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ICs50=(16.39%1.20) umol/L, E A BH 2 ¥1 BRD4 Il 3G PE. 43101245 K, 150 7 5 Asnd33 Fl Asp381 ¥ i oc s S 5,
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Design, Synthesis and Activity Evaluation of Novel Bromodomain-
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Abstract In order to discover novel bromodomain-containing protein 4 (BRD4) small molecule inhibitor, 16 compounds
with 4 different nuclei based on ABBV-075 were designed and synthesized through scaffold hopping. The conditions of the
Suzuki coupling reaction in the synthesis steps were optimized and the activity of all compounds against BRD4 was tested.
The results indicated that compound N-(4-(2,4-difluorophenoxy)-3-(4-oxo-4,5-dihydro-3H-pyrrolo[3,2-d]pyrimidin-2-yl)-
phenyl)ethanesulfonamide (150) had 51% at concentration of 10 umol/L with ICso value of (16.39 % 1.20) umol/L, possessing
obvious BRD4 inhibitory activity. The molecular docking results showed that 150 formed key hydrogen bonds with Asn433
and Asp381. The picture of superposed conformation of 150 and homolog of ABBV-075 exhibited the combination difference
between them, explaining the reason of activity gap, which would provide excellent ideas for further study.
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IREEMPIRE T 4 (BRDA) R — P AR N 25 I8 45 435,
B, #ET BET &SR, HiB R iR 5] 2w
AR S5 20 B A EAE A, b iR 4 2 R A e ik S5
B A G AR T M LA ) B AR A ERR 23], BRD4
NG TR E AR LA BRI E L, e gt S
BRD4 A4 4, M BELT 2 B Ak 2 R 7 32 R ik
et R AR T VE R, B9t R B, BRD4 & (1 7
WS ZMPORE VIS, WERE. JRE. A SRtk
3 SO M i 5, DR G SR 97 AL = 2L BRD4 /Ny 1
PR A o BB 8,

H Al s 7 2RO [R5 /258 BRD4 #4177,
H O H A H0 IR RO 7L B0 2010 4, Fil-
ippakopoulos PRI MHRIE T — R =M I R4
79 BRD4 I F(+)-JQI(E 1, A), vl 4| v 288 41 i
1024 5504k, 1-BETI51(B 1, B)AE— X0 3L g
J% BRD4 #lIil5, F 2011 4558 22 5 5 i A w) R IR
W, ARTCBENIGEE I IR, W T A mow R T
(1212013 4F Knapp 5 Schonbrunn %5 & 8 PLK1 (polo ¥
W 1) 77 BI-2536(1& 1, C)HEA BRD4 i
TEE, HATIRZGY O NIRRT 5T, 1 A T LA
R 701l 2017 4F, SEEALERA FHRE 750
ng JEnknEA2E BRD4 #i55), Hd ABBV-075(& 1, D)
HA 55K BRD4 #1175 14, KN 1.5 nmol/L, H R
WA CTERIER T IARET, # A T A AME 59
YA Jle,

\r/N\N
N—

-

=N 0

H D ABBV-075
B 1 RN BRD4 Hiil5]
Figure 1 Representative BRD4 inhibitors

P SCHRIRIE, ABBV-075 [ ICso fE4 1.0 nmol/LU'8),
Hilid SCRR A A, FATRISET ABBV-075 7AW SC
BRARADUS 191 52 ABBV-075 Z5#4J3 &, T 22 pkit 2
WO, WATE A I BT — R BA AR BEAZ I E A
BRD4 /Ny FH#)5)(Scheme 1). MR T H brtk &4t
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X = N\\IN A N N N—
P
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B 1 T ABBV-075 ff) BRD4 #i57) de it
Scheme 1 Design of BRD4 inhibitor based on ABBV-075

1 SERETR
1.1 BirUERNER

DL 2-F 3E-4,6- —&(-5- 2 LM e 5 F KON IR
BE, Sl el s S R RN, 45 3 R AR = T
BENERERZ 3 (Scheme 2)21. DL 4-5-3-fi 2 i 5 2, B Ak
Tk SN JRRE, o = F R BRI i (DMAP)PE A AL, it
WENAEIRT, HER N RINED S, 5 5 E A RIECE
HI T AE — BT AR(DMSO) T i, B3d ik 6a~
6f, 6a~6f TEEN S5 R A MEAL T T L0/ DY S R IR/
KWV LV iv=2:2 DFRAERF, 100 Chn#, &
JRAHF AR I, 193 E 4k 7Ta~7f (Scheme 3). H[HlfA
Na~1le iS5 Ta~7EH[H, UERS & BT H
FrZE 5. 1a~11e 5 BRHI R ST e 196 70 6 40 751, 1-X0
(R R E AL AL T, DABE R A
Bk, fERARYH, 100 C M E FEA 12a~12e
(Scheme 4). MEMAEREEE 142 5 14b 23 B HE R 132 5
13b fEEEALAN M AIKAFAT B (Scheme  5)122, FEI4 il
BHZ 14¢ ATHE.

N__Cl ’ /
N NH N N
- a AN b = N
T ot e
NH, NH, N
cl al o]

1 2 3
Reagents and conditions: (a) CH;NH,+H,0, 1,4-dioxane, 80 C, 8

h, 90%; (b) NaNO2, AcOH, H,0, 0~5 C, 1 h, 55%

B2 a3 mam
Scheme 2 Synthesis of compound 3

A7) 15a~15F AL &9 3 5 Ak 7Ta~7f 72K
TLIRMEAL T IN#AZE 90 “CHill#5(Scheme 6). (L&Y 3 5
12a~12d 7EMEWT = (R E ) 4L (Pdy(dba)s) 5
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: T : XA (X-Phos) I AL

A4 ((dtbphPACLL) 1AL,

BH=E
NO, NO, Bifk 2- 3 CLAEME-2,4,6- =5
@(F 2. p @( £ b T, e IR B FREZ 1) 15g~15] (Scheme 7). 1k,
HN & N &) 14a~14c¢ 5 B 516 12a A 12e TEMEALT 1,1'-
ﬂu BT R B —
, DABRBRHAAER, ’I?LEM%FEP 90 ‘CJx NAFH| 271
k" J@( O - L J@f O 15k~15p (Scheme ).

