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Design, Synthesis and Anti-influenza A Virus Evaluation of
Oleanolic Acid C3-Glycoconjugates

Shao, Liang™ Yang, Fan" Li, Weijia“ Yu, Fei*?
(“School of Medical, Kunming University of Science and Technology, Kunming 650500)
(> State Key Laboratory of Natural and Biomimetic Drugs, Peking University, Beijing 100191)

Abstract Inhibitors targeting the entry stage of influenza viruses are a hot spot in the development of anti-influenza drugs.
Our previous studies showed that oleanolic acid (OA) C28 glycoconjugates displayed strong anti-influenza virus activity. In
this paper, a series of oleanolic acid C3 glycoconjugates 7a~14¢ were designed and synthesized via copper(l)-catalyzed al-
kyne-azide cycloaddition (CuAAC) reaction. The anti-influenza activities of all these compounds were evaluated in vitro.
Among them, oleanane-12-enyl-28-benzyloxycarbonyl-3-O-(4-methylene-1,2,3-triazole-1-(2,3,4,6-tetra-O-acetyl-f-D-galacto-
side)) (12a) showed the strongest activity with an ICso of 12.45 pmoleL !, and no obvious cytotoxic effect on MDCK cells was
observed at 100 umolsL " !. Hemagglutination inhibition and molecular docking experiments indicated that compound 12a
might target viral envelope hemagglutinin (HA), thus inhibiting the attachment of viruses to host cells. This study improved the
structure-activity relationships of oleanolic acid and its derivatives against influenza virus, and provided a basis for further
research on anti-virus by these natural products.

Keywords oleanolic acid, glycoconjugates, influenza virus, CuAAC reaction, inhibitors
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e R O =4, VF 20 T 24 28 78 ik th AR 4 H 20
(561, Sy 7 Bixt H 28 7 5 AR 24 1 e, BT 3 R A ek
TR F TR E . 2018 fEAE HA BT CAP K
RIZIR N IR0 7 Xofluza (Baloxavir marboxila) &7
SRR P TAEOR FRE TED, VR 2 AN [E 1R AL AR
993 B U 1) 71 118 Bt 4 0 N B e R R B B B (S, 2 R LA )
PP B 259 [F) ) B A8 3 A8 ) — P id 2 3 ik 7= 2E
0 AR5 R, TR o B 1 N B BRI 1) 75 el T
K EF RS AR EAEH, BN T BUiitE 2Pt
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TR B 1A PR AR (I % 2 (HLA) 76 It 80 B 108\ 41
Mt R R ¥ ENE D, TR HA 2t it
N ARV 6T 1) 32 SRR 5 0100 B R B, PASE R R
(OAY AR I =i L HATAEMRE S HA 454, HH]
BRI NTE 400, B OA 1 C28 fiik C3 i 54
FPES A a, HyrmBan e g m, R — e e
N R = [ K 14,

ARG ATIATE ORI, K OA i Cu(DfEfb2
A —RFE Husigen MNNEL(CUAAC) N 5% % HE (5 BRI
BRI G (B 1) OA HLi IR GE P 5 25 42 =1 (ICs0=5.47
pmoleL ™ 1), [F] B Xof BR =] Ath 43 1 24 FE AR LR I T B B
M RCRUS)L Autodock 73 T X EESLIR R B, —ZMeIR
Reilt— IR OAQ8)-HIEIFEZ G SHE A HA EE W
Gii ). R EPTR, ARSC4kE ] CuAAC RGBT =&
AN 5] B BB R 2 OA 1) C3 iz, X T & itk
E AT RN IR BEIG HE VTN, B4 THIRER A&,
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N
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HO
HO OH

El1 OAQS)- %ML A et
Figure 1 Structural formula of OA(28)-glucose conjugate
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BRI AT CuSO45SH,O AT, 7E % 264+ T it
CuAAC Jx MR A 4 5 rp B 44 6 (I, 7321 B bRt
V) Ta~14a. 2 J5 H B ERBE B 2515 2] 7o~
14b, e E LR R ED) Te~14c.
1.2 SEY5EM
1.2.1  ARIPIVAR R F & WP

7f Madin-Darby KB (MDCK)4H i b, X1k &4
Ta~14¢ HATRIMUTIEYR R A/WSN/33 (HIN1)7E T
. DABERR B w4 S5 (OSV-p). — H I T (DMSO0) 3
PERPEME . BT IR, 30 I U S5 0 1B B 1 2504 i A2
BN (CPE)MIE - CellTiter-Glo®™ i 776 I 4 i v 775k 1
WAk W L5 B PRI 1 2

W 2A s, EREN 100 pmoleL 'K, L&
8a~14a. 7c M 9¢ %f MDCK 4 i 35 A7 B & 1) 40 B 25 17,
MALA4) T~ 14b 40 F 1 B, R OUHE LR Wb
G R MR At s tE. WK 2B Biw, thE
) 11a. 12a FUIRBIOR TR TER OA A T B &, Mk
A1) Tb~14b. 8c. 1lc~14c BIREA B & #5400
Hl2R, (H BT H R A, FUAE 4k 820t 5T
FIXE 5. 5402 2B 7b. 9b A1 10b AHEL, T N3
EH Te\ 9¢ F 10¢ F4H L EEPE B 2 R, EXHTHbt
B EE A RN . LAY 8by 11b. 12b.
13b A1 14b [ 2R A0 {5 15 04t it 25 14 2 35 19 i, axXmy
Re ML i M 2 AR KR &R, [R5 7T Bk
TEZALL, B OA 11 C28 MBI A7 I 5 R L Bl U,
B R BRI AR RS, (AR, OB p S
OA MIZ-EW) 13a. 14a #IHIVEEE ZE, WREZHT 13a.
14a S5, [FIFERD, OA 1f) C28 175 —HE B i
IR GG, 24 OA ) C28 7 52 2F = M {BIpenT, I
IEEE e W k. LSRR, BRARMFERR S
OA MIBIBMAR T HEEANA KRGS S, ARTH
HENEE AR A RS PEAL AT, AT BB FE TG 1. A,
OA-FFEZ AW Ta~12a FIFNHIE M XA 2 B,
B OA- BRI S5 5 1 1) 2 25 B3 RAL) B G &4 B 25 1 A e
995 BV M AT E LR .

A/WSN/33 H] LU H MDCK 4ii il 5] & ™ # ) CPE.
5 DMSO 4 FE 3T AR EL, 1b &4 12a 7 DL 25 PR
CPE, UiHALLA4 12a 7F 100 pmoleL ' i FE T RERS A 2L
{4 MDCK 2l %52 A/WSN/33 Be4e(E 3A). #E—,
i H KT A/WSN/33 (R4 it 7 B, A
12a 1 1Cso 4 12.45 pmoleL ™!, CCsp KT 100 pmolsL !, SI
(EFEHEFEHO KT 8.03.
122 dogkdpsh) 20

TR FE R T 1) HA 2R (1 RE 51 RS A\ BEh P4 4H e
AR, XFRIL SR MBI R, HA Hrik sl e
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Reagents and conditions: (a) Ac,O, DMAP, pyridine, r.t., overnight; (b) HBr, CH,Cl,, 0 C to r.t., overnight; (c) NaN3, DMF, r.t., overnight; (d)
benzyl bromide, Na,CO3;, DMF, 50 ‘C 6 h; (e) propargyl bromide, NaH, dry THF, r.t., 6 h; (f) CuSO4+5H,0, Na-L-ascorbate, CH,Cl,/H,0, r.t.,
overnight; (g) MeONa, MeOH, r.t.,3 h; (h) Pd/C, H,, THF, 48 h.
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Scheme 1 Synthetic routes of compounds 7a~14c¢
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Figure 2 Inhibitory activity of compounds 7a~14c¢ anti-influenza virus in vitro
(A) The cytotoxic effect-based screen of OA-saccharide conjugates 7a~14¢ (100 umolsL™"); (B) Inhibitory activity of Compounds 7a~14¢ (100 pmol*
L") anti-A/WSN/33. Oseltamivir phosphate (OSV-p) was used as the positive control, DMSO was used as the negative control, and Error bars indicate

standard deviations of triplicate experiments.
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B3 (ANAEY 12a FRANH] A/WSN/33 5|21 CPE MBI AW 12a. HA HrAaHik] A/WSN/33 B4y 51 L (XS 2140 fa it 4
Figure 3 (A) Compound 12a effectively inhibited CPE induced by A/WSN/33, and (B) comparisons of 12a and anti-HA antibody for

inhibiting influenza virus induced aggregation of chicken erythrocytes
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WM AN I, X AT DR R &)
12a (ICso=12.54 pmoleL ~ ") [ #Ac & 41 il 35 4w A T
OA(C28)-Hi & HEZ AW (1C50=5.47 pmol-L ).

