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Synthesis and Cytotoxic Activity of Novel Hybrid Compounds
between Piperonyl and Imidazolium Salts
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Abstract A series of novel hybrid compounds between piperonyl and imidazolium salts were prepared from tryptophol by
four steps of reduction, mesylation, coupling and salt formation. Their structures were confirmed by 'H NMR, *C NMR,
HRMS and X-ray crystallographic analysis. These compounds were evaluated in vitro against a panel of human tumor cell
lines. The results showed that 1-((benzo[d][1,3]dioxol-5-ylmethyl)-3-(2-naphthylmethyl))-5,6-dimethyl-1H-benzo[d]imidazol-
3-ium bromide (30) exhibited remarkable inhibitory activity selectively against HL-60, SMMC-7721, A-549, MCF-7 and
SW480 cell lines compared with DDP. In particular, the compound was more selective to HL-60 cell lines with ICs, values
7.2-fold lower than DDP. Further studies showed that compound 30 has the effect of inducing SMMC-7721 cell line arrest and
cell apoptosis in cell cycle GO/G1.

Keywords piperonyl; imidazolium salts; molecular hybridization; structure-activity relationship; cytotoxic activity
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Yo ¥4k, Wit ItEHE MR YE, itk
HRI B mEfErE . KERIER e S &t
THWIGIR AT TS, AR R EEiR R P,
PR BB MR T Z AR T IR R IR = A 2
W53 F r T 51 S A 2 SR AR R AR, AR 45 4
BTG TR ARET RN S & it v+, BAT 2
AR (A 1), #1180 Lycorine T 1877 SR IR 70 B
HoRPL I E AR SR A PR LS ER. §T
AT PUB S PUAFAE RURBT R IMERSL Sah, RERF=4)
9 F1#: # podophyllotoxin #& % R F E sy, HETH
TIRITRELRIE, I HICAE N H & G R B 245K FE
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Figure 1 Structures of lycorine. podophyllotoxin and NIMIB
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7= Lepidilines A F11 B X Jit g 20 Btk 2L AT I 25 1 40 i 75
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2 F 42 A (Molecular Hybridization) & 45 P Fh 4H [F]
AR R AR =10 PR 45 0 B s il i A 52 F BOSE AT 20
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PERI BRI R0 S, S E YR B4 B A B
PRI T AR 121 R IDK M 2% 3R 3 95 A 24 25 141 A R A
TR 2 AR DR SRR S M I 7L, A SCR A4+
FeA B B THA T — RAEAE -k L R S,
CARH 58 FLAE s 1, AT R B R 470 e g v 1 PR
931, RS IR SR T R A RUET R §R
FEN. BAGI%ZEI Scheme 1.
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Scheme 1  Synthesis of piperonyl-imidazolium slats
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L5 FRE T S0 B A B AL =4 3. A& 3 FERUAR K
e B BRI S5 N 5 2 SRR 2R I BRMAR TR, I8
PL 78%~90% IS AF 2] 3 ANEr AL AL -k e fb &
V) 4~6. HHIUCEE-BKMAL G ) 4~6 5 IR S LE TR A
BB RN, LA 81%~96% MR 153 27 N AL
BRIk b & 7~33( 2). AL
% 'H NMR, “C NMR, HRMS #H7HiE. A T 5 E S
eI E AL SV S T IR, ASCE THREY) 8
fENARER, B IHAE DMSO 595, it X 52k i i i
BT AR AE(CCDC 1955188)1%), #4544 L 3.

A R TH AL AN 4~33 i1 AR AN A 2
R, ik MTS (3-(4,5-dimethylthiazol-2-yl)-5(3-carboxy-
methoxyphenyl)-2-(4-sulfopheny)-2 H-tetrazolium)ik, %
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Figure 2 Structures of piperonyl-imidazolium slats 7~33
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Figure 3 Crystal structure of compound 8

P& 7 TR AR SRR I 4 (HL-60) . FTFJ 41 i
(SMMC-7721) JilifE 4 fl(A-549) FLARIE 4 HI(MCF-7)

4 AL (SW4AR0) AT A A A B v M, LA
I LA (DDP)E g BH 5 HE A7), 38 34 B 280 A K il
LAHHE TILEIRI ICs . MRS R (R DRV, tha
9, 20, 21, 22, 23, 25, 26 A1 27 B A — € WIARAM R £ K
HeEYE; fh&4010, 19, 28, 29, 30, 31 F132 B B #
PRANI R AR KA 1, X 7 R AT IR R A
FE AN IR AR R VESS AR T 0. (HAS— 302, (LAY 30
(TG PE B, 1Cs fHIAF] 0.25~5.19 pmol/L, %} HL-60
96 A o 3 IO A PR R P A M F v M, L 1Cs0 M
T IEAR) 7.2 75, WACTHE 4 Fi N4 G0 4
F1 ALEY) 4~33 IR AR EETE 1 B3 (ICs0, pmoleL ™)

Table 1 In vitro cytotoxic activities of compounds 4~33 (ICs,
pmolsL ™)

1 ML JHE fike  FLERRE S

(A=Y
HL-60 SMMC-7721 A-549 MCF-7 SW480
4~8 >20 >20 >20 >20 >20
9 7.94 >20 >20 8.30 >20
10 1.46 6.34 8.44 4.70 7.71
11 >20 >20 >20 >20 >20
12 1.80 11.60 17.76  5.81 12.99
13~18 >20 >20 >20 >20 >20
19 1.71 4.11 6.81 2.79 6.19
20 5.05 13.00 13.90 10.89 >20
21 2.11 4.40 8.50 5.53 11.02
22 3.25 7.42 2.34 7.20 17.66
23 2.37 10.57 6.29 8.44 18.69
24 >20 >20 >20 >20 >20
25 3.57 16.88 >20 9.07 19.08
26 4.10 9.99 >20 7.04 12.65
27 6.22 >20 >20 7.76 7.25
28 1.31 4.98 6.74 4.26 7.36
29 0.63 5.63 7.07 5.29 7.36
30 0.25 2.72 4.53 3.04 5.19
31 0.40 4.69 6.13 5.40 7.77
32 0.66 4.84 7.71 5.99 7.60
33 >20 >20 >20 >20 >20
DDP 1.81 9.62 858 1393  13.73

