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Chemical constituents from Eupatorium chinense roots and their inhibitory
activities on a-glucosidase and protein tyrosine phosphatase 1B
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Abstract : This study aims to investigate the chemical constituents of Eupatorium chinense roots and their antidiabetic activi-
ties. Normal-phase silica gel column chromatography , thin-layer chromatography, gel column chromatography and semi-prepar-
ative high-performance liquid chromatography were used to investigate the chemical constituents of roots of E. chinense. Fifteen

compounds were isolated and then identified as 8S5-9-hydroxythymol (1) ,8,10-dehydro-9-hydroxythymol (2) ,1-[ 4-hydroxy-
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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,3S)-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 E. chinense. The inhibitory activities of a-glucosidase and protein tyrosine
phosphatase 1B (PTP1B) of the compounds were determined by p-nitrophenyl-B-galactopyranoside method and p-nitrophenyl
phosphate method. Compounds 3,4,5 and 12 showed good a-glucosidase inhibitory activity with ICy, 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 ICy, 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 g/
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 wg/mL). It was shown that both alkyne compounds 3 and 4 have more pronounced a-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
a-glucosidase and PTP1B. This thesis presents the first dual-targeted study of the antidiabetic activities of the chemical con-
stituents of E. chinense roots,and the results suggest that compounds 3 and 4 could be used as antidiabetic lead compounds for
subsequent studies.

Key words : Eupatorium chinense ;chemical constituents ;antidiabetic activity ; a-glucosidase ; protein tyrosine phosphatase 1B
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tae ) 7% 22 J& ( Eupatorium ) {4 , R [A] LA HEARZEA
25, BLATTE AR L i R R PR AR s
T TR T M | O e e TR S5 e P o , A AR
BoF T / SRR E 511K 0| 3 N < ol Ll o < 1
PP AT AR IF IR ZE AT il 2 A5 1, Xk HL 2
T PRI ST S AR v e BT bR AT D T X He T
W BRI 175 PR AH 5 O A8 I A il . AR VLM —
BT AT D) RO Y2 DA AR ) o o, (H
WO WS 935 PE L AN B . BRI, o 260 1
BN PTPB [ XUHE s 0 12 75 =X m] V6 S i PR 25 40)
BRI IT I 22— N T i — A g A 22 AR
P B ) Jo Rt | A S 30 0 AR 156 22 AR BB A 27 10
PEAT I3 B AN HE o) % WEH AT PTPLB 1Y
PRI 1, S HRE 22 A5 AR 7 W) 0L T O PR s £
T RIRER e AL B W, IR AR T 22 A R (R 0 4
TR
1 #R57EZ%
1.1 #E¥RiE

HEFEERY) T 2021 4F 10 AR AWK, £
SRR A EAR L E RS H AR Y E N Eupatori-
um chinense ,FAYH1r 4~ (TRCW20211031 ) BFAE TR
SRR S A I A R T & (SR
AR S A A ) AR T

Eupatorium chinense 52 %% £} ( Composi- 1.2

L 24 TR 0 TR I (41 = 90% , it 5 : SL-
CG8506, Sigma-Aldrich /2] ) ; PBS (4l =98% , it
7 :P1010, 365 Solarbio 23 F] ) ; oo 2 B 11 il ( 4%
=99% , 4t 5 . G5003, Sigma-Aldrich /A &) ; IF #H
TEAEAL (200 ~300 H, 4l 5 1k 2% Tl A58 ) 5 % 2R
BHEEE (200 ~300 H , it 131118, b5 Z=RH
AR FD) s B RR (4l =99% , 4it 45 : C108869,
Aladdin %)) ; — 4% 70 B ( dithiothreitol, DTT) ( 4§
B =99% 4t . D104859, Aladdin /A H]) 3 2, — &Y
Z.T% (ethylene diamine tetraacetic acid, EDTA) ( 4[i &
=99% , #t 5. £112489 , Aladdin 23 W) ; Bl < I 4
(4l =98% , 4t 5 : A129816, Aladdin 23 7] ) 5 1E 4
PRGN (4ERE =99% ,41t5 . S105283 , Aladdin 23 ] ) ;5
BICR R (46 = 98% , it 5: 0110087, Aladdin A
) ) 3 X il F 2K F - - D- N R 7 26 A 1 ( p-nitrophenyl-
B-galactopyranoside, p-NPG ) ( 4l £ = 98% , It 5.
N1627, Sigma-Aldrich 23 7)) 5 X fif§ 38 28 FE % W2 g ( p-
nitrophenyl phosphate, p-NPP) ( 4li & =98% , it 5.
20106, Sigma-Aldrich 23 H]) ; L E (A% 46, 55 F K
A BT ) 5 5 H b NaCl 2 H A5 (434l
KA A R A HED) .

