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Design, Synthesis and Activity of Benzofuran-7-carboxamide
Poly(ADP-ribose)-polymerase Inhibitors

Jin, Qiu®” Xin, Minhang” Cong, Xin” You, Qidong *“
(“Jiangsu Key Laboratory of Drug Design & Optimization, China Pharmaceutical University, Nanjing 210009)
(® Jiangsu Key Laboratory of Molecular Targeted Antitumor Drug Research, Jiangsu Simcere Pharmaceutical
Co., Ltd., Nanjing 210042)

Abstract Poly-(ADP-ribose)-polymerase (PARP) is a promising anti-cancer target as it plays a crucial role in the cellular
reparation and survival mechanisms. A series of benzofuran-7-carboxamides was designed to maintain the required pharma-
cophore conformation through an intramolecular hydrogen bond. Twelve compounds were synthesized and the inhibitory ef-
fect on PARP activity of these compounds were tested and evaluated. The results showed that all the target compounds dis-
played potency against the PARP enzyme, and compound 7¢ was the most potent one with an ICs, value of 20.5 nmolsL "
Keywords PARP inhibitor; Benzofuran-7-carboxamide; anti-tumor ; synthesis

T (WA R — W R A% B ) 2 & ¥ [poly(ADP-ribose)- HEi7, ©HZA PARP FHIF AL TR Szie kB2,

polymerase, PARP]AFAE 1~ Wi FL3h 4 41 L F1 K 2 H st %
M, &E—2RE ARG e, e nT ik
(1) DNA eSS, F RS B — AT IR(NAD ¥
ADP #Z B G NS DNA &Pz ki A L, 5%
ADP IZHE AL R, & 5 VE 2 A B R DA OG0,
BFEG ORI E . DNA R BIFAE R . JER 1
et AMMUIE T RIIRGE. WFCR I, FH] PARP G5
AT DA I i i 1 FRAB S 6 T, T3 it 80y
AR I7 (R e E D) IR wT DLk B 1 1 R SE BRCAT Al
BRCA2 5 [R5l 5848 (K 41 iul© ), 3540k, PARP £
J T TR R 25 1) — A E A O,
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HPHERRK Veliparib, FiTHTFIEER Olaparib FFE 5 (1)
PF-1367338 iFJ@im i, ¥4ab TR =, (A5 At i
PAELE BT R 22 PR MR AN BRAR S Gl 0, 4R R
A A ) PARP FIHI B A IR L. 4T PARP
7] (1 25 R E % Veliparib 5 PARP 4K 1 5 & 11 5
M (2RD6), AT LA U R RO R ()R Ik
T e B (10 2, 5 5 K A ) R0 it -3 et 41 P ST R
ORGERE, BRI R B A 502, (2) 2R Ik b I e e
)] C=0, NH, 73 mll 1 kS5 52 R AU I 4 1 ik Ak
Ser243, Gly202 f S HEA BAEH (B 1); (3)AIFIKMEER
5 Tyr246 & n-n M HAEM. Canan 55%%¢T PF-
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1367338 K H. K5 PARP (A HAEH, KL
PF-1367338 MILAKBI A A W 55k Glyse3
(R 2RD6 H Gly202), Ser904(%} [ 2RD6 H' Ser243)[¥)
FEAE L W5IEER 55 Tyr907(%t R 2RD6 H Tyr246) (141
HAEHE 2), BAFAEWWE 2 47 (IR IA S Tyr896 1] n-n
I AE ML, WM& T PF-1367338 K H: 514 %
PARP [HIHENE. AWFSUHEE T Veliparib ZEH05I7 44
KR, REEYSEHR TG g (K 3), Wb &
BT 12 NI ZE PARP 17 7(Scheme 1), JFiEAT
T L ARG IR k.