6a ~ 6f 7a~T7f

aR'=H bR"'"=24-F, ¢ R"=3-CHj,

d R'=4-CHj, e R'=3-OCHj, f R'=4-F
Reagents and conditions: (a) ethanesulfonyl chloride, DMAP, pyri-
dine, DCM, 25 C, 8 h, 80%; (b) appropriate phenol, Cs,COs,
DMSO, 100 C, 2 h, 85%~90%; (c) Fe, NH,CIl, THF/EtOH/H.O (V:
V:v=2:2:1),100 C, 2 h, 75%~80%

B3 WEY Ta~71 G
Scheme 3 Synthesis of compounds 7a~7f

ﬁj 0©~

9a ~ 9e
Br
@%@ = Q)
g ;
% s i
H2N %%R’] 4 H R’I
10a ~ 10e 11a ~11e

o, O

d B o
L Jﬁj |
J N R

12a ~12e

Reagents and conditions: (a) appropriate phenol, Cs,CO;, DMSO,
100 °C, 2 h, 80%~90%; (b) Fe, NH,CI, THF/EtOH/H,O (V:V:V=
2:2:1),100 °C, 2 h, 70%~80%; (c) ethanesulfonyl chloride, DMAP,
pyridine, DCM, 25 °C, 8 h, 85%~90%; (d) bis(pinacolato)diboron,
Pd(dppf)Cl;, AcOK, 1,4-dioxane, N2, 100 °C, 2 h, 90%~95%

B4 AW 12a~12e AL
Scheme 4 Synthesis of compounds 12a~12e

cl 0
a
L0 LG
)\ Cl)\\N N
13a 14a
0
0 \
H H N
// /
I)\\N CI/LH 0
14b 14c

Reagents and conditions: (a) NaOH, H,O, 100 ‘C, 12 h, 85%~
90%

B 5 A 14a, 14b 5 S EY) 14e 1451
Scheme 5 Synthesis of compounds 14a, 14b and the structure
of 14c¢
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15a ~ 15f

Reagents and conditions: (a) HCI, EtOH/1,4-dioxane (V:V=1:1),
90 C, 8 h, 39%~47%

B 6 LA 15a~15f (15
Scheme 6 Synthesis of compounds 15a~15f

3 H' 42a~12d
\r/N | NN
N A~
o
P //O \@WR1
PN =
H' 45g ~ 15

Reagents and conditions: (a) Pdy(dba)s, X-Phos, K;PO4, 1,4-dio-
xane/H,0 (V:V=4:1), N,, 90 °C, 6 h, 41%~47%

BR7 L&Y 15g~155 &K
Scheme 7 Synthesis of compounds 15g~15j

14a ~ 14c +
// @W"R1 9
// S
O

12a, 12e

1

15k ~ 15p
R'=H, 2,4- F2

(0] 0 \ (0]
H N—4{
TR W) S
N ~ Y |
}2?_ N H /(zte_ N }L:LH o)

Reagents and conditions: (a) (dtbpf)PdCl,, K;PO,, 1,4-dioxane/H,O
(V:V=4:1), N5, 90 C 12 h, 35%~40%.

BR 8 fLa¥ 15k~15p &K
Scheme 8 Synthesis of compounds 15k~15p
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1.2 Bt

PR SN ARLERAFAE T, A HLOIGRAN 55 7 sl 2
AW AE M AR AL T AT B OB I IR I B, SURR
Suzuki-Miyaura X M2, 1% NAEA LA R IR T,
HL AR 58 1) 03 MM B RE 2 AR (&
15g~15p W& R 73X — B, 5T [F R
SO E T ZE S, EAR 14a~14e S 5 A 44 3 41 5] (1)
SONESEAY, HTCE S AN S EE. RO E
14a 5 12a MKW, ik T8 AMEEE 5 F AL 7
S, R IR VA SO T SRR AT T
5L WM BHTIVE. SRINTE 1 R, KA
52 AT A E AR EC AR, SR e R, o
% (Entries 2, 3). KRR Cs:COs fHFIHI NaxCOs 5
KsPO,, T&77#) 4 B (Entries 4, 5). ik 7 Pd(OAc),,
Pd(dppf)Cl, 5 (dtbpH)PACl, = FhATMEALT, FF 57 idk i 4
PPhs, X414k 51 M (dtbpHPACL, A =4, 7 B 4lifkit
B2 %) 30% (Entries 6~10). PR GEHN 72 R 15
M, RN Cs,COs B, 7= % & = (Entries 11, 12). 5
ST NI A6 = Z g e, g5 REOR, ROV 24 h 5z
i 12 h P=ZAAE, 208 40%, F£IH 12 h BN SR 5E

4x(Entries 13, 14). 55 7V 5k B 7 2R A5, 45
FEIR, MIEFERIKS 50 RN TGIERAT, RN
FEX = R B S, R SR AN B AR, MR
90 °C I R 2245 £ (Entries 15~ 18).
1.3 Bfrt&189 BRD4 HNHIEM

