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Design, Synthesis and Anti-inflammatory Activity of Azulene
Derivatives Containing Benzimidazole Unit
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(* Key Laboratory of Synthetic and Self-Assembly Chemistry for Organic Functional Molecules, Shanghai Institute of
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Abstract Benzimidazole (BI) unit exists in many bioactive compounds and has attracted more and more attention in the field
of drug synthesis. Azulene derivatives are natural products obtained from medicinal plants, which have the characteristics of
anti-inflammatory, antioxidant, and low toxicity. Using azulene derivatives and BI as raw materials, fourteen azulene
derivatives that contain benzimidazole unit were synthesized by using Buchwald-Hartwig coupling strategy. Then their
anti-inflammatory activity and structure-activity relationship were studied. The results showed that these compounds can
effectively inhibit the production of NO in lipopolysaccharide (LPS) induced macrophages and have higher anti-inflammatory
activity than sodium guaiazulene sulfonate (GAS-Na). Among them, three derivatives were screened with low toxicity and
high anti-inflammatory activity, and they can inhibit the release of LPS-induced interleukin-6 (IL-6) and tumor necrosis
factor-a (TNF-a) in a dose-dependent manner by enzyme-linked immunosorbent assay (ELISA). The results show that
1-guaiaculene benzimidazole (GABI-1) has high anti-inflammatory activity (the inhibitory rate of NO was 33.69% at the doses
of 20 umol/L) and low cytotoxicity, which is expected to become a candidate molecule for new anti-inflammatory drugs.
Keywords azulene; guaiazulene; benzimidazole; sodium guaiazulene sulfonate; anti-inflammatory activity
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Figure 1 Chemical structures of benzimidazole, azulene and
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(Entries 2, 3), TMifiiH 2-—

mE 80%

BT -2 4 6'- = S P FE B

2K ('Bu-Xphos) A BCART RIS B 51, 7Tk 85% (Entry 5).
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Table 1 Optimization of Buchwald-Hartwig coupling reaction conditions

pael

2a GABI-1
Entry Solvent Catalyst Ligand Base Temp./C Yield?/%

1 Toluene Pdz(dba); Davephos NaO'Bu 110 49
2 Toluene Pdz(dba); Xphos NaO'Bu 110 80
3 Toluene Pdz(dba); Sphos NaO'Bu 110 80
4 Toluene Pdz(dba); Me'Bu-Xphos NaO'Bu 110 5
5 Toluene Pd»(dba)s ‘Bu-Xphos NaOBu 110 85
6 Toluene Pd(OAc)2 ‘Bu-Xphos NaO'Bu 110 79
7 Toluene Pd(dppf)Cl2 ‘Bu-Xphos NaO'Bu 110 74
8 Toluene Pdz(dba); ‘Bu-Xphos K2COs 110 24
9 Toluene Pdz(dba); ‘Bu-Xphos Cs2CO03 110 67
10 Toluene Pdz(dba); ‘Bu-Xphos K3PO4 110 30
11 1,4-Dioxane Pd>(dba)s ‘Bu-Xphos NaO'Bu 110 83
12 DMB Pdx(dba)s ‘Bu-Xphos NaO'Bu 110 82

4 Reaction conditions: 1 (0.3 mmol, 1.0 equiv.), 2a (0.45 mmol, 1.5 equiv.), catalyst (0.05 equiv.), ligand (0.1 equiv.), base (0.42 mmol, 1.4 equiv.), solvent (3 mL),
reaction time is 24 h; ? yield calculated from column chromatography separation.
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BCfA. 1.4 equiv. NaO'Bu N 3 mL R I HILE
110 “C. Ny B 24 h Ak &A1+

TR IR KRS [ B R AT AY) GABI-1~GABI-7
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(a) Synthesis of products GABI-1 ~ GABI-7
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(46%)&T 5 AL FAEER I EY) GABI-T FI%HL™
H(47%); 6 S FAFEIHILEY) AzBI-6 HIRZHL =%
(40%) KT 5 17 IR LAY AzBI-T (IRl = %
(48%), IX AT HE A PR Y AR 2 1 o7 LSS K H - RRMY,
13 1 47 N J&F IR RE 206w T 3 467 N R F IR
AEZ23.

