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One-Pot Synthesis of Multisubstituted Chromone-Fused Bicyclic
Pyridine Compounds

Chen, Liang Wang, Baoqu Zhao, Yucheng Yan, Shengjiao™ Lin, Jun*
(Key Laboratory of Medicinal Chemistry for Natural Resource, Ministry of Education, School of Chemical Science and
Technology, Yunnan University, Kunming 650091)

Abstract A concise and environment friendly route for the synthesis of multisubstituted chromone-fused bicyclic pyridine
compounds via one-step reaction of chromone-3-carboxaldehyde 1 and N-benzyl nitro ketene aminals (NBNKAs, 2) in ethanol
media has been developed. The targeted compounds 3 can efficiently obtain by filter without extra post-treatment. The reaction
is particularly attractive due to following features: low-cost and biocompatibility solvent, mild temperature, atom economy,
high yields, and potential biological activity.

Keywords environment friendly; atom economy; catalyst-free; bicyclic pyridine; neonicotinoids
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T R I A AT WL AR 24 Sk P IR o % ok e 2 g
25 B D AR R A 25124200 T MR oA, IR Loy
PRI GEMIRFE: (D)ZME R E L 00GE, (2)58 % HF (RS 3E,
GVFE, (FXEAERI I, 2204 R
— RIVH IR A (ORI 78 TAE, & BERASR 2 i A
EW. Horbh, BRI N- SR 307 B 46 1 (NBN-
KAs, 2)J&T % IhAg & Bk B 24 3006 B 47 5 (HK As) 25
L&) NBNK As 1E#) B A AV & &
FIR Ak A7 T R 4 £ 345021,

Me

O,N
1 o
N7 N HN
\ % N Pro” N” N
oINS (e h — w
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NO, N" el N=
ek 6-CI-PMNI WK H B cl

SRR EGIAEG U « PUEEE SR T ILE I 75 T K
P WA AP A S A G R, A
SCARARE 251 IR, OIS R SO R f i
B HARL S VXA e AL SR, A BFr &
MBAEI. RN, A R REAT A YE TE
FITT T A,

AT H BRI s B CLU R -3- TR AL 54 1
52 [, Wit 2 a-C EFEVE (R IRE IR K . &
s € R O EEAT 3 S R N AT B FRP“MI(Eq. 1), R
o SCHR R (K9 R IR A ST VERY, RO ERF S Gty
JRJEI, AR, RN, RN TR, R
AR, 7R

O O
\
(0]
(6]
R NO.
1 Solvent /‘ 2 ™)
oN_* Conditions
2 0" "N” "N\
]\ 3 / Ar
HNS NN, R=Cl,F, H, CHs

Ar = 4-02NC6H4, 4-CF306H4, 4-NCC6H4,
4-FC6H4, 4-C|CSH4, Ph, 4-MeCSH4,
4-MeOC6H4, 3-FC6H4, etc.

N

1 HR51R
1.1 REFHRITHE

FREX 1.1 mmol F) €4 d-3- % 1a #1 1.0 mmol 1) 1-(4-
B ) - 2- (R 2 IV P 56 K PR e (2a) TN 21 25 mL 5] i
B, NN 15 mL @AERE, 2 a0 OB fEAL
A B TA] DL B 7 2R (R R gk 4T 1 ik, 45 R WA
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Table 1 Optimization of reaction conditions”

0]

CHO NO,
CLy™ + oy
(e} HN\)
1a 2a

(e} NO,
NO,
cat. =
T |
solvent
O N 'N
(-
3aa

Catalyst 1/°C

Entry Solvent Time/min Yield®/%

1 EtOH — r.t. 60 75
2 DCM — r.t. 120 76
3 EtOH — Reflux 20 96
4 DMF — Reflux 30 72
5 Toluene — Reflux 60 81
6 1,4-Dioxane — Reflux 60 84
7 CH;CN — Reflux 60 74
8 MeOH — Reflux 30 78
9 H,O — Reflux 60 65
10 EtOH K,CO;s Reflux 20 81
11 EtOH Et;N Reflux 20 90
12 EtOH Piperidine  Reflux 20 92
13 EtOH Cs,CO3 Reflux 20 80

© 2017 Chinese Chemical Society & SIOC, CAS

“Reactions were carried out using 1a (1.1 mmol), 2a (1.0 mmol), and solvent
(15 mL). ®Isolated yield based on NBNKA 2a.

BAIBRMZR TSR T, 40750 EtOH A1 N,N-—
FH 2k T Jie (DMF) AP 711D, oA R 262 T BROBE, LA
M2 IR (TLOE MR I B, 45 27R(3 1, Entries
1~2), BFEOL I EE AR &4 3aa 2k, (HE P
R, FERAENSE RS, ARG L ER T EtOH 1ER
A AR 2 R IR (R 1, Entry 3), 45 B BRI REiR
FEXT N R, REAERCRL I (B (20 min) DA &y = 2
(96%)3K 15 Hbrib &4 3aa. AT — B HE T A [HE
FUXT MR, &5 R(ER 1, Entries 4~9), ~gs2
Ji T PRV 7 (EtOH, MeOH, H,0), it J&3F 5 71t & 71
(DCM, toluene, 1,4-dioxane)#REFFE HArr=Hy. {H 2
RIFAE— M2 (72%~ 65%), FRATHEN T B T
H br 7= 85 I A0 & LAUTTE BT 30 B2 R R AT H, - It BA
TR X6 77 3 2 i BRI, 6 7= A s A A PR 71
SAFAF =R RN, AHIX ARG K =P A 1 22 (1)
B AE 45 H i (77 % (Entries 5, 9). #8207 H T % 75
X R BAT A RIS R, 1RV E R Hefh, &
NESZRE, 5 EBUS SRR YRR, §2m e Ab .
TER M FER N EIOH HI5EAE I, 3E—BHF 58 T L
FURS A B s, 45 B IR(ER 1, Entries 10~13), f#
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AT TN S T FEAIG 7 77 2.

CREKE, mMIIA AN ORI, K
Y1101, EEAFIENR 20 min, GETL DAL E R
(96%) 13 B Artb &4 3aa. H SN &5 5 157 SON 04 H
B0, oS BTE TR TS Al H AR ).

1.2 BFrEfIkr=ER

TE B A AR BE A b, Dy adt — 2B (R 50 0F & B 1 35 i
PE, FRATCAEER-3- B 1a~1d 5 N-"935E 10 il L7 B 45
fi& 2a~2k [N, IR 30 S XGRBRME IR e K4k &
Yy 3aa~3dk. 45HVENFE 2.