SRR HURE N =TT SR T A ME
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AL AW 4~ 33 St e 40 PR 1) 1Cso {8 0 H 12047
WP HIBR R TS, AT AT AT 5 RS,
R I 26 A0 A (T~ 33) M T KR AL &5 90 (4 ~6); 5
Tl X T BRI IR 2 A A, 5,6~ B R SR R e B AR
PR IR I 6 A0 A (25~ 33) LT+ 2- FF 358 20 - IR M e ook e
LA E (16 ~24) J R FHBRMEEUAR (17 DK 25 2540 &4
(7~15); = X T N-HURFER KM Eh J SV ) 2 55
ATAL, BRT N-HURI 4-RE5E Tk i b 549 33 4h,
75 55 F R EUAR A ke R 4k B 0 (29 ~32) A T 0 2 HH I
FEHUAC I R 21k A 0 (25~28), 1M £E 75 5% F L EAR (1)
WRMEER AR, 25 FARRCR kM SR 5 30 T4
MUFETE PR AR, AN SO LE T WP IR R T (E 4).
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Figure 4 Preliminary structure-activity relationship of piper-
onyl-imidazolium slats
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XoF e 2K G S e RS 4 D A M R AT e L AR T TR
SMMC-7721 4l % F& (LR FLIR LI 51 30 1, FFLA
DMSO 7 F I, itk A BT 125, 2.5, 5
umolsL " FIRE AT T 48 h )i, A 240 AR T b 3 b
FALE 30 BOIRELROHE TR 0, G AR B By
DABH AT 50, BEE G 30 FE SV BOREE 3, 7£ 5
umoleL ™' [UIREE R, th&4) 30 A5 (L fH SMMC-7721
AR T S).
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Figure 5 Cell apoptosis analysis of compound 30

AHI TN A A I AR 4 R i B 6 P, il S
EEREXTHE, SMMC-7721 £ AR BEFE A BE 1O 38 m,
FA=RAE GO/GL I an i B i o5 EL B W] R R s, A5 B
£ S JHA G2/M 4 e i o5 B LU B e b, 2 B
WM, AEW 30 BT SMMC-7721 4 Ak 72 241 /D
JEI 3] GO/G1 3Y1 BEL i A 240 B T A A P

I DMSO
[ 1.25 pmol/L Compound 30

[ 2.5 umol/L Compound 30
[ 5 umol/L Compound 30

4&@ ~
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FL2-A
SMMC 7721 (%)
Treatment
G0/G1 S G2/'M
DMSO 61.74+0.35 2598+0.75 8.86+0.51

1.25 pmol/L. Compound 30 71.47+0.58 17.14+0.88 7.341+0.23
2.5 umol/L Compound 30  77.96+1.03 13.88+0.33 5.79+0.66
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Figure 6 Cell cycle analysis of compound 30
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TS S AR AR H e, I IR . FR R ER TR AL
RIS R DUD [ A B T 27 AN 3 2 R R ok e £
EEY, H4HZ "H NMR, °C NMR, HRMS PLK X
SR R ATH . A BRET A REAT T AR AN
SR VEITIE. S5 RKRH, (LAY 10, 19, 28, 29, 30, 31
32 B BRI AN A AR E . &
30 ) ICso 189 0.25~5.19 pmol/L, F HL-60 fit 83 41 i bk
RILH B PR A AR B a1, e 1Cs AR T )
7.2 %, FEBHMETHE 4 FOAmAHk D) 2.6~4.6 15,
TENHR T 5 BRI, &) 30 B 75 SMMC-
7721 HMORAE 20 I ) GO/G 1 S BEL i A 20 R T A
FH; ASCAHXEHT A B 27 AN 37 2L A AR - ke 5 24k
G R A 1 2 M T T O AT T WP IR RO &R
W5, B4 JE EARWE AR b, AT R — P s
FEHE, A AP TE E S BUR R AL 3T RN
IR .

3 Sy
31 B 5EHH

Wi 3545 F Bruker DRX 400 AZBEFEHRAC 2, TMS
NPIR; K X-6 XUE 5 2 e AT e, T
KKIE; w8 P iEZE AB QSTAR Pulsar % bl
S8 A EMT AR (200~300 H ) F1 7 2 (0 3 fi 15 AR
(GFs) I Sk T 477, BAaFN 5%HBkH
B WV, WG S 0 BGE fh; T AL RORE R R
Aldrich. #RZE T 4. ARE. TCI /75, 2B itk
afifh; xS AR BUR I N AE R SR N kT, Tk
VU SR IR 25 4 J AN R (2 R 1 Bt ) R IR i s
HAGRS, K & T e A B 2R RTE.
32 kEM2HER

£ 250 mL XL B JE KR H I SAER(1.60 g,
9.63 mmol), FVESZHINIAN 150 mL FITE/K DYk, &
T 0 CFEEIIMAEHE(913.8 mg, 24.08 mmol), H
SR RIEE B 3 h )G, TEOKIB T S22 vk
K10 mL)ZE K, 2R MNAR R PS4, TR R
W RNV A PR LS I G, TR IO\ DU SR i 7,
2 AR AR, TREPREE K B NI A o,
BB ARBUA 1/3 fElE R BT IR I, S8R
F & FHE(50 mL X 3) A A 57K (50 mL)%, A HL
FHFHTE/K NapSO, T, 1, 8T 78 1HbR V7). A
WA B (F1 T 60~90 C/ZLBR TR, Vi V=10 : 1){3%]
FEEARLEY) 2, PN 89%. ZLAWIH '"H NMR
J BC NMR $idfE 5 2 semk iR — a5,
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33 HEM3IHERK

FREUEYD 2 (1.30 g, 8.54 mmol)i& T 5 % 50 mL
L0 CEMF FIMA=Z84(3.56 mL, 25.63 mmol) 5 Hl
Tt WL 50795 uL, 10.25 mmol), ¥ [ itk ZHEFE 0.5 h /5,
S22 IMAIK(10 mL)AK, FIIAMEAE#KG0 mL),
F =& HBE(50 mL X 3)iEATREHL, A5 HLA I E7K Na,SO,
T, G UE, DR AR 2SI, %1 B R R I
3, Efit—baith, F—SREH.
34 AWM A~6 AR

P& 3 (2303 mg, 1 mmol)FIHUAR 2K I Bk k(3
mmol)¥& T 15 mL N,N-—F I F 2 (DMF)H, 80 CF
N 12~24 h, 2 GORETLOMM RN B4 5, Wi
R, WEELER, LR FRG0 mLX3)FIKAR,
GIAEVAH, FMFI & EhKYE, JoK NaSO, T4, i,
O R 227, A B CREE 60~90 C/LFR L
i, V:v=1:3)FHLL 78%~90%HIN L1535 [ Bk
AR T BRI -k 2R Ak 54 4~6.