HHFst &%) GABI-1~GABI-7 fil AzBI-1~AzBI-7
HIfb 245/ 25 "H NMR . 3C NMR i '°F NMR .
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(b) Synthesis of products AzBI-1 ~ AzBI-7

Pd,(dba);, ‘Bu-Xphos, NaO'Bu

0 N/tN
Pd,(dba)s, ‘Bu-Xphos, NaO'Bu b
Toluene, 100 ~ 110 °C, 24 h d
R2
R1

GABI-1: R'"=H, R? = H, 85%
GABI-2:R"=H, R2=F, 39%
GABI-3:R'"=F, R2=H, 58%
GABI-4: R' = H, RZ2=Cl, 39%
GABI-5: R'=CI,R2=H, 51%
GABI-6: R"' = OCHg, R? = H, 46%
GABI-7: R" = H, R? = OCHj3, 42%

1 H
o X

3 2
2a:R"=H,R?=H
2b:R'=H,R?=F
2c:R'=CI,R?=H
2d: R'=H, R? = OCH,

Toluene, 100 ~ 110 °C, 24 h

/=N
o
b
d
2
R! R
AzBI-1:R'=H, R2=H, 76%
AzBI-2: R'=H, R2 = F, 36%
AzBI-3:R'=F, RZ=H, 47%
AzBIl-4:R'=H, R2=Cl, 33%
AzBI-5:R' = Cl, R2=H, 44%
AzBI-6: R' = OCHg, R2=H, 37%
AzBI-7: R' = H, R? = OCHj3, 44%

EH 1 GABI-1~GABI-7 #1 AzBI-1~AzBI-7 [}]& % £k
Scheme 1 Synthesis routes of GABI-1~GABI-7 and AzBI-1~AzBI-7
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(19.97%)F1 GABI-6 (20.25%)7F &I H L GAS-Na
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B2 {L5%) GABI-2 fll GABI-T ) 5. 44 K4
Figure 2 X-Ray single crystal structures of products GABI-2 and GABI-7
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BRI 2 FEEIRUSCE, AT Ta) 3 S S 4R i . JEid
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GABI-6 755N 253 L 40 A5 3575 90% LA .
PLRIEMERT R £ W, GABI-1~GABI-3 Al GABI-5~
GABI-7 TE£5 257 % 10 A1 20 pmol/L T HIHT 2 TG 145 &0
T GAS-Na, {H GABI-7 M4 E MR, Rk
&t — 1R % GABI-1~GABI-3. GABI-5 1 GABI-6
X RAW 264.7 42 2 PEA M K+ 40 TNF-a. 1L-6
IR,

*%

== GAS-Na == AzBI-1
L * == GABI-1 == AzBI-2
g | == GABl2 == AzBI-3
c 4 ™ == GABI3 === AzBl-4
2 25- == GABI4 === AzBI-5
% b === GABI-5 === AzBI-6
~ == GABI-6 === AzBI.7
o i
z == GABI-7
0_
1 umol/L 10 pmol/L 20 umol/L
B3 RELEYIN LPS 551 RAW 264.7 41 NO 301
Figure 3 Inhibitory activities against NO of the different compounds in LPS-induced RAW 264.7 cells
Data are given as mean+ SEM. *p<<0.05 compared to GAS-Na
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Figure 4 Effects of compounds on the cell viability of macrophage RAW 264.7 cells
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WREER, th& ) GABI-1 AN T A5 1 41 it BA S5 400 | 0
YHHE A TNF-a fTIL-6 (774, Ho8 A T R 24 43531
TBEZE 90.73%A1 93.89%; 7E 20 umol/L 525K R, 1k
4% GABI-1.GABI-2 fll GABI-6 ¥Jfi & 2 414 TNF-a,
HEBDMTHEE 87.12%. 90.94%F1 91.77%; Hft
EEME] IL-6, FEDN FEE 91.03%. 93.52%FH

b) IL6

it
10019 == « N o wx

(&)
o
1

(compared of LPS)/%

Relative amount of cytokines __

LPS
(d) IL6
[7)] -
o} ## ns S ns
. ns ns —

§§100 ;_;2;_: -
2= |
52 |
52 ]
= o
S o 504
o0 ]
E® ]
T a
o £ 1
= Q |
s< oL U EARAT AT T
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B 5 ARSI LPS 551 RAW 264.7 41l TNF-o 1 IL-6 (3535 P
Figure S Inhibitory activities against TNF-o and IL-6 of the different compounds in LPS-induced RAW 264.7 cells
Data are given as mean+ SEM. (a, b) Inhibition of LPS-induced TNF-a and IL-6 of compounds GABI-1, GABI-2, GABI-3, GABI-5, and GABI-6 at 20
umol/L; (c, d) inhibition of LPS-induced TNF-a and IL-6 of compounds GABI-1, GABI-2, GABI-6. Data are expressed as fold change relative to control
values (samples treated with LPS alone). ****p<(0.0001, ***p<<0.001, **p<<0.01, *p<<0.05 compared to LPS.
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92.84%. X =/ MLAY BRI — 2 KRR #ME. Hod,
GABI-1 IR R BT, W] DME A s R 8 25 i 7E
{[Z37

