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(BB TRZ RS B 650500)
CAERURFE 2 RARAROTEZE R E Sk = bl 100191)

"El *,a,b

WE BB R ISR IR (OA) I C28 AL & FE R B I7E N M /K P B A B HURURIR 2 0035 1, (R A FLR =i B
A2 AR T 25 B oA B BT P PR S T R B B . AT TR F AR R 3 = s R, i Cu(EL PR - R E i
R B(CUAAC), 5 IR T 5 2L S 4c~8d, WL A SMURUEM #2 A/WSN/33 (HIND)EVERF 7T, KBk
G 4d A EENPRBREIEMEICs N 9.09 umol/L), H X MDCK (Madin-Darbey Canine Kidney)ZH /i B & 5 4
(CCs50>100 pmol/L). HJRR AW FTEAM T 9 % A AR IR DL R L3R =k BEAZ X Ak S ) Pt i 28 1% T 4R TH 35 B 3
fEH. AR — 05838 1 B = s R AT A PIRUER M ROC R, ARXRERAHURERIRAT T SE 14
fit,.

KERIE  TEFRA=WE; VUBOR R #ENANEI] MR

Design, Synthesis of Pentacyclic Triterpenoid Glucose
Conjugate and in vitro Activity against Influenza Virus

Cai, Ming* Shao, Liang” Yang, Fan® Zhang, Jihong” Yu, Fei*?
(“ Medical Faculty, Kunming University of Science and Technology, Kunming 650500)
(* State Key Laboratory of Natural and Biomimetic Drugs, School of Pharmaceutical Sciences,
Peking University, Beijing 100191)

Abstract Previous studies have revealed that oleanolic acid (OA) C28-glucose conjugate displayed potent anti-influenza
viral activity in vitro. However, the effect of pentacyclic triterpene scaffold coupled with glucose on anti-influenza virus activ-
ity has not been clarified. Herein, as a continuous further study, a series of pentacyclic triterpene-glucose conjugates were pre-
pared via CuAAC reaction, and the anti-influenza activity of these compounds was evaluated in vitro. Among them, compound
4d, an betulinic acid (BA)-glucose conjugate, showed potent anti-influenza virus activity (ICso value of 9.09 pmol/L), and no
obvious cytotoxic effect on MDCK (Madin-Darbey Canine Kidney) cells was observed (CCso>100 pmol/L). Struc-
ture-activity relationship studies showed that both triterpene scaffolds and glucose moiety have important effects on the an-
ti-viral activity. Overall, this finding further extends the utility of triterpene derivatives in anti-influenza virus drug design.
Keywords pentacyclic triterpene; influenza virus; entry inhibitors; structure-activity relationship
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R, p-FRRIRE — L0 =5 2 I S BRI AR B )
WEE I A A ARG PUintBOm 20 0E 1, R E YR 5
SR EE I LB 2R SR 25 G, TP & 0 SRR 2
PRI, BRI 0O B N1, A, Yu ZE0R0E LR
R=ZMEUAE YRR EWE R— R L = w14
Y, FEPEVEO S R NSRRI I T B AR I 2 T L
PRI BT TS PIAEE A, LB [ At E B B R T 1Y)
Ak E E, fAER R E NS EAM. I, Luo
00 I Cu(D) 8 fb 1 B e — B S0P 20 0 R e
(CuAAC) A B VY Fft Fo A — il ey It S AR EEC A, F 9 B0
SR R M R TR B AR R 5 ML 3R B I SR AN D i, L
TR BRI M A, 3 BA LB = A I VR IR K
TRl AR e .

Fiab, RATETHIOE LRI, W BH —E BRI
5 T 0 55 BUR BR [Oleanolic acid, OA (1)] (ICso=72.27
umol/L), £83d 5 Gt 1) 45 A6 A& 1 B K ROk &R v it I,
FL 28 MrRIEAN 3 A FRARIEIT Cu(D) Ik bR -2 %k
VIR, 43 ) SR E R B P ST 2k
S22 M 3(E 1), thEW2 (ICs0=>5.48 pmol/L)F1 3 (ICs0
=12.45 pmol/L) Pt B 2R MEBST R IR A T 2
ERTE K, teEY 2 RIS B A
FHU121 Autodock A5E4Y . 7~ i 4 B A5 B 5 90 1B 25 1
BEREANMERIRE A& 8P Lys156 SRR
A, ARUtEED S MERE AN E5RE.

BT UL BB AAE A, A AR A fR B A A A T i
PR, I A LR =G R, BT IR A R
T—RHN T =05 R A HEE Y, W AR H
= REAZOR LB B M R, D e IR R
SRPEPIPIIVBIA B IR BOC R, BT RIRF= I 1%
DU HIE 70 B9 5 Bl

1 ZR51He
EERK
WEY) 4d )& RN Scheme 1 Tz, B 58k H

MENIE R (Betulinic acid, BA)I1) 28 {7 2 5Ei# it O-KH =&
BN, NN, N'-DY H AR DU S R (TBTU)IE AL (L 54 4a)

1.1

E1

Figure 1 Structural formulas of oleanolic acid and its derivatives
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&, SRARARIAS 2 S 4R 4b. DL CH,CL/HO
V2 V=11 1)RER, L-PiA MEEAR CuSO45H0 A
AT, R Cu(D) b 1 B -3 A3 = B
(CuAAC)I11 S 251 IR &5 B 2k 1] 1) 7 2 A
5k ab BB, BEULEY) e TEREERMER T
FiL 0 A W L1 R 3RS B AR & 4d. RAAH ]
M Big 2, DLH B IR(Glycyrrhetnic acid, GA). §fi#E
F& (Echinocystic acid, EA). fig f1F&(Ursolic acid, UA)FI5%
BURBR R MR 5-FF 8RR (6-Oleanolic acid)!'* Ny 514,
A5 AT 43 S0 1) 4% A TR 3R = 5 6 4 W 1 8 K 40 (de ~
8d).

