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Abstract Twenty-seven novel chalcone derivatives were designed and synthesized as neuraminidase(NA) inhibitors.
A concise suitable synthetic strategy was employed in the target compounds’ synthesis with relatively high yields.

The synthesized compounds were evaluated for their inhibitory activities against the NA of influenza A virus in vitro.
The results show that compound 9b possesses the most potent NA inhibitory activity. Structure-activity relationship
studies indicate that the chalcone system and hydrogen bond donor substituent are significant for the NA inhibitory
activity. And the chalcone derivatives containing pyran ring have better NA inhibitory activity than those without the

pyran ring. In addition, molecular docking studies reveal that compounds 9b and 9u are in the good binding mode
with Zanamivir binding sites. This study indicates that compound 9b could be selected as a potent compound for fur-
ther structural optimization and development of novel NA inhibitors.
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1 Introduction

The influenza virus infection is one of the most serious
threats to worldwide public health and causes large economic
and property lossest"?. The pandemic of influenza of H3N2
mutation caused more than 300 deaths in Hong Kong in 2017.
At present, two classes of anti-influenza drugs that have been
approved to treat influenza are M2 ion channel protein inhibi-
tors and neuraminidase(NA) inhibitors®—>. Amantadine and

[6,7]

rimantadine are M2 ion channel inhibitors Zanamivir,

Oseltamivir, Peramivir and Laninamvir are NA inhibitors®.
Compared with M2 inhibitors, NA inhibitors have improved
security and availability for the treatment of influenza™. How-
ever, current treatment has been limited due to the emergence
of resistant viral strains and strong side effects!!®!"!. Therefore,
it is of great importance to develop novel NA inhibitors, which
contain a new scaffold with higher efficacy and enhanced tole-
rability against resistant viral strains!'>.

Natural products are a continuing source of novel drug
leads!* "1, Sulfuretin with furan moiety has been demonstra-
ted to be a potent NA inhibitor with an ICsy(half maximal inhi-
bitory concentration) value of 29.6 pmol/L!®. 4-Hydroxyder-
ricin(Fig.1), an alkylated chalcone from Angelica keiskeli,
showed potent NA inhibition with an ICsy value of 42.1
pumol/LM”). Kumatakenin(Fig.1), isolated from the root of
Glycyrrhiza uralensis, showed potent NA inhibitory activity
with an ICs, value of 36.4 pmol/LI'®). All these natural com-

pounds contained chalcone moiety, indicating that chalcone
moiety is critical for NA inhibitory activity. Moreover, incor-
poration of a furan ring into the chalcone scaffold seems to be
beneficial to inhibitory activity, as evidenced by the NA inhibi-
tory superiority of Sulfuretin over 4-hydroxyderricin. These
inspired us to develop novel chalcone derivatives as potential
NA inhibitors. Using natural Sulfuretin as the lead compound, a
series of novel chalcone derivatives was designed and synthe-
sized as potential NA inhibitors(Scheme 1). NA inhibitory ac-
tivities of the synthesized compounds were evaluated in vitro,
and their structure-activity relationship(SAR) was also investi-
gated.

B oo

“TOH
Kumatakenin

MO ~“0OH

4-Hydroxyderricin

Fig.1 Structures of natural products 4-hydroxyderricin
and Kumatakenin

0 19 —70
HO—={ 7™\ .OH Ring TN
= g o L S R
¥ "OH =Y
0
Sulfurctin 9a—9x
{Lead compound ) Target compound

Scheme 1 Design strategy of target compounds
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2 Experimental

2.1 Reagents and Instruments

All the solvents and reagents were commercially available
and used without further purification unless specified. All reac-
tions were monitored by thin-layer chromatography(TLC) on
0.25 mm Huanghai GF254 silica gel coated plates. Flash
column chromatography was performed on a column packed
with silica gel(300—400 mesh) using petroleum ether and ethyl
acetate as eluent. The 'H and '*C NMR spectra were recorded
on a Bruker 400 MHz Advance spectrometer using tetrame-
thylsilane(TMS) as the internal standard. Mass spectra were
obtained on a Finnigan LCQ Advantage MAX instrument with
electrospray ionization(ESI-MS) method. Elemental analyses
were performed with a Vario EL III(Germany) instrument.

2.2 General Synthetic Procedure for Target
Compounds 3 and 5

To a solution of NaOH(6.0 mmol) in EtOH(20 mL) were
added compound 2 or 4(2.0 mmol) and 4-hydroxybenzaldehyde
(2.0 mmol). Dilute HC] was added to adjust the pH value to 2
and then the mixture was filtered. The residue was purified by
column chromatography to afford corresponding compound 3
or 5.

(E)-1-(4-Hydroxy-2,2-dimethyl-2,3-dihydrobenzofuran-7-
yl)-3-(4-hydroxy-phenyl)prop-2-en-1-one(3): a white solid,
yield 54%, m. p. 244—245 °C. "H NMR(400 MHz, DMSO-dj),
J: 10.29(s, 1H), 10.01(s, 1H), 7.67(d, J=15.6 Hz, 1H),
7.60—7.49(m, 4H), 6.84(d, J=7.8 Hz, 2H), 6.43(d, J=38.6 Hz,
1H), 2.91(s, 2H), 1.51(s, 6H). '*C NMR(100 MHz, DMSO-d,),
J: 185.74, 160.42, 159.66, 158.78, 141.62, 130.26, 130.11,
126.09, 122.62, 115.98, 114.19, 112.98, 108.93, 88.64, 40.15,
28.11. ESI-MS, m/z: 311[M+H]". Elemental anal.(%) calcd. for
CioH304: C 73.53, H 5.85; found: C 73.56, H 5.83.

(E)-1-(7-Hydroxy-2,2-dimethyl-2,3-dihydrobenzofuran-5-
yl)-3-(4-hydroxy-phenyl)prop-2-en-1-one(5): a white solid,
yield 58%, m. p. 223—224 °C. '"H NMR(400 MHz, DMSO-d,),
J: 10.03(s, 1H), 9.52(s, 1H), 7.69(d, J=7.5 Hz, 2H),
7.56—7.66(m, 3H), 7.41(s, 1H), 6.82(d, J=7.5 Hz, 2H), 3.07(s,
2H), 1.45(s, 6H). *C NMR(100 MHz, DMSO-dy), J: 187.04,
159.76, 150.65, 142.93, 141.57, 131.37, 130.65, 128.36, 126.03,
118.74, 117.81, 115.76, 115.70, 88.50, 42.18, 27.96. ESI-MS,
m/z: 311[M+H]". Elemental anal.(%) calcd. for C;oH;3O4: C
73.53, H 5.85; found: C 73.55, H 5.83.

