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Synthesis, bioactivity evaluation of dibenzoyl methane halophenols
and their interactions with CAV-1
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Abstract: Caveolin-1 (CAV-1) is related to inflammation, oxidative damage, and immunity. In order to obtain
a series of dibenzoylmethane halophenols with strong anti-inflammatory and antioxidant effects targeting CAV-1,
twenty-nine target compounds were therefore synthesized by Baker-Ventaraman rearrangement and demethylation
reaction, starting from the substituted benzoyl chloride and o-hydroxyacetophenone, and their interactions with
CAV-1 were investigated by BLI technique. Their in vitro anti-inflammatory and antioxidant properties were also
evaluated. The results showed that compounds A6, A17, A18, and A29 not only specifically bind to CAV-1, but also
present strong anti-inflammatory and antioxidant effects. These results suggest that this class of compounds can
affect the signaling pathways related to inflammation and oxidative stress by directly acting on CAV-1. In particular,
these compounds exhibit the most significantly inhibitory effects on IL-15 and COX-2 release. IL-1/ plays a key
regulatory role in the development of arthritis. Therefore, it is worth expecting for the application of such compounds
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in the prevention and treatment of arthritis.
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Scheme 1 Synthesis route of target compounds A1-A29
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Table 1 Physical properties and purities of target compounds. B, SN T 2975 24 h; BEE LA L. 238 GRUT 3%
New compound; “Detected by HPLC QB: FH {_ﬁ%%gﬁ %%% Hﬂ“, }i@%llﬁ’ Fo4~T2h 2
Compd. Appearance mp/°C O‘;T;jj/l P;J;;l:y mj‘%ét;ﬁ o BBI'3 ﬁﬂ(%ﬁﬁzki/—:‘\/ﬁt, F‘ﬁ uﬂfﬁ EF' %
y1 (] (] P = = 5k
A2 Yellow solid ~ 112-114 30.1 99.63 1 3 i BB, o
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e oo DBM K X By J& T - —Ei KA & W, ] Be A7 £ B
Ad Yellow solid ~ 245-248 283 99.00 ) B
AS’ Yellow solid ~ 142-144 233 100.00 XAEEE R BEAR 7M. L CDCLAE I, X B Anfb &
A6* Yellow sol%d 127-130 37.9 99.67 Y47 'H NMR. °C NMR £/ it Efmﬁ?ﬁK%ﬁ-:
A7 Yellow solid ~ 149-152 12.7 99.18 o e
A8’ Yellow solid ~ 130-133 15.1 99.50 Wiz b, TR B . (H A2, FFASRE MR UL I 2 4544
A9 * Yellow solid ~ 160-163 14.4 99.15 F AN B R . R, i 45 SR B HMBC
A10 Yellow solid ~ 163-165 12.8 100.00 ot e e Dl AL A . X o
A" Yellowsolid  150-153 10.1 99.49 WREAT HAALE, DAL 510 A26 J9 81 (1 2), L CDCL 8%
A1 Yellow solid ~ 170-172 15.6 99.04 F), —YEEIE BoRTE O = 1540 Ff1 0 = 12.15 b HH A
A13’ Yellow solid ~ 302-305 333 99.20
; & S5= = H.oA T =
A4 Yellowsolid  278-280 55.5 99.28 R, 5=7.59 (d, J=8.7 Hz, IH) £ A 65
Al15 Yellow solid ~ 168-170 47.6 99.36 REIE BRI - HTE 8 = 195.0 1 F Ab H I — /N B 2L
A16 Yellow solid 147-151 55.8 100.00
) Wt K] 4E HH - ¥ 7 = = =
A17 Yellow solid ~ 125-130 13.4 100.00 HMBC i [# 45 R BAE ik (0 = 195.0) 56 =7.59
A18  Yellowsolid  187-191 1.7 99.42 (d, J=8.7 Hz, 1H) &t IEEFEM R, 5B L&KL
A19° Yellow solid ~ 232-236 10.9 99.40 . . ,
. BRI Y &
A2 Yellowsolid  160-162 4 9 11 AHOG . HH IR AT 0 B, B T K AR A IR, A& 1) A26 1E
A21'  Yellowsolid  175-177 454 100.00 CDCl,H FEZ UR I NS A . AT A B AR &
A22° Yellow solid ~ 237-240 11.3 100.00 S , — N
. 't CDCIL, ¥ 57! (1E s WY A I o
A23 Yellowsolid  222-225 9.3 100.00 (i S TR PRI 8 L0 DRE RO 5
A4 Yellow solid ~ 187-191 45.8 100.00
A25 Yellow solid ~ 250-253 40.7 100.00 OH O © OH O OH
A26I Yellow solid ~ 185-188 55.2 100.00 AN AN
A27 Yellow solid 202205 38.7 100.00 s ——~—— .
. . Br 4 Cl Br74 Cl
A28 Yellow solid ~ 247-250 39.1 100.00 5 5
A29 Yellow solid 1927195 3.6 100.00 Figure 2 Keto-enol tautomerism of compound A26
Table 2 Spectra data of target compounds
Compd. 'HNMR, "C NMR, MS, and HR-MS

Al 'HNMR (600 MHz, CDCL,) d: 15.74 (s, 1H), 12.28 (s, 1H), 7.68 (d, J = 8.6 Hz, 1H), 7.55 (s, 1H), 7.46 (s, 1H), 7.01 (5, 1H), 6.94 (d, J =
8.5 Hz, 1H), 6.89 (d, J = 6.7 Hz, 1H), 6.69 (s, 1H), 3.98 (s, 6H). °C NMR (150 MHz, CDCL) 8: 193.7, 178.2, 162.9, 153.1, 149.2, 141.1,
129.2,125.9, 121.0, 119.6, 118.8, 117.6, 110.8, 109.5, 91.7, 56.1, 56.1. EI-MS (m/z): 335.39 ([M+H]"). HR-MS (ESI+): m/z calculated for
C,,H,.ClO, [M+H]" = 335.068 6, found 335.069 0.