1-(RIFE[N[1,3] = A0 JeMi-5- 25 H - L H- 2K [ d)
BRI (4): P23 90%, AR A, mp. 102~103 C; 'H
NMR (400 MHz, DMSO-dy) &: 8.40 (s, 1H), 7.65 (d, J=
6.8 Hz, 1H), 7.57 (d, J=8.0 Hz, 1H), 7.23~7.17 (m, 2H),
6.96 (s, 1H), 6.87 (s, 2H), 5.98 (s, 2H), 5.38 (s, 2H); "°C
NMR (100 MHz, DMSO-d;) J: 147.6, 146.9, 144.1, 143.7,
133.6, 130.7, 122.4, 121.6, 121.2, 119.5, 110.8, 108.4,
108.2, 101.2, 47.5; HRMS (ESI-TOF) calcd for C;sH;3N,-
0, [M+H]" 253.0972, found 253.0972.

1-(RIFE[N[1,3] SR Rk -5-Jik F 0k )-2- FR - 1 -
K IE[d)BKE(S): =% 78%, H kK. mp. 120~
121 °C; "H NMR (400 MHz, Chloroform-d) d: 7.73~7.70
(m, 1H), 7.26~7.19 (m, 3H), 6.73 (d, J=8.0 Hz, 1H),
6.57~6.53 (m, 2H), 5.93 (s, 2H), 5.22 (s, 2H), 2.58 (s,
3H); *C NMR (100 MHz, Chloroform-d) 6: 151.9, 148.5,
147.5, 1427, 135.5, 129.8, 122.5, 122.2, 119.8, 119.3,
109.5, 108.7, 107.0, 101.4, 47.1, 14.2; HRMS (ESI-TOF)
caled for C;sH;sN,O, [M + H] ' 267.1128, found
267.1127.

