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Design, Synthesis and Pharmacological Activity Testing of the Novel Neuraminidase Inhibitor

ZHANG Limingl, ZHANG Huixin', YU Jiez, WANG Dechuanl*(l .College of Science, China Pharmaceutical University,
Nanjing 211198, China, 2.Life Science and Technology College, China Pharmaceutical University, Nanjing 210038, China)

ABSTRACT: OBJECTIVE To design, synthesis novel neuraminidase inhibitors and detect their pharmacological activity for
inhibite virus. METHODS The antiviral acyl thiourea fragments were integrated with the benzoic acid structure of
neuraminidase inhibitors. Based on the pro-drug principle, 28 compounds were designed and synthesized and conduct the
pharmacological activity screening. A/FM/1/47 (HIN1) strain was selected for the pharmacological activity test, and the single
concentration(10 umol-L™") inhibition rate of neuraminidase and in vitro virus inhibition test were performed respectively.
RESULTS The results showed that 1-2, I-5, I-11 and I-12 had desirable virus inhibitory activity, I-11 was the best among them.
The virus inhibition rate of compound I-11 could reach 70.50%, which was superior to oseltamivir CONCLUSION
Preliminary study on structure-activity relationship of these 28 compounds will provide a basis for the design of the new
neuraminidase inhibitors in the following study.

KEYWORDS: benzoic acid; neuraminidase; influenza virus
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3 kEE
3.1 EEAEERTA KR

3-F Kk -4-[2-(FF FH Ik )- S-SR AR Lk gt o il ik 12 F
R 2B (Fa) il 3-G Jk-4-[2,2-( ¥ W1 3 )-5- S8 ARt
Mo i 6 1% IR 2L T (Fb) A 5 i 2 A 1 41 i
TR LRI,

3.2 1A RAMEDR 6 &

A-[2-(F% W 5 )-5- S AR e % o ] 2 1-3-[3-(2-
RO F RS i IR 6 12K TR R £ TR (I-1)

50 mL AEENEH I 2-FHEKHER 0.63 g
(4.6 mmol), —FH%E 20 mL, FALIEHL 0.67 mL
(9.3 mmol), [EIJJN 4 h 5, WKYEF 2-F HEIKH
[

50 mL f6 JE M Hohn A i s & 053 g
(7.0 mmo)FH A Bl 8 mL, Hi+kiEfE. SM2wm 2-
FH R R R R S ) PR VA VL, i 0 6 B S iR 2 [
T S AS 3] 2- FR 3 2R FE g O S A R T

50 mL #iEM NN Fa2.3 mmol), A
20 mL, FFEVEAR. SNSRI 2- FF 3 2 O SR
FRBE W, W0 52 B 5 HR 2 R RN o B

SiRZ e, WERASHRY), HZEHr200 HEE
JE3ERL, YRR DCM @ MeOH=100 : 1)75 A o[
40.62 g, W 58.1%.

MS[M+H]": 456.1

'H-NMR(300 MHz, DMSO-dg), &: 12.59(s,
1H, NH):; 11.82(s, 1H, NH): 9.08~9.07(d, 1H,
J=1.5 Hz, ArH): 7.91~7.87(m, 1H, ArH);
7.55~7.41(m, 3H, ArH); 7.32~7.27(m, 2H, ArH);
4.84(s, 1H, OH); 4.38~4.31(q, 2H, CH,):
4.12~4.11(d, 1H, J=3.7 Hz, 1/2CH,); 3.37(s, 3H,
CH;); 2.46~2.43(m, 2H, CH,); 2.42~2.40(m, 2H,
CH,); 2.27~2.08(m, 1H, 1/2CH,); 1.36~1.31(t,
3H, CH;):; 1.05(s, 1H, CH).

4-[2-(F H1 3k )-5- S AR it s Joe B 2k 1-3-[3-(3- HH
TR P P ) B iR ) R R £ BBR (1-2)

FVER -1, UK 60.2%.

MS[M+H]": 456.1

'H-NMR(300 MHz, DMSO-dg); &: 12.10(s,
1H, NH); 9.16(s, 1H, NH); 8.37(s, 1H, ArH);
8.09~8.07(d, 1H, J=8.5Hz, ArH); 7.75~7.70(m,
2H, ArH): 7.46~7.40(m, 2H, ArH); 7.34~7.32(m,
1H, ArH); 4.43~4.38(s, 1H, OH); 4.38~4.33(m,
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2H, CH,): 3.77~3.74(d, 1H, J=7.0 Hz, CH);
3.50~3.47(d, 1H, J=2.5Hz, CH); 2.71~2.66(m,
1H, 1/2CH,); 2.63~2.56(m, 1H, 1/2CH,); 2.44(s,
3H, CH;); 2.31~2.24(m, 2H, CH,); 1.41~1.38(t,
3H, CHj).

4-[2-(F% W 5 )-5- S AR Ak 1 o i) = -3
IR PR ) B MR R 1R R £ BB (1-3)

T T-1, R 59.1%.