SIS FE R IRATR I, M Eaf-3-F R Co)hr L
T TR (Ebtn F AT COI, S8z ()3 2 B 2 HE C(6)

X2

7 b g BT 3L ] CH, (PIIHEEDR, FR A B ATTHEN 1) S5 B
HLEL(Scheme 1)Kit, H 0] fes& (AR LB W BT
FER IR, BEREHRE B R Bk 1 F IR, AR N-
FIE MRS IR ERAAG L a-C X FEL, By DL a5 3
JndR. AR HE CA_EHEM, SRR R s B R RN F>
CI>H>CHs, {H2 RS gt s R NE CI>F>H>
CH;. &R FaR 25 R R PR o] B8 A2 i C(6)AL &2 F R i,
FIERTH M NH 21 H R FERE#E, T 7 NH +
H i F 5 it AR Famres. &SRS F
] ) R T AR T8 CL e,

T I P S 56 A B A M eT UK IR, AN 18 2 -3 -
FE EBURIE RSO & N-7 LA 5 075 R 4 e 1 95 &

—HE R LAY 3¢

Table 2 One-pot protocol for the synthesis of compound 3

o O,N 9
meo ]\ EtOH R\mmz
* HN™ "N, reflux 20min
0 / 0 N\\JN ar
1 2
Entry R 1 Ar 2 3 Yield®/%
1 H la 4-Nitrophenyl 2a 3aa 96
2 H la 4-(Trifluoromethyl)phenyl 2b 3ab 98
3 H la 4-Cyanophenyl 2c 3ac 93
4 H la 4-Fluorophenyl 2d 3ad 96
5 H la 4-Chlorophenyl 2e 3ae 97
6 H la Phenyl 2f 3af 95
7 H la 4-Methylphenyl 2¢g 3ag 97
8 H la 4-Methoxyphenyl 2h 3ah 96
9 H la 3-Fluorophenyl 2i 3ai 94
10 H la 3,5-Difluorophenyl 2j 3aj 94
11 H la 6-Chloropyridin-3-yl 2k 3ak 95
12 H la 2-Chlorothiazol-5-yl 21 3al 93
13 F 1b 4-(Trifluoromethyl)phenyl 2b 3bb 95
14 F 1b 4-Cyanophenyl 2c 3bc 94
15 F 1b 4-Fluorophenyl 2d 3bd 95
16 F 1b 4-Chlorophenyl 2e 3be 96
17 F 1b Phenyl 2f 3bf 97
18 F 1b 4-Methylphenyl 2¢g 3bg 96
19 F 1b 4-Methoxyphenyl 2h 3bh 95
20 F 1b 3-Fluorophenyl 2i 3bi 94
21 F 1b 3,5-Difluorophenyl 2j 3bj 98
22 F 1b 6-Chloropyridin-3-yl 2k 3bk 96
23 F 1b 2-Chlorothiazol-5-yl 21 3bl 95
24 Cl 1c 4-(Trifluoromethyl)phenyl 2b 3cb 95
25 Cl 1c 4-Fluorophenyl 2d 3cd 96
26 Cl 1c 4-Methylphenyl 2¢g 3cg 97
27 Cl 1c 4-Methoxyphenyl 2h 3ch 96
28 CH; 1d 4-Cyanophenyl 2c 3dc 98
29 CH; 1d 4-Methoxyphenyl 2h 3dh 98
30 CH; 1d 6-Chloropyridin-3-yl 2k 3dk 97

“ All reactions were run under the following conditions: 1 (1.1mmol) and 2 (1.0 mmol) were refluxed in the solvent EtOH (15 mL) for 20 min. ®Isolated yield based

on NBNKAs 2.
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T RAFH AL,

3 SLEES

3.1 {UEEAIF

IR: {8 B2 4814 (Thermo Nicolet Avatar 360
), HRMS: 4 #E B it {X (Agilent CL/Msd TOF);
NMR: #H#iHARI Bruck DRX500 (‘H: 500 MHz, “C:
125 MHz), Bruck DRX600 (‘H: 600 MHz, "*C: 150 MHz);
& RAUXT-4A $5 B RS e A%); 42 A i g 4
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FEAR. GFasy 20 8 2 E TR, 73 B 2l sl 4k 22 a3 57),
NBNKAs 2 #%CHR[37]1 4%
32 HEMI3IHAERK

FREX 1.1 mmol EAH-3-F % 1 A1 1.0 mmol N-"F3EAH
SRR 2 FEEINNE] 25 mL B, A 15
mL Z B, 780 PN AENA 20 min, TLC W0 E 2 5
BHE K, IR . fR N RA ENE =R E IS E, Bt
VETEZLAMT F T4, BB HARS=Y) 3aa~3dk, %K
93%~98%.

ATl FE-3-(4-TH L 3E)-1,2,3, 11 a- DU -6 H-25 - it g
I [3,2-e] KM I [1,2-a] ML IE -6 (3aa): 3% Ll 4, m.p.
258~259 °C; '"H NMR (500 MHz, DMSO-d;) 6: 8.25 (d,
J=9.0 Hz, 2H, ArH), 7.92 (s, 1H, CH), 7.83~7.85 (m,
1H, ArH), 7.68 (d, J=9.0 Hz, 2H, ArH), 7.61~7.65 (m,
1H, ArH), 7.17~7.20 (m, 1H, ArH), 7.11 (d, J=8.5 Hz,
2H, ArH), 6.47 (s, 1H, CH), 5.01 (d, J=17.3 Hz, 1H,
CH,), 4.83 (d, J=17.5 Hz, 1H, CH,), 3.84~4.21 (m, 2H,
CH,), 3.93~3.97 (m, 2H, CH,); “C NMR (125 MHz,
DMSO-dg) d: 179.4, 156.6, 155.6, 147.3, 144.7, 136.6,
130.3, 128.8, 127.4, 124.0, 123.5, 123.2, 118.6, 112.4,
110.3, 85.9, 55.1, 51.3, 45.7; IR (KBr) v: 1662, 1615,
1552, 1513, 1342, 1318, 1295, 1219, 622 cm '; HRMS
(TOF ES") caled for CyH;7N,Og [M+H]" 421.1143,
found 421.1140.

4-THHE-3-(4-(=F ) R 55)-1,2,3, 11a- DY -6 H- 7K
U R - [3,2-] K W I [1,2-a] Pk 5E -6- B (3ab): 25 {f
4, m.p. 240~241 °C; "H NMR (500 MHz, DMSO-dj) ¢:
7.93 (s, 1H, CH), 7.83~7.84 (m, 1H, ArH), 7.75~7.77
(m, 2H, ArH), 7.62~7.63 (m, 3H, ArH), 7.17~7.20 (m,
1H, ArH), 7.11 (d, J=8.0 Hz, 1H, ArH), 6.46 (s, 1H, CH),
4.97 (d, J=16.5 Hz, 1H, CH,), 4.80 (d, J=16.5 Hz, 1H,
CH,), 4.16~4.20 (m, 1H, CH,), 3.91~3.95 (m, 2H, CH,),
3.83~3.87 (m, 1H, CH,); *C NMR (125 MHz, DMSO-d;)
8. 179.3, 156.6, 155.5, 141.4, 136.5, 130.4, 128.5 (d,
2Jer=32.5 Hz), 128.5, 127.4, 125.8 (d, *Jcr=3.8 Hz),
123.2~123.7 (m), 118.6, 112.3, 110.3, 85.9, 55.0, 51.2,
45.6; IR (KBr) v: 1657, 1616, 1557, 1460, 1326, 1295,
1114, 618 cm '; HRMS (TOF ES+) calcd for C,,H 7F5N3-
04 [M+H]" 444.1166, found 444.1167.

