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BERABEENEMM-A-IRTTEYINE R EME. EET

gm BEW  AMNI ERE K O£ FAKH
ALK SRERE 2 LA ST A% E (R 071002)

WE A Heck RN % 1 3,4- I & B ME, KI5 E R TIERN, Bt NEARIFEERIFTE
SO GE (eI -4-FR AT A2 3a~3e A1 4a, FFVFAT 1AL S WIS RE G0 B IE FE Sk AN RIS 1. L&) 3e Al 42 A7
S5 BT S S50 A0 7L e 2 O 4 B R A, 1Cs0 {73790 22.63 12335 pmol/L. #373-ALA40(50 pg/mL)X KT B H A 2%
FRAE T, SRR RAE 89% LA L. 2-FR B -4-[2-(WRIE- 1 -3 ) £ 50k 1P AR R (b ) Xof 20 10 9k 70 T AN ST Al 22 A% T LB 3 % KN
RO L B R 28 100%.

KRB WEMEIR-4-; 3,4-2)F & K Heck IR FUMYRIETE; PUAETEIE

Synthesis of Novel Quinazolin-4-one Derivatives Bearing Benzo|c]-
chromen-6-one and Their Anti-tumor and Antimicrobial Activities

Zhou, Likai Wang, Shuxia Chen, Hua™ Li, Xiaoliu™
(Key Laboratory of Chemical Biology of Hebei Province, College of Chemistry and Environmental Science,
Hebei University, Baoding 071002)

Feng, Yuxin Tan, Guanhai

Abstract A series of novel quinazolin-4(3H)-one derivatives 3a~3e and 4a possessing 3,4-benzo[c]coumarin and amino
side chain were designed and synthesized by the condensation reaction of 2-aminobenzamide and 3,4-benzo[c] coumarin al-
dehyde prepared by Heck coupling reaction, followed by Sy2 substitution reaction with haloalkane. The compounds were
evaluated for their anti proliferation activities against four tumor cells and antimicrobial activities. The results showed that 3e
showed moderate anti Hela activity with the ICsy value of 22.63 and 23.35 pumol/L for 4a against MCF-7. Most tested com-
pounds exhibited significant anti Escherichia coli activities, and the inhibition rate was above 89% at the concentration of 50
pg/mL. The inhibition rates of 2-phenyl-4-(2-(piperidin-1-yl)ethoxy)quinazoline (1b) against Fusarium oxysporum and Rhi-
zoctonia solani and 3d against Verticillium dahliae are 100%.

Keywords quinazolin-4-one; 3,4-benzo[c]coumarin; Heck coupling reaction; anti-tumor activity; antimicrobial activity

I AL IR -4 S — ST I 2 R T, AT AR £
HAEPE. Pik. PUEKE. P&, PiEmpunss
PERU L Horp €2 FTN-3 BURIE 51 5% 52, TR 1
W R -4- BT A2 22 RE B AR R T, 22w, AR
2P A TR, WA T C-2 Aray BN ZR AR
T R INHURI B 2 B M BE 1 v e mbk-4-F AT A=) 1 A0
2B ). AVEHNAL RERY, a2 b1 AW
UF TR A B A v T, PR C2 A BFEE R n
ST IR B A5 ) 42 s 2R AL A W i U R 3
TR b, AT TR R H & E RIS 2 05
(1) s R bk -4- R A7 25470 3 R0 4(F 1), S2RFE C-2 A1 5] A3t
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Known compounds

3b' ~ 3e'

Newly designed compounds

R= —§—NC/\0 —§—N/\:> —§—N® —§—N/\: -g_,\(

a b c d e

B1 LEY1—~4

Figure 1 Structures of compounds 1~4

(6) AR IER], 1F 3R QLR W (DCOEH T4 &
BHE 7. SEESCPE T, AU Heck 431 PYABIEE 1075 2 v
PAOr &S IE TSR RPN 3,4-KF G RKFAD 7
FAPRF=4) 8 A1 9. fai BER IS 1 S N A] ek B A A 71
FH 5 2 A SR S R S (R 1), SRR N 2 A
HEEEREE 0.1 equiv., —REEBE 0.2 equiv., BEEREA 2.0
equiv., 130 ‘C 3% 20 h, 8 F1 9 147K 60.8%.
XF 8 Al 9 (R EGMEIRART I L2 (NBS) FIMH 4L
E(AIBN)YE F T4k, CLHIERAR 5 T /K it i
95 R A 7 437 R R B SRR P4 (Scheme 1Y, fHRAL
SN TES, KM R4 9, N NBS &k
MARARFRREAT. R&nBRR T 7-HEXRRAEDY

~

| |
Ol 0= 00
OH  Hooc SRS 3
5 6 7

-

1 Heck RBAH34-HKIFEHEGRK M9
Table 1 Synthesis of 3,4-benzocoumarins 8 and 9 by Heck re-
action

Entry Pd(OAc)/equiv. PPhy/equiv. I&E/C t/h 723 /%

1 0.10 0.2 80 36 248
2 0.10 0.2 100 36 559
3 0.10 0.2 130 24 60.8
4 0.10 0.2 150 24 594
5 0.05 0.1 130 24 54

6 0.05 0.1 130 20 55.7

“J50RE 7 24 1.5 mmol, BEBREAA 2.0 equiv.; * 8 FI 9 K M.

10CEZ =YL 10%H0 5-F I R &) 1200
). RREE R T-HEM SRR, T S-FEAS R
R A B 10 (19 2546 15 A% R FLHR AN 0T 1 O RfIE. 7EAL
EW110 1) 'THNMR 1, 220082 6 7.58 A NI, 5 6.72
WERRAr N —ANE, B A SO B [ CH. R m/z:
5 389.1 [M+Na]".

S-JR R TR A2)TE AN /R MY, K
ffffS 5-BEHE-34-KH A/ T EA3). 1 7 ALAE IR
FERNOEFREZM LR . A ELEMET
PIRBEKRAGE] 7-F8 3 34-KFFERA). BRI
N ZEAT A R — AR
1.1.2 %&%—

Tk — ik E e 7-f -3 4-FHFFE R,
BT ABRAT 22 R A G5 i b e 5 N3, DL [A) F 5 0K i
14 NERHZ B IR 2 — AR 3,4- 2K & o =5

U1 Scheme 2 fli7w, DA SRR B (14) R AT A
2 (6) kL, A RAS B FH 2 B OR P B 15 21k
H15. & Heck HECR M, 7B RIMEY) 16 F117.
&M 17 18 30%EERR T 90 “C /M 3 h, &S 3] 5-f
H-3 4-KIFE G RKA3). HFEFELMET, (A 16 A1HE
PLBLER A3 BIAR R P29 10 3R T A TR R 14 4%
WORAF, iR B B S SRR VAR . ERER . X ORI R 4,

I O
o O

%Q_
i/

O\
O o 0o” "0
9

Reagents and conditions: (a) DCC, DMAP, THF, r.t., 30 min; (b) Pd(OAc),/PPhs, NaOAc, DMF, 130 °C, 20 h; (c) NBS/AIBN, CCly, reflux, 3 h;

(d) hexamethylenetetramine, HOAc/H,0O, reflux, 3 h

BR1  34-FIFE TR G L 1)

Scheme 1 Synthesis of the 3,4-benzo[c]coumarin aldehydes (route 1)
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BEAGEI R EY 7-5-3 4- 53R F SR, H
i R 7 £ BN AN TATHLIE T JOHLER . Bk e A
T IMERED.