B, AT =R MR I KA Y 15a~
15621 R0 BRD4 (40 iG 14, 1EH (+)-JQ1 JvkH
XA B, MRS Rk 2 P, HPUhEY
15a FAMHEPE &AL, 10 umol/L HIHIZ A 23%, {HiH
FA AP BRI R 2. RYE ABBV-075 5 BRD4 (1)
S 0O FRATTHAE DU = e 5 RS 5 PR A ) NH e
TIHEDIRIES, AL BRDY EEASES
FHR R LR R 45

T HRFE NH B0 BRDA W VERISE0R, 36 5
B, ST S 15g~15p, FHIIA%T BRDA4 40
T, MRS R 3 Fis. 15g~15j $ R A = ZIf
WANE SRR Z A NH RS C—C B AN,
TE RS IR BE ST, BATHEN AT 58 T = M B
HH N R BE B OB S R R R i i, Te vk S A R
R HRIE TV e A A0, FRATTH = U B A M T

K1 AW 15k FRBFAFRIE S I

Table 1 Screening and optimization of reaction conditions of compound 15k

OY\C“

g

w NH
H 0.0 HN. N
HNYN ¥ o J@/OO — o o
ci g N \©
o N g N
14a 12a 15k
Entry Catalyst Ligand Base Solvent 7/°C  Time/h Yield*/%
1 Pdx(dba)s X-Phos Cs2CO;  1,4-Dioxane/H20 (V1 V=4 1) 90 6 0
2 Pdx(dba)s X-Phos Cs2COs  DMSO 90 6 0
3 Pdx(dba)s X-Phos Cs2COs  DMF 90 6 0
4 Pdx(dba); X-Phos Ks3POs4 1,4-Dioxane/H20 (V' : V=4 .1) 90 6 0
5 Pdx(dba)s X-Phos NaxCOs 1,4-Dioxane/H20 (V'@ V=41 1) 90 6 0
6  Pdx(dba)s PPhs Cs2CO;  1,4-Dioxane/H20 (V1 V=4 1) 90 6 0
7  Pd(OAc): X-Phos Cs2CO;  1,4-Dioxane/H20 (V1 V=4 1) 90 6 0
8  Pd(OAc): PPh3 Cs2CO;  1,4-Dioxane/H20 (V1 V=4 11) 90 6 0
9  Pd(dppf)Cl2 None Cs2CO;  1,4-Dioxane/H20 (V1 V=41 1) 90 6 0
10 (dtbpf)PdCl2 None Cs2CO;  1,4-Dioxane/H20 (V1 V=41 1) 90 6 30
11 (dtbpf)PdClz None Ks3POs4 1,4-Dioxane/H20 (V' : V=4 1) 90 6 12
12 (dtbpf)PdClz None NaxCOs3 1,4-Dioxane/H20 (V'@ V=41 1) 90 6 10
13 (dtbpf)PdClz None Cs2CO;  1,4-Dioxane/H20 (V1 V=4 1) 90 12 40
14 (dtbpH)PdCl2 None Cs2CO;  1,4-Dioxane/H20 (V1 V=4 1) 90 24 40
15 (dtbpf)PdClz None Cs2CO;  1,4-Dioxane 90 12 0
16  (dtbpf)PdCl2 None Cs2COs  DMSO 90 12 0
17 (dtbpf)PdCl2 None Cs2CO;  1,4-Dioxane/H20 (V1 V=4 1) 30 12 0
18  (dtbpf)PdCl> None Cs2CO;  1,4-Dioxane/H20 (V1 V=4 1) 60 12 0
“Yield calculated after column chromatography purification.
Chin. J. Org. Chem. 2021, 41, 1712~1721 © 2021 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 1715
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£2 AW 15a~15f [f] BRD4 5k
Table 2 BRDA4 inhibitory activities of compounds 15a~15f

\

N'I\l IN(W/

NN\

H
O N NH
8 N
saout:
o %

Compd. R! Inhibition/% at 10 pumol/L  ICso%/(imolsL 1)
152 H 23 —
15b 24-F> 5 —
15¢ 3-CHs 20 —
15d 4-CHs 3 —
15¢ 3-OCHs 5 —
15f 4-F 20 -
(+)-JQ1 0.070%0.001
4 “—: not calculated, because the inhibition rate is less than 50%.

SRR R 4 R 2 Ak B M) (15K~ 15p), A B WA i B)

BRI S NH RS IR NEE S S T, A 20 e
BRI G . IEHE R ER, AW 15k 5 151 [l
FIRILF] T 30%, 1bE¥) 15m X BRD4 FH0H] & 145
Z. EK R®=H B# A ABBV-075 ] R2=24-F,,
A PEE T B s, LAY 150 FIHIHIRE R T
51%, ICso {E9 16.39 wmol. 31X —%&% JL3% A 04 P BE A% 2K
AR S BRD4 A4 &, HEMisen] BRD4 & (1%
PE.
1.4 SFIHEMR

RNT S EAEY S BRD4 451, 5T
tEYE ABBV-075 iEMEZE SR E, BLEY 150 5
BRD4 (PDB:SUVX) i 1T 48 F X 42, I H 150 5
ABBV-075 [FIEYI(H #TEA AFFHT ABBV-075 L4 )
TEE— = NS AT, 458 LA 2.

