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Abstract Sixteen novel amino acid-conjugates of pyrrole derivatives 7a~7p were designed and synthesized using benzal-
dehyde or 3,4-dimethoxybenzaldehyde as raw materials. The compounds were synthesized via multi-step reaction including
Wittig-Horner, Van Leusen and hydrolysis. The structures of all the target compounds were characterized by 'H NMR, "*C
NMR and HRMS. Moreover, the cell proliferation inhibiting activities of the target compounds were evaluated against MCF-7,
MGC80-3, Hep G2, CT-26 and HUVEC cell lines by thiazolyl blue tetrazolium bromide (MTT) method. The result indicated
that most of the compounds had no significant inhibitory effect against normal human cell HUVEC. However compounds
7a~Th showed significant inhibitory effect against Hep G2, compounds 7i~7p showed stronger inhibitory effect against
MCF-7 and MGC 80-3, and compound 70~7p exhibited the strongest inhibitory activity against MCF-7 in all of the com-
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pounds.

Keywords pyrrole; amino acid; synthesis; cytotoxic activities

NEE 1 SR AN ) S 24 B A 2 B 0 A3 ) B 4 R
oyt H 1857 4E Anderson ME B FH 43 Y LG DL
K, Mg AL 22t bl A K B UL i 2R S M R R =4
2y BT AN &R g AT AE o, IR
Z A A B F B TAR A R s AT AR ML R,
HER R AL A 4R 4E R B12 852 M 6144, Bt
DL I g A7 AR ) A BRAE ) BV AR R — EH &2 AT
K. A ERJLHEH, BRI AR AT g A7 A=)
(A R S e 25 2 e AT 7 Tz s el o
3,4- HUARIERE 16 i DA S AR AL 48 DU EE . BiE
B 25 O T 0 2 1Rl L AT AR T

* E-mail: zmmao@sjtu.edu.cn

34- IR AT A BUMBETEN Y, 2 4 AR 3-
H-A-TATEIUR, B 4- TR IR, 153211 R 51
WA EAT & NGRS E, M e 2RI
HEEAIE RS, THA ARSI e St
IEH AN L BB MHE T, XEoR 7k am AA
BRI P Je 2 Ak, e STHR T B A A AR 3R
TR BT IIWE 7C TARHAT I RIOC R A, R =
TRFFIEIE IR 1 AL TCEURIE, 3 A7 Ay Bihk | fiFf ik S I L7 Ak
W, e h 4 AR JC IR RN LA A L AR
SRS B T IR I, AW B BT UM R
k. ASHTTOR ZREETF XS 3,4- L% AR 7T, 8

Received July 10, 2014; revised August 20, 2014; published online September 12, 2014.
Project supported by the National Science and Technology Major Special Drug Discovery (No. 2010Z2X09401404-004).

Ex “ERFZ500H” BHEE KL T(No. 20102X09401404-004) % Bh 15 H .

Chin. J. Org. Chem. 2015, 35, 167~174

A ©2015 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 167



BIHE

R

ZO AL AL A BRI . 0 7T s R
AT R I T RAF T IEF M. MR gin T &
FBE & BORN AR B 2E, 75 BN TN 22 A S IR o R
S H 36 B P AR 00 T (B R, O R RR I TR ok Bl
AT IEEMAE. BEER G AR Y T, FTEA
P2 L R A0 B e R L ISR 2GR ARV E . 2R
2yt IEH AR AR AR VO, X oy SRR R B
Ry ARTEUIPR 2G4 TR T U kA
R 4 FONIEIEDR 3,4- WSS RIS, BL 3 frFk
AN, 18 3 ALl AARIMEERR, DS EIE 0
EREY). ARG T 16 MR IAE LAY,
HAEHZ "TH NMR, C NMR K HRMS #AE, ik s
FhAfuRk, 4378 MCF-7( N FLEME 40 ), MGC80-3(A\
BIEAIM), Hep G2(A\JTFHEANAR), CT-26(/N 5 &5 i 4n
JfL) AT HUVEC(A 5 # ik 1 5z 40 ) vt B AR & T T
PR G T ) k. A 2R I Scheme 1.
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DLk R = & Bs F0 05 & B v 5ok, kol it
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FH|H Van Leusen £ BGE SEHUL IS ARG 2, FERRTE T
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G R BRI D E SRR ER(EDC AT 1-F2 B 2R I —
(HOBTE N4 &7, SEURII R IR P E T4 6 )
NAFEA) 6a~6p, TERRME F/KAR. BRI, M43
JE 2 BAbEY) 7a~Tp. M AEH Van Leusen
o — i % 3,4- ZHURIEIE AL S . =R
v, Horb DA FH 6 AR I 3 R 3 i (Tosmic) Y Van
Leusen & iliiZ i N, ik s Ao B 2 o, f- AN
K&, ARIE AR LA g i, AR et
R, BACAEMENEIRN 3 5015 NEEIE, TR R A I P
W59, BN DT A S A AN VLR s L A, B
LA FEEIEA R o - ABFUGIR A K, AR
¥ A B A T AR AT Wittig-Horner B
Jetil %, FERBMLEY) 5a~5b o, W) RIEH
A D ¥ v 1 SR R R S B, H SRR e AR R R
B, ) 4% B S SN 4 BB, RN R IR,
alifh L IR e, 206 L5 16 S B3 R R . 2 e FRATTiE
F EDCI 1 HOBT WZE& 4G, XMkl a i
PR P R A8 R 2L 3R 47 (-9, HOBT KI5 N AT AZE IS 1k
NEE S22 5 11 [ B A 00 f B B IR (VY . 4 & i IR T
RO AT HEAT H O B IRGE, 5 Ab R 5, 0K 5 (65% ~
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() tetrahydropyrrol-2-yl, (g) CH,OH, (h) CH,COOH

