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FHRBAMERBITENONE SRR SNAT TSRO

HA S, B A, Ak A Aem 8, #8042 (1L BEES T ERAEE R RA, 4R HY 2610005 2.t E AR
S T3 A TR AR DN 1230, T 28 BRI 518017; 3. M A4 6 R2F: a. 2524 R, b. S — M E EBE, 11 200433; 4. [ili 4=
b A EEREZFE, # EIM 313000)

[HWE] B &G BGHECR BRI RER BT EY), JEHZ eI W =SB BTN B % 58 (HCV) 1 3E 4, LA
WA SIS AL S, IR BIBOC R, AR = YRIER T HCV 2954 i ikdls . 753%  FrRURm M BE R R H
PyBOP fE}y45i & 5, £ DIEA FA7E T 3% SARN AR SO0 B0 R PCC 4L, Fifiid m-CPBA bk 4 Baeyer-Villiger [
N il A B BB . R A HCVee (AR SMER YR IR AT RSN T HOV 36 MK . %36 24 6 A5 9 R FH Autodock 3K 15
HCV [ NSSB #1740 Fxi, $5R  FPHURRR . HERIR . ARSI AR S S RRAS A — & 5t HOV 1EH, FrECRRATEY
0A2-OA4, OA6 Fll OA7, RESRRATAEY) UAL 1 UA2 #8 i 7m Hh te BHARL & W B4 9L HOV TEPE . W1 HE0E R 4347 vl LA
R, FHURTR R IR 28 SR FLG I AN KB R A @il v o 20 RHESR WoR, LA OA6 FTLIS HCV 1)
NS5B AR E A5G, IR FEHUR TG M. 58 R =i EA BT HCOV MR, LA A= WG BURT LAAS 3 5 473 1
&Y, Bz AT HOV YEIMLEN T g5 HAM 6 NSSB A %,

[RSBIAT  FOIF MERR; AT SN B 2 355 NSSB
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Synthesis and in vitro antiviral effects against hepatitis C virus of oleanolic acid

and ursolic acid derivatives

XIAO Shuwen', ZHOU Heyang?, JIN Yongsheng™, QIAO Liming®, ZHENG Wei*(1. Department of Pharmacy, The 80th Group
Military Hospital of PLA, Weifang 261000, China; 2. Outpatient Department of Shenzhen Base of PLA Hong Kong Garrison,
Shenzhen 518017, China; 3a. School of Pharmacy, 3b. The First Affiliated Hospital, Naval Medical University, Shanghai 200433,
China; 4. Department of Pharmacy, The 72nd Group Military Hospital of PLA, Huzhou 313000, China)

[Abstract] Objective To design and synthesize derivatives of oleanolic acid and ursolic acid, and investigate their anti-
hepatitis C virus (HCV) activity along with that of common triterpenoid acids. To explore the structure-activity relationship and
provide a reference for the research of anti-HCV drugs derived from natural products through obtaining compounds with higher
activity. Methods Oleanolic acid and ursolic acid were directly reacted with corresponding amines using PyBOP as a condensing
agent in the presence of DIEA. Alternatively, the target compounds were prepared through PCC oxidation followed by the Baeyer-
Villiger reaction catalyzed by m-CPBA. In vitro anti-HCV activity was tested using the HCVcc infection model. Molecular docking
was performed by Autodock software to investigate the interaction between the active compounds and HCV NS5B. Results  Oleanolic
acid, glycyrrhetinic acid, ursolic acid, and asiatic acid all exhibited certain anti-HCV effects. Specifically, oleanolic acid derivatives
0A2-OA4, OA6, and OA7, as well as ursolic acid derivatives UA1 and UA2, demonstrated superior anti-HCV activity compared to
their parent compounds. Preliminary structure-activity relationship analysis revealed that introducing a bulky group to 28-COOH of
oleanolic acid and ursolic acid enhanced their activity. Molecular docking results demonstrated that the active compounds could
stably bind to HCV NS5B, thereby exhibiting antiviral activity. Conclusion Pentacyclic triterpenoids possessed anti-HCV effects,
and their derivatives coud be synthesized to obtain more active compounds. The anti-HCV mechanism of these compounds may be
associated with their inhibition of NS5B.

