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Synthesis and Anti-tumor Activity of Novel 3-Substituted-
benzoyl-4-substituted-thienyl-pyrroles

Chen, Jian Zhang, Yuankui Zhan, Xiaoping Liu, Zenglu Mao, Zhenmin™
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Abstract 29 novel 3-substituted-benzoyl-4-substituted-thienyl-pyrrole compounds 2a~5¢ were synthesized via aldol con-
densation and Van Leusen pyrrole reaction using substituted acetophenone and substituted 2-thenaldehyde as raw materials,
and the cell proliferation inhibition efficacy of 2a~5c¢ against human colon cancer (HCT-116), human gastric adenocarcinoma
(SGC-7901), human cervical carcinoma (Hela) and human umbilical vein endothelial (HUVEC) cell lines were estimated.
Then MTT assay was used to evaluate the anti-proliferative activity. The result indicated that some target compounds exhibited
strong (IC50<<20 umol*L ") or moderate (20 pmoleL ' <ICs5,<X50 pmol+L ") proliferation inhibition efficacy against tumor
cells, meanwhile didn’t have significate inhibition effect on HUVEC. Compounds 2c¢, 2i, 3i, 3j, 4a~4f and 5c¢ showed strong
or moderate inhibition efficacy against HCT-116. The ICs, value of 2j was 4.3 umoleL ™" against Hela, and compounds 2i and
3j exhibited moderate inhibition efficacy against Hela. The ICs, value of 3j was 10.5 pmoleL ™" against SGC-7901, and com-
pounds 2i indicated moderate inhibition efficacy against SGC-7901. Compounds 2i and 3j showed broad anti-proliferative
activity against all selected tumor cells.
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Figure 1 Pyrrole derivatives with anti-tumor activity
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R, E PR B AT A IR I 5 B i R e A 4 A
eI A S ibk R B T 2% B Ty IR A R R S
PE, BATIERTHIRE R 3,4- BRI IL S P10 4 H75]
W Wy ik [4] DL 2% 52 e wy ik A (R L s 2840 S P i 4t
I e v 11k
1 RS
1.1 KEYNEH

R RLFLFENT Scheme 1, FE5AME. (1) of- A1
IR PR ) s DABRAR AR Iy -2- R I 5 AR 1) 2% S B E
Bt 26 4T Aldol 46 52 AR LI ouB-ANHAN RN,
EH T JEURRE P A0 23 (R AL FEAN ], S BB ] FE 15 min 3] 4
h A% QWGP RATEEIFR(Van Leusen) itk i &
N USRI B AN LRI SR, X R
RT3 5 i (Tosylmethyl isocyanide, TosMIC)7E G
IKBREIA G 32547 Michael 1SS 204 B 1) B 565 4.
1.2 H97EM

M1 TG e #0 B bR & 00s BTk i 3 F
i 988 4 0 A R (IC50<<20 pmoleL ™ H)ak 14520 pmole
L '<IC5<50 pmolsL "5 sMHI{EM, JLT-FrE H
FrAb &%t IEH 4 HUVEC JEM SH0H1EH, HAs

(e}
Rl 1 \
g R X R o]
R Z = | SR TosMIC/t-BuOK 1> )
- % R S AR
s~ "CHO MeOH/MeONa 5 DMF s " ) P
a,B-unsaturated ketones H

2A ~2J,3A ~3J,4A ~4F, 5A ~ 5C

2a: R=5-Br, R'=2-Cl

2b: R=5-Br, R'=3-OCHj;

2c: R=5-Br, R'=3-Br

2d: R=5-Br, R'=3,4-(OCHs),
2e: R=5-Br, R'=2-F

2f: R=5-Br, R'=2,4-(CHj3),
2g: R=5-Br, R'=3-NO,

2h: R=5-Br, R'=4-CH; 3h: R=5-Cl, R'=H

2i: R=5-Br, R'=4-phenyl 3i: R=5-Cl, R=3-NO;
2j: R=5-Br, R'=3,4,5-(0OCHs); 3j: R=>5-Cl, R'=4-phenyl

B 1

3a: R=5-Cl, R'=2-CI

3c: R=5-Cl, R'=2-F
3d: R=5-Cl, R=4-CH;
3e: R=5-Cl, R'=2,4-(CHs),

3f: R=5-Cl, R'=3-Br
3g: R=5-Cl, R=4-OCHjs

4a: R=4-CH,-5-Br, R'=2-Cl

3b: R=>5-Cl, R=3,4-(OCHs), 4b: R=4-CH3-5-Br, R'=2,4-(CH;),
4c: R=4-CHy-5-Br, R'=3-Br

4d: R=4-CH;-5-Br, R'=2-F

4e: R=4-CH;-5-Br, R'=3,4-(OCHs),
4f: R=4-CH;-5-Br, R'=H

2a ~ 2j, 3a ~ 3j, 4a ~ 4f, 5a ~ 5¢

5a: R=H, R'=2-ClI
5b: R=H, R'=3-Br
5¢: R=H, R'=4-phenyl
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Scheme 1 Reaction processes of target compounds
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EREME. WERE BEAZ 4 7 MEWS IR 53 A BRI T B 2
PR S S, HEUREY CL A Br I, #82r H Atk &9xt
=P iR 24 i ) A 2 T AR 2R Ak A 0 A A
FI# At ag, tnfk &4 2¢ (R=5-Br, R'=3-Br). L&)
3f (R=5-Cl, R'=3-Br) 5{t.&%) 5b (R=H, R'=3-Br)#
Eb, BUPEE = PR A 1Cs EAMK T /5 3, %/\
¥) 2i (R=5-Br, R'=4-phenyl). 3j (R=5-Cl, R'=

phenyl) 5L &%) 5¢ (R=H, R'=4-phenyl)ff L, ﬁ_jJEFJU
PR = bR A 1) 1Cso (A T 53, H 24 HAR
FRIERY I35 i — AN B LR, B IR 2R ) 4 437 A 4- R -5
WREW AR, BAREEWIXT HCT-116 40 f ) S 5E )
VT W S IR, 1 % Hela 200 A1 SGC-7901 4 g frti 41
FIEE TR, i &9 da~4f. ELAAEIE R 4 A7 BT
IR EWy X B AR A PN GG, R ey
b 5 XA P T R A B R R, T
Wik &4 2¢ (R=>5-Br, R'=3-Br)%f = F i J87 40 o bk 140
HVE PR 3F (R=5-Cl, R'=3-Br)s#; A4 2f (R=5-Br,