1-CRE I [d][1,3] 844 FF 0 ) -5- 5 3k )-5,6- — F
Fe-1H-ZFE[d]KIE(6): 772 89%, HEMIAK. m.p. 105~
106 “C; 'H NMR (400 MHz, DMSO-d) d: 8.23 (s, 1H),
7.41 (s, 1H), 7.32 (s, 1H), 6.91~6.80 (m, 3H), 5.97 (s,
2H), 5.31 (s, 2H), 2.29 (s, 3H), 2.27 (s, 3H); *C NMR
(100 MHz, DMSO-dy) 0: 147.5, 146.8, 143.2, 142.3, 132.2,
131.0, 131.02, 129.99, 121.0, 119.6, 110.7, 108.3, 108.0,
101.1, 47.4, 202, 20.0; HRMS (ESI-TOF) caled for
C7H;2N,0, [M+H]" 281.1285, found 281.1285.
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35 A T~33HMERK
PRI -k e 2R & 70 (1 mmol) F AR 41(1.2
mmol) T 25 mL FJEFHF, MANE 10 mL, #i+:E
W S5~12 h, fHAGE AT, TLC /&N ELE, i
U, BEAF R AFEVER (15 mLX3), HA TS5k
MR RAEY), I 81%~96%.
1-(CRIF[A][1,3] = 54 PR IR I -5- 5 R Ok )-3- 2 R g
FHHL)- 1 H- R T [d] K ME-3-1RER(7): 773 88%, HTUBK.
m.p. 202~203 ‘C; 'H NMR (400 MHz, DMSO-d,) J:
9.90 (d, J=4.8 Hz, 1H), 8.13 (s, 4H), 7.80 (t, J=6.8 Hz,
1H), 7.70~7.66 (m, 4H), 7.26~7.09 (m, 2H), 7.00 (d, J=
7.6 Hz, 1H), 6.48 (s, 2H), 6.05 (s, 2H), 5.82 (s, 2H); "*C
NMR (100 MHz, DMSO-dy) d: 191.3, 147.8, 143.4, 134.6,
133.8, 132.2, 130.5, 129.1, 128.5, 127.3, 126.9, 126.7,
122.8, 114.2, 114.1, 109.0, 108.7, 101.5, 53.5, 49.9; HRMS
(ESI-TOF) caled for C,3H;oN,O; [M—Br] " 371.139,
found 371.1388.
1-(CRFH[I[1,3] = A 2 S -5- 25 0k )-3-(4-F A4
BEOR F I R R ))- L H-2R 9 [ Wk ME-3- 1R ER (8): 7% 87%,
HEF K. mp. 216~217 C; 'H NMR (400 MHz,
DMSO-dg) J: 9.84 (d, J=13.2 Hz, 1H), 8.12~8.06 (m,
4H), 7.68 (s, 2H), 7.21~7.13 (m, 4H), 6.99 (d, J=8.0 Hz,
1H), 6.40 (s, 2H), 6.05 (s, 2H), 5.80 (s, 2H), 3.91 (s, 3H);
C NMR (100 MHz, DMSO-d;) o: 189.5, 164.3, 147.8,
147.7, 143.5, 132.2, 131.0, 130.5, 127.3, 126.9, 126.7,
126.6, 122.8, 114.4, 114.2, 114.0, 109.0, 108.7, 101.5,
55.9, 52.9, 49.9; HRMS (ESI-TOF) calcd for CyH;N,O4
[M—Br]" 401.1496, found 401.1494.
1-(CRIE[d][1,3] = A 2 M -5-F5 FR K )-3-(4- VR K
FH B FE 358))- L - 2R FE[d] R E-3- 31 £5(9): 72K 86%, Mt
FrK. m.p. 252~253 C; 'H NMR (400 MHz, DMSO- d;)
5: 9.83~9.80 (m, 1H), 8.13~8.06 (m, 4H), 7.90 (d, J=
8.4 Hz, 2H), 7.72~7.66 (m, 2H), 7.18~7.13 (m, 2H), 6.99
(d, J=4.0 Hz, 1H), 6.42 (d, J=7.6 Hz, 2H), 6.05 (s, 2H),
5.80 (s, 2H); *C NMR (100 MHz, DMSO-d;) d: 190.7,
147.83, 147.8, 143.3, 132.9, 132.2, 130.5, 130.4, 128.8,
127.2, 126.9, 126.8, 122.8, 114.2, 114.0, 109.0, 108.7,
101.5, 534, 49.9; HRMS (ESI-TOF) caled for
C,3H,sBrN,O; [M—Br]" 449.0495, found 449.0496.
1-(CRIF[A][1,3] = 54 PR R I -5- 2 H B )-3- 2% H I
B 1H- 2R FE[d) ke -3- 31 5 (10): 722 92%, MG
XK. m.p. 266~267 ‘C; "H NMR (400 MHz, DMSO-d;) o:
9.88 (s, 1H), 8.95 (s, 1H), 8.24 (d, J/=8.0 Hz, 1H), 8.17~
8.13 (m, 3H), 8.09 (t, J=6.0 Hz, 2H), 7.79~7.67 (m, 4H),
7.21 (s, 1H), 7.16 (d, J=8.0 Hz, 1H), 7.01 (d, J=8.0 Hz,
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1H), 6.58 (s, 2H), 6.06 (s, 2H), 5.82 (s, 2H); *C NMR
(100 MHz, DMSO-dg) 0: 191.3, 147.9, 147.8, 143.5, 135.6,
132.3, 132.1, 131.1, 131.0, 130.6, 129.8, 129.5, 128.8,
128.0, 127.5, 127.3, 127.0, 126.8, 123.4, 122.8, 114.2,
114.1, 109.1, 108.7, 101.5, 53.4, 50.0; HRMS (ESI-TOF)
caled for CyH,;N,O3; [M — Br] T 421.1547, found
421.1546.
1-(CRIF[I[1,3] =54 3R I b -5- 2 F Ok )-3-(4- %
) TH-ZRFF [d]KE-3- 1 2R (11): 7735 92%, FERK.
m.p. 241~242 “C; '"H NMR (400 MHz, DMSO-d;) §:
10.13~10.08 (m, 1H), 8.04 (d, J=7.2, Hz, 1H), 7.96 (d,
J=7.6 Hz, 1H), 7.67~7.64 (m, 4H), 7.53 (d, J=8.0 Hz,
2H), 7.22 (s, 1H), 7.14 (d, J=7.6 Hz, 1H), 6.98 (d, J=8.0
Hz, 1H), 6.05 (s, 2H), 5.80 (d, J=3.6 Hz, 2H), 5.70 (d, J=
3.2 Hz, 2H); *C NMR (100 MHz, DMSO-d;) o: 147.8,
147.7, 142.7, 133.4, 132.0, 131.1, 131.0, 130.8, 127.3,
126.8, 126.8, 122.8, 1222, 114.2, 114.0, 109.1, 108.6,
101.5, 50.0, 49.4;, HRMS (ESI-TOF) calcd for
C,,H,sBrN,O, [M—Br]" 421.0546, found 421.0546.
1-((RFE[N[1,3] A A B A -5 R 4k )-3 (%5 -2-F
- 1H-ZRFF [d)RME-3- 31 Eh (12): 72 95%, HERAK.
m.p. 218~219 C; 'H NMR (400 MHz, DMSO-d;) §:
10.10 (d, J=6.4 Hz, 1H), 8.13 (s, 1H), 8.05~7.92 (m,
5H), 7.67~7.61 (m, 3H), 7.60~7.56 (m, 2H), 7.21 (s,
1H), 7.14 (d, J=8.0 Hz, 1H), 6.98 (d, /=8.0 Hz, 1H), 6.04
(s, 2H), 5.96 (s, 2H), 5.70 (s, 2H); *C NMR (100 MHz,
DMSO-dg) 0: 147.8, 147.7, 142.7, 132.8, 132.7, 131.4,
131.3, 131.1, 128.9, 127.9, 127.8, 127.7, 127.4, 126.9,