HA-12a SEY)0BHULE RR I 12a R 0]
PL5 HA (1) Tyr256 FE Rk n-n $ERUEF, 10 ZLE - FLBH
I )5 Argl149. Ser146. Lys123 #l Trp153
TERRE A BAEH. A, =F M 05 Argld9
Trp153 JEAR RN m-cation AHEAEH], #E— D#5% T
12a 5 HA &G - 71(E 4).

2 Zhig

ANHET CuAAC RMNEIFER T 24 NHM
OA(C3)-FEZ &1, FEXT AT T S MRAE. tRAMITIR
JEORFRE TEVEAN KB, E 100 pmoleL “IKE R, (L&MW
8a—~14a. 7c fl 9c &AW A, HAL &Y 11a.
12a BRI T OA NG E. R OA I C3 A &
TSR b RT3 @ OA MIPUmERIGTE. OB S
OA L% 13a. 14a "R T HEMER, AT H
SEOTERLE (IS TEAL S, PR BRI R 2. & 4t
G ZA YD To~14b 4 ER IS5 B B3 58, [FII 25 4
Bl Z R B A B BT SR B L R

Hh OA-ZWEEILMEZ AW 12a XKW
A/WSN/33 F0iE F B 38 (ICso=12.45 pmoleL ™). Ifi
NG TR R B, LAY 12a FTREHL A5 25
R0 HA B, BHIE HA 575 32 400 2 15 (4 ME 3 1
STARKEELAE R, AT 00 ) 38 s 2 e i R . AR
SCR L = B FAT AR AR D B e AR N B
[ S PR ik — B A 7T BE e T A,

3 SRRy

3.1 {UFE5RFH

NMR X Bruker Avance I1I-600 MHz B4 % i 3L 9%
{CE(TMS A7), g6 KA Rudolph Autopol
VI Polarimeter M 5E. FrAa ¥ 7135 43 b 4 JakR), 19
HIWANE ], REH AL, B, HAihik
Pl ARE e I Wi | /A= B b2 1 E AN I 71| /AT 5 =
A e S ORI B 0 B 7 B g VA DA BR A |, KLEE N
200~300 H; 23 (TLC)XH Silica gel 60 Fasy plate
(layer thickness 0.2 mm; E. Merck, Darmstadt, Germany),
JE T 50K F A I T/ TR £ B VR s 91 B — S e/ K
FRERSA. BORRH CMC 2 657)(500 mL 47K .

A B
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E Carbon Hydrogen Bond

- Pi-Cation

- Pi-Pi T-shaped
I:l Alkyl
I:l Pi-Alkyl

B4 {b&12a 5 HA EAD T EEINAMLEY 12a £ HA EARNSE S S BYLEY 12a 5 HA EAMEAEH 3D #R

EAICIL &4 12a 5 HA R EAMEAEH 2D R K

Figure 4 Docking of compound 12a and HA protein molecule simulates (A) the binding site of compound 12a in HA protein, (B) the
3D model diagram of the interaction between compound 12a and HA protein, and (C) the 2D model diagram of the interaction between

compound 12a and HA protein
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28 mL KRR 0.5 g ffRelEe . 24 g BHIR %)l —
BAFR(100 mL oK LEFE . 1.5 g Bi =), fdFnH#EZE
PREERC D & B AR, WFIHmRXEE, a9 55

AN A 2K A Olympus CKXS53 HU48) & 5 fcss; 4i
VG J3 KK F - SpectraMax M2 %4 £ T BE B AR AX
MDCK 4 g3k F B B3 TR 2% 2P0 A 7 S 56 =5 20
B, 100 mm 40 IR 0L, 96 FLANARES FRIR . B0
50 H L B AEYRHHEE R AR, DMEM (Dul-
becco's Modified Eagle Medium)£57%3& . fifv 4 MLy 4 H
Gibco AF]; FREFLHMIYE LI H Biosharp A Fl; 4k
HRIRAT(100x)E [ Solarbio 2 #]; CellTiter-Glo®i% /7
ol A & H Promega A F].

32 Am
3.2.1 fubdh 4 696 R

DL D-71 & 5, AR R 288007 v & H A5
&40 4. B D- % 8#(1980 mg, 10 mmol)T- 100 mL %
RO, FIMERE AR, BT UK, A1 DMAP,
SRS N L BRI I E Y5 9(9.5 mL, 95 mmol), )R
BEFIRKN, 12 h 5 TLC KIM[EIFH: Via k) :
R ZTE)=1 1], CMC BEFE 6. FH, RTH
WA, 182)2958 mg b 5412, P& N 87%. HEM T
—P R

AL &Y 2 F 100 mL NG, A A& H
i, BTvkinh, FHERSI 1 mL ) HBr )
(Y128 3 fEE) RN, BEEREERMNE
TLC Rl e B 56 4. BB BN RO K R B, 7K =
W, ZRTAENA, 552250 mg ¥k i AR L &9
3. HEMT TR M.

Btk & 3 (%128 3 mmol)JAN R S 1, I N,N-—-
FH 2 FF Bt e (DMIF) ¥ %, FE DN NaN; (254 mg, 3.9
mmol), FiR FHFERN 12 h, TLC #ill. 2T DMF J5
FHZKFN CHLCL 2L 3~4 i, Fk2id & NaNs, Jet, fiE
AL EMT 2 B (VA W) @ (R 2 BE)=2 & 11755
496 mg F AR~ 5V 4, 7232 55%.

322 fue4h 6 69e R

# OA (4560 mg, 10 mmol)i& T 30 mL DMF H1, i
A Na,CO; (1079 mg, 13 mmol), FEHE IR
(1.552 mL, 13 mmol), REHE T 50 Ciif FHF:KR
BE TLC Al B 5E 4. iET, F EtOAc FUKEFERE,
PEWARAE « ESAE EHT 2 B [ V(AR © (2R L) =
41 11/35) 4368 mg M tafE & 3p-F2 K- IR e -12-J-
28-REIRIE(S)2Y, FEE 80%. ELIEHT F—F &M

# NaH (56 mg, 2.3 mmol)i& T 20 mL T4 THF
H, =ESEE2 b, IAEY S (546 mg, 1 mmol),

Chin. J. Org. Chem. 2021, 41, 2454~2466

© 2021 Chinese Chemical Society & SIOC, CAS

ki 2 h, FINA 3-IRAHL0.481 mL, 1.5 mmol), =
T FE SR 28 TLC arill s B 58 4. R4 471 5 EtOAC
MUKAHL, Z&FAVAH A TR EHT 70 B VR
i) - M(CRROTE)=6 © 1133 176 mg (A AR
t-3- T bR~ 12-Jd-28- " SE B 5 (6), 172 30%.

323 ALe4h) Ta~14a 694K,

BUL&4 6 (1168 mg, 1.2 mmol)Fl 4 (360 mg, 1
mmol)¥& T30 mL ) & e/ /K(V - V=1 : D)IRE¥HHF
Wi, RS NN TOKBRERHA (500 mg, 2 mmol)FIHTIR
MEEN(396 mg, 2 mmol). F iR HE NN ZE TLC #l %
RigE4. KR & AR EAr &, AU B
TR KE JE N4 B (VA ) © (2R =4 : 11153
450 mg FIE R 7a, 775 51%. (LAY 8a~14a 5 7a
il % ik — 2L

FRIBA ot -12- M5 -28-"F S Bk -3-0-(4- T FH 6-1,2,3-
—M-1-(2,3,4,6-VU-O- Tt 5 --D-F % B H))(Ta): 7
EE, P2% 51%, mp. 108.3~109.3 C; [a]d +43.2 (¢
0.50, CH;OH); 'H NMR (600 MHz, CDCls) : 0.58, 0.78,
0.87, 0.88, 0.88, 0.90, 1.10 (7 X CH3), 0.58~1.84 (m, other
aliphatic ring protons), 1.86 (s, 3H), 2.02 (s, 3H), 2.06 (s,
3H), 2.07 (s, 3H), 2.89 (dd, J=4.26, 14.10 Hz, 1H), 2.96
(dd, J=4.20, 11.70 Hz, 1H), 3.97~4.00 (m, 1H), 4.14 (dd,
J=2.22,12.78 Hz, 1H), 4.27~4.30 (m, 1H), 4.56 (d, J=
12.66 Hz, 1H), 4.76 (d, J=12.60 Hz, 1H), 5.03 (d, J=
12.54 Hz, 1H), 5.08 (d, J=12.54 Hz, 1H), 5.23~5.29 (m,
1H), 5.27 (t, J=3.48 Hz, 1H), 5.40 (t, J=9.36 Hz, 1H),
5.47 (t,J=9.48 Hz, 1H), 5.87 (d, J=9.42 Hz, 1H), 7.33 (s,
5H), 7.74 (s, 1H); '3C NMR (150 MHz, CDCl3) d: 15.42,
16.57, 16.97, 18.34, 20.32, 20.66, 20.68, 20.83, 22.69,
23.14, 23.53, 23.76, 25.98, 27.69, 28.17, 30.82, 32.47,
32.79, 33.23, 33.95, 37.04, 38.34, 38.79, 39.40, 41.46,
41.76, 45.94, 46.84, 47.66, 55.67, 61.66, 62.96, 66.04,
67.78, 70.22, 72.89, 75.14, 85.72, 86.72, 120.67, 122.62,
128.02, 128.09 (2C), 128.53 (2C), 136.53, 143.80, 147.35,
168.99, 169.50, 170.11, 170.67, 177.61. HRMS calcd for
CssH76N301,  [M+H]" 958.5424; found 958.5431.