6i ~ 6p, 7i ~ 7p: R' = OMe, R2 = OMe; R3 = (i) H, (j) CHy (k) CH(CHa)y, (I) CH,CH(CH3),,

(m) CH,Ph, (n) tetrahydropyrrol-2-yl, (0) CH,OH, (p) CH,COOH
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Table 1 Results of anti-proliferative activity of the target compounds on cells [ICso/(umoleL™")]

Compd. MCE-7 MGC380-3 Hep G2 CT-26 VEC
7a >1000 >1000 >1000 >1000 >1000
7b 360.09 >1000 217.91 >1000 >1000
7e 322.48 >1000 61.96 >1000 >1000
7d 114.76 >1000 247.61 >1000 >1000
7e >1000 >1000 >1000 >1000 >1000
7t >1000 >1000 >1000 >1000 >1000
7g >1000 >1000 130.63 >1000 >1000
7h >1000 >1000 466.45 >1000 >1000
7i >1000 173.84 541.81 >1000 >1000
7j 306.34 200.55 173.31 >1000 >1000
7k 266.68 360.03 115.12 >1000 >1000
7 102.15 386.01 169.94 >1000 >1000
7m >1000 >1000 >1000 >1000 945
7n >1000 >1000 >1000 >1000 >1000
70 31.32 78.82 89.34 >1000 >1000
7p 34.23 82.05 90.92 >1000 732.55

eV 3.06 42 5.7 9.7 68.9

“Do not calculate ICs, value which is bigger than 1000 pmol/L, described as>1000.

fi, MEHFEERTTUUEH: (D4 RZELE Y Ak
1B 4 e (HUVEC) & A B B s, Frath &)
X CT-26 YT BAMFIGEHE:, XA T i & EA
BT IR R RN 22 V. (2) 4 RN EEERUCH 4 74
3.4- THASIR LB A RG-S YA B, mrs
LR PR 55, L% MCF-7 fl Hep G2 5 — €/
HaEPE, HrhJtbl 7d X MCFE-7, 7e %F Hep G2 A #ik
(NI BE 71, ICso B 5374 114.76 1 61.96 pmoleL™'; J&
FH X} MCF-7, MGC80-3, Hep G2 fi 4 Fl AR X e i 4
UF, IR ZRIR R T R 1 LN AT G SR S B
g, HEARHE R F TR S EME R ST =
IR, A RES 545 AR AR T IX I, B
DL AL 5 2 5% B I 48 ol (R b AL S 4 5 8 A B %
ity )X 4 A7 3.4- A FE R BRI R 54L&
YIETEEBEE KL, To A Tp X = R 40 B S5
NS, JCHER MCF-7 T3, P 1) ICso 18 2351
N 31.32 F1 34.23 pmolsL™". MBI NEILRR 4 FRE
7o A1 7p SINE IR & L BIRA R KRR, XA
B 51z R YL e A IEAL, #5553
RNFRFERR L), Mt IE A7 5 2 38 5 Ak A V0 1 K
PE, WS m A AR R EE, TR, FRERSR
BRI THED DT 52 M MRS, SR
ATREINSRZGH) oy F IR R p 25 6, TSR I BE 4T 4
ISP, (5) 2 M 2 R B 2R TN S BR A FH Sk e 3,4- X
R RAA PN, FTRHIL &) Te, 76, Tm, Tn FEATG
PSP, 3K 15 B 2 ) Ao BELASE RIS AR F AL A Bk
R TE.
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RURF SGWX-4 AU s A 2 (HHAS 2 R
MR, IR RZLEIE; 'TH NMR Al °C NMR %H
Bruker Avance I1I 400 £Y8{ Varian NMR300 #Z i3 AR{%
M5E, LA TMS HNHE, CDCLs 8t DMSO-dg NVER; &4
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Y1) B $8 A A ) SR BG4 RIS AL A & (L
THEETT # I & A R AR CO, 557746 (Thermo Forma
Series 1) BEX G 224X (Thermo MK3). {5 & & 8%
(Olympus 1X71). MCF-7(ANFLERIE A M). MGC80-3(A
B EAIE). Hep G2\ AL CT-26(7) 545 e 4
) 2 HUVECOA ik LA P Rz 441 ) 350 0 5 | L
R A, B P A 3 R R T3 S T AE A S
GO bRAE.