MS[M+H]": 456.1

"H-NMR(300 MHz, DMSO-ds), 6: 12.68(s;
1H, NH); 11.56(s, 1H, NH); 9.02(s, 1H, ArH);
7.91~7.87(m, 3H, ArH); 7.55~7.52(d, 1H, J=
9.0 Hz, ArH); 7.36~7.33(d, 2H, J=9.0 Hz, ArH);
4.85~4.81(s, 1H, OH); 4.41~4.38(m, 2H, CH,);
4.12~4.11(d, 1H, J=3.0 Hz, CH); 3.39~3.28(m,
2H, CH,); 2.46(s, 3H, CH;); 2.44~2.35(m, 1H,
1/2CH,); 2.09(s, 1H, CH); 1.41~1.38(t, 3H, CH;).

4-[2-(F H1 2k )-5- S ARt i Joe J 2k 1-3-[3-(2- HH
SR T O I 5 ) At JOR 2 128 Y RR 4 1R (T-4)

T I-1, R 59.1%.

MS [M+H]": 472.1

"H-NMR(300 MHz, DMSO-dy), 6: 12.54(s,
1H, NH); 11.29(s, 1H, NH): 9.05(s, 1H, ArH);
7.94~7.89(dd, 2H, J=1.8 Hz and J=8.2 Hz, ArH);
7.57~7.54(d, 1H, J=8.5 Hz, ArH); 7.32~7.18(m,
3H, ArH); 4.85(s, 1H, OH); 4.36~4.34(m, 2H,
CH,); 4.18~4.12(m, 1H, CH); 4.02(s, 3H, OCH3);
3.39~3.34(m, 2H, CH,); 2.51~2.50(m, 2H, CH,);
2.09(s, 2H, CH,); 1.36~1.31(t, 3H, CH;).

3-[3-(4-H

4-[2-(F P R )-5- AR I 1 e i 2 1-3-[3-(3- HH
AU IR P SRS AR IR 2R ) 8 FR R L BBR(1-5)

T T-1, R 61.2%.

MS[M+H]": 472.1

"H-NMR(300 MHz, DMSO-ds), d: 12.62(s,

IH, NH); 11.71(s, 1H, NH); 8.99(s, 1H, ArH);
7.92~7.89(1H, dd, J=1.9 Hz and J=6.5 Hz, ArH);
7.58~7.54(m, 3H, ArH); 7.48~7.43(m, 1H, ArH);
7.25~7.22(m, 1H, ArH); 4.83(s, 1H, OH);
4.39~4.32(q, 2H, CHy); 4.18(s, 2H, CHy); 3.86(s;
3H, OCHj3); 3.34~3.37(m, 2H, CHy); 2.34~2.32(m,
2H, CHy); 2.12(s, 1H, CH); 1.36~1.31(t, 3H,
CHj).
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4-[2-(F% H 2 )-5- S AR Ak 1% o ] 2 1-3-[3-(4-
SR R B I 2 B IR 225 1 2K B R 416 (1-6)

FER -1, UER 68.2%.

MS[M+H]": 472.1

'H-NMR(300 MHz, DMSO-ds), d: 12.72(s,

1H, NH); 11.55(s, 1H, NH); 9.02(s, 1H, ArH);
8.03~7.90(m, 2H, ArH); 7.88~7.87(d, 1H, J=
3.0 Hz, ArH); 7.54~7.52(d, 1H, J=6.0 Hz, ArH);
7.08~7.06(d, 2H, J=6.0 Hz, ArH); 4.84~4.80(m,
2H, CH,); 4.38~4.31(q, 2H, CH,); 4.09(s, 1H,
OH); 3.85(s, 3H, OCHj3); 2.46~2.41(m, 2H, CH,);
2.28~2.25(m, 1H, CH); 2.09~2.06(m, 2H, CH,);
1.35~1.33(t, 3H, CHj).

A-[2-(F5 H R )-5- S AR L s ot i 5 1-3-(3- 3 &

F HH I A IR 225 ) R H R BB (1-7)

FVER 1-1, U 52.1%.

MS[M+H]": 448.2

'H-NMR(300 MHz, DMSO-dg), : 12.45(s,
1H, NH); 11.42(s, 1H, NH); 8.94~8.93(d, 1H,
J=19 Hz, ArH): 7.86~7.82(m, 1H, ArH);
7.48~7.46(d, 1H, J=8.3 Hz, ArH); 4.85(s, 1H,
OH): 4.34~4.27(q> 2H, CH,); 4.00~3.97(m, 1H,
1/2CH,); 3.26~3.25(m, 1H, 1/2CH,); 2.48~2.46(m,
3H, CH, CH,): 241~233(m, 2H, CH,);:
1.79~1.69(m, 6H, 3xCH,); 1.32~1.27(t, 3H, CH3);
1.26~1.22(m, 5H, CH, 2xCH,).

4-[2-(F% 5L )-5- S AR ML s ot B 5 1-3-(3- 2K &
I 5% B 32 B DR 22 ) 2K FR R 1R (1-8)

HVER -1, IR 48.2%.

MS[M+H]": 470.1

'H-NMR(300 MHz, DMSO-ds), 6: 12.60(s,
1H, NH); 11.67(s, 1H, NH); 9.02(s, 1H, ArH);
7.90~7.87(m, 1H, ArH); 7.81~7.75(m, 1H, ArH);
7.66~7.64(d, 1H, J=6.0 Hz, ArH); 7.54~7.47(m,
3H, ArH); 7.09~7.04(m, 1H, ArH); 4.89(s, 1H,
OH); 4.35~4.33(m, 2H, CH,); 4.10(s, 2H, 2x=CH);
3.35(s, 1H, CH); 2.42~231(m, 2H, CH,);
2.15~2.00(m, 2H, CH,); 1.35~1.30(t, 3H, CH;).