NP EY) GABI-1 (IHT RGN, K H 51k
A Az, GA. BI DLACH R 28 2500 B4R G| 3 < |
AR5 Bl A UCAREAT B R IG e LG, 255K, e
) GABI-1 [HT R & PEAE LA 253K 2 09 10 A1 20 pmol/L T
BT Az. GA 1 BI, HHEAELLZ5HEH 20 pmol/L i
T 5 25 R BT =T VT AR, AH 55 05| W3 = 14T 28 15 PE AR B
1 ZHE.

2 ZLig

JHid Buchwald-Hartwig I SI20E AL T 14 DR
F Wk kg Ry 1 B R AT 2E Y GABI-1 ~ GABI-7 Al
AzBI-1~AzBI-7, 3| Griess £ R BIILAE 1. 10 A1 20
umol/L ¥#KE FXF LPS i T EWE4H M2 &/ i NO
AAFEFEE RS R, I ELISA iEE— B0 5k
AL 5% GABI-1. GABI-2 1 GABI-6 figH 24| LPS
753 B4 A rp (i 28 PEAH PR TNF-o0 1 IL-6 FRIREIK,
H AR —ERWRERBE. 254 CCK-8 V41 i it
7, GABI-1 B A7 BAEMPLRIENE, TELZAKREN 20
umol/L B}, H NO #fiZiL 2 33.69%, REW& FI%
LPS i 5 EL 40 i e A SRR 7 TNF-a £ 1L-6 (1)
S TR ERY, tbE&Y GABI-1 BN AL
IR FEEs 73, FL BRI AL AN A4 P AR 400 1 S 5
R T — P
3 EES
3.1 UESRHFA

¥ i 3L 9% ('H NMR, *C NMR # °F NMR)
VARIAN 400 # 1 a4z 5% 15 4% B¢ Bruker AV500 1 4R
PREACIE, KA CD2.CL A, TMS fE MM bR; 40450
i (IR)FH Thermo Fisher Nicolet FT-IR spectrometer 74
ZLANI HTACIN RE ;=140 )53 (HRMS) . Thermo Fisher
Scientific LTQ FTICR-MS Jfi i {%Jll5€; NOESY i
BRUKER 600 1% i 41 5 15 2 .

B R ANV I35k B e s, Rt — b 4lifh
BT, — S ENO)YRl 77 S0 LPS (TLR4 B0
FNE H 225K, Mouse IL-6 ELISA Kit A&7 & A1
Mouse TNF-o ELISA Kit & illi& 7 & B B RHEY),;
CCK-8 #riR57)& H MesGen Biotech.

3.2 144 GABI-1~GABI-7 #1 AzBI-1~AzBI-7 {J
=y

HY 1 8% 3 (0.3 mmol), 2 (0.45 mmol), Pda(dba); (0.015
mmol), Bu-Xphos (0.03 mmol)F1 NaO'Bu T 25 mL
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Schlenk & 1, fli#e Ny =%, S8 7E N2 4 FIMA 3 mL
FEARFIK, 110 C M 24 h, #HEEETLC) MM A
B TR OHE, Vi v=1: 1| RNERSE. RN
HEZRE, BRNMBEIAKS, AR OEER =X,
HIFANUAH, To7K NaxSOs T, ZBRIGHE, TERKEZ
Hr 47 WiEk/ 288 ZBE/EGN, V2 VL V=200 : 200 : 114
BRI OIS Y GABI-1~GABI-7T Fl (i &4
AzBI-1~AzBI-7.

1-(7- 5 4 2 -1,4- — H 36 B 2- 5% )- 2K I ik me
(GABI-1): 7= 85%. m.p. 141~142 ‘C; 'H NMR (400
MHz, CD,Cl,) §: 8.37 (s, 1H), 8.20 (s, 1H), 7.88~7.82 (m,
1H), 7.60~7.53 (m, 2H), 7.38~7.33 (m, 3H), 7.23 (d, J=
10.6 Hz, 1H), 3.21~3.13 (m, 1H), 2.88 (s, 3H), 2.59 (s,
3H), 1.41 (d, J=6.9 Hz, 6H); '*C NMR (100 MHz,
CD,Cly) §: 145.80, 144.31, 143.80, 142.81, 140.34, 136.94,
136.37, 135.86, 135.02, 134.80, 127.40, 123.85, 122.94,
120.55, 117.29, 111.59, 108.22, 38.78, 24.88, 24.46, 10.65;
IR (KBr) v: 3450, 3054, 2960, 2923, 2863, 1897, 1776,
1725, 1710, 1609, 1556, 1531, 1496, 1456, 1403, 1390,
1373, 1299, 1270, 1217, 1154, 1142, 1121, 1098, 1070,
1051, 1004, 968, 931, 885, 864, 849, 815, 789, 779,765,
746, 719, 667, 636, 628, 570, 546, 476, 432, 404 cm ',
HRMS (ESI) caled for CpHxN; [M+H]" 315.1856,
found 315.1856.