Bruker AVANCE 400 MHz #% g 2L ¥R Ik 5% ( 3£
Bruker /&) ) ; Dionex Ultimate 3000 =5 %4 7% AH
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BERALR T 20.25 g R TREBTIA 16 g fERHE
FEL, 53 B0500 g iEAHREE (200 ~300 H ) i — 58 b
oL 1 h A, Tk LA R R &
fe- s = 100: 0—0: 100 (FRFREL ) B B UEIBE , Ve B 45
WAFH] 20 A4y X A R 4 #EAT TLC K, J
FHEZR 5 0 R Ak R R =5 1A G H
St/ L =10: 1 (¥R BIEL) ,7F 256 nm F1 365 nm
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7K =100: 0—90: 10 ({&FL L) #4734 )5 , K AR TR 1
Wy T 60 A1 3) 8 N B (Fr.a ~Fr. h)
HFr. e, 112 W BEA R, 5 2 g TEAHRERE (200
~300 H ) #ATHEAE, 53 I100 g TEAHAE B — 5 1
Pt TR 30 SIS A AT R BT AR AR 150
mL, T35 BAE G SR S W b/ i = 1002 0—0:
100 (ARFREG) BB BEVERG , D105 8 5 A6 B2, B4 #of
FEVRIBER IR 2 AR R, VR 45 A5 2] 4
Bt(Fr.c.l ~Fr.c.4), BUFr. c. 2, &E 5485308
GG (LHE/7K =48:52,2.0 ml/min) JE47 73 B9, 1%
A 10(6.5 mg, 1, =8 min) FfLEH) 2(3.8
mg,t, =5 min) . B Fr. d, 2520 4% 75 2008 AR f6 5
(LWE/7K =45:55,2.0 ml/min) #4770 8, 58L&
Y 6(3.2 mg,t, =9 min) LEH 7(10.6 mg,t; =
18.5 min) ffLE54 11(6.3 mg,t, =6 min) , HL Fr.
e, Z2F ] £ R RORAH 3% ( 2/ 7K =101 90—60:
40,2.0 ml/min) #1708, 15 2{L54) 8(4.2 mg, ¢,
=17 min) fLE9 5(17.2 mg,t; =19.5 min) Fk
4414 (10. 8 mg, 1, =15.5 min), HC Fr. f, &5
Sephadex LH-20 ( — 5 Hl e/ % = 1: 1) 12053 B
J5, 1856 N B (Fr.f.1 ~Fr.£.6), B Fr. £.2,4
il £ AORAR 15 ( L1/ 7K =201 80—50:50,2.0
ml/min) FEA7 531 43 B G 1(7. 4 mg, 1, =10.5
min) F4LE4) 3(8.3 mg,t, =20 min) , B Fr.f. 4,
2P B RO 5335 ( 2 /7K =10:90,2.0 ml/
min) FEF7 50 85, BB G W 12 (3. 6 mg, 1, = 18

min) fbA 9 13(9. 8 mg,t, =19 min) FfLE 4 15
(6.3 mg,t, =10.5 min) . BX Fr. g, &2 826l %
EIRORAR 15 ( L/ 7K =45:55,2.0 ml/min ) #47
oy RIS 4(8. 3 mg, ¢y =20 min) FILEY)
9(4.2 mg,t; =8 min),
1.4 EgHPHIE N
141 a3 a-h) 45 87 ) & P 2