HE 2A K1, ABBV-075 [FJY547)BEAZ LS 570t e

£3 1 HY 15g~15p (1) BRD4 i 1
Table 3 BRDA4 inhibitory activities of compounds 15g~15p

(e}
/p | >va1
g p
22N
(e}

H
Inhibition/% 1Cs0%/ Inhibition/% ICs0?/
. R! R? - . R! R? _
Compd at 10 umol/L  (umol-L™ ") Compd at 10 umol/L.  (umol-L ™)
\/N\ N/ N IL\(O
| 1 _ —< _
15 H N\;EN,N 12 15m H §<N]%r,\,\ 5
T H
(o}
/ o]

N
W N N\N
15h 3-F / 13 —
1L

/
WN\ N\N
15i  4-F ., 25 —
NWJN
I
/
YN\ N\
15 4-CN N\;EN,,N 5 —

15k H Hfjj\} 28 —
/L%-\N N
H
(e}
JIH)
151, H HN 3] —
s

(+)-JQl

15n  2,4-F» H“J‘\Jb 35 —
/LL%.\ H

N

\
i
o

150 24-F,  HN 51 1639+1.20
N
N_o
N
15p 24F | \,\T 24 —
N ~
H
0.070%0.001

a“—: not calculated, because the inhibition rate is less than 50%.
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o RIS ST S Asnd33 TR RO HE AR, i
Bk R T 5 Asp381 TERUCHEA . MRiE
LI PSRy 23 ) WPF(ERAK) X (548 43 e, Ak,
E11'5 Vald39, Cys429 Fl Val380 L5 5 L RR vk i 45 L 322
B AE AE ).

W 2B fiw, &4 150 1l LUREFHI{H A BRD4
FIS e, A B R IR T S5 Asnd33 TG HES
. BEBE LA AR T RIFEIT S Asp381 JTE R
SUEE. (AR BT IE ) 5 A B H R A N WPF X, [H]
FE, &% 150 5 Vald39, Cys429 Hl Val380 25 KR ik
R 5 H s B EH 7.

2C N 150 5 ABBV-075 [FIJEPITE R — 25 i P 1)
BHE, HERTHEER %25, 150 1§ %
5 ABBV-075 BHZTE TS AL B A AN, X S8
150 BFZ R BE B Asnd33 i, TS 2 B A
B HMEREMIGHES Asnd33 45O HRBELE, BT
TEE, BB, B A A 2 A A
AHIE, {5 150 BB FTI% 1) 95 35543 W #EN WPF X (5 48
TR, XA FHIEEERNRERZ —.

| Avaiezs
Hedse

Bl 2 (A) ABBV-075 [AJE# 5 BRD4 44 15 (& (PDB/
5UVX). B)tb&Y) 150 5 BRD4 W HERIZEASHRE. (O)
ABBV-075 Y5 150 fE 8 A2 KW K& G B A(D)
ABBV-075 [EJJE#)(Ki=2.4 nmol/L)

Figure 2 (A) Binding mode of homolog of ABBV-075 in BRD4
(PDB:5UVX), (B) putative binding mode of 150 in BRD4, (C)
the superposed conformation of 150 (blue) and homolog of

ABBV-075 (pink) with BRD4 and (D) Homolog of Abbv-075
(Ki=2.4 nmol/L)

2 Zhig

5T ABBV-075, i H4EEKIE, WitEM T — &
FIANEBEZ K] BRD4 /N1l 7). s 1 4 &40t
BRD4 H#iliEtE, Kb &4 150 MHIHIZELE 10
umol/L Fi&%| 51%, 1Cso=(16.39£1.20) umol/L, A H]
M BRD4 #IiVEYE, BAE— S IRAEENE D). [F
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i {8 MOE (Molecular Operating Environment) 3% i3t
1T TR, T HEY A R E B, A T
5 ABBV-075 iEEZ 7 IR A, X EE— 5 KB R
BRD4 il 7152 it 5 v S .

3 SRRy

31 B 5IE

'H NMR A1 3C NMR {5 H1 1% [ Bruker A & DPX-400
B NMR ZREFEPRAGN 52, PL TMS AR AR, &2 R
P A% FH 55 [E Waters 1 28 A 7] Q-Tof B i 43 Wi 14X A K2
18 [€ Bruker /A 7 SOLARIX 7T B /5 0 Fe 5 i S0 52 4
A AL AR IR AT PR A 7] X-5 BUR 2 BAU% sl e
G 5E . FEEMTRER(200~300 H)YNTE BT A A
A=, FEENTIR SR T AR, AR TAE B H A i
RIS R M4, &5, 6a~6f il Ta~7f S M CHR[25]
a, LAY 9a~9e, 10a~10e, 11a~11e 1 12a~12e
ZIEOCHR[16, 26]A L, LAY 14a F1 14b S HESCRA[22]
AR
32 EWHE
3.2.1 ALedh 2 89E R

W 2-FE-4,6- —A-5-F HEMEIE(1,4.00 g, 1.0 equiv.)
S5 HE/KER(4.41 g, 4.0 equiv) I JEEES &85
AN 1,4 “ 5NN (2120 mL), %5 P IN#E 80 “C [ M 8 h.
M2 B (TLO) WM R B S5 R, B iEAET, I
1% 2. BE AR, IINHIF] NaHCO; P, A UL IS,
TR EDY 2. A& —Daitk, BT F—PKk
N BUD R, S EN AN R OB, Vi V=
2 0 14ith, T ERIE. 2-H JE-6-5-4-N-F HE 3 -5-%
FEWENE (2): WRE AR, % 90%. mp. 130~
131 “C; 'H NMR (400 MHz, DMSO-ds) 6: 6.76 (s, 1H),
4.69 (s, 2H), 2.87 (d, J=4.6 Hz, 3H), 2.24 (s, 3H).
322 1Ladh 3 89E R