R 1 MTT FELE R [ICs/ (umoleL )]
Table 1 Result of MTT assay [ICso/(umolsL™")]

k&Y HCT-116 Hela ~ SGC-7901 HUVEC
2a >300 >300 >300 >300
2b 73.3 145.4 180.9 2125
2¢ 38.5 90.1 69.2 98.0
2d >300 >300 >300 >300
2e >300 >300 >300 >300
2f 52.1 160.3 280.1 >300
2g 63.5 60.9 51.1 85.2
2h 65.3 121.3 144.9 255.6
2i 46.1 33.1 34.1 118.6
2j 106.0 43 143.0 >300
3a >300 >300 >300 >300
3b 184.8  >300 >300 >300
3¢ 201.7 269.1  >300 >300
3d 55.2 182.7 160.5 >300
3e 135.2 233.6  >300 >300
3f 50.5 164.4 160.8 145.6
3g 55.2 71.0 201.4 173.4
3h 59.6 120.5 202.4 250.8
3i 44.4 188.0 71.7 168.8
3j 27.5 32.3 10.5 157.3
4a 305 >300 164.5 216.5
4b 25.6  >300 >300 156.7
4c 103 >300 102.8 210.0
4d 1.1 >300 153.5 >300
4e 284 >300 >300 119.3
4f 382 >300 203.1 172.4
5a >300 >300 >300 >300
5b 113.7 164.7 188.6 169.1
5¢ 47.7 73.1 61.6 168.6

eV 8.7 6.8 49 175.1

“Do not calculate ICs value which is bigger than 300 umol-Lfl, indicates>

300.
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R'=2, 4-CH;)%f =Fj i 40 Mk A RE LA 3e (R=
5-Cl, R'=2, 4-CH,)35&. {B4b &%) 2a (R=5-Br, R'=2-CI)
5 3a (R=5-Cl, R'=2-C))4MHIyEPEM 2, L&Y 2d
(R=5-Br, R'=3, 4-OCH;) )i 1455 T 3b (R=5-Cl, R'=
3,4- OCH3) 2e (R=5-Br, R'=2-F)[J55F 3¢ (R=5-Cl,

=2-F), 2i (R=5-Br, R'=4-phenyl){155F 3j (R=5-Cl,
=4-phenyl). IEHIEY 2g (R=5-Br, R'=3-NO,)5
3i (R 5-Cl, R'=3-NO,), 2h (R=5-Br, R'=4-CH;)5 3d
(R=5-Cl, R'=4-CH;)#H Lk 4%, HA 5055
ML RERZ 3 A7 B BRI AT 43 9 W - R AR
HE R IR AN E B B 2K B8, 76 1Cs fH <100
umolsL ' LA DIH, FIATCHARHIM AW 1Cs = T
EIRE AR EY, k&Y 4f (R=4-CH;, 5-Br,

R'=H) L [F] & 51| 4a~4de Xt HCT-116 [ 1Cso [ #8 =1, 14
) 3h (R=5-Cl, R'=H) L[ &%+ 3d, 3f, 3h, 3i, 3j X}
HCT-116 ] ICs fH# 51, AR MR HUREE Ay 5 o1
S, A — e S, {H 1Cs {5 <20 pmoleL ™
AGE) 4 AR E 352 At B A 55 W H - FEEUA,
 2j (R=5-Br, R'=3,4,5-OCH;), 3j (R=5-Cl, R'=
4-phenyl), 4¢ (R=4-CH;, 5-Br, R'=3-Br)fl 4d (R=
4-CHj, 5-Br, R'=2-F).

HArb &40 1Cso 15 <20 umoleL ' It &N 25,
3j, 4c A1 4d. b 2j (R=5-Br, R'=34,5-OCH;) /& T
e &Y G W S, *F Hela ZHMMK 1Cs, N 4.3
umolsL ', IAF|5EMEE 1Cs (B A —HEH, 2j MZHIF
A 3 H R R AR AR, HE B AR A )5S Hela
i G T RENER L 25, (& 3j (R=5-CI, R'=
4-phenyl)%f SGC-7901 4l ICso {4 10.5 pmolsL ',
AL 1Cso HI 2.14 £, X} SGC-7901 4 AT 458 1)
WEEANHIE . (LAY 4c (R=4-CH;, 5-Br, R'=3-Br),
4d (R=4-CHj3, 5-Br, R'=2-F)%} HCT-116 4[] ICs 1E
I3 HIN 103 AT 111 pmoleL ™', 5EI2EE 1Cs (AT, H
A R P A G B 4

k&%) 2i (R=5-Br, R'=4-phenyl)5 3j (R=5-Cl,
R'=4-phenyl) % =Ff 52 12 I8 40 B s 1 ANES 4L
R vE P, ARG E B AR A A BT PR .

2 i

BT 29 AH Y 3-HUAR S A I -4- B ey Skt
MR G, T4y HAME AW R N H R B 40 H 1 A 4
WG, RIS T Y IR S5 IR /N PR Ak
EWARKRIF TN E S5 71, BAsfea 2i, 3, 4c,
4d SR 1Cs (KT 20 pmoleL ™", #3251
FURIR . AR AR M S PTIIR b & itk — B I 457
EARPR AL T IkHE, 7ECUR Mg eaE b, BT ey 35
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SPBINR RS T PR S, AT I 2 KR
BAR, =& ¥R, S-E-4-EEUREE, T A 2i
(R=5-Br, R'=4-phenyl)5 3j (R=5-Cl, R'=4-phenyl)%}
SRR AR M A B S TR E A, AT 2R 3 4
FING IR AIT ], InZehE, HEx 2L Rk
BLEUAR LAk S B R v 1, Ak, A T TR B
R TAEA BRI B ARk S 45 K T 1 1 1y A i g
FA &M AA COX1/COX2 I IS,y ki H
PG COX1/COX2 Mg e, URIRIX —HKib G
YT % (AR B .