B AR A VRN E kY AW 1~
15 FEAT oo ] A A 1 Tl 400 T TG R O . AE SR
80 WL FEAMIAML 20 L BV, IRS), 72 37 CH R
15 min, JiiI 20 pL 5 mmol/L p-NPG L R E 15
min, fIll 80 wL 1 mol/L Na,CO, %X k5 5 B 5 25 H
/120 pL 1% PBS AR A W ; % M4 i 20
pL B, TR S), 76 37 CHE A 15 min, fill 20 pL 5
mmol/L p-NPG F180 pL 1% PBS N L% E 15 min,
1180 wL Imol/L. Na, CO, £ 1k Jz 37 ; il 25 (140 : i
100 L 1% PBS #120 wL 5 mmol/L p-NPG I g
H 15 min, i1 80 wL 1 mol/L Na,CO, ¢ k) i, VA
405 nm LW SGHE FE B p-NPG Bt , #2:0(1) 15
M=) .

I=[1-(A,-A,)/(A;-A,) ] x100% (1)

A, Ay FES A ROEE 5 A, - R 2 AR
JE 5 A, BTG VELIROLRE s A, - B2 O
1.4.2  A&-4h s PTPIB Fipshl &) 2

SRS E ik S 1 ~
15 JE47 PTPIB #P % PG . A4 I 170 pL
FEG .20 wL VA, IR A), 72 37 CHEHE 1S
min, Il 10 wL 5 mmol/L p-NPP [ )i , % & 15 min, il
80 pL I mol/L NaOH 2 I Jz i 5 ¥ dfh 25 141 : 20 plL
19 PBS AR5 W75 W 5 BTG PR 26 I 20 b B A R
2], 76 37 CWE 15 min, il 10 pL. 5 mmol/L p-
NPP #1170 wL 1% PBS [ Jvf , 8% & 15 min, fill 80 pL
Imol/L NaOH 2% & Jz i ; fig 25 4L fn 10 pl 5
mmol/L p-NPP F1 190 uL 1% PBS Jz b, & 15
min, fIll 80 wL 1 mol/L NaOH £ [} Jz Jij . LA 405 nm
AEW G S B p-NPP B, #%2X (1) TR,
1.4.3 HFaaExk

B ARIL 5T X e S g ik Xk st
&Y 3 F 4 AT o> TR HE . o % W5 1 i (PDB
ID;5ZCE) .PTP1B(PDB ID:50QG3) EH 45K H T
RCSB %045 £ ( https ://www. resb. org/ ) , ¥ 2E 145
FJ7E Pymol 5 Autodock - & HEAT 27K 70 7 KL
PR AR AL HR, X 8 VR AT RE R /M, LA SO LA
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wEW1 EEEE;ESI-MS: m/z 167.1 [M +
H] ", 2+ C,,H,0,;'H NMR (400 MHz, CDCI,)
5:6.99(1H,d,J = 7.4 Hz,H-5),6.50(1H,s, H-
6),6.41(1H,s,H2),4.02(2H,d,J = 8.6 Hz, H-
9),3.12(1H,s,H-8),2.41(3H,s,H-7),1.23(3H,
m,H-10) ;”C NMR (100 MHz,CDCl,)§:136.5(C-1,
C4),117.2(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), /4% 1 (4" H NMR % F1° C NMR §¥% 5 3¢
Bk Xk e — %, W% %A S W0 8S-9-hydroxythy-
mol .

wEW2 LEHRY;ESI-MS:m/z 165. 1[ M
+H] ", 4 F= €, H,0,;'H NMR (400 MHz, DM-
S0-dg)8:6.95(1H,d,J = 7.6 Hz,H-5),6.61(1H,
s,H2),6.56(1H,d,J = 7.6 Hz,H-6),5.30(1H,
q,J = 1.9 Hz,H-10a) ,5.10(1H,q,J = 1.4 Hz H-
10b) ,4.21(2H,t,J = 1.6 Hz,H9) ,2.19(3H,s,H-
7);"C NMR (100 MHz, DMSO-d, ) §:138.2(C-1),
116.6(C2),154.9(C-3),124.9(C4),129.9(C-
5),120.1(C-6),21.2(C-7),148.7(C-8),63.8(C-
9),112.6 (C-10), k&% 2 ' H NMR i f1"° C
NMR 5 3CHk 0 le—3, s 2 % a4 oh 8,
10-dehydro-9-hydroxythymol