32 EMMERERT
3.2.1 L-#ABR P BS 28R 269 & ka8 ik

50 mL HEEH, KEBFRE—10~—15 C, &
W0 2.2 mL &AL, 10 min N I05E. BX 25 mmol L-Z
BRI SRR AR, N R Y e R R R A —
10 °C, IN5e 5 fRHF 40 ‘C4k8: B 3 h. FHEZE IR
N3 h JE =R RN, TLC W, Ei=RE 6. RNMEEHR
Ja, VR ZERRIER, FREEVERIEMET 25 mL FEEEF
WiR, FWERT, WidEEE 3 K, RIREAELS S
V(R : LR ) =3 1 1], B35 L-ZXRF
EhFER RPN L R B AR R R I AR A T
TRAF, ZR IR 90%~97%.

322  BRBR = TEGHI AR

1) [ SRR 17.2 mL (0.963 g/mL, 0.1 mol)
Wil2 = £ H8 A1 10.6 mL (1.15 g/mL, 0.1 mol)5( Z.TR .8,
FIAFE R N2 4 h, BAFASEE KB, R
AR 112 °C/400 Pa i85y, B EE IR, 20.3
g, W 90.5%. '"H NMR (300 MHz, CDCl;) d: 4.18~4.07
(m, 6H, OCH,CH3), 2.91 (d, J=21.3 Hz, 2H, CH,CO),
1.32~1.20 (m, 9H, OCH,CH;).

3.2.3 3af=3b 494 A%

PA 3a HH1: 60 mmol +-BuOK il 100 mL J57K THF
o, $ERE, BRI 55 mmol BERE =28, WEE, fEE
30 min, JIA 50 mmol X FE, =i XM 4 h, TLC kil
N SERE R, JRE e THF, 7K 100 mL, ZRZ
BEZEH(20 mLX3), & IHA HLAH, A0S NI v,
AU TC KRR T4, IR Z8BRIE T, M2
WAL R VOFhEE) © MR Z18)=30 © 117,

3-FKIL IR . BE(3a): 7.93 g, FEOMPIRYD, UK
90%. '"H NMR (DMSO-ds, 400 MHz) J: 1.28 (t, J=7.2
Hz, 3H, OCH,CH,), 4.22 (q, J=7.2 Hz, 2H, OCH,), 6.66
(d, J=16.0 Hz, 1H, =CHCOOEY), 7.42~7.44 (m, 3H,
ArH), 7.66 (d, J=16.0 Hz, 1H, ArCH=), 7.70~7.72 (m,
2H, ArH).

3-(3,4- AR E)-NIRIR CBR(LL 3,4-— A5
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AHEENEEDED): 10.78 g, RFEEMAK, WE 91.3%.
m.p. 60~62 ‘C; '"H NMR (DMSO-ds, 400 MHz) J: 1.25 (t,
J=7.2 Hz, 3H, OCH,CHj3), 3.79 (s, 3H, OCHj3), 3.80 (s,
3H, OCHs), 4.18 (q, J=7.2 Hz, 2H, OCH,), 6.57 (d, J=
16.0 Hz, 1H, =CHCOOEY), 6.99 (d, J=8.0 Hz, 1H,
ArH), 7.25 (d, J=8.0 Hz, 1H, ArH), 7.36 (s, 1H, ArH),
7.60 (d, J=16.0 Hz, 1H, ArCH=).

3.2.4 4aF=4b 894K

L 4a Af: 40 mmol FIHLAH) 3a ¥ T 100 mL THF,
VKB EEE 15 min, IO 48 mmol ) Tosmic A1 60 mmol
RCT B, RBUKIBHEFE R B 1 h JE KA, =R
SRR TLC M= 2i% A RS, gt THF, ik
100 mL, ZFRZFEEAEU(25 mLX3), &I-ANAH, Hm
SN, BHE T KRBT 5, JE 2R
A, FH e AE E AT AR VOa ) © (LR
LEEY=51].

A- I H-IHES-3-FRTR L. BiK(4a): 4.56 g, IRE R
XK, WZ 53%. m.p. 88~90 C;'H NMR (DMSO-d;, 400
MHz) 6: 1.18 (t, J=7.2 Hz, 3H, OCH,CHj,), 4.11 (q, J=
7.2 Hz, 2H, OCH,), 6.93 (s, 1H, pyrrole- H), 7.21 (t, J=
7.2 Hz, 1H, ArH), 7.30 (t, J=7.2 Hz, 2H, ArH), 7.44 (d,
J=7.2 Hz , 2H, ArH), 7.47 (s, 1H, pyrrole- H), 11.53 (s,
1H, pyrrole-NH).