2.3  General Synthetic Procedure for Target
Compounds 9a—9r

A suspension of 2,2-dimethyl-2,3-dihydrobenzofuran-7-ol
(50.0 mmol), acrylonitrile(500.0 mmol), and K,CO;(5.0 mmol)
in tert-butanol(5.0 mmol) was stirred at reflux for 48 h. After
cooling to room temperature, the reaction was quenched with
85% phosphoric acid(4.0 mmol). The mixture was concentrated
in vacuo. The residue was dissolved in CH,Cl, and then the
mixture was filtered and the filtrate was washed with sodium

hydroxide solution and brine. The organic layer was concen-
trated in vacuo to give compound 6 as a white solid. A mixture
of compound 6(20.0 mmol) and concentrated HCI(30 mL) was
stirred at reflux for 2 h, then poured into 100 mL of ice water
and filtered. The precipitate was washed with brine and dried to
afford compound 7 as an orange-red solid. The mixture of po-
lyphosphoric acid(15 mL) and compound 7(10.0 mmol) was
stirred at 60 °C for 1.5 h, then 100 mL of ice water was added.
The mixture was stirred for 0.5 h and then extracted with ethyl
acetate.The organic phase was washed with sodium hydroxide
solution and brine, dried by anhydrous sodium sulfate and
concentrated in vacuo. The residue was purified via flash silica
gel column chromatography to afford compound 8 as a yellow
solid.

Phosphoric acid(85%, 8 mL) was stirred at 80 °C. Then
compound 8(1.5 mmol) and substituted aromatic aldehydes
(1.6 mmol) were added. The reaction mixture was added to the
appropriate amount of ice water and stirred for 30 min. The
resultant mixture was extracted with ethyl acetate. The organic
phase was washed with saturated sodium bicarbonate solution
and saturated brine, dried over anhydrous sodium sulfate, and
then filtered and then filtrate was concentrated under reduced
pressure. The residue was purified by column chromatography
or recrystallization from ethanol to afford the desired com-
pounds 9a—09r.

(E)-7-(3-Hydroxybenzylidene)-2,2-dimethyl-2,3,7,8-tetra-
hydro-6H-furo[3,2-h]chromen-6-one(9a): a brown solid, yield
64%, m. p. 204—206 °C. 'H NMR(400 MHz, DMSO-dy), ¢
9.74(s, 1H), 7.65(s, 1H), 7.39(d, J=8.0 Hz, 1H), 7.28—7.34(m,
1H), 6.97(d, J=8.0 Hz, 1H), 6.80—6.90(m, 3H), 5.37(d, J=1.8
Hz, 2H), 3.09(s, 2H), 1.45(s, 6H). *C NMR(100 MHz,
DMSO-dg), o: 181.53, 157.41, 146.44, 145.60, 137.11, 136.10,
135.23,130.98, 130.34, 122.00, 121.49, 119.21, 118.84, 117.12,
116.75, 88.88, 67.60, 42.96, 28.06. ESI-MS, m/z: 323[M+H]".
Elemental anal.(%) calcd. for CyoH;304: C 74.52, H 5.63; found:
C74.31,H5.58.

(E)-7-(4-Hydroxybenzylidene)-2,2-dimethyl-2,3,7,8-tetra-
hydro-6 H-furo[3,2-h]chromen-6-one(9b): a yellow solid, yield
57%, m. p. 203—205 °C. 'H NMR(400 MHz, DMSO-dy), o:
10.14(s, 1H), 7.66(s, 1H), 7.36(d, J/=7.8 Hz, 1H), 7.33(d, J/=8.0
Hz, 2H), 6.95(d, J=7.8 Hz, 1H), 6.89(d, /=8.0 Hz, 2H), 5.39(d,
J=1.9 Hz, 2H), 3.08(s, 2H), 1.44(s, 6H). *C NMR(100 MHz,
DMSO-dg), d: 181.41, 159.19, 146.39, 145.39, 137.35, 135.76,
133.03, 128.02, 125.15, 122.15, 119.12, 118.68, 116.03, 88.79,
67.79, 42.93, 28.07. ESI-MS, m/z: 323[M+H]". Elemental
anal.(%) calcd. for C,yH;304: C 74.52, H 5.63; found: C 74.47,
H5.61.

