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HE 443002
W E: WIS Eupatorium chinense W 165 B o S HHURE PR PE, R IEMIRERAE (43,
R B R B ) % i BB i Rt v, AR AR B4R B 15 N RRLE Y, JFiEid
LA I 1 352 AR % g H 45 20 ). 85-9-hydroxythymol (1) . 8,10-dehydro-9- hydroxythymol (2) .
1-[4-hydroxy-3-methoxy-5-(3-methylbut-3-en-1-ynyl)phenylJwethanone  ( 3 ) . speciosin L ( 4 )
(R)-8-hydroxy-9-isobutyryloxythymol (5) . 1,4-[13C]-1,2,3,4-tetrahydro-5-naphthyl-amin (6) . eupatriol (7).
34,6-hydroxytremetone (8) + ¥24Mi (9) . (2R, 35)-5-acetyl-6-hydroxyl-2-isopropenyl-3-ethoxy-dihydrofuran
(10 + (2R, 35)-5- 2t Hk-6-F25L-2- F PR 2E-3- - I ERIR (11D | 6-F2FE-2H- R FEkmE-3- (12D
3,5-dimethyl-2,3-dihydrobenzofuran (13) . 2,4-bis-(5-acetyl-6-hydroxy-benzofuran-2-yl)-4-methyl-pent-1-ene
(14) . 1,1I'-[[(2E)-4-methylpent-2-ene-2,4-diyl]bis(6-hydroxy-1-benzofuran-2,5-diyl)]diethanone (15) . F:rfift
G 3 NERNEZREY 2 ERE, AW 14 98 IRNEE R B3R . SR R 2K - - Tl g
P FURETF VS 0 B LR B RR 253220 B DU 8 BT 4B 0 75 S 08 R R A 1) o 80 2T T AN B 1 TR R R T TR
i 1B (PTPIB) [HMHIGEEST RN, L&Y 3. 4. 50 12 B R0 A FETF BRI HEE, 3L 1Cs
558 3.7 10.1. 213, 22.5 pg/mL, FAWEY) 3 MAIHIEED T R -RERE (4.6 pgmL) 5 b
W1, 3. 4 F12 BA REFE PTPIB MHNEYE, L 1Cso 451 1524 8.6, 2.2 F121.2 pg/mL, ik
AW 3 BIANHNE LT R YR B2 (12.5 pg/mL), 654 4 (O AIH1E 00 T P 25 IR AN (7.5 pg/mL)
MFERER (125 pgmL) .« FFFRRY, G 3 A1 4 B EAEN B Ko % BB A PTP1B M) E
Mo IR TR AR AL A 3 B 4 535 5o M ST REFF RGN PTPIB (AR ELAE, 25 REUMLEY 3
4 5o-HEFEHEEA PTP 1B YR ATEGRIN A5 770 AR ST YR F R s B3 22 AR AL 22 1 0 34T T
PO R IEVE SRR T, RIS 3 70 4 ATV TR w15 S 54 .
KGR L BN DURRRIENE: o MENETEE: EORERERE 1B
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Abstract: This study aims to investigate the chemical constituents of Eupatorium chinense roots and their
antidiabetic activities. Normal-phase silica gel column chromatography, thin-layer chromatography, gel column
chromatography and semi-preparative high-performance liquid chromatography were used to investigate the
chemical constituents of roots of E. chinense. Fifteen compounds were isolated and then identified as
85-9-hydroxythymol (1), 8,10-dehydro-9-hydroxythymol (2), 1-[4-hydroxy-3-methoxy-5-(3-methylbut-3-en-1-
ynyl) phenyl] ethenone (3), speciosin L (4), (R)-8-hydroxy-9-isobutyryloxythymol (5), 1,4-[13C]-1,2,3,4-
tetrahydro-5-naphthyl-amin (6), eupatriol (7), 38,6-hydroxytremetone (8), 6-methoxyluteolin (9), (2R, 3S5)-5-acetyl
-6-hydroxyl-2-isopropenyl-3-ethoxy-dihydrofuran (10), (2R, 3S)-5-Acetyl-6-hydroxy-2-isopropenyl-3-ethoxy-
benzodihydrofuran (11), 6-hydroxy-2H-benzofuran-3-one (12), 3,5-dimethyl-2,3-dihydrobenzofuran (13),
2,4-bis-(5-acetyl-6-hydroxy-benzofuran-2-yl)-4-methyl-pent-1-ene (14), 1,1'-[[(2E)-4-methylpent-2-ene-2,4-diyl]
bis (6-hydroxy-1-benzofuran-2,5-diyl)] diethanone (15). Among them, compound 3 was isolated for the first time
from Eupatorium and compound 14 was isolated for the first time from Eupatorium chinense. The inhibitory
activities of a-glucosidase and protein tyrosine phosphatase 1B (PTP1B) of the compounds were determined by
p-nitrophenyl-f-galactopyranoside method and p-nitrophenyl phosphate method. Compounds 3, 4, 5 and 12
showed good a-glucosidase inhibitory activity with ICso values of 3.7, 10.1, 21.3 and 22.5 pg/mL, respectively,
with compound 3 showing better inhibitory activity than the benign drug acarbose (4.6 pg/mL); compounds 1, 3, 4
and 12 showed good PTP1B inhibitory activity with ICso values of 15.2, 8.6, 2.2 and 21.2 pg/mL, respectively, of
which the inhibitory activity of compound 3 was superior to that of the benign drug oleanolic acid (12.5 pg/mL),
and the inhibitory activity of compound 4 was superior to that of the positive drugs sodium orthovanadate (7.5
pg/mL) and oleanolic acid (12.5 ug/mL). It was shown that both alkyne compounds 3 and 4 have more pronounced
o-glucosidase and PTP1B inhibitory activities. Molecular docking technique was used to calculate the interactions
of compounds 3 and 4 with a-glucosidase and PTP1B, respectively, and the calculated results showed that
compounds 3 and 4 have strong binding to both o-glucosidase and PTP1B. This thesis presents the first
dual-targeted study of the antidiabetic activities of the chemical constituents of Eupatorium chinense roots , and
the results suggest that compounds 3 and 4 could be used as antidiabetic lead compounds for subsequent studies.