126.8, 126.83, 125.80, 122.7, 114.2, 114.1, 109.0, 108.6,
101.5, 50.3, 50.0; HRMS (ESI-TOF) calcd for CysH,N,0,
[M-Br]" 393.1958, found 393.1958.
1-(CRIE[A][1,3] = A2 30 M -5-Fk R Ak )-3-(4- F
I LH-ZRIF [k ME-3-1R ER (13): 773 89%, H k)
K. m.p. 206~207 C; "H NMR (400 MHz, DMSO-dg) o:
10.07~10.04 (m, 1H), 8.03~8.01 (m, 1H), 7.97~7.95
(m, 1H), 7.66~7.61 (m, 2H), 7.44 (d, J=7.2 Hz, 2H),
7.24~7.19 (m, 3H), 7.12 (d, J=8.0 Hz, 1H), 6.97 (d, J=
8.0 Hz, 1H), 6.04 (s, 2H), 5.74 (s, 2H), 5.68 (s, 2H), 2.29
(s, 3H); °C NMR (100 MHz, DMSO-d;) J: 147.8, 147.7,
1425, 138.3, 131.1, 131.0, 130.9, 129.6, 128.4, 127.4,
126.8, 122.7, 114.14, 114.10, 109.0, 108.6, 101.5, 50.0,
49.9, 20.8; HRMS (ESI-TOF) caled for C,3H,N,O, [M—
Br]" 357.1598, found 357.1599.
1-(CRIE[A][1,3] = A 2 30 M -5- 35 3k )-3-(2-1R %
- 1H-ZK I [d) K ME-3- IR Eh (14): 72 86%, HEMAK.
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m.p. 175~176 ‘C; 'H NMR (400 MHz, DMSO-d;) o
10.09~10.2 (m, 1H), 8.07 (d, J=5.6 Hz, 1H), 7.95~7.93
(m, 1H), 7.77 (d, J=8.0 Hz, 1H), 7.70~7.64 (m, 2H),
7.49~7.45 (m, 2H), 7.42~7.38 (m, 1H), 7.20~7.19 (m,
1H), 7.15 (d, J=6.4 Hz, 1H), 6.97 (d, J=8.0 Hz, 1H), 6.04
(s, 2H), 5.88 (s, 2H), 5.74 (d, J=6.4 Hz, 2H); *C NMR
(100 MHz, DMSO-d;) J: 147.8, 147.7, 143.2, 133.4, 132.6,
131.3, 131.1, 131.01, 130.98, 130.88, 128.5, 127.4, 127.4,
127.0, 126.9, 123.2, 122.7, 114.3, 114.0, 109.0, 108.6,
101.4, 50.7, 49.9; HRMS (ESI-TOF) calcd for C,,HsBr1-
N>,O, [M—Br]" 421.0546, found 421.0549.
1-(CRIE[d][1,3] =S A M -5-Fk FR K )-3-(4- iR 2k
) 1H-ZRIF [d) K E-3-JR R (15): 725 88%, H Ty
. m.p. 200~201 °C; 'H NMR (400 MHz, DMSO-dj) o:
10.14 (d, J=14.0 Hz, 1H), 8.28 (d, J=8.0 Hz, 2H), 8.05
(d, J=7.2 Hz, 1H), 7.93 (d, J=6.8 Hz, 1H), 7.81 (d, J=
7.2 Hz, 2H), 7.69~7.62 (m, 2H), 7.23 (s, 1H), 7.14 (d, J=
7.6 Hz, 1H), 6.99 (d, J=8.0 Hz, 1H), 6.05 (s, 2H), 6.01 (s,
2H), 5.73 (s, 2H); *C NMR (100 MHz, DMSO-dy) d:
147.8, 147.7, 147.6, 143.1, 141.4, 131.13, 131.09, 129.6,
1272, 127.0, 126.9, 124.0, 122.9, 114.3, 113.9, 109.2,
108.6, 101.5, 50.1, 49.3; HRMS (ESI-TOF) calcd for
CxH sN;04 [M—Br]" 388.1292, found 388.1291.
1-(CRIF[dN[1,3] = AR A 0 I -5- 25k PR ik )-3- 2% P
FH R )-2- FH RS- H- 2R [d) K -3 31 2R (16): 72 96%,
H 8K, mp. 279~280 C; 'H NMR (300 MHz,
DMSO-dg) J: 8.17 (d, J=9.0 Hz, 2H), 8.08~8.03 (m, 2H),
7.81 (t, J=9.3 Hz, 1H), 7.71~7.58 (m, 4H), 6.98~6.91
(m, 3H), 6.51 (s, 2H), 6.04 (s, 2H), 5.83 (s, 2H), 2.95 (s,
3H); *C NMR (100 MHz, DMSO-dg) d: 1912, 153.4,
147.9, 147.4, 134.7, 133.8, 131.6, 130.7, 129.0, 128.8,
127.8, 126.4, 121.2, 113.4, 108.7, 107.9, 101.5, 52.2, 48.2,
10.9; HRMS (ESI-TOF) caled for C,4H,1N,O4 [M—Br]+
385.1457, found 385.1456.
1-(CRIF[d][1,3] =28 AR s -5- 5 H 56 )-3-(4- 4R
FEOK FH L R ))-2- R - L - R [d] ok PR3- 3 (17): 7=
K 91%, AMKAE. mp. 286~287 ‘C; 'H NMR (400
MHz, DMSO-d) J: 8.15 (d, J=8.8 Hz, 2H), 8.05 (d, J=
7.6 Hz, 2H), 7.66~7.59 (m, 2H), 7.20 (d, J=8.8 Hz, 2H),
6.97~6.92 (m, 3H), 6.47 (s, 2H), 6.04 (s, 2H), 5.84 (s,
2H), 3.92 (s, 3H), 2.94 (s, 3H); “C NMR (100 MHz,
DMSO-dg) d: 189.4, 164.4, 153.4, 1479, 147.4, 131.7,
131.3, 130.7, 127.8, 126.6, 126.42, 126.40, 121.2, 114.3,
113.4, 113.3, 108.7, 107.9, 101.5, 55.9, 51.8, 48.1, 11.0;
HRMS (ESI-TOF) caled for CasHyN,O4 [M — Br] "
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415.1652, found 415.1653.
1-(CRIF[][1,3] =54 R I M -5- 25 P 0k )-3-(4- R
I HE 358 ))-2- FH -1 H- 2R JF [d] WK e -3- R 2R (18): 7= 2%
86%, A, mp. 262~263 C; 'H NMR (400 MHz,
DMSO-d;) 6: 8.24~7.98 (m, 4H), 7.91 (d, J=6.0 Hz, 2H),
7.64~7.59 (m, 4H), 6.96 (d, J=8.0 Hz, 3H), 6.56 (s, 2H),
6.04 (s, 2H), 5.85 (s, 2H), 2.99 (s, 3H); *C NMR (100
MHz, DMSO-dg) d: 190.7, 153.4, 147.9, 147.4, 132.8,
132.1, 131.6, 130.8, 130.7, 128.9, 127.8, 126.5, 126.4,
121.3, 113.4, 108.7, 107.9, 101.5, 52.4, 48.2, 11.1; HRMS
(ESI-TOF) caled for Cy4HyBrN,O4 [M—Br]+ 463.0652,
found 463.065.
1-((RFE[][1,3] =54 TA B -5-Fk 6k )-3- 2% FH e
FA 2 )-2- R -1 -2 3 [d] WK e -3- 1R 25 (19): 7232 89%,
H @R K. mp. 268~269 ‘C; 'H NMR (400 MHz,
DMSO-dg) 6: 9.02 (s, 1H), 8.24 (d, J=8.0 Hz, 1H), 8.12~
8.06 (m, 5H), 7.80~7.71 (m, 2H), 7.68~7.61 (m, 2H),
7.00~6.94 (m, 3H), 6.66 (s, 2H), 6.05 (s, 2H), 5.85 (s,
2H), 3.00 (s, 3H); “C NMR (100 MHz, DMSO-d,) o:
191.1, 153.4, 147.9, 147.4, 135.7, 132.0, 131.7, 131.5,
131.1, 130.8, 129.8, 129.5, 128.6, 128.0, 127.8, 127.5,
126.5, 126.4, 123.6, 121.3, 113.4, 113.3, 108.7, 108.0,
101.5, 52.2, 48.2, 11.0; HRMS (ESI-TOF) calcd for
CasHp3N,05 [M—Br]™ 435.1703, found 435.1702.
1-((RIFE[N[1,3] = A A M -5-F ) -3-(4- 1R
5))-2- -1 H- 2R IR [d]KE-3-9R 25 (20): 7= 96%,
¥ K. mp. 311~312 C; 'H NMR (400 MHz,
DMSO-ds) 6: 7.94 (s, 2H), 7.60 (d, J=7.6 Hz, 4H), 7.37
(d, J=8.0 Hz, 2H), 7.03 (s, 1H), 6.98~6.93 (m, 2H), 6.03
(s, 2H), 5.83 (s, 2H), 5.73 (s, 2H), 3.04 (s, 3H); C NMR
(100 MHz, DMSO-dy) 6: 152.7, 147.8, 147.3, 133.7, 131.9,
131.1, 131.0, 129.8, 127.7, 126.4, 121.6, 121.4, 113.5,
113.3, 108.6, 108.2, 101.4, 48.4, 478, 11.3; HRMS
(ESI-TOF) caled for C,3H,BrN,0, [M—Br]+ 435.0703,
found 435.0708.
1-((RFE[N[1,3] =S B A -5 R 4k )-3 (%5 -2-F
5))-2-H B -1 H-ZKFF [d kM-3R 3 (21): 722K 87%, M
¥ K. mp. 264~265 C; 'H NMR (400 MHz,
DMSO-dg) 6: 7.99~7.92 (m, 5H), 7.91~7.88 (m, 1H),
7.63~7.58 (m, 2H), 7.57~7.50 (m, 3H), 7.03 (s, 1H),
6.97~6.94 (m, 2H), 6.03 (s, 2H), 5.99 (s, 2H), 5.75 (s,
2H), 3.09 (s, 3H); *C NMR (100 MHz, DMSO-d;) o:
152.7, 147.9, 147. 8, 132.8, 132.6, 131.8, 131.3, 131.1,
128.8, 127.9, 127.8, 127.7, 126.8, 126.7, 126.43, 126.39,
126.3, 1252, 121.4, 113.5, 113.4, 108.6, 108.2, 101.4,
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48.7, 48.4, 11.3; HRMS (ESI-TOF) calcd for CysH»3N,0,
[M—Br]" 407.1754, found 407.1753.
1-(CRIF[d][1,3] =8 A= M -5- 2k HH 3k )-3-(4- FH A
R k))-2- -1 H-2R IR [d] ke -3- 3 £6.(22): 7= % 89%,
HEF K. mp. 299~300 C; 'H NMR (400 MHz,
DMSO-dg) 6: 7.96~7.93 (m, 2H), 7.61~7.58 (m, 2H),
7.28 (d, J=8.0 Hz, 2H), 7.20 (d, J=8.0 Hz, 2H), 7.00 (s,
1H), 6.94 (s, 2H), 6.02 (s, 2H), 5.77 (s, 2H), 5.72 (s, 2H),
3.04 (s, 3H), 2.28 (s, 3H); *C NMR (100 MHz, DMSO-d;)
5: 152.4, 147.8, 147.4, 137.9, 131.2, 131.1, 131.0, 129.6,
127.8, 127.5, 126.4, 121.4, 113.5, 113.4, 108.6, 108.2,
101.4, 48.3, 48.2, 20.8, 11.3; HRMS (ESI-TOF) calcd for
CosHy3N>O, [M—Br]" 317.1754, found 317.1752.
1-(CRIF[I[1,3] = A 30 M -5- 25 R Ok )-3-(2- 1%
F£))-2-H - L H- 2K [d K E-3- 3 #5(23): 723 93%, [
¥ K. mp. 234~235 C; 'H NMR (400 MHz,
DMSO-d) 6: 7.98 (d, J=8.0 Hz, 1H), 7.80~7.77 (m, 1H),
7.72 (d, J=8.0 Hz, 1H), 7.64~7.55 (m, 2H), 7.38~7.33
(m, 2H), 7.04~7.00 (m, 2H), 6.96 (s, 2H), 6.03 (s, 2H),
5.83 (s, 2H), 5.75 (s, 2H), 2.98 (s, 3H); *C NMR (100
MHz, DMSO-d) 6: 53.1, 147.8, 147.4, 133.3, 132.8,
131.2, 131.1, 130.5, 128.51, 128.48, 127.7, 126.6, 126.5,
122.0, 121.4, 113.6, 113.2, 108.6, 108.1, 101.4, 49.1, 48.4,
11.3; HRMS (ESI-TOF) calcd for C,3H»,BrN,0, [M—Br]+
435.0703, found 435.0704.
1-(CRIF[I[1,3] =54 3R I -5- 2 FR Ok )-3-(4-Fi 2k
W IE))-2- H I -1 H-2R I [d] DK e -3-R 35 (24): =% 88%,
ok A&, mp. 306~307 C; '"H NMR (400 MHz,
DMSO-d) 6: 8.25 (d, J=8.8 Hz, 2H), 7.96~7.94 (m, 1H),
7.90~7.87 (m, 1H), 7.66~7.58 (m, 4H), 7.03 (s, 1H),
7.00~6.94 (m, 2H), 6.03 (s, 2H), 6.00 (s, 2H), 5.73 (s,
2H), 3.02 (s, 3H); *C NMR (100 MHz, DMSO-d;) o:
153.0, 147.8, 147.4, 141.7, 131.1, 131.0, 128.7, 127.7,
126.53, 126.51, 124.0, 121.5, 113.6, 113.2, 108.6, 108.3,
101.4, 48.4, 47.8, 11.3; HRMS (ESI-TOF) calcd for
Ca3HyN304 [M—Br]" 402.1448, found 402.1447.
1-((RFF[[1,3] = 5% B0 0 -5-Jk P 0k )-3- 2% HA i
F3L)-5,6- — W B -1 H- 2K JF [d] WKk ME-3- 7R Eh (25): 7= %
95%, F¥yAR. m.p. 221~222 C; '"H NMR (400 MHz,
DMSO-dg) 6: 9.71 (s, 1H), 8.13 (d, J=7.6 Hz, 2H), 7.91
(d, J=14.4 Hz, 2H), 7.80 (t, J=7.2 Hz, 1H), 7.67 (t, J=
7.6 Hz, 2H), 7.17 (s, 1H), 7.12 (d, J=8.0 Hz, 1H), 6.99 (d,
J=8.0 Hz, 1H), 6.39 (s, 2H), 6.05 (s, 2H), 5.74 (s, 2H),
2.41 (s, 3H), 2.36 (s, 3H); *C NMR (100 MHz, DMSO-d;)
0: 191.3, 147.8, 147.7, 142.1, 136.7, 136.5, 134.6, 133.8,
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130.7, 129.1, 129.0, 128.5, 127.5, 122.6, 113.6, 113.4,
108.9, 108.7, 101.5, 53.3, 49.7, 20.1, 20.0; HRMS
(ESI-TOF) caled for CasHysN,O; [M—Br]" 399.1703,
found 399.1704.
1-((RIFE[N[1,3] = A AR M -5-F 5 )-3-(4- 4
JE T R E R 3L ))-5,6- — PR | -8 I [k ME-3- 9 £5.(26):
FEE 94%, HEHER. mp. 194~195 C; 'H NMR (400
MHz, DMSO-dq) 0: 9.68 (s, 1H), 8.10 (d, J=8.4 Hz, 2H),
7.88 (d, J=22.8 Hz, 2H), 7.20~7.16 (m, 3H), 7.10 (d, J=