I I
O 0 o
X OH
HOOC 0 o o
14 6 ﬁ/o 15

Reagents and conditions: (a) DCC, DMAP, THF, r.t., 30 min;
(b) HOCH,CH,OH, TsOH, toluene, reflux, 4 h; (c) Pd(OAc)./PPhs,
NaOAc, DMF, 130 °C, 20 h; (d) 30% HOAc, reflux, 30 min

B2 34-FIF T RIS R 2)
Scheme 2 Synthesis of 3,4-benzo[c]coumarin aldehydes (route
2)

1.2 &% 3a~3e #1 3b'~3e'BI AR

PLAR S 3k 2 Lz (18) Al 5-[ -3 4- /T K
(3) A JER}, 78— LT H(DMSO) 28] — 35 (&
BT R 3,4-2K 50 HE A eR-4- i (R4 19, TS
KAREIE R A SN2 SEREHUR(BEE10) B A ik H b
7=4¥) 3 (Scheme 3).

19 fkedktb e pirh, [R5 3] 7 Bk N-(3 An)Al
O-(4- IR S AL 7= 1)) 3a~3e FI 3b'~3e', (HZ
F C-2 BURIEM MBS DL NG =R
H N-/O-J ZEAb PP L B AH 22 5 KGR 2). FLrp s bk SR EY
ARG O-Fe AL =4 3" K77 S ARAR, A LAY 5.

FR2 ME19 Kk
Table 2 Alkylation of compound 19

. . PR % .

7Y BRI Y% T N-:O-
3a 55.2 55.2 a >10: 1
3b/3b’ 49.0 42.7 6.3 6.8°: 1
3c/3¢" 53.2 44.1 9.1 49 :1
3d/3d" 50.5 423 8.2 52:1
3e/3e" 45.8 39.9 5.9 6.8:1

ARG B BILEN O KIEILF=H; * 43 B L.

N-/O-Fe 3 AL 7= W i) 5 My vl Ll Ak &9 'H
NMR A1 C NMR % BB X 4. N-kp et &4 3a~

Chin. J. Org. Chem. 2017, 37, 429~439

0]

NH

o o e

St e p:

NH2 0" o ‘
18 13

0

19

O/\/R

Reagents and conditions: (a) DMSO, 120 C, 4 h; (b) acetone,
K2CO3, RCH,CH,CI, K, reflux 16 h

B3 a3 mamk

Scheme 3  Synthesis of compound 3

3e [ NCH, 1) H F C 5 5 1E MM B O-Fe it
44 3b'~3e' 1) OCH, FIAH NS 5 4b T 3 5137, H NCH,
7E 'H NMR 1, 523 3 4-5 515 5 R BRI BT W 22 bt
MR, 2225 APAAAE T IE(HA 5 N —AF), T
OCH, NI A — HIEF 5 ATAE). AHIRRAEEL
5 W% 3.

£3 N, O-SRENMGHIRAE

Table 3  Structural characterization of the N-, O-alkylated
products
Compd 5H(N-CH2 /O-CHz) 5c(N-CH2 /O-CHz)

3a 4.17~4.14, 3.64~3.61 66.7

3b/3b’ 4.19~4.14, 3.62~3.58/4.63 56.4/56.8
3c/3¢’ 4.21~4.16, 3.69~3.64/4.63 54.0/54.7
3d/3d’ 4.13~4.08, 3.49~3.45/4.51 49.9/50.8
3e/3e’ 4.16~4.12, 3.63~3.58/4.56 56.7/57.5

© 2017 Chinese Chemical Society & SIOC, CAS

1.3 K& 4atIERK

BT 7-F3E-34- 53 F S R ADMELLE R, BTl
AR P28, DLATR G 5 K Tt i (18) A ) F 2 R H % (14) A
JERE, Jef R C-2 Ay L ik -4- B L A4 20, &k
HeAb, Wy HEmetl, 4 Heck IR &R C-2 5 3,4-2K
FrE R T MOERE I EEIk-4-BH R 4E 4 4a (Scheme 4).

TR, A 20 Hkeib e vid, BT
My ¥R FE IO AEAE, 153 7 PALME Loy 81 R 4 AR O-
BEFEALTAH) 21 A N-JE 3640774 21-1 DA FEXT B OUERAR,
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0
0
NH
Mo+ (3§/(>\0H—a> N
NH,
18 14 20 o

0]
o> R N R
—b> N N + N/ +
~
N
21 OH
major OH 2141

o ™R

Reagents and conditions: (a) DMSO, 120 C, 4 h; (b) Acetone,
K2CO3, RCH,CH.CI, KI, reflux, 9 h; (c) DCC, DMAP, THF, r.t, 12 h;
(d) Pd(OAc)./PPh;, NaOAc, DMF, 120 C, 36 h

B4 LEY4a KA

Scheme 4 Synthesis of compound 4a

PR 21-3 F1 212, DRA SORAL ROETEZE AN R, S
Phgztl, Jr B4R abINHE. 4 NI MILLBIAIE, BLE O-
B 21 Dy, I ) B ML 1] LK SRR R
BEERER LA K,CO5 HILLH, BAA3E] O-ke Al
21, PPN 54.4%.

FEAL A M) 22 64T Heck fRIXRIN NI, £33 2-(7-
HIFA G2~ MRIRR-4- R TR da( T 2 M) AR
2-(5-FR I T )W -4- AT A W) 3", IX AT RS
NTETE IR 3,4- 5K 048 5 R IR, 5 A b i 2 1) o B 7 £or
M RIS, PIA AR da A0 3a' UM PEREDL, 2 Bsik
A, H 3"k, AERATHSL S B S b,

1.4 $BpEEMETEN

St T & AL A4 3a~3e. da F 19~21 43 HIEAT

TSN E S5 (hela) 3L IR (MCF-7) il e

432 http://sioc-journal.cn/

(ASA9) A MLy P B, 9 FHPE TR, 25 R LER 4. =
RT S, BTl il A s =R e 40 3 5 HL A 25 O
55T, BT R BRI A A S . T T AR X
WM& A 4a 6] Hela 4 g (ICs = 22.63
umol/L); 3e Al 21-3 #fi] MCF-7 4iJfi(ICs, 7354 23.35
A1 18.72 umol/L), FKILH — & k.

F 4 LS 8 FN 9 BB IR M

Table 4 Antitumor activities of compounds 8 and 9

PUMBIEE (ICs, pmol°L ")

Compd.
Hela MCEF-7 A549
19 31.32£0.09 >50 >50
3a 47.0940.03 >50 38.1540.01
3b >50 >50 46.1240.02
3c >50 >50 >50
3d >50 >50 >50
3e >50 23.35+0.04 45.301+0.01
4a 22.631+0.04 >50 >50
20 >50 >50 >50
21 36.51£0.01 39.07+0.02 >50
21-1 >50 >50 >50
21-2 >50 >50 >50
21-3 >50 18.72+0.01 >50
JI5EE 9.91£0.01 13.10£0.02 17.001+0.01

© 2017 Chinese Chemical Society & SIOC, CAS

HEA 3,4-K I B R A EEIR-4-FR AL 54 3a~3e.
da 19 FA SRR KBNS, B mm
2b~2e(& 1)IHT MRS TECso 7E 10 pmol/L) &K, F M
B C-2 PR DF &P (=3 )b & r f b
SRV PEBR S B SUAN K. (RIS, 0 2 25 R AS R0 v P 52
Wi AN K. 1T 22 b 0 1 800 4K B 40 R 9 12 5 M) S AN
K, 020 F121 RIMLED.

1.5 EDEMITFMN

B2 BTE R EIEE Y 1a~1c. 2a~2e)(E DI
B 3a~3e 73l HEAT T AR A0 B R L
Fricd i B Mg 2RI E: KT E
(Escherichia coli) FI AT B (Shigella Castellani), Utk
FEYDI TR (L A)): SRR R (A lternaria alternate) SR8
Bt T # (Fusarium oxysporum)~ SCAE 22 4% B (Rhizoctonia
solani) UK TR AL 1 (Verticillium dahliae). VAV D 2
(Norfloxacin) A1 = M i (Triadimefon) 4y FH 4 5 H&, j 3
WA 50 pg/mL, 455803 5.

