, 1 047 cm™; HR-ESI-MS m/z 185.081 2 [M+H]"
(C,H,,0,, 518 185.080 8); '"H NMR FI *C NMR %4}
K2,

max

max

th&We EMARY; [aly —14.15 (c 0.21,
MeOH); HR-ESI-MS m/z 199.096 9 [M+H]", 4> T-:\ A
C,H,,0,; '"H NMR (600 MHz, CD,0D) ¢,;: 6.08 (1H, d,
J = 3.0 Hz, H-4), 5.94 (I1H, d, J = 3.0 Hz, H-3), 3.74
(1H, h, J = 6.3 Hz, H-3"), 3.59 (2H, s, H-1'), 2.67 (2H,
m, H-1"), 1.72 (2H, td, J= 7.9, 6.3 Hz, H-2"), 1.17 (3H,
d, J= 6.3 Hz, H-4"); "C NMR (151 MHz, CD,0D) &,
173.5 (C-2"), 156.6 (C-5), 147.8 (C-2), 109.7 (C-3), 106.6
(C-4), 67.7 (C-3"), 38.3 (C-2"), 34.6 (C-1"), 25.3 (C-1"),
23.4 (C-4"). DA b-Ed 5 ek R aE B AR — 5 e
A RS9 T 73", B C-3" N R AT, M e
AW 6 8 5-[(BR)-FEHE T HE]-2-FK I 4.1 .

th&WT WEMARY; [a]y —14.44 (c 0.19,
MeOH); HR-ESI-MS m/z 213.113 7 [M+H]"; '"H NMR
(600 MHz, CD,0D) §,;: 6.05 (1H ,d, J = 3.0 Hz, H-4),
591 (1H, d, J = 3.0 Hz, H-3), 3.71 (1H, h, J = 6.3 Hz,
H-3"), 3.64 (3H, s, H-3"), 3.60 (2H, s, H-1"), 2.62 (2H,
m, H-1"), 1.69 (2H, m, H-2"), 1.14 3H, d, J= 6.3 Hz, H-
4");C NMR (151 MHz, CD,0D) 6,: 171.9 (C-2"), 156.7
(C-5), 147.3 (C-2), 109.5 (C-3), 106.6 (C-4), 67.7 (C-3"),
52.6 (C-3"), 38.3 (C-2"), 34.4 (C-1"), 25.2 (C-1"), 23.5
(C-4")o LA b3 5 SCHR! o B A — 8, MU AL
G795 [(BR)-FaHE T B ]-2-PRIE LR FH I
4 FAITEMENR

K4 81 LPS i 5 RAW264.7 L1 41 g NO 4= %,
BERUR VP A& DI 5T 205 PR, VR SE 3 AR A 8
BROLSCHRMRE o 18110 5 2, HOR A K A 41 i DA B
FL5x10* 440 T 96 FLAR 1, 17 & 16 h 5, A3 4H 4 i
BRJE 80%, FF 22 JR A% 7 5L o [k IE o X HR L AS AT AT 24
Va4, LPS R ZH 40 fig S n A\ LPS (1 ug'mL™"), %
Y24 NN LPS (1 ng-mL™") BA K AS [5) 34 FE 1) 435 0 B
Mo AREEREIE24 h g, FEFLEL S0 uL _EiE TR T 96 FLIK
s, N 50 pL Griess Reagent I A1 50 uL Griess Reagent
IL, =35 N X 15 min, FES ARG E 540 nm &b I 5E T
S OD R, MR HEAn it it 2115 NO IR Tl =
5 YHRESESINE

K F Alamar Blue 7% i 1T RAW264.7 1 S{9 41 g
W 77005, RAW264.7 4 B FE 54 10% i 2R 135
100 u-mL" 7 % % 1 100 pg-mL" 4 % = () DMEM
B g B, 7537 °C & 5% CO, 115 77 46 H 5 9%
ST 20 MK FH 5 10% B 4 1fL7E 100 u-mL ™ 75 %% 2 Al
100 pug-mL™" 5% % % ) Grace's Insect Medium (Supple-
mented) B5 75, T 28 CCREFRM R 7% . B0 EAE K
FIRAW264.7 (FFFL 1x10%/N) TSI 41 (F:4L 5%10°4)
R T o6 LR, W H 16 h )5, Fr LR 7 5, I



2624 - 2554k Acta Pharmaceutica Sinica 2026, 61(7): 2618-2624

AR ERZREY . o Rldksi 7224 172 h )5,
BEALIMAN 10 pL 7] K 75 81K W (0.2 mg L), 4k 42
B 3% 4~6 h, B T 570 nm ) ¥ & 3% K F1 590 nm
E%ﬁ?ﬂzt&ﬁﬁiﬂ!u%'ﬂac AT AT % =
[(F g5 — Figa)] X 100%.
6 éﬁfr%mﬁ

X H GraphPad Prism 9.0 % A4 X #5085 317 G112
ST BT SLE R B3N ELE, SLIHHRE L x £ s KR
PUA TG IR DA LPS 41 A xif B8, 41 18] Bb 55 5 B R R
J7 245081, P < 0.001 92 5 B MR St 5 s L
T EAAEEENAEY, @ ﬂlzé)%rilﬁl)ﬂffjaﬁw
BRI H 2k, 5 IC, .

1E& Taik: E\ZXXEXJ\JJ{A% P E UG e R
P AP e TR B EME S e RS
FE L %JJHL%‘?MA% R ZHS 580N
DU 5 B DRA A 57 S 56 W TR AR5 5 R TR AR B S
e R HEZR AR, &R 5 7 SRR R SRS .

FIZE SR BT A 1R H 37 A AELER f v 9 o
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