4-[2-(F2 H HE)-5- S AR 1 Jo Pl i 1-3-(3-a- 25 HH
Pkt R 5 ) 2 R £ 18 (1-9)

T 1-1, UK 62.8%.

MS[M+H]": 494.1

'H-NMR(300 MHz, DMSO-ds), 6: 12.65(s,

PR E BRI 2524 2019 4E 7 H 45 36 545 13 1)

1H, NH); 12.10(s, 1H, NH); 9.10(s, 1H, ArH);
8.15~8.13(m, 2H, ArH); 8.06~8.03(m, 1H, ArH);
7.93~7.90(m, 1H, ArH); 7.81~7.79(m, 1H, ArH);
7.69~7.55(m, 4H, ArH); 4.89(s, 1H, OH);
439~432(q, 2H, CHy): 4.19(m, 2H, CH,):
3.44~3.34(m, 2H, CH,); 2.27~2.33(m, 2H, CH,);
2.13~2.11(m, 1H, CH); 1.36~1.32(t, 3H, CHj).

A-[2-(F2 W 35 )-5- A A Ik s o il 6 1-3-[3-(3- HH
AR SR R IR IR 2K TR LR (T-10)

TR 1-1, WK 54.3%.

MS[M+H]": 486.1

"H-NMR(300 MHz, DMSO-ds), d: 12.27(s,

1H, NH); 11.72(s, 1H, NH); 8.86(s, 1H, ArH);
7.85~7.82(m, 1H, ArH); 7.48~7.45(d, 1H, J=8.3 Hz,
ArH); 7.26~7.21(m, 1H, ArH): 6.88~6.81(m, 3H,
ArH); 4.78(s, 1H, OH); 4.34~4.26(q, 2H, CH,);
3.96(s, 2H, CH,);: 3.72(s, 3H, CH;); 1.31~1.26(t,
3H, CHj).

4-[2-(F% HY JR)-5- S0 AR I % ot i 2 1-3-[3-(2- &
AR R B B 6 ) IR RS 1R H R 2 TR (1-11)

JiiER 1-1, YR 58.1%.

MS [M+H]": 486.1

'H-NMR(300 MHz, DMSO-dy), d: 12.54(s,
1H, NH); 11.44(s, 1H, NH); 9.07(s, 1H, ArH);
8.03~7.89(m, 2H, ArH); 7.70~7.64(m, 1H, ArH);
7.57~7.54(d, 1H, J=8.3 Hz, ArH): 7.30~7.27(m,
2H, ArH); 4.82~4.79(m, 1H, CH); 4.39~4.28(m,
4H, CH,):; 4.13(s, 1H, OH); 3.42~3.30(m, 2H,
CH,): 2.46~2.43(m, 2H, CH,); 2.32~2.28(m, 2H,
CH,); 1.55~1.50(t, 3H, CHj); 1.36~1.31(t, 3H,
CH3).

4-[2-(F% W 3 )-5- S A AL s o i 6 1-3-[3-(4- &
SR 2 R HE O 258 ) AR DR 22 128 B R TR (T-12)

JEE 1-1, YR 61.3%.

MS [M+H]": 486.3

'H-NMR(300 MHz, DMSO-dy), d: 12.72(s,

1H, NH); 11.43(s, 1H, NH); 9.03(s, 1H, ArH);
8.02~7.99(d, 2H, J=9.0 Hz, ArH): 7.90~7.87(m,
1H, ArH); 7.54~7.52(d, 1H, J=8.4Hz, ArH);
7.07~7.04(d, 2H, J=8.9 Hz, ArH): 4.80~4.76(m,
1H, CH): 4.39~4.32(m, 2H, CH,); 4.18~4.11(m,
2H, CH,); 4.14(s, 1H, OH): 3.42~3.30(m, 2H,
CH,): 2.46~2.43(m, 2H, CH,); 2.32~2.28(m, 2H,

Chin J Mod Appl Pharm, 2019 July, Vol.36 No.13 - 1659 -



CH,): 1.38~1.36(t, 3H, CHs); 1.34~1.31(t, 3H,
CH3).

4-[2-(F% HH Bk )-5- S AR Ik 0 o ) 5 1-3-[3-(3- S
2% FF R 5 ) B JOR i 1 2% R PR £ TR (T-13)

JER -1, IR 63.2%.

MS[M+H]": 476.0

'H-NMR(300 MHz, DMSO-ds), d: 12.47(s,

1H, NH); 11.80(s, 1H, NH); 9.03(s, 1H, ArH);
8.04(s, 1H, ArH); 7.93~7.88(m, 2H, ArH);
7.75~7.72(d, 1H, J=8.1 Hz, ArH); 7.60~7.53(m,
2H, ArH); 4.80~4.77(m, 1H, CH); 4.39~4.32(m,
2H, CH,); 4.12(s, 1H, OH); 3.41~3.30(m, 2H,
CH,); 2.53~2.43(m, 2H, CH,); 2.11~2.06(m, 2H,
CH,); 1.36~1.24(t, 3H, CHj).

4-[2-(F2 i )-5- S AR Ak s o ] 26 1-3-[3-(2-
HE AL ) BRI ) 2K H R LR (1-14)

FER -1, ULER 62.4%.