8.0 Hz, 2H), 6.98 (d, J=8.0 Hz, 1H), 6.30 (s, 2H), 6.04 (s,
2H), 5.71 (s, 2H), 3.91 (s, 3H), 2.41 (s, 3H), 2.36 (s, 3H);
C NMR (100 MHz, DMSO-d) 6: 189.5, 164.3, 147.8,
147.7, 142.2, 136.7, 136.5, 130.9, 130.7, 129.0, 127.5,
126.7, 122.6, 114.4, 113.5, 113.4, 108.9, 108.7, 101.5,
55.9, 52.9, 49.7, 20.1, 20.0; HRMS (ESI-TOF) calcd for
CaHpsN,O4 [M—Br]™ 429.1809, found 429.1808.
1-((RIFE[N[1,3] = A A M -5-F H ) -3-(4-1R 2K
FH Ik A 355))-5,6- — F - L -8 FE [d] ke -3- 1R £ (27): 7=
K 94%, AEMA. mp. 194~195 ‘C; '"H NMR (400
MHz, DMSO-dq) 0: 9.68 (s, 1H), 8.10 (d, J=8.4 Hz, 2H),
7.88 (d, J=22.8 Hz, 2H), 7.20~7.16 (m, 3H), 7.10 (d, J=
8.0 Hz, 2H), 6.98 (d, J=8.0 Hz, 1H), 6.30 (s, 2H), 6.04 (s,
2H), 5.71 (s, 2H), 3.91 (s, 3H), 2.41 (s, 3H), 2.36 (s, 3H);
C NMR (100 MHz, DMSO-d) 6: 189.5, 164.3, 147.8,
147.7, 142.2, 136.7, 136.5, 130.9, 130.7, 129.0, 127.5,
126.7, 122.6, 114.4, 113.5, 113.4, 108.9, 108.7, 101.5,
55.9, 52.9, 49.7, 20.1, 20.0; HRMS (ESI-TOF) calcd for
CaHpsN,O4 [M—Br]™ 429.1809, found 429.1808.
1-((RIE[][1,3] =54 20 B -5-Jk 6k )-3- 2% FH e
2 )-5,6- — 1 5L -1 H-2K JF [d] WK e -3- 7R £6 (28): 7= 3
90%, MR AK. mp. 230~231 C; 'H NMR (400 MHz,
DMSO-dy) d: 9.74 (s, 1H), 8.94 (s, 1H), 8.24 (d, J=8.0
Hz, 1H), 8.15 (d, J=8.8 Hz, 1H), 8.10~8.06 (m, 2H),
7.93 (s, 2H), 7.78~7.70 (m, 2H), 7.18 (d, J=1.2 Hz, 1H),
7.13 (d, J=8.0, 1H), 7.00 (d, J=8.0 Hz, 1H), 6.51 (s, 2H),
6.05 (s, 2H), 5.75 (s, 2H), 2.42 (s, 3H), 2.37 (s, 3H); °C
NMR (100 MHz, DMSO-d;) d: 191.3, 147.8, 147.7, 142.2,
136.7, 136.5, 135.6, 132.1, 131.1, 130.9, 130.8, 129.8,
129.4, 129.1, 128.8, 128.0, 127.5, 127.4, 123.4, 122.6,
113.6, 113.4, 108.9, 108.7, 101.5, 53.3, 49.7, 20.1, 20.0;
HRMS (ESI-TOF) caled for CyH,sN,O; [M — Br] "
449.186, found 449.1859.
1-((RIFE[N[1,3] = A AR s -5-F ) -3-(4- 1R
$))-5,6-— F B 1 H-2E R [d] R IE-3-76 £6(29): 72 89%,
H @8 K. mp. 257~258 C; 'H NMR (400 MHz,
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DMSO-dg) d: 9.98~9.95 (m, 1H), 7.86 (s, 1H), 7.79 (s,
1H), 7.63 (d, J=8.4 Hz, 2H), 7.49 (d, J=8.0 Hz, 2H), 7.19
(s, 1H), 7.11 (d, J=8.0 Hz, 1H), 6.97 (d, J=8.0 Hz, 1H),
6.04 (s, 2H), 5.73 (s, 2H), 5.63 (s, 2H), 2.38 (s, 3H), 2.36
(s, 3H); °C NMR (100 MHz, DMSO-d;) J: 147.8, 147.7,
141.4, 136.7, 136.6, 133.6, 132.0, 130.6, 129.6, 129.5,
127.5, 122.6, 122.1, 113.6, 113.4, 109.0, 108.7, 101.5,
498, 492, 20.1; HRMS (ESI-TOF)
Ca4Hy,BrN,O, [M—Br]" 449.0859, found 449.0857.
1-(CRIH[N[1,3] = AR M -5- 5 F 0 )-3- (%% -2-F
3£))-5,6- — H I 1 H-2R FH-[d] K IE-3-1R £2(30): 7= 92%,
kAR, mp. 198~199 C; '"H NMR (400 MHz,
DMSO-dg) d: 9.98 (s, 1H), 8.07 (s, 1H), 7.99~7.93 (m,
3H), 7.83 (d, J=8.0 Hz, 2H), 7.61~7.56 (m, 3H), 7.18 (s,
1H), 7.11 (d, J=7.6 Hz, 1H), 6.97 (d, J=8.0 Hz, 1H), 6.04
(s, 2H), 5.90 (s, 2H), 5.64 (s, 2H), 2.37 (s, 3H), 2.34 (s,
3H); “C NMR (100 MHz, DMSO-dy) J: 147.8, 141.4,
136.7, 136.6, 132.8, 131.7, 129.8, 129.6, 128.9, 127.9,
127.8, 127.7, 127.4, 126.8, 125.6, 122.5, 113.6, 113.4,
108.9, 108.6, 101.5, 50.1, 49.8, 20.1; HRMS (ESI-TOF)
caled for CxHysN,O, [M — Br] 4211911, found
421.1914.
1-(CRIF[d][1,3] =8 A= M -5-Fk HH 3k )-3-(4- FH A
R IE))-5,6- = HIHE-1H- SR JF [d] WK e -3- 1R 2R (31): 77 &
88%, MM, m.p. 252~253 ‘C; 'H NMR (400 MHz,
DMSO-dg) d: 10.01~9.91 (m, 1H), 7.85 (d, J=2.4 Hz,
1H), 7.79 (s, 1H), 7.41 (s, 2H), 7.22 (d, J=7.6 Hz, 2H),
7.19~7.17 (m, 1H), 7.11~7.09 (m, 1H), 6.96 (d, J=8.0
Hz, 1H), 6.04 (s, 2H), 5.68 (s, 2H), 5.63 (s, 2H), 2.37 (s,
3H), 2.36 (s, 3H), 2.29 (s, 3H); *C NMR (100 MHz,
DMSO-dg) d: 147.8, 147.7, 141.2, 138.2, 136.6, 131.2,
129.6, 129.5, 128.3, 127.7, 122.5, 113.5, 113.4, 108.9,
108.6, 101.5, 49.7, 49.6, 20.8, 20.1; HRMS (ESI-TOF)
caled for C,sH,sN,O, [M — Br] * 385.1911, found
385.1916.
1-(CRIE[d][1,3] = S A M -5-F5 F R )-3-(2- 1R
3£))-5,6- — H B 1 H-2R F-[d] K ME-3- 1R E(32): 7= 88%,
kA, mp. 168~169 C; 'H NMR (400 MHz,
DMSO-dg) 5: 9.89~9.84 (m, 1H), 7.89 (s, 1H), 7.78~
7.74 (m, 2H), 7.48~7.44 (m, 1H), 7.41~7.37 (m, 2H),
7.17 (s, 1H), 7.11 (d, J=8.0 Hz, 1H), 6.96 (d, J=8.0 Hz,
1H), 6.03 (s, 2H), 5.80 (s, 2H), 5.66 (s, 2H), 2.38 (s, 3H),
2.35 (s, 3H); *C NMR (100 MHz, DMSO-d;) o: 147.7,
147.6, 141.8, 136.8, 136.7, 133.4, 132.8, 131.1, 130.7,
129.9, 129.4, 128.6, 127.6, 123.1, 122.5, 113.7, 113.4,