A2 'HNMR (600 MHz, CDCL,) 6: 15.67 (s, 1H), 12.47 (s, 1H), 7.78 (d, J = 7.0 Hz, 1H), 7.57 (d, J = 7.8 Hz, 1H), 7.46 (d,J = 1.6 Hz, 1H),
6.95 (d,J = 8.5 Hz, 1H), 6.69-6.63 (m, 3H), 3.98 (s, 6H). *C NMR (150 MHz, CDCL) &: 184.7, 171.8, 163.4, 153.4, 149.2, 132.0, 128.6,
127.7,122.2,121.7, 111.7, 110.5, 104.7, 104.5, 92.3, 56.2, 56.0. EI-MS (m/z): 318.44 ((M+H]"). HR-MS (ESI+): m/z calculated for
C,,H,;FO, [M+H]' = 319.098 2, found 319.098 2.

A3 'HNMR (600 MHz, CDCL,) d: 15.76 (s, 1H), 12.25 (s, 1H), 7.61 (s, 1H), 7.60 (s, 1H), 7.46 (d, J = 2.0 Hz, 1H), 7.20 (d,J = 1.7 Hz, 1H),
7.05 (d, J = 6.6 Hz, 1H), 6.95 (d, J = 8.5 Hz, 1H), 6.70 (s, 1H), 3.98 (s, 6H). *C NMR (150 MHz, CDCl,) 6: 193.8, 178.3, 162.7, 149.1,
129.7,129.2, 125.9, 122.5, 121.9, 121.8, 121.0, 110.7, 109.4, 91.1, 77.3, 63.6, 56.1. EI-MS (m/2): 401.05 ((M+Na]"). HR-MS (ESI+): m/z
calculated for C,H BrO; [M+H]" = 379.018 1, found 379.017 7.

A4 'HNMR (600 MHz, CDCL,) d: 15.84 (s, 1H), 12.04 (s, 1H), 7.71 (d, J = 2.5 Hz, 1H), 7.61 (d, J = 8.3 Hz, 1H), 7.48 (d,J = 2.1 Hz, 1H),
7.40 (d,J = 6.4 Hz, 1H), 6.97 (d,J = 1.8 Hz, 1H), 6.95 (d, J = 2.1 Hz, 1H), 6.69 (s, IH), 4.00 (s, 6H). °C NMR (150 MHz, CDCL,) &
194.3,171.2,170.5, 161.3, 155.9, 153.9, 142.1, 135.8, 131.6, 123.8, 121.3, 110.5, 109.6, 106.7, 91.1, 56.2, 56.1. EI-MS (m/2): 336.93
([M+H]"). HR-MS (ESI+): m/z calculated for C ,H,,ClO, [M+H]" = 335.068 6, found 335.068 9.

A5 'HNMR (600 MHz, CDCL,) d: 15.86 (s, 1H), 11.85 (s, 1H), 7.60 (s, 1H), 7.56 (d, J = 1.8 Hz, 1H), 7.47 (s, 1H), 7.19 (d, J = 7.4 Hz, 1H),
6.97 (s, 1H), 6.94 (d,J = 9.8 Hz, 1H), 6.67 (s, IH), 3.98 (s, 6H). *C NMR (150 MHz, CDCL,) 6: 184.7, 171.8, 163.4, 153.4, 149.2, 132.0,
128.6, 127.7,122.2,121.7, 111.7, 110.5, 104.7, 104.5, 92.3, 56.2, 56.0. EI-MS (m/z): 317.42 ((M-H]). HR-MS (ESI+): m/z calculated for
C,,H,;FO, [M+H]' = 319.098 2, found 319.099 4.

A6 'HNMR (600 MHz, CDCL,) d: 15.84 (s, 1H), 12.06 (s, 1H), 7.62 (d, J = 13.1 Hz, 1H), 7.60 (s, 1H), 7.55 (s, 2H), 6.94 (s, 1H), 6.92 (d, J =

9.3 Hz, 1H), 6.74 (s, 1H), 3.98 (s, 6H). "C NMR (150 MHz, CDCL,) 6: 184.6, 175.3, 168.0, 152.7, 149.1, 138.1, 130.5, 128.4, 124.3,
121.0, 120.7, 110.5, 110.1, 109.7, 91.7, 63.7, 56.1. EI-MS (m/z): 419.55 ([IM+K]"). HR-MS (ESI+): m/z calculated for C,,H, ,BrO;
[M+H]" =379.018 1, found 379.019 8.
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Continued

Compd. 'H NMR, “C NMR, MS, and HR-MS

A7 'HNMR (600 MHz, CDCL,) é: 12.33 (s, 1H), 7.91 (d, J = 1.2 Hz, 1H), 7.88 (s, 1H), 7.60 (d, J = 0.6 Hz, IH), 7.52 (s, 1H), 7.51 (s, 1H),
7.04 (s, 1H), 7.03 (s, 1H), 6.75 (s, 1H), 6.69 (s, 1H). °C NMR (150 MHz, CDCl,) &: 194.0, 177.9, 163.0, 150.4, 145.7, 141.2, 139.8,
129.4,120.2, 119.7, 118.8, 112.9, 110.8, 110.4, 91.3. EI-MS (m/z): 305.21 (IM-H] ). HR-MS (ESI+): m/z calculated for C,;H, CIO,
[M+H]" = 307.037 3, found 307.038 1.