FRIR it -12-M5-28-"F S Pk -3-0-(4- T FH 6-1,2,3-
= WE-1-(2,3,4-=-0- LB -p-D-BT R AR BEE))(8a): A
B4R, 722 55%, mp. 118.2~119.7 C; [a] +27.8 (¢
0.50, CH;OH); 'H NMR (600 MHz, CDCls) &: 0.509, 0.78,
0.88, 0.89, 0.92, 1.11 (6 XCHs), 0.509~1.80 (m, other
aliphatic ring protons), 1.87 (s, 3H), 2.01 (s, 3H), 2.20 (s,
3H), 2.91 (dd, J=3.06, 13.80 Hz, 1H), 2.97 (dd, J=4.02,
11.58 Hz, 1H), 3.99 (d, J=12.90 Hz, 1H), 4.15 (d, J=
11.76 Hz, 1H), 4.56 (d, J=12.66 Hz, 1H), 4.74 (d, J=
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12.72 Hz, 1H), 5.01 (d, J=12.54 Hz, 1H), 5.09 (d, J=
12.60 Hz, 1H), 5.29 (s, 2H), 5.43 (t, J=1.38 Hz, 1H), 5.64
(t, J=9.84 Hz, 1H), 5.83 (d, J=9.18 Hz, 1H), 7.33 (s, 5H),
7.81 (s, 1H); 3C NMR (150 MHz, CDCl3) §: 15.10, 16.26,
16.62, 18.01, 20.05, 20.35, 20.71, 22.33, 22.80, 23.18,
23.44, 25.65, 27.34, 27.80, 30.45, 32.12, 32.46, 32.91,
33.61, 36.67, 38.00, 38.41, 39.05, 41.12, 41.39, 45.58,
46.43, 47.31, 55.29, 62.39, 65.64, 66.95, 67.63, 67.91,
70.41, 85.98, 86.17, 120.505, 122.28, 127.67, 127.75 (2C),
128.17 (2C), 136.19, 143.39, 146.57, 168.69, 169.57,
169.87, 177.07. HRMS calcd for Cs;H7,N3010 [M+H]"
886.5212; found 886.5202.

F R 5E-12- 45 -28- "R A Bk 3 -3-O-(4- T FH %E-1,2,3-
—M-1-(2,3,4,6-VU-0- £t 3 -a-D- T B2 HEH7))(9a): (8
AR, 723 50%, mp. 182.3~185.4 C; [a]y +33.0 (¢
0.50, CH;0H); 'H NMR (600 MHz, CDCls) 6: 0.501, 0.69,
0.77, 0.80, 0.82, 0.84, 1.03 (7XCHs), 0.508~1.84 (m,
other aliphatic ring protons), 1.91 (s, 3H), 1.96 (s, 3H),
2.01 (s, 3H), 2.01 (s, 3H), 2.02 (s, 3H), 2.82 (dd, J=3.90,
13.86 Hz, 1H), 2.88 (dd, J=4.20, 11.70 Hz, 1H), 3.93~
3.96 (m, 1H), 4.20 (dd, J=2.16, 12.48 Hz, 2H), 4.29~
432 (m, 1H), 4.54 (d, J=12.60 Hz, 1H), 4.77 (d, J=12.60
Hz, 1H), 5.03 (d, J=12.54 Hz, 1H), 5.08 (d, J=12.60 Hz,
1H), 5.28 (brs, 2H), 5.34 (t, J=10.02 Hz, 1H), 5.69 (s,
1H), 6.15 (s, 1H), 7.33 (s, 5H), 7.74 (s, 1H); 3C NMR
(150 MHz, CDCl3) 0: 14.32, 15.43, 16.61, 16.98, 18.34,
20.63, 20.74, 20.81, 20.87, 22.64, 23.14, 23.53, 23.77,
25.99, 27.70, 28.24, 30.82, 32.48, 32.75, 33.23, 33.95,
37.05, 38.30, 38.72, 39.39, 41.47, 41.77, 45.94, 46.85,
47.64, 55.62, 62.39, 63.06, 65.07, 66.04, 69.03, 70.96,
84.77, 86.62, 121.28, 122.59, 128.02, 128.09 (2C), 128.53
(20), 136.54, 143.82, 146.89, 169.19, 169.76, 169.95,
170.71, 177.63. HRMS calcd for CsqsH76N3012 [M+H]"
958.5424; found 958.5420.

F R 5E-12- 45 -28-"F A Bk 3 -3-O-(4- 7 FH %E-1,2,3-
= ME-1-2,3,4- = -O- LR 5L -B-D- AR FEE))(10a): [ L[]
1, PEE 53%, mp. 93.5~94.3 C; [a]y +23.2 (¢ 0.50,
CH;0H); 'H NMR (600 MHz, CDCl) d: 0.502, 0.70, 0.81,
0.83, 0.85, 1.10 (6 X CHzs), 0.502~1.80 (m, other aliphatic
ring protons), 1.96 (s, 3H), 1.97 (s, 3H), 2.00 (s, 3H), 2.83
(dd, J=3.96, 13.86 Hz, 1H), 2, .90 (dd, J=4.20, 11.64 Hz,
1H), 3.57 (t, J=11.28 Hz, 1H), 4.02~4.06 (m, 3H), 4.48
(d, J=12.78 Hz, 1H), 4.68 (d, J=12.78Hz, 1H), 4.97 (d,
J=12.48Hz, 1H), 5.02 (d, J=12.54Hz, 1H), 5.21 (t, J=
3.42 Hz, 1H), 5.36~5.41 (m, 1H), 5.78 (d, J=8.82 Hz,
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1H), 7.27 (s, 5H), 7.72 (s, 1H); '3C NMR (150 MHz,
CDCl3) 0: 14.04, 15.14, 16.29, 16.68, 20.00, 20.45, 20.83,
22.36, 22.86, 23.24, 23.47, 25.69, 27.40, 27.86, 30.502,
32.19, 32.52, 32.95, 33.67, 36.74, 38.06, 38.45, 39.12,
41.19, 41.46, 45.65, 46.50, 47.38, 55.37, 62.47, 65.23,
65.71, 68.24, 70.22, 72.05, 85.93, 86.06, 120.504, 122.34,
127.73, 127.83(2C), 128.22(2C), 136.25, 143.47, 146.81,
168.64, 169.53, 169.68, 170.81, 177.15. HRMS calcd for
CsiH7- N3O [M+H]" 886.5212; found 886.5211.

IR E-12-45-28- "R S IR I -3-0-(4- T 2E-1,2,3-
—E14(2,3,4- =-0- LBk -p-D- TR A FE ) (11a): [ 7
B, 7% 61%, m.p. 98.5~100.8 C; [a]5 +50.1 (¢
0.50, CH;0H); 'H NMR (600 MHz, CDCl;) é: 0.501, 0.68,
0.78, 0.80, 0.81, 0.83, 1.03 (7XCHj3), 0.501~1.80 (m,
other aliphatic ring protons), 1.27 (d, J=6.18 Hz, 3H),
1.91 (s, 3H), 2.01 (s, 3H), 2.01 (s, 3H), 2.81 (dd, J=4.26,
13.98Hz, 1H), 2.97 (dd, J=4.26, 11.70 Hz, 1H), 3.73~
3.77 (m, 1H), 4.44 (d, J=12.54 Hz, 1H), 4.69 (d, /=12.48
Hz, 1H), 4.95 (d, J/=12.54 Hz, 1H), 5.01 (d, /=12.54 Hz,
1H), 5.11 (t, J=9.54 Hz, 1H), 5.16 (dd, /=3.12, 10.20 Hz,
1H), 5.20 (t, J/=3.66 Hz, 1H), 5.60 (dd, J=1.32, 3.06 Hz,
1H), 6.05 (d, J=1.32 Hz, 1H), 7.25 (s, SH), 7.65 (s, 1H);
13C NMR (150 MHz, CDCl3) 6: 14.21, 16.55, 16.92, 17.57,
18.29, 20.61, 20.70, 20.83, 22.76, 23.09, 23.47, 23.71,
25.93, 27.64, 28.23, 29.39, 31.99, 32.42, 33.17, 33.90,
36.98, 38.26, 38.75, 39.34, 41.41, 41.71, 45.88, 46.78,
47.61, 55.62, 63.19, 65.97, 69.30, 69.65, 70.87, 74.00,
84.71, 86.70, 121.27, 122.56, 127.96, 128.03 (2C), 128.46
(2C), 136.48, 143.72, 146.61, 169.21, 169.89, 169.96,
177.52. HRMS calcd for Cs;H74N3010 [M+H]" 900.5369;
found 900.5363.