3 SRy
3.1 UESRHFA

200~300 HEEZEMrEk(E BEH L), HEA
AR (GFasa, MHEVLARERIT KA RAF]), EAIMHTAX
(WFH-203B, i Ag RE sl A IR A &), & 50E S
(SGW-X4, kg% R ZAA AR AR, BT RKR
1E), HF R F(Adventurer ARB120, % [E OHAUS). #
LR 1A% (Agilent 405/54 400MHz 121X 5Y, Avance
Il 600 MHz ¥4, TMS NWAR, 7 DMSO-dy),
T W S X (Agilent 6230 ToF); 4 i 5% 3% 46 (3£ [
Thermo A #)); B AR (32 E Thermo A #]); {3
B R EBL(Olympus 1X71); #E G (5 b7 28 i
EAMRAF).

TosMIC (Sigma 2~ &), HEE. N,N-— H & H ik i
(DMF). A1l B8 CBa55 3 AR S5 B E 2548 4]
fh 2R PR 2 7. RPMI-1640 3537 35 (HyClone 24 )+
McCOY’5A $537 3 (Sigma A #]). F MR 4 1%
(HyClone 7)) 5% 2 558 = (WL, HyClone 2
7). L Ca®", Mg B IR L 22 P (PBS, HyClone A 7).
0.25%JER % (HyClone A7) AEH2% DMSO ((Hy-
Clone A 7)) MEME I (Sigma A 7). HEAZE(Sigma A 7).

N&E W HCT-116, &G B4 E) N\ S 5
4l (Hela, RIFEAME) A B IR 40 (SGC-7901,
FRORMBE AN AR ) A B I P 2 4E B (HUVEC, R}
B 2 P ).

3.2 LWHE
3.2.1 Aemege R

FREL 0.09 g (3.9 mmol)& /@A 10 mL H fEEH,
Pt P ZI 1 AR R NS, NN 0.40 g (2.6 mmol)
2-FOK O, FiRBEEE 5 min, SO 0.50 g (2.6 mmol) 5-
PRIy -2- FE, %75 SN 30 min, TLC AR Sz o7 kR,
SAMNE A N 5E SR N R A ek e 5 B 2 R, SR
R ENT s aith, A/ QR BV - V=60 : 1~
20 1 BTN, 13 BIRE AREA 2A 0.69 g, E 80.6%.
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2B~5C WA b IR 24 M, 1200 N CR I s, N
70%~90%.

% 0.26 g (2.3 mmol) ~-BuOK(HU T EEH) A 12
mL DMF i, $iifE HZIInA 0.36 g (1.8 mmol) TosMIC
FIRBEEE 5 min A£47. 0.50 g (1.5 mmol) 2A T 3 mL
DMF H1, 6 Hi it R PR &R, R 6 h. TLC i)
W R SER S, RSN 100 mL Kk, LB
(20 mL X 3)ZHL, UEEA HLAH, FH A0 S AL i ik,
SR FJCKIR BRI T A MUAH 2 h, g, WCSEIER, o
Tk SR U e 2K Bk 25 TR L Bis; SR AR E AT 7 5 4lifk,
A IR BV © V=10 1~3 > D)EEEEVEE, 542
AR BEA 22 0.22 g, ULE 40.4%. 2b~5¢ A LR
5 2a #[F], F=HL215 30%~70%.

[4-(5- 1R MBE WYy -2- 3 )- 1 H- ML % -3- 35 ) (2- S 2K 22 ) 7
(2a): KRR, P2 F 40.4%. mp. 171~173 C; 'H
NMR (400 MHz, DMSO-dy) o: 11.88 (s, 1H, pyrrole-NH),
7.54~7.40 (m, 4H, ArH), 7.33~7.28 (m, 2H, thiophene-
H-+pyrrole-H), 7.13 (d, J=4.0 Hz, 1H, thiophene-H), 6.99
(dd, J=2.0, 3.2 Hz, pyrrole-H); “C NMR (101 MHz,
DMSO-dg) J: 188.8, 140.8, 138.8, 131.4, 131.2, 130.5,
130.1, 130.0, 129.1, 127.4, 126.3, 121.4, 121.0, 117.5,
109.3; ESI-HRMS calcd for C;sHyONSBrCl [M—i—H]+
365.9277, 367.9319; found 365.9349, 367.9325.

[4-(5-VRMEWy -2-F5)- 1 H-MHE g -3- 3 (3- R AR R L)
fif(2b): FEEH A, F7% 36.3%. mp. 119~121 C; 'H
NMR (400 MHz, DMSO-dy) o: 11.82 (s, 1H, pyrrole-NH),
7.42 (t, J=8.0 Hz, 1H, ArH), 7.32~7.29 (m, 3H, ArH),
7.24 (t, J=2.4 Hz, 1H, pyrrole-H), 7.17~7.15 (m, 2H,
thiophene-H+pyrrole-H), 7.10 (d, J=4.0 Hz, 1H, thio-
phene-H), 3.81 (s, 3H, OCHj;); BC NMR (101 MHz,
DMSO-dg) d: 190.2, 159.5, 141.8, 139.4, 130.4, 129.9,
129.4, 125.9, 121.9, 120.8, 120.5, 118.1, 118.0, 114.1,
109.3, 55.7; ESI-HRMS calcd for C,¢H;,0,NSBr [M+H]"
361.9772, 363.9817; found 361.9844, 363.9825.

[4-(5- 1R WE Wy -2-F )-1 H-tE i -3-FE ] (3- YR A 228 ) Y il
(2e): KA, PPF 513%. mp. 135~137 C; 'H
NMR (400 MHz, DMSO-d;) : 11.89 (s, 1H, pyrrole-NH),
7.83 (t, J=1.6 Hz, 1H, ArH), 7.79 (d, J=8.0 Hz, 1H,
ArH), 7.72 (d, J=8.0 Hz, 1H, ArH), 7.46 (t, J=8.0 Hz,
1H, ArH), 7.32~7.29 (m, 2H, pyrrole-H), 7.16 (d, J=3.9
Hz, 1H, thiophene-H), 7.10 (d, J=3.9 Hz, 1H, thio-
phene-H); *C NMR (101 MHz, DMSO-ds) J: 188.8,
142.4, 139.1, 134.7, 131.7, 131.0, 130.4, 129.8, 128.3,
126.1, 122.1, 121.0, 120.1, 117.9, 109.3; ESI-HRMS calcd
for C,sHyONSBr, [M+H]" 409.8840, 411.8797; found
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409.8841, 411.8822.