MS [M+H]": 436.2

'H-NMR(300 MHz, DMSO-dg), : 12.47(s,
1H, NH); 11.51(s, 1H, NH); 8.91(s, 1H, ArH);
7.89~7.86(d, 1H, J=8.3 Hz, ArH); 7.52~7.49(m,
1H, ArH); 4.80~4.74(m, 1H, CH); 4.38~4.31(m,
2H, CH,); 4.03(s, 1H, OH):; 3.36~3.33(m, 2H,
CH,); 2.78~2.71(m, 1H, CH); 2.29~2.20(m, 2H,
CH,); 1.35~1.21(m, 7H, 2CH,, CHs); 1.08~1.06(t,
3H, CHs); 0.89~0.86(t, 3H, CHj).

4-[2-( ¥ B OE )5 O Mk g ke B
FE1-3-[3-(2-(2,3,5- = T AR I ) £ T 25 ) At iR 25k 1 R
% 2, Fg(1-15)

FVER -1, U 63.2%.

MS [M+H]": 509.1

'H-NMR(300 MHz, DMSO-dg), 6: 12.12(s,
1H, NH); 11.81(s, 1H, NH); 8.83(s, 1H, ArH);
7.89~7.86(m, 1H, ArH);7.60~7.49(m, 3H, ArH);
4.75~4.73(m, 1H, CH); 4.38~4.31(m, 2H, CH,);
4.02(s, 1H, OH); 3.89(s, 2H, CH,); 3.31~3.23(m,
2H, CH,); 2.50~2.49(m, 1H, 1/2CH,); 2.39~2.14(m,
2H, CH,); 2.00~1.96(m, 1H, 1/2CH,); 1.35~1.30(t,
3H, CHj).

4-[2,2-( = & H I H)-5- A AR M g ke B
FE1-3-[3-(2- F 3k 2% P I R ) i DR 256 10K R R & B
(II-1)

50 mL AR M 2-FEZKHER 0.63 ¢
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(4.6 mmol), —FH%E 20 mL, AL 0.67 mL
(9.3 mmol), [EIM 4 h )5, RYEE 2-FH IR H
[

50 mL i JE R om N B BB B 053 ¢
(7.0 mmo) A B 8 mL, #HiHEiEM. S2wn 2-
FH 5 5 5 S ) PR RV, TR I o8 BB S IR & [
VLS N A5 2] 2- HH J 2R FE e L S o R 1S

50 mL #AiJE I Fb(2.3 mmol), A
20 mL, $FEIEMAE. SRS IN 2- H 2L 2K H I 2 S A
FRRBE M, W0 e B e TR B R R N . RN
iRz E, WIERRASHARY), HZET00 HiE
R, L7 DCM @ MeOH=50 : 1)75 4 {4 [fl &
0.40 g, F=% 35.4%.

MS [M+H]": 488.1

'H-NMR(300 MHz, DMSO-ds), 6: 12.55(s,
1H, NH); 11.76(s, 1H, NH); 9.08(s, 1H, ArH);
7.86~7.85(m, 1H, ArH) ; 7.54~7.41(m, 3H, ArH);
7.32~7.29(m, 2H, ArH); 5.31(s, 1H, OH); 4.89(s,
1H, OH); 4.38~4.31(q, 2H, CH,); 3.54~3.48(m,
2H, CH,): 3.33(s, 3H, CH;):; 3.22~3.17(m, 2H,
CH,); 2.44~2.40(m, 2H, CH,); 2.21~2.20(m, 2H,
CH,): 1.35~1.31(t, 3H, CHj).

4-[2,2-( = ¥ W B )-5- H AR ke B
K 1-3-[3-(3- H A= 2R H 9 R ) i R R 0K IR & TR
(I1-2)

J7VEE -1, R 40.3%.

MS[M+H]": 488.1

'H-NMR(300 MHz, DMSO-ds), 6: 12.58(s,
1H, NH); 11.56(s, 1H, NH); 9.03(s, 1H, ArH);
7.88~7.75(m, 3H, ArH); 7.55~7.42(m, 3H, ArH);
5.31(s, 1H, OH); 4.86(s, 1H, OH); 4.38~4.31(q;
2H, CH,): 3.53~3.47(m, 2H, CH,); 3.34(s, 3H,
CHj); 3.19~3.16(m, 2H, CH,); 2.45~2.39(m, 2H,
CH,); 2.20~2.15(m, 2H, CH,); 1.35~1.31(t, 3H,
CHs).

4-[2,2-( = ¥ W e )-5- H AR ke B
FE1-3-[3-(4- H 3k 2% R L ) i R R 1 2K R R 4 1
(I1-3)

FVER -1, % 39.7%.

MS[M+H]": 488.1

'H-NMR(300 MHz, DMSO-ds), 6: 12.62(s,
1H, NH); 11.51(s, 1H, NH); 9.05(s, 1H, ArH);
7.91~7.85(m, 3H, ArH); 7.55~7.52(m, 1H, ArH);
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7.36~7.33(m, 2H, ArH); 5.29(s, 1H, OH); 4.82(s,
1H, OH); 4.38~4.31(q, 2H, CH,); 3.57~3.48(m,
2H, CH,): 3.32(s,» 3H, CHj); 3.20~3.15(m, 2H,
CH,); 2.45~2.39(m, 2H, CH,); 2.20~2.15(m, 2H,
CH,); 1.35~1.31(t, 3H, CHi).