4-(3,4- R IE R HL)- 1 H-NE g 3-8 1% 2.8 (BL 3b A
JEE4b): 6.16 g, HEMAK, IKE 56%. mp. 149~
151 “C;'H NMR (DMSO-ds, 400 MHz) 6: 1.19 (t, J=7.2
Hz, 3H, OCH,CHs), 3.75 (s, 6H, OCHs), 4.12 (q, J=7.2
Hz, 2H, OCH,), 6.87~6.91 (m, 2H, ArH, pyrrole-H), 6.98
(d, J/=8.0 Hz, 1H, ArH), 7.08 (s, 1H, pyrrole-H), 7.44 (4,
J=2.8 Hz, 1H, ArH), 11.48 (s, 1H, pyrrole-NH).

3.2.5 5afe 5b 69A K

PL 5a Ff5): 20 mmol KILEY) 4a V5T 50 mL LB,
FEHE, W0 100 mmol f¥) NaOH (4 mol/L)¥&W, nke, 7+
T BN, TLC Wl e 45 K 5 75 Bk 20, ok 20
mL, LR ZBE(10 mL X 3)¥k, UK, KK H R mk Sh
W pH % 2~3, HBLKEVUE, ik, JEUHES R

A4-FEFE- 1 H-ME % -3-FR R (5a): 3.22 g, k¥ (0 [E4A,
& 86%. m.p. 175~177 “C; 'H NMR (DMSO-d,, 400
MHz) J: 6.91 (t, J=2.4 Hz, 1H, pyrrole-H), 7.19 (t, J=7.2
Hz, 1H, ArH), 7.29 (t, J=7.2 Hz, 2H, ArH), 7.43 (t, J=
2.4 Hz, 1H, pyrrole-H), 7.47 (d, J=7.2 Hz, 2H, ArH),
11.45 (s, 1H, COOH), 11.55 (s, 1H, pyrrole-NH).

4-(3,4- — HRFE A FE)- 1 H-IE % -3- R B2 (UL 4b N JE
E(Sb): 4.05 g, KA, KE 82%. mp. 205~
207 ‘C; '"H NMR (DMSO-ds, 400 MHz) 6: 3.74 (s, 3H,
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OMe), 3.75 (s, 3H, OMe), 6.86~6.89 (m, 2H, ArH, pyr-
role- H), 7.00 (d, J=28.0 Hz, 1H, ArH), 7.13 (s, 1H, ArH),
7.41 (t, J=2.4 Hz, 1H, pyrrole-H), 11.39 (s, 1H, COOH),
11.52 (s, 1H, pyrrole-NH).

3.2.6 6a~6p 494 Akl ik

HY 2 mmol /) Sa(EY 5b)¥ T 30 mL S H ke, UK,
B 2.4 mmol ) HOBT % 2.4 mmol ] = Z.}%(3.6 mmol)
AR L) EDCL st #EiE14k 30 min /5, A 2.6
mmol 5 Fi il % (1 2 B R R SR R SR M Z /T Al 3.4
mmol = ZJEhb3), KN 4~24 h. TLC Wi 2 5 58 B,
SR SE K PE(S mL X 2), TATERKER S AN AW, BATE
KT, AHUAHETCKEREREN T, I8 75 Tia 1A
i, FH AR BT AL [ BRI VA ThE) © (4
B lE)=1:1~1:2], BEY 6a~e6p™, Y
65%~95%.

3.2.7 7a~Tp 494 ARkl ik

H 1 mmol F] 6a~6p % fi# T 10 mL THF 1, fiNA 4
mmol NaOH ¥ (1 mol/L), #i¥E, &M, TLC Y= &
S5 JEET THF, IO 10 mL /K, ZBZEEsE 3k, &
WUEF, VKA, KA 1 mol/L YRRV
W pH & 2~3, A REVENH, 4R AFEERAS
mL X 3), &HAHAH, TRKRERANT R, ik, ETE
A, R E L, BREY) Ta~Tp.

N-(4- T FE- 1 H-ME W -3 355 )-L- H 2R (Ta): ¥R 3K £
[, % 83%. m.p. 205~207 °‘C; 'H NMR (DMSO-d;,
400 MHz) 6: 3.81 (d, J=6.0 Hz, 2H, NCH,COO), 6.93 (t,
J=2.4 Hz, 1H, pyrrole-H), 7.15 (t, J/=7.2 Hz, 1H, ArH),
7.27 (t, J=7.2 Hz, 2H, ArH), 7.29 (t, J=2.4 Hz, 1H, pyr-
role-H), 7.47 (d, J=7.2 Hz, 2H, ArH), 7.90 (t, J=6.0 Hz,
1H, CONH), 11.24 (s, 1H, pyrrole-NH), 12.40 (s, 1H,
COOH); *C NMR (100 MHz, DMSO-dg) 6: 172.3, 165.8,
136.0, 128.8 (2C), 128.1 (2C), 125.9, 124.3, 122.1, 118.7,
117.1, 41.3; ESI-HRMS caled for C;3H3sN,0; [M+H]"
245.0926, found 245.0916.