SEIREE AR, (A VIR B 1P RO B, X
Escherichia coli B A T MINHITETE, 6|2 1E 89% LA
k., 5 Norfloxacin FTHIEVEM Y. tLAEWIXT Shigella
Castellani WIHNENEYERSE, DG P R s, W
3b 1 3¢ WIHNHIZR I A 94%, BEAKT-BHMEXTHR. KEsr
G VRt B WA B A RIE A, WXt Alternaria
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K5 MEW1~3 HHTEIETE

Table 5 Antmicrobial activities of compounds 1~3

PUAEIIH] /% (50 pgemL ")

Compd. Anti-bacteria Anti-fungi
Escherichia coli Shigella castellani Alternaria alternate Fusarium oxysporum Rhizoctonia solani Verticillium dahliae

1a 99 66 82 65 68 44
1b 98 74 73 100 100 54
1c 99 84 58 76 24 63
2a 99 83 35 57 51 33
2b 96 35 31 27 2 47
2¢ 99 15 57 46 21 37
2d 100 47 70 42 47 61
2e 99 73 77 60 64 65
3a 89 55 82 80 42 81
3b 97 94 86 71 20 49
3c 97 94 77 91 90 33
3d 91 66 62 61 54 100
3e 90 32 84 78 26 54

Norfloxacin 98 95

Triadimefon 64 58 94 63

alternate 1 Fusarium oxysporum £ & _L I H175
M, B2 T FHYEXT IR Triadimefon; X} Rhizoctonia
solani 1 Verticillium dahliae EA7 554k 55 AN HI1E .
D HANA DR AN [ 1) 32 8 A B s R e B PR A R v, G
1b %} Fusarium oxysporum F Rhizoctonia solani WJHIH| 2
128 100%, 3d Xt Verticillium dahliae FI3NH %A 100%.
HAR 34-RIH TR AIERTR-4-FH L 54 3a~3e 40
PR S T e Y 1 A1 2, B4R . EEMENE
PEIRT, R EWBA BN 1 R RS .

2 Zhig

AR Heck BRI LA R 1 E, dEif 540 2k
IR [N, Gl T RS R EE C-2 A 3,4-289F
T G R ERRIR-4-FRATAEY) 3a~3e Al 4a. AN HLEY)
3e fil 4a 73 HIHA HEIHT MCF-7 F14T Hela 4138454
TETE. MR ITIER, K C-2 BUREILYE
PRI A Y BRI =R SR K. BRAh,
WEY 1~3 HEA RUFMPURETEYE, H0 4 B 3 i
T PR O BT ) BE AT
3 XIS
3.1 UES5HF

W& SGW® X-4 WA A (L RE TF AR AL 1E )l
S, KSR RE ) BRUKER AC-P600 (600 MHz) A% f
PRGN 2, TMS HWHF; BHE(ESDAH Agilent G6300
B 7 BFOAH R e A A% Jo & 2 i i HERAEUS
(CHNO, rapid)# JC = /3 #74%; Jt% FEH BioRad 3550 %Y
BRI 52 JEHT LR (200~300 H) N Bl T

Chin. J. Org. Chem. 2017, 37, 429~439
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J R ASCRT AR S r pr A, KR A 4%
WITIERC B, KON IRFERAE K.

32 KAEMI3HER

321 Tkl b T A&

100 mL [F LM N 436 mg (4.0 mmol) [ F 3
K115, 1.0 g (4.0 mmol) 2L FHER 6, 832 mg (4.0 mmol)
TR HEERE I (DCC), 98 mg (0.8 mmol) 4- I HE
e (DMAP), 20 mL Jo/K PYE PRI (THF), = EHiHE,
2 ERE(TLO) WM M. 30 min &, MM 5E4s, lER
MR IRE, 1SR A LR LR E A4S AR E] 1.05
g 2-MHZR R 3-HFLIRER(T), IR, 2R 76.9%.
'H NMR (600 MHz, CDCl;) ¢: 8.09 (d, J=7.8 Hz, 1H,
Ar-H), 8.05 (dd, J=1.8, 7.8 Hz, 1H, Ar-H), 7.50 (t, 1H,
J=17.8 Hz, Ar-H), 7.34 (t, J=7.8 Hz, 1H, Ar-H), 7.24 (td,
J=1.8, 7.8 Hz, 1H, Ar-H), 7.13~7.08 (m, 3H, Ar-H), 2.43
(s, 3H, CH;); MS (ESI) m/z: 339.2 [M+H]".

322 b 10 4= 12 694 A%

50 mL [ BH I 518 mg (1.5 mmol)fb&4 7,
35 mg (0.15 mmol) BSR4, 80 mg (0.3 mmol) — K[,
251 mg (3.0 mmol)FEERHN, 5 mL Hi 7% N,N- - F I F i i
(DMF). &RMAE 130 Ci#E4T, TLC WA RN E4L. R
MW 5 mL LW CERAE, A HUAH R A& SR KT,
To KR BR BN . 3 98 T R 48 DR, R S AR
(200~300 BEHF: L[ VAl @ V(LR LE)=25 : 1]
I3, 193] 518 mg MELLSF B [E 73 At ik 8 1 9 IR G
), W 55.9%.

50 mL [BJEFM N 195 mg (0.9 mmol) 8 F1 9
BAY), T 10 mL DUSUGER R # el 2 A5 iE . 7

http://sioc-journal.cn/ 433
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fILInA 180 mg (1.0 mmol)iRAX T LI JiZ(NBS)HI 15
mg (0.09 mmol)ff%& — % T E(AIBN), 4z 3 h,
TLC Wl REATFRAR, [ A H 2%, 10 mL
LR CFEAEHL, A HLUAE R MR & 3h KB, TCKBRER AN T
B, HhIEIEIRAG IS, M AER (200~300 H)FEM
WEVCA ) @ V(LR ZBR)=15 1145153 10 #112.

3- IR IE-6 H-2R I [c] R 9F — AL -6-F[ (10):
EHRY), 7% 58.2%. 'H NMR (600 MHz, CDCl;) 6:
8.44 (d, J=7.8 Hz, 1H, Ar-H), 8.15 (d, J=7.8 Hz, 1H,
Ar-H), 8.11 (d, J=8.4 Hz, 1H, Ar-H), 7.89 (t, J=7.8 Hz,
1H, Ar-H), 7.66 (t, J=7.2 Hz, 1H, Ar-H), 7.61~7.58 (m,
2H, Ar-H), 6.72 (s, 1H, CH); MS (ESI) m/z: 389.1 [M+
Na]".

- IR -6 H-2R I [c] R FF AL -6-B (12): ot
HOIRY, 722 10.6%. 'H NMR (600 MHz, CDCl;) o: 8.53
(t, J=7.2 Hz, 2H, Ar-H), 7.96 (t, J=7.8 Hz, 1H, Ar-H),
7.69 (d, J=7.8 Hz, 1H, Ar-H), 7.48 (t, J=7.8 Hz, 1H,
Ar-H), 7.42 (d, J=7.2 Hz, 2H, Ar-H), 4.95 (s, 2H, CH,);
MS (ESI) m/z: 313.9 [M+Na] .