[Key words] pentacyclic triterpenoid acid; derivatives; antiviral effect against hepatitis C virus; NS5B
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Pt AL T A 0 21 (WHO) A3, 2015 4F4 1A
A 7100 5 NAFFENE M PIRUT R 5 8 (HCV ) B,
I+ HA 399 000 AFET HCV YL [E 1 AT AL 5%
JHE2m st 3R N O SEBOK, HOV IR E A 22,
HE g, Bl HOV Ry & il Ry ar®,
P P TN B 5 DR HS s B, RS B w2 B, 12
Wi A%, [ R AE . IR TMERE R GRS, 2 R
S B RT T, 230 Je AT 4EA L AL
HERHECY, KB4 (sofosbuvir) J&—FF NS5B
22 TEBEAZ AT P390, I R 7R A R s R
(HRRBAMA B WAFEE —LERIEA, iz RIEM
55 R BT Y6 97 1) S R A ™ O Bl 7 1 KU
B R o, AT AT 06 TR AN R BET B 4T HCV
249

HO

IR

1 MR5RE

1.1 E

Broker Spectrospin AC-300P % 4% filf T 4R {3 (i
[ 1 & v A 7 ) ; Aglilent LC/MS-6210 ¥R 5 1% ¢
AL CE SRR A BR 2 A )5 Synergy 2 % I HE i
PRAX (G [ BioTek 23 Fl )5 CO, 4 i 15 37 (3¢
Thermo scientific 28 7] ); CKX31 5] & AH 2= B i 4%
(HA Olympus A H)) o
1.2 XA

FREURTR . HRIKER . ERIR . BT R L HE
MR [T A EOR (B A IRA W | G5
afi A Jir 1t 500 35 A i B A A i 2l R
DMEM $ 5% 5& 10% Jif 45 i % 45 0500 8 1 A
GIBCO-Invitrogen ¥ Sigma-Aldrich; A fif#& Huh7
A () [ R B b Ve A T ) 5 240 B T PR A
(CCK-8)il3l & [ W A R A"~ 5E B (Dojindo) .
1.3 4R4h HCVee &M,

B e R CCK-8 Jr et & X s A =4
SRR W) A G R R, K25 H] DMSO %
i, TC 1) 3 VA A, AR RS g 1 R R ) i
P TARM . SRJEAE 96 FLARPHEAP A S (100 pl,
5x10% A1), H 55 F Moulc A 55 54 TR 5% (37°C,

HIA =AY e —FEBE N R, B
SR Z2 LU sl B ool U s L &Aoo B
AP R PR | BURTES 2R 2 BE R,
Hop, FFHUR ™ (0A) . H IR TR (GA) . RER M
(UA)FI B 3 R (AA) & 947 il HA7 R 1
MR DR 1, AT R R AT R B GA K HAT
AW R R HT HOV TG MDY, PRk, T4 S
— MR T OA. UA Fll AA XS KSR (1) T 36 =i
i ()BT HCV 36 M, I 55 28 e 5 OB B 3 A5 11
OA 1 UA BEAT T 914 iy 45K B At HCV 16 M
R, LUERAS o S G AL S W I R R A RO
R, NPT RIR YRR T HCV 2454 i
SRR R .

1 JLM=IEERR (L F 554

5% CO,), TFANMFL A Bk F] 80% B, FHAN R vk
(IZF AT AL IR, J5 5 TR AN, 24 h 5 &
FLA b e 455 37 3, AL 10 wl /) CCK-8 ¥
W, B FIAERE SR AN T o 2 h 5 AR Y
M5E 450 nm WG REE(H .

HURE T %6 504 K 3 B Huh7 28 0, 35164 40 i e
J& J 1x10° 4~/ml, ¥ Huh7 40 i1 5 2 &0 T 96 FLAR
Hr(1x10* A~/AL), ¥ H BFL I — & (R B HCVee
R EE ORI, FINAA R 259, 37°C I5H 6 h
Ja EHOH S A 10% 6 2F L7 B9 DMEM 41533
B, 4kEE 37°C 5537 48 h, fEpOL R FiFE A
FLH R IR SR DO LR 1 P e RSk
1.4 A& ehEm,

1bE 9 OA1-OA6 Fll UAL %1 PyBOP 1 4
A7, 7E DIEA F77E T B2 55 AH I 11 Jie S5 7 ] & i
5., OA7 Fl UA2 i i PCC ¥ 3 i 3 5L 48 1k Jy ot
JJ5, P m-CPBA A fb & Baeyer-Villiger X
7 T A5 (& 2)
1.4.1  SFEUERR-28-HEH 2 (OA1)