4-((4-T F-6- AR -1,2- = E -6H- 10475 3 [3,2-¢] Wk 14
FE[1,2-a]MEE-3(11aH)-55) 1 58) 2K H IS (3ac): 35 (Al 14,
m.p. 243~244 ‘C; '"H NMR (500 MHz, DMSO-d,) J:
791 (s, 1H, CH), 7.83~7.87 (m, 3H, ArH), 7.59~7.64
(m, 3H, ArH), 7.19 (d, J=7.5 Hz, 1H, ArH), 7.11 (d, J=
8.0 Hz, 1H, ArH), 6.46 (s, 1H, CH), 4.96 (d, J=16.5 Hz,

Chin. J. Org. Chem. 2017, 37, 1433~1442
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1H, CH,), 4.79 (d, J=17.0 Hz, 1H, CH,), 4.18~4.19 (m,
1H, CH,), 3.91~3.95 (m, 2H, CH,), 3.85 (m, 1H, CH,);
C NMR (125 MHz, DMSO-d,) d: 179.3, 156.6, 155.5,
142.5, 136.6, 132.8, 130.4, 128.6, 127.4, 123.5, 123.2,
119.2, 118.6, 112.3, 110.6, 110.3, 85.9, 55.2, 51.3, 45.6; IR
(KBr) v: 2222, 1661, 1615, 1553, 1460, 1307, 1293, 1220,
694 cmfl; HRMS (TOF ES+) caled for CH;7N,O4 [M+
H]" 401.1244, found 401.1243.

3-(4- TN FE)-4-T 3E-1,2,3, 11 a- VY SR -6 H-4 I N R -
[3,2-¢] WK M 5[ 1,2-a] Mk i -6- B (3ad): 3% €4 [& 44, m.p.
234~235 °C; "H NMR (500 MHz, DMSO-d) 6: 7.92 (s,
1H, CH), 7.82~7.84 (m, 1H, ArH), 7.60~7.64 (m, 1H,
ArH),7.43 ~7.46 (m, 2H, ArH), 7.16~7.24 (m, 3H,
ArH),7.10 (d, J=8.0 Hz, 1H, ArH), 6.43 (s, 1H, CH), 4.86
(d, J=15.5 Hz, 1H, CH,), 4.72 (d, J=15.5 Hz, 1H, CH,),
4.14~4.16 (m, 1H, CH,), 3.87~3.91 (m, 2H, CH,),
3.81~3.83 (m, 1H, CH,); *C NMR (125 MHz, DMSO-d;)
5: 179.3, 162.1 (d, 'Jer=241.2 Hz), 156.6, 155.1, 136.5,
132.2,130.2 (d, *Jo r=8.8 Hz), 127.4, 123.5, 123.2, 118.6,
115.8 (d, Jer=21.3 Hz), 112.2, 110.4, 85.9, 54.3, 50.8,
45.5; IR (KBr) v: 3902, 1662, 1609, 1578, 1513, 1290,
1260, 1211, 1188,624 cm'; HRMS (TOF ES™) caled for
C, H7FN;04 [M+H]" 394.1198, found 394.1201.

3-(4- 5N H)-4- 1Y £ -1,2,3,11a- P & -6H- {5 f5 I
[3,2-€] Bk W [1,2-a] B B¢ -6- i (3ae): #% €& [E 4, m.p.
249~250 °C; "H NMR (500 MHz, DMSO-d) 6: 7.91 (s,
1H, CH), 7.82~7.84 (m, 1H, ArH), 7.61~7.64 (m, 1H,
ArH), 7.41~7.46 (m, 4H, ArH), 7.17~7.20 (m, 1H, ArH),
7.10 (d, J=8.0 Hz, 1H, ArH), 6.44 (s, 1H, CH), 4.86 (d,
J=16.0 Hz, 1H, CH,), 4.71 (d, J=16.0 Hz, 1H, CH,),
4.15~4.17 (m, 1H, CH,), 3.88~3.92 (m, 2H, CH,),
3.80~3.84 (m, 1H, CH,); *C NMR (125 MHz, DMSO-d;)
5: 179.3, 156.6, 155.2, 136.6, 135.3, 132.6, 130.4, 129.9,
128.9, 127.4, 123.5, 123.2, 118.6, 112.3, 110.3, 85.9, 54.4,
51.0, 45.5; IR (KBr) v: 2975, 1663, 1612, 1462, 1289,
1211, 1187, 622 ecm '; HRMS (TOF ES™') caled for
C,H,7CIN;0, [M+H]"™ 410.0902, found 410.0900.

3-8 3 4- Y 2 -1,2,3,11a- U0 & -6H- 2K FF ik i IF
[3,2-¢] WK B H[1,2-a] Mk WE -6- i (3af): 2% €& [ 44, m.p.
242~243 °C; "H NMR (500 MHz, DMSO-d) 6: 7.91 (s,
1H, CH), 7.82~7.84 (m, 1H, ArH), 7.60~7.64 (m, 1H,
ArH), 7.31~7.41 (m, 4H, ArH), 7.16~7.19 (m, 1H, ArH),
7.10 (d, J=8.5 Hz, 1H, ArH), 6.44 (s, 1H, CH), 4.88 (d,
J=15.5 Hz, 1H, CH,), 4.75 (d, J=16.0 Hz, 1H, CH,),
4.15~4.16 (m, 1H, CH,), 3.88~3.92 (m, 2H, CH,),
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3.79~3.83 (m, 1H, CH,); *C NMR (125 MHz, DMSO-d;)
8: 179.3, 156.6, 155.1, 136.5, 136.1, 130.5, 129.0, 128.1,
128.1, 127.4, 123.6, 123.2, 118.6, 112.2, 110.4, 85.9, 54.9,
51.0, 45.5; IR (KBr) v: 3077, 1662, 1612, 1462, 1287,
1211, 1189, 1146, 1035, 625 cm'; HRMS (TOF ES")
caled for C;H;gN3O4 [M + H] ' 376.1292, found
376.1291.

3-(4- FA LA FE)-4- i 3E-1,2,3, 1 1a- DU & -6 H- 25 - 1L IR
F[3,2-e] KM I [1,2-a] ML e -6-Fi (3ag): 3% (Ll 4, m.p.
219.5~220 C; 'H NMR (500 MHz, DMSO-d) o: 7.91
(s, 1H, CH), 7.82~7.84 (m, 1H, ArH), 7.60~7.63 (m, 1H,
ArH), 7.26 (d, J=8.0 Hz, 2H, ArH), 7.16~7.20 (m, 3H,
ArH), 7.09 (d, J=8.0 Hz, 1H, ArH), 6.42 (s, 1H, CH), 4.82
(d, J=15.5 Hz, 1H, CH,), 4.71 (d, J=15.5 Hz, 1H, CH,),
4.13~4.14 (m, 1H, CH,), 3.86~3.90 (m, 2H, CH,), 3.79
(m, 1H, CH,), 2.30 (s, 3H, CH;); "C NMR (125 MHz,
DMSO-dg) d: 179.3, 156.6, 154.9, 136.4, 136.5, 132.9,
130.6, 129.6, 128.2, 127.3, 123.6, 123.2, 118.6, 112.1,
110.5, 85.9, 54.5, 50.8, 45.4, 21.2; IR (KBr) v: 3075, 1662,
1611, 1557, 1462, 1288, 1211, 11190, 1145, 624 cm ';
HRMS (TOF ES ") caled for C,H,N;0, [M+H]"
390.1448, found 390.1448.