N-(4- 51 H-ME g -3- 58 )-L- N 2 B2 (Th): ¥R 3 (4
A, R 85%. m.p. 165~167 “C; "H NMR (DMSO-d,
300 MHz) 6: 1.31 (d, J=7.2 Hz, 3H, NCCH3), 4.24~4.34
(m, 1H, NCH), 6.93 (t, J=2.4 Hz, 1H, pyrrole-H), 7.18 (t,
J=7.2 Hz, 1H, ArH), 7.26 (t, J=7.2 Hz, 2H, ArH), 7.31(t,
J=2.4 Hz, 1H, pyrrole-H), 7.46 (d, J=7.2 Hz, 2H, ArH),
774 (d, J=72 Hz, 1H, CONH), 11.24 (s, 1H, pyr-
role-NH), 12.39 (br s, 1H, COOH); *C NMR (100 MHz,
DMSO-dy) d: 175.1, 165.4, 136.0, 128.8 (2C), 128.2 (2C),
126.0, 124.2, 122.3, 118.5, 117.1, 48.1, 17.6; ESI-HRMS
caled for C4H;sN,O; [M + H] © 259.1083, found
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259.1084.

N-(4- R FE- 1 H-ME W% -3- B 35 )-L- B R R (Te): 1R 3%
A, WE 79%. m.p. 199~201 ‘C; "H NMR (DMSO-d,
400 MHz) 6: 0.80 (d, J=6.8 Hz, 3H, CH3), 0.88 (d, J=6.8
Hz, 3H, CH;), 2.10~2.01 (m, 1H, CH(CH,),), 4.23 (dd,
J=8.0, 6.0 Hz, 1H, NCH), 6.91 (t, J=2.4 Hz, 1H, pyrrole-
H), 7.11 (d, J=8.0 Hz, 1H, CONH), 7.20 (t, J=7.2 Hz,
1H, ArH), 7.30 (t, J=7.2 Hz, 2H, ArH), 7.34 (t, J=2.4
Hz, 1H, pyrrole-H), 7.44 (d, J=7.2 Hz, 1H, ArH), 11.29
(s, 1H, pyrrole-NH), 12.48 (brs, 1H, COOH); BC NMR
(100 MHz, DMSO-d) 6: 173.8, 165.5, 136.0, 129.0 (2C),
128.4 (2C), 126.3, 123.8, 122.8, 118.6, 117.2, 57.8, 30.1,
19.7, 18,6; ESI-HRMS calcd for C;¢H;oN,O; [M+H]"
287.1396, found 287.1394.

N-(4-2FFE-1H-NE s -3- B 58 )-L- 2 = FR (7d): %
44, R 78%. m.p. 184~186 C; '"H NMR (DMSO-dj,
400 MHz) §: 0.86~0.90 (m, 6H, C(CH;),), 1.41~1.73 (m,
3H, CH,CH), 4.27~4.39 (m, 1H, NCH), 6.93 (s, 1H, pyr-
role-H), 7.17 (t, J=7.2 Hz, 1H, ArH), 7.26 (t, J=7.2 Hz,
2H, ArH), 7.31 (s, 1H, pyrrole-H), 7.45 (d, J="7.2 Hz, 2H,
ArH), 7.63 (d, J=7.6 Hz, 1H, CONH), 11.25 (s, 1H, pyr-
role-NH), 12.43 (brs, 1H, COOH); *C NMR (100 MHz,
DMSO-dg) d: 175.1, 165.6, 136.0, 128.8 (2C), 128.2 (20),
126.0, 124.1, 122.3, 118.5, 117.2, 50.8, 25.0, 23.4, 21.8
(2C); ESI-HRMS caled for C;;H,N,O; [M + H] *
301.1552, found 301.1523.

N-(4- R FE- 1 H-HE W3- B FE )-L- 2K TR R R (Te): ¥R 7%
& 44, IR 87%. m.p. 94~96 “C; 'H NMR (DMSO-dj,
400 MHz) 6: 2.91~2.97 (m, 1H, ArCH), 3.09~3.13 (m,
1H, ArCH), 4.50~4.56 (m, 1H, NCH), 6.90 (t, J=2.4 Hz,
1H, pyrrole-H), 7.12~7.33 (m, 11H, ArH, pyrrole-H),
7.72 (d, J=8.0 Hz, 1H, CONH), 11.22 (s, 1H, pyrrole-
NH), 12.62 (brs, 1H, COOH); “C NMR (100 MHz,
DMSO-d) 6: 174.0, 165.3, 138.5, 135.8, 129.6 (2C), 128.7
(20), 128.6 (2C), 128.2 (2C), 126.8, 125.9, 124.1, 122.2,
118.6, 117.1, 53.9, 37.0; ESI-HRMS calcd for CpoH;sN,O5
[M+H]" 335.1396, found 335.1385.