FIR - 12-45-28- "R A IR I -3-0-(4- T 2E-1,2,3-
—-1-(2,3,4,6-VU-0- LTt 3E-p-D-F-FLHEE))(12a): H
EE, P2% 41%, mp. 103.3~104.7 C; [a]d +37.8 (¢
0.50, CH;0H); 'H NMR (600 MHz, CDCl3) J: 0.60, 0.79,
0.89, 0.70, 0.90, 0.92, 1.12 (7XCHj3), 0.509~1.80 (m,
other aliphatic ring protons), 1.88 (s, 3H), 2.01 (s, 3H),
2.05 (s, 3H), 2.23 (s, 3H), 2.90 (dd, /=4.08, 13.80 Hz,
1H), 2.99 (dd, J=4.26, 11.76 Hz, 1H), 4.13~4.16 (m,
1H), 4.18~4.24 (m, 2H), 4.57 (d, J/=12.60 Hz, 1H), 4.77
(d, J=12.60 Hz, 1H), 5.04 (d, J=12.54 Hz, 1H), 5.09 (d,
J=12.54 Hz, 1H), 5.24 (dd, J=3.36, 10.26 Hz, 1H), 5.29
(t, J=3.72 Hz, 1H), 5.54 (d, J=2.7 Hz, 1H), 5.61 (t, J=
9.96 Hz, 1H), 5.84 (d, /=9.42 Hz, 1H), 7.34 (s, 5H), 7.78
(s, 1H); 3C NMR (150 MHz, CDCl;) ¢: 14.25, 15.42,
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16.56, 16.96, 18.34, 20.40, 20.62, 20.78, 20.82, 22.71,
23.12, 23.52, 23.75, 25.97, 27.68, 28.14, 30.80, 32.46,
32.78, 33.22, 33.94, 37.04, 38.35, 38.79, 39.39, 41.45,
41.75, 45.93, 46.82, 47.65, 55.66, 6129, 62.94, 66.02,
66.97, 67.76, 71.03, 86.27, 86.68, 120.83, 122.61, 128.01
(2C), 128.08 (2C), 128.51, 136.51, 143.78, 147.13, 169.09,
169.97, 170.15, 170.49, 177.59. HRMS calcd for CssHze-
N3O, [M+H]" 958.5424; found 958.5427.

F R 5E-12- 45 -28- "R A Bk 3 -3-O-(4- 7 FH %E-1,2,3-
=M -14(2,3,6,2',3'4,6- £ -O- 2 Tk 3 -p-D- £ 4 B
1)) (13a): HEMEE, 2% 67%, mp. 127.6~128.8 C;
[a]y +47.9 (¢ 0.50, CH;0H); 'H NMR (600 MHz,
CDCl;) 6: 0.507, 0.75, 0.85, 0.87, 0.89, 1.09 (6 X CHj),
0.507~1.92 (m, other aliphatic ring protons), 1.95 (s, 3H),
2.03 (s, 3H), 2.04 (s, 3H), 2.04 (s, 3H), 2.06 (s, 3H), 2.08
(s, 3H), 2.05 (s, 3H), 2.87 (dd, J=4.56, 14.40 Hz, 1H),
2.94 (dd, J=4.20, 11.70 Hz 1H), 3.88~3.91 (m, 1H),
3.93~3.97 (m, 1H), 4.07~4.09 (m, 2H), 4.12~4.14 (m,
2H), 4.45~4.48 (m, 1H), 4.50~4.55 (m, 1H), 4.74 (d, J=
13.08 Hz, 1H), 4.95 (dd, J=3.42, 10.26 Hz, 1H), 5.04 (d,
J=18.06 Hz, 1H), 5.10~5.13 (m, 2H), 5.26 (t, J=3.30
Hz, 1H), 5.33~5.35 (m, 2H), 5.37 (t, J=4.62 Hz, 1H),
5.42 (t, J=9.42 Hz, 1H), 5.80 (d, J=9.12 Hz, 1H), 7.31 (s,
5H), 7.66 (s, 1H); 3C NMR (150MHz, CDCls) 6: 14.26,
15.36, 16.51, 16.90, 18.27, 20.32, 20.508, 20.69, 20.72,
21.13, 22.61, 23.07, 23.46, 23.70, 2591, 27.62, 28.10,
2831, 30.75, 32.40, 32.71, 33.16, 33.88, 36.97, 38.26,
38.70, 39.33, 41.39, 41.69, 45.87, 46.77, 47.59, 55.58,
60.46, 60.85, 61.79, 62.93, 65.96, 66.61, 69.03, 70.40,
70.95, 72.54, 72.78, 75.75, 75.83, 86.62, 87.73, 101.20,
120.66, 122.53, 127.96, 128.03 (2C), 128.46 (2C), 136.46,
143.73, 147.17, 169.16, 169.61, 170.14, 170.20, 170.31,
170.45, 177.52. HRMS calcd for CesHooN3O [M+H]"
1246.6269; found 1246.6268.

F R 5E-12- 45 -28- "R A Bk 3 -3-O-(4- 7 FH %E-1,2,3-
= M-1-42,3,6,2',3',4,6'- £ -O- 2 Bk F -p-D- F )
(14a): A EEA, 2% 53%, mp. 117.8~119.7 C;
[a]y +42.4 (¢ 0.50, CH;0H); 'H NMR (600 MHz,
CDCl3) &: 0.502, 0.70, 0.80, 0.81, 0.82, 0.84, 1.04
(7XCHs), 0.502~1.76 (m, other aliphatic ring protons),
1.77 (s, 3H), 1.95 (s, 3H), 1.96 (s, 3H), 1.96 (s, 3H), 2.00
(s, 3H), 2.04 (s, 3H), 2.05 (s, 3H), 2.83 (dd, J=3.84, 13.74
Hz 1H), 2.89 (dd, J=4.20, 11.70 Hz, 1H), 3.92 (t, J=9.24
Hz, 2H), 4.00 (d, J=12.90 Hz, 1H), 4.09 (t, J=9.3 Hz,
1H), 4.18 (d, J=10.14 Hz, 2H), 4.41 (d, J=10.92 Hz, 1H),
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4.47 (d, J=12.72 Hz, 1H), 4.69 (d, J=12.78 Hz, 1H), 4.81
(dd, J=3.96, 10.506 Hz, 1H), 4.96 (d, J/=12.54 Hz, 1H),
5.01 (t, J=9.96 Hz, 2H), 5.20 (brs, 1H), 5.30~5.33 (m,
2H), 5.38~5.41 (m, 2H), 5.82 (d, J=9.30 Hz, 1H), 7.28
(s, 5H), 7.62 (s, 1H); “C NMR (150 MHz, CDCl;) ¢:
14.17, 15.32, 16.46, 16.86, 18.23, 20.23, 20.62, 20.71,
20.78, 20.85, 22.58, 23.03, 23.41, 23.66, 25.87, 27.58,
28.06, 29.32, 30.71, 32.36, 32.67, 33.13, 33.84, 36.93,
38.22, 38.66, 39.29, 41.35, 41.65, 45.83, 46.72, 47.55,
55.55, 61.43, 62.49, 62.86, 65.92, 67.89, 68.73, 69.20,
70.00, 70.80, 72.39, 75.21, 75.27, 85.11, 86.59, 95.88,
120.64, 122.50, 127.91, 127.99 (2C), 128.41 (2C), 136.41,
143.67, 147.12, 169.19, 169.46, 169.95, 170.02, 170.36,
170.504, 170.509, 177.46. HRMS calcd for C66H92N3020
[M+H]" 1246.6269; found 1246.6273.

