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Synthesis and Biological Activities of Dihydrooxazolo[5,4-d]-
pyrrolo[1,2-a]pyrimidinones
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Zhao, Jiangyu® Aisa, Haji Akber™**
(? State Key Laboratory Basis of Xinjiang Indigenous Medicinal Plants Resource Utilization, Xinjiang Technical Institute of
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Abstract Based on the general framework of natural alkaloid deoxyvasicinone, forty dihydrooxazolo[5,4-d]pyrrolo[1,2-a]-
pyrimidinone compounds were designed and synthesized through bioisosterism strategy. The novel compounds were con-
firmed by '"H NMR, '*C NMR and HRMS spectra. The main factors affecting the reactions of synthesis and the structure-acti-
vity relationships (SARs) were investigated. The activities of the target compounds against three cancer cell lines (MCF-7,
HeLa and A549) were evaluated by methyl thiazolyl tetrazolium (MTT) in vitro. All the compounds were also evaluated for
their antimicrobial activities by agar punch method. The results showed that 2-(naphthalen-1-yl)-6,7-dihydrooxazolo[5,4-d]-
pyrrolo[1,2-a]pyrimidin-9(5H)-one (E12) and 2-(4-(trifluoromethoxy)phenyl)-6,7-dihydrooxazolo[5,4-d]pyrrolo[1,2-a]pyri-
midin-9(5H)-one (E39) exhibited relatively better anti-proliferative activities against HeLa and MCF-7 cancer cell lines, with
the half maximal inhibitory concentration (ICso) values of (4.59+0.10), (6.89+1.26) pmol*L !, respectively. 2-((3R,5R,7R)-
Adamantan-1-yl)-6,7-dihydrooxazolo[5,4-d]|pyrrolo[ 1,2-a]pyrimidin-9(5H)-one (E6) and 2-(3,5-dichlorophenyl)-6,7-dihydro-
oxazolo[5,4-d]pyrrolo[1,2-a]pyrimidin-9(5H)-one (E28) showed good antimicrobial activity to C. albicans, E. coli and S. au-
reus.

Keywords oxazopyrimidinone; synthesis; bioisosterism; anticancer activity; antimicrobial activity; structure-activity rela-
tionships (SARs)
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W € 1 55 (8-Hydroxydeoxyvasicinone)?! . Hit 1 ¢ [ ik
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Figure 1 Structure of deoxyvasicinone and its analogues

TR e — NS SRR LTy BERRIE, 5Y
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AN TE B RE T VB PR R 2 R 201 F s, IR
MEIRAE g = K, IEERAE bk A Y R ) A ) L
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(Scheme 1).
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Scheme 1 Design of target compounds

1 ARSI
1.1 BRRHaYamsk

DAL O CBE NAI46 J50RE, 8 A R S A B R A
IR A R 2-2k-2- 32 WA A LR LR (A), SefREb ik
JRAR 3] 2-F F-2-FHE O CFE(B), FERSEAT: R 23 A
AABACHIIE ER AR &Y C1~C40; &£ =
R CTRAE N A AN R 5-Z 5 -4- IR Ol
ILEME LAY D1~D40, 5 /E = S BEE I F A
M e M S B BRER, 4331 40 AN 28 — SR [5,4-d]
ML [ 1,2-a] 85 5E -9(SH)- B 2546 54 E1~E40 (Scheme
2).

0
IS CO,Et
c HN R g N~
o
NC” CO,Et g’ N
C1~c40 D1 ~ D40

E1.R= C2H5; E2: R = C3H7; E3:R = C4Hg; E4:R = C12H25; E5:R = C(CH3)3, E6: R = AdH, E7:R = PhCHz,
E8: R = PhC,H,; E9: R = Cp; E10: R = Cy; E11: R = thiophen-2-; E12: R = naphth-1; E13: R = naphth-2; E14:
R = biphenyl-4; E15: R = furan-2; E16: R = THP-4; E17: R = 2-CH3CgH,; E18: R = 3-CH3CgHy; E19: R = 4-
CH3CgHy; E20: R = 2-CICgHy4; E21: R = 3-CICgH,4; E22: R = 4-CICgH,4; E23: R = 2-BrCgHy; E24: R = 3-BrCgHy;

E25:R = 4-BTCSH4-; E26: R = 3,5-M6206H3-; E27:R = 3v4'C|206H3; E28:R = 3,5-C|206H3; E29:R = 2,6-

E1 ~ E40

C|206H3; E30:R = 2-FC6H4; E31:R = 3-FC6H4; E32: R = 4-FCGH4; E33:R = 3,5-F206H3; E34:R = 2,6-F206H3;

E35: R = 3-CF3CgHj; E36: R = 4-CF3CgH,; E37: R = 3,5-(CF3),CeHs; E38: R = 3-OCF3CgH,-; E39: R = 4-

OCF3CgH,; E40: R = 4-C(CH3)3CeH4

Reagents and conditions: (a) NaNO,, H3PO,4, HCI, —10 C; (b) NaHCOs3;, Na,S,0,, 35 C; (c) RCOCI, Et;N, DCM, r.t.; (d) CF;COOH, DCM,

r.t.; (e) pyrrolidin-2-one, POCI;, 1,4-dioxane, 80 C.

B2 Hirfb ey e

Scheme 2 Synthesis of the target compounds
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A HWREEY) E1~E40 T8, 6N 448
HEAT T AL, DALE Y E19 A1, 2RI % T ANEE
I s NP AN = G Sl 1 S IROBE TR IR (R 1), AT
FORIN, AE AN (03 SR s B 7= 56 R IR, 24
WA e VUK. A5 RN, #a 3]
TARIF=4; RA 1,2- & LK BRI, 77 R
H 50%4 405 MR TR 1,4- 258N, B
HEEN 67%; Ah, =SB EX R B A
—EMR, HBE T 1~5 equiv. i) = FUEE &0 M
FERFEM, BEE A AR HEMMN 1 equivi@ing 3
equiv. i, FEEBE 2 BN, Mg =& A B HEMN 3
equiv. N 5 equiv.if, 7= E19 BIFE R IR A BEZ 14
I, gkeRiE ok = SEABE IR, RN AR R AR N B AR
RIBAE, H =P -, A seiim it i@ 9 Hm 77
TN S BE iR FEEAT T %%, B RO FE ) v, ROBE
FEREEZ K, M NEEIAR] 80 CHY, F=Hik®| T
82%, MEETFEIRSE, PR EE R B, B3 7%
SN A OB kA, BIAE 80 CR, Bh 14-Z% N
T, 3 equiv. I =SEEBES RV, BT R 5
N 82%.

R RPKFRRAL

Table 1 Optimization of reaction condition

0]

N CO2Et POCI,
o .
o

+
NH, Solvent

DT

Entry POCls/equiv. Solvent (dry) Temp./C Yield/%
1 2 DCM Reflux —
2 2 DCE Reflux 54
3 2 THF Reflux —
4 2 CH3;CN Reflux —
5 2 CH;0H Reflux —
6 2 PhCH3 Reflux 51
7 2 1,4-Dioxane Reflux 67
8 1 1,4-Dioxane Reflux 48
9 3 1,4-Dioxane Reflux 73
10 5 1,4-Dioxane Reflux 71
11 3 1,4-Dioxane 20 34
12 3 1,4-Dioxane 40 38
13 3 1,4-Dioxane 60 56
14 3 1,4-Dioxane 80 82
15 3 1,4-Dioxane 100 79

TE_ B e SRS SRAT T, BB AN R B IE A 48 2
JEWi ARG B bRy Trh, SRS 40 METARL
UM [5,4-d ]S FE[1,2-a W5 0E -9(S H)-BRSAT AW,

Chin. J. Org. Chem. 2022, 42, 543~556

© 2022 Chinese Chemical Society & SIOC, CAS

1.2 BiRLEYE mAIERIRT

LB LA SCRRE, FATTHEN 1 H AR S & L,
SR BRI AL, TR BRG R F d iE TAr — S RU A r
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Scheme 3 Plausible mechanism for synthesis of the target
compounds

1.3 Birt &R S E R

ILAEY E33 A, 53 'TH NMR Al '3C NMR %
JEHATIAT. 7 'TH NMR 3, L5490 E33 FFRIR 2-
i CH S4B 3-Mi R 72 A A Ry, 17E o
7.69 AbLA—4H dd U A I, ZRIA 4-67 CH 5481 (1)
3-Rr AN 5B AR 7 2 MAFAEAR A 2 4), 16 5 6.96 &b
PA—2H ot VT, e 3R ) CH UEAL T § 4.29,
3.26 A1 2.47, Rl =Elg, = EiIEM L EigE A H
Bl 7€ 3C NMR i b, E33 rp e g B AL F2 45
PALT 6 164.3, 163.5, 120.8 F1 155.7; T AL HH
AR SR, FOOR PR A I R ER TR R O
157.5 HIL =g, FERIA RPN GURE T 152 m T,
WEME IR B BAE RN 1-ALBRAE 6 129.2 MBI = HIiE;
IR 2-MIBRAE 6 107.1 B = FE g, AR T B %
AERIZEIR 3-RIBRAE 0 163.3 kbLL—4H dd 1§ P,
HHAB G H BB, IR A-L0 R AR H AN SR 115
£, 15 110.2 HILPY HEIE; mEng IR b 1) =4 A8 i 53 il
1T 6 47.6,32.9 f120.0 4b. 7€ HRMS-ESIL &, L&)
E33 7£ m/z 290.0657 4t HBLH)E T [M+H] 475 T
U, Xt — B Sy A .
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1.4 LEYHRRLEN

RN BAME AR, RS R85 K
%, 1E EtOH ¥ 71 85775346 549 E33 1) fn (&1 2), E33
1 & A B0 A7 T S B S AR B HE 2, L CCeDC 5
2089180. #%&HL 0.15 mm < 0.08 mmX0.05 mm K/
fm, £ 150 K fiRE N, 7F Bruker D8 VENTURE fi7 5%
R Mo Ko H£(A=0.071073 nm), 7£ 3.80°<h<
52.85°30 FBl N AT H4, FRUREE T 13690 AMTHT A, I
FRST AT A 2484 M[R(int)]|=0.0716. SRS K4
shelx-2014 B {FRff, AFEJE TR H BEIEEMH, &
/N AR SR T AT SRR R R R AR IE.