1.2 E47EMN

1.2.1 B =F58 BEESWIRIN IR R H

W 1 fizs, 76 100 pmol/L W JE T, AFEEHZ HIF
A A A R ER R TR R A R B AN, (S
1S, 6 F17 A —EPUmBIR RS, (HXF MDCK 41 i
BEMERCK. (LAY 4 F1 8 BB EMERE, HINHIR
BORERE IS, AR R B =i A R A
CIRFERIR RS, LAY 4c, Se Al Te WA W B PR
BRI, LAY 6c XTIB R A — e MHNE
P, (HRWHEBONEE AR, 556, BRTHEY
7d, L&Y 4d, 5d, 6d A1 8d LA &4 4e, Sc, 6¢ Fll 8¢
P2 PR 25 ARG, 4 1) 0 R B TG R i, U0 ) LR — i
BINEZA VI QRO 5L S DS A BT, LT
HIAFAE AT BEBE N T % MDCK 4 A i) 5.

Zx FRATR, WREERR(S) KL B G (Se, Sd)il
AR BV VA BT PR EOETE I, T R R S L
FIEY) C-16 MLERFEMAFEX LA PIPUIm B s
Frsgma. A& 8d bR B A LA 2, ]
REJE T BURIRIA A B I SCR . S8R R B AL
BT C12)~C3)hr, HyrmEmdsilm it o-55 3R
12 EASIEAL B AL T C(13)~CANLI R A, Ht— 1t
BT S UR B U A B VA YRR B, Ak, AF
BERZ LR = S PEERRI AT B 5, &) 4d 1 8d &
I A 4 M 1 R0 e R R EE A 1, B R 4 R
8, NIV BRI S 4 M 1) ] 2842 5 T I — 1%, 1Cso 47

TR R IAT D K 45k 2K
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Reagents and conditions: (a) TBTU, DIPEA, THF, r.t.; (b) 2-propynylamine, Na,CO3z;, DMF, r.t., 2 h; (c) CuSO4*5H,0, Na-L-ascorbate,
CH,CI/H,0, r.t.; (d) MeONa, MeOH, r.t., 3 h
B 1 IR S S K AR
Scheme 1 Synthesis of betulinic acid (BA)-glucose conjugate

F 1 TR AR S R B T R A R (x Es, n=3)
Table 1 Structural formula of pentacyclic triterpene-glucose conjugate and preliminary evaluation results of its anti-influenza virus ac-
tivity (X, n=3)

wEmEHR A=Y HMLAFE /% TR EEAM /%
R= OH 4 106.12+8.38 59.00+10.18
OAc o
R= A%%MN § dc 91.2740.03 8.46+23.27
AcO N=y
OH o
R= (o]
Hﬂmw L 4d 106.53+9.50 92.94+£1.45
HO N=p
R= $OH 5 4.08+0.34 99.48+1.08
OAc Ko
R= A%%MN § 5c 110.24+0.002 NT
AcO N=y
OH o
R= o
Hﬂmw { 5d 105.15+11.41 54.16+11.54
HO N=p
R= $OH 6 3.98+1.90 95.14+7.36
OAc Ko
R= A%%MN § 6c 56.04+0.008 58.51+4.72
AcO N=y
OH o
6d 74.02+6.92 80.65+16.47

o
1]
T
T0
o
g
z-z
Y

T

o

I
=z
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AL R
gk
tEM LR &Y S AE TS 2/ % iR B 2/ %
R= $OH 7 3.30£0.06 99.85+0.31
OAc m_'
R= 0
ACA%MN/Q 7c 103.68£0.02 10.43£5.20
AcO N=p
OH ’”\m
R= o}
Hﬂm".‘/\g 7d 4.18+1.45 97.41%+3.72
HO N:N
R= $OH 8 102.054+10.33 70.99 £ 14.04
OAc m“_'
R= Q
AO N{ 8c 73.23£3.62 96.62+15.17
AcO N=p
OH ’“\m
R= o}
Hﬂm".‘/\g 8d 101.63+6.89 91.681+8.14
HO N:N

4100 pmol/L L& 4.
F2  HR=HHATE S WET A/WSN/A3 (HINTEHE(x £s,
n=3)

Table2 Activity of the pentacyclic triterpene-glucose conjugate
anti- influenza virus A/WSN/33 (x s, n=3)

Compound CCso?/(umolsL™ ") ICso®/(pmol-L ") SI¢

OSV-p? >100 1.82 >54.59
24 >100 547 >18.28
4d >100 9.09 >10.99
8d >100 12.56 >7.96

“SO%AM AL EF LIRS, © S0% 1 HAM IR B, © SI: CCso/ICs0, ¢ FHHE X .

A4 9.09 A1 12.56 umol/L(F 2), AHXIRUL, &4 4d
U BIR FEIE MR AT, dE—0UE B T A O TR
A PP TRUEE T BT S R .

FUBUR T A/WSN/33 (HIN1)E Y MDCK 40l 5 2>
5| &2 BH 5 A 41 B9 A2 (Cytopathic effect, CPE), /B &
FHI TR AT LA R 20 B AR = AR il 2A B,
5 DMSO XA EEEE, 100 umol/L iR E N L&) 4d
AT DA 3 AR AL 5 7 5| A P 4 g 7
122 SoktdpHl i

A IR (HA) & A B 3 8 A BG4 30
)T M 3R T R R A, X PRI R AR O IfL .
Xof IfiL 458 25 RO AA B A o 4R 10 g 2R P VIR 45 7 R 1)
POHIF, 75— R PE N P05 & 2R, 1K b 7R AR
D LB A 07181 PRIk, SR A AL i X BE 96 Jan ik Ak
YR ERRRER SRR EA. WE 2B Fiw, ik
EY 4d GEA DI R L R 51 AT g, S i
BEFEPUAREARPINBR, RUNEY 4d FTREZET

