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Abstract: The aryl hydrocarbon receptor (AhR) is a ligand-activated transcription factor that regulates gene ex-
pression in a range of cells, including immune and epithelial cells. AhR signaling plays important roles in the immune
system in both health and disease states. Tapinarof is a first-in-class small-molecule topical therapeutic AhR modulating
agent launched for the treatment of psoriasis. To improve the activity and chemical stability of Tapinarof, a series of 2-phe-
nylchromen-4-one derivatives were designed, synthesized and evaluated as novel AhR agonists. Compounds 5a, 5¢, Se
and 5f potently activated AhR with an EC,, value of 7, 9, 6 and 6 nmol-L", respectively, which are 10-14 fold more po-
tent than Tapinarof. Compounds 5a and Se exhibit comparable inhibitory effects on IFN-y production as Tapinarof. Fur-
thermore, compounds 5a—5f exhibited favorable photochemical stability compared to Tapinarof. The compounds may
eventually serve as lead compounds for the development of new AhR agonists.
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Structures of representative natural, xenobiotics, and synthetic AhR agonists. AhR: Aryl hydrocarbon receptor
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Figure 2 Compounds design and the bmdmg modes predicted by molecular docking. A: Design of 2-phenylchromen-4-one based AhR
agonists; B: The binding mode of Tapinarof to AhR protein; C: The binding mode of target compound to AhR protein. The docking based on
X-ray cocrystal structure from PDB 7ZUB. Yellow dash lines represent z-7z stacking interactions and purple dash lines represent hydrogen

bond
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Scheme 1 Synthesis of compounds of 5a-5f. a: KOH, EtOH, r.t., 6 h; b: I,, DMSO, 140 °C, 1 h; ¢: BBr;, DCM, 0 °C-r.t., 1 h
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Table 1 The agonist activity of different compounds to AhR.
n=3,x*s
Compound Structure EC_, /umol-L"
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Table 2  Effect of compounds 5a, Sc¢—5f and Tapinarof against human peripheral blood mononuclear cells (PBMC) proliferation. n = 3,

xts

Compound Tapinarof 5a

5¢ 5d 5e 5f
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9.8+0.21

14.6 + 0.09 12.4+0.88 > 30
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Figure 3 Effect of new compounds 5a, 5¢—5f on T cell activity in vitro. A: The compounds affect phaseolus vulgaris leucoagglutinin

(PHA-L) stimulated PBMC proliferation; B: The inhibitory effects of these compounds on interferon-gamma (IFN-y) production. The red

line is the mean value of test data in PHA-L positive control group, and the blue line is the mean value of test data in DMSO blank control

group
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Figure 4 Stability and degradation rate of compounds under

ultraviolet (UV) light exposure, detection times at 0, 8, 24 and 72 h
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HORF=P 1.8 g, PPN 77.1%.

1.2 4-FRAE-35-“HEEFFE 2b)

03,5 = F R 4 R BEOR B BT (0.5 g,
2.38 mmol) FEHT-15 T {7 (2.02 g, 4.76 mmol) JIA
B & HBE (20 mL), f£20~25°CF, 442N 12he x
48 R, [ SSOR AR 2 AN PRI BR BR A VA T (60 mL),
SR S B (80 mL) AEHX 1 ¢k, A HLAH FH i F0
B BR BN (60 mL) Peik 1K, Jo /KBBR8 T M, i U8, I
FERARIER, 19 BIZL A7) 0.4 g, 7™ %8 82.79%