B2 {h&) E33 k&5 HI(CCDC: 2089180)
Figure 2 Crystal structure of compound E33 (CCDC: 2089180)

1.5 HE¥ERMEITEN
1.5.1 ARSI FATIG & MR
K FE M S (MTT)E S A A P AR AP g 3% 3k

ATV, AR 25 25 (DOX) A 5 44 B (CPT) 1 Ay BH At %ot
FI N AR /IS 20 i fi 922 20 P (A S549) A FLRRIE 41 g (MCE-7)
e 20 41 i (HeLa) = M 41 R VEAT 40 A ARk
H[5,4-d|H W [ 1,2-a] M85 5 -9(S H)-BR AT A= 40 AR M- i
JEETE, 45 2.

ZEREOR, (L&Y E4. ES. E9. El11. E12. E13.
E19.E35 1 E36 X% Hela = 25U 4 H A3 #0554, FH1Cso
{E$4/NF 50 pmoleL ™!, HH{b&W E12 (1) ICso HN
(4.591+0.10) pumoleL™'; k&%) E17. E19. E39 Al E40
X} MCF-7 FLIE i #ndva e, a4 E39 (1)
ICs0 18 4(6.89+1.26) umol-L™'; 454 E12 F1 E14 %}
AS549 Jifidi 4 B A — 52 B4 s .

AR S VESE TR, A A T IR 24 e e v 1
HHIE A Hela>MCF-7>A549; Z:FRBURAL &Y%
PEAR TR BUARTEYE, R A & 43 VEAR T AR D5 e
EAR G 1.

FHIIARZE SR r n, R B = 5 L sl = 4 A
FEURES, A ERRIH T B s, 2R3 L
RIEA X Z, X =M LT 5E D H.

1.5.2 @ Wi

KRBT LI, AR T B A5tk &4 E1~E40
Xt S ERE(C. albicans)s KIGAFH(E. coli) M &t ta
IR BRTE (S, aureus)IHIHTEME, 45 R WK 2 Fiow.

K2 AEY E1~E40 AR AT S PR

Table 2 Anticancer activity gpd antimicrobial activity of compounds E1~E40

ICso/(umol*L 1)

Diameter of antibacterial cycle/mm

Compd. R Hela MCF-7 A549 C.a. E.c? Sa.
E1l CoHs >50 >50 >50 — —
E2 CsH7 >50 >50 >50 — —
E3 CsHo >50 >50 >50 — —
E4 Ci2Has 43.61£7.34 >50 >50 — —
E5S C(CHs)s >50 >50 >50 — —
E6 AdH >50 >50 >50 9 10.5 10
E7 CH2Ph >50 >50 >50 9 — —
E8 C2H4Ph 31.44%0.1 >50 >50 10 — —
E9 Cp 30.94£0.7 >50 >50 — —
E10 Cy >50 >50 >50 — —
El1 Thiophen-2 48.7+0.1 >50 >50 — —
E12 Naphth-1 4.59£0.10 >50 18.66 0.1 — —
E13 Naphth-2 34.82£0.2 >50 >50 — —
E14 Biphenyl-4 >50 >50 18.40+0.1 — —
E15 Furan-2 >50 >50 >50 — —
El16 THP-4 >50 >50 >50 — —
E17 2-CH3CeHs >50 43.42+4.99 >50 — —
E18 3-CH3CeHs >50 >50 >50 8.5 — —
E19 4-CH3C¢Ha 13.46+£0.41 19.34+3.84 >50 — —
E20 2-ClCsHa >50 >50 >50 13 — —
E21 3-ClCeHa4 >50 >50 >50 8.5 — —
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Bk
ICso/(umol L™ 1) Diameter of antibacterial cycle/mm
Compd. R Hela MCF-7 A549 Cal Ec? Sac
E22 4-CIC¢Ha >50 >50 >50 8.5 — —
E23 2-BrCeHs >50 >50 >50 — — —
E24 3-BrCsHa >50 >50 >50 — — —
E25 4-BrCeH4 >50 >50 >50 — — 9
E26 3,5-Me2CeH3 >50 >50 >50 — 11 —
E27 3,4-Cl2CsHs >50 >50 >50 9 14 —
E28 3,5-Cl2CsH3 >50 >50 >50 10 10 9.5
E29 2,6-Cl2CeH3 >50 >50 >50 — — —
E30 2-FCsH4 >50 >50 >50 — 11 —
E31 3-FCeH4 >50 >50 >50 — — —
E32 4-F CeHa >50 >50 >50 — — —
E33 3,5-F2C6H3 >50 >50 >50 — — 8
E34 2,6-F2CH3 >50 >50 >50 — 10 —
E35 3-CF3C¢Ha 36.8614.48 >50 >50 — — —
E36 4-CF3CeH4 42.17+0.85 >50 >50 — — —
E37 3,5-(CF)2CeH3 >50 >50 >50 — 10 9.5
E38 3-CF30C6¢Ha >50 >50 >50 — 10 —
E39 4-CF5s0Ce¢Ha >50 6.89+1.26 >50 — 10 —
E40 4-(CH3)3CCsH4 >50 30.284+9.66 >50 — 10 —
DMSO? ND¢ ND ND
wES ND ND ND
DOX 0.23+0.15 0.15+0.01 0.3440.03
CPT 1.3240.08 3474+0.11 0.81+0.14
BAREHR 11.5¢
BAREHER 10"
PITEEE R B 14/

aC.a.: C. albicans ATCC10231; % E.c.: E. coli ATCC11229; © S.a.: S. aureus ATCC6538; ¢ DMSO: VAN G, e ND: SR AAG Y/ HE: TR ¢ Btk
WHRAA T B RMALIRIES 800 pmol-L ™! # PHMEXT AR T EHE RS AIKREN 10 pmolL ™" 7 BAMEXT IR EE & B ML 249K %N 5000 pmol®

LY “—7 FoRToimliE e, R EAART 7 mm F, FOAEMEER.

sER BN, (L&Y E6. E7. ES. E18. E20. E21.
E22.E27 fil E28 X} (& BR 18 (C. albicans)f 0 15 14,
A LAY E20 BB PR/ INFTBH X FEAR I, X E
OSHRERMEAER AN 13 mm; L&Y E6. E26.
E27. E28. E30. E34. E37. E38. E39 il E40 X} KX
FFR(E. coliyFNHIIENE, HAhaY E27 FIHIHEAFE
BN 14 mm, BERKTHESBREFTEERNMELRE
1%, &Y E6. E25. E28. E33 Al E37 X 4 (0 %)
BREA(S. aureus) A — & FIHNHIEE; LAY E6 £1 E28
o = ot B AR AT A PR B v

BRSPS KR, R SIS TR
T HABEAAEWENE, IR AR DIE. Ak
D57 AR, X = Fh i AR B PURTE TR, 2R R
RE N R /N, X EAEAEERE(C albicans) 1)
RIS PERCUT; 2R IR BRI Dy = 55 R AUk Bl — S,
K IGFFEE (E. coli) I T I PR

2 g
DL RS AL BB A S S A, SRS 2R
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We g ih JFoRl, b, B BUR RIS TP R
N, A RCT 40 ASET BUREme s g R 2R AT AR ) E1~E40, @
AR D S A R, TR B G A Y S i it
17T EEMIFAE. 2 9H MTT R0 ST 9T T iX L
A AR AN PR % I R R . A AR v
MARZE B IR, A1) E12 XF Hela = 2505 4H M A5 ¢ 58 )
ST, L 1Cs {1 M(4.59+0.10) pmolsL™'; L&
E39 X MCF-7 FLIm 40 M i i mdliE e, H 1Cs
{E°5(6.89F1.26) umolsL ™', HLRHE ML HEKH, HLEW
E6 fll E28 f =Fh & k(A S ERE . KT @4 i o
AT ER B B T WA BB TR, IR
GG R AT DUE Y, FE T W me g B 45 5 0 B 22 %1 E, B
BN G B — 8 (AR 0 e v v A0 o 3 1k,
TR EE R LAt b, X ke b sis, ok — Ik
T s v R SRR . BB 2GR K .

3 SCIGERSY
3.1 UFEERF
G SEYRAYCA Varian 23 5] INOVA 400M 5Y: 1% /S b
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Buchi B-540 A% AT &2 B HE {1 ABSCIEX
QSTAR Elite PUZHF ®AT kA ; 2 AiG(TLC)iEH
Merk Salica Gel 60 Fys4 plates 575 57 GFasa TERHR,
TEAMT LS, A ENTEER 200~300 H.

A TAEH AR A A0 B T el A A L, ¥
R, BREE UL AL, RE AR B S A
3.2 ZLWAHE
3.2.1 bdh A 8L R

EY A E RS ICER[25], 7ERE—10 T4
PR, K WRSEEEN(57.3 mL, 0.83 mol)MIE I 2.1 2.1
(100 g, 0.83 mol)¥& T-4li7K (700 mL) 1, 535 Z2 18 hn i
EHCN 85%IHIHEER(36.6 mL, 0.055 mol), i [H]4E
23 h, JFFHERZE 45 CHiHE 1 h, SAEEE TIA#KSE
(74 mL, 0.88 mol), 7EIRE 0 CoMF N 4kEi#Hid &,
HREAGEESTH, S RaatEy A N 2-5K
Be-2-F7 WAL O Ol THRsE— LAt TR
AV
322 b4 B A AR

wEY B MERSHOCIR[25], EEIAMT, ¥
BRI AEEY A (43 g, 0.3 mol)i&T-4l7K(500 mL)
oh, AR RE T 2 18 i I v AN B R AU AN VA (350 mL),
FINNGE AR REN(156 g, 0.9 mol), THEZE 35 C, &
R 1 h, RJE =R 3 h, #EGRE(TLC) M &N 5E
Y, F T SELE(500 mLX 3)AHL, S IFAHUH, .
Wb, R IE R AT EHTBA BE BRI, Be R AR b
N2 1 WA R B, BT SR 2-F2E-2-
B TR CEEB). 775 27%, WA, '"H NMR (400
MHz, CDCly) 6: 4.45 (s, 1H), 4.34 (q, J=7.1 Hz, 2H),
2.31 (s, 2H), 1.36 (t, J=7.2 Hz, 3H).
3.2.3 tLbAdh C1—~C40 #9450k

BAERLEY B (1.28 g, 10 mmol VAR TE/K —
AHEES0 mL)H, TEUKIRSEAE T, ISR B Bt
(12 mmol), 2RJEZAZH M= 2% (1.25 g, 12 mmol),
BN Z JFR AR, R IE, WE, R 6
& C1~C40, st — LAt FT TP R B
3.2.4 L4564 D1~DA40 495 5%

BRI & C1~C40 (10 mmol ) VA fRAET/K —
AR L, RSN =% L0 mL), FEiRRMN S
h, TLC il Bise ke, FH & HE(500 mL X 3)AEHL, &
AN, T 4G, KA IERRERAE E BT R6 P,
Ve AN A B 08 LBR(V - V=2 1 1), /7 AlfEEIMk
4% D1~DA40.