[4-(5-TRMEWY -2-55)-1 H-ME i -3- 551 (3,4- — AR B R
FEHE)2d): FEEREK, 77K 40.5%. mp. 162~164 C;
'"H NMR (600 MHz, DMSO-dg) : 11.75 (s, 1H, pyr-
role-NH), 7.41 (dd, J=1.8, 8.2 Hz, 1H, ArH), 7.35 (d, J=
1.8 Hz, 1H, ArH), 7.29 (t, J=2.4 Hz, 1H, pyrrole-H), 7.27
(t, J=2.4 Hz, 1H, pyrrole-H), 7.11 (d, J=3.6 Hz, 1H, thi-
ophene-H), 7.08 (d, J=3.6 Hz, 1H, thiophene-H), 7.05 (d,
J=8.2 Hz, 1H, ArH), 3.84 (s, 3H, OCH3), 3.80 (s, 3H,
OCH;); C NMR (101 MHz, DMSO-d;) J: 189.3, 152.6,
148.8, 139.6, 132.6, 130.4, 128.0, 125.6, 124.0, 120.7,
120.3, 118.0, 112.3, 111.1, 109.1, 56.2, 55.9; ESI-HRMS
caled for CysH40sNSBr [M+H]" 391.9878, 393.9927;
found 391.9952, 393.9931.

[4-(5- VR WE Wy -2-F55 )- 1 H- L 6 -3- J 1(2- 9 2 22 ) il
(2e): LAFMEMAK, 77 32.0%. mp. 136~138 C; 'H
NMR (400 MHz, DMSO-dg) 6: 11.90 (s, 1H, pyrrole-NH),
7.58~7.49 (m, 2H, ArH), 7.32~7.26 (m, 4H, ArH+
pyrrole-H+thiophene-H), 7.15 (s, 1H, pyrrole-H), 7.12 (d,
J=4.0 Hz, 1H, thiophene-H); *C NMR (101 MHz,
DMSO-dg) o: 186.8, 160.5, 158.0, 138.9, 132.6, 132.5,
131.0, 130.4, 130.2, 130.2, 129.7, 129.5, 126.3, 124.8,
124.7, 121.4, 1212, 117.4, 116.6, 116.4, 109.3; ESI-
HRMS caled for C,sHyONSFBr [M—|—H]+ 349.9572,
351.9613; found 349.9647, 351.9627.

[4-(5- 1R ME Ry -2-F5)-1 H-IHE g -3- 351 (2,4- — F L O )
R 2E): KO A, 775 40.1%. mp. 170~172 C; 'H
NMR (400 MHz, DMSO-dy) ¢: 11.76 (s, 1H, pyrrole-NH),
7.27~7.25 (m, 2H, thiophene-H), 7.24 (d, /=7.6 Hz, 1H,
Ar H), 7.11 (s, 1H, pyrrole-H), 7.10 (s, 1H, pyrrole-H),
7.05 (d, J=7.6 Hz, 1H, ArH), 6.95~6.94 (m, 1H, Ar H),
2.32 (s, 3H, CH3), 2.23 (s, 3H, CH3); *C NMR (101 MHz,
DMSO-dg) 0: 192.6, 139.4, 139.3, 138.5, 135.8, 131.7,
130.3, 130.3, 128.4, 126.0, 125.9, 122.0, 120.9, 117.5,
109.1, 21.3, 19.8; ESI-HRMS caled for C,;H;;ONSBr
[M+H]" 359.9979, 362.0032; found 360.0055, 362.0035.

[4-(5-VRMENy -2-3)-1 H-IE I -3-F ] (3- A 22 7 22 ) HH il
(2g): LLEAMER, 2% 33.3%. mp. 165~167 C; 'H
NMR (400 MHz, DMSO-dg) 6: 11.97 (s, 1H, pyrrole-NH),
8.40~8.38 (m, 2H, ArH), 8.12 (d, J=6.8 Hz, 1H, ArH),
7.76 (t, J=17.6 Hz, 1H, ArH), 7.39 (s, 1H, pyrrole-H), 7.31
(s, 1H, pyrrole-H), 7.15 (d, J/=2.8 Hz, 1H, thiophene-H),
7.07 (d, J=2.8 Hz, 1H, thiophene-H); *C NMR (101
MHz, DMSO-d,) J: 188.2, 148.0, 141.5, 138.9, 135.4,
130.6, 130.5, 130.2, 126.4, 126.3, 123.8, 121.3, 119.9,
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118.0, 109.4; ESI-HRMS caled for C;sHyO3N,SBr [M—+
H]" 376.9551, 378.9557; found 376.9587, 378.9567.

[4-(5- VR WENy -2- 5 )- 1 H-PH I -3 - ] (4- Y B 4 ) Y
(2h): B AK, PF 61.6%. mp. 174~176 C; 'H
NMR (400 MHz, DMSO-dy) d: 11.82 (s, 1H, pyrrole-NH),
7.67 (d, J=8.0 Hz, 2H, ArH), 7.31 (d, /=38.0 Hz, 2H,
ArH), 7.29 (s, 1H, pyrrole-H), 7.25 (s, 1H, pyrrole-H), 7.16
(d, J=3.6 Hz, 1H, thiophene-H), 7.10 (d, /J=3.6 Hz, 1H,
thiophene-H), 2.39 (s, 3H, CH;); >C NMR (101 MHz,
DMSO-dy) 6: 190.2, 142.3, 139.4, 137.5, 130.3, 129.6(2C),
129.3(2C), 128.7, 125.7, 120.6, 120.5, 117.9, 109.1, 21.5;
ESI-HRMS calcd for C;4H;;ONSBr [M—i—H]+ 345.9857,
347.9866; found 345.9897, 347.9876.

[4-(5- VR WE Wy -2-F )- 1 - 1% -3- 3 1 (4- BR 2R 228 ) F I
(2i): FHOWAK, PF 47.5%. mp. 202~204 C; 'H
NMR (400 MHz, DMSO-dy) o: 11.89 (s, 1H, pyrrole-NH),
7.86 (d, J=7.6 Hz, 2H, ArH), 7.81 (d, J=7.6 Hz, 2H,
ArH), 7.76 (d, J=7.6 Hz, 2H, ArH), 7.52 (t, J=7.6 Hz,
2H, ArH), 7.43 (t, J=17.6 Hz, 1H, ArH), 7.37~7.30 (m,
2H, pyrrole-H + thiophene-H), 7.19 (s, 1H, pyrrole-H),
7.12 (d, J=3.6 Hz, 1H, thiophene-H); *C NMR (101
MHz, DMSO-d¢) o: 190.0, 143.7, 139.6, 139.4, 139.1,
130.4, 130.1 (2C), 129.5, 129.1 (2C), 128.6 (2C), 127.3
(20), 127.0, 125.9, 120.7, 120.5, 118.0, 109.2; ESI-HRMS
caled for C,H;ONSBr [M + H] 408.0013, 410.0019;
found 408.0050, 410.0032.