(E)-7-(3-Chloro-4-hydroxybenzylidene)-2,2-dimethyl-2,3,
7,8-tetrahydro-6 H-furo[3,2-h]chromen-6-one(9¢c): a  yellow
solid, yield 37%, m. p. 188—190 °C. 'H NMR(400 MHz,
DMSO-dg), §: 10.91(s, 1H), 7.63(s, 1H), 7.52(s, 1H), 7.37(d,
J=8.0 Hz, 1H), 7.27(d, J=8.4 Hz, 1H), 7.09(d, /=8.4 Hz, 1H),
6.95(d, J=8.0 Hz, 1H), 5.39(d, J=1.9 Hz, 2H), 3.08(s, 2H),
1.44(s, 6H). '*C NMR(100 MHz, DMSO-dy), 6: 181.11, 155.08,
146.72, 145.72, 135.83, 132.80, 131.13, 129.65, 126.52, 122.36,
120.62, 119.26, 118.76, 117.19, 116.24, 88.79, 67.89, 43.19,
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28.34. ESI-MS, m/z: 735[2M+Na]". Elemental anal.(%) calcd.
for C,,H,,C10,: C 67.33, H 4.80; found: C 67.21, H 4.76.
(E)-7-(3-Bromo-4-hydroxybenzylidene)-2,2-dimethyl-2,3,
7,8-tetrahydro-6 H-furo[3,2-h]chromen-6-one(9d): a  yellow
solid, yield 41%, m. p. 206—208 °C. 'H NMR(400 MHz,
DMSO-dg), d: 10.94(s, 1H), 7.64(d, J=12.3 Hz, 2H), 7.36(d,
J=7.2 Hz, 1H), 7.30(d, J=7.6 Hz, 1H), 7.06(d, J=7.6 Hz, 1H),
6.95(d, J=7.2 Hz, 1H), 5.38(d, J=1.8 Hz, 2H), 3.08(s, 2H),
1.44(s, 6H). '*C NMR(100 MHz, DMSO-dy), 5: 181.10, 156.11,
146.73, 145.74, 135.81, 135.78, 135.75, 131.70, 129.65, 126.97,
122.39, 119.28, 118.77, 116.86, 110.24, 88.79, 67.90, 43.22,
28.35. ESI-MS, m/z: 825[2M+Na]". Elemental anal.(%) calcd.
for CoH,,BrO,: C 59.87, H 4.27; found: C 59.65, H 4.23.
(E)-7-(4-Hydroxy-3-iodobenzylidene)-2,2-dimethyl-2,3,7,
8-tetrahydro-6H-furo[3,2-h] chromen-6-one(9e): a yellow solid,
yield 38%, m. p. 215—217 °C. 'H NMR(400 MHz, DMSO-d,),
0: 11.02(s, 1H), 7.83(s, 1H), 7.61(s, 1H), 7.36(d, J=7.4 Hz, 1H),
7.31(d, J=8.1 Hz, 1H), 7.00(d, J=8.1 Hz, 1H), 6.94(d, J=7.4
Hz, 1H), 5.38(d, J=1.8 Hz, 2H), 3.07(s, 2H), 1.44(s, 6H).
3C NMR(100 MHz, DMSO-d), J: 181.08, 158.70, 146.72,
145.70, 141.84, 135.74, 135.70, 132.45, 129.39, 127.44, 122 41,
119.26, 118.75, 115.39, 88.77, 85.68, 67.88, 43.20, 28.35.
ESI-MS, m/z: 449[M+H]". Elemental anal.(%) calcd. for
CyoH710,4: C 53.59, H 3.82; found: C 53.38, H 3.75.
(£)-7-(4-Hydroxy-3-nitrobenzylidene)-2,2-dimethyl-2,3,7,
8-tetrahydro-6 H-furo[3,2-/4]chromen-6-one(91f): a yellow solid,
yield 82%, m. p. 220—222 °C. 'H NMR(400 MHz, DMSO-dy),
o: 11.61(br s, 1H), 7.98(s, 1H), 7.68(s, 1H), 7.62(d, J=8.6 Hz,
1H), 7.37(d, J=7.8 Hz, 1H), 7.23(d, J=8.6 Hz, 1H), 6.95(d,
J=7.8 Hz, 1H), 5.40(d, J/=1.8 Hz, 2H), 3.08(s, 2H), 1.44(s, 6H).
13C NMR(100 MHz, DMSO-dy), J: 181.02, 153.21, 146.73,
145.79, 137.64, 136.98, 135.95, 134.81, 130.97, 127.75, 125.48,
122.24, 119.77, 119.30, 118.83, 88.82, 67.73, 43.19, 28.32.
ESI-MS, m/z: 368[M+H]". Elemental anal.(%) calcd. for
CyH7NOg: C 65.39, H 4.66, N 3.81; found: C 65.31, H 4.62,
N 3.87.
(E)-7-(3,4-Dihydroxybenzylidene)-2,2-dimethyl-2,3,7,8-
tetrahydro-6H-furo-[3,2-h]chromen-6-one(9g): a yellow solid,
yield 45%, m. p. 214—216 °C. "H NMR(400 MHz, DMSO-dj),
d: 9.66(s, 1H), 9.26(s, 1H), 7.57(s, 1H), 7.35(d, J=7.8 Hz, 1H),
6.94(d, J=7.8 Hz, 1H), 6.75—6.90(m, 3H), 5.38(d, J=1.8 Hz,
2H), 3.07(s, 2H), 1.44(s, 6H). '*C NMR(100 MHz, DMSO-dy),
o: 181.20, 148.25, 146.70, 145.89, 145.66, 137.62, 135.53,
128.11, 125.78, 123.78, 122.54, 119.23, 118.63, 118.23, 116.34,
88.72, 68.05, 43.22, 28.35. ESI-MS, m/z: 339[M+H]". Elemen-
tal anal.(%) caled. for CyH;i305: C 71.00, H 5.36; found: C
69.73, H 5.33.
(E)-7-(3-Methoxybenzylidene)-2,2-dimethyl-2,3,7,8-
tetrahydro-6H-furo[3,2-h]chromen-6-one(9h): a yellow solid,
yield 58%, m. p. 119—121 °C. '"H NMR(400 MHz, CDCls),
7.83(s, 1H), 7.56(d, J=8.0 Hz, 1H), 7.32—7.38(m, 1H),
6.92—6.99(m, 1H), 6.80—6.91(m, 3H), 5.39(d, J=1.8 Hz, 2H),
3.83(s, 3H), 3.08(s, 2H), 1.54(s, 6H). '*C NMR(100 MHz,
CDCly), o: 181.30, 159.81, 146.77, 145.91, 136.85, 135.98,
135.66, 131.62, 130.34, 122.84, 122.33, 119.34, 118.86, 116.02,
115.82, 88.82, 67.90, 55.70, 43.22, 28.33. ESI-MS, m/z:

337[M+H]". Elemental anal.(%) calcd. for C,;H,,O4: C 74.98,
H 5.99; found: C 74.88, H 5.95.
(E)-7-(4-Methoxybenzylidene)-2,2-dimethyl-2,3,7,8-
tetrahydro-6H-furo[3,2-4]chromen-6-one(9i): a yellow solid,
yield 47%, m. p. 132—134 °C. 'H NMR(400 MHz, CDCl,), J:
7.83(s, 1H), 7.56(d, J=8.0 Hz, 1H), 7.28(d, J=8.8 Hz, 2H),
6.97(d, J=8.8 Hz, 2H), 6.87(d, J=8.0 Hz, 1H), 5.42(d, J=1.8
Hz, 2H), 3.86(s, 3H), 3.08(s, 2H), 1.54(s, 6H). *C NMR(100
MHz, DMSO-dg), o: 181.22, 160.96, 146.73, 145.74, 136.79,
135.73, 132.88, 129.22, 126.85, 122.46, 119.28, 118.75, 114.86,
88.78, 68.01, 55.86, 43.23, 28.36. ESI-MS, m/z: 337[M+H]".
Elemental anal.(%) calcd. for C,;H,,04: C 74.98, H 5.99; found:
C 74.76, H 5.89.
(E)-2,2-Dimethyl-7-(3,4,5-trimethoxybenzylidene)-
2,3,7,8-tetrahydro-6 H-furo[3,2-h]chromen-6-one(9j): a brown
solid, yield 46%, m. p. 125—127 °C. 'H NMR(400 MHz,
CDCly), o: 7.79(s, 1H), 7.56(d, J=8.0 Hz, 1H), 6.89(d, J=8.0
Hz, 1H), 6.54(s, 2H), 5.46(d, J=1.8 Hz, 2H), 3.91(s, 3H),
3.88(s, 6H), 3.09(s, 2H), 1.54(s, 6H). *C NMR(100 MHz,
CDCly), d: 181.58, 153.26, 146.64, 145.83, 139.36, 137.41,
135.00, 130.20, 129.84, 122.36, 119.73, 118.28, 107.42, 88.69,
68.12, 60.97, 56.19, 43.58, 28.21. ESI-MS, m/z: 397[M+H]".
Elemental anal.(%) calcd. for C,3H,404: C 69.68, H 6.10; found:
C 69.57, H 6.07.
(E)-7-(4-Hydroxy-3-methoxybenzylidene)-2,2-dimethyl-
2,3,7,8-tetrahydro-6H-furo[3,2-h]chromen-6-one(9k): a yellow
solid, yield 55%, m. p. 136—138 °C. 'H NMR(400 MHz,
CDCly), o: 7.80(s, 1H), 7.56(d, J=8.0 Hz, 1H), 6.98(d, J=8.0
Hz, 1H), 6.83—6.89(m, 3H), 5.87(br s, 1H), 5.44(d, J=1.8 Hz,
2H), 3.92(s, 3H), 3.08(s, 2H), 1.54(s, 6H). '*C NMR(100 MHz,
DMSO-dy), o: 181.16, 149.21, 148.11, 146.74, 145.71, 137.55,
135.59, 128.49, 125.78, 124.91, 122.56, 119.24, 118.68, 116.17,
115.21, 88.72, 68.15, 56.16, 43.23, 28.35. ESI-MS, m/z:
353[M+H]". Elemental anal.(%) calcd. for C,;H,,Os: C 71.58,
H 5.72; found: C 71.46, H 5.69.
(E)-7-(3-Hydroxy-4-methoxybenzylidene)-2,2-dimethyl-
2,3,7,8-tetrahydro-6 H-furo[ 3,2-h]chromen-6-one(91): a brown
solid, yield 60%, m. p. 194—196 °C. 'H NMR(400 MHz,
DMSO-dg), 0: 9.36(s, 1H), 7.61(s, 1H), 7.37(d, J/=8.0 Hz, 1H),
7.05(d, J=8.4 Hz, 1H), 6.96(d, J=8.0 Hz, 1H), 6.90—6.92(m,
2H), 5.40(d, J=1.9 Hz, 2H), 3.85(s, 3H), 3.09(s, 2H), 1.45(s,
6H). C NMR(100 MHz, DMSO-dg), : 181.19, 149.58,
146.51, 146.45, 145.45, 137.13, 135.69, 128.80, 126.80, 123.28,
122.18, 119.11, 118.65, 117.32, 112.33, 88.72, 67.77, 55.89,
42,97, 28.13. ESI-MS, m/z: 353[M+H]". Elemental anal.(%)
calcd. for CyH,005: C 71.58, H 5.72; found: C 71.49, H 5.70.
(E)-7-(2-Hydroxy-3-methoxybenzylidene)-2,2-dimethyl-
2,3,7,8-tetrahydro-6 H-furo[ 3,2-h]chromen-6-one(9m): a yellow
solid, yield 48%, m. p. 178—180 °C. 'H NMR(400 MHz,
DMSO-dg), d: 9.41(s, 1H), 7.84(s, 1H), 7.38(d, /=8.0 Hz, 1H),
7.08(d, J=8.0 Hz, 1H), 6.93—6.97(m, 1H), 6.87(t, /=8.0 Hz,
1H), 6.70—6.73(m, 1H), 5.26(d, J=1.8 Hz, 2H), 3.84(s, 3H),
3.08(s, 2H), 1.43(s, 6H). '*C NMR(100 MHz, DMSO-dy),
0. 181.52, 148.31, 146.77, 146.43, 145.98, 135.77, 133.30,
130.41, 122.54, 122.40, 121.80, 119.40, 119.33, 118.77, 113.86,
88.77, 68.29, 56.43, 43.23, 28.34. ESI-MS, m/z: 353[M+H]".
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Elemental anal.(%) calcd. for C,;H,,0s5: C 71.58, H 5.72; found:
C71.43,H5.67.
(E)-7-[4-(Dimethylamino)benzylidene]-2,2-dimethyl-
2,3,7,8-tetrahydro-6H-furo[3,2-h]chromen-6-one(9n): an orange
solid, yield 58%, m. p. 202—204 °C. 'H NMR(400 MHz,
DMSO-dy), d: 7.65(s, 1H), 7.34(m, 3H), 6.93(d, J/=8.0 Hz, 1H),
6.79(d, J/=8.4 Hz, 2H), 5.42(d, J=1.8 Hz, 2H), 3.07(s, 2H),
3.01(s, 6H), 1.44(s, 6H). '*C NMR(100 MHz, DMSO-d), 6:
180.88, 151.60, 146.67, 145.52, 137.74, 135.24, 133.10, 126.03,
122.75, 121.63, 119.16, 118.52, 112.22, 88.65, 68.34, 43.23,
40.09, 28.37. ESI-MS, m/z: 350[M+H]". Elemental anal.(%)
calcd. for Cp,Hy;NO5: C 75.62, H 6.63, N 4.01; found: C 75.54,
H 6.66, N 4.13.
(E)-4-({2,2-Dimethyl-6-0x0-3,6-dihydro-2 H-furo[3,2-k]-
chromen-7(8H)-ylidene}-methyl)benzoic acid(90): a yellow
solid, yield 55%, m. p. 274—276 °C. '"H NMR(400 MHz,
DMSO-dg), d: 13.15(br s, 1H), 8.03(d, /=8.0 Hz, 2H), 7.77(s,
1H), 7.57(d, J=8.0 Hz, 2H), 7.39(d, J=8.0 Hz, 1H), 6.98(d,
J=8.0 Hz, 1H), 5.39(d, J=1.8 Hz, 2H), 3.09(s, 2H), 1.44(s, 6H).
3C NMR(100 MHz, DMSO-d), d: 181.18, 167.27, 146.78,
145.95, 138.48, 136.13, 135.64, 132.98, 131.71, 130.74, 130.01,
122.23, 119.38, 118.93, 88.86, 67.76, 43.22, 28.32. ESI-MS,
m/z: 351[M+H]". Elemental anal.(%) calcd. for C,H;3Os:
C 71.99, H 5.18; found: C 71.90, H 5.15.
(E)-2,2-Dimethyl-7-(2-nitrobenzylidene)-2,3,7,8-
tetrahydro-6H-furo[3,2-A]chromen-6-one(9p): a yellow solid,
yield 78%, m. p. 142—144 °C. 'H NMR(400 MHz, DMSO-d,),
J: 825—8.31(m, 1H), 7.93(s, 1H), 7.85—7.90(m, I1H),
7.72—7.78(m, 1H), 7.43—7.48(m, 1H), 7.42(d, J=8.0 Hz, 1H),
7.00(d, J=8.0 Hz, 1H), 5.17(d, J=1.8 Hz, 2H), 3.10(s, 2H),
1.44(s, 6H). *C NMR(100 MHz, DMSO-dy), 5: 181.44, 148.15,
146.85, 146.21, 136.28, 134.70, 134.26, 132.18, 131.82, 130.98,
129.97, 125.66, 122.27, 119.42, 119.02, 88.89, 67.50, 43.24,
28.31. ESI-MS, m/z: 352[M+H]". Elemental anal.(%) calcd. for
CyH7NOs: C 68.37, H 4.88, N 3.99; found: C 68.28, H 4.84,
N 3.92.
(E)-2,2-Dimethyl-7-(3-nitrobenzylidene)-2,3,7,8-
tetrahydro-6H-furo[3,2-h]chromen-6-one(9q): a yellow solid,
yield 83%, m. p. 231—233 °C. '"H NMR(400 MHz, DMSO-dj),
o: 8.26—8.34(m, 2H), 7.79—7.89(m, 3H), 7.40(d, J=8.0 Hz,
1H), 6.99(d, J=8.0 Hz, 1H), 5.41(d, J=1.8 Hz, 2H), 3.09(s, 2H),
1.44(s, 6H). *C NMR(100 MHz, DMSO-dg), J: 181.50, 147.66,
146.79, 145.98, 143.13, 141.07, 136.60, 136.27, 134.51, 133.60,
130.76, 124.37, 122.16, 119.38, 119.00, 88.91, 67.54, 43.23,
28.33. ESI-MS, m/z: 352[M+H]". Elemental anal.(%) calcd. for
CyH7NOs: C 68.37, H 4.88, N 3.99; found: C 68.18, H 4.81,
N 3.89.
(E)-2,2-Dimethyl-7-(4-nitrobenzylidene)-2,3,7,8-
tetrahydro-6H-furo[3,2-h]chromen-6-one(9r): a yellow solid,
yield 85%, m. p. 238—240 °C. '"H NMR(400 MHz, DMSO-d,),
J: 8.32(d, J=8.0 Hz, 2H), 7.81(s, 1H), 7.73(d, J=8.0 Hz, 2H),
7.40(d, J=8.0 Hz, 1H), 6.99(d, J=8.0 Hz, 1H), 5.39(d, J=2.0
Hz, 2H), 3.09(s, 2H), 1.44(s, 6H). *C NMR(100 MHz,
DMSO-dy), J: 181.04, 147.89, 146.79, 146.00, 140.92, 136.34,
134.42, 134.28, 131.73, 124.19, 122.13, 119.41, 119.05, 88.93,
67.64, 43.24, 28.33. ESI-MS, m/z: 352[M+H]". Elemental

