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Abstract: Bromodomain-containing proteins (BCPs) can specifically recognize acetylated lysine (KAc) in
histones and other substrate proteins. Recently, several kinase inhibitors were found to inhibit bromodomains,
such as the PLK1 inhibitor BI-2536 and the JAK?2 inhibitor TG101209, which bind to BRD4 with ICs, values
of 25 nmol-L™" and 130 nmol-L™', respectively. To obtain potent BRD4 inhibitors from inhibitor BI-2536, we
used dihydroquinoxalin-2(1 H)-one to replace the 7,8-dihydropteridin-6(5H)-one in BI2536. By exploring the
structure-activity relationships of the new dihydroquinoxalin-2(1 H)-one structures, we obtained a novel phenyl
side chain series of BRD4 inhibitors. We identified several potent BRD4 inhibitors, especially compounds 16,
22, 28 and 29, which had ICs, values below 100 nmol-L™" in fluorescence anisotropy (FA) assays, indicating this
series of compounds are worth to fruther investigation.
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Figure 1 Structures of selective BET inhibitors (+)-JQ1 (1), I-BET762 (2), and dual kinase-BET inhibitors BI-2536 (3) and TG101209
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Figure 2 A: Superimpose crystal structure of BI2536 (3) and 5§
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Table 1 Physical constants and ESI of compounds 6-29

Compd. R, Ra3 R, Yield/% mp/°C Physical property MS (ESI) [M+H]"
6 N é ©/ 69 - Light yellow liquid 321.18
7 '~ é @[ 70 - Light yellow liquid 335.15
8 . é Q/ 64 - Light yellow liquid 335.14
9 ‘< é /@( 72 - Light yellow liquid 335.20
10 N é @\/ 71 - Light yellow liquid 355.11

Cl
1 'y é Q/ 69 90.6-92.9 Light yellow solid 355.15
Cl
12 < é @( 54 - Light yellow liquid 339.18
F
13 *~ é ©;(H 68 96.8-99.7 Light yellow solid 349.43
O *
14 '~ é 9/ 72 - Light yellow liquid 349.44
O H s
15 *~ é oﬂ 72 - Light yellow liquid 349.42
H
16 '~ é @;( 67 - Light yellow liquid 363.19
0 *
17 N é OY©/ 71 - Light yellow liquid 363.22
18 '~ é @i( 75 - Light yellow liquid 363.23
19 N é @(S,,o 74 - Light yellow liquid 399.43
6\
20 . é @OL 70 - Light yellow liquid 377.47
21 ' é %O 69 142.8-144.6 Light yellow solid 375.18
22 ‘N é % 68 - Light yellow liquid 388.11
OJN
23 N é ©;o 67 48.7-50.6 Light yellow solid 393.16
30
24 . é 73 - Light yellow liquid 397.21
25 '~ é 75 80.9-83.2 Light yellow solid 411.22
26 o, é @;( 72 96.5-98.6 Light yellow solid 363.20
o
27 = é ©i(\ 72 92.7-95.4 Light yellow solid 388.24
OJN
28 Me A ©;/ 72 95.2-97.7 Light yellow solid 335.38
o
29 Me A ©i(\ 70 91.9-93.2 Light yellow solid 360.22
N

o
N
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Table2 The NMR data of target compounds 6—29
Compd "H NMR (400 MHz, CDCl3) 13C NMR (126 MHz, CDCl3)
6 7.60 (d, J=17.7 Hz, 2H), 7.44 (t, J= 7.6 Hz, 2H), 7.34 (t, J= 7.3 Hz, 1H), 7.12 (dd, 169.19, 141.19, 136.67, 135.92, 130.27, 128.82 (2 xC),

10

1

12

13

14

15

16

17

18

19

20

21

22

23

J=8.2,1.9 Hz, 1H), 7.08 (d, J= 1.7 Hz, 1H), 7.01 (d, J= 8.2 Hz, 1H), 4.23 (q, J =
6.8 Hz, 1H), 3.93-3.82 (m, 1H), 3.41 (s, 3H), 2.14—1.99 (m, 2H), 1.86—1.58 (m, 6H),
1.10 (d, J = 6.8 Hz, 3H)

7.35-7.23 (m, 4H), 7.02 (d, J = 8.1 Hz, 1H), 6.87 (dd, J= 8.1, 1.5 Hz, 1H), 6.83 (s,
1H), 4.25 (q, J = 6.8 Hz, 1H), 3.86-3.75 (m, 1H), 3.44 (s, 3H), 2.35 (s, 3H), 2.12—
1.97 (m, 2H), 1.81-1.59 (m, 6H), 1.13 (d, J = 6.8 Hz, 3H)

7.40 (d, J=7.2 Hz, 2H), 7.34 (t, J = 7.8 Hz, 1H), 7.17 (d, J = 7.4 Hz, 1H), 7.12 (dd,
J=8.2, 1.8 Hz, 1H), 7.07 (d, J= 1.5 Hz, 1H), 7.00 (d, J= 8.2 Hz, 1H), 4.23 (q, J =
6.8 Hz, 1H), 3.93-3.84 (m, 1H), 3.41 (s, 3H), 2.44 (s, 3H), 2.14-1.99 (m, 2H), 1.83—
1.64 (m, 6H), 1.10 (d, J = 6.8 Hz, 3H)