2- . F-5-F H-4-HR L BEVEM(DT): P23 80%, ¥
B E A, mp. 108~109 C; 'H NMR (400 MHz,
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CDCls) 6: 5.58 (s, 2H), 4.25 (q, J=7.1 Hz, 2H), 2.58 (q,
J=17.6 Hz, 2H), 1.28 (t, J=7.1 Hz, 3H), 1.20 (t, J=7.6
Hz, 3H); HRMS (ESI) caled for CgH;sN,O; [M+H]"
185.0918, found 185.0921.
2-PHE-5-FIE-4- R L FEREMA(D2): 72K 76%, IR
{0 [H A, m.p. 104~105 C; 'H NMR (400 MHz,
CDCls) 6: 5.31 (s, 2H), 4.31 (q, J=7.1 Hz, 2H), 2.60 (q,
J=17.5 Hz, 2H), 1.71 (t, J=7.5 Hz, 2H), 1.35 (t, J=7.1
Hz, 3H), 0.95 (t, J=7.4 Hz, 3H); HRMS (ESI) calcd for
CoHisN,03 [M+H]" 199.1075, found 199.1077.

2-T HE-5-F H-4-H R 2. BEVEME(D3): 723 86%, 1%
T E K. mp. 97~98 ‘C; 'H NMR (400 MHz, CDCls)
8: 5.39 (s, 2H), 4.29 (q, J=7.1 Hz, 2H), 2.68 (q, J=17.5
Hz, 2H), 1.64 (t, J=7.6 Hz, 2H), 1.42~1.25 (m, 5H), 0.88
(t, J=7.6 Hz, 3H); HRMS (ESI) calcd for C;oH;7N,O3
[M-+H]" 213.1238, found 213.1234.

2-+ T k-5 FE 4- FUIR R E M (DY) PR K
81%, R E A E{A. m.p. 88~89 °C; 'H NMR (400 MHz,
CDCls) 6: 5.33 (s, 2H), 4.31 (q, J=7.1 Hz, 2H), 2.59 (q,
J=17.6 Hz, 2H), 1.67 (t, J=7.7 Hz, 2H), 1.34 (t, J=7.1
Hz, 3H), 1.30~1.12 (m, 18H), 0.85 (t, J=6.8 Hz, 3H);
HRMS (ESI) caled for CsH33N,05 [M+H]™ 325.2479,
found 325.2486.

2T F-5- R A -A-H R LR EME(DS): PR T1%,
WHE A E A, mp. 147~148 C; 'H NMR (400 MHz,
CDCls) 0: 5.34 (s, 2H), 4.32 (q, J=7.1 Hz, 2H), 1.35 (t,
J=17.1 Hz, 3H), 1.32 (s, 9H); HRMS (ESI) calcd for
CioH17N,03 [M+H]™ 213.1238, found 213.1234.

2-((31,51,7r) 4 W Je s - 1- 35 -5- 2 Jk-4- HH iR 2, TR e e
(D6): F2F 79%, RFEOE K. mp. 187~188 C; 'H
NMR (400 MHz, CDCl3) d: 5.30 (s, 2H), 4.32 (q, J=7.1
Hz, 2H), 2.06~2.01 (m, 3H), 1.98~1.92 (m, 6H), 1.81~
1.65 (m, 6H), 1.35 (t, J=7.1 Hz, 3H); HRMS (ESI) calcd
for C16H23N,03 [M+H]" 291.1713, found 291.1703.

2- R -5 - 4-HR . BEVEME(DT): P23 82%, ¥R
B O E 4K, mp. 112~113 C; 'H NMR (400 MHz,
CDCls) 6: 7.30~7.20 (m, 5H), 5.39 (s, 2H), 4.30 (q, J=
7.1 Hz, 2H), 3.94 (s, 2H), 1.34 (t, J=7.6 Hz, 3H); HRMS
(ESI) caled for Ci3HisN,Os [M—+H]" 247.1081, found
247.1077.

2-7K 0 FE -5 F-4-H IR L BEE I (DS): TR 86%,
WA E AR, mp. 122~123 ‘C; '"H NMR (400 MHz,
CDCls) 6: 7.30~7.26 (m, 2H), 7.22~7.17 (m, 3H), 5.30
(s, 2H), 429 (q, J=7.1 Hz, 2H), 3.04~2.99 (m, 2H),
2.97~2.87 (m, 2H), 1.36 (t, J=7.1 Hz, 3H); HRMS (ESI)
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caled for Ci4H;7N,O; [M + H] ©
261.1234.

2-IR R HE-5- M -4-H IR L FEVEME(DY): 77K 74%,
W E AR, mp. 125~126 ‘C; '"H NMR (400 MHz,
CDCl3) &: 5.33 (s, 2H), 4.31 (q, J=7.1 Hz, 2H), 3.06 (p,
J=8.2 Hz, 1H), 2.03~1.94 (m, 2H), 1.87~1.68 (m, 4H),
1.64~1.55 (m, 2H), 1.34 (t, J=7.1 Hz, 3H); HRMS (ESI)
caled for C;Hi7N,Os [M + H] ©  225.1240, found
225.1234.

2-3F O 3-S5 F-4- R A FEVEM(D10): 723K 77%,
WHEOEE. mp. 155~156 ‘C; 'H NMR (400 MHz,
CDCls) o: 5.32 (s, 2H), 4.31 (q, J=7.1 Hz, 2H), 2.63 (it,
J=11.7, 3.5 Hz, 1H), 1.98 (dd, J=13.3, 1.9 Hz, 2H),
1.82~1.45 (m, 4H), 1.34 (t, J=7.1 Hz, 3H), 1.32~1.20
(m, 2H); HRMS (ESI) caled for C;;H;oN,O; [M+H]"
239.1381, found 239.1390.

2-(MEW; -2-J)-5-Z Jk-4- R L BEHEME(D1): P2
87%, WKEE K. mp. 160~161 ‘C; 'H NMR (400
MHz, CDCl3) : 7.31 (d, J=1.4 Hz, 1H), 6.64 (dd, J=3.5,
0.8 Hz, 1H), 6.31~6.25 (m, 1H), 5.67 (s, 2H), 4.28 (q, J=
7.1 Hz, 2H), 1.35 (t, J=7.1 Hz, 3H); HRMS (ESI) calcd
for C1oH11N203S [M+H]" 239.0482, found 239.0485.

2-(ZE-1-38)-5- % 3 4- H R £ B W&k (D12): 7= %
78%, WREE K. mp. 218~219 ‘C; 'H NMR (400
MHz, CDCl;) o: 8.27 (d, J=0.7 Hz, 1H), 8.04~7.86 (m,
3H), 7.56~7.51 (m, 3H), 5.73 (s, 2H), 4.20 (q, J=7.1 Hz,
2H), 1.26 (t, J=7.1 Hz, 3H); HRMS (ESI) calcd for
CisH15N,03 [M+H]" 283.1068, found 283.1077.

2-(ZE-2-3)-5- % 3 -4- H R £ B W& mk (D13): 7= %
74%, WRE O E K. mp. 230~231 ‘C; 'H NMR (400
MHz, CDCl;) 0: 8.27 (d, J=0.7 Hz, 1H), 8.04~7.84 (m,
3H), 7.56~7.52 (m, 3H), 5.73 (s, 2H), 4.20 (q, J=7.1 Hz,
2H), 1.26 (t, J=7.1 Hz, 3H); HRMS (ESI) calcd for
CisH15N,03 [M+H]" 283.1068, found 283.1077.

2-(1,1- B R -4- 58 )-5- 51 ik -4- H iR 2 TR W W (D 14):
FER 81%, R E A, mp. 223~224 C; 'H NMR
(400 MHz, CDCL3) J: 7.83 (d, J=8.5 Hz, 2H), 7.77 (d, J=
8.6 Hz, 2H), 7.69 (d, J=7.3 Hz, 2H), 7.45 (d, J=17.6 Hz,
2H), 7.36 (t, J=7.3 Hz, 1H), 5.48 (s, 2H), 4.19 (q, J=7.1
Hz, 2H), 1.25 (t, J=7.1 Hz, 3H); HRMS (ESI) calcd for
CisH17N,03 [M+H]" 309.1241, found 309.1234.

2-(MR IR -2-35)-5- % J -4- R TR IEME(D1S): 7=
83%, WO E A, mp. 158~159 “C; 'H NMR (400
MHz, CDCls) 8: 7.47 (d, J=1.4 Hz, 1H), 6.90 (dd, J=3.5,
0.8 Hz, 1H), 6.52~6.41 (m, 1H), 5.60 (s, 2H), 4.35 (q, J=

261.1242, found
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7.1 Hz, 2H), 1.37 (t, J=7.1 Hz, 3H); HRMS (ESI) calcd
for C1oH11N204 [M+H]" 223.0719, found 223.0713.

2-( VU & -2H- ML T -4- 55 )-5- = i -4- B IR 2 TG T e
(D16): =% 85%, R ME K. mp. 154~155 C; 'H
NMR (400 MHz, CDCl3) d: 5.41 (s, 2H), 4.31 (q, J=7.1
Hz, 2H), 4.01~3.96 (m, 2H), 3.51~3.37 (m, 2H), 2.99~
2.81 (m, 1H), 1.93~1.74 (m, 4H), 1.34 (t, J=7.1 Hz, 3H);
HRMS (ESI) caled for C;iHi7NO4 [M+H]" 241.1176,
found 241.1183.

2-(2- FH L IR -5 F-4- R £ R (D17): 7%
K 74%, WHEGHEE. mp. 123~124 °C; 'H NMR (400
MHz, CDCLs) d: 7.82 (d, J=7.7 Hz, 1H), 7.36~7.11 (m,
3H), 5.55 (s, 2H), 4.37 (q, J=7.2 Hz, 2H), 2.63 (s, 3H),
1.39 (t, J=7.1 Hz, 3H); HRMS (ESI) calcd for Ci3H;s-
N,O; [M+H]" 247.1081, found 247.1077.

2-(3- FH L IR -5 F-4- R £ TR W (D18): 7%
R 72%, WHEAEAE. mp. 164~165 C; 'H NMR (400
MHz, CDCL) 6: 7.79 (s, 1H), 7.70 (d, J=7.8 Hz, 1H),
7.28 (t, J=7.7 Hz, 1H), 7.19 (d, J=7.9 Hz, 1H), 5.52 (s,
2H), 4.39 (q, J=7.1 Hz, 2H), 2.36 (s, 3H), 1.40 (t, J=7.1
Hz, 3H); HRMS (ESI) caled for C;3H;sN>O3 [M—l—H]+
247.1081, found 247.1077.