3.2.4 AL&4h Tb ~ 14b 4946,

150 mg 7a BT 50 mL A, A 20 mL
TfR, TR 80 mg HFEESEN, =R THiHE 4 h, HEAE
forill, [FIFA: VCRME) © (R OBR)=1 3], & T
YRG0 SRS R N 1 molsL ™! HCI 10 mL, #hyg, HX
PEAR B AT T8, 15779 T HERK 120 mg,
FEE 78%. 1hE W) 8b~14b 5 Tb 4 7k —FL

FRIBA ot -12-M5-28-"F S Fk ik -3-0-(4- T FH 6-1,2,3-
M- 1-(B-D-HE HELR))(T): ATEE, P2 78%, m.p.
161.9~163.1 C; [a]d +50.4 (¢ 0.50, CH;OH); 'H
NMR (600 MHz, CD;0D) 6: 0.508, 0.77, 0.91, 0.91, 0.93,
1.14 (6 XCHs), 0.508~2.10 (m, other aliphatic ring pro-
tons), 2.90 (dd, J=4.32, 13.86 Hz, 1H), 2.98 (dd, J=4.26,
11.70 Hz, 1H), 3.50 (t, J=9.60 Hz, 1H), 3.54~3.59 (m,
2H), 3.71 (dd, J=5.34, 12.24 Hz, 1H), 3.87~3.91 (m,
1H), 4.51 (d, J=12.18 Hz, 1H), 4.73 (d, J=12.24 Hz, 1H),
5.06 (s, 2H), 5.24 (t, J=3.42 Hz, 1H), 5.60 (d, J=9.18 Hz,
1H), 7.30~7.35 (m, 5H), 8.16 (s, 1H); *C NMR (150
MHz, CD;0D) §: 16.08, 17.12, 17.86, 19.49, 23.73, 24.10,
2421, 24.67, 26.53, 28.82, 28.85, 31.75, 33.67, 33.78,
34.06, 34.94, 38.24, 39.65, 39.89, 40.74, 42.97 (2C),
47.22, 4820, 49.10, 57.15, 62.48, 63.48, 67.37, 70.96,
74.14, 78.67, 81.29, 88.03, 89.72, 124.09, 124.37, 129.33,
129.51 (2C), 129.65 (2C), 137.81, 145.04, 146.97, 179.20.
HRMS caled for CasHesN3Og [M+H]" 790.5001; found
790.5001.

FEIIR BT -12-45-28- S8 Pk H -3-O-(4- 0 FH 8E-1,2,3-
=W 1-(B-D-B B AA B ))(8b): A AR, FEE 73%,
m.p. 134.5~135.7 C; [a]b +60.8 (¢ 0.50, CH;OH); 'H
NMR (600 MHz, CD;0D) 4: 0.508, 0.77, 0.91, 0.91, 0.93,
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1.14 (6 XCHzs), 0.508~2.11 (m, other aliphatic ring pro-
tons), 2.90 (dd, J=4.14, 13.80 Hz, 1H), 2.98 (dd, J=4.20,
11.64 Hz, 1H), 3.70 (dd, J=3.30, 9.42 Hz, 1H), 3.85 (d,
J=12.60 Hz, 1H), 3.95 (s, 1H), 4.02 (dd, J=1.92, 12.66
Hz, 1H), 4.14 (t, J=9.30 Hz, 1H), 4.51 (d, J=12.24 Hz,
1H), 4.73 (d, J=12.24 Hz, 1H), 5.06 (s, 2H), 5.24 (t, J=
3.30 Hz, 1H), 5.48 (d, J=9.12 Hz, 1H), 7.30~7.35 (m,
5H), 8.18 (s, 1H); 3C NMR (150 MHz, CD;0OD) §: 15.95,
16.99, 17.71, 19.35, 23.57, 23.97, 24.06, 24.52, 26.42,
28.67, 28.70, 31.60, 33.54, 33.62, 33.90, 34.79, 38.08,
39.49, 39.72, 40.508, 42.81 (2C), 47.06, 48.03, 48.93,
56.98, 63.35, 67.20, 70.24, 70.74, 71.46, 74.83, 87.75,
90.49 (20C), 123.56, 123.92, 129.17, 129.33 (2C), 129.50
(2C), 137.65, 144.87, 178.99. HRMS calcd for C4sHggN307
[M-+H]" 760.4895; found 760.4894.

FEIURBE-12- 45 -28- % k3L -3-0-(4- 7. F1 3E-1,2,3-
=W 1-(a-D-H EEHET))(9b): FIAEE, F7E 77%, mop.
145.7~1472 C; [a]d +63.2 (¢ 0.50, CH;OH); 'H
NMR (600 MHz, CD;0D) 6: 0.508, 0.77, 0.91, 0.91, 0.93,
1.14 (6 XCHs), 0.508~2.08 (m, other aliphatic ring pro-
tons), 2.90 (dd, J=4.14, 13.74 Hz, 1H), 2.98 (dd, J=4.26,
11.70 Hz, 1H), 3.52~3.55 (m, 1H), 3.71~3.76 (m, 2H),
3.78 (dd, J=5.88, 12.12 Hz, 1H), 3.78 (dd, J=2.10, 12.18
Hz, 1H), 4.10 (s, 1H), 4.53 (t, J=12.00 Hz, 1H), 4.72 (d,
J=12.18 Hz, 1H), 5.06 (s, 2H), 5.24 (t, J=3.30 Hz, 1H),
6.01 (s, 1H), 7.31~7.35 (m, 5H), 8.22 (s, 1H); *C NMR
(150 MHz, CD;0D) §: 16.06, 17.11, 17.84, 19.49, 23.74,
24.09, 24.21, 24.67, 26.52, 28.83, 31.75, 33.65, 33.78,
34.06, 34.95, 38.24, 39.64, 39.90, 40.74, 42.98 (2C),
47.22, 4821, 49.10, 57.16, 62.75, 63.54, 67.38, 67.90,
72.46, 75.13, 81.73, 87.84, 87.94, 88.48, 124.09, 124.84,
129.33, 129.52 (2C), 129.65 (2C), 137.82, 145.04, 146.29,
179.22. HRMS calcd for C4sHegN3Og [M+H]" 790.5001;
found 790.4998.

F R 5E-12- 45 -28- "R A Bk i -3-O-(4- 7 FH %&-1,2,3-
=W 1-(B-D-AFEE))(10b): A AEE, 723 76%, m.p.
134.6~1358 C; [aly +464 (¢ 0.50, CH;OH); 'H
NMR (600 MHz, CD;0D) 6: 0.507, 0.76, 0.90, 0.91, 0.93,
1.14 (6 XCHzs), 0.508~2.08 (m, other aliphatic ring pro-
tons), 2.90 (dd, J=4.32, 13.86 Hz, 1H), 2.98 (dd, J=4.20,
11.70 Hz, 1H), 3.47 (t, J=7.8 Hz, 1H), 3.49 (t, J=9.06
Hz, 1H), 3.70~3.66 (m, 1H), 3.89 (t, J=9.12 Hz, 1H),
4.01 (dd, J=5.46, 11.34 Hz, 1H), 4.52 (d, J=12.30 Hz,
1H), 4.72 (d, J=12.30 Hz, 1H), 5.06 (s, 2H), 5.24 (t, J=
3.42 Hz, 1H), 5.50 (d, J=9.18 Hz, 1H), 7.30~7.35 (m,
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5H), 8.11 (s, 1H); '*C NMR (150 MHz, CD;0D) §: 16.08,
17.12, 17.86, 19.49, 23.75, 24.11, 24.21, 24.67, 26.55,
28.82, 31.75, 33.67, 33.78, 34.05, 34.94, 38.23, 39.64,
39.86, 40.74, 42.96 (2C), 47.22, 48.19, 49.08, 57.14,
63.41, 67.37, 69.98, 70.77, 74.00, 78.79, 87.88, 90.31
(2C), 124.08, 124.24, 129.33, 129.50 (2C), 129.65 (2C),
137.81, 145.03, 146.94, 179.18. HRMS calcd for CysHes-
N;O; [M+H]" 760.4895; found 760.4894.

FRIB R B -12- M -28-"F S Bk HE-3-O-(4- 1 FH 56-1,2,3-
= ME-1-(B-D- R 2 HEE ) A1b): [ EE, FEFR 7%,
m.p. 135.6~136.3 C; [a]h +64.8 (¢ 0.50, CH;OH); 'H
NMR (600 MHz, CD;0D) 4: 0.508, 0.77, 0.91, 0.92, 0.93,
1.14 (6 XCHzs), 0.501~2.11 (m, other aliphatic ring pro-
tons), 1.38 (d, J=6.00 Hz, 3H), 2.90 (dd, J=4.26, 13.80
Hz, 1H), 2.98 (dd, J=4.32, 11.70 Hz, 1H), 3.50 (t, J=9.36
Hz, 1H), 3.54~3.58 (m, 1H), 3.69 (dd, J=3.18, 9.30 Hz,
1H), 4.10 (dd, J=1.20, 3.12 Hz, 1H), 4.52 (d, J=12.42
Hz, 1H), 4.74 (t, J=12.42 Hz, 1H), 5.06 (s, 2H), 5.24 (t,
J=3.42 Hz, 1H), 6.00 (d, J=1.14, 3.06 Hz, 1H), 7.30~
7.35 (m, 5H), 8.18 (s, 1H); 3C NMR (150 MHz, CD;0D)
5: 16.12, 17.15, 17.88, 18.26, 19.50, 23.72, 24.15, 24.22,
24.67, 26.61, 28.83, 28.86, 31.75, 33.71, 33.76, 34.05,
34.94, 3822, 39.62, 39.87, 40.72, 42.95 (2C), 47.22,
48.16, 49.06, 57.11, 63.24, 67.34, 72.46, 73.19, 74.80,
77.16, 88.12, 88.58, 124.04, 124.92, 129.32, 129.46 (2C),
129.65 (2C), 137.79, 145.02, 145.88, 179.09. HRMS calcd
for C4sHesN307 [M+H]" 774.5052; found 774.5054.