7.52(d, J="7.8 Hz, 2H), 7.28 (d, J = 7.6 Hz, 2H), 7.13 (d, J = 8.1 Hz, 1H), 7.09 (s, 1H),
7.02 (d, J=8.1 Hz, 1H), 4.25 (dd, J = 13.3, 6.6 Hz, 1H), 3.95-3.84 (m, 1H), 3.43 (s,
3H), 2.43 (s, 3H), 2.17-1.98 (m, 2H), 1.86-1.63 (m, 6H), 1.12 (d, J = 6.7 Hz, 3H).
7.47 (dd, J=17.7, 1.1 Hz, 1H), 7.37 (dd, J= 7.4, 1.8 Hz, 1H), 7.31 (dd, J= 7.3, 6.2
Hz, 1H), 7.29-7.23 (m, 1H), 7.00 (d, J = 8.6 Hz, 1H), 6.96—6.92 (m, 2H), 4.22 (q,
J=6.8 Hz, 1H), 3.84-3.75 (m, 1H), 3.40 (s, 3H), 2.11-1.94 (m, 2H), 1.78-1.59 (m,
6H), 1.10 (d, J = 6.8 Hz, 3H)

7.50 (d, J= 8.5 Hz, 2H), 7.39 (d, J = 8.5 Hz, 2H), 7.06 (dd, J= 8.2, 1.8 Hz, 1H), 7.02—
6.97 (m, 2H), 4.22 (q, J = 6.8 Hz, 1H), 3.92-3.81 (m, 1H), 3.39 (s, 3H), 2.12-1.97
(m, 2H), 1.85-1.58 (m, 6H), 1.09 (d, J = 6.8 Hz, 3H)

7.46 (td, J= 7.8, 1.8 Hz, 1H), 7.34~7.25 (m, 1H), 7.237.18 (m, 1H), 7.17-7.11 (m,
1H), 7.09-7.03 (m, 2H), 7.01 (d, J = 8.2 Hz, 1H), 4.22 (g, J = 6.8 Hz, 1H), 3.88-3.77
(m, 1H), 3.40 (s, 3H), 2.12—1.97 (m, 2H), 1.83—1.55 (m, 6H), 1.09 (d, J = 6.8 Hz, 3H)

10.02 (s, 1H), 8.02-7.96 (m, 1H), 7.62 (t, J = 7.5 Hz, 1H), 7.50~7.42 (m, 2H), 7.01
(d, J=8.1 Hz, 1H), 6.86 (dd, J=8.1, 1.6 Hz, 1H), 6.80 (d, J= 1.5 Hz, 1H), 4.23 (q,
J=6.8 Hz, 1H), 3.79 (dd, J = 14.1, 7.0 Hz, 1H), 3.40 (s, 3H), 1.98 (dt, J=10.9, 7.0
Hz, 2H), 1.78-1.53 (m, 6H), 1.08 (d, J = 6.8 Hz, 3H)

10.09 (s, 1H), 8.08 (s, 1H), 7.88—7.81 (m, 2H), 7.61 (t, J= 7.6 Hz, 1H), 7.14 (dd, J=
8.2, 1.9 Hz, 1H), 7.05 (dd, J = 13.6, 5.0 Hz, 2H), 4.23 (q, J = 6.9 Hz, 1H), 3.96-3.84
(m, 1H), 3.41 (s, 3H), 2.14-2.00 (m, 2H), 1.77-1.60 (m, 6H), 1.09 (d, J = 6.8 Hz, 3H)
10.02 (s, 1H), 7.92 (d, J = 8.4 Hz, 2H), 7.72 (d, J = 8.2 Hz, 2H), 7.15 (dd, J= 8.2, 1.9 Hz,
1H), 7.07 (d, J= 1.7 Hz, 1H), 7.02 (d, J = 8.3 Hz, 1H), 422 (q, J= 6.8 Hz, 1H), 3.93-3.80
(m, 1H), 3.39 (s, 3H), 2.15-1.97 (m, 2H), 1.83—1.58 (m, 6H), 1.07 (d, J= 6.8 Hz, 3H)
7.49 (dd, J=11.9, 4.5 Hz, 2H), 7.42-7.39 (m, 1H), 7.38 (dd, J="7.3, 1.1 Hz, 1H),
6.99 (d, J=8.1 Hz, 1H), 6.87 (dd, J=8.1, 1.9 Hz, 1H), 6.74 (d, J = 1.8 Hz, 1H), 4.21
(q, J= 6.8 Hz, 1H), 3.79-3.68 (m, 1H), 3.39 (s, 3H), 2.01 (s, 3H), 2.00—1.92 (m, 2H),
1.79-1.71 (m, 1H), 1.71-1.52 (m, 5H), 1.05 (d, J = 6.8 Hz, 3H)

8.00 (d, J=8.4 Hz, 2H), 7.64 (d, J = 8.4 Hz, 2H), 7.12 (dd, J = 8.2, 1.9 Hz, 1H), 7.06
(d, J= 1.7 Hz, 1H), 6.99 (d, J = 8.3 Hz, 1H), 4.20 (q, J = 6.8 Hz, 1H), 3.92-3.78 (m,
1H), 3.37 (s, 3H), 2.59 (s, 3H), 2.12-1.98 (m, 2H), 1.84—1.52 (m, 6H), 1.06 (d, J =
6.8 Hz, 3H)

