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Abstract: Protein disulfide isomerase A6 (PDIA6) is closely related to inflammation and endoplasmic
reticulum stress. To obtain the glycosyl derivatives of benzophenone polyphenols targeting PDIA6 with strong anti-
inflammatory effects, twenty-five target glycosyl derivatives were synthesized by Friedel-Crafts acylation and
deacetylation reaction, starting from the substituted benzophenone and o -bromoacetyl saccharide, and their
interactions with PDIA6 were quantitatively investigated by bio-layer interferometry (BLI) technique. Their in
vitro anti-inflammatory properties were also evaluated. The results showed that target compounds 4b, 10b, 17b,
18b, and 25b not only exhibit high affinity with PDIA6, but also present strong anti-inflammatory abilities. Above
results suggest that this class of compounds can affect the signaling pathways related to inflammation by directly
acting on PDIAG. In particular, such compounds exhibit the strong inhibitory effects on IL-15 and IL-6 release,
suggesting the potential development prospect in the treatment of inflammatory diseases.
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Figure 1 Chemical structures of lead compounds LF1-LF4
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O O _Br-GL NaHCOyKCI _ O O _CH;ONa/NaOH O O
OR;  TBAB.=, T maBa b ORy  CH:OH.1, TCHOmm6h OR"
R, OR,’
LF1-LF4 1a-15a 1b-15b
LF1 R,=OH, Ry, Ry, Rs=H, R3, Re=Br LF2 R,;=OH, R,y=H, R;, R¢=Br, Ry, Rs=Me
LF3 Ry, R3, Ry, Rs, Re=H, R,=C(CH3)3 LF4 Ry, R, Ry, Rs=H, R,=C(CH3)3, Rg=Br

la  Ry=H, R,=C(CHj)s, Ry=H, Re=H, Ry, Rs'=Glu(OAc),
2a  Ry'=H, Ry=C(CHz)3, Ry=H, R¢=Br, Ry, Ry'=Glu(OAc),

3a  Ry'=0-Glu(OAc);, Ry=H, Ry=Br, Rg&=Br, Ry’, Rs'=Glu(OAc),
42 Ry'=OH, R,=H, Ry=Br, R¢=Br, Ry, Ry'=Glu(OAc),

5a  Ry'=H, Ry=C(CHz)s, Ry=H, R¢=H, Ry’, Ry'=Gal(OAc),

6a  Ry'=H, Ry=C(CHz)3, Ry=H, R¢=Br, Ry', Rs'=Gal(OAc),

7a  Ry'=0-Gal(OAc)s, Ry=H, Ry=Br, Re=Br, R,’, Rs'=Gal(OAc),
8a  R,'=OH, R,=H, Ry=Br, R¢=Br, R,’, Rs'=Gal(OAc),

1b  R,"=H,R,=C(CHy);, Ry=H, Rg=H, R,", Rs"=Glu
2b  Ry"=H, R,=C(CHj)s, Ry=H, Rg=Br, R,", Rs"=Glu
3b  R,"=0-Glu, Ry=H, Ry=Br, R¢=Br, R,”, Rs"=Glu
4b  R,"-OH, R,~H, Ry=Br, R¢=Br, R,", Rs"~Glu

5b  Ry"=H, R,=C(CHj)s, Ry=H, Rg=H, Ry", Rs"=Gal
6b  Ry"=H, R,=C(CHj)3), Ry=H, R=Br, R", Rs"=Gal
7b  Ry"=0-Gal, R,=H, Ry=Br, R&=Br, R;", Rs"=Gal
8b  R,"=OH, Ry=H, Rs=Br, Rg&=Br, R,", Rs"=Gal

9a  Ry'=O-Glu(OAc)s, Ry=H, R3=Br, Re=Br, Ry'=Me, Rs'=Me 9b  R,"=0-Glu, R,=H, R3=Br, R¢=Br, R;"-Me, Rs"-Me
10a R,'=0-Gal(OAc), R,=H, R3=Br, R¢=Br, Ry'=Me, Rs'=Me 10b R,"=0-Gal, Ry=H, R3=Br, Re=Br, R4"=Me, Rs"=Me
11a R;'=O-GlcUA(OAc)s, R,=H, R3=Br, Re=Br, R;/=Me, R¢=Me  11b R,"=0-GlcUA, R,=H, R;=Br, R¢=Br, Ry"=Me, Rs"-Me
12a Ry'=H, Ry=C(CHs)s, Rs=H, R¢=H, Ry'=H, R¢'=maltose(OAc);  12b R,"=H, R,=C(CHz);, Rs=H, R=H, R,"=H, Rs"=maltose
13a Ry'=H, R,=C(CHj)s, R;=H, R¢=H, Ry'=H, Ry'=cellobiose(OAc); 13b R,"=H, R,~C(CH;)s, R;=H, Rg=H, Ry"=H, R5"=cellobiose
14a R)'=H, R;=C(CHj)3, R3=H, Rg=H, Ry’, Rs'=cellobiose(OAc); 14b R,"=H, R,=C(CHj)s3, R3=H, Rs=H, R4", Rs"=cellobiose
15a R;'=H, Ry=C(CH3);, R3=H, R¢=Br, Ry’, Rs'=cellobiose(OAc);  15b R,"=H, R,=C(CHj3)3;, R3=H, R¢=Br, R4", R5"=cellobiose
Scheme 1 Synthetic route of target compounds 1b—15b
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16b-25b 16a-25a
LF1 R,;=OH, R,=H, R3=Br LF4 R;=H, R,=C(CH3)3, Rs=H
LF1-Boc R,=OH, Ry=H, R;=Br LF4-Boc R;=H, R,=C(CH;)3, Ry=H
LF4-Boc-Glu R;=H, R,=C(CH3)3, R3=H, Ry=Glu(OAc), LF1-Boc-Glu R,=OH, R,=H, R3=Br, R;=Glu(OAc),

LF4-Boc-Gal
LF4-Boc-GlcU
LF4-Boc-maltose

R=H, Ry=C(CH3)3, R3=H, R4=Gal(OAc),
R;=H, R;=C(CHj3)3, R3=H, R4=GlcUA(OAc);
R;=H, R,=C(CHj3)3;, R3=H, R4y=maltose(OAc);

LF1-Boc-Gal
LF1-Boc-GlcU
LF1-Boc-maltose

R;=OH, Ry=H, Ry=Br, R4=Gal(OAc);
R,=OH, R,=H, R3=Br, R4~GIcUA(OAc);
R;=OH, R,=H, R3=Br, R4y=maltose(OAc);

LF4-Boc-cellobiose Rj=H, R,=C(CH3);, R3=H, Ry=cellobiose(OAc); LF1-Boc-cellobiose R;=OH, R,=H, R3=Br, R4=cellobiose(OAc);

16a R;=H, R,;=C(CH3)3, R3=H, Ry'=Glu(OAc)4

17a R;=OH, Ry=H, R3=Br, R4'=Glu(OAc)4

18a R;=H, R,=C(CH3)3, R3=H, Ry'=Gal(OAc),

19a R;=OH, Ry=H, R3=Br, R4y'=Gal(OAc)4

20a R;=H, Ry;=C(CH3)3, R3=H, R4'=GlcU(OAc)3

21a R;=OH, Ry=H, R3=Br, Ry'=GlcU(OAc);

22a R;=H, R,=C(CHj3)3, R3=H, R4'=maltose(OAc);
23a R=H, R,=C(CH3)3, R3=H, Ry'=cellobiose(OAc)7
24a R;=OH, Ry=H, R3=Br, R4'=maltose(OAc);

25a R,;=OH, R,=H, R3=Br, Ry'=cellobiose(OAc);

Scheme 2 Synthetic route of target compounds 16b-25b
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16b R;=H, R,;=C(CHj3)3, R3=H, R4"=Glu

17b R;=OH, R,=H, R3=Br, Ry"=Glu

18b R;=H, Ry=C(CHj3)s3, R3=H, Ry"=Gal

19b R;=OH, Ry=H, R3=Br, R4"=Gal

20b R;=H, Ry;=C(CH3)3, R3=H, R4"=GlcUA
21b R;=OH, Ry=H, R3=Br, Ry"=GIcUA

22b R;=H, R,=C(CHj3)3, R3=H, R4"=maltose
23b R=H, R,=C(CH3)3, R3=H, R;"=cellobiose
24b R;=OH, R,=H, R3=Br, R;"=maltose

25b R;=OH, R,=H, R3=Br, Ry"=cellobiose
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(d,J = 8.5 Hz, 1H). 'H-'H NOESY &/Rx#i¥f F 17-C-H
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1H) AH2C, Fr DASIT BRI AE T 4 btk