3-(4-FHA IR 3 )-4- R 9E-1,2,3, 1 1 a- DU A -6 H- 5 Sl
IR JF [3,2-] K M 5F: [1,2-a] Mt WE -6- i (3ah):  #5 €0 [&] 14,
m.p. 229~230 C; 'H NMR (600 MHz, DMSO-d,) J:
791 (s, 1H, CH), 7.82~7.83 (m, 1H, ArH), 7.60~7.63
(m, 1H, ArH), 7.31 (d, J=8.3 Hz, 2H, ArH), 7.16~7.19
(m, 1H, ArH), 7.08~7.10 (m, 1H, ArH), 6.95 (d, J=8.5
Hz, 2H, ArH), 6.42 (s, 1H, CH), 4.79 (d, J=15.2 Hz, 1H,
CH,), 4.69 (d, J=15.2 Hz, 1H, CH,), 4.11~4.15 (m, 1H,
CH,), 3.85~3.89 (m, 2H, CH,), 3.78~3.79 (m, 1H, CH,),
3.75 (s, 3H, CH;); *C NMR (150 MHz, DMSO-d;) o:
179.3, 159.4, 156.6, 154.8, 136.5, 130.6, 129.7, 127.7,
127.3, 123.5, 123.2, 118.6, 114.5, 112.2, 110.5, 85.9, 55.6,
54.1, 50.6, 45.4; IR (KBr) v: 3075, 2833, 1660, 1611,
1580, 1515, 1305, 1259, 1210, 1188, 623 cm™'; HRMS
(TOF ES") caled for CyHyN;Os [M+H]" 406.1397,
found 406.1398.

3-(3-F NI )-4- R 9E-1,2,3,1 1 a- VU S -6 H- 5 FF I IR I
[3,2-e] WK M I [1,2-a] Wit & -6- i (3ai): 3% €5 [H] 74, m.p.
218~219 ‘C; '"H NMR (500 MHz, DMSO-dg) 6: 7.92 (s,
1H, CH), 7.83~7.85 (m, 1H, ArH), 7.61~7.64 (m, 1H,
ArH), 7.42~7.46 (m, 1H, ArH), 7.27 (d, J=10.0 Hz, 1H,
ArH),7.14~7.23 (m, 2H, ArH), 7.11 (d, J=8.0 Hz, 1H,
ArH), 6.44 (s, 1H, CH), 4.90 (d, J/=16.0 Hz, 1H, CH,),
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4.72 (d, J=16.0 Hz, 1H, CH,), 4.15~4.18 (m, 1H, CH,),
3.90~3.94 (m, 2H, CH,), 3.81~3.85 (m, 1H, CH,); "*C
NMR (125 MHz, DMSO-dg) d: 179.3, 162.8 (d, 'Jer=
241.3 Hz), 156.6, 155.3, 139.2 (d, *Jcr=6.3 Hz), 136.5,
130.9 (d, *Jo_r=8.8 Hz), 130.5, 127.4, 123.9, 123.5, 123.2,
118.6, 114.9, 114.8 (d, %Jc r=21.3 Hz), 112.3, 110.4, 85.9,
54.7, 51.1, 45.5; IR (KBr) v: 3071, 1608, 1578, 1513,
1289, 1259, 1210, 1186, 1145, 623 cm '; HRMS (TOF
ES") caled for C,H;FN;04 [M+H]™ 394.1198, found
394.1201.

3-(3,5- R HL)-4- M- 1,2,3, 1 La- DU A -6 H- 75 5t
W FE[3,2-e] DKM I 1,2-a] ML E-6-FF(3aj): 34 4 [ 44, m.p.
243.5~244 °C; "H NMR (500 MHz, DMSO-d;) &: 7.92
(s, 1H, CH), 7.83~7.85 (m, 1H, ArH), 7.61~7.63 (m, 1H,
ArH), 7.16~7.20 (m, 3H, ArH), 7.11 (d, J=8.5 Hz, 1H,
ArH), 6.45 (s, 1H, CH), 4.89 (d, J=16.5 Hz, 1H, CH,),
4.68 (d, J=17.0 Hz, 1H, CH,), 4.17~4.19 (m, 1H, CH,),
3.91~3.95 (m, 2H, CH,), 3.84 (m, 1H, CH,); “C NMR
(125 MHz, DMSO-d,) 6: 179.3, 162.9 (dd, 'Jc y=246.3
Hz, *Jcr=13.8 Hz), 156.6, 155.5, 141.4, 136.6, 130.4,
127.4, 123.6, 123.2, 118.6, 112.4, 111.0 (d, *Jep=25.0
Hz), 110.3, 103.3 (t, %Jor=26.3 Hz), 85.9, 54.8, 51.2,
45.6; IR (KBr) v: 3076, 1665, 1619, 1551, 1452, 1272,
1222, 616 cm '; HRMS (TOF ES+) calcd for C, HcF»-
N304 [M+H]" 412.1103, found 412.1103.

3-((6-F A I -3- 385 ) H 4854 3-1,2,3, 1 1 - VU 5 -6 H-
2K IR I [3,2-e] PR IR I [ 1,2-a ] B -6- i (3ak): 3% (0[]
&, m.p. 230~231 ‘C; '"H NMR (500 MHz, DMSO-d;) o:
8.46 (d, J=2.0 Hz, 1H, CH), 7.90~7.92 (m, 2H, ArH),
7.83~7.84 (m, 1H, ArH), 7.61~7.64 (m, 1H, ArH), 7.55
(d, J=8.5 Hz, 1H, ArH), 7.17~7.20 (m, 1H, ArH), 7.10
(d, J=8.0 Hz, 1H, ArH), 6.44 (s, 1H, CH), 4.90 (d, J=
16.5 Hz, 1H, CH,), 4.72 (d, J=16.5 Hz, 1H, CH,), 4.15~
4.20 (m, 1H, CH,), 3.92~3.96 (m, 2H, CH,), 3.79~3.85
(m, 1H, CH,); *C NMR (125 MHz, DMSO-d;) d: 179.3,
156.6, 155.5, 149.9, 149.5, 139.5, 136.5, 131.8, 130.3,
127.4, 124.5, 123.5, 123.2, 118.6, 112.4, 110.3, 85.9, 52.6,
51.1, 45.6; IR (KBr) v: 1659, 1614, 1549, 1460, 1328,
1293, 1278, 1219, 622 cm ™ '; HRMS (TOF ES™) calcd for
CaoH cCIN,O, [M+H]" 411.0855, found 411.0854.

3-((2- G MEME-5-FE ) B )4 %-1,2,3, 11 a- DU & -6 H-
2R IF I 7 [3,2-e] KM FE[1,2-a] M e -6 (3al): 5 {7 [
4, m.p. 258~259 C; "H NMR (500 MHz, DMSO-d;) o:
7.92 (s, 1H, CH), 7.82~7.84 (m, 1H, ArH), 7.78 (s, 1H,
ArH), 7.61~7.64 (m, 1H, ArH), 7.17~7.20 (s, 1H, ArH),
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7.10 (d, J=8.0 Hz, 1H, ArH), 6.43 (s, 1H, CH), 4.99 (d,
J=16.0 Hz, 1H, CH,), 4.83 (d, J=16.0 Hz, 1H, CH,),
4.15~4.16 (m, 1H, CH,), 3.88~3.96 (m, 2H, CH,),
3.77~3.79 (m, 1H, CH,); *C NMR (125 MHz, DMSO-d;)
0: 179.3, 156.5, 154.8, 152.3, 142.2, 136.7, 135.7, 130.0,
127.4, 123.4, 123.3, 118.6, 112.9, 110.3, 85.7, 50.4, 48.6,
45.4; IR (KBr) v: 1613, 1563,1294, 1267, 1215, 1052, 619
cm '; HRMS (TOF ES™) caled for CisH4CIN,O,S [M+
H]" 417.0419, found 417.0417.