OA(200 mg, 0.43 mmol), PyBOP(244.6 mg,
1.47 mmol), 2 ml DIEA ¥ f#, P00 A H e 46 iR £
100 mg, #& J5 & I T HE SN 6 ho H4 S i A5 A
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OA1-OA6

OAl R =—-NHCH, OA5 R =—-0OCH;

OA2 R =-NHCH,CH,
—0

OA3R=-NHCH,CH,CH, opagr= N
OA4R = —N—<:> N

2 BirLEYNE ‘L
#: (1).RNH 5§ ROH, PyBOP/DIEA(r.t.); (ii).PCC, DCM,(r.t.); (iii).m-CPBA, r.t,

£ 100 ml 7K7K, B7ih LA, g, 285 10 ml
95% L BEE LS AR, P HEER A JZ M alifb o8
528 HAr b &% 101 mg, /= % 47%. 'H NMR
(300 MHz, CDCl;)8 5.88(d, J = 4.2 Hz, 1H),
5.31(m, 1H), 3.16(d, J = 9.6 Hz, 1H), 2.67(d, J =
4.7 Hz, 3H), 2.40(m, 1H), 1.09(s, 3H), 0.92(s, 3H),
0.83(s, 9H), 0.72(s, 3H), 0.67(s, 3H). "C NMR
(CDCly, 75 MHz): & 179.1, 145.4, 123.0, 79.9, 55.5,
48.7, 47.0, 46.9, 43.3, 43.0, 39.9, 39.8, 39.4, 37.9,
34.5, 33.9, 33.1, 32.9, 31.3, 30.4, 29.2, 28.1, 28.2,
27.2,24.9, 24.6,24.5, 18.2, 17.9, 16.6, 16.4; LC-MS,
[M+H]"=470.8,

1.42  FFEURRR-28-Ft 2 (OA2)

FKH OB AR N 5k, & 5 OAL 2
M, 7% 43%, "H NMR(300 MHz, CDCl;)8
5.87(s,1H ), 5.38(m, 1H), 3.35(m, 1H), 3.23(m,
1H), 3.11(m, 1H), 2.50(m, 1H), 1.16(s, 3H), 1.10

(s, 3H), 0.99(s, 3H), 0.91(m, 9H), 0.78(m, 6H);
3C NMR(CDCl;, 75 MHz): & 176.8, 144.3, 123.0,
78.7, 54.9, 48.3, 46.7, 45.6, 43.5, 42.8, 39.6, 39.0,
38.6, 37.1, 35.0, 34.1, 33.0, 32.8, 32.0, 31.2, 30.8,
28.5, 28.0, 26.6, 24.1, 23.4, 23.0, 17.5, 16.9, 16.0,
15.3. LC-MS, [M+H]" = 484.7,,
1.43  FFHURIR-28- M (OA3)

K IEN BER R, A B 25 OAL JEAAH
[, 7#% 51%, 'H NMR(300 MHz, CDCI3)3 5.93
(s,1H), 5.38(m, 1H), 3.35(m, 1H), 3.20(s, 1H), 2.95
(m, 1H), 2.50(m, 1H), 1.16(s, 3H), 0.99(s, 3H), 0.91
(m, 12H), 0.78(s, 3H), 0.77(s, 3H). "C NMR
(CDCly, 75 MHz): 6 176.8, 144.3, 123.0, 78.7, 54.9,
48.3, 46.7, 45.6, 43.5, 42.8, 39.6, 39.0, 38.6, 37.14,
35.0, 34.1, 33.0, 32.8, 32.0, 31.2, 30.8, 28.5, 28.0,
26.6,24.1, 23.4,23.0, 17.5, 16.9, 16.0, 15.3. LC-MS,
[M+H]" =498.9,
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1.44 FEHURBR-28-BEIRC R (0A4)

KR C RN R AR k5 OAl1 B HH
W, ;=% 45%. "H NMR(300 MHz, CDCI3)$ 5.63
(d,J=7.4Hz, 1H), 527(m, 1H), 3.65(m, 1H), 3.15
(m, 1H), 2.46(m, 1H), 1.09(s, 3H), 0.92(s, 3H),
0.85(s, 3H), 0.83(m, 6H), 0.74(s, 3H), 0.71(s, 3H).
LC-MS, [M+H]" =539.0,,