wEW3I EEKA;ESI-MS: m/z231.1 [M +
H]*, 47 C,H,0,;'H NMR (400 MHz, CDCI,)
5:7.55(1H,d,J = 1.8 Hz,H-6),7.42(1H,d,J =
1.8 Hz,H2),6.40 (1H,s,OH),5.25(1H, 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);"” C NMR ( 100
MHz,CDCl,)§:150.8(C-1),109.1(C-2,5),145.2
(C-3),(C4),126.0(C-6),195.2(C-7),25.8(C-
8),81.6(C-9),95.8(C-10),125.4(C-11) ,22.2(C-
12),121. 6 (C-13),56. 2 (C-14), k& 3 1y
"H NMRiEAI®C NMR 3 5 3¢k 7! % b — 2, B
EZAE Y H 1-[ 4-hydroxy-3-methoxy-5-( 3-methyl-
but-3-en-1-ynyl) phenyl] ethanone,

a4 R ; ESI-MS: m/z 179. 1
(M+H]*, 5+ C,,H,0,;' H NMR (400 MHz,
DMSO-d,)8:5.87(1H,dd,J =17.4,11.35 Hz, H-

9),5.69(1H,dd,J =17.4,2.1 Hz,H-10),5. 68
(1H,m,H-3),5.58(1H,m,H-2),5.57(1H,dd,J =
11.3,2.1 Hz,H-10) ,4.54(1H,s,H-1) ,4. 28 (1H,
d,J] =4.8 Hz,H4),3.50(1H,t,J =2.1 Hz, H-
5);"C NMR (100 MHz, DMSO-d, ) 8:63. 4 (C-1),
129.4(C-2),126.0(C-3),56.1(C4),62.1(C-5),
56.1(C-6),87.7(C-7),83.0(C-8),110.7(C9),
128.4(C-10), t£4% 4 i)' H NMR % H1° C NMR ji%
SR 8, B B AR AR speciosin L,

WwaEWS EEHRY ;ESI-MS:m/z253.1 [M
+H] ", 1= C,H,0,;'H NMR (400 MHz, DM-
S0-dy)8:7.11(1H,d,J = 7.5 Hz,H-5) ,6.47(1H,
d,J = 7.5 Hz,H6),6.34(1H,s,H-2) ,4.10(1H,
d,J = 10.2 Hz,H9a) ,4.02(1H,d,J = 10.0 Hgz,
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,H4') ,1.02
(3H,d,J = 6.9 Hz,H-3");”C NMR(100 MHz, DM-
SO-d, ) 8:136.4(C-1),116.9(C-2),153.8(C-3),
126.0(C4) ,126.7(C-5),120.0(C-6) ,20.3(C-7),
74.1(C-8),70.0(C9),25.1(C-10),175.4(C-1"),
33.2(C-2'),18.8(C-3"),17.9(C4"), k&M 5
f{)'H NMR A1 C NMR % 5 Scmk'” %t H— 38, 5
B ZAL S Y A (R) -8-hydroxy-9-isobutyryloxythy-
mol ,

wEW 6 IR E M FEK, ESI-MS: m/z 269. 1
[M]*, 4= C,,H,0,;'H NMR (400 MHz, DMSO-
dy)8:7.00(1H,d,J = 6.7 Hz,H-5) ,6.36(1H,dd,
J =8.9,2.0 Hz,H-6) ,6.05(1H,d,J = 1.5 Hz,H-
2),4.56(2H,d,J = 10.5 Hz,H-10) ,3.63(2H,d,J
= 10.5 Hz,H9) ,2.35(1H, m,H-2"),2. 15(3H,s,
H-7),1.00(3H,d,J = 6.8 Hz,H-3"),0.85(3H,d,
J = 7.0 Hz,H4');”C NMR (100 MHz, DMSO-d, )
5:136.8(C-1),116.2(C-2),157.5(C-3),123.2(C-
4),126.9(C-5),120.0(C-6),20.6(C-7),76.0(C-
8),65.1(C9),66.9(C-10),175.0(C-1"),33.7(C-
2'),18.7(C-3"),18.0(C4") ., &% 6 1y'H NMR
AN CONMR 33 5 300k ke — 8, s iz A A
¥k 1,4-[13C]-1, 2, 3, 4-tetrahydro -5-naphthyl-
amin

