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1. 5 SMSBF 520, FURIBCELI04 A 6415 200 BT ML &I Tk 7RI, AEIFLI RN 108
W) 20, FALSE S AP TR BE FEPERIN. A AR, ZIIEHETAL. (EFT 'H NMR A1 C NMR & 57
H ORI AT T FAL, FHERT T RSMEIEIR, 45 RRMIL A 3a (105 =(7.692036) pmoleL " |IFRSHTLE £
TP B R LA B PEICs0 = (8.15£0.42) umoleL '], AKTFSL 77 5 25 BXT € S S0 1 0 450 1 5
HAT RN FEH.
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Virtual Screening, Design, Synthesis and Biological
Activity of Zika Virus Inhibitors

Qi, Sijia Xu, Yanhao Xia, Chengcai Duan, Guiyun™
(School of Pharmacy, Taishan Medical University, Taian 271000)

Li, Yanzhong

Abstract NS5 is a protein component which plays a main role in replication of Zika virus, and its component
part-methyltransferase (SM5B) is the central participants of virus replication and host innate immune response. So it is used as
the preferred protein of potential antiviral drugs development. Using SM5B as receptors and using its binding sites to screen
with over 2 million small molecule compounds, the leading compounds of anti-Zika virus were obtained. The structural opti-
mization, activity prediction, chemical synthesis and pharmacological activity of the leading compound were studied. All the
synthesized compounds were characterized by '"H NMR and *C NMR. The antiviral activity of compound 3a is better than that
of ribavirin (ICsy=(7.69 +0.36) pmol+L " for 3a vs ICso=(8.15%0.42) pmolsL " for ribavirin).

Keywords ZIKV inhibitor; virtual screening; structure-activity relationship (SAR); structural transformation
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SM5B 7 AR T A2 AR IR SF Y, X425 58 R E
I 7T ke T 5 T BARVF 2 2 TR
ITHERIRERR, WY 7 (IFN-a, IFN-B F1 IFN-y)*,
ik, 2Rk, Ny PEmE RS, R
AL ZG I GRS . k. EEBmIRED. H
SEIXLLZG T RO N, JF H B B0 £ 58
BRI, [ERRENE, TAANRCEI
R TR RO R B — P IERR R A
9 VRC523, ‘B lis TARSRE R AR T 408 % Be
73, BRTEEHT I AR P2

e 25 BB FE S KRN JT. W 1R 77,
TSN Bh 2595 1T (CADD) ¥4 o AREX s i f1321) Kok
P TAERCR, ASLH-RH CADD HARIE i L5 ik

O 0
R2/©:</;5NH2 m /@:«%HMC
Br O, H \_/
o
Hwyﬁ ;o RZQ—/{
(0]
©ﬁ> : @”u*”c'

BB HT 28 R R e, &2, JATRYEL
FWEDN R AT SOE, ST 6 MEE IR H
1T T4 EMN. HIRaY 1a~6a & B4 W
Scheme 1.

o, FATES T A EA SEE N T, mE ]
Frox. HR, @ SZARFIRC AR I TR 42, JA 145
UTsmoAﬂﬁ Btk &Y, Fixt 5000 AN/
BEAT BEMAERA I R R, ikt 60 NMTHER
A, =D ATt Discovery Stu-
dio2017R2 T T 60 731 FI 54 IR 73 e« A4S
Hett A E M (ADMET) M in, k% 7 Hrb—ANESW1ER
FFUEY. W5, WX SN S B g
Wit 7 50 MELEY). BEXT 50 Mk &Y ADM-

LQW”W@
/\C[> _> @JNH%N\)/\CE>

2a~3a

Foaeues

4a ~ 5a

- @Nvﬂ e

Reagents and conditions: (i) dried THF, TEA, 0 C, 2 h; (ii) dried THF, TEA, reflux, 4 h; (iii) dried THF, TEA, reflux, 4 h; (iv) dried THF, TEA, reflux, 4 h;