B E B R E A S, BHBREHE 518 240
PN VR RS2 AR ELVE R, 2 B0 B BRI T
IR E
123 A FHo T AR IBRSMER
R #fn 5t & & G A8 BAF R AT

W, KA TSR T B &Y 5
Bom R MEERE AN SR Bk, FIH “AutoDock
427 FEFp, ¥ MR E A E A gmS: 1RVT) R HER R
i 485 10 Ph IR =i A P G AT o T X 2.
T A AR A B B AR PR AL & 9 5 L e s 2 1 gt
FEAZMPMEIERN, ZEZGEHE TEE.,. BiKIE
F T RIa B A J A BAE . AEXHERCR, N TR
HHERA RS, SR k. ik 3 MR
MEH ST RS2 Fow, TLFF =il & FE 4 A il it A
B m-Alkyl 5520000 AR H ) 5000 B LR R
F4ia, IFHALEY) 4d~8d (L& E BRI T H ik
&) dc~8c, T RESEHIENE F R ILYE LWL IR,
2 PHAG L 5 i 2% 45 A0 B IR IR AR L A
B, NARE S 4 S BB G, I TR S
Kb, TLEHRIEY 4d SMEBREANSSENE
=, BE RIS A B WA, 540K X B0 2 1
P 2 A — 2L

WK 3 Fiw, WA 4d 1) C3-OH 5 Tyr 256 JEK
S8, Phe 117 AT DL 4d /) C-29 XU A n-Alkyl AHH.
YEF, T 2B C'2-OH F1 C'4-OH 7] LI Glu 116 &
PSSR BAEA. HhAh, —EMERS Lys 172 BAE
5 1) m-cation AH EAEFH, MfiE—23G5 T &Y 4d 5
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4d (100 pmol/L)

A DMSO

-Virus

+Virus

Compound 4d (100 umol/L)

+Virus

-Virus
Anti-HA antibody (ug/mL)
041 021 010 005 0.02 0.00
+Virus
-Virus

B 2 (AED) 4d G RENH] A/WSN/33 753 AR AL (BYIL &1 4d MUILEER ST T LA A/WSN/33 512 XS 2141 i 4
Figure 2 (A) Compound 4d can effectively inhibit CPE induced by A/WSN/33; (B) Compound 4d and HA antibody can inhibit hemag-

glutination caused by A/WSN/33
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teractions
[ van der Naals [ riCation
[ Conventional Hydrogen Bond [ s

- Unfaverable Acceptor-Acseptor D Pi-Alkyl

B3 B 4d 5L E A5 7RI (AEY) 4d 7R MLEER B PSS S 60 B G 4d 5 ke & A A BAE 1

SR (O G 4d 55 RERR B R LA R ¥ — A

Figure 3 Molecular docking simulation of compound 4d targeting HA protein: (A) the binding site of compound 4d in HA protein; (B)
the 3D model diagram of the interaction between compound 4d and HA protein; (C) the 2D model diagram of the interaction between

compound 4d and HA protein

MEEREAMLEGHEMS, BIRES EHHAEN—24.98
kI/mol. 5b&9) 2 541U, thEY) 4d K H S
EBEEMERIREE A48, MRS A EEY 2 8 &40 5
T, X AR T ALE Y 4d RSN ERETE(ICs0=9.09
umol/LYBSAE T 4L &4 2 (ICso=5.47 umol/L).
2 #ig

5 MARFEEZ AR =i AR Cu()EILE
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B - BACID I N BRSO (CuA A C) 5 BB ] 460 W AL ke
AT 10 FPHM =REE AR G, H T T4
FIRAE. ARAMIUIRUER B iE PEE KB, 7E 100 pmole
LV RET, A =nifb S BB E 0 5, i
PR, BALSYAMEREERA o-5F B R IR M o6 4 b (4d,
SR AW T HEZ 4, $)MINHNEGTE. Heph, At
IRHIEINEZE B 4d ARFEIEIK(CCs0>100 pmol-L™"),
ST EE A/WSN/33 (HIND) ] 23 5 (1C50=9.09
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R 3 DA =WEEERS ST S EER RO RICE hEs S e
5 Dfe 3 BIRHE

Table 3 Minimum free binding energy and chemical feature of
pentacyclic triterpene-glucose conjugates binding to HA protein

Compd. Binding energy’/(kJemol ') Chemical feature®

4c —22.01 CHB¢, n-Alkyl

5¢ —14.69 CHB, n-DHBY, Alkyl
6¢c —22.30 CHB, Alkyl

Tc —21.46 CHB, n-DHB, 7n-Alkyl
8c —21.42 CHB, n-Sigma, n-Alkyl
4d —24.98 CHB, n-Cation, -Alkyl
5d —21.55 CHB, n-Anion, n-Alkyl
6d —22.93 CHB, n-Cation, -Alkyl
7d —22.55 CHB, n-Alkyl

8d —23.10 CHB, n-Anion, Alkyl

IR AREE A A R, © DR HIRRAL, < S AR ELAE A, ¢ n-U B LA AR,

pmoleL™ 1), ML&EHNH| LI B, (&Y 4d W RE &4 )
T LB B, AN A B AU 2R 1 B
TP i S 75115 U B K M 2 I T N e R ) 2
A W0 (4e~8d) 5 IO FF IR R A A BT 45 A
B, HE A, n-Alkyl FE2ZMAHEEERYS S, REA
MENRER AN O-F5 SRR 28 A i 261 Bl AL WA 1) T 4 v L Bk
ZWBUR TR, T HEERER . RE SRR AN RER S %
WIS E0(5d, 6d, 7d) ] 8 T H B S5 MIRFIE, JEA
FIF 5 Mt MR A S A A, R PUm 8 G
7, AAh, CERAGIG SEA ) (de~Te) 4 H B 14 BH 5 1
o, HAMHIETESS. MO R AR, BRI =mifk
HYMEBE A BE, v B PR EEETE, B
(5] T30 =il BEAZOO B it 8 750 VAT A6 B
3 XIS
3.1 UEFE5HF