B 2 ML (3.88 g, 1.0 equiv.) I 100 mL 7ifi
W, IIABSER 15 mL, VKIS R, FEERRR 218
{4 0 NaNO, 78 W(2.33 g, 1.5 equiv.), [ 1 h. TLC Wil
SilE, RN R CBEMRE, K=K, FH M
NaHCO; ¥ 2 ik, A VAR TS & 3. A&
gt —Dalitk, BT T 0. bR, 22
Wrf Bk ZBR g, v v=3 : 1]4ifk, HTEAE. 3,5-
TR HA[12, 3] SR IR [4.5-d) i (3): iR
oA, PSR 55%. mp. 143~145 ‘C; 'H NMR
(400 MHz, DMSO-ds) 6: 4.08 (s, 3H), 2.43 (s, 3H).
3.2.3 B ARMLA W 15a ~ 15F 6965,

P &Y 3 ML (150 mg, 1.0 equiv.) 5HEW 7 (128

http://sioc-journal.cn/ 1717
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mg, 1.0 equiv.)IMA 25 mL AEIEH, MAWKERER(75.79
uL, 3.0 equiv.), /K ZEE/1,4- 45 /N (3 mL/3 mL)/Ei&E
#, In#E 90 ‘C M 8 h. TLC Wil sz B 45k s, e T
WA, TN CERIKZFERLG, ZAFE M 4l A i/
LBRCEE, ViVv=25:1~1: 15|33 %™ M 15a~
15f.

N-(3-((3,5- - FH F£-3H-[1,2,3] = & M 3 [4,5-d] W5 I -
7-58) T B )-4- K E AR L) O BE L (152): ¥R 3 €0 ] 44
FEH 40%. mp. 210~212 ‘C; 'H NMR (400 MHz,
CDCls) 6: 9.03 (s, 1H), 8.55 (s, 1H), 7.38~7.31 (m, 2H),
7.19~7.14 (m, 1H), 7.11~7.07 (m, 2H), 6.96~6.85 (m,
2H), 6.69 (s, 1H), 4.23 (s, 3H), 3.26 (q, J=7.3 Hz, 2H),
2.77 (s, 3H), 1.46 (t, J=7.4 Hz, 3H); 3C NMR (100 MHz,
CDCls) d: 166.99, 156.10, 151.52, 150.21, 144.12, 132.12,
130.42, 130.04, 124.36, 119.05, 118.21, 116.47, 114.50,
4598, 32.87, 2631, 8.32; HRMS (ESI) caled for
CaoH20N70:S [M—H] ™ 438.1354, found 438.1364.

N-(4-(2,4- 5 A AR E L )-3-((3,5- — I 3£-3H-[1,2,3]
=M I [4,5-d] W5 WE -7- 58 ) 20 ) 2R BR ) LS Bt ik (15b):
W B, P2 45%. mp. 217~219 C; 'H NMR
(400 MHz, DMSO-de) 6: 10.17 (s, 1H), 9.86 (s, 1H), 7.76
(s, 1H), 7.46~7.34 (m, 1H), 7.20~7.14 (m, 1H), 7.13~
7.02 (m, 2H), 6.93 (d, J=8.8 Hz, 1H), 4.13 (s, 3H), 3.16
(q, J=7.2 Hz, 2H), 2.46 (s, 3H), 1.25 (t, J=7.3 Hz, 3H);
13C NMR (100 MHz, DMSO-ds) &: 165.69, 158.84,
154.17, 152.48, 151.57, 149.95, 146.65, 139.80, 122.74,
121.69, 118.27, 111.59, 105.82, 105.65, 105.47, 105.12,
44.92, 32.53, 25.62, 7.98; HRMS (ESI) caled for
CaoH sFaN705S [M—H] ™ 474.1165, found 474.1173.

N-(3-((3,5- — W1 3 -3H-[1,2,3] = & M I [4,5-d] W%
WE -7- 31k ) B Bk )-4-(4- P L S AROR 368 ) R B ) B 9t iz (15 ¢):
W B, P2 42%. mp. 214~215 C; 'H NMR
(400 MHz, DMSO-ds) d: 10.00 (s, 1H), 9.84 (s, 1H),
7.20~7.14 (m, 1H), 7.12~7.04 (m, 1H), 6.99~6.91 (m,
1H), 6.89~6.84 (m, 2H), 6.80~6.72 (m, 2H), 4.10 (s,
3H), 3.16 (q, J=7.3 Hz, 2H), 2.44 (s, 3H), 2.20 (s, 3H),
1.25 (t, J=7.3 Hz, 3H); 3C NMR (100 MHz, DMSO-ds)
5: 165.69, 157.20, 156.64, 149.94, 139.32, 133.84, 129.67,
129.40, 123.80, 122.69, 120.04, 118.35, 114.97, 114.06,
44.93, 32.54, 25.65, 20.82, 8.00; HRMS (ESI) calcd for
C2iHN70:S [M—H] ™ 452.1510, found 452.1521.

N-(3-((3,5- — W H£ -3 H-[1,2,3] = F M I [4,5-d] W% g -
7-55) 2 FE)-4-(3- B AU AR 3k ) R 3k ) 2 B iz (15a): 7R
A, 7% 39%. mp. 219~221 C; 'H NMR (400
MHz, DMSO-ds) d: 9.97 (s, 1H), 9.80 (s, 1H), 7.80 (s, 1H),
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7.15~7.06 (m, 2H), 7.10~7.02 (m, 1H), 6.96~6.85 (m,
3H), 4.11 (s, 3H), 3.15 (q, J=7.3 Hz, 2H), 2.46 (s, 3H),
2.24 (s, 3H), 1.24 (t, J=7.3 Hz, 3H); 3C NMR (100 MHz,
DMSO-ds) d: 165.69, 154.26, 152.47, 149.93, 146.78,
133.54, 132.32, 130.34, 130.27, 129.74, 122.73, 119.34,
118.70, 44.90, 32.52, 25.66, 20.14, 7.99; HRMS (ESI)
caled for Cy;H»N;0;S, [M — H]  452.1510, found
452.1518.