2-(4- FH L 2R 0 )-5- 1 Jk-4- R 2 TR W (D19): 72
K 83%, WA, mp. 221~222 °C; 'H NMR (400
MHz, CDCL) d: 7.64 (d, J=8.2 Hz, 2H), 7.26 (d, J=8.0
Hz, 2H), 5.35 (s, 2H), 4.17 (q, J=7.1 Hz, 2H), 2.31 (s,
3H), 1.24 (t, J=7.1 Hz, 3H); HRMS (ESI) calcd for
C13H1sN,O3 [M+H]" 247.1081, found 247.1077.

2-(2- SR HE)-5- A B -4-H IR £ FELE M (D20): 7= 3%
87%, WE O E K. mp. 135~136 ‘C; 'H NMR (400
MHz, CDCls) d: 7.94~7.83 (m, 1H), 7.57~7.37 (m, 2H),
7.37~7.21 (m, 1H), 5.66 (s, 2H), 4.36 (q, J=7.1 Hz, 2H),
1.37 (t, J=5.5 Hz, 3H); HRMS (ESI) calcd for C,H,Cl-
N,O3 [M+H]" 267.0536, found 267.0531.

2-(3- A I )-5-F FH-4-H IR 2 BEIEWE(D21): 77 %
70%, WK EOE K. mp. 188~189 ‘C; 'H NMR (400
MHz, CDCls) 6: 7.68 (t, J=8.6 Hz, 1H), 7.50 (s, 1H), 7.47
(d, J=8.3 Hz, 2H), 5.50 (s, 2H), 4.18 (q, J=7.1 Hz, 2H),
1.23 (t, J=7.1 Hz, 3H); HRMS (ESI) calcd for C,H,Cl-
N,O3 [M+H]" 267.0536, found 267.0531.

2-(4- A I )-5- 2 e -4-H IR 2 BEIEWE (D22): 77 %
72%, WREOE K. mp. 223~224 ‘C; 'H NMR (400
MHz, CDCL) o: 7.73 (d, J=8.6 Hz, 2H), 7.50 (d, J=8.6
Hz, 2H), 5.45 (s, 2H), 4.18 (q, J=7.1 Hz, 2H), 1.23 (t, J=
7.1 Hz, 3H); HRMS (ESI) calcd for Ci2H;2CIN,O3 [M—+
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H]" 267.0536, found 267.0531.

2-(2-1R R HE)-5- A FE-4-H IR L BEVEM(D23): 77K
76%, % EAEA. mp. 110~111 C; 'H NMR (400
MHz, CDCls) 6: 7.83 (d, J=7.5 Hz, 1H), 7.68 (dd, J=7.8,
1.7 Hz, 1H), 7.49~7.28 (m, 2H), 5.91 (s, 2H), 4.28 (q, J=
7.3 Hz, 2H), 1.29 (t, J=7.1 Hz, 3H); HRMS (ESI) calcd
for CoH12BrN,O; [M+H]" 311.0031, found 311.0026.

2-(3-IR R HE)-5- A H-4-H R L TR VEM(D24): 775K
81%, W O E A, mp. 185~186 “C; 'H NMR (400
MHz, CDCL3) §: 7.97 (s, 1H), 7.71 (dd, J=18.1, 8.3 Hz,
2H), 7.35 (t, J=7.9 Hz, 1H), 5.58 (s, 2H), 4.39 (q, J=7.3
Hz, 2H), 1.39 (t, J=7.1 Hz, 3H); HRMS (ESI) calcd for
C12H1;,BrN,05 [M+H]" 311.0031, found 311.0026.

2-(4- 1R R HE)-5- A F-4-H IR L TR VEM(D25): 77 %
83%, W O E A, mp. 249~250 C; 'H NMR (400
MHz, CDCl) 0: 7.66 (d, J=8.0 Hz, 2H), 7.64 (d, J=8.1
Hz, 2H), 5.49 (s, 2H), 4.18 (q, J=7.1 Hz, 2H), 1.24 (t, J=
7.1 Hz, 3H); HRMS (ESI) calcd for C12H2BrN,Os; [M—+
H]" 311.0031, found 311.0026.

2-(3,5- = F DR BL)-5- 5 B -4- R TR W (D126):
FEE T9%, WE MR, mp. 177~178 C; 'H NMR
(400 MHz, CDCl3) 6: 7.55 (s, 2H), 7.00 (s, 1H), 5.63 (s,
2H), 4.38 (q, J=7.1 Hz, 2H), 2.35 (s, 6H), 1.38 (t, J=7.1
Hz, 3H); HRMS (ESI) caled for C14H7N,O; [M+H]"
261.1242, found 261.1234.

2-(3,4- " IREL)-5- A H-4-FH R L BRRER(D27): 77
K 77%, WEOEE. mp. 211~212 ‘C; '"H NMR (400
MHz, CDCly) o: 7.84 (d, J=1.8 Hz, 1H), 7.72 (d, J=8.5
Hz, 1H), 7.68 (dd, J=8.5, 1.9 Hz, 1H), 5.56 (s, 2H), 4.19
(q, J=7.1 Hz, 2H), 1.24 (t, J=7.1 Hz, 3H); HRMS (ESI)
caled for CppHjCLN,O; [M+H]" 301.0147, found
301.0141.

2-(3,5- A AR HL)-5-F F-4- R LHEEME(D28): 7=
K 76%, WHEHE K. mp. 208~209 C; 'H NMR (400
MHz, CDCL3) d: 7.64 (t, J=3.0 Hz, 1H), 7.63 (d, J=8.5
Hz, 2H), 5.58 (s, 2H), 4.19 (q, J=7.1 Hz, 2H), 1.24 (t, J=
7.1 Hz, 3H); HRMS (ESI) calcd for Ci2H;;CIN,O; [M+
H]" 301.0147, found 301.0141.

2-(2,6- A A HL)-5-F Fe-4- R LHEEME(D29): 7=
K 82%, WHE K. mp. 166~167 C; 'H NMR (400
MHz, CDCl3) &: 7.34 (s, 1H), 7.30 (s, 2H), 5.21 (s, 2H),
436 (q, J=7.1 Hz, 2H), 1.35 (t, J=7.1 Hz, 3H); HRMS
(ESI) caled for CioHyCLN,O; [M+H]™ 301.0147, found
301.0141.

2-(2- IR I )-5-F F-4- H R 2. B REME (D30): 77K
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85%, WK G E . mp. 170~171 ‘C; 'H NMR (400
MHz, CDCls) d: 7.96 (td, J=7.7, 1.7 Hz, 1H), 7.48~7.27
(m, 1H), 7.16 (ddd, J=19.5, 9.4, 4.7 Hz, 2H), 5.62 (s, 2H),
438 (q, J=7.2 Hz, 2H), 1.39 (t, J=7.1 Hz, 3H); HRMS
(ESI) caled for C,H;2FN,O; [M+H]" 251.0831, found
251.0826.

2-(3- G AR I )-5-F B 4- H R Z BRWE M (D31): 7= %
79%, WK EOE K. mp. 176~177 ‘C; 'H NMR (400
MHz, CDCl3) 8: 7.58 (d, J=7.9 Hz, 1H), 7.54~7.42 (m,
2H), 7.25 (td, J=8.2, 2.0 Hz, 1H), 5.48 (s, 2H), 4.18 (q,
J=7.1 Hz, 2H), 1.24 (t, J=7.1 Hz, 3H); HRMS (ESI)
caled for Cp;H;,FN,O; [M + H] © 251.0831, found
251.0826.

2-(4- 5 R FE)-5- A B -4- IR £ B WE M (D32): 77 3%
76%, W EOE A, mp. 183~184 C; 'H NMR (400
MHz, CDCls) 6: 7.81~7.75 (m, 2H), 7.44 (s, 2H), 5.30 (s,
2H), 4.18 (q, J=7.1 Hz, 2H), 1.24 (t, J=7.1 Hz, 3H);
HRMS (ESI) caled for C1oH2FN,O3 [M+H]" 251.0831,
found 251.0826.

2-(3,5- A RL)-5- 5 FE-4- R Z FEIE I (D33): 77
K 82%, WHEMEA. mp. 206~207 C; 'H NMR (400
MHz, CDCls) 6: 7.56 (s, 2H), 7.34 (s, 1H), 5.32 (s, 2H),
4.19 (q, J=7.1 Hz, 2H), 1.24 (t, J=7.1 Hz, 3H); HRMS
(ESI) caled for Ci,H FaN2O5 [M+H]™ 269.0736, found
269.0732.

2-(2,6- AR AERL)-5- H-4- R L BEEIE(D34): 7
K 87%, WHFOEA. mp. 168~169 C; 'H NMR (400
MHz, CDCls) 6: 8.03 (d, J=2.0 Hz, 1H), 7.75 (dd, J=8.4,
2.0 Hz, 1H), 7.47 (d, J=8.5 Hz, 1H), 5.57 (s, 2H), 4.39 (q,
J=7.1 Hz, 2H), 1.40 (t, J=7.1 Hz, 3H); HRMS (ESI)
caled for CppH;FaNoO; [M+ H] ™ 269.0736, found
269.0732.

2-(3-( = R 3 ) % L )-5- & Sk -4- R 2 T W
(D35): 2% 75%, WE O mp. 163~164 C; 'H
NMR (400 MHz, CDCls) 6: 8.18 (s, 1H), 8.10 (d, J=7.8
Hz, 1H), 7.62 (d, J=7.8 Hz, 1H), 7.52 (t, J=7.8 Hz, 1H),
5.63 (s, 2H), 4.39 (q, J=7.1 Hz, 2H), 1.40 (t, J=7.1 Hz,
3H); HRMS (ESI) caled for Ci;3H;2FsN,O; [M+H]"
301.0789, found 301.0795.

2-(4-( = % IR ) 2K 3 )-5- & A -4- F R & TR
(D36): 73 88%, WiE (uEfA. m.p. 225~226 C; 'H
NMR (400 MHz, CDCL3) 6: 8.03 (d, J=8.1 Hz, 2H), 7.65
(d, J=8.2 Hz, 2H), 5.61 (s, 2H), 4.40 (q, J=7.1 Hz, 2H),
1.40 (t, J=7.1 Hz, 3H); HRMS (ESI) calcd for Ci3Hj2-
F3N,0; [M+H]" 301.0789, found 301.0795.
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2-(3,5- (A AR R3-SR R -4- R TR e e
(D37): 722 81%, RE K. mp. 180~181 C; 'H
NMR (400 MHz, CDCls) 6: 8.36 (s, 2H), 7.85 (s, 1H), 5.70
(s, 2H), 4.41 (q, J=7.1 Hz, 2H), 1.41 (t, J=7.1 Hz, 3H);
HRMS (ESI) caled for CisH;1FeN,O3 [M+H]" 369.0675,
found 369.0668.