&9 13b 5 12b 2500, S'-H AL #%5 42 7.20 (d, J =
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4.99 (d,J = 7.7 Hz, 1H), 5 7.20 (d, J = 8.5 Hz, 1H) #H
R, BT UKW R IR AE T 4By FR k.
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Table 1 Physical properties, purities, and configurations of target compounds. All new compounds in the table. “Detected by HPLC
Compd. Appearance Yield/% mp/°C Purity/%"  [a]% " (2100 mL", MeOH) Configuration (J,,,./Hz)
1b Brown yellow solid 16.7 145-147 99.25 -103.80 (0.100) p-(7.7)
2b Brown yellow solid 29.5 187-189 99.38 —-134.63 (0.100) £-(7.5)
3b Brown yellow solid 11.7 181-182 98.25 ~109.36 (0.100) B-(7.1)
4b Brown yellow solid 11.2 213-215 98.13 —-127.60 (0.100) p-(7.0)
5b Brown yellow solid 42.0 168-169 99.14 -310.80 (0.100) p-(7.7)
6b Brown yellow solid 42.5 198-200 99.03 —447.20 (0.100) p-(7.3)
7b Brown yellow solid 11.1 196-197 95.50 -193.33 (0.075) p-(7.9)
8b Brown yellow solid 8.4 225-227 98.12 -215.60 (0.100) p-(7.6)
9b Brown yellow solid 34.1 109-110 99.51 ~15.80 (0.100) B-(1.7)
10b Brown yellow solid 34.0 122-123 99.23 7.00 (0.100) p-(7.5)
11b Brown yellow solid 16.0 167-170 99.39 =5.00 (0.100) p-(7.7)
12b Brown yellow solid 30.3 171-173 99.05 =71.20 (0.100) p-(7.7)
13b Brown yellow solid 14.7 280-282 97.60 -117.40 (0.100) p-(1.7)
14b Brown yellow solid 32.7 245-248 99.12 -301.20 (0.100) p-(7.6)
15b Brown yellow solid 23.6 289-291 99.21 -615.80 (0.100) B-(7.4)
16b Brown yellow solid 29.6 148-150 99.47 ~31.74 (0.076) B-(7.1)
17b Brown yellow solid 21.4 170-172 99.74 -33.00 (0.100) p-(7.1)
18b Brown yellow solid 17.8 102-104 99.48 -42.43 (0.076) p-(8.3)
19b Brown yellow solid 27.0 170-172 98.59 -13.20 (0.100) p-(7.7)
20b Brown yellow solid 17.1 206-208 99.24 -21.00 (0.100) p-(7.1)
21b Brown yellow solid 11.3 198-200 95.20 -95.60 (0.100) p-(7.6)
22b Brown yellow solid 21.7 171-173 99.57 9.00 (0.100) B-(7.8)
23b Brown yellow solid 20.3 162-164 99.60 -20.46 (0.061) £-(1.7)
24b Brown yellow solid 28.2 198-200 99.54 -2.63 (0.069) p-(7.7)
25b Brown yellow solid 14.7 239-240 100.00 -0.20 (0.100) p-(7.7)

16b

17b

Figure 2 Chemical structures of target compounds 4b, 8b, 12b, 13b, 16b, 17b
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Table 2 Dissociation constants of compounds with protein disul-
fide isomerase associated 6 (PDIA6)

Compd. K /mol-L"! Compd. K /mol'L"!
LF1 6.56x10 10b 7.74x10°
LF2 4.82x10° 17b 1.65x10™
LF3 3.58x107° 18b 1.45x10™
LF4 1.37x10° 23b 2.69x10™
4b 7.91x107° 24b 3.71x107
8b 8.70x10™ 25b 2.16x10™
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Figure 3 Bio-layer interferometry (BLI) analysis of compounds binding to PDIA6. The combined dissociation curves of LF1 (A), LF2
(B), LF3 (C), LF4 (D), 4b (E), 8b (F), 10b (G), 17b (H), 18b (I), 23b (J), 24b (K), 25b (L)
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Figure 4 The inhibitory effects of target compounds on the

release of NO. n=3, x + 5. P < 0.01 vs con; P <0.05, "P<0.01
vs LPS
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Figure 5 The influence effects of target compounds on the

release of IL-1§ (A), TNF-a (B), IL-6 (C), and IL-10 (D). n = 3,
x+s. %P <0.01 vs con; "P<0.05,"P<0.01 vs LPS
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LF1-Boc: S EHPIRIE, 72%48.0%, mp 139~141 °C.
'"H NMR (600 MHz, CDCI,) ¢ 11.78 (s, 1H), 7.54 (d, J =
2.5 Hz, 1H), 7.41 (d, J = 2.5 Hz, 1H), 7.27 (s, 1H), 7.24
(s, 1H), 6.95~6.93 (m, 1H), 1.52 (s, 9H); MS (ESI) m/z:
487.05 [M+H]".

LF4-Boc: 3 5 IR ¥, 7 % 90.0%, mp 169~
171°C. "HNMR (600 MHz, CDCI,) 6 7.76 (d,J = 8.6 Hz,
2H), 7.48 (d, J = 8.6 Hz, 2H), 7.30 (s, 1H), 7.25 (s, 1H),
1.54 (s, 9H), 1.35 (s, 9H); MS (ESI) m/z: 447.29 [M-H] .

la: ¥ (AR, 72 % 21.5%, mp 175~176 °C .
'H NMR (600 MHz, CDCL,) 6 7.72 (d, J = 8.4 Hz, 2H),
7.64 (d, J = 2.0 Hz, 1H), 7.50 (d, J = 8.5 Hz, 2H), 7.47
(dd, J = 8.4, 2.0 Hz, 1H), 7.13 (d, J = 8.5 Hz, 1H), 5.30
(m, 5H), 5.26 (d, J = 7.2 Hz, 1H), 5.23 (dd, J = 8.2,
2.4 Hz, 2H), 520 (d, J = 9.8 Hz, 1H), 5.18 (d, J =

9.9 Hz, 1H), 4.27 (m, 2H), 4.13 (m, 2H), 2.11~2.02 (m,
24H), 1.37 (s, 9H); MS (ESI) m/z: 953.49 [M+Na]".

2a: ¥ AR, 7= % 34.7%, mp 198~200 °C .
'H NMR (600 MHz, DMSO) 6 7.69 (d, J = 8.5 Hz, 2H),
7.59 (d, J = 8.5 Hz, 2H), 7.50 (s, 1H), 7.22 (s, 1H), 5.74
(d, J=17.9 Hz, 1H), 5.61 (d, J = 8.0 Hz, 1H), 5.36 (t, J =
9.6 Hz, 1H), 5.29 (t, J = 9.6 Hz, 1H), 5.06~5.04 (m,
1H), 5.03~5.01 (m, 1H), 5.01~4.98 (m, 2H), 4.94 (t,
J=9.7 Hz, 1H), 4.28 (dd, J = 8.8, 7.4 Hz, 1H), 4.19 (dd,
J=12.3, 6.1 Hz, 1H), 4.14~4.10 (m, 2H), 4.08 (dd, J =
10.0, 4.0 Hz, 1H), 2.03 (d, J = 3.1 Hz, 9H), 2.01 (s, 3H),
1.98 (d, J = 2.0 Hz, 6H), 1.95 (s, 3H), 1.78 (s, 3H), 1.30
(s, 9H); MS (ESI) m/z: 1 009.14 [M+H]".

