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Abstract: The abnormal activation of NOD-like receptor protein 3 (NLRP3) inflammasome is related to the
development of a variety of inflammatory and autoimmune diseases. In this study, the indole compound A-3 was
found to inhibit the activation of the NLRP3 inflammasome pathway. A total of 19 derivatives I-1-1-4, II-1-1I-6,
II-1-1II-3, IV-1-1V-6 were synthesized by structural modification of A-3, and 4 compounds III-3, IV-1, IV-5,
IV -6 could inhibit inflammasome activation at the cellular level. Preliminary mechanistic studies have shown
that the compound IV-5 can inhibit pyroptosis in J774A.1 cell. In addition, we analyzed the structure-activity
relationship of the series of compounds based on 3D pharmacophore model. This study provides lead compounds
for the development of novel NLRP3 inflammasome pathway inhibitors.

Key words: indole; NLRP3 inflammasome pathway; structural modification; anti-inflammatory activity; 3D

pharmacophore

Wk H: 2025-01-10; & 181 H 3: 2025-03-25.

FEETH: E X HRE RS T E (U24A20805, 82260694, 22467022, 22167021); = i & F& fil #F 7% i+ ¥ (202401BC070013, 202301 AW070003,
202201AT070297); =& %2 11X (202401AT070444); = F R AW % 50 R I % CXO T &1 H (2022YKZY001).

LS — 1

*JB AE A Tel: 18087353165, E-mail: zhangxj@ynu.edu.cn;
Tel: 13808730113, E-mail: zhangruihan@ynu.edu.cn

DOI: 10.16438/7.0513-4870.2025-0030



© 3112 - 25% %4 Acta Pharmaceutica Sinica 2025, 60(10): 3111-3119

PERE/MAE e KA G e R G (1) S AR AL s, v]
T e R R A& R BR B UK AR 1 (cysteinyl aspartate
specific proteinase 1, caspase-1) & 1k, FFAE R 13
APAE EE A BT RER TR RIE. EARZ
HRAE/NE T, NLRP3 #RE /M2 H R #IE 78 i AR A
—Fh EERN—MEZEAEEY, N AMBAN K18
(interleukin, IL-15) A1 1 20 Hd /i 25 -18 (IL-18) [ i 24 AT
BT SR, SERE /N I St 5 WG T e 2 3 BRI
IR, AT 51 R — F BB, 6045 2R VI it o0
I 5 ) 2 IR A DR 1 RV B R AR g BRI g
JES i RV

1k 7t & IO MCC950 fF S — Fi 45 2% ) NLRP3
5 SV, 7E NACTH 45 #4938 1f) Walker B motif &b
A Hh 5 4 NLRP3, FH Wi NLRP3 % 5 /) Ak 1 005 -
HAZ 5y FAEIR YT IR A 575 28 1) LU I PR 56 o
AT Re SRR, BATHE A Ok Ak, i H
% B 3 al [A] B2 40 ) NLRP3 28 5E /MR BE 1/ 73 1410
i) 751 451 fn 27 o0y S5 P S (andrographolide) ™ il J& 7] 4#F
(tranilast)!" ik 3% = if§ (dapansutrile)!"”'%§ C 22 7 &k IF
BEN I ARARES: (1), 15 H AT SRR AR AR 1) b T
21, I HOR 2 O R A7 76 B S 8 — L [R] Js A = =
S . BRI, I T A A NLRP3 50 MR TE A6 Y
BN T2 R+ BN E L

o H H o
“a-N N
Sy -
HO A N
NS [O2Ne) H
HO™ ~O OMe
OMe

MCC950 .
o Tranilast
O\\s//
/ \/\\\N
_OH OH

H 'f OH Dapansutrile o)
(0]
5 -
- H N N
: W N

O%..\OH /°>“,_ "| o

o O/ OH Indometacin
Andrographolide Vincamine

Figure 1 The structures of MCC950, andrographolide, tranilast,

dapansutrile, vincamine and indometacin
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Figure 2  4-Bromo-7-methoxy-1H-indole-3-carboxaldehyde. The
A, B, C represent the substituted sites of compound A-3 respectively
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Scheme 1  Synthetic routes of 7-methoxy indoles derivatives. Reagents and conditions: a: DMF, POCI,, 3 h, 0 °C; b: DMF, NBS, 1 h, rt;
c: R,-B(OH),, 1,4-dioxane, K,CO,, (dppf),PdCl,, N,, 8 h, 90 °C; d: R,-Br, DMF, NaH, 6 h, 50 °C; e: CH,NO,, CH,COONH,, 3 h, 120 °C;
f: R,-CH,, CH,OH, CH,ONa, 12 h, 50 °C