7.41 (d, J="7.7 Hz, 1H), 7.38-7.33 (m, 1H), 7.25-7.21 (m, 2H), 6.99 (d, J = 8.1 Hz,
1H), 6.83 (dd, J = 8.0, 1.8 Hz, 1H), 6.79 (d, J= 1.8 Hz, 1H), 4.24 (g, J = 6.8 Hz, 1H),
3.85-3.72 (m, 1H), 3.43 (s, 3H), 3.22-3.12 (m, 1H), 2.11-1.92 (m, 2H), 1.80-1.56
(m, 6H), 1.22 (d, J = 6.9 Hz, 3H), 1.18 (d, J = 6.9 Hz, 3H), 1.12 (d, J = 6.8 Hz, 3H)
8.20 (dd, J= 8.0, 1.0 Hz, 1H), 7.62 (td, J=7.5, 1.3 Hz, 1H), 7.52 (td, J= 7.9, 1.3 Hz,
1H), 7.40 (dd, J=17.5, 1.0 Hz, 1H), 6.98 (d, J= 7.9 Hz, 2H), 6.92 (dd, J=8.2, 1.6 Hz,
1H), 4.21 (q, J = 6.8 Hz, 1H), 3.89-3.74 (m, 1H), 3.38 (d, J= 4.9 Hz, 3H), 2.63 (s,
3H), 2.01-1.93 (m, 2H), 1.69-1.49 (m, 6H), 1.06 (d, J = 6.8 Hz, 3H)

7.34-7.27 (m, 3H), 7.23-7.19 (m, 1H), 6.95 (d, J = 8.1 Hz, 1H), 6.73 (dd, J = 8.1,

1.8 Hz, 1H), 6.69 (d, J = 1.7 Hz, 1H), 4.21 (q, J = 6.8 Hz, 1H), 3.78-3.68 (m, 3H),
3.39 (s, 3H), 2.03-1.93 (m, 5H), 1.79-1.50 (m, 6H), 1.08 (d, J = 6.8 Hz, 3H)

7.60 (t, J= 7.5 Hz, 1H), 7.45 (d, J = 7.5 Hz, 1H), 7.31 (d, J = 7.4 Hz, 1H), 7.05-6.94
(m, 3H), 4.22 (q, J = 6.7 Hz, 1H), 3.91-3.76 (m, 1H), 3.42 (s, 3H), 3.23-3.08 (m, 2H),
2.80-2.68 (m, 2H), 2.08—1.96 (m, 2H), 1.80—1.58 (m, 6H), 1.12 (d, J = 6.8 Hz, 3H)

7.79 (s, 1H), 7.78—7.74 (m, 1H), 7.43 (ddd, J = 14.7, 7.2, 1.7 Hz, 2H), 7.39-7.35 (m,
1H), 6.98 (d, J = 8.1 Hz, 1H), 6.80 (dd, J= 8.1, 1.8 Hz, 1H), 6.69 (d, J = 1.6 Hz, 1H),
6.34 (s, 1H), 4.19 (q, J = 6.8 Hz, 1H), 3.72-3.60 (m, 1H), 3.41 (s, 3H), 1.91-1.84 (m,
1H), 1.74-1.68 (m, 1H), 1.66—1.47 (m, 6H), 1.08 (d, J = 6.8 Hz, 3H)

7.72 (s, 1H), 7.40 (s, 2H), 7.35—7.27 (m, 1H), 7.01-6.90 (m, 3H), 4.30-4.11 (m, 3H),
3.93 (s, 2H), 3.86-3.74 (m, 1H), 3.40 (s, 3H), 2.14-1.92 (m, 2H), 1.85-1.51 (m, 7H),
1.08 (d, J = 6.5 Hz, 3H)

127.11, 126.96 (2xC), 118.04, 114.99, 114.81, 59.39,
54.82, 31.00, 30.98, 29.18, 24.24, 23.79, 14.14

169.28, 141.98, 137.32, 135.49, 135.28, 130.42, 129.86,
129.66, 127.22, 125.85, 120.05, 117.07, 114.16, 59.19,
54.80, 31.00, 30.96, 29.18, 24.18, 23.70, 20.66, 14.05
169.18, 141.21, 138.36, 136.81, 135.85, 130.22, 128.73,
127.87, 127.75, 124.10, 118.10, 115.07, 114.75, 59.40,
54.80, 31.00, 30.98, 29.16, 24.25, 23.79, 21.64, 14.14

169.19, 138.34, 136.86, 136.64, 135.88, 130.07, 129.55
(2xC), 126.82 (2xC), 117.87, 114.88, 114.79, 59.42,
54.87,31.01, 30.99, 29.17, 24.25, 23.80, 21.16, 14.15
169.28, 140.50, 135.13, 134.66, 132.60, 131.45, 130.27,
130.09, 128.42, 126.91, 120.22, 117.36, 114.13, 59.26,
54.89, 30.95, 30.92, 29.16, 24.19, 23.73, 14.12

169.07, 139.65, 136.01, 135.35, 133.09, 130.51, 128.93
(2xC), 128.16 (2xC), 117.84, 114.86, 114.65, 59.36,
54.74,30.99, 30.96, 29.16, 24.24, 23.79, 14.19

169.30, 135.55, 131.03, 130.63 (d, J = 3.3 Hz), 130.45,
128.80, 128.73, 124.44 (d, J=3.5 Hz), 119.91 (d, J =
2.4 Hz), 116.90 (d, J= 3.1 Hz), 116.33, 116.14, 114.49,
59.36, 54.92, 30.97, 30.91, 29.17, 24.22, 23.77, 14.14
192.60, 169.01, 146.02, 135.63, 133.89, 133.57, 132.97,
130.69 (2xC), 127.61, 127.60, 120.94, 117.44, 114.38,
59.09, 54.56, 30.93, 30.87, 29.21, 24.20, 23.72, 14.22