1-(7- 5 A 2 -1,4- — L B0 56 )-S5 5 — 2R IR e
(GABI-2): 7% 39%. m.p. 115~117 C; '"H NMR (500
MHz, CD,Cl,) §: 8.38 (d, J=2.0 Hz, 1H), 8.27 (s, 1H),
7.61~7.54 (m, 2H), 7.48 (dd, J=8.9, 4.7 Hz, 1H), 7.32 (s,
1H), 7.24 (d, J=10.6 Hz, 1H), 7.11 (td, J=9.1, 2.5 Hz,
1H), 3.17 (hept, J=6.9 Hz, 1H), 2.88 (s, 3H), 2.57 (s, 3H),
1.41 (d, J=6.9 Hz, 6H); '*C NMR (125 MHz, CD,Cl,) ¢:
160.0 (d, J=237.6 Hz), 146.2, 1453, 144.2 (d, J=12.5
Hz), 143.0, 139.7, 136.9, 136.4, 136.2, 135.1, 131.6, 127.6,
117.3, 112.3 (d, J=7.2 Hz), 112.2 (d, J=8.7 Hz), 108.1,
106.0 (d, J=24.4 Hz), 38.8, 24.9, 24.5, 10.6; 'F NMR
(376 MHz, CD,Cly) 0: —108.10; IR (KBr) v: 3434, 2961,
2923, 2863, 1859, 1731, 1622, 1607, 1591, 1563, 1530,
1497, 1439, 1391, 1373, 1360, 1309, 1297, 1260, 1216,
1129, 1115, 1095, 1051, 1003, 970, 951, 868, 851, 828,
817, 803, 782, 750, 720, 704, 669, 645, 630, 613, 558, 483,
439 c¢m '; HRMS (ESI) [M+H]" caled for C»HxnFN,
333.1762, found 333.1761.

1-(7- 5 T 25 -1,4- — F L B0 356 )-6- 35— 2R I IR e
(GABI-3): % 58%. m.p. 91~93 C; 'H NMR (500
MHz, CD,Cl,) §: 8.38 (d, J=2.0 Hz, 1H), 8.25 (s, 1H),
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7.84 (dd, J=8.9, 4.8 Hz, 1H), 7.59 (dd, J=10.7, 2.0 Hz,
1H), 7.31 (s, 1H), 7.27~7.21 (m, 2H), 7.11 (td, J=9.2, 2.5
Hz, 1H), 3.17 (hept, J=6.9 Hz, 1H), 2.88 (s, 3H), 2.58 (s,
3H), 141 (d, J=6.9 Hz, 6H); *C NMR (125 MHz,
CD,Cl) §: 160.7 (d, J=239.8 Hz), 146.3, 144.6, 143.0,
140.2, 139.5, 136.9, 136.4, 136.3, 135.2, 135.1, 127.6,
121.2 (d, J=10.0 Hz), 117.3, 111.5 (d, J=25.8 Hz), 107.9,
98.3 (d, J=27.7 Hz), 38.8, 24.9, 24.5, 10.6; '°F NMR (376
MHz, CD,Cl,) §: —105.72; IR (KBr) v: 3458, 3106, 2956,
2922, 2865, 1862, 1715, 1617, 1595, 1557, 1530, 1497,
1401, 1389, 1371, 1347, 1312, 1263, 1212, 1172, 1111,
1086, 1071, 1050, 1000, 968, 952, 936, 900, 842, 818, 808,
771, 749, 720, 665, 627, 613, 564, 538, 440 cm '; HRMS
(ESI) caled for CyH»FN, [M+H]" 333.1762, found
333.1761.