323 A4 13 694 A%

50 mL FEERLIRF A 145 mg (0.5 mmol)ib 54
12, 102 mg (0.7 mmol) /S FEEPUJZ, 5 mL 7K. InFAalj
ZRIFRERIEME, MAGFERIKEERR, 428:0E1R 4
h, TLC MM B 5ER. RN AR ZE =R, FET
VKK, A K& A B . SRS 2R, 2 R
CERE LG E] 91 mg 6-F I JE-6H-K I [c] AR FF At
W -1- F R (13), A BB, P& 81.2%. mp. 174~
176 °C; 'H NMR (600 MHz, CDCl;) §: 10.55 (s, 1H,
CHO), 8.53 (d, J=7.8 Hz, 1H, Ar-H), 7.91 (t, J=7.8 Hz,
1H, Ar-H), 7.79~7.74 (m, 3H, Ar-H), 7.65~7.62 (m, 2H,
Ar-H); MS (ESI) m/z: 247.2 [M+Na]".

324 Fik 2 A 15 6948

50 mL [FJE S N 244 mg (2.0 mmol) 7] ¥ 5 54
F% 14, 496 mg (2.0 mmol)AF LA R 6, 412 mg (2.0
mmol) DCC Al 24 mg (0.4 mmol) DMAP. - 10 mL JE/K
DY &g = I R, 30 min JiF, TLC MO B 58 4, il
VeI IRAE UM, M= S AE LR B h 45 AR 3 667
mg SRR R

50 mL [ JEE B S AN 350 mg (1.0 mmol) ik & A%,
g, 308 mg (5.0 mmol)Z, %, 37 mg (0.2 mmol)X}
RMEER. T 10 mL Jo/K R [ElA 43 K. B 4 h, TLC
W R 5e 4, IRNRA I ZZR, F 10 mL L8R LB
U, AHUHHTCKBRER SN T4, eIk I8,
P ih 28 B (200 ~ 300 H ) KR (VA )
V(IR CHER)=10 : 11775, 195] 350 mg 2-BCK IR

434 http://sioc-journal.cn/
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3-(1,3- UK PR -2- 50 ) K B (15), R B Bl Ak, R
89.0%. 'H NMR (600 MHz, CDCl5) §: 8.07 (d, J=7.8 Hz,
Ar-H, 1H), 8.03 (dd, J=1.8, 7.8 Hz, 1H, 1H, Ar-H),
7.49~7.44 (m, 2H, Ar-H), 7.40 (brs, 2H, Ar-H), 7.28 (d,
J=7.8 Hz, 1H, Ar-H), 7.22 (td, J=1.8, 7.8 Hz, 1H, Ar-H),
5.88 (s, 1H, CH), 4.12~4.08 (m, 2H, CH,), 4.05~4.03
(m, 2H, CH,); MS (ESI) m/z: 397.2 [M+H]".

3.2.5 ALb&H 16 A2 17 694 %

50 mL BJEFEM AN 1.7 g (4.3 mmol) 15, 97 mg
(0.4 mmol)BERZ4E, 227 mg (0.8 mmol)=ZEFEB, 513 mg
(6.5 mmol)ESERHN. T 5 mL #i#& DMF ' 130 ‘C M,
TLC MM MR, RMEAHZZERE, HORORE
(5 mL X 2)AEHY, A HUHFAEAE KRG, KRN
T, KA AR (200~300 H ) KE [V k)
V(4R BR)=5 2 11508, 35313 mg 16 F1255 mg 17.

3-(1,3- IR -2-38)-6 H- 2K I [c] 2K I — A ML IR -6-
fi(16): AMEAE, P#F 27.0%. mp. 117~118 C; 'H
NMR (600 MHz, CDCl;) 6: 8.42 (d, J=7.8 Hz, 1H, Ar-H),
8.14 (d, J=8.4 Hz, 1H, Ar-H), 8.09 (d, /=8.4 Hz, 1H,
Ar-H), 7.84 (t, J=8.4 Hz, 1H, Ar-H), 7.60 (t, J=7.8 Hz,
1H, Ar-H), 7.50 (s, 1H, Ar-H),7.46 (d, J=8.4 Hz, 1H,
Ar-H), 5.91 (s, 1H, CH), 4.16~4.14 (m, 2H, CH,), 4.09~
4.07 (m, 2H, CH,); MS (ESI) m/z: 291.5 [M+Na]".

1-(1,3- 5 R IR-2-385)-6 H- 2K F: [ ] 25 FF — S g -6-
f(17): AEEE, PR 22.0%. mp. 136~137 C; 'H
NMR (600 MHz, CDCl;) 6: 8.53 (d, J=7.8 Hz, 1H, Ar-H),
8.51 (dd, J=1.2, 7.8 Hz, 1H, Ar-H), 7.87 (td, J=1.8, 7.8
Hz, 1H, Ar-H), 7.84 (d, J=7.8 Hz, 1H, Ar-H), 7.65 (t, J=
7.8 Hz, 1H, Ar-H), 7.54 (t, J=7.8 Hz, 1H, Ar-H), 7.45 (d,
1H, J=7.8 Hz, Ar-H), 6.34 (s, 1H, CH), 4.34~4.31(m,
2H, CH,), 4.24~4.21 (m, 2H, CH,); MS (ESI) m/z: 291.5
[M~+Na]".

3.2.6 A 13 694 %

50 mL [BJEFHM A 270 mg (1.0 mmol) 17, 10
mL 30%M R /KA, 90 CHEPEN. JERl 4 o 4k 4t
SN 30 min. SN E T UKOK A A, iE TR
H 2.1 . Fig 45 43 31 180 mg 13, YK 80%.

3.3 LEM19MER

10 mL [F B I 136 mg (1.0 mmol) 4% I %
F R (18)F1 269 mg (1.2 mmol) 5-F 7 & K EE(13),
5 mL —H3EA(DMSO)#R, £ 120 Cilis %1+
NInFASERE, TLC W2 R T4, R H 2R =,
RGN 100 mL /KH, BRI SIEE, BT B aUiiE.
& B B IVCRMEE - V(2RO =1: 11153
369 mg 2-(6-5F MV 3E-6 H-K I [c] R I — Stk R - 1- 35 g e
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Wk-4(3H)-B(19), EGREE, =3 73.2%. mp. 272.1~
273.7 ‘C; 'H NMR (600 MHz, DMSO-d;) 6: 12.68 (s, 1H,
NH), 8.33 (d, J=7.2 Hz, 1H, Ar-H), 8.23 (d, J=7.2 Hz,
1H, Ar-H), 7.89 (t, J=7.2 Hz, 1H, Ar-H), 7.75 (d, J=7.8
Hz, 1H, Ar-H), 7.70 (d, J=7.8 Hz, 2H, Ar-H), 7.61~7.66
(m, 3H, Ar-H), 7.57 (d, J=6.6 Hz, 1H, Ar-H), 7.32 (d, J=
7.8 Hz, 1H, Ar-H); *C NMR (150 MHz, DMSO-d;) o:
161.6, 159.9, 154.3, 151.0, 148.7, 135.0, 134.7, 133.2,
1322, 130.1, 130.1, 129.5, 127.6, 127.4, 127.2, 126.0,
125.0, 121.6, 121.4, 119.2, 116.2; MS (ESI) m/z: 339.2
[M—H]".
3.4 1£A4 3a~3e 1 3b'~3e'MIE K

DAL A 3¢ A1 3¢ 1 A 50 mL 3 i B HH
A 60 mg (0.3 mmol)ft.&54 19, 80 mg (0.9 mmol) Jo7K A%
FRAR, FEANN 10 mL B AL PR PIEE, $E+E RN 30 min &
B 66 mg (0.6 mmol) 2-5- £, 3% PU S s e SRR #h A1
AL BT, 28821 HERE 16 h, TLC Ml s B 58 4.
LA HV AR R, fhERR SRR, IR IR, TR
Yiin 20 mL & EE(DCM)TAE AR, I 10 mL /K36 2 I,
A HUABTE TS /AKBREREE 1. ShIE IR I, KL= i
ZHERR(200~300 RS [( & F L) @ M(F )=
30 1147 &8, 133 34 mg N-Ke 246724 3¢ Al 7-mg O-%t
B4 3¢