Table 1 The 19 target compounds I-1-1-4, II-1-11-6, III-1-111-3, IV-1-1V-6
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Table 2

Physical and spectral data of compounds I-1-1-4, II-1-1I-6, III-1-1II-3, IV-1-1V-6

Compd.

Mp, '"H NMR, "C NMR, HRMS-ESI

I-1

1-2

I-3

I-4

11-3

11-4

-1

-2

I1-3

1v-1

mp: 239-242 °C; 'H NMR (400 MHz, DMSO-d,) ,;: 12.57 (s, 1H), 10.03 (s, 1H), 9.45 (s, 1H), 8.04 (s, 1H), 7.72 (s, 1H), 7.60 (d, J =

8.1 Hz, 1H), 7.36 (t, /= 7.8 Hz, 1H), 7.11 (d, J = 7.5 Hz, 1H), 7.00 (d, J = 8.0 Hz, 1H), 6.89 (d, J = 8.1 Hz, 1H), 3.98 (s, 3H), 2.05 (s, 3H);
C NMR (100 MHz, DMSO-d,) 6.: 185.00, 168.90, 146.46, 142.69, 139.76, 132.68, 129.16, 127.64, 127.50, 125.26, 124.02, 123.94,
119.87, 119.00, 117.92, 103.76, 56.01, 24.53; HRMS-ESI: m/z Caled. for C,;H, N,0, [M+H]" 309.123 4, found 309.123 5

mp: 190-193 °C; 'H NMR (600 MHz, DMSO-d,) 6,: 12.58 (s, 1H), 10.42 (s, 1H), 9.54 (s, 1H), 8.13 (s, 1H), 7.75-7.62 (m, 2H), 7.28 (d,
J=8.5Hz, 1H), 7.02 (d, J = 8.0 Hz, 1H), 6.91 (d, /= 8.0 Hz, 1H), 3.99 (d, /= 3.2 Hz, 6H); *C NMR (150 MHz, DMSO-d,) 6,.: 189.65,
184.17, 160.96, 146.45, 137.32, 135.38, 134.69, 128.37, 127.96, 126.46, 124.57, 124.48, 123.99, 119.34, 112.82, 104.18, 56.53, 56.04;
HRMS-ESI: m/z Caled. for C, H NO, [M+H]" 310.107 4, found 310.107 0

187715
mp: 222-225 °C; 'H NMR (600 MHz, DMSO-d,) 6,;: 12.61 (s, 1H), 9.53 (s, 1H), 8.14 (s, 1H), 7.99 (d,.J = 7.9 Hz, 2H), 7.54 (d, J = 7.9 Hz,
2H), 7.07 (d, J = 8.0 Hz, 1H), 6.94 (d, J = 8.0 Hz, 1H), 4.00 (s, 3H), 3.89 (s, 3H); °C NMR (150 MHz, DMSO-d,) 6,: 184.13, 166.73,
147.25, 146.88, 135.48, 129.75, 129.75, 129.38, 129.38, 128.24, 128.00, 126.80, 124.69, 124.24, 119.27, 104.20, 56.09, 52.57; HRMS-ESI:
m/z Caled. for C H NO, [M+H]' 310.107 4, found 310.107 4