N-(4- R FE- 1 H-MHE 6 -3-F 8 )-L- JiF 20 R (7€) 7% B
A, W 65%. m.p. 106~108 “C; "H NMR (DMSO-d,
400 MHz) 6: 1.56~1.89 (m, 3H, pyrrolidine-H), 2.13~
2.16 (m, 1H, pyrrolidine-H), 3.30~3.41 (m, 2H, pyrroli-
dine-H), 4.2~4.4 (m, 1H, pyrrolidine-H), 6.86~7.09 (m,
2H, pyrrole-H), 7.13 (t, J=7.2 Hz, 1H, ArH), 7.25 (t, J=
7.2 Hz, 2H, ArH), 7.46 (d, J=7.2 Hz, 2H, ArH), 11.24 (s,
1H, pyrrole-NH), 12.45 (brs, 1H, COOH); *C NMR (100
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MHz, DMSO-dq) : 173.7, 165.9, 135.4, 128.1 (2C), 126.6
(20), 125.2, 122.6, 120.0, 117.0, 116.7, 58.5, 48.5, 29.1,
24.5; ESI-HRMS caled for C;H7N,O; [M + H] "
285.1239, found 285.1235.

N-(4-ZR B -1 H-MHE 0 -3- 3 6 )-L- 22 B R (Tg): ¥ (0[]
&, W 80%. m.p. 174~176 ‘C; 'H NMR (DMSO-dj,
400 MHz) 6: 3.66~3.75 (m, 2H, CCH,), 4.34~4.39 (m,
1H, NCH), 4.90 (brs, 1H, OH), 6.93 (t, J=2.4 Hz, 1H,
pyrrole-H), 7.17 (d, J=7.2 Hz, 1H, ArH), 7.27 (t, J=7.2
Hz, 2H, ArH), 7.35 (t, J=2.4 Hz, 1H, pyrrole-H), 7.41 (d,
J=7.6 Hz, 1H, CONH), 7.47 (d, J=7.2 Hz, 2H, ArH),
11.29 (s, 1H, pyrrole-NH), 12.52 (brs, 1H, COOH); e
NMR (100 MHz, DMSO-dy) J: 172.8, 165.3, 135.8, 128.8
(2C), 128.3 (2C), 126.0, 124.1, 122.6, 118.7, 117.1, 61.9,
55.3; ESI-HRMS caled for C H;sN,O, [M + H] '
275.1032, found 275.1024.

N-(4-ZK B -1 H-ME MG -3-FRBE)-L- R A& B (Th): K
o [l Ak, i E 89%, mp. 181 ~ 183 ‘C; 'H NMR
(DMSO-ds, 400 MHz) 6: 2.60~2.66 (m, 1H, CCH),
2.72~2.78 (m, 1H, CCH), 4.65 (q, J=7.2 Hz, 1H, NCH),
6.93 (t, J=2.0 Hz, 1H, pyrrole-H), 7.16 (t, J=7.2 Hz, 1H,
ArH), 7.26 (t, J=7.2 Hz, 2H, ArH), 7.28 (t, J=2.0 Hz,
1H, pyrrole-H), 7.45 (d, J=7.2 Hz, 2H, ArH), 7.76 (d, J=
8.0 Hz, 1H, CONH), 11.29 (s, 1H, pyrrole-NH), 12.46 (brs,
2H, COOH); “C NMR (100 MHz, DMSO-d;) o: 173.3,
172.4, 165.2, 135.8, 128.8 (2C), 128.2 (2C), 126.0, 124.1,
122.5, 118.7, 117.0, 49.2, 36.5; ESI-HRMS calcd for
CisHsN,Os [M+H]" 303.0981, found 303.0977.

N-[4-(3,4- - FAE )~ RS- 1 - -3 0k - L- H R
FR(7i): ¥k A, U 85%. 201~203 C; 'H NMR
(DMSO-ds, 400 MHz) J: 3.733 (s, 3H, OCH3), 3.737 (s,
1H, OCH3), 3.78 (d, J=5.6 Hz, 2H, NCH,), 6.87 (d, J=
8.4 Hz, 1H, ArH), 6.88 (t, J=2.4 Hz, 1H, pyrrole-H), 7.00
(d, J=8.4 Hz, 1H, ArH), 7.10 (s, 1H, ArH), 7.25 (t, J=2.4
Hz, 1H, pyrrole-H), 7.63 (brs, 1H, CONH), 11.21 (s, 1H,
pyrrole-NH); BC NMR (100 MHz, DMSO-dq) d: 172.5,
165.8, 148.6, 147.5, 128.7, 123.9, 122.1, 120.7, 118.2,
117.2, 113.2, 112.1, 56.0, 55.8, 41.7; ESI-HRMS calcd for
CysH7N,Os [M+H]" 305.1137, found 305.1126.

N-[4-(3,4- — FAR L)~ B - 1 H-ME I -3- B L - L- T &R
B2 (75): el ik, R 80%. mp. 85~87 C; 'H
NMR (DMSO-d,, 300 MHz) 6: 1.29 (d, J=7.2 Hz, 3H,
CH;), 3.727 (s, 3H, OCHj3), 3.735 (s, 3H, OCH,), 4.23~
4.32 (m, 1H, NCH), 6.84~6.87 (m, 2H, ArH, pyrrole-H),
6.98 (d, J=8.4 Hz, 1H, ArH), 7.07 (s, 1H, ArH), 7.25 (brs,
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1H, pyrrole-H), 7.58 (d, J=7.5 Hz, 1H, CONH), 11.20 (s,
1H, pyrrole-NH), 12.35 (brs, 1H, COOH); 3C NMR (100
MHz, DMSO-dg) 0: 174.5, 164.9, 148.1, 147.1, 128.2,
123.4, 121.8, 120.3, 117.6, 116.6, 112.8, 111.6, 55.6, 55.3,
47.6, 17.2; ESI-HRMS caled for C;H;oN,Os [M+H]"
319.1294, found 319.1278.