A8  'HNMR (600 MHz, CDCL,) 6: 12.52 (s, 1H), 8.03 (d, J = 8.5 Hz, 1H), 7.75 (s, 1H), 7.73 (s, 1H), 7.52 (s, 2H), 7.50 (s, 1H), 7.00 (s, 1H),
6.97 (d,J=2.0 Hz, 1H), 6.66 (s, 1H). °C NMR (150 MHz, CDCL,) 6: 193.8, 177.5, 165.8, 148.3, 130.6, 121.0, 120.1, 115.4, 113.9, 112.9,
110.4, 107.2, 105.4, 105.2, 91.0. EI-MS (m/2): 289.38 ((M-H] ). HR-MS (ESI+): m/z calculated for C,;H,, FO, [M+H]" = 291.066 9, found
291.066 9.

A9 'H NMR (600 MHz, CDCI,) 8: 12.32 (s, 1H), 7.64 (s, 1H), 7.62 (s, 1H), 7.52 (d, J=2.2 Hz, 1H), 7.21 (d, /= 2.0 Hz, 1H), 7.09 (d, J =
2.0 Hz, 1H), 7.06 (d, J = 1.9 Hz, 1H), 6.97 (s, 1H), 6.95 (s, 1H), 6.71 (s, 1H). *C NMR (150 MHz, DMSO-d,) J: 195.0, 185.2, 179.7,
158.3,153.1, 151.5, 146.3, 137.1, 131.6, 127.4, 121.5, 119.5, 111.0, 105.3, 95.6. EI-MS (m/z): 349.19 ((M-H] ). HR-MS (ESI+): m/z
calculated for C ;H,,BrO, [M+H] = 350.986 8, found 350.985 7.

157711
A10  'HNMR (600 MHz, CDCL,) 6: 12.09 (s, 1H), 7.72 (d, J = 2.4 Hz, 1H), 7.60 (d, J = 1.3 Hz, 1H), 7.54 (s, 1H), 7.02 (s, 1H), 6.98 (s, 1H),
6.96 (s, 1H), 6.86 (s, 1H), 6.84 (s, 1H), 6.68 (s, 1H). *C NMR (150 MHz, CDCL,) 6: 195.8, 178.5, 160.8, 145.8, 135.3, 129.8, 127.6,
126.4,121.3, 120.3, 115.5, 113.0, 110.4, 110.1, 91.3. EI-MS (m/2): 305.22 ((M-H] ). HR-MS (ESI+): m/z calculated for C H, CIO,
[M+H]" = 307.037 3, found 307.036 9.

A1l 'HNMR (600 MHz, CDCL,) 8: 11.89 (s, 1H), 7.80 (d, J = 1.4 Hz, 1H), 7.78 (d,.J = 1.1 Hz, 1H), 7.54 (s, 1H), 7.13 (s, 1H), 7.1 (s, 1H),
7.02 (s, 1H), 6.88 (s, 1H), 6.84 (s, 1H), 6.66 (s, IH). °C NMR (150 MHz, CDCl,) &: 194.1, 184.9, 155.6, 151.5, 146.0, 125.9, 123 4,
121.4,121.0, 119.4, 119.3, 116.1, 115.1, 114.8, 95.3. EI-MS (m/2): 290.52 ((M-H] ). HR-MS (ESI+): m/z calculated for C, .H, FO,
[M+H]" = 291.066 9, found 291.066 8.

A12  'HNMR (600 MHz, CDCL,) &: 15.68 (s, 1H), 12.07 (s, 1H), 7.83 (d, J= 2.4 Hz, 1H), 7.52 (d, J = 2.1 Hz, 1H), 7.51 (s, 2H), 6.99 (s, 1H),
6.98 (s, 1H), 6.90 (d, J = 8.8 Hz, 2H), 6.66 (s, 1H). °C NMR (150 MHz, CDCl,) &: 193.1, 183.9, 169.7, 163.9, 152.3, 138.9, 138.0, 133.8,
130.6, 127.3, 122.9, 120.7, 116.1, 115.5, 91.1. EI-MS (m/2): 348.46 ((M-H] ). HR-MS (ESI+): m/z calculated for C ;H, BrO, [M+H] =
350.986 8, found 350.987 5.

A13  'HNMR (600 MHz, CDCL,) d: 15.28 (s, 1H), 12.16 (s, 1H), 8.04 (d, J = 7.8 Hz, 2H), 7.75 (d, J = 7.8 Hz, 2H), 7.71 (d, J = 8.3 Hz, 1H),
7.04 (s, 1H), 6.92 (d, J = 8.4 Hz, 1H), 6.80 (s, 1H). *C NMR (150 MHz, DMSO-d,) 6: 195.1, 183.7, 182.8, 170.8, 168.9, 164.2, 162.8,
146.7, 144.7, 136.4, 130.0, 128.2, 125.4, 120.9, 117.5, 92.6. EL-MS (m/2): 341.14 ((M-H]"). HR-MS (ESI+): m/z calculated for
C,.H,,CIF,0, [M+H]" = 343.034 9, found 343.035 8.