2-(3-( = A H AR ) R 3 )-S5 AR -4- W R L TR IE
(D38): =2 86%, R EE K. mp. 165~166 C; 'H
NMR (400 MHz, CDCL3) 6: 7.87 (d, J=7.9 Hz, 1H), 7.77
(s, 1H), 7.43 (t, J=8.0 Hz, 1H), 7.22 (d, J=0.8 Hz, 1H),
5.58 (s, 2H), 4.39 (q, J=7.1 Hz, 2H), 1.40 (t, J=7.1 Hz,
3H); HRMS (ESI) caled for C;3H;2F3N,O4 [M+H]®
317.0735, found 317.0744.

2-(4-( =5 480 38 ) SR 36 )-5- = FE -4- R 2 R M e
(D39): 72 80%, WK (i K. m.p. 205~206 C; 'H
NMR (400 MHz, CDCL3) 6: 7.85 (d, J=8.8 Hz, 2H), 7.45
(d, J=8.5 Hz, 2H), 5.48 (s, 2H), 4.18 (q, J=7.1 Hz, 2H),
1.24 (t, J=7.1 Hz, 3H); HRMS (ESI) calcd for C;3Hi2-
F3:N,O4 [M+H]" 317.0735, found 317.0744.

2-(4-(BUT B8) 2R 58)-5- 5 -4- R 2L TG e 1 (D 40):
FEER T3%, WE AR, mp. 145~146 C; 'H NMR
(400 MHz, CDCl3) d: 7.85 (d, J=8.6 Hz, 2H), 7.41 (d, J=
8.6 Hz, 2H), 5.53 (s, 2H), 4.38 (q, J=7.1 Hz, 2H), 1.39 (t,
J=7.1 Hz, 3H), 1.31 (s, 9H); HRMS (ESI) calcd for
CisH2iN203 [M+H]" 289.1552, found 289.1547.

3.25 L&Y E1~E40 &K

BARBAKLEY) D1~D40) (10 mmol)i&f#ELE
20 mL MTE7K /S, FEINIE S e R 0.13 g, 15
mmol), 785 5% 1% ¥ N = & &% (0.38 g, 2.5 mmol),
80 “C S i % JFURE A 09 K, K R T n R B0
10% S B ENA R E pH=10, RH &P RE, K
TRERAN T8, Wl A, KA IE MRk AT JE AT B P e M,
Ve Al 2 T8, 13 E11E ) E1~EA40.

2- 2. 3-6,7- — A EME I [5,4-d] W T [1,2-a] 5 IE -
9(SH)- i (E1): 72 % 76%, ik ¥ B E K. mp. 128~
130 “C; 'H NMR (400 MHz, CDCls) 6: 4.23 (t, J=8.1 Hz,
2H), 3.19 (t, J=8.0 Hz, 2H), 2.88 (q, J=7.6 Hz, 2H),
2.37~2.29 (m, 2H), 1.39 (t, J=7.6 Hz, 3H); 3C NMR
(100 MHz, CDCls) 6: 164.6, 164.4, 162.2, 155.8, 119.4,
473, 327, 22.3, 20.0, 10.8; HRMS (ESI) caled for
CioH12N30, [M+H]" 206.0859, found 206.0851.

2-TH FE-6,7- S M I [5,4-d] ML FE[1,2-a] W5 IE -
9(SH)- i (E2): 7% % 80%, ik ¥ B [E K. mp. 151~
153 “C; 'H NMR (400 MHz, CDCls) 6: 4.25 (t, J=8.1 Hz,
2H), 3.20 (t, J=8.0 Hz, 2H), 2.84 (t, J=7.4 Hz, 2H), 2.34
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(p, J=7.8 Hz, 2H), 1.91~1.82 (m, 2H), 1.01 (t, J=7.4
Hz, 3H); 3C NMR (100 MHz, CDCls) &: 164.6, 164.3,
1622, 155.7, 119.4, 47.3, 32.7, 22.3, 20.1, 20.0, 10.8;
HRMS (ESI) caled for C;;HisN;0, [M+H]" 220.1013,
found 220.1008.

2- T FE-6,7- A M I [5,4-d] ML FE[1,2-a] W5 IE -
9(5H)- Wi (E3): 7= 2% 81%, ik #H B [E 1A, mp. 167~
169 ‘C; 'H NMR (400 MHz, CDCls) d: 4.23 (t, J=8.0 Hz,
2H), 3.19 (t, J=8.0 Hz, 2H), 2.85 (t, J=7.5 Hz, 2H),
2.37~2.29 (m, 2H), 1.81 (p, J=7.5 Hz, 2H), 1.45~1.36
(m, 2H), 0.93 (t, J=7.4 Hz, 3H); *C NMR (100 MHz,
CDCLy) d: 164.3, 163.9, 162.2, 155.7, 119.4, 47.3, 32.7,
28.6, 28.3, 22.2, 20.0, 13.7; HRMS (ESI) caled for
C1H16N30, [M+H]" 234.1150, found 234.1164.

2-+ e RE-6,7- A EME IR [S,4-d] LS [ 1,2-a]
BE-9(SH)-F(E4): 723 78%, R ME A, mp. 104~
106 ‘C;'H NMR (400 MHz, CDCls) &: 4.24 (t, J=8.0 Hz,
2H), 3.20 (t, J=8.0 Hz, 2H), 2.85 (t, J=7.6 Hz, 2H),
2.38~2.30 (m, 2H), 1.83 (p, J=7.6 Hz, 2H), 1.48~1.17
(m, 18H), 0.87 (t, J=6.9 Hz, 3H); *C NMR (100 MHz,
CDCls) 6: 164.3, 164.0, 162.1, 155.8, 119.5, 47.3, 32.7,
32.0, 29.7, 29.6, 29.5, 29.3, 29.1, 28.7, 26.6, 22.8, 20.3,
14.3; HRMS (ESI) caled for CyH»N;O, [M+H]"
346.2424, found 346.2416.

2-fUT H-6,7- S BEME I [5,4-d] LS [ 1,2-a] B IE -
9(5H)- B (ES): 7= 2 75%, ik ¥ B 4A. mp. 139~
141 “C;'H NMR (400 MHz, CDCls) &: 4.25 (t, J=8.0 Hz,
2H), 3.20 (t, J=8.0 Hz, 2H), 2.38~2.30 (m, 2H), 1.44 (s,
9H); '3C NMR (100 MHz, CDCls) 6: 170.1, 164.3, 162.2,
156.0, 119.3, 47.4, 34.6, 32.7, 28.4, 20.0; HRMS (ESI)
caled for C;HigN3O, [M + H] " 234.1149, found
234.1164.

2-((3r,51,7r) & W J5g i -1- 3 )-6,7- — S EME FF[5,4-d)
ML I [1,2-a] B8 e -9(SH)-F(E6): F=% 62%, %5 tlH
&, m.p. 153~155 ‘C; 'H NMR (400 MHz, CDCl;) &:
4.24 (t, J=8.0 Hz, 2H), 3.19 (t, J=8.0 Hz, 2H), 2.37~
2.29 (m, 2H), 2.09 (s, 9H), 1.77 (s, 6H); 3C NMR (100
MHz, CDCls) d: 169.6, 164.0, 162.0, 156.0, 119.3, 47.3,
40.1, 36.5, 32.7, 27.9, 20.1; HRMS (ESI) calcd for CigHa,-
N3O, [M+H]" 312.1659, found 312.1634.

2-H-6,7- A B I [5,4-d] % I [1,2-a] W5 IE -
9(SH)-HH (E7): 722 81%, k¥ B fA. mp. 219~
221 ‘C; 'H NMR (400 MHz, CDCls) d: 9.12~6.80 (m,
5H), 4.23 (t, J=8.0 Hz, 2H), 4.19 (s, 2H), 3.18 (t, J=8.0
Hz, 2H), 2.37~2.29 (m, 2H); 3C NMR (100 MHz,
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CDCl3) 8: 164.7, 162.5, 161.8, 155.8, 134.4, 129.1, 128.9,
127.6, 119.1, 47.4, 35.3, 32.7, 20.0; HRMS (ESI) calcd for
C15sH14N;0, [M+H]" 268.0991, found 268.1008.

2-7K £, 5:-6,7- A WEWE I [5,4-d) LS [1,2-a] HEIE -
9(5H)- i (E8): 7= % 73%, ik ¥ B [E K. mp. 207~
209 ‘C; 'H NMR (400 MHz, CDCl3) 0: 7.86~6.52 (m,
5H), 4.25 (t, J=8.0 Hz, 2H), 3.22 (t, J=8.0 Hz, 2H), 3.19
(s, 4H), 2.38~2.31 (m, 2H); '*C NMR (100 MHz, CDCl;)
5: 164.4, 162.9, 162.3, 155.8, 139.9, 128.7, 128.5, 126.7,
119.5, 47.4, 32.7, 32.6, 30.5, 20.0; HRMS (ESI) calcd for
CisH16N30, [M+H]" 282.1179, found 282.1164.

2-IR [ H-6,7- A WEWE I [5,4-d] LS [1,2-a] 5 HE -
9(SH)- i (E9): 7= % 79%, ik ¥ B [E K. mp. 162~
164 “C; 'H NMR (400 MHz, CDCl3) 6: 4.31~4.19 (t, J=
8.0 Hz, 2H), 3.31 (p, J=8.1 Hz, 1H), 3.20 (t, J=8.0 Hz,
2H), 2.38~2.30 (m, 2H), 2.16~2.07 (m, 2H), 2.06~1.98
(m, 2H), 1.91~1.76 (m, 2H), 1.74~1.64 (m, 2H); 1*C
NMR (100 MHz, CDCLy) d: 167.2, 164.3, 162.1, 156.2,
118.8, 47.4, 389, 32.7, 31.3, 25.7, 20.1; HRMS (ESI)
caled for C;3H;gN3O, [M + H] ©  246.1151, found
246.1164.