4-[2,2-( = ¥ W )-5- F QML s ke B
B 1-3-[3-(2- H A0 2% FH I 66 ) o R ik ] 2% Y IR 2 T
(11-4)

T -1, R 41.6%.

MS[M+H]": 504.1

'H-NMR(300 MHz, DMSO-ds), 6: 12.54(s,
1H, NH); 11.32(s, 1H, NH); 9.05(s, 1H, ArH);
7.95~7.89(m, 2H, ArH); 7.68~7.65(m, 1H, ArH);
7.57~7.54(m, 1H, ArH); 7.31~7.29(m, 1H, ArH);
7.20~7.15(m, 1H, ArH); 4.86~4.83(m, 2H, CH,);
4.39~4.32(q> 2H, CH,); 4.13(s, 1H, OH); 4.02(s,
3H, CHs);: 3.39~3.32(m, 2H, CH,); 2.48~2.43(m,
2H, CH,):; 2.09(s, 1H, OH); 1.36~1.31(t, 3H,
CHs).

4-[2,2-( = ¥ W JE)-5- FH QWL s ke B
B 1-3-[3-(3- HH A0 2% FH I 66 ) o R ik 2% R 2 T
(I1-5)

J7VEE -1, R 42.5%

MS[M+H]": 504.1

'H-NMR(300 MHz, DMSO-ds), 6: 12.57(s,
1H, NH); 11.65(s, 1H, NH); 9.01(s, 1H, ArH);
7.89~7.85(m, 1H, ArH); 7.55~7.52(m, 3H, ArH);
7.47~7.42(m, 1H, ArH); 7.23~7.20(m, 1H, ArH);
5.29(s, 1H, OH); 4.83(s, 1H, OH); 4.38~4.34(q,
2H, CH,); 3.85(s,» 3H, CHj); 3.53~3.47(m, 2H,
CH,): 3.19~3.14(m, 2H, CH,); 2.49~2.43(m, 2H,
CH,): 2.20~2.08(m, 2H, CH,): 1.38~1.24(t, 3H,
CHs).

4-[2,2-( = ¥ W I )-5- A AR M g ke Wi
FE1-3-[3-(4- FF 5 25k 2% FR I 3% ) ot R 35 1 2K R TR & 1
(I1-6)

J7iEE -1, R 41.9%.

MS[M+H]": 504.1

'H-NMR(300 MHz, DMSO-dg), : 12.68(s,
1H, NH): 11.45(s, 1H, NH); 9.06(s, 1H, ArH);
8.03~7.89(m, 2H, ArH); 7.88~7.85(m, 1H, ArH);
7.55~7.52(m, 1H, ArH); 7.09~7.05(m, 2H, ArH);
5.29(s, 1H, OH); 4.82(s, 1H, OH); 4.39~4.32(q,
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2H, CH,): 3.84(s, 3H, CH;): 3.55~3.50(m, 2H,
CH,); 3.20~3.17(m, 2H, CH,); 2.46~2.09(m, 4H,
2xCH,); 1.36~1.28(t, 3H, CHj).

4-[2,2-( 35 1 5R)-5- S AL g e i 6 1-3-(3- 2
L) TR AL JOR 25 ) 2 FHY R, U T (XT-7)

T3 R -1, R 35.8%

MS[M+H]": 498.2

"H-NMR(300 MHz, DMSO-dy), d: 12.55(s,
1H, NH); 11.62(s, 1H, NH); 9.04(s, 1H, ArH);
7.75~7.66(m, 1H, =CH); 7.55~7.53(m, 2H, ArH);
7.49~7.48(m, 4H, ArH); 7.14~7.10(m, 1H, =CH);
531(s, 1H, OH); 4.83(s, 1H, OH); 4.36~4.34(m,
2H, CH,); 3.60~3.50(m, 5H, =CH, 2xCH,); 3.19(s,
2H, CH,): 2.46(s, 1H, =CH); 2.24~2.19(m, 2H,
CH,): 1.36~1.31(t, 3H, CHj).

4-[2,2-( 35 F Jk)-5- S AL s A P 52 1-3-(3-a-
2% F I 4 R ) 2% R R 2. (T1-8)

JivER -1, % 42.5%.

MS[M+H]": 524.1

'"H-NMR(300 MHz, DMSO-dy), 6: 12.60(s,
1H, NH); 12.03(s, 1H, NH); 9.10(s, 1H, ArH);
8.16~8.12(m, 2H, ArH); 8.06~8.03(m, 1H, ArH);
7.90~7.87(m, 1H, ArH); 7.80~7.78(m, 1H, ArH);
7.67~7.54(m, 4H, ArH); 5.33(s, 1H, OH); 4.98(s,
1H, OH); 4.37~4.33(m, 2H, CH,); 3.55~3.52(m,
2H, CH,): 3.28~3.20(m, 2H, CH,); 2.50~2.49(m,
1H, 1/2CH,); 2.49~2.45(m, 2H, CH,); 1.36~1.32(t,
3H, CHj;); 1.07~1.02(m, 1H, 1/2CH,).

4-[2,2-( — £ FE)-5- AR itk i g R 2 -3-
[3-(2- 258 225 2 R I 228 ) B R 225 1 2K HH R 2. TR (TT-9)

TR -1, R 41.2%.