B 1 Veliparib 552 k45 & 45
Figure 1 Binding modes of veliparib
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Figure 2 Binding modes of PF-1367338 derivative
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Figure 3 Design of target compounds

12 2-R-2-22-ZZEZEE)EQ)MAR

i 2-IRF(1) (5.14 g, 30 mmol). DMF (45 mL)&
100 mL =HUfiH, AR SRS — 2RE(11.82 g,
60 mmol) 1 K,COs (12.42 g, 90 mmol) - =Ffi 1, Ine,
FHEZEFIG, KMV 4 h AR, BN, 5
th, AL, FEENTVOEE) @ V(L8R LER)=100 : 115
B IRY) 8.30 g, 75K 95.7%.
1.3 7-BEFKEG)HE K

¥ 2-1R-2-22- L LEIE)EQR) (820 g, 28
mmol) 12 BHFR(10 mL)E T 100 mL =K+, A
K60 mL), FHELARENR, AV 4 h, AHERER, i
R, BRI AT EE(0 mL X 3R, AHLES I,
S0k WRAE, AEETVCR TEE) © (LR LHR)=50 :
1B MPIRY) 3.50 g, 7% 62.6%.
1.4 T-FEFFIRIEE)HE K

B 7-IR IR (3) (3.50 g, 17.7 mmol)F1 CuCN
(2.30 g, 25.7 mmol) & T35 mL I & b, I N-F Ll
M LEMA (15 mL), IR B TN R S s Y, B [,
ULE(180 °C)~ JMINAI2 h)JF 3 By, hnHhEE i
el NS =P R E ) R W B A VA U 1 /) L )7, 3719
a4, SRR VAR @ V(SR LBE)=40 : 115 &,
AR 1.64 g, % 47%. '"H NMR (400 MHz,
CDCl3) §: 7.89 (d, J=8.0 Hz, 1H, ArH), 7.79 (d, J=2.4
Hz, 1H, ArH), 7.64 (d, J=8.0 Hz, 1H, ArH), 7.35 (t, J=
8.0 Hz, 1H, ArH), 6.90 (d, J=2.4 Hz, 1H, ArH); MS (ESI)
miz: 144.1 [M+H]".

1.5 7-BEFFFIkIE-2-TREL (5)89E B
B 7-FILTIFLIR (4) (3.80 g, 26.5 mmol)Fl THF
(55 mL)®E T 100 mL —#fiH, P2 —78 C,
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Br Br OEt Br
/@/OH ELO%OE K,CO3, DMF /@/0\)\03 PPA, Chlorobenzene /@LO) CuCN, NMP
+ t
R1 Br R1 R1 /
1 2 3
R2
CN CN 3 CN
Br R
Q (i) n-BuLi, THF (0} O o) O ,
B(OH R
R’ 7 (i) B(OMe)s R’ /8O Pd(PPhs),Cly, Na;CO3 o1 7
4 5 EtOH/Toluene/H,0 6a~6m R
OsNH,
K2CO3, 30% H202 O (0] O 3
R
MeOH/H,0 o J
7a~711 R

R® = CH,NHCH3: R'=H, RZ=H, (7a); R' =F, R =H (7b); R' =H, R = F (7¢c). -
R = H, R? = H: R® = CH,N(CHj), (7d); R® = CON(CH3), (7e); R® = COD (76); R® = —?N(J\l (79); R®=

H
‘E‘NG (7h), R®= 3 NCH (7R’ = §-0H (7)) R?= o~ CHs (7k); R®= -§-

N (@)

Scheme 1

1.6 mol/L n-BuLi/THF #5725 mL, 39.8 mmol), J-{&¥F
fE—178 “C/JW 2 h, IIA B(OMe); (6.50 mL, 53 mmol),
SN2 h, IMAHAT NH,CL (15 mL), ihRiik % pH=
2~3, LR CPRFI, AN KRS T 1), &K
g8, A RS B E AR 2.50 g, P7E: 50.36%. '"H NMR
(400 MHz, DMSO-dj) : 8.79 (brs, 2H, OH), 8.10 (dd, J=
8.0, 0.8 Hz, 1H, ArH), 7.87 (dd, J=8.0, 0.8 Hz, 1H, ArH),
7.62 (s, 1H, ArH), 7.42 (t, J=8.0 Hz, 1H, ArH); MS (ESI)
m/z: 188.1 [M+H]".