PAFEIRERI LA LA#3 %] 3a. 3b. 3b'. 3d. 3d'. 3e
1 3¢,

3-(2-FEh bk 2, 3)-2-(6- 55 . 2 -6 H- A FF: [c] R I — &k
M- 1- 38 ) R bk -4 (3 H)- i (3a): A [ 4K, P23 55.2%.
m.p. 164.3~165.3 ‘C; '"H NMR (600 MHz, CDCl;) ¢:
8.46 (d, J=7.2 Hz, 1H, Ar-H), 8.40 (d, J=7.8 Hz, 1H,
Ar-H), 7.84 (t, J=7.2 Hz, 1H, Ar-H), 7.74 (d, J=7.8 Hz,
1H, Ar-H), 7.65~7.60 (m, 2H, Ar-H), 7.57 (d, J=7.8 Hz,
1H, Ar-H), 7.55 (t, J=7.8 Hz, 1H, Ar-H), 7.48 (t, J=7.2
Hz, 1H, Ar-H), 7.41 (d, J=6.6 Hz, 1H, Ar-H), 7.18 (d, J=
8.4 Hz, 1H, Ar-H), 4.17~4.14 (m, 1H, CH,), 3.64~3.61
(m, 1H, CH,), 3.46 (brs, 4H, CH,), 2.44~2.40 (m, 2H,
CH,), 2.17 (brs, 2H, CH,), 2.12 (brs, 2H, CH,); *C NMR
(150 MHz, CDCl3) d: 162.0, 160.3, 155.3, 151.9, 147.3,
135.2, 135.0, 133.3, 132.1, 131.3, 130.2, 129.7, 128.0,
127.9, 127.1, 124.3, 122.3, 121.1, 120.1, 116.6, 66.7, 56.3,
53.6, 42.7; MS (ESI) m/z: 476.0 [M+Na] . Anal. calcd for
CoH»3N;04: C 71.51, H 5.11, N 9.27; found C 71.60, H
5.23,N 9.34.

3-[2-(WRIE-1-3E) 2. FE ]-2-(6- . FE-6 H- 2K T [c] K IF
AU -1 ) P R -4 (3 H)-B (3b): [ (4K, e R
42.7%. mp. 159.7~161.1 C; 'H NMR (600 MHz,
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CDCly) 6: 8.46 (d, J=7.8 Hz, 1H, Ar-H), 8.40 (d, J=7.8
Hz, 1H, Ar-H), 7.82 (t, J=7.2 Hz, 1H, Ar-H), 7.73 (d, J=
8.4 Hz, 1H, Ar-H), 7.64~7.59 (m, 2H, Ar-H), 7.56 (d, J=
8.4 Hz, 1H, Ar-H), 7.54 (t, J=7.8 Hz, 1H, Ar-H), 7.47 (t,
J=7.2 Hz, 1H, Ar-H), 7.40 (d, J=7.2 Hz, 1H, Ar-H), 7.17
(d, J=8.4 Hz, 1H, Ar-H), 4.19~4.14 (m, 1H, CH,),
3.62~3.58 (m, 1H, CH,), 2.45~2.41 (m, 1H, CH,),
2.38~2.33 (m, 1H, CH,), 2.14 (brs, 2H, CH,), 2.07 (brs,
2H, CH,), 1.34 (brs, 4H, CH,), 1.28 (brs, 2H, CH,); "*C
NMR (150 MHz, CDCly) d: 162.0, 160.4, 155.5, 151.9,
1473, 135.2, 134.9, 133.4, 132.2, 131.3, 130.2, 129.6,
127.9, 127.1, 124.3, 122.2, 121.2, 120.0, 116.5, 56.4, 54.6,
43.1, 31.7, 25.7, 24.0; MS (ESI) m/z: 492.1 [M+XK]".
Anal. calcd for C,3H,sN;05: C 74.48, H 5.58, N 9.31;
found C 74.29, H 5.67, N 9.36.

1-{4-[2-(WR P - 1- 55 ) £, G 5 | e PRk b - 2- 355 -6 - 2
[c]ZRFF &Mt iE-6-fH(3bY): A, =% 6.3%. m.p.
182.6~183.8 C;'H NMR (600 MHz, CDCl;) J: 8.40 (d,
J=7.8 Hz, 1H, Ar-H), 8.28 (d, J=8.4 Hz, 1H, Ar-H), 8.00
(d, J=8.4 Hz, 1H, Ar-H), 7.92 (t, J=7.2 Hz, 1H, Ar-H),
7.67 (t, J=7.8 Hz, 1H, Ar-H), 7.59~7.55 (m, 2H, Ar-H),
7.49 (dd, J=7.2, 1.8 Hz, 1H, Ar-H), 7.46 (t, J=7.2 Hz,
1H, Ar-H), 7.32 (t, J=7.8 Hz, 1H, Ar-H), 6.91 (d, J=38.4
Hz, 1H, Ar-H), 4.63 (brs, 2H, CH,), 2.83 (brs, 2H, CH,),
2.50 (brs, 4H, CH,), 1.64 (brs, 4H,CH,), 1.45 (brs, 2H,
CH,); “C NMR (150 MHz, CDCl;) d: 167.1, 163.5, 161.5,
152.5, 152.3, 138.7, 134.9, 134.8, 133.8, 130.7, 130.2,
129.0, 128.6, 128.3, 127.1, 1242, 122.9, 119.1, 117.2,
115.5, 56.8, 54.8, 24.8, 24.8, 23.6, 23.5; MS (ESI) m/z:
490.2 [M+K]+. Anal. caled for CysH,5N305: C 74.48, H
5.58,N 9.31; found C 74.36, H 5.52, N 9.25.

3-[2-(PU &tk - 1-38 ) 2,5 ]-2-(6- 0 FE -6 H- 2K I [ ]
2RI AR - 138 E R IR -4 (3 H) -l 3e): B A, 72
F 44.1%. mp. 77.7~78.9 ‘C; 'H NMR (600 MHz,
CDCly) 6: 8.45 (d, J=7.2 Hz, 1H, Ar-H), 8.39 (t, J=8.4
Hz, 1H, Ar-H), 7.82 (t, J=6.6 Hz, 1H, Ar-H), 7.73 (d, J=
7.8 Hz, 1H, Ar-H), 7.64~7.59 (m, 2H, Ar-H), 7.55 (d, J=
6.6 Hz, 1H, Ar-H), 7.53 (t, J=7.8 Hz, 2H, Ar-H), 7.47 (t,
J=6.6 Hz, 2H, Ar-H), 7.40 (t, J=6.6 Hz, 2H, Ar-H), 7.19
(t, J=8.4 Hz, 1H, Ar-H), 4.21~4.16 (m, 1H, CH,), 3.69~
3.64 (m, 1H, CH,), 2.63~2.59 (s, 2H, CH,), 2.18 (brs, 4H,
CH,), 1.52 (m, 4H, CH,); *C NMR (150 MHz, CDCl) ¢:
162,0, 160.4, 155.5, 151.9, 147.3, 135.0, 134.9, 133.4,
1322, 131.2, 130.1, 129.5, 127.9, 127.9, 127.1, 127.1,
124.4, 122.2, 121.2, 120.0, 116.6, 54.0, 53.6, 44.6, 23.4;
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MS (ESI) m/z: 438.2 [M+H]". Anal. calcd for Cy7H,s-
N;0s: C 74.12, H 5.30, N 9.60; found C 74.09, H 5.36, N
9.71.