WaEWT REAEL;ESI-MS:m/z 183.1 [M
+H] ", 4+ C,H,0,;'H NMR (400 MHz, DM-
S0-dy)8:7.21(1H,d,J = 7.5 Hz,H-5),5.96(1H,
dd,J = 7.5,1.9 Hz,H-6) ,6.32(1H,s,H-2),3.60
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(2H,d,J = 1.5 Hz,H9),2.26(3H,s,H-7),1.55
(3H,s, H-10) ;" C NMR (100 MHz, DMSO-d, ) §:
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),69.2(C-9),24.5(C-10), L& 7 #'H NMR
AP C NMR 3% 550k 8, MO e A
#)-H eupatriol ,

wEW8 iRy ESI-MS:m/z 235.1 [M
+H]", 7= C;H,0,;'H NMR (400 MHz, DM-
SO-dy)8:7.54(1H,s,H4) ,6.30(1H,s,H-7) ,4.99
(2H,d,J = 1.9 Hz, H-14) ,4.85(1H,d,J = 0.9
Hz,H-3),4.50(1H,d,J = 3.6 Hz,H-2),2.47(3H,
s,H-11),1.57(3H,s,H-13);”C NMR (100 MHz,
DMSO-d,)5:95.9(C-2),74.2(C-3),128.0(C4),
115.3(C-5),165.0(C-6),99.0(C-7),163.9(C-8),
122.7(C-9),202.3(C-10),27.2(C-11),144.0( C-
12),17. 8 (C-13),111. 0 (C-14), k&Y 8 Y
'"H NMRi%H1"C NMR 3% 5 Scik' > o H—2k, dlcs
EZMEY R 38,6-hydroxytremetone ,

WwEW9 W E A ESI-MS:m/z219.1 [M +
H] ", %= C,H,,0,;'H NMR (400 MHz, CDCI,)
5:8.20(1H,s,H4),7.49(1H,s,H-7),7.12(1H,3s,
H-3),2.76 (3H,s,H-11),2. 62 (3H,s,H-13) ;" C
NMR (100 MHz, CDCl, ) 8:153. 6 (C-2),100. 4 ( C-
3),126.9(C4),119.7(C-5),160.0(C-6),113. 1
(C-7),163.3(C-8),118.4(C9),204.0(C-10),
26.9(C-11),188 (C-12),26.4(C-13), k&4 9
f9'H NMR % H1°C NMR 355 Sk o b —3%,
YE A Y R 2 T

WEM 10 JRE IR Y ESI-MS . m/z 263. 1
[M+H]*,4Fx C H,0,;'H NMR (400 MHz,
DMSO-d,)5:8.03 (1H,s,H4),6.45(1H,s, H-7) ,
5.22(1H,d,J = 2.0 Hz,H-2),5.00(1H,q,J =
1.3 Hz,H-13b) ,4.93(1H,t,J = 1.8 Hz,H-13a),
4.74(1H,d,J = 2.1 Hz,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 = 7.0 Hz, H-16);"” C NMR
(100 MHz, DMSO-d, ) 8:92.6 (C-2),81.4(C-3),
130.2(C4) ,118.0(C-5),165.8(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) . L& 10 14'H NMR 3% 1"
C NMR 3% 5 3Cfk " 0 b — 2%, e 2 b & b