192.49, 169.19, 142.27, 137.05, 136.26, 135.18, 132.97,
130.92, 129.60, 128.72, 127.81, 118.13, 115.02, 114.83,
59.46, 54.70, 31.09, 31.04, 29.29, 24.33, 23.86, 14.34
191.87, 169.08, 147.15, 136.12, 135.01, 134.95, 13121,
130.34 (2xC), 127.37 (2xC), 118.33, 114.95, 114.79,
59.30, 54.67, 30.99, 30.95, 29.20, 24.25, 23.79, 14.20
205.27, 169.13, 141.16, 140.52, 136.04, 135.93, 130.74,
130.60, 130.03, 127.84, 127.40, 119.53, 116.49, 114.75,
59.03, 54.69, 31.01, 30.85, 30.43, 29.22, 24.26, 23.77,
13.95

197.59, 168.99, 145.64, 135.98, 135.57, 135.05, 130.94,
128.92 (2xC), 126.84 (2xC), 118.14, 114.85, 114.68,
59.23, 54.64, 30.91, 30.87, 29.11, 26.60, 24.18, 23.72,
14.11

169.22, 146.52, 141.06, 137.39, 135.14, 130.01, 129.51,
127.63, 125.61, 125.34, 120.05, 117.06, 114.04, 59.07,
54.73,30.91, 30.87, 29.42, 29.14, 24.46, 24.37, 24.07,
23.56, 14.03

169.08, 141.42, 139.48, 135.16, 133.56, 133.08, 132.71,
130.66, 128.23, 127.82, 120.64, 117.87, 113.93, 58.98,
54.32,43.04, 30.91, 30.69, 29.15, 24.12, 23.61, 14.13

206.56, 169.06, 142.48, 136.60, 135.46, 132.39, 130.65,
130.20, 129.82, 127.55, 127.15, 119.69, 116.65, 114.22,
59.06, 54.47, 48.58, 30.90, 30.80, 29.71, 29.13, 24.09,
23.57, 14.09

205.60, 169.36, 156.55, 141.56, 134.87, 133.99, 133.33,
133.06, 130.47, 129.41, 125.52, 120.33, 117.64, 113.95,
59.36, 54.75, 36.97, 30.94, 30.78, 29.14, 25.41, 24.17,
23.74,14.25

169.22, 150.59, 149.95, 140.26, 136.46, 135.73, 130.75,
130.36, 128.55, 127.70, 127.22, 126.58, 124.58, 119.49,
116.52, 114.62, 59.03, 54.72, 30.86, 30.76, 29.18,
24.12,23.63, 13.91

169.25, 142.21, 135.25, 135.15, 134.59, 130.06, 129.94,
129.15, 127.57, 126.75, 120.46, 117.50, 114.12, 101.43,
65.58, 65.56, 59.22, 54.77, 30.89, 30.76, 29.21, 24.12,
23.63, 14.15
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Continued
Compd "H NMR (400 MHz, CDCl3) 13C NMR (126 MHz, CDCl3)
24 7.51-7.47 (m, 1H), 7.46—7.38 (m, 3H), 7.26—7.15 (m, 5H), 6.90 (s, 2H), 6.42 (s, 1H),  169.26, 141.84, 140.47, 140.37, 136.55, 134.71, 130.69,

4.08 (q, J = 6.8 Hz, 1H), 3.36 (s, 3H), 3.28-3.19 (m, 1H), 1.75-1.61 (m, 2H), 1.58—
1.38 (m, 6H), 0.95 (d, J = 6.8 Hz, 3H)

130.34, 129.82 (2xC), 129.43, 127.98 (2xC), 127.54,
127.38, 126.37, 120.21, 118.77, 114.19, 58.86, 54.79,
30.60, 30.13, 28.99, 23.97, 23.55, 13.63

25 7.38-7.32 (m, 3H), 7.32-7.27 (m, 1H), 7.27-7.21 (m, 2H), 7.17 (t, J=7.3 Hz, 1H),  169.09, 142.38, 141.82, 137.83, 136.91, 135.14, 130.75,
7.03 (d, J=7.1 Hz, 2H), 6.97 (d, J= 8.1 Hz, 1H), 6.83 (dd, /=8.1, 1.8 Hz, IH), 6.66  130.22, 129.55, 128.59 (2 xC), 128.25 (2xC), 127.37,
(d,J=1.7 Hz, 1H), 4.20 (q, J= 6.8 Hz, 1H), 4.04 (s, 2H), 3.47-3.39 (m, 4H), 1.87—  126.34, 125.75, 119.82, 116.81, 114.08, 58.76, 54.42,
1.78 (m, 2H), 1.77-1.68 (m, 1H), 1.66—1.48 (m, 5H), 1.09 (d, J= 6.8 Hz, 3H) 39.22, 30.78, 30.68, 29.10, 24.00, 23.51, 14.01

26 7.48-7.39 (m, 2H), 7.38-7.28 (m, 2H), 6.95 (d, J= 8.1 Hz, 1H), 6.82 (dd, J=8.1, 204.93, 168.83, 140.93, 140.29, 135.79, 135.67, 130.52,
1.7 Hz, 1H), 6.70 (d, J= 1.6 Hz, 1H), 4.16 (q, J = 6.8 Hz, 1H), 3.76-3.64 (m, 1H), 130.37, 129.81, 127.62, 127.17, 119.31, 116.24, 114.57,
3.33 (s, 3H), 2.02—1.87 (m, 5H), 1.74-1.46 (m, 6H), 1.00 (d, J = 6.8 Hz, 3H) 58.75, 54.48, 30.79, 30.63, 30.21, 28.97, 24.06, 23.57,