187715
mp: 173-175 °C; 'H NMR (600 MHz, DMSO-d,) 6,: 12.61 (s, 1H), 9.46 (s, 1H), 8.53 (d, J = 5.3 Hz, 1H), 8.49 (s, 1H), 8.19 (d, /= 3.1 Hz,
1H), 7.57 (d, J = 5.3 Hz, 1H), 7.03 (d, J = 8.0 Hz, 1H), 6.96 (d, J = 8.0 Hz, 1H), 4.01 (s, 3H); *C NMR (150 MHz, DMSO-d,) J,.: 183.72,
151.45, 149.51, 147.07, 143.21, 138.02, 137.48, 127.77, 125.45, 124.70, 124.19, 121.43, 119.90, 104.23, 56.10; HRMS-ESI: m/z Calcd. for
C,.H, CIN,0, [M+H]" 287.058 2, found 287.058 0
mp: 155-158 °C; 'H NMR (400 MHz, chloroform-d) &,: 9.95 (s, 1H), 8.09 (d, J = 8.5 Hz, 2H), 7.85 (d, J = 8.0 Hz, 1H), 7.60 (s, 1H), 7.20~
7.14 (m, 3H), 6.67 (d,J = 7.9 Hz, 1H), 5.68 (s, 2H), 3.71 (s, 3H); *C NMR (100 MHz, chloroform-d) 6.: 184.70, 147.46, 147.12, 145.15,
138.85, 127.78, 127.15, 127.15, 126.65, 124.25, 124.10, 124.10, 119.02, 114.65, 105.45, 55.42, 53.08; HRMS-ESI: m/z Calcd. for
C.H,N,0, [M+H] 311.102 6, found 311.102 3

14772
mp: 103-105 °C; 'H NMR (400 MHz, chloroform-d) 8,: 9.90 (s, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.53 (s, 1H), 7.36 (d, J = 8.4 Hz, 2H), 7.14
(t,J=7.9 Hz, 1H), 6.93 (d, J = 8.3 Hz, 2H), 6.67 (d, J = 7.9 Hz, 1H), 5.53 (s, 2H), 3.76 (s, 3H); *C NMR (100 MHz, chloroform-d) 8,
184.70, 147.31, 138.90, 136.68, 131.96, 131.96, 128.58, 128.58, 127.74, 126.84, 123.97, 121.80, 118.69, 114.54, 105.34, 55.45, 53.02;
HRMS-ESI: m/z Caled. for C,,H,,BrNO, [M+H]' 344.028 1, found 344.027 6

177714
mp: 203-206 °C; 'H NMR (400 MHz, DMSO-d,) 3,: 9.94 (s, 1H), 8.28-8.06 (m, 3H), 7.73 (d,J = 7.5 Hz, 1H), 7.48 (t, J = 8.9 Hz, 2H),
7.17 (t,J=7.9 Hz, 1H), 6.79 (d, . = 7.7 Hz, 1H), 6.05 (s, 2H), 3.58 (s, 3H); °C NMR (100 MHz, DMSO-d,) 5, 192.73, 185.32, 167.15,
147.47,142.73,131.72, 131.69, 131.57, 131.47, 127.23, 124.02, 117.96, 116.78, 116.56, 114.15, 105.77, 56.43, 56.03; HRMS-ESI: m/z
Caled. for C,H,,FNO, [M+H]  312.103 0, found 312.102 9

187714
mp: 151-154 °C; 'H NMR (400 MHz, DMSO-d,) 6,: 9.94 (s, 1H), 8.40 (s, 1H), 7.91 (d, J = 8.3 Hz, 2H), 7.72 (d, J = 7.8 Hz, 1H), 7.28 (d,
J =83 Hz, 2H), 7.16 (t, /= 7.9 Hz, 1H), 6.81 (d, J = 7.8 Hz, 1H), 5.75 (s, 2H), 3.82 (s, 3H), 3.75 (s, 3H); °C NMR (100 MHz, DMSO-d,)
S 185.31, 166.41, 147.58, 144.36, 142.19, 129.95, 129.95, 129.13, 127.55, 127.33, 127.33, 126.62, 124.25, 118.14, 114.07, 106.01, 55.95,
52.94, 52.58; HRMS-ESI: m/z Caled. for C,,H,,NO, [M+H]" 324.123 0, found 324.123 0
mp: 118-121 °C; 'H NMR (400 MHz, DMSO-d,) 6,,: 9.90 (s, 1H), 8.34 (s, 1H), 7.84 (d, J = 7.1 Hz, 2H), 7.72 (d, /= 7.9 Hz, 1H), 7.64 (t,
J=17.4Hz, 1H), 7.48 (t, J= 7.7 Hz, 2H), 7.17 (t, /= 7.9 Hz, 1H), 6.84 (d, J= 7.9 Hz, 1H), 4.85 (t, J = 4.9 Hz, 2H), 4.66 (t, /= 4.9 Hz, 2H),
3.84 (s, 3H); °C NMR (100 MHz, DMSO-d,) d,: 185.14, 165.80, 147.52, 142.42, 133.91, 129.74, 129.57, 129.57, 129.15, 129.15, 127.48,
126.60, 124.03, 118.03, 114.05, 105.71, 64.82, 56.04, 49.04; HRMS-ESI: m/z Calcd. for C,,H, NO, [M+H]" 324.123 0, found 324.122 6