8- -4-fiH F: -3-(4-( = B8 56)-1,2,3, 11a- DU &L -
6H-Z% I IR 5 [3,2-€] DK I 5 [ 1,2-a ] ML e -6- 1 (3bb): 35
o [f 4, mp. 233~234 C; 'H NMR (500 MHz,
DMSO-dg) d: 7.95 (s, 1H, CH), 7.56 (d, J=8.0 Hz, 2H,
ArH), 7.63 (d, J=8.0 Hz, 2H, ArH), 7.49~7.53 (m, 2H,
ArH), 7.16~7.18 (m, 1H, ArH), 6.45 (s, 1H, CH), 4.97 (d,
J=16.5 Hz, 1H, CH,), 4.81 (d, J=16.5 Hz, 1H, CH,),
4.15~420 (m, 1H, CH,), 3.92~3.95 (m, 2H, CH,),
3.81~3.87 (m, 1H, CH,); *C NMR (125 MHz, DMSO-d;)
0: 178.5, 157.8 (d, 'Jo p=238.8 Hz), 155.4, 152.8, 141.3,
131.1, 128.5 (d, “Jcr=31.3 Hz), 128.5,125.7 (d, *Jer=
7.5 Hz), 124.4 (d, *Jc¢=7.5 Hz), 123.6, 123.7 (d, *Je ¢=
23.8 Hz), 120.8 (d, *Jcr=7.5 Hz), 112.3 (d, “Jcr=23.8
Hz), 111.5, 110.5, 86.0, 55.0, 51.2, 45.6; IR (KBr) v: 2891,
1656, 1601, 1555, 1479, 1324, 1275, 1258, 1126, 1065,
631 cm™'; HRMS (TOF ES™) caled for CaH;cFsN;0,
[M+H]" 462.1071, found 462.1069.

4-((8- 5 -4- T F -6- AR - 1,2- S -6H-10 )5 F[3,2-€]
K [ 1,2-a ke -3(11aH)-3%) F 36 2K F IS (3be): ¥ (
& 44, m.p. 258~259 °C; '"H NMR (500 MHz, DMSO-d;)
8:7.93 (s, 1H, CH), 7.87 (d, J=8.5 Hz, 2H, ArH), 7.60 (d,
J=8.0 Hz, 2H, ArH), 7.49~7.53 (m, 2H, ArH), 7.16~
7.19 (m, 1H, ArH), 6.45 (s, 1H, CH), 4.96 (d, J=17.0 Hz,
1H, CH,), 4.79 (d, J=17.0 Hz, 1H, CH,), 4.15~4.20 (m,
1H,CH,), 3.91~3.95 (m, 2H, CH,), 3.83~3.87 (m, 1H,
CH,); *C NMR (125 MHz, DMSO-d) J: 178.5, 157.8 (d,
'Jer=238.8 Hz), 155.5, 152.8, 142.4, 132.7, 131.0, 128.6,
124.4 (d, *Jer=7.5 Hz), 123.7 (d, 2Jcy=25.0 Hz), 120.8
(d, *Jer=8.8Hz), 119.3, 112.3 (d, 2Jcr=22.5 Hz), 111.5,
110.6, 110.5, 86.0, 55.2, 51.3, 45.7; IR (KBr) v: 2225,
1656, 1603, 1554, 1479, 1317, 1280, 1258, 1218, 621
ecm”'; HRMS (TOF ES™) caled for C,,H ¢FN,O4 [M+H]"
419.1150, found 419.1151.

8-J-3-(4- T HE)-4- i 2E-1,2,3,11a- VY A -6 H- (0 4
IF[3,2-e] WKW I [1,2-a] Mk e -6- i (3bd): 35 {7 [ 44, m.p.
204~205 ‘C; "H NMR (500 MHz, DMSO-d;) 0: 7.94 (s,
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1H, CH), 7.43~7.52 (m, 4H, ArH), 7.20~7.24 (m, 2H,
ArH), 7.14~7.17 (m, 1H, ArH), 6.42 (s, 1H, CH), 4.85 (d,
J=15.5 Hz, 1H, CH,), 4.72 (d, J=16.0 Hz, 1H, CH,),
4.12~4.16 (m, 1H, CH,), 3.87~3.91 (m, 2H, CH,),
3.76~3.82 (m, 1H, CH,); *C NMR (125 MHz, DMSO-d;)
5: 178.5, 162.1 (d, 'Jor=242.5 Hz), 157.8 (d, Jer=
238.8 Hz), 155.0, 152.8, 132.2 (d, *Jcr=2.5 Hz), 131.2,
130.2 (d, *Jer=7.5 Hz), 124.4 (d, *Jor=6.3 Hz), 123.7
(d, 2Jep=23.8 Hz), 120.8 (d, *Joy=7.5 Hz), 115.8 (d,
2Jer=21.3 Hz), 112.3 (d, *Jcr=23.8 Hz), 111.4, 110.6,
86.1, 54.3, 50.9, 45.5; IR (KBr) v: 3075, 1667, 1618, 1575,
1476, 1306, 1260, 1187, 952, 618 cm '; HRMS (TOF
ES") caled for C,H ¢F,N;0, [M+H]" 412.1103, found
412.1102.

3-(4- N 5 )-8- R -4- T 2E-1,2,3,11a- DY -6 H- T 4
FF[3,2-e] WK P FF:[1,2-a] L e -6 (3be): 3% €7 [l 4, m.p.
236~237 ‘C; "H NMR (500 MHz, DMSO-d) 6: 7.93 (s,
1H, CH), 7.48~7.53 (m, 2H, ArH), 7.41~7.46 (m, 4H,
ArH), 7.15~7.17 (m, 1H, ArH), 6.42 (s, 1H, CH), 4.86 (d,
J=16.0 Hz, 1H, CH,), 471 (d, J=16.0 Hz, 1H, CH,),
4.12~4.16 (m, 1H, CH,), 3.88~3.92 (m, 2H, CH,),
3.79~3.83 (m, 1H, CH,); *C NMR (125 MHz, DMSO-d;)
5: 178.5, 157.8 (d, 'Jor=240.0 Hz), 155.1, 152.8, 135.2,
132.7, 131.1, 129.9, 128.9, 124.4 (d, *Jc_=6.3 Hz), 123.7
(d, 2Jep=23.8 Hz), 120.8 (d, *Jey=7.5 Hz), 112.3 (d,
2Jor=23.8 Hz), 111.4, 110.6, 86.0, 54.4, 51.0, 45.6; IR
(KBr) v: 3081, 1655, 1603, 1557, 1479, 1280, 1260, 1216,
619 cm'; HRMS (TOF ES") caled for C,H;cCIFN;O,
[M+H]" 428.0808, found 428.0809.