13.69

27 7.3 (s, 1H), 7.69 (dd, J=6.9, 1.9 Hz, 1H), 7.39-7.27 (m, 3H), 6.92 (d, /= 8.1 Hz, 168.93, 150.33, 149.78, 140.00, 136.22, 135.48, 130.52,
1H), 6.74 (dd, J = 8.1, 1.7 Hz, 1H), 6.64 (d, J= 1.5 Hz, 1H), 6.29 (s, 1H), 4.14 (q, 130.12, 128.33, 127.49, 126.98, 126.33, 124.35, 119.27,
J=6.8 Hz, 1H), 3.65-3.53 (m, 1H), 3.34 (s, 3H), 1.89-1.74 (m, 2H), 1.69-1.39 (m, 116.27, 114.42, 58.75, 54.50, 30.64, 30.53, 28.93,
6H), 1.02 (d, J = 6.8 Hz, 3H) 23.91,23.42, 13.65

28  7.53-7.47 (m, 2H), 7.45-7.41 (m, 1H), 7.40—7.36 (m, 1H), 7.05 (d, /= 1.9 Hz, IH), ~ 205.29, 168.71, 141.21, 140.36, 136.07, 136.03, 130.69,
6.97 (d, J=28.1 Hz, 1H), 6.89 (dd, J=8.1, 1.9 Hz, 1H), 4.12 (q, J = 6.8 Hz, 1H), 3.37  129.96, 129.47, 127.80, 127.37, 119.69, 114.93, 114.50,
(s, 3H), 2.41-2.30 (m, 1H), 2.03 (s, 3H), 1.17 (d, J = 6.8 Hz, 3H), 0.97-0.89 (m, 1H), 58.17, 30.47, 29.04, 27.98, 12.23, 9.45, 6.73
0.81-0.72 (m, 1H), 0.66—0.57 (m, 1H), 0.53-0.45 (m, 1H)

29 7.79(s, 1H), 7.75 (dd, J=6.5,2.2 Hz, 1H), 7.46—7.36 (m, 3H), 6.98-6.92 (m, 2H), 168.79, 150.68, 149.99, 140.30, 136.58, 135.86, 130.75,
6.81 (dd, J=38.1, 1.8 Hz, 1H), 6.37 (s, 1H), 4.11 (g, J= 6.8 Hz, 1H), 3.38 (s, 3H), 129.20, 128.62, 127.68, 127.38, 126.59, 124.59, 119.69,
2.31-2.20 (m, 1H), 1.18 (d, J = 6.8 Hz, 3H), 0.76-0.67 (m, 2H), 0.61-0.54 (m, 1H),  114.74, 114.38, 58.23, 29.03, 27.92, 12.13, 9.34, 6.72
0.41-0.35 (m, 1H)

H
NO H

San ey s J e 04
Br NH c
Br Fo /K(O—h Br NN T T Br N —
H
b O
30 31 32 33
34 6-25
Scheme 1  Synthetic routes of compounds 6—25. Reagents and conditions: a) D-Alanine, K,COs, EtOH, H,0, 80 C, 8 h; b) K»COs3,

Na»S,04, H,O, 60 °C, overnight; c¢) Phenylsilane, cyclopentanone, dibutyltin dichloride, THF, 1t, 10 h; d) NaH, DMF, 0 ‘C, 30 min,
iodomethane, rt, 2 h; e) Pd(dppf)Cl,, bis(pinacolato)diboron, AcOK, dioxane, 80 C, overnight; f) Pd(dppf)Cl,, NaHCO;, THF, H,O,

80 C, overnight

Scheme 2

PO Q Q QI QI

30 36 37 33 39
! |
N O N O
DS OSESS S
08 N R N
o A A
40 28-29

Synthetic routes of compounds 28—29.

Reagents and conditions: a) Cyclopropylamine, CICH,CH,CI, 80 C, 12 h; b) Fe,

NH4C1, EtOH, 80 °C, 1 h; ¢) 1. 2-Bromopropanoyl bromide, DIPEA, DCM, 0 ‘C-rt, 2 h; 2. CH3CN, DIPEA, 80 °C, overnight; d) NaH,
DMF, 0°C, 30 min, iodomethane, rt, 2 h; ¢) Pd(dppf)Cl,, bis(pinacolato)diboron, AcOK, Dioxane, 80 ‘C, overnight; f) Pd(dppf)Cl,,
NaHCOs, THF, H>O, 80 C, overnight
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Table 3 The inhibitory activities of compounds 6—29 on BRD4-BD1 by fluorescence anisotropy assay.

pendent experimental measurements; “mean+SD (n=2); °N.D.: Not detection

“Average value by two inde-

N__O
R/@[N:Em
Ry
Compd. Inhibition ra}f:/:A) BRD4(I) » Compd. Inhibition ra}le:/:A) BRD4(I)—1 ,
(1 pmol-L ™) ICso/nmol-L (1 pmol-L ) ICs¢/nmol-L
I-BET762 N.D. 93.4+13.6 17 77.45 245+5
BI-2536 N.D. 59.3+8.5 18 3.64 N.D.
6 14.66 N.D. 19 53.28 991.5+28.5
7 1.29 N.D. 20 43.80 1150 +20
8 9.91 N.D. 21 73.80 360.5 +35.5
9 5.60 N.D. 22 91.72 66.6 +4
10 5.17 N.D. 23 87.94 721.5 +£85.5
11 3.88 N.D. 24 80.18 430 + 62
12 12.07 N.D. 25 0.91 N.D.
13 68.61 491 + 16 26 17.77 N.D.
14 79.56 308+5 27 16.40 N.D.
15 67.15 464.5 £ 33.5 28 96.35 78.7+5.8
16 85.78 80.9 +8.9 29 83.62 84.1+7.7