N-[4-(3,4- - FUAR 38 )~ AR B -1 - I -3- 3 0 - L- 41
R (Tk): 3% e A, K 87%. mp. 89~91 C; 'H
NMR (DMSO-d;, 400 MHz) 6: 0.73 (d, J=6.8 Hz, 3H,
CH,), 0.84 (d, J=6.8 Hz, 3H, CH;), 1.98~2.08 (m, 1H,
CH(CHs),), 3.74 (s, 6H, OCHs), 420~4.23 (m, 1H,
NCH), 6.85 (d, J=2.4 Hz, 1H, pyrrole-H), 6.89~6.96 (m,
3H, ArH, CONH), 7.02 (d, J=2.0 Hz, 1H, ArH), 7.29 (t,
J=2.4 Hz, 1H, pyrrole-H), 11.25 (s, 1H, pyrrole-NH),
12.36 (brs, 1H, COOH); *C NMR (100 MHz, DMSO-d;)
0: 173.3, 164.9, 148.4, 147.4, 128.1, 123.0, 122.2, 120.7,
117.8, 116.8, 112.9, 111.9, 57.1, 55.6, 55.3, 29.6, 19.2,
17.8; ESI-HRMS caled for C;sH,3N,Os [M + H] ©
347.1607, found 347.1595.

N-[4-(3,4- — FAR ) A B - 1 H-ME I -3- e - L
BR(T1): 3% (AR, IR 84%. mp. 87~89 C; 'H
NMR (DMSO-ds, 400 MHz) 6: 0.86 (t, J=6.8 Hz, 6H,
CH;), 1.48~1.61 (m, 3H, CH,CH), 3.73 (s, 3H, OCHj3),
3.74 (s, 3H, OCHj3), 4.29~4.34 (m, 1H, NCH), 6.86~6.88
(m, 2H, ArH, pyrrole-H), 6.97 (d, J/=8.0 Hz, 1H, ArH),
7.06 (s, 1H, ArH), 7.25 (brs, 1H, pyrrole-H), 7.32 (d, J=
8.0 Hz, 1H, CONH) 11.15 (s, 1H, pyrrole-NH), 12.32 (brs,
1H, COOH); “C NMR (100 MHz, DMSO-dy) o: 175.1,
165.6, 148.6, 147.6, 128.7, 123.9, 122.2, 120.7, 118.1,
117.2, 113.2, 112.1, 56.0, 55.8, 50.7, 24.9, 23.4, 21.8;
ESI-HRMS caled for CoH,sN,Os [M+H]" 361.1763,
found 361.1759.

N-[4-(3,4- — AR )~ 2R 6 | D -3- B 3K )-L- 28 1
AR (Tm): KB AL, UZ 83%. mp. 176~178 C;
'H NMR (DMSO-ds, 400 MHz) 0: 2.91~2.97 (m, 1H,
ArCH), 3.10~3.15 (m, 1H, ArCH), 3.68 (s, 3H, OCH;),
3.73 (s, 3H, OCH;), 4.43~4.48 (m, 1H, NCH), 6.80 (d,
J=8.0 Hz, 1H, ArH), 6.83~6.86 (m, 2H, ArH, pyr-
role-H), 7.01 (s, 1H, ArH), 7.13~7.25 (m, 8H, ArH, pyr-
role-H, CONH), 11.21(s, 1H, pyrrole-NH); C NMR (100
MHz, DMSO-d) 0: 175.0, 165.1, 148.6, 147.6, 140.0,
129.7 (2C), 128.6, 128.4 (2C), 126.5, 123.6, 122.1, 120.8,
118.1, 117.5, 113.1, 112.1, 56.0, 55.8, 54.6, 37.5;
ESI-HRMS caled for CpH»N,Os [M+H]" 395.1607,
found 395.1588.
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N-[4-(3,4- - FAR )~ RS- 1 H-ME -3 0k - L- Tl
FR(Tn): R FOE A, YR 75%. mp. 230~232 C; 'H
NMR (DMSO-ds, 400 MHz) 6: 1.67~1.81 (m, 3H, pyr-
rolidine-H), 2.12~2.16 (m, 1H, pyrrolidine-H), 3.31~
3.36 (m, 2H, pyrrolidine-H), 3.73 (s, 3H, OCH3;), 3.75 (s,
3H, OCH;), 4.29~4.34 (m, 1H, pyrrolidine-H), 6.82~
7.03 (m, 5H, ArH, pyrrole-H), 11.20 (s, 1H, pyrrole-NH),
12.43 (brs, 1H, COOH); *C NMR (100 MHz, DMSO-d;)
5: 174.1, 166.6, 148.9, 147.3, 129.0, 123.2, 120.4, 119.3,
117.3, 116.8, 112.3, 111.4, 59.0, 56.0, 55.8, 49.0, 29.6,
25.0; ESI-HRMS caled for Cj;sH,N,Os [M + H] *
345.1450, found 345.1439.