HRMS K H IE ESI #50 T ff1 APEX IV FT_MS (7.0
T) )43 (Bruker)3£ 3. NMR ¥ Bruker Avance I11-600
MHz BUZREFEIROCGNE, "H NMR L2405 2 08 A b
TMS (Ju 0.00)EL A 715 5 (MeOD 6y 3.31, CDCl; 9y 7.26,
D20 du 4.79); 3C NMR #4082 I IE51(E 5(CDCls
dc 77.00, MeOD J¢ 49.00). PTG 177359 73 b 443 ik
A, AT R, REFHADAGE AR,
A TR W 22 i R A F A A JE B R R OR
A1)200~300 H, WAE BBHELTHRAFR, HE6A
HWE(TLC)KH Silica gel 60 Fass plate (layer thickness 0.2
mm; E. Merck, Darmstadt, Germany); & 5% ] CMC
& AFI[500 mL H,O, 28 mL H,SOs, 0.5 g Ce(NHa),-
(NO3)s F1 24.0 g (NH4)6sM07024°4H,0] 5K, Bfi = i {2 .71
(100 mL Jo/K 4B, 1.5 g e =FR), 5 F A i 2 AR i EY
DR OR], RN IE S, A I
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BUE AR AL R IFFIR F A il e/ 8 R VR A 711
B SR e K REE, BT ARGV L AR 2
tt; R'E MDCK ik 5 BB TR 25 A i 58
LG = AL, K Olympus CKX53 {8 B 5
YIMIRAS; K] SpectraMax M2 B %2 Tl B8 il 75 AUk 1
Y1 #3577, CellTiter-Glo® 41 A 35 71 K I 4% 771 &2 0 B
Promega A F); JEBFAHNMLIEILHE H Biosharp A #]; fifi
2 137 - DMEM (Dulbecco's modified eagle medium)3% 77
FEI H Gibeo A H]; FHHER R IRAW(100x)% H Solarbio
AT 96 FLANMIEE AR IAERE. 100 mm 405 IR 0L
50 mL &0 15 mL 50 S50 B ognt B A E
HARAF.

32 EER

3.2.1 &4 4b~8b H & iRAE A

B LA =5 AH0(0.5 mmol)H 10 mL PYE R
fig, BJ5 . TBTU (0.6 mmol), FEETFAIA NN-—"5
i3k ZJ%(DIPEA) (1 mmol). =i FHtEE 3 h, oA 2-4k
PZ0.1 mL, 1.5 mmol), F iR, TLC AN, #&
GVEH G O CBEE, F 1 mol/L HCI BT NaCl
WP IR. GIAVAM, AYAHTEK NaSOs T, 1T
PR, TERAEZAT A B (VOB © (LR O lR) =
21 alitk, BEI1k &Y 4b~8b, b, (L&Y 4b, 5b
7b A SCHERRIELE.

(3B,208)-3-F2 = -11- 54X -FF U be -12- 05 -29- it fix
Pikk(6b): FEA, 138 mg, F*Z 90%. m.p. 136.6~
138.3 “C; '"H NMR (600 MHz, CDCl3) d: 0.69, 0.81, 0.82,
1.01, 1.13, 1.13, 1.14, (7XCH;s), 0.60~1.90 (m, other
aliphatic ring protons), 1.91 (d, /=10.74 Hz, 1H), 2.01~
2.08 (m, 2H), 2.16 (q, J=12.66 Hz, 1H), 2.25 (t, J=2.52
Hz, 1H), 2.34 (s, 1H), 2.77~2.80 (m, 1H), 3.23 (q, J=
11.04 Hz, 1H), 4.02 (d, J=24 Hz, 1H), 4.12 (d, J=30
Hz, 1H), 5.69 (s, 1H), 5.90 (t, J=5.04 Hz, 1H); *C NMR
(150 MHz, CDCls) 6: 15.5, 16.3, 17.4, 18.6, 23.3, 26.3,
26.4, 27.2, 28.1, 28.4, 29.3 (2C), 31.4, 31.9, 32.7, 37.0,
37.3, 39.1 (2C), 41.7, 43.1, 43.5, 45.3, 48.0, 54.9, 61.8,
71.7, 77.0, 78.7, 79.7, 1285, 169.1, 175.5, 200.2;
ESI-HRMS caled for C33HsoNO; [M+H] " 508.3785,
found 508.3787.

O-FF I F S5 -18-J-3-F2 -2 8- WL & T HL(8b): Ll
1K, 78 mg, 7## 86.7%. m.p. 145.6~147.3 C; '"H NMR
(600 MHz, CDCls) d: 0.72, 0.75, 0.87, 0.89, 0.93, 0.97, 1.7
(7XCHj3), 0.60~2.10 (m, other aliphatic ring protons),
2.20 (t, J=2.46 Hz, 1H), 2.39 (q, J=6.12 Hz, 1H), 2.46
(d, J=13.86 Hz, 1H), 2.81 (g, J=15.6 Hz, 1H), 3.22 (q,
J=11.52 Hz, 1H), 3.91~3.95 (m, 1H), 4.12~4.17 (m,
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1H), 6.11 (t, J=4.92 Hz, 1H); “C NMR (150 MHz,
CDClLy) o: 15.4, 16.4, 17.6, 18.2, 21.2, 21.5, 23.8, 25.1,
26.2, 27.2, 28.0, 29.3, 32.0, 33.0, 33.1, 34.0, 35.1, 36.6,
37.1, 38.8 (2C), 41.1, 41.2, 44.3, 48.6, 50.1, 55.1, 71.5,
78.8, 79.5, 127.9, 142.4, 175.8. ESI- HRMS calcd for
C33Hs5NO;Na [M+Na]" 516.3812, found 516.3817.

3.2.2 b de~8¢ H) & iRAE B

B A4 4b~8b (0.16 mmol)FlE AL 2. 1k 6 %
(0.19 mmol)# T CH,Cl, (5 mL)F1 H,O (5 mL), JiA
CuS04+5H,0 (30 mg, 0.19 mmol)Fl L-Hi A ML EREN(75 mg,
0.38 mmol), ZEiRHHE RN E R 5E4(TLC ). H
KR SR BRI IR, & I 1A MUK B J5 i A0
NaCl¥—&, HHAHHTK NaySOs T4, i JEik4s, #E
HEEM B (VR MER) @ MR CE)=2 1), 53
HAr LAY 4c~8e.