1M SO B2 451, A5 AR BEE T i 5. &
Je RSB B C3 AL E T, I R B S 1)
B, ka1 26 A1 27, X BRDA(D) I 1R KRE
ik, VEEABIZ C3 {7 B FHEXEER MR K. BTk
0 R AR -2 LD~ B A% b 1R B 5 3 % 4 A TR
FE LK PR AR 8 e C3 AL B I R KT & b &4 28
29, KIVEATR BRDAQ) 4] 35 1k 7T DL AR 4
(LB A9 28 1 16 BLLLE AL A9 29 F1 22).
4 N

4 BI-2536 5 BRD4 Hl PLK1 A [A] (25 & B =,
F AR IR-2(1H)-B A E BI-2536 1) 7,8- &
WE -6-(5 H)-Hi SR 5L v B B45 44 ¥ BRD4 011155, @it
BEHEAESY 3 5 BRD4-BD1 HIIL 545/ FTA R
R 2 R ARIE B — 8 2-MEMER 54L& ) 5 5 BRD4-
BD1 [t gty HENTE — SR k-2 1 H)-Fi B 4%
() Co fr B I IMMARE T BE 5 ANFk A5 WPF 748
TE R A AR B o 38 I R 2RO 1 A R I -2(1 H)-
BB AR A R R, I AR — R M B
FRILMEE (1) BRDA $1 57 3 o 7E 5 28 FR AR A2 51 N
O T 5L R0 WE W BE 1 A B W 0 o0 1 PR R U, kA
Y116, 22, 28 129, ‘T {15 BRD4() 40 i3 P b
Il R — A1) I-BET762 1% WS A o

S 56 H B AR S R E D A R, B
REAEWIAN, BrA sl R R B, R AR —

A ALH, HEEEREER (200~300 H) N BiEEL
T.J A=, HSGF-254 243 2 &SR J B A B i
BILRERITRA R AR A7, #2655 CR
AT R I BT 2. "H NMR, C NMR: Bruker
AVANCE 1I11-400 %, AVANCE III-500 % LA & Varian
Mercury-300 ZUZREILIRI, TMS NP FR; ESI-MS:
Finnigan LCQ-Deca XP AU #H 4 1% — 51 15 ¢ H 4
HPLC: Gilson Nebula Series = SR AH B IEAX; 40 HTHE:
YMC CombiScreen ODS-A (50 mm x 4.6 mm, 5 pm),

1 LEMHER

1.1 (5-R2-FEEFER)-D-HEE (31) K 4-5-2 %
EEETE (25 g, 113.64 mmol). D-ZIEHER (11.12 g,
125.0 mmol) FIREERER (17.25 g, 125.0 mmol) ¥ T
500 mL ZEE-7K=3 : 1 FHREERIF, In#ER 8 h,
FI TLC WRISI, [N 5EmAHE =i, 1 mol-L!
RS pH £ 2~3, ¥R, H 200 mL Al
B, TR 28.7 g thad 31, NEEE A,
% 88%. 'HNMR (400 MHz, CDCls) § 8.35 (d, J =
6.9 Hz, 1H), 8.06 (d, J = 9.1 Hz, 1H), 6.90 (s, 1H), 6.85
(d, J=9.2 Hz, 1H), 4.33 (p, J = 7.0 Hz, 1H), 1.67 (d,
J=17.0 Hz, 3H).

1.2 (R)-6-R-3-FE-34-—SEREW-2(1H)-E7 (32)
BALA D 31 (28.7 g, 99.31 mmol) 1 K,CO; (27.41 g,
198.62 mmol) ¥ T 500 mL /K91, ZrHthn Ni%E — 6k
FR4M (86.45 g, 496.55 mmol), 60 C Mt . FoHEK
BYUE, H TLC AR, J 56 B fa 6 iAo 8, H
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300 mL /KPEsE, TIR1T 9 g th&W 32, e (ufE 1,
W% 38%. 'HNMR (400 MHz, CDCls3) 6 9.42 (s, 1H),
6.89~6.83 (m, 1H), 6.81 (s, 1H), 6.68 ~6.59 (m, 1H),
4.02 (q, J = 6.7 Hz, 1H), 3.92 (s, 1H), 1.45 (d, J = 6.7
Hz, 3H).

1.3 (R)-6-/R-4-IR [ & -3-F & -34- = S 02 Mk -
21H)-FR (33) Kfb&90 32 (9 g, 37.34 mmol) . KhE
%t (11.90 g, 113.14 mmol) . AT (10.0 mL, 113.14
mmol) PLK& =T R &P (17.02 g, 56.01 mmol)
T 100 mL PYERRR F, HIERSEEE 10 h, H TLC i)
WM, SR5E JE KT T, AR R i
TR, {3 2R /A =0~ 30% B e,
75 10.4 g L&Y 33, MR, YE 90%. ' HNMR
(400 MHz, CDCl5) § 9.68 (s, 1H), 6.92 (d, J= 1.9 Hz,
1H), 6.88 (dd, J = 8.2, 2.0 Hz, 1H), 6.69 (d, J = 8.2 Hz,
1H), 4.10 (q, J = 6.8 Hz, 1H), 3.88~3.75 (m, 1H),
2.08~1.94 (m, 2H), 1.78 ~1.55 (m, 6H), 1.14 (d, J =
6.8 Hz, 3H); MS (ESI) [M+H]": 309.03 .