anal.(%) calcd. for C,0H;7NOs: C 68.37, H 4.88, N 3.99; found:
C68.21,H4.82, N 3.88.

24  General Synthetic Procedure for Target
Compounds 9s—9u

A suspension of each of compounds 9p—9r(1.00 mmol)
and the appropriate amount of iron powder in CH,Cl,(10 mL),
H,0O(1 mL) and acetic acid(10 mL) was stirred at room tempe-
rature for 6.0 h. The mixture was filtered and the residue was
washed with CH,Cl,. The filtrate was washed with saturated
sodium bicarbonate solution and brine. The organic phase was
dried by anhydrous sodium sulfate, filtered and concentrated in
vacuo. The residue was recrystallized by ethanol to provide
compounds 9s—9u, respectively.

(E)-7-(2-Aminobenzylidene)-2,2-dimethyl-2,3,7,8-
tetrahydro-6 H-furo[3,2-h]chromen-6-one(9s): a brown solid,
yield 82%, m. p. 182—184 °C. '"H NMR(400 MHz, DMSO-dg),
0: 7.68(s, 1H), 7.39(d, J=7.8 Hz, 1H), 7.13(t, J=7.5 Hz, 1H),
6.95(d, J=7.8 Hz, 1H), 6.70—6.89(m, 2H), 6.59(t, J/=7.2 Hz,
1H), 5.49(br s, 2H), 5.26(d, J=1.8 Hz, 2H), 3.07(s, 2H), 1.43(s,
6H). 3C NMR(100 MHz, DMSO-dq), &: 181.76, 148.94,
146.77, 145.81, 135.57, 134.76, 131.42, 130.55, 129.80, 122.67,
119.18, 118.65, 118.26, 116.10, 115.95, 88.72, 68.31, 43.24,
28.34. ESI-MS, m/z: 322[M+H]". Elemental anal.(%) calcd. for
CyHgNO;: C 74.75, H 5.96, N 4.36; found: C 74.55, H 5.91,
N4.41.

(E)-7-(3-Aminobenzylidene)-2,2-dimethyl-2,3,7,8-
tetrahydro-6 H-furo[3,2-A]chromen-6-one(9t): a yellow solid,
yield 75%, m. p. 152—154 °C. "H NMR(400 MHz, DMSO-dy),
0: 7.58(s, 1H), 7.37(d, J=7.8 Hz, 1H), 7.09—7.19(m, 1H),
6.96(d, J=7.8 Hz, 1H), 6.52—6.69(m, 3H), 5.36(d, J=1.8 Hz,
2H), 5.29(br s, 2H), 3.08(s, 2H), 1.44(s, 6H). *C NMR(100
MHz, DMSO-dg), o: 181.46, 149.49, 146.77, 145.91, 137.92,
135.79, 134.85, 130.63, 129.77, 122.46, 119.33, 118.75, 118.34,
115.90, 115.52, 88.76, 68.00, 43.24, 28.33. ESI-MS, m/z:
322[M+H]". Elemental anal.(%) calcd. for C,0H;oNO;: C 74.75,
H 5.96, N 4.36; found: C 74.67, H 5.87, N 4.30.

(E)-7-(4-Aminobenzylidene)-2,2-dimethyl-2,3,7,8-
tetrahydro-6 H-furo[3,2-A]chromen-6-one(9u): an orange solid,
yield 95%. m. p. 217—219 °C. 'H NMR(400 MHz, DMSO-d),
d: 7.59(s, 1H), 7.34(d, J=8.0 Hz, 1H), 7.19(d, J=8.5 Hz, 2H),
6.93(d, J=8.0 Hz, 1H), 6.65(d, J=8.5 Hz, 2H), 5.95(br s, 2H),
5.40(d, J=1.8 Hz, 2H), 3.08(s, 2H), 1.45(s, 6H). *C NMR(100
MHz, DMSO-dy), J: 180.85, 151.29, 146.42, 145.26, 138.10,
135.09, 133.30, 125.14, 122.53, 121.36, 118.96, 118.37, 113.81,
88.53, 68.16, 42.99, 28.17. ESI-MS, m/z: 322[M+H]". Elemen-
tal anal.(%) calcd. for C,0H;oNOs: C 74.75, H 5.96, N 4.36;
found: C 74.59, H 5.93, N 4.27.