3- 7% -8 B -4- T % -1,2,3,11a- VU & -6H- {0 ) FF
[3,2-€] Bk W [1,2-a] M € -6- Bl (3bf):  #& €2 [H 1A, m.p.
231~232 °C; '"H NMR (500 MHz, DMSO-d;) J: 7.94 (s,
1H, CH), 7.48~7.52 (m, 2H, ArH), 7.37~7.40 (m, 3H,
ArH), 7.33~7.34 (m, 1H, ArH), 7.14~7.17 (m, 1H, ArH),
6.42 (s, 1H, CH), 4.88 (d, J=16.0 Hz, 1H, CH,), 4.75 (d,
J=15.5 Hz, 1H, CH,), 4.13~4.15 (m, 1H, CH,), 3.89~
3.92 (m, 2H, CH,), 3.79~3.83 (m, 1H, CH,); "C NMR
(125 MHz, DMSO-dy) 6: 178.5, 157.8 (d, 'Jer=238.8
Hz), 155.0, 152.8, 136.0, 131.2, 129.0, 128.1 (d, *Jcr=8.8
Hz), 124.4 (d, *Jer=7.5 Hz), 123.7 (d, *Jcr=25.0 Hz),
120.8 (d, *Je p=7.5 Hz), 112.3 (d, Jc.y=22.5 Hz), 111.3,
110.7, 86.1, 54.9, 51.0, 45.5; IR (KBr) v: 3068, 1665,
1609, 1548, 1481, 1287, 1254, 1200, 1024, 620 cm ';
HRMS (TOF ES") caled for C,H;;FN;0, [M+H]"
394.1198, found 394.1199.
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8- -3-(4- F L 0 )-4-filf 5E-1,2,3, 1 1a- DU -6 H- {1
W5 3 [3,2-€] WK M - [1,2-a] P BE -6- B (3bg): 5% (0[] 14,
m.p. 212~213 “C; '"H NMR (500 MHz, DMSO-d;) §:
7.93 (s, 1H, CH), 7.48~7.52 (m, 2H, ArH), 7.26 (d, J=
7.5 Hz, 2H, ArH), 7.20 (d, J=8.0 Hz, 2H, ArH), 7.14~
7.17 (m, 1H, ArH), 6.41 (s, 1H, CH), 4.82 (d, J=15.5 Hz,
1H, CH,), 4.71 (d, J=15.5 Hz, 1H, CH,), 4.12~4.14 (m,
1H, CH,), 3.87~3.91 (m, 2H, CH,), 3.77~3.79 (m, 1H,
CH,), 2.31 (s, 3H, CH;); °C NMR (125 MHz, DMSO-d;)
5: 178.5, 157.8 (d, 'Jo p=238.8 Hz), 154.8, 152.8, 137.4,
132.9, 131.2, 129.6, 128.2, 124.4 (d, *Jc y=6.3Hz), 123.7
(d, *Jer=23.8 Hz), 120.8 (d, *Jer=7.5 Hz), 112.3 (d,
2Jep=23.8 Hz), 111.3, 110.7, 86.1, 54.5, 50.8, 45.5, 21.2;
IR (KBr) v: 2924, 1666, 1609, 1575, 1311, 1259, 1187, 619
cm'; HRMS (TOF ES™) caled for Cy,H oFN;O, [M+H]"
408.1354, found 408.1354.

8- Ji-3-(4- F A JE S 3 )-4- il 96 -1,2,3, 1 1a- DU S -6 H-
0035 I [3,2-€] WK M I [1,2-a] W -6- i (3bh): 25 (0 [ 4,
m.p. 219~220 ‘C; '"H NMR (500 MHz, DMSO-d;) o
7.93 (s, 1H, CH), 7.47~7.52 (m, 2H, ArH), 7.30 (d, J=
8.5 Hz, 2H, ArH), 7.14~7.17 (m, 1H, ArH), 6.95 (d, J=
8.5 Hz, 2H, ArH), 6.41 (s, 1H, CH), 4.79 (d, J=15.5 Hz,
1H, CH,), 4.69 (d, J=15.5 Hz, 1H, CH,), 4.09~4.14 (m,
1H, CH,), 3.85~3.89 (m, 2H, CH,), 3.73~3.79 (m, 1H,
CH,), 3.76 (s, 3H, CH3); *C NMR (125 MHz, DMSO-d;)
5: 178.5, 159.4, 157.8 (d, 'Jo r=238.8 Hz), 154.7, 152.8,
131.2, 129.7, 127.6, 124.4 (d, *Jcy=7.5 Hz), 123.7 (d,
2Jer=25.0 Hz), 120.8 (d, *Jcr=7.5 Hz), 114.5, 112.3 (d,
2Jep=23.8 Hz), 111.3, 110.7, 86.1, 55.6, 54.1, 50.7, 45.4;
IR (KBr) v: 3073, 1662, 1568, 1510, 1443, 1267, 1212,
617 cm'; HRMS (TOF ES") calcd for Co,HoFN;05 [M+
H]" 424.1303, found 424.1305.

8-J-3-(3-F I 5k )-4- i 2E-1,2,3,11a- VY -6 H- (0 4
I [3,2-e] WK P [ 1,2-a] Mt BE -6- B (3bi): 25 (A [E 44, m.p.
237~238 “C; "H NMR (500 MHz, DMSO-dj) d: 7.94 (s,
1H, CH), 7.48~7.52 (m, 2H, ArH), 7.41~7.46 (m, 1H,
ArH), 7.26~7.29 (m, 1H, ArH), 7.22 (d, J=8.0 Hz, 1H,
ArH), 7.14~7.18 (m, 2H, ArH), 6.43 (s, 1H, CH), 4.89 (d,
J=16.5 Hz, 1H, CH,), 4.72 (d, J=16.5 Hz, 1H, CH,),
4.13~4.17 (m, 1H, CH,), 3.90~3.94 (m, 2H, CH,),
3.81~3.85 (m, 1H, CH,); C NMR (125 MHz, DMSO-d;)
0: 178.5, 162.8 (d, 'Jor=241.3 Hz), 157.8 (d, 'Jer=
238.8 Hz), 155.2, 152.9, 139.2 (d, *Jc y=7.5 Hz), 131.1,
130.9 (d, *Jer=8.8 Hz), 124.4 (d, *Jcr=6.3 Hz), 123.9,
123.7 (d, *Jc p=23.8 Hz), 120.8 (d, *Jor=7.5 Hz), 114.9,
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114.7, 112.3 (d, 2Jop=22.5 Hz), 111.4, 110.6, 86.1, 54.7,
51.1, 45.6; IR (KBr) v: 3076, 1655, 1608, 1553, 1484,
1284, 1251, 1215, 949, 620 cm™'; HRMS (TOF ES™) calcd
for Cy H ¢F,N304 [M+H]" 412.1103, found 412.1101.

3-(3,5- R I -8- T -4- i 2E-1,2,3, 1 1a- U A -6 H- 4,
I 9 [3,2-e ]k I [1,2-a] ML iE -6-BH(3bj): 3% th [ 44, m.p.
256~257 °C; "H NMR (500 MHz, DMSO-d) 6: 7.94 (s,
1H, CH), 7.49~7.53 (m, 2H, ArH), 7.16~7.17 (m, 4H,
ArH), 6.44 (s, 1H, CH), 4.88 (d, J=17.0 Hz, 1H, CH,),
4.68 (d, J=16.5 Hz, 1H, CH,), 4.16~4.18 (m, 1H, CH,),
3.91~3.95 (m, 2H, CH,), 3.82~3.86 (m, 1H, CH,); "*C
NMR (125 MHz, DMSO-d,) 6: 178.5, 162.9 (dd, 'Jey=
2444 Hz, *Jey=13.1 Hz), 162.9 (d, 'Jor=245.0 Hz),
157.8 (d, 'Jer=238.8 Hz), 155.5, 152.9, 141.3, 131.1,
124.4, 123.7 (d, *Jcr=25.0 Hz), 120.8 (d, *Jc_s=7.5 Hz),
112.3 (d, 2Jer=22.5 Hz), 111.5, 111.0 (d, *Jc_=25.0 Hz),
110.5, 103.3 (m), 86.1, 54.7, 51.2, 45.7; "F NMR (470
MHz, DMSO-dg) §: —109.9, —119.8; IR (KBr) v: 3080,
1657, 1598, 1554, 1482, 1299, 1252, 1217, 1119, 612
cm '; HRMS (TOF ES") caled for CpH;sF3N;0, [M+
H]" 430.1009, found 430.1008.