1.3 2-F-4-FAE-35-ZHEEFFE (2¢)
131 Q-F-4-5REIS-ZHEEFREHEE K
3,5- HU A -4- S RS HEE (25 g, 118.9 mmol) ¥



-+ 3002 - 2524} Acta Pharmaceutica Sinica 2024, 59(11): 2997-3005

T M (250 mL) H, ZAARY T, B 0 °C, I EFE
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4, INNIK (10 mL), F — & e 2 HL 2 Ik, 53K 20 mL.
HHUAH A S AL AN (20 mL) PRk 1R, ToKIRIR &N
Tk, o, VR R AR BE I, R AR B [ D LR
LT (viv) =1:0~20:1] 5 5545 258 AR 74 700 mg,
72 %N 84%. 'H NMR (400 MHz, DMSO-d,) d,: 12.61
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2%, B R 50 mL. A LA A1 & 408 (100 mL) ¥
B LR, ToKBRER AN T4, 1k 0, Dl TR 48 D8 v, Rk R A
Al [ 2R 4B (vv) =200 1~5:1] 5 B 15 5
B [ & 500 mg, 7 %N 83%. 'H NMR (400 MHz,
DMSO-d,) 6,: 8.06 (dd, J = 8.0 Hz, 1.2 Hz, 1H), 7.86~
7.78 (m, 2H), 7.68~7.64 (m, 1H), 7.58 (d, J = 1.6 Hz,
1H), 7.55~7.47 (m, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.10
(s, 1H), 3.94 (s, 3H), 3.32~3.26 (m, 1H), 1.19 (d, J =
6.8 Hz, 6H).

1.8 BFRLE4b~af & pIEE

KA 4a KL G BOPBA B H RS
4b~4f.

1.9 2-G-BEA-BREFXRE)-4H-EL-4-1 (5a)

K 2-(4-7 TN 2E-3- AR BE R AL ) -4 H-t8 075 -4- (0.5 g,
1.7 mmol) & F & W %E (SmL). fE0°CF, =
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1BH (851.1 mg, 3.4 mmol). 7E25°CF, k4L 0.5 he
B iR 22 0 °C, M A Bk i S0 4H (20 mL) ¥ KR R, 8T
pHZE 7~8 H & W HFE 2k, Bik40 mL. HHLAH
FA AL BN (20 mL) ¥ 1R, Jo/KBR R BN 15, ik
P&, PR R 45 DR, ) & W AR (i FE . Phenomenex
luna C18 150 mm x 40 mm x 15 pm; i ZHAH A 5 0.1%
FR /K ¥ 0, TR h A B A K5 YRR AR - 0~ 11 min,
55%—25%A) 4 &5 43 F| [ 8 44 285.8 mg, =K
59%. 'H NMR (400 MHz, DMSO-d,) d,;: 9.83 (s, 1H),
8.06 (dd, J = 8.0 Hz, 1.6 Hz, 1H), 7.88~7.81 (m, 1H),
7.71 (d, J = 8.0 Hz, 1H), 7.55~7.48 (m, 2H), 7.43 (d,
J =2.0 Hz, 1H), 7.31 (d, J = 8.0 Hz, 1H), 6.82 (s, 1H),
3.31~3.23 (m, 1H), 1.20 (d, J = 6.8 Hz, 6H); °C NMR
(101 MHz, DMSO-d,) d.: 177.41, 163.51, 156.10, 155.34,
139.30, 134.78, 129.82, 127.25, 125.96, 125.30, 123.84,
118.80, 118.05, 112.68, 106.77, 27.01, 22.63; HR-MS-
ESI (m/z) caled. for C H,,0, [M+H]', 281.117 8; found,
281.118 0,
1.10 2-(3,5-Z 3 E-4-FREFRE)-4H-B1F-4-FF (5b)
K Sa BAUE T2 19 2Kt 8 44 292.57 mg,
77 3N 84%. 'H NMR (400 MHz, DMSO-d,) 6,;: 9.56
(s, 2H), 8.05 (dd, J = 8.0 Hz, 1.6 Hz, 1H), 7.85~7.80
(m, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.54~7.50 (m, 1H),
6.90 (s, 2H), 6.56 (s, 1H), 3.54~3.46 (m, 1H), 1.27 (d,
J = 7.2 Hz, 6H); "C NMR (101 MHz, DMSO-d,) d,:
177.29, 163.83, 157.29, 156.07, 134.86, 129.34, 125.99,
125.35, 124.84, 123.84, 118.68, 106.49, 105.14, 24.34,
20.66; HR-MS-ESI (m/z) caled. for C,H, O, [M+H]",
297.112 7; found, 297.113 1.
111 6-F-2-3-F 2 E-4-RAEXE)-4H-EH-4-T (5c)
K H Sa RAUG TTVE . B LLEAE K 307.8 mg,
P2 2N 63%. "H NMR (400 MHz, DMSO-d,) d,;: 9.81
(s, 1H), 7.85~7.79 (m, 1H), 7.77~7.68 (m, 2H), 7.51
(dd, J = 8.0 Hz, 1.6 Hz, 1H), 7.42 (d, J = 1.6 Hz, 1H),
7.31 (d, J = 8.0 Hz, 1H), 6.84 (s, 1H), 3.29~3.22 (m,
1H), 1.20 (d, J = 6.8 Hz, 6H); °C NMR (101 MHz,
DMSO-d,) d.: 176.74, 163.85, 160.68, 158.26, 155.34,
152.53, 139.50, 129.61, 127.26, 125.07, 122.88, 121.64,
118.15, 112.74, 110.08, 106.09, 27.02, 22.62; HR-MS-
ESI (m/z) caled. for CH,FO, [M+H] ", 299.108 3;
found, 299.108 4,
112 7-8-2-G-HRE-4-FREXE)-4H-E15-4-H1 (5d)
K H Sa RAUE TTVE . 33128 A (]E K 157.0 mg,
P23 N 24%. 'H NMR (400 MHz, DMSO-d,) 6,;: 9.87~
9.78 (m, 1H), 8.11 (dd, J = 8.8 Hz, 2.4 Hz, 1H), 7.66