197717
mp: 159-160 °C; 'H NMR (400 MHz, chloroform-d) 6,: 9.98 (s, 1H), 7.88 (d, J = 5.7 Hz, 2H), 7.20 (t, /= 7.9 Hz, 1H), 6.75 (d, /= 7.9 Hz,
1H), 5.30 (s, 2H), 3.94 (s, 3H), 2.56 (1, J = 2.6 Hz, 1H); °C NMR (100 MHz, chloroform-d) d,: 184.77, 147.34, 138.01, 127.67, 126.45,
123.97, 118.57, 114.59, 105.25, 77.40, 75.25, 55.64, 39.47; HRMS-ESI: m/z Calcd. for C,,;H, NO, [M+H]" 214.086 3, found 214.086 2
mp: 230-233 °C; 'H NMR (400 MHz, chloroform-d) 8,: 8.77 (s, 1H), 8.02 (d,.J = 15.5 Hz, 1H), 7.66 (dd, J = 8.3, 1.8 Hz, 1H), 7.60 (d, J =
1.8 Hz, 1H), 7.55 (d, J= 1.8 Hz, 1H), 7.52 (d, /= 5.3 Hz, 1H), 7.50 (d, J = 2.6 Hz, 1H), 7.15 (t, J= 7.9 Hz, 1H), 6.89 (d, J = 8.4 Hz, 1H),
6.69 (d, J=7.8 Hz, 1H), 3.91 (d,J = 3.6 Hz, 9H); °C NMR (100 MHz, chloroform-d) d,: 189.07, 152.78, 149.13, 146.38, 138.24, 132.09,
129.26, 127.73, 126.66, 122.60, 122.25, 117.56, 115.07, 113.21, 110.83, 109.98, 109.93, 103.36, 56.09, 55.46; HRMS-ESI: m/z Calcd. for
C,,H,,NO, [M+H]" 338.138 7, found 338.139 1

mp: 181-184 °C; 'H NMR (600 MHz, DMSO-d,) 6,: 11.99 (s, 1H), 8.08-7.95 (m, 2H), 7.80 (d, /= 8.1 Hz, 1H), 7.68-7.53 (m, 3H), 7.14
(t,J=7.9 Hz, 1H), 7.07 (d,J = 8.1 Hz, 1H), 6.81 (d,.J = 7.8 Hz, 1H), 6.16 (s, 2H), 3.95 (s, 3H); *C NMR (150 MHz, DMSO-d,) ..
187.14, 151.34, 148.35, 146.99, 138.98, 133.66, 133.04, 128.22, 127.38, 124.67, 122.20, 115.37, 113.79, 113.33, 108.52, 108.17, 103.77,
102.35, 55.76; HRMS-ESI: m/z Caled. for C,,H,NO, [M+H]" 322.107 4, found 322.107 4