3a: i BOHCIR W, 77 14.5%, mp 109~111 °C.
'H NMR (600 MHz, DMSO) 6 7.80 (dd, J = 8.9, 2.5 Hz,
1H), 7.52 (d, J = 2.5 Hz, 1H), 7.45 (s, 1H), 7.28 (s, 1H),
7.21 (d, J = 9.0 Hz, 1H), 5.81 (d, J = 7.9 Hz, 1H), 5.64
(d, J=8.0 Hz, 1H), 5.51 (d, J = 7.9 Hz, 1H), 5.39~5.25
(m, 4H), 5.04~4.96 (m, 5H), 4.78 (s, 1H), 3.59 (dd, J =
5.5, 4.0 Hz, 2H), 3.52 (dd, J = 5.9, 3.6 Hz, 2H), 3.49~
3.44 (m, 2H), 3.38 (t, J = 6.6 Hz, 2H), 2.03 (s, 3H), 2.02
(d, J = 2.2 Hz, 9H), 2.00 (d, J = 1.8 Hz, 6H), 1.98 (s,
3H), 1.97 (s, 3H), 1.95 (d, J = 3.6 Hz, 6H), 1.91 (s, 3H),
1.82 (s, 3H); MS (ESI) m/z: 1 378.31 [M-H] -

da: B ORI, 77 11.2%, mp 241~243 °C.,
'H NMR (600 MHz, DMSO) § 8.24 (d, J = 2.5 Hz, 1H),
8.02 (dd, J = 8.9, 2.5 Hz, 1H), 7.89 (s, 1H), 7.64 (d, J =
8.9 Hz, 1H), 7.45 (s, 1H), 5.88 (d, J = 8.0 Hz, 1H), 5.72
(d, J = 7.9 Hz, 1H), 5.41 (dt, J = 28.5, 9.6 Hz, 2H),
5.11~4.98 (m, 4H), 4.39~4.31 (m, 2H), 421 (dt, J =
12.4, 6.2 Hz, 2H), 4.12~4.06 (m, 2H), 2.08 (s, 3H),
2.03 (dd, J=9.0, 5.0 Hz, 12H), 2.01 (s, 3H), 1.98 (d, J =
6.0 Hz, 6H); MS (ESI) m/z: 1 068.50 [M+Na] .

Sa: i MR W, 77 F 54.0%, mp 94~96 °C .
'H NMR (600 MHz, DMSO) § 7.71 (d, J = 8.4 Hz, 2H),
7.63 (d, J = 1.9 Hz, 1H), 7.59 (d, J = 8.4 Hz, 2H), 7.48
(dd, J = 8.5, 1.9 Hz, 1H), 7.30 (d, J = 8.6 Hz, 1H), 5.68
(d, J=17.6 Hz, 1H), 5.54 (d, J = 7.7 Hz, 1H), 5.36 (d, J =
3.1 Hz, 1H), 5.33 (d, J = 3.2 Hz, 1H), 5.27 (dd, J = 6.1,
3.5 Hz, 2H), 5.24 (d, J = 7.5 Hz, 1H), 4.44 (t, J = 6.4 Hz,
1H), 4.42~4.38 (m, 1H), 4.00 (d, J = 3.8 Hz, 1H), 3.60
(d, J=4.8 Hz, 1H), 3.52 (d, J=2.2 Hz, 1H), 3.47 (d, J =
5.3 Hz, 1H), 3.38 (t,J = 6.6 Hz, 1H), 2.14 (d, J = 4.8 Hz,
6H), 2.08 (s, 3H), 2.04 (s, 3H), 1.99 (s, 3H), 1.95 (d, J =
5.9 Hz, 6H), 1.90 (s, 3H), 1.33 (s, 9H); MS (ESI) m/z:
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953.74 [M+Na]".

6a: 3 4 IR W, 7 Z 50.0%, mp 82~83 °C.
'H NMR (600 MHz, DMSO) § 7.70 (d, J = 8.5 Hz, 2H),
7.59 (d, J = 8.5 Hz, 2H), 7.52 (s, 1H), 7.25 (s, 1H), 5.65
(d, J=17.6 Hz, 1H), 5.54 (d, J = 7.7 Hz, 1H), 5.30 (d, J =
3.1 Hz, 1H), 5.24 (d, J = 4.6 Hz, 2H), 5.22~5.18 (m,
1H), 5.16 (dd, J=10.4, 3.3 Hz, 1H), 4.49~4.46 (m, 1H),
4.33~4.30 (m, 1H), 4.16~4.07 (m, 4H), 3.96~3.91 (m,
1H), 2.16 (s, 3H), 2.09 (s, 3H), 2.07 (s, 3H), 2.05 (s,
3H), 2.03 (s, 3H), 2.01 (s, 3H), 1.96 (s, 3H), 1.93 (s,
3H), 1.30 (s, 9H); MS (ESI) m/z: 1 031.32 [M+Na]'.

Ta: ¥ DR W, 72 % 15.9%, mp 116~117 °C .
'H NMR (600 MHz, DMSO) 6 7.80 (dd, J = 9.0, 2.6 Hz,
1H), 7.49 (d, J = 2.6 Hz, 1H), 7.46 (s, 1H), 7.35 (s, 1H),
7.22 (d, J = 9.0 Hz, 1H), 5.70 (d, J = 7.7 Hz, 1H), 5.56
(d, J=8.0 Hz, 1H), 5.46 (d, J = 7.4 Hz, 1H), 5.31 (d, J =
3.4 Hz, 2H), 5.25~5.15 (m, 6H), 4.99 (dd, J = 10.3,
8.0 Hz, 1H), 4.49 (dd, J = 8.3, 4.3 Hz, 1H), 4.32 (t, J =
6.5 Hz, 1H), 4.06~4.03 (m, 2H), 3.91 (dd, J = 11.3,
7.0 Hz, 1H), 3.62~3.57 (m, 1H), 3.52 (d, J = 5.3 Hz,
1H), 3.47 (dd, J = 5.8, 3.6 Hz, 1H), 3.37 (d, J = 6.5 Hz,
1H), 2.14 (s, 3H), 2.13 (s, 3H), 2.13 (s, 3H), 2.05 (s, 3H),
2.04 (s, 3H), 2.03 (s, 3H), 2.01 (s, 3H), 1.95 (s, 3H), 1.95
(s, 3H), 1.94 (s, 3H), 1.89 (s, 3H), 1.84 (s, 3H); MS (ESI)
m/z: 1398.72 [M+Na]'

8a: ¥ (M R, 77 % 8.4%, mp 190~192 °C.
'H NMR (600 MHz, DMSO) 6 8.24 (d, J = 2.5 Hz, 1H),
8.02 (dd, J = 8.9, 2.5 Hz, 1H), 7.90 (s, 1H), 7.64 (d, J =
8.9 Hz, 1H), 7.48 (s, 1H), 5.82 (d, J = 7.4 Hz, 1H), 5.60
(d, J = 7.8 Hz, 1H), 5.39 (dd, J = 15.9, 3.3 Hz, 2H),
5.30~5.23 (m, 4H), 4.56~4.50 (m, 2H), 4.15~4.09
(m, 4H), 2.16 (d, J = 10.1 Hz, 6H), 2.10 (s, 3H), 2.06 (s,
3H), 2.04 (d, J = 6.8 Hz, 6H), 1.96 (d, J = 7.6 Hz, 6H);
MS (ESI) m/z: 1 084.30 [M+K] -

9a: ¥ 4 i R W, FF % 42.6%, mp 72~73 °C,
'H NMR (600 MHz, DMSO) § 7.78 (d, J = 7.6 Hz, 1H),
7.50 (s, 1H), 7.22~7.18 (m, 2H), 7.03 (s, 1H), 5.63 (d,
J =179 Hz, 1H), 5.29 (t, J = 9.5 Hz, 1H), 491 (t, J =
9.6 Hz, 1H), 4.68 (t, J = 8.7 Hz, 1H), 4.25~4.16 (m,
2H), 4.05 (d, J = 11.8 Hz, 1H), 3.87 (s, 3H), 3.75 (s,
3H), 2.02 (s, 3H), 2.00 (s, 3H), 1.92 (s, 3H), 1.86 (s,
3H); MS (ESI) m/z: 767.46 [M+Na]'.

10a: 3% 8 R W, 7= %K 41.2%, mp 89~91 °C.
'H NMR (600 MHz, DMSO) 6 7.79 (dd, J = 8.9, 2.5 Hz,
1H), 7.48 (d, J = 2.5 Hz, 1H), 7.21 (d, J = 9.0 Hz, 1H),

7.20 (s, 1H), 7.05 (s, 1H), 5.55 (d, J = 8.0 Hz, 1H), 5.30
(d,J=3.4Hz, 1H),5.18 (dd,J=10.3, 3.5 Hz, 1H), 4.90~
4.86 (m, 1H), 4.40 (t, J = 6.4 Hz, 1H), 4.10~4.02 (m,
2H), 3.87 (s, 3H), 3.76 (s, 3H), 2.13 (s, 3H), 2.02 (s, 3H),
1.90 (d, J = 4.2 Hz, 6H); MS (ESI) m/z: 767.14 [M+Na]".

11a: 8 R, 72 % 20.0%, mp 106~108 °C .
'H NMR (600 MHz, DMSO) § 7.78 (dd, J = 8.9, 2.6 Hz,
1H), 7.52 (d, J = 2.6 Hz, 1H), 7.19 (d, J = 9.0 Hz, 1H),
7.17 (s, 1H), 7.05 (s, 1H), 5.69 (d, J = 7.7 Hz, 1H), 5.34
(t, J=9.6 Hz, 1H), 4.94 (d, J = 9.8 Hz, 1H), 4.66 (d, J =
10.0 Hz, 1H), 4.64~4.62 (m, 1H), 3.87 (s, 3H), 3.76 (s,
3H), 3.62 (s, 3H), 1.99 (s, 3H), 1.94 (s, 3H), 1.89 (s,
3H); MS (ESI) m/z: 753.56 [M+Na] .