I HE G R -29-)7-3-$2 5E-28-0-(4- . F - 1,2,3- = k-
1-(2,3,4,6-V4-O- 2. Bk 3 -p-D- % %) BE 7)) (4e): HIL AW
4b (99 mg, 0.16 mmol). & %1t LML % HE(90 mg, 0.19
mmol)#l| . HEE K, 147 mg, F*% 85%. m.p. 158.6~
161.3 °C; 'H NMR (600 MHz, CDCL3) &: 0.75, 0.80, 0.81,
0.95, 0.95, 1.68 (6XCHs), 1.87, 2.03, 2.07, 2.10 (s,
4 X CH3CO), 0.65~1.95 (m, other aliphatic ring protons),
2.37~2.41 (m, 1H), 3.11~3.18 (m, 2H), 3.98~4.01 (m,
1H), 4.13 (dd, J=1.6, 12.6 Hz, 1H), 4.34 (dd, J=4.7, 12.7
Hz, 1H), 4.46~4.52 (m, 1H), 4.59 (s, 1H), 4.75 (s, 1H),
5.25 (t, J=9.7 Hz, 1H), 5.37~5.44 (m, 2H), 5.84 (d, J=
8.9 Hz, 1H), 6.32 (t, J=5.6 Hz, 1H), 7.81 (s, 1H); 1*C
NMR (150 MHz, CDCls) d: 14.6, 15.3, 15.9, 16.1, 18.2,
19.4, 20.1, 20.5, 20.5, 20.7, 20.8, 25.5, 27.3, 27.9, 29.3,
30.8, 33.5, 34.3, 34.6, 37.1, 37.7, 38.2, 38.6, 38.8, 40.7,
42.4, 46.7, 50.0, 50.5, 55.3, 55.6, 61.3, 67.5, 70.3, 72.5,
75.1, 78.9, 85.8, 109.4, 120.7, 145.9, 150.8, 168.7, 169.3,
170.0, 170.5, 176.3; ESI-HRMS calcd for C47H70N4sO1;
[M-+H]" 867.5114, found 867.5108.

36,160- — F5 3 55 BUR -12- 45 -3- F 3£ -28-0-(4- T H
F-1,2,3- = M -1-2,3,4,6- VY -O- 2 Bk 3 -p-D- #i % b
H))(5¢): LAY 5b (102 mg, 0.16 mmol). B %1k 2.8t
HIZEIFE(90 mg, 0.19 mmol)fil&. HEME{E, 157 mg, /=
% 89%. m.p. 164.8.6~167.6 C; 'H NMR (600 MHz,
CDCl;) d: 0.71, 0.78, 0.90, 0.91, 0.99, 1.36 (7XCHj),
1.87, 2.03, 2.07, 2.09 (s, 4 X CH;CO), 0.76~2.38 (m, oth-
er aliphatic ring protons), 2.75~2.76 (m, J=10.9 Hz, 1H),
3.22 (dd, J=2.9, 10.1 Hz, 1H), 4.00~4.03 (m, 1H), 4.15
(d, J=12.6 Hz, 1H), 4.26~4.32 (m, 3H), 4.37 (br s, 1H),
455 (dd, J=5.8, 152 Hz, 1H), 5.23~527 (m, 1H),
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5.40~5.47 (m, 2H), 5.55 (br s, 1H), 5.86 (d, /=8.6 Hz,
1H), 6.92 (t, J=4.6 Hz, 1H), 7.79 (s, 1H); *C NMR (150
MHz, CDCl) d: 15.5, 15.6, 16.8, 18.2, 20.2, 20.5 (2C),
20.7, 23.3, 25.2, 26.8, 27.1, 28.0, 28.9, 30.2, 32.4, 32.5,
35.1, 35.1, 35.2, 36.9, 38.5, 38.7, 39.6, 41.7, 41.8, 46.7,
46.8, 49.1, 55.1, 61.4, 67.5, 70.3, 72.5, 75.0, 75.3, 78.8,
85.7, 120.9, 123.6, 143.5, 145.2, 168.8, 169.3, 170.0,
170.5, 178.0; ESI-HRMS calcd for C47H70N4sO12  [M+H]
" 883.5063, found 883.5064.

(34.20)-3- ¥ - 11- S8 AR -FF 3R -12-45-29-0-(4- L
B3 -1,2,3- = M -1-(2,3,4,6- I -O- 2. Bt 5 -p-D- % % b
H))(6c): H1LAEY 6b (101 mg, 0.16 mmol). B %Ak 2. Hk
HIZHE(90 mg, 0.19 mmol)fill . H A, 85 mg, 73
90%. m.p. 245.6~248.3 ‘C; 'H NMR (600 MHz, CDCls)
0: 0.79, 0.80, 1.00, 1.10, 1.11, 1.13 (7 X CHj3), 1.87, 2.03,
2.07, 2.09 (s, 4 XCH3CO), 0.76~2.38 (m, other aliphatic
ring protons), 2.76~2.79 (m, J=10.9 Hz, 1H), 3.22 (q,
J=12 Hz, 1H), 3.99~4.03 (m, 1H), 4.13 (d, J/=14.6 Hz,
1H), 4.30 (q, J=12.7 Hz, 1H), 4.53 (d, J=5.5 Hz, 2H),
5.20~5.29 (m, 1H), 5.42 (d, J=27.9 Hz, 1H), 5.70 (s,
1H), 5.85 (d, J=21.5 Hz, 1H), 6.45 (t, J/=10.8 Hz, 1H),
7.79 (s, 1H); '3C NMR (150 MHz, CDCl;) é: 16.4, 17.5,
18.6, 20.2, 20.5, 20.7, 23.4, 26.4 (2C), 27.3, 28.1, 28.4,
29.3, 31.5, 31.8, 32.7, 34.9, 37.0, 37.4, 39.1, 39.2, 41.5,
43.1, 43.6, 45.3, 47.8, 54.9, 61.4, 61.8, 67.6, 70.3, 72.5,
75.1, 76.8, 77.0, 77.2, 78.8, 85.8, 120.6, 128.6, 145.5,
168.8, 168.9, 169.3, 170.0, 170.6, 176.0, 200.0;
ESI-HRMS caled for Cs7HegN4O12 [M-+H]" 881.4906,
found 881.4916.