2.5 Synthetic Procedure for Target Compounds
9v—9x

(E)-2,2-Dimethyl-7-[4-(methylamino)benzylidene]-2,3,7,
8-tetrahydro-6H-furo[3,2-h]chromen-6-one(9v):
carbonate(5.0 mmol) and iodomethane(3.0 mmol) were added
to a solution of compound 9u(1.0 mmol) in dimethyl sulfoxide

potassium
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(6 mL). The reaction mixture was stirred for 3.0 h at room
temperature, then diluted with water and extracted with ethyl
acetate. The separated organic layer was washed with saturated
brine and concentrated. The crude product was purified by
column chromatography to give compound 9v as a yellow solid.
Yield 33%, m. p. 176—178 °C. 'H NMR(400 MHz, CDCl;), 6
7.80(s, 1H), 7.55(d, J=7.8 Hz, 1H), 7.21(d, J=8.0 Hz, 2H),
6.85(d, J=7.8 Hz, 1H), 6.67(d, J=8.0 Hz, 2H), 5.46(d, J=1.8
Hz, 2H), 4.84(br s, 1H), 3.07(s, 2H), 2.91(s, 3H), 1.54(s, 6H).
*C NMR(100 MHz, CDCly), J: 181.83, 149.86, 146.57, 145.67,
138.14, 134.45, 132.54, 126.62, 123.88, 122.64, 119.64, 117.95,
112.56, 88.54, 68.48, 43.61, 30.58, 28.26. ESI-MS, m/z:
336[M+H]". Elemental anal.(%) calcd. for C;;H,;NO;: C 75.20,
H 6.31, N 4.18; found: C 75.06, H 6.28, N 4.27.

(E)-N-[4-({2,2-Dimethyl-6-0x0-3,6-dihydro-2 H-furo-
[3,2-h]chromen-7(8 H)-ylidene } -methyl)phenyl]acetamide(9w):
acetic anhydride(1.0 mmol) was added to the solution of com-
pound 9u(1.0 mmol) in acetic acid(10 mL). The mixture was
stirred at reflux for 2.0 h, then diluted with water and extracted
with ethyl acetate. The organic phase was washed with a satu-
rated sodium carbonate solution and saturated brine, dried by
anhydrous sodium sulfate, filtered and concentrated under
vacuum to yield compound 9w as a yellow solid. Yield 95%,
m. p. 234—236 °C. '"H NMR (400 MHz, DMSO-dg), 6: 10.22(s,
1H, NH), 7.72(d, J/=8.0 Hz, 2H), 7.67(s, 1H), 7.42(d, J=8.0 Hz,
2H), 7.37(d, J=7.8 Hz, 1H), 6.95(d, J=7.8 Hz, 1H), 5.41(d,
J=1.8 Hz, 2H), 3.08(s, 2H), 2.09(s, 3H), 1.44(s, 6H). '*C NMR
(100 MHz, DMSO-dy), o: 181.21, 169.20, 146.74, 145.77,
141.21, 136.63, 135.77, 131.94, 129.79, 128.85, 122.42, 119.28,
119.22, 118.76, 88.78, 68.01, 43.22, 28.35, 24.61. ESI-MS, m/z:
364[M+H]". Elemental anal.(%) calcd. for C»,H,NO4: C 72.71,
H 5.82, N 3.85; found: C 72.62, H 5.80, N 3.79.

(E)-N-[4-({2,2-Dimethyl-6-0x0-3,6-dihydro-2 H-furo-
[3,2-h]chromen-7(8 H)-ylidene } -methyl)phenyl]-methanesul-
fonamide(9x): methanesulfonyl chloride(1.2 mmol) was added
dropwise to a stirred solution of compound 9u(1.0 mmol) and
pyridine(2.0 mmol) in CH,Cl,10 mL) at ice bath. After com-
pletion of the reaction as monitored by thin layer chromogra-
phy(TLC), the reaction mixture was diluted with water. The
organic phase was washed with saturated brine and then dried
by anhydrous sodium sulfate, filtered and concentrated under
vacuum. The crude product was purified by recrystallization
from ethanol to give compound 9x as a yellow solid. Yield 84%,
m. p. 210—212 °C. '"H NMR(400 MHz, DMSO-dy), 6: 10.19s,
1H), 7.68(s, 1H), 7.28—7.46(m, 5H), 6.96(d, J=7.3 Hz, 1H),
5.40(d, J=1.8 Hz, 2H), 3.04—3.14(m, 5H), 1.44(s, 6H).
BC NMR(100 MHz, DMSO-dg), J: 181.19, 146.73, 145.78,
140.38, 136.35, 135.85, 132.39, 130.16, 129.19, 122.38,
119.30, 118.95, 118.81, 88.82, 67.95, 43.20, 40.23, 28.35.
ESI-MS, m/z: 400[M+H]'. Elemental anal.(%) calcd. for
C,H,yNOsS: C 63.14, H 5.30, N 3.51; found: C 63.02, H 5.26,
N 3.43.

2.6 Biological Activity Screening

tested
NA inhibitory activities in vitro. NA inhibition assay was

Twenty-seven synthesized compounds were

(1920 with some modifications. The

described in the literature
substrate 2'-(4-methyl-umbelliferyl)- a-D-acetyl-neuraminic
acid(MUNANA) could be specifically cleaved by NA, with a
fluorescent product, which was quantified to determine the NA
activity. In this study, we used A/PR/8/34(HIN1) as the source
of NA, which was kindly donated by the China Center for Di-
sease Control. In the enzymatic reaction system, 30 pL of NA
enzyme in 32.5 mmol/L 2-N-morpholinoethanesulfonic acid
(MES) buffer(pH=6.5) was first incubated with 10 uL of tested
compounds at different concentrations in a 96-well plate at
37 °C for 10 min. Then, 20 pL(20 pmol/L) of MUNANA was
added. After 60 min incubation at 37 °C, the reaction was ter-
minated by 150 pL of NaOH(34 mmol/L, pH=12.19), and then
the fluorescence intensity was measured at excitation wave-
length of 360 nm and emission wavelength of 450 nm. There
were four groups in our study, including test group(with tested
compounds, HIN1 virus, and MUNANA), virus control
group(with MES buffer instead of tested compounds), substrate
control group(with MES buffer instead of tested compounds
and HINI virus) and positive control(with Zanamivir, HIN1
virus, and MUNANA). The NA inhibition rate(%) was calcu-
lated using the following equation: NA inhibition rate(%)=
[I~(FresFconmot) (FyirusFeontro) ¥ 100%. - The  Frest, Frins, and
Foonwor Tepresent the fluorescence intensity of the test group,
virus group, and control group, respectively. The ICs, rate value
was calculated by plotting inhibition rate versus the inhibitor
concentration and determination of each point. The data are
expressed as the mean of three independent experiments.