12a: 8 UK W, 77 % 40.5%, mp 151~153 °C.
'"H NMR (600 MHz, DMSO-d,) 6 9.68 (s, 1H), 7.65 (dd,
J=8.7,2.2 Hz, 2H), 7.57 (dd, J = 8.4, 2.3 Hz, 2H), 7.26
(d, J = 2.0 Hz, 1H), 7.19 (dd, J = 8.2, 2.2 Hz, 1H), 7.14
(d, J= 8.4 Hz, 1H), 5.56 (d, J = 7.9 Hz, 1H), 5.36 (d, J =
3.8 Hz, 2H), 5.32 (d, J= 3.9 Hz, 1H), 5.27~5.22 (m, 4H),
4.98 (d, J= 8.2 Hz, 2H), 4.83 (dd, J = 10.3, 3.8 Hz, 3H),
438 (d, J = 3.6 Hz, 1H), 2.07 (s, 3H), 2.05 (s, 3H), 2.03
(s, 3H), 2.02 (s, 3H), 2.01 (s, 3H), 1.99 (s, 3H), 1.97 (s,
3H), 1.33 (s, 9H); MS (ESI) m/z: 911.35 [M+Na]'.

13a: 3 (AR R, 77 % 33.9%, mp 235~237 °C.
'H NMR (600 MHz, DMSO) § 9.68 (s, 1H), 7.65 (d, J =
8.3 Hz, 2H), 7.57 (d, J = 8.3 Hz, 2H), 7.25 (d, J =
1.9 Hz, 1H), 7.18 (dd, J = 8.4, 1.9 Hz, 1H), 7.13 (d, J =
8.4 Hz, 1H), 5.86 (d, J = 8.3 Hz, 1H), 5.49 (d, J = 8.0 Hz,
1H), 5.26~5.21 (m, 2H), 5.02 (d, J = 8.2 Hz, 1H), 4.99
(d, J= 8.0 Hz, 3H), 4.82 (d, J = 8.0 Hz, 2H), 4.75~4.73
(m, 4H), 2.07 (s, 3H), 2.00 (d, J = 2.0 Hz, 6H), 1.96 (d,
J =2.8 Hz, 6H), 1.92 (d, J = 4.4 Hz, 6H), 1.33 (s, 9H);
MS (ESI) m/z: 889.45 [M+H] .

14a: 3% (R W, 72 % 39.8%, mp 216~217 °C.
'H NMR (600 MHz, DMSO-d,) § 7.70 (d, J = 8.4 Hz,
2H), 7.60~7.56 (m, 3H), 7.43 (dd, J = 8.5, 1.7 Hz, 1H),
7.25 (d, J = 8.7 Hz, 1H), 5.66 (d, J = 8.0 Hz, 1H), 5.52
(d, J= 8.0 Hz, 1H), 5.29~5.24 (m, 4H), 4.96~4.87 (m,
4H), 4.84 (d, J = 8.0 Hz, 2H), 4.69~4.63 (m, 2H), 4.35
(d, J = 10.9 Hz, 1H), 4.13~3.97 (m, 11H), 3.91~3.82
(m, 2H), 2.05 (s, 3H), 2.03 (s, 3H), 2.02 (s, 3H), 2.00 (s,
3H), 1.99 (s, 3H), 1.98~1.96 (m, 21H), 1.92 (s, 3H), 1.92
(s, 3H), 1.33 (s, 9H); MS (ESI) m/z: 1 529.55 [M+Na]".

15a: ¥ (AR, 772 % 31.6%, mp 250~253 °C.,
'H NMR (600 MHz, DMSO-d,) § 7.68 (d, J = 8.5 Hz,
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2H), 7.58 (d, J = 8.5 Hz, 2H), 7.46 (s, 1H), 7.18 (s, 1H),
5.64~5.62 (m, 2H), 5.52 (dd, J = 7.1, 1.8 Hz, 2H), 5.24
(dd, J =120.7, 10.8 Hz, 6H), 5.15 (s, 2H), 4.96~4.86 (m,
9H), 4.70~4.60 (m, 7H), 4.37 (s, 3H), 2.08 (s, 3H), 2.06~
1.86 (m, 33H), 1.77 (s, 3H), 1.30 (s, 9H); MS (ESI) m/z:
1582.57 [M-H] .

16a: 75 (0 HUIR W, 77 2 44.2%, mp 144~146 °C ..
'H NMR (600 MHz, DMSO) 6 9.98 (s, 1H), 7.66 (d, J =
8.5 Hz, 2H), 7.58 (d, J = 8.6 Hz, 2H), 7.35 (s, 1H), 6.86
(s, 1H), 5.57 (d, J = 7.9 Hz, 1H), 5.38 (d, J = 9.6 Hz,
1H), 5.09 (dd, J = 9.7, 8.0 Hz, 1H), 5.00 (t, J = 9.7 Hz,
1H), 4.18 (d, J = 6.4 Hz, 1H), 4.10 (dd, J = 8.8, 4.0 Hz,
2H), 2.05 (s, 3H), 2.02 (s, 3H), 2.02 (s, 3H), 1.98 (s,
3H), 1.31 (s, 9H); MS (ESI) m/z: 679.48 [M+H] .

17a: 3% (R, 7 2R 34.0%, mp 220~221 °C.
'H NMR (600 MHz, DMSO) § 8.22 (d, J = 2.5 Hz, 1H),
7.98 (dd, J = 8.9, 2.6 Hz, 1H), 7.61 (d, J = 8.9 Hz, 1H),
7.53 (s, 1H), 7.33 (s, 1H), 5.76 (d, J = 7.9 Hz, 1H), 5.40
(t,J=9.6 Hz, 1H), 5.16 (dd, /= 9.7, 8.0 Hz, 1H), 5.09~
5.01 (m, 2H), 4.21~4.15 (m, 2H), 2.07 (s, 3H), 2.04 (s,
3H), 2.01 (s, 3H), 1.99 (s, 3H); MS (ESI) m/z: 738.79
[M+Na] s

18a: 75 (O R VK, 77 % 27.7%, mp 121~123 °C.
'H NMR (600 MHz, DMSO) 6 9.98 (s, 1H), 7.66 (d, J =
8.4 Hz, 2H), 7.58 (d, J = 8.5 Hz, 2H), 7.36 (s, 1H), 6.86
(s, 1H), 5.47 (d, J = 7.8 Hz, 1H), 5.27~5.25 (m, 2H),
4.14~4.09 (m, 4H), 2.04 (s, 6H), 2.01 (s, 3H), 1.96 (s,
3H), 1.31 (s, 9H); MS (ESI) m/z: 701.06 [M+Na]".

19a: 3 (IR R, 77 3 39.8%, mp 152~153 °C.,
'H NMR (600 MHz, DMSO) ¢ 10.03 (s, 1H), 8.22 (d,
J=2.5Hz, 1H), 7.98 (dd, J = 8.9, 2.5 Hz, 1H), 7.60 (d,
J =18.9 Hz, 1H), 7.53 (s, 1H), 7.34 (s, 1H), 5.67 (d, J =
7.7 Hz, 1H), 5.39 (d, J = 3.3 Hz, 1H), 5.34~5.31 (m,
1H), 4.15 (d, J = 6.3 Hz, 1H), 4.09 (d, J = 4.8 Hz, 1H),
3.59 (d, J = 4.7 Hz, 1H), 3.52 (d, J = 5.3 Hz, 1H), 2.17
(s, 3H), 2.07 (s, 3H), 2.02 (d, J = 12.3 Hz, 6H); MS
(ESI) m/z: 715.01 [M-H] .

20a: B @R, 77 % 20.1%, mp 203~205 °C .
'H NMR (600 MHz, DMSO) § 7.66 (d, J = 8.4 Hz, 2H),
7.58 (d, J = 8.5 Hz, 2H), 7.35 (s, 1H), 6.87 (s, 1H), 5.68
(d, J = 7.8 Hz, 1H), 5.43 (t, J = 9.6 Hz, 1H), 5.12 (dd,
J=16.6,9.5 Hz, 2H), 4.71 (d, J = 9.9 Hz, 1H), 3.66 (s,
3H), 2.02 (s, 3H), 2.01 (s, 6H), 1.31 (s, 9H); MS (ESI)
m/z: 687.18 [M+Na]'.