AE LR -12- 05 -3- 2k -28-0-(4- 0 F 2k -1,2,3- = k-
1-(2,3,4,6-VU-O- . Tk 3 -p-D- 76 % B E7))(Te): HAL &
7b (99 mg, 0.16 mmol). & Z& 1t L BEE % HE(90 mg, 0.19
mmol)fil] &. FHEEA, 157 mg, 753 89%. m.p. 157.6~
161.3 °C; 'H NMR ( 600 MHz, CDCl;) ¢: 0.71, 0.78, 0.86,
0.92, 0.94, 0.99, 1.10 (7 X CH3), 1.88, 2.03, 2.07, 2.09 (s,
4 X CH3CO), 0.73~2.01 (m, other aliphatic ring protons),
3.22 (dd, J=4.6, 11.2 Hz, 1H), 3.99~4.02 (m, 1H), 4.15
(dd, J=2.0, 12.7 Hz, 1H), 4.25 (dd, J=4.6, 15.2 Hz, 1H),
4.30 (dd, J=4.9, 12.7 Hz, 1H), 4.61 (dd, J=6.1, 15.2 Hz,
1H), 5.25 (t, J/=10.0 Hz, 1H), 5.35 (t, J/=3.4 Hz, 1H),
5.41~5.47 (m, 1H), 5.85 (d, J/=8.9 Hz, 1H), 6.60 (t, J=
5.3 Hz, 1H), 7.76 (s, 1H); 3C NMR (150 MHz, CDCl;) §:
154, 15.5, 16.5, 17.1, 18.2, 20.1, 20.5, 20.5, 20.6, 21.1,
23.2, 233, 248, 27.1, 27.7, 28.0, 30.7, 32.6, 34.8, 36.8,
36.8, 38.5, 38.6, 38.8, 39.4, 39.6, 42.2, 47.4, 47.5, 53.4,
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55.0, 61.4, 67.5, 70.2, 72.6, 74.9, 78.8, 85.6, 120.8, 126.0,
1392, 1452, 168.6, 1692, 169.9, 1704, 178.2;
ESI-HRMS caled for Cy7H7o- N4Oy [M+H]' 867.5114,
found 867.5110.

O-FF IR 5E-18-45-3-F2 5£-28-0-(4- W H F£-1,2.3- =
Me-1-(2,3,4,6-04-0- 2, Bk FE-B-D- 1 2 HEH))(8c): LA
¥ 8b (100 mg, 0.16 mmol). %Ak ZEBEH % F(90 mg,
0.19 mmol) il %. HEAE 4, 80 mg, 2 91%. m.p.
129.7~133.3 “C; 'H NMR (600 MHz, CDCls) 6: 0.69,
0.75, 0.80, 0.85, 0.86, 0.97, 1.15 (7XCHj3), 1.86, 2.02,
2.06, 2.08 (s, 4 XCH;3CO), 0.67~2.01 (m, other aliphatic
ring protons), 2.38 (d, J=13.32 Hz, 2H), 2.77 (q, J=15.48
Hz, 1H), 3.21 (q, J=11.46 Hz, 1H), 3.96~3.98 (m, 1H),
4.10 (q, J=12.84 Hz, 1H), 4.28 (q, J=12.84 Hz, 1H), 4.38
(q, J=15.12 Hz, 1H), 4.57 (q, J=15.12 Hz, 1H), 5.21~
5.24 (m, 1H), 5.40 (d, J=9.0 Hz, 2H), 5.82 (d, J=8.94
Hz, 1H), 6.50 (t, J=5.88 Hz, 1H), 7.83 (s, 1H); 3C NMR
(150 MHz, CDCls) d: 16.4, 17.5, 18.2, 20.1, 20.5, 20.7,
21.1, 21.5, 23.8, 25.1, 26.2, 27.2, 28.0, 32.1, 32.8, 33.0,
34.0, 35.0, 35.3, 36.7, 37.1, 38.8, 38.8, 41.0, 41.2, 44.2,
48.5, 50.2, 55.1, 61.4, 67.5, 70.3, 72.5, 75.0, 76.8, 77.0,
77.2, 78.8, 85.8, 121.0, 127.9, 142.3, 145.7, 168.6, 169.3,
170.0, 170.6, 176.4; ESI-HRMS calcd for Cq7H7N4O1
[M+H]" 867.5114, found 867.5110.

323 4uidh 4d~8d H & iRAE C

WG 4c~8c FFEEIAMAE, TR HEEER(0.18
mmol), EEW FHEE 3 h j5, TLC &, X TEAE,
SN AN 1 mol/L HCI 10 mL, Hihig, B4t b [
WHHT T, 3 A Ak 4d~8d.

I HE G R -29- )5 -3 - $2 5E-28-0-(4- 31 F k- 1,2,3- = k-
1-(B-D-HE FEE))(4d): &) 4¢ (78 mg, 0.09 mmol)Z
Hil % mAE C &, AMEFE—DHRa. aalfEiE, 64 mg,
A 91%. m.p. 158.6~161.3 ‘C. 'H NMR (600 MHz,
CD;0D) §: 0.75, 0.80, 0.81, 0.95, 0.95, 1.68 (6 X CHj),
1.87, 2.03, 2.07, 2.10 (s, 4 X CH3CO), 0.65~1.95 (m, oth-
er aliphatic ring protons), 2.37~2.41 (m, 1H), 3.11~3.18
(m, 2H), 3.98~4.01 (m, 1H), 4.13 (dd, J=1.6, 12.6 Hz,
1H), 4.34 (dd, J=4.7, 12.7 Hz, 1H), 4.46~4.52 (m, 1H),
4.59 (s, 1H), 4.75 (s, 1H), 5.25 (t, J=9.7 Hz, 1H), 5.37~
5.44 (m, 2H), 5.84 (d, J=8.9 Hz, 1H), 6.32 (t, J=5.6 Hz,
1H), 7.81 (s, 1H); '3C NMR (150 MHz, CD;0D) ¢: 14.6,
15.3, 15.9, 16.1, 18.2, 19.4, 20.1, 20.5, 20.5, 20.7, 20.8,
25.5, 27.3, 27.9, 29.3, 30.8, 33.5, 34.3, 34.6, 37.1, 37.7,
38.2, 38.6, 38.8, 40.7, 42.4, 46.7, 50.0, 50.5, 55.3, 55.6,
61.3,67.5,70.3,72.5,75.1,78.9, 85.8, 109.4, 120.7, 145.9,
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150.8, 168.7, 169.3, 170.0, 170.5, 176.3; ESI-HRMS calcd
for C47H7:0N4O11 [M+H]" 867.5114, found 867.5108.