(v) dried THF, TEA, 0 C, 2 h; (vi) dried THF, TEA, reflux, 4 h

B 1 HARMEEY) 1a~6a 105G UKL

Scheme 1 Synthetic routes of desired products 1a~6a
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KRG B, DASEIL e S A gt 2
WEA SMSB 5034061 2a HIZ4Ext B LK 3b.
MK 3b TTLLE B R G S 2 E O ARG &
fHOL. EELR AR T 28 508 25 I 3 ) 550 () /E AL
TR EY S Z AR E AT RE T ZAARE A m
RIHER GLY (A: 92).LYS (A: 111).GLY (A: 87)-CYS (A:
88) 5 F L B WL A, AR VAR (A: 138). ILE
(A: 153). ASP (A: 152) 55 S AN n fi s, A
SRAF U (I HTIE R ER AR, FRATTET DUAR I 52 44 2
F15 2 A0 0 10 23 18] 45 46 5 1 O R 6 3 50 o
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Figure 2 Lead compound 2a
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B5 Jotbat2a it Histb &%) 3a 52 EASEH
BA

Figure 5 Superimposed figure of lead compound 2a and target
compound 3a binding to receptor protein

R S 15 BARE A 1a, 723K 76%; AR
5 TEKIR G BB R RIS A B, PSR IER A
KA PAFE B &Y 2a~3a, F=%H 80%,
76%; Ak B SR R AU R N 45 H bR A
d4a~5a, T7HN 70%, 711%; HlE/E B 5 3-5-N-(HEY-2-
BE B N B [ A3 H AL AP 6a, 775N 65%.
1.2 SNEMEMRR

A 1a~6a SXTIRPUNI R 1 250 I FH AR (E 6)
X FERIR BT AR AN EE RS R R 1. HE 1K
TR S AT AT DL B e Sk A g5 R Tl
i, LAY 1a F1 3a ST ZEIHE IS MR 2-(4-CF
FE[d)[1,3] = A2 TR I -5- FP ) WR 18R 1 -5 )- V- 2 3 2
Ji A BB, AL A4 4a, Sa, 6a JNHE A B R %, 3t
— TR I, AR —RERT, 3a BUE FHEY) 2a
Z T HURE: I, 3a HIHIIE R B S R 4 T
2a, SEIOAE R G A R 8L MR, [F3Em
HBEET, 1a FIARIME L AL G 1) 22 A BTG, (A
B 3a WIS PEZE. SBR[ 3G IN6Y 2 (4a). S(5a)
LHREHIN, AAMNEVESRITNRE. B AN, JF
W 2RI R E Y I, T VESS 4a, Sa HRTITE:, BELE
Yila, 2a, 3a i TE2%. Z LRTR, YHEKS5ESUED
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Figure 6 Structure of ribavirin
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Table 1 Structures of 1a~6a and their ICs, data
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et R R’ g “ (pnllgls.oﬁ*')
Ribavirin — — — — 8.15+£0.42
1a OCHj; H 0 2 8.98+1.52
2a H H 0 1 10.454+0.46
3a H OCH,CH; 0 1 7.69+£0.36
4a H NO, 0 0 41.13£5.23
5a Cl H 0 0 38.25+3.43
S

6a | Y H 1 2 17.51+1.43

2 &g

gk ERTR, AHE T ELE S T E AL YA B
(CADD) K22 A W) 77 F- R e DL ZE RN E 2
). I YT A, RATTE RNy FHEY S
ZARE A SMSB (IR ER GIU (A: 117) ASP (A: 152)
VAL (A: 138) PHE (A: 139) LYS (A: 111) GLY (A: 111)#¥
S A. EHEIRIE SR b, SE RIS RS
R tE2ivnt, MIE TR LR R B AHLS S 15 L,
AT AR &Y. SRR AT W
JIIEEAE b, B INA I PiZE RN E 2.

WPP RN, &Y 1a (8.98+1.52 pmol-L ™),
2a (10.45+0.46 pmol-L™"), 3a (7.6940.36 pmoleL ")t
AR T I A S Ve 5 B 7 0 2450 T8 5 AR A v
FEARFE, ERELF, R RATHI LI, 45 FAE,
FATHIBETH B IER .

3 SERSY
3.1 {UFE5RHF

'H NMR 1 BC NMR %7E Brukes 7 400 (400
MHz) )t i 4% _E il &, DMSO-ds A7, P F SE Rk ke
(TMS)Y A FR; MS 1% F 5800 K5 B4 B0 AR I L 55
TKATHT A B 3% A (AB SICEX, U.S.A); £L4MGi%4E Tensor
I J6H% X (Brukes, #5E)FH ATR ZLAMRFEHARNGE,
J i TE FE 7E 4000~400 em . A A ARG L A 44
MR (BTHLT), B TS, AR 60 TiRE
B (& 0.20 mm) MBI+ T 385 UV 6254 nm) 1A AL
BT Z E1%(TLO).