1.6 2-[4-(FRERE)FE|EXHFKE-7-FHEGa)HE
151

W 7-F IR IR -2 (5) (100 mg, 0.53 mmol)
1 N-F HE-4-J75% 14 (106 mg, 0.64 mmol) & T 25 mL =3
A, BEJS N PA(PPh3),Cl, (19 mg, 0.03 mmol).
Na,COs (112 mg, 1.06 mmol), FIZK(10 mL). Z[§#(2 mL)
F7K(0.50 mL), H#E 82 °C, %)W 4 h, FHIAT NH,LCI
W pHAEZ P, /0, KIZH SR CBEAEHL, A A
HIRRAE G, FEETVCAMMEE) @ (R CER)=20 © 1]
IYE, AFIFEAE 82 mg, 77E 59%. 'H NMR (400 MHz,
DMSO-d) J: 8.05 (d, J=7.6 Hz, 1H, ArH), 8.03 (d, J=
8.0 Hz, 2H, ArH), 7.86 (dd, J=7.6, 1.2 Hz, 1H, ArH), 7.69
(s, 1H, ArH), 7.63 (d, J=7.6 Hz, 2H, ArH), 7.47 (t, J=7.6
Hz, 1H, ArH); MS (ESI) m/z: 263.1 [M+H]".
1.7 2-[4-(FRERE)FEFFKRE-7-FERZ(7a)RY
A

W 2-[4-( L T ) 2K

FEZR IR -7-F 5 (6a) (92

592
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mg, 0.35 mmol)FlFE%/7K(16 mL/4 mL) & T 100 mL —
Fofh, BEJS KN KoCO; (266 mg, 1.93 mmol)All
30% H,0, (0.67 mL), ZkL SV 5 min J&, SV H LRl
NH.CI 875 pH [HZRHE, 472, KIZH O CHEHHL,
FEJZHT (VA MR @ MR CER)=2 © 1], 193] A Al
1A 47 mg, FFF 48%, HPLC: 95.59%. 'H NMR (400
MHz, DMSO-d;) 6: 8.07 (d, J=8.0 Hz, 2H, ArH), 7.84 (d,
J=7.6 Hz, 1H, ArH), 7.81~7.82 (m, 2H, CONH,), 7.75
(dd, J=7.6, 1.2 Hz, 1H, ArH), 7.64 (d, J=8.0 Hz, 2H,
ArH), 7.59 (s, 1H, ArH), 7.36 (t, J=7.6 Hz, 1H, ArH),
4.10 (s, 2H, NCH,Ph), 2.53 (s, 3H, NCH3); *C NMR (100
MHz, DMSO-dg) J: 165.1, 155.2, 151.2, 133.3, 130.5,
129.7, 129.6, 125.3, 1252, 124.3, 123.3, 119.0, 102.6,
50.9, 32.1. HRMS caled for C;;H;;N,0, [M+ H] "
281.1285, found 281.1286.

1.8 5-Am-2-[4-(FEEFE)FEIFFKE-7-F B
(Th)HI& A

Tb (WG TR 7a, EEREAE, E 24%, HPLC:
98.42%. "H NMR (400 MHz, DMSO-d;) 6: 8.05 (d, J=8.0
Hz, 2H, ArH), 7.97 (d, J=17.2 Hz, 2H, CONH,), 7.71 (dd,
J=8.4, 2.8 Hz, 1H, ArH), 7.65 (d, J=8.0 Hz, 2H, ArH),
7.59 (s, 1H, ArH), 7.50 (dd, J=10, 2.8 Hz, 1H, ArH), 4.04
(s, 2H, NCH,Ph), 2.48 (s, 3H, NCH;); °*C NMR (100
MHz, DMSO-d¢) o: 164.5, 157.7, 157.5, 148.1,136.0,
131.6, 130.6, 129.3, 125.8, 120.5, 112.3, 110.1, 103.6,
51.7, 33.3. HRMS caled for C;;H;,FN,O, [M+H] "
299.1190, found 299.1194.
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19 2-B-FA4-(FEERE)FEIFFKE-7-FERR
(Tc)R9E R

Te WA 7L Ta, R E AR K, 7R 86%,
HPLC: 98.90%. 'H NMR (400 MHz, DMSO-d;) J: 8.00
(dd, J=17.6, 0.8 Hz, 1H, ArH), 7.90 (dd, J=7.6, 0.8 Hz,
1H, ArH), 7.80~7.86 (m, 2H, ArH), 7.66~7.70 (m, 2H,
ArH), 7.47 (t, J=7.6 Hz,1H, ArH), 3.81 (s, 2H, NCH,Ph),
2.34 (s, 3H, NCH;); °C NMR (100 M Hz, DMSO-dj) o:
162.6, 160.1, 154.8, 152.7, 132.6, 131.5, 130.8, 127.0,
125.8, 124.0, 122.3, 121.3, 112.1, 110.2, 103.8, 46.6, 34.5;
MS (ESI) m/z: 299.0 [M + H] . HRMS caled for
Cy7H,sFN,O, [M+H]" 299.1190, found 299.1189.