Key words: Fupatorium chinense; Chemical constituents; antidiabetic activity; a-glucosidase; protein tyrosine

phosphatase 1B

Y5 2% Eupatorium chinense 7&% %} (Compositae) % J8 (Eupatorium) F4¥), EIALL
HPBARZNY, BAAERER. BRI PTREDRS DI, E2AHTIHRIT Ak, ik
PRSI, T MR R HRTRTAIR I, B h REAE RROE ROE
WA R e W A, 0 I 24 B E PR 7L S A AR B MR AN 7 T, T FEp R
TR T AR G RO 0 I B A R o RV — 7, M =S AR e U B P Y 24 A U I o
{H 503 U R Ve A AN B . EL AT, o 61T B T AN PTPLB R BUEE i i ik 77 U mT
NRE RIS 2 I L T2 — B, O T R DA T AR B AR 1 B R T R, AR SRS
X AR 2 o AT 2 B T, TR oo H6 T B AN PTPLB e PE, Ntk
L SRR T HObE PR ER L T W] BE I 2 AL &, FE AR 24 1 R B R4 T )
A
1 R 55%E
1.1 EHKIR



PR REY) T 2021 4 10 AR EBIACKBE, &= REAEYFAR T O T ERAFREE N
Eupatorium chinense, THYIFrA (TRCW20211031) BURAE T RIR= Wik 7t 5 F) AL 4 &=
PRSI E (SRR o ARSIIGHLE A AR .

1.2 A S5UER

EAMARERE (4iF=90%, #it5: SLCG8506, Sigma-Aldrich A7) ; PBS (4
fE>98%, #t'5: P1010, db%L Solarbio AF]) ; - M WEEEF (A =99%, #it5: G5003,
Sigma-Aldrich A®]) ; IEAGIERER (200~300 H, WAL TR © % B RERR

(200~300 H, flt'5: 131118, E#FEZRHCARA D AR (2EE =99%, it5: C108869,
Aladdin A7) ; “HiFHEEE (dithiothreitol, DTT) (ZlE =99%, #it'5: D104859, Aladdin
AT s DY 2B Cethylene diamine tetraacetic acid, EDTA) (4 =99%, fit5 : E112489,
Aladdin A 5]) 5 FIRPEHE (4085 =98%, #t'5: A129816, Aladdin AF]) ; EHLEREY (4
¥ =99%, fit'5: S105283, Aladdin AF]) ; FFEURER (4i)F =98%, fit'5: 0110087, Aladdin
NFD 5 WA I -a-D-ML I & HETE (p-nitrophenyl-f-galactopyranoside, p-NPG) (4fifE
=98%, fit'5: N1627, Sigma-Aldrich AW]) ; XHEEREBERZEE (p-nitrophenyl phosphate,
p-NPP) (4liE=>98%, #t5: 20106, Sigma-Aldrich AF]) ; M (faifhal, EE KRG
BRAFD 5 Z&H L. NaCl 5 HARKN] (dral, RO AFIAERARD .

Bruker AVANCE 400 MHz A% 3:4% 5 5% 4% (32 [E Bruker A #]); Dionex Ultimate 3000 %4
FERORAR O TEA (EE L AT ; YMC-Pack ODS-A WA (it /3 #r A (4.6 mm X 150 mm,
S5um) (HAYMC A7)

1.3 EF=RABOUFER S 75

AR (4.2kg) , THEEHHMTRITE, SR FH 95% Tk 48 15 L FRiRiEe
3 K. PR G IE AR 2 B BRI e 2 R AR e B T K (3L o, AR EIRE R
TR, WS P o o B T AR 4 9, R e e 2 RANRUR IR 4, A3 B i kR AR 20.25
g. JETRETIA 16 g FERHERE, 5HL 500 g IEAIEER (200~300 H) 0 ~& Pl 7e iz
W01 h JEIERRE, Tk B R A & B EE=100 : 0—~0 : 100 C(HFILL) BhEEBENL,
Ve 45 oA 2] 20 MBSy . RFTE WA BEAT TLC KT, FEITAK 2 53 3 A ik 2,88 2. 185
=50 1R SR/ R EE=10 1 1 (BAPRRLE) |, 78 256 nm A1 365 nm AT N WIS 55 43 A
5L, AR i R 25 /7K=100 © 0—90 : 10 (IAFREL) #4704 )5, KA R A 182 3t
TEIF mIEARE 8N (Fra~Frh) .