3.2 kEYER
3.2.1  FEM4R A 498 A%

W GRS AL A1 mmol) 218 I B2 e fir A&
Y1 mmol)Hr, £ ) VU S R VA I = 2 %(5
), AR P 2 he [RLSERUG, R R 257, ERER
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FE BT AR BE R VORI @ (LR LER)=20 :
145 A EACRBEI LAY A, 775 85%.
3-5-N-(2- A FE K 3 N /% '"H NMR (400 MHz,
CDCl;) d: 8.36 (d, J=8.0 Hz, 1H), 7.94 (s, 1H), 7.04 (t,
J=7.8 Hz, 1H), 6.93 (t, J=7.7 Hz, 1H), 6.86 (d, J=8.1
Hz, 1H), 3.88~3.84 (m, 3H), 2.83 (t, J=6.5 Hz, 2H); "°C
NMR (100 MHz, CDCly) &: 167.55, 147.86, 127.30,
124.07, 121.00, 119.90, 110.02, 55.72, 40.66, 39.96.

2-5-N-ZF 2./t H: "H NMR (400 MHz, CDCL;) o:
8.31 (s, 1H), 7.54 (d, J=7.9 Hz, 2H), 7.35 (t, J=7.5 Hz,
2H), 7.17 (t, J=7.4 Hz, 1H), 4.17 (s, 2H); °C NMR (100
MHz, CDCl3) 6: 163.97, 136.70, 129.17, 125.30, 120.21,
42.95.

2-5-N-(4- LA FEZHL) 4 i%: "H NMR (400 MHz,
CDCl;) 6: 8.19 (s, 1H), 7.43 (d, J=7.9 Hz, 2H), 6.87 (d,
J=7.9 Hz, 2H), 4.17 (s, 2H), 4.01 (q, J=6.9 Hz, 2H), 1.41
(t, J=6.9 Hz, 3H); *C NMR (100 MHz, CDCl;) J: 163.76,
156.45, 129.55, 122.09, 114.82, 63.70, 42.90, 14.85.

3-G0-N-(WEwy -2-FE F 56 (AT /% : "H NMR (400 MHz,
CDCly) 0: 7.21 (d, J=4.9 Hz, 1H), 6.96 (s, 1H), 6.94 (s,
1H), 4.60 (d, J=5.6 Hz, 2H), 3.78 (t, J=6.4 Hz, 2H), 2.64
(t, J=6.4 Hz, 2H); *C NMR (100 MHz, CDCl;) 6: 169.40,
140.58, 126.95, 126.15, 125.32, 40.10, 39.34, 38.40.

322 4k B 4946 m%

K WAL BIABA AL & ¥ (1 mmol) 5 & K IR B (1
mmol)7E TG /K PU SRR IR &, TN = ZHE(S )18l
TN 4 h, TLC BREFR, BHERNLER, ShEkital
PRIBEA: VR ) © MR ZER)=10 1143 1-(FFF
[d1[1,3] 52430 7 -5- 5 F LR EE (B), 723 60%. 'H
NMR (400 MHz, CDCLy) d: 6.85 (s, 1H), 6.74 (s, 2H), 5.93
(s, 2H), 3.73 (s, 2H), 3.40 (s, 2H), 2.90 (s, 2H), 2.42 (s,
4H); *C NMR (101 MHz, CDCly) J: 147.60, 146.60,
131.71, 122.32, 109.54, 107.85, 100.90, 63.21, 53.54,
45.46.