(dd, J=7.2 Hz, 2.4 Hz, 1H), 7.49 (dd, J = 8.0 Hz, 2.0 Hz,
1H), 7.42~7.36 (m, 2H), 7.32 (d, J = 8.0 Hz, 1H), 6.81
(s, 1H), 3.28~3.23 (m, 1H), 1.20 (d, J = 6.8 Hz, 6H);
“C NMR (101 MHz, DMSO-d,) J.: 176.59, 166.74,
164.24, 163.91, 157.23, 155.33, 139.50, 129.54, 128.19,
127.26, 121.01, 118.10, 114.63, 112.72, 106.83, 105.80,
27.01, 22.64; HR-MS-ESI (m/z) caled. for C,H FO,
[M+H]', 299.108 3; found, 299.107 6.

1.13 2-Q-8-3,5-“ R EA4-FAEFE)-4H- /5 -4-
fd (Se)

K Sa BALA k. £33 3 A K 37.8 mg,
P23 N 17%. "H NMR (400 MHz, DMSO-d,) d,;: 9.62
(d, J = 2.4 Hz, 1H), 9.56 (s, 1H), 8.07 (dd, J = 8.0 Hz,
1.6 Hz, 1H), 7.86~7.83 (m, 1H), 7.65 (d, J = 8.0 Hz,
1H), 7.56~7.49 (m, 1H), 6.81 (d, J = 6.0 Hz, 1H), 6.65
(s, 1H), 3.57~3.45 (m, 1H), 1.28 (d, J = 7.2 Hz, 6H);
“C NMR (101 MHz, DMSO-d,) d.: 177.29, 159.71,
156.24, 152.33, 144.58, 144.43, 135.04, 127.54, 126.13,
125.36, 123.64, 118.73, 111.35, 111.24, 104.62, 24.99,
20.48; HR-MS-ESI (m/z) caled. for C H,,FO, [M+H]",
315.103 3; found, 315.102 6.