38,160~ — ¥ 3 T 1R -12-0 -3- 2 5 -28-0-(4- T H
$£-1,2,3-=W-1-(B-D-H E B E)(5d): HLEH) Sc (82 mg,
0.09 mmol)Z il & UifE C fil#%, AEH—Pital. [
B4, 67 mg, =& 92%. m.p. 198.3~200.6 ‘C; '"H NMR
(600 MHz, CD;0D) 4: 0.66, 0.78, 0.89, 0.94, 0.96, 0.97,
1.37 (7XCHj3), 0.76~2.00 (m, other aliphatic ring pro-
tons), 2.35 (t, J=13.2 Hz, 1H), 2.87 (dd, J=3.2, 13.6 Hz,
1H), 3.15 (dd, J=4.9, 11.4 Hz, 1H), 3.47~3.58 (m, 3H),
3.71 (dd, J=5.3, 12.1 Hz, 1H), 3.83~3.89 (m, 2H), 4.31
(d, J=15.2 Hz, 1H), 4.35 (brs, 1H), 4.43 (d, J=15.2 Hz,
1H), 5.47 (brs, 1H), 5.57 (d, J=9.2 Hz, 1H), 7.98 (s, 1H);
13C NMR (150 MHz, CD;OD) d: 16.2, 16.3, 17.7, 19.5,
24.5, 25.4, 27.3, 279, 28.7, 31.2, 31.7, 33.3, 33.9, 36.0
(20), 36.3, 38.1, 39.8, 39.9, 40.8, 42.3, 42.8, 48.0, 48.2,
50.0, 56.8, 62.4, 70.9, 74.0, 75.6, 78.4, 79.7, 81.1, 89.5,
123.5, 124.3, 1449, 145.9, 180.2; ESI-HRMS calcd for
C39HpN4sOg  [M+H]" 715.4640, found 715.4644.

(38,208)-3- 32 H:-11- 5 AR-F5 R -12-4%5-29-0-(4- .
FAE-1,2,3-= M- 1-1-(B-D-Hi Z FE ) (6d): 154 6¢ (68
mg, 0.09 mmo)& | &MAE C il e, AMEdE—DHgal.
F AR, 56 mg, P23 91%. mp. >250 C; 'H NMR
(600 MHz, D,0) d: 0.65, 0.66, 0.84, 0.97, 0.99, 1.14, 1.27
(7XCHzs), 0.61~2.05 (m, other aliphatic ring protons),
3.02 (q, J=16.2 Hz, 1H), 3.16 (t, J=3.0 Hz, 1H), 3.32~
3.56 (m, 4H), 3.47~3.58 (m, 3H), 3.71 (q, J=23.0 Hz,
2H), 4.35 (dd, J=15.3, 45.2 Hz, 2H), 5.47 (t, J=12.0 Hz,
2H), 7.98 (s, 1H); 3C NMR (150 MHz, DMSO-ds) d: 16.1,
16.3, 17.2, 18.4, 23.1, 26.0, 26.1, 27.0, 28.2, 28.4, 28.6,
31.5, 32.2, 34.6, 36.7, 37.3, 38.6, 40.8, 42.9, 44.9, 47.5,
54.2, 60.8, 61.2, 69.6, 72.2, 76.6, 77.1, 80.0, 87.3, 121.6,
127.6, 145.5, 170.0, 175.5, 199.4; ESI-HRMS calcd for
C39HeoN4Os [M+H]" 713.4484, found 713.4488.

AE IR - 12- M5 -3-F2 55-28-0-(4- 0 F 3E-1,2,3- = -1 -
1-(B-D-E E BEE))(7d): L&) Te (130 mg, 0.09 mmol)
ZHl%mAE C Hil&, AMEE—BHal. atlEik, 105
mg, & 85%. m.p. 196.5~198.9 ‘C; 'H NMR (600
MHz, CD;OD) d: 0.66, 0.78, 0.90, 0.91, 0.95, 0.97, 1.12
(7XCHs), 0.53~1.88 (m, other aliphatic ring protons),
1.64 (q, J=8.8 Hz, 2H), 2.03~2.18 (m, 2H), 3.15 (q, J=
11.5 Hz, 1H), 3.45~3.60 (m, 3H), 3.71 (q, J=12.1 Hz,
2H), 3.86 (dd, J=9.1, 23.0 Hz, 2H), 4.30~4.46 (m, 2H),
5.34 (t, J=3.4 Hz, 1H), 5.56 (d, J=9.2 Hz, 1H), 7.70 (t,
J=5.5 Hz, 1H), 7.96 (s, 1H); *C NMR (150 MHz,
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CD;0D) ¢: 28.8, 31.2, 31.9, 34.1, 35.8, 36.0, 38.1, 39.8,
40.8, 43.2, 54.1, 56.7, 62.4 (2C), 70.9, 74.0, 78.4, 79.7,
81.1, 89.5, 123.6, 124.3, 127.4, 139.8, 1449, 180.4;
ESI-HRMS caled for CioHepNsO7 [M+H]" 699.4691,
found 699.4698.