21a: ¥ EHCIRL, 77 % 14.0%, mp 155~156 °C .

'H NMR (600 MHz, DMSO) § 10.08 (s, 1H), 8.22 (d,
J=12.5Hz, 1H), 7.98 (dd, J = 8.9, 2.5 Hz, 1H), 7.65 (d,
J = 8.9 Hz, 1H), 7.54 (s, 1H), 7.35 (s, 1H), 5.86 (d, J =
7.7 Hz, 1H), 5.45 (t, J = 9.6 Hz, 1H), 5.20 (d, /= 7.8 Hz,
1H), 5.13 (d, J = 9.8 Hz, 1H), 4.80 (d, J = 9.9 Hz, 1H),
3.65 (s, 3H), 2.01 (d, J = 1.9 Hz, 9H); MS (ESI) m/z:
701.01 [M-H] .

22a: ¥ AR, 77 % 20.1%, mp 135~136 °C..
'H NMR (600 MHz, DMSO) § 7.66 (d, J = 8.4 Hz, 2H),
7.57 (d, J = 8.4 Hz, 2H), 7.36 (s, 1H), 6.87 (s, 1H), 6.17
(d, J = 4.0 Hz, 1H), 5.75 (d, J = 6.7 Hz, 1H), 5.55 (dd,
J = 14.6, 3.4 Hz, 2H), 5.31~5.27 (m, 3H), 5.26~5.20
(m, 3H), 5.09 (d, J = 5.8 Hz, 1H), 5.00 (dd, J = 9.9,
2.7 Hz, 2H), 490 (d, J = 3.7 Hz, 1H), 2.08 (s, 3H),
2.04~1.96 (m, 18H), 1.31 (s, 9H); MS (ESI) m/z: 967.57
[M-H] .

23a: ¥ O DI, 77 % 23.5%, mp 186~188 °C.
"H NMR (600 MHz, DMSO) 6 9.93 (s, 1H), 7.65 (d, J =
8.3 Hz, 2H), 7.57 (d, J = 9.2 Hz, 2H), 7.32 (s, 1H), 6.84
(s, 1H), 5.49 (d, J = 8.2 Hz, 1H), 5.26 (d, J = 5.8 Hz,
1H), 4.92~4.86 (m, 4H), 4.28~4.25 (m, 2H), 4.19~
4.11 (m, 6H), 2.13~1.89 (m, 21H), 1.30 (s, 9H); MS
(ESI) m/z: 988.94 [M+Na]".

24a: ¥ AR, 77 % 36.9%, mp 241~244 °C.,
'H NMR (600 MHz, DMSO) ¢ 10.01 (s, 1H), 8.22 (d,
J=12.5Hz, 1H), 7.98 (dd, J = 8.9, 2.5 Hz, 1H), 7.61 (d,
J = 8.9 Hz, 1H), 7.52 (s, 1H), 7.29 (s, 1H), 5.74 (d, J =
7.9 Hz, 1H), 545 (d, J = 9.1 Hz, 1H), 532 (d, J =
3.8 Hz, 1H), 5.26 (d, J = 11.3 Hz, 2H), 5.07~5.04 (m,
1H), 4.92 (dd, J = 10.5, 3.8 Hz, 1H), 4.51~4.48 (m,
1H), 4.37~4.33 (m, 2H), 4.11~4.09 (m, 3H), 4.04 (d,
J =10.7 Hz, 1H), 2.01 (d, J = 4.5 Hz, 9H), 1.99~1.96
(m, 12H); MS (ESI) m/z: 1 004.63 [M+H] -

25a: B AR, 77 % 32.3%, mp 189~192 °C.
'H NMR (600 MHz, DMSO) ¢ 10.01 (s, 1H), 8.22 (d,
J=2.5Hz, 1H), 7.98 (dd, J = 8.9, 2.5 Hz, 1H), 7.58 (d,
J =189 Hz, 1H), 7.52 (s, 1H), 7.29 (s, 1H), 5.67 (d, J =
8.0 Hz, 1H), 5.29~5.27 (m, 2H), 5.08 (d, J = 8.2 Hz,
1H), 4.90 (d, J = 7.9 Hz, 2H), 4.69 (d, J = 9.5 Hz, 1H),
4.44 (d, J = 10.7 Hz, 1H), 4.28~4.25 (m, 1H), 4.23 (d,
J=6.8 Hz, 1H), 4.11~4.08 (m, 2H), 4.03 (d, J=12.9 Hz,
1H), 3.91 (d, J = 9.5 Hz, 1H), 2.14 (s, 3H), 2.03 (d, J =
3.1 Hz, 6H), 2.01 (s, 3H), 2.00 (s, 3H), 1.98 (s, 3H), 1.93
(s, 3H); MS (ESI) m/z: 1 043.14 [M+K] -
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1b: '"H NMR (600 MHz, MeOD) 6 7.74 (d, J =
8.5 Hz, 2H), 7.71 (d, J= 2.1 Hz, 1H), 7.60 (d, J = 8.5 Hz,
2H), 7.53 (dd, J = 8.5, 2.1 Hz, 1H), 7.38 (d, J = 8.5 Hz,
1H), 5.05 (d, J = 7.7 Hz, 1H), 4.94 (d, J = 7.6 Hz, 1H),
3.91(dd,J=12.1,2.1 Hz, 1H), 3.80 (dd, J=12.1, 2.4 Hz,
1H), 3.73 (dt, J = 12.1, 4.5 Hz, 2H), 3.62~3.56 (m, 2H),
3.51~3.42 (m, 6H), 1.40 (s, 9H); "C NMR (150 MHz,
MeOD) 6 195.7, 156.2, 151.7, 146.8, 134.7, 132.4, 129.6,
126.3, 125.1, 121.2, 117.3, 102.5, 101.5, 77.0, 76.8, 76.3,
76.3, 73.6, 73.5, 69.9, 69.6, 61.0, 60.7, 34.6, 30.1; MS
(ESI) m/z: 617.49 [M+Na]',

2b: '"H NMR (600 MHz, MeOD) 6 7.72 (d, J =
8.5 Hz, 2H), 7.56~7.54 (m, 3H), 7.27 (s, 1H), 5.00 (d,
J =175 Hz, 1H), 4.88 (d, J = 7.6 Hz, 1H), 3.89 (dd, J =
12.2, 2.2 Hz, 1H), 3.74~3.70 (m, 2H), 3.63 (dd, J =
12.1, 5.2 Hz, 1H), 3.55~3.41 (m, 8H), 1.35 (s, 9H);
“C NMR (150 MHz, MeOD) § 194.6, 157.8, 149.4,
146.6, 144.9, 135.0, 133.7, 130.1, 119.4, 112.1, 110.0,
102.1, 102.0, 77.3, 77.0, 76.5, 76.4, 73.7, 73.7, 70.0, 69.8,
64.0, 60.8, 35.0, 30.5; MS (ESI) m/z: 695.46 [M+Na]".

3b: 'H NMR (600 MHz, MeOD) 6 7.66 (dd, J =
8.9, 2.6 Hz, 1H), 7.64 (d, J = 2.5 Hz, 1H), 7.49 (s, 1H),
7.35 (s, 1H), 7.21 (d, J = 8.8 Hz, 1H), 5.02 (d, J= 7.1 Hz,
1H), 4.90 (d, J = 7.8 Hz, 1H), 4.87 (d, J = 7.5 Hz, 1H),
3.90~3.82 (m, 2H), 3.74~3.63 (m, 4H), 3.52~3.36
(m, 8H), 3.25 (t,J= 9.4 Hz, 2H), 2.96 (dd,J=9.2, 7.7 Hz,
2H); "C NMR (150 MHz, MeOD) 6 189.8, 177.0, 172.4,
166.2, 157.2, 156.3, 147.4, 146.1, 139.7, 136.3, 131.7,
128.5, 121.5, 113.2, 109.4, 100.5, 100.0, 86.4, 84.6,
82.9, 78.4, 76.9, 76.5, 76.2, 75.7, 73.5, 73.4, 71.0, 69.8,
69.8, 69.5; MS (ESI) m/z: 895.56 [M+Na]'.