(4-(5-VRWEWy -2-3)-1 H-MEE 5 -3-36)(3,4,5- = H 4 3k
)T Q2)): R AR, 7 F 347%. mp.137~
139 C; '"H NMR (400 MHz, DMSO-d) : 11.83 (s, 1H,
pyrrole-NH), 7.43 (s, 1H, pyrrole-H), 7.29 (s, 1H, pyrrole-
H), 7.13 (d, /=3.6 Hz, 1H, thiophene-H), 7.09 (d, J=3.6
Hz, 1H, thiophene-H), 7.06 (s, 2H, ArH), 3.82 (s, 6H, 3,
5-OCHj,), 3.74 (s, 3H, 4-OCH3); *C NMR (101 MHz,
DMSO-d¢) o: 189.3, 152.9, 141.1, 139.4, 135.2, 130.3,
128.7, 125.8, 120.6, 120.4, 118.0, 109.2 (2C), 107.1 (20),
60.6, 56.4 (2C); ESI-HRMS calcd for C3H;sO4NSBr [M+
H]" 422.0017, 424.0026; found 422.0057, 424.0037.

[4-(5- S ME Wy -2- FE )- 1 H-HE 1 -3- R ] (2- S8 4 ) HY
(3a): LERK AR, 77 59.9%. mp. 185~187 C; 'H
NMR (400 MHz, DMSO-dy) o: 11.88 (s, 1H, pyrrole-NH),
7.53~7.43 (m, 4H, ArH), 7.34 (d, J=4.0 Hz, 1H, thio-
phene-H), 7.30 (t, J=2.0 Hz, 1H, pyrrole-H), 7.02 (d, J=
4.0 Hz, 1H, thiophene-H), 6.99 (dd, J=2.0, 3.2 Hz, 1H,
pyrrole-H); BC NMR (101 MHz, DMSO-d;) o: 188.8,
140.7, 136.1, 131.4, 131.2, 130.1, 130.0, 129.0, 127.3,
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126.9, 126.0, 125.3, 121.4, 120.9, 117.4; ESI-HRMS calcd
for C;sHyONSClL, [M+H]" 321.9815, found 321.9855.

[4-(5-FE Wy -2- 58 )- 1 H-ME % -3- 58] (3,4- — H AR BE R
) F R (3b): AR R, 7% 32.2%. mp. 175~
177 “C; "H NMR (400 MHz, DMSO-dy) 6: 11.70 (s, 1H,
pyrrole-NH), 7.37 (d, J=8.0 Hz, 1H, ArH), 7.31 (s, 1H,
ArH), 7.25 (s, 1H, pyrrole-H), 7.22 (s, 1H, pyrrole-H), 7.08
(d, J=2.4 Hz, 1H, thiophene-H), 7.00 (d, J=8.0 Hz, 1H,
Ar H), 6.92 (d, J=2.4 Hz, 1H, thiophene-H), 3.79 (s, 3H,
OCH;), 3.76 (s, 3H, OCH;); *C NMR (101 MHz,
DMSO-dg) d: 189.3, 152.6, 148.8, 136.8, 132.5, 127.9,
126.8, 125.8, 124.6, 124.0, 120.6, 120.3, 117.9, 112.2,
111.1, 56.1, 55.9; ESI-HRMS caled for C;,H;0sNSCI
[M+H]" 348.0416, found 348.0455.

[4-(5- U WE Wy -2-F55 )- 1 H- L s -3- J 1(2- 9 28 228 ) Y il
(3c): HAZFOMAK, 77K 36.7%. mp. 135~137 C; 'H
NMR (400 MHz, DMSO-dg) 6: 11.87 (s, 1H, pyrrole-NH),
7.53~7.45 (m, 2H, ArH), 7.29~7.25 (m, 4H, Ar H+
thiophene-H+ pyrrole-H), 7.12 (s, 1H, pyrrole-H), 6.98 (d,
J=24 Hz, 1H, thiophene-H); *C NMR (101MHz,
DMSO-ds) J: 186.8, 160.5, 158.0, 136.2, 132.6, 132.5,
131.0, 130.2, 129.7, 129.5, 126.9, 126.0, 125.3, 124.7,
124.7, 121.4,121.2, 117.5, 116.6, 116.4; ESI-HRMS calcd
for C;sHyONSFCI [M+H]" 306.0111, found 306.0151.

[4-(5-FAME Ny -2-F5)- 1 H-NHE g -3- 75 (4- HH R ) il
(3d): EREEORBAK, P7F 41.4%. mp. 181~183 C; 'H
NMR (400 MHz, DMSO-dq) 6: 11.77 (s, 1H, pyrrole-NH),
7.63 (d, J=7.6 Hz, 2H, Ar H), 7.28~7.25 (m, 3H, Ar H+
pyrrole-H), 7.20 (s, 1H, pyrrole-H), 7.15 (d, J=1.6 Hz,
1H, thiophene-H), 6.95 (d, J=1.6 Hz, thiophene-H), 2.35
(s, 3H, CH;); “C NMR (101 MHz, DMSO-d,) d: 190.2,
142.2, 137.5, 136.7, 129.5 (2C), 129.3 (2C), 128.8, 126.8,
125.8, 124.7, 120.6, 120.5, 117.9, 21.49; ESI-HRMS calcd
for C,sH;,ONSCI [M+H]" 302.0362, found 302.0403.