caled for
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108.8, 108.6, 101.4, 50.5, 49.7, 20.1; HRMS (ESI-TOF)
caled for CyH,,BrN,O, [M—Br]+ 449.0859, found
449.0863.

1-((RIF[d[1,3] = SR A A TR M -5- 25 FH R )-3-(4- il 2
K HE))-5,6-  H -1 H- 2K I [d) K e 3-8 7 (33): R
92%, FEFA. mp. 251~252 ‘C; 'H NMR (400 MHz,
DMSO-dg) d: 10.00~9.97 (m, 1H), 8.26 (d, J=8.8 Hz,
2H), 7.86 (s, 1H), 7.74 (d, J=8.0 Hz, 3H), 7.19 (s, 1H),
7.11 (d, J=8.0 Hz, 1H), 6.96 (d, J=8.0 Hz, 1H), 6.03 (s,
2H), 5.92 (s, 2H), 5.64 (s, 2H), 2.37 (s, 3H), 2.33 (s, 3H);
C NMR (100 MHz, DMSO-d) o: 147.8, 147.7, 147.6,
141.6, 136.8, 136.7, 129.6, 129.5, 129.4, 127.4, 124.1,
122.7, 113.6, 113.3, 109.1, 108.6, 101.5, 49.9, 49.1, 20.1;
HRMS (ESI-TOF) caled for C,4H»,BrN;O, [M —Br]"*
416.1605, found 416.1605.
3.6 HEYEMTEIE

AU DR e K ok ek b Ab 54 4~33 G 4tifh JL 25
YR E, AT T MR A A B P . SR A MTS vk
AT 5E: E A M (HL-60) FTE (SMMC-7721) fififi
(A-549). FLHJE (MCE-7)F145 i 95 (SW480) 5 it s £
fakk, RS 10%M6 4 M5 K5 TR R, IS4k
EYVERG, 37 CHEFE 48 h. ARJG%#E 570 nm K,
B B G e K A3 (Bio-Rad  680) 2 UM e AH, R — i
BERE =R, wEP A% ®Reed and Muench 7£)1H5 3%
1AW 1Cso fH.

B4 B (Supporting Information) 1L &%) 4~33 )
'H NMR #1 °C NMR & S0 49 8 1) X STk i sh
. 1K BE AL RL AT DL A 3% MR I 1) 33 (http://sioc-journal.
cn/) bR ER.
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