197715
mp: 140-143 °C; 'H NMR (400 MHz, DMSO-d,) d,;: 12.45 (s, 1H), 8.41 (d, J=13.4 Hz, 1H), 8.17 (s, 1H), 7.98 (d, J = 13.4 Hz, 1H), 7.52
(d,J=8.0 Hz, 1H), 7.17 (t,J = 7.9 Hz, 1H), 6.86 (d,J = 7.9 Hz, 1H), 3.94 (s, 3H); "°C NMR (100 MHz, DMSO-d,) 5: 146.99, 136.04,
135.39, 131.58, 127.96, 126.63, 123.31, 113.40, 109.21, 104.59, 55.83; HRMS-ESI: m/z Calcd. for C, H,N,0, [M+H] 219.076 4, found
219.076 2
mp: 200-203 °C; 'H NMR (400 MHz, DMSO-d,) 6,: 8.45-8.30 (m, 2H), 8.20 (d, J = 8.7 Hz, 2H), 8.01 (d, J = 13.4 Hz, 1H), 7.56 (d, J =
8.0 Hz, 1H), 7.37 (d, J = 8.6 Hz, 2H), 7.19 (t, J = 8.0 Hz, 1H), 6.85 (d, J= 7.9 Hz, 1H), 5.79 (s, 2H), 3.76 (s, 3H); °C NMR (100 MHz,
DMSO-d,) 6. 147.81, 147.22, 146.55, 139.55, 134.17, 132.47, 128.21, 128.17, 128.17, 126.93, 124.28, 124.28, 124.04, 113.73, 108.64,
106.01, 56.02, 52.72; HRMS-ESI: m/z Caled. for C,;H, N0, [M+H]' 354.108 4, found 354.108 0

15773
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Continued
Compd. Mp, 'H NMR, *C NMR, HRMS-ESI
IV-2 mp: 193-195 °C; '"H NMR (400 MHz, DMSO-d,) J,;: 8.35 (d, J= 13.4 Hz, 1H), 8.31 (s, 1H), 7.99 (d, J= 13.4 Hz, 1H), 7.53 (, /= 8.0 Hz,

Iv-3

1v-4

IV-5

IV-6

3H), 7.18 (t,J = 8.0 Hz, 1H), 7.13 (d,J = 8.3 Hz, 2H), 6.85 (d, /= 7.9 Hz, 1H), 5.61 (s, 2H), 3.82 (s, 3H); °C NMR (100 MHz, DMSO-d,)
d,: 147.86, 139.48, 138.21, 134.28, 132.22, 131.95, 131.95, 129.52, 129.52, 128.18, 126.89, 123.94, 121.09, 113.66, 108.49, 105.92, 56.02,
52.54; HRMS-ESI: m/z Caled. for C,H, BrN,0, [M+H]" 387.033 9, found 387.033 7

mp: 209-212 °C; 'H NMR (400 MHz, methanol-d,) 8,: 9.20 (d, /= 13.4 Hz, 1H), 8.98 (dd, J = 8.8, 5.5 Hz, 2H), 8.90 (s, 1H), 8.80 (d, J =
13.4 Hz, 1H), 8.38 (d, J = 8.0 Hz, 1H), 8.28 (t, J = 8.8 Hz, 2H), 8.00 (t, J = 8.0 Hz, 1H), 7.63 (d, J = 7.9 Hz, 1H), 6.84 (s, 2H), 4.39 (s, 3H);
*C NMR (100 MHz, methanol-d,) 8,: 193.49, 148.57, 141.28, 135.37, 132.86, 132.55, 132.52, 132.39, 132.29, 128.63, 128.49, 124.61,
117.55, 117.34, 114.68, 109.07, 106.63, 57.27, 56.90; HRMS-ESI: m/z Caled. for C,,H,.FN,0, [M+H]" 355.108 9, found 355.108 7

197715
mp: 220-222 °C; 'H NMR (400 MHz, DMSO-d,) 6, 8.44-8.27 (m, 2H), 8.00 (d,J = 13.4 Hz, 1H), 7.91 (d, J = 8.2 Hz, 2H), 7.55 (d, J =
8.0 Hz, 1H), 7.27 (d, J = 8.2 Hz, 2H), 7.18 (t, J = 8.0 Hz, 1H), 6.84 (d, J = 7.9 Hz, 1H), 5.73 (s, 2H), 3.79 (d, J = 22.2 Hz, 6H); *C NMR
(100 MHz, DMSO-d,) 6.: 166.39, 147.88, 144.26, 139.61, 134.24, 13231, 129.97, 129.97, 129.15, 128.20, 127.32, 127.32, 127.02, 123.95,
113.69, 108.51, 105.98, 56.01, 52.97, 52.58; HRMS-ESI: m/z Caled. for C, H ,N,0, [M+H]" 367.128 8, found 367.128 6