1-(7- 57 TR 2k - 1,4- — AR R B -2- ik )-5- G — 2R I K e
(GABI-4): /=% 39%. m.p. 141~143 ‘C; 'H NMR (500
MHz, CD,Cl,) J: 8.37 (d, J=2.0 Hz, 1H), 8.24 (s, 1H),
7.86 (d, J=2.0 Hz, 1H), 7.58 (dd, J=10.6, 1.9 Hz, 1H),
7.47 (d, J=8.6 Hz, 1H), 7.35~7.29 (m, 2H), 7.24 (d, J=
10.6 Hz, 1H), 3.17 (hept, J=6.9 Hz, 1H), 2.87 (s, 3H),
2.56 (s, 3H), 1.41 (d, J=6.9 Hz, 6H); *C NMR (125 MHz,
CD,Cly) J: 146.3, 145.1, 144.9, 143.0, 139.6, 136.9, 136.4,
136.2, 135.2, 133.7, 128.5, 127.6, 124.3, 120.2, 117.4,
112.6, 108.1, 38.8, 24.9, 24.5, 10.6; IR (KBr) v: 2955,
2920, 2863, 1873, 1726, 1605, 1562, 1530, 1495, 1461,
1431, 1392, 1372, 1306, 1294, 1240, 1215, 1099, 1072,
1052, 1001, 968, 938, 910, 870, 819, 805, 780, 732, 719,
691, 666, 637, 624, 597, 555, 485, 422 cm " '; HRMS (ESI)
caled for CpHnCIN, [M + H] ©  349.1464, found
349.1464.

1-(7- 37 79 2k -1,4- — A L B2 Bk )-6- S — O I Ik
(GABI-5): =% 51%. m.p. 58~59 C; 'H NMR (500
MHz, CD,Cl,) J: 8.38 (d, J=2.0 Hz, 1H), 8.21 (s, 1H),
7.80 (d, J=8.6 Hz, 1H), 7.59 (dd, J=10.6, 2.0 Hz, 1H),
7.52 (d, J=2.0 Hz, 1H), 7.34~7.30 (m, 2H), 7.25 (d, J=
10.6 Hz, 1H), 3.17 (hept, J=6.9 Hz, 1H), 2.88 (s, 3H),
2.56 (s, 3H), 1.41 (d, J=6.9 Hz, 6H); *C NMR (125 MHz,
CD,Cly) J: 146.4, 144.7, 143.0, 142.5, 139.4, 136.8, 136.4,
136.3, 135.7, 1352, 129.7, 127.6, 123.7, 121.4, 117.5,
111.7, 108.1, 38.8, 24.9, 24.5, 10.6; IR (KBr) v: 3076,
2957, 2865, 1712, 1611, 1530, 1494, 1451, 1401, 1388,
1371, 1332, 1303, 1275, 1262, 1210, 1137, 1108, 1086,
1051, 999, 967, 907, 849, 811, 781, 749, 731, 694, 666,
632, 599, 560, 538, 499, 428, 405 cm '; HRMS (ESI)
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caled for CpHnCIN, [M + H] ©
349.1465.

1-(7- 57 T - 1,4- — H R B2k )-6- FH A - X G Ik
H(GABI-6): =% 46%. m.p. 53~55 ‘C; '"H NMR (500
MHz, CD,Cl,) d: 8.38 (d, J=2.0 Hz, 1H), 8.23 (s, 1H),
7.81 (d, J=8.8 Hz, 1H), 7.58 (dd, J=10.6, 2.0 Hz, 1H),
7.34 (s, 1H), 7.24 (d, J=10.6 Hz, 1H), 7.02~6.94 (m,
2H), 3.79 (s, 3H), 3.17 (hept, J=6.8 Hz, 1H), 2.88 (s, 3H),
2.57 (s, 3H), 1.41 (d, J=6.9 Hz, 6H); *C NMR (125 MHz,
CD,Cl,) 8: 158.0, 146.2, 143.3, 143.0, 139.8, 136.9, 136.3,
136.2, 135.6, 135.2, 127.5, 120.6, 117.7, 113.1, 108.3,
94.9, 56.2, 38.8, 24.9, 24.5, 10.6; IR (KBr) v: 2958, 2866,
2833, 1717, 1618, 1588, 1558, 1532, 1493, 1456, 1402,
1388, 1372, 1345, 1308, 1274, 1224, 1089, 1050, 1027,
969, 944, 821, 769, 735, 710, 668, 633, 565, 419 cm !;
HRMS (ESI) caled for CpHysN,O [M-+H]™ 345.1960,
found 345.1960.