FRIBA ot -12-M5-28-"F S Bk -3-0-(4- T FH 6-1,2,3-
= ME-1-(B-D-2E FLFEF)(12b): A BEAE, FEE 69%,
m.p. 157.5~158.2 C; [a]h +56.0 (¢ 0.50, CH;OH); 'H
NMR (600 MHz, CD;0D): § 0.508, 0.78, 0.91, 0.91, 0.93,
0.94, 1.14 (7XCH3), 0.508~2.04 (m, other aliphatic ring
protons), 2.90 (dd, J=4.26, 13.80 Hz, 1H), 2.99 (dd, J=
426, 11.70 Hz, 1H), 3.69 (dd, J=3.24, 9.54 Hz, 1H), 3.73
(dd, J=5.16, 11.58 Hz, 1H), 3.77 (dd, J=6.84, 11.58 Hz,
1H), 3.84 (t, J=6.42 Hz, 1H), 3.98 (d, J=2.64 Hz, 1H),
4.13 (t, J=9.36 Hz, 1H), 4.52 (d, J=12.24 Hz, 1H), 4.74
(d, J=12.24 Hz, 1H), 5.06 (s, 2H), 5.24 (t, J=3.36 Hz,
1H), 5.57 (d, J=9.18 Hz, 1H), 7.31~7.35 (m, 5H), 8.22
(s, 1H); BC NMR (150 MHz, CD;OD) &: 15.95, 16.99,
17.71, 19.35, 23.57, 23.97, 24.06, 24.52, 26.41, 28.67,
28.72, 31.60, 33.54, 33.62, 33.91, 34.79, 38.09, 39.48,
39.74, 40.508, 42.81 (2C), 47.06, 48.03, 48.93, 56.98,
62.37, 63.42, 67.21, 70.36, 71.48, 75.28, 79.97, 87.94,
90.26, 123.65, 123.92, 129.17, 129.33 (2C), 129.50 (2C),
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137.65, 144.87, 147.00, 178.99. HRMS calcd for CasHgs-
N;0g [M+H]" 790.5001; found 790.5002.

F R 5E-12- 45 -28-"F A Bk 2 -3-O-(4- 7 FH %E-1,2,3-
=W 1-(B-D-£F 4 —WEF))(13b): Ak, FEER 74%,
m.p. 188.8~189.7 C; [a]h +52.5 (¢ 0.50, CH;OH); 'H
NMR (600 MHz, CD;OD) 6: 0.507, 0.77, 0.91, 0.91, 0.92,
0.93, 1.14 (7 X CH3), 0.508~2.06 (m, other aliphatic ring
protons), 2.90 (dd, J=4.08, 13.74 Hz, 1H), 2.99 (dd, J=
420, 11.70 Hz, 1H), 3.50 (dd, J=3.3, 9.72 Hz, 1H), 3.58
(t, J=9.78 Hz, 1H), 3.60~3.62 (m, 1H), 3.70~3.72 (m,
1H), 3.72~3.74 (m, 2H), 3.78 (d, J=2.04 Hz, 1H), 3.80~
3.83 (m, 2H), 3.90 (d, J=2.88 Hz, 2H), 3.97 (t, J=9.24
Hz, 1H), 4.41 (d, J=7.74 Hz, 1H), 4.52 (d, J=12.24 Hz,
1H), 4.73 (d, J=12.24 Hz, 1H), 5.06 (d, J=2.28 Hz, 2H),
5.24 (t, J=3.18 Hz, 1H), 5.64 (d, J=9.30 Hz, 1H), 7.30~
7.35 (m, 5H), 8.17 (s, 1H); 3C NMR (150 MHz, CD;0D)
5: 1591, 16.95, 17.69, 19.33, 23.57, 23.93, 24.05, 24.51,
26.36, 28.61, 28.67, 31.60, 33.50, 33.64, 33.90, 34.79,
38.09, 39.49, 39.74, 40.509, 42.82 (2C), 44.70, 47.07,
48.06, 49.57, 57.00, 61.41, 62.54, 63.29, 67.23, 70.31,
72.53, 73.65, 74.80, 76.90, 77.16, 79.49, 79.56, 87.81,
89.32, 105.08, 123.95, 124.19, 129.19, 129.38 (2C),
129.51 (2C), 137.67, 144.89, 179.08. HRMS calcd for
Cs2H7sN3013  [M+H]" 952.5529; found 952.5533.

F R 5E-12- 45 -28- "R A Bk 3 -3-O-(4- 7 FH %E-1,2,3-
= WE-1-(B-D-Z A ))(14b): A GE AR, FEER 75%,
m.p. 184.3~185.1 C; [a]h +60.3 (¢ 0.50, CH;OH); 'H
NMR (600 MHz, CD;0D) 6: 0.508, 0.77, 0.91, 0.93, 1.14
(5XCHzs), 0.508~2.02 (m, other aliphatic ring protons),
2.90 (dd, J=4.08, 13.74 Hz, 1H), 2.99 (dd, J=4.20, 11.64
Hz, 1H), 3.28 (d, J=9.54 Hz, 1H), 3.34 (dd, J=3.72, 9.72
Hz, 1H), 3.64 (d, J=9.36 Hz, 1H), 3.66~3.68 (m, 1H),
3.70~3.73 (m, 2H), 3.78 (t, J=9.48 Hz, 1H), 3.83~3.86
(m, 2H), 3.87~3.91 (m, 2H), 3.97 (t, J=9.18 Hz, 1H),
451 (d, J=12.24 Hz, 1H), 4.73 (d, J=12.18 Hz, 1H), 5.06
(s, 2H), 5.24 (m, 2H), 5.64 (d, J=9.18 Hz, 1H), 7.30~
7.35 (m, 5H), 8.16 (s, 1H); '*C NMR (150 MHz, CD;0D)
5: 15.95, 16.98, 17.71, 19.34, 23.56, 23.97, 24.05, 24.51,
26.41, 28.66, 28.70, 31.59, 33.53, 33.61, 33.89, 34.78,
38.07, 39.47, 39.73, 40.507, 42.80 (2C), 47.06, 48.02,
48.92, 56.96, 61.32, 62.43, 63.09, 67.20, 71.33, 73.71,
74.85, 76.78, 77.79, 78.12, 79.45, 79.57, 87.98, 89.46,
104.53, 123.90, 124.44, 129.17, 129.33 (2C), 129.50 (2C),
137.63, 144.87, 146.53, 178.98. HRMS calcd for Cs;H7s-
N;Oy3 [M+H]" 952.5529; found 952.5531.
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3.2.5 4654 Te ~ 14¢ 4945,

¥ 120 mg (&Y 7b BT 50 mL BT, A 20
mL THF %f#, FInN/b & Pd/C, F R 267 2 E 0
Ja, FKSEHF2, Bl 5 ARG Hy VEAN R
o, BEERERS 7 h bR Hy, ROV 2 d S HEE e ki)
DRFFA: W& W5 - V(FEE)=10 : 1]; RBrXfEth
I PA/C, TS T IR B RE 77, K S SR U -l g
flf PA/IC WRBRTERERE - b, IR ML G R NI ZET
BRE, TR EN BN ET ) - V(RRE)=30 : 1]
33 80 mg HEA Te, 723 75%. LAY 8c~14c 5
Te il & E—EL

T R - 12-45-28- 725 -3-0-(4- 0 F FE-1,2,3- = M-
1-(B-D- #i % ¥% #))(7e): B &, 7% 75%, mp.
2352~2369 C; [a]l} +61.7 (¢ 0.50, CH;OH); 'H
NMR (600 MHz, CD;0D) §: 0.78, 0.81, 0.91, 0.94, 0.95,
1.16 (6 XXCHzs), 0.78~2.11 (m, other aliphatic ring pro-
tons), 2.85 (dd, J=2.76, 12.54 Hz, 1H), 3.00 (dd, J=4.26,
11.70 Hz, 1H), 3.51 (d, J=9.54 Hz, 1H), 3.55 (d, J=9.00
Hz, 1H), 3.58~3.60 (m, 1H), 3.71 (dd, J=5.34, 12.24 Hz,
1H), 3.86~3.91 (m, 2H), 4.52 (d, J=12.18 Hz, 1H), 4.74
(d, J=12.18 Hz, 1H), 5.24 (t, J=3.54 Hz, 1H), 5.61 (d,
J=9.18 Hz, 1H), 8.17 (s, 1H); *C NMR (150 MHz,
CD;0D) d: 15.14, 16.60, 16.88, 17.92, 22.13, 22.64, 22.98,
23.43, 25.65, 27.23, 28.01, 30.47, 32.13, 32.39, 32.90,
33.35, 36.60, 37.81, 38.32, 38.93, 40.83, 41.37, 45.49,
4571, 47.09, 55.12, 60.78, 62.24, 69.60, 72.04, 77.05,
79.98, 85.61, 87.45, 121.54, 122.96, 143.91, 144.71,
178.74. HRMS calced for C3oHgN3Os [M+H]" 700.4531;
found 700.4529.