3-((6- ML e -3- ) F 3 )-8- 3 -4- fil 55 -1,2,3,11a- U
A-6H-T0 )R IE[3,2-e]WKMEFF[1,2-a] ML IE-6- (3bk): 3 {1
i 44, m.p. 218~219 °C; 'H NMR (500 MHz, DMSO-d;)
J: 8.46 (s, 1H, CH), 7.90~7.93 (m, 2H, ArH), 7.49~7.56
(m, 3H, ArH), 7.15~7.18 (m, 1H, ArH), 6.43 (s, 1H, CH),
4.90 (d, J=16.0 Hz, 1H, CH,), 4.73 (d, J=16.5 Hz, 1H,
CH,), 4.14~4.17 (m, 1H, CH,), 3.92~3.96 (m, 2H, CH,),
3.81~3.85 (m, 1H, CH,); *C NMR (125 MHz, DMSO-d;)
9: 178.5, 157.8 (d, 'Je p=240.0 Hz), 155.4, 152.9, 149.9,
149.4,139.4, 131.7, 131.0, 124.5, 124.4 (d, *Jc y=6.3 Hz),
123.7 (d, *Je_r=23.8 Hz), 120.8 (d, *Jor=7.5 Hz), 112.3
(d, 2Jer=23.8 Hz), 111.6, 110.5, 86.0, 52.6, 51.1, 45.7; IR
(KBr) v: 3074, 1661, 1575, 1560, 1481, 1315, 1257, 1211,
616 cm '; HRMS (TOF ES") caled for CyH;sCIFN,O,
[M+H]" 429.0760, found 429.0762.

3-((2- 5 MgE M -5 3 ) HH 2L )-8- Fp-4- i 2 -1,2,3, 11a- Y
H-6H- 007 37 [3,2-e] WK P I [1,2a] ML B -6- B (3b1): 35 4
&4, m.p. 230~231 °C; '"H NMR (500 MHz, DMSO-d;)
5:7.94 (s, 1H, CH), 7.79 (s, 1H, ArH), 7.49~7.52 (m, 2H,
ArH), 7.15~7.17 (m, 1H, ArH), 6.42 (s, 1H, CH), 4.99 (d,
J=15.5 Hz, 1H, CH,), 4.84 (d, J=16.0 Hz, 1H, CH,),
4.14~4.15 (m, 1H, CH,), 3.89~3.96 (m, 2H, CH,),
3.78~3.80 (m, 1H, CH,); *C NMR (125 MHz, DMSO-d;)
5: 178.5, 157.8 (d, 'Jor=238.8 Hz), 154.7, 152.8, 152.3,
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142.3, 135.6, 130.7, 124.3 (d, *Jor=7.5 Hz), 123.8 (d,
2Jer=25.0 Hz), 120.8 (d, *Jey=7.5 Hz), 112.3 (d, *Jer=
23.8 Hz), 112.1, 110.5, 85.8, 50.4, 48.6, 45.5; IR (KBr) v:
3067, 1663, 1568, 1482, 1258, 1213, 1049, 615 cm™';
HRMS (TOF ES") caled for CisH;CIFN,0,S [M+H]"
435.0325, found 435.0327.

8- G -4- il 5 -3-(4-( =5 FH AR ) R 2L )-1,2,3, 1 1a- P A -
6 H- 2K I I H:[3,2-e] WK P F[1,2-a] ML BE -6- 1 (3eb): 35
O E 4R, m.p. 243~244 C; 'H NMR (500 MHz, DMSO-
dg) 8: 71.94 (s, 1H, CH), 7.75~7.77 (m, 3H, ArH), 7.62~
7.65 (m, 3H, ArH), 7.16 (d, J=8.5 Hz, 1H, ArH), 6.48 (s,
1H, CH), 4.97 (d, J=16.5 Hz, 1H, CH,), 4.81 (d, J=16.5
Hz, 1H, CH,), 4.17~4.18 (m, 1H, CH,), 3.92~3.95 (m,
2H, CH,), 3.83~3.87 (m, 1H, CH,); °C NMR (125 MHz,
DMSO-dg) d: 178.5, 155.3, 155.2, 141.3, 136.0, 131.3,
128.5 (d, *Jer=31.3 Hz), 1285, 127.3, 125.8 (m),
123.7~125.8 (m), 124.7, 121.0, 111.2, 110.6, 86.2, 55.0,
51.2, 45.7; IR (KBr) v: 1655, 1614, 1557, 1478, 1327,
1264, 1121, 1066, 615 cm™'; HRMS (TOF ES™) caled for
C,,H,4CIF;N;0, [M+H]" 478.0776, found 478.0776.

8-S -3-(4- T 5 )-4-HH 2E-1,2,3,11a- VY -6 H- (0 4
FF[3,2-e] WK P I [1,2-a] ML e -6- B (3ed): % (1[4, m.p.
242~243 °C; "H NMR (500 MHz, DMSO-dg) 6: 7.93 (s,
1H, CH), 7.75 (d, J=2.5 Hz, 1H, ArH), 7.64~7.67 (m,
1H, ArH), 7.43~7.46 (m, 2H, ArH), 7.20~7.24 (m, 2H,
ArH), 7.14 (d, J=9.0 Hz, 1H, ArH), 6.45 (s, 1H, CH), 4.85
(d, J=15.0 Hz, 1H, CH,), 4.72 (d, J=15.0 Hz, 1H, CH,),
4.13~4.15 (m, 1H, CH,), 3.87~3.91 (m, 2H, CH,), 3.81
(m, 1H, CH,); *C NMR (125 MHz, DMSO-d;) §: 178.2,
162.1 (d, 'Jer=242.5 Hz), 155.2, 154.9, 135.7, 132.1 (d,
*Jer=2.5 Hz), 131.3, 1302 (d, *Jer=7.5 Hz), 127.2,
126.3, 124.7, 121.0, 115.8 (d, 2Jcr=21.3 Hz), 111.1,
110.7, 86.2, 54.3, 50.9, 45.6; IR (KBr) v: 3072, 1655,
1615, 1562, 1479, 1362, 1270, 1213, 619 cm™'; HRMS
(TOF ES™) caled for Cy HcCIFN;04 [M+H]" 428.0808,
found 428.0810.