1-(7- 5 TN B -1,4- = A R B -2- 5 )-5- FR AR - R 9 ik
W (GABI-7): %% 42%. m.p. 139~141 ‘C; '"H NMR
(500 MHz, CD,Cl,) 6: 8.40~8.31 (m, 2H), 7.58 (dd, J=
10.7, 2.0 Hz, 1H), 7.49 (s, 1H), 7.43 (d, J=8.9 Hz, 1H),
7.32 (s, 1H), 7.24 (d, J=10.6 Hz, 1H), 7.00 (dd, J=8.9,
2.4 Hz, 1H), 3.87 (s, 3H), 3.17 (hept, J=6.9 Hz, 1H), 2.87
(s, 3H), 2.57 (s, 3H), 1.40 (d, J=6.9 Hz, 6H); '*C NMR
(125 MHz, CD,Cly) 6: 157.4, 146.3, 144.2, 143.4, 143.0,
139.6, 136.9, 136.3, 136.2, 1352, 129.3, 127.6, 117.3,
114.5, 112.4, 108.1, 102.0, 56.2, 38.8, 24.9, 24.5, 10.6; IR
(KBr) v: 3416, 3104, 2960, 1619, 1593, 1555, 1532, 1488,
1452, 1400, 1385, 1372, 1305, 1275, 1235, 1215, 1197,
1184, 1151, 1136, 1102, 1086, 1049, 1031, 995, 967, 946,
892, 852, 840, 827, 817, 806, 785, 752, 720, 669, 650, 634,
607, 566, 544, 477, 437, 403 cm™ '; HRMS (ESI) calcd for
C23H2sN,0 [M+H]" 345.1960, found 345.1960.

1-B R IEIK IR (AZBI-1): P23 76%. m.p. 128~
129 ‘C; '"H NMR (500 MHz, CD,Cl,) J: 8.48 (s, 1H), 8.43
(d, J=9.3 Hz, 2H), 8.05 (d, J=8.1 Hz, 1H), 7.85 (d, J=
7.9 Hz, 1H), 7.68 (t, J=9.9 Hz, 1H), 7.61 (s, 2H), 7.45 (t,
J=17.6 Hz, 1H), 7.41~7.33 (m, 3H); '3C NMR (125 MHz,
CD,Cl,) J: 145.1, 143.5, 143.0, 140.4, 136.9, 136.4, 133 .4,
125.5, 124.4, 123.5, 120.9, 112.0, 107.4; IR (KBr) v: 3126,
3051, 3016, 1689, 1609, 1570, 1538, 1513, 1500, 1452,
1405, 1297, 1282, 1259, 1224, 1216, 1189, 1155, 1133,
1020, 947, 930, 899, 885, 853, 841, 787, 726, 643, 615,
584,519, 472, 423 cm™ !; HRMS (ESI) calcd for C17H 2N,
[M]" 244.1000, found 244.1001.

349.1464, found
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1- B L -5- 55— 2K FF DK M (AzBI-2): 2% 36%. m.p.
160~162 C; 'H NMR (500 MHz, CD,Cl,) &: 8.50 (s,
1H), 8.43 (d, J=9.1 Hz, 2H), 7.97 (dd, J=38.9, 4.6 Hz,
1H), 7.69 (t, J=9.9 Hz, 1H), 7.57 (s, 2H), 7.53 (dd, J=
9.2, 2.5 Hz, 1H), 7.38 (t, J=9.8 Hz, 2H), 7.20 (td, J=9.1,
2.5 Hz, 1H); C NMR (125 MHz, CD,Cl,) 6: 160.1 (d,
J=238.3 Hz), 145.6 (d, J=12.7 Hz), 144.4, 143.1, 1404,
137.3, 136.7, 130.1, 125.6, 112.6 (d, J=14.5 Hz), 112.4,
107.4, 106.6 (d, J=24.0 Hz); F NMR (376 MHz,
CD,Cl) o: -107.53; IR (KBr) v: 3125, 3029, 1710, 1617,
1597, 1574, 1538, 1511, 1496, 1473, 1440, 1404, 1372,
1310, 1284, 1230, 1209, 1193, 1144, 1100, 1016, 953, 909,
899, 886, 864, 821, 788, 734, 644, 631, 584, 544, 481, 444,
430, 404 cm™'; HRMS (ESI) calcd for Ci7H12FN, [M+
H]" 263.0979, found 263.0978.

1-B8 3 -6- 50— 2K IF IR M (AZBI-3): 23R 47%. m.p.
160~162 °C; 'H NMR (500 MHz, CD,CL) J: 8.49~8.39
(m, 3H), 7.80 (dd, /J=28.8, 4.9 Hz, 1H), 7.75~7.66 (m,
2H), 7.55 (s, 2H), 7.39 (t, J=9.8 Hz, 2H), 7.14 (td, /=9.2,
2.5 Hz, 1H); C NMR (125 MHz, CD,Cl,) 6: 160.9 (d,
J=239.9 Hz), 143.7 (d, J=3.1 Hz), 143.0, 141.5, 1404,
137.4, 136.9, 133.6 (d, J/=13.4 Hz), 125.7, 121.7 (d, J=
10.2 Hz), 111.7 (d, J=25.0 Hz), 107.4, 98.9 (d, J=28.8
Hz); F NMR (376 MHz, CD,Cl,) §: —105.00; IR (KBr)
v: 3122, 3033, 1688, 1615, 1597, 1575, 1538, 1509, 1472,
1456, 1409, 1343, 1295, 1273, 1225, 1195, 1167, 1117,
1096, 1012, 959, 951, 899, 866, 846, 817, 784, 772, 736,
701, 643, 625, 615, 607, 585, 570, 489, 455, 434, 417
cm '; HRMS (ESI) caled for C;7HFN; [M+H] '
263.0979, found 263.0978.