323 fLdds la 69 A&

WA EACRIRIZ R A A (1 mmo)FI =24
(5 )~ WREE(0.5 mmol)E T8 f PU SR I (THF)(30
mL)FIRE, T 70 CRHFEREIRR M, 2 A1IE(TLC)
PREFA AT EL BN SERCEFTE 4 h WIRMTERK). KN
TR G WAL T 78 A ), e R bl Ak [ I 77
VORI @ (LR ) =20 : 11138 3,3-(RWHE-1,4-
TOXUN-(2- FAERFE R I Nt IZ ) (1), 775N 76%. H
&4, m.p. 197.3~198.5 °C; 'H NMR (400 MHz, CDCl5)
d: 10.27 (s, 2H), 8.48~8.35 (m, 2H), 7.09~7.02 (m, 2H),
6.97 (t, J=7.7 Hz, 2H), 6.90 (d, J=8.0 Hz, 2H), 3.90 (s,
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6H), 2.98~2.71 (m, 8H), 2.71~2.46 (m, 8H); *C NMR
(100 MHz, CDCly) d: 170.56, 148.43, 127.91, 123.64,
121.00, 120.92, 110.04, 55.53, 53.98, 52.44, 33.64; IR
Vmax: 3321 (NH), 2810 (CH,), 1668 (C=0), 1598 (C=C),
1540 (C=C), 1489 (CH,), 1458 (CH,), 1231 (C—N), 1115
(C—N), 1050 (C—O—C), 1027 (C—O—C) cm " '; HRMS
(ESI+) caled for C,4H33N,0, [M+H]' 441.2497, found
441.2496 .

324 iubdh 2a~3a 8945k

FACKEBE ML &Y A (1 mmol)5 A 8] AR BHARIR
% B (1 mmol)7E L7k VUSRI HIR G TN = (S
) [EIAL N, TLC BRER SN, B2 N 584 (CR LI N 4
h). HERRAE BRI A4 [BE LA VR ES) C LR &
fig)=10 : 11153404 2a~3a, F2E 535N 80% 5 76%.

2-(4-(ZK I [d][1,3] = 480 2% A ) M -5- FF 255 ) DR 1 - 1 -
FE)-N-2K 5 Bz (2a): [ 4K, IR 80%. m.p.
113.8~115 “C; '"H NMR (400 MHz, CDCl;) ¢: 9.15 (s,
1H), 7.57 (d, J=17.6 Hz, 2H), 7.34 (t, J=7.9 Hz, 2H), 7.11
(t, J=7.4 Hz, 1H), 6.86 (s, 1H), 6.75 (s, 2H), 5.95 (s, 2H),
3.45 (s, 2H), 3.13 (s, 2H), 2.64 (s, 4H), 2.52 (s, 4H); "°C
NMR (100 MHz, CDCly) &: 168.40, 147.67, 146.66,
137.58, 131.79, 129.02, 124.16, 122.15, 119.39, 109.39,
107.88, 100.92, 62.63, 61.92, 53.51, 53.10; IR vynae: 3321
(NH), 2809 (CH,), 1673 (C=0), 1518 (C=C), 1234 (C—
N), 1040 (C—O—C), 932 (C—O—C) cm '; HRMS
(ESIH+) caled for CoHpyN;O5 [M+H]" 354.4293, found
354.4291.

2-(4-( K FF [d][1,3] = 56 4% A [0 M -5- H 2 ) DR W& - 1-
B)-N-(4- LA BRI W (3a): AR, i 76%.
m.p. 197.3~198.5 ‘C; '"H NMR (400 MHz, CDCl;) ¢:
10.27 (s, 2H), 8.48~8.35 (m, 2H), 7.09~7.02 (m, 2H),
6.97 (t, J=17.7 Hz, 2H), 6.90 (d, J=8.0 Hz, 2H), 3.90 (s,
6H), 2.98~2.71 (m, 8H), 2.71~2.46 (m, 8H); °C NMR
(100 MHz, CDCly) 0: 170.56, 148.43, 127.91, 123.64,
121.00, 120.92, 110.04, 55.53, 53.98, 52.44, 33.64; IR
Vmax: 3321 (NH), 2810 (CH,), 1668 (C=0), 1598 (C=C),
1540 (C=C), 1489 (CH,), 1458 (CH2), 1231 (C—N),
1115 (C—N), 1050 (C—0—C), 1027 (C—O—C) cm ';
HRMS (ESI+) caled for C,4H33N,0, [M+H]" 441.2497,
found 441.2496.