200718
mp: 134-136 °C; "H NMR (400 MHz, DMSO-d,) ,: 8.36-8.24 (m, 2H), 7.95 (d, J = 13.4 Hz, 1H), 7.83 (d, /= 7.1 Hz, 2H), 7.62 (t, J =
7.4 Hz, 1H), 7.48 (dt, J = 15.5, 7.8 Hz, 3H), 7.17 (t, J = 8.0 Hz, 1H), 6.85 (d, /= 7.9 Hz, 1H), 4.81 (t, J= 4.7 Hz, 2H), 4.62 (t, /= 4.8 Hz,
2H), 3.84 (s, 3H); °C NMR (100 MHz, DMSO-d,) 6.: 165.82, 147.83, 139.88, 134.31, 133.92, 132.00, 129.69, 129.60, 129.60, 129.14,
129.14, 128.14, 126.99, 123.77, 113.64, 108.28, 105.69, 64.81, 56.09, 49.12; HRMS-ESI: m/z Calcd. for C,H,\N,O, [M+H]  367.128 8,
found 367.129 0

mp: 163-166 °C; 'H NMR (600 MHz, chloroform-d) 8,,: 8.15 (d, J = 13.5 Hz, 1H), 7.65 (d,J = 11.7 Hz, 2H), 7.25 (d, J = 8.0 Hz, 1H), 7.15
(t,J=8.0 Hz, 1H), 6.72 (d, J = 7.9 Hz, 1H), 5.23 (d, J = 2.5 Hz, 2H), 3.89 (s, 3H), 2.47 (t, J = 2.5 Hz, 1H); *C NMR (150 MHz, chloro-
form-d) 5.: 147.95, 135.08, 133.21, 132.55, 128.09, 126.98, 123.58, 113.18, 108.82, 105.21, 77.45, 75.11, 55.74, 39.42; HRMS-ESI: m/z

Calcd. for C,,H,,N,0, [M+H]" 257.092 1, found 257.091 8
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Figure 3  Evaluation of the effect of 19 target compounds on
NLRP3 inflammasome activity. Inhibition rate of target com-
pounds on LDH release. LDH: Lactate dehydrogenase; LPS: Lipo-
polysaccharides. n =3, x£s. P <0.001 vs LPS + Nigericin group
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Figure 4 Effects of compounds ITI-3, IV-1, IV-5, IV-6 on LPS + Nigericin induced caspase-1 and IL-1£ protein expression in J774A.1

cell. A: Western blot (WB) detection of caspase-1 and IL-1/ protein expression levels; B: Quantitative grayscale analysis of IL-1/4 protein

expression; C: Quantitative grayscale analysis of caspase-1 protein expression. n =3, x = s.
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Figure 5 Target compounds inhibit pyroptosis in J774A.1 cell. A: Immunofluorescence staining of PI and Hoechst 33342 staining detected

typical cell death, scale bar: 100 um; B: Quantitative analysis of pyroptosis cells; C: After treating cells with the target compounds, the

expression level of GSDMD-NT was detected by Western blot; D: Quantitative grayscale analysis of GSDMD-NT protein expression. n = 3,
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Table 3 The data on the anti-inflammatory activity of the target

compounds
Compd. IC. /umol-L" Compd. IC./umol-L"

I-1 36.0 II1-1 333
I-2 27.4 II1-2 47.3
1-3 > 50 111-3 2.0
14 34.1 Iv-1 3.2
1I-1 27.6 V-2 10.0
1I-2 8.1 V-3 > 50
11-3 > 50 V-4 > 50
11-4 > 50 IV-5 2.5
II-5 > 50 IV-6 2.4
11-6 20.5