1- B8 3L -5- G- 2R IF WK (AzBI-4): 7= % 33%. m.p.
154~155 C; 'H NMR (500 MHz, CD,Cl,) &: 8.48 (s,
1H), 8.44 (d, J=9.2 Hz, 2H), 7.96 (d, J/=8.7 Hz, 1H), 7.84
(d, J/=1.9 Hz, 1H), 7.70 (t, J=9.9 Hz, 1H), 7.57 (s, 2H),
7.44~17.35 (m, 3H); *C NMR (125 MHz, CD,CL) ¢:
146.0, 144.3, 143.0, 1404, 137.4, 136.9, 132.2, 128.9,
125.7, 124.8, 120.7, 112.8, 107.5; IR (KBr) v: 3066, 3020,
1609, 1573, 1537, 1518, 1457, 1426, 1403, 1372, 1342,
1305, 1281, 1212, 1194, 1117, 1057, 1020, 951, 911, 898,
861, 850, 798, 725, 653, 629, 606, 588, 581, 476, 429, 411
cm '; HRMS (ESI) caled for C;7H;;CIN, [M+H]"
279.0684, found 279.0682.

1- B 5L -6- 5~ 2K HF K (AZBI-S): 773 44%. m.p.
156~158 C; 'H NMR (500 MHz, CD,CL) J: 8.50~8.40
(m, 3H), 8.04 (d, /=2.0 Hz, 1H), 7.78 (d, J/=8.6 Hz, 1H),
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7.71 (t, J=9.9 Hz, 1H), 7.57 (s, 2H), 7.43~7.33 (m, 3H);
BC NMR (125 MHz, CD,Cly) J: 143.8, 143.7, 142.8,
140.4, 137.5, 136.9, 134.1, 130.2, 125.7, 124.1, 121.8,
112.1, 107.5; IR (KBr) v: 3090, 3018, 1612, 1594, 1577,
1541, 1518, 1453, 1404, 1373, 1335, 1312, 1286, 1269,
1224, 1195, 1138, 1108, 1066, 1018, 936, 912, 900, 847,
831, 800, 750, 718, 687, 654, 646 ,617, 598, 582, 554, 482,
419 cm '; HRMS (ESI) caled for C7H,CIN, [M+H]"
279.0684, found 279.0683.

1- BE Ik -6- T S8 - 2R JF K I (AZBI-6): /% 37%.
m.p. 132~134 °C; '"H NMR (500 MHz, CD,Cl) J: 8.43
(d, J/=9.1 Hz, 2H), 8.39 (s, 1H), 7.74 (d, J=38.9 Hz, 1H),
7.68 (t, J=9.9 Hz, 1H), 7.57 (s, 2H), 7.49 (d, J=2.4 Hz,
1H), 7.37 (t, J=9.8 Hz, 2H), 7.01 (dd, J=38.8, 2.4 Hz,
1H), 3.92 (s, 3H); '3C NMR (125 MHz, CD,Cl,) J: 158.1,
143.5, 142.3, 140.4, 139.2, 137.1, 136.6, 134.1, 125.6,
121.2, 112.5, 107.5, 95.8, 56.3; IR (KBr) v: 3093, 3081,
3004, 2956, 2836, 1975, 1854, 1793, 1625, 1590, 1574,
1539, 1517, 1494, 1479, 1467, 1453, 1439, 1409, 1375,
1349, 1319, 1287, 1276, 1230, 1216, 1204, 1174, 1130,
1112, 1035, 930, 898, 817, 809, 789, 765, 744, 732, 701,
642, 622, 583, 467, 441, 420 cm ™ '; HRMS (ESI) calcd for
CisHisN,O [M+H]" 275.1179, found 275.1178.