W Fre, HABWEER, 52g EMHER (200~300 H) BEATHAEE, 53H 100 g 1IE4H
FERIN — &P GE 78 /-0 30 23 BRIkt ENTAEARUN 150 mL, 9% BFEE R =&
F e/ HEE=100 : 0—0 : 100 CAFIEL) BREEVEN, IR BCE 5 MR, BEANER R R &



N2 AR, PSR E] 4 N B (Fre.l~Frc4) o BUFrc.2, 224 m8omm (il
(LJE/7K=48 : 52, 2.0 ml/min) AT/ B, BEMNEY 10 (6.5 mg, %»=8 min) H{LEY) 2
(3.8mg, ®R=5min) . HLFrd, 2Pl A0t aiE (285/7K=45 155, 2.0 ml/min) i

T8, 93EY 6 (3.2mg, (=9 min) . L&MW 7 (10.6 mg, *=18.5min) FILEH)

11(6.3 mg, tr=6 min) . B Fr.e, £}l & 5 80BAH €43 ( Zi5/7K=10 :90—60 :40, 2.0 ml/min)

AT S, BEAEY 8 (42mg, ®=17min) . AW S (172 mg, ®=19.5min) F{L&

Y14 (10.8 mg, tx=15.5min) . L Fr.f, 43t Sephadex LH-20 ( & H ke/FHEE=1: 1) ¥

NG, 586 MHB (Frfl~Fr.f6) o U Frf2, 2614wt (2HE/7Kk=20:

80—50 : 50, 2.0 m/min) AT E, HEMLEY 1 (7.4mg, %r=10.5min) FHKAEY) 3 (8.3

mg, =20 min) . B Fr.f4, &6 SRAHEAE (Z8E/7K=10 190, 2.0 ml/min) #1757

5, FEMLEY 12 (3.6 mg, =18 min) . tLEH 13 (9.8 mg, =19 min) FI{LEH 15 (6.3

mg, ®=10.5min) . B Fr.g, &% & mBopH i (ZME/7Kk=45 155, 2.0 ml/min)

ATy, 1831kEY) 4 (8.3 mg, ®r=20min) F{LEY) 9 (4.2 mg, =8 min) .

1.4 EEHIHIE MR
1.4.1 Aeb 3t a-#) B 483 B0 4) & M) 2

S AR TR 2 7R, LAY 1~15 HE4T o8 B M B S0 M 0 ik . R

ZH: 80 pL AF LA 20 uL BV, RED, 5 37 °CY¥E 15 min, /Il 20 uL 5 mmol/L p-NPG

B, W#E 15 min, i 80 uL 1 mol/L Na;COs & 1E i b2 F14L: 1 20 uL 1% PBS X,
B EGAW BV AL 0 20 pL BV, 5D, 7€ 37 °CH#E 15 min, A1 20 uL 5 mmol/L p-NPG

A1 80 uL 1% PBS B, ¥ H 15 min, i 80 pL 1mol/L NaxCOs 21k v EEaS A4L: Jin 100

pL 5 mmol/L p-NPG #1 20 uL 5 mmol/L p-NPG &, §#E 15 min, /Il 80 uL 1 mol/L NaxCO3

Il M. DL 405 nm ARG E i p-NPG B, %30 (D iHEMSHIR (D

IH1- (A1-42) | (A3-45) 1X100% (D)
W, A FERARNE; A PR OHWIESE; 45 BEEMEHBOGE; A BESH

MR
1.42 A4t PTPIB 494 & Mo 2

B2 AR AL P 5 J7 8, LAY 1~15 HE4T PTPIB MBS M ifik . FESAL: dn

170 puL BE SR 20 uL BEIATR, V2T, 76 37 °C¥EE 15 min, I 10 uL 5 mmol/L p-NPP %

N, S 15 min, JI 80 uL 1 mol/L NaOH #¢1k e s A2 [4H: 20 uL 1% PBS U g

s BEEVELL: 020 pL RV, TRZA], £ 37°CH¥HE 15 min, I 10 uL 5 mmol/L p-NPG Al
170 uL 1% PBS JZ ¥, 5 15 min, i 80 uL 1mol/L NaOH 2 1E e i ; B2 F4L: i 10 uL 5



mmol/L p-NPP #1190 pL 5 mmol/L p-NPP J< ¥, ¥ & 15 min, Il 80 uL 1 mol/L NaOH £ 1F ¢
o LL 405 nm WO & p-NPP BCR, %30 (1) THEmHER.
1.43 HFifE% R

SRR 73T XL ES, SR G 3 M 4 AT TR . oA R
fit (PDB ID: 5ZCE) . PTPIB (PDB ID: 5QG3 ) %K M 4% #J) 3k H T RCSB % ¥ )%
(https://www.rcsb.org/) o & 45 7E Pymol 5 Autodock “F- 53T /KT KHELK.
INESE BT, X AT REE R AME,  BL U ARG 5 v PDBQT S, Mgk,
HEEANE ST
2 SLIEHER
2.1 LEMEEINE

&1 A E K ESIMS: m/z 167.1 [M+H]", 48 T2 CioH1402: 'H NMR (400 MHz,
CDCl3) d: 6.99 (1H, d, J=7.4Hz, H-5) , 650 (1H, s, H-6) , 6.41 (1H, s, H-2) ,
4.02 (2H, d, J=8.6Hz, H-9) , 3.12 (IH, s, H-8) , 2.41 (3H, s, H-7) , 1.23 (3H,
m, H-10) ; BCNMR (100 MHz, CDCl3) ¢: 136.5 (C-1, C-4) , 1172 (C-2) , 152.8
(C-3), 125.0 (C-5), 120.9 (C-6) , 22.4 (C-7) , 36.2 (C-8) , 70.0 (C-9) , 15.6 (C-10).
&P 1 % 'H NMR 3% Ffl BC NMR # 5 Lot — 3%, M2 Zh&Wh
85-9-hydroxythymol.