1-{4-[2-( DY SR - 1- 3k ) 2 58 FE e e bk -2- 355 ) -6 H-
HKIF[)A I AN -6-F (3c"): AT, FF 9.1%.
m.p. 101.7~102.5 “C; '"H NMR (600 MHz, CDCl;) §:
8.40 (d, J=7.8 Hz, 1H, Ar-H), 8.30 (d, /=8.4 Hz, 1H,
Ar-H), 8.00 (d, J=8.4 Hz, 1H, Ar-H), 7.92 (t, J=7.8 Hz,
1H, Ar-H), 7.67 (t, J=7.8 Hz, 1H, Ar-H), 7.59~7.55 (m,
2H, Ar-H), 7.49 (d, J=7.2 Hz, 1H, Ar-H), 7.45 (t, J=7.8
Hz, 1H, Ar-H), 7.32 (t, J=7.8 Hz, 1H, Ar-H), 6.90 (d, J=
8.4 Hz, 1H, Ar-H), 4.63 (brs, 2H, CH,), 2.92 (brs, 2H,
CH,), 2.67 (brs, 4H, CH,), 1.83 (brs, 4H, CH,); *C NMR
(150 MHz, CDCl3) 0: 163.4, 161.2, 152.2, 152.0, 138.6,
134.6, 134.4, 133.5, 130.4, 129.8, 128.6, 128.3, 127.9,
127.8, 126.8, 124.0, 122.6, 118.7, 117.0, 115.4, 54.7, 54.3,
29.8, 23.7; MS (ESI) m/z: 476.1 [M+K]". Anal. calcd for
Co7H3N;05: C 74.12, H 5.30, N 9.60; found C 74.16, H
5.35,N 9.68.

3-[2-( . L FE) £ FE)-2-(6- R F -6 H- 75 3 [c] 2K IF
AL PR -1 ) 1 MR -4 (3 ED-TE (3d): A L[ AR, PR R
42.3%. m.p. 149.7~150.9 ‘C; '"H NMR (600 MHz,
CDCl;) o: 8.46 (d, J=7.8 Hz, 1H, Ar-H), 8.39 (t, J=6.6
Hz, 2H, Ar-H), 7.83 (t, J=6.6 Hz, 2H, Ar-H), 7.74 (t, J=
6.6 Hz, 1H, Ar-H), 7.57~7.61 (m, 2H, Ar-H), 7.48 (t, J=
6.6 Hz, 2H, Ar-H), 7.40 (t, J=8.4 Hz, 2H, Ar-H), 7.18 (d,
J=8.4 Hz, 1H, Ar-H), 4.13~4.08 (m, 1H, CH,), 3.49~
3.45 (m, 1H, CH,), 2.58~2.54 (m, 1H, CH,), 2.45~2.40
(m, 1H, CH,), 2.30~2.21 (m, 4H, CH,), 0.75 (brs, 6H,
CH3); “C NMR (150 MHz, CDCl5) §: 162.0, 160.3, 155.5,
151.9, 147.3, 133.2, 129.9, 128.9, 128.0, 126.9, 124.2,
1222, 121.2, 120.0, 116.5, 49.9, 47.6, 44.2, 11.9; MS
(ESI) m/z: 440.8 [M~+H]". Anal. calcd for C,;H,sN;05: C
73.78, H 5.73, N 9.56; found C 73.90, H 5.81, N 9.49.

1-{4-[2-( = L JH 5k ) & S B v Wk -2- 5 -6 H- 2R 5F:
[c]ZE I AL -6-F(3d"): HGEE, % 8.2%. mp.
162.8~164.2 °C; '"H NMR (600 MHz, CDCl) J: 8.39 (d,
J=7.8 Hz, 1H, Ar-H), 8.26 (d, J=8.4 Hz, 1H, Ar-H), 7.99
(d, J=8.4 Hz, 1H, Ar-H), 7.91 (t, J=7.2 Hz, 1H, Ar-H),
7.66 (t, J=7.8 Hz, 1H, Ar-H), 7.57 (t, J=7.8 Hz, 2H,
Ar-H), 7.49 (d, J=7.2, Hz, 1H, Ar-H), 7.45 (t, J=7.8 Hz,
1H, Ar-H), 7.31 (t, J=7.2 Hz, 1H, Ar-H), 6.90 (d, J=8.4
Hz, 1H, Ar-H), 4.51 (brs, 2H, CH,), 2.85 (brs, 2H, CH,),
2.59 (brs, 4H, CH,), 1.01 (brs, 6H, CHs); *C NMR (150
MHz, CDCl;) 6: 167.2, 163.4, 161.3, 152.1, 151.9, 138.6,
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134.5, 133.5, 130.4, 129.8, 128.6, 128.3, 127.9, 127.7,
126.8, 123.9, 122.5, 118.6, 116.9, 115.3, 50.8, 48.0, 47.7,
11.9, 11.7; MS (ESI) m/z: 440.3 [M~+H]". Anal. calcd for
Co7H,sN;05: C 73.78, H 5.73, N 9.56; found C 73.84, H
5.76,N 9.62.

3-[2-( T H R ) 2 FE)-2-(6- 8 W 3 -6 H- 75 - [c] 4 9F
AR R - 1- 3 ) e IR -4 (3 - T (Be): A ERLE AR, PR R
39.9%. m.p. 157.7~159.1 C; 'H NMR (600 MHz,
CDCLy) &: 8.45 (d, J=7.8 Hz, 1H, Ar-H), 8.41 (t, J=8.4
Hz, 2H, Ar-H), 7.83 (d, J=6.6 Hz, 2H, Ar-H), 7.74 (d, J=
7.8 Hz, 2H, Ar-H), 7.57 (d, J=7.8 Hz, 2H, Ar-H), 7.48 (t,
J=6.6 Hz, 2H, Ar-H), 7.40 (d, J=6.6 Hz, 2H, Ar-H), 7.22
(t, J=7.8 Hz, 1H, Ar-H), 4.16~4.12 (m, 1H, CH,), 3.63~
3.58 (m, 1H, CH,), 2.45~2.41 (m, 1H, CH,), 2.35~2.31
(m, 1H, CH,), 1.91 (s, 6H, CH;); °C NMR (150 MHz,
CDCly) d: 162.1, 160.4, 155.5, 151.9, 147.3, 135.1, 135.0,
133.3, 132.1, 131.2, 130.2, 129.6, 127.9, 127.2, 127.1,
124.4, 1222, 121.2, 120.0, 116.6, 56.7, 45.3, 43.6; MS
(ESI) m/z: 412.6 [M+H]". Anal. calcd for C,sH, N;05: C
72.98, H 5.14, N 10.21; found C 73.05, H 5.19, N 10.32.

1-{4-[2-( = W1 Jlg 5 ) £ S B T v e ik -2- 5 } -6 H- 2R I
[c]Z I AL -6-FA(3e"): AMBELR, 7% 5.9%. m.p.
179.3~180.2 °C;'H NMR (600 MHz, CDCl;) 6: 8.40 (d,
J=7.2 Hz, 1H, Ar-H), 8.30 (d, J=8.4 Hz, 1H, Ar-H), 7.99
(d, J=8.4 Hz, 1H, Ar-H), 7.92 (t, J=7.2 Hz, 1H, Ar-H),
7.66 (t, J=7.8 Hz, 1H, Ar-H), 7.59~7.55 (m, 2H, Ar-H),
7.49 (dd, J=7.2, 2.4 Hz, 1H, Ar-H), 7.45 (t, J=7.8 Hz,
1H, Ar-H), 7.32 (t, J=7.2 Hz, 1H, Ar-H), 6.90 (d, J/=8.4
Hz, 1H, Ar-H), 4.56 (t, J=5.4 Hz, 2H, CH,), 2.75 (brs, 2H,
CH,), 2.32 (brs, 6H, CH3); *C NMR (150 MHz, CDCl;) 6:
167.1, 163.3, 161.3, 152.1, 151.9, 138.6, 134.5, 134.4,
133.5, 130.4, 129.8, 128.6, 128.2, 127.9, 127.8, 126.8,
124.0, 122.5, 118.7, 117.0, 115.3, 57.5, 45.5, 43.5; MS
(ESI) m/z: 450.9 [M+K]". Anal. caled for C,sH,N3O5: C
72.98, H 5.14, N 10.21; found C 73.04, H 5.12, N 10.25.
35 kEM209ERK