4b: 'H NMR (600 MHz, DMSO) ¢ 8.46 (s, 1H),
8.27 (d, J = 2.3 Hz, 1H), 7.98 (dd, J = 8.9, 2.2 Hz, 1H),
7.85 (s, 1H), 7.64 (d, J = 8.9 Hz, 1H), 7.41 (s, 1H), 5.20
(d, J=7.4Hz, 1H), 5.01 (d, J = 7.0 Hz, 1H), 3.62~3.57
(m, 5H), 3.47~3.40 (m, 5H), 3.32~3.29 (m, 2H); °C NMR
(150 MHz, DMSO) 6 179.4, 167.6, 154.5, 152.4, 144.4,
137.3, 127.8, 122.2, 120.5, 116.3, 114.8, 111.9, 104.3,
101.5, 100.4, 77.1, 77.0, 76.2, 76.1, 73.2, 73.0, 69.4,
69.4, 60.5, 60.4; MS (ESI) m/z: 711.14 [M+H] ",

5b: '"H NMR (400 MHz, DMSO) 6 7.65 (d, J =
8.4 Hz, 2H), 7.57 (d, J= 2.2 Hz, 1H), 7.53 (d, J = 8.3 Hz,
2H), 7.40 (dd, J = 6.8, 1.7 Hz, 1H), 7.28 (d, J = 10.2 Hz,
1H), 4.93 (d, J = 7.7 Hz, 1H), 4.82 (d, J = 7.7 Hz, 1H),
3.79~3.45 (m, 12H), 1.30 (s, 9H); "C NMR (100 MHz,

MeOD) 6 196.3, 157.3, 148.7, 144.7, 134.3, 131.0, 129.9,
125.2,125.1, 119.4, 116.1, 108.6, 102.1, 75.8, 75.5, 73.3,
73.2, 71.1, 70.9, 68.8, 68.7, 61.3, 60.8, 34.7, 30.1; MS
(ESI) m/z: 617.23 [M+Na] »

6b: '"H NMR (400 MHz, DMSO) ¢ 7.68 (d, J =
8.4 Hz, 2H), 7.58 (d, J = 8.6 Hz, 2H), 7.44 (s, 1H), 7.19
(s, 1H), 5.00 (d, J= 7.3 Hz, 1H), 4.89 (d, J= 7.5 Hz, 1H),
3.71~3.54 (m, 12H), 1.31 (s, 9H); "C NMR (100 MHz,
MeOD) 6 195.2, 157.8, 149.6, 146.7, 135.2, 133.5, 130.0,
125.4,122.9, 119.8, 112.3, 102.8, 102.6, 80.2, 75.9, 75.6,
73.2, 71.0, 70.9, 68.7, 68.7, 61.0, 60.8, 34.7, 30.0; MS
(ESI) m/z: 695.19 [M+Na] .

7b: '"H NMR (400 MHz, DMSO) § 7.70 (dd, J =
9.1, 2.7 Hz, 1H), 7.48 (d, J = 2.4 Hz, 1H), 7.38 (s, 1H),
7.28 (s, 1H), 7.22 (d, J = 8.9 Hz, 1H), 5.00 (d, /= 7.9 Hz,
1H), 4.79 (dd, J = 7.4, 5.3 Hz, 2H), 3.72~3.56 (m,
18H); “"C NMR (100 MHz, MeOD) ¢ 192.9, 155.4,
150.6, 146.4, 136.0, 133.9, 132.3, 131.4, 121.8, 121.2,
119.0, 113.7, 113.1, 102.8, 102.0, 102.0, 76.1, 76.0,
75.5, 73.6, 73.3, 70.9, 70.7, 70.6, 68.4, 68.1, 68.1, 60.7,
60.5, 60.2, 60.0; MS (ESI) m/z: 897.07 [M+Na] -

8b: 'H NMR (600 MHz, DMSO) ¢ 8.38 (s, 1H),
8.23 (d, J = 2.4 Hz, 1H), 7.99 (dd, J = 8.8, 2.4 Hz, 1H),
7.77 (s, 1H), 7.67 (d, J = 8.9 Hz, 1H), 7.38 (s, 1H), 5.18
(d, J=17.6 Hz, 1H), 5.00 (d, J = 7.6 Hz, 1H), 3.77~3.65
(m, 5H), 3.59 (dq, J = 16.2, 5.5, 5.0 Hz, 3H), 3.52~3.46
(m, 4H); "C NMR (150 MHz, DMSO) ¢ 174.3, 155.0,
152.5, 148.9, 145.1, 136.0, 122.8, 121.2, 116.7, 115.1,
111.4, 104.4, 103.3, 101.9, 101.2, 79.3, 76.2, 75.9, 73.8,
70.9, 70.5, 68.3, 68.2, 60.6, 60.4; MS (ESI) m/z: 709.07
[M-H] .

9b: '"H NMR (600 MHz, MeOD) & 7.60 (dd, J =
8.9, 2.6 Hz, 1H), 7.48 (d, J = 2.4 Hz, 1H), 7.19 (d, J =
8.8 Hz, 1H), 7.11 (s, 1H), 7.04 (s, 1H), 4.84 (d, /= 7.7 Hz,
1H), 3.84 (s, 3H), 3.82~3.78 (m, 1H), 3.75 (s, 3H), 3.61
(dd, J = 12.0, 5.8 Hz, 1H), 3.37~3.32 (m, 2H), 3.22 (t,
J=9.3 Hz, 1H), 3.03 (dd, J=9.2, 7.7 Hz, 1H); "C NMR
(150 MHz, DMSO) 6 94.0, 155.1, 152.2, 148.3, 135.9,
132.6, 132.3, 131.4, 118.6, 116.2, 114.3, 114.0, 111.8,
101.3, 76.9, 76.4, 73.4, 69.8, 61.1, 55.6, 55.4; MS (ESI)
m/z: 599.08 [M+Na]",

10b: 'H NMR (600 MHz, MeOD) ¢ 7.65 (dd, J =
8.9, 2.5 Hz, 1H), 7.51 (d, J = 2.5 Hz, 1H), 7.28 (d, J =
8.9 Hz, 1H), 7.16 (s, 1H), 7.11 (s, 1H), 4.84 (d, /= 7.5 Hz,
1H), 3.90 (s, 3H), 3.85 (d, J = 3.2 Hz, 1H), 3.82 (s, 3H),
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3.77~3.70 (m, 2H), 3.66~3.63 (m, 1H), 3.53 (dd, /=9.7,
3.3 Hz, 1H), 3.48 (dd, J = 9.7, 7.5 Hz, 1H); *C NMR
(150 MHz, DMSO) ¢ 193.4, 155.3, 151.9, 148.2, 136.0,
132.4, 132.3, 131.9, 118.9, 116.6, 114.5, 113.7, 111.4,
102.0, 76.1, 73.8, 70.6, 68.3, 60.6, 56.6, 56.2; MS (ESI)
m/z: 599.06 [M+Na]'.

11b: 'H NMR (600 MHz, MeOD) § 11.50 (s, 1H),
7.56 (dd, J = 8.9, 2.7 Hz, 1H), 7.38 (d, J = 2.6 Hz, 1H),
7.23 (d, J = 8.9 Hz, 1H), 7.08 (s, 1H), 7.03 (s, 1H), 4.88
(d, J = 7.7 Hz, 1H), 3.80 (s, 3H), 3.72 (s, 3H), 3.58 (d,
J = 1.8 Hz, 1H), 3.51~3.45 (m, 1H), 3.37 (dd, J = 9.6,
7.3 Hz, 2H); "C NMR (150 MHz, MeOD) ¢ 194.1,
169.0, 155.3, 152.2, 148.4, 135.8, 132.6, 132.2, 131.5,
118.7, 116.2, 114.2, 114.0, 111.9, 102.1, 75.8, 73.4, 70.7,
68.6, 61.0, 55.5; MS (ESI) m/z: 613.02 [M+Na]"; HR-
MS (ESI): m/z C,H,,Br,0,, [M+H] it % {& 590.949 6,
W E:1H 590.947 3.

12b: 'H NMR (600 MHz, DMSO) 6 9.20 (s, 1H),
7.64 (d, J = 8.3 Hz, 2H), 7.57 (d, J = 8.6 Hz, 2H), 7.23
(d, J = 2.0 Hz, 1H), 7.21 (d, J = 8.5 Hz, 1H), 7.16 (dd,
J =83, 1.9 Hz, 1H), 5.65 (d, J = 2.8 Hz, 1H), 5.43 (d,
J = 6.2 Hz, 1H), 5.07 (d, J = 4.0 Hz, 1H), 499 (d, J =
7.7 Hz, 1H), 4.94 (d, J= 5.4 Hz, 1H), 4.92~4.91 (m, 1H),
4.62~4.59 (m, 1H), 4.54 (t, J = 5.7 Hz, 1H), 3.74 (dd,
J=14.1, 5.9 Hz, 2H), 3.64~3.59 (m, 4H), 1.33 (s, 9H);
C NMR (150 MHz, DMSO) § 177.9, 155.6, 149.5, 146.9,
135.4, 131.8, 130.0, 129.8, 125.7, 122.7, 117.4, 115.5,
101.2, 79.5, 76.1, 75.9, 74.0, 73.8, 73.3, 72.9, 70.4, 61.3,
60.7, 35.3, 31.4; MS (ESI) m/z: 593.17 [M-H] .