N-(3-((3,5- — W 3L -3 H-[1,2,3] = %M 3 [4,5-d] W5 g -
7-JE) B Hk)-4-(3- F AU AU AR R I ) R L ) 2 Bl iz (15e):
HEEAR, 723 43%. mp. 223~225 C; 'H NMR (400
MHz, DMSO-ds) 0: 10.02 (s, 1H), 9.86 (s, 1H), 7.78 (s,
1H), 7.19 (t, J=8.0 Hz, 1H), 7.16~7.05 (m, 1H), 7.02~
6.93 (m, 1H), 6.72~6.60 (m, 1H), 6.56~6.49 (m, 2H),
4.11 (s, 3H), 3.67 (s, 3H), 3.17 (q, J=7.3 Hz, 2H), 2.45 (s,
3H), 1.25 (t, J=7.3 Hz, 3H); C NMR (100 MHz,
DMSO-ds) d: 165.69, 160.42, 157.84, 152.50, 149.93,
146.18, 134.04, 130.14, 129.80, 122.70, 120.24, 118.26,
109.92, 108.73, 103.95, 55.12, 44.94, 32.52, 25.62, 7.99;
HRMS (ESI) caled for C21H2N;04S, [M—H]™ 468.1459,
found 468.1473.

N-(3-((3,5- — W -3 H-[1,2,3] = Z\ M I [4,5-d] W5 I -
7-55) B I )-4-(4- 3 Gk S AR IR ) 2R I ) SRR iR (156):
OEE, P2 47%. mp. 212~215 ‘C; 'H NMR (400
MHz, DMSO-ds) d: 10.08 (s, 1H), 9.83 (s, 1H), 7.74 (s,
1H), 7.19~7.11 (m, 2H), 7.13~7.04 (m, 1H), 7.02~6.97
(m, 2H), 6.95~6.89 (m, 1H), 4.11 (s, 3H), 3.15 (q, J=7.4
Hz, 2H), 2.44 (s, 3H), 1.24 (t, J=7.3 Hz, 3H); 3C NMR
(100 MHz, DMSO-ds) 6: 168.56, 165.70, 156.77, 152.67,
149.99, 146.88, 133.86, 120.25, 119.33, 118.37, 116.31,
116.08, 32.54, 25.65, 20.44, 7.98; HRMS (ESI) calcd for
CaoH1oFN703S [M—H]~ 456.1259, found 456.1271.

3.2.4  HArE4 15g ~ 15 49464,

B &Y 3 (150 mg, 1.0 equiv)S5LEY) 12
(362 mg, 1.1 equiv.)INE] 25 mL &M, AL
FIZ(C AR ) —48(75 mg, 0.1 equiv.)s Hofk 2-—
RO E-2,4,6- = LRI (78 mg, 0.2 equiv.) IR
£1(520 mg, 3.0 equiv.), LA 1,4- 5 /NI/7K(8 mL/2 mL)
PR, BASER, 90 ‘C/RJM 6 h. TLC Wll4sw s,
TR, N GIR CBa/KFER G, A Eraif A
WEE/ B ZWE, Vi v=2"1~1:11583H&%™
15g~15j.

N-(3-(3,5- = F 3E-3H-[1,2,3] = %M [4, 5-d] W5 15 - 7
F)-4- R E AR B S iR (15g): B Bl 44, 7= 3
47%. m.p. 178~180 ‘C; '"H NMR (400 MHz, DMSO-ds)
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d: 10.03 (s, 1H), 7.81 (d, J=2.7 Hz, 1H), 7.55~7.48 (m,
1H), 7.39~7.31 (m, 2H), 7.25~7.14 (m, 1H), 7.11~7.06
(m, 1H), 7.00~6.89 (m, 2H), 4.29 (s, 3H), 3.21 (g, J=7.3
Hz, 2H), 2.81 (s, 3H), 1.30 (t, J=7.3 Hz, 3H); 3C NMR
(100 MHz, DMSO-ds) 0: 165.63, 156.77, 156.52, 151.10,
149.91, 134.06, 132.03, 129.67, 126.98, 124.41, 123.24,
120.61, 118.28, 45.18, 32.84, 25.81, 8.00; HRMS (ESI)
calcd for CyH;oN¢O3S [M — H]  423.1245, found
423.1255.

N-(3-(3,5- = W -3 H-[1,2,3] = %M 3[4, 5-d] W5 g - 7 -
H)-4-(3-F A AR IR IL) R MR i (15h): vk 35 CEu ] 44,
A 41%. mp. 167~168 C; 'H NMR (400 MHz,
DMSO-ds) 6: 10.05 (s, 1H), 7.85~7.79 (m, 1H), 7.54~
7.47 (m, 1H), 7.33~7.28 (m, 1H), 7.27~7.18 (m, 1H),
6.89~6.82 (m, 1H), 6.82~6.72 (m, 2H), 4.24 (s, 3H),
3.18 (q, J=7.3 Hz, 2H), 2.72 (s, 3H), 1.25 (t, J=7.3 Hz,
3H); '3C NMR (100 MHz, DMSO-ds) J: 165.55, 163.79,
161.36, 158.64, 156.13, 150.01, 134.88, 131.89, 130.80,
127.34, 124.23, 123.20, 121.73, 113.77, 109.71, 105.46,
4527, 32.85, 2573, 8.00; HRMS (ESI) caled for
Ca0H1sFN4O3S [M—H]™ 441.1150, found 441.1163.