1.4 (R)-6-;R-4-IR X E-1,3- — A E-3,4- = S ENE M-
2(1H)-B (34) % NaH (1.61 g, 67.27 mmol) &% T
100 mL T4 DMF 1, fE0K¥# FHHE S min, A
80 mL 144 33 (10.4 g, 33.63 mmol) ] DMF &,
PFE 20 min, ZE18 ¥ AU ST (3.14 mL, 50.45 mmol),
Wik 2 EFIRSN 4 h, FH TLC M, [M5E)E
FEVKIE TR, I 300 mL /K, FH 2.8 Z. B8 A HL
Wik, &AM, H 600 mL HAIfr EhK¥E—k,
KRR AT, ZATVa 50, A VU R R I 3l
FEglifh, 61 88 B/ EE=0~25% BhEE e, 15
10 g tb & 34, NIRRT WAL, IE 92%. '"HNMR
(400 MHz, CDCl3) ¢ 6.97 (dd, J = 8.4, 2.1 Hz, 1H),
6.92 (d, J=2.1 Hz, 1H), 6.78 (d, J = 8.5 Hz, 1H), 4.17
(q, J = 6.8 Hz, 1H), 3.81~3.72 (m, 1H), 3.33 (s, 3H),
2.08~1.96 (m, 2H), 1.84~1.74 (m, 1H), 1.72~1.58
(m, 5H), 1.05 (d, J= 6.8 Hz, 3H).

1.5 (R)-4-IR X £ -1,3- = F £ -6-(4,4,5,5- 0 FA % -
1,3,2- Z & 2% 0 2% IR UK KT -2- £5)-3,4- Z 5 HE U Tk -
2(1H)-FR (35) Kfb5%0 34 (10 g, 30.96 mmol). Bk
T 78R 45 W6 B 7 (8.65 g, 34.06 mmol) DL K¢ [ AR 47
(6.08 g, 61.92 mmol) ¥ T 400 mL DMSO H, &S
10 min, O [1,1-80( 2R E B — k) &bt —
AL EY (1.26 g, 1.55 mmol), #kS2iES 2 min,
SRS I 80 CEIE R, A TLC B ialll, J
52 G S W %% (400 mL x 2) A1 400 mL 7KAHL,
HIHEHUZ, F 800 mL A€ Th/KIeik, TKBLIR

TR, AN EER FERE T (i A Ak, (2R
CER/ATIMTE = 0~ 10% B FE LM, 15 9.5 g (b &4 35,
ik L E A, UK 83%. 'THNMR (400 MHz, CDCl;)
8736 (d, J=8.3 Hz, 1H), 7.29 (s, 1H), 6.95 (d, J = 7.9
Hz, 1H), 4.17 (g, J = 6.8 Hz, 1H), 3.94~3.85 (m, 1H),
3.37 (s, 3H), 2.09~1.98 (m, 2H), 1.83~1.74 (m, 1H),
1.73~1.58 (m, 5H), 1.35 (s, 12H), 1.03 (d, J = 6.9 Hz,
3H); MS (ESI) [M+H]": 371.14.

1.6 BirtEMe6 HIEKR K& 35(0.1 g 027
mmol). RZK (0.056 mL, 0.54 mmol) LA VEFER R
28 (45 mg, 5.40 mmol) EET 2 mL THF H, il
SR 10 min, I [1,1-80( 2R — k] — &k
AT REEY) (22 mg, 0.027 mmol), 4k4EES
2 min, EARY R INEE 80 CRIRER, H TLC #i
WS, S8 5E fa F & BE (40 mL x2) Al 40 mL 7K
FHL, F 80 mL MR #h/KPEYE, TCKBREREN T4,
A VLA RE R FE R g A Atk (5 O/ OB/
ThHEE=0~25% B FEBEML, 15 0.06 g AW 6, NiRHE
IR, B 69%.

1.7 5-R-N-RAE-2-THEFRE 36) 4-7-2-%-1-
HEIE (10 g, 45.45 mmol) ¥ T 30 mL1,2- & L%¢
o, A E R (6.29 mL, 90.91 mmol), #&J5 80 C
[ 12 h, A TLC BB, S B 58 5 28 T, H
THEFEE (40 mL x2) M40 mLKEE, SIHFEHLE,
i 80 mL HFIfr #hK ek, A HUAHIC KB R T,
AHAHZETH 102 ¢ LAY 36, NA AR, 7%
87%. 'HNMR (400 MHz, CDCl;) ¢ 8.05 (s, 1H), 7.96
(d, J = 9.1 Hz, 1H), 7.45 (d, J = 2.0 Hz, 1H), 6.77 (dd,
J=9.1, 2.0 Hz, 1H), 2.60~2.50 (m, 1H), 0.97~0.88
(m, 2H), 0.69~0.61 (m, 2H).

1.8 5-B-N-RAEE-12-" 37) W& 36
(10 g, 38.90 mmol) T 25 mL ZEEH, A&
B VAW (194.55 mmol, 10 mL H,0), A&k ¥
(10.89 g, 194.55 mmol), 80 ‘C /% 1 h, F TLC il
SNL, JN5EZ G FARESE LI R0, 4R 4Tk
(40 mL x2) #1140 mL /K#ZHL, &IFAHLE, H 80 mL
TR 3h K Bk, A HUAE JE K B Be 4N T8, A HLAHE
AT 52 ¢ L&Y 37, NEFEWBIE, FF 59%.

'HNMR (400 MHz, CDCl3) 6 7.13 (d, J = 2.1 Hz, 1H),
6.79 (dd, J= 8.1, 2.1 Hz, 1H), 6.53 (d, J = 8.1 Hz, 1H),
3.59~3.03 (m, 2H), 2.45~2.32 (m, 1H), 0.76 (q, J =
6.4 Hz, 2H), 0.57 ~0.44 (m, 2H).