1.14 2-Q3-Z&8-5-BEA-SREXE)4H-6 5 -4-
fij (51)

K H 5a LA R k. #3313 0 [ £ 93.1 mg,
P2 % N 43%. 'H NMR (400 MHz, DMSO-d,) J,: 10.28
(s, 1H), 8.07 (dd, J = 8.0 Hz, 1.6 Hz, 1H), 7.88~7.84
(m, 1H), 7.68 (d, J = 8.4 Hz, 1H), 7.58~7.50 (m, 1H),
7.19~7.14 (m, 1H), 6.72 (s, 1H), 3.48~3.39 (m, 1H),
1.31 (d, J = 7.2 Hz, 6H); °C NMR (101 MHz, DMSO-
d) d.: 177.20, 158.25, 156.18, 152.10, 151.40, 148.99,
143.73, 141.28, 135.15, 127.27, 126.25, 125.37, 123.61,
118.77, 118.39, 111.95, 109.16, 25.10, 20.94; HR-MS-
ESI (m/z) caled. for C,H,,F,0, [M+H]", 317.098 9;
found, 317.098 4.

115 HAEIRE MR &L R4

F )\ e B A e B A ik SR AR 78 71 LK A 3)
A A, 5 N3 AH B, A FE BE L BE S B 0 min,
60% A—20~30 min, 10% A—32~40 min, 60% A; i
N 1.0 mL-min™; £3589 35 °C; &M K8 220 nm;
HEFEAARFL 10 uL.

2 AIEEMIALE
2.1 RSN ARR FEMEA

PLFICZ /B N BHPEXT IR 24, Kl QUANTI-Luc™ #&
TR 7 B 2 1k AW ARR FEYE . B 10% 17 1
EMEM 577 3 41 I VR % 45 1.1x10° mL™', 8701 96 FL
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B, BEFL 180 pL. B J5 IN N 20 pL RN [FK B 140 &4,
£37 °C.5% CO, 5 72 46 W ¥ & 24 h. % 1L+ DMSO
2R FE 9 0.1%. AR A5 1A XS R G HLAL (relative
light unit, RLU) {8, A 0.1% DMSO A i 71 xF HE 41, #§
AKX Q) THEAA G WLEA B BT 0S8,
BETSRAF AV BC, M8, F TR AL & e A1 1)
AR 5 1.

BB (%) = (RLU y iy = RLU ) / (RLU gy =

RLU .. x 100% (1)

2.2 {RINT GHBEEMEIEMN
22.1 THIBEINEEME KH PHA-LAENIE T
PBMC 4 54 i R 3077 . FH 5 10% 1ML 7% ) RPMI 1640
5 % 0 0 0 3 A 1<10° mL, 42 5T 96 FLAR,
FL100 uL. B Ja IIAAFIR B B4 59, 7537 °C 5%
CO, K5 =4 N % & 30 min J&, R FLINN 5 480 IR
N 10 pg'mL" PHA-L, 37 °C.5% CO, ¥ = NI &
48 h J&, WO b3 VA TR 48 B ER T, AR 4
CellTiter-Glo™ & 2 2 i i3 7/ A 00 1 7] G0 A ) 4 ff v
1o MY RLUAE, PARINPHA-L )44 R7E A
0 R BIRT T B8 0 R ook PBMIC 189 B 4 4100 i
FMIC, 8.
2.2.2 IFN-y 7K F4#M  F ELISA L4 I IFN-y (1) &
i, ARG N BT B UG B P AT SR IR HRAE . SEER AR L
1.5.7.5 %194 umol-L™" 3 AN BE s b 47 K, BA PHA-L
YA BE PR R BRI RTTH B H TFN-y B0 S 43 Ee, H
TR Ak B MR TEN-y 300 8135 12

e BUmk: BUO 58 AL £ PR S B B A b
JR SRS AL 58 AL G T SEER AR 5 R SO R
B E A EETT I 5E A A YA R R AE BB SR iR ST
25 B M DA R B R L B R e Ak S e PR R
IR T

FIZE S AT A IES B AEAER G R KR
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