2.7 Molecular Docking

The cocrystal complex of HINI NA in complex with
Zanamivir was obtained from the Protein Data Bank(PDB
3TI5). Before docking, the lowest energy conformations of the
test compounds were generated by energy minimization using
an MMFF94 force field. The structure of the protein was ob-
tained using LePro. The docking studies were performed using
LeDock with high speed and accuracy®®!. The number of bin-
ding poses was set to 30 and other parameters were used with
their default values. The dimension of the binding pocket was
set as Xin=20.0, Xax=39.4, Yiin=7.1, Yinax=21.6, Zin=729.9,
Zax=—12.2. PyMol v0.99.x"% was used for the visualization of
NA and the docked compounds. In order to clearly show the
interaction between the docked compounds and HINT NA,
LigPlot+v1.4.5%) was used to generate two-dimensional inte-
raction diagrams.

3 Results and Discussion

3.1 Synthetic Route

The target compounds 3 and 5 were synthesized as shown
in Scheme 2. Claisen rearrangement of the allyl-aryl ether 1 in
aluminum isopropoxide and PEG200 afforded intermediate 2
and by-product. The preparation of compound 2 was facilitated
when the reaction temperature was around 185 °C. Then com-
pounds 3 and 5 were synthesized by the aldol condensation
reaction.
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The synthetic routes of target compounds 9a—9x are
shown in Scheme 3. Compound 6 was synthesized by Michael
addition with acrylonitrile and the cyano-group was hydrolyzed
to produce compound 7. The intermediate 8 was prepared via
the intramolecular Friedel-Crafts acylation. Aldol condensation
of intermediate 8 with aromatic aldehydes afforded compounds
9a—9r. In addition, compounds 9p—9r were reduced to afford
amino compounds 9s—9u. Compound 9v was synthesized by
N-methylation. Compound 9w was obtained by the full acetyla-
tion of the amino group. Finally, compound 9x was produced
by sulfonylation.

o COOH
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9a: R=3-OH; 9b: R=4-OH; 9c: R=4-OH-3-Cl; 9d: R=4-OH-3-Br; 9¢: R=4-OH-3-I; 9f: R=4-OH-3-NO,; 9g: R=3,4-(OH),; 9h: R=3-OCH3; 9i: R=4-OCH3;
9j: R=3,4,5-(0OCHj3)3; 9k: R=4-OH-3-OCHj3; 91: R=3-OH-4-OCHj3; 9m: R=2-OH-3-OCHs;; 9n: R=4-N(CHj3),; 90: R=4-COOH; 9p: R=2-NO»; 9q: R=3-NOy;
9r: R=4-NO3; 9s: R=2-NHj,; 9t: R=3-NH,;; 9u: R=4-NH,; 9v: R=4-NHCH3;; 9w: R=4-NHCOCH3;; 9x: R=4-NHSO,CHj3;.

Scheme 3 Synthetic routes of target compounds 9a—9x

3.2 Crystal Structure Analysis

Compound 9a was cultivated in anhydrous ethanol to give
a yellow transparent single crystal. The single crystal da-
ta(CCDC No.1567543) analysis showed that the crystal be-
longs to monoclinic system, space group C2/c, a=1.72596(5),
b=0.68543(7), ¢=2.68501(7) nm, Z=8, ¥=3.16190(1) nm’,
M,=336.39, D.=1.354 Mg/m’, S=1.074, u=0.766 mm
F(000)=1360, T=150(2) K and 3.307°<6<67.002°. The mo-
lecule is made up of two planes consisting of the benzene ring
and furochromanone moiety(Fig.2). The dihedral angle be-
tween the benzene ring and furochroman-one moiety is 38.4°.
The bond length of C11=03 is 0.1221 nm, and the bond
length of C12=C14 generated by the condensation reaction is
0.1343 nm. The whole molecule is present in the form of geo-
metric £ isomer and consistent with the results of nuclear
magnetic resonance. In addition, the entire crystal structure is
stabilized via van der Waals forces.
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Fig.2 Crystal structure of compound 9a

3.3 Biological Activity and Structure-activity Re-
lationship

The synthesized compounds were evaluated for NA inhi-
bitory activity(Table 1) in vitro. Based on the evaluation results,
the SARs of tested compounds were discussed. The initial
screening results showed that most of the compounds possessed
excellent inhibitory activities. Then, fourteen compounds iden-
tified with high inhibition rates(over 50%) were selected for
further evaluation NA inhibitory activity and the ICs, values are
listed in Table 1. The evaluation results showed that compound
9b had the best NA inhibitory activity with an ICsy value of
25.31 pmol/L.

Compound 9a showed better NA inhibitory activity than
intermediate 8. This indicated that aromatic ketone had weak
effect on NA inhibitory activity, but the effects of chalcone
system and functional groups substituted on the phenyl ring
were significant. To further explore, single or multiple func-
tional groups on the phenyl ring were replaced. Compounds
9a—9¢g and 9k—9m, with hydroxyl substituents, had better NA
inhibitory activities than the others. Compounds 9b, 9c and 9k
with the hydroxy substituent at the para position of benzene
ring had better NA inhibitory activity than compounds 9a, 91
and 9m with the hydroxy substituent at the ortho or meta posi-
tion of the benzene ring. Compounds 9h and 9i, in which alkyl
groups were introduced showed weak NA inhibitory activities.
The NA inhibitory activities were significantly decreased when
halogen(Cl, Br and I), nitro and methoxy groups(9c—9f and
9k) were introduced on the phenol ring. It can be explained by
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the steric hindrance effect. Unfortunately compounds 9p—9r
with a nitro group at the ortho, meta or para position of the
benzene ring displayed poor NA inhibitory activities. In con-
trast, there was a significant increase in NA inhibitory activities
for compounds 9s—9u when nitro groups were reduced to
amino groups. Furthermore, the effect of substituents 4-NHCH;,
4-NHCOCH; and 4-NHSO,CHj; were also discussed, but com-
pounds 9v—9x showed weak NA inhibitory activities. Com-
pound 90 with the carboxyl group at para position showed
moderate NA inhibitory activity. In order to investigate the
effect of pyran ring on NA inhibitory activity, chalcone deriva-
tives 3 and 5 were synthesized and evaluated for NA inhibitory
activity. The results showed that compounds 3 and 5 had mo-
derate NA inhibitory activities, similar to the natural Sulfuretin
and 4-hydroxyderricin. But the NA inhibitory activities of
compounds 3 and 5 were weaker than compound 9b with pyran
ring, indicating that the pyran ring was important for the im-
provement of NA inhibitory activity.
Table 1 NA inhibitory activities of target
compounds in vitro