100 mL [FEFHF A 680 mg (1.0 mmol)&k & I
K (18), 732 mg (1.2 mmol)a]EHEZE HEE(14), 25
mL DMSO ¥%f#, 120 CHPFTFHidE, TLC Ml ) v 5¢
A RPBRA IR =R, SRS 500 mL KH, i
SEEE, Aty HhaRESHM A R
Fi) L V(=5 111583 996 mg 2-(3-FHJk Ik )ms
Wk-4(3H)-(20), HOREAE, F=% 83.7%. mp. 239.1~
240.9 °C; "H NMR (600 MHz, DMSO-dj) 0: 12.45 (s, 1H,
NH), 9.79 (s, 1H, OH), 8.15 (d, J=7.8 Hz, 1H, Ar-H), 7.82
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(t, J=7.8 Hz, 1H, Ar-H), 7.72 (d, J=7.8 Hz, 1H, Ar-H),
7.60 (d, J=8.4 Hz, 2H, Ar-H), 7.51 (t, J=7.2 Hz, 1H,
Ar-H), 7.34 (t, J=7.8 Hz, 1H, Ar-H), 6.98 (d, J=7.2 Hz,
1H, Ar-H); “C NMR (150 MHz, DMSO-dg) J: 162.2,
157.5, 152.4, 148.7, 134.6, 134.1, 129.7, 127.4, 126.5,
125.9, 121.0, 118.5, 118.4, 114.6; MS (ESI) m/z: 277.8
IM+K]".

3.6 wEY21 HERK

250 mL [FJEE B n N 2.38 g (10 mmol) L& 20,
2.07 g (15 mmol) E/KFREREH. F 100 mL 3 kb3 i A R
rEFE RN 30 min 5, SO 1.86 g (10 mmol) 2-5 &%
e b R R R AL AL, 4R R RE O h, TLC 1A
M ZE N 5E4, RRA ENE =R, gk 2R,
IRYEIET, BRI 150 mL & W BEiA AR, KPR
(50 mLX3). FALHHHTC/KE IR B8, g ikdE e
T, FPE R RE R (200~300 H)F: 3 (V4 ) :
V(LR ER)=4 11505, 133 1.9 g O-kik:Ab =4 21,
[FIBSIRTF 2] T N-FEEAL =4 21-1 SRR 21-2
A 21-3.

3-[4-(2-MEh bk 2, 4 L ) A bR -2 - R ) 6 W (21): 1 £
1%, PEE 54.1%. mp. 125.5~126.7 ‘C; '"H NMR (600
MHz, CDCl3) 6: 8.03 (d, J=7.8 Hz, 1H, Ar-H), 7.81 (d,
J=17.8 Hz, 1H, Ar-H), 7.79~7.77 (m, 2H, Ar-H), 7.67 (t,
J=7.8 Hz, 1H, Ar-H), 7.05 (t, J=7.8 Hz, 1H, Ar-H), 6.73
(dd, J=7.8 Hz, 1.8 Hz, 1H, Ar-H), 4.84 (t, J=5.4 Hz, 2H,
CH,), 3.84 (t, J=4.8 Hz, 4H, CH,), 3.06 (t, J=5.4 Hz, 2H,
CH,), 2.80 (brs, 4H, CH,); *C NMR (150 MHz, CDCl;) ¢:
166.3, 159.4, 156.4, 151.6, 139.0, 133.5, 129.5, 127.7,
126.4, 123.5, 120.2, 118.0, 115.1, 115.0, 66.5, 63.4, 57.5,
54.1; MS (ESI) m/z: 389.3 [M+K]'. Anal. calcd for
CoH,N305: C 68.36, H 6.02, N 11.96; found C 68.41, H
6.08, N 12.04.

2-(3-F2 Fk TR R )-3-(2- M bk £ R ) W R bk -4((3 H)- il
(21-1): AEE, 723 8.5%. mp. 109.9~111.3 C; 'H
NMR (600 MHz, CDCl3) J: 8.03 (d, J=7.8 Hz, 1H, Ar-H),
7.77 (brs, 2H, Ar-H), 7.53~7.51 (m, 1H, Ar-H), 7.23 (t,
J=17.8 Hz, 1H, Ar-H), 6.95 (d, J=7.2 Hz, 2H, Ar-H), 6.91
(s, 1H, Ar-H), 6.74 (d, J=8.4 Hz, 1H, Ar-H), 4.17 (t, J=
7.2 Hz, 2H, CH,), 3.57 (brs, 4H, CH,), 2.57 (t, J=7.2 Hz,
2H, CH,); 2.30 (brs, 4H, CH,); "C NMR (150 MHz,
CDCly) d: 162.1, 157.2, 157.0, 146.6, 135.3, 134.9, 130.1,
127.5, 127.0, 126.7, 120.8, 119.1, 117.8, 116.0, 66.7, 56.5,
53.6, 42.6; MS (ESI) m/z: 352.3 [M+H]". Anal. calcd for
CaoHyN;05: C 68.36, H 6.02, N 11.96; found C 68.38, H
5.97,N 11.91.
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2-[3-(2-Fh Ik £, 4 2 ) 2R 1-3-(2- P e 27, 5 ) e e i -
4(3H)-H (21-2): HEE L, =% 4.6%. mp. 1133~
114.7 “C; '"H NMR (600 MHz, CDCl3) §: 8.30 (d, J=8.4
Hz, 1H, Ar-H), 7.75 (t, J=7.2 Hz, 1H, Ar-H), 7.71 (d, J=
8.4 Hz, 1H, Ar-H), 7.50 (t, J=7.2 Hz, 1H, Ar-H), 7.40 (t,
J=7.8 Hz, 1H, Ar-H), 7.11 (t, J=7.8 Hz, 1H, Ar-H), 7.08
(s, 1H, Ar-H), 7.03 (d, J=8.4 Hz, 1H, Ar-H), 4.15 (q, J=
6.6 Hz, 4H, CH,), 3.72 (t, J=4.8 Hz, 4H, CH,), 3.54 (t,
J=4.2 Hz, 4H, CH,), 2.82 (t, J=6.0 Hz, 2H, CH,), 2.58
(brs, 4H, CH,), 2.54 (t, J=6.6 Hz, 2H, CH,), 2.2.25 (brs,
4H, CH,); °C NMR (150 MHz, CDCl;) §: 162.3, 159.0,
155.9, 147.2, 136.7, 134.5, 130.1, 127.6, 127.2, 126.8,
120.9, 120.6, 116.1, 114.8, 67.0, 66.9, 66.2, 57.6, 56.8,
54.2, 53.8, 42.8; MS (ESI) m/z: 488.2 [M+Na]". Anal.
caled for CoH3,N4O4: C 67.22, H 6.94, N 12.06; found C
67.26, H 6.98, N 12.17.