2-3 L FE-6,7- A NEME I [5,4-d I I [1,2-a] W E -
9(SH)-Fil (E10): 7= % 87%, ¥k K. mp. 192~
194 “C; 'H NMR (400 MHz, CDCls) 6: 4.24 (t, J=8.0 Hz,
2H), 3.20 (t, J=8.0 Hz, 2H), 2.89 (tt, J=11.3, 3.7 Hz,
1H), 2.47~2.28 (m, 2H), 2.12~2.06 (m, 2H), 1.84~1.80
(m 2H), 1.71~1.67 (m, 2H), 1.64~1.55 (m, 2H), 1.43~
1.32 (m, 2H); C NMR (100 MHz, CDCly) d: 167.0,
1642, 162.1, 155.9, 119.4, 47.4, 37.9, 32.7, 30.3, 25.8,
25.6, 20.1; HRMS (ESI) calcd for Ci4HisN3O, [M+H]"
260.1339, found 260.1321.

2-(MEWy -2-55)-6,7- — A WEWE IF:[5,4-d] ML FF:[1,2-a]
W% WE -9(5H)- Wi (E11): 7= Z 79%, & 3% (4 [ /& . m.p.
185~187 ‘C; '"H NMR (400 MHz, CDCls) o: 7.85 (dd,
J=3.7, 1.2 Hz, 1H), 7.53 (dd, J=5.0, 1.2 Hz, 1H), 7.16
(dd, J=5.0, 3.8 Hz, 1H), 4.29 (t, J=8.0 Hz, 2H), 3.25 (t,
J=8.0 Hz, 2H), 2.41~2.34 (m, 2H); '*C NMR (100 MHz,
CDCls) d: 163.9, 162.6, 156.0, 155.7, 130.6, 130.1, 128.9,
128.4, 120.7, 47.5, 32.8, 20.0; HRMS (ESI) calcd for
C1aH10N30,8 [M+H]" 260.0426, found 260.0415.

2-(Z5-1-55)-6,7- A WEME I [5,4-d] ML H[1,2-a] W%
BE-9(SH)-BA(E12): 723 74%, W AEAK. mp. 261~
263 ‘C; 'H NMR (400 MHz, CDCls) 8: 8.71 (s, 1H), 8.27
(dd, J=8.6, 1.7 Hz, 1H), 8.03~7.93 (m, 2H), 7.93~7.85
(m, 1H), 7.71~7.50 (m, 2H), 4.31 (t, J=8.0 Hz, 2H), 3.28
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(t, J=8.0 Hz, 2H), 2.58~2.27 (m, 2H); '*C NMR (100
MHz, CDCL3) 0: 164.1, 162.5, 159.8, 155.7, 134.6, 132.8,
128.9, 128.8, 127.8, 127.8, 127.7, 126.9, 123.5, 123.4,
120.8, 47.3, 32.6, 19.8; HRMS (ESI) calcd for CisH4N30,
[M+H]" 304.1015, found 304.1008.
2-(ZE-2-55)-6,7- S WEWE I [5,4-d] ML FF[1,2-a] %
BE-9(SH)-H(E13): 773 82%, ME M E K. mp. 243~
245 °C; 'H NMR (400 MHz, CDCl;) 6: 8.72 (s, 1H), 8.27
(dd, J=8.7, 1.7 Hz, 1H), 7.96 (d, J=8.3 Hz, 2H), 7.92~
7.86 (m, 1H), 7.66~7.50 (m, 2H), 4.32 (t, J=8.0 Hz, 2H),
3.28 (t, J=8.0 Hz, 2H), 2.43~2.36 (m, 2H); 3C NMR
(100 MHz, CDCL3) 0: 162.7, 161.3, 160.1, 157.9, 134.9,
133.0, 129.1, 129.0, 128.1, 127.9, 127.1, 123.8, 123.6,
121.0, 118.7, 47.5, 32.9, 20.1; HRMS (ESI) caled for
C1sH14N;0, [M+H]" 304.1015, found 304.1008.

2-(1,1'- Bk 7K -4- 3£)-6,7- — &0 W& M JF: [5,4-d] e 1% I
[1,2-a] ¥ BE -9(SH)- il (E14): 7= 3 79%, % ¥t [l 44
m.p. 219~221 ‘C; '"H NMR (400 MHz, CDCls) J: 8.26
(d, J=8.5 Hz, 2H), 7.76~7.71 (m, 2H), 7.67~7.63 (m,
2H), 7.50~7.45 (m, 2H), 7.43~7.37 (m, 1H), 4.30 (t, J=
8.0 Hz, 2H), 3.26 (t, J=8.0 Hz, 2H), 2.42~2.34 (m, 2H);
13C NMR (100 MHz, CDCly) d: 164.3, 162.6, 159.8, 155.9,
144.4, 140.0, 129.1, 1282, 127.8, 127.7, 127.3, 125.3,
120.9, 47.5, 32.8, 20.0; HRMS (ESI) calcd for CaH6N30,
[M+H]" 330.1148, found 330.1164.

2-(WR R -2-55)-6,7- — S WEWE IF: [5,4-d] ML % FF:[1,2-a]
W% BE -9(SH)- B (E15): 7= % 76%, % 38 (4 [E /K. m.p.
179~180 °C; '"H NMR (400 MHz, CDCL) J: 7.64 (dd,
J=1.6, 0.6 Hz, 1H), 7.24 (dd, J=3.5, 0.8 Hz, 1H), 6.59
(dd, J=3.5, 1.7 Hz, 1H), 4.28 (t, J=8.0 Hz, 2H), 3.25 (t,
J=8.0 Hz, 2H), 2.41~2.33 (m, 2H); '*C NMR (100 MHz,
CDCls) J: 163.8, 162.8, 155.7, 152.2, 145.9, 141.9, 120.5,
114.5, 112.4, 47.5, 32.8, 20.0; HRMS (ESI) calcd for
CiH1oN305 [M+H]" 244.0622, found 244.0644.

2-(VY A -2 H-MH i -4- -6, 7- — S I I [5,4-d] I s
H[1,2-a] W 0E-9(SH)-FH(E16): 775 68%, W # O [ 1k,
m.p. 181~183 °C; '"H NMR (400 MHz, CDCls) 6: 4.24 (t,
J=8.0 Hz, 2H), 4.02 (dt, J=11.7, 3.6 Hz, 2H), 3.54 (td,
J=11.6, 3.1 Hz, 2H), 3.20 (t, J=8.0 Hz, 2H), 3.14 (tt, J=
10.0, 4.7 Hz, 1H), 2.38~2.30 (m, 2H), 2.12~1.97 (m,
4H); 3C NMR (100 MHz, CDCl3) d: 165.0, 164.3, 162.5,
155.8, 119.3, 67.1, 47.4, 35.1, 32.7, 29.8, 20.0; HRMS
(ESI) caled for Cj3Hi¢N3;O; [M+H]" 262.1132, found
262.1113.

2-(2-HFEIRH)-6,7- — A NEMEFE([5,4-d ML [ 1,2-a]

Chin. J. Org. Chem. 2022, 42, 543~556



Chinese Journal of Organic Chemistry

% 0E -9(5H)- i (E17): 77 % 72%, ¥ # 0 [E 4. mp.
226~228 ‘C; '"H NMR (400 MHz, CDCls) J: 8.14~8.12
(m, 1H), 7.42~7.38 (m, 1H), 7.34~7.30 (m, 2H), 4.29 (t,
J=8.1 Hz, 2H), 3.26 (t, J=8.0 Hz, 2H), 2.78 (s, 3H),
2.42~234 (m, 2H); '*C NMR (100 MHz, CDCL) ¢:
163.9, 162.6, 160.2, 156.0, 138.9, 132.0, 131.2, 129.7,
126.3, 125.3, 120.6, 47.5, 32.8, 22.6, 20.0; HRMS (ESI)
caled for Ci;sHi4N3O, [M + H] ©  268.1003, found
268.1008.

2-(3-F B IR HE)-6,7- A MEME I [5,4-d]L g H[1,2-a]
W% WE -9(SH)- i (E18): 72 2 79%, % B 0 [ /& . m.p.
231~233 °C; '"H NMR (400 MHz, CDCl;) d: 8.03 (s, 1H),
7.96 (d, J=7.6 Hz, 1H), 7.37 (t, J=7.6 Hz, 1H), 7.32 (d,
J=7.6 Hz, 1H), 4.28 (t, J=8.1 Hz, 2H), 3.24 (t, J=8.0
Hz, 2H), 2.42 (s, 3H), 2.39~2.29 (m, 2H); 3C NMR (100
MHz, CDCl;) 0: 164.2, 162.6, 160.0, 155.9, 138.9, 132.5,
128.9, 127.9, 126.3, 124.4, 120.7, 47.5, 32.8, 21.5, 20.0;
HRMS (ESI) caled for CisH14N:;0, [M+H]™ 268.1003,
found 268.1008.

2-(4- IR HL)-6,7- — EWEMEFF[S,4-d L g H[1,2-a]
% 0E -9(5H)- B (E19): 77 % 82%, ¥ # (0 [ 4. m.p.
270~272 °C; 'H NMR (400 MHz, CDCl3) d: 8.07 (d, J=
8.3 Hz, 2H), 7.30 (d, J=8.0 Hz, 2H), 4.28 (t, J=8.1 Hz,
2H), 3.24 (t, J=8.0 Hz, 2H), 2.42 (s, 3H), 2.42~2.28 (m,
2H); 3C NMR (100 MHz, CDCL3) 8: 164.1, 162.4, 160.1,
155.9, 142.3, 129.8, 127.3, 123.7, 120.8, 47.5, 32.8, 21.8,
20.0; HRMS (ESI) caled for C;sHi4N:;O, [M+ H]"
268.1003, found 268.1008.

2-(2-FIKHE)-6,7- A NEMETIE[5,4-d|MEAE FF[1,2-a]
BE-9(SH)-BA(E20): 723 75%, WO HEAK. mp. 228~
230 °C; 'H NMR (400 MHz, CDCls) d: 8.15 (dd, J=7.7,
1.9 Hz, 1H), 7.53 (dd, J=7.8, 1.5 Hz, 1H), 7.43 (td, J=
7.7, 1.9 Hz, 1H), 7.39 (td, J=7.5, 1.5 Hz, 1H), 4.29 (t, J=
8.1 Hz, 2H), 3.26 (t, J=8.0 Hz, 2H), 2.42~2.34 (m, 2H).
13C NMR (100 MHz, CDCLy) 8: 164.3, 163.1, 157.9, 155.8,
133.4, 132.2, 131.8, 131.6, 127.1, 125.4, 120.4, 47.5, 32.8,
20.0; HRMS (ESI) caled for C4H;CIN;O, [M+H]"
288.0458, found 288.0462.