1.4.5 SFEURERR-28-H R (OAS)

K TCK I BER 5k, G5 S OAl B4
AHlE . 77% 52%, "HNMR(300 MHz, CDCl;)3 5.26
(s, 1H,), 3.62(m, 1H), 3.17(s, 3H), 2.46(m, 1H),
1.10(s, 3H), 0.94(s, 3H), 0.88(s, 9H), 0.75(s, 3H),
0.69(s,1H); C NMR(CDCl;, 75 MHz): § 178.3,
143.7, 122.4, 79.2, 55.2, 51.6, 47.6, 46.7, 45.6, 41.7,
412, 39.3, 38.8, 38.4, 37.1, 33.9, 33.2, 32.6, 32.5,
31.0, 28.2, 27.3, 27.2, 26.0, 23.6, 23.4, 23.1, 18.4,
16.8, 15.6, 15.3. LC-MS, [M+H]" =471.7,

1.4.6  FFHURMR-28-(FIF A ME-1-BE) R (OA6)

K 1R EER T =AM 5ok, & orik s
OAl JEAAH Al . 77 2% 41%, 'H NMR(300 MHz,
CDCl;)5 8.07(d, J = 8.4 Hz, 1H), 7.54(t, ] = 7.5 Hz,
1H), 7.40(m, 2H), 5.40(s, 1H), 3.64(s, 1H), 3.24
(m, 1H), 3.00(m, 1H), 1.24(s, 3H), 1.02(s, 6H),
0.99(s, 3H), 0.93(s, 3H), 0.87(s, 3H), 0.81(s, 3H);
C NMR(300 MHz, CDCl;)8 173.7, 143.6, 142.1,
128.8, 128.5, 124.6, 123.9, 120.5, 108.2, 79.0, 55.3,
47.6, 47.6, 45.5, 41.9, 41.6, 39.5, 38.8, 38.5, 37.0,
33.7, 32.9, 32.9, 32.5, 30.7, 28.1, 27.2, 25.8, 23.5,
23.5,23.2, 18.3, 17.3, 15.6, 15.4. LC-MS, [M+H]'=
574.8,

147  FFHURIR-3-R1R-e-NTiR (OAT)

OA(200 mg, 0.43 mmol), NaHCO;(85.69 mg,
1.02 mmol), m-CPBA (264.03 mg, 1.53 mmol), 4 ml
oK AW B, 2= IRIEFE Y 15 min J5I8EZE
R, AkSLiE RN, AR N CAhEE © 2R
fig=2 : 1),45 151 mg F@GFEAK, 723 45%, "HNMR
(300 MHz, CDCl;)é 5.28(s, 1H), 2.79(m, 1H),
2.55(m, 1H), 1.49(s, 3H), 1.46(s, 3H), 1.11(m, 6H),
1.09(s, 3H), 0.65(s, 3H), 0.63(s,3H) ppm. *C NMR
(300 MHz, CDCl;)8 178.9, 177.6, 140.4, 122.6, 79.9,
73.3, 57.7, 50.9, 47.2, 43.6, 42.5, 41.6, 40.3, 37.6,
34.9, 33.4, 32.1, 31.1, 29.9, 30.4, 30.0, 29.9, 27.4,
25.2,22.8,22.0,20.9, 15.6, 15.0,

1.4.8  FERPR-28-(AJf — A ME-1-B) fig (UAT)
PLRESR R My JFRL, 275 558 OA6 G LT i

zunj

By

#1145, '"H NMR(300 MHz, CDCL;): & 8.12(m, 1H),
7.62(m, 1H), 7.41(m, 1H), 7.35(m, 1H), 5.45(m,
1H), 3.56(m, 1H), 2.31(m, 2H), 2.10(m, 6 H), 1.02
(m,9H), 0.92(m,9H). *C NMR(75 MHz, CDCl;)$
172.5, 142.4, 141.0, 127.7, 127.3, 123.5, 122.8,
119.4, 107.0, 77.9, 76.3, 76.1, 75.9, 75.4, 54.1, 46.5,
46.5, 44.4, 40.8, 40.5, 38.4, 37.6, 37.4, 35.9, 32.6,
31.8, 31.7, 31.3, 29.5, 27.0, 26.9, 26.1, 24.6, 22.4,
22.3,22.0,17.2,16.2,14.4,14.2. [M+H] = 5745,
1.4.9  RERPRFTHORIR-3-FRIR-e- N TR (UA2)

DLRESR R N JFRL, 27 578 OAT -8 LT
il % . "H NMR(300 MHz, CDCl;)8 5.28(s, 1H),
2.62(m, 1H), 1.48(s, 3H), 1.42(s, 3H), 1.15(s, 3H),
1.09(s, 3H), 0.96(d, J = 5.7 Hz, 3H), 0.85(m, 5H),
0.80(s, 1H). [M+H]" = 471.5, [M-H] = 469.7.
1.5 o8