8- -3-(4- F LN A )-4- i 5E-1,2,3, 1 1a- DU A -6 H- {11
1597 [3,2-e] kI 1,2-a] ML E-6-F(3eg): 24 4 [ 44, m.p.
233~234 °C; 'H NMR (500 MHz, DMSO-dg) 6: 7.93 (s,
1H, CH), 7.75 (d, J=2.5 Hz, 1H, ArH), 7.64~7.67 (m,
1H, ArH), 7.14~7.27 (m, 5H, ArH), 6.45 (s, 1H, CH),
4.73~4.80 (m, 2H, CH,), 4.10~4.14 (m, 1H, CH,),
3.88~3.91 (m, 2H, CH,), 3.78~3.82 (m, 1H, CH,), 2.31
(s, 3H, CH;); *C NMR (125 MHz, DMSO-dy) d: 178.1,
1552, 154.8, 137.4, 136.0, 132.9, 129.6, 128.2 127.2,
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126.3, 124.7, 121.0, 111.1, 86.3, 54.5, 50.9, 45.5, 21.2; IR
(KBr) v: 3071, 1654, 1614, 1562, 1480, 1376, 1270, 1215,
619 cm™'; HRMS (TOF ES™) caled for Cy,H9CIN;O,4 [M
+H]" 424.1059, found 424.1057.

8- G -3-(4- A FE W )-4- il 9£-1,2,3, 1 1a- DU S -6 H-
{003 37 [3,2-e] K IR I [ 1,2-a] It 1 -6- B (3ch): 25 (0 [ 4
m.p. 218~219 ‘C; 'H NMR (500 MHz, DMSO-d) o
7.93 (s, 1H, CH), 7.74 (d, J=3.0 Hz, 1H, ArH), 7.63~
7.66 (m, 1H, ArH), 7.31 (d, J=8.5 Hz, 2H, ArH), 7.14 (d,
J=8.5 Hz, 1H, ArH), 6.95 (d, J=8.5 Hz, 2H, ArH), 6.44
(s, 1H, CH), 4.78 (d, J=14.0 Hz, 1H, CH,), 4.69 (d, J=
14.5 Hz, 1H, CH,), 4.11~4.12 (m, 1H, CH,), 3.86~3.89
(m, 2H, CH,), 3.74~3.78 (m, 1H, CH,), 3.76 (s, 3H, CH;);
3C NMR (125 MHz, DMSO-d) 6: 178.2, 159.4, 155.2,
154.6, 135.9, 131.4, 129.7, 127.6, 127.2, 126.3, 124.7,
121.0, 114.5, 111.0, 110.7, 86.2, 55.6, 54.1, 50.7, 45.5; IR
(KBr) v: 2932, 1651, 1610, 1557, 1509, 1279, 1245, 1221,
1119, 620 cm '; HRMS (TOF ES") caled for CpH;oCl-
N;0s [M+H]" 440.1008, found 440.1008.

4-((8- F ik -4- i Jik -6- S X -1,2- — S -6H- (4} FF
[3,2-e] WK I 3 [ 1,2-a] M B -3(11aH)- 35 ) H 36 ) 5% i (3de):
WO E A, mp. 290~291 C; '"H NMR (600 MHz,
DMSO-ds) 8: 7.90(s, 1H, CH), 7.87 (d, J=7.9 Hz, 1H,
ArH), 7.59~7.63 (m, 3H, ArH), 7.45 (d, J=8.2 Hz,1H,
ArH), 7.02 (d, J=8.4 Hz, 1H, ArH), 6.40 (s, 1H, CH), 4.96
(d, J=17.0 Hz, 1H, CH,), 4.78 (d, J=16.9 Hz, 1H, CH,),
4.16~4.20 (m, 1H,CH,), 3.91~3.94 (m, 2H, CH,), 3.81~
3.86 (m, 1H, CH,), 2.32 (s, 3H, CH;); *C NMR (150
MHz, DMSO-ds) d: 179.4, 155.5, 154.6, 142.5, 137.3,
132.8, 132.4, 130.2, 128.6, 127.0, 123.2, 119.2, 118.5,
112.6, 110.6, 110.3, 85.7, 55.2, 51.3, 45.6, 20.6; IR (KBr)
v: 2223, 1658, 1622, 1554, 1507, 1485, 1307, 1288, 1218,
623 cmfl; HRMS (TOF ES+) caled for C3HjoN4O4 [M+
H]" 415.1401, found 415.1398.

(4- FHAE L T 3 )-8- P L -4 3 -1,2,3, 1 1a- DU -6 H-
45 3 [3,2-e] WK P I [1,2-a] L IE -6-BF (3dh): 35 {0 [E 44,
m.p. 207~208 ‘C; 'H NMR (600 MHz, DMSO-d;) §:
7.91 (s, 1H, CH), 7.62 (s, 1H, CH),7.43 (d, J=8.3 Hz, 1H,
ArH), 7.31 (d, J=7.9 Hz, 2H, ArH), 6.99 (d, J=8.3 Hz,
1H, ArH), 6.95 (d, J=8.22 Hz, 2H, ArH), 6.36 (s, 1H,
CH), 4.80 (d, J=15.2 Hz, 1H, CH,), 4.69 (d, J=15.2 Hz,
1H, CH,), 4.09~4.13 (m, 1H, CH,), 3.85~3.88 (m, 2H,
CH,), 3.74~3.78 (m, 1H, CH,), 3.76 (s, 3H, CH3), 2.31 (s,
3H, CH;); *C NMR (150 MHz, DMSO-dg) J: 179.3,
159.3, 154.8, 154.6, 137.3, 132.3, 130.4, 129.7, 127.0,
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123.2, 118.4, 114.5, 112.4, 110.4, 85.8, 55.6, 54.1, 50.6,
45.4, 20.6; IR (KBr) v: 1655, 1617, 1554, 1504, 1311,
1275, 1212, 1195, 623 cm™'; HRMS (TOF ES™) calcd for
C»3H,,N;05 [M+H]" 420.1554, found 420.1557.

3-((6- ML g -3- 28 ) B Ok )-8- FH 2 4- i %E-1,2,3,11a-
Y& -6H- (0075 71 [3,2-e WK R I 1,2-a] L e -6- B (3dk): 3%
o [ 4, mp. 248~249 C; 'H NMR (600 MHz,
DMSO-d;) 0: 8.46 (s, 1H, CH), 7.91 (s, 2H, ArH), 7.63 (s,
1H, ArH),7.57 (d, J=7.5 Hz, 1H, ArH), 7.45 (d, J=17.0
Hz, 1H, ArH), 7.01 (d, J=7.5 Hz, 1H, ArH), 6.39 (s, 1H,
CH), 4.90 (d, J=16.3 Hz, 1H, CH,), 4.72 (d, J=16.2 Hz,
1H, CH,), 4.16~4.17 (m, 1H, CH,), 3.93 (s, 2H, CH,),
3.81~4.83 (m, 1H, CH,), 2.32 (s, 3H, CH;); *C NMR
(150 MHz, DMSO-d) d: 179.4, 155.5, 154.6, 149.8, 149.5,
139.5, 137.3, 132.4, 131.8, 130.2, 127.0, 124.5, 123.2,
118.5, 112.7, 110.3, 85.8, 52.6, 51.1, 45.6, 20.5; IR (KBr)
v: 1661, 1624, 1555, 1506, 1452, 1290, 1216, 623 cm™';
HRMS (TOF ES") caled for C,H;sCIN,O; [M+H]"
425.1008, found 425.1008.

4 Bh 41l (Supporting Information) 1L&41) 'TH NMR
A1 BC NMR 1 &, X sedppba DA 2% AT /3 (http:/
sioc-journal.cn/) & T #.
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