Compound R Inhibition rate(%)  ICso/(umol-L™")
3 — 69.49+2.05 63.03+3.32
5 — 76.92+0.91 48.30+2.16
8 — 17.69+3.13 —
9a 3-OH 60.49+12.20 91.39+30.03
9b 4-OH 79.15+4.86 25.31+2.48
9c 4-OH-3-Cl 80.39+1.29 51.37+0.84
9d 4-OH-3-Br 74.57+1.86 51.34+£2.27
9¢ 4-OH-3-1 74.77£2.16 48.68+1.70
9f 4-OH-3-NO, 53.94+1.62 97.10£3.84
9g 3,4-(OH), 72.24+0.29 58.78+8.25
9h 3-OCH3 18.46+2.38 —
9i 4-OCH3 8.03+2.04 —
9j 3,4,5-triOCH3 28.69+1.74 —
9k 4-OH-3-OCH3 94.43+3.24 38.91+2.24
91 3-OH-4-OCH3; 65.84+2.86 71.03£6.38
9m 2-OH-3-OCH3; 78.87+0.87 76.31+20.18
9n 4-N(CHjs)» 35.58+18.59 —
90 4-COOH 73.21£3.48 76.35+13.07
9p 2-NO, 13.45+3.19 —
9q 3-NO; 27.28+3.61 —
9r 4-NO, 29.8+4.56 —
9s 2-NH, 39.43+3.87 —
9t 3-NH, 41.946.67 —
9u 4-NH, 67.89+9.85 60.18+4.54
9v 4-NHCHj3 13.03£2.13 —
9w 4-NHCOCHj3 6.73x1.34 —
9x 4-NHSO,CHj3 6.27+1.65 —
Sulfuretin — — 29.6+0.5¢
Zanamivir — 92.17£1.07" 2.86+0.36°

a. The ICsy value of Sulfuretin is from ref.[16]; b. Zanamivir at a
concentration of 0.004 pug/mL; c. in nmol/L.

In summary, compounds 9b, 90 and 9u with hydroxy,
amino and carboxyl groups at the para position had better NA
inhibitory activity than the others. Compound 9b had higher
potent NA inhibitory activity than the natural compound sulfu-
retin, indicating that conversion of a five-membered furan ring
to a six-membered pyran ring is advantageous for the im-
provement of NA inhibitory activity. As shown in Fig.3, it is

significant that the substituent containing hydrogen bond donor
at the para position is beneficial to the NA inhibitory activities.
With the same substituent, NA inhibitory activity: 4-position>
3-position>2-position; when the substituents are not identical,
4-OH has the best NA inhibitory activity, and OH>NH,>
COOH>N(CH3;),>NO,>0CHj3;; halogen has no significant ef-
fect on NA inhibitory activity. And the experimental results
indicated that the NA inhibitory activities were reduced when
the hydroxy and amino groups were methylated, acetylated or
sulfonylated, indicating that substituent with hydrogen bond
donor at para position and chalcone systems are important for
NA inhibitory activity. Compound 9b can be used as a novel
lead compound for further structural optimization and the de-
velopment of NA inhibitors.

Hydrogen bond
Hyvdrophobic
.. region

o/ |

Hydrophobic

regon Hydrogen bond

Fig.3 SAR of target compounds

3.4 Molecular Docking Studies

In order to understand the effect of the possible binding
interactions of compounds 9b and 9u with NA, molecular
docking simulations were performed. The docking results show
that compound 9b[Fig.4(A)] and 9u[Fig.4(B)] are well accom-
modated in SA-Cavity and have similar binding sites as Zana-
mivir. And compound 9b[Fig.4(C)] forms five hydrogen bonds
at the NA active site. The hydroxyl group interacts with the NA
active site by hydrogen bonds with Ser179 and Glu227. The
carbonyl group interacts with the amino residue Argl18 by a
stable hydrogen-bond. And the oxygen atoms on the hetero-
cycle of compound 9b can form two stable hydrogen bonds
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Fig.4 Interaction of compounds 9b(A, C) and
9u(B, D) with NA
Binding pockets of NA and compound 9b(A) and NA and compound
9u(B) and hydrophobic and hydrogen bonding interactions between NA
and compound 9b(C) or 9u(D).
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with the amino residue Arg292. Besides, the hydrophobic inte-
raction is formed between compound 9b and nine amino acid
residues(Glul19, Aspl51, Trpl78, Arg224, Glu277, Asn347,
Gly348, Arg371 and Tyr406) of NA. As shown in Fig.4(D),
five hydrogen bonds are formed between compound 9u and
NA. The amino group binds to the NA active site by hydrogen
bond interaction with Ser179 and Glu227. The carbonyl group
forms a hydrogen bond with residue Arg292. And the oxygen
atoms on the heterocycle interacts with the amino residue
Argl18 by two hydrogen bonds. In addition, the hydrophobic
interaction is formed between compound 9u and seven amino
acid residues(Ile147, Asp151, Arg224, Glu277, Arg371, Tyr406
and Pro431) of NA. This indicates that the hydroxyl and amino
groups are important for the NA inhibitory activities.

4 Conclusions

A series of novel chalcone derivatives containing furan
or/and pyran ring was designed, synthesized and evaluated for
their NA inhibitory activity in vitro. The single crystal X-ray
diffraction study of compound 9a revealed that the molecule is
present in the form of geometric £ isomer. Among the tested
compounds, compound 9b showed the strongest inhibitory
activity against NA with an ICsq value of 25.31 umol/L. The
SAR studies revealed that the chalcone system and hydrogen
bond donor substituent at the para position of phenyl ring(such
as hydroxy, amino and carboxyl groups) are significant to keep
excellent NA inhibitory activities. Moreover, the study results
manifested that the introduction of alkyl, acyl and sulfonyl
groups should be avoided in hydroxy, amino and carboxyl
groups of the benzylidene moiety. On the basis of potent
in vitro inhibitory activity, compound 9b can be selected as a
novel lead compound for further structural modification to
develop novel NA inhibitors against influenza virus.
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