MS[M+H]": 516.2

'H-NMR(300 MHz, DMSO-ds), 6: 12.52(s,
1H, NH); 11.41(s, 1H, NH); 9.11(s, 1H, ArH);
8.11~8.04(d, 1H, J=7.7 Hz, ArH); 7.90~7.87(d,
1H, J=8.2Hz, ArH); 7.69~7.64(m, 1H, ArH);
7.57~7.54(d, 1H, J=8.3Hz, ArH): 7.30~7.27(d,
1H, J=8.4Hz, ArH); 7.21~7.16(m, 1H, ArH);
4.70(s, 2H, OH); 4.39~4.28(m, 4H, 2CH,);
3.60~3.49(m, 2H, CH,); 3.27~3.15(m, 2H, CH,);
2.50~2.46(m, 2H, CH,); 2.23~2.21(m, 2H, CH,);
1.56~1.51(t, 3H, CHj); 1.36~1.32(t, 3H, CHj).
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4-[2,2-( = 2 H FE )-5- S AR ik mg T R 2 ]-3-
[3-(2- £ 58 Fk 2 FH G 5 ) B JUR i 1 2R HH PR 2 TR (TT-10)
FER -1, I 40.2%.

MS[M+H]": 516.2
'H-NMR(300 MHz, DMSO-ds), d: 12.68(s,
1H, NH): 11.37(s, 1H, NH); 9.08(s, 1H, ArH);

8.02~7.99(d, 2H, J=7.7 Hz, ArH); 7.90~7.87(d,
1H, J=9.0 Hz, ArH); 7.55~7.52(d, 1H, J=8.3 Hz,
ArH); 7.07~7.04(d, 2H, J=8.9 Hz, ArH); 5.27(s,
1H, OH); 4.78(s, 1H, OH); 4.39~4.32(m, 2H,
CH,); 4.18~4.11(m, 2H, CH,); 3.60~3.46(m, 2H,
CH,); 3.25~3.14(m, 2H, CH,); 2.50~2.44(m, 2H,
CH,); 2.21~2.16(m, 2H, CH,); 1.38~1.31(t, 6H,
2CH;).

4-[2,2-( = F& 3 )-5- S ARt s b i 2 )-3-
[3-(2- 258 25k 2 FR I 228 ) Bt JOR 225 12K HR IR 2 T (TE-11)

1A -1, R 39.6%

MS[M+H]": 506.1
'H-NMR(300 MHz, DMSO-dg), : 12.47(s,
1H, NH); 11.80(s, 1H, NH); 9.03(s, 1H, ArH);

8.04(s, 1H, ArH); 7.93~7.88(m, 2H, ArH);
7.75~7.72(d, 1H, J=8.1 Hz, ArH); 7.60~7.53(m,
2H, ArH); 5.27(s, 1H, OH); 4.78(s, 1H, OH);
4.39~4.32(m, 2H, CH,); 3.60~3.46(m, 2H, CH,);
3.25~3.14(m, 2H, CH,); 2.50~2.44(m, 2H, CH,);
2.21~2.16(m, 2H, CH,); 1.36~1.24(t, 3H, CH;).

4-[22-( = & H ) -5- S AT ML % ke wd
FE1-3-[3-(2- & 58 F5 2% HR I 3% ) ok iR 36 1 2K R TR & 1

(I1-12)

J7VEE -1, % 38.1%.

MS[M+H]": 540.2

'H-NMR(300 MHz, DMSO-dg), : 12.47(s,
1H, NH); 11.51(s, 1H, NH); 8.93~8.96(m, 1H,

ArH); 7.86~7.83(d, 1H, J=8.3 Hz, ArH); 7.52~7.49
(m, 1H, ArH): 5.24(s, 1H, OH): 4.73(s, 1H,
OH); 4.38~4.31(m, 2H, CH;); 3.58~3.44(m, 2H,
CH,); 3.20~3.08(m, 2H, CH,); 2.75~2.70(m, 1H,
CH); 2.50~2.35(m, 2H, CH;); 2.17~2.08(m, 2H,
CH,): 1.59~1.24(m, 7H, 2CH,, CHs); 1.08~1.06(t,
3H, CH;); 0.91~0.86(t, 3H, CHj)o

4-[2,2-( — 3 W BE) -5- AR I ng Joe i R 1-3-
[3-(2- £ 58 55 7 FH PR 250 ) A DR 225 1 HH TR 2L BB (TT-1.3)

JidE -1, R 43.1%.
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MS[M+H]": 540.2

"H-NMR(300 MHz, DMSO-dg), &: 12.11(s,
1H, NH); 11.74(s, 1H, NH); 8.89(s, 1H, ArH);
7.86~7.83(m, 1H, ArH);7.58~7.48(m, 3H, ArH);
5.25(s, 1H, OH); 4.75(s, 1H, OH); 4.38~4.31(m,
2H, CH,); 3.86(s, 2H, CH,): 3.57~3.43(m, 2H,
CH,); 3.18~3.04(m, 2H, CH,); 2.50~2.01(m, 4H,
2CH,); 1.35~1.30(t, 3H, CHj).