3.2.5 b4 4a—5a 694 &

FRIEIRIAL A1 mmol)ZZ 12 ik in 2 EHHIREE B (1
mmol) ) T4 PU SRR, A= RS )R 2
h, ZRERRFEAAEEIRF): VOEMER) @ (28R )=
10 : 111540 5L A 4a~5a, P20 508 70%5 71%.
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(4-( R FF [d][1,3] = 5 A% 3h 1305 -5- 36 ) R 168 -1-
B)-(4-TH 3 2RI R (4a): A EA, FE 70%. mop.
138.2~139.5 °C; '"H NMR (400 MHz, CDCl5) J: 8.28 (d,
J=8.4 Hz, 2H), 7.58 (d, J=8.7 Hz, 2H), 6.85 (s, 1H),
6.79~6.69 (m, 2H), 5.96 (s, 2H), 3.81 (s, 2H), 3.46 (s,
2H), 3.37 (s, 2H), 2.54 (s, 2H), 2.39 (s, 2H); *C NMR
(100 MHz, CDCly) d: 167.85, 148.26, 147.73, 146.83,
141.96, 131.07, 128.06, 123.89, 122.24, 109.32, 107.95,
100.99, 62.48, 52.99, 47.60; IR vya: 1626 (C=0), 1516
(NO,), 1489 (CH2), 1439 (CH,), 1287 (C—N), 1252 (C—
N), 1036 (C—O—C), 939 (C—O—C) cm™'; HRMS
(ESI+) caled for CoH,0N;0s [M+H]" 370.1398, found
370.1396.

(4-(ZK I [d1[1,3] = % 4% BF I 0 -5- AR 2 ) IR - 1-
F)-Q- AR H il (5a): A B A, WE 71%. mp.
240~241.2 C; "HNMR (400 MHz, DMSO-dq) J: 7.52~
7.35 (m, 4H), 7.27 (d, J=8.1 Hz, 1H), 7.06 (d, J=13.0,
8.2 Hz, 1H), 6.90 (d, J=7.9 Hz, 1H), 6.05 (s, 2H), 4.28 (d,
J=19.8 Hz, 2H), 3.83~3.39 (m, 4H), 3.40~2.88 (m, 4H).
BC NMR (100 MHz, DMSO-d) d: 166.09, 148.71,
147.91, 134.95, 131.16, 130.56, 129.73, 128.42, 127.90,
125.94, 122.80, 111.73, 108.61, 101.78, 59.28, 50.30,
43.47; IR Ve 1639 (C=0), 1494 (C=C), 1432 (CH,),
1292 (C—N), 1253 (C—N), 1033 (C—O—C), 958 (C—
0—C), 742 (C—CIl) cm™'; HRMS (ESI+) calcd for
C1oH,0CIN,O; [M+H]" 359.1157, found 359.1155.

3.2.6 &4 6a 94k

SRS FE AL S 70(1 mmol) 5 FAHIRE B (1
mmol) 7E T8 ¥ DY SR 1 IR G, AN =L %5
), 70 CIHIJEN 4 h, SrERAEABENA: V(A
fif) © V(LFR R =10 : 1118 3-(4-CEFF[d][1,3] — A
IR TR -5+ P ) R 1B - 1 - 55 )- - (2- I 7y 32 FFYJEE ) TR 5 %2 (6),
AR 65%, HMEA, 109.4-112.1 C; 'TH NMR (400
MHz, CDCLy) d: 9.08 (s, 1H), 7.25~7.21 (m, 1H), 6.97 (d,
J=3.6 Hz, 2H), 6.82 (s, 1H), 6.74 (t, J=8.7 Hz, 2H), 5.95
(s, 2H), 4.59 (d, J=5.2 Hz, 2H), 3.34 (s, 3H), 2.64~2.57
(m, 4H), 2.46~223 (m, 8H); C NMR (100 MHz,
CDCly) 0: 172.09, 147.59, 146.60, 141.27, 131.67, 126.87,
125.67, 124.75, 122.20, 109.44, 107.85, 100.90, 62.58,
53.52, 52.68, 52.19, 37.93, 31.67; IR vy 1 3321 (NH),
2801 (CH,), 1646 (C=0), 1542 (C=C), 1241 (C—N),
1035 (C—O0—C), 1008 (C—S—C), 931 (C—O0—C)
cm '; HRMS (ESI+) caled for CyoH3oN;05S [M+H]"
392.2036, found 392.2034.
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3.3 RHNEMELK

KH CCK8 LM AR &) 1a~6a AT T X %R
955 B (SMGC-1) AR AN IR, R 1% 30 25 25 Al
B ARAE 9 RE PR HEL Al A A 05 28R B I 41 5
£ DL $ 194 & (half maximal inhibitory concentration,
I1Cso) RER

B4t #} (Supporting Information) A< L&
I P W RVE A SC B o 6 B B IR 4 R RL R 1Y) 'H
NMR Fl °C NMR 3. X8kl n] LA 2 AT 3l
(http://sioc-journal.cn/) I N #k.
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