PG E R AT T e e At . BRAR 25 BT RR AL  i%
TEPELE (IC, B/ B &0 8w M UL EL{E (FitValue
K, X i 1 2 A A AR T ACAE . SR A
T 2AME AW GREE AR B T 9 MR 25 X, SR JE
A EH 5 AN A 4 4L S 0 3 o 4 3 24 288 P 1 1k i
1T PFA/r, pharmacophore 3 F1 9 B8 %% 1 4 b [X 4 35 P 5
e A (B 6A).
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TV-6 | [ fiFf 25 A FR 005 3 A Dy S0 B 2 Ak T 1 e I
R AE N B K H L o
6 I

R Jok 7 396 2L PN A0 A 0 R T 1 s R Ak
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19 /> 7-FAE SE | R AT A1 B bs o 1, b g 184
EDNHAE Y (&Y -3 B A6, R Ah i 1 sk
I L0, AL &) I-3 . 1V-1.1V-5 A1 IV-6 % NLRP3 % Jif
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Figure 6 The 3D pharmacophore analysis of target compounds. A: The evaluation of 3D pharmacophore model; B: The structure of compound

IV-6; C: Superimposed of compound IV-6 and pharmacophore 9. Green sphere: Hydrogen bond acceptor; Blue sphere: Hydrophobic center
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FiE A HY, M0 R0 NaClU B % 3 IR, JC/KBRBR N T 1, e
T, 3 208 AR Y, b A A-3, 77 % 88.5%

¥ 1A 4K A-3 (1 mmol, 254 mg). 3- 2. Bt 2 3 22 i
% (1.2 mmol, 215 mg) ¥ fif 7E 8 mL 1,4- S N HH,
B 3 mol'L! K,CO, ¥ ¥ 2 mL, & RY F A
(dppf),PdCL, AL 7 (0.15 mmol, 110 mg), 90 °C ' [al i
7~8 h, TLC Wil Je M. 56 4, 2R B REHYL, 1A NaCliE
T 3 X, To/KBRER N T %, Jie T+, {1 I PE: EtOAc =
1o RERE AR E AT, 43 2K G R K, N E AL &Y
I-1, 2% 78.7%

FATT V1) 45 1-2~ 14
22 NEUEVNERDSE LL7-FEIE-1-4-HEEF
H)-1H-M5| W3- H % (11-1) S, ¥ a4k A-2 (1 mmol,
175 mg) ¥ f# (£ 5 mL DMF 1, UK¥5 T 2218 1\ NaH
(1.5 mmol, 36 mg), R HFE 0.5 h )5, IHA 4-fiF FE R
(2 mmol, 432 mg), 50 °CHi#: 6 h, TLC Ml s i 5¢ 4=, 31
A30mL 7K, LR ZBEEAEEL, WA NaClE vk 3k, &
IKBR BN T8, e T, 1 1] PECEtOAc = 3: 1 EER K 2 HT,
13305 s A8 R, N H AR S II-1, 7 % 85.7%.

AU TT V1 % 11-2~11-6.
23 MEUEPHERSE L (E)-1-34-=HEHE
IR FL)-3-(7- W A R - L H-W5] e -3- 25 ) P -2- A - 1- B (TTD-1)
95, ¥ R A 4K A-2 (1 mmol, 175 mg).3,4- — FH4FE %
.M (1.2 mmol, 216 mg) F1 B 44 (3 mmol, 540 uL)
RS 8 mL H BV, 50 °C F [|I3 7~8 h, TLC I
I RS5O e T, A8 PR EtOAc = 21 1 FE IR AL 2 T,
13 BB L0 [ AR R, 722 54.8%

el 7k -2

AL 59 A-2 (1 mmol, 175 mg). Z &% (3 mmol,
230 mg) VA MRAERN3E F ¢ (100 mmol, 5.4 mL) 1, 120 °C
N 2~3 h, TLC ¥ & 5 56 42, 81\ 30 mL 7K, 4
I8, RN AEFEE, S H RSP T-3, 725 91.4%.
24 IVELKEMHERTE DL (E)-7-HHI-1-4-
Bif 0 3)-3-(2- il 5 & 0 B8) - LH-P5| Wk (TV-1) R f5, %
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R LA AR R, N HPRMEETIV-1, 772 86.9%.
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