O-FF B H It - 180 -3-F2 FE-28-0-(4- W H F£-1,2,3- =
M- 1-1-(B-D- % % BB ))(8d): 1LEH 8¢ (60 mg, 0.09
mmol) A& % iAE C e, AMEdE—BH4l. A,
43 mg, 77% 88%. m.p. 180.6~182.6 C; 'H NMR (600
MHz, CD;OD) d: 0.76, 0.84, 0.91, 0.96, 1.19, 1.31, 1.34
(7X CHj3), 0.75~1.85 (m, other aliphatic ring protons),
2.28 (d, J=13.56 Hz, 1H), 2.52 (d, J=14.04 Hz, 1H), 2.87
(q, J=14.52 Hz, 1H), 3.16 (q, J=11.64 Hz, 1H), 3.48~
3.59 (m, 3H), 3.71 (q, J=12.24 Hz, 1H), 3.82~3.89 (m,
2H), 4.45 (dd, J=5.52,15.12 Hz, 1H), 4.51 (dd, J=5.76,
15.12 Hz, 1H), 5.59 (d, J=9.24 Hz, 1H), 7.22 (t, J=6.00
Hz, 1H), 8.02 (s, 1H); *C NMR (150 MHz, CD;OD) &:
16.2, 17.1, 18.3, 19.4, 22.0, 22.4, 23.8, 24.6, 26.6, 27.6,
28.0, 28.6, 30.7, 31.8, 32.6, 34.0, 34.3, 35.5, 36.0, 36.4,
37.8, 38.4, 39.9, 40.2, 42.1, 42.4, 45.6, 49.9, 51.8, 56.7,
62.4,70.9, 74.1,78.4,79.6, 81.1, 89.5, 123.4, 128.6, 143.9,
146.0, 178.9; ESI-HRMS calcd for C3HgN4O; [M+H]
699.4691, found 699.4689.
3.3 AV IMURBRSIEMENK
33.1 bdhmin ik

¥ MDCK 408 A 3 X 1044 /FLEEM T 96 LR H, 1E
37 °C, WIEN 5% CO, B E FE4H H K5 9% 24 h. A4
W 80%~90%, WXk LiE, FERR M (PBS)E
Ve 2 Wk, IIANEFRS BN 0.25% TPCK (Technological
Pedagogical Content Knowledge)4b i , 7AFH 73508 1%
R AP 4ERET(100 pL), FAMEE 3 MEE AL,
BJa AN FL2 518 OSV-p Al DMSO. T 37 C, 5% CO;
TEIREEFEAH H 57 48 h. {1 CellTiter-Glo™4H il i /7t
TR S I A0 RS 71, 18 SpectraMax M2 2 DI fglf
PSS A P TS 1 A A X 3% ) = A 4% B 2
(DMSO #1) X 100%].
332 iR RmENEBETHRE

¥ MDCK 4ifa L 3 X 10* A~/FLI 2 FEREHA T 96 4L
WA, T 37 °C, 5% CO, fHIR R FRF 1R 3% 24 h, Fr4iliE
HER 80%~90%, Wk biF, H PBS iHdk 2 k. &L
AR HOR 1% EY . AR H0 0.25%
TPCK 4b¥ () DMEM (100 pL), B¢ 1%k &47.0.1%
MOI(E 4 E X)) =0.1 # A/WSN/33 (HINDFI 0.25%
TPCK 43/ DMEM (100 pL), 3555 48 h 5, TR E &
TR T LS 20 B A2 R4S FHE T4 1 %
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333 WA MIRINIIR B R A E AR

¥ MDCK 418 LA 3 X 104N /FLEFP T 96 LI 1, 7
37 C, 5% CO, [EIIEFM T HFE 24 h, R ER
80%~90%. WxJ: LiF, F PBS J&E¥E 2 X, I 0.1%f)
MOI (EGE$0)=0.1 /) A/WSN/33 (HINI1), 1%k
EWILL I 0.25% TPCK 43 DMEM (100 pL), &AMt
“ 3 ANEEAL, &EPYILS RN OSV-p Fil DMSO.
F 37 C, 5% CO, fHiR K #F h 15 9% 48 h. 1 H
Cell Titer-Glo™ 4 a7 7 e il 7] s W 44 vt 73, A )
SpectraMax M2 % T fig Bl br O 3 BCAN LG 0. 5
DMSO ZHE0EL, B 2530 28 2 FR A 1k B #0195
BAEKMEMHMILER. JUBGE IR %) =[1— (L&Y
4715 OD fH— A& 840135 OD {i)/ 1% HE
AR BRI OD 1H 215X 100%.
3.4 MEHNHISELE

¥ U B &R AL 25 uL A HEERK, 7655 1
FUIIN 25 uL (LAY 4d, 2 RELUREEERERE 228 11 4L, 28
12 FLoZS XL VR AT IS B $2 T ) %5 FL 2
BN 25 uL BLifF m st 2. T 2|20 ~25 C)IFE
30 min, RJERFFLINA 50 pL XM LT 4HA(1%), ¥ E 25
min J5, WAL EESE B I 10T 45 5.
35 SFIELE

HIFEFF AutoDock 4.2 XF 10 > TL3 =S M A g &
W5 MR B A HEAT 22 TR, A RCBS 8 A #dl
J# (http://www.rcsb.org/pdb/home/home.do) H % 8 37t /5
 HA SASSHICE AED: IRVT), #7758, H
ADT Al o B ML 2R 2R Sk A 70 25 1 i P A
(Box size: 126X126X 126 issues with a shared space
0.0375 nm). Fu¥h =il # & B 52 5 W0 (0 = 4E 454
Chemoffice 15.1 B2, L&) 4e~8d 5 HA EFM
454 1) % K | Lamarckian Genetic Algorithm 577275 24,
G d4e~8d 5MEERE EMR, H PyMOL 2.3.1.0 %f 45
Ky kAT 1 AT AL 2 5 R, AR g R O
Discovery Studio 2016 fill{F 51X B2 401 .

45 B #1 %l (Supporting Information) 1L &4 6b, 8b,
4c~8d ) 'TH NMR F1 °C NMR &, X LphRlay DL
25 AT W3 (http://sioc-journal.cn/)_E T %K.
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