&2 LOMRY: ESI-MS: m/z 165.1[M+H]*, 73 T3 CioH1202; 'H NMR (400 MHz,
DMSO-ds) d: 6.95 (1H, d, J=7.6Hz, H-5) , 6.61 (1H, s, H-2) , 6.56 (1H, d, J=7.6
Hz, H-6) , 5.30 (1H, q, J=19Hz, H-10a) , 5.10 (1H, q, J=1.4Hz, H-10b) , 421
(2H, t, J=1.6Hz, H-9) , 2.19 (3H, s, H-7) ; '3CNMR (100 MHz, DMSO-ds) :
1382 (C-1) , 116.6 (C-2) , 1549 (C-3) , 1249 (C-4) , 129.9 (C-5) , 120.1 (C-6) ,
21.2 (C-7) , 148.7 (C-8) , 63.8 (C-9) , 112.6 (C-10) . /LAY 2 /) 'HNMR #F1 3C NMR
55 SCHRIOS B — 8, MU e AL G 8, 10-dehydro-9-hydroxythymol.

&3 FOMR: ESI-MS: m/z231.1 [M+H]", 73 7 CiaH1403: 'H NMR (400 MHz,
CDCl3) 6: 7.55 (1H, d, J=18Hz, H-6) , 742 (1H, d, J=18Hz, H-2) , 6.40 (1H,
s, OH) , 525 (IH, s, H-13a) , 5.12 (1H, s, H-13b) , 4.02 (3H, s, H-14) , 2.47 (3H,
s, H-8) , 2.06 (3H, s, H-12) ; BCNMR (100 MHz, CDCl3) §: 150.8 (C-1) , 109.1
(C-2, 5), 1452 (C-3), (C-4), 126.0 (C-6), 1952 (C-7) , 25.8 (C-8) , 81.6 (C-9),
95.8 (C-10) , 1254 (C-11) , 22.2 (C-12) , 121.6 (C-13) , 56.2 (C-14) . tbkEW 3 1)

'H NMR i f1 3C NMR &% 5 ek Mxf b — 80, %% ¢ % &%~ 1-[4-hydroxy-3-



methoxy-5-(3-methylbut-3-en-1-ynyl) phenyl] ethanone.

e 4 BEOIIRY: ESIMS: m/z 179.1 [M+H]", 4T3 CioH1003: 'H NMR (400
MHz, DMSO-ds) 6: 5.87 (1H, dd, J=17.4, 11.35Hz, H-9) , 5.69 (1H, dd, J=17.4,
2.1Hz, H-10) , 5.68 (1H, m, H-3) , 5.58 (1H, m, H-2) , 5.57 (1H, dd, J=11.3,
2.1Hz, H-10) , 4.54 (1H, s, H-1) , 428 (1H, d, J=4.8 Hz, H-4) , 3.50 (1H, t, J=2.1
Hz, H-5) ; 3CNMR (100 MHz, DMSO-ds) d: 63.4 (C-1) , 129.4 (C-2) , 126.0 (C-3),
56.1 (C-4) , 62.1 (C-5) , 56.1 (C-6) , 87.7 (C-7) , 83.0 (C-8) , 110.7 (C-9) , 1284
(C-10) - tL&% 4 () 'H NMR 3 A1 13C NMR 3 5 SCHREIx L — 8, #E iz e n
speciosin Lo

EY s FOMRY: ESI-MS: m/z 253.1 [M+H]", 43T 2% CiaH2004; 'H NMR (400 MHz,
DMSO-ds) o: 7.11 (1H, d, J=7.5Hz, H-5) , 647 (1H, d, J=7.5Hz, H-6) , 6.34 (1H,
s, H-2) , 410 (1H, d, J=102Hz, H9a) , 402 (1H, d, J=10.0Hz, H-9b) , 2.40
(1H, m, H-2") , 2.12 (3H, s, H-7) , 1.36 (3H, s, H-10) , 1.17 (3H, d, J=6.8 Hz,
H-4) , 1.02 (3H, d, J=6.9Hz, H-3") ; 13C NMR (100 MHz, DMSO-ds) 6: 136.4 (C-1),
116.9 (C-2) , 153.8 (C-3) , 126.0 (C-4) , 126.7 (C-5) , 120.0 (C-6) , 203 (C-7) ,
74.1 (C-8) , 70.0 (C-9) , 25.1 (C-10) , 1754 (C-1") , 33.2 (C-2") , 18.8 (C-3") , 17.9
(C-4) . kAW 5 1 '"H NMR %M1 13C NMR % 5 SCRRO b — 5, S e iz &N
(R)-8-hydroxy-9-isobutyryloxythymol .

&M 6 W OE, ESIMS: m/z 269.1[M]", 4313\ C14H200s; 'H NMR (400 MHz,
DMSO-ds) d: 7.00 (1H, d, J=6.7Hz, H-5) , 6.36 (1H, dd, J=8.9, 2.0Hz, H-6) ,
6.05 (1H, d, J=1.5Hz, H-2) , 456 (2H, d, J=10.5Hz, H-10) , 3.63 (2H, d, J=10.5
Hz, H-9) , 2.35 (IH, m, H-2") , 2.15 (3H, s, H-7) , 1.00 (3H, d, J=6.8 Hz, H-3"),
0.85 (3H, d, J=7.0Hz, H-4') ; BCNMR (100 MHz, DMSO-ds) J: 136.8 (C-1) , 116.2
(C-2) , 157.5 (C-3) , 1232 (C-4) , 1269 (C-5) , 120.0 (C-6) , 20.6 (C-7) , 76.0
(C-8) , 65.1 (C-9) , 66.9 (C-10) , 175.0 (C-1") , 33.7 (C-2") , 18.7 (C-3") , 18.0
(C-4) . 1b&Y 6 ) 'H NMR B 13C NMR 3 5 S0 #R00%S e —3, #E gz i
1,4-[13C]-1,2,3,4-tetrahydro -5-naphthyl-amin