T S HIH Chem3D #AEX LA OA Fil OA6
S5 HE TR B R/ IME IR AE (mol2 46 2X) . SR
if RCSB PDB £i 4l J 3k U HCV ) NS5B(PDB
ID: 3PHE), PyMOL3.1 $ {4 iy A4 (“Remove
Solvent” “RemoveOrganic” ) 2= [ 7K 43 F M B A& 3
{547 (PDB #%30) . K Autodock1.5.7 #4750 F X}
P GEFAE TR B S B KRS B
N, VASEHE R LR IR HL 476 1 22 & B2 A 477 15 1§
SRR IR AR AR A A e KN B SN 4L
DS In WA RET PN uF A E 1A P 9 = i v
PR ARLE A RE SN S ER 45 R R PyMOL
L QL N e LW N RS LN T T /Y LS

2 #HBR5VHE

AR OA fiTAEW 74, UAfITAEY 24~
T L =WER OA. GA., UA fil AA iJ$T HCV
EH .. SR FTHENEEA —& Mt HCV 1EH .
TEA AT A T 280 o T iR A
UFHT HOV WM. B Jeib 4 28 R Lk T 454 18
M, BEEXTIETERREI . A T SR R -28- Y g
(OAS), bt HCV JH MM 25 R 2 B, Hyt HCV i
PEEA R (R D B, AR T B2
AW (OA1-0A4), EATH /R i T 58 T OA M1E
H, Horh, OA3 1E H i, S/ ik b ] g AT
PEEENE, TIAGE M KA ek B ) kT ge e
. XS = iEER I A PR, R Baeyer-Villiger
AALE R N 1E &9 OAT, B /s B I i bt
HCV W&tk Ak, & Bt A3, 16 ARl b i
OA6 HABSRINAENE, N5 LT —4 i,
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BRI B R, FFINE T8 HCV M, R E
15 OA FLEWH BA S lr s M . X4 28 1R
BT — R TR S W 5 ol BEA A T 42 = 1%
Mo FEBEEEAL b, 2E—20 L1 UA N JEORE, &0 T
UA B N BRFIE PERE AT A2 9, S5 R A e T HAT
5 TREAAL S YIRS R O TE P . X SEEE SRR, =
0 A BN N BRZER, B 28 S ABRIRRL
LSRR R TR

#*1 BfreEin HCOV FHER

1C IC 1C
s ( umoslt}L) feats ( umosl?L) featy ( umosl(;L)
OA 198.6 GA 159.4 UA 142.6
AA 146.8 OAl >200 0OA2 192.3
OA3 178.2 OA4 185.2 OA5 >200
OA6 136.3 OA7 144.2 UA1 121.2
UA2 134.3

NS5B /& RNA it RNA RAT#HRARp),

A

11S-474

SER-478

\ ,

J& HCV RNA & il iy O, PR IR0 27 25 P i
KA WG| T EEERDST, SOk [16] )68 T FFEUR
fig v DLl S B ] HCV B NSSB il & 4551 HCV /)
EH . B IL, SRS F XL R 5 ik, B OA L ih
BELEY OA6 5 HCV (1) NS5B HH(T T X 4%,
ZERNE 3 FR: OA6(4545HE-10.05 kI/mol) AL
RIS E A4S A BE/NT OA(Z54HE-8.01 kJ/mol),
R 0A6 SEIVEMME WA ERE. MK 3
AL, OA W LY 475 (i 4R TR VA K 533 13 #51 2 R
TE 53T 1A] 20k, (H R PR K i AR S5 8 1
ZRIMEESENKRS, RAYketEKzs. m
OAG6 B 15 474 (52 SRV U IR B8 Aok, H—
R S5 3R BE 5 475 137 21 E R 1) 0k i R B A n-
n R — R B A YRR, R SR
BEYHRERRETE. X —45R 5Nt HCV 1§
PSSR —E.

HIS-475

3 L4499 OA F1 0A6 5 HCV B NS5B 4 FaEsER
AALEY OA; BALEGY) OA6

ZE LA, ARBFFTIER T 4 A WA FLER =0
2 OA. GA., UA fll AA T HCV i 4, I X OA
M UA #-17 TR AP 56 . 240 0A Fl UA
T AEYIHR R SR AHT HCV Rk, Hor, DIgIA
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