13b: 'H NMR (600 MHz, DMSO) 6 8.33 (s, 1H),
7.64 (d, J = 8.3 Hz, 2H), 7.57 (d, J = 8.4 Hz, 2H), 7.24
(d, J = 1.9 Hz, 1H), 7.20 (d, J = 8.5 Hz, 1H), 7.15 (dd,
J=8.4,1.9 Hz, 1H), 5.14 (d, J = 18.3 Hz, 2H), 4.99 (d,
J=17.7 Hz, 1H), 4.86 (s, 1H), 4.71 (d, J = 5.9 Hz, 2H),
4.34(d,J=17.9 Hz, 1H), 3.77 (d, J = 13.7 Hz, 2H), 3.73~
3.65 (m, 4H), 3.63 (d, J = 10.0 Hz, 1H), 1.33 (s, 9H);
C NMR (150 MHz, DMSO0) § 177.5,150.1, 145.8, 142.7,
133.8, 129.5, 125.0, 123.1, 122.8, 117.2, 115.7, 106.5,
103.2, 76.7, 76.4, 75.5, 74.4, 73.1, 70.0, 61.0, 60.1, 58.3,
56.0, 34.6, 30.1; MS (ESI) m/z: 617.21 [M+Na]".

14b: 'H NMR (600 MHz, MeOD) ¢ 7.63 (d, J =
8.5 Hz, 2H), 7.60 (d, J = 2.1 Hz, 1H), 7.51~7.47 (m,
2H), 7.44 (dd, J = 8.5, 2.0 Hz, 1H), 7.27 (d, J = 8.5 Hz,
1H), 5.01 (d, J = 7.6 Hz, 1H), 4.87~4.83 (m, 3H), 4.37
(dd, J = 7.9, 4.0 Hz, 2H), 3.81 (dd, J = 10.8, 5.1 Hz,

5H), 3.64~3.50 (m, 13H), 3.33~3.28 (m, 4H), 1.28 (s,
9H); "C NMR (150 MHz, DMSO) ¢ 184.0, 170.2,
164.8, 142.0, 140.5, 129.6, 126.4, 125.1, 117.6, 116.7,
109.4, 108.9, 106.8, 103.7, 103.2, 90.1, 86.7, 76.7, 75.7,
75.3, 74.6, 73.5, 73.2, 70.4, 70.0, 69.8, 69.8, 69.4, 68.6,
68.6, 66.8, 61.0, 60.1, 59.9, 55.7, 31.8, 30.1; MS (ESI)
m/z: 941.37 [M+Na]'.

15b: '"H NMR (600 MHz, MeOD) § 7.74 (d, J =
8.4 Hz, 2H), 7.58 (d, J = 8.5 Hz, 2H), 7.25 (s, 1H), 7.18
(s, 1H), 5.19 (d, J = 6.9 Hz, 1H), 5.00 (d, J = 7.4 Hz,
1H), 4.48 (d, J = 7.7 Hz, 1H), 4.44 (d, J = 7.9 Hz, 1H),
3.97~3.82 (m, 5H), 3.78~3.54 (m, 11H), 3.50~3.36
(m, 6H), 3.25~3.20 (m, 2H), 1.38 (s, 9H); "C NMR
(150 MHz, DMSO) § 187.6, 166.4, 144.2, 143.0, 138.0,
131.1, 130.0, 125.3, 121.4, 120.6, 118.7, 113.4, 106.2,
103.1,102.1,79.7,78.3,78.3,76.7, 76.4, 75.3, 75.2, 74.4,
73.5, 73.2, 70.0, 68.6, 65.7, 64.3, 61.4, 61.0, 59.8, 56.2,
53.6, 50.3, 34.7, 30.1; MS (ESI) m/z: 1 019.83 [M+Na]".

16b: '"H NMR (600 MHz, MeOD) 6 8.42 (s, 1H),
7.72 (d, J = 8.5 Hz, 2H), 7.56 (d, J = 8.5 Hz, 2H), 7.50
(s, 1H), 6.86 (s, 1H), 4.95 (d, J = 7.1 Hz, 1H), 3.93 (dd,
J =122, 2.3 Hz, 1H), 3.76 (dd, J = 12.1, 5.6 Hz, 1H),
3.58~3.51 (m, 3H), 3.48~3.43 (m, 1H), 1.37 (s, 9H);
“C NMR (150 MHz, MeOD) 6 195.7, 157.7, 147.1,
146.6, 135.4, 133.6, 129.9, 125.4, 121.3, 116.2, 107.7,
102.3, 77.1, 76.1, 73.4, 69.9, 60.9, 34.7, 30.0; MS (ESI)
m/z: 509.20 [M-H] .

17b: 'H NMR (600 MHz, DMSO) § 9.52 (s, 1H),
9.39 (s, 1H), 8.21 (d, J = 2.5 Hz, 1H), 7.96 (dd, J = 8.9,
2.5 Hz, 1H), 7.64 (d, J = 8.9 Hz, 1H), 7.48 (s, 1H), 7.29
(s, 1H), 5.10 (d, J = 7.1 Hz, 1H), 3.73 (d, J = 10.2 Hz,
1H), 3.51 (dd, J = 12.8, 6.0 Hz, 3H), 3.25~3.19 (m,
2H); “C NMR (150 MHz, DMSO) ¢ 174.2, 155.0,
153.2, 150.6, 145.8, 137.5, 128.2, 122.7, 121.2, 116.4,
115.7, 109.5, 103.9, 101.2, 77.7, 76.4, 73.5, 70.1, 61.2;
MS (ESI) m/z: 587.12 [M+K]".

18b: '"H NMR (600 MHz, MeOD) ¢ 8.57 (s, 1H),
7.73 (d, J= 7.9 Hz, 2H), 7.57 (d, J = 8.0 Hz, 2H), 7.50 (s,
1H), 6.83 (s, 1H), 4.61 (d, J = 8.3 Hz, 1H), 3.92 (d, J =
33.0 Hz, 2H), 3.81 (d, J = 14.2 Hz, 2H), 3.68~3.62 (m,
2H), 1.38 (s, 9H); "C NMR (150 MHz, MeOD) ¢ 196.0,
157.7, 151.2, 147.6, 135.4, 133.7, 129.9, 125.3, 121.4,
116.6, 106.6, 103.2, 75.9, 73.1, 70.8, 68.8, 61.0, 34.7,
30.0; MS (ESI) m/z: 509.33 [M—H]"; HR-MS (ESI): m/z
C,,H,,BrO, [M-H] 1151 509.081 1, M &1H 509.081 6.
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19b: 'H NMR (600 MHz, MeOD) 6 9.44 (s, 1H),
8.43 (s, 1H), 8.23 (d, J = 2.3 Hz, 1H), 7.80 (dd, J = 8.7,
2.1 Hz, 1H), 7.50 (s, 1H), 7.42 (d, J = 8.8 Hz, 1H), 7.30
(s, 1H), 4.99 (d, J = 7.7 Hz, 1H), 3.89~3.83 (m, 2H),
3.77~3.71 (m, 3H), 3.60 (d, J = 8.2 Hz, 1H); "C NMR
(150 MHz, MeOD) ¢ 175.0, 161.6, 156.5, 155.2, 153.7,
148.7, 142.3, 137.2, 134.4, 128.1, 120.0, 116.3, 106.9,
101.9, 76.1, 72.9, 68.8, 61.0, 56.1; MS (ESI) m/z: 549.36
[M+H]".

20b: 'H NMR (600 MHz, MeOD ) 11.70 (s, 1H),
8.45 (s, 1H), 7.61 (d, J= 8.4 Hz, 2H), 7.45 (d, J = 8.4 Hz,
2H), 7.42 (s, 1H), 6.73 (s, 1H), 4.82 (d, J = 7.1 Hz, 1H),
3.56 (s, 1H), 3.50 (d, J = 2.8 Hz, 1H), 3.47 (d, J= 4.9 Hz,
1H), 3.38 (d, J = 6.6 Hz, 1H), 1.26 (s, 9H); "C NMR
(150 MHz, MeOD) 6 195.8, 172.7, 164.9, 157.7, 147.5,
133.7, 129.9, 125.4, 122.4, 121.0, 116.6, 107.3, 103.0,
76.0, 73.2, 70.7, 69.8, 31.4, 30.0; MS (ESI) m/z: 523.41
[M-H]"; HR-MS (ESI): m/z C,;H,;BrO, [M+H] i 5 1A
525.075 4, Ml &4 525.074 9.