167710
Al4 'HNMR (600 MHz, CDCL,) d: 12.15 (s, 1H), 8.07 (d, J = 8.2 Hz, 2H), 7.78 (d, /= 8.3 Hz, 2H), 7.66 (d, J = 8.7 Hz, 1H), 7.25 (d, J =
1.9 Hz, 1H), 7.10 (dd, J = 8.6, 1.9 Hz, 1H), 6.83 (s, 1H). *C NMR (150 MHz, CDCL,) &: 195.4, 175.6, 163.1, 136.8, 134.1, 130.7, 129.5,
129.5, 127.2, 127.2, 125.9, 125.8, 122.8, 122.1, 117.7, 93.2. EI-MS (m/z): 385.28 ((M-H]). HR-MS (ESI+): m/z calculated for
C,H,,BrF,0, [M+H]" = 386.984 4, found 386.984 2.

167710
A15  'HNMR (600 MHz, CDCL) d: 15.35 (s, 1H), 11.72 (s, 1H), 8.04 (d, J = 7.9 Hz, 2H), 7.76 (d, J = 7.8 Hz, 2H), 7.43 (d, J = 6.5 Hz, 1H),
7.23 (s, 1H), 6.98 (s, 1H), 6.76 (s, 1H). *C NMR (150 MHz, CDCL,) 8: 195.1, 176.0, 158.8, 156.0, 154.4, 136.7, 134.1, 127.2, 125.8,
124.5,123.6, 120.2, 118.5, 113.6, 113.4, 93.2. EI-MS (m/2): 325.27 (IM-H] ). HR-MS (ESI+): m/z calculated for C, H, F,0, [M+H]' =
327.064 4, found 327.065 7.

A16  'HNMR (600 MHz, CDCL,) &: 15.32 (s, 1H), 11.94 (s, 1H), 8.07 (d, J = 8.0 Hz, 2H), 7.87 (d, /= 2.4 Hz, 1H), 7.77 (d, J = 8.2 Hz, 2H),
7.56 (d,J = 8.5 Hz, 1H), 6.93 (d, J= 8.9 Hz, 1H), 6.79 (s, 1H). *C NMR (150 MHz, DMSO-d,) 5: 194.0, 182.3, 166.8, 161.1, 146.9,
135.8, 130.5, 128.3, 125.8, 125.5, 123.7, 123.5, 120.4, 115.1, 109.6, 93.5. EL-MS (m/z): 385.27 ((M~H] ). HR-MS (ESI+): m/z calculated
for C,.H,,BrF,0, [M+H]' = 386.984 4, found 386.984 6.

167710
A17  'HNMR (600 MHz, CDCL,) 5: 15.47 (s, 1H), 12.32 (s, 1H), 7.87 (d, J = 8.2 Hz, 2H), 7.69 (d, J = 8.9 Hz, 1H), 7.51 (d, J = 8.5 Hz, 2H),
7.02 (s, 1H), 6.90 (d,J = 6.5 Hz, 1H), 6.75 (s, 1H), 1.36 (s, 9H). *C NMR (150 MHz, CDCL,) 8: 194.4, 178.2, 163.1, 156.6, 129.4, 128.9,
126.8x2, 125.8, 119.7, 118.8, 117.7, 91.8, 40.9, 35.1, 31.1x3. EL-MS (m/z): 353.15 ([M+Na]"). HR-MS (ESI+): m/z calculated for
C,,H,,ClO, [M+H]" = 331.110 1, found 331.111 5.

197719
A18 'HNMR (600 MHz, CDCL,) 6: 15.40 (s, 1H), 12.50 (s, 1H), 7.87 (d, J = 8.6 Hz, 2H), 7.78 (dd, J = 8.9, 6.4 Hz, 1H), 7.51 (d, /= 8.6 Hz,
2H), 6.72 (s, 1H), 6.69 (d, J= 7.9 Hz, 1H), 6.65 (d, J= 5.9 Hz, 1H), 1.36 (s, 9H). °C NMR (150 MHz, CDCL,) J: 194.4, 178.3, 163.7,
156.5,130.7, 129.4, 128.4, 126.7x2, 125.8x2, 107.4, 107.2, 105.4, 91.7, 35.1, 31.1x3. EI-MS (m/z): 337.88 ((M+Na]"). HR-MS (ESI+):
m/z calculated for C H,FO, [M+H] = 315.139 6, found 315.140 5.

197719
A19  'HNMR (600 MHz, CDCL,) &: 15.48 (s, 1H), 12.29 (s, 1H), 7.88 (d, /= 8.1 Hz, 2H), 7.62 (d, /= 8.5 Hz, 1H), 7.51 (d, /= 8.1 Hz, 2H),
7.20 (s, 1H), 7.06 (d, J = 8.5 Hz, 1H), 6.75 (s, 1H), 1.36 (s, 9H). *C NMR (150 MHz, CDCL,) &: 193.1, 173.8, 162.9, 156.7, 129.9, 129.4,
126.8, 125.9, 122.6, 122.1, 121.9, 121.3, 91.7, 35.2, 31.1x3. EL-MS (m/2): 375.32 ((M+H]"). HR-MS (ESI+): m/z calculated for
C,,H,,BrO, [M+H]" = 375.0359 6, found 375.059 8.