WEWT PR ESI-MS: m/z 183.1 [M+H]', 23+ T2 C1oH1403; 'TH NMR (400 MHz,
DMSO-ds) o: 7.21 (1H, d, J=7.5Hz, H-5) , 596 (1H, dd, J=7.5, 1.9 Hz, H-6) ,

6.32 (1H, s, H-2) , 3.60 (2H, d, J=1.5Hz, H-9) , 2.26 (3H, s, H-7) , 1.55 (3H,



s, H-10) ; 3C NMR (100 MHz, DMSO-ds) 6: 136.5 (C-1) , 117.0 (C-2) , 154.0 (C-3),
127.3 (C-4) , 126.8 (C-5) , 118.2 (C-6) , 22.1 (C-7) , 75.0 (C-8) , 692 (C-9) , 24.5
(C-100 - k&% 7 1) "H NMR %A1 13C NMR 3 5 SCRiMx b —30, W% e g &N
eupatriol.

&8 LOMMRY: ESI-MS: m/z 235.1 [M+H]", 4> T2 C13H1404; '"H NMR (400 MHz,
DMSO-ds) d: 7.54 (1H, s, H-4) , 6.30 (1H, s, H-7) , 499 (2H, d, J=1.9 Hz, H-14),
4.85 (1H, d, J=0.9Hz, H-3) , 450 (1H, d, J=3.6Hz, H-2) , 2.47 (3H, s, H-11),
1.57 (3H, s, H-13) ; 3C NMR (100 MHz, DMSO-ds) 6: 95.9 (C-2) ,74.2 (C-3) , 128.0
(C-4) , 1153 (C-5) , 165.0 (C-6) , 99.0 (C-7) , 163.9 (C-8) , 122.7 (C-9) , 202.3
(C-10) , 272 (C-11) , 144.0 (C-12) , 17.8 (C-13) , 111.0 (C-14) . tL&Y) 8 ¥ 'TH NMR
HEFN 3C NMR i 5 SCHERU2I b — 5, WS e iz 598 3B,6-hydroxytremetone .

&M 9 H K, ESI-MS: m/z 219.1 [M+H]", 4> 72X C12H1004; 'H NMR (400 MHz,
CDCl3) &: 820 (1H, s, H-4) , 7.49 (1H, s, H-7) , 7.12 (IH, s, H-3) , 2.76 (3H,
s, H-11) , 2.62 (3H, s, H-13) ; BCNMR (100 MHz, CDCl3) &: 153.6 (C-2) , 100.4
(C-3) , 126.9 (C-4) , 119.7 (C-5) , 160.0 (C-6) , 113.1 (C-7) , 163.3 (C-8) , 1184
(C-9) , 204.0 (C-10) , 26.9 (C-11) , 188 (C-12) , 26.4 (C-13) . L&Y 9 ¥ 'TH NMR
P 13C NMR 35 SCRRUSIG EE— 8, MOS8 AL AW B 24

A 10 B EOHPIRY: ESI-MS: m/z 263.1 [M+H], 43 T3 C1sHigO4: 'H NMR (400
MHz, DMSO-ds) 6: 8.03 (1H, s, H-4) , 6.45 (1H, s, H-7) , 522 (1H, d, J=2.0 Hz,
H-2) , 5.00 (1H, q, J=13Hz, H-13b) , 493 (1H, t, J=1.8Hz, H-13a) , 4.74 (1H,
d, J=2.1Hz, H-3) , 3.59 (2H, dd, J=7.0, 2.3 Hz, H-15) , 2.47 (3H, s, H-11) ,
1.62 (3H, s, H-14) , 1.05 (3H, t, J=7.0Hz, H-16) ; '3C NMR (100 MHz, DMSO-ds)
5: 92.6 (C-2) , 81.4 (C-3) , 1302 (C-4) , 118.0 (C-5) , 1658 (C-6) , 99.1 (C-7) ,
167.3 (C-8) , 113.7 (C-9) , 204.1 (C-10) , 26.1 (C-11) , 143.8 (C-12) , 111.9 (C-13),
17.5 (C-14) , 64.3 (C-15) , 15.7 (C-16) . A 10 1) 'H NMR i Al 3C NMR % 5
weeoomoox ko — %, W% o= % ot & 0w N
(2R,38)-5-acetyl-6-hydroxyl-2-isopropenyl-3-ethoxy-dihydrofuran.

A 11 REOMPIRY); ESIMS: m/z 263.1 [M+H]", 413\ CisHis04; 'H NMR (400
MHz, DMSO-ds) 8: 7.96 (1H, s, H-4) , 6.46 (1H, s, H-7) , 5.15 (1H, d, J=2.0 Hz,

H—Z) ’ 4.99 (lH, q» J=13 HZr H-13b) ’ 491 (1H7 t, J=1.8 HZ, H'13a) ’ 4.81 (1H7



d, J=2.1Hz, H-3) , 3.63 (2H, dd, J=7.0, 2.3 Hz, H-15) , 2.59 (3H, s, H-11) ,
1.67 (3H, s, H-14) , 1.15 (3H, t, J=7.0Hz, H-16) ; 13C NMR (100 MHz, DMSO-ds)
8: 92.5 (C-2) , 81.0 (C-3) , 130.8 (C-4) , 119.2 (C-5) , 166.17 (C-6) , 97.9 (C-7),
166.9 (C-8) , 114.5 (C-9) , 203.7 (C-10) , 27.3 (C-11) , 141.7 (C-12) , 113.0 (C-13),
17.8 (C-14) , 63.4 (C-15) , 15.7 (C-16) . {L&% 11 ) 'TH NMR i Fl 13C NMR i 53¢
BROAGH L — 3, B B %A B YIN(2R, 3S) -5- L3 -6- 32 5 -2- T A M E-3- L - 401 — &
PR IR o