110 2-4-(ZHRESHRE)FE|FFKE-7-H B R
(7Td)HIE A

7d (W& 8 T77IR) Ta, AEREAER, 775 45%, HPLC:
97.42%. "H NMR (400 MHz, DMSO-d;) 6: 7.96 (d, J=7.2
Hz, 2H, ArH), 7.78~7.80 (m, 3H, CONH,+ArH), 7.74
(d, J=7.2 Hz, 1H, ArH), 7.50 (s, 1H, ArH), 7.44 (d, J=
7.2 Hz, 2H, ArH), 7.35 (t, J=7.2 Hz, 1H, ArH), 3.46 (s,
2H, NCH,Ph), 2.18 [s, 6H, N(CH3),]; *C NMR (100 MHz,
DMSO-dg) 0: 165.7, 156.3, 151.6, 140.5, 130.3, 129.7,
129.8, 128.5, 125.5, 124.6, 123.7, 119.4, 102.1, 63.5, 45.4.
HRMS calcd for C;sH;sN,O, [M+H]" 295.1441, found
295.1439.
111 2-[A-(ZHREREE)FE| R FKE-7-F B iR
(Te)MI& M

Te WA BTER Ta, KA AEE, 7% 52%,
HPLC: 97.09%. '"H NMR (400 MHz, DMSO-d;) &: 8.12
(d, J=8.0 Hz, 2H, ArH), 7.89~7.92 (m, 3H, CONH,+
ArH), 7.83 (dd, J=7.6, 1.2 Hz, 1H, ArH), 7.69 (s, 1H,
ArH), 7.63 (d, J=8.0 Hz, 2H, ArH), 7.43 (t, J=7.6 Hz,
1H, ArH), 3.07 (s, 3H, NCHj3), 3.02 (s, 3H, NCH;); "°C
NMR (100 MHz, DMSO-d;) d: 169.5, 165.1, 155.1, 151.3,
136.8, 130.1, 129.7, 127.7, 125.4, 124.9, 124.4, 123.3,
119.1, 102.9, 38.9. HRMS calcd for C;sH;;N,O5 [M+H]"
309.1234, found 309.1235.
112 2-[4-(t A& oz -1 -5 B B 6 ) 2 X 2K - K g - 7- FR ik
BR(7THBIE X

7 A OTIER Ta, IR, 773 66%, HPLC:
98.00%. '"H NMR (400 MHz, DMSO-d;) 6: 8.13 (d, J=8.4
Hz, 2H, ArH), 7.89~7.92 (m, 3H, CONH,+ArH), 7.83
(dd, J=7.6, 1.2 Hz, 1H, ArH), 7.74 (d, J=8.4 Hz, 2H,
ArH), 7.69 (s, 1H, ArH), 7.44 (t, J=7.6 Hz, 1H, ArH),
3.55 (t, J=6.4 Hz, 2H, NCH,), 3.51 (t, J=6.4 Hz, 2H,
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NCH,), 1.93 (m, 4H, CH,CH,); “C NMR (100 MHz,
DMSO-dg) d: 167.6, 165.1, 155.0, 151.3, 137.4, 131.5,
130.3, 129.7, 128.9, 127.8, 125.4, 124.8, 124.4, 123.3,
119.1, 103.0, 48.8, 45.9, 25.9, 23.9. HRMS calcd for
CaoHoN,O5 [M+H]™ 335.1390, found 335.1391.