197719
A20 'HNMR (600 MHz, CDCL,) &: 15.49 (s, 1H), 12.31 (s, 1H), 7.84 (d,J = 8.1 Hz, 2H), 7.70 (d, J = 8.7 Hz, 1H), 7.30 (d, J = 8.1 Hz, 2H),
7.02 (d,J=2.0 Hz, 1H), 6.89 (dd, /= 8.5, 2.1 Hz, 1H), 6.74 (s, 1H), 2.44 (s, 3H). *C NMR (150 MHz, CDCL,) 6: 194.4, 178.2, 163.1,
143.6, 141.3,129.7, 129.4, 128.4, 127.2, 126.9, 119.7, 118.8, 91.6, 21.7. EI-MS (m/z): 310.82 ([M+Na]"). HR-MS (ESI+): m/z calculated
for C, H,,ClO, [M+H]" =289.063 1, found 289.063 6.

167713
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Continued

Compd.

'H NMR, "C NMR, MS, and HR-MS

A21 'HNMR (600 MHz, CDCl,) 0: 12.31 (s, 1H), 7.86 (d, J = 8.2 Hz, 2H), 7.64 (d, J = 8.6 Hz, 1H), 7.32 (d, J = 9.3 Hz, 2H), 7.22 (d, J =
2.0 Hz, 1H), 7.07 (dd, J = 8.6, 1.9 Hz, 1H), 6.77 (s, 1H), 2.46 (s, 3H). "C NMR (150 MHz, CDCL,) 0: 194.8,176.9, 164.6, 162.9, 130.2,
129.6, 129.3, 129.2, 122.6, 122.1, 117.8, 116.2, 91.9, 19.3. EI-MS (m/z): 354.99 ((M+Na]"). HR-MS (ESI+): m/z calculated for

C,H,,BrO, [M+H] = 333.012 6, found 333.012 5.

167713

A22  'HNMR (600 MHz, CDCL,) 0: 15.49 (s, 1H), 12.32 (s, 1H), 7.87 (d, /= 8.2 Hz, 2H), 7.70 (d, / = 8.2 Hz, 1H), 7.32 (d, /= 7.7 Hz, 2H),
7.02 (s, 1H), 6.90 (d, J = 8.4 Hz, 1H), 6.75 (s, 1H), 2.73 (s, 2H), 1.25 (s, 3H). C NMR (150 MHz, CDClL,) 0: 195.3, 176.4, 155.1, 140.7,
138.1, 136.4, 128.4, 127.0, 118.8, 109.2, 105.9, 101.9, 91.7, 29.7, 15.2. EI-MS (m/z): 325.13 ([M+Na]"). HR-MS (ESI+): m/z calculated

for C,,H,,CIO, [M+H]" =303.078 8, found 303.079 1.

177715

A23  'HNMR (600 MHz, CDCL) §: 15.50 (s, 1H), 12.27 (s, 1H), 7.86 (d, J = 8.0 Hz, 2H), 7.62 (d, J = 8.5 Hz, 1H), 7.32 (d, J = 7.9 Hz, 2H),
7.20 (s, 1H), 7.05 (d, J = 8.6 Hz, 1H), 6.75 (s, 1H), 2.73 (q, J = 7.5 Hz, 2H), 1.26 (s, 3H). °C NMR (150 MHz, DMSO-d,) : 192.0, 184.9,
182.4,164.7,147.1, 146.0, 140.7, 135.9, 128.6, 127.6, 121.1, 117.5, 89.9, 28.6, 15.8. EI-MS (m/z): 369.11 ((M+Na]’). HR-MS (ESI+):
m/z calculated for C _H,;BrO, [M+H]" = 347.028 3, found 347.029 9.

177715

A24 'HNMR (600 MHz, CDCL,) &: 15.40 (s, 1H), 12.20 (s, 1H), 7.88 (d, ./ = 8.7 Hz, 2H), 7.69 (d, J = 8.6 Hz, 1H), 7.47 (d, J = 8.6 Hz, 2H),
7.03 (d,J = 2.1 Hz, 1H), 6.91 (dd, /= 8.7, 2.0 Hz, 1H), 6.74 (s, 1H). "C NMR (150 MHz, CDCL,) ): 193.6, 176.1, 163.7, 152.4, 147.3,
137.9,129.5, 128.2, 124.5, 119.8, 114.2, 110.6, 92.2. EI-MS (m/z): 307.22 (IM-H]"). HR-MS (ESI+): m/z calculated for C, H, CL0,

[M+H]" =309.008 5, found 309.008 4.

157710

A25 'HNMR (600 MHz, CDCL,) 6: 15.34 (s, 1H), 12.38 (s, 1H), 7.87 (d, /= 9.8 Hz, 2H), 7.78 (s, IH), 7.47 (d, J = 10.0 Hz, 2H), 6.71 (s, 1H),
6.68 (s, 1H), 6.65 (s, 1H). *C NMR (150 MHz, CDCL,) &: 194.7, 176.0, 165.1, 138.8, 131.9, 130.7, 129.1, 128.1, 115.8, 107.5, 107.4, 105.5,
105.3, 92.1. EI-MS (m/2): 315.10 ([M+Na]"). HR-MS (ESI+): m/z calculated for C,.H, CIFO, [M+H]' = 293.038 1, found 293.038 8.

A26 'HNMR (600 MHz, CDCL,) &: 15.40 (s, 1H), 12.15 (s, 1H), 7.87 (d, J = 8.6 Hz, 2H), 7.59 (d,J = 8.7 Hz, 1H), 7.47 (d, J = 8.6 Hz, 2H),
7.20 (d,J = 1.9 Hz, 1H), 7.05 (dd, J=8.5, 1.9 Hz, 1H), 6.73 (s, 1H). "C NMR (150 MHz, CDCL,) 3: 195.0, 176.5, 162.9, 138.9, 131.8,
130.3, 129.4, 129.1, 128.1, 122.6, 122.0, 117.8, 92.1. EI-MS (m/2): 353.37 ([M+H]"). HR-MS (ESI+): m/z calculated for C ;H, BrCIO,

[M+H]" = 352.958 0, found 352.957 9.