[4-(5- e Wy -2-F)- 1 H-ME s -3- 21 (2,4- - FH AR RO
HEA(3e): KRR, 773 37.6%. m.p. 189~191 C; 'H
NMR (400 MHz, DMSO-dg) 6: 11.79 (s, 1H, pyrrole-NH),
7.29~7.28 (m, 2H, thiophene-H+ pyrrole-H), 7.24 (d, J=
7.6 Hz, 1H, ArH), 7.11 (s, 1H, Ar H), 7.05 (d, J=7.6 Hz,
1H, ArH), 7.01 (d, J=3.6 Hz, 1H, thiophene-H), 6.96 (s,
1H, pyrrole H), 2.32 (s, 3H, CHs), 2.24 (s, 3H, CHs); °C
NMR (101 MHz, DMSO-dq) J: 192.6, 139.4, 138.5, 136.6,
135.8, 131.7, 130.3, 128.4, 126.8, 126.0, 125.8, 124.9,
122.0, 120.9, 117.6, 21.3, 19.8; ESI-HRMS calcd for
C7H,4,ONSCI [M+H]" 316.0518, found 316.0559.

Chin. J. Org. Chem. 2016, 36, 572~579

© 2016 Chinese Chemical Society & SIOC, CAS

[4-(5- U WE Wy -2-F5 )- L H- L % -3- J5 1 (3- Y 2R 3 ) i
3f): FEEEOR R, PP 37.6%. mp. 153~155 C; 'H
NMR (400 MHz, DMSO-dq) : 11.90 (s, 1H, pyrrole-NH),
7.83 (s, 1H, ArH), 7.81 (d, J=7.8 Hz, 1H, ArH), 7.73 (d,
J=7.8 Hz, 1H, ArH), 7.46 (t, J=7.8 Hz, 1H, ArH), 7.31
(s, 2H, pyrrole-H), 7.19 (d, J=3.6 Hz, 1H, thiophene-H),
7.00 (d, J=3.6 Hz, 1H, thiophene-H); *C NMR (101
MHz, DMSO-d;) o: 188.8, 142.4, 136.3, 134.7, 131.7,
131.0, 129.8, 128.3, 126.9, 126.0, 125.0, 122.1, 121.0,
120.1, 117.9; ESI-HRMS calcd for C;sHyONSCIBr [M—+
H]" 365.9347, 367.9297; found 365.9349, 367.9326.

[4-(5-5FMENY -2-F5)- 1 H-MHE g -3- 3 ) (4- R AR R L)
il(3g): LERRE, % 34.6%. m.p. 153~155 C; 'H
NMR (400 MHz, DMSO-dy) o: 11.77 (s, 1H, pyrrole-NH),
7.77 (d, J=8.6 Hz, 2H, ArH), 7.27 (s, 1H, pyrrole-H), 7.24
(s, 1H, pyrrole-H), 7.14 (d, J=3.6 Hz, 1H, thiophene-H),
7.04 (d, J=8.6 Hz, 2H, ArH), 6.98 (d, J=3.6 Hz, 1H, thi-
ophene-H), 3.84 (s, 3H, OCH,); BC NMR (101 MHz,
DMSO-dg) d: 189.3, 162.7, 136.8, 132.6, 131.7, 128.0,
126.8, 125.8, 124.6, 120.7, 120.3, 117.9, 114.0, 55.9;
ESI-HRMS caled for C;¢H;,O,NSCI (M + H] " ):
318.0348, found 318.0352.

[4-(5- W Wy -2- 3 )- 1 -k % -3-FE | AR 22 ) H i (3 h):
WA K, P25 39.8%. mp. 181~183 C; 'H NMR
(400 MHz, DMSO-d) 6: 11.84 (s, 1H, pyrrole-NH), 7.74
(d, J=7.6 Hz, 2H, ArH), 7.60 (t, J=7.6 Hz, 1H, ArH),
7.50 (t, J=7.6 Hz, 2H, ArH), 7.30 (s, 1H, pyrrole-H), 7.25
(s, 1H, pyrrole-H), 7.20 (d, /=3.2 Hz, 1H, thiophene-H),
7.01 (d, J=3.2 Hz, 1H, thiophene-H); >C NMR (101
MHz, DMSO-d) o: 190.5, 140.3, 136.6, 132.1, 129.3,
129.3 (2C), 128.7 (2C), 126.8, 125.9, 124.8, 120.7, 120.5,
117.9; ESI-HRMS calcd for C,;sH;,ONSCI [M—|—H]+
288.0242, found 288.0244.

[4-(5-FMEMy -2-F)- 1 H-NHE -3 -2 ) (3- A 2 R 28 ) HH
(3i): KR EK, PPFE 36.5%. mp. 195~197 C; 'H
NMR (400 MHz, DMSO-dy) d: 12.01 (s, 1H, pyrrole-NH),
8.44~8.42 (m, 2H, ArH), 8.16 (d, J=8.0 Hz, 1H, ArH),
7.80 (t, J=8.0 Hz, 1H, ArH), 7.43 (s, 1H, pyrrole-H), 7.36
(s, 1H, pyrrole-H), 7.21 (d, J=3.6 Hz, 1H, thiophene-H),
7.01 (d, J=3.6 Hz, 1H, thiophene-H); *C NMR (101
MHz, DMSO-dg) &: 188.1, 148.0, 141.5, 136.2, 135.4,
130.6, 130.2, 126.9, 126.4, 126.1, 125.2, 123.8, 121.2,
119.9, 118.0; ESI-HRMS calcd for C;sHyO3N,SCI [M+
H]" 333.0056, found 333.0092.

[4-(5- U WE Wy -2-F5 )- L H- L % -3- J5 1 (4- BR 2R 3L ) i
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3Bj): BEEHE, PPF 36.8%. mp. 195~197 C; 'H
NMR (400 MHz, DMSO-dy) ¢: 11.89 (s, 1H, pyrrole-NH),
7.87~7.80 (m, 4H, ArH), 7.76 (d, J=7.2 Hz, 2H, ArH),
7.51 (d, J=7.2 Hz, 2H, ArH), 7.44 (t, J=7.2 Hz, 1H,
ArH), 7.35~7.33 (m, 2H, pyrrole-H), 7.22 (d, J=2.8 Hz,
1H, thiophene-H), 7.01 (d, J=2.8 Hz, 1H, thiophene-H);
C NMR (101 MHz, DMSO-ds) d: 190.0, 143.7, 139.6,
139.1, 136.6, 130.1 (2C), 129.5, 129.2 (2C), 128.6, 127.3
(20), 127.0 (2C), 126.8, 125.9, 124.8, 120.7, 120.5, 117.9;
ESI-HRMS caled for C,H;ONSCI [M—+H]" 364.0554,
found 364.0559.