&P 12 HFEGCHPIRY; ESI-MS: m/z 179.1 [M+H], 4> T3 CioH1003; 'H NMR (400
MHz, DMSO-ds) 6: 7.41 (1H, d, J=7.8Hz, H-4) , 7.00 (1H, s, H-7) , 6.90 (1H,
d, J=82Hz, H-5) , 242 (3H, s, H-10) , 1.35 (3H, s, H-11) ; 3CNMR (100 MHz,
DMSO-ds) 0: 103.4 (C-2) , 199.5 (C-3) , 125.7 (C-4) , 122.8 (C-5) , 150.0 (C-6) ,
112.5 (C-7) , 169.2 (C-8) , 115.6 (C-9) , 22.7 (C-10) , 22.1 (C-11D . tbkEW12 K
'H NMR #EF1 13C NMR i 5 SCERUSIN L — 8, #08 E AN 6-F2 8 -2H-28 IR IR -3 o

AW 13 FHECHIRY; ESI-MS: m/z 149.1 [M+H]*, 273 CioHi20; 'H NMR (400
MHz, DMSO-ds) d: 6.84 (1H, d, J=7.7Hz, H-7 ) , 6.51 (1H, d, J=1.7Hz, H-8) ,
6.40 (1H, dd, J=7.8, 1.7Hz, H-5) , 3.46 (1H, dd, J=10.1, 5.2 Hz, H-2a) , 3.19 (1H,
dd, J=10.1, 52Hz, H-2b) , 2.87 (1H, m, H-3) , 2.12 (3H, s, H-10) , 121 (3H,
d, J=7.0Hz, H-11) ; 3CNMR (100 MHz, DMSO-ds) d: 65.0 (C-2) , 355 (C-3) ,
127.2 (C-4) , 121.1 (C-5) , 135.0 (C-6) , 1159 (C-7) , 1263 (C-8) , 1543 (C-9) ,
21.8 (C-10) , 17.6 (C-11) . tL&% 13 17 '"H NMR i fl 13C NMR % 5 Skl o6t b — 2,
W ez BN 3,5-dimethyl-2,3-dihydrobenzofuran.

&Y 14 EOH R ESI-MS: m/z 433.2[M+H]', 73+ T 3 CasH2406: 'H NMR (400 MHz,
CDCl3) : 12.47 (1H, s, -OH) , 12.45 (1H, s, -OH) , 7.59 (1H, s, H-7") , 7.55 (1H,
s, H-7) , 697 (1H, s, H-4) , 682 (1H, s, H-4) , 626 (1H, s, H-3) , 6.15 (1H,
s, H-3") , 578 (1H, s, H-11b) , 5.00 (1H, s, H-11a) , 2.77 (2H, s, H-12) , 2.63
(3H, s, H-14") , 2.55 (3H, s, H-14) , 1.43 (6H, s, H-11', H-12") ; BC NMR (100 MHz,
CDCl3) 6: 157.3 (C-2) , 102.1 (C-3) , 98.9 (C-4) , 116.4 (C-5) , 1612 (C-6) , 122.8
(C-7) , 159.1 (C-8) , 121.6 (C-9) , 133.6 (C-10) , 117.1 (C-11) , 44.8 (C-12) ,
204.0 (C-13, C-13") , 26.6 (C-14) , 164.9 (C-2") , 101.5 (C-3") , 99.1 (C-4) , 116.4

(C-5" , 160.7 (C-6" , 123.1 (C-7) , 159.2 (C-8) , 121.4 (C9) , 36.7 (C-10") ,



26.3 (C-11', C-12") , 26.7 (C-14") . JEILLAY) 14 1) 'TH NMR 3 AT 13C NMR S50 % &
ZAEWIN 2, 4-bis-(5-acetyl-6-hydroxy-benzofuran-2-yl)-4-methyl-pent-1-ene, {H AR A CHk
I, ACERIAE T AP EE .

&M 15 EOH AR ESI-MS: m/z 433.2[M+H]', 73+ T3 CasH2406: 'H NMR (400 MHz,
CDCly) 6: 12.54 (1H, s, -OH) , 12.45 (1H, s, -OH) , 7.90 (1H, s, H-4) , 7.87 (1H,
s, H-4) , 698 (2H, s, H-7, H-7) , 6.54 (IH, d, J=1.6Hz, H-11') , 6.48 (1H, s,
H-3") , 647 (1H, s, H-3) , 2.69 (3H, s, H-14") , 2.68 (3H, s, H-14) , 1.72 (3H,
d, J=12Hz, H-12") , 1.63 (6H, s, H-11, H-12) ; BCNMR (100 MHz, CDCl3) o:
165.9 (C-2) , 100.6 (C-3) , 123.0 (C-4) , 116.7 (C-5) , 160.7 (C-6) , 100.6 (C-7) ,
159.6 (C-8) , 121.4 (C-9) , 37.4 (C-10) , 28.8 (C-11, C-12) , 203.9 (C-13) , 26.8
(C-14) , 158.8 (C-2) , 101.6 (C-3" , 1232 (C-4") , 116.7 (C-5 , 161.4 (C-6") ,
99.6 (C-7') , 159.5 (C-8") , 121.9 (C-9") , 125.6 (C-10") , 134.3 (C-11") , 13.1 (C-12D,
203.9 (C-13") , 26.8 (C-14") . L& 15 1) '"H NMR A1 3C NMR 35 SRl %) b —3%,

W% Z A A& W) N 1, 1'-[[(2E)-4-methylpent-2-ene-2,4-diyl] bis(6-hydroxy-1-benzofuran-2,

5-diyl)] diethanone.