1.9 6-R-4-INHE-3-FE-34- — SEEW-2(1H)-EF
(38) &M 37 (5.2 g 22.90 mmol) V& T T
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15 mL & H ke, #WHE%E 0°C, A NN-— 5%
Z W% (7.98 mL, 45.80 mmol) A1 2-IREHEIR (3.12 mL,
29.77 mmol), RJE =M 2 h, F TLC W),
SONE5EJE R AU S (40 mL x 2) AT 40 mL /K ZEHL,
GIFANUE, F 80 mL HURI £ Eh/KPedk, B LA LK
T B AN T 18, A LA Z8 45 R A4, & AR T
20 mL Z /&, i 8 mL DIPEA, #RJ5 80 °C e Mt 1k,
M TLC MR, OB 5EIGE 28 T30, H &k
(40 mL x2) 140 mL /KZE, &3FAHZ, H 80 mL
PR B R K Ve, B VLM C KB ER N T4, 28T IFH
R R PR I i AR Aliqh, (6 R £ T/ A i Tk =
0~30% TR Ve, 552 g (b &1 38, Fik it Ak,
7% 31%. 'HNMR (400 MHz, CDCl3) 6 9.10 (s, 1H),
7.18 (d, J= 1.8 Hz, 1H), 6.91 (dd, J = 8.2, 1.9 Hz, 1H),
6.64 (d, J = 8.2 Hz, 1H), 4.04 (q, J = 6.8 Hz, 1H),
2.46~2.36 (m, 1H), 1.24 (d, J = 6.9 Hz, 3H), 1.04~
0.96 (m, 1H), 0.85~0.77 (m, 1H), 0.68~0.60 (m, 1H),
0.60~0.52 (m, 1H); LCMS m/z (ESI, positive) found
[M+H]" 281.17.

1.10 6-;R-4-IRTA E-1,3- — B & -3,4- = S EZ -
200H)-f1 (39) tL&% 38 (2 g 7.11 mmol) & T
8 mL DMF /1, A#H%E 0°C, IMAZSIE (0.52 g,
21.34 mmol), 0 C < 0.5 h Jg AL % (0.67 mL,
10.67 mmol), #RJ5 =LK 1 h, ] TLC YWl &M,
RBSEJGREIZ 0 °C, A ERER U pH 2 7~8,
Ja B & H e (20 mL x2) A1 20 mL KEE, A4
MUZ, F 40 mL R0 $hK Pk, A LA JC KB ER B
T, AT IR R g AT i, (A 2R
LR/ M= 0~25% BhFEBE ML, 93] 1.8 g k&
39, 7% 86%. 'HNMR (400 MHz, CDCl5) d 7.14 (d,
J=22Hz, 1H), 691 (dd, J = 8.5, 2.1 Hz, 1H), 6.70 (d,
J = 8.5 Hz, 1H), 4.03 (q, J = 6.9 Hz, 1H), 3.24 (s, 3H),
2.37~2.28 (m, 1H), 1.10 (d, J = 6.9 Hz, 3H), 0.97~
0.90 (m, 1H), 0.79~0.68 (m, 1H), 0.62~0.52 (m, 1H),
0.50~0.42 (m, 1H); LCMS m/z (ESI, positive) found
[M+H]" 295.15.

111 4-3R A £&-1,3- Z B £-6-(4,4,5,5- 1 B £-1,3,2-
R IR kR -2-5)-3,4- — S IEEW-2(1H)-EF (40)
BALEY) 39 (1.8 g, 6.10 mmol). AN R A7 M 1 i
(2.32 g, 9.15 mmol) DAKEEEZAT (1.20 g, 12.2 mmol)
T 5 mL DMSO H, @& < 10 min, JIA[1,1-8(=
IRFE) TR R R R A (050 g,
0.61 mmol), 4k£EE< 2 min, AR FINEE 80 °C
[l %, A TLC MBI, &M 58 f5 = & H e

(40 mL x2) #1140 mL /K&, &IAHLZ, H 80 mL
TAN B EhOK BV, ToKER RN TR, A LA RE A R
FEE I i A Atk ffH 28R 08/ 40 =0~ 10%
BEEELERL, 19 1.5 g (&% 40, Mk E Ak, ek
72%.
1.12 BirbE1 28 MIEK KEDY 40 (0.1 g,
0.29 mmol). 1-(3-1R7KIL)Z.-1-F (0.12 g, 0.58 mmol)
DL MR R S 44 (49 mg, 0.58 mmol) ¥ VRE T
2 mL THF 9, @S 10 min, JIA[L1-X0( 2K
B k] S A S R A (24 mg, 0.029
mmol), ZKEEIEA 2 min, FASEY FIN#AE 80 CH
IS, H TLC A, M 5EfEH & B EE (20
mL x2) 120 mL /KZHL, F 40 mL A6 K B3,
oK BRER BN T4, A WLAE A R 4 B 3 o €2 3 A i A,
i FH 1R B8/ Ik =0~25% B6 T, 75 0.07 ¢
&) 28, NERF O, E 72%.
2 BRD4(D) RFNEMBRIRIEGA N E
R CEPR PDB B E RS, MiE R
LIF S, R Hise br%8, LRI T8 A 4i{k BRD4 £
F1 BRD4(I) Z5#3k. RIEMF AL N PET28a, KA K
AT i R I R Gt
3 GREMEARIE R BRD4 1 FIEGE MR /5%
KA % & R PR 7 v (fluorescence
anisotropy, FA) WXL &4 5 BRD4(1) 145G
H AR B A AR P IR S WA TR R R AR
i R SCk!
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