(2R, 3S)-5-acetyl-6-hydroxyl-2-isopropenyl-3-ethoxy-di-
hydrofuran

a1l REGIR Y ; ESI-MS : m/z 263. 1
(M+H]", 4 Fx C HL0,;'H NMR (400 MHz,
DMSO-d,)3:7.96 (1H,s,H4) ,6.46 (1H,s, H-7) ,
5.15(1H,d,J = 2.0 Hz,H-2),4.99(1H,q,J =
1.3 Hz,H-13b) ,4.91 (1H,t,J = 1.8 Hz,H-13a),
4.81(1H,d,J = 2.1 Hz,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 = 7.0 Hz,H-16) ;" C NMR
(100 MHz, DMSO-d, ) 8:92.5(C-2),81.0(C-3),
130.8(C4),119.2(C-5),166.17(C-6),97.9 (C-
7),166.9(C-8),114.5(C9),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) , k5% 11 ' H NMR i
17 C NMR 35530k 0 e—3, e 2 % o
H(2R,38) -5-2 I FH-6-F5 HE-2-57 TN I 5E-3- 2 4
B 5 S U8

LEw12 REEPRY ; ESI-MS : m/z 179. 1
[M+H]", /¥ CyH,0,;'H NMR (400 MHz,
DMSO-d,)6:7.41 (1H,d,J = 7.8 Hz, H4),7.00
(1H,s,H-7),6.90(1H,d,J = 8.2 Hz,H-5),2.42
(3H,s,H-10),1.35(3H,s, H-11) ;" C NMR ( 100
MHz,DMSO-d,)§:103.4(C-2),199.5(C-3),125.7
(C4),122.8(C-5),150.0 (C-6),112.5(C-7),
169.2(C-8),115.6(C9),22.7(C-10),22.1(C-
11), fbA 9 12 19" H NMR % H1° C NMR 3 5 3¢
kR B B E AL A I 6- 32 H- 2T
W3 -

a3 B EHLIRY ; ESI-MS: m/z 149. 1
[M+H]", 4F= C,H,0;'H NMR (400 MHz, DM-
SO-dy)8:6.84(1H,d,J = 7.7 Hz,H-7 ) ,6.51(1H,
d,J = 1.7 Hz,H-8),6.40 (1H,dd,J = 7.8,1.7
Hz,H-5),3.46 (1H,dd,J = 10.1,5.2 Hz,H-=2a),
3.19(1H,dd,J = 10.1,5.2 Hz,H-2b),2.87 (1H,
m,H-3),2.12(3H,s,H-10),1.21(3H,d,J = 7.0
Hz,H-11) ;" C NMR(100 MHz, DMSO-d, )§:65. 0( C-
2),35.5(C-3),127.2(C4),121.1(C-5) ,135.0( C-
6),115.9(C-7),126.3(C-8),154.3(C9) ,21.8(C-
10),17.6(C-11) ., 4k& 4% 13 ' H NMR i f1"” C
NMR 45 SChkt w0 He— 30, MO 2 %A &R 3,
5-dimethyl-2 ,3-dihydrobenzofuran,,

W& 14 Hfak K ;ESI-MS:m/z 433.2[ M +
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H] ", 2+ CyH,0,;' H NMR (400 MHz, CDCI,)
§5:12.47(1H,s,0H) ,12.45(1H,s,0H) ,7.59(1H,
s,H-7"),7.55(1H,s,H-7) ,6.97(1H,s,H4") ,6. 82
(1H,s,H4),6.26(1H,s,H-3),6.15(1H,s,H-3"),
5.78(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") ;" C NMR (100 MHz,
CDCL;)68:157.3(C-2),102.1(C-3),98.9(C4),
116.4(C-5),161.2(C-6),122.8(C-7),159.1 (C-
8),121.6(C9),133.6(C-10),117. 1 (C-11) ,44.8
(C-12),204.0 (C-13,C-13"),26.6 (C-14), 164.9
(C2"),101.5(C-3"),99.1(C4"),116.4 (C-5"),
160.7(C-6"),123.1(C-7"),159.2(C-8") ,121.4(C-
9'),36.7 (C-10"),26.3 (C-11", C-12"),26.7 ( C-
147) @A 14 19" H NMR 3517 C NMR 3540
i % Bz k& W~ 2, 4-bis-( 5-acetyl-6-hydroxy-
benzofuran-2-yl ) 4-methyl-pent-1-ene , {H [ A A SCk
B, ASCEWIHIE TS W oS A
wEWIS FEHOKAK;ESI-MS: m/z433.2[ M +