1- B BL-5- A AU - TR IR IR e (AZBI-T7): 72 3% 44%.
m.p. 118~119 °C; 'H NMR (500 MHz, CD,Cl,) J: 8.45
(s, 1H), 8.41 (d, J=9.2 Hz, 2H), 7.92 (d, J=38.9 Hz, 1H),
7.67 (t, J=9.9 Hz, 1H), 7.57 (s, 2H), 7.40~7.32 (m, 3H),
7.07 (dd, J=8.9, 2.5 Hz, 1H), 3.90 (s, 3H); 3*C NMR (125
MHz, CD,Cly) d: 157.2, 145.9, 143.6, 143.2, 140.5, 136.9,
136.4, 127.9, 125.6, 114.2, 112.4, 107.2, 103.0, 56.1; IR
(KBr) v: 3300, 3115, 3075, 3010, 2979, 2943, 2843, 1702,
1671, 1615, 1593, 1574, 1539, 1521, 1483, 1441, 1411,
1388, 1379, 1354, 1313, 1297, 1278, 1239, 1197, 1157,
1106, 1016, 945, 926, 900, 871, 824, 808, 790, 752, 727,
696, 646, 621, 598, 586, 565, 508, 474, 433 cm '; HRMS
(ESI) caled for C;sHisN,O [M+H]" 275.1179, found
275.1179.

33 SEMMRLSE
3.3.1 Griess ‘&4 ML -S4 %F LPS % F 49 RAW 264.7
E v @ e X R AE A 6G NO #9454 A

1E 37 C, 5% CO, fHEIHF#H, KR ENEg
RAW 264.7 50T 5 R0 B0 10% 67 ML (FBS)
DMEM (dulbecco's modified eagle medium) =yt Es 77 5t
t, B 24 h IR, FRgAMfL 2= =AU, BL5 X104
AL # EEREA T 96 FLIR, W H 24 h. 45 25 4L AR
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MBHAINAAF A 25 EE(1 S 10 AT 20 pmol/L) Itk & 455
7% 1 h. BEJ5 I LPS (500 ng/fL), F GAS-Na 1 NBH
X REA AR E 48 h, B0 E 1000 r/min. BF[A] 1 min)
JE AR BIEW. ARG HEIR NO Ui P ERAE, A
X TR NO #4112, NO 1 % (%) =[1—(OD &/
BERIZH)] X 100%.

3.3.2 ELISA kA& ML 443t LPS 5 F 49 RAW
264.7 E % A K 4E A A 69 TNF-o A= IL-6 49 47 %] 4E A

£ 37 °C, 5% CO, 1EIIEFRA, ¥/ BB 40
RAW 264.7 BM TS AR50 208 10%11 FBS 1) DMEM
FERE R, 24 h G IR, FRAMufE & ARG,
PL 5 X 10* /N /mL % FEHA T 96 LR, W% A 24 h. 45254
FRLARY 0 REZH I ANAN [R5 25 B2 (1 10 1 20 pmol/L) )
&9, £53% 1 h. BEJS I LPS (500 ng/fL), 4k&:859%
48 h, B.Cr(FE 1000 r/min. WA 1 min) 5 I8 E IS
SR 4% BRI B U B 15, J8id BLISA 7R & ek
Ay A e R A A 256 (IL-6) F0 MR I8 BB A
T-o (TNF-o). 40 R -7 AR 55 5 (%) = [£5 24 4L 40 i ]

AR T B 8] X 100%, 4 H T3 22
R T 50 2 57 (1) 240 i R 7% R0 OD A 2 [a] s v ith 2k
THES .

3.3.3 CCK-8 kit a4at B tm . RAW 264.7
m AR E 1 6%

B EMEMILL 5X10* AN/mL % EREMT 96 LI,
4L 100 L, ¥ E 24 h. HHIIIARFSZKEA. 10
F120 pumol/L)Ifb & E N 34, LLEIMN FIFEAAFR
(LB ES FRIVE v as AT IR AH, 4ka8s 9% 48 h. 4k
NEF BN 10%[F) CCK-8 FEIILIE DMEM W 100 pL,
IFAE 37 C, 5% CO. 15 F-46 0 B 45 min, T 490 nm
LB OD 8. HHMAEIS F (%)= (4244 OD {#/%5 X E
2H OD 1H) X 100%.

334 Gtk

K #3248 mean+SEM. f# ] GraphPad 8.0 #
PEXT BRI AT A0, R KSPR 0.05. BT R AhSEEs B
H=R.

48 B4 kL (Supporting Information) 1454 GABI-1~
GABI-7 il AzBI-1~AzBI-7 [FIZHESEARIEE, L&Y
GABI-2 1 GABI-7 54 g 080 DAL A0 A X 4
X e kLT B 9 AT X 328 (http://sioc-journal.cn/) |
T
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