2-(3-F K HE)-6,7- A NEME I 5,4-d|MEAE FF[1,2-a]
BE-9(SH)-BA(E21): 723 73%, W OEAR. mp. 216~
218 ‘C; 'H NMR (400 MHz, CDCls) ¢: 8.18 (s, 1H), 8.05
(d, J=7.6 Hz, 1H), 7.45 (dt, J=15.6, 8.1 Hz, 2H), 4.29 (t,
J=8.1 Hz, 2H), 3.26 (t, J=8.0 Hz, 2H), 2.42~2.34 (m,
2H); 3C NMR (100 MHz, CDCl3) 0: 164.3, 163.1, 158.4,
155.8, 1352, 131.7, 130.4, 128.1, 127.3, 125.3, 120.8,
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47.5, 32.9, 20.0; HRMS (ESI) caled for C;4H;CIN;O,
[M+H]" 288.0458, found 288.0462.

2-(4-F K HE)-6,7- A NEME I [5,4-d LS FF[1,2-a]
BE-O(SH)-BA(E22): 723 79%, WA E K. mp. 293~
295 ‘C; 'H NMR (400 MHz, CDCl3) 6: 8.11 (d, J=8.7
Hz, 2H), 7.47 (d, J=8.7 Hz, 2H), 4.29 (t, J=8.1 Hz, 2H),
3.26 (t, J=8.0 Hz, 2H), 2.42~2.34 (m, 2H); *C NMR
(100 MHz, CDCl3) 0: 164.3, 162.9, 158.9, 155.9, 138.0,
129.5, 128.6, 124.9, 120.8, 47.5, 32.8, 20.0; HRMS (ESI)
caled for Ci4H;;CIN;O, [M + H] " 288.0458, found
288.0462.

2-(2-TR A HE)-6,7- S WEMEI[5,4-d LM% FE[1,2-a] W%
E-9(SH)-Hi (E23) 7% % 76%, & G AK. mp. 206~
208 °‘C; 'H NMR (400 MHz, CDCl;) ¢: 8.08 (dd, J=7.8,
1.7 Hz, 1H), 7.72 (dd, J=8.0, 1.1 Hz, 1H), 7.43 (td, J=
7.6, 1.0 Hz, 1H), 7.34 (td, J=7.7, 1.7 Hz, 1H), 4.28 (t, J=
8.1 Hz, 2H), 3.25 (t, J=8.0 Hz, 2H), 2.41~2.33 (m, 2H);
13C NMR (100 MHz, CDCly) d: 164.3, 163.2, 158.3, 155.8,
134.9, 132.3, 132.2, 127.6, 127.4, 121.6, 120.4, 47.5, 32.8,
20.0; HRMS (ESI) caled for C;sH;BrN;O, [M+H]"
331.9976, found 331.9956.

2-(3-TR A IE)-6,7- S WEMEI[5,4-d LS FE[1,2-a] W5
E-9(SH)-Hi (E24) 7% % 80%, & ME K. mp. 242~
246 °C; 'H NMR (400 MHz, CDCl3) §: 8.31 (t, J=1.7 Hz,
1H), 8.07 (d, J=7.8 Hz, 1H), 7.61 (dd, J=8.0, 1.9 Hz,
1H), 7.35 (t, J=7.9 Hz, 1H), 4.27 (t, J=8.0 Hz, 2H), 3.24
(t, J=8.0 Hz, 2H), 2.41~2.33 (m, 2H); '*C NMR (100
MHz, CDCLy) 0: 164.2, 163.1, 158.2, 155.8, 134.5, 130.6,
130.1, 128.2, 125.7, 123.1, 120.7, 47.5, 32.8, 19.9; HRMS
(ESI) caled for C14H;1BrN;O, [M+H]" 331.9976, found
331.9956.

2-(4-TR K FE)-6,7- S WEWMEI[5,4-d LM% FE[1,2-a] W5
BE-9(SH)-Fl(E25): 723 83%, RF K. mp. 294~
296 ‘C; '"H NMR (400 MHz, CDCl;) d: 8.04 (d, J=8.4
Hz, 2H), 7.63 (d, J=8.4 Hz, 2H), 4.29 (t, J=8.0 Hz, 2H),
3.25 (t, J=8.0 Hz, 2H), 2.42~2.34 (m, 2H); 3C NMR
(100 MHz, CDCL3) ¢6: 164.3, 162.9, 159.0, 155.8, 132.4,
128.7, 126.45, 125.4, 120.8, 47.5, 32.8, 20.0; HRMS (ESI)
caled for CisH;;BrN;O, [M + H] " 331.9976, found
331.9956.

2-(3,5- - HI L 2 B )-6,7- — U M I [5,4-d] FIE % 3
[1,2-a] W% g -9(SH)- B (E26): 7= % 68%, ¥k i 0 & 14 .
m.p. 260~262 ‘C; '"H NMR (400 MHz, CDCls) : 7.80 (s,
2H), 7.12 (s, 1H), 4.26 (t, J=8.1 Hz, 2H), 3.22 (t, J=8.0
Hz, 2H), 2.36 (s, 6H), 2.39~2.27 (m, 2H); 3C NMR (100
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MHz, CDCl) 6: 164.1, 162.5, 160.2, 155.9, 138.8, 133.5,
126.2, 125.1, 120.7, 47.4, 32.8, 21.3, 20.0; HRMS (ESI)
caled for CiHigN3O, [M + H] © 282.1151, found
282.1164.

2-(3,4- AU H)-6,7- — S W IF [5,4-d] Wit % I
[1,2-a] ¥ BE -9(5H)- B (E27): 723 73%, 3% 3% {0 & 44
m.p. 253~255 ‘C; 'H NMR (400 MHz, CDCL) 6: 8.27
(d, J=2.0 Hz, 1H), 7.99 (dd, J=8.4, 2.0 Hz, 1H), 7.57 (d,
J=8.4 Hz, 1H), 4.29 (t, J=8.1 Hz, 2H), 3.26 (t, J=8.0
Hz, 2H), 2.67~2.17 (m, 2H); 3C NMR (100 MHz,
CDCls) 6: 164.3, 163.3, 157.6, 155.8, 136.1, 133.7, 131.3,
128.9, 126.2, 126.2, 120.8, 47.6, 32.9, 20.0; HRMS (ESI)
caled for C14HioCLN;O, [M+ H] " 322.0054, found
322.0072.

2-(3,5- = AU B )-6,7- S W IF [5,4-d] Mt 1% I
[1,2-a] ¥ BE -9(5H)- B (E28): 7= 3R 86%, % ¥ {0 & 14
m.p. 353~355 ‘C; '"H NMR (400 MHz, CDCls) 6: 7.45~
7.39 (m, 3H), 4.28 (t, J=8.1 Hz, 2H), 3.26 (t, J=8.0 Hz,
2H), 2.42~2.33 (m, 2H); 3C NMR (100 MHz, CDCl;) §:
164.7, 163.5, 155.7, 154.5, 136.6, 132.7, 128.3, 127.0,
120.1, 47.5, 32.9, 20.0; HRMS (ESI) calcd for CiH,o-
CLN;O, [M+H]" 322.0054, found 322.0072.

2-(2,6- = ALK H)-6,7- S W IF [5,4-d] Wik % I
[1,2-a] ¥ BE -9(SH)- B (E29): 7= 3 80%, % ¥ {0 & 14
m.p. 208~210 ‘C; 'H NMR (400 MHz, CDCLs) 6: 8.08
(d, J=1.8 Hz, 2H), 7.49 (t, J=1.8 Hz, 1H), 4.30 (t, J=7.3
Hz, 2H), 3.27 (t, J=8.0 Hz, 2H), 2.43~2.35 (m, 2H); 1*C
NMR (100 MHz, CDCls) d: 164.5, 163.5, 155.7, 155.4,
136.1, 131.5, 129.1, 125.5, 120.0, 47.6, 32.9, 20.0; HRMS
(ESI) calced for C14H;0CILN;0, [M+H]" 322.0053, found
322.0072.

2-(2-FAAHE)-6,7- A WEMEIES 4-d] M [ 1,2-a]W%
BE-9(SH)-F(E30): 723 70%, % EEA. mp. 270~
272 °C; 'H NMR (400 MHz, CDCls) &: 8.21 (td, J=17.6,
1.8 Hz, 1H), 7.62~7.45 (m, 1H), 7.32~7.15 (m, 2H), 4.30
(t, J=8.0 Hz, 2H), 3.26 (t, J=8.0 Hz, 2H), 2.42~2.36 (m,
2H); 3C NMR (100 MHz, CDCls) 6: 163.10 (d, J=242.5
Hz), 163.0, 159.3, 156.6, 155.8, 133.4 (d, J=8.5 Hz),
130.4 (d, J=1.9 Hz), 124.7 (d, J=3.9 Hz), 119.3, 117.2
(d, J=21.2 Hz), 114.8 (d, J=10.7 Hz), 47.5, 32.8, 20.0;
HRMS (ESI) caled for C14H i FN;O, [M+H]" 272.0752,
found 272.0757.

2-(3-5R K HE)-6,7- A NEME T 5,4-d ML RE FF[1,2-a]
BE-9(SH)-BA(E31): 723 75%, W OEAK. mp. 196~
198 “C; '"H NMR (400 MHz, CDCls) &: 7.95 (d, J=7.8
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Hz, 1H), 7.85 (dt, J=9.4, 2.5 Hz, 1H), 7.46 (td, J=8.1, 5.6
Hz, 1H), 7.20 (td, J=8.4, 2.6 Hz, 1H), 4.28 (t, J=8.0 Hz,
2H), 3.25 (t, J=8.0 Hz, 2H), 2.42~2.34 (m, 2H); 1*C
NMR (100 MHz, CDCls) 6: 164.2, 163.1, 163.0 (d, J=
254.8 Hz), 158.6, 155.8, 130.9 (d, J=8.2 Hz), 128.4 (d,
J=8.6 Hz), 123.0 (d, J=3.1 Hz), 120.7, 118.7 (d, J=21.2
Hz), 114.2 (d, J=24.3 Hz), 47.5, 32.8, 20.0; HRMS (ESI)
caled for CiH; FN;O, [M + H]® 272.0752, found
272.0757.

2-(4-TAAIE)-6,7- A WEME I [5,4-d| LG FF[1,2-a]%
BE-O(SH)-F(E32): 723 77%, KB, mp. 245~
247 °C; 'H NMR (400 MHz, CDCls) ¢: 8.18 (d, J=8.6,
Hz, 2H), 7.18 (d, J=8.5 Hz, 2H), 4.29 (t, J=8.0 Hz, 2H),
3.25 (t, J=8.0 Hz, 2H), 2.42~2.34 (m, 2H); 3C NMR
(100 MHz, CDCls) d: 164.7 (d, J=253.1 Hz), 164.1,
162.6, 158.8, 155.7, 129.6 (d, J=8.9 Hz), 122.8 (d, J=3.2
Hz), 120.7, 116.4 (d, J=22.3 Hz), 47.5, 32.8, 20.0; HRMS
(ESI) caled for CisH FN3;O, [M+H]" 272.0752, found
272.0757.