157710

A27 'HNMR (600 MHz, CDCL) &: 15.48 (s, 1H), 12.21 (s, 1H), 7.95 (dd, J = 8.8, 5.4 Hz, 2H), 7.69 (d, J = 8.6 Hz, 1H), 7.18 (t, J = 8.6 Hz,
2H), 7.02 (d, J = 2.2 Hz, 1H), 6.90 (dd, J = 8.6, 2.1 Hz, 1H), 6.71 (s, IH). °C NMR (150 MHz, CDCI,) 6: 194.6, 176.8, 163.1, 141.6,
132.0, 129.6, 129.4, 129.3, 129.2, 119.7, 118.9, 117.5, 116.1, 116.0, 91.9. EI-MS (m/2): 315.12 ([M+Na]'). HR-MS (ESI+): m/z calculated

for C ;H, ,CIFO, [M+H] = 293.038 1, found 293.038 3.

157710

A28 'HNMR (600 MHz, CDCL,) &: 15.42 (s, 1H), 12.40 (s, 1H), 7.95 (dd, /= 8.9, 5.3 Hz, 2H), 7.78 (dd, J = 9.1, 6.4 Hz, 1H), 7.18 (t, /=
8.6 Hz, 2H), 6.69 (d, J = 4.7 Hz, 2H), 6.65 (s, 1H). °C NMR (150 MHz, DMSO-d,) : 191.8, 182.2, 164.2, 135.8, 131.1x2, 130.0, 118.5,
115.8, 115.7,105.9, 105.8, 104.4, 104.3, 92.4. EI-MS (m/2): 275.21 ([M-H]"). HR-MS (ESI+): m/z calculated for C H, F,O, [M+H]" =

277.067 6, found 277.067 7.

A29 'HNMR (600 MHz, CDCL) &: 15.49 (s, 1H), 12.18 (s, 1H), 7.95 (dd, J= 9.2, 5.3 Hz, 2H), 7.61 (d, /= 8.7 Hz, 1H), 7.20 (d, J= 2.0 Hz,
1H), 7.18 (t, J = 8.8 Hz, 2H), 7.06 (dd, J = 8.8, 1.9 Hz, 1H), 6.72 (s, 1H). *C NMR (150 MHz, CDCl,) 6: 194.7, 176.9, 170.5, 162.9,
132.9, 130.2, 129.3, 125.5, 122.6, 122.0, 117.8, 116.1, 115.8, 115.6, 91.9. EL-MS (m/2): 337.22 ((M+H]"). HR-MS (ESI+): m/z calculated

for C ;H, BrFO. [M+H]' = 336.987 6, found 336.987 7.
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Figure 3 BLI analysis of compounds binding to CAV-1

Table3 The dissociation equilibrium constant of target compounds
and CAV-1

Table 4 The survival rate of target compounds at 20 pumol-L”

(n = 3). "Average value by three independent experimental mea-

Compd. K /mol-L" Compd. K /mol-L"! surements
Al 2.36x10* A20 5.42x10° - .
Survival Survival
A3 3.08x10 A22 4.89x10° Compd. 100 Compd. 1050

A6 1.78x10™ A26 4.58x10° N ra;z 7° NT ra;el 4°

Al3 5.21x10° A27 3.56x107 ’ :
Al6 2.03x107° A29 7.36x107 A2 954 Al7 84.7
A17 9.25x10° LM49 3.79x10° A3 74.8 Al8 97.0
Al18 2.58x107° A4 74.7 A19 91.3
A5 74.4 A20 98.0
) L A6 82.2 A21 75.2
ZAeVER . A7 90.4 A22 94.1
3.2 RAMNZSEMITMN A8 99.7 A23 92.4
A9 87.8 A24 90.3

A \} 1 AY Q ”x F
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EMEME KA LPSE S/ B B W41 il RAW264.7 All 78.3 A26 70.2
G RET L) SE SR A7 g PE PE X I, SR Griess 210 ig jj-g iﬁ; ;‘S’-Z
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Table 5 The inhibitory effects of target compounds on NO release. Celecoxib was used as a positive reference compound. “Average value

by three independent experimental measurements at 20 umol-L™". "Means £ SD (z = 3). N.D.: Not detected

Compd. Inhibition rate/%" IC, /umol-L"" Compd. Inhibition rate/%" IC. /umol-L""

A2 22 N.D. A17 10 N.D.
A6 45 N.D. Al8 10 N.D.
A7 89 6.51+0.36 A19 31 N.D.
A8 73 — A20 8 N.D.
A9 66 N.D. A22 28 N.D.
A10 91 3.93+0.24 A23 39 N.D.
Al2 90 5.36+0.26 A24 26 N.D.
Al4 40 N.D. A29 73 —

Celecoxib 58 17.89 £3.19 LM49 75 —

A10.A12.A29 7£ 20 pmol- L™ i 25 ] 3 35 #1# NO fr) B¢
T, X NO ] 2 KT 70%, 525 w5 TP X IR 2E ok
A (] %9 58%). £ 1.25~20 pumol-L™ {9 & K 1
N E L IC, M, A AT AT0. A2 ¥ AT AR
PE B A0 #) NO BT, W& TE N 9 A10 > A12 > A7, A7,
A10.A12 X NO ¥ IC, {73 7] 4 6.51 + 0.36 pmol- L'
3.93 + 0.24 pmol-L".5.36 + 0.26 pmol-L", & T FH 1424
W€K E A (IC,, N 17.89 £ 3.19 umol-L™). Ttk &4
A8 FI1 A29 7 1.25~20 pmol-L™" {1 & N B &k & A
B 5
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Figure 4 The inhibitory effects of target compounds on the release of IL-6, IL-14, iNOS, and COX-2. n =3, x+s. "P<0.05 "P<0.01vs