N-[4-(3,4- — FAE L)~ R L - L - -3- B R ]-L- 2
% (70): (LK, YeE 80%. m.p. 187~189 C; 'H
NMR (DMSO-dq, 400 MHz) §: 3.63~3.67 (m, 1H, CCH),
3.70~3.72 (m, 1H, CCH), 3.73 (s, 3H, OCH3), 3.74 (s,
3H, OCH;), 4.34~4.38 (m, 1H, NCH), 4.90 (brs, 1H,
OH), 6.86~6.88 (m, 2H, ArH, pyrrole-H), 6.98 (d, J=8.0
Hz, 1H, ArH), 7.07 (s, 1H, ArH), 7.26 (d, J=8.0 Hz, 1H,
CONH), 7.31 (t, J=2.4 Hz, 1H, pyrrole-H), 11.24 (s, 1H,
pyrrole-NH), 12.52 (brs, 1H, COOH); *C NMR (100
MHz, DMSO-dy) d: 172.8, 165.3, 148.7, 147.7, 128.5,
123.8, 122.7, 120.8, 118.4, 117.1, 113.2, 112.2, 61.9, 56.0,
55.8, 55.2; ESI-HRMS caled for C;¢H;oN,Os [M+H]"
335.1243, found 335.1220.

N-[4-(3,4- — FA&FE ) FR I -1 N -3-FR FE - L- R 4
AR (Tp): RO EA, IF 89%. m.p. 124~126 C; 'H
NMR (DMSO-ds, 400 MHz) §: 2.61~2.67 (m, 1H, CCH),
2.72~2.77 (m, 1H, CCH), 3.74 (s, 6H, OCHs), 4.67 (q,
J=7.2 Hz, 1H, NCH), 6.87 (d, J=8.0 Hz, 1H, ArH), 6.88
(t, J=2.4 Hz, 1H, pyrrole), 6.97 (d, J/=8.0 Hz, 1H, ArH),
7.06 (s, 1H, ArH), 7.24 (t, J=2.4 Hz, 1H, pyrrole-H), 7.64
(d, J=8.0 Hz, 1H, CONH), 11.21 (s, 1H, pyrrole-NH),
12.35 (brs, 2H, COOH, COOH); “C NMR (100 MHz,
DMSO-dg) d: 173.3, 172.5, 165.3, 148.6, 147.6, 128.5,
123.9, 122.4,120.7, 118.2, 116.9, 113.1, 112.1, 56.0, 55.8,
49.1, 36.5; ESI-HRMS caled for Cj;H;oN,O, [M+H]"
363.1192, found 363.1180.

3.3 ZHREIEIEHNHISLLE

2 S FE WM I (T )Y 5 E b Ak &40 1 4 P 448
FEAMANEPERS, MTT 3202 — RG24 i A7 75 A A K 1
HTTE, i PR I 4 0 AR A ) B 3 R M S e
AN MTT 3 R 9 AN T 7K 158 46 i FR BT D0
FUEA A, FEARH I A AR, — F R AR AT DL
i PR R, FH IR S Ao DUASCALE Pt 75 A A I e RO E
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AT IR TR A MO B, fE— e A REGEE N, HEE
S 1) 50 R 2 B R I L

SRR W, BIETARE TR, AR
FAEAR IS b B E AT, O E2E K B P, i vl e
YR FE N 5 X 10 Ay /mL B, HERh 3] 96 FLIR, 4F
FL 90 uL(2 4000~5000 N4/ FL), B FLAHTEH PBS
H. T 37 C. 5% CO, 57240 H 555 24 h 240 AR
FUR, IS FR EE A . AN IR0 R B PR 1 %o B
SRS REIRE S O IV B % 10 L, &)
FRH M HEIR B 43 28 0.1, 1, 10, 20, 50, 100 umol/L,
HMKRERE 4 MRl dkgi83% 24 h 5, BEFLIIA 20
uL MTT ¥#7(0.5% MTT), 4k&:859% 4 h 5 &bRE9%. )
# 96 FLAR I EIEW, BFLIMA 100 uL = H EE TN,
Fr B R i S, BRI R 570 nm &b %
FLISEAE(OD 18).

St 14 G A ) 2% = (B PR XS IR ZH T35 ODAE —

Y5 245407 ODAH) /M5 FR 41 -F- 3 ODAE X 100%

W 1Cso LT HAFHEAT BT, 13315 G 1Cso 1A

Bos R B s im s il b S S B A Dl
i HpE.

i BhA1 &L (Supporting Information)  fiT s Hirib &4
[¥)'H NMR, “C NMRL X ESI-HRMSREE]. 3% £ e} ]
LG 3% AR 1) R 38 (http://sioc-journal.cn/)_I F %%,
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