WEW 1~15 AL 2S5 LA 1.

B 1 1be9 1~15 B 22450



Fig. 1 Chemical structures of compounds 1-15
2.2 BEHHE MM 25 R
2.2.1 b3t o- 8 B AR BEApH] E MR 2 4R
AR RTHA S B AR RN 15 MUAY AT o H RTREEF RIS M, 45 1 Bt 59 3.
4. 5 F1 12 BB Ra- 8 R EEEIHNE M (1C50<20 pg/mL) HALEY) 3 Mg MR TFH
PEZ PR (4.6 pg/mL) , FH ICso{EN 3.7 pg/mL (LR 1D o

F1 AW 115 Wa-MEHHBHIMEEE (xts, n=3)

Tablel Inhibitory activity of compounds 1-15 against a-glucosidase ( xts,n=3)

B B
ICso (pg/mL) ICso (pg/mL)
Sample Sample
B[ £ HE Acarbose 4.61+0.99 8 >50
1 >50 9 >50
2 >50 10 >50
3 3.72+1.26 1 >50
4 10.16+1.11 12 22.56+1.13
5 21.35+1.21 13 >50
6 >50 14 >50
7 >50 15 >50

222 443t PTPIB 4kl & M % 45
ARV SR AT HA 2 B AR B0 15 MEAHHT PTPIB ISt &, 4R R ey 1.
3. 412 AR B IE AR IRBEIREE 1B 300, HACEY 4 FEEE TR 25 IE
PEREN (7.5 pg/mL) FFFEBURES (125 ug/mL) , H ICso N 2.2 pg/mL (HLE 2)
2 AW 1~15 % PTPIB MHIESE ( x£5, n=3)

Table 2 Inhibitory activity of compounds 1-15 against the PTP1B ( x£s, n=3)

B i i
ICso (pg/mL) ICso (pg/mL)
Sample Sample
NN &
7.51+0.99 8 >50
Sodium orthovanadate
FHHRTR
12.52+0.99 9 >50

Oleanolic acid
1 15.23+1.02 10 >50

2 >50 11 >50



3 8.65+1.12 12 21.23£1.12

4 2214132 13 >50
5 41.32+1.35 14 >50
6 45.67+1.63 15 >50
7 >50

223 5Tt

DT RRGEREY, STHREEY 3 M 4 5O A EAAEER . K. oadtiiss
ZMAMEAEH D HICEE & LB 2 FE 3) , 455 R85/ T-6 keal/mol (LK 3) o KXt
BRACEY S E AR E YA Pymol2.1 Bk AT AT WAL J5 7T AR B & 5 & A 1
giaiia, RS ARET DURIEW A 2G5 H A DA & IR SRR TR .

WAV 3 5 o 2 FEFT B AR (5 PR A7 55 1) LYS-135. GLY-131. PHE-151 ZIERE K Z
ANEHEGUKAEAER, ZiGRediom, e & DTN T AR REEEM: a4
5 - S REF B 8 (95 PEAL S A PHE-163 PHE-144. ARG-411. TYR-63 ARG-197. GLN-256
FILRIY M2 N EGUKA EAEH, 4iGRe )58, M€ E A RRT /N7 AE BB
H (LK 2) .

&% 3 5 PTPIB 2 A & 14 47 25 i) SER-1216. ALA-1217. ILE-1219. GLN-521.
GLN-1262. PHE-1182. GLY-1220. ARG-1221 ZIEBRE LN A siKHEEH, 46
REJusi, X EEA RTINS TAEEEEEM: L&Y 45 PTPIB & G VEAL AU
ARG-1024. ARG-524. ALA-764. ALA-1017. ALA-1264. TYR-1020 I K%L A
HEUKMHEAEH, difaedinm, MHEEA 8RN FEEEEERN (LE 3D .
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Y
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#
1135 .
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Fig. 2 Interaction analysis of a-glucosidase protein with compounds 3 (A) and 4 (B)

GLN-lZEZi

......

B3 {EY3 (A) M4 (B) 5 PTPIB EAMEIEM ST
Fig. 3 Interaction analysis of PTP1B protein with compounds 3 (A) and 4 (B)
R 3 o MR FEE IR PTPIB 847 5 2 ML AWK &SR

Table 3 Docking results of a-glucosidase target and PTP1B target with two compounds

WwEM 45468 Binding energy (kcal/mol)
Compound a- B EHEH I o-Glucosidase PTPIB
3 -6.1 -6.7
4 -7.7 -6.3