4-{2-{{2-[3-(2-MEh Wbk 2 4 ) 24 i T e A bR -4- 5 ) 4R
By OB Wk (21-3): A Ak, R 5.5%. mop.
129.7~131.1 ‘C; "H NMR (600 MHz, CDCl3) ¢: 8.17 (d,
J=7.8 Hz, 1H, Ar-H), 8.14 (d, J=7.2 Hz, 2H, Ar-H), 7.98
(d, J=8.4 Hz, 1H, Ar-H), 7.82 (t, J=7.8 Hz, 1H, Ar-H),
7.51 (t, J=7.2 Hz, 1H, Ar-H), 7.40 (t, J=8.4 Hz, 1H,
Ar-H), 7.04 (dd, J=8.4, 2.4 Hz, 1H, Ar-H), 4.86 (t, J=7.2
Hz, 2H, CH,), 4.26 (t, J=5.4 Hz, 2H, CH,), 3.76 (t, J=4.8
Hz, 4H, CH,), 3.74 (t, J=4.2 Hz, 4H, CH,), 2.97 (t, J=5.4
Hz, 2H, CH,), 2.87 (t, J=5.4 Hz, 2H, CH,), 2.66 (brs, 4H,
CH,), 2.63 (brs, 4H, CH,); °C NMR (150 MHz, CDCl;) ¢:
166.6, 159.8, 159.1, 152.0, 139.7, 133.7, 129.5, 128.1,
126.6, 123.6, 121.4, 117.2, 115.4, 114.3, 67.1, 67.0, 66.0,
64.6, 57.9, 57.3, 54.2, 54.2; MS (ESI) m/z: 465.4 [M+
H]+. Anal. calcd for C,sH;3N4,O4: C 67.22, H 6.94, N
12.06; found C 67.35, H 6.88, N 12.10.
3.7 AWM 22 AR

100 mL BJEFEHF A 523 mg (1.5 mmol) L. 54
21, 554 mg (2.3 mmo)AFMIR IR, 3.7 mg (4.0 mmol)
DCC, 18 mg (0.2 mmol) DMAP. - 30 mL @At ) T /K
DUSRIR TP s R, TLC WA N se 4. gtk
ARV, KPS AV ES) © (R OTR) =1 1)E
4E 133 824 mg 2-TMIKHIR 3-[4-(2-N bk 2, 58 Ik ) s
MR-2- 5K I (22), AR, % 95.3%. m.p. 48.1~
49.7 “C; '"H NMR (600 MHz, CDCl;) d: 8.52 (d, J=7.8
Hz, 1H, Ar-H), 8.46 (s, 1H, Ar-H), 8.14 (d, J=7.8 Hz, 1H,
Ar-H), 8.11 (dd, J=6, 1.2 Hz, 1H, Ar-H), 8.09 (d, J=7.8
Hz, 1H, Ar-H), 7.98 (d, J=7.2 Hz, 1H, Ar-H), 7.82 (t, J=
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7.5 Hz, 1H, Ar-H), 7.57 (t, J=7.8 Hz, 1H, Ar-H), 7.52 (t,
J=7.8 Hz, 1H, Ar-H), 7.57 (t, J=7.2 Hz, 1H, Ar-H), 8.11
(dd, J=6.0, 1.8 Hz, 1H, Ar-H), 7.23 (t, J=7.2 Hz, 1H,
Ar-H), 4.85 (t, J=6 Hz, 2H, CH,), 3.73 (t, J=4.5 Hz, 2H,
CH,), 2.96 (t, J=6 Hz, 2H, CH,), 2.65 (brs, 4H, CH,); "*C
NMR (150 MHz, CDCLy) d: 166.7, 164.9, 158.9, 151.9,
151.1, 141.8, 140.0, 134.2, 133.7, 133.4, 131.7, 129.5,
1282, 128.1, 126.8, 126.2, 123.8, 123.6, 121.6, 115.5,
94.9, 67.1, 64.6, 57.3, 54.2; MS (ESI) m/z: 620.7 [M+
K]".
3.8 A& 4amIER

50 mL [BJEFEM AN 228 mg (0.4 mmol) 22, 21
mg (0.02 mmol) =K, 49 mg (0.6 mmol)ESIREN, 9
mg (0.04 mmol)ESERE, T 10 mL FribFER) DMF
120 ‘Cigm#k. TLC Wil Z /e MEE W5, k28 ok
AT, FREEYIIN 30 mL AU bR, FIERR A
Y. JEA 10 mL 7Kk 3 Wk, AL TE KRR EE T
FR. IR IEIRAG IS, MM ARER(200~300 H)FEE
WA TR - VFEE)=40 @ )45, £33] 50 mg
3-[4-(2- N bk 2, 4 25 ) W AR ik -2- B2 -6 H- 2R FF: [ e R FF AL
ML IR -6- B (4a), H BE A, 7% 28.4%. mp. 126.5~
127.7 °C; "H NMR (600 MHz, CDCl3) 6: 8.57 (d, J=4.8
Hz, 2H, Ar-H), 8.43 (d, J=7.2 Hz, 1H, Ar-H), 8.20 (d, J=
7.8 Hz, 1H, Ar-H), 8.16 (d, J=7.8 Hz, 2H, Ar-H), 8.01 (d,
J=8.4 Hz, 1H, Ar-H), 7.87~7.84 (m, 2H, Ar-H), 7.62 (t,
J=7.2 Hz, 1H, Ar-H), 7.56 (t, J=7.2 Hz, 2H, Ar-H), 4.91
(t, J=6.0 Hz, 2H, CH,), 3.79 (t, J=4.2 Hz, 4H, CH,), 3.04
(t, J=6.0 Hz, 2H, CH,), 2.72 (brs, 4H, CH,); *C NMR
(150 MHz, CDCl3) J: 166.8, 161.4, 158.4, 151.9, 151.6,
140.6, 135.0, 134.7, 133.9, 130.8, 129.3, 128.3, 127.1,
124.4, 123.7, 122.9, 122.3, 121.6, 119.8, 117.9, 115.6,
67.0, 64.7, 67.3, 54.2; MS (ESI) m/z: 477.1 [M~+Na]".
Anal. calcd for C,;Hy3N3;04: C 71.51, H 5.11, N 9.27;
found C 71.62, H 5.08, N 9.32.
3.9 MBS TR

PO R 40 B B 1 R B 23 Mosmann’s 1 I A
(MTT) 4 gl ' BT T 96 FLARBRh 41
BT, 90 pL/AfL, 4HMRZ R 2 X 10* A/mL, 37 C, 5%
CO, WERIIEFRF IR, I 10 pL/FLAH B FE 259
(100 pumol/L), #k&LH% 44 h, I MTT 10 pL/fL¥55% 4 h,
MEE IR ECH, #I4, 1 DMSO 100 pL/fL#f# MTT,
M 570 nm P F A oD i, MAARX:
(ODeontrol — ODyreated)/ODeontror X 100% 11 5 411 1) I 41
A BE A X L
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310 mEEMMIR G E

BN 7 SR 107088 1077 BEEF B9 70
ul, AN B 29 E N 50 pg/mL K254 F-BRORIAS
2GS FRBER(NA) RS TR AR O IR B, B K =
TlA S, MThRiR, BT 37 CIEERF#M 597
24 h. 24 h 5, HATHETE R TR E 3 CEAT IR

PP R = O B2 1R V& B0 — 250 P AR B 75 50/

X B 2H B 7 20X 100%

AR 772 AR R E BN 5%
L HHEE EAR(DMISO) 7K ¥ ¥ T i) RS J5 59R FE 43 3l - 50
ng/mL A E A A PRI I (PDA)E; R 2L, MR ILXT 4 Fh
PR B JE IS . E QBRI AR B Rk 1T
M ER 8 mm MY, BT 2PN, B0 3 B
IAINZ I N A . FiRENQS+ 1) CHFRME
WEFE 5 d, RATFX AN EHEER, HHEZ
ARKANHIR, AR

WK KER=H%HA — WUt ER

HR=CtREFMKEER - R FHE KA

YO HE B 75 3 K ELA2) X 100%

B Bh#1 % (Supporting Information) L&) 3a~3e.
3b'~3e¢'. 4a fll21. 21-1. 21-2. 21-3 MIRERESLIRAIE
B 1. 3X e A4 RE AT DL 4 3% AR T1) ) 3 (hitp:/sioc-
journal.cn/) | N #.
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