21b: 'H NMR (600 MHz, MeOD) ¢ 11.30 (s, 1H),
8.35 (s, 1H), 8.26 (s, 1H), 8.21 (d, J = 2.4 Hz, 1H), 7.78
(dd, J=8.9,2.5Hz, 1H), 7.49 (s, 1H), 7.42 (d, J=8.9 Hz,
1H), 7.22 (s, 1H), 5.12 (d, J = 7.6 Hz, 1H), 4.06 (d,
J = 9.4 Hz, 1H), 3.56 (p, J = 9.8 Hz, 3H); "C NMR
(150 MHz, MeOD) § 176.0, 172.3, 161.4, 153.7, 152.6,
149.8, 142.0, 141.5, 132.4, 129.4, 121.5, 117.8, 110.9,
105.3, 102.5, 82.1, 76.9, 62.0, 57.5; MS (ESI) m/z:
563.04 [M+H]".

22b: 'H NMR (600 MHz, MeOD) ¢ 8.10 (s, 1H),
7.73 (d, J = 8.5 Hz, 2H), 7.57 (d, J = 8.5 Hz, 2H), 7.49
(s, 1H), 6.87 (s, 1H), 5.25 (d, J = 3.7 Hz, 1H), 5.00 (d,
J=17.8 Hz, 1H), 3.97~3.94 (m, 1H), 3.92~3.86 (m, 2H),
3.81 (t, J = 9.1 Hz, 1H), 3.77~3.60 (m, 8H), 1.38 (s,
9H); "C NMR (150 MHz, MeOD) § 195.7, 157.8, 147.0,
146.6, 133.6, 129.9, 125.4, 121.3, 117.6, 116.3, 107.7,
102.1,101.5,79.3,75.8, 75.6, 73.6, 73.5, 73.0, 72.7, 70.2,
61.3, 60.4, 34.7, 30.0; MS (ESI) m/z: 694.80 [M+Na]".

23b: 'H NMR (600 MHz, MeOD) ¢ 8.10 (s, 1H),
7.72 (d, J = 8.5 Hz, 2H), 7.57 (d, J = 8.5 Hz, 2H), 7.48
(s, 1H), 6.87 (s, 1H), 5.01 (d, J = 7.7 Hz, 1H), 4.49 (d,
J =179 Hz, 1H), 3.96 (d, J = 2.9 Hz, 2H), 3.93 (dd, J =
11.9, 2.1 Hz, 1H), 3.76~3.61 (m, 6H), 3.44~3.39 (m,
2H), 3.29 (d, J = 8.0 Hz, 1H), 1.38 (s, 9H); "C NMR
(150 MHz, MeOD) § 195.7, 157.8, 146.9, 146.6, 135.5,
133.6, 129.9, 125.4, 121.3, 116.3, 107.7, 103.2, 101.9,

78.6, 76.7, 76.4, 75.5, 74.4, 73.5, 73.2, 70.0, 61.0, 60.1,
34.7,30.0; MS (ESI) m/z: 694.75 [M+Na] .

24b: 'H NMR (600 MHz, MeOD) & 10.03 (s, 1H),
9.61 (s, 1H), 8.34 (d, J = 2.4 Hz, 1H), 7.91 (dd, J = 8.9,
2.4 Hz, 1H), 7.61 (s, 1H), 7.53 (d, J = 8.9 Hz, 1H), 7.38
(s, 1H), 5.26 (d, J=3.7 Hz, 1H), 5.18 (d, J= 7.7 Hz, 1H),
4.02~3.99 (m, 1H), 3.94~3.85 (m, 3H), 3.78~3.73 (m,
3H), 3.69 (dd, J = 8.8, 6.3 Hz, 3H), 3.52~3.49 (m, 2H);
C NMR (150 MHz, MeOD) 6 175.4, 151.3, 138.6, 129.5,
127.9, 126.1, 121.4, 117.8, 114.7, 111.6, 108.6, 107.4,
104.5, 103.0, 102.4, 89.7, 88.2, 84.4, 80.7, 77.2, 74.9,
74.2,65.9, 61.9, 60.6; MS (ESI) m/z: 711.32 [M+H]".

25b: '"H NMR (600 MHz, DMSO) 6 9.77 (s, 1H),
9.71 (s, 1H), 8.22 (d, J = 2.4 Hz, 1H), 7.97 (dd, J = 8.9,
2.4 Hz, 1H), 7.65 (d, J = 8.9 Hz, 1H), 7.52 (s, 1H), 7.32
(s, 1H), 5.23 (d, J = 7.7 Hz, 1H), 5.18~5.17 (m, 1H),
5.13 (d, J= 4.9 Hz, 1H), 4.75 (dd, J = 20.1, 5.5 Hz, 2H),
436 (d, J=17.9 Hz, 1H), 3.79 (dd, J = 9.7, 5.0 Hz, 1H),
3.71 (t, J = 8.9 Hz, 3H), 3.53~3.44 (m, 4H); "C NMR
(150 MHz, DMSO) § 183.6, 174.2, 164.9, 155.5, 150.8,
140.6, 132.6, 127.7, 126.5, 122.3, 116.7, 115.7, 109.1,
105.0, 103.5, 99.8, 92.8, 84.2, 80.1, 77.0, 70.5, 65.5,
57.1, 53.2, 52.6; MS (ESI) m/z: 732.50 [M+Na]"; HR-
MS (ESI): m/z C,;H,Br,0,, [M—H] it 5 {8 708.976 8,
1K 708.975 2.
2 #hENE

3% 4% 1 : Diamonsil C18 (250 mm x 4.6 mm,
5 wm) OB, /K R IR B0 AR GE AT 2 M R R B I -
5:95 P i 40 min, 95:5 PEME 10 min, 5295 ¥t 10 min;
1 & P 1b~25b (1) & W % K 43 ) A 274.0. 268.8.
300.0 246.3.275.9.268.0. 314.2. 300.0. 254.0 254.0+
289.0.271.2.247.5.272.3.267.6+ 266.0. 244.0. 266.0+
246.3.284.8.284.8.266.4.267.6.244.0.244.0 nm, Vi &
1.0 mL-min™', #3530 °C, #EFEAF 10 uL.
3 EYIRTFSEAR

W B B AL AT B R3S LU BR TS R A
5, ¥ His-PDIAG & 1 A # T Ni-NTA 1% J& 25 12 % £
PBST ZZ b i b LT 7 3 28 . PR AR B2 0 IR N
20~200 pmol-L™" A [A] ¥ B 1) B br b & i W, 45
A i B I 3524 60 s. K H Forte Bio Data Analysis
BAE (v.11.1.0.4) 1515 2145 & fF 29 4
4 IRIMARELI

K H CCK-8 ¥ £ Ml 4k & ) 1 RAW264.7 41 Jid 75
P, B H AR K 1 RAW264.7 41 Jif 322 Fh 2 96 FLHR,
Fi IR 4 h R RS BE JS , 23 9 BAR LA : 25 o) B4



WA TRTE SR Z WA RAATAE RO X 15 PDIAG A EAF

1719

LPS & B4 (1 mg-L") LA &4k &) (10 pmol-L) Al
LPS (1 mg-L") JLE/EFI 40, dks85 9% 24 n B bk . 2%
KEA (10 umol- L) FENFH MRS B . SR Griess 146
DL NO 73 WK, #8546 nm AL EE G . %18
ELISA 1255 &0 i B 45 000 72 4t ff 5% 7% B3 IL-18. TNF-
o~ IL-6 FIL-10 [ R AR o 4% A = JIHI R (%) =
[(OD yyy5 =OD ) / (OD sy =OD )] ¥100%, 1 5
AR 25 B R IL-18 Bl 26, AT 715 1C 18 -
5 GitESH

K L ZE /D 3 AN S5 1 T 38 E bR HE 2 ROR,
45 9% H GraphPad Prism 8.0 #4147 S8 it 4 #r, 4 18]
LUK FH 5 IR 2R 7 22 /3 BT (one-way ANOVA), P < 0.05
R ERAHFGRITEE L.

{E& SUlk: 2% L E AT AWM G PR IS PETR % |
Bt ot LSO SCE SRR T T ST S I BTk T
PEFNGEFEN € ; 1575 Wk 1 5318 SCAPRAR BT VB L ROR &
N B LSRR AR AR

FIFEASE: A A E 5 TR A 25 00 5%
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