2-(3,5- 4 K e )-6,7- — AL M I [5,4-d] Mk 1 5T
[1,2-a] ™ BE -9(SH)- il (E33): 7= 3 71%, 3% ¥t [l 44
m.p. 243~245 ‘C; 'H NMR (400 MHz, CDCL3) 6: 7.69
(d, J=7.3 Hz, 2H), 6.96 (tt, J=8.6, 2.2 Hz, 1H), 4.29 (t,
J=6.4 Hz, 2H), 3.26 (t, J=7.7 Hz, 2H), 2.47~2.28 (m,
2H); 3C NMR (100 MHz, CDCls) &: 164.3, 163.5, 163.3
(dd, J=248.7, 12.5 Hz), 157.5 (t, J=3.9 Hz), 155.7, 129.2
(t, J=10.6 Hz), 120.8, 111.0~109.3 (m), 107.1 (t, J=25.3
Hz), 47.6, 32.9, 20.0; HRMS (ESI) calcd for Ci4H;0F2N30,
[M-+H]" 290.0657, found 290.0663.

2-(2,6- — 4 K HL)-6,7- = S W W I [5,4-d] WL s 5
[1,2-a] ¥ BE -9(5H)- il (E34): 7% 81%, W% ¥ {0 [E 44
m.p. 221~223 ‘C; 'H NMR (400 MHz, CDCLy) 6: 7.48
(tt, J=8.4, 6.1 Hz, 1H), 7.06 (t, J=8.5 Hz, 2H), 4.28 (t,
J=8.1 Hz, 2H), 3.26 (t, J=8.0 Hz, 2H), 2.44~2.35 (m,
2H); 3C NMR (100 MHz, CDCls) §: 164.4, 163.5, 161.2
(dd, J=259.8, 5.2 Hz), 155.6, 151.4 (t, J=3.4 Hz), 133.2
(t, J=10.5 Hz), 120.4, 116.2~111.9 (m), 105.8 (t, J=15.8
Hz), 47.5, 32.9, 20.0; HRMS (ESI) calcd for Ci4H;0F2N30,
[M-+H]" 290.0657, found 290.0663.

2-(3-( =R ) L )-6,7- — UM I [5,4-d] % I
[1,2-a] ¥ BE -9(SH)- il (E35): 73 69%, % ¥t [l 44
m.p. 211~213 “C; 'H NMR (400 MHz, CDCls) 6: 8.48 (s,
1H), 8.36 (d, J=7.9 Hz, 1H), 7.77 (d, J=7.8 Hz, 1H), 7.64
(t, J=7.8 Hz, 1H), 431 (t, J=8.0 Hz, 2H), 3.27 (t, J=8.0
Hz, 2H), 2.43~2.36 (m, 2H); 3C NMR (100 MHz,
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CDCl3) 0: 164.4, 163.3, 158.3, 155.8, 131.8 (q, J=99.3
Hz), 130.2, 129.8, 128.1 (q, J=3.6 Hz), 127.3, 125.1,
124.3 (q, J=3.9 Hz), 121.6 (d, J=155.1 Hz), 47.6, 32.9,
20.0; HRMS (ESI) caled for C;sH;FsN;O, [M+H]"
322.0702, found 322.0725.

2-(4-(Z T L) -6,7- — A M [5,4-d] IR I
[1,2-a] " BE -9(SH)- il (E36): 7= 3 74%, % ¥ € [ 44 .
m.p. 264~266 ‘C; 'H NMR (400 MHz, CDCl;) &: 8.30
(d, J=8.6 Hz, 2H), 7.76 (d, J=8.5 Hz, 2H), 4.30 (t, J=8.0
Hz, 2H), 3.27 (t, J=8.0 Hz, 2H), 2.43~2.36 (m, 2H); 1*C
NMR (100 MHz, CDCLy) J: 164.3, 163.2, 158.2, 155.7,
133.0 (q, J=98.6 Hz), 129.5, 127.4, 126.0 (q, J=3.8 Hz),
125.0, 121.5 (d, J=154.8 Hz), 47.4, 32.7, 19.8; HRMS
(ESI) caled for CisHyFsN3O, [M+H]" 322.0702, found
322.0725.

2-(3,5- (U ) R AL )-6,7- A BEMEIE[S 4-d)tL
W% H[1,2-a] W5 e -9(SH)- B (E37): 723 61%, 3% 5t [H
&, m.p. 236~238 ‘C; 'H NMR (400 MHz, CDCls) o:
8.64 (s, 2H), 7.99 (s, 1H), 4.31 (t, J=8.0 Hz, 2H), 3.29 (t,
J=8.0 Hz, 2H), 2.44~2.37 (m, 2H); '*C NMR (100 MHz,
CDCl3) &: 164.5, 164.0, 156.8, 155.7, 132.9 (q, J=102.3
Hz), 128.5, 127.1 (d, J=3.8 Hz), 124.9~124.7 (m), 122.9
(d, J=274.4 Hz), 120.8, 47.6, 32.9, 20.0; HRMS (ESI)
caled for Ci6HoFsN3O, [M + H] " 390.0584, found
390.0599.

2-(3-(= U R I ) A HE)-6,7- A MER I [5,4-d )%
FH[1,2-a]"5 e -9(SH)-BH(E38): 7% 78%, ¥ [H 1k,
m.p. 196~198 ‘C; 'H NMR (400 MHz, CDCl;) &: 8.12
(d, J=8.0 Hz, 1H), 8.05 (s, 1H), 7.54 (t, J=8.0 Hz, 1H),
7.37 (dd, J=8.9, 1.6 Hz, 1H), 4.30 (t, J=8.0 Hz, 2H), 3.27
(t, J=8.0 Hz, 2H), 2.43~2.35 (m, 2H); '*C NMR (100
MHz, CDCls) 6: 164.3, 163.2, 158.3, 155.9, 149.8 (q, J=
2.0 Hz), 130.7, 128.4, 125.5, 124.1, 120.8, 120.5 (d, J=
258.1 Hz), 119.7, 47.6, 32.9, 20.0; HRMS (ESI) calcd for
C1sHy F3N;05 [M+H]" 338.0650, found 338.0674.

2-(4-(= U R I ) A HE)-6,7- A RER I [5,4-d] L%
F[1,2-a] ¥ g -9(5H)-F (E39): 775 83%, W& # (A [H k.
m.p. 258~260 ‘C; 'H NMR (400 MHz, CDCly) &: 8.23
(d, J=8.9 Hz, 2H), 7.34 (d, J=8.9 Hz, 2H), 4.30 (t, J=8.0
Hz, 2H), 3.26 (t, J=8.0 Hz, 2H), 2.43~2.36 (m, 2H); 1*C
NMR (100 MHz, CDCL) J: 164.3, 163.0, 158.6, 155.9,
151.6 (q, J=1.9 Hz), 129.0, 125.0, 121.3, 120.5 (d, J=
258.5 Hz), 120.8, 47.5, 32.9, 20.0; HRMS (ESI) calcd for
CisH 1 FsN30; [M+H]" 338.0650, found 338.0674.

2-(4-(CRUT ) 2 3 )-6,7- — S e - [5,4-d] ML I 3
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[1,2-a] ™ UE -9(SH)- il (E40): 7= 3 86%, % ¥t [ 44
m.p. 263~265 ‘C; 'HNMR (400 MHz, CDCl5) &: 8.11 (d,
J=8.7 Hz, 2H), 7.51 (d, J=8.7 Hz, 2H), 4.28 (t, J=8.1
Hz, 2H), 3.24 (t, J=8.0 Hz, 2H), 2.65~2.24 (m, 2H), 1.34
(s, 9H); '3C NMR (100 MHz, CDCly) &: 164.1, 162.4,
160.0, 155.9, 155.3, 127.1, 126.1, 123.6, 120.7, 47.4, 35.2,
32.8, 31.2, 21.0; HRMS (ESI) caled for CisHaF3N;0,
[M+H]" 310.1463, found 310.1477.
3.3 HEME
3.3.1 MTT %55 Bk %k

TE 40 M AT HO, s B b 4 B b e A0 1) R
(M 235 P55 R 240 A A R AAE A 1) T 4 2 1 %) 43 3l b 1 96
FLHR(400 pL/AL), fERGFRAEM . SCIRLH o s F oot i
. TEMIEZA . IR AA 254, Fran it i
W BE 5 25 2, 252K NI 50 pumoleL ™!, N # >
50%MAEY), FROARIRBEREEO. 1. 10, 20~ 30, 40
umoleL Y&, F/MKEWE 6 NEFLIFGkLLE 72
h. LN 100 pL 0.5 mg/mL MTT, 3E/ER T 4 h, %
% BiEW, LI 120 pL — F3ET(DMSO)E % 3
min, AJ5 M SpectraMax M5 £ T HEBEAR I E ODsqo.
BT PRIV ' 55 A 0 o 20080 25 23 1 A RO FE A S T B
YN RIS 2%, F£H Graphpad Prism 8.0 {15 1Cso fH.
o A 3G 5E 0 ) Z o HA A 2 = [(Leonirot —
Atest)/(Acontrol — Ablank] X 100%
332 HREARBAEAKRT L

AhAb I MR S R 2, R R 2 4610.5) C, i
ANCEFRG M ER, RriRe, 5w Sk E N
5X10°~5X10° cfu/mL, B AFFEIH, 15~20 mL/IL,
JiE 20 min fF AL, FHBUIRSTILARITL, HAA N S5~6
mm, 4~5 FU/IL, B)E)040, &FLHOZ [BAEEE 25 mm
DL L, S8R B AR 15 mm BLE. BRI
W 20 pL. fEfrsrsem, BT 37 CHFE4H 30~60 min,
R e A, FIEERTE 16~18 h. MELER, H
bR R EMEA R EEF i FHER 3 ), I
F4E.
333 EHRAFXF

MCF-7, A549 F Hela f&AQAH I K B H E R
YA, HeLa A1 MCF-7 7E35 2R1A 70 25 BB R& 2R 1%
FEIEL(DMEM) L%, TR 5 3L A LUAFR B8 10%
(RG24 3B (FBS)FUATR 73 208 1% MHL(T 55 2= AGE
BHER). TEYMIIE 37 CFESHERIEN 5%H)
CO, [BE TR B 7.

4 Bh#1 6l (Supporting Information) 1L&4%) E1~E40
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