H] ", %= CH,0,;' H NMR (400 MHz, CDCI,)
85:12.54(1H,s,0H) ,12.45(1H,s,0H) ,7.90 (1H,
s,H4),7.87(1H,s,H4") ,6.98 (2H,s,H-7,H-7") ,
6.54(1H,d,J = 1.6 Hz,H-11"),6.48 (1H, s, H-
3'),6.47 (1H,s,H-3),2.69 (3H,s, H-14"),2.68
(3H,s,H-14),1.72(3H,d,J = 1.2 Hz,H-12"),
1.63 (6H, s, H-11, H-12) ;" C NMR ( 100 MHz,
CDCl;)8:165.9(C-2),100.6 (C-3),123.0(C4),
116.7(C-5),160.7 (C-6),100.6 (C-7),159.6 ( C-
8),121.4(C9),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-
37),123.2(C4"),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-12"),203.9 (C-13"),26.8
(C-14") . L& 15 (' H NMR %1 C NMR %15
SCHERYT R — B S A o 1,1
[ [ (2E) 4-methylpent-2-ene-2 ,4-diyl | bis(6-hydroxy-
1-benzofuran-2 ,5-diyl) ] diethanone,
G 1 ~15 ka5t LK 1,

Bl {Lawl~15 MiLEEi

Fig. 1 Chemical structures of compounds 1-15

2.2 ERINEHIEENKER
2.2.1 ALA-dhat a-F) B A5 Ay ) 2 4R
AV SO T A B AR B ) 15 MEE W HETT o-

FEDREH S TR E S R oG 3.4.5 A 12
HATREW R, o3 A BB A 95 7 (1G5, <20 pg/
mL) EALS Y 3 (936 PR T BH A 25 B K % (4. 6
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we/mL) , H IC, 0 3.7 pe/mL(W#E 1),
2.2.2 AbAdhat PTPIB dp4 it & 45 %

A SO B A B AT BB 15 e A kAT
PTP1B #p il & , 45 R Bonfb 54 1.3 4 Fil 12

A B0 0 8 R 2 R IR G 1B s v, B
&Y 4 TEEDL T 25 B RER (7.5 we/mL)
FIFFRURRR (12,5 pe/mL) , H IC, {4 2.2 pe/mL
(W#2),

F1 UEWL~153 o-FEREEEHAOMHIEME( x = 5,0 = 3)

Table 1  Inhibitory activity of compounds 1-15 against a-glucosidase( x + s, n = 3)
Sﬁnﬁe 1€ (ag/mL) Siﬂ'e 1G5y (/L)
[ BE Acarbose 4.61 £0.99 8 >50
1 >50 9 >50
2 >50 10 >50
3 3.72+£1.26 11 >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
#2 WEW~1534 PIPIB WHIBIEE( « = 5,0 = 3)
Table 2 Inhibitory activity of compounds 1-15 against the PTPIB( x + s,n = 3)
ﬁ:l 1Cso (pg/mL.) Jh :1 1C5o (pg/mL.)
IEAUER AN Sodium orthovanadate 7.51£0.99 8 >50
FFERER Oleanolicacid 12.52 £0.99 9 >50
1 15.23 £1.02 10 >50
2 >50 11 >50
3 8.65+1.12 12 21.23 £1.12
4 2.21 £1.32 13 >50
5 41.32+1.35 14 >50
6 45.67 +1.63 15 >50
7 >50

2.2.3 SFxEER

S FXTEGE SRR, FHIEAE Y 3 4 5L
B S AR AR A K - SRS 2R A B4R
Moy B iR (WL 2 FEL 3) 45 B e /N T-6
keal/mol (WL3% 3) . X5 B 5 E BT
ZAEYAIH Pymol2. 1 447 v #iAL J5 7T LATS 2]
a5 EAMEGE R, RS B 0] LUR
BT L B Ak 5 W 5 B T AS RO A 25 5 1) L TR Bk
H