N-(3-(3,5- = W -3 H-[1,2,3] = %M 3[4, 5-d] W5 g - 7 -
B )-4-(4- 5 A AT I ) R L) LRI I (151): 9% 3 € il 44K,
FEE 45%. mp. 170~171 C; 'H NMR (400 MHz,
DMSO-ds) 5: 9.97 (s, 1H), 7.75~7.68 (m, 1H), 7.47~
7.39 (m, 1H), 7.18~7.14 (m, 2H), 7.11~7.05 (m, 1H),
7.03 (m, 2H), 4.24 (s, 3H), 3.14 (q, J=7.2 Hz, 2H), 2.77
(s, 3H), 1.24 (t, J=7.2 Hz, 3H); *C NMR (100 MHz,
DMSO-ds) 0: 165.68, 152.78, 151.50, 149.91, 134.02,
132.06, 126.70, 124.43, 123.28, 120.47, 119.84, 116.33,
116.10, 45.17, 32.84, 25.82, 7.99; HRMS (ESI) calcd for
CaoH sFNgO3S [M—H]~ 441.1150, found 441.1164.

N-(4-(4-F I FA A IE)-3-(3,5- ~H FHE-3H-[1,2,3]=
UL [4,5-d| W g -7-58) AL ) IR A% (155): 1 €6 4,
FEF 47%. mp. 177~179 ‘C; 'H NMR (400 MHz,
DMSO-ds) 0: 10.16 (s, 1H), 7.99~7.92 (m, 1H), 7.77~
7.70 (m, 2H), 7.57~7.48 (m, 1H), 7.39~7.34 (m, 1H),
7.06~6.98 (m, 2H), 4.23 (s, 3H), 3.21 (q, J=7.2 Hz, 2H),
2.63 (s, 3H), 1.26 (t, J=7.3 Hz, 3H); '3C NMR (100 MHz,
DMSO-ds) 0: 165.40, 161.56, 155.63, 150.15, 148.37,
135.79, 134.18, 131.69, 127.82, 124.08, 123.21, 118.73,
117.70, 104.59, 45.34, 32.90, 25.62, 8.02; HRMS (ESI)
caled for CyHisN;O3S [M — H]  448.1197, found
448.1210.
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3.2.5 B ARMLAH 15k ~ 15p 496 m%,

WAL &40 14a #LF (100 mg, 1.0 equiv.) 51L& 12
(188 mg, 1.0 equiv.)JIAF] 25 mL & &AM A, MM
AT 1R -RCT ) — ek — & A4 (9 mg, 0.03
equiv.) FIEFREN(297 mg, 3.0 equiv.), PA 1,4- 5 /NF/K
(8 mL/2 mLYYE¥ A, ARSI T, 90 'CB 12 h, TLC
WIMEEH G, TR, MR CERI/KFERG, S8
ENTAb A LR R, Vi V=21 1~1 D 111335
2T

N-(3-(4- B A -4,7- — A -3H-WE % 3T [2,3-d] W% g -2-
F)-4-TR AR IR L) AR (15K): L EE R, 772K 40%.
m.p. 231~233 “C; 'H NMR (400 MHz, DMSO-ds) 9
11.94 (s, 1H), 11.82 (s, 1H), 9.91 (s, 1H), 7.56 (s, 1H), 7.35
(t, 3H), 7.13~7.01 (m, 4H), 6.99~6.94 (m, 1H), 6.45 (s,
1H), 3.14 (q, J=10.5 Hz, 2H), 1.23 (t, J=7.2 Hz, 3H); 1*C
NMR (100 MHz, DMSO-ds) 6: 158.58, 156.25, 150.52,
148.85, 148.12, 133.80, 129.92, 126.44, 123.68, 123.39,
121.94, 120.96, 119.86, 118.56, 106.15, 101.99, 45.04,
8.02; HRMS (ESI) caled for CyH;7N4OsS [M—H]
409.0976, found 409.0990.

N-(3-(4- A -4,5- — & -3H- WL W& IF [2,3-d] W5 g -2-
FH)-4-FRF AR L) A TEFR I (151): A EBEE, FEER 38%.
m.p. 235~237 “C; 'H NMR (400 MHz, DMSO-ds) ¢
12.12 (s, 1H), 11.92 (s, 1H), 9.88 (s, 1H), 7.54 (s, 1H),
7.36~7.28 (m, 4H), 7.13~7.06 (m, 1H), 7.03~6.99 (m,
2H), 6.95~6.90 (m, 1H), 6.40 (s, 1H), 3.13 (q, J=7.1 Hz,
2H), 124 (t, J=72 Hz, 3H); “C NMR (100 MHz,
DMSO-ds) d: 156.33, 153.75, 150.50, 147.38, 144.72,
133.75, 129.89, 127.77, 127.10, 123.61, 123.09, 122.18,
119.76, 118.58, 116.42, 103.20, 45.05, 8.01; HRMS (ESI)
caled for CHi7N4O4S [M — H] ~ 409.0976, found
409.0987.

N-(3-(1,3- = H HE-2,6- —41X-2,3,6,7- VU A 1 H-VE RS-
8- )-4- A AR KL ) SR % (15m): [ Bl Ak, 722
37%. m.p. 287~290 ‘C; 'H NMR (600 MHz, DMSO-ds)
5: 13.45 (s, 1H), 9.88 (s, 1H), 7.83~7.75 (m, 1H), 7.39 (t,
J=17.7 Hz, 2H), 7.35~7.28 (m, 1H), 7.15 (t, J=7.3 Hz,
1H), 7.08~7.01 (m, 2H), 6.95~6.89 (m, 1H), 3.45 (s,
3H), 3.24 (s, 3H), 3.13 (q, J=7.2 Hz, 2H), 1.24 (t, J=7.3
Hz, 3H); '*C NMR (150 MHz, DMSO-ds) 6: 156.61,
154.60, 151.60, 151.17, 148.58, 146.84, 134.30, 130.36,
124.26, 124.19, 122.75, 121.45, 120.13, 119.54, 108.14,
45.66, 30.20, 28.28, 8.50; HRMS (ESI) caled for
C21H20N505S [M—H]™ 454.1190, found 454.1200.