LPS; #P<0.01 vs Con
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Table 6 Scavenging ability of target compounds on DPPH and ABTS free radical

IC,/mg'mL" IC,/mg'mL’
Compd. Scavenging ability on Scavenging ability on Compd. Scavenging ability on Scavenging ability on
DPPH ABTS DPPH ABTS

Al 4.01+£0.07 1.26 +£0.13 Al6 1.89+0.14 1.81+0.10
A2 4.02+£0.07 1.58+0.14 Al7 3.51+0.08 2.07+0.10
A3 1.30 £ 0.17 1.58 +0.13 Al18 0.76 +0.21 1.60 +0.11
A4 3.64 +0.05 — Al19 2.54+£0.12 3.35+0.10
A5 2.81 +0.03 — A20 1.57+0.15 1.12+£0.13
A6 3.01 £0.05 1.85+0.11 A21 3.95+0.07 —
A7 — — A22 3.21+0.09 1.07 £ 0.07
A8 — 0.36 +0.03 A23 1.85+0.13 1.16 £0.11
A9 — — A24 3.21 +£0.05 1.23+0.05
Al0 — 0.63 +0.09 A25 2.29+£0.01 —
All — — A26 1.36 £0.16 1.80 +0.08
Al2 — — A27 4.57+0.01 —
Al3 3.98 +0.08 0.81 +0.19 A28 2.73+£0.10 1.23 £0.07
Al4 1.19+£0.22 1.77 £0.13 A29 2.08+£0.13 1.55+0.13
Al5 2.13+0.07 1.97 £ 0.04
LM49 2.63+0.07 0.32+£0.07 Trolox 0.18 +0.05 1.40+0.14

A20 > A23 > A16 > A29 > A15 > A25 > A19 > A28 >  REfT EHE I TN (E

AS5>A6>A24 > A22 > Al17 > A4 > A21 > A13 > Al >

A2 >A27, H.rh A18 () DPPH [ i JE 3 B RE o, 5 SLIGER 4y

BF 1 %5 B trolox (0.18 + 0.05 mg-mL™") #H24, 1 T % &
PILM49, 20 MELA YA ABTS H HIJEIE FRid 1, Hy
PENF A A8 > A10 > A13 > A22 > A20 > A23 > A24 >
A28 > Al1>A29>A2~A3>A18>A14 > A26 > A16 >
A6 > A15 > A17 > A19, 9 MLE Y HITERR AL 100 T FH
PE X I trolox, HrF A8 A10.A13 G ERfE I i, 5
HFHAEPILMA9H Y.

INGE

A R 294 2R B R R <y 1, 27 Sk
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2 IE LR R A A CAV-1, BT 521 28 5 A4 1k S 3
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A BAG 5o 19 ABTS H IS BRE M. EREEN
J&, A A WX IL-18 1 COX-2 B0 1 /5 T 55t N B
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1BV R X-4 B AUOC e R R &
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CAV-1 H Ay B R = L BE RHE A A IR 2 7] A itk
Jif 2 375 \DMEM = B . RAW264.7 4 fifd 3 1 i 7 f +
A ) TR A BR A A F2 4t NO M &5 b b 5t 3 7 3%
AN w AL TL-6.IL-18INOS A1 COX-2 i 7 £ )
QB L AR ) TR A IR 2w it 32 B0 5-4-
2-F IR L SR -2-FR R U\ S-IR-2-FR R 4
fid \4-5-2- 32 B 2K 2, 4- — 50 R R R & 4- BT
FERRBEEN A a R RA A, 4-5-2- 550K
o AR -2-35 JE K 2 T 4- FR 3 25 I G 4- UK H
BESL 4- SR K S 3,4- AR RB AW E L
LI RARAT, 4- 2R P AW H EERTH T H
PR =], HoAt AL 255035 [ 72 o3 B Al B b 22 4k
1 KEEM
L1 1-G4-Z“HEEFE)-I--2-2-BEFH)-1,3-
A ZER (A1)

4 0.77 mL (5.8 mmol) 4- 5 -2-F2 2 2K 4 B % T
12 mL J/K R, B0 TG 7K B R 27 4.8 g (34 mmol), #4
2.7 mL (17 mmol) 3,4- — H 48 3 78 R S22 18 I\



XUTETT AR 2% F R FR e 2% s I 10 45 B 5 MR VTAN S 5 CAV-1 IAH B4R - 3501 -

MK Z . InFA RN, TLC W5 s B3 FE, 364 24 h,
S 825 G g, WOBE AR, /D SN GE SRS, &
100 mL 10% SR, 7840 ikt A A&, 4218 il
Jo HE, BT, BLAS LA TR, CREE LS, 315
MK 0.82 g, RN 41.7%. U LS &5 5 H
PR A A2~A6.A13~A29, 7 %N 9.3%~55.8%.
1.2 1-G4-"REXH)3I-G-S-2-BEXH)-1,3-B
ZEf (A7)