[4-(4- F JE -5 R IBE Yy -2 JE Y- 1 - ML g% -3- 3 | (2- &K
) HEH(da): BREKR, 77% 74.5%. mp. 195~197 C;
"H NMR (400 MHz, DMSO-d) : 11.83 (s, 1H, pyrrole-
NH), 7.51~7.38 (m, 4H, ArH), 7.23 (s, 2H, pyrrole-H),
6.95 (s, 1H, thiophene-H), 2.10 (s, 3H, CHs); BC NMR
(101 MHz, DMSO-dy) 6: 188.8, 140.9, 137.0, 136.6, 131.2,
131.1, 130.1, 130.1, 129.1, 127.8, 127.3, 121.1, 121.1,
117.6, 106.5, 15.4; ESI-HRMS calcd for C;¢H;;ONSCIBr
[M+H]" 379.9504, 381.9457; found 379.9506, 381.9483.

[4-(4-H -5 YR ME Wy -2-J)- 1 -k % -3- 35 ](2,4- — H
FeORFE) A (4b): KA ERR, 775 68.3%. mp. 167~
168 “C; '"H NMR (400 MHz, DMSO-dy) 6: 11.73 (s, 1H,
pyrrole-NH), 7.23~7.22 (m, 3H, ArH+pyrrole-H), 7.10
(s, 1H, thiophene-H), 7.04 (d, J=8.0 Hz, 1H, ArH), 6.93
(d, J=1.6 Hz, 1H, pyrrole-H), 2.32 (s, 3H, CH;), 2.23 (s,
3H, CHj), 2.13 (s, 3H, CH3); *C NMR (101 MHz,
DMSO-dg) 0: 192.5, 139.4, 138.6, 137.0, 136.9, 135.8,
131.7, 130.2, 128.4, 127.5, 126.0, 122.1, 120.6, 117.7,
106.3, 21.3, 19.8, 15.4; ESI-HRMS calcd for CsH,;s0-
NSBr [M+H]" 374.0170, 376.0114; found 374.0210,
376.0190.

[4-(4-FH JE -5 YR ME Wy -2 JE)- 1 H-THE I -3- 22 | (3- VR K
B H i (de): FREKIR, 725 46.8%. m.p. 164~166 C;
'H NMR (400 MHz, DMSO-dy) 6: 11.88 (s, 1H, pyrrole
NH), 7.84~7.78 (m, 2H, ArH), 7.72 (d, J=7.6 Hz, 1H,
ArH), 7.47 (t, J=7.6 Hz, 1H, ArH), 7.31 (d, J=2.0 Hz,
1H, pyrrole H), 7.27 (d, /=2.0 Hz, 1H, pyrrole H), 7.13 (s,
1H, thiophene H), 2.12 (s, 3H, CH;); “C NMR (101
MHz, DMSO-d;) 6: 188.8, 142.5, 137.0, 136.8, 134.6,
131.6, 130.9, 129.7, 128.3, 127.6, 122.0, 120.7, 120.1,
118.1, 106.5, 15.3; ESI-HRMS calcd for C;sH,;;ONSBr,
[M+H]" 423.8987, 425.8939; found 423.8999, 425.8979.

[4-(4- F I -5y IBE Yy -2 JE )- 1 - WL 1% -3- 3 ] (2- Ao
B (4d): FRORAR, 773 54.5%. mp. 166~168 C;
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'H NMR (400 MHz, DMSO-d) J: 11.84 (s, 1H, pyrrole-
NH), 7.54~7.45 (m, 2H, ArH), 7.29~7.23 (m, 3H, ArH+
thiophene-H), 7.20 (s, 1H, pyrrole-H), 7.11 (s, 1H, pyrrole-
H), 2.10 (s, 3H, CH;); *C NMR (101 MHz, DMSO-d) J:
186.8, 160.5, 158.0, 137.0, 136.6, 132.5, 132.5, 130.9,
130.9, 130.2, 130.2, 129.7, 129.5, 127.8, 124.7, 124.7,
121.5,121.0, 117.6, 116.6, 116.3, 106.5, 15.4; ESI-HRMS
caled for C,sH;;ONSFBr [M+H]" 363.9808, 365.9744;
found 363.9803, 365.9783.

[4-(4-H L -5- YR ME Wy -2-JL)- 1 H-ip s -3- 351 (3,4- — H
AR EL) F (de): BEOMIR, 773 52.4%. mp. 168~
170 C; '"H NMR (400 MHz, DMSO-d) J: 11.70 (s, 1H,
pyrrole-NH), 7.38 (d, /=8.0 Hz, 1H, ArH), 7.32 (s, 1H,
ArH), 7.25 (s, 1H, pyrrole-H), 7.20 (s, 1H, pyrrole-H), 7.06
(s, 1H, thiophene-H), 7.02 (d, /=8.0 Hz, 1H, ArH), 3.81
(s, 3H, OCH3), 3.77 (s, 3H, OCHs), 2.08 (s, 3H, CH;); "°C
NMR (101 MHz, DMSO-ds) J: 189.2, 152.6, 148.8, 137.3,
136.9, 132.6, 127.9, 127.1, 124.0, 120.6, 120.1, 118.1,
112.3, 111.1, 106.2, 56.1, 55.9, 15.3; ESI-HRMS calcd for
CisHcO;NSBr [M + H] " 406.0068, 408.0074; found
406.0109, 408.0090.

[4-(4- F 2L -5- IR IE My -2- 58 )- 1 - Wit i -3-BE | (R )
fiil (4f): KRR AR, 77K 41.7%. mp210~212 C; 'H
NMR (400 MHz, DMSO-dy) o: 11.81 (s, 1H, pyrrole-NH),
7.75 (d, J=17.2 Hz, 2H, ArH), 7.59 (t, J=7.2 Hz, 1H,
ArH), 7.50 (t, J=7.2 Hz, 2H, ArH), 7.26 (s, 1H, pyrrole-
H), 7.24 (s, 1H, pyrrole-H), 7.15 (s, 1H, thiophene-H), 2.12
(s, 3H, CH;); *C NMR (101 MHz, DMSO-d) 6: 190.4,
140.3, 137.0, 136.9, 132.1, 129.3 (2C), 129.2 (2C), 128.7,
127.3, 120.5, 120.4, 118.1, 106.4, 15.3; ESI-HRMS calcd
for CH;,ONSBr [M+H]" 345.9857, 347.9871; found
345.9895, 347.9875.