TR - 12-45-28- 7R 5 -3-0-(4- 0 F FE-1,2,3- = M-
1-(B-D- Bl R AFTHE F))(8e): H Ll 44, 722 88%, m.p.
223.8~224.6 C; [aly +57.8 (¢ 0.50, CH;OH); 'H
NMR (600 MHz, CD;0D) §: 0.78, 0.81, 0.91, 0.92, 0.94,
0.95, 1.16 (7XCHs), 0.78~2.11 (m, other aliphatic ring
protons), 2.85 (dd, /=3.84, 13.56 Hz, 1H), 3.00 (dd, J=
4.32, 11.70 Hz, 1H), 3.70 (dd, J=3.30, 9.42 Hz, 1H), 3.87
(d, J=12.12 Hz, 1H), 3.95 (brs, 1H), 4.02 (dd, J=1.92,
12.66 Hz, 1H), 4.13 (t, J=9.30 Hz, 1H), 4.53 (d, J=12.30
Hz, 1H), 4.74 (d, J=12.30 Hz, 1H), 5.24 (t, J=3.54 Hz,
1H), 5.48 (d, J=9.54 Hz, 1H), 8.18 (s, 1H); 3C NMR (150
MHz, DMSO-ds) 6: 15.93, 16.97, 17.71, 19.39, 23.58,
23.77, 23.98, 24.03, 24.54, 26.42, 28.69, 30.49, 31.63,
33.07, 33.58, 33.96, 34.88, 38.14, 39.50, 39.73, 40.506,
4271, 42.88, 47.22, 47.61, 57.04, 63.34, 70.27, 70.74,
71.47,74.86, 87.75, 90.48, 123.47, 123.62, 145.20, 147.03,
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181.86. HRMS calcd for C3sHgoN3;O7 [M+H]" 670.4426;
found 670.4424.

TR - 12-45-28-FR FE-3-0-(4-JF F 3E-1,2,3- = M-
1-(o-D-H E& B 7)) (9¢): A B, =% 87%, mp.>
250 C; [a]p +45.8 (¢ 0.50, CH;0H); 'H NMR (600
MHz, DMSO-ds) 6: 0.69, 0.71, 0.82, 0.87, 0.88, 1.10
(6XCHzs), 0.69~2.11 (m, other aliphatic ring protons),
2.73 (dd, J=3.96, 13.74 Hz, 1H), 2.94 (dd, J=4.14, 11.52
Hz, 1H), 3.38~3.40 (m, 1H), 3.49~3.52 (m, 1H), 3.58~
3.60 (m, 1H), 3.72 (d, J=10.500 Hz, 1H), 3.85 (s 1H),
441 (d, J=12.12, Hz, 1H), 4.65 (d, J=12.00 Hz, 1H),
5.16 (t, J=3.48 Hz, 1H), 5.97 (d, J=0.90 Hz, 1H), 8.12 (s,
1H), 12.06 (s, 1H); 3C NMR (150 MHz, DMSO-ds) 9:
15.13, 16.59, 16.87, 17.93, 22.11, 22.63, 23.01, 23.42,
25.63, 27.26, 27.96, 30.46, 32.13, 32.40, 32.88, 33.33,
36.59, 37.82, 38.33, 38.92, 40.82, 41.36, 45.49, 45.74,
47.11, 55.09, 61.10, 62.16, 66.25, 70.503, 73.19, 80.38,
85.45, 85.89, 121.53, 123.25, 143.90, 144.25, 178.66.
HRMS caled for CsoHgN3Og [M~+H]" 700.4531; found
700.4533.

TR - 12-45-28-F2 FE-3-O-(4-JF /1 3E-1,2,3- = M-
1-(B-D- A B 17 ))(10¢): 1 € [ &, 7= % 67%, m.p.
221.3~2228 C; [a]ly +53.6 (¢ 0.50, CH;OH); 'H
NMR (600 MHz, DMSO-de): 6 0.69, 0.71, 0.85, 0.87, 1.09
(5XCHzs), 0.69~2.11 (m, other aliphatic ring protons),
2.73 (dd, J =4.98, 14.28 Hz, 1H), 2.93 (dd, J=4.14, 11.58
Hz, 1H), 3.30~3.33 (m, 1H), 3.44~3.49 (m, 1H), 3.76 (t,
J=9.54 Hz, 1H), 3.81 (q, J=5.4 Hz, 1H), 4.00 (d, J=
12.18, Hz, 1H), 4.64 (d, J=12.24 Hz, 1H), 5.16 (t, J=3.48
Hz, 1H), 5.46 (d, J=9.24 Hz, 1H), 8.23 (s, 1H), 12.06 (s,
1H); 3C NMR (150 MHz, DMSO-ds) &: 15.14, 16.58,
16.88, 17.92, 22.12, 22.64, 22.98, 23.43, 25.66, 27.23,
27.97, 30.47, 32.14, 32.39, 32.90, 33.35, 36.60, 37.81,
38.28, 38.93, 40.83, 41.37, 45.49, 45.72, 47.10, 55.13,
62.03, 68.37, 69.15, 71.97, 77.15, 85.30, 88.10, 121.55,
122.86, 143.92, 144.72, 178.67. HRMS calcd for CagHgo-
N;07 [M+H]" 670.4426; found 670.4431.

TR E-12-45-28-F23E-3-0-(4-T0 F 56-1,2,3- = -
1-(B-D- B A M ))(11e): F A E K, F=F 82%, m.p.:
177.7~1782 C; [a]d +49.1 (¢ 0.50, CH;OH); 'H
NMR (600 MHz, DMSO-dq) d: 0.78, 0.81, 0.91, 0.92, 0.94,
0.95, 1.16 (7XCHzs), 0.78~2.11 (m, other aliphatic ring
protons), 1.38 (d, J=6.00 Hz, 3H), 2.85 (dd, J=3.96,
12.62 Hz, 1H), 3.00 (dd, J=4.20, 11.70 Hz, 1H), 3.49 (t,
J=9.36 Hz, 1H), 3.52~3.58 (m, 1H), 3.67 (dd, J=3.12,
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9.30 Hz, 1H), 4.08 (d, J=2.16 Hz, 1H), 4.52 (d, J=12.06
Hz, 1H), 4.73 (d, J=12.24 Hz, 1H), 5.25 (t, J=3.48 Hz,
1H), 5.97 (s, 1H), 8.11 (s, 1H); 3C NMR (150 MHz,
DMSO-ds) d: 15.14, 16.60, 16.87, 17.90, 22.17, 22.64,
22.98, 23.42, 25.65, 27.23, 27.94, 30.46, 32.13, 32.38,
32.89, 33.35, 36.59, 37.81, 38.29, 38.93, 40.06, 40.83,
41.36, 45.49, 4571, 47.09, 55.08, 62.18, 70.63, 71.25,
72.98,74.99, 85.46, 85.84, 121.53, 122.99, 143.90, 144.42,
178.66. HRMS calcd for C3yHgN;0; [M+H]™ 684.4582;
found 684.4578.

T R - 12-45-28- 729 -3-0-(4- 0 F 3E-1,2,3- = M-
1-(B-D-"FFLFEH))(12¢): B EEE, 7% 79%, mp.>
250 C; [a]y +56.0 (¢ 0.50, CH;0H); 'H NMR (600
MHz, DMSO-ds) 6: 0.70, 0.71, 0.87, 0.90, 1.16, 1.17, 1.18
(7XCHzs), 0.70~2.11 (m, other aliphatic ring protons),
2.73 (dd, J=3.96, 13.74 Hz, 1H), 2.95 (dd, J=3.96, 11.46
Hz, 1H), 3.45~3.49 (m, 1H), 3.49~3.52 (m, 1H), 3.50~
3.54 (m, 1H), 3.70 (t, J=6.00 Hz, 1H), 3.75 (s 1H), 4.41
(d, J=11.94, Hz, 1H), 4.66 (d, J=12.12 Hz, 1H), 4.71 (t,
J=3.48 Hz, 1H), 5.16 (t, J=3.54 Hz, 1H), 5.23 (s, 1H),
5.46 (d, J=9.18 Hz, 1H), 8.17 (s, 1H), 12.06 (s, 1H); 1*C
NMR (150 MHz, CD;0D) d: 14.15, 15.15, 16.61, 16.88,
17.93, 22.13, 22.65, 22.99, 23.43, 25.65, 27.24, 28.01,
30.47, 32.14, 32.40, 32.90, 33.36, 36.61, 37.81, 38.32,
38.94, 40.84, 41.37, 45.49, 45.72, 47.10, 55.13, 62.27,
68.53, 69.34, 73.77, 78.45, 85.57, 88.07, 121.54, 122.49,
14391, 144.85, 178.68. HRMS calcd for CsyHgN;Og
[M+H]" 700.4531; found 700.4532.