50 mg L& W) ALV T/ & oK & ke, 18
=30 °CF, ¥#% 41 1.0 mol-L™' 1) BBr,/CH,CL, % % 1.0 mL,
B30 min &, FH AR ZF R RBL2 h, TLC W, FeClL K
WA, RN ARG, ¥R SRR R, g, 77
JEFE T8, P 45 8, 19 2] 22 mg 3 A [E 4, P2 50R
12.7%. 240l J7 3] 415 21 A8~ A12, = N 10.1%~
15.6%.
2 BirEYIREEE N E

K F Waters Acquity Arc 2 /5 RO AR 3 30T % 16
EWEEfE, @ik 4F: Diamonsil C18 (250 mm x 4.6 mm,
5 um) (A, B/ K O I 30 A 3EAT 4 PR R R e
5:95 Pl 40 min, 95:5 P 10 min, 5:95 FEME 10 min;
& A1~A29 1K W% K 43 il v 251.04 251.0,
268.0.384.9.384.0.254.0.385.0.379.0. 346.0 .348.0.
385.0.390.0.261.6+ 262.8.247.2. 363.0. 234.0. 234.0.
234.0.363.5.363.0. 363.0. 363.0. 363.0. 360.0. 363.0-
361.0.358.0.363.0 nm, ik 1.0 mL-min™, A& 30 °C,
BEFEARFRL 10 uLo
3 BLIXI

% HH Forte Bio Octet Red 96e A=W I T 154X, &
H 5% DMSO [f) PBS 1F N TAE W . #5354 His Fp 25 1
CAV-1 & A4 2 Ni-NTA 445 % 2% I, B3R nMe
R R B RSB A FKE H ARSI R
(LB E N 3.13.6.25.12.5.25.50 A1 100 pmol-L™)
60 s 1E LA IR, SR 5 1A% A IR 0% 27 E R
W 60 sTENRE . LI, REHE CAV-1 1%
REAE T A R LLUE RS =55, G CAV-11R %
FE 25 AR IRV TR, TR 5 7N 70 1 W fid 1 A Sk 2%
F LA BB 5252 . {8 Forte Bio Data Analysis
A (v.11.1.0.4) M S 8, oF A5 S e A
4 ZHAEE MR

0 200 AR A 1 4 B 3 T 96 AL, 5% CO, -
37 °CHEFE H 557 24 h, SR G 73 BUMNFE & (ZOKR BE R
20 umol-L™") FIJI§ £ ¥# (LPS) (XA =IKE N 1 mg-L™)
A FR 24 h R Al R EIE WG, E S AL S g LT H
FgE W EL P (MTT) 10 pL f G i 35 57 2 100 pL,
kSRR R4 h G, BRI ALK, AL

100 pL — 1 3E 7K (DMSO), 418 3% 18 40 il P &5 1 78 2
TR, T AR X 490 nm P K AL I 5E & LI IROG E A
B @ LT AT E H SIS R FER (%) =
A g/ 12> 100%.
5 HIMRRITFMAR

ECSK 0 A= K 1 0 41 2 F T 96 FLAR, 5% CO,-
37 °C W4 % 3% 24 h, 25 (A X IR 41 LPS # A 4
(1 mg- L)AL A% (20 pmol-L™) AT LPS 3 [ I 41 . BH
PE 254 A0 LPS L [RVE FH 40, 75 41 M 855 77 40 9 4k 2 85 9%
24 h 5 BUA 3% 7% 3B, SR H Griess V0 € NO B
Bo HEOMHIER (%) = (4 s —A ppn) (A g A om) ™
100%” TH 54 fi X LPS 5 3 1 /)N BBk 48 il NO (1) 41
HiEF o

% FH ELISA 79l 52 RAW264.7 41 Jiil 15 9% | i& h
IL-6+IL-14iNOS F1 COX-2 {1 B iU it . 5256 4 41t
A AR LPS B (1 mg L)L &9 (5410,
20 pmol-L™") A1 LPS L[] 1 A 20 L BA 4 6] #E R0 LPS 3 [
YRR, 7R ARES R4 N 4k 4315 9% 24 h 5 BN i s 9% 1
T8 V8, % ELISA 723 52 IL-6.1L-14+iNOS il COX-2
BB o A AT 2 (%) = (4 pgan = A peipen) (A o =
A ) ¥ 100%” THELFE M LPS 175 3 19 /) B B IEE 2 fifd
PENE PR F- A R A A
6 WIMLEEHEAR

# 96 FLH AEFL I N 120 pL DPPH Z B 3% W, N
60 uL AN [F] ¥ FE FF S v v, TR 5D, B A 30 min 5,
7E 519 nm AL & #F 5 RO . EBRE (%)= (4,-
A ) A,x100%

96 FLH A 5L N A\ 200 uL ABTS Z % 3% W, in
10 pL AN [F) B FE S VAT, TR 2D, IR 8L §5 B 5 min
J&, TE 734 nm AL 5E B S ROGAE . HIHIZE (%) = (4,-
A ) A x100%
7 Gt

Ko DL ZE /D 3 AN S B 1) T SRR UE 2 R OR,
F GraphPad Prism 8.0 £ 56 ¥ i& & 4L [ Zi vt i 3 1 .

YE& TTak: XIMEYL 5 5740 S & TH-& B B AL g T
Gk, FE 7 7 S St B S CAV-1 14 T HLAE A& 5 0 52,
kA W B TP S NG R B 0 I, R AL ER S 9T dR B T HAE, Tk
[ k71 57 i3 S A0 A A I Al BE I , 35 75 I B 5T SO BT
B FIBOOR R AT, 257 1L 7 5T SRR R AL B

FIEEMSE: A SCAEE B TAE AR 25 00 R
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