N-(4-(2,4- - FUAAMIKFL)-3-(4-510-4,7- A3 H-ME
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W F[2,3-d] 5 g -2- 57 ) A L) L Ik i (15m): 1 8 ] 44
FEE 35%. mp. 239~241 ‘C; 'H NMR (400 MHz,
DMSO-ds) d: 11.97 (s, 1H), 11.90 (s, 1H), 9.92 (s, 1H),
7.53 (s, 1H), 7.46~7.41 (m, 1H), 7.39~7.29 (m, 2H),
7.09~7.00 (m, 2H), 6.48~6.39 (m, 2H), 3.13 (g, J=10.5
Hz, 2H), 1.23 (t, J=7.2 Hz, 3H); 3C NMR (100 MHz,
DMSO-ds) 0: 158.64, 150.74, 148.65, 148.09, 133.72,
128.56, 127.28, 125.38, 123.36, 122.92, 122.12, 121.04,
117.60, 106.22, 102.02, 45.08, 8.00; HRMS (ESI) calcd for
CaoHsFaN404S [M—H]™ 445.0787, found 445.0793.

N-(4-(2,4- ZFAMRIKEL)-3-(4- 5 A0-4,5- &3 H-E
W 3 [2,3-d] W I -2- i ) A HL ) T Ik i (150): 1 E8 14,
FPH 35%. mp. 231~232 ‘C; 'H NMR (400 MHz,
DMSO-ds) d: 12.15 (s, 1H), 12.00 (s, 1H), 9.88 (s, 1H),
7.49 (s, 1H), 7.45~7.34 (m, 2H), 7.36~7.27 (m, 2H),
7.14~7.07 (m, 1H), 6.89~6.82 (m, 1H), 6.41 (s, 1H),
3.12 (g, J=7.0 Hz, 2H), 1.23 (d, J=6.6 Hz, 3H); 1*C
NMR (100 MHz, DMSO-ds) 6: 153.79, 150.69, 147.17,
144.71, 133.70, 128.45, 127.83, 127.30, 126.07, 123.06,
122.33, 117.60, 116.47, 103.22, 45.08, 7.99; HRMS (ESI)
caled for CyoH;sFaN4O,S [M —H] ™ 445.0787, found
445.0796.

N-(4-(2,4- R EACTEHE)-3-(1,3- I 3E-2,6- —4AL-
2,3,6,7-VU 5 -1 H-WEW-8-J8) Ik LR Pk i (15p): Ll
1, PEE 37%. m.p. 287~290 C; 'H NMR (600 MHz,
DMSO-ds) : 13.48 (s, 1H), 9.86 (s, 1H), 7.90 (s, 1H),
7.47~7.39 (m, 1H), 7.39~7.28 (m, 2H), 7.17~7.07 (m,
1H), 6.86~6.75 (m, 1H), 3.48 (s, 3H), 3.26 (s, 3H), 3.11
(q, J=10.1 Hz, 2H), 1.22 (t, J=7.2 Hz, 3H); 3C NMR
(150 MHz, DMSO-ds) 0: 154.62, 151.64, 151.40, 148.58,
146.50, 134.18, 124.27, 122.81, 119.91, 117.59, 112.49,
108.26, 45.68, 30.19, 28.33, 8.49; HRMS (ESI) calcd for
C21H sFaNsOsS [M—H] ™ 490.1002, found 490.1010.
3.2.6 BRD4 ¥4 7& MK

T2 — i RPFREL 1~2 mg FIFES, R
GFHIFE AN 1.5 mL EP &, FFEIIAAH AR DMSO
P i SR B 10 mmol/L RS, 0 CLRAF%H,
Ry G I RRE BT 75 ZE AU EE AR R AAFL DMSO - X 3
HEAT W BE . BE = 1A N Anti-GST-Cryptate (Eu3 +
Cryptate conjugated mouse monoclonal antibody an-
ti-glutathione S-transferase), REE 2N Streptavidin-d2
(d2-conjugated streptavidin), 7E 384 FLARH 7 HIMA—
TEWRE Assay buffer, Anti-GST-Cryptate, Biotin-H4,
Streptavidin-d2, GST-BDI, i iz Mk RAEFHA 20
pL, ZERN 2 h, JEd R K 665 nm BIESES
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620 nm {5 55 [0 LUAR B 9 A A2 0 40 - AH ELAE R ()
SRFE, MR /N3 46 & P05 BRD4 £ 1 143 .
P 22/ %0 = (ZH 25 't 5 FEE — | 7 2H 2 D't 5k 2 )/(4H
PR — 7 IR X 100%
32.7 AbdstEEX Gk
k&% 150 5 BRD4 (PDB:5UVX) H X #2238 it
MOE2014 (Molecular Operating Environment 2014)5¢ Ji%.
5L, 1@ MOE FH M HC BRD4 8 AL 3, [R]H
BBV N T REE AL, F i ) Rk 2= A4 AN ]
N FRIG, ORGSR T AT R B, el
KA T4E80 .

HBhMEL(Supporting Information) L5472, 3, 15a~
15p [ 'H NMR, 3C NMR % & A &2 ABBV-075 [FlJEY) 5
BRD4 & A HAFH 4 A, 150 5 BRD4 HHAH .
PEH 4t . X 206 k) ] DL A 2 AR 1) Y
(http://sioc-journal.cn/) L. N #.
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