FEORE-12-475-28-FR F-3-O-(4- TV F JE-1,2,3- = k-
1-(B-D-£F 2 —HEH))(13¢): A EfE, 7= 73%, m.p.
2447~246.8 C; [alp +52.4 (¢ 0.50, CH;OH); 'H
NMR (600 MHz, DMSO-ds) d: 0.70, 0.72, 0.87, 0.90, 1.09,
(56X CHzs), 0.70~2.11 (m, other aliphatic ring protons),
2.73 (dd, J=3.30, 12.90 Hz, 1H), 2.95 (dd, J=4.08, 11.52
Hz, 1H), 3.00~3.04 (m, 1H), 3.06~3.08 (m, 1H), 3.15~
3.24 (m, 2H), 3.40~3.44 (m, 1H), 3.49 (t, J=9.06 Hz,
1H), 3.55 (t, J=10.74 Hz, 1H), 3.60~3.65 (m, 2H),
3.70~3.77 (m, 2H), 3.84 (q, J=9.00 Hz, 1H), 4.30 (d, J=
7.92 Hz, 1H), 4.41 (d, J=12.12 Hz, 1H), 4.63~4.67 (m,
2H), 4.70 (t, J=6.00 Hz, 1H), 4.89 (s, 1H), 5.04 (d, J=
5.46 Hz, 1H), 5.08 (d, J=4.68 Hz, 1H), 5.16 (t, J=3.54
Hz, 1H), 5.30 (d, J=6.06 Hz, 1H), 5.56 (d, J=6.00 Hz,
1H), 5.60 (d, J=9.24 Hz, 1H), 8.25 (s, 1H), 12.07 (s, 1H).
HRMS caled for C4sH7,N3013 [M+H]™ 862.5060; found
862.5057.
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T RS- 12-475-28- 7295 -3-0-(4- 0 F 3E-1,2,3- = -
1-(B-D-ZZ 2 5 1)) (14e): H AR, 722 77%, mp.>
250 C; [a]d +61.5 (¢ 0.50, CH;0H); 'H NMR (600
MHz, DMSO-ds) : 0.70, 0.71, 0.87, 0.90, 1.09, (5X CH3),
0.70~2.11 (m, other aliphatic ring protons), 2.73 (dd, J=
3.48, 13.74 Hz, 1H), 2.95 (dd, J=3.78, 11.40 Hz, 1H),
3.06~3.11 (m, 1H), 3.25~3.28 (m, 1H), 3.45~3.47 (m,
2H), 3.48~3.50 (m, 2H), 3.54~3.58 (m, 1H), 3.59~3.64
(m, 2H), 3.65~3.73 (m, 2H), 3.82~3.87 (m, 1H), 4.41 (d,
J=12.00 Hz, 1H), 4.58 (t, J=5.65 Hz, 1H), 4.62~4.66
(m, 2H), 4.99 (s, 1H), 5.06 (d, J=3.54 Hz, 1H), 5.16 (t,
J=3.54 Hz, 1H), 5.50 (d, J=6.06 Hz, 1H), 5.59 (d, J=
9.18 Hz, 1H), 5.64 (d, J=5.82 Hz, 1H), 5.78 (s, 1H), 8.26
(s, 1H), 12.70 (s, 1H); 3C NMR (150 MHz, DMSO-ds) o:
15.15, 16.60, 16.90, 17.92, 22.13, 22.65, 22.99, 23.44,
25.65, 27.23, 28.02, 30.48, 32.14, 32.40, 32.90, 33.36,
36.61, 37.81, 38.32, 38.94, 40.85, 41.38, 45.50, 45.73,
47.09, 55.12, 60.33, 60.79, 62.22, 69.88, 71.58, 72.48,
73.28, 73.62, 76.75, 78.02, 79.21, 85.60, 87.17, 101.00,
121.54, 122.95, 143.93, 144.81, 178.74. HRMS calcd for
C4sH7N3013 [M+H]" 862.5060; found 862.5054.

3.3 eSS RN

H 10% i 4 [fiLi% (FBS) ) DMEM ¥ MDCK 4l ffa 4
Rz 96 FLARH, 7£37 C, 5% CO, HTE IR B 7840 rh 15 7%
24 h, YIS N 80%~90%. Wik i I PBS Bhik
PR, BN 0.25%TPCK AbFEFIRER A BE. 1%45 0
AV DMEM 100 uL, BMEEW3ANER L, &5
F5143 58 OSV-p. DMSO. ¥4ifire 37 C, 5% CO;,
k255597 48 h. {8 ] CellTiter-Glo®4H i i 746 Mk
F N e MATE Jy, JHEA SpectraMax M2 L Ijfe
R bR A EU 0 B TE 11, 5 DMSO ZHAfEL, FRlik &4
ZH [P AR 4R B TR, RS YI%T MDCK. i &
P8R /N CRH GE 48 i 0 = 46 & W 4/ % [ ZH (DMSO
2H) X 100%).

34 REAREBHLEFFBRLE(TCIDso)EE

Feih MDCK 402 T 96 £Ltk, K557 24 h J&, Mok b
JEIEH PBS WEEHIIK. B A/WSN/33 9 55 R 2
DMEM EZE: 10 588, MR 1071 1072, 1073,
1074, 1075, 1076, 1077, A1 10 8. KRB IF I 259 4>
BN & A CEE R MDCK 40 i fL 1, 4L 100 pL,
— R 6 NEAE AL, 37 CHiFF 48 h. 51 B B 5
5 AR N RS, A IR b 50 L T E 96 fL
B, BFFLAMIN S0 pL AL 1% Vv AR EIK), =ik
FE 30 min, SHUMBENGILE R IFHFERHR TR TCIDs
1 MOI HR T E A 1g TCIDsy/mL=—6.25, MOI=
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0.05).
3.5 HAEYIFIRSHNBIRTHR

# MDCK MRt £ 96 fLHH, Raridne, Wik
FiEIEA PBS Wi BALIIA 1%L &0, 0.25%
TPCK &b ¥ (5 25 F A DMEMI00 pL, B8 1%k,
G, 0.25%TPCK ALFE IR FIEEAT 0.1% A/WSN/33
f) DMEM100 puL, }%3%40 h 5, 1508 558 0 2240 i
AR FEIE .
3.6 HEMRIMURRREIEM

F 10%FBS ] DMEM ¥ MDCK 41 i 2% 96 FLAR
W, 1E37 C, 5%CO, FIEIR S FR A B 77 24 h, Y%
FER 80%~90%. W& LigFHH PBS Beikmx, &SN
N 1%F AL &Y. 0.25%TPCK Ak P 1) J5E 2 1A i -
0.1%A/WSN/33 ff) DMEM100 pL, SMbL&9 3 MES
FL, ®JEHIHI RN OSV-p. DMSO. K4iffirE 37 C,
5% CO, Hik—35155% 48 h. i CellTiter-Glo®4H il i
RGN AT S e 40 TS F, FEA SpectraMax M2
T2 The B bR OO I s ae 45 . 5 DMSO 4Lt EL, A5l
AN b, RPAEWST A/WSN/33 H] 5
PR (IR =0 — (LA OD B — 1tk &4
JRERTY) OD )Mt EXT IR AR AL OD i %
18) X 100%)
3.7  MEEHNHISCIE

1E 96 FL V TEA & R PR AN 25 pL A2 EE EhoK, W
B 25 uL &9 12a IONEE 1 fL, 2 R5LLRAEMBEZR S
11 1L, 2 12 fLAXTHR. IREIE AR TR 25 L. =
B E 30 min J5AMIFS L RIATL 3 E0N 1% 42
£h7K), F#E 25 min, FEECSZEGSE R IFCSE
3.8 TR

K H AutoDock 4.2 XAt &4) 12a 5 HA A AT/
T AL, MBI EE HA ARSI (R A i gmi:
IRVT)i%& H & 1 i 50 £ RCBS Protein Data Bank
(http://www.rcsb.org/pdb/home/home.do), H&H) 12a f
3D 45 ¥ f# ] Chemoffice 15.1 % %l , N
Lamarckian Genetic Algorithm 577515 %] 12a 5 HA 454
4%, H PyMOL2.3.1.0 BT S5 M #) kAT vl #i 4k 5
Mr. FIH 2T X #2844 Discovery Studio 2016 1 H 4> F
XA .

$#H A1k} (Supporting Information): 1t &%) 7a~14c [

'H NMR. "*C NMR & X LRl n] Ll 2 AT R
¥l (http://sioc-journal.cn/) | N %K.
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