[4-(WE Wy -2-55)-1 H-TE g -3-F5 ] (2- U A 3% ) Y il (Sa):
RO AR, 725 44.1%. m.p. 174~176 °C; 'H NMR (400
MHz, DMSO-dq) J: 11.79 (s, 1H, pyrrole-NH), 7.53~7.39
(m, 5H, ArH+thiophene-H), 7.36 (d, /=4 Hz, 1H, thio-
phene-H), 7.20 (s, 1H, pyrrole-H), 7.02 (dd, /J=4.0, 4.8
Hz, 1H, thiophene-H), 6.97 (s, 1H, pyrrole-H); BC NMR
(101 MHz, DMSO-dg) 6: 188.7, 141.2,136.9, 131.3, 131.1,
130.1, 129.1, 127.5, 127.4, 126.2, 124.4, 121.3, 121.2,
121.1, 118.4; ESI-HRMS caled for C;sH;,ONSC1 [M+
H]" 288.0142, found 288.0245.

[4-( 1 Wy -2- 35 )- 1 FI- Lk W% -3 1(3- V5L 24 ) FFY 7l (Sb):
BEERER, F2% 33.4%. m.p. 155~157 ‘C; 'H NMR (400
MHz, DMSO-dg) 6: 11.80 (s, 1H, pyrrole-NH), 7.82~7.81
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(m, 1H, ArH), 7.77 (d, J=8.0 Hz, 1H, ArH), 7.72 (d, J=
8.0 Hz, 1H, ArH), 7.44 (t, J=8.0 Hz, 1H, ArH), 7.33 (dd,
J=5.2, 1.0 Hz, 1H, thiophene-H), 7.31 (dd, J=3.6, 1.0
Hz, 1H, thiophene-H), 7.29 (dd, J=2.4, 2.8 Hz, pyrrole-
H), 7.21 (t, J=2.4 Hz, 1H, pyrrole-H), 6.98 (dd, J=3.6,
5.2 Hz, 1H, thiophene-H); *C NMR (101 MHz, DMSO-
dg) o: 188.9, 142.7, 137.1, 134.6, 131.7, 130.9, 129.4,
128.3, 127.5, 125.8, 124.4, 122.0, 120.5, 120.4, 118.6;
ESI-HRMS caled for C;sH;(ONSBr [M+H]" 331.9666,
333.9713; found 331.9741, 333.9720.

[4-(WE Wy -2- FE )- 1 H- ML 1% -3- FE 1(4- B 2K L ) H il ()
MR, 7% 40.0%. m.p. 110~112 °‘C; "H NMR (400
MHz, DMSO-dg) d: 11.72 (s, 1H, pyrrole NH), 7.81 (d,
J=8.2 Hz, 2H, ArH), 7.75 (d, J=8.2 Hz, 2H, ArH), 7.70
(d, J=7.6 Hz, 2H, ArH), 7.47 (t, J=7.6 Hz, 2H, ArH),
7.38 (t, J=7.6 Hz, 1H, ArH), 7.31 (d, J=3.5 Hz, 1H, thi-
ophene H), 7.29 (d, J=5.1 Hz, 1H, thiophene H), 7.26 (t,
J=2.0 Hz, 1H, pyrrole H), 7.18 (t, J=2.0 Hz, 1H, pyrrole
H), 6.95 (dd, J=3.5, 5.1 Hz, 1H, thiophene H); >C NMR
(101 MHz, DMSO-dg) d: 190.1, 143.6, 139.7, 139.3, 130.2
(20), 129.5 (2C), 128.8, 128.6 (2C), 127.5 (2C), 127.4,
127.4, 126.9, 125.6, 124.2, 120.9, 120.3, 118.7; ESI-
HRMS caled for C,H;sONS [M+H]" 330.0908, found
330.0947.

3.2.2 HWEMSLE

SR FH WIE I 35 (MU )2 A% 00 4 5 0 1) ity . U
JE B Sy ¥ 240 PR 2 R A TR A B T I S K U
MTT & J5 AN T K 06 55 € 46 i FR B R UORR T 2
W SRR TCILThRE. DMSO ARV, FH B IE f s
REAGI E 570 nm ARG EE(OD 1H), 78— & 40 i3
YA Y, OGS A AR O L, H R A
TR, MTT S 2 BRI AR ST
00 241 P 158 (400 o 3 e ik 2 — 1),

B AREEAE P IR0 T . 44 f 2 95 )5 W BE 1% 7% (HCT-
116 B FEWN McCOY'SA, ST H0N 10%HI AR 2F 1
7H -+ 0.0022 g/mL NaHCOs;, H 4% 4 i 55 7% W 3 A
RPMI-1640, ST ECN 10% 00564 35 B ARF 52
1% EIT, B4R 3~5 ARG BUS A KA 1) 48 i, PBS
MRS NN EEFE AL 2 min, IO 5 mL BRI IR
b, WRFT ECEANAY, THEOS SRR RS S EL 90 uL 4
BN T 96 LR, AN LA A FOR A R
4000~5000. AHAEEEFRAEHIEFE 24 h 5, MO 10 pL K
FE 435124 500, 200, 100, 10, 1 pg/mL FIRE SR (3% T2
1 DMSO VR A7, DMSO & s AN 0.05%) 1 FH P4 Xt
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20, 10, 1, 0.1 pg/mL, B/MKFERE 3 MEAL, EXE
NS5 E DMSO B IR, 24 h 5, &FLF A 20 L 5
pg/mL MTT ] PBS WK, 4kZ:855% 4 h. /N0 Zss
FR%E, FEFLII 100 pL DMSO fE% 1 min, RS K
TSI 570 nm R OGEE.

s 7 (o) = 2D ODmanst o100,

OD:: g

R4 b A5 4 A P55 A0 4T A 189 7 0 i) 2R A s v o 2,

12 FH SPSS L 113 23 A v 552 3R Ak S 0 11 1Cs0 1H.

MR BRI, RS U S BRI IR IE N 50,
k’

BOB  EOUHATT AR E) A A R AR R B,

i Bh#1 KL (Supporting Information) fifH HIs L&
ff) "H NMR, C NMR LK ESI-HRMS i X 2b4fk}
AT LA B 9 AT 9 3 (http://sioc-journal.cn/)_F T 3.
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