4 EYEMNIE
4.1 SHRBORT A/FM/1/ATHIND-NA HIH]5E
) g

o BE 00 NA 1] DU 7 M Hb 53 i ¢ 6 IR )
MUNANA, 724 586 T LU R E &2 NA g
PEo LI 96 FLEEAR, tLE&4H DMSO #fiEH
R % 1000 pmol- L™ AL NN 44 uL MES ZZf
W, M 30 uL LA MES #i B[ A/FM/1/47 (HIN1)
I BE IR (FE HBARFY 12 10), BRI 1 pl f9ARM
AR EN 10 pmol-L), 2251EA, BT
37 CH¥ 8 5 min, EOGEEMERFLIIA 25 pL 1) NA
B JEY MUNANA, BT 37 CIHEHE
30 min, HJEEEFLIIA 100 pL &R, 2%
Bl FRAC TR e K 360 nm, 2SR 450 nm &b
JE G, THE & WE YT HINT B 5 NA 75
PRSI ZE o S50 [R5 B AN I 25 0 25 0 R4 .
MG R W% 3.

NA ] 2 (%)= A % & 41 1 5 e B - n 24
Y9 AR )/ 2 A AL 5 G E < 100%

4.2 SHABOREE A/FM/1/4THIND) AR SN0 S
PE I 2

WIEOR ARG MDCK 4iffl)5, S5 MDCK
Y= A AN MR AR R RE T, B IS AN AR H B
WD, NS SRR . MTT 3RS 4 H 5900
TGS IELE, B HAM L 4 Rk, Ul
BT M 0 e, D)3 B 24 0 o 2 1 40 ) 4
A .

MDCK 2 il FH % 10%H5 21 .37 Y] DMEM 15 7%
Hfr 5x10" mL™ KRR 96 FLIEFRIR, ML
100 uL, & 37 C, 5% CO, ¥4 7= % e
AN . 7 BiE S, F PBS K4 bEk 2 X,
PAYE £ TR B MG 2R 35, AR A S G4 5 1
DMEM K% 7% 3 75 B¢ & 100 TCIDso ¥t /2% 95 58
A/FM/1/47 (HIN1)E G4, 44l 100 uL, 37 C
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WH 2h G, FEE. RIS s R RERNANFEEG=))

YIRS 4 BN B4 2 MDCK 4ifrh, fifLzs Tab. 3 Biological activities of compounds (n=3)
b2 /%

LIRS 10 pmoL L™, SL50 I 35 11 48 ot e AFM/IATHIND-NA _ A/FM/I/A7(HIND)
TR, R 41 . MDCK 4T 37 C. 5% CO, - s e
KPR 9% 48 h, B H W4 R AL . 48 h 13 9.26 ND
J5, P MTT B BUZHRIE 77, BEARAX 490 nm Wl it 013 e
SEAE, THEDR RN R R 3. ig 122;2 Eg
I3 BEFNH R (%) =(A mzsa—A wimwna)/ (A Eaamma— I-8 4.25 ND
A ) <100% II-190 235 11;.];0
IR0 EL AL 5 0RO PR (R 3), T A3 L 02 1050
LR BIATLR ZUAL S Y AR S0 Bl 0 ) PR 38 B 22 113 11.62 7.37
(AL A1) 1215 A1 1-12 34 G 7 A/EM/1/47 s 20.99 Ny
(HLINT) f 88— 9 J52 400 1 3 7 B2 0 3L W) i 5 o o o
(47.37%), &Y 1-11 X A/FM/1/47(HINT) #4011 113 7.22 ND
SR 70.50%, B TR A s e 068
s st e ' v
51 S TFMIENR 11-8 8.31 ND
TG F AR A AT 4 TRHED . NA F9 A% 236
4% HINI-NA(pdb code: 2HUO); 4 Xk 1 v > o
1% H Schrodinger; 1EREIZAFEH Pymol, WL 3. 1-13 18.62 12.07
BE b 56.36 47.37

l[/ri
N TE

Argl52

B3 ftewhwaames g RE

A-T-11 5 NAQHUO)X 4R B B-I-14 5 NAQHUO)X AU K C-1-15 5 NAQHUO)X HAUR K D-1-11 5 NAQHUO) A2 8 E il )1
E-I-11 5 NAQHUO0) 2 [Al{F F R E (2D);  F-II-11 5 NA(QHU0) 2 [l A B E (2D)

Fig. 3 Interactions of compounds to the binding site of NA

A-I-11 bind to NA(2HU0); B-1-14 bind to NA(2HUO0); C-I-15 bind to NA(2HUO); D-hydrogen bond force between I-11 and NA(2HUO); E-2D figure
of I-11 bind to NA(2HUO); F-2D figure of II-11 bind to NA(2HUO).
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RIE L R H: OEREYRS
NA JEPEO g A, W 3a~3b, (HEZRK LR
FREEN W1, KT 5 NA S1 X /EA,
JIT DA S AT B S v E A 22 . (HRERREIL 2 )G,
1585 NA 1) Arg 156 fEEEB/EM 71, WE 3d.
@ HARML AP Eg F IR EARF, 5 NA
SH5ER AR, 1 KRIMLEWRZFEET LS
NA S3 X Arg 152 JE A BEER; 1T R 5L
L2 AN RS Glu 277 #T Gln 119 T8 A 8
YER. I 25MLEM S NA IS SRR e T 1 &
A, SEIFHB—E, LK 3e~3f. @ Hix
G W gt o R 5 ] S Ik R ) NHL W] B
5 Arg 152 TR RS AE T, nTRAIG NS NA Z[H) )
SiGER, WK 3e. @A IR 0 BRI X H )
A5 NA 1456 77 Nt A B 52 me o 4 B
RN EREEIN, "TLLS Arg 224 K n-BHE TF1E
F s 10 2 AR 3 9 i o 2 A B, D) 2 2335 4 1
1, BelidEYs NA EREGKER 7. GI-11
HHIR ISR AR FE G HEN 150-28 ik ss, L
3a; 1-14 1) 2- 1 EL L B 1E N NA 430-7F )1
(s, LK 3b; MEURER =K S KR,
HIFREHEN NA [ 430-2 5, WA 3c.