113 2-[(4-Rme-1-B ) K FH 0k i-7- R B AR (79) Y
=454

Tg MG T E R Ta, FIEEE, 773 61%, HPLC:
96.41%. 'H NMR (400 MHz, DMSO-d) 6: 8.39 (s, 1H,
ArH), 8.16 (d, J=8.4 Hz, 2H, ArH), 7.83~7.87 (m, 6H,
CONH,+ArH), 7.76 (d, J=7.6 Hz, 1H, ArH), 7.62 (s, 1H,
ArH), 7.36 (t, J=7.6 Hz, 1H, ArH), 7.15 (s, 1H, ArH); *C
NMR (100 MHz, DMSO-dg) d: 165.6, 155.4, 151.7, 137.6,
136.0, 130.6, 130.3, 128.2, 127.1, 125.7, 124.7, 124.4,
123.8, 121.0, 119.5, 118.3, 102.9. HRMS caled for
C1sHN;O0, [M+H]" 304.1081, found 304.1084.

114 2-(4-(MS ML rE-1-5) K B ) K F K IE-7- F B AR
(Th)BI& X

7h (W& KT7VER 7a, AGREER, 773 74%, HPLC:
96.50%. '"H NMR (400 MHz, DMSO-d;) d: 7.78~7.80 (m,
3H, CONH,+ArH), 7.70 (d, J=7.6 Hz, 2H, ArH), 7.63
(d, J=7.6 Hz, 1H, ArH), 7.28 (t, J=8.0 Hz, 1H, ArH),
7.15 (s, 1H, ArH), 6.64 (d, J=8.0 Hz, 2H, ArH), 3.30~
3.33 (m, 4H, NCH,), 1.98 (t, J=6.0 Hz, 4H, CH,); "*C
NMR (100 MHz, DMSO-dy) d: 165.3, 157.3, 150.7, 148.1,
130.5, 126.4, 123.6, 123.1, 122.9, 118.4, 1159, 111.7,
97.6, 47.2, 28.9. HRMS calcd for CjoH;oN,O, [M+H]"
307.1441, found 307.1441.
115 2-[4-(ZEEE)FE|FFRE-7-HEER(7)H S
X

7i WG LA Ta, AEEE, 22 83%, HPLC:
99.50%. 'H NMR (400 M, DMSO-dy) d: 7.76 (s, 1H,
CONH,), 7.70~7.72 (m, 4H, CONH,+ ArH), 7.63 (d, J=
7.6 Hz, 1H, ArH), 7.29 (t, J=7.6 Hz, 1H, ArH), 7.11 (s,
1H, ArH), 6.67 (d, J=8.4 Hz, 2H, ArH), 6.08 (t, J=5.2
Hz, 1H), 3.10 (m, 2H,CH,), 1.19 (t, J=7.2 Hz, 3H,CH,);
BC NMR (100 M, DMSO-dg) o: 165.8, 157.9, 151.2,
150.4, 131.0, 126.9, 124.1, 123.7, 123.3, 118.8, 116.8,
112.3,97.9, 37.6, 14.7. HRMS calcd for C;;H;7;N,0, [M+
H]" 281.1285, found 281.1283.

1.16  2-(4-FEHE) R IFARIE-7- R BLER (7)) M & A

7 W& kR 7a, AR, F5% 54%. HPLC:
96.94%. 'H NMR (400 MHz, DMSO-ds) 6: 9.92 (s, 1H,
OH), 7.84 (d, J=8.0 Hz, 2H, ArH), 7.74~7.80 (m, 3H,
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CONH,+ArH), 7.67 (d, J=7.6 Hz, 1H, ArH), 7.31 (t, J=
7.6 Hz, 1H, ArH), 7.26 (s, 1H, ArH), 6.90 (d, J=8.0 Hz,
2H, ArH); “C NMR (100 MHz, DMSO-dy) J: 165.2,
158.5, 156.5, 150.9, 130.2, 126.8, 124.3, 123.6, 122.9,
120.4, 118.6, 115.8, 99.3. HRMS caled for C;sH;,NO;
[M+H]" 254.0812, found 254.0809.
117 2-(4-BEEEE) K FFIRIE-7- P ELRZ (TK) B9 & B
Tk (A TR Ta, AR, 722 78%, HPLC:
97.93%."H NMR (400 MHz, DMSO-dy) 6: 7.96 (d, J=8.4
Hz, 2H, ArH), 7.76~7.78 (m, 3H, CONH,+ArH), 7.69
(d, 1H, J=7.6 Hz, ArH), 7.37 (s, 1H, ArH),7.33 (t, J=7.6
Hz, 1H, ArH), 7.10 (d, J=8.0 Hz, 2H, ArH), 3.83 (s, 3H,
CH;); °C NMR (100 MHz, DMSO-ds) J: 165.2, 160.0,
155.9, 150.9, 130.1, 126.7, 124.5, 123.8, 123.1, 121.9,
118.7, 114.5, 100.1, 55.3. HRMS caled for C;H4NO;
[M+H]" 268.0968, found 268.0969.