WEW 3 5 o % 0 B A TS PR AL AR
LYS-135 .GLY-131 .PHE-151 4 &R I i £ 4~ &
SE KA BAEHT, 455 Re 1o o e R P AETh
N FAEEEEEH G 4 5 - H 550 R

196 P 437 45 i PHE-163 . PHE-144 . ARG411 , TYR-
63 . ARG-197 .GLN-256 3L il £ 4> & gt ul g K
MHEAER, 455 68 J108 P 2 & 148 /N +
AEEZEN(LE?2),

G 3 5 PTPIB & IG5 1Y SER-1216
ALA-1217 , ILE-1219, GLN-521, GLN-1262 . PHE-
1182 .GLY-1220 ,ARG-1221 & ILMR Y i £ 4 & sk
BiK A EAER, 456 A8 1, X i 2 48 /)N
A EREAENLEY 4 5 PTPIB &G PEAL
ALY ARG-1024 . ARG-524 . ALA-764 . ALA-1017 .

ALA-1264 TYR-1020 % 3£ 2 & 1% 22 ™ & B 5 5 7K
MEAEH, 45 A e f1ok S e B E DA /N
HEEEEHILE3),
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o- BB WEEERSARAN PTPIB 38475 2 ML AWM SR

-

LYS-135

.

i et it i P

\s

PHE-163

PHE-124% \(o

ARG-41

GLN-256

TYR-63

ARG-197

2 HEMI(A)F4(B)S5 - HEREBEEHEEERIN

Fig. 2

Interaction analysis of a-glucosidase protein with compounds 3 (A) and 4 (B)

GLN-lZGZi

3 HAEW3(A)F4(B)5 PIPIB ZERMAEIERSH

Fig. 3

Table 3 Docking results of a-glucosidase target and

PTPIB target with two compounds

s fe Binding energy ( kcal/mol)
Lt —
Compound - G PTPIB
a-Glucosidase
3 6.1 6.7
4 7.7 6.3
3 WitE&R
AV SCNAEIE 2 R AR AL 3 B M e AR 3 15 A

Interaction analysis of PTP1B protein with compounds 3 (A) and 4(B)

LG, 45 S D aRERERLGY .2 DIk
8 ANFIFFkmERAC G, Hoh L &9 3 W E R
PR AR R T BARAT LA 14 DT IR 22
ST R S I e R S AURT PN fat 7/ PR S
PR RN IY , MRS Py 1 A P8 22 P HU R
DL, BTN Ik, FHGE T A RIS b
AL S IR BA AR A = 5L S TEAE I8 &
S5, IT LI —E R B WSCEE Ah 2k il bt ity
KREIVER, 22 BT R, KRR Y 7
HAT RAFIOH0RE PR SUEL SR &
B 36 PEISR AL 59 3 4.5 F1 12 BT R
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B8 - HE AR H I A 1, A5 9 3 Ao 35 ML
FRAEZGBT-R P (4.6 pg/mL) ;LG H 1.3 .4 A
12 A RAFR PTPLB SIS 1E, (a4 3 5%
PEET BRSSP ORIR (12,5 pg/mL) L5 4 19
MHEEOL T YRS IEPURREN (7. 5 wg/mL) FISFHK
RIR(12.5 pg/mL) o SHABEWIA L, B E
Yy 3 F1 4 X HA W] A o1 40 W5 B A PTPIB
MRS I — 2R 70 5 R EOR IR T
WEY 3 M4 3495 o Fm R G M PTPLB 40 5
FZ A U ik L PE 5 Z AR B4R 7, A
MRS 5 AL AR E A &Y, 5 38 H OB E AL
SR, B UE TR PEINAE R . ATHIBEFE S R AL
AR ISR O A B A AR 2 PO IR
T PR SRR B T SEH AR LA R O AR
T yer iR At 1l BE A9 SE SeAL &9, AT
— BT IT R B BGURE PR 25 W B it T SR AR
B

S 30k
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