5.2 VIR

AT FUER R 28 AN i B A 77 1 25 44 S v PR
KR, MITHISHB LRI ERER: O
B R FR B AU AT 24, B AR S
PEECTY, EMRRIEE NA RANEHE LT . @1 R4
5 11 g0, ERREEAEFIREL T, Ao E
P g VR AR, T B R X R R R 2R
) A SN PR I AN K . @EUREE AN,
X T MRS R . X SR R BEHEN NA
AR 430-75 st (1-15. TI1-13), S g 40 s
PR . @4 iHFIA N EES NA L4 S,
FIRFAE A 150-2 [l F 430-5 s &, SR
NA #il g .

53 EBY

AT 58 A S 45 % R IR T 28 B o 77 R 00 0
FIROR R G Tt #& 1 — 2 70 . O] (1) B
EESHREEEZERBOR, AR AR 28 R
Py A 00 a1 700 P 200 B 1k AT UK IR HAR R %R
P52 A AFEVE DU 248 fl . @il o8
AR JE 4k 22 2 M bl 770 1 5 Rt 9 3 49 K B
ARAIA I B S K RO 7 BE AR K, BA
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WS ) BE S vh O g SRR, SiEtR
O 150-7F fE R 430-FIE 4G, ARSI R
£ 13T 2R F R IR 2 NA Il 57).
6 %ZEit

AR B FEE LT 28 ASE5 M H B 2K B R
RAEYy, FEREAT T B AN M K T A A 1 D
W, WEY -1 ARG R s, ek
TRl EXF R R RFAT B A, NIRRT ERZE NA
I 7 R B 9 SR AL A

REFERENCES

[1] TAUBENBERGER J K, MORENS D M. The pathology of
influenza virus infections [J]. Annu Rev Pathol, 2008, 3(1):
499-522.

[2] MATEOSOVICH M, KLENK H D. Natural and synthetic
sialic acid-containing inhibitors of influenza virus receptor
binding [J]. Rev Med Virol, 2003, 13(2): 85-97.

[3] VONI, WU W Y, KOK G B, et al. Rational design of potent
sialidase-based inhibitors of influenza virus replication [J].
Nature, 1993, 363(6428): 418-423.

[4] DUNN C J, GOA K L. Zanamivir: a review of its use in
influenza [J]. Drugs, 1999, 58(4): 761-784.

[5] KIM C U, LEW W, WILLIAMS M A, et al. Influenza
neuraminidase inhibitors possessing a novel hydrophobic
interaction in the enzyme active site: design, synthesis, and
structural analysis of carbocyclic sialic acid analogues with
potent anti-influenza activity [J]. J Am Chem Soc, 1997,
119(4): 681-690.

[6] MCCLELLAN K, PERRY C M. Oseltamivir: a review of its
use in influenza [J]. Drugs, 2001, 61(2): 263-283.

[7] CHAND P, KOTIAN P L, DEHGHANI A, et al. Systematic
structure-based design and stereoselective synthesis of novel
multisubstituted cyclopentane derivatives with  potent
anti-influenza activity [J]. J Med Chem, 2001, 44(25): 4379-
4392.

[8] KUBO S, TOMOZAWA T, KAKUA M, et al. Laninamivir
prodrug CS-8958, a long-acting neuraminidase inhibitor,
shows superior anti-influenza virus activity after a single
administration [J]. Antimicrob Agents Chemother, 2010, 54(3):
1256-1264.

[91 DAS K. Antivirals targeting influenza A virus [J]. J Med
Chem, 2012, 55(14): 6263-6277.

[10] NGUYEN H T, NGUYEN T, MISHIN V P, et al. Antiviral
susceptibility of highly pathogenic avian influenza A(H5N1)
viruses isolated from poultry, Vietnam, 2009-2011 [J]. Emerg
Infect Dis, 2013, 19(12): 1963-1971.

[11] SAMSON M, PIZZOMO A, ABED Y, et al. Influenza virus
resistance to neuraminidase inhibitors [J]. Antiviral Res, 2013,
98(2): 174-185.

[12] SUDBECK E A, JEDRZEJAS M J, SINGH S, et al.
Guanidinobenzoic acid inhibitors of influenza virus
neuraminidase [J]. J Mol Biol, 1997, 267(3): 584-594.

[13] Effe, M, AR, & KRR L EY
B E R g PIE, 104447481 A[P]. 2015-03-25.

[14] DING Y, DOU J, TENG Z, et al. Antiviral activity of baicalin
against influenza A (HIN1/H3N2) virus in cell culture and in
mice and its inhibition of neuraminidase [J]. Arch Virol, 2014,
159(12): 3269-3278.

Wk H Y. 2018-09-10
(R 5i: HEE)

PR E BACR T 2424 2019 4E 7 H 4 36 5545 13 1)