1.18  2-[4-(MitNE-4-5 ) F B K FH K15 -7- B BEpZ (71)AY
=304

TG ROER Ta, FIERE, 773 79%, HPLC:
97.87%. "H NMR (400 MHz, DMSO-dy) 6: 8.69 (d, J=4.8
Hz, 2H, ArH), 8.17 (d, J=8.4 Hz, 2H, ArH), 8.01 (d, J=
8.4 Hz, 2H, ArH), 7.86 (m, 5H, AtH+CONH,), 7.75 (d,
J=17.6 Hz, 1H, AH), 7.68 (s, 1H, ArH), 7.38 (t, J=7.6
Hz, 1H, ArH); *C NMR (100 MHz, DMSO-dy) & 165.1,
155.1, 151.3, 150.3, 146.1, 137.4, 129.9, 129.7, 125.8,
125.4, 124.3, 123.3, 121.0, 119.1, 102.9. HRMS calcd for
CaoH1sN,0, [M4H]" 315.1128, found 315.1128.

1.23 W EYREYEEN R

PARP & Pk 1B l, AEf8 MK NAD 4k A
5 AL histone 75 A% E ] poly(ADP-ribose), 4%
D7V 2 PARP X EY) histone [EALFERE, W2 L
A1) PARP IR .

SIS TV KA (buffer) 50 puL/well, 30 min; JIA%F
MALAH), 10 uL/well; positive 55 negative FLIIA 10
uL/well buffer; I\ PARP (0.5 unit/15 pL), % 10
min; JIA cocktail fIl DNA (25 pL/well), % 60 min;
TN strep-HRP 50 pL/well, il 60 min; PPST 334 3 X,
PBS ¥t 3 ¥ T 450 nmol-L ™' 4bll5¢ OD 1.

YA R T A = (0 A OD— 452540
OD)/(X 4] OD—7% 141 OD) X 100%

A AR L AN )38 3k Prism 5.0 (GraphPad [
BADGE o, FE T RAE PN 1Cso {E G ]
I RAE I 50%3T 77 AL A YD IR EE).

594 http://sioc-journal.cn/

2 H#RE5INHE

I B R R S50 & ) T e T 444h PARP 411
FIVEYERI I, 4530 BN 12 /ME &% PARP 23R DL H
— 58 BN EIE PE, AHAS [R] 28 2 PR AR 0 375 A 5 ) ¢
K. Hd b &9 7a Fl7e 5F PARP H0EIR 1Cso 23 51 4 37.4
H120.5 nmoleL ™", P2y Veliparib #1>4(ICs, by 20.3
nmolsL ). LIRS R AT R (DI R
IWARE(Ta vs. T, RS PEWIE T F%, WREZH T
SR H AR I RN, BRI T R I R B ) H
P Q)IURHE R*: AN E(Ta vs. Te)i, JAIHITE L E A7
P Q)HURIE R H R R W (Ta)il ME AR,
R AP B B T RIS (Ta vs. 7d), T5 R
W, ARt T AR B (B 4, B 5); BAEk
SR AR PR () 9t e AR R AL S 0 (Te, TH)IE PEFIEAC LR
£, A& (O/N) AL S W (Tg ~ TR)¥E 1k B 42 9859,
HAL G Tg (R N 1-BR M) I 4 3 (1 40034 5 v
(ICso & 194.8 nmoleL ™ "); Mt UL A P(THILEIL
H 55 RIS (ICso A 10000 nmoleL ™).

R 1 AFELEYR PARP ) E30 7 8 [1Cso/(umol
L*l
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