3 Wit 5%t
AW FE LRI S B E R3] 15 MR &Y. B S N E BEEMRNED. 2
AP 8 DNIRIEMRIR A G, Hh LAY 3 N RN LB h o 23k, (e a W
14 B RMAEZE L Ay B3R . AR B ZORIZR IR 2 b & P S 22 AR A
MR G e L P E U WL, BRI AL, RR0E 7T — MmN, Bk &
B R A =R i o, B S A MR, W LME— e ERICERAN R, I i
HRIENER, KRR, RAPFBUEDEHE BA RIFATUE. JiR. IrEEE
I PEDS), BN R R AL AW 3 4. 5 1 12 B RUF I a- 6 20 05 BE 055 1
WA 3 ML T A 20 R IhE (4.6 pg/mL) 5 thEW 1. 3. 4 fl 12 B4 RIFH
PTP1B #liENE, &Y 3 GG TEDR T REZ R (12.5 pg/mL) , &Y 4 140
HE L T B 25 IEFLEREN (7.5 pg/mL) FISFHEURER (12.5 pg/mL) o HHAbib &L,



HRAEY) 3 T 4 35 BA B R 8 o-70 % B B A PTPIB $0H)E . Pkt — B A A 2> 1
HEBOR, W] TALEY) 3 A1 4 20 5 o-H & BEHBE X PTPIB #Lm B A (B A7 AR Ui . K
HHEEZ M AR 1, NiiRes 5 E AR MR E N R &Y, S5EARBMERGER, Rk 7
PRI R . BATHIDFFLEE RAMEE 7 HEZAI Ao B, o B He e 22 U0 PR i
VEY BB R B T SIS A LA R O R AR P L T T OB PR AR Bt 1 7T RER B AL S, AT
NHE— B BT I R R OB s 29 4R (I 1 RIBAIRAR o

SE Tk

1

10

11

12

Li DG.,Ke YQ,Zou K,et al. Anti-inflammatory activity of chemical constituents from petroleum ether fraction

of Eupatorium chinense thizome[J].Chin J Clin Pharmacol( " [ Il R 24 # % 2% 7£),2022,38:106-110.
Chen YU,Sun ZY,Yang YC,et al.Studies on the chemical constituents of Fupatorium flower parts and their

antibacterial activity[J].Nat Prod Res Dev(FK AR =¥ 7t 5 %),2020,32:57-62.
Wang JQ,Feng DD,Xiang YM,et al.Synthesis and inhibitory activity of euparin derivatives as potential dual

inhibitors against o-glucosidase and protein tyrosine phosphatase

1B(PTP1B)[J].Fitoterapia,2023,169:105596.

Zhang MJ,Kuang TH,Zhao JN,et al.Secondary metabolites of endophytic fungus Septoriella phragmitis from
Eupatorium chinense and its bioactivities[J/JOL].Nat Prod Res Dev( X & /= ¥ W 7 5 H K& ):1-11
[2024-06-04].http://kns.cnki.net/kcms/detail/51.1335.Q.20240205.1527.002.html.

Breyer S,Effenberger K,Schobert R.Total synthesis and anticancer activities of (-)- and (+)-thespesone[J].J
Org Chem,2010,75:6214-6218.

Bohlmann FKramp W,Gupta RK,et al.Four guaianolides and other constituents from three Kaunia
species[J].Phytochemistry,1981,20:2375-2378.

Tori M,Ohara Y,Nakashima K,et al.Thymol derivatives from Eupatorium fortunei[J].J Nat
Prod,2001,64:1048-1051.

Meng YJ,Yan L.et allsoprenylated cyclohexanoids from the basidiomycete Hexagonia
speciosa[J].Phytochemistry,2011,72:923-928.

Zhang QQ,Zhou JH,Che Y,et al.Seven new chemical constituents from the underground parts of Eupatorium
chinense[J].Fitoterapia,2020,146:104674.

Zhu JX,Qin JJ,Wang HR,et al. Monoterpenes and other chemical constituents from the aerial parts of /nula
japonica[J].Chem Nat Compd+,2011,47:303-305.

Wu T,Niwa M,Furukawa H,et al.Eupatriol,a new monoterpene from Eupatorium tashiroi Hayata[J].Chem
Pharm Bull,2008,33:4005-4006.

Bohlmann F,Jakupovic J,Robinson H,et al.Diterpenes and other constituents of Morithamnus



crassus[J].Phytochemistry,1980,19:2769-2771.

13 Liao PY,Zhang Yl,et al.Chemical Composition of Thymol)[J].Acta Bot Yunnan( = # #H %) Wt
57),2010,32:183-188

14 Liu MY,Yu LJ,Li YC,et al.Studies on the chemical constituents of Eupatorium root and its in vitro
antibacterial activity[J].Nat Prod Res Dev(RIA =¥t 71 5 H %),2015,27:1905-1909.

15 Chen J,Tsai Y,Hwang T,et al.Thymol,benzofuranoid,and phenylpropanoid derivatives:anti-inflammatory
constituents from Eupatorium cannabinum[J].J Nat Prod,2011,74:1021-1027.

16 Pauli L,Tannert R,Scheil R,et al.Asymmetric hydrogenation of furans and benzofurans with
iridiumpyridine-phosphinite catalysts[J].Chem Eur J,2015,21:1377-1140.

17  Wang WIJ,Wang L,Liu Zet al.Antiviral benzofurans from Eupatorium
chinense[J].Phytochemistry,2016,122:238-245.

18 Zhao XM,Hu RJ.Current status of research on natural alkyne compounds[J].Tianjin Pharm( KX & %4
2£,2007,19:60-63.

Yk F39: 2024-03-18 X HM:

HEETH. ERHGRZEQFONINGTRITE (20231075023) ; KA 5 R HBIALE & S Seik s
(ZIeKZ) P4 H (2022NPRDO03)
HEEVEE Tel: 0717-6397478; E-mail: 18132111292@163.com



	1.4.1 化合物